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Preface 

This publication is part of a major hydrogen safety review in progress 
by the NASA Aerospace Safety Research and Data Institute (ASRDI). The 
objectives of the review include: 

1. Recommendations to improve NASA's hydrogen handling practices 
by comparing NASA and contractor hydrogen systems including 
the design, inspection, operation, maintenance and emergency 
procedures. 

2. Assessment of the vulnerability to failure of hydrogen equip
ment from a variety of sources so that hazards may be defined 
and remedial measures formulated. 

3. Contributions to safe hydrogen handling techniques through 
research. 

4. Formulation of criteria and standards on all aspects of hydrogen 
handling storage and disposal. 

This Special Publication is composed of the thermodynamic functions, 
transport properties, and physical properties of both liquid and gaseous 
hydrogen. The low temperature regime is emphasized. The tabulation of 
the properties of normal hydrogen in both SI and engineering units is pre
sented on microfiche in an envelope inside the back cover. The tabulation 
of parahydrogen is presented in the text. Because the data are detailed 
beyond that previously available, this handbook should fill an existing 
need for both the scientific and technical communities. 

Solomon Weiss, Acting Director 
Aerospace Safety Research and Data Institute 
National Aeronautics and Space Administration 
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1. Introduction 

As part of NASA's Aerospace Safety Research and Data Institute (ASRDI) 

responsibility to provide up to date technical information, this document 

gathers together the thermophysical properties of hydrogen under one cover. 

(Chemical properties have been excluded). 

The work was performed at the Cryogenic Data Center of the National 

Bureau of Standards in Boulder, Colorado. The Cryogenic Data Center has 

been collecting data and documents pertinent to the field for fifteen 

years and presently has about 100,000 coded entries which may be computer 

searched to give bibliographies on the physical properties of materials at 

low temperatures. A computer search of the data center holdings produced a 

bibliography for hydrogen of about 2500 references. All of these references 

were considered, some of them do not appear here as a result of the review. 

2. Scope and Philosophy 

The scope of this handbook is defined as all physical propefties of 

fluid hydrogen (chemical properties were excluded) with no limits on pressure 

or temperature. Although the solid phase was not included in the original 

scope, articles dealing with the properties of solid which were encountered 

during the review of the literature have been noted on the description 

sheets and values of properties for the solid at the triple point have been 

included where possible. In addition short descriptions of slush and 

metallic hydrogen are given. Properties of the isotopes of hydrogen have 

not been included, except in a few instances, and for the properties of 

the isotopes the reader is referred to [83866]. 

Papers on engineering processes utilizing hydrogen were specifically 

excluded in the bibliographic search and subsequent review. The subject 

of hydrogen ernbrittlement of materials is not treated here, see [96890]. 



The level of review of the properties of hydrogen varies from the ex

tensive tabulations of "cr itically evaluated" thermodynamic and transport 

properties to the selection of a few representative values from the litera

ture by persons knowledgeable in the field. In the latter case the data 

selected were judged to be the most useful to the largest number of potential 

users of this handbook. For those who need to pursue the subject in greater 

detail, a list of references is provided. References to articles which treat 

areas of limited interest in which only a few articles exist have also been 

pointed out. 

2.1 Pagination 

The volume has been divided into three major sections. Section A 

contains a descriptive sheet for each property: Section B contains all 

the graphs and Section C contains all the tables. 

Each major section is preceeded by a table of contents. Two systems 

of pagination are used. Normal pagination is used on the bottom of each 

page, keyed to the table of contents in the front of the volume. In the 

upper right and left corners is another number which is preceeded by the 

letter of the section. These numbers are keyed to the section table of 

contents and the number remains constant by property from section to 

section. For example A-22 is the descriptive sheet for the Joule Thomson 

coefficient, 8-22 is the graph of the Joule Thomson inversion curve, and 

C-22 is the table of values for the inversion curve. This system is not 

always possible since some of the tables contain entrys for many different 

properties, but the descriptive sheet in section A will always indicate the 

location of graphs or tables if they exist. In addition there is an index 

which contains many property synonyms and cross references. 

2.2 The Descriptive Sheets, Section A 

These sheets serve as the starting point for the use of this handbook. 

For a given property each sheet usually contains the following: 
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1. A brief description or definition of the property to distinguish 

between similar sounding terms. 

2. A locator of tabular values of the property . The range and 

units of the tables are given for convenience. 

3. A locator of graphs and charts of the property. 

4. Mathematical equations which represent the property provided 

the functional form is simple. 

5. One or more values of the property, usually at fixed points 

to illustrate the range of the property. 

6. An estimate of uncertainty is usually given. If an estimate 

of uncertainty is given it is made on a 2 a level of probability. 

This means that there is a 95 % chance that new experimental measure

ments (of equal or greater accuracy) of the property will fall within 

a 2 a band of the quoted numbers. The estimate of the uncertainty of 

a property is seldom straightforward and is often made on the basis 

of the accuracy of the instrumentation used rather than the random 

scatter of a given set of data. In the case of a property which is 

tabulated over a wide range of pressure and temperature, the stated 

uncertainty is for the most uncertain value and the uncertainty of 

most of the tabular entries is much less. Exceptions to the above 

convention are noted individually on the descriptive sheets. The 

most common exception is the critical region where the uncertainty of 

most properties is greater than the stated value. In no case should 

the quoted uncertainty be associated with values from other than re

commended sources or values extrapolated from the tables. 

7. A list of references is given with each descriptive sheet. 

Each list of references is seperated into at least two categories, 

the first being those from which data were actually used or recom

mended for use and a list of references that were reviewed but not 

used or recommended. There are, in many cases, references in the 
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latter category which contain very good data , but are not included 

in the recommended category because the data for one reason or ano t her 

are not as well suited to the purposes of this compilation a s some 

others were . (See the section on evaluation) . 

In addition to the two primary categories of referenc es , the list 

sometimes contains others . These were introduced during the course of the 

review when articles were encountered which might be of s pecial i nterest 

to a potential user of this handbook . These categories includ e ; Hi gh 

Temperature or High Pressure (beyond the range of tabulations here) ; 

Ortho-Para differences ; and Solid hydrogen. 

2 . 3 Figures , Section B 

Section B is a collection of property charts and diagrams . The s e 

charts were taken from the literature in the original form of pre s entation 

and consequently the units on the graphs are a complete mix of SI , me tric 

and engineering . The page numbers in the upper right hand corner o f 

section Bare pre ficed with a B and are numerically keyed to s ection A. 

In most cases the prime purpose of the charts is to illust rate the behavior 

of a property over wide ranges of pressure and temperature. Although the 

graphs will provide adequate values for rough calculations, for preci s e 

calculations the tabular values are recommended . 

2 . 4 The Tables , Section C 

The tables of properties are collected in section C. The page numbers 

which appear in the upper right hand corner of section Care preficed by 

the lette r C and are numerically keyed, where possible to s ec t ions A and B. 

Some of the tables contain many properties making it impo ss ibl e to ma i n-

tain the page number to property correspondence with sections A and B. The 

extensive tabulations of thermodynamic and transport properties cover t he 

range from the triple point to 5000 R (3000 K) with pressures to 15,0 00 p sia 

(100 MPa). They are presented in both SI and engineering units for both p ara 

and normal hydrogen . The tabulations of the properties of normal hydrogen are 

presented in the form of micro f ich in a jacket on the inside of the ba ck c over. 
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2.5 The Appendices 

There are two appendicies in this report. The first is a bibliography 

of references which were considered for contribution to this document. The 

bibliography is arranged by the accession numbers of the Cryogenic Data Center. 

All of the references which appear in the bibliography appear also in or 

near the descriptive sheets, however unless the reference was selected as a 

source of data, no citation is given on the descriptive sheet. The second is 

an autor index to the bibliography. 

2.6 Index 

An index is included as an aid to the user. If, for some reason, the 

information o~operty cannot be located in section A via the table of 

contents, the index should be consulted. 

3. Computer Programs and Extrapolation 

In many instances a computer program is a convenient source of property 

data. In other instances, particularily where a large number of values are 

needed in a short time, a computer program to furnish these values is a 

necessity. For these and other reasons, the use of computer programs to 

furnish fluid property data has steadily increased in recent years. This 

increased usage has resulted in a variety of computer programs. At the 

present time there does not seem to be a single program which will satisfy 

every need and a choice must often be made on the basis of the particular 

job requirements. Table 1 gives a list of the more important fluid 

property programs for hydrogen and some of the pertinent information 

needed to select the proper program for a particular job. A column by column 

description of table 1 is given below. 

Column 1 lists four general methods used to computerize the thermodynamic 

properties of fluids. The linear interpolation method is as the name 
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implies an interpolation on a table of property values stored in the com-

puter. This method is fast but not very accurate and requires more com-

puter core storage than the other methods. The most accurate method, if 

programmed properly, is the polynomial interpolation method. The 

disadvantages of the polynomial method are a lack of versatility and 

the computations are slow relative to the other methods. 

A good compromise and a widely used method is the equation 
/ 

of state approach using a modified Benedict Webb Rubin (MBWR) 

equation . This method offers accuracies only slightly worse than 

the polynomial interpolation method and has the advantage of being 

faster , more versatile, and gives a continuous, thermodynamically 

consistent surface. The main disadvantage of the MBWR is that 

it is functionally incorrect in the critical region, i.e., 

P = Pc ± 20% Pc and T = Tc ± 5%. 

The nonanalytic equation of state approach (no programs 

using this method are listed in table 1) does give theoretically 

correc t results in the critical region but these equations 

usually are difficult to use. 

2. The range of validity of a program is given in terms of pressure 

and temperature limits. Extrapolation of these programs beyond 

the stated limits is not recommended . If properties are needed 

beyond the stated range of validity, the list of references for 

that property in section A should first be scanned as references 

to properties at extreme temperatures and pressures have been 

noted there. If extrapolation of one of the programs is necessary, 

the modified BWR type is the most convenient and least likely to 

yield large errors. 
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Table 1 . Major Hydrogen Properties Computer Programs 

l'~ Z j 4 ~ 6 b ( ts 

Program Name Type P - T Range List of Properties Accuracy Availability Continuous Modifications Input 

Tab Code Linear 0-5000 psi P, T, p, H, S", 1] 10/0 Average NBS Cryogenics No Para &< Equilibrium P,T &< P,H 

[80837] Interpolation Z5-6000 R Cp ' C Division 
v 

HZ Props 33 term O-IZOOO psi P,T,p,H,S, 0.10/0 Average NBS Cryogenics Yes Para, Ortho, P, T or D, T 
[984Z6] MBWR 25-2000 R C, C,w Division Equilibrium &< Normal 

p v 

H Gen':'* Polynomial 0-15001) psi P,T,p,H,S",1], w Better than NBS Cryogenics No Para P,T ! 

2 [292 10] Interpolation 25-6000 R Cp' C v' E, y, RI, e 0.1% Average Division 

(P, T) (p, T) 
GASP 20 term 0-12000 psi O. 10/0 Average NASA Yes Para (T, p) rH, P) 

[87293] MBWR 25-2000 R (S,P) 

bp b 

* Numbers refer to explanations in text 

*', This program used to calculate tables in section C 



3. The symbols used in column 3 of table 1 are defined as follows : 

P pressure 

T temperature 

p density 

H enthalpy 

s entropy 

A thermal conductivity 

11 viscosity 

c p specific heat capacity at constant pressure 

Cv specific heat capacity at constant volume 

£ dielectric constant 

y surface tension 

RI refractive index 

w speed of sound 

The units of the properties vary from program to program. 

4. The accuracy of the properties calculated from these programs 

varies from property to property within a given program. The 

accuracies quoted in the table are for densities calculated from 

a P-T input. Since they are an esti mate of the average accuracies , 

they are most useful as a basis of comparison with the other programs . 

5 . This column is self explanatory. Copies of the program or use 

of the program may be had by contacting the agency listed. 

6 . For certain applications the mathematical continuity of the 

properties is important. In other words the numbers corning from 

the program must not contain abrupt changes in the property or 

derivatives. Such requirements often occur in iterative calculations . 

If this column has a "No" in it, discontinuities may be expected . 

7 . The modification refers to the relative orientation of the nuclear 

spin of the two hydrogen atoms in the molecule. See the explanation 

in section A under ortho-para modifications. 
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8. The input to the various programs is given in this column. The 

units of both input and output of the programs are not mentioned 

because in some cases there is available a choice of units and in 

most cases the user converts the units to suit his particular need. 

An explanation of the input and output is furnished when the program 

is requested. 

4. Evaluation of the Literature 

The preparation of this review involved the evaluation of each 

reference to hydrogen data found in the literature. 

The Cryogenic Data Center's storage and retrieval system was quiered 

for references pertaining to the physical properties of hydrogen (chemical 

properties excluded), this search yielded 2543 references. The resulting 

bibliography from the Cryogenic Data Center was further crossreferenced 

by property which greatly aided the evaluation process. 

In many cases preliminary examination of the bibliography for a given 

property would be sufficient to determine whether or not an article should 

be included in the final evaluation proce~s a copy of each remaining 

article was then obtained and evaluation was then made on the basis of 

content of the article. 

4.1 Critical Selection of "Best Values" 

When selecting so called "best values" many factors must be taken 

into consideration. The first tendency is to equate "best" with most 

accurate, and indeed in some cases this is true, but in other cases it is 

not. For example, in many engineering problems, a continuous and thermo

dynamically consistent set of properties is of utmost importance. This 

is not to say that accuracy is not important and in the selection process, 

both factors were considered. Selections were made to provide the 
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most accurate, and consistent set of properties over the widest possible 

range of pressure and temperature. 

In that regard, the tables in sections C-2 and C-S are thermodynamically 

consistent and mathematically continuous. 

The properties tabulated in sections C-2 and c-s were calculated by 

means of a computer program (see section 3) which is available from the 

Cryogenic Data Center. 

5. Acknowledgement 
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6. Appendices 

6.1 Appendix 1, Bibliography of References 

Presented in this appendix are the references which were considered as 

sources of data for this volume. The references appear in the text or on 

the descriptive sheets of Section A in either a listing of sources selected 

or in a section of sources not used . The bibliography is arranged by the 

accession numbers of the Cryogenic Data Center . In the column headed "authors" 

the first author is listed. Additional authors, if any, for a given paper are 

indicated by "et al." Citations for formal publications follow conventional 

format. Citations for reports or other less formal documents are as complete 

as possible. 
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CDC 
NUMBER 

10 
34 

207 
219 
22~ 
233 
275 
330 
37~ 

~19 

~21 

~2~ 
426 
~27 
439 
~~ 2 

~4~ 

~46 
450 
453 
~5~ 

461 
46 3 
~6~ 

~75 

485 
486 
~87 

493 
494 
508 

517 
520 
542 
54 6 
552 
561 
502 
565 

575 
579 
585 
588 
592 
595 
596 
60~ 

614 
616 

617 
619 
622 
627 
633 
63~ 

638 
639 
649 
657 
658 
664 
669 
684 
693 

695 
700 
711 
720 
72~ 
727 

728 
732 
737 

739 
740 

744 
745 
786 
801 
88~ 

915 
939 
940 

6.1 APPENDIX 1, BIBLIOGRAPHY OF REFERENCES 

AUTHOR 

BAOEKER,K. 
VAN ITTERBEEK,A. 

MAJMUDAR,V.D. ET AL 
MECTOR,G.L. ET AL 
KELLEY,K.K. 
FRANCK,E.U. 
JUSTI,E. ET AL 
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NDBSER, R. ET AL 
CAMKY,P. ET At 

CHESTER.P.F. ET AL 
JOHNSTON,H.L. ET AL 
CLUSIUS.K. ET AL 
CROMHELIN,C.A. ET AL 
FRIEOIIAN, A. S. ET AL 
GRATCH.S. 
GRILLY,E.R. 
GRILLY,E.R. 
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HILSENRATH,J. ET AL 
HOGE,H.J. ET AL 
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JOHNSTON,H.L. ET AL 
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CITATION 

Z. PHYSIK. CHEM. VOL 36, 305-35 (19011 
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~611 GODRI OG E,A.M. 
6257 GOFF,J.A. GRATCH,S. VAN VOORHIS,S.W. 

29150 GOIG,S. 
11555 GOLDANSKII,V.I. 
50479 GOLDBERG,F.N. HAFEKD,A.M. 
29078 GOLD~N,D.E. NAKANO,H. FISHER,L.H. (LOCKHEED MISSILES AND 
23598 GOLUBEV,I.F. DOBROVOLtSKII,O.A. 
23787 GOLUBEV,I.F. KAL/SINA,M.V. 
41135 GOLU BEV,I.F . SHEPELEVA,R .I. 

5657 GONIKBERG,M.G. fASTOWSKII,W.G. GURWITSCH,J.G. 
6262 GONI KBERG,M .G. 

11346 GOODWIN,R.D. 
11625 GOODWI N,R.D. DILLER,D.E. RODER,H.M. WEBER,L.A. 
12817 G06D WIN,R.D. 
14130 GOODWI N,R.D. 
15121 GOODWIN,R.D. DILLER,D.E. RODER,H.M. WEBER,L.A. 
15358 GOODWIN,R.D. ROOER,H.M. 
15403 GOODWIN,R.D. 
18567 -·- GOODWIN,R.D. WEBER,L.A. 
18707 GOODWIN,R.D. 
19646 GOODWIN,R.D. 
19896 GOODWI N,R .D. 
19898 GOODWI N,R .D. 
19899 GOODWI N,R .D. 
199 OO -GO ODW I N;R . D. 
20182 GOODWIN,R.D. 
20183 GOODWIN,R.D. 
28255 GOODWIN,R.D. 
20547 GOODWIN,R.D. DIL LER,D.E. RODER,H.M. WEBER,L.A. 
20900 GOODWIN,R.D. OILLER,O.E. HALl,W.J. ROOER,H.M. 
22174 GOODWIN,R.D. 
24724 GOODWIN,R.D. 
25536 GOODWI N,R.D. 
27199 GOODWIN,R.D. 
29396 GOODWIN,R.D. 
30889 GOODWIN,R.O. 
31188 GOODWIN,R.D. 
35138 GOODWIN,R.O. 
40017 GOODWIN,R.D. 
41005 GOODWI N,R.D. (NATIONAL BUREAU Of STANDARDS, BOULDER, CO LO. 
42233 GOO DWIN,R.D . 
44622 GOODWI N,R.D. (NATIONAL BUREA~ OF STANDARDS, BOULDER, COLO., 
510-27 -- GOODWIN, R.D. 
53409 GOODWIN,R.D. 

-~4736 --~OODWIN,R.E. 
56460 GOODWI N,R.D . 
62901 GOO DWIN,R .D. 
63091 GOODWI N,R.D. (NATIONAL BUREAU OF STANDARDS, BOU LDER, COLO. 

- -657TI- c;o-obwIN,R.D; - (NATIONAL BUREAJ OF STANDARDS, BOULDER, COLO. 
21177 GOOD, K.J . FERRy,G.V. (GENE~AL DYNAMICS/ASTRONAUTICS, 

- - ~1114 GOOD, R.J. 
72452 
54804 
77224 

GOOD,~.U. HOPE,C.J. (STATE UNIV. OF NEW YORK, BUFFALO . 
GOPAL, (.-S . R. VAIDYA, S. N. GAMBHIR ,R. D. GOV INDARAJAN, K. 
GORB4"lES CU,G. 
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3441") 
42117 
52004 
31282 
57537 
84687 
6258') 
34510 
6336 8 
6431 8 

5952 
442 

59453 
56376 
64887 
52666 

943S 
26930 
86468 
86483 
3 e57C 
4096f> 
41359 
44 818 

9399 
56768 
27064 
34471 
828g8 
23183 

444 
446 

87236 
55044 
56203 

7262 
6063 

42114 
476 84 
32861 
67g39 

671 A 
63 1\ 

11233 
3g37') 
41511 
11006 
43534 
64g32 

7268 
5gg0 

20645 
20646 
11271 
63755 
49593 
24323 
1'1181) 
456 82 

GOROON,R.G. 
GOROON,A.R. 
GORD ON ,R.G . 
GORELIK ,L.I. 
GO~ELIK,L.L. 

GOTO, ~ . 

GOWLLlINO,R.W. 

CASHION,J.K. (HARVARD UNIV., CAMSRIDGE, MASS .) 
BARNES,C. CTORJNTO UNIV., ONTA~IO, CANAD A) 
ARMST~ONG,R.L. TWARD,E. (HARVARD UNIV •• CAM -
REDK030~OOY1,Y.M. SINITSYN,V.V. 

SINITSYN,V.V. (KURCHATOV INST. OF 

GOZZl-'H,A. (ISTITUTO 01 FISICA DELL UNIVERSITA, PISA, ITALY ) 
G~ACKI,J.A. FLYNN,G.P. ROSS,J. (BROWN UNIV., PROVIDENCE , 
GRACKI,J.A. FLYNN,G.P. POSS,J. 
GRANET,I. 
GRATCH,S. 
G~AY, P . HOLLAND,S. MACZEK,A.D.S. (LEEDS UNIV., ENG LAND) 
GRAy, ~ .D. RENT,N.H. ZUOKEVITCH,O. (ESSO RES~ARCH AND 
GREEN~~~G,J.M. DE JONG,T. 
GREEN:,N.E. 
G R.EGO~y,H. 

GREGO~y,H.S. 
G~EGO ~y,D. (INSTITUTE OF GAS TECHNOLOGY, CHICAGO, ILL. 
GREGORY ,D.P. (INSTITUTE OF GAS TECHNOLOGY, CHICAGO, ILL.) 
GREW,L(.E. 

HUMPHREYS,A.E. 
JOHNSON,F.A. 

GREW,K.E. 
G~EW,K.E. 

GIUi:R,N. To 
GRIEV ES ,1~.G. 
GRIGGS,E.I. 
GRIGO ~EV,V.N. 

GRIGO~EV,V.N. 

(:XETER UNIV., DEVON, ENGLAND) 
NEAL,H.E.J. <UNIVERSITY COLL. OF THE 

THOOOS,G. 
H1NTER,E. R.F. SCHOENHALS,R.J. 

(ACAD. SCI., UK R. SSR) 

GRIGO~EV,F.V. KORMER,S.B. MIKHAILOVA,O .L. ET Al 
GRIGO ~ IEV,V.N. RUOENKO,N.S. 
GRILLY,E.R. 
GRILLY,E.R. 
GROLM i: S,M.A. FAUSKE,H.K. 
GROSS,U.E.,JR. MAMDAL,R.P. lAHSON,T.W. 
G~UMc~,J. STRASSER,A. VAN METER,P.A. 
GRUNEISEN,E. MERKEl,E. 
GUELP ERINE,N.I. NAICITCH,I.M. 
GUERECA,R.A. RICHARuSON,H.P. GORDON ,J.L. ET AL 
GUER~tR I,G. (SNAM PROGETTI, MILAN, ITALY) 
GUEVA ~ A,F.A. WAGEMAN,H.E. 
GUEVA~A,F.A. MCINTEER,B.B. WAGEMAN,H.E. (LOS 
G U G G r. 'H ElM , E • A • MC G LAS HAN, M. L. • 

GUILLIEN, R. 
GUILLIEN,R.J. 
GUNN, R.D. CHUEH,P.L. 
GUNN, R. O. CHUEH,P.L. 

PRAUSNITZ,J.M. 
PRAUSNITZ,J.M. 

(CALIFO>{NIA UNIV., 
(CALIFORNIA UNIV ., 

GUNTHE~ ,P. 

GUPTA,G.P. 
GUSEW C: LL,D. 
GUSH,H.P. 
GUTSCHE,H. 

S A X E N A, S • C • (~A J AS TAN UN I V ., J A I PU R, I N 0 I A ) 
SCHMEISSNER,F. SCHMID,J. (EUROPEA N 

HARE,W.F.J. ALLIN,E.J. WELSH,H.L. 

GUyc,P.A. BA TUESCAS,T. 
GUYE,P.A. BA TUECA S ,T. 
HAAR,L. F~lC:OHAN,A. S . BECKE 1T,C.H. 
HACKII '1,,,-. (ENGLISI-i [Lt:CTR.IC CO., L TU., STAFFORD, ENG LAND) 
HAH"' EM ANN,H.W. 
HALF E ~D AHL, A. C. 
HALLI"' AN,N.M. (U ~HV [" SAL OIL PRODUCTS CO., ::JES PLAINt:S, ILL ,) 
HALL,J.A. 
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46053 
15502 
30103 
4611 '3 
61485 
61480 
181151 
68650 
42140 
16361 
30752 
37'340 
38756 
30307 
50060 
57473 
66267 

5928 
16834 
19704 
42678 
70241 
7 999 8 
33181 
52018 
57265 
69752 

5924 
48380 
63407 

8379 
1603 

87577 
13770 
22446 
76325 
3600 3 
50616 
52862 
55003 
58632 
6166 0 
65178 
70167 
77017 
85687 
86758 
16213 

8382 
2 442~ 

544ge 
63481 

8754 
11610 
35954 
76332 
66432 

6164 
6908 5 

HALL,J.A. 
HALL,L.A. 
HALL,L.A. 
HALL,W.J. 
HALPE'N,!3. 
HALP E~N ,B. 

HAHANN,S.D. 

BARB'::R,C . f;. . (BU REAU INTERNATIONAL DES pa l OS ET 

MCCARTY , R.D. ROD~R ,H.M. 

GOHER,R. (CHICAGO UNIV., ILL . 
GOMER,R. (CHICAGO UNI V., ILL. 

DEPT. OF 
DEPT. OF 

HAHA,J. NAKAMURA ,T. ( OSAKA UNIV., JAPAN. FACULTY OF 
HAMHEL,E.F. WILLIAMSON,K.D. EDESKUTY,F.J. BR I C K WED 0 E ,F • G • 
HAMMICK,D.L. 
HAMRJN,C.E.,JR. 
HAMiUN,C.E.,JR. 
HAHKIN,C.E.,JR. 
HANLEY,H.J. H. 
HANLEY,H.J.H. 
HANLEY,H.J.M. 
HANLEY,H.J.H. 
HARASIHA,A. 
HARA SIMA ,A. 
HARASIHA,A. 

THODOS,G. (NORTHWES TERN UNIV. , EVANSTON , ILL.) 
THOCOS,G. (NO RTHWES TE RN UNIV . , EVANS TON , ILL.) 

(PENNSYLVANIA STATE UNIV., UNIVERSITY PARK ) 
CHILJS,G.E. (NATIONAL BUREAU OF STANDARDS, 
MCC~RTY,R.O. SENGERS,J.v. (NATIONA L BUREAU 
MCCARTY,R.D. INTEMANN,H. (NATIONAL BURE AU 

HARASIMA,A. IINTERNATIONA L CHRISTIAN UNIV., TOKYO , JAPAN ) 
HARA,:.H. MAY,A.D. KNAAP,H.F.P. !TORONTO UNIV ., ON TARIO. 
HARA, E.H . MAY,A.D. (COHMUNICATIONS RESEA RC H CENTRE , OTTAWA, 
HARDY,W. N. IORITISH COLUMBIA UNIV., VANCOUVER, CANADA ) 
HARDY,W.N. SILVERA,I.F. KLUHP,K.N. SCHNEPP,O . ( NORTH 
HARDY,W.N. SILVERA,I.F. MCTAGUE,J.P. (NORTH AHEKIC AN 
HARDY,W.N. SILVERA,I.F. MCTAGUE,J.P. (NORTH Ar1ER I CAN 
HARE, W.F.J. ALLIN,E.J. WELSH,H.L. 
HARIG ~L,G . HORLITZ,G. WOLFF,S. 
HARI G€ L,G. HILKE,H.J. ROGERS,A. 
HARKN~SS,R.W. DEMING ,W.E. 
HARHA N,S.D. 
HARM S::L ,H.T EP 
HARRI ~ON,H. FITc,W.L. GUTHRIE,G.L. 
HARRI SON,D .J. 

ET AL (EUROPEA N 

HARRI30N,H.R. SPRING[TT,O.E. (MICHIGA N UNIV., ANN ARBOR . 
HARRI S,A.B . HUNT,'::. (PE NNSYLVAN IA UNIV., PHlLAD::LPHIA, DE PT. 
HARRIS,A. B. (PENNSYLVANIA UNIV., PHILADELPH I A) 
HARRIS,L.B. (XEROX CORP., ROCHESTER , N. Y.) 
HARRIS,A.B. AMSTUTZ,L.I. MEYER,H. MY[~S,S . M . (PENNS YL-
HARRI S ,L.B. (XE ROX CORP., ROCHESTEF<, N. Y.) 
HARRIS,A.B. (PE NNS YLVIINIA UNIV., PHILADELPHIA . DEPT . OF 
HARRE,A.B. (PENNSYLVANIA UNIV., PHILADELPHIA . DE PT. OF 
HARRI S,A.B. (PENN SYLVANIA UNIV., PHILADELPHIA . DEPT . 
HARRIS,F.E. MONKHO~ST,H.J. (JTAH UNIV., SIILT LAKE CI TY. DEPT. 
HARRI S,F .E. KUMAR,L. MONKHORST,H.J. (UTAH UNIV . , SA LT LAKE 
HARRIS,A.B. BERLINSKY,A.J. MEYEQ,H. (PENNSYLVANIA UNIV ., 
HAR RY ,D. P. ,Ill 
HA RT':: CK ,P. SCHHIDT,H.W. 
HARTLAND,A. LIPSICAS,M. (~UTGERS UNIV., NEW B~UNSW I CK , 

HARTM ANN , 8 . 
HART MANN,H . MANN,R. NEUMANN,A. (F RANK FURT UNIV., WEST 
HASS,W.P.A. SEID::L,G. PCULIS,N.J. 
HASS, W.P.A. POULIS,N.J. BOR LEFFS ,J.J.W. 
HATA,N. GIGUERE,P .A. (LAV AL UNIV., OUEOEC , CANADA) 
HAUF[,S. TA NNEBERGER ,K. 
HAUL, q . PUTTBACH,E. ( HANOVER TECHNISCHE HOCHSCHUL':: , WEST 
HAWKl'IS,G.A. 
HAYUUK,W. CHENG,S.C. (OTTAWA UNIV ., ONTARIO . UEPT . OF 
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57490 
39330 
5754 0 
32705 

5921 
21'1 

23736 
30950 
10795 
13645 
45177 
48917 
409 62 
19694 
13537 
17 833 
2101 6 
60934 
34513 
7122 2 

lb17 
216<) 
292'" 
8699 

10916 
20896 
'17995 
6942 ') 
25963 
363 87 
32363 
64075 
69685 
7053 8 
64200 

5967 
18167 
87569 
11291 

3754 
16701 
4761 2 
35294 
54089 
49645 

33 0 
3092':> 
4622 0 
19697 
280 0 ~ 
30694 
32400 
5%2 
6354 
641 f'> 
/:384 
998 ~ 

453 
<)95 9 

HEALY, R.N. 
HEATH,H.~. 

HECHT,C. E. 
HECHT, G. 
HECK,;~.C.H. 

STO~VICK,T.S. (MISSOU RI UN IV., COLUMBIA. 
1 8BS, T.L. WILD,N.E. 
SAPSE,A. M. (HUNTER COLL., NEW YORK) 

HOLSTE,C. 

HECT OR ,G.L. WOcRNLEY,O.L. 
HEHS,W. A. M ILL E~ , G . [ . 
HEINH CHS ,J. (LIEG E. LNIV., BELG IUM) 
HEINZ I'lGE.K , K. 
HEI NZI~GER , K . KLEMM,A. WALDMANN,L. 

DEPT. 

HELLE '1ANS , K. VAN ITTER8EEK,A. VA N DAEL,W. (IN STITUUT 
HELL E ~ ,P. ( 8KANOE I S UNIV ., WA_ THAM, MASS.) 
HELLW A~ TH, R. .W. (H UGHES RESEARCH LABS., MALIBU, CALIF.) 
HENAULT,P. 8 . F cNNEM~ ,P.J. BUFFHAM, B.A. 
H::N DH~SON ,D.J. 
H~NDE~50N , O . KIM,S. EY RING ,H. 
HEND E,{ SON , D. 
HENDqCKS, R. C. SIMONEAU . ~ .J. SMITH,R.V. (NATIO NA L 
HENGtV OSS ,J. TREN DE LENB URG ,E.A. 
HENGSTE BECK , I<. .J. 
HENNI NG ,F. HEUSE,W. 
HENNI NG ,F. 
H::: NN I ~G ,F. 

HENNI NG ,M.F. OTTO,J. 
HENNJ NG,M .F. OTTO,J. 
HENNI NG ,F. HEUSE,W. 
HENNI NG ,F. OTTO,J. 
HEN~y, K .J.W. (KITT PEAK NATIONAL OBSERVATORY, TUCSON, ARIZ.) 
HER GU5 ,E.O. LA BY,T.H. 
H~RCUS , E .O. LA BY,T.H. 
HEKMA N5 ,l.J.F. DE GRCO T,J.J. KNAAP,H.F . P. 
HE RMAI~S ,L.J.F. KOKS,J.M. KNAAP,H .F.P. 
HERMA NS ,L.J.F. KOKS,J.M . HENGcVELO,A.F. 
HERMA NS ,L.J.F. SCHUTTE,A. KNAAP ,H.F.P. 
HERZ ~ E R G , G . ( NA TI ONA L RESEARCH COUNCIL OF 
HEPZ, W. 
H::: ~Z , W . 

HES S , i( . 
HEUMA 'lN, F. K. 
HEU SE ,W. OlTO,J. 
H~U5F,W. OTTO,J. 
HEYL EN ,A.E.D. DARGAN,C.L. 

BEENAKKER ,J.J.M. 
BEENAKKER,J.J.M. 

KNAAP,H.F.P. 
BEENAKKE,~,J.J.M. 

CANADA, OTTAWA, 

HEYMA IN, D. KISTEMAKER,J. (L ABORATORIUM VOOR 
HIB GA RJ,R.R. EVANS,A.,J R. 
HIGGI NS , R.G. MCCONA~ Ty,W.A. ANTHONY,F.M. 
HILDr. 8~ AND ,J. H. 
HILD EB~ ANo,J.H. ( CAL IF ORNIA UNIV ., BE.RKELEY) 
HILDE 'l~ANO ,J.H. (CALIFO RNI A JNIV .. BERKELEY) 
HILLIE R,I. WALKLEY,J. 
HILLI E~ ,r.H. WALKLc:Y,J. lIMP. COLL. SCI. TECHNOL., 
HILLI ~~ ,I.H. J ENK I NS ,W.I. WALKLEY,J. (IMPERIAL COLLEGE OF 
HILLI c:~ ,I.H. I SLAM,M.S. WALKLEY,J. !IMPERIAL COLL. OF 
HILL, ~ .W. KICKETSON,6.W.A. SIMON,F. 
HILL, <.W. RI CKc TSON , B.W.A. 
HILL, ~ .W. lOUNASMAA,O.V . 
HILL,{. W. ~CHNEIDM~SSE R, 8 . 

HILL, ~ .W. SCHNEIDMESSER , B. 
HILSE ~~A TH,J. BlCKE TT,C.W. BENEDIC T,W. S . ET AL 
HILS LT~A T H ,J. TQULOlJI(IAN,Y.S. 
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7314 
46 880 
71 281 

3284 
27 841l 
16135 
45223 
52743 
64924 
6701 5 
77791 

732 0 
6642 3 
79 8 75 
79877 
3003 0 
43294 

454 
6084 
6507 

40177 
801 

632 8 
6713 
8715 

84285 
63976 
45811 
55734 
60099 
49092 
10647 
50962 
58986 
68252 
79715 
13161 
24274 
39306 
87572 
58491 
25271 
7043 9 
87446 
58956 
57827 
15679 

8695 
32868 
548-1 9 
83572 
20632 
86503 
11283 
22841 
80571 
22175 
2822 3 
30756 

HIMSE:JT,F. WIODER,R. 
HIRATA,M. HAKUTA,T. 
HI~OSAWA,H. TANIHOTO,M. SEKIGUCHI,T. (TOKYO UNIV., JAPAN! 
HIRSCHFELDER,J.O. BIRD,B.R. SPOTZ,E.L. 
HI~SCHFELCE R ,J. STEVENSON,D. EYRING,H. 
HIZA,~.J. HERPING,R.N. 
HIZA, M.J. HECK,C.K. KIDNAY,A.J. ( NA TIO NA L BUREAU OF 
HIZA,'1.J. HECK,C.K. KIDNAY,A.J. (NATIONAL BUREAU OF STAN-
HIZA, '1.J. (NATIONAL BUREAU OF STANDARDS, 80ULDE~, COLO. INST. 
HIZA,M.J. DUNCAN,A.G. (NATIONAL BUREAU OF STANOARDS, BOULOER, 
HIZA,M.J. (NATIONAL BUREAU O~ STANDAROS, SOULOER, C:JLO. 
HODGE,A.H. 
HOEPFNER,A. (HEID EL5ERG UNIV., WEST GERMANY! 
H 0 F F M A f~ , M • L • 
HOFF.MAN, M. L. 
HOFMANN,A. 
HOFMANN,A. 

(MCDONNf:LL DOUGLAS CORP., SAN TA MONICA, CALIF.! 
(MCDONNELL DOUGLAS CORP., SAN TA MONICA, CALIF.! 

HOGE,H.J. ARNOLO,R.D. 
HOGE,H.J. LASSITER,J.W. 
HOGE,H.J. MEYER ,C.H. MCCOSKEY,R.E. 
HOIBE~G,J.A. 

HOLBO RN,L. 
HOLBORN,L. 
HOL:30~N,L. 

HOL80~N,L. 
HOLCO'1B,W.K. 
HOLLf: CK,G .L. 
HOLL f'1AN ,G.W. 
HOLLOIAN,G.W. 

OTTO,J. 
OTTO,J. 
OTTO, J. 

HALLEY,J.W. (MINNESOTA UNIV., MINNEAPOLIS. 
(TYCO LAB., INC., WAL THAM, MASS.! 
EWING,G.E. (INDIANA UNIV., BLOOHINGTON) 

HOLLENBACH,D. SALPETER,E.E. (HARVARD COLL. OBSE~VATORY , 

HOLLE~AN,E.H. (ST. JOHNS UNIIJ., JAfUICA, N. Y.! 
HOLLEY,C.E. WORLTON,W.J. ZfIGLER,R.K. 

SCHOOL 

HOMHA,S. OKADA,K. MATSUDA,H. (KYOTO UNIV ., JAPAN. DEPT. 
HOMHA,S. MATSUDA,H. (KYOTO UNIV., JAPAN. DEPT. OF CHEMISTRY! 
HOHMA,S. (KYOTO UNIIJ., JAPAN. RESEARCH INST. FOR FUNDAMENTAL 
HOM HA,S . MATSUDA,H. 
HONIG,R.E. HOOK,H.O. 
HOOD,C.B.,JR. VOGELHUBE R,W.W. E T AL. 
HOOD,J.H. 
HOOVER,W.G. KEELER,R.N. VAN THIEL,M. ET AL 
HOPFINGER,E.J. ALTMAN,M. (PENNSYLVA NIA UNIV., PHILADELPHIA. 
HORD,J~SSE 

HORD,J. VOTH,R.O. 
HORD,J. 
HORLITZ,G. WOLFF,S. HARIGE ,G. 
HORTON,T.R. 
HOUSL ~ y,R.M. 

HOVI,V. 
HOYLAD,J. R. 
HOYLE,F. WICKRAMASINGHE,N.C. REDDISH,V . C. (CAMB~I D GE UNIV., 
HUBBA Ku ,W.B. SLATTERY,W.L. 
HUBEP,P.W. KANT~OWITZ ,A. 

HUEBL ER ,J. ANDERSON,P.J. 
HUFF,V.N. GORDON ,S. MORRELL,V.E. 
HUNT,J.L. WELSH ,H.L. (MCL ENNAN LABORATO~Y, 
HUPPL ER ,D. 
HUST,J.G. GERMANN ,F.E.E. STEHART,R . 3 . 
HUST,J.G. SlEWAKT,K. b . 
HUST,J.G. HALL,L .A. 
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87&62 
29524 
17964 
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43058 
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81115 
18526 
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41326 
87272 
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48526 
49910 
65299 
6838 8 
33474 
85126 
1563'3 

7362 
41159 
43353 
47821 
58403 
72099 
83444 
60993 
60994 
60995 
73720 
81589 
68981 
73081 
f?4468 
32402 
72036 
58214 
4&953 
11457 
120113 
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7. SECTION A, DESCRIPTIVE SHEETS 

LIST OF DESCRIPTIVE SHEETS 

General Information . . 
compressibility Coefficient 
Accommodation Coefficient . 
Compressibility Factor 
Isothermal Compressibility 
Dielectric Constant . 
Diffusion Coefficient 
Thermal Diffusivity . 
Dielectric Breakdown 
Enthalpy 
Entropy . . . . . . 
Equation of State . 
Virial Coefficients 
Intermolecular Potential Function 
Fixed Points . . . . . 
Heat Capacity (Specific Heat) at Constant Pressure 
Heat Capacity (Specific Heat) at Constant Volume 
Heat Capacity (Specific Heat) Ratio . . . . . . . . 
Heat Capacity (Specific Heat) of the Saturated Liquid 
Ideal Gas Properties, Thermodynamic 
Index of Refraction . . . 
Internal Energy . . . . . . 
Joule-Thomson Coefficient . 
Latent Heat of Fusion . . . 
Latent Heat of Sublimation 
Latent Heat of Vaporiza tion 
Melting Curve .. 
Melting Pressure 
Phase Diagram . 
Prandtl Number 
PVT .. . .. . 
Radiative Properties 
Saturation Properties 
Sound Velocity 
Sound Absorption 
Surface Tension . 
Thermal Conductivity 
Thermodynamic Diagrams 
Vapor Pressure .. . . 
viscosity (dynamic , Bulk viscosity, Kinematic viscosity). 
Adiabatic Compressibil ity • 
Mixture Properties . . . . . . . . . . . . 
Infrared Absorption . . . . . . . . . . . . 
Heat Transfer and Pressurization Parameters 
Thermal Transpiration 
Free Energy . . . . . . . 
Heats of Transition ... 
Volume Expansivity 
Ortho-Para Modifications 
Isotopes . . . . 
Metallic Hydrogen . . 
Slush Hydrogen 
Hydrogen Safety Data. 
Miscellaneous Properties 
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A-O 

General Information 

Hydrogen is the first element in the periodic table having the atomic 

number of 1 and therefore the lightest of all gases. On the earth, hydrogen 

occurs chiefly in combination with oxygen as water. It is the most abun

dant element in the universe. It is a colorless, tasteless and odorless 

gas and liquefies at atmospheric pressure at -2S2.88°C (20.27 K). 

Uses: In recent years hydrogen has been used extensively as a rocket fuel 

in the space effort. It is now being seriously considered as a renewable 

fuel for purposes where petroleum fuels are being used. 

Other uses of hydrogen include a means of a confined high temperature 

flame for welding and commercially for the hydrogenation of fats and oils. 

Preparation: Methods of preparation include, steam on heated carbon, 

decomposition of certain hydrocarbons by heat, the electrolysis of water 

and by displacement from acids by certain metals. 

Discussion: Exposure of certain metals and alloys to hydrogen cause a 

reduction in their structural strength. This phenomenon is known as 

" embrittlement". The subject of hydrogen embrittlement is beyond the 

scope of this study. The reference of [96890] is suggested to the interested 

reader. 
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Compressibility Coefficient 

Definition; The compressibility coefficient is defined as _ ~ (av) 
V 3P T· 

Tables of Values: This quantity is not tabulated here but it may be easily 

obtained by forming the product of P times the isothermal compressibility 

(see A-4) . The reciprocal of the isothermal compressibility, v(ap/av)T is 

tabulated in Tables C-2, C-2a, C-2b, C-2c, C-5, C-5a, C-5b, C-5c. 

Units Range of Table Table Location 

Dimensionless 13.8 - 3000 K .01 - 100 MPa C-2, C-2b 

Dimensionless 24.845 - 5000 R 1.0 - 15,000 psi C-2a, C-2c 

Dimensionless saturation boundary C-5,C-5a,C-5b,C-5c 

Note: The tables reflect no differences for this property 
due to ortho-para modifications. 

Graph: None 

Equation: See A-II 

Range of Values: (Para and Normal) 

units Triple Point Boiling Point Critical Point 300 

A- I 

K 
liguid vaEor liguid vaj20r 1 atm 

Dimen- 7.79 10-5 1.02 2.02 10-3 1.12 1.0 x x 
sionless 

uncertainty: For values derived from tables listed above, the uncertainty 

varies from 0% in the low density limit to about 3-4% at 5000 psi and 10% at 

15,000 psi. In the critical region (Tc ± 5% and Pc ± 20 %) the uncertain

ties are greater and very difficult to estimate as the property diverges 

at the critical point. 

References: 

[29210] Roder, H. M., Weber, L. A., Goodwin, R. D., Nat1. Bur. Standards 
Monograph 94 (Aug. 1965). 

[80777] McCarty, R. D., Weber, L. A., Natl. Bur. Standards, Tec. Note 617 
(Apr. 1972). 

[96341] Weber, L. A., Nat1. Bur. Standards, IR 74-374 (In Press). 
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References of SEecial Interest: 

Solid: 487 5719 5879 6014 6768 11238 15481 68779 78548 

High Pressure Gas: 6995 .1.3780 26659 

Ortho-Para Differences: 13558 

Sources reviewed but not used: 

442 728 1174 3754 5904 6091 6328 7355 8044 12357 

15022 16295 17018 19645 20896 30473 30756 32804 34613 41169 

58956 64932 6765 80375 81210 86305 
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Accommodation Coefficient 

Definition: The accommodation coeffieient, a, is defined as the ratio 

where (E i - Erl is the mean energy change of molecules colliding with a wall 
I 

and (E i - Erl is the mean energy change if the molecules come into thermal 

equilibrium with the wall. 

Discussion: The accommodation coefficients of gasses on solids are used to 

estimate heat conduction by gases at low pressures (p ~ 0.1 mm Hgl. 

The accommodation coefficient is a function of the gas, the temperature, 

and the characteristics of the solid surface, especially the smoothness and 

cleanliness. In general, the lighter the gas, the higher the temperature and 

the smoother and cleaner the surface, the smaller is the value of the accom-

modation coefficient. The coefficient is independent of the pressure if the 

pressure is sufficiently high (p > 0.1 mm Hgl to insure a monomolecular gas 

film on the solid surface. 

Tables of Values: None 

Graph: None 

Equation: None 

Range of Values: 

Units at room temperature, p ~ .1 mm Hg 

dimensionless a = .311 on platinum [10845] 

Uncertainty: The uncertainty is estimated to be ± 1%. 

Sources reviewed but not used: 

1293 5494 5511 5839 6140 6217 6323 6413 

10845 17074 18878 26930 36234 45041 50149 50666 

53959 61674 68411 70750 
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compressibility Factor 

Definition: The compressibility factor is defined as z PV/RT. 

Tables of Values: This quantity is not tabulated but may be simply obtained 

by forming PV/RT from the tables C-2, C-2a, C-2b, C-2c, C-5, C-5a, C-5b, C-5c. 

Graph: B-3 

Equation: See A-ll 

Range of Values: 

Units Triple Point Boiling Point 
liquid vapor liquid vapor 

Dimen

sionless 
.00161 .9852 .01712 .9060 

Critical Point 300 K,l atm 

.3024 1.0006 

uncertainty: The uncertainty of Z derived from the tables in section C will 

correspond to the uncertainty of the PVT in the above tables. McCarty and 

Weber [80777] estimated these uncertainties to be: 

Temperature Range Pressure Range Uncertainty in Density 

700 - 3000 K 1 - 100 MPa 1 % (extrapolation) 

300 - 700 K 1 - 35 MPa 0.5 % 

300 - 700 K 35 MPa - 100 MPa 

13 - 300 K 1 - 100 MPa 0 .1 % (except critical region) 

Critical Region T ± 5%, Pc ± 20% c 6 % 

The uncertainties quoted here are for parahydrogen (see introduction) the 

tables in section C reflect no difference in Z between the normal and para 

modifications. To estimate the uncertainties for the normal hydrogen tables, 

add 0.1% for temperatures above 100 Ki 0.2% for temperatures between critical 

and 100 K and 0.4% for the compressed liquid region. 
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ORTHO-PARA Differences: There is probably a very small difference in 

densities (less than 0.1 %) between the ortho and para modifications. An 

exception is the saturated vapor and liquid densities where the difference 

is larger due to a difference in the vapor pressure curve . See A-48 and B-48. 

References: 

[29210] Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards 
Monograph 94 (Aug. 1965). 

[80777] McCarty, R. D., Weber, L. A., Natl. Bur. Standards Tech. Note 
617 (Apr. 1972). 

References of SEecial Interest: 

High Pressures: 12791, 21853, 76648, 81975, 87705 

Hig:h TemEeratures: 24116, 76648, 87705 

Solid: 487, 11238, 29550, 29881 

Low Pressure, Low TemEerature Gas: 12596 

References reviewed but not used: 

439, 453, 494, 634, 801, 1503, 3498, 5120, 5122, 

5123, 5366, 5429, 5522, 5523, 5567, 5688, 6069, 6162, 

6191, 6193, 6326, 6328, 6368, 6507, 6840, 6912, 6914 , 

7103, 7362, 7425, 7558, 7589, 7748, 7852, 7889, 8703, 

8716, 8719, 9008, 9444, 9492, 10647, 10742, 11242, 12704, 

13781, 14794, 16097, 16098, 16099, 16106, 16107, 16378, 16876, 

16883, 16891, 18502, 19403, 21078, 21794, 25268, 25732, 25952, 

27932, 29150, 29229, 30286, 30452, 34613 , 37187, 37427, 40767, 

42114, 45966, 48307, 48467, 50971 , 51145, 54948, 55969, 56804, 

6l379, 64082, 67641, 68410, 71300, 72638, 74545, 72638, 85126 
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Isothermal Compressibility 

Definition: The isothermal compressibility is defined as PT 

Tables of Values: The reciprocal of the isothermal compressibility is given 

in Tables C-2, C-2a, C-2b, C-2c, C-5, C-5a, C-5b, C-5c. 

Units 

MPa- l 

. -1 pSla 

MPa-1 

. -1 pSla 

l3.8 - 3000 

24.8 - 5000 

saturation 

saturation 

Range of 

K 

R 

boundary 

boundary 

Table Table Location 

.01 - 100 MPa C-2*,C2b* 

1 - 15,000 psi C-2a *, C-2c * 

C-5*,C-5b* 

C-5a* ,C-5c* 

*Note: To make the table entries positive, - l/PT is tabulated. The 

isothermal compressibility is a negative quantity. 

Graph: None 

Equation: See A-ll 

Range of Values: 

units Triple 
liguid 

Point 
vaj20r 

MPa -1 -l.lOxlO -2 -145. 

Boiling point Critical Point 300 K,l 
liguid vaEor 

-1. 99xlO -2 -11.1 -10 . 

. -1 
PSl -7.63xlO -5 -1.0 -1. 37xlO -4 -7.63xlO -2 -6.80xlO 

Note: The tables in section C reflect no di f ferences in this property for 

the normal and para modifications. 

uncertainty: The uncertainty for values obtained from the tables in 

section C varies from 0% in the low density limit to about 3-4% at 5000 psi 

and 10% at 15,000 psi. In the critical region (Tc ± 5% and Pc ± 20%) 

the uncertainties are much greater and very difficult to estimate as the 

property diverges at the critical point. 
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References: 

[29210) Roder, H. M. , Weber, L . A., Goodwin, R. D., Nat1. Bur. Standards 
Monograph 94 (Aug. 1965). 

[80777] McCarty, R. D., Weber, L. A., Nat1. Bur. Standards, Tech. Note 
617 (Apr. 1972). 

[96341] Weber, L. A., Nat1. Bur. Standards, IR 74-374 (In Press). 

References of Special Interest: 

Solid: 487, 5719, 5879, 6014 , 6768, 11238, 15481, 

68779, 78548 

High Pressure Gas: 6995, 13780, 26659 

Ortho-Para Differences: 13558 

Sources reviewed but not used: 

See A-2 
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Dielectric Constant 

Definition: The dielectric constant of a material may be defined as 

£ = C(P,T)/C(O,T) 

where C(P,T) is the capacitance of a capacitor whose plates are separated 

by the material at pressure P and temperature T, and C(O,T) refers to the 

capacitance of the same capacitor in a vacuum. In practical situations 

corrections are often applied for pressure distortion of the capacitor. 

The equation assumes no stray capacitances, i.e., the electric field is 

affected only by the dielectric material. 

Note: The dielectric constant is also known as specific 
inductive capacity. 

Tables of Values: This quantity is tabulated in the tables in section C. 

Units Range of Table Table Location 

Dimensionless 0.01 - 100 MFa 13.8 - 3000 K C-2, C-2b 

Dimensionless 1.0 - 15,000 psi - 24.845 - 5000 R C-2a, C-2c 

Dimensionless saturation boundary C-5,C-5a,C-5b,C-5c 

Graph: B-5, B-5a, B-5b 

Equation: The dielectric constant for the fluid parahydrogen may be 

calculated from 

£-1 2 3 
£+2 = Ap + Bp + Cp 

where A = 0.99575, B -0.09069, C = 1.1227, and £ is the dielectric constant. 

The density, p, must be in the units of g/cm 3 . The equation is valid over the 

range of the tables and may be extrapolated in the fluid phase with reasonable 

results. 

Ortho-Para Modifications 

32363 41438 66761 
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Solid Phase 

483 7 6 52135 52149 68779 73601 

Range o f Value s : 

units Triple Point Boiling Point 
liquid vapor sol i d liquid vapor 

80376 83866 

Critical Point 300 K 
1 atrn 

A- 5 

1.252 1. 0004 1. 285 1.229 1.004 1.0980 1.00025 

uncertainty : The uncertainty of 6-1 is estimated to be no greater than 0 . 1 % 

for the fluid phas e and 0 . 2 % for the solid phase. 

References : 

[22412] Stewa rt , J. W., J. Chern. Phys. Vol. 40, No. II, 3279-3306 (Jun. 1964). 

[52135] Younglove , B. A., J. Chern. Phy s. Vol. 48, No.9, 4181-6 (May 1968). 

[83866 ] Roder , H. M., Childs, G. E., McCarty, R. D., Angerhofer, P. E., 
Nat1 . Bur. St andards Tech. Note 641 (Aug. 1973) . 

Sources reviewed but not used: 

10 219 63 8 664 684 711 939 2020 4403 

5495 5541 5 675 5710 5780 5789 6162 6165 6371 

1201 9 13546 13777 14219 14223 14224 14226 14541 14544 

23360 23545 24731 24782 25290 25732 25952 26502 26607 

27935 27951 28 603 28604 32363 32953 33511 33966 34352 

34510 41438 4211 4 43 3 69 47030 48376 48404 48582 52149 

53420 54294 5 94 0 2 61017 61549 65729 66566 66761 67052 

67 053 67122 68779 68981 70969 72574 73081 73601 80777 

8 0375 
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Diffusion Coefficient 

Definition: The diffusion coefficient is defined as the coefficient relating 

the flux of a given species in a mixture to the concentration gradient of the 

species under isothermal conditions. For a binary mixture of species i and j : 

-D .. grad e1.' 1.J 

where J i is the mass flux of i, and Ci the gradient of concentration, and Dij 

the diffusion coefficient. Diffusion is usually thought of as a property of 

mixtures; however the term self diffusion, as the name implies, refers to a 

diffusion of a single species. There is, of course, no true means of mea-

suring such a quantity so the process is simulated using different isotopes 

of the same species. A third type of diffusion appears in the literature for 

hydrogen where the binary mixture is that of molecules with different nuclear 

spin orientation, i.e., ortho-para mixtures. 

Thermal Diffusion 

Definition: In a binary system where a temperature gradient exists the above 

equation should be extended to 

J. -D 'V - D~ . 'Vi1n T -1. ij ci 1.J 

T 
where Dij is the thermal diffusion coefficient. The same extension to 

isotopic and ortho-para mixtures is made. 

The information on the diffusion of hydrogen has been categorized acco rd-

ing to the above definitions and the references are listed below. 

Equations: 

From Kinetic theory; for a dilute gas 

D . . a T 3/ 2 
1.J 

and at room temperature D . . for hydrogen systems is about 1 cm2/sec; T is 
1.J 

temperature. 
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For liquid or gas disolved in a liquid 

Dij 1'] 

T 
= constant 

where ~ is the viscosity of the mixture and T is temperature. Dij for H2 in 

a liquid is about 10-4 cm2;sec. 

Diffusion 

Isothermal 

27837(Kr) 28119(12 systems) 38582(N2 ,A) 39336(N 2) 

41790(802' C2H5Cl, H20) 47030(He) 54014 (Kr) 57748(Kr) 

Thermal 

34551 41361 51360 73805 

Krypton 27837 34551 51360 54014 57748 73805 

Xenon 32276 35294 40737 55189 61492 73805 

20111 41361 42113 42455 83448 

41790 

H20 39828 41790 

N20 69968 83554 

02 1187 35656 

CO 35656 

745 1187 10682 

73805 75636 

Ne 962 69624 

He4 1187 10684 

35656 

55588 

He 3 51360 

Self Diffusion 

Isothermal 

39330 

61492 

83448 

31624 

41365 

66748 

35656 41361 42455 

32355 32686 35686 

44758 45862 51360 

70887 73805 

61492 

35653 

52001 

72326 

8382 8784 28119 31498 35559 37961 38567 39330 

39486 41365 47030 50824 54886 66011 67014 84599 

High Temps 43735 44818 

Solid 79021 
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Thermal 

11899 1 9328 30309 31624 32355 32686 35653 36011 

36 384 37587 38556 38564 38572 39330 39691 40724 

40966 41359 41361 41365 46150 52420 54131 54886 

71868 75 572 77424 84887 

Ortho-Par a 

8 754 7 08 87 54131 40285 71868 
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Thermal Diffusivity 

Definition: The thermal diffusivity , a , is defined a s 

a = 

where A is the thermal conductivity, p is the densi t y a nd C
p 

is t he specific 

heat capacity at constant pressure . 

Tables of Values: This quantity is tabulated in the tabl e s i n s ect i on C. 

Units 

m
2/h 

ft2 / h 

m2/h ; ft 2/ h 

Graph: None 

Range of Table 

13.8 - 3000 K 0.01 - 100 MFa 

24.5 - 5000 R 1.0 - 15 ,00 0 p s i 

saturation boundry 

Table Locati on 

C- 2, C-2b 

C-2a, C-2c 

C-5 ,C-5a,C-5b, 
C-5c 

Equation: None, except above and the equation of state ; s ee A-ll . 

Range of Values: 

Units Triple Point Boiling Point Criti ca l Po i nt 1 atm 

m2/h 

ft 2/ h 

liguid vaEor liguid vaEor 

0.00053 0.034 0.00052 0.0038 0 

0.0057 0.36 0.0056 0 . 040 0 

Note: Values for normal and p ara are t h e same at the s e state 
points but do differ at other s tate points. 

300 

0 . 52 

5.6 

Uncertainty: The uncertainty of the values tabul ated in s ec t i on C is 

e s timated to be ±10%, except in the critical region (Tc ±3% and Pc± 30 %) 

and for T < 180 Rand P > 5000 psi. 

References: 

[ 29210) Roder, H. M. , Weber, L . A. , Goodwin, R. D. , Nat1 . Bur. Standards 
Monograph 94 (Aug. 1965) . 

[80777) McCarty , R. D. , Weber, L. A. , Natl . Bur. S t and a rds, Tech. Note 
617 (Apr. 1972) . 

[96341) Weber, L. A . , Nat1 . Bur. Standards , IR 74 - 374 (In Press ). 
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References reviewed but not used: 

745 962 1187 10682 10 684 11043 11899 19328 

20011 27637 28624 3 030 9 31 624 32276 32355 32686 

34551 35294 35296 35559 35 653 35656 36011 36384 

37587 38556 38564 385 67 38 572 36582 36807 39330 

39336 39691 39828 40285 40 72 4 4 07 37 40966 41359 

41361 41365 41790 42 113 42 455 43735 44758 44818 

45016 45178 45862 45863 461 50 48202 50824 51360 

52001 52420 54014 5413 1 55 1 8 9 55588 56804 57535 

57748 61492 64468 667 4 8 66970 67160 69624 69968 

70887 71868 72326 73805 75572 756 36 75 8 44 77424 

83448 83554 84887 
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Dielectric Breakdown 

Liquid 

Below some critical electric field gradient, called the "breakdown 

voltage", hydrogen is an insulator. In recent years, there have been a few 

experiments to determine this breakdown voltage for liquid hydrogen. Two 

things seem evident from these experiments, first there is a fairly large 

dispersion in the measurements (reproducibility in a single experiment 

commonly has a 25% scatter) and second the breakdown voltage is quite sensi-

tive to pressure changes, i.e., an increase from 300 KV/cm to 690 KV/cm 

was observed when the pressure was increased from 1 to 5 atmospheres at 20 K 

(60954). 

General References: 

19687 43297 58709 60071 60954 68433 70969 73081 

74078 74751 82002 87443 

Other References: 

13831 48582 52352 60953 67122 68981 71753 72937 

73584 84542 

Gas 

Hydrogen in the gaseous phase is, like the liquid, an insulator below 

some critical field gradient. When the critical voltage is reached, the gas 

ionizes and a corona results and the conduction takes place. This breakdown 

voltage follows Paschen's law which states the breakdown voltage, V, does 

not change as long as pd is a constant and is proportional to pd. 

V tt pd 

where p is the density and d is the electrode spacing. This relation is 

surprisingly independent of temperature although some investigators (see 

for example 29663) claim to have observed temperature dependence at low 

temperatures. Also a minimum breakdown voltage for hydrogen has been 

-7 2 observed at about 250-300 volts at a pd of 10 g/cm. 
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General References: 

786 6015 6755 6800 7142 7206 7211 13058 

18763 19687 29599 29663 33790 35528 35529 43297 

44818 45268 47612 58079 58326 60954 61549 63755 

68177 68627 69196 74751 82002 84542 

Hig:h Temperatures: 

33790 44818 

Electrical Conductivity 

Hydrogen is essentially an insulator with a negligible electrical 

conductance except when voltages in excess of the breakdown voltages are 

applied. At elevated temperatures where ionization occurs, the gas becomes 

an electrical conductor and conductivities for hydrogen to 30 ,000 K and 

40,000 K have been calculated (33790 and 44818). 

General References: 

627 

67713 

11264 

87443 

21181 32953 40311 48359 52352 61549 
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Enthalpy 

Definition: Enthalpy is defined by the equation H = U + PV where U is 

the internal energy, H is the enthalpy and PV the product of pressure and 

volume. The change in enthalpy is a measure of the heat absorbed by a 

system in a constant pressure process. The enthalpy of a substance is a 

derived thermodynamic property and may be calculated by means of thermo-

dynamic relationship which require the PVT surface (see section A-ll) and 

the specific heat capacity (see sections A-15 through 18). 

Tables of Values: Tabulated in Tables C-2, C-2a, C-2b, C-2c, C-S, C-Sa, C-Sb 
and C-Sc. 

units 

J/g 

BTU/ lb 

J / g, BTU/ lb 

Graph: B-37 

B-37a 

B-37b 

B-37d 

Range of Table 

13.8 - 3000 K 
25 - 5000 K 

saturation boundry 

T-S Chart 

T-S Chart 

H-S Chart 

T-S Chart 

.01 - 100 MFa 

1 - 15,000 psia 

Equation: None (see above) 

Table Location 

C-2, C-2b 

C-2a, C-2c 

C-S, C-5a 
C-5b, C-Sc 

Range of Values The reference state for enthalpy is zero for the ideal gas 

at zero absolute temperature (see A-19) . 

Units Triple Point Boiling Point 300 K, latm 
liquid vaEor liguid vaEor 

Para 

Jig -308.8 l40.3 -256.3 189.3 4199.4 

BTU/lb -l32.9 60.36 -1l0.2 81.45 1806.6 

Normal 

Jig 218.3 667.4 270.9 716.5 4226.9 

BTU/lb 93.92 287.1 116.S 308.2 1818.5 

Uncertainty: The uncertainties of the enthalpy values tabulated here varies 

somewhat with pressure and temperature. In the region of T < 300 K the un-

certainty is estimated to range from 1.2 J/g at low densities to about 

5.0 Jig in the liquid. For all densities at 300 < T < 500 K the uncertainty is 
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estimated to vary from 1 J/g at low p r e ssures to about 15 J/g at 

the highest pressures. For temperature s a bove 500 K the uncertainty of the 

enthalpy at the lower densities could be much greater especially for tem-

peratures above about 1800 K where disassocia t i o n i s a large factor. 

References: 

(29210) Roder, H. M., Weber , L . A. Goodwin , R. D., Natl. Bur. Stds. 
Monograph 94 (Aug . 1965) . 

(80777) McCarty, R. D., Weber , L . A., Natl . Bur . Stds. Tech. Note 617 
(Apr. 1972). 

(96341) Weber, L. A., Natl. Bur . Standards , IR 7 4-374 (In Press) 

References of Special Interest : 

Solid: 12596 12830 28604 3720 8 38237 71082 

Ortho-Para Differences : 10 9 30 259 52 16163 23482 28223 

71082 

Equilibrium: 80837 

Normal: 14023 6368 

High Pressure and/or High Tempi 1 7398 

References review but not used : 

419 473 463 508 520 616 658 3867 5493 

5512 5921 6063 6063 6 069 6257 6276 6393 6838 

8130 10218 10742 10 882 1110 2 11271 11283 11940 12540 

15740 16447 17166 18502 21750 21 794 21853 24314 25355 

34613 40191 42282 4552 9 4 611 8 4730 3 48307 48467 48572 

53551 54004 57689 59 747 626 25 6 9556 70584 73677 74375 

12830 37208 38237 55972 12596 12161 12018 23790 24782 

19403 24823 29484 30350 30659 31708 37427 42644 44229 

44439 48376 49619 504 79 52676 66 011 69647 70317 81975 

72638 

no 
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Entropy 

Definition: Entropy is defined by the equation dS dQ/T, or in words: 

In any reversible process the change in entropy of a system is equal to the 

heat which it absorbs, divided by the absolute temperature. The entropy of 

a substance is a de rived thermodynamic quantity and many thermodynamic equa-

tions exist which re la~~ the PVT surface of a substance to the changes in 

entropy. In addition to the PVT surface, or an equation of state, the 

specific heat capacity of a substance is needed to complete the calculation. 

Tables of Values: This quantity i s tabulated in tables C-2 , C- 2a, C-2b, 

C-2c, C-5, C-5a, C-5b, C-5c. 

Units Range of Table 

J/g-K 

BTU/lboR 

J / g-K, 

Graph: 

BTU/ lboR 

B-37 

B-37a 

B-37b 

B-37c 

B-37d 

13.8 - 3000 K 

25 - 5000 R 

saturation boundry 

T-S chart 

T-S chart 

T-S chart 

H-S chart 

T-S chart 

Equation: None (see definition) . 

o - 100 MPa 

1 - 15,000 psi 

Table Location 

C-2, C-2b 

C-2a, C-2c 

C-5, C-5a, 

Range of Values: The reference state for entropy is the ideal gas at one 

atmosphere pressure and zero absolute temperature (see A-19) . 

units Triple Point Boiling Point 300 K 
liguid val20r liguid val20r 1 atm 

Para 

J/g-K 4.964 37.52 7.977 29.9 7 64 .77 

BTU/lb-oR 1.186 8.966 1. 907 7.162 15.48 

Normal 

J/g-K 14.08 46.64 17.09 39.08 70.58 

BTU/lb-oR 3.365 11.15 4.085 9.341 16.87 

Uncertainty: The uncertainty of the entropy values tabulated here varies 

somewhat with pressure and temperature. In the region T < 300 K, the un-

certainty is estimated to range f rom 0.04 J /g -K at low pressures to 0.17 
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J/g-K at the higher pressures. For all P at 300 < T < 500 K the uncer-

tainty is estimated to vary from 0.05 J/g-K at low pressures to about 

1.0 J/g-K at the highest pressures. For temperatures above 500 K the 

region is again one of extrapolation and the uncertainties are greater 

especially for the low pressures at temperatures above 1800 K where dis-

association becomes significant. 

References: 

[29210] Roder, H. M., Weber, L. A., Goodwin, R. D., Nat1. Bur. Stds. 
Monograph 94 (Aug. 1965). 

[80777] McCarty, R. D., Weber, L. A., Nat1. Bur. Stds. Tech. Note 617 
(Apr 1972). 

[96341] Weber, L. A., Nat1. Bur. Standards, IR 74-374 (In Press) 

References of sEecia1 interest: 

Solid: 9219 12830 12896 27055 34352 372()8 38237 50962 

71082 

Ortho-Para References: 16163 23482 28223 71082 10930 23790 

25952 

Egui1ibrium: 80837 

Normal: 14023 6368 

High pressure or high temperature: 17398 

References reviewed but not used: 

224 275 453 520 561 658 5512 6063 6069 

6224 6257 6276 6281 6292 6617 6838 9219 9444 

9819 10742 10882 11102 11283 11940 12018 12161 12540 

12596 12830 13537 15386 15740 16447 17166 17833 18502 

19403 21016 21750 21794 21853 23790 24314 24782 24823 

25096 27055 27120 29438 29931 30350 30659 31708 34613 

35467 37028 37427 41373 42117 42282 45529 46118 47303 

48307 48376 48467 48572 49619 50479 53551 53803 54004 

59747 62625 64320 66011 69556 70317 70584 72638 73677 

81975 
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Equation of State 

Definition: The relationship between the pressure, temperature and d e nsity 

of a substance is called the equation of state. This section will be con-

cerned with the mathematical model of the equation of state. Because o f the 

speed and availability of today's digital computers, the mathematical equa -

tion of state is an extremely useful tool. There are literally hundreds of 

these "equations of state" to be found in the literature. To recommend an 

equation of state, the detailed requirements must be known, or , to put it 

another way, there is no single mathematical model of the equation of state 

which will be the best choice for every purpose. 

Equations: For the equations used to generate the tables C-2, C-5, C-2a, 

C-5a, C-2b, C-5b, C-2C, C-5b see [29210], [80777] and [96 351]. For a more 

versatile but not quite as accurate equation of state see [9165 3]. For an 

equation of state with realistic critical point behavior see [63091 ]. For 

an equation of state designed for extremely high speed computation but l ess 

accuracy see [80837]. See also the main text on computer programs and 

section A-12. 

References: 

[29210] 

[80777] 

[63091] 

[80837] 

Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standard s 
Monograph 94 (Aug. 1965). 

McCarty, R. D., Weber, L. A., Natl. Bur. Standards, Tech. Note 
617 (Apr. 1972). 

Goodwin, R. D., J. Res. Natl. Bur. Standards, Sec. A. Vol. 73, 
No.6 (Dec. 1969). 

Roder, H. M., McCarty , R. D. , Hall, W. J., Natl. Bur. Standards 
Tech. Note 625 (Oct. 72). 

McCarty, R. D., Natl. Bur. Standards Internal Report, 74-357. 

Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press) 

A- J r 

[91653] 

[96341] 

[98426] Roder, H. M., McCarty, R. D., Nat l. Bur. Standards, Internal Report 
1975 - In press. 

Sources reviewed but not used: 

Solid: 18852 40176 41169 43872 56702 71335 79037 79 038 
a 

79779 80394 82 99 0 80829 

High temEerature and/or hig:h Eressure: 20897 25537 33026 38 176 

41212 41373 76648 78271 79036 81975 
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Ortho-Para Differences: 8776 43074 

General: 442 494 517 542 565 575 634 

669 727 801 995 1845 3276 3541 

5139 5542 5808 5967 6177 6191 9194 

6230 6231 6323 6326 6328 6334 6368 

6376 6415 6718 6733 6776 6852 6926 

6927 6928 6929 6995 7355 7589 7611 

7681 7748 7852 8314 8331 8395 8399 

8401 8435 8645 8732 8762 9533 9545 

10437 10647 10677 10846 10989 11005 11037 

11136 11242 11245 11346 11574 11899 12231 

12250 12424 12617 12725 12791 12817 12855 

14487 14621 14625 14766 15359 16098 16200 

16308 16378 16832 17960 17965 18178 18707 

18839 18917 19613 19646 19697 19709 19896 

19898 19899 19900 20182 20183 20255 20547 

20642 20900 20943 21078 21132 21794 22174 

22666 22920 23817 24724 24756 24914 25268 

25536 26051 26316 26648 26733 26756 27053 

27098 27199 27831 27838 27840 27937 27949 

28008 28149 28237 28650 28653 28722 29141 

29216 29396 29882 30138 30141 30350 30694 

31188 31739 32705 33660 33967 34481 34613 

35809 37435 38567 39335 39993 40017 40173 

41365 41645 41837 43270 43413 44622 45598 

47321 47563 47795 48290 48758 49784 50164 

50804 50838 51027 52153 52527 53409 53998 

54736 54885 54948 54964 55628 56374 56376 

56460 59349 59746 59747 60339 61379 61502 

62504 63082 63091 63710 64082 64321 64383 

64482 66093 66247 73618 78382 79792 80223 

80309 80358 80742 82417 80375 86089 
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Virial Coefficients 

Definition: The virial coefficients are commonly defined in two ways as 

follows 

P = RTp[l + B(T)p + C(T)p2 + .... J and 

PV = RT + B' (T)P + C' (T)p2. 

The first two terms of these series may be inverted by the following 

B (T) = B' (T) C' (T) = C (T) - B (T ) 2 
RT 

where P is pressure, T is temperature, p is density, V is lip, R is the 

gas constant and the B (T), B' (T) and C (T), c' (T) are virial coefficients of 

a power series expansion in density and pressure, respectfully . Both series 

are theoretically infinite in length however the coefficients beyond the 

first two [B(T) and C(T)] are of less interest because of their complexity . 

The temperature at which B(T) = 0 is called the Boyle temperature. Either 

of the above two equations is adequate to descr~be the PVT surface for 

densities up to about one-half critical. The coefficients B(T) and C(T) 

for hydrogen for the density expansion are given in table C-12. Most equa-

tions of state may be algebraically arranged such that they are in a virial 

expansion form and therefore these equations of state may be used to cal-

culate the virial coefficients (see section A-ll for equations of state). 

Tables of Values: 

Units Range of Table Table Location 

C-12 

Graph: None 

Equation: The values in table C-12 have been calculated from the following 

expressions: 

For temperatures below 100 K 

where 

B(T) = (blT + b 2 + b 3/T + b 4/T2)/RT 

1.9397741 x 10 3 ; b 2 = -1.9279522 x 10 5 ; b 3 

115 
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for T < 55 K; C(T) 

There are two sets of the Ci coefficients. One for temperatures below 

TC = 32.957, 

C1 1.0541776 x 10
5 

C2 -1. 6597141 x 107 

C3 
1.0431411 x 10 9 

C4 -3.2 538718 x 1010 

C5 
5.1405848 x lOll 

C6 -3.3123453 x 1012 , 

and a second set for temperatures between Tc and 55 K, 

C1 
1.6971294 x 10 3 

C2 -5.0854223 x 105 

C3 6.7284118 x 107 

C4 -3.8045171 x 10 9 

C5 1.0789413 x lOll 

C6 
-1.1515642 x 10

12 

for 55 < T < 100 C(T) 

a 1 - 388.682 45.5 

20.0 4.0. 
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For temperatures above 100 K 

4 
b (2i-4)/4 B(T) L iXl 

i=l 
and 

C (T) C xl/2 
[1 + 3 [1 - exp(l -3 

o 2 CX
2

) - x 2 ») 

b 1 = 42.464 xl 109.781 K/ T 

b 2 =-37.1172 C 
0 

1310.5 

b 3 =-2.2982 C 2.1486 

b 4 =-3.0484 x 2 20.615 K/T 

Rang:e of Values: 

Units 14 K 20 K 100 K 200 K 300 K 

B(T)cm3/mol -237.2 146.7 -2.51 10.73 14.38 

C(T) (cm3/mol) 2 
-1503 608.6 421. 7 343.8 

Boyle Point (B = 0): 112.4 K 

Uncertainty: The uncertainty of B is probably a maximum of 5% at the highest 

and lowest temperatures. The uncertainty of C is a minimum of 5 % between 

55 and 100 K and as much as 20% for temperatures below critical temperature . 

References: 

(29210) 

(80777) 

(96341) 

Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards 
Monograph 94 (Aug. 1965). 

McCarty, R. D., Weber, L. A., Natl. Bur. Standards Tech. Note 617 
(Apr. 72). 

Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press). 
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References reviewed but not used: 

494 565 575 634 669 727 801 995 

1845 5139 6191 6326 6328 6334 6368 6718 

6733 6776 6929 7589 7852 8399 8401 8435 

8732 8762 9533 10846 10989 11005 11242 11245 

12855 11899 12231 12250 12424 12725 12817 14625 

14766 16098 16378 16832 17960 18178 18707 18839 

20183 20547 20900 21078 21794 22920 24756 24914 

26051 26733 27831 28237 29216 30141 31739 32363 

32705 33026 33967 34506 34613 37435 38176 38567 

39993 40173 41212 41365 41837 43413 43872 45598 

47563 48758 50804 53998 54885 54964 59349 61502 

73618 73660 78382 80742 80375 86089 

Ortho-Para Differences 8776 28223 43074 
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Intermolecular Po t e ntial Function 

Definition: The intermolecular pote nti al function is the potential energy 

of interaction that exists between pairs o f molecules. Mathematical models 

of this function are used to calculate macroscopic properties with kinetic 

theory and statistical mechanics. 

General Comments: The potential ene rgy of i nteraction between unlike 

molecules , i.e., hydrogen and some other fluid, has not been considered 

here. Only those papers which had some re l evanc e to H2 - H2 interactions 

have been retained in the index below. 

r 
The Lennard-Jones Potential: The most common potential to the literature 

is the Lennard-Jones or 12-6 potential: 

q>(r) = 4e 

Where q>(r) is the potential energy of intera c tion , r is the intermolecular 

separation, e is the maximum energy of attraction , and a is the intermole-

cular separation for which q>(r) = O. a is sometimes referred to as the 

molecular diameter. Typical values for hydrogen are No = 15.6 cm3/mol and 

elK = 36.7 [8762] where N is Avogadro's number. The above parameters for 

the Lennard-Jones potential hav e been shown [ 49 455] to be temperature and 

A-13 

property dependent. A new potential model has been developed [70403], [84357] 

which has s hown significant imp rovement over t he Lennard-Jones, unfortunately 

parameters for hydrogen are not yet a vai lab le . 

References 

[8762] 

[49455] 

[70403] 

[84357] 

Michels, De Graaff, W. and Ten Seldom, C., Physica Vol. 26, No.6, 
393-408 (Jun 1960). 

Hanley, H.J.M., and Klein, Ma x , NBS , Tech. Note No. 360 (1967). 

Klein, Max, and Hanley, H.J.M., J. Chern . Phys. 53, 4722-3 (1970). 

Hanley, H. J.M., and Klein, Ma x , NBS, Tech. Note No . 628 (1972). 
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Sources reviewed but not used: 

General 

669 727 1845 5542 5832 6131 6194 8331 

8435 8762 9545 11037 12617 13614 14040 14621 

14766 17398 18851 18917 19764 21794 22249 24007 

24300 26650 26750 27053 27110 27174 27523 27838 

27957 28117 28652 29931 31280 31624 32356 32400 

32674 32686 32692 32823 34025 34419 34506 34518 

36047 36399 36792 36819 38170 38176 40731 41212 

41358 41365 41837 42678 43965 45177 45253 45254 

45547 45562 45598 46406 46691 47798 48466 48758 

49784 50686 50804 51604 53018 54885 57472 57911 

59647 61003 61502 63220 63488 67028 67029 67620 

68243 68686 70095 70726 70833 71266 72452 73446 

77118 77436 77506 78186 79356 80309 81220 81577 

82819 82771 85203 86609 

Lennard-Jones 

6334 11574 20011 26033 43413 66569 68343 68602 

Solid 

26733 33811 43872 52757 71335 73609 75218 76956 

74036 81210 
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Fixed Points 

Discussion: Below is a summary of the P- p - T data at selected fixed points. 

To be consistent with the property tables in section C, the temperatures in 

the para-equilibrium column are on the NBS- 55 scale . The temperatures in the 

column labeled Normal are also on the NBS scale . For relationships between 

the IPTS-68 scale and the NBS-55 scale see [59932] . 

Critical Point 

Para or Equilibrium 

T 

P 

p 

32.976 ± 0.05 K 

12.759 atm (1.2928 MPa) 

15.59 mol /Q (31. 43 kg/m3 ) 

Normal Boiling Point 

T 20.268 K 

P 1 atm (.101325 MPa) 

p (liquid) 

p(vapor) 

35.11 mol/Q (70 .78 kg/m3 ) 

0.66 36 mol/Q (1.338 kg/m3 ) 

Triple Point 

T 13 .80 3 K 

P 0.0695 atm (.00704 MPa) 

p (solid) 42 . 91 mol /Q (86 . 50 3 = kg/m ) 

p (liquid) = 38.21 mol/Q (77.03 kg/m3 ) 

p (vapor) = 0.0623 mol/Q (0.126 kg/m3 ) 

Normal 

33.19 K 

12.98 atm (1.315 MPa) 
c 

14.94 mol/Q (30.12 kg/m3 ) 

20.39 K 

1 atm (.101325 MPa) 

35.2 mol/Q (71. 0 kg/m3 ) 

0.6604 mol/Q (1. 331 kg/m3 ) 

13 . 957 K 

0.0711 atm (.00720 MPa) 

43.01 mol/Q (86 . 71 kg/m 3 ) 

38 . 3 mol/Q (77.2 kg/m3 ) 

0 . 0644 mol/Q (0 . 130 kg/m3 ) 

Solid-Solid Transition: Solid hydrogen does undergo such transitions , see 

for example 29574 30699 35812 38726 43353 47572 45821 83866. 

Molecular Weight: 2 .015 94 on the c12 scale [24033] . 

Other Properties at the Fixed Points: see tables C-2 , C-2a, C- 2b , C-2c, C-5 , 

C-5a, C-5b and C-5c as well as tables 14 and l4a . 
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References: 

[6368] Woolley , H. W., Scott, R. B . , Brickwedde, F. G. , J. Res. Nat1 . 
Bur . Standards Vol . 41, 379 (Nov. 1948). 

[29210] Roder, H. M., Weber, L. A., Goodwin, R. D., Nat1 . Bur. Standards 
Monograph 94 (Aug. 1965). 

[24033] IUPAC Revised Atomic Wei ghts Values, Chern. Engr. News ~, 42 
(Nov. 1961). 

[59932] The International Practical Temperature Scale of 1968 , Metro1ogia 
~, 35 (Apr. 1969). 

[83866] Roder, H. M., Childs, G. E., McCarty, R . D., Angerhofer, P. E., 
Nat1 . Bur. Standards Tech. Note 641 (Aug. 1973) . 

Sources reviewed but not used: 

Critical Constants Hydrogen 

493 542 562 579 619 700 737 740 

940 5542 5564 5567 5677 5690 5808 6013 

6049 6084 6105 6326 6342 6607 6610 6611 

6852 8044 8699 9399 9501 9624 10194 11134 

11136 12166 12204 12250 13537 14794 15359 15403 

16375 16826 17336 17625 18042 19187 20900 21016 

21134 22243 23790 25096 25732 26648 30313 31446 

32705 32709 33635 34352 34512 35809 41511 42114 

43297 45562 48290 48912 50681 50968 56863 60684 

62901 65711 76630 78382 

Boiling Point Hydrogen 

740 1617 2040 2169 2839 2840 2928 5447 

5643 5677 6013 6235 6259 6326 6334 6378 

6607 6621 6622 6628 6893 8118 8699 9490 

9503 9624 10916 11001 11247 12204 12830 12901 

13161 13779 14423 14799 14800 14959 16076 16376 

16701 19187 20893 21754 22243 22936 23435 23790 

24498 24502 24504 24506 24511 25302 25732 27098 

27995 28653 29230 32104 34352 34514 36346 42101 

42114 44085 45682 45688 46053 49620 53150 87118 

87119 87126 
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TriE1e Point Hydrogen 

454 579 2040 2928 5564 5677 5679 6080 

6326 6378 6421 8314 8325 8366 8699 9219 

9490 9503 10916 11924 12830 13537 14130 14799 

14800 15403 16376 19187 21754 21824 22243 22923 

22936 23790 24502 25302 25355 25732 26648 26651 

27098 29230 38237 42114 44085 45682 45688 46053 

48376 49620 52666 53150 59955 68779 87117 87118 

87119 87126 87577 
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Heat Capacity (Specific Heat) at Constant Pressure 

Definition: The heat capacity at constant pressure is defined as 

Tables of Values: 

units 

J/g-K 

BTU/lb-R 

Graph: B-15 

B-15a 

Equation: None 

Range of Values: 

Units Triple 
liquid 

(Para) 
J/g-K 6.36 

BTU/1b-R 1. 521 

(Normal) 
J/g-K 6.36 

BTU/1b-R 1. 521 

Cp (OH/OT)p' where H is enthalpy. 

Range of Values Table Location 

13.8 - 3000 K .1-100 MFa C-2,C-2b,C-5b 

25 - 5000 R 1-15,000 psia C-2a,C-2c,C-5c 

Point Boiling Point Critical Point 300 K 
vaEor liguid vaEor 1 atm 

10.52 9.66 12.15 00 14.85 

2.513 2.310 2.904 00 3.548 

10.52 9.66 12.15 00 14.31 

2.513 2.310 2 . 904 3.420 

Uncertainty: The uncertainty is estimated to vary from 0.02 % in the low 

density limit to 3% at 5000 psia and 8% at 15,000 psia. In the critical 

region (Tc ± 5%, Pc ± 20%) the uncertainties are greater but difficult to estimate. 

References: 

[29210] 

[80777] 

[96341] 

Roder, H. M., Weber, L. A., Goodwin, R. D., Na t l. Bur . Standards 
Monograph 94 (Aug. 1965). 

McCarty, R. D., Weber, L. A. , Nat1. Bur. Standards Tech . Note 
617 (Apr. 1972). 

Weber, L. A., Nat1. Bur. Standards, IR 74- 37 4 ( I n Press) 

References of SEecia1 Interest: 

ortho-Para Differences: 2040 6368 6617 16163 16232 

17018 28223 
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High Pressure: 21853 24116 26659 49335 81975 50155 

56401 59747 

High Temps : 24116 50964 78381 

Solid : 

426 5119 5962 6322 6354 6368 637 8 92 19 

95 0 3 13911 21136 21806 23394 28604 34352 41169 

47659 49 910 57081 59944 64494 73217 78052 7 85 48 

References reviewed but not used: 

204 224 275 453 485 616 622 63 3 

65 7 700 728 740 2020 3142 3867 5 095 

5118 5170 5432 5437 5493 5536 5600 5718 

5722 5726 5825 5831 5921 5990 6011 6013 

60 29 6 0 46 6105 6112 6113 6114 6191 62 17 

622 1 6253 6257 6266 6300 6318 6326 63 75 

6393 6416 6421 6813 6838 7396 7447 7896 

8673 8698 8706 8710 9444 9486 9752 1 0218 

10742 10748 10872 10880 10882 10913 11043 11 271 

112 8 3 11940 12018 12161 12197 12596 132 71 133 80 

1353 7 13558 14129 15739 15740 16142 16200 16213 

16317 16 877 17166 17442 17833 18121 1 8502 1 8837 

188 38 19287 19403 19709 20900 21016 21132 21750 

21 7 9 4 22251 22666 23172 23790 24314 24316 24318 

24323 24332 24650 24651 24731 24782 248 23 25 096 

253 02 25355 25559 25732 25911 25952 259 78 2 6227 

26613 26750 26767 27105 27186 27464 27513 28110 

28604 29210 29438 30141 30350 30473 3170 8 33 967 

34613 36818 37427 38807 39250 40017 40655 41524 

41771 41893 42075 42101 42103 42114 4 2140 42282 

4264 4 42751 43199 43200 43261 44439 4 4622 45 2 53 

45439 45454 45529 46118 48233 48289 483 07 48376 

4840 4 48467 48572 48653 48912 49645 504 7 9 50962 
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52908 

54512 

60339 

69647 

77232 

53551 

54512 

62625 

71063 

78418 

53803 

54594 

63091 

72638 

79962 

54004 

54596 

64468 

73081 

80777 

54036 

54765 

65157 

73359 

80837 

126 

54294 

55969 

66518 

76648 

84841 

54498 

55972 

66773 

77178 

54506 

59749 

67271 

77224 
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Heat Capacity (Specific Heat) at Constant Volume 

Definition: The heat capacity at constant volume is: 

Cv (aU/aT)v 

where U is internal energy, T is temperature and v is specific volume. 

Tables of Values: 

Units Range of Tables Table Location 

J/g-K 

BTU/ lb-oR 

13.8 - K, .01-100 MPa C-2,C-2b,C-5,C-5b 

Graph: 

Equation: 

Ran9:e of 

Units 

(Para) 
J/g-K 

BTU/lb-R 

(Normal) 
J/g-K 

BTU/lb-R 

25-5000 R, 1-15,000 psia 

B-16, B-16a, B-16b, B-16c 

None 

Values: 

Triple Point Boiling Point 
liquid vapor liquid vapor 

4.67 6.21 5.78 6.50 

1.12 1. 48 1. 38 1. 55 

4.67 6 .21 5.78 6.50 

1.12 1. 48 1. 38 1. 55 

C-2a,C-2c,C-5a,C-Sc 

Critical Point 3 00 K 
1 atm 

10.72 

2.562 

10.18 

2.434 

Uncertainty: The uncertainty is estimated to vary from 0.02% in the low 

density limit to 3% at 5000 psia and 8% at 15,000 psia . In the near critical 

region (Tc ± 5%, Pc ± 20%) the uncertainties are greater but difficult to 

estimate. 

References: 

[29210] 

[80777] 

[96341] 

Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards 
Monograph 94 (Aug. 1965). 

McCarty, R. D., Weber, L. A., Natl. Bur. Standards Tech. Note 617 
(Apr. 1972). 

Weber, L. A., Natl. Bur. Standards IR 74-374 (In Press). 

References of Special Interest: see A-15 

References reviewed but not used; see A-1S 
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Heat Capacity (Specific Heat) Ratio 

Definition: 

Tables of Values: The specific heat ratio is not tabulated in tables, 

however Cp and Cv are tabulated and should be used to form the ratio as 

defined above. 

Graph: None 

Equation: None 

Range of Values: 

units Triple Point 

(Para) 
Dimen
sionless 

(Normal) 
Dimen
sionless 

liquid vapor 

1. 38 1. 69 

1. 38 1. 69 

Boiling Point 
liquid vapor 

1. 69 1.88 

1. 69 1. 88 

Critical Point 300 K 
1 atm 

1.38 

1. 41 

Uncertainty: The uncertainty is estimated to vary from 0.02 % in the low 

density limit to 3% at 5000 psia and 8% at 15,000 psia. In the near critical 

region (Tc ± 5%, Pc ± 20%) the uncertainties are greater but difficult to 

estimate. 

References: 

(29210) 

(80777) 

(96341) 

Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards 
Monograph 94 (Aug. 1965). 

McCarty, R. D., Weber, L. A., Natl. Bur. Standards Tech. Note 
617 (Apr. 1972). 

Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press). 

References reviewed but not used: 

2020 6253 7747 10218 24731 26767 28110 3 0141 

43199 54498 54512 54594 
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Heat Capacity (Spec i fic Heat) of the Saturated Liquid at Constan t Satur atio n 

Definition: Co = T(aS/aT)O = (dH/ dT)o - V(dP/ dT)o. 

where the subscript 0 denotes constant saturation. 

Tabulated Values: None 

Graph: None 

Equation: 

where T is temperature in Kelvins, n = 0.10 and A = 1.6815742, B = -32.80279; 

C 6.8169871, D = -0.73194341, E = 0.033574357, F = -0.0007682974, 

G 0.0000069029224 and T 
C 

32.984. Co is cal/mol · K. 

units 

(Para only) 
J/gK 

BTU/lb-R 

Ref erences: 

Triple Point 

6.33 

1. 51 

Boiling Point Critical Point 

9.59 

2.29 

[13696] Younglove, B. H., Diller , D. E., Cryogenics 2, No .5, 283-7 
(Sept. 62). 

Reference of Special Interest: 

Solid: 6368 9219 13911 37846 80375 

uncertainty: The uncertainty is estimated by the author [13696] to be 0.3 % 

except near the critical point. 

References reviewed but not used: 

740 6013 6378 13271 13380 13696 16142 17442 

42140 
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Ideal Gas Properties , Thermodynamic 

Discussio n: All thermodynamic properties tabulated here are based on 

thermodyna mic properties of the ideal gas . These ideal gas propertie s are 

der ived from spectroscopic measurements and statistical mechanics. The 

idea l ga s properties used here are taken from [6368] . The reference state 

o for t h ese properties is the ideal gas at 0 K where the free energy , Eo is 

taken to be zero. By convention the values of SO and CO are presente d for 

1 atmo s phere pressure. 

Tables of Values : For normal, equilibrium and parahydrogen see refer ence 

[6368] 

Properties units Range of Table Table Loca t i o n 

o 
C SO HO _Eo _ p" , 

cal mol , K 10 - 5000 K [6368] 

Graph: None 

Equat i on: None 

uncertai nty : The uncertainty for C~ is estimated to be 0 . 2% to 700 K i n 

creasing to 0.4% at 5000 K. The uncertainty for SO and EO is estimated 

to be a n order of magnitud e less . 

References: 

[6368] Woolley, H. W., Scott, R. B., Brickwedde , F . G. , J . Res . Natl . 
Bur . St andard s Vol. 41 , 379 (Nov . 1948) . 

Refere nces reviewed but not used: 

6292 66 17 1 088 2 11271 1 6163 45454 45529 48572 

5 680 4 62625 7 8381 83588 
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Index of Refraction 

Definition: The index of refraction nA of a medium is the ratio of the 

speed of light in a vacuum to the speed of light in the medium, n A = C/C
m

. 

Discussion: The refractive index of a non-polar fluid depends on the wave-

length of the incident light and on the density of the fluid and to a lesser 

extent, the temperature. The dependence on temperature is usually small 

enough to be neglected as it has been here. The graph at location B-20 gives 

an indication of the temperature dependence. Reference [54546] gives a 

comparison between the index of refraction for normal and parahydrogen. 

Table of Values: 

Units Range of Values Table Location 

Dimensionless saturated liquid C-20 

Graph: See B-20 

Equation: 

0.99575 - 0.09069p + 1. 227p 2 + 0.7799569 x 106/A2 + 0.495126 x 1012/A4 

where the specific refraction rA(p) is in cm3/g, densities are in g/cm
3 

and 

the wavelengths are in angstroms. 

Range of Values: 

Units 

Dimen
sionless 

Boiling . Point 
liquid 

1.1137 

300 K 
1 atm 

1. 0001 

A 
angstroms 

4358. 

Uncertainty: The uncertainty of the tabulated values is estimated to be 

less than 0.1%. 
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References: 

[54546) 

[80777) 

Diller, D. E., J. Chern. Phys., Vol. 49, No.7, 3096 (Oct. 1968). 

McCarty, R. D., Weber, L. A., Natl. Bur. Standards Tech. Note 
617 (Apr 1972). 

References of Special Interest: 

Ortho-Para Differences: 54546 28932 

References reviewed but not used: 

233 6097 10740 13782 19277 19279 19291 19292 

19365 23393 25535 25732 26608 26776 30251 33511 

34369 40786 40787 40982 42114 45432 46848 54514 

54595 55712 58489 

13 2 



Internal Energy 

Definition: Internal energy is defined by the equation ~u = Q - p~V , where 

Q is the heat absorbed in a system, ~u is the change in internal energy , P 

is the pressure and ~V is the change in volume . The internal energy of a 

system is a derived thermodynamic property and may be calculated by means 

of thermodynamic relationships which require the PVT surface (see section 

A-II) and the specific heat capacity (see sections A- 15 through 18) . The 

most common method of calculating the internal energy is by using 

H = U + PV where H is the enthalpy (see A- 9) and PV is the pressure volume 

product . 

Tables of Values: 

units Range of Values 

J/g 13.8 - 3000 K .1 - 100 MPa 

BTU/lb 25 - 5000 R 1 - 15000 psia 

J/g, BTU/lb saturation boundary 

Graph : None 

Equation: None see definition 

Table Location 

C-2 , C-2b 

C-2a , C-2c 

C-5 , C-5a , 
C-5b , C-5c 

Range of Values: The reference state for internal energy is zero for the 

ideal gas at zero absolute temperature (see A- 19) . 

Units Triple Point Boiling Point 300 K, 1 atm 
liguid vaj20r liguid val20r 

Para 

J/g -309.0 84 . 2 -257.7 113 . 6 2961. 38 

BTU/lb -132.9 36.2 -110.9 48 . 9 1274.025 

Normal 

J/g 218.2 611 .4 269 . 5 640.7 2989.0 

BTU/lb 93.88 263 .0 115 . 9 275.7 1285.9 

Uncertainty: The uncertainty of the internal energy values tabulated here 

is estimated to be the same as the enthalpy (see A-9) . 
-----
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References: 

[29210] 

[80777] 

[96341) 

Roder, H. M., Weber, L. A. , Goodwin , R. D. , Natl . Bur . Standards 
Monograph 94 (Aug. 1965). 

McCarty, R. D. , Weber , L. A., Natl. Bur. Standards Tech. Note 617 
(Apr. 1972). 

Weber, L . A., Natl. Bur. Standards, IR 74 - 374 (In Press) . 

References of sEecial Interest: 

Solid: 40839 48233 41169 50962 65299 

Ortho-Para Differences: 10930 16163 

References reviewed but not used: 

6063 6069 6617 6838 10742 10882 12540 14023 

15386 17833 19403 21750 21794 21853 24314 24823 

25096 26227 29931 42282 48376 54294 59747 64320 

69647 80837 81975 
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Joule- Thomson Coefficient 

Definition: The J oule-Thomson coefficient, ~, is defined as 

The sign o f ~ indicates whether a gas expansion will cause an increase or 

dec r ease i n the tempera t ure. If ~ is positive the expanding gas will be 

cool ed. The locus of points where ~ = 0 is called the Joule - Thomson Inver-

sion curve. The s e data are given in table C-22. 

Values of the J oule - Thomson coefficient are tabulated by Michels et al. 

[21853) for pressures up to 2500 atm . 

Tables of Values : This quantity is not tabulated here but it may be calcu-

lated from the property table in section C. 

Graph: B-22 the inversion curve , T vs P . 

Equation: None - (ma y be calculated using an equation of state) 

Rang e of Value s: 

Units Pressure 

K/atm 10 0 atm 

R/psi 1469.6 psi 

40 K 

-4 . 3xl0 -2 

- 0 . 52xl0 -2 

1l0K 

2.5xlO - 2 

0.31xlO - 2 

unce rta i n ty : The uncertainty is estimated to be 5 %. 

Refe rences: 

180 K 

-7 .6xlO - 3 

-3 0 . 93xlO 

A-22 

[21853) Michels , A. , De Graff, W. , Wolkers, G. J . , Apl. Sci. Res. Vol. A12, 
No. 1 , 9- 32 (1963) . 

[29210) 

(80777) 

[96 34 1) 

Roder, H. M. , Weber , L . A. , Goodwin, R. D., Natl. Bur . Standards 
Monograph 94 (Aug. 1965) . 

McCarty , R. D., Weber , L. A. , Natl . Bur. Standards, Tech . Note 617 
(Apr . 1 972). 

Weber , L . A., Natl . Bur. Standards , IR 74 - 374 (In Press) . 
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Sources reviewed but not used; 

419 463 464 622 3276 6191 6288 6838 

7355 10194 10677 10793 10846 11457 11690 13737 

14232 15255 18026 18121 18526 18949 19403 20900 

21794 22237 26316 26635 26748 28722 30101 30350 

30833 41511 41695 52342 54507 59334 63481 68026 

86715 
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Latent Heat of Fusion 

Definition: The latent heat of fusion is the amount of heat required to 

melt a unit mass of a substance at constant temperature and pressure at 

temperatures above the triple point . 

Tables of Values: None 

Graph: None 

Equation: None 

Range of Values: This quantity has been measured by several experimenters 

at the triple point. Reference [9219] was selected for the triple point, 

the two values listed below at higher temperatures are found in [30327]. 

Units 

Cal/mol 

J/g 

BTU/lb 

Triple Point 

28.08 

58.28 

25.08 

(Note: Values are for parahydrogen). 

15.54 K 21.19 K 

30.80 40.28 

63.92 83.60 

27.50 35.96 

Uncertainty: The estimate of uncertainty based upon the existing data is 

about 0.25 cal/mol. 

References: 

[9219) 

[30327) 

[83866) 

Johnston, H., Clark, J. B., Rifkin , E. B., Keer, E. C., J. Am. 
Chern. Soc. Vol. 72, 3933-38 (1950). 

Dwyer, R. F., Cook, G. A., Shields, B. M., et al., J. Chern. 
Phys. Vol. 42, No. 11, (Jun 1965). 

Roder, H. M., Childs, G. E., McCarty, R. D., Angerhofer, P. E., 
Natl. Bur. Standards Tech. Note 641 (Aug. 1973). 

References of SEecial Interest: 

none found 

References reviewed but not used: 

426 6326 6368 6375 6421 9444 12018 12596 

12830 13831 13911 16295 16376 19003 19187 19652 

21136 21747 21872 25302 25544 26651 27055 27098 

28604 30359 32104 33967 34352 34455 41169 48376 

56863 65157 80375 
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Latent Heat of Sublimation 

Definition: The latent heat of sublimation is the amount of heat per unit 

mass required to vaporize the solid phase. 

Tables of values: This quantity is tabulated in table C-24. 

Graph: None 

Equation: None 

Range of Values: 

units 0, K Triple Point 

Para 

Cal/mol 

J/g 

BTU/lb 

Normal 

Cal/mol 

J/g 

BTU/lb 

181. 5 244.5 

376.7 507.4 

162.1 218.3 

182.9 

379·.6 

163.3 

Uncertainty: The uncertainty is estimated to be about 2 Cal/mol. 

References: 

[12596] 

[16376] 

[83866] 

Mullins, J. C., Ziegler, W. T . , and Kirk, B. S., Georgia Inst. 
of Teck. Tech. Rpt. it 1 (Nov. 1961). 

Clusius, K., Z. Elektrochem, Vol. ~ (1938). 

Roder, H. M., Childs, G. C., McCarty, R. D., Angerhofer, P. E., 
Natl. Bur. Standards Tech. Note 641 (Aug. 1973). 

References of SEecial Interest: 

Ortho-Para 

16232 22428 23790 

References reviewed but not used: 

6368 6376 12830 19187 19287 21824 25302 27098 

27098 28604 34352 41169 64474 65157 70263 
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Latent Heat of Vaporization 

Definition: The latent heat of vaporization is the amount of heat required 

to convert a unit mass of a substance from the liquid to the vapor state 

at constant pressure. 

Tables of Values: This quantity is not tabulated but values are easily 

obtained from the tables in section C-5 by subtracting the liquid enthalpy 

from that of the vapor at the same temperature and pressure. 

Graph: B-25 heat of vaporization vs T. B-2Sa 

Equation: None 

Range of Values: 

Units 

Para 

J/g 

BTU/lb 

Normal 

J/g 

BTU/lb 

Triple Point Boiling Point 

448.2 445 . 5 

192.8 191. 7 

449.1 445.6 

193.2 191. 7 

Critical Point 

o 

o 

o 

o 

uncertainty: The uncertainty is estimated to be 2.5 Joules/mole for para 

and 5.0 Joules / mole for normal 

References: 

[29210] 

[80777) 

[83866] 

[96341J 

Roder, H. M. , Weber, L. A., Goodwin, R. D., Natl. Bur. Standards 
Monograph 94 (Aug. 1965). 

McCarty, R. D., Weber, L. A., Natl. Bur. Standards, Tech. Note 
617 (Apr. 1972). 

Roder, H. M., Childs, G. C., McCarty, R. D. Angerhofer, P. B., 
Natl. Bur. Standards Tech. Note 641 (Aug. 1973). 

Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press). 

References of Special Interest: 

Ortho-Para Differences: 6016 6368 9219 10930 23790 

28223 29484 43074 
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References reviewed but not used: 

2020 2208 2889 5491 5564 5928 6016 6300 

6368 6375 6378 7396 9444 9624 11043 12016 

12161 12204 12540 12596 12830 13380 13831 13978 

14799 15359 16295 16361 16376 17442 18846 19187 

19287 19403 20647 20900 21824 23790 24313 24731 

24782 24823 25952 26227 27098 27104 28223 30020 

30101 30659 32104 32373 33967 33981 35400 37208 

37427 40811 40839 41169 41524 42644 43074 43297 

44229 44439 47639 48307 48376 48404 51208 53664 

54294 55969 55972 56863 58584 59749 63407 64881 

65157 66093 72036 73081 80375 87577 
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Melting Curve 

Definition: The melting curve is the boundry between the solid and liquid 

regions in a phase diagram. 

Tables of Values: The density of the saturated liquid in coexistence with 

the solid phase is found on the first line of each isobar in tables C-2 

series. The liquid and solid densities of 3 points are given here. For 

more extensive tabulations the reader is referred to [83866) . 

Graph: B-27 and B-27a 

Equation: See A-38 for vapor pressures. 

Range of Values: 

Units Triple Point 100 atm 300 atm 
liguid solid fluid solid fluid solid 

kg/m 3 77.0 86.9 81. 8 89.9 88.7 96.0 

Ib/ft3 4.81 5.42 5.11 5.61 5.54 5 .99 

Note: These values are for parahydrogen for an estimate of normal-para 

density differences see A-48, B-48a 

Uncertainty: The uncertainty is estimated to be 0.1% for the liquid phase 

and 0.5 % for the solid phase. 

References: 

[29550] 

[80777] 

[83866] 

[96341) 

Dwyer, R. F., Cook, G. A., Berwaldt, O. E., 

McCarty, R. D., Weber, L . A., Natl. Bur. Standards Tech. Note 
617 (Apr. 1972). 

Roder, H. M., Childs, G. E., McCarty , R. D., Angerhofer , P. E ., 
Natl. Bur. Standards Tech. Note 641 (Aug. 1973). 

Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press). 

References reviewed but not used: 

See A-38 
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Melting Pr essure 

Definition : The re l ationshi p between pressur e a nd temperature along the 

solid-liquid boundry. 

Tables of Values: The melti n g t emperature for a given pressure is found 

on the first line of each i sobar in tables C- 2 serie s. 

Units Range of Table Table Location 

MPa 13.8 - 34 .2 K C-2 

psia 25 - 62. 4 R 1 - 15 , 0 00 psi a C-2a 

psia 25.2 90 R 86.5 - 32 ,060 psia [80777] 

Graph: B-2 7 melting c urve (T vs P) for hydrogen , and B-27a 

Equation: See [80777] 

Range of Values: 

Units Triple Point 

MPa 0.0 07 04 

psia 1.021 

20 K 
36 R 

22 . 71 

3293. 

50 K 
90 R 

221.1 

32060. 

Uncertainty: The uncertain ty of the pressures is a bou t 0.1 %. 

Reference s : 

[5449] Mills, R. L. , Grilly , E . R. , Phys . Rev. Vol 101, No.4 , (Feb. 15 , 
1 956) . 

[14 1 30 ] 

[52135] 

[80777] 

[83866] 

References 

421 

6250 

11241 

13770 

Goodwin , R. D. , Cryogenics Vol 2, No.6 , (Dec. 1962) . 

Younglove, B. A., J. Chern. Phys. Vol 48, No . 9, (May 1968) . 

McCarty, R. D., Weber, L . A. , Natl . Bur. St andar ds Tech. Note 
617 (Apr. 1972). 

Roder, H. M., Childs , G. E . , McCarty, R. D. , Angerhofer, P. E. , 
Nat 1. Bur . Standards Tech. Note 641 (Aug . 1973) . 

reviewed but not use d: 

453 475 63 8 2040 2169 5118 6080 

6300 6368 6376 6421 675 9 739 6 8366 

12018 12204 12596 12830 131 61 1 3 272 13735 

13831 14423 14621 14955 14989 1 5 358 16284 
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16286 16289 16364 16376 16701 18567 18947 19287 

19448 19652 19694 20297 20900 21136 21747 21872 

22687 23172 23478 23790 24274 25302 25844 2739 0 

29861 301:01 30103 30327 30359 30447 30756 30889 

31446 31927 32104 33518 33967 34352 34513 3445 5 

36346 39229 40839 41005 41169 42114 43094 44899 

47933 49334 50447 51257 52135 52360 52504 52658 

53292 54804 55972 58201 59322 59750 60340 61246 

63082 64887 67259 67747 72918 77066 78389 78981 

80394 80375 83262 87117 87453 • 
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Phase Diagram 

Definition: Phase diagrams indicate the boundries between the solid, liquid 

a~d or the gas phases. The diagrams which are referenced here are only those 

which yield the PVT of the phases. For a diagram of the phases in other 

coordinates consult the page on the particular property desired. 

Graph: B-30 and B-30a 

Uncertainty: The uncertainty of values taken from the above (or any other) 

diagrams is determined by the resolution of the individual chart. 

References: 

[29210] 

[80777] 

[96341] 

Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards 
Monograph 94 (Aug. 1965). 

McCarty, R. D., Weber, L. A., Natl . Bur. Standards Tech. Note 
617 (Apr. 1972). 

Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press) . 
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Prandtl Number 

Definition: The Prandtl number, Pr , is defined by the relation 

Pr = C T) / A. 
P 

where C is the specific heat at constant pressure , T) is the viscosity and 
p 

A. the thermal conductivity. 

Tables of Values 

Units Range of Table 

Dimens ionless 13.8 - 3000 K .01 - 100 MPa 

Dimens i onless 2S - SOOO R 1 - lS ,OOO psia 

Dimensionless saturation boundary 

Graph: A-29, and A- 29a 

Equation: None other than above defining relationship 

Range of Values: 

Table Location 

C- 2 , C-2b 

C-2a, C-2c 

C-S, C-Sa, 
C-Sb, C-Sc 

units Triple Point Boiling Point Critical Point 300 K 
1 atm 

Dimen
sionless 

l iquid vapor 

2.24 0.623 

liquid vapor 

1. 29 0.804 0.68 7 

Uncertainty: The uncertainty is estimated to be lS % except in the critical 

region, where i t is greater. 

References: 

[807771 McCarty, R. D. and Weber, L . A., Natl. Bur. Standar ds Tech. Note 
617 (Apr. 1972) . 

Sources reviewed but not used: 

See A-I S, A- 39 and A-36 
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PVT 

Definition: The abbreviation of PVT stands for pressure, volume and tem

perature, the fundamental variables of the state of a pure fluid at 

equilibrium. Any two of three variables may be specified, but the ~hird 

is then a unique value for a given fluid, with the exception of the case 

where two or more phases coexist, in which case the pressure is a unique 

function of the temperature but the volumes of the phases differ. 

Tables of Values: The properties are tabulated in the C-2 and C-5 series 

tables. 

Graph: B-3, B-30, B-30a 

Equation: see A-ll, A-12, A-27 and A-38 

Range of Values: 

Property Units Ran9:e of Tables Table Location 

pressure MFa 0.01 - 100 C-2, C-2b 

pressure psia 1 - 15,000 C-2a, C-2b 

volume, M3/Kg . 0097 - 1538 . C-2, C-2b 

volume, ft 3/1b . 156 - 30,400 . C-2a, C-2c 

temperature K 13.8 - 3000 C-2, C-2b 

temperature R 25 - 5000 C-2a, C-2c 

Note - (the tables for normal and parahydrogen do not reflect any difference 

fo r PVT - see section A-48 for a more d e tailed discussion of ortho para 

differences) . 

146 



A- 30 

Uncertainty: The uncertainty is estimated to be: 

Temeerature Ran~e Pressure Range Uncertainty in Density 

700 - 3000 K 0.1 - 100 MPa 1% 

300 - 700 K 0.1 - 100 MPa 0.5 % 

13 - 300 K 50 - 100 MPa .2 % 

13 - 300 K 0.1 - 50 MPa 0. 1% 

critical Region T ± 1 %, Pc ± 20 % 6% c 

Solid 340 - 700 atm 1 % 

References: 

[6368] 

[29210] 

[80777] 

[96341] 

References 

PVT Data -

487 

6091 

14989 

21672 

28604 

32872 

42233 

60340 

78271 

80375 

Woolley, H. W., Scott, R. B . , Brickwedde, F. G., J. Res. Natl. 
Bur. Standards, Vol. 41, (Nov. 1948). 

Roder, H. M., Weber, L. A. , Goodwin, R. D., Natl. Bur. Standards 
Monograph 94 (Aug. 1965). 

McCarty, R. D., Weber, L. A., Natl. Bur. Standards, Tech. Note 
617 (Apr. 1972). 

Weber, L . A., Natl. Bur. Standards, IR 74-374 (In Press). 

reviewed but not used: 

Solid Phase Hydrogen 

1130 1174 5215 5719 5879 6014 6080 

6421 6768 9444 112 38 12596 13743 14800 

15481 15709 16295 19652 21136 21747 21824 

23790 25302 25316 25544 25732 26659 28603 

29055 29550 29881 30359 30756 30889 31446 

33967 34352 38702 38807 40882 41005 41169 

43504 47659 47933 45376 50838 55972 58589 

60657 65157 68779 72099 73609 74342 74466 

78548 79036 79779 80213 80394 81210 82990 

80829 82898 86148 
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PVT Data - Liguid Phase H~drogen 

34 439 442 486 493 649 700 728 

737 1603 2020 2208 2869 2952 5118 5523 

5564 5756 6064 6080 6149 6162 6415 6421 

6565 6621 8044 8118 9008 9444 9963 10437 

1093 0 11043 11625 11709 11924 12018 12194 12357 

12596 l3465 l3537 l3546 13558 l3782 14023 14129 

1448 7 14794 14800 14989 15022 15121 15358 15359 

15403 16099 16142 16295 16376 17018 17442 18121 

1816 7 19187 19403 19645 19652 20647 20900 21079 

2174 7 21824 22243 22666 23065 23393 23790 24782 

24823 25302 25316 25544 25559 25732 25952 25966 

26171 2Q2 27 26659 27409 27420 27495 28008 28223 

28350 28604 29484 30286 30313 30350 3 0354 30473 

3065 9 30889 31503 31692 31708 32953 33810 33967 

3435 2 35138 36818 37427 37745 38702 38807 40017 

4030 2 40525 40915 41005 41524 41560 42101 42103 

42114 42140 42233 42644 43099 43297 44229 44439 

47564 48376 48653 50479 50791 50838 52326 52712 

53020 54294 54622 55509 55969 55972 56677 57050 

58956 59402 59749 59955 60657 64082 64319 64881 

64932 65157 65711 65729 66011 66249 66773 70317 

710 64 72036 73081 73601 79105 80165 80837 81975 

72638 80375 82898 87735 

PVT Data - Gaseous Phase Hydrogen 

42 7 442 453 486 493 494 517 575 

61 9 634 649 700 727 801 2020 3402 

349 8 3525 3754 4900 5120 5122 5123 5139 

536 6 5429 5522 5542 5567 5904 6069 6084 

6191 6193 6231 6318 6326 6328 6342 6368 

6415 6507 6713 6765 6797 6802 6840 6912 
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6914 6926 6995 7146 7362 7425 7589 7611 

7681 7748 B044 8401 8703 8715 8716 8717 

8719 8732 8758 8762 9444 9492 10437 10647 

10677 10742 10748 10839 10930 11005 11114 11137 

11242 11245 11346 12018 12540 12596 12704 12725 

12817 13780 13781 14023 14129 14487 14794 14 800 

15022 15121 15359 15403 16078 16097 16098 16099 

16106 16107 16142 16213 16308 16378 1 6447 16876 

16883 16891 17398 17960 17965 18167 18502 19403 

19896 20645 20646 20896 20897 20900 20943 21078 

21079 21132 21794 21853 22920 23598 237 90 23917 

24322 24782 24823 25355 25732 25952 26027 2 6604 

21;740 26749 27409 27495 27932 28008 28149 28223 

28722 29150 29233 29484 30020 30286 30354 30452 

31692 31708 32705 32953 33791 33810 34613 35809 

36346 37427 ~9379 40017 40915 41005 41373 41524 

41560 42114 42233 43107 43174 44229 44439 45439 

45439 45966 46118 46119 46128 47034 48107 48376 

48404 48467 48653 49092 50164 50479 50687 50838 

50968 51145 51604 54004 54294 54765 54819 54896 

55969 55972 56677 57050 57544 57829 57893 58893 

59747 60339 63889 64082 65157 65711 65729 66011 

66249 66514 66773 69424 70584 74545 76332 76648 

80837 82813 72638 87705 
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Radiative Properties 

No references to the emissivity of hydrogen were found in the literature 

see A-42 for spectral absorption. 
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A-32 

Saturation Properties 

Definition: The term saturation refers to a state condition where two or 

more phases coexist in equil ibrium . 

Tables of Values: Saturation properties of the coexisting liquid and vapor 

phases are tabulated from the triple point to the critical point in C-S 

series tables. The individual properties which are tabulated in the C-S 

series tables are listed below along with the page on which they are discussed 

in more detail. 

Property Page 

Temperature A-3D 

Pressure A-3D 

Volume (or density) A-3D 

Internal Energy A-21 

Enthalpy A-9 

Entropy A- ID 

Constant Volume Heat Capacity A-16 

Constant Pressure Heat 
Capacity 

Velocity of Sound 

Surface tension 

A-IS 

A-33 

A-3S 

Property 

Thermal Conductivity 

Viscosity 

Thermal Diffusivity 

Dielectric Constant 

Prandtl Number 

For tables of PVT below the triple point see [83866]. 

Graph: see pages listed above . 
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Sound Velocity 

Definition: The thermodynamic sound velocity, W, is defined by 

where P is pressure, V is specific volume and S is entropy; but since 

entropy is not usually a variable in the mathematical models for the equa-

tion of state, calculations are more easily made using 

W = [~ (~~) Jl

/2 

which is thermodynamically equivalent to the above equation and where C 
p 

and Cv are the specific heat capacity at constant pressure and constant 

volume respectively; P is again pressure and p is the density. Experimentally 

measured sound velocity is a very precise and accurate measurement and is 

equivalent to the thermodynamic sound velocity defined above. 

Tables of Values: 

Units 

mls 

ftls 

mls 

mls 

Range of Table 

13.8 - 3000 K 0.01 - 100 MPa 

25.845 - 5000 R 1 - 15,000 psia 

o - 12 K (para) sat. solid 

4.2 - 13.96 (normal) sat. solid 

Table Location 

C-2, C-5, C-2b, 
C-5b 

C-2a, C-5a, C-2c, 
C-5c 

[83866] 

[83866] 

Graph: B-33 and B-33a 

Equation: none 

Range of Values: 

Units Triple Point Boiling Point Critical Point 300 K 
liguid vaEor liguid vaEor 1 atm 

Para 

mls 1264 305.7 1089. 355. 0* 1309. 

ftls 4147. 1003. 3573. 1165. 0* 4297 . 

* Theoretically the velocity of sound should go to 0 at the critical point . 

Experimentally only very low velocities have been measured in the critical 

region. 
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uncertainty: The uncertainty of the tabulated values have been estimated by 

comparing tabulated and experimental sound velocities. These uncertainties 

vary with pressure from 1% to 2% in the liquid and is about 0.5 % in the vapor 

or above critical temperature. In the critical region (Tc± 5%, Pc ± 20%) the 

uncertainties are larger but not estimatable. 

References: 

[29210) Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards 
Monograph 94 (Aug. 1965). 

[80777) McCarty, R. D., Weber, L. A., Natl. Bur. Standards Tech. Note 617 
(Apr. 1972). 

(83866) Roder, H. M., Childs, G. E., McCarty, R. D., Angerhofer, P. E., 
Natl. Bur. Standards Tech. Note 641 (Aug. 1973). 

[96341) Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press) . 

References of SEecial Interest: 

Solid: 47659 78548 81564 84305 80375 

Or tho-Para Differences: 19645 28223 30473 ,\ 

Hi~h Pressure and/or hi~h temp: 21853 24116 

DisEersion: (not included in A-34) 596 6347 60062 69300 

70241 84305 

Sources reviewed but not used: 

34 453 552 595 720 744 1106 2136 

2274 2746 3709 3729 4590 4591 5600 5756 

5759 5810 58ll 5812 6161 6363 6816 6838 

7262 7314 7320 7387 7747 7782 7839 7843 

7896 7916 8695 9444 9501 9963 10989 ll709 

12704 13099 13296 13558 15021 16569 16877 17008 

18121 18501 18851 19403 20900 22052 22318 22882 

24318 24362 24483 24782 24823 25355 25559 25952 

25966 27016 27933 28146 28153 28168 29484 29963 

30350 31708 32387 32692 33232 33967 35654 36396 

36792 36818 36819 37427 40226 41524 41695 41904 

42644 43965 44229 44439 45418 46118 47930 48307 

48404 48467 48470 54004 55972 56768 57827 29747 

60089 63892 64932 67625 73601 79962 80223 80681 

80837 81203 72638 87126 

153 



A-34 

Sound Absorption 

Definition: The attenuation a is defined by the relation 

-a x 
P P e exp 

o 

where x is the distance between the point where the peak pressure due to 

the sound wave is Po and the point where it is P. The so called "classical" 

sound absorption a
cal 

is often calculated from 

~ where y = V = velocity of sound; f = frequency; P the pressure; ~ the Cv 
shear viscosity; and A = the thermal conductivity. 

Papers found in the literature report sound absorption in many different 

ways, some of these are as follows: 

a excess 

nepers 

a A exp (where A is wave length). 

Liquid: a for tpe saturated liquid [6161) at 17 ± 1 K is reported to be exp 

0.11 cm-l ± 10% for , the frequency of 44.4 MHz. 

Gas: Values of a If for both normal and parahydrogen at temperatures of exp 

293, 90 and 77 K ar~ given as a function of f l P in ref [22882). 
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Range of Values 

Temp f / p aexp/ f (normal) aexp/f (para) 

K MHz/ atm (cm MHz)-l 

293 1. 48 0.491 

293 1. 53 0.483 

77 1. 60 .677 

77 2.10 .314 

Uncertainty: The uncertainty of a is 10% for the liquid value and 5% for 

the gaseous data. 

References: 

Galt, J. K., J. Chern. Phys. ~, 505 (1948). [6161) 

[22882) Sluijter, G. G., Knaap, H.F.P., Beenakker, J.J.M., Physica 
Vol. 30, No.4, 745-62 . (Apr. 1964). 

References of Special Interest 

Solid: 87453 

Ortho-Para Differences: 63892 

References reviewed but not used: 

34 595 744 1106 2136 4591 58ll 5812 

6363 7782 7839 7843 7916 10989 24362 24483 

27016 28146 35654 48784 49785 50880 55182 64794 

67625 80223 80681 83309 
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Surface Tension 

Definition: Surface tension is defined as the amount of work required to 

increase the surface area of a liquid by one unit of area . Note that this 

property is defined only for liquid in coexistence with the vapor phase. 

Tables of Values: 

units Range of Table Table Location 

dyn/cm 13.8 - 32.976 K C-5, C-5b 

lb/in 24.845 - 59.357 R C-5a, C-5c 

Graph: B-35, B-35a 

Equation: 

y = y (1 - T/T )1.065 (see discussion below) 
o c 

where y is surface tension in dyn/cm; Yo is 5 . 328 for parahydrogen and 

5.369 for normal hydrogen ; Tc is 32.976 K for parahydrogen and 33.18 K f or 

normal hydrogen. 

RanC)e of Values: 

Units TriEle Point NBP Critical Point 300 K 

Para 

dyn/cm 2.99 1. 93 0 not defined 

lb/ in 1.71xlO - 5 1.10xlO -5 0 not defined 

Normal 

dyn/cm 3.00 1. 95 0 not defined 

lb/in 1.71xlO -5 1.12 0 not defined 

Discussion: Since Corruccini [30250] correlated the older experimental data, 

a new set of experimental data for normal hydrogen [33765] has appeared in 

the literature. These new data are consistently about 0.07 dyn/ cm lower 

at all temperatures below 31.5 K than those calculated from the above equa-

tion. These differences cannot be explained on the basis of differences in 

temperatures or densities used in the calculations, but the experimental 

apparatus used by Blogoi and Pashkou [337651 does not inspire confidence 
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in their data. The capillary rise t echnique was used which is the most 

common technique but is beset with difficulties because of the corrections 

that must be applied. In the older hydrogen surface tension experiments, 

these corrections amounted to about 10% of the measured capillary rise, but 

because of the size of the capillaries used by Blagoi and Pashkou [33765]. 

The measured capillary rise must be corrected by about 40-50 %. 

Uncertainty: The uncertainty of the tabulated values is estimated to be 

1 % for temperatures below the normal boiling point and increasing to about 

5% for temperatures above 0.8 Tc. 

References: 

[30250] Corruccini, R. J., Nat. Bur. Standards Tech. Note No. 322 
(Aug. 1965). 

[33765] Blagoi, Yu . P., Pashkou, V. V., Zh. Eksp. Teor. Fiz. Vol. 
No. 5, (Nov. 1965) . 

49, 

[80777] McCarty, R. D. , Weber, L. A., Nat. Bur. Standards Tech. Note ' 617 
(Apr 1972). 

References reviewed but not used: 

2020 35.41 6162 9444 10893 12018 13537 13824 

15409 16295 16834 19704 20647 23183 23186 23790 

24731 24780 24782 25058 25952 25966 26548 27064 

29214 30020 30101 31503 33967 34228 35400 35766 

41524 42678 43099 44439 44771 46406 48307 48376 

48404 51188 52506 54294 55969 55972 61035 61114 

62372 66902 73081 74349 75736 77506 80310 83444 

80375 83866 
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Thermal Conductivity 

Definition: The thermal conductivity coefficient relates the transfer of 

heat through a material via molecular interaction due to a temperature 

gradient across the material. 

q - A grad T 

where q is the heat flux, (heat per unit area per unit time) grad T is the 

temperature gradient, and A is the thermal conductivity coefficient . 

Discuss ion : The literature search revealed no experimenta l data outside 

the P-T range of these tabulations. The tabulations include extrapolations 

to higher densities and temperatures of experimental data by Roder and 

Diller [65729]. An alternative method of calculating thermal conductivity 

is provided by the modified Enskog Theory [81306] . 

The most popular method of correlating thermal conductivity data i s to 

separate the property into a number of additive parts 

A Ao(T) + AE(p,T) + Ac( p,T) 

where Ao(T) is the dilute gas contribution (a function of T only), AE(p,T) is 

the so called excess function and A (p,T) gives the enhancement due to the 
c 

critical point behavior. AE(p,T) and Ac(p,T) are taken to be the same for 

the para and normal modifications but Ao(T) shows marked differences for the 

para and normal modifications. A survey of the thermal conductivity of the 

solid is given by [83866] from which the figure on B- 36 was taken. 

Tables of Values: C-2, C-2a, C-2b, C-2c, C-5, C- 5a, C- 5b, C-5c 

Units Range of Table Table Location 

Para and Normal 

mw/cm-K 13 .8 - 3000 K 0.01 - 100 MFa C-2 , C-2b,C-5,C-5b 

BTU/ft-hr-R 25 .845 - 5000 R 1.0 - 15 , 000 psi C-2a ,C-2c,C-5a,C-5c 
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Graph: B-36 and B-36a 

Equation: None 

Range of Values: 

units Triple Point Boiling Point 
liquid vapor liquid vapor 

Para 

mw/cm-K 0.7259 .1243 .9892 .1 694 

BTU/ 
ft-hr-R 0.04197 0.00719 0.05719 0.00979 

Normal 

mw/cm-K 0.7259 0.1243 0.9892 0.1694 

BTU/ 
ft-hr-R 0.04197 0.00719 0.05719 0.00979 

Critical Point 

00 

00 

300 K 
1 atm 

1. 76 

0.102 

1. 70 

0.0983 

uncertainty: The uncertainty of the tabulated data is estimated to be 3% 

except in the extrapolated regions (T < 100 K, P > 350 atm; T > 100 K, 

P > 100 atm; and T > 400 K) where the uncertainty is estimated at 10 % and 

in the critical region where it is undoubtedly larger. 

References: 

[64729] 

[81306] 

[80777] 

[83866] 

Roder, H. M., and Diller, D. E., J. Chern. Phys. ~, No. 11, 
5928-49 (Jun 1970). 

Hanley, H.J.M., McCarty, R. D., and Cohen, E., Physica 60 (1972). 

McCarty, R. D., Weber, L. A. , Natl. Bur. Standards Tech. Note 
No. 617 (Apr. 1972). 

Roder, H. M., Childs, G. E., McCarty, R. D., Angerhofer, P. E., 
Natl. Bur. Standards Tech. Note No. 641 (Aug. 1973). 

References reviewed but not used: 

Thermal Conductivity - Solid Phase Hydrogen 

5501 

34352 

78052 

8384 

38751 

80763 

9988 

38807 

80375 

21747 

40882 

25302 

48376 

159 

28391 

55044 

28604 30358 

61215 68582 
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Thermal Conductivity - Lig;uid Phase Hydrogen 

439 2020 5528 5727 6368 10731 10795 11043 

11789 12018 12842 12843 13476 13492 14422 15502 

156il 16296 16502 17393 21747 23790 24731 24782 

2530~ 25952 28223 28603 28604 29130 30358 31708 

33244 33810 33967 34352 37427 37955 38593 38751 

388~7 ~9486 40915 41524 42101 42103 42114 42140 

42644 44229 44439 45050 48376 48653 50479 52092 

54294 55969 55972 56804 59749 64468 64881 66011 

66518 66773 67006 69520 73222 74127 80777 80837 
I 

7263~ 80375 

Thermal Conductivity - Gaseous Phase Hydrogen 

446 453 592 617 693 695 724 999 

2020 5093 5095 5432 5494 5504 5573 5825 

5889 5911 5959 6011 6031 6068 6071 6151 

6164 6169 6174 6217 6270 6271 6275 6318 

6323 6368 6738 7010 8313 9244 9435 9444 

10218 10548 10731 10739 10748 10799 10880 10913 

10914 11065 11291 11669 11789 12018 12489 12977 

13476 13492 13645 14418 15502 15651 16296 16317 

17638 17994 18001 18490 18502 18843 19179 20431 

23787 23790 24731 24782 25237 25355 25732 25952 

25963 25978 26017 26346 26647 26734 26930 27063 

27514 28119 28223 29130 29524 30020 30030 30752 

31282 31492 31645 31708 32674 33802 33810 34442 

35627 35646 36045 36234 36387 36399 36401 37412 

37427 37443 37603 37940 37955 38593 39486 40686 

40751 40915 41284 41524 41593 42114 42122 42530 

42751 43058 43123 43174 43294 43534 43883 44229 

44439 44818 45050 45439 46118 46423 48307 48359 

48376 48404 48467 48521 48653 49645 50479 50937 
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52092 52734 52862 54120 54294 54765 55224 55969 

55972 56722 56734 57537 57690 57801 57884 58501 

58631 58632 59079 29453 59906 60702 64075 64381 

65729 66011 66267 66773 67006 67713 68346 68370 

69685 70041 70829 71882 74127 74741 76630 77178 

77232 77618 78217 80681 80837 82821 83962 85085 

72638 76063 82534 83762 
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Thermodynamic Diagrams 

Discussion: The thermodynamic diagrams listed below are based on the PVT 

of Roder et al. [29210] and by McCarty and Weber [80777]. These diagrams 

have been prepared very carefully and are accurate to the precision to 

which they may be read. For other figures the primary consideration in 

many cases was availability and in others the range of P-T covered by the 

chart. 

Graph: B-3 Compressibility factor chart 

B-37 Temperature Entropy Chart (Para) 

B-37a Temperature Entropy Chart (Normal) 

B-37b Temperature Entropy Chart (4 - 22 K) (Para) 

B-37c Mollier Diagram (Para) 

References: 

[29210] 

[80772] 

Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards 
Monograph 94 (Aug. 1965). 

McCarty, R. D., Weber, L. A., Natl. Bur. Standards Tech. Note 617 
(Apr. 1972). 
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Vapor Pressure 

Definition: The vapor pressure is the pressure, as a function of tempera-

ture, of a liquid in equilibrium with its own vapor. 

Tables of Values: 

Units Range of Table Table Location 

MFa 13.8 - 32.938 K C-5, C-5b 

psia 25.845 - 59.288 R C-5a,C-5c 

mm Hg l-13.8K C-24 

Graph: B-38, B-38a, B-38b, B-38c 

Equation: Para hydrogen [91653] 

n 1 3.05300134164, n 2 = 2.80810925813 

n3 -0.655461216567, n 4= 1.59514439374 

n5 1.5814454428, x = (l-Tt /T) / (l - Tt/Tc) 

Tt 13.8 K, Tc = 32.938 K, Pt = 0.007-42 MPa 

Normal hydrogen [23435] 

£np(kg/ cm 2 ) = A + B/ T + C£nT 

A = -1.55447, B = -31.875, C 2.39188 

Sublimation Pressures 

Vapor pressures at temperatures below the triple point (13~8 K) are often 

called sublimation pressures. The available data are summarized in [82866] 

and a table of values is ,given in C-24. 

References: 

[23435] 

[83866] 

[91653] 

Van Itterbeek, A., Verbeke, o. et al., Physica Vol. 30, No.6, 
1238-44 (Jun. 1964). 

Roder, H. M., Childs, G. E., et al., Natl. Bur. Standards Tech. 
Note 641 (Aug. 1973). 

McCarty, R. D., Natl. Bur. Standards Internal Report 74-357 
(Feb. 1974). 
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References reviewed but not used: 

444 453 454 493 634 700 732 884 

2020 2040 2928 3405 3599 5564 5677 6016 

6235 6250 6326 6368 6378 7396 8699 10790 

10916 11043 11134 12018 12166 12204 12596 12817 

12830 13161 13463 13466 13537 13704 13779 13914 

13983 14718 14799 14955 15359 15403 16076 16219 

16232 16291 16376 18121 18582 18947 19187 19410 

19721 20297 21408 21754 22243 22602 23790 24502 

24731 24745 24782 25096 25302 25732 25844 25952 

26181 26603 27098 27160 27420 28076 28223 28350 

28933 29108 29484 30313 30659 32140 33635 33636 

33967 3 3981 34352 34471 36818 38220 39547 41524 

42101 42103 42114 42140 43297 43965 44966 45032 

48370 48653 52504 53150 54089 54622 55969 55972 

59749 59750 61041 62589 66423 66508 67569 68839 

69674 70624 77791 78382 80165 80777 82417 83262 

80375 87577 
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Viscosity (dynamic) 

Definition: The viscosity coefficient of a fluid relates the flux of 

momentum in a fluid to the traceless symmetric part of the velocity 

gradient: 

J = - 2TjD 

where J is the flux of momentum , D the traceless symmetric part of the 

velocity gradient , and TJ is the viscosity coefficient. 

Note: The coefficient TJ as defined is sometimes called the shear or 

dynamic viscosity. 

Discussion: The viscosity of a fluid may be seperated into two additive 

par ts 

TJ = TJo(T) + TJE(p,T) 

where Tjo(T ) is the dilute gas contribution and is a function of temperature 

only and TJE(p,T) is called the "excess" vi scosity and is a strong function 

of density. When compared on a density basis there does not seem to be a 

dependence on ortho-para composition. 

Tables of Values : 

Units 

kg/m- s 

Ib/ft-s 

kg/m- s 

Ib/ft-s 

Graph: B-39 

Range of Table 

13.8 - 3000 K 0.01 - 100 MPa 

24 . 845 - 5000 R 1 . 0 - 15,000 psia 

saturation 

saturation 

Equation: Equations are presented in [80777] . 
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Table Location 

C- 2, C-2b 

C-2a, C-2c 

C-5 , C-5b 

C-5a, C-5c 
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Range of Values: 

units Triple Point 
liquid vapor 

Para 

Boiling Point 
liquid vapor 

Critical Point 3 00 K 
1 a tm 

kg/ m-s 255.1xl0-7 7.36xl0- 7132.0xl0- 7 11.28xl0-7 

Ib/ft-s 1.713x10-5 0.049x.0-5 0.887xl0- 5 0.076xl0-5 

35.43xl0 - 7 81 . 40xl0-7 

0 . 241xl0 - 5 0 . 54 7x l0- 5 

uncertainty: The uncertainty of the tabulations is estimated as follows: 

for T < 100 K and P < 350 atm the uncertainty is estimated to 1% ; for 

T < 100 K and P > 350 atm the uncertainty is estimated to be 10%; for 

T > 100 K and P < 100 atm the uncertainty is estimated to be 5%; for 

T > 100 K and P > 100 atm, the uncertainty is estimated to be 15% . 

References: 

[27674] 

[80777] 

Diller, D. E., J. Chern. Phys. Vol. 42, No.6 , 2089-2100 (Mar . 1965). 

McCarty, R. D., Weber, L. A., Natl. Bur. of Standards Tech . Note 
617 (Apr. 1972). 

References reviewed but not used: 

Viscosity - Liguid Phase Hydrogen 

700 1106 2020 5643 5706 5892 6064 6162 

6274 6368 9444 10539 10620 10731 11789 11806 

11924 12018 12166 13476 13492 14978 16296 17386 

17393 17999 18951 20010 20841 21022 22446 22496 

23790 24313 24731 24782 25041 25302 25844 25952 

27241 28223 28603 29130 30659 31708 33244 33810 

33967 34333 37427 38388 38807 39486 41524 41560 

42101 42103 42114 42140 42644 44223 44229 44439 

45374 47292 48376 50479 52326 54294 55969 55972 

59749 83772 64881 66011 66773 66970 67006 69684 

72714 73081 74127 75050 76374 77610 80372 80837 

81306 82149 72638 80375 85702 
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Viscosity - Gaseous Phase Hydrogen 

207 374 44 6 450 453 461 546 604 

714 700 94 0 999 1106 1411 2020 3284 

3948 5093 509 4 5095 5132 5432 5507 5573 

5600 564 3 570 3 5706 5711 5807 5824 5888 

5959 6011 606 1 6110 6131 6151 6154 6164 

6232 6275 6 318 6334 6344 6368 6372 6738 

7010 829 3 8435 8645 8758 9250 9444 9680 

10218 10436 106 23 10625 10731 10747 10748 10749 

10880 10913 11006 11 037 11789 11832 11899 12018 

12252 12631 12977 13113 13476 13492 14272 16296 

16317 17386 1796 2 1 7964 17999 18000 18502 18917 

19280 19286 20011 21022 21305 21757 22249 22446 

23173 23448 23 790 24 007 24300 24311 24322 24326 

24731 24782 249 25 25041 25055 25732 25952 25960 

25963 25978 25979 26003 26004 26006 26007 26008 

26012 26030 26178 26247 26339 26609 26626 26647 

26682 26745 27063 270 97 27182 27386 27514 28129 

28156 28223 28646 29130 29148 29964 30020 31280 

31708 31739 32164 32461 32709 32861 33810 33967 

34333 34442 3445 0 35559 35627 37412 37427 38567 

39486 40731 411 35 41365 41524 41560 41770 42114 

42281 42751 43 09 2 43096 43101 43156 43174 43407 

43735 43943 43964 44229 44439 44818 45374 45439 

46118 47200 47324 4 7815 48307 48376 48404 48467 

48909 49645 50066 5 04 79 5 0681 50957 50970 51037 

53624 54294 54765 55604 55972 56334 56464 56734 

57473 57829 5889 3 59 745 63368 63467 63772 64318 

66011 66267 66773 66842 66970 67006 67867 67939 

68381 695 3 0 7004 1 74127 76374 76630 77045 77178 

77232 77913 78 072 80681 80837 81481 72638 83762 
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Bulk Viscosity 

The shear viscosity should not be confused with the bulk viscosity . The 

bulk viscosity relates the flow of momentum in a fluid to the divergence 

of the velocity 

J = 2~D - ~v I div u 

where I is the unit tensor, div u is the divergence of the velocity of the 

fluid, and ~v the coefficient of bulk viscosity. 

Kinematic Viscosity 

Definition: The kinematic viscosity, y, is defined as 

y = ~/p 

where ~ is the shear viscosity and p is the density. 
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Adiabatic Compressibility 

Definition: Adiabatic compressibility is defined as 

[38 = - ~ (~~ ) 8· A useful relation is [38 

where [3T is the isothermal compressibility. 

Tables of Values: This quantity is not tabulated, but it may be obtained 

by means of the relationship 

where P is density and W is sound velocity, from the following tables. 

units 

MPa- l 

. -1 pSla 

Range of Table 

13.8 - 3000 K 0.01 - 100 MPa 

24.845 - 5000 R 1.0 - 15,000 psi 

-1 .-1 
MPa , pSla saturation boundary 

Graph: None 

Equation: None 

Range of Values: 

Table Location 

C-2, C-2b 

C-2a, C- 2c 

C-5, C-5a, C- 5b , 
C-5c 

units Triple Point Boiling Point Critical Point 300 K 
1 atm liquid vapor liquid vapor 

Para 

MPa- l 0.00807 8.56 0.0119 5.93 7.29 

psia- l 5.6xlO-5 0.59 8.18xlO-5 q.0408 0.04 91 , 
Uncertainty: The uncertainty in the compre ~ sed liquid varies between 2% 

A-40 

at low pressures to 4 % at high pressures; in the gas, well above the critical 

temperature, it is 1 %. In the critical region (Tc ± 5%, Pc ± 20 %) the 

uncertainties are undoubtedly larger; however, they are not experimentally 

defined as the property diverges at the critical point. 
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References: 

[29210] 

[80777] 

[96341] 

Roder, H. M., Weber, L. A., Goodwin , R . D., Nat1. Bur. Standard s 
Monograph 94 (Aug. 196 5) . 

McCarty, R. D., and Weber , L . A. , Nat1 . Bur. Standards, Tech . No te 
617 (Apr 1972). 

Weber, L. A., Nat1. Bur . Standards, IR 74- 374 (In Press ) . 

Sources reviewed but not used: 

See page A-2. 
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Mixture Properties 

Thermodynamic Properties 

A review by Hiza, Kidnay and Miller [c] lists experimental data for 

fluid mixtures properties of cryogenic interest, included are data for 

hydrogen systems. 

In addition to the above review, two reviews [64924], [d] give experimenal 

data and some theoretical discussion of solid-vapor equilibria. 

For liquid-vapor equilibria a bibliography by Oellrich , Plocker and Knapp 

[e] gives references for both experimental and theoretical studies; this 

review includes all components with normal boiling points below 350 K. Also 

the liquid-vapor section of the Hiza, et al., review has been published 

[f] Fig. B-41 can be used to obtain a rough estimate of the solubility of 

hydrogen in various solvents as a function of temperature and pressure . To 

estimate hydrogen solubility use 

X(P,T) X(lOO,T) x P 

where X(P,T) is the mole % H2 in the solvent at the desired pressure P, 

in atmospheres, and temperature T, in Kelvin; X(lOO,T) is the mole % 

hydrogen in the solvent at 100 atmospheres and T which is obtained from 

Fig. B-41; po(T) is the solvent's vapor pressure at T. It is recommended 

that the above equation be used only for pressures of 100 atmospheres or 

less and that the curves not be extrapolated to higher temperature; one 

should refer to the original data for higher temperatures and/or pressures. 

To estimate the vapor phase composition one can use 

y = 100 x po(T)/P 

where y is the mole % of the solvent in the vapor phase; however, this 

estimate will always be too low especially if the pressure is more than 

10 atm above the vapor pressure. 

Listed below are additional references for thermodynamic properties of 

mixtures. Solubility references differ from liquid-vapor equilibria 
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references in that they consider only liquid phase compositions whereas 

the liquid-vapor references consider both phases. The references under 

"Other phase equilibria" include papers dealing with calorimetric data. 

Transport Properties of Mixtures: 

This section considers only viscosity and thermal conductivity; section 

A-26 considers diffusion. For dilute gas mixtures Wilke's correlation 

can be used to estimate the viscosity [10565] and thermal conductivity 

[36397]. To our knowledge no reliable technique exists for estimating 

the effect of hydrogen on the viscosity or thermal conductivity in the 

liquid phase. 

References: 

(a) Mullins, J. C., and Ziegler, Int. Adv. in Cryo. Eng. 10, p 171 
(ed. K. D. Timmerhaus, Plenum Press 1963) . --

(b) 

(c) 

[64924] 

(d) 

(e) 

(f) 

[10565] 

[36397] 

Suciu, S, W. L., Sikkett, Argonne National Laboratory Report No. 
ANL-4603 part II p 10 (1951). 

Hiza, M. J., A. J. Kidnay and R. C. Miller, NBS-OSRD Special 
Publication (to be published). 

Hiza, M. J., Cryo 10 (2) 106 (1970). 

Robinson, R. L., and M. J. Hiza (to be published in Adv. Cryo. 
Eng. ~). 

Oellrich, L. R., U. J. Pl~cker, and H. Knapp, "Vapor-Liquid 
Equilibria", Instit. of Thermodynamics, Technical Univ. of 
Berlin (Sept. 1973). 

Kidnay, A. J., M. J. Hiza and R. C. Miller, Cryogenics 13 (10) 
575 ( Oc t . 1973). 

Wilke, C. R., J. Chern. Phys. 18 (4) 517-9 (Apr. 1950). 

Mason, E. A. and S. C. Saxena, Phys. Fluids 1 (5) 361 
(Sept-Oct 1958). 

References reviewed but not used: 

Liquid Solid Equilibrium: 

5651 6216 12590 13711 23744 52666 80375 

Liquid Vapor Equilibrium: 

234 318 3728 5100 5651 5657 5723 5884 

6233 6241 6251 6348 6369 6428 6572 6670 

6733 6842 7195 7490 7559 7942 7960 8000 
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8044 8905 9518 9587 9789 11157 11343 11583 

11759 11848 12381 12438 12587 12590 12704 13145 

13472 13475 13539 13711 14286 14385 14386 14536 

27336 17652 19413 19914 21933 23794 24288 25053 

25304 25815 26720 28079 28238 28623 29228 29962 

30257 37447 33663 33980 34469 34524 35926 37214 

38443 39337 40149 49177 41172 41631 42141 42313 

43094 45223 46018 46029 46880 47684 48306 48338 

49040 50157 50609 50699 52666 52743 54119 57014 

58201 59440 61346 61420 61976 62196 62447 63137 

63710 67158 67282 67942 68175 69774 71222 74575 

76557 76576 77791 79330 79359 79792 82567 83279 

80375 85046 85588 85590 85814 

Solid Vaj20r Eguilibrium: 

5651 9789 11345 13385 11900 12587 12590 12854 

14385 14386 23793 24862 28076 37214 42233 43094 

45223 47563 48290 49040 52743 62592 63219 63560 

64924 80374 

Solid-Liguid-VaEor Eguilibrium: 

6216 12590 14385 46018 52666 

Other Phase Eguilibria: 

12243 31310 58726 41557 43194 43196 67282 69647 

70762 81977 82539 80375 83756 84490 84495 85595 

Solubili ty: 

330 639 5484 5617 6262 7150 7213 8283 

9255 9481 13511 13512 13513 13514 24256 30143 

39627 40801 41533 44063 44776 46220 52752 54089 

54213 62811 69085 73296 74672 75354 76057 82142 

Phase Sej2aration: 

19914 30257 69647 81977 
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PVTX Data: 

318 634 5120 5122 51 23 5139 5665 6718 

6914 7010 7395 744 8 7 852 7889 8044 9497 

12438 12587 12590 12 70 4 12725 143 85 14 386 14535 

14766 15710 16891 1 8512 1 9613 24 322 25815 29141 

29216 29219 29229 29 236 30111 30138 37184 37214 

37218 41819 42101 47332 4 7 563 482 90 54250 56338 

58104 62063 62592 64383 64932 66405 66970 67015 

67028 69424 73131 77 444 855 90 83 75 6 86305 86439 

Thermal Conductivity : 

604 628 654 5093 6169 6174 7019 11010 

11374 14418 14622 15634 16000 1 7454 17 63 8 24312 

25293 25728 2595 8 25 996 26 7 57 28620 29835 31460 

32335 32702 35571 36045 40594 40 65 8 41284 41470 

43192 44353 46304 46423 47426 47 632 48451 48521 

48779 50796 52063 5425 0 54883 5708 2 57886 58631 

58639 59079 59453 64037 64381 66399 69079 70829 

70887 71609 71876 71882 73 7 68 74 741 78217 78610 

79404 81829 81830 852 1 8 8 6439 866 93 

Viscosity: 

530 604 618 962 580 7 598 6 7010 10753 

11036 11487 13270 14622 17538 18000 19617 25312 

24322 25293 25728 25960 26002 26 00 3 26004 26005 

26006 26007 26008 26009 26012 26 019 26339 26438 

26609 26624 26626 26702 26745 268 09 27182 28129 

28161 29148 29835 31668 33113 3428 1 34475 35571 

37417 39866 41790 42281 45044 45258 45722 46282 

47426 48297 48909 50710 51605 5278 7 53 961 54250 

54883 55585 57082 58631 58639 38683 59745 60578 

63123 64770 65616 66970 71876 73 754 79404 85218 

85245 86439 
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Infrared Absorption 

Definition: The absorption coefficient, k, of a material is a measure of 

the loss in intensity, I, of radiation which is passed through a unit length 

of a homogeneous region of the material, i . e ., if Z is the axis of propaga-

tion, then 

dIll = -kdZ 

or in integral form 

I = I (0) e (-kZ) . 

Absorption bands: k is f or most gases a strong function of frequency, being 

zero over large ranges of frequency and sharply peaked in certain other 

regions. It is difficult to summarize this subject because so many transi-

tions are possible for hydrogen, i.e., rotational , vibrational, Raman , 

ultraviolet, infrared and far infrared spectra have all been investigated. 

As with other gases, the absorption coefficient k is density dependent, 

varying roughly as the density squared (see B-42c) and in the particular 

case of hydrogen, k is significantly dependent upon the or tho-para composi-

tion (see B-42 and B-42a) . For an estimate of importance to heat transfer 

problems see (33967). 

Graphs: 

B-42 far infrared (rotational) [65842] 

B-42a far infrared (translational) (65842) 

B-42b far infrared (rotational ) (55629) 

B-42c Raman [a) 

B-42d ultraviolet [53934). 

References: 

(65842) 

(55629) 

[a] 

Jone s, M. C., Natl. Bur. Standards Te ch. Note 390 (Apr . 1970). 

Mactaggart, J. W., Hunt, J. L. , Can. J. Phys. Vol . 47, No.1, 
65-70 (Jan 1969) . 

May, A. D., Degen, V., Stryland, J. C., Welsh, H. L., Can. J. 
Phys. 39, 1769 (1951). 
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[53934) Belozerova, V. P., Sou. J. Opt. Technol. Vol. 34, No.2, 184-92 
(Mar-Apr 1967). 

References reviewed but not used: 

585 739 2040 5924 20745 22841 23052 25234 

26614 26623 26739 26743 27054 27098 27264 27443 

27477 27503 27956 28251 28703 29034 29208 29372 

30584 30782 31903 32407 32735 33499 34419 36823 

38389 41963 45065 45271 45871 46407 46421 50685 

51167 52109 52468 52757 54620 54653 55734 55859 

57469 57470 57443 62686 63093 63398 64128 64200 

65057 65731 66021 67053 67625 67658 69691 69692 

69695 70569 70630 70834 72594 72793 73436 74314 

78313 80265 84285 84024 86407 87735 

uncertainty: The uncertainty varies with frequency but a typical conserva-

tive estimate is 5 %. Note: differences of 30 to 40% for the peak absorption 

between Jones [63093 , 65842) and others have not been explained . 

References of sEecial interest : 

Solid hi9:h 12ressure: 73720 81589 

Solid General: 

7268 13748 20891 22748 28629 30699 38864 44913 

52018 58986 60993 60994 60995 61416 63895 67043 

71488 79715 79769 81315 81479 86758 

Neutron scattering:: 

33139 45244 55977 57176 66576 67271 71488 

X- ray absorEtion: 68948 

Hig:h temE hig: h Eressure: 40191 

Ultraviolet absorEtion: 22359 27169 53934 54414 

Raman absoq~tion : 13748 50669 
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Heat Transfer and Pressurization Parameters 

A number of thermodynamic expressions have become convenient for the engineer 

to use in dealing with the storage and transfer of liquefied gases. Tabula-

tions for four such parameters for oxygen have been included in this Handbook . 

They are: 

Specific Heat input 
(commonly symbolized by 8) 

Energy derivative 
(commonly symbolized by ~) 

Isothermal bulk modulus 
(commonly symbolized by a) 

Volume expansivity 
(commonly symbolized by P) 

v (aH ) 
av P 

V (ap) au V 

V (ap ) 
av T 

1 (av ) V aT p 

pCp [ ( ~~ ) / (~~ ) V ] 

V (~~ )V C v 

_ p (ap ) 
ap T 

! ep
) / ep

) p aT p ap T 

Discussion: Specific heat input, 8 (sometimes referred to as dQ/dM, heat 

input per increment of mass) is frequently expressed in terms of densi ty 

instead of specific volume, i.e . , p(aH/a p)p. It is the amount of heat re

quired to expel a unit mass of fluid from a storage vessel. The units are 

the same as those for enthalpy: BTU/lb or J/mol. 

Energy derivative, ~, is also frequently expressed in density by substituting 

lip for v. Typical units are psia-ft3/BTU or atm-cm3/J. This parameter is 

often used in conjunction with the specific heat input, 8, to determine ex-

pulsion rates from rigid containers (see reference [37158]). 
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Isothermal bulk modulus, a, likewise is frequently expressed in density: 

-P (oP/oP)T with the usual units of ps i a or atm. It is the reciprocal of 

isothermal compressibility -(oV/ oP)T/V and is a convenient factor to use 

in certain engineering calculations. 

Volume expansivity, p, often called simply expansivity or constant pressure 

expansion, is separately described in data sheet A- 47. 
. -1 

Unlts are K or 

OR-I. A related expression is the constant pressure expansion coefficient, 

T(OV/OT)p / V, but values for this latter expression have not been tabulated 

and are not as widely used. (See data sheets A-2 and A-4) . 
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Tables of Values: These parameters are tabulated in Tables C-2, C-2a, C-2b, 

C-2c, C-5, C-5a, C-5b and C-5c as follows: 

Parameter Units 

8 J/g 
BTU/ lb 

<I> 

Range of Table Table 
Location 

13.8 - 3000 K 0.01 - 70 MPa C-2, C-2b MPa-m3/~J 
psia-ft /BTU 25.845 - 5000 C 1 - 10000 psia C-2a, C-2c 

saturation boundary C-Sb, C-Sc 

a = -V(ap/ aV)T MPa 
psia 

Graphs: B-43 
I 

Equations: None except as shown above. 

Range of Values: 

Parameter Units Triple Point 
lig:uid vaeor 

Para 

8 J/g 
BTU/ lb 

<I> 
3 

MPa-m / 1J 
psia-ft I BTU Note: 

values are 
a MPa 

psia 

p K- l 

oR-1 

Boiling Point 
lig:uid vaeor 

All the other 
the same as normal table 

* Not conclusive; may be finite but small value instead of O. 

Normal 

9 J ig 622.6 139.8 587.9 189.1 
BTU/lb 267.8 60.15 252.9 81. 37 

<I> MPa-m3/ 
kJxlO 0.2565 0.06684 0.2018 0.0667 

psia-ft3/ 
BTU 13 .85 3.609 10.9 3.6 

a MPa 90.34 0.0069 50.21 0.0903 
psia 13098. 1.0 7282. 13.1 

K- l 0.01022 0.07523 0.0164 0.0642 
oR- l 0.00568 0.04179 0.00913 00357 

* Not conclusive; may be finite but small value instead of O. 
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Critical STP 
Point 

4455. 
191 6. 

0* 0.0385 
0* 2.079 

0 
0 

00 

199.0 4295. 
85.5 1847 . 

0* .0405 

0* 2 .19 

0 0 .101 
0 14.7 

0.00333 

0.00185 



A-43 

uncerta inty: The uncertainties for each parameter are estimated as 

follows: 

Parameter Compressed Liquid Gas and Supercritical 

8 3 - 5% 3% 

3% 2% 

a 3 - 5% 2% 

3 - 5% 2% 

References: 

[ 29210] 

[80777] 

[37158] 

[96 341] 

Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards 
Monograph 94 (Aug. 1965). 

McCarty, R. D., and Weber, L. A., Natl. Bur. Standards , Tech. 
Note 617 (Apr. 1972). 

Forester, C. K. , Adv. in Cryo. Engrg., Vol. 12, Paper B-6; 
82-91 (1967). 

Weber , L. A., Natl . Bur. Standards, IR 74-374 (In Press) . 

Sources reviewed but not used: 

For Specific Heat Input: See A9 and AID 

For Energy Derivative: None 

For Isothermal Bulk Modulus: See sheet A-2 

For Volume Expansivity : See sheet A-47. 
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Thermal Transpiration 

Definition: Thermal transpiration is the phenomenon of the flow of a gas 

at very low pressures through a capillary due to a temperature gradient. 

In a closed system, with a constant temperature gradient, a steady state 

pressure difference will occur between the ends of the capillary, provided 

the mean free path of the gas is about equal to, or larger than, the dia-

meter of the tube. 

Thermomolecular pressure difference: If, at the steady state, the pressure 

at the ends of a tube are PH and PC' corresponding to temperatures of 

TH and TC' then 

where the subscripts Hand C refer to Hot and Cold respectively. The equa-

tion is only valid in the limit of P ~ O. At higher pressures, correction 

terms must be added, however, it must be remembered that thermal transpira-

tion is an apparatus effect , and therefore, correction terms to the equation 

should not be added for a particular gas but rather for a particular 

apparatus. 

Reference: 

A-44 

[36386] Bennett, M. J., Tomkins, F. C., Trans. Faraday Soc., 57 185 (1957). 

Sources reviewed but not used: 

6640 7048 18925 30307 35293 48470 57490 58491 

71056 

Thermomolecular Pressure Ratio: 

None. 
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Free Energy 

Definition: The Gibbs free energy, G, is defined as G = H-TS, where H 

is enthalpy, T is abso lute temperature and S is entropy. Similarly the 

Helmholtz free energy , F, is F = U-TS, where U is internal energy. 

Tables of Values: These quantities are not tabulated but may be simply 

obtained, using the formulae above, from the following tables. 

Units Range of Table Table Location 

Jig 

BTU/lb 

Jig, BTU/lb 

Graph: None 

Equation: None 

Range of Values: 

13 .8 - 3000 K 

24.845 - 5000 R 

saturation boundary 

(Gibbs free energy) 

0.01 - 100 MPa 

1 - 15,000 psia 

C-2, C-2b 

C-2a, C-2c 

C-5, C-5a, 
C-5b, C-5c 

Uni ts Triple Point Boiling Point Critical point 

Para 

Jig 

BTU/lb 

Normal 

Jig 

BTU/lb 

liquid vapor liquid vapor 

- 377 . -377. -420. -420. 

-162. -162. -181. -181. 

-21.9 17.0 -66.5 -80.3 

9.42 7.31 -28.6 -34.5 

-542. 

-233. 

-138. 

-59.4 

300 K 
1 atm 

-15233. 

-6553. 

-16945. 

-7290. 

Uncertainty: The uncertainty varies from about 0.5 Jig in the low density 

limit to about 15 Jig in the liquid. 

References : 

[29210] 

[80777] 

Roder, H. M., Weber, L. A., Goodwin , R. D., Natl. Bur. Standards 
Monograph 94 (Aug 1965). 

McCarty, R. D., and Weber, L. A., Natl. Bur. Standards, Tech. 
Note 617 (Apr 1972). 

Sources reviewed but not used: 

See A-9 and A-10. 
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He ats o f Tr a nsition 

Def ini tion: A heat of transition i s t h e e nergy a ssociated with a phase 

change . Besides the solid-liquid and Liquid-gas transition, hydrogen has 

three k nown solid- solid transitions [8 3 8 66] . The energy changes due to 

thes e s o l id transitions are no t known but are thought to be small. For 

values of the latent heats of f us i on s u b l imation and vaporization see 

secti o n s A- 23, A- 24 and A-25. 

Referenc es: 

[8386 6 ] Roder, H. M. , Childs, G. E., Mc Car t y , R . D. , Angerhofer, P. H., 
Natl . Bur. Standards Tec h. Note 641 (Aug 1973) . 

References reviewed but not used: 

See A- 23, 24 and 25. 
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Volume Expansivity 

Definition : The volume expansivity is defined as 

p = & O~) p. 

Volume expansivity is often simply called expansivity or coefficient of 

volume expansion. The property is one of the compressibilities of a gas , 

where here the path (condition) of the compression is at constant pressure. 

Tables of Values: This quantity is tabulated in Tables C-2, C- 2a, C-5 and 

C-5a. 

Un i ts 

- 1 K , 

Graph : None 

Equation : None 

Range of Values: 

Range of Table Table Locatio n 

13.8 - 3000 K 0.01 - 100 MFa C-2, C-2b 

24.845 - 5000 R 1 - 15,000 psia C-2a, C-2c 

saturation boundary C-5b, C- 5c 

units Triple Point Boiling Point Critical Point 300 K 
1 atm 

Para & 
N'O'TIi\al 

liquid vapor liquid vapor 

0.0102 0.0752 0.0164 0.0642 

0 . 00568 0.0418 0.00913 0.0357 

00 0 . 00333 

0 . 00185 

uncertainty: The uncertainty in the compressed liquid is 2-3%; in the ga s 

and supercritical fluid, 1 - 2%. In the critical region (Tc ± 5%, Pc ± 20%) 

the uncertainties are larger; however, they are not experimentally defined 

since the property diverges at the critical point. 
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References: 

(29210) 

(80777) 

[96341) 

Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards 
Monograph 94 (Aug 1965). 

McCarty, R. D., and Weber, L. A., Natl . Bur. Standards, Tech. 
Note 617 (Apr 1972). 

Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press). 

Sources reviewed but not used: 

487 728 3754 5215 6149 6191 6193 6765 

7355 7460 8118 8717 9492 13465 13558 14800 

15679 17018 17401 19687 20896 21136 22666 23172 

25355 25955 26227 30101 30473 34613 42140 45265 

56203 62898 81837 84841 
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Ortho-Para Modifications 

Definition: The hydrogen atom is composed of a nucleus of one proton and 

an electron orbiting around the nucleus. The hydrogen molecule is composed 

of two hydrogen atoms, however there are two modifications of hydrogen 

molecules called orthohydrogen and parahydrogen. The differentiating feature 

of these molecules is the relative orientation of the nuclear spin of the 

individual atoms . The nuclear spin is a rotational motion of the nucleus 

about an axis perpendicular to the molecular axis. It is therefore possible 

to have two relative orientations of these nuclear spins, i.e., the spins 

may be in the same direction or they may be in opposite directions. These 

orientations are commonly called parallel and antiparallel, respectively. 

The nuclear spin is a quantized motion and therefore only certain motions 

are allowed. Associated with this quantumization are quantum numbers for 

the spin and the corresponding energy levels. The molecules with anti

parallel nuclear spins have even quantum numbers, are in the lowest energy 

state, and are called parahydrogen. Conversely the molecules with parallel 

nuclear spins have odd quantum numbers, are in a higher energy level, and 

are called orthohydrogen. 

Discussion: Fluid hydrogen may be thought of as a binary mixture of two 

different species of molecules differing from each other in physical pro

perties. These differences are easily detectable on a macroscopic scale 

and in some cases are of great importance in design problems. The percentage 

of the or tho-para concentrations in the mixture is temperature dependent. 

The term equilibrium hydrogen is, as the name implies, the equilibrium con

centration at a given temperature. For example at a temperature of about 

120 K, the equilibrium concentration of ortho and para is 50% for each. 

Near ambient temperature the composition is 75% ortho and 25% para. This 

25-75 composition is called normal hydrogen. 

Tables of Values: These tables are from [6368] 

Units 

% Para 

Range of table 

o - 500 K 
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Graph : B-48 , 

Equation: None 

Range of Values : 

Unit s 2 0 K 300 K 

% Para 94.8 21 25.072 

Uncertainty: These values are estimated to be u nc e rtain by less than 1%. 

References: 

[2 0 4 0] 

[6368] 

Farkas, A., Univer s ity Press, Cambridg e (1935). 

Woolley , H. W. , Scott, R . B., Brickwedd e , F. G., J. Res., Natl. 
Bur. Stds. Vol 41, 379 (May 1948 ). 

[83866] Roder , H. M. , Ch ilds , G. E. , McCar t y , R. D., Angerhofer, P. E., 
Natl. Bur . Standards , Tech . Not e 64 1 , (August 1973). 

Heat of Conver sion 

Definition: The conversion of orthohydrogen t o parahydrogen is an 

exothermic process. The amount of heat given of f in the conversion is 

temperature dependent . 

Tables: Values taken from [6368] 

units Range of tables Location 

Calories/mol 10 - 300 K C-48a 

Graph: B- 48d 

Equation: None 

Range of Values: 

units 1 0 K 300 K 

cal/mol 253 . 9865 13.28 

Uncertainty: The uncertainty of the heats of conversion is estimated to 

be less than 0.1%. 

Conversion Rates : 

Since the percentage of the or tho- para compos i tion is temperature dependent, 

A-48 

the rate of conversion is of interest in a var iety of problems. The conversion 
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of a non equilibrium ortho-para composition to an equilibrium compo s i tion 

is a very slow process in the absence of a catalyst. This mode of c o nver

sion (no catalyst present) is called self conversion . In general the self 

conver s ion rate is also a function of temperature. For example at l i quid 

air t emperatures the half life of the conversion is greater than a year 

whi le at 923 K and 50 mm Hg pressure, the half life is on the order o f 

10 minutes (2030). The "half life period" is defined as the amount o f time 

required to convert 1/2 of the excess ortho or para composition present at 

the starting time. 

Table s of Values: None 

Graph: None 

Catalysis Conversion Rates 

The o rtho - para conversion process is greatly enhanced by catalysis a nd since 

many s ubstances as well as magnetic and radiation fields will speed up the 

conversion only a typical example of conversion will be given here . Wei t ze l 

et al. , (8139) using one and one half liters of unsupported hydrous ferri c 

o x i de granules converted liquid normal hydrogen to 90-95% equilibrium H2 at 

an a ve rage rate of 235 liters per hour. 

Tables of Values: None 

Grap h : None 

Equation : None 

References : 

(8134) Weitzel, D. H., Loebenstein, W. V. , Draper, J. W., Park, D. E., 

J . Res. Natl. Bur. Stds. Vol 60, 221 (March 1958) . 

Property Differences 

In general the larger differences in the properties of ortho and para

hydrog e n will occur in the derived properties where heat is important. 
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Properties like enthalpy, specific heat capacity and thermal conductivity 

show large differences . On the other hand the density of ortho-para mix

tures will vary very little and the differences in density between normal 

and pure parahydrogen is probably less than about 0.3% except at the very 

A-4B 

low temperature liquid where it could be as much as 0.5 - 0.7 %. The density 

of normal hydrogen having the larger density. For differences in a particular 

property, the reader should consult the A sheet for the property and the B-48 

series charts listed below . 

Graph: 

B-48a Density differences between normal and parahydrogen . 

B-48b Specific Heat Capacity differences between normal and parahydrogen . 

B-48c Thermal Conductivity differences between normal and parahydrogen. 
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Isotopes 

Definition: An isotope is an atom of an element hav ing a different nuclear 

mass and atomic weight from other atoms of the same e lement. 

Discussion: Hydrogen has two such isotopes called deute rium with an atomic 

weight of 2 and tritium with an atomic weight of 3 . The three different 

k i nds of hydrogen atoms may combine in six different way s to form a molecule 

i . e ., H2 , D2 , T2 HD, HT and DT . There are some data i n the literature for 

D2 but very little for any of the tritium containing mole cule s. The isotopes 

a re beyond the scope of this work and the reader is refe rred to [83866) for 

data for the hydrogen isotopes. 

References : 

[83866) Roder, H. M. , Childs, G. E., McCarty , R. D., Angerhofer , P . E., 

Natl . Bur. Standards, Tech. Note 641 (Aug . 1973 ). 
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Metallic Hydrogen 

Definition: Solid hydrogen under extreme pressure, (about 2-3 megabars), 

is thought to undergo a phase transition to the metallic state, and may be 

superconducting. The subject of metallic hydrogen is beyond the scope of 

this work, but a short bibliography will serve as a starting point for those 

who wish to persue the subject further. 

Primary References: 

[41169] 

[82898] 

Wigner, E., Huntington, H. B., J. Chern. Phys. l, 764 (1935). 

Preliminary Report on the Thermodynamic Properties of Selected 

High-Elements and Some Related Compounds, National Bureau of 

Standards, Unpublished Report (Jul. 1966). 

Grigorev, F. V., Kormer, S. B., Mikhailov , O. L., et al., 

Jetp. Lett. Vol. 16, No.5, 201-4 (Sep . 1972). 

Other References: 

16708 

74178 

31008 

76172 

40176 

78271 

47933 

80394 

55479 

80692 
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Slush Hydrogen 

Definition: 

Slush hydrogen is the name given to a mixture of coexisting solid and liquid 

phases. Because of the potential application of slush hydrogen as a fuel, 

its properties were studied by NASA. The slush form of hydrogen as a fuel 

offers two distinct advantages over the pure liquid. See for example (673 54). 

First, if the mixture is 0.6 solid by mass, the density will be 16.5 % greater 

than the pure liquid at its normal boiling point and second, the heat capacity 

will be increased by 86.2 Joules per gramm. The increased density is desireable 

because of the available energy is increased per unit volume . The increase in 

heat capacity eases refrigeration requirement. 

Preparation: 

There are a number of ways to produce slush hydrogen. The method which 

seems to be the best is the so called freeze-thaw method. To produce 

slush using this method, the ullage over the liquid is pumped and a solid 

layer forms at the surface, the pumping is then stopped and the solid layer 

melts at the edge of the container and settles into the liquid. The cycle 

is repeated until the desired amount of sol id has been formed. The 

porosity of the solid formed in this manner is a function of the pumping 

rate. The porosity of the solid is critical for ease of mixing with the 

liquid. For details see [29395). 

Problems: 

Although a good deal of experimental work has been done on the properties 

and preparation of slush, certain problems still exist. More data are 

needed on the heat transfer in slush and no good method of the measure-

ment of the mass and the mass flow rates has been developed. 

(29395) 

[67254) 

Mann, D. B., Ludtke, P. R., Sindt, C. F., Chelton, D. B. , 
Advances in Cryo. Eng. Vol 11, 207-17, Plenum Press., New 
York (1966). 

Sindt, C. F., Cryogenics, Vol. 10, No.5, (Oct . 1970). 
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Hydrogen Safety 

There are many books, articles and pamphlets to be found which deal with 

the problem of safety where the presence of hydrogen causes a potential 

hazard. The purpose of this descriptive sheet is to call the attention of 

the reader to the problem and provide a few important references where 

more detailed information is available. Three of the best references are 

[27274] [V-1148] [80774]. 

Discussion: 

Potential hazardous conditions due to the presence of hydrogen. 

1. Hydrogen is colorless and odorless and therefore is not detectable 

by human senses. 

2. Hydrogen gas can cause suffocation by dilution of the air. It is 

not toxic. 

A-52 

3. At temperatures above -418°F hydrogen gas is lighter than air (at stp) 

and tends to rise. Temperatures of less than -418°F may occur just after 

evaporation in which case the gas tends to fall. 

4. Mixtures of hydrogen with either air or oxygen are highly flammable 

over a wide range of composition (see below). 

5. Detonation of an explosion can occur with very low energy impact. 

Only 1/10 that of a gasoline-air mixture. 

6. At atmospheric pressure a temperature in excess of 1000bF is required 

for ignition but at pressures of 2/10 to 5/10 of an atmosphere, ignition 

can occur at a temperature of 650°F. 

7. Hydrogen flame is colorless. 
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Properties of hydrogen gas 

Gross heat of combustion BTU/ft3 

Gross heat of combustion BTU/lb 

BTU/ft3 of stoichiometric gas/air mixture (F/A ratio, 

0 . 418 vol., 0 . 029 wt . ; or 29.5 H2 by vol.) 

Ft3 of air required per ft 3 of combustible 

Lb . air required per lb. combustible 

Maximum flame temperature (F/ A ratio 0.462 vol., 

0.0313 wt.; or 31. 6 % H2 by vol. ) 

Autoignition temperature in air 

Autoignition temperature in oxygen 

Flammability limits , % vol . H2 in air 

Flammability limits , % vol. H2 in oxygen 

Detonation limits, % vol. H2 in air 

Detonation limits, % vol. H2 in oxygen 

Nonflammable limits, air-hydrogen, 

Nonflammable limits , 02-hydrogen , 

References: 

325.1 

61. 084 

81. 3 

2.382 

34.226 

3865°F 

1065°F 

1040 0 

4 . 0 75. 

4 . 5 94 . 

18.3 59. 

15.0 90. 

less than 

less than 

[12297] 

[27274] 

Chelton, D. B., (The Macmillan Co., New York , N.Y., 1964). 

[80774] 

Liquid hydrogen, a guide for the safe handling and storage 
of liquid hydrogen at LASL Facilities, Los Alamos Scientific 
Laboratory, Univ. Cal. Los Alamos, N. Mex. 

Hord, J. Natl . Bur. Standards Report No . 10734 (Feb 1972). 

*[V- 1148] Hydrogen Safety Manual, NASA Lewis Res. Center , NASA Tech . 
Memo TM-X-52454 (1968) . 

8% 

5% 

[V- 144 8 j Standard for Gaseous Hydrogen Systems at Consumer Sites, Nat . 
Fire Protect. Assoc. bulletin NFPA N05DA (1966) . 

[V- 1449] Standard for Liquid Hydrogen Systems at Consumers Sites, Nat. 
Fire Protect. Assoc . bulletin NFPA No . 50B (197l) . 

H2 

H2 

**[aj General Safety Engineering Design Criteria, Vol. 1 , CPIA public. 
194, (Oct. 1971): also, Liquid Propellant Handling, Storage a nd 
Transportation, Vol. 3 , CPIA public. 194, {May 1970) - - - thes e 
documents prepared by the JANNAF propulsion committee of the 
JANNAF Hazards Working Group , and are avai l able only from the 
Chemical Propulsion Information Agency (CPIA) of the Johns 
Hopkins University Applied Physics Laboratory , 8621 Georgia 
Ave., Silver Spring, Maryland 20910 . 

* Note: numbers prefixed by V are from the NASA Lewis Safety Grid. 

** not in either NBS or NASA system . 
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Miscellaneous Properties 

Included in this section are properties which have not been discussed 

in the preceeding pages. The numbers are Cryogenic Data Center accession 

numbers. 

Birefringence 

54556 

Bulk Modulus (solid) 

74178 

Creep 

84537 

Debye Temperature 

74178 84175 

Dispersion 

13782 19279 19291 19292 19365 20745 23178 25535 30251 

33139 40786 58489 69300 69691 

Elastic Constant 

74178 84839 

Electrical Properties (mise) 

6973 7735 21181 32953 40311 40617 61549 63701 67713 

Electron Diffraction 

32949 35812 43557 47822 

Electron Drift 

52177 76274 76276 76325 

Emissivity-Reflectance 

57176 67053 87735 76956 

Hydrogen Gel 

25936 

Ionization Potential 

61358 61485 63627 63755 64978 67015 67028 76771 

Irradiation 

23736 26181 29056 39719 60357 65201 67625 68948 71783 

84290 83622 84072 84726 91509 
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Isotopmers 

91027 

Isotopic Phase Separation 

22240 37845 

Magneto Optics 

81468 

Magnetic Susceptibility 

23988 27957 32868 41326 54541 78056 89415 91027 

Magneto Resistance 

82002 

Nuclear Magnetic Resonance (NMR) 

915 5873 7223 11100 11115 14272 15481 15567 22463 

23821 24955 27292 27394 30771 36009 37844 38028 38271 

38646 41671 49932 50001 52004 52921 55003 57911 59903 

60138 68252 70167 75177 78120 80787 85840 87648 89718 

90696 

Nuclear Spin Relaxation 

19690 20997 22471 33181 36009 37745 47798 52004 55032 

55187 57006 57955 60151 63314 65716 68822 68850 70167 

70726 74709 77419 78120 80787 81285 87648 89264 

Neutron Diffraction 

28632 29056 33139 54572 

Neutron Scattering 

14040 23601 52737 55977 62749 64033 67271 68172 68790 

71488 75493 76956 77171 80514 81992 83296 84175 84305 

82762 91221 92917 93075 

Neutron Spectra 

33139 41963 45244 55977 57176 71488 84305 66575 

Opacity 

40191 

Optical Susceptibilities 

68392 196 
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Ortho-Para Absorption 

24953 34406 

Pl astic Deformation 

72334 81248 84537 84839 91869 

Re l axation Time (electron spin) 

85879 86609 

Scattering 

40226 41963 50669 51 933 559 77 693 00 71488 81468 81481 

86084 88515 

Shear Strength (solid) 

32738 78545 81248 8 4217 

Specific Impulse 

7248 12099 

Stress Relaxation 

91542 91869 84537 

Surface Energy 

5928 16834 19 7 04 21177 42678 77 5 06 80310 90618 

Tensile Strength 

78545 81248 8453 7 

Thermomagnetism (Senftleben e ff ect) 

63501 68784 8584 5 

X- ray Diffraction 

22673 29055 30351 3 078 2 32 872 40399 49178 81988 

Youngs Modulus 

78545 81248 
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Table C-S 

Thermodynamic Properties of Coexisting Gaseous and 
Liquid Parahydrogen (8I Units) 
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TE HPERATURE 

OEG. K 

DENSITY 

KG/CU H 

13 . 600 77 . 0235 
13 . dOD 0.1254 

14 7&.6554 
14 0.1368 

15 75.99&3 
15 0.2228 

1& 75.1030 
1& 0 . 3385 

17 14.1710 
17 0.4922 

18 73 . 1950 
18 0 . &902 

19 72 . 1&qJ 
H 0.9395 

20 71 . 0870 
20 1.2474 

20 . 2&8 70 . 78&4 
20 . 2&8 1 . 3318 

21 &9 . 9403 
21 1.0189 

22 &8.7200 
22 2.0111 

23 &1.4149 
23 2.&119 

24 && . 0112 
24 3 . 2548 

25 &4 . 4Hl 
25 4.0171 

2& &2.8337 
2& 4 . 9215 

27 &1.00&5 
27 5 . 9999 

28 56 . %&5 
28 1 . 2919 

29 5&.&4&0 
29 8.88&& 

30 53 . 9303 
3 0 10.8872 

31 50.5892 
31 13 . 5411 

32 45.9927 
32 17.4983 

32 . 97& 31.4285 

THERHOJ YNAHIC PROP ERTIES Of COEXISTING GASEOUS ANO LIQUIO PARAHYJROGEN 

V(OH/OV) p 

KJ/KG 

&22 . 6 
139 . 8 

&21 . 9 
15 0.5 

&2 3.0 
1~ 9 . 1 

&13.1 
167 . 1 

&04.3 
174.6 

601.0 
181.4 

596 . 1 
187.& 

587.9 
189.1 

577 . 8 
193.0 

563.1 
197. 5 

540.5 
2Q 1 . 2 

523.0 
203 . 9 

504.2 
205.8 

475.1 
20&.9 

451.1 
207.3 

382.6 
206.2 

350.6 
204.7 

3tG . 8 
202.& 

2&5 . 8 
199.1 

199.0 

V (OP/OU) V - v tOP/OV)T 

HPA-CU H/KJ HPA 
X 10 2 

0.25480 
0.06684 

0.24237 
0.0&&83 

0 . 23130 
0.0&b80 

0.22244 
0.0&674 

0.215C9 
0.06&69 

0.20874 
0.0&665 

0 . 20314 
0 . 06&6& 

0.20176 
0.06667 

0.19814 
0 . 06672 

0 . 19341 
0.06686 

0.18882 
0.0&708 

0.18378 
0.06739 

0.17820 
0.0&711 

0.17151 
0.06822 

~.1&381 
0.068&8 

0.15535 
0 . 06912 

0 . 13555 
0 . 0&9&5 

0.12320 
0 . 0&952 

0.10744 
0 . 0&952 

88.3211 
0. 0011 

81 . 5880 
0.0131 

75 . 3083 
0. 0208 

&8.0&12 
0.0313 

5&.9&19 
0.0&2& 

52.351& 
0. 0840 

50 . 2079 
0 . 0903 

4&.2935 
0.1093 

41.1835 
0 . 1388 

35.4854 
0.1719 

30 . 8574 
0 . 2081 

26 . 4945 
0 . 2460 

17 . 434& 
0.3201 

13 . 1188 
0.3498 

9.19&7 
0.367& 

&. 2743 
0.3638 

3.5282 
0.3205 

1.3886 
0 . 2258 

(JV/OT\fVCONb~~~~~;TY 
1/0EG. K H/K-H 

O.01~22 

0 . 07523 

0.01~4& 

0 . 07441 

0.01111 
0.07J89 

0.01181 
0.06620 

0.0128& 
0.0&&2. 

0.0148& 
0 . 0&427 

0.01585 
J.0642J 

0.01&44 
0.0&424 

0.01754 
0.0&471 

0.01921 
0.06597 

0.02162 
0 . 06804 

0.02394 
0 . 07108 

0.02&65 
0 . 07540 

0.0311& 
0.08144 

0.03585 
0.09002 

0 . 04417 
0.10259 

0.057,,3 
0.12220 

0.07585 
0.15&31 

0.11759 
0.22979 

0.245<)9 
0.43710 
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X 1 0 ' 

72.59 
12 . it 3 

7lf.o2 
12 . 54 

83 . 02 
13.08 

88 . 86 
13 . 6& 

92 . 71 
14.27 

97.00 
15 . 72 

98.40 
16.64 

98.9Z 
16 . 94 

100.05 
17.79 

100.95 
19.02 

101.20 
20.3& 

100.84 
21 . 81 

9&.38 
27.36 

93.18 
29.91 

90.55 
33.18 

8&.57 
37.87 

85.85 
46.48 

91 . 4& 
66.77 

VISCOSITY THER~AL OIELECTRIC 
OIFfUSIVITY CONSTANT 

KG/H:S 5Q H/H~ 
X 10 ' 

255.05 
7.3& 

211 . 84 
8 . 08 

175 . 07 
9 . 28 

159 . 34 
9 . 88 

131 . 98 
11.28 

124 . 87 
11.14 

116 . 11 
12 . 38 

108.22 
13 . 04 

101.01 
13 . 73 

94.32 
14.44 

88 . 03 
15.19 

82.02 
1 &. 0 0 

7& . 19 
16 . 89 

&4.57 
19 . 17 

58 . 40 
20 . 89 

51.31 
23.79 

35 . 43 

0 . 00053 
0.03395 

0 . 00054 
0.03084 

0.00051 
J . 01981 

~.0005~ 

0.01339 

0. 00057 
0 . 00943 

0.00056 
0. 00&89 

0.00054 
0.00511 

~.00053 

J . 00399 

0.00052 
0.00315 

0.00051 
0 . 00317 

0.00049 
0. 00254 

0 . 0004& 
l . 00205 

l.00044 
0 . 001&& 

0. 00042 
0 . 00135 

0.00038 
0.00110 

0 . 00035 
0.00088 

0.00031 
0 . 000&9 

0 . 0002& 
0. 00053 

0 . 00022 
0.00039 

0.00017 
0 . 00027 

0.00011 
0 . 00016 

1.251&0 
1 . 00038 

1.25101 
1. 00042 

1 . 24799 
1.00067 

1 . 2448& 
1 . 00102 

1 . 24159 
1. 00148 

1 . 23818 
1 . 00208 

1 . 234&0 
1 . 00283 

1 . 23083 
1.0037& 

1 . 22&84 
1 . 00489 

1 . 222&1 
1.00625 

1 . 21810 
1 . 00789 

1 . 21325 
1 . 00984 

1 . 20802 
1 . 0121& 

1 . 20233 
1.01491 

1.19&08 
1.01820 

1.18913 
1 . 0221& 

1.18125 
1 . 02703 

1.11208 
1.03319 

1 . 1&087 
1.04140 

1.14555 
1 . 05373 

1.09195 

C - 5 

PRANOTL 
NUHBER 

2 . 2359 
0. &230 

2.1517 
0 . &291 

1 . 8128 
0.&59 1 

1 . &0 74 
0.&89 1 

1. 3451 
0.7783 

1 . 2&48 
0.8241 

1.2444 
0. 8481 

1. 2 499 
0.8 7&9 

1. 25 43 
0.9123 

1 . 2&82 
0 . 95& 7 

1 . 32 40 
1. 0145 

1 . 37 64 
1 . 091& 

1. 7146 
1.3601 

1 . 9 8 34 
1.6 195 

2 .4 865 
2 . 0930 

3.&& 72 
3 . 1004 



C-5 

TEHPERA TURE 

UEG . ~ 

13 . 80J 
13 . 8UO 

15 
15 

lb 
16 

17 
17 

18 
18 

1 9 
1 9 

lO 
20 

20 . 268 
20 . 26~ 

2 1 
2 1 

22 
22 

23 
23 

2. 
2 .. 

25 
25 

26 
26 

27 
2 7 

28 
28 

29 
29 

30 
3 0 

31 
31 

32 
32 

32 . 976 

PRESSURE 

MPA 

0 . 0070 
0 . 0070 

0 . 0079 
0 . 0079 

0 . 021& 
0 . 021& 

0 . 0329 
0 . 0329 

0 . 0" 82 
0 . 0" 62 

0 . 0682 
0 . 06 8 2 

0 . 0935 
U. 0935 

0 .1 013 
0.10 13 

0 . 1250 
0 .1 250 

0 .1 &31+ 
0 .1 & 3. 

0 .20 96 
0 . 209& 

0 . 2&.5 
0 . 2& " 5 

0 . 3288 
0.3288 

0 . "035 
0 • • 03 5 

0 •• 892 
0." 892 

0 . 58 71 
0 . 587 1 

0 . 697 8 
0 . &978 

0 .8 225 
0 . 8225 

0 .9 &2 7 
0 .9& 27 

1.11 98 
1 .11 98 

1. 2928 

ThF~MOUYNAMIC PROPERTIES OF COEXISTING GASEOUS ANO LIQUID PARAHYOROGEN 

ISOTHfRM 
OE~IVATIVt 

CU H-MFA/ ~G 

1 . 17 29 
o • 0552 

1. J 492 
o • U S~6 

1 . 073& 
0 . 0588 

1.0027 
o • L &1 S 

o . 9 17& 
0 . 0&37 

0 . 8441 
a • 0 6~. 

o . 78<;'; 
o . 0 6f 7 

0 . 7364 
o . 067" 

o • 70<;3 
o • 0675 

J . 6619 
o .0 & 75 

0. 5993 
o .0 & 7G 

o . 526. 
0 . 0&58 

o • 4675 
o • 0639 

o .4108 
0 . 0&13 

0 . 3410 
0 . G576 

a .2 d58 
o • C 5 33 

a • 2225 
o • 0.79 

o • 162 .. 
J . e "14 

0.1163 
o • G 33" 

o . 0697 
0.0237 

o • 0 302 
o • C 129 

ISDCHORE 
DERIVATI VE 

HPA/K 

0 . 923. 
0 . 0005 

0.9234 
0.0006 

0 . 90&" 
0 . 0009 

0 . 8893 
0 . 0014 

0.8750 
0.0021 

0.8&12 
0 . 0029 

o • 8465 
0 . 0040 

0.8300 
0 . 005. 

0 . 8253 
0 . 0058 

0 . 8119 
0 . 0071 

0.7673 
0 . 0117 

0 .7 389 
0 . 01.8 

0 . 7060 
0.018& 

0 . 667& 
o • 0231 

0 . &251 
0. 0288 

0 . 579. 
0 . 0359 

0 • • 759 
0 . 05&9 

0 . 4149 
0 . 073& 

0 . 3416 
0 . 0987 

0 . 1898 

INTE/{NAL 
ENERGY 
KJ/KG - K 

-309 . 0 
84.2 

- 307 . & 
85.3 

-300.9 
go . 7 

- 293 . 7 
95 . 9 

- 286 . 0 
100 . 7 

-277.9 
105 . 1 

- 269 . 3 
109 . 1 

-260.2 
112 . 7 

- 257 . 7 
113. & 

- 250.5 
115 . 8 

-240.3 
118.3 

- 229 • • 
120 . 2 

-217 . 9 
121 • • 

- 205 . 5 
121 . 7 

-192 . 3 
121 . 1 

-178 . 2 
119 . 3 

-1 62 . 8 
116 . 1 

- 1. 5 . 9 
110 . 9 

- 126 . 9 
103 . 2 

- 7& . 7 
72.1 

- 2 . 8 

ENTHALPY 

KJ/KG 

-10~.9 

1. 0 . 3 

-307 . 5 
142.1 

-300.7 
151 . 1 

- 285 . 6 
167 . & 

-277 . 3 
175 . 0 

- 2&8 • • 
181.7 

- 258 . 9 
187 . 6 

-2.8 . 3 
193 . 0 

-237 . 9 
197 . 2 

- 226 . 3 
200 . 5 

- 213 . 8 
202 . 6 

-20a • • 
203 . 6 

-185 . 9 
203 . 1 

- 170 . 1 
200 . 3 

- 152 . S 
196 . 5 

-133 . 6 
lB . 5 

- 111 . 7 
178 . 8 

-85 . 8 
162 . 6 

-5C . 4 
136 . 1 

38 . 3 
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ENTROPY 

KJ/KG-K 

• • 9&. 
37 . 520 

5 . 05 7 
37.135 

5.525 
35 . 648 

5 . 989 
3 • • 303 

6 •• 53 
33 . 111 

b . 91 7 
32 . 0.2 

7 . 382 
31 . 073 

7 . 851 
30 . 184 

7.977 
29 . 967 

8 . 323 
29 . 369 

8.802 
28 . 592 

9 . 287 
27 . 855 

9 . 783 
27. 1"8 

10 . 291 
26 • • 61 

10 . 813 
25 . 784 

11 . 356 
25 . 104 

1 2 . 535 
23.680 

13 . 200 
22 . 887 

13 . 960 
21 . 976 

14 . 917 
20 . 811 

17 . 5&5 

cv 

KJ 

• • 67 
&.21 

• • 72 
&. 21 

4 . 92 
6.24 

5 . 12 
6 . 27 

5.30 
6 . 32 

5 . 47 
6 . 37 

5 . 62 
6 . "3 

5.75 
6 . "9 

5 . 78 
6 . 50 

5 . 86 
6 . 55 

5.95 
6 . 61 

6 . 03 
6.68 

6.09 
6 . 74 

6 . 1" 
6 . 81 

6 . 26 
6 . 99 

6 . 33 
7 . 11 

6 ." 1 
7 . 28 

6 . 5 1 
7. 50 

6 . 66 
7 . 82 

6 . 91 
8 . 11 

CP 

KG - K 

6.36 
10 . 52 

6 . 47 
10 . 5 .. 

6 . 91 
10 . 67 

7. 36 
10.85 

7. 88 
11 . 07 

B . • 2 
11. 34 

8 . 93 
11. 66 

9.45 
12 . 0" 

9 . 66 
12 . 15 

10 . 13 
12 . 49 

10.82 
13 . 03 

11. 69 
13.69 

12.52 
1 ..... 9 

13 . .... 
15 . 52 

14 . BO 
1& . 85 

16.17 
18. 66 

22 . 05 
25 . 19 

26.59 
31 . 99 

36 . 55 
.. &. 56 

65 . 37 
d7 . 02 

VELOCITY 
OF SOUND 

HI S 

126 . 
306 

1256 
308 

1228 
317 

1200 
32& 

1168 
33 .. 

11 ,. 0 
3 .. 1 

1120 
3 .. 8 

1100 
35 .. 

1089 
355 

1 07 0 
359 

10 44 
363 

1 0 lD 
3 &7 

9 8 0 
37 1 

94 8 
37 3 

9 03 
37 6 

860 
377 

806 
378 

747 
3 78 

689 
37 8 

6 1 9 
3 75 

534 
372 

SUR FAC E 
TENS I ON ) 

NI H X 1 0 

2 . 99 1 0 

2 . 95 78 

2 . 7921 

2 . 62 7 0 

2 . 2981 

2 .1 356 

1. 97 32 

1. 92 99 

1. 811 7 

1 . 651 0 

1. 33 2 7 

1 . 17 51 

1 . 01 89 

0 . 86 4 1 

0 . 7110 

0. 5599 

0 . 41 12 

0 . 26 5 9 

0 . 1254 

0 . 000 0 
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Table C-2 

Thermodynamic Properties of Parahydrogen (Isobars, 51 Units) 

2 6 1 



Co2 THERHOOY NA HIC PROPERTIES OF PARAHYOROGEN 

0.01 HPA ISOBAR 

TEHPERATURe: VOLUHE I50THERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OERIV /TIVE OERIVATIVE ENERGY OF SOUN~ 

OEG. K CU H/KG CU H-HPA/KG HPA/K KJ/KG-K KJ/KG KJ/KG-K KJ KG-K HIS 

13. 80. 0.01298 1.1628 o .9233 -308.9 -308.8 4.966 •• 67 6.38 1260 
lit 0.01301 1.1302 0.9233 -30 7.6 -307.5 5.059 4.72 6.50 12.8 
14.430 0.01307 1.1173 0.9196 -304.8 -30 •• 7 5.259 •• 80 6.67 1245 
1 •• 430 5.83386 0.0571 0.0007 87.7 146 . 0 36 . 498 6 . 22 10.59 312 
15 6.07554 o • 0596 0.0007 91.3 152.1 36.907 6.22 10 .56 318 
16 6.49796 O. (640 0.000& 97.6 162.& 37.587 6 . 21 10.52 329 
17 6.91587 o • 0683 0.000& 103.9 173.1 38.224 6.20 10.49 340 
18 7.33861 O. 0725 0.0006 110.2 183.6 38.622 6.20 10.46 350 
19 7.75743 0.0768 0.0005 116.4 194.0 39.388 6.20 10.44 360 
20 8 .17 550 0.0810 0.0005 122.7 204.5 39.923 6.20 10.43 369 
21 8.59295 O. 0852 0.0005 128.9 214.9 40.431 6.20 10 .4 2 379 
22 9.00988 o • 0895 0.0005 135.2 225.3 40.916 6.20 10.41 388 
23 9.42636 0.0937 0.0004 141. 4 235.7 41.378 6.20 10.40 396 

24 9.84245 0.0979 0.0004 147.7 24&.1 41.820 6 .1 9 10.39 405 
25 10.25822 O. 1021 0.0004 153.9 256.5 42.244 6.19 10.38 414 
26 10.67369 0.1062 0.0004 160.1 266.8 42.651 6.19 10.38 422 
27 11.08891 0.1104 0.0004 166.3 217.2 43.043 6.19 10.37 430 
28 11.50391 0.1146 0.0004 172.6 287 . 6 43.420 6.19 10.37 438 
29 11.91870 0.1188 0.0003 178.8 298.0 43.784 6.19 10.36 446 
30 12.33332 0.1229 0.0003 185.0 308.3 4 •• 135 6.19 10.36 453 
31 12.74778 0.1271 0.0003 191.2 318.7 44.475 6.19 10.36 461 
32 13.16210 0.1313 0.0003 197.4 329.0 44.803 6 .1 9 10.35 468 
33 13.57629 001354 0.0003 203.6 339 •• 45.122 6.19 10.35 .76 

3. 13.99036 0.1396 0.0003 209.8 349.7 .5.431 6019 10.35 483 
35 14.40432 0.1437 0.0003 216.0 360.1 45.731 6.19 10.35 490 
36 14.81819 0.1.79 0.0003 222.2 370.4 .6.022 6.19 10.34 .. 97 
37 15.23198 o .1 520 0.0003 228.4 380.8 4&.306 6.19 10.34 504 
38 15.64568 0.1562 0.0003 23".7 391.1 46.5 81 6.20 10.34 511 
39 16.05931 0 .1603 0.0003 240.9 401.5 .&.850 &.20 10.3 .. 517 
.. 0 16."7288 0.1645 0.0003 2 .. 7.1 "11.8 .7.112 6.20 10.35 524 

.2 17.29983 0.1728 0.0002 259.5 .32.5 <t7.617 6.21 10.35 537 
44 18.12657 0.1811 0.0002 271.9 .. 53.2 "8.099 6.21 10.36 5 .. 9 
.. 6 18.95313 0.1893 0.0002 284 •• <t73.9 48.559 6 . 23 10.37 5&1 
48 19.77953 0.197& 0.0002 29&.9 494.7 49.001 6.25 10.38 573 
50 20.&0580 0.2059 0.0002 309.4 515.5 .. 9 •• 25 6.27 10.41 585 
52 21.43196 0.2142 0.0002 322.0 536.3 49.834 6.30 10.43 596 
54 22.25800 o . 2224 0.0002 33".6 557.2 50.228 &.33 10.47 606 
5& 23.08396 0.2307 0.0002 3 .. 7.4 578.2 50.&10 6.38 10.51 &17 
58 23.90983 0.2390 0.0002 360.2 599 .3 50.979 & •• 3 10.5& 627 
&0 24.73564 O. 2472 0.0002 373.1 620.5 51.339 6.49 10.62 636 

65 26.79987 o .2& 79 0.0002 "0&.0 674.0 52. 196 6.68 10.82 &58 
70 28.86380 o • 288& 0.0001 440.1 728.7 53.007 &. 93 11.07 679 
75 30.927H 0.3092 0.0001 475.5 764.8 53.760 7.24 11.37 &97 
80 32.99095 o • 3299 0.0001 512.6 642.5 5".525 7.59 11. 72 714 
85 35.05"27 o .35C 5 0.0001 551.5 902.1 55.2,,7 7.99 12.11 729 
90 37.117.6 0.3711 0.0001 592.5 963.7 55.952 6 . "1 12.53 74. 
95 39.1605 .. 0.3918 0.0001 635.& 1027.4 5&.6 .. 1 6.6. 12.97 758 

100 "1.24353 O •• 12 .. 0.0001 660.9 1093.4 57.317 9.27 13. .0 77 2 
120 "9.49480 O ... 950 0.0001 862.6 1377.5 59.901 10 . 83 1".95 827 
1.0 57.74534 0 .5775 0.0001 1110.1 1687.5 62.288 11.82 15.94 883 

160 65.99544 o • 6&00 0.0001 1351.2 2011.2 &4.449 12.21 1&.34 940 
180 7".2"525 J • H25 0.0001 1595 .7 2338.2 66.375 12.19 16.31 997 
200 82 ... 9 .. 87 o .8,,50 0.0001 1837.2 2662.2 68.081 11.9. 16.07 1053 
220 90.7.435 0.9075 0.0000 2073.0 2980.5 69.598 11.63 15.76 1109 
240 98.99373 0.9900 0.0000 2302 .5 3292.5 70.955 11.33 15.45 11&2 
260 107.2"303 1 . 0725 0.0000 2526.5 3598.9 72.182 11.07 15.20 1213 
280 115.49227 1.1550 0.0000 2745 .8 3900.7 73.301 10 . 87 15.00 12&2 
300 123.73215 1.2374 0.0000 2961.7 4199.0 H.330 10.72 14 .8 .. 1309 
350 11+4.35340 1.4436 0.0 a 00 3491.6 4935.1 76.598 10.51 lIt.63 1"18 
.. 00 16".97452 1.6498 0.0000 .014.& 5664.3 78.547 10.42 1".55 1517 

.. 50 185.5955& 1 .8560 0.0000 453".8 6390.~ 80 .2 60 10 . .. 0 14.53 1&10 
500 206.21654 2.0622 0.0000 5055.1 7117.3 81 .78 9 10.40 14.52 1697 
550 226.83749 2.2685 0.0000 5575.1 76"3.5 83.1H 10 ... 1 14.53 1780 
600 247 ... 58.1 2 ."H7 0.0000 6096.1 8570 . & 8 ..... 37 10."2 1".55 1858 
700 288.70020 2 .8871 0.0000 7141.0 10028.0 86.685 10.48 14.61 2006 
800 329.94195 3.2995 0.0000 8193 . .. 11492.9 88.640 10.57 1".70 21 .. 2 
900 371.18367 3.7119 0.0000 9256.8 1296S.6 90.376 10.70 14.82 2268 

1000 "12.42538 4.1243 0.0000 10334.0 14458.2 91.949 10.86 14.98 2386 
1200 494.90891 4.9492 0.0000 1254".2 17493.3 9".702 11.24 15.37 2601 
1400 577.39658 5.7740 0.0000 14838.3 20612.3 97.11 0 11.70 15.83 2795 

1600 659.93251 o .5988 0.0000 17233.3 23832 .7 .99 .237 12.28 10.42 2970 
1800 7"2.78144 7 ... 237 0.0000 19799.6 27227." 101.197 13.40 17 . 66 3121 
2000 826.97"86 8 • 2485 0.0000 22778 .4 31048.1 103.273 16.49 20 .9 1 3235 
2500 1072.23177 10.31G6 0.0000 37496.2 48218.6 113.139 49.10 57.60 3476 
3000 1538.60332 12.3727 0.0000 88375.8 103761.9 136.424 1 .. 5.32 179.51 3904 

TWO-PHASE BOUNDARY 262 
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THERHOOY NAHIC PROPERTIES OF PARAHYOROGEN C-2 

0.01 HPA ISOBAR 

TEHPERAT URE DENS ITY V (OH/OV~ V (OP/OUIy -v IOP/OV'T -(OV/OT~VCON~~~~~:~TY VISCOSITY THERMAL DIE LE CTRIC PRANOTL 
OIFFUS IV lTV CONS TANT NUMBER 

OEG. K KG/CU H KJ/KG HPA-CU H/ KJ HPA 1/0EG. K W/K-H KG/H-S SQ H/H R 
X 10 2 X 103 X 107 

13 . 80~ 71 . 0167 618 . 8 0 . 25650 89 . 5531 0.01031 72.63 25~.83 0.00053 1. 25158 2.2385 
1~ 76 . 8~35 611. 8 0.25~78 86.8501 0.01063 7~.61 2~ 7. 76 0.0005~ 1.25097 2. 1598 
1~ . ~ 3~ 76.~900 620.0 0.25021 85 . ~586 0.01076 78.59 23~.09 0.00055 1.2~972 1.9873 
1~.430 0.1714 145 . 5 0.06684 0.0098 0.07279 12.71 7 .7~ 0.02532 1.0005 2 0.6420 
15 0.1646 151.5 0.06684 0. 0098 0.06968 13.01 8.07 0.02696 1.00050 O. &5~& 

16 0 . 1539 162.1 0 .0 668~ 0.0098 0.06488 13.~5 8.6~ 0.02992 1 .0 00~6 0.6756 
17 0.H45 172 . 6 0.06683 0.0099 0.06074 13.89 9.21 0.03300 1.00044 0.6949 
18 0.1303 1 83 .1 0 .0 6681 0.0099 0.05713 14.40 9.77 0.03635 1.000~1 0.7099 

19 0.1289 193.6 0.06680 0.0099 0 . 0539~ 1~.90 10.32 0.03985 1.00039 O. 7235 

20 0.1223 204 .1 0 . 06679 0.0099 0.05109 15.53 10.87 0.04382 1.00037 0.7303 
21 0.1164 214 . 6 0 .0 6678 0. 0099 0.04855 16.32 11.41 O. 0~846 1.00035 0.7286 

22 0.1110 225.0 0 . 06671 0.0099 0.0~625 17 .11 11.95 0 .0 5334 1.00033 0. 7267 

23 0 . 1061 235 . 4 0.06676 0. 0099 0.0~416 17 . 91 12.48 0 . 05844 1.00032 0.72~7 

2~ 0.1016 245 . 9 0.06675 0. 0099 0.0~226 18.70 13.01 0.06378 1.00031 0.7225 

25 0 . 0975 256 .3 0.06675 0 . 0099 0.04051 19.49 13.52 0.0693~ 1.00029 0.7202 
26 0. 09 37 266 . 7 0.06674 0.0100 0.03891 20.28 14. O~ 0 . 07510 1.00028 O. 7181 

27 0 . 0902 277 . 1 0 . 06674 0 . 0100 0.037~3 21.07 14.5~ 0 . 08109 1.00027 O. 7159 

28 0.0869 287 . 4 0.06673 0 .0 100 0.03606 21.85 15.04 0.08730 1.00026 0.7136 

29 0.0839 297 . 8 0.06673 0.0100 0 . 03479 22.6~ 15.54 0.09374 1.00025 0.7112 

30 0.0811 308.2 0.06672 0. 0100 0.03361 23.~2 16.03 0.10040 1.0002~ 0. 7088 
31 0 . 0784 318 . 6 0.06672 0.0100 0.03251 24.12 16.51 0.10690 1.00024 0 . 7089 

32 0.0 760 328.9 0.06671 0.01 00 0 . 03147 24.82 16.99 0.11359 1.00023 0.7088 

33 0 . 0737 339 . 3 0.06671 0. 0100 0.03050 25.51 17.47 0.12049 1.00022 0.7085 

34 0 . 0715 3~9 .7 0.06670 0.0100 0.02959 26.22 17.93 0.12761 1 . 0002 2 0.7078 

35 0.0694 360 .1 0 . 06669 0 . 0100 0 . 02873 26.92 18.~0 0.1349~ 1.00021 0.7070 

36 0.067 5 370.4 0.06668 0.0100 0.02793 27 . 63 18.86 0 . 14247 1.00020 0.7061 

37 0 . 0657 380.8 0.06667 0.0100 0.02716 28.33 19.31 0.15020 1.00020 0.7051 

38 0.063 9 391.2 0.06665 0.0100 0 . 02644 29.0~ 19.76 0.15812 1.00019 0.70~1 

39 0 . 0623 401.7 0.06663 0. 0100 0.02575 29.74 2 O. 21 0.16624 1.00019 0.7029 

~O 0.0607 412.1 0.06660 0. 0100 0 . 02510 30.45 20 . 65 0.17454 1.00018 0.7017 

~2 0.0578 433.1 0 .0 6653 0.0100 0.02390 31.85 21.53 0.19166 1.00017 0.6994 

~4 0.0552 454.2 0 . 06643 0.0100 0.02280 33.25 22.38 0 . 20950 1.00017 0.6971 

~6 0 . 052 8 475.5 0.06628 0.0100 0.02180 3~. 65 23.22 0.22802 1.00016 O. 69~9 

~8 0 . 05 00 ~97 .1 0.06609 0.0100 0.02089 36.05 24.05 0.24720 1.00015 0.6927 

SO O. 0 ~8 5 519.1 0.06585 0.0100 0.02005 37. ~5 24.86 ... 0.26696 1.00015 0.6908 

52 0.0~67 5 4 1 .4 0.0655~ 0. 0100 0.01927 38.85 25.66 0.28725 1.0001~ 0.6893 

54 0.0 .. 9 564.2 0.06516 0. 0100 o .01855 40.25 26.~5 0.30803 1.00014 0.0 88 0 

56 0.0~33 58 7.7 0 .0 6~71 0. 0100 0.01789 ~1.65 27.22 0.32922 1.00013 O. & 8 72 

58 0. 0418 611 .7 0.00418 0.0100 0.01727 43.05 27.99 0.350H 1 .00013 0.6869 

60 O . O~O~ 630 . 5 0.06357 0.0100 0.01669 ~4.51 28.74 0.37306 1.00012 0.0801 

65 0.0373 702 . 2 0 . 00174 0 . 0100 O. 0 15~0 48.38 30.58 0.43162 1.00011 0. 6836 

70 0.0346 773.8 0.05950 0.0100 0.01430 52.20 32.36 0.49076 1.0001 0 0.6852 

75 0 . 0323 852.1 0 .0 5699 0.0100 0.01334 56.13 34.09 O. 5~968 1.00010 0. 6905 

80 0 . 0303 937 . 2 0.05433 0.0100 0.01251 60.04 35 . 71 0.60829 1.00009 0. 6985 

85 0.0285 1 029 . 2 0.05106 0.0100 0 . 01171 65.00 37.41 0.67708 1.00009 0.6973 

90 0 . 0269 1127 .~ 0 . 0~909 0.0100 0.01112 69.96 39.01 0.74586 1.00008 0.6988 

95 0.0255 1231.2 0.04668 0.0100 0.01053 74.91 ~ 0 .57 0.81~99 1.00008 0.7021 

1 00 0.02~2 1339.5 0 . 04450 0.0100 0.01000 89.50 45.7~ 0.99173 1.00007 0. 6847 

1 2 0 0.0202 1793.9 0 . 03811 0. 0100 0.00833 117.12 5~. 09 1.39567 1.0000 6 0. 6905 

140 0.0173 2231 . 9 0.03491 0 •. 0100 0.00714 136.14 59.20 1.77511 1.00005 0.6933 

160 0.0152 2013.6 0.03378 0.0100 0.00625 1~8.29 63.00 2.15677 1.00005 0.6940 

180 0 . 0135 2935 . 8 0.03385 0. 0100 0.00556 155.6~ 66 . 17 2.55059 1.00004 0.6934 

200 0.0121 3213.9 0.03453 0.0100 0.00500 160.18 69.01 2.960~3 1.00004 0.6 923 

220 0 . 0110 34~6.4 0 . 03546 0.0100 0.00455 163.39 71.65 3.387&6 1.00003 0.6910 

240 0.0101 3708.8 0 .03 641 0 . 0100 0.00417 166.20 74.18 3.83294 1.00003 0.6897 

260 0.0093 3951 . 5 0.03725 0. 0100 0 . 00385 169.11 76.63 ~.29619 1.00003 0.6886 

280 0.0087 41 'l9 . 1 0.03794 0.0100 0.00357 172.33 79. a 3 4. 777'l~ 1.00003 0.6877 

300 0.0081 4453.3 0 .0 38~8 0. 0100 0.00333 175.87 81.39 5.27759 1 .0000 2 0 . 6870 

350 0.0069 5121 . 4 0.03925 0. 0100 0.00286 186.08 87.21 6.60883 1.0000 2 0.6858 

400 0.0061 5819.8 0 . 03956 0. 0100 0.00250 197.39 92.95 8.05766 1 . 00002 0.6851 

450 0.0054 6538.4 0.03964 0.0100 0.00222 209.27 98.62 9.62376 1.00002 0.6847 

5 00 0.0048 72f2.3 0.039&6 0.0100 0.00200 221.21 104.23 11.30685 1.00001 O. 6 8~ 4 

550 0.0044 7 9'l3 . 3 0.03962 0.0100 0.00182 233 . 22 109 . 79 13.10~72 1.00001 0.6841 

600 O.OO~ O 8729 .7 0.03956 0. 0100 0.00167 2~5.22 115.28 15.01509 1.000 a 1 0.6839 

7 00 0.003 5 10 223 . 8 0.03935 0. 0100 0.001~3 269 . 30 126.07 19.16374 1.00001 0.6837 

800 0.0030 117 57.5 a • 0 39 a 1 0 . 0100 0.00125 293.66 136.61 23.73407 1 .00001 0.6837 

900 0.0027 1 3341.4 0 . 03855 0 . 0100 0.00111 318. ~ 7 1~6.90 28.70857 1.00001 0.6838 

1000 0.0024 14983.1 0 . 03798 0.0100 0.00100 ~40.56 156.95 ~3.65775 1.00001 0.5338 

1200 0 . 0020 1 8~42 . 2 0.03668 0.0100 0.00083 511.19 176.42 59.26340 1.00001 0.5304 

14 00 0.0017 22156 . 4 0 . 03525 0.0100 0.00071 58~. 62 195.11 76.78658 1.00001 0.5282 

1600 0.0015 262t9.7 0.03358 0. 0100 0 . 00063 668.03 213.H 96.65688 1 . 00000 0.5239 

1800 0.0013 317U.5 0 . 030~5 0. 0100 0.0005~ 800.59 230.62 121.23303 1.00000 0.5087 

2000 0 . 001 2 4171 8 . 6 0 . 02508 0.0100 0.00050 1099 . 16 247. H 156.~7369 1.00000 0 . 4713 

250 0 0 . G009 138471.2 0.00874 O. 0 09~ 0. 00042 4536.70 292.93 30~.02J05 1.00000 0.3719 

3000 0.0006 43 30~8 . 8 0.00353 0.0080 0.00041 15311.58 34~.27 ~72.~6613 1.00000 0.4059 

!63 

TWQ-PnASE BOUNOARY 



C·2 THERHOOY NAHIC PROPERTIES OF PARAHYOROGEN 

0.0 2 HPA I SOBAR 

TEHPERATURE VOLUHE ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OERIVATIVE OERIVA TIVE ENERGY OF SOUND 

OEG. K CU H/K G CU H- HPA/KG HPA/K KJ/KG-K KJ/KG KJ/KG - K KJ KG-K HIS 

13.807 0.012 98 1.1 &3" 0.923" -308.9 -308.7 ".906 ... 67 6.38 1260 
1" 0.01301 1.1318 0.923" -307.& -307." 5.058 ... 72 6.50 12 .. 9 
15 0.01315 1 • C 3 25 o .907& -300.9 -300.7 5 . 520 ... 92 6.99 1211 
15.832 0.01329 1. C 15 .. 0.8919 -29" . 9 -29".7 5.911 5.09 7.2 8 1205 
15.832 3.15931 0.Lol0 0 . 0013 95.0 158.2 3".518 &.27 10.81 325 
10 3.19578 o . 0618 0.0013 96.1 100.0 34 . 632 6.20 10.80 326 
17 3.41127 0 . 00&3 0 . 0012 102.5 170.8 35.28" 0.2" 10.71 337 
18 3.0 2529 O. 0708 0.0011 108.9 181." 35 . 89" 0.23 10.0" 3 .. 8 
19 3.838 22 0.0752 0.0011 115 . 3 192 . 1 36. "68 0.22 10.59 358 
20 ... 05030 0.0795 0 . 0010 121.6 202.0 37 .010 0.21 10.50 368 
21 ... 26108 O. C 839 0.0010 128.0 213.2 37. 525 0.21 10.53 377 
22 ..... 7250 0.0882 0.0009 13".3 223.7 38 .01" 0 . 21 10.51 38& 
23 ".08285 0 .0 925 0.0009 1"0.5 23".2 38 ." 81 0.21 10 ... 9 395 

2 .. ... 89279 O. 0967 0.0008 1"6.8 2 .... . 7 38 .927 0.20 10.47 404 
25 5.10238 0.1010 0.0008 153.1 255.1 39.35 .. 0.20 10."0 .. 13 
20 5.311 07 a . H52 0.0008 159 ... 265.0 39 .70" &.20 10 ..... ..21 
27 5. 52070 0 . 1095 0 . 0008 105.6 276.0 "0.15 7 0.20 10 ... 3 .. 29 
28 5.72950 a • 1137 o • 0007 171.9 280.5 .. 0.537 0.20 10."2 .. 37 
29 5.93809 a • 1179 0.0007 178.1 290 . 9 "0 . 902 0.20 10 .41 .... 5 
30 6.1"051 0 . 1221 0.0007 18 ..... 307.3 "1.255 0.20 10."1 .. 53 
31 0.35470 a • 1203 0.0007 190.6 317.7 "1.590 0 . 20 10."0 .. 60 
32 6. 56286 0.1305 0.0000 196.8 328 . 1 "1.92& &.20 10.39 "68 
33 6.7708" 0 . 13"7 a • a 0 06 20 3.1 338.5 "2.246 6.20 10.39 .. 75 

3 .. 6.97869 o • 1389 0.0006 209.3 348.9 "2.556 6.20 10.38 .. 82 
35 7.180 .... 0.1431 0.0006 215.5 359.2 "2.85 1 6.20 10.38 .. 90 
36 7 • 39 .. 10 0 . 1" 73 0.0006 221. 7 369.0 "3.150 6.20 10.38 .. 97 
31 1.60166 a .1 515 0.0005 228.0 380.0 .. 3 ... 3 .. 6 .20 10.37 504 
38 1.80915 0.1 556 0 . 0005 23".2 390 ... "3.710 6.20 10.37 510 
39 8.0105 6 a • 1598 0.0005 240.4 .. 00.1 43.980 6.20 10.31 517 
.. 0 8.22390 o • 16"0 0 . 0005 246.6 411.1 .. 4.2 .. 2 0.20 10.37 524 

42 8.63841 0 .1723 0 . 0005 259.1 "31.9 ..... 148 6.21 10.31 537 
4" 9.05211 0.18 06 0 . 0005 271 . 6 .. 52.6 45.231 6.22 10.38 5 .. 9 
.. 6 9.40083 0. 1889 0 . 00 0 .. 28".0 473 ... 45 . 092 0.23 10.39 561 
48 9.88078 0.1913 0.000 .. 290.5 "9".2 46.135 6.25 10.40 513 
50 10. 29"61 0.2050 0.0004 309.1 515.0 46.500 6.21 10."2 58 .. 
52 10.10831 O. 2139 0.0004 321.1 535.8 .. 6.909 6.30 10.45 596 
5 .. 11.121 92 O. ZZ22 0.000 .. 33".3 556.8 ,,7.36" 6 .3" 10."8 606 
56 11.535"2 0 . 2304 0.0004 347.1 577.8 "'.'46 6.38 10.52 617 
58 11.948 85 0 . 2387 0.0003 359.9 598.9 "8 . 116 6 ."3 10.57 621 
60 12. 36221 0.2410 0.0003 312.8 620.1 48.415 6."9 10.63 636 

65 13.39533 o • 2& 77 0.0003 405.8 613.1 49.334 6.68 10.82 658 
70 14."2813 a • 2 e8 .. 0.0003 "39.9 128." 50.1"5 6.9 .. 11. 01 679 
15 15."6069 0.3091 0.0003 "75.3 18 ... 5 50.919 1. 2 .. 11.38 697 
80 16."930 5 o • 3298 0.0003 512 ... 8"2.3 51 . 66" 7 . 59 11.13 714 
85 11.525 25 0.350" 0 . 0002 551.4 901 . 9 52.386 1. 99 12.12 729 
90 18.5573 2 0.3111 0.0002 592." 963 . 5 53.091 8 . "1 12.5" 14" 
95 19. 589 28 0 . 3917 0 . 0002 635.5 1021.3 53.780 8.8 .. 12 . 97 758 

100 20.62115 o . .. 12 .. 0.0002 680.8 1093.2 5 .. ... 57 9.21 13."0 772 
120 2".7"793 O. "950 0.0002 882." 1377 ... 57 . 0" 1 10.83 1".95 827 
140 28.87"00 0.5775 0.0001 1110.0 1687 ... 59."28 11.82 15.9" 883 

1&0 32.99962 0. 6601 0.0001 1351. 2 2011.1 61.589 12.21 16.3" 9 .. 0 
180 37.12 .. 90 0 . 7426 0.0001 1595.7 2338.2 63.516 12.19 16.31 997 
2 00 .. 1.250 10 0 .8 251 0.0001 1837.2 2662.2 65 . 222 11. 94 16.07 105 .. 
220 "5.31510 0 . 9076 0.0001 2073.0 2980.5 66.139 11.03 15.16 1109 
2 .. 0 "9 .50000 0 . 9901 0.0001 2302.5 3292.5 68 . 096 11.33 15." 5 1162 
260 53.62"82 1. 0726 0.0001 2526." 3598.9 69 .3 23 11.07 15.20 1213 
280 57.7"958 1 . 1551 0.0001 27"5.8 3900.8 70 ..... 2 10.81 15.00 1262 
300 61.869bb 1.2315 0.0001 29b 1. 7 "199.0 11.411 10.12 14.84 1309 
350 72.18050 1 . 4438 0.0001 3"91.6 4935.2 73.7"0 10 . 51 1 ... 03 1'+18 
.. 00 82."9121 1 . 6500 0.0001 .. 01 ... 6 560 ..... 75.089 10 ... 2 1".5 5 1517 

.. 50 92.80183 1 • 8562 0.0000 "53".8 6390.6 77 .40 1 10."0 1".53 1610 
500 103.11240 2 . 062 .. 0.0000 5055.1 7117 ... 18.930 10 ... a 14. 52 1697 
550 113 ... 22 93 2.2080 0.0000 5575.1 78"3.5 80.315 10."1 1".53 1780 
000 123.733"3 2 . "748 0.0000 6096.0 8570.7 81.579 10 ... 2 1".55 1858 
700 14 ... 35 .... 0 2.6813 0 . 0000 71"1.0 10028.0 83.826 10."8 1" .61 2 006 
800 16".91531 3.2997 0.0000 8193." 11492.9 85.781 10.57 14.70 2142 
900 185.59021 3.7121 0.0000 9250.8 12908.7 81.518 10 .70 1".82 226 8 

1000 206. 2170 8 .. . 12 .. 5 0.0000 10333.9 14"58.3 89 . 090 10.80 1".98 2386 
1200 2"7."5886 ".949" 0.0000 125 ..... 2 17 .. 93." 91.8" 3 11 . 2" 15.37 2001 
1 .. 00 288.70208 5.7742 0.0000 14837.9 20611.9 94.251 11.69 15.82 2795 

1000 329.96236 0 . 5990 0.0000 17227.8 23827.1 96.374 12 . 23 16.36 29 71 
1800 371.333 30 7.4239 0.0000 19763.5 27190.1 98.316 13.17 17.3" 3127 
2000 "13.179 59 8.2487 0.0000 2201".2 30877.7 100.323 15 . 41 19.75 3251 
2500 530.09556 10.3108 0.0000 34967.0 45568.9 109.12" 38 . 80 .. 5.95 3 .. 90 
3000 720.79290 12.3729 0.0000 13552.5 88088 ... 127.7"7 113 . 04 117.57 3875 
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THERHOOY NAMIC PROPERTIES OF PARAHYOROGEN C- 2 

0.02 MPA ISOBAR 

TEMPERATURE OENSIT Y V (OH/OVlp 
V (OP/OUI

V 
- V (OP/OVI

T -(OV/OT~VCON~~~~~e~TY VISCOSITY THERMAL DIELECTRIC PRANOTL 
DIFFUSIVITY CONSTAN r NUMBER 

OEG. K KG/CU M KJ/KG MPA-CU H/KJ MPA 11 OEG. K W/K-M KG IM-S SQ H/HR 
X 10 2 X 10 3 X 10 7 

13.807 77.0224 619.1 0.25649 89.6087 0.01031 72.67 254.89 0.00053 1.25160 2.23 78 
14 76.8522 612.4 0.25479 86.9799 0.0106 2 74.62 247.94 0.00054 1.25100 2.1602 

15 76.0247 604.6 0.24263 78.4985 0.01156 83.06 218.31 0.00056 1 . 24809 1.8373 
15.832 75.2560 623.4 0.23300 76.4147 0.01167 88.03 197.78 0.00058 1.24539 1.6349 
15.832 0.3165 157.7 0.06680 0.0193 0.06860 13.56 8.58 0.01426 1.00095 0.6841 
16 0.3129 159.4 0.06682 0. 0193 0.06771 13.63 8.67 0.01452 1.00094 0.6870 
17 0.2931 170.1 0.06687 0.0194 0.06293 14.04 9.24 0.01611 1.00088 0.7043 
18 0.2758 180.8 0.06689 0.0195 0.05887 14.52 9.80 0.01781 1.00083 0.7178 

19 0.2605 191.4 0.06689 0.0196 0.05535 15.02 10.35 0.01958 1.00079 0.7304 
20 0.2469 202 . 0 0.06689 0.0196 0.05227 15.63 10.90 0.02158 1.00074 0.7363 
21 0.2346 212.6 0.06688 0.0197 0.04953 16.41 11.44 0.02391 1.00071 0.7339 
22 0.2236 223. 2 0.0&&66 0.0191 O.Olt7Q8 17.20 11.98 0.02636 1.00067 0.7315 

23 0.2135 233.7 0.06685 0.0197 0.04487 17.99 12 .50 0.02892 1.00064 0.7290 

24 0.2044 244.2 0.06684 0.0198 0.04287 18.78 13.03 0.03159 1.00062 0.7264 

25 0.1960 254.7 0.06683 0.0198 0.04105 19.57 13.55 0.03438 1.00059 0.7238 
26 0.1883 265.2 0.06682 0.0198 0.03938 20.35 14 .0 6 0.03726 1.00057 0.7214 

27 0.1811 275.7 0.06681 0.0198 0 . 03784 21.13 14.56 0.04026 1.00055 0.7189 
28 0.1745 286.2 0.06680 0.0198 0.03642 21.91 15.06 0.04337 1.00053 0.7164 

29 0.1684 296.6 0.06679 0.0199 0.03511 22.70 15.56 0.04659 1.00051 0.7138 
30 0.1627 307.0 0.06679 0.0199 o • 0 3389 23.48 16.05 0 . 04992 1.00049 0.7112 
31 0.1574 317.5 0.06678 0.0199 0.03276 24.18 16.53 0.05318 1.00047 0.7111 
32 0.1524 327.9 0.06677 0.0199 0.03170 24.87 17.01 0.05654 1.00046 0.7108 

33 0.1477 338.3 0.06676 0.0199 0.03071 25.57 17.48 0.05999 1.00045 0.7104 

34 0.1433 348.7 0.06675 0.0199 0.02978 26.27 17.95 0.06356 1.00043 0.7096 
35 0.1392 359 . 2 0.06674 0.0199 0.02890 26.98 18.42 0.06724 1.00042 0.7086 
36 0.1352 369.6 0.06673 0.0199 0.02808 27.68 18.88 0.07101 1.00041 0.7076 

37 0.1316 380.0 0.06672 0.0199 0.02730 28.38 19.33 0.07487 1.00040 0.7065 
38 0.1281 390.4 0.06670 0.0199 0.02656 29.09 19.78 0.07884 1.00039 0.7053 

39 0.1247 400.9 0.06668 0.0199 0.02587 29.79 20.23 0.08291 1.00038 0.7041 
40 0.1216 411.4 0.06665 0.0199 0.02521 30.50 20.67 0.08706 1.00037 0.7028 

42 001158 432.4 0.06657 0.0199 0.02398 31.89 21.54 0.09563 1.00035 0.7004 

44 0.1105 453.6 0.06647 0.0200 0.02288 33.29 22.40 0.10456 1.00033 0.6980 
46 0.1056 474.9 0.06632 0.0200 0.02187 34.69 23.24 0.11384 1.00032 0.6956 
48 0.1012 496.6 0.06613 0.0200 0.02094 36.09 24.06 0.12343 1.00030 0.6934 
50 0.0971 518.6 0.06588 0.0200 0.02010 37.49 24.87 0.13332 1.00029 0.6915 

52 0.0934 540.9 0.06557 0.0200 0.01931 38.88 25.67 0.14347 1.00028 0.6898 

54 0.0899 563.8 0.06519 0.0200 0.01859 40.28 26.46 0.15388 1.00027 0.6885 
56 0.0867 587 . 2 0.06474 0.0200 0.01792 41.68 27.24 0.16448 1.00026 0.6877 

58 0.0837 611.3 0.06421 0.0200 0.01730 43.08 28.00 0.17524 1.00025 0.6873 

60 0.0809 636.1 0.06360 0.0200 0.01672 44.54 28.75 0.18Hl 1.00024 0.6865 

65 0.0747 701.8 0.06176 0.0200 0.01542 48.42 30.59 0.21571 1.00022 0.6839 

70 0.0693 773.5 0.05953 0.0200 0.01431 52.29 32.37 0.24530 1.00021 0.6855 
75 0.0647 851.8 0.05701 0.0200 0.01336 56.16 34.10 0.27477 1.00019 0.6908 

80 0.0606 937.0 0.05435 0.0200 0.01252 60.07 35.78 0.30409 1.00018 0.&98& 

85 0.0571 1028.9 0.051&8 0.0200 0.01178 65.02 37.42 0.33850 1.00017 0.&974 

90 0.0539 1127.2 0.04910 0.0200 0.01112 &9.98 39.02 0.37291 1.0001& 0.&990 

95 0.0510 1231.0 0.04670 0.0200 0.01054 74.94 40.58 0.40749 1.00015 0.7022 

100 0.0485 1339.3 0.04451 0.0200 0.01001 89.50 45.74 0.49576 1.00015 O. & 849 

1·20 0.0404 1793.8 0.03812 0.0200 0.00834 117.11 54.09 0.&9775 1.00012 0.690& 

140 0.0346 2231.8 0.03491 0.0200 0.00714 136.14 59.20 0.88750 1.00010 0.6934 

160 0.0303 2613.6 0.03379 0.0200 0.00625 148.29 63.00 1.07837 1.00009 0.6940 
180 0.02&9 2935.9 0.03386 0.0200 0.00556 155. &4 66.17 1.27531 1.00008 0.6934 
200 0.0242 3214.0 0.03454 0.0200 0.00500 160.18 &9.01 1.48026 1.00007 0.6923 

220 0.0220 3466.5 0.03547 0.0200 0.00455 163.39 71.65 1.&9391 1.00007 0.&910 
240 0.0202 37U9.0 0.03&42 0.0200 0.00417 1&&.20 74.18 1.91&57 1.00006 0.6897 

2&0 0.0186 3951.7 o • 0 37 2 & 0.0200 0.00385 169.12 76.63 2.14822 1.00006 0.6886 
280 0.017 3 4199.3 0.03794 0.0200 0.00357 172.33 79.03 2.3891 2 1.00005 0.6877 

300 0.0162 4453.& 0.03848 0.0200 0.00333 175.88 81.39 2.63897 1.00005 0.6870 

350 0.0139 5121.7 0.03925 0.0200 0.00 286 186.09 87.21 3.30464 1.00004 0.6858 
400 0.0121 5820.1 0.03957 0.0 200 0.00250 197.40 92 . 95 4.02912 1.00004 0.6851 

450 0.0108 6538.6 0.0396" 0.0200 0.00222 209.28 98.62 4.8122 2 1 . 00003 0.6847 

500 0.0097 7262.6 0.03966 0.0200 0.00200 221.22 104 . 24 5.&5381 1.00003 0.&844 

550 0.0088 7993.& 0.039&3 0.0200 0.00182 233.23 109.79 6.55281 1.00003 O. &841 

&00 0.0081 8730.0 0.03956 0.0200 0.00167 245.23 115.28 7.50806 1.00002 0.6839 

700 0.0069 10224.1 0.03935 0.0200 0.00143 269.31 126.07 9.58252 1.00002 0.6837 

800 0.0061 11757.8 0.03901 0.0200 0.00125 2Q3.67 136.&1 11.86783 1.00002 0.6837 

900 0.005~ 13341.7 0.03855 0.0200 0.00111 318.48 146.90 14.35521 1.00002 0.68~8 

1000 0.0048 14983.4 0.03798 0.0200 0.00100 440.5& 15&.96 21.8293 2 1.00001 0.5338 

1200 0.0040 18442.1 0.036&8 0.0200 0.00083 511.17 176.43 29.6318& 1.00001 0.5304 

1400 0.0035 22147.0 0.03527 0.0200 0.00071 584.23 195.12 38.38501 1.00001 0.5283 

1&00 0.0030 261H.7 0.03373 0.0200 0.00063 &&~.2& 213.15 48.23109 1.00001 0.5250 

1800 0 . 0027 31207.2 0.03133 0.0200 0.0005& 778.71 230.&2 60.01969 1.00001 0.513& 

2000 0.0024 39423.8 0.02681 0.0200 0.00050 1010.58 247.68 76.12031 1.00001 O. ~8~0 
2500 0.0019 111728.4 0.01091 0.0195 0.00041 3524.07 291.&4 146 .3471 2 1.00001 0.3803 
3000 0.0014 351285.0 0.00429 0.0170 0.00039 12245.90 345.55 232.91357 1.00000 0.3882 
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C·2 THFRHOOY NAHIC PROPERTIES OF PARAHYOROGEN 

0.0" HPA I SOB AR 

TEMPERATURE VOLUME ISOTH~RM ISOCHORE INTE RN AL ENTHALPY ENTROPY CV CP VELOC ITY 
OERIVATI VE OERIVA1!VE ENERGY OF SOUNO 

OEG. K CU H/K G CU H-HPA/KG HPA/K KJ/KG-K KJ/KG KJ/KG-K KJ KG-K HIS 

13.61" 0.01296 1.1 e .. 7 0.92 37 -306.9 -306.4 ... 9&7 4.&6 &.36 12& 1 
1" 0.01301 1.13"9 o .923& -301-7 -307. 2 5 .0 55 4.72 &.50 1250 
15 0.01315 1.0340 0."063 -301.0 -30~. 5 5.517 4. "2 &. "" 1212 
1& 0.01331 0 .9 &e9 0 . 8905 -293.8 - 293 . 2 5.984 5.12 7 ..... 1187 
17 0.01348 O. 90 ~3 o • 6754 -28&.1 -265.5 &.450 5.30 7.92 11&3 
17. "97 0.013 57 a • 66 06 0.6&62 -262.1 -261.5 6.&63 5.39 6.15 115 .. 
17. "97 1.71035 0.0&"& 0.0025 102.9 171. J 32.5&6 &.34 11.20 338 
16 1.7&&"6 0.0670 0.0024 10 &. 3 17&.9 32.662 6.32 11.10 343 
19 1.87705 0.0718 0.0022 112.9 168.0 33.478 6.28 10.96 354 
20 1.98&52 o • a 7E4 0.0021 119.4 196. q 3".036 6.2& 10.66 3&4 
21 2 . 09514 0.0610 0 .00 20 125.9 209 .7 34.506 6.25 10.79 374 
22 2.20310 0.G655 0.0019 132.3 220 .4 35.0&& &.2" 10.73 38 .. 
23 2.31052 O. r%o 0.0018 136.7 231 . 2 35 .542 6.23 10.&6 393 

2" 2.41749 O. 09 .. 4 0.0017 145.1 241 . 8 35."96 &.22 10.&4 "0 2 
25 2.52409 o. o~e6 0.0017 151.5 252.4 36.430 6.22 10.61 411 
26 2.&3035 0.1032 0.001& 157.6 2&3 .0 3&.8"5 &.22 10.58 419 
27 2.73&34 0.107& 0.0015 164.2 273.& 37.24" 6.21 10.5& 427 
26 2.8"208 0.111" 0.0015 170.5 284.2 37.628 6.21 10.5 .. .. 36 
29 2.947&1 0.1162 0.0014 17&.8 294.7 37.998 &.21 10.52 ...... 
30 3.05295 0.1 205 0.0014 183.1 305.2 38.35 .. &. 21 10.51 .. 52 
31 3.15812 0.12 .. 8 0.0013 189 ... 315.7 3&.&98 6.21 10.49 .. 59 
32 3.2&J1" 0.1291 0.0013 195.7 32&.2 39.031 6.21 10."8 .. 67 
33 3.3&602 0.1333 0.0012 201 .9 33&.7 39.353 &.21 10."7 107 .. 

3 .. 3.47278 0.1376 0.0012 208.2 3 .. 7.1 39.6&6 6.20 10.46 .. 82 
35 3.577 .... 0.1418 0.0012 2110.5 357.& 39.969 &.20 10."5 .. 89 
3& 3.&8199 O. 1 .. 61 0.0011 220.7 3&8.0 "0.2&3 6.20 10 ..... .. 96 
37 3 .7 8&"& 0.1503 0.0011 227.0 378.5 .. 0.5 .. 9 &.20 10.103 503 
38 3.8906" 0.15"5 0.0011 233.3 366.9 40.627 &.20 10.43 510 
39 3.99515 0.1566 0.0010 239.5 399.3 41.096 6.21 10."2 516 
.. 0 ".09939 0.1&30 0.0010 2"5.6 "09.7 "1.3&2 6.21 10."2 523 

.. 2 4.307&6 o .1 71 .. 0.0010 256 .3 "30.& 41.670 6.21 10."2 536 
44 ".51576 0.1798 0.0009 270.8 451.4 42.355 &.22 10."2 549 
.. & 4.7236& 0.1882 0.0009 283.3 472.2 "2.818 6 . 23 10 ." 2 561 
48 ".931 .. 0 0.19&5 0.0008 295.8 493.1 "3.262 6.25 10.43 573 
50 5.13901 o .20"9 0.0008 308.4 5H.0 43.688 6.27 10.45 584 
52 5.34649 O. 2132 0.0008 321.0 534.9 4".098 6.30 10.47 595 
54 5 . 55387 0.2216 0.0007 333.7 555.9 44.494 6 . 34 10.51 606 
56 5.7611& 0.2299 * 0.0007 346.5 57&.9 44.877 6.38 10.55 &16 
58 5.9&837 O. 2363 0.0007 359.3 598.1 45.248 6.43 10.&0 6lb 
60 6.17550 0 . 246& 0.0007 372.3 &1903 45.&08 6.49 10.&5 &3& 

&5 &.&930& O. 2& 74 0.000& 405.3 &73.0 4&.4&8 &.&9 10.84 &58 
70 1- 210 30 o .2881 0.000& 439.4 727.6 47.260 &.94 11.09 &79 
75 7.72730 0.3066 0.0005 474.9 764.0 48.054 7.24 11.39 &97 
60 6.24410 0.329& 0.0005 512.0 641.8 48.800 7.60 11. 74 714 
85 8.7&074 C . 35 C3 0.0005 551.0 901.5 49.524 7.99 12.13 729 
90 9 . 27725 0.3710 0.0004 592.0 9&3.1 50.229 8.41 12.54 744 
95 9.793&5 0.3917 0.0004 &35.2 102&.9 50.918 8 . 84 12 . 96 756 

100 10.30996 0.4123 0.0004 &80.5 1092.9 51.595 9.27 13.41 772 
120 12.37"51 O.lt950 0.0003 662.2 1377.2 5".160 10.63 14.9& 827 
140 1".43633 o .5776 0.0003 1109.8 1&87.3 5&.5&& 11.82 15.95 883 

1&0 1&.50171 0.6602 0.0003 1351.0 2011.1 58.730 12.21 1&.34 940 
160 18.5&461 o . 7428 0.0002 1595.5 2338.1 &0.&5& 12.19 1&.31 997 
200 20.&2771 0.8253 0.0002 1837.1 2&&2.2 &2.3&2 11.94 1&.07 1054 
220 22 .69048 o • q 0 79 0 . 0002 2072.9 2980 . 5 &3.880 11.&3 15.7& 1109 
2"0 24 . 753110 0.9904 0.0002 2302." 3292.5 &5.237 11.33 15.45 11&2 
260 2& .81572 1. e729 0.0002 2526.3 3599.0 &6."&" 11.07 15.20 1213 
260 28 .678 2" 1.1 SS4 0.0001 27"5.7 3900.8 &7.583 10.87 15.00 12&2 
300 30.938"2 1.2376 0 . 0001 29&1.& "199.1 &8.612 10.72 1".8" 1309 
350 3&.09 .. 05 1 .4441 0.0001 3"91.5 .. 935.3 70.881 10.51 1 ... &3 1 .. 18 
400 41. 24955 1. &503 0.0001 4014.5 5&&".5 72.830 10 .42 14.55 1518 

450 46.40"9& 1 • P5f5 0.0001 453".8 &391.0 74.542 10.40 14.53 1&10 
500 51.5&032 2 . C027 0.0001 5055.1 7117.5 7&.072 10 ... 0 14.52 1&97 
550 5&.715&5 2 . 2&90 0.0001 5575.1 7843.7 77.456 10 .41 14.53 1780 
600 &1.87095 2 ." 752 0.0001 &09 &.0 8570.9 78.720 10.42 1".55 1859 
700 72.181 .. 9 1.8876 0.0001 7140.9 10026.2 60.9&8 10."8 14.&1 200& 
800 62."9200 3.30 CO 0.0001 6193." 11 .. 93.1 82.922 10.57 14.70 21102 
900 92 . 60246 3.71<4 0 . 0000 9256.7 12966.8 8".&59 10.70 1".82 22&8 

1000 103.1129" ... 12 .. 9 0.0000 10333.9 14.,8.5 86.231 10.8& 1 ... 98 238& 
1200 123.73385 4.9"97 0.0000 12"' ... 2 17"93 . 5 88.985 11.2" 15.37 2&01 
1 .. 0J 1 ..... 35520 5.1745 0.0000 110837.5 20&11.7 91.392 11.69 15.81 2795 

1&00 164. 982&9 6. ,9 Q 4 0.0000 17223.9 23823.J 93.513 12.19 16.32 2972 
1600 185 . &492 .. 7 ... 242 0.0000 19737.9 271&3 . 9 95.4"2 12.96 17 .12 3132 
2000 206."6386 6 • 2490 0.0000 22"96.0 30757.4 97.400 1 ... &5 18.92 32& .. 
2500 2&2.92037 10.3111 0.0000 3317&.9 "3&93.8 105.4"7 31 . 54 37 . 70 3509 
3000 3H.6,821 12 • ! 7 32 0.0000 &2713.5 7&&27.9 120.&." 6&.94 10 ... &2 3853 
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THERHOOY NAIIIC PROPERTIES OF PARAHYOROGEN C·2 

0 . 04 IIPA ISOBAR 

T E IIPE RA TU~E DENSITY V IOH/OV) V IOP/OU) -VIOP/OV) -(OV/OTl/V THERMAL vrSCOSIT Y THERMAL DIELECTRIC PRANDTL 
P V T P CONDUCT! VITY OIFFUSIVITY CONSTANT NUHOER 

OEG. ~ KG/CU II KJ/KG IIPA-CU H/ KJ IIPA 1 /OEG. ~ W/K - II KG/II-S SQ H/Ho 
X 10 2 X 10 3 X 10 7 

13 . 81'+ 77 . 03'+0 619 . 8 0.25646 89.7200 0.01029 72 . 76 255 . 02 0 . 00053 1.25164 2 . 2364 

1 .. 76.8696 613.6 0.25483 87.2391 0.0 1 059 74.63 248.30 l . 00054 1.25106 2.Hll 

15 76 . 0433 6(5.3 0.24280 78 . 6773 0 . 0115 .. 83 . 08 218 . 62 0 . 00056 1.2"616 1.8387 

16 75.1384 608.0 0.23158 72 . 8003 0 . 01223 86.91 194.63 0 . 00057 1 . 2449H 1.6280 

17 74.1849 607.4 0.22254 67.1585 0 . 01304 92 . 73 175.22 0 . 00057 1.2"164 1. 4961 

17."97 73 . 6915 608.9 0.21661 64 . 869 .. 0 . 01338 9" . 22 166 . 89 0 . 00056 1.23991 1 . 4431 

17 . 497 0 . 58 .. 7 170.9 0 . 06672 0.0378 0.06552 H.61 9 . 58 0 . 00603 1 . 00176 O. 7336 

18 0 . 5661 176.3 0.0&682 0.0379 0.06297 14 . 83 9 . 86 0.00849 1.00171 0 . 7381 

19 0 . 5326 187.! 0.0&&94 0.0382 0.05858 15 . 27 10 . 41 0 . 00941 1 . 001&1 0.7470 

2 0 0 . 5034 197.9 0.06700 0 . 0385 0 . 05"87 15 . 86 10 . 95 0 . 0104" 1.00152 0 . 7503 

21 O ... 773 208.7 0.0&702 0 . 0387 0 . 051&7 16 . &2 11 . 49 0 . 01162 1 . 00144 0 .7 460 

22 0.45B 219 . 5 0.0&702 0 . 0388 0.04687 17 . 39 12 . 03 0.0128~ 1.00137 0.7420 

23 0 ... 328 230.3 0.06701 0 . 0389 0.04639 18 . 16 12.55 J.0141lt 1.00130 0.7383 

2 .. 0 . 4137 241.0 0.06700 0.0391 0.04"1& 1 8 . 94 13 . 07 0 . 01549 1 . 00125 O. 7348 

25 0.3962 251.7 0.06698 0.0392 0.0 .. 2 1 6 19 . 72 13 . 59 0 . 01689 1 . 00119 0 . 7313 

26 0.3802 2 E2. 4 0.06697 0 . 0392 0 . 0"034 20."9 14.10 0.01834 1.00115 0 . 7282 

27 0.3655 273 . 0 0.06695 0 . 0393 0 . 03869 21 . 27 14 . 61 0.0198" 1 . 00110 0. 7 252 

28 0.3519 283.6 0.06694 0. 039 .. 0.03717 22 . 0" 15.10 0 . 021"0 1.00106 0 . 7222 

29 0.3393 294.2 0.06692 0 . 039" 0.03577 22 . 82 15 . 60 0 . 02301 1.00102 O. 7192 

30 0 . 3276 30 ... 7 0.06691 0 . 0395 0.03"47 23.59 16 . 09 0.02468 1 . 00099 0 . 7163 

J1 0 . 3166 315 . 3 0.06690 0 . 0395 0 . 03326 24 . 29 1& . 57 0 . 02632 1.00095 0 . 7157 

32 0 . 3065 325.8 0.0&&88 0 . 039b 0.03216 2" . 98 17.05 0.02801 1.00092 0.7150 

3 3 0. 2969 336.3 0.06687 0.0396 0.03112 25 . 68 17.52 0.02974 1 . 00089 0 . 7142 

3 .. 0 . 2680 346.8 0.06686 0.0396 0 . 03H5 26 . 38 17.99 0.03154 1 . 00067 0 . 7131 

35 0.2795 357.3 0.06685 0.039& 0 . 02924 27 . 08 18 . "5 0 . 03338 1 . 0008" 0 . 7119 

36 0.2716 367.8 0.06&83 0.0397 l . 02838 27 . 78 18.91 0 . 03527 1 . 00082 0 . 7106 

3 7 0 .2641 378.3 0 . 06681 0 . 0397 0.02758 28 . 48 19 . 36 0.03721 1 . 00080 0 . 7093 

38 0.2570 38 e . 9 0 . 06679 0.0397 0 . 02682 29 . 19 19 . 81 0.03920 1 . 00077 0 . 7079 

39 0 . 2503 399.4 0.06677 0.0397 0 . 02610 29 . 89 20 . 2& 0 . 0412" 1.00075 0 . 7065 

40 0.2"39 409 . 9 0.06674 0.0398 0.025"2 30 . 59 20 . 70 0 . 0"332 1.00074 0. 7051 

.. 2 0.23 21 431.1 0.06666 0.0398 0.02"16 31 . 98 21.57 ~ . 04762 1 . 0007~ 0 . 702 .. 

.... 0 . 221" "52.3 0.06655 0.0398 0 . 02303 33 . 38 22 . "2 0 . 05209 1 . 00067 0 . 6998 

.. 6 0.2117 .. 73.8 0.066"0 0.0398 0.02200 3".77 23 . 26 0 . 0567" 1.00064 0 . 6972 

"8 0 . 2 0 28 495.5 0.06620 0.0399 0 . 02106 36 . 17 24 . 09 0 . 06155 1.00061 0.69"8 

50 0 . 19,,'6 517.5 0 . 06595 0 . 0399 J . 02019 37 .5& 2" . 90 0 . 06650 1.00059 O. &927 

52 o • 1870 54 O. 0 0.06564 0.0399 0 . 01940 38.96 25 .7 0 0 . 07159 1.00056 0 . 6909 

5 .. 0.1801 5&2.9 0.0652& 0.0399 0 . 01666 40.3& 26 ."8 0 . 07&80 1 . 000 5 " 0 . 6895 

56 0.1736 566 ... 0.06460 0.0399 0.01799 "1.75 27 . 26 0 . 06211 1.00052 0 . 6886 

58 0.1676 610 . 5 0.0&"27 0.0399 J.01735 43 . 15 28.02 0 . 06750 1 . 00050 0 . 6881 

60 0.1619 635." 0.06366 0.0399 0.01677 4 ... &1 28.78 0.09309 1.000"9 0. 6872 

65 0.1 .. 9 .. 701.2 0.06162 0. 0399 0.015 .. 6 .. 8 . .. 8 30.61 0 . 10776 1 . 00045 0 . 6645 

70 0 . 1387 772.9 0 . 05957 0 . 0400 0 . 01"3'+ 52 . 35 32 . 39 0.12257 1 . 00 042 0 . 6660 

75 0.129 .. 851.2 0 . 05705 0 . 0400 0 . 01338 56 . 21 34.12 J . I3732 1.00039 0 . 6912 

80 0 . 1213 936 . 5 0.05 .. 39 0 . 0400 0.01253 60 . 12 35 . 80 0 . 15200 1.00037 0 . 6990 

85 0 . 11'+1 1028.5 0.05171 0 . 0"00 0 . 01179 65 . 07 37 . "3 0 . 169?2 1 . 0 00 3" 0 . 6977 

90 0 . 1076 112&.8 0.0"913 0.0400 l . 01113 70 . 03 39 . 03 0 . 18H3 1.00032 0.6992 

95 0 . 1021 1230.6 0.0"673 0.0"00 0 . 0105" 7 .. . 98 40.59 0 . 2037" 1 . 00031 0 . 702" 

100 0 . 0970 1338 . 9 0.0 .... 53 0 . 0"00 0 . 01001 89 . 5 1 "5.7" 0 . 2"777 1 . 00029 0 . 6851 

J. 2 0 0. 0808 1793 . 6 0 . 03813 0 . 0 .. 00 0.00834 117.11 5 .. . 08 0 . 3"876 1 . 0002" 0 . 6908 

1 .. 0 0 . 0693 2231.8 0.03493 0 . 0"00 0.00715 136 . 14 59.20 0 , "4370 1 . 00021 0 . 6935 

1 &0 0 . 0606 2613.6 0 . 03380 0 . 0"00 0.00625 1"8 . 29 63 . 00 0.53917 1 . 00018 0 . 69"1 

180 0.0539 293&.1 0.03387 0.0"00 0 . 00556 155 . 64 66 . 17 0.63767 1.00016 0 . 6935 

2 00 0 . 0"85 321 .. . 3 0 . 03"55 0.0"00 0.00500 160 . 19 69 . 01 0 . 7 .. 01 H 1 . 00015 0 . 692" 

220 0 . 0 .... 1 34&6 . 8 0.035"8 0.0400 0.00455 163 . 39 71.66 0 . 8"703 1 . 00013 0.6910 

24 0 0 . 0 .. 0 .. 3709.3 0 . 036"2 0 . 0400 0.00417 166.20 7".18 0 . 95838 1.00012 O. &898 

26 0 0 . 0373 3952 . 1 0.03726 0.0400 0 . 00385 169 . 12 7& .63 1 . 07423 1.00011 0. 6886 

280 0 . 0346 4199.7 0 . 03795 0.0400 0 . 00357 172 . 34 79.03 1.19"71 1 . 00010 0.6877 

30 0 0 . 0 323 4"54.0 0 . 03849 0 . 0"00 0 . 00333 175 . 89 81. .. 0 1.3196& 1.00010 0. 6870 

350 0.0277 5122 . 2 0.0392& 0 . 0400 0 . 00286 186 . 10 87.22 1.65255 1 . 00008 0 . 6858 

.. 00 0 . 0242 5820.6 0 . 03957 0 . 0400 0 . 00250 197 . 41 92.96 2 . 01 .. 8 .. 1 . 00007 0 . 6851 

.. 50 0.0215 &539.2 0 . 0396" 0.0"00 0 . 00222 209 . 30 98 . 63 2 . "0645 1 . 00006 0.68"7 

500 0 . 019" 7 2&3.1 0 . 03966 0 . 0"00 0 . 00200 221 . 23 104 . 24 2.82730 1.00006 0 . 68 .... 

5 50 0 . 0176 7994.2 0.03963 0.0 .. 00 0.00182 233.2" 109 . 80 3.27686 1.00005 0 . 6841 

600 0 . 01&2 87;)0 . 5 0 . 03957 0.0400 0 . 001&7 245 . 25 115 . 29 3 . 75455 1.00005 0 . 6839 

700 0 . 0139 1022" . 7 0.03935 0.0"00 0 . 00143 269 . 33 126.08 ... 79190 1 . 00004 0.&837 

800 0 . 0121 11758 . 4 0.03901 0.0 4 00 0.00125 293.70 13& . 62 5.93471 1 . 00004 0 . 6837 

900 0 . 0108 133"2.3 0.03855 0.0400 0.00111 318 . 51 1"&.92 7.17"53 1 . 00003 0 . 6838 

1000 0.0097 1"984.0 0.03798 0.0"00 0.00100 "40.56 156.97 10 . 91511 1 . 00003 0.5338 

1200 0.0081 134"2 . 4 0 . 036&8 0 . 0400 0.00083 511 . 16 176 . 44 1 .. . 81&32 1.00002 0 . 5305 

1 .. 00 0.00&9 22140.9 0.03528 0.0400 0 . 00071 583 . 96 195.14 19 . 18995 1 . 00002 0 . 5285 

1600 0.0061 2&108.0 0.03384 0.0400 0 . 00062 &61 . 59 213.17 24 . 08132 1 . 00002 O. 5258 

1 8 00 0.005" 30811.3 0.03183 0. 0400 0 . 00056 763.23 230.&3 2~.7926~ 1 . 00002 0.517 .. 

2000 0.00 .. 8 37799 . 5 0.02819 0 . 0 .. 00 0 . 00050 9~7 . 86 2~ 7 . 66 J7.23361 1 . 00001 0 . "9"" 

2500 0.0038 92396.5 0.0133 .. 0.0392 0.00041 2791 . 89 290.67 70.10222 1.00001 0 . 3925 

3000 0.0029 273107.0 0.00533 0.0356 0 . 00037 95"1 . 08 342 . 9Z 11 ... 20189 1.00001 0 . 3760 
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C-l THERM00nJAHIC PROPERTIES OF P ARAHYOROGEN 

0. 0& HPA IS03AR 

TEMPERATUR" VOLUME ISOTH~~H ISOCI10RE INTERNAL ENTHA L PY EN TROPY cv CP VELOCITY 
OERIVATIV< OERIVATIVE ENERGY OF SOUNO 

OEG . K CU H/KG CU M-~:FA/KG HPA/K KJ/KG-K KJ/KG KJ/KG - K KJ KG-K HIS 

13 . ~Zl 0 . 01296 1.1660 0.9239 -306.9 -306.1 ~ . 96 7 ~. &6 &.3 6 12&1 
1 ~ 0 . 01301 I.! 360 0.9239 -307.7 -30&.9 5 . 052 ~.71 &.~9 1252 
15 0.01315 1 . 03&7 0.9090 -301.0 -300 . 2 5.51~ ~. qz &. 9 9 1213 
1& 0.01331 0.9709 0.8912 -293 . 8 -293.0 5 . 960 5.1 2 7.~ 3 1188 
17 0.013~6 o.a073 0.67&1 -26&.1 -265.3 & . ~" 5 . 30 7. 9 1 11&~ 
16 0 . 0136& o • 6~60 0.661& -276.0 - 277 . 2 6.914 5 . ~7 6." 2 11 .. 1 
16 . &21 0 . 01378 0.81H 0.852 .. -27 2.& -271 . 8 7. 205 5.5& 6.7 2 1130 
16. &21 1.19270 0.0&63 0.003& 107 . 6 179.2 31 . .. 30 &. "1 11. 53 3~5 
19 1.2217~ O. CH2 o .0035 110.2 163 . 6 31 . &&2 6 . 36 11.~ 3 350 
20 1.2971t3 0.0732 0.0033 117.0 19 ... 9 32 . 2"3 6 . 33 11 .2 3 360 
21 1.37206 O. C7~0 0.0031 123.7 200.0 32 . 767 6 . 29 11. 09 371 
22 1,~"595 ). G 626 0.0029 130.3 217 . 1 33.300 6 . 27 10. 98 381 
23 1 . 51921 o .0675 0.0026 136.9 226.0 33.767 6 . 26 10. 90 390 

2 .. 1.59196 o .onl 0.0026 143 ... 238 . 9 3 .. . 2~9 6 . 25 10.83 400 
25 1.66 .. 30 o .0966 o .0025 lIt9 . 6 2"9 . 7 34.69 0 6 . 24 10.76 "09 
26 1 . 73629 0 . 1011 0.002" 156.3 260 ... 35 . 112 6 . 23 10.73 .. 17 
27 1.60796 0.1050 o .0023 162.7 271 . 2 35 . 516 6 . 2J 10.70 426 
26 1 . 67941 0.1101 0.0022 169.1 281 . 6 35 . 905 6 . 23 1 0 .&& .. 34 
29 1.95062 0 . 11~5 0.0021 175.4 292.5 36 . 278 &. 22 10 . 6 3 442 
30 2.02162 0.1169 o .0021 161.8 303.1 36 . 639 6 . 22 10.61 450 
31 2.092"5 L1232 o • 0020 166 . 2 313 . 7 36 . 96& &. 22 10.59 ~58 
32 2.16313 0.1276 0.0019 194 . 5 324 . 3 37.322 6 . 22 10.5 7 466 
33 2.23 3 67 0.1319 0.0019 200 . 6 334 . 6 37.647 &. 21 10.55 473 

34 2.30406 0.1363 0.0016 207.1 345.4 37.9&1 &. 21 10. 5 3 .. 61 
35 2.3 7437 0.14C& 0.0016 213 ... 355.9 36 . 266 6 . 21 10.5 2 488 
36 2 ....... 57 o .1 .. ~9 0.0017 219.7 3&6.4 38 . 563 6 . 21 10. 5 1 495 
37 2.51466 O. 1492 0.0017 226.0 376.9 36.850 6 . 21 10.4 9 502 
36 2 . 56"70 J • 1534 0.0016 232.3 387 . 4 39.130 6 . 21 10." 9 509 
39 2.65465 0.1577 0.0016 236.6 397.9 39.402 6 . 21 10.46 516 
~O 2 . 72"52 O. 1620 0.0015 2~~.9 "06.4 39 . 668 6 . 2 1 10 . ~7 522 

"2 2.86~09 O. 17 OS O.OOllt 257.4 .. 29 . 3 ~0.178 6 . 22 10.~ 6 536 
~ .. 3 . 003 .... O.! 7 89 0.00110 270.0 ~50 . 2 ~0.&65 6 . 23 1 0 .~ 6 548 
46 3.14260 o .18 7~ 0 . 0013 262.6 "1 . 1 41 . 129 6 . 24 10.~ 6 561 
.. 8 3 . 26161 0.1 9~8 0.0013 295.1 "92 . 0 U.575 6 . 25 1 0. " 572 
SO 3.420~7 J.20"Z 0.0012 307.8 513.0 ~2 . 002 6 . 26 1 0 .~ 8 58 .. 
52 3.55922 0.2126 0.0012 320 ... 53" . 0 ~2 . "1~ 6 . 30 10.50 595 
54 3 . 69786 O. <210 C.OOH 333.1 555.0 42 . 811 6 . 34 1 0. 5 3 60& 
56 3 . 836"1 C.2294 0.0011 345.9 576.1 43 . 19" 6 . 38 10. 5 7 616 
58 3 . 9l1t67 0.2376 0.0010 358.6 597 . 3 ~3.566 6 . .. 4 10. 62 62& 
60 4.11327 0.2"61 0.0010 371.8 616.& 43.927 6.50 1 0 . & 7 &36 

65 ~.45697 O. Z670 0.0009 404.6 &72 . 4 .. 4 . 788 6 . &9 10. 86 658 
70 4.80437 0.2678 0.0009 439.0 727.3 45 . &01 6 . 94 11.1 0 67 9 
75 5 . 14951 0.30e6 0.0006 47".5 783 . 5 46 . 377 7 . 2 .. 11.4 0 &97 
80 5.~9""6 o .329" 0.0008 511. , S"I.3 ~7 . 12" 7 . 60 11. 75 71~ 
85 5.8392" 0 . 35(1 0.0007 550.7 901.0 47.8" 7 7 . 9Q 12.1" 729 
90 &.16390 0.37 C9 0.0007 591.7 9&2.S "8.553 8 . 41 12 .5 5 lit .. 
95 6.52645 o . 3916 0.U006 634.9 1026.6 49.2"3 6 . 6 .. 12 . 96 756 

100 6 . 67291 0.~123 0.0006 680.2 1092.6 "9.920 9 . 27 13. "1 772 
120 8.25003 0.4951 0.0005 662.0 1377.0 52.506 10 . 63 lIt. 96 627 
1~0 9.626~~ 0.5777 0.000" 1109.6 1667.2 5~ . 695 11.82 15 . 95 663 

160 11.00241 o • 6604 o • 0 0 O~ 1350.6 2011.0 57 . 056 12 . 21 16 . 3 4 9~0 
1 60 12.3 7610 0.7430 0.0003 1595.4 2338. 1 56 . 963 12 . 19 1 & . 31 997 
20J 13.75359 J. 8Z 55 0.0003 1637.0 2662.2 60 . 690 11 . 9 .. 16 . 0 7 105~ 
220 15 . 12893 0.9681 0.0003 2072.8 2960 . 5 62.207 11 . 63 15 . 7 6 1109 
2~0 16.50418 o • 9906 0.0003 2302.3 3292.6 63.505 11 . 33 1 5 .~ 5 1163 
2 60 17.67935 1. 0 732 0.0002 2526.3 3599.0 6~.791 11 . 07 15 . 20 121~ 

280 19.25~~6 1.1557 0.U002 2745.6 3900.9 &5 . 910 10 . 67 15.0 0 1263 
3 00 20.62601 1.2381 0.0002 2961.5 4199.2 66 . 9"0 10 . 7Z 1~ . 65 1309 
350 24.06523 1 • ~~ ~~ 0.0002 3~91.5 ~935 . ~ &9 . 206 10. 51 1~. & 3 1~18 

400 27.50233 1.&506 0.0002 4014.5 5664 . 6 71. 157 10. 42 1~.5 5 1516 

~50 30.9393~ l. P ~ b8 0.0001 .. 534.7 &391.1 72.670 10 . ~0 1 ~. 53 1&10 
5 00 3~.37630 2. C&31 0.0001 5055.1 7117.7 lIt . 399 10.40 1~. 52 1 697 
55 0 37.81322 2.2 E'?3 0.0001 5575.0 78~3.8 75. 7 6~ 10 . 41 14. 53 1780 
&00 "1 . 25012 2 .4755 0.0001 609&.0 6571.0 77 .0 .. 6 10 .~ 2 1~. 55 165 9 
700 46 . 12366 2 .8679 0.0001 71"0.9 10026.~ 79 . 295 10 . "6 1 ... 6 1 200& 
600 54 . 9975& 3. 3004 o .0001 6193.4 11~93. 3 61.250 10 . 57 1 ~ .70 21 .. 2 
900 61.67123 3.7126 0.0001 925&.7 129&9.0 62.967 10 . 70 14. 62 22 68 

10 0J 66.7"~69 ... 1252 0.0001 10333.9 14~56. & 6".559 10 . 8& 1~. 96 2366 
1200 62 . "9216 4. 9501 0.0001 12544.2 17~93 . 7 67 . 312 11. 24 15.37 2601 
1 ~00 96.23973 5. 77~9 0.0000 1~637.3 20&11 . 7 89 . 720 11. 69 15 . 6 1 2795 

1&00 109.9905& 6.5997 G.OOOO 17222.2 23821 . 7 91.640 12 . 17 1&. 30 2973 
1600 123.76266 7.4 2 ~& 0.0000 1972&.& 27152.3 93 . 763 12 . 87 17. 02 313~ 

2000 137.62626 8 . 2"94 0.0000 22446.& 3070~ . 2 95 . 699 14 . 31 16. 56 3271 
2500 1 74 . 65337 lJ.3115 0.0000 32383.& 42862.6 103.412 28 . 28 l ~. 0 3 3521 
HOO 227 . 2 .. 91& 12.3 nb 0.0000 57639.5 71~lIt.4 117 . 065 74. 57 ~9 . 35 36~ 5 
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THERMOOY NAMIC PROPERTIES OF PARAHYOROGEN C-Z 

0 . 0& MPA ISOBAR 

TEHP ER ATURE OENSITY • (OHI OVlp V (OP/OUI
V 

- V(QP/OVI - (OV /OT~VCON68~~~~iTY V ISCOS IT Y THERMAL DIELEC TRIC PR ANO TL 
T OIFFUSIvITY CONSTANT NUMBER 

OE G. K KG/CU H KJ/KG MPA;C~O~IKJ HPA 1/0EG . K H/K - H KG/~-S SQ H/HR 
X 10 3 X 107 

13. 821 77.0 455 & 20.4 0 . 25&4" 89 . 831" 0 . 01028 72 . 8" 255 . 1" 0.00053 1. 251&8 2.2350 

14 7& . 88&9 &1 .. . 7 0 . 25<.8& 87 ." 981 0 . 0105& 7" . &5 2 .. 8.&5 0 . 0005" 1.25112 2 . 1&20 

15 7&.0&18 & 0& . 0 0.2 .. 29& 78 . 8559 0 . 01153 83 . 11 218 . n 0 . 0005& 1 . 2 .. 822 1 . 8"01 
1& 75 . 1582 &08.7 0 . 23173 72 . 9&qz 0 . 01221 88 . 95 19".90 0.00057 1 . 2"505 1 . &289 

17 7". 2067 608 . 1 0 . 22269 67 . 32"3 0 . 01301 n . n 175 . " 7 0 . 00057 1 . 2" 17 2 1 . "968 

18 73 . 209& &05.0 0 . 21517 & 1. 9320 0 . 01391 95 . .. & 159 . 47 0 . 0005& 1 . 23823 1." 062 
18. ;21 72 . 56 " 5 &t" . 7 0 . 21108 59.115 7 0 . 0 1 .... 2 %.52 150 . 87 0 . 00055 1 . 23598 1 . 3&28 

18. &21 0. 8384 1 78 . 9 0 . 0&&&& 0 . 055& 0 . 0&44 & 15 . 43 1 0. 2& 0 . 00574 1 . 00253 0. 76&7 

H 0 . 8185 183.1 0.0&&78 0 . 0558 0 . 0&24& 15 . 58 1 0.47 0 . 00599 1 . 002"7 0 . 7&81 
20 0. 7708 19" . 0 0 . 0&&99 0. 05&" 0 . 05790 1&.11 11 . 01 0 . 00&70 1.00232 0. 7&73 
2 1 0 . 7288 205.0 0.0&709 0 . 05&9 0 . 05"10 16 . 8" 1 1. 55 0.00750 1.00220 0 . 7&00 

22 0 . 6H6 215.9 0 . 06714 0 . 0573 0 . 0508& 17 . 59 12.08 0 . 0083" 1.00209 0.7 539 

23 0 . &582 22&.9 0 . 0&715 0. 0576 0 . 04804 18 . 35 1 2 . 6 0 0 . 00921 1 . 00198 0 . 7486 

24 0 . 6282 237.8 0.0671" 0.0578 0 . 0 .. 556 1 9 .1 1 13 . 12 0 . 010 1 1 1 . 00189 0 . 7"38 

25 0 . &009 2"8 . & 0.0&713 0 . 0581 0 . 04335 19 . 88 13.& .. 0 . 01105 1 . 00 181 0 . 739" 
2& 0. 5 75 9 259.5 0 . 0&711 0. 0582 0 . 04137 20 . 65 14 . 15 0 . 0120~ 1.0017" 0 . 7355 

27 0 . 55 31 270 . 3 0 . 06709 0. 0584 0 . 03958 21 . 41 1 .. . 65 0 . 01303 1.00167 0 . 7 318 

28 0. 5321 281 . 0 0 . 06707 0 .0 586 0 . 0 3794 22 .1 8 15.15 0 . 01 .. 07 1 .0 0160 0 . 7283 

Z9 0 . 5127 291.7 0 . 06705 0 . 058 7 0 . 03&,,5 22 . 9 " 15 . 6 .. 0 . 01515 1 . 00155 0.7 Z" 9 

30 0 . ,,%7 302 . .. 0 . 06703 0 . 0588 0 . 03508 23 . 71 16 . 13 0 . 01&27 1 . 00 149 0 . 7215 

31 0. " 77 9 313 . 1 0.06701 0.0 589 0.0 3381 24. 40 1&. 61 0 . 01737 1 . 00 14" 0 . 720" 

32 0.4 6 2 3 323 . 7 0. 0&700 0.0 590 0.0 3264 25 .10 17 . 08 0 . 01850 1. 00139 0 . 7193 

33 O . .... 77 334 . 3 0 . 06698 0.0 591 0 . 03155 25 .7 9 1 7. 56 0 . 01%& 1 . 00 1 35 0. 71 81 

3 .. 0 . .. 3 .. 0 3 .. .. . 9 0 . 06697 0. 0591 0 . 03053 26 . "9 1 8 . 02 ) . 02086 1 . 00131 0 . 716 7 

35 0, " 21 2 355.5 0.06695 0.0 5qz 0. 02958 27 . 19 18 . .. 9 0 . 02209 1. 00127 0. 7 152 

36 0. "091 366.1 0 . 06693 0 . 0593 0 . 028 70 27 . 89 18.9" 0 . 02336 1. 00 123 0. 71 37 

37 0 . 3977 376.7 0.06691 0 . 0593 0.02786 28 . 58 19 .4 0 0 . 02466 1 . 00120 0 . 7 122 

38 0. 38&9 387.3 0.0&&89 0. 0594 0 . 02707 29 . 28 19 . 85 0 . 02599 1 . 00 117 0 . 7 1 0& 

3 9 0 .37.7 397.9 0 . 0&&8& 0 . 0594 0.02&33 29 . 98 20 . 29 0 . 02735 1. 00 11 4 0 . 7 090 

.. 0 0 . 36 7 0 .. 08.5 0.0&&83 0 . 059 .. 0.025&3 30.&8 20 .7 3 0 . 0287<. 1 . 00111 0. 70 74 

.. 2 0 . 3 4qz 429 . 7 0 . 0&&7 .. 0. 0595 0 . 02 .. 3 .. 32 . 07 21 . &0 0 .0 3 161 1 . 0010 5 0.7044 

44 0. 3330 .. 51 . 1 0 . 06&63 0. 05% 0 . 02318 33 . 47 22 . "5 0 . 03<.60 1 . 00 10 0 0 . 7 01 5 

.. 6 0 .3 182 "72.6 0 . 066"8 O. a 596 0 . 02213 3 ... 86 23 . 29 0 . 03 77 1 1 . 0009& 0.&988 

.. 8 0. 30" 7 .. 9 .. . .. 0 . 0&628 0 . 059 7 0 . 02117 36 . 2 5 2" . 12 o . o .. on 1 . 00 092 0 . 6962 

5 0 0. 2n .. 516.5 0.06602 0.0 597 0 . 02 029 3 7. & .. 2 .. . 93 0 . 0 .... 23 1.0 0088 0 . 69" 0 

52 0 . 281 0 5H . 0 0. 0&57 1 0. 0597 0.019" 8 39 .0 3 25 . 72 0 . 0"762 1 . 000 8 5 0 . 692 1 

5 .. 0. 2704 562 . 0 0.0&532 0.0598 0 . 0187<. " 0 .43 26 .5 1 0 . 05110 1 .0008 1 0. 690 & 

56 0. 2& 07 585.& 0.0& .. 8& 0. 0598 0 . 0 1805 .. 1 . 82 27 . 28 0.05,,&5 1 . 0 007 9 0. 6 8 95 

58 0. 251 & &09.7 0 . 0&433 0 . 0598 0 . 017" 1 " 3 . 22 28 .0 5 0 . 05825 1. 0 00 7& 0. &8 9 0 

60 0. 2 431 63" . 6 0. 0 6372 0. 0598 0.01&82 "4 . &8 28 . 80 a . 0&19~ 1.00 07 3 o . &88 0 

65 0. 22 .. 3 700 . 5 0 . 0&187 0 . 0599 0 . 01550 " 8 . 5" 30 . &3 0 . 07177 1. 000&8 0 . &85 1 

7 0 0 . 2081 772 . 3 0. 05962 0. 0599 0 . 01437 52.41 32 . 41 0 . 081&& 1. 0 00 &3 0 . &8&5 

75 0. H 4 2 850 . 7 0 . 05709 0.0 599 0 . 0 13" 0 5& . 26 3 .. . 1 .. 0 . 09150 1.0 0059 O. & 9 16 

80 0. 1820 936.0 o • a 5 .... 3 0 .0 599 0 . 01255 60 .17 35 . 82 0.10 130 1 . 00055 0.&99 .. 

85 0. 17 1 3 1028 . 0 0 . 05 17 5 O. 0&00 0 . 01181 65 . 12 37 , "5 0 . 11279 1 . 0 00 52 O. & 98 0 

90 0 . 1&17 112& . 3 0 .0 .. 91& 0. 0&00 0 . 0 111" 7 0 . 07 39 . 05 0 . 12"28 1 . 00049 0 . &995 

95 0 . 1532 1230.2 0.0 .. &75 0. 0600 0.0 1055 75 . 03 .. 0 . & 1 0 . 13582 1 . 0004& 0 . 7 0 2& 

100 0. 1"55 1338.5 o .0 .... 5& 0 . 0&00 0 . 0 100 2 89 . 52 4 5 . 7 .. 0 . 16511 1 . 000 4 " 0.& 8 54 

12 0 0. 12 1 2 17 93 . 3 0.03815 0. 0600 0 . 0 083" 117.11 5 ".0 8 0 . 232"& 1. 0 00 37 O. &9 09 

1 .. 0 0 . 1039 2231.7 O. a 3 .. 9" 0 . 060 0 0 .0 0715 136 .1 3 59 . 20 0 . 29577 1. 0 003 1 0. &93& 

1 &0 o • 0909 2 &1 3.7 0 . 03381 0. 0600 0. 0 0 &25 148 . 29 63 . 00 0.359 .. .. 1. 00027 0.&9 .. 2 

180 0 . 0808 2936.2 0.03388 0 . 0&0 0 0 . 0055 & 155 . &" 6& . 17 0."2513 1 . 0 002 .. O. &93& 

2 00 0. 0727 3214 . 5 0.03456 0 . 060 0 0 . 00500 1& 0. 19 &9 .0 1 O . .. 93 .. 8 1 .00 022 0.6n .. 

22 0 o • 0&61 3 .. &7.1 o • 0 35 .. 8 0 . 0&00 0.0 0"55 1&3 . .. 0 71 . &6 0 . 5&473 1 . 00 0 20 0. &9 11 

2 40 0.060& 3H9.7 o . 03&" 3 0. 0&00 0 . 00 " 17 166 . 21 7" .1 8 0 . 63899 1 .0001 8 0. 6898 

2 &0 0 . 0559 H52 . 5 0.03727 0. 0&00 0. 00385 169 .1 3 76 . 63 0 . 7162 .. 1. 0 00 17 0 . 6 8 87 

2 80 O. 05 1 9 "200 . 1 0 . 0379& 0 . 0&0 0 0 . 0 0357 17 2 . 35 79. 04 0 . 79&57 1.0 001 6 0. &87 8 

300 0. 0 .. 85 .45 • • 5 0.036"9 0. 0&00 0 . 0 0333 175 . 90 81 ." 0 0 . 87989 1 . 0 001 5 0 . 687 0 

3 5 0 0. 041& 5122.7 0.03n6 0 . 0600 0 . 0 0 28& 186 . 11 87 . 22 1 . 10185 1. 0 0013 0. 6858 

400 0 . 0364 5821 . 2 0.03957 0. 0600 0.0 0 250 197 . 42 92 . 9& 1 . 3" 3 .. 2 1 . 00011 0 . &851 

45 0 0 . 0323 6539 . 7 0 . 039&5 0 .0 &00 0.00222 209.31 98 . &3 1 . 60.52 1 . 00010 O. &8H 

5 00 0 . OZ91 72 &3 . 7 0.039&7 0.0&00 o . a a 20 0 221 . 25 10 ... 25 1 . 88513 1 .0 0009 0. 68 .... 

550 0.026 .. 799 .. . 7 0.039&3 0 . 0600 0.00182 233 . 26 109.80 2 . 18488 1. 00 0 08 0. &8 41 

600 0. 02"2 8731.1 0 . 03957 0.0 &0 0 0 . 0 01&7 2 .. 5 . 27 115.30 2.50338 1 .0 0007 0 . &839 

700 0 . 0208 10225 . 3 0.0393& 0.0 &0 0 0 . 001"3 269 . 35 12& . 09 3 . 19503 1 . 00006 0. 683 7 

800 0.0182 11759.0 0.03902 0.0 &0 0 0 . 00125 293 . 72 13&. & .. 3 . 95699 1 . 00005 O. & 8 37 

9 00 0 . 0162 133"3.0 0 . 03855 0 . 0&00 0 . 00111 318 . 54 1"& . 93 4 . 78632 1.00005 0 . &8 38 

1000 0 . 0145 1498 ... 6 0.03799 0 . 0&00 0 . 00100 4. 0. 5& 15&.99 7 . 27704 1.00004 0 . 5339 

12 00 0 . 0121 18 .. 42.9 0 . 03&&9 O. a &0 0 0 . 00083 511 .1 5 17& •• & 9 . 87786 1 . 0000. 0 . 5305 

1 .. 00 0 . 010 4 22138.5 0.03529 0.0&00 0 . 00071 583 . 83 195 . 16 12 . 7927& 1 . 00003 0 . 5285 

1&00 O. OOH 26078.9 0.03389 0 . 060 0 0 . 00062 &&0 . 41 213 . 19 1& . 04"31 1 . 00003 0 . 52&1 

18 00 0. 0081 30 &36.3 0.03206 0 . 0600 0.0005& 75& . 37 230 . &5 19.79&68 1.00002 0 . 519 1 
20 00 0 . 0073 37079 . 7 0 . 02885 0. 0599 0 . 00050 920.05 2"7 . 66 2 • • 56292 1.00002 0 . 4996 
Z5 00 0.0057 83721.9 0 . 01 482 0 . 0590 0.00041 2463 . 29 290 . 23 45 . 50813 1.00002 0 . " 010 
30 00 0 . 004" 243Z"5.~ o .00610 0 . 0544 0 . 00037 8196.95 341.07 75.05"28 1 . 00001 0 . 3 7 18 

l ~ ? 

THO-P~ ASE BOUNOARY 



C-2 THERMOQY MHIC PROPERTIES OF PARAHYOROGEN 

0.06 HPA IS03AR 

TEMPERATURE VOLUHE ISOT~ERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VElOC ITT 
OER IVATIV( OER IVA TIVE ENE RGY OF SOUND 

DEG . K CU M/K G CU M-MPA/KG HPA/K KJ/KG-K KJ/KG KJ /KG- K KJ KG-K HIS 

13. d2d 0.012ge 1.1672 0.9241 -30 6.9 -307.9 4.966 4.66 6.36 1262 
14 0 . 01300 1.1 411 0.9241 -307.6 -306.7 5.050 4.71 6.49 1253 
15 0.01ll4 1.0366 0.9097 -301.1 -300.0 5 .511 4.92 6.96 1214 
16 0.01330 0.9729 0.6919 -293.9 -292.3 5.977 5.12 7.43 1169 
17 0.013"7 o • 9092 0.6766 -286.2 -265.1 6."44 5.30 7.91 1165 
16 0.013&6 " .6460 0.6&23 -276.0 -27&.9 &.911 5 .H 6.41 1142 
19 0.01365 0.7633 0.6470 - 2&9.4 -2&6.3 7.379 5. &2 6.9& 1117 
l<:J.ltQ :' 0.0139& 0 . 7643 o .6364 -264.9 -263.6 7.614 5.69 9.16 1111 
19 . .. 9& 0.92223 O. Of71 0.0047 110.9 164.7 30.623 6 .4 & 11.64 351 
20 0.95169 0 .t 696 0 . 0045 114.5 190.7 30.923 &.41 11 . 66 356 
21 1.00961 0 . 0750 0.0042 121. .. 202 . 2 31.467 6.35 11.44 367 
22 1.06&62 O. 0800 0 .0 040 126.2 213.6 32.015 6.32 11.27 378 
23 1.12311 0.0849 0.00 38 134.9 224.6 32 . 513 6.29 11.14 386 

24 1.17865 O. 06 q7 0.0036 141. 5 235.9 32.985 6 . 27 11. 0 4 397 
25 1.23413 O. 0944 0.0034 146.1 246.9 33 . 434 6.26 10.96 406 
2& 1.28903 o . 0990 0.0033 154.7 257 . 6 33.863 6.25 10.89 415 
27 1. 34361 o • 103& 0 . 0031 161.2 266.7 34.273 6.25 10.84 424 
26 1.H792 O. 1082 0.0030 167.6 279.5 34 .6 &6 6.24 10.79 433 
29 1.45199 0 . 1127 0.0029 174.1 290.2 35.044 6.24 10 . 75 441 
30 1.50585 0. 1172 0.0028 180.5 301.0 35 .4 08 &.23 10 . 72 449 
31 1.55953 0 .1 217 0.0027 186.9 311.7 35.759 6.23 10.68 457 
32 1. 61305 0 .1 261 0.0026 193.3 322.3 36 .0 96 6.23 10.&6 465 
33 1. 6& 04 2 0 . 1305 0 . 0025 199.7 333.0 3&.425 6.22 10.63 472 

34 1. 71967 0 .1349 0 . 0024 206.0 343 . 6 36.742 6.22 10 .61 480 
35 1.77260 O. 1393 0.0024 212 .4 354.2 37.050 6.22 10.5'l 467 
3& 1.82582 0 .14 37 0.0023 216.7 364.8 37.348 6.22 10.57 494 
37 1. 6767 5 o • 1460 0 . 0022 225.1 375.4 37 . 637 6 . 22 10.56 501 
36 1 . 93160 ).1523 0.0022 231.4 365.'l 37.919 6.22 10.54 508 
39 1.98437 0.15&7 0 . 0021 237 .7 396.4 38.192 6.22 10 . 53 515 
40 2.03707 O.ltlO 0.0020 244.0 407.0 38.459 6.22 10 . 52 522 

42 2.14228 O. lO95 0.0019 256.6 428.0 36.972 6.22 10.51 535 
44 2.24726 o • 1761 0.0016 269.2 449.0 39.460 &.23 10.50 548 
46 2 . 35 20 6 0.166& o • 0016 261.8 470.0 39.927 6.24 10.49 560 
48 2 . 45070 O. 1951 0.0017 294.5 491.0 40.374 6.26 10.50 572 
50 2.56120 ~. 2C 36 0.0016 307.1 512.0 40.803 6.26 10.51 584 
52 2 . &6556 0 . 2 120 0.0016 319.6 533.0 41.215 6.31 10.53 595 
54 2 . 7&965 o • ?lOS 0.0015 332.5 554.! H.613 6.34 10.56 606 
56 2 . 67403 0.2269 0.0014 345 . 4 575.3 41.996 6.39 10.59 616 
56 2.97613 (.2373 0.0014 356 . 3 596.5 42.3 70 6.44 10.64 626 
60 3.06215 o . 2 457 0 . 0013 371.3 617.6 42.732 6 .50 10 . 69 636 

65 3 . 34194 o . 2666 0.0012 404.4 &71 . 7 43.594 6 . 69 10.67 656 
7J 3.60140 0 . 2675 0.0011 436.6 726.7 44.408 6.94 11.11 679 
75 3 . 660&2 0 . 3064 0 . 0011 474.1 763.0 45.165 7.24 11.41 697 
60 4.119&4 O . 32~2 0.0010 511.3 640.9 45 . 932 7.60 11.7& 714 
65 4.37650 o • ~5 0 0 0 . 0009 550.3 900 . 6 46.657 7.99 12.15 729 
90 4.63723 J . 37C8 0 . 0009 591.4 9&2.4 47. 3 &3 8.41 12.56 744 
95 4 . 69565 0 . 3915 0.0006 634 . 6 1026.2 46.053 6.64 12.99 758 

100 5 . 15438 0.4123 0.0008 679.9 1092.3 48.730 9.27 13.42 772 
1 20 6.16760 O. 4951 0.0007 661.8 1376.6 51.316 10.63 14.97 627 
140 7. 22050 0.979 0.0006 1109.4 1687 . 0 53 .7 07 11.62 15.95 883 

160 6 . 2527& 0.H05 0 . 00 OS 1350.7 2010.9 55.6&9 12.21 1&.34 940 
1 60 9.28474 0. 7432 0.0004 1595.3 2336 . 0 57.796 12.19 16.32 997 
200 10.31&52 O. P ,,57 0.0004 1636 . 8 2662 . 2 59.502 11 . 95 16.07 1054 
220 11.34617 0. 9063 0.0004 2072.7 2980.5 61.020 11.63 15.76 1109 
240 1 2 . 3797 1 0 . oq09 0.0003 2302.2 3292.6 62.378 11.33 15.46 1163 
260 13.41117 1.07 34 0 . 0003 2526 . 2 3599.1 63 .605 11. 07 15.20 1214 
260 14.44257 1.15bO 0 . 0003 2745.6 3901 . 0 &4.724 10.67 15.00 1263 
300 15.47260 1. 2364 o .0003 2961.5 4199.3 65.753 10.72 14.65 1310 
350 16.05063 1.44107 0.0002 3491.4 4935.5 66.022 10.51 14.63 1416 
400 20 . b2672 1. 65(9 0.0002 4014.5 5664 . 8 69 . 971 10.42 14.55 1516 

4 50 23 . 20053 1 • ~ 572 0.0002 4534.7 &391 . 2 71.663 10.H 14.53 1610 
500 25 . 76"29 2. O& ~4 0.0002 5055 . 1 7117.H 73.213 10.40 14. 52 1696 
550 26 .3& 201 2 . 26% 0 . 0001 5575 .0 7644.0 74.597 10 .H 14.53 1780 
&00 30.93970 2 .4 759 0 . 0001 &096 . 0 8571.2 75.861 10.42 14.55 1859 
700 36.09504 2 . 8683 0.0001 7140.9 10026 .5 76 .1 09 10.46 14 . 6 1 2006 
600 41 . 2503 4 3 .3 0n 0.0 00 1 6193.4 11493.4 80.064 10.57 14.70 2142 
900 4& . 40561 3 . 7131 0.0001 925&.7 12969 . 2 61.600 10.70 14.62 2268 

1000 51.5&086 4.1256 0 . 0001 10333.9 14456.~ 63.372 10.6& 14.96 2366 
1200 61 . 67135 .. . 9504 0.0001 12544.2 17493.9 6&.1 26 11.24 15.37 2601 
1400 72.18199 5.7753 o . 0001 14637 . 2 20&11.' 66.533 11.69 15.61 2795 

lOGO 62.4947& &.6001 0 . 0001 17221.2 23820 . 8 90 . \)52 12 .16 1\).29 2973 
16 00 92 . 62135 7.4249 0 . 0000 19719.6 27145 .5 92.572 12.61 16.96 3135 
2000 103. 20737 8.2496 0.00 00 22415.9 30672.5 94.495 14.11 16.34 3275 
2500 130. 710&3 10. 3119 0.0000 31910.6 42307 . 5 102.009 26 .33 31.85 3531 
3000 1&6.3 4401 12. 3739 0.0000 54917.2 66384.7 114.736 &6.97 60.06 3641 

TWO-P1ASE ROUND ARY l70 



THERMOO~ NAMIC PROPERTIES OF PA~AH~OROGEN C- l 

0 . 08 HPA ISOBAR 

TEMPERATURE OENSITY V (OH/ O V~ V (OP/ OU y -V (OP/ OV'T -( OV/OT~VCON6~~~~~iTY V ISCOSIT Y THER~AL OIELECTR I C PRANO TL 
OIFFUS!V rry CONSTANT NUMBER 

OEG . K KG/CU M KJ/KG HPA;C~O ~/KJ MPA lIDEG. K ~/K-~ KGIM- S ~O H/H~ 

X 10 3 X 107 

13 . 828 77.0570 621.0 0.25641 89 .94 28 0.01027 72.92 255.26 J.OO053 1.25172 2 . 2336 

14 76.9043 615.9 0.25 4 89 87 .7 567 l.DlD53 74.67 249 . 01 ) . 00054 I. 2511~ 2 . 1630 

15 76.0803 606.6 0.24313 7 9 .0 342 0 . 01151 83.13 219.23 0 . 00056 1.2482Q 1 . 84 15 

16 75.1781 609.4 0.23189 73.1376 0.01219 88 . Q6 195.17 ).00057 1.24512 1.6299 

17 74 . 2283 &C8 . 8 0.22263 67.4696 0.01299 92.H 175.71 1.00057 1.24179 1.4974 

1 6 73.2332 6e5.6 0.21531 62.1031 0.01366 95.51 159 . 70 0.00056 1 . 23831 1.4065 

1 9 72 . 1679 5 9~ . 0 0.20664 56 . 5441 0 . 01498 97.04 146.25 0.00054 1.2340& 1.3500 

19 . 49& 71.6402 599 . 5 0.20563 54 . 7 54 6 0.01531 9 7 . 43 140.27 J.0005J 1 . 23276 1.3216 

19 . 490 1. 0843 184.6 0 . 0 6665 0.0727 0.06410 16.11 10.80 ) . 00452 1 . 00327 0.7938 

20 1.0505 1 90 .1 0.06664 0.0733 0 . 06 144 16.41 11 . 07 0.00481 1.00317 0.7679 

21 0 . 9903 201.2 0.06708 0 . 07"2 0 . 05666 17.1 0 11.60 0.00543 1.00299 0.776" 

22 0 . 937 4 Z 1 Z. 4 0.067 20 0.0750 ~.0 5307 17. 6 1 12.13 0 . 00607 1.00281 0.7675 

23 0 . 690" 2?3.5 0.06726 0 . 0756 0.04986 1 6 . 55 12.65 ) . 00671 1.00269 O. 7601 

2 4 0.8 4 63 234 . 6 0.06727 0 .0761 0 . 04707 19.30 13 . 17 O. 00742 1.00256 0.7536 

25 0.6 1 03 245.6 0.0 6726 0 . 0765 0 .04 463 20.05 13.69 0.00813 1 .00244 0 .74 6 1 

26 0 . 7758 25 f.6 0.06725 0.0766 0.04246 20 . 60 14.19 0.00886 1 . 0023" 0.7 433 

27 0 . 7443 267.5 0.06722 0.0771 0.04051 21 . 56 14.69 J.OO9bl 1 . 00224 0.7388 

26 0.7153 278.4 0.06720 0.0774 0 .0 3876 22 .31 15.19 J.Ol041 1 .00 216 O. 7 347 

29 0.6687 289.3 0.06718 0.0776 0.03716 23.07 15.68 0 . 01127 1.0020~ 0 .7307 

3 0 0 . 66'" 3 0 0.1 0.0 6 71 5 0.0778 0.03570 23.83 16.17 0.01206 1 . 0020tl 0 .7 270 

31 0 . 6412 310.9 0.06713 0.0760 0 .0 3436 24.52 16.65 0 . 0128Q 1 . 00193 0 .72 53 

32 0.6199 321.7 0.06711 0.0782 0.03313 25.21 17 .1 2 J . 01374 1.00187 0.7237 

33 0 . 6001 33 2 .4 0.06709 0 . 0763 0 .0319 9 25.90 17.59 0.01462 1.00181 0.7222 

34 o • 5615 343.1 0 .0670 7 0.0785 0.03091 26.60 18.06 0 . 01552 1.00175 0.720 4 

35 0.5641 35 3 .7 0.06705 0.0786 0.02994 27 . 29 18.52 0.01645 1 .0 0170 0 .71 86 

36 0 . 5477 364.4 0.06703 0.0787 0.02901 27.99 18.98 0.01740 1.00165 0.7169 

3 7 o . 5323 37 5 .0 0 . 06701 0 . 07 88 0.02815 28.69 19.43 0 . 018H 1.00160 0 .7151 

3 6 0 . 5177 38 5 .7 0 . 06698 0.0789 0.02734 29.36 19.88 0.01 Qn 1.00156 0.7133 

39 0.5039 396.3 0.06695 0.0789 0.02657 30.08 20 . 32 0.02040 1.00152 0.7115 

4 0 0 . 4909 407.0 O. 06692 0.0790 0.02585 30.78 20 .7 6 0.02145 1.00148 O. 7096 

4 2 0 . 4668 4 26 .4 0.06663 0.0791 0 .0 2453 32.17 21.63 0 . 02361 1.00141 0 .7065 

44 0.445 0 449 . 8 0.06671 0.0792 0.02334 33 . 55 22.48 0 . 02586 1.00134 0.7033 

4 6 0 . 4252 471.5 0.06656 0.07 93 0.02226 34.94 23 . 32 0.02819 1.00128 0 . 7004 

48 0.40 7 0 4 93 .3 0.0663 5 0.07 94 0.02126 36.33 24 .14 J . 03060 1 . 00123 0.6977 

50 0 . 3904 515 . 5 0.06610 0 . 0795 0.02039 37. 72 24 . 95 0 . 03309 1.00118 0 .6 952 

52 0 . 3752 538.1 0.06578 0.0795 0.01957 39.11 25.75 0.03564 1 . 00113 0 .6932 

5 4 0. 3610 561.1 0.06539 0.0796 0.01861 40.50 26.53 0 . 03826 1.00109 0.6916 

56 0.3479 584.7 0.0 6493 0.0796 0.01812 41.89 Z7.Jl J.04092 1.00105 0.6904 

58 0.3358 608.9 0.06439 0.0797 0.01747 43.29 28 . 07 0 . 04362 1.00101 0 .6898 

60 0.3244 633.9 0.06376 0.0797 0.01687 44.74 28 . 82 J . 04643 1.00098 0.6887 

65 0 . 2992 699.8 0.06192 0.0798 0.01554 48.60 30.65 0 . 05378 1.00090 0.6857 

7 0 0 . 2777 771.7 0.05967 0.0798 0.01440 52.47 32.43 0.06121 1 .0 0084 0.6669 

75 0.2590 850.1 0.05714 0 .079 9 0.01342 56.32 34 .1 6 0.06859 1.00078 0.69 21 

8 0 0 . 2427 935.4 0.0 5 4 .. 6 0.0799 0.01257 60.22 35.83 0.0759'; 1.00073 0 . 6997 

8 5 0 . 228" 1027.5 0.0 5176 0.0799 0.01182 65.17 37 ... 7 J.08"57 1 . 00069 0 . 6983 

90 0.2156 1125.9 0.04920 0.0800 0.01116 70.12 39.06 0.09320 1.00065 0.6997 

95 0 . 20 .. 3 12 29 .7 0.0 .. 678 0.0800 0.01056 75.07 40.62 0.10IA~ 1.00062 0.7028 

1 00 0 . 19 .. 0 13 38 .1 0.04459 0.0600 0.01003 89.53 .. 5 .7 4 0.12376 1 . 00058 0 . 6856 

1 2 0 0 . 1616 1 793 .1 0.03817 0.0800 0.00835 117.11 5".06 0 .17 "30 1.00049 0.6911 

1 .. 0 0.1385 2231.6 0.03 .. 95 0.0800 0.00715 136.13 59.20 0.22180 1.000"2 0.6937 

1 6 0 0.1212 2613 .7 0.03382 0 . 0800 0.00625 148.29 63.00 0.76957 1 .0 0037 0.6943 

1 6 0 0 . 1077 2936. ' 0.03369 0.0800 0.00556 155.65 66 .17 0.31885 1.00032 0 .6 93 7 

2 00 0.0969 321 ... 7 0 . 03 .. 56 0.0600 0.00500 160.19 69.01 0 . 3701" 1.0002q 0 . 6925 

220 0.0881 3467 ... 0.03549 0 . 0800 0.00455 163 . 40 71 . 66 O. "235q 1 . 00027 0 .6911 

2 "0 0 . 0808 371 0 . 0 0.036 .... 0.0800 0 . 00417 166.22 74.19 0."7Q2Q 1.00024 0.6898 

260 0.0746 3952.9 0 .037 26 0.0800 0 .0036 5 16 9 .1 " 76 .6" a . 5372' 1.00022 0 .6687 

260 0 . 0692 .. 20 C. 6 0.03796 0.0600 0.00357 172 . 36 79 . O' 0 . 59750 1.00021 0.6878 

3 0 0 0 . 06"6 44 ~4 . q 0.03850 0 .0600 0.00333 175.90 81.40 0.66000 1 . 00019 0 .6870 

3 5 0 0.055" 5123.2 0 .03927 0.0800 0.00286 186.12 8 7.23 0 . 82650 1.00017 0.6858 

.. 00 0.0"65 5821 .7 0.03958 0.0800 0.00250 197.43 n .97 1.00770 1.00015 0.6851 

.. 50 0.0431 65'0.3 0.03965 0.0800 0.00222 209 . 32 98.64 1.2035& 1 . 00013 0.68 .. 7 

5 00 0 . 0388 7264.3 0 . 03 96 7 0.0800 0.00200 221. 26 10 ... 26 1 . 41"05 1.00012 0 . 68 .... 

55 0 0 . 0353 7995.3 0.0396" 0 .0 80 0 0.00182 233.28 10Q.81 1. 6388~ 1.00011 0 .6 8" 1 

60 1T 0 . 0323 8731.7 0. 03957 0.0800 0 . 00167 2"5 . 28 115.31 1.8777Q 1.00010 0.6839 

700 0 . 0277 102 25.9 0.03936 0.0800 0.00143 269.37 126.10 2.3966) 1.0000' 0.6837 

8 0 0 0.02"2 117 59 . 6 0.0390 2 0 .0800 0.00125 293.75 136.65 2 . 9681" 1.00007 0.6837 

9 0 0 0 . 0215 133'3 . 6 0 .0385 5 0.0800 0.00111 318.57 146.9" 3 . 59021 1 . 00006 0.6837 

1 0 0 0 0.0194 1"9 A5 . 3 0.03799 0.0800 0.00100 .... 0 . 56 157.00 5,"5600 1.00006 O.S3:!9 

1 20 0 0.0162 1844 3 . 5 0.03669 0.0 80 0 0.00083 511 .15 1 76 . 47 7.40863 1.00005 0.5306 

1400 0 . 0139 22137 ... 0.03530 0.0800 0.00071 583.7& 195.16 Q.59 .... <; 1.00004 0 . 5286 

1600 0 . 0121 250f1.8 0.03392 0 .06 00 0 . 00062 659 . 70 213.21 12.02692 1.0000 .. 0.526 .. 

1800 0.010 8 30532.2 0.03219 0.0800 0.00056 752 . 26 230.67 1 •• 81677 1.000J3 0 .52 02 

2000 0.C097 36650 .8 0.02926 0 .0 799 0 . 00050 903.47 2"7.67 18 . 30 261 1 . 00003 0.5028 

2500 0. 0 077 "51Q.0 0.01589 0 . 0789 0 .0 00"1 2266.17 289 . 97 33'''816~ 1.00002 0.4075 

3000 0 . 0059 220733 . 0 0.00670 0 . 0735 0 . 00036 7 352.97 339.76 55.6"6"0 1.00002 0.3700 

l7 ! 
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c-z THERMODY NAH I C PROPE~TIES OF PARAHYOROGEN 

0.10 HPA ISOaAR 

TeMPERATU RE VOL UME IS OT HERH ISOCHORE INTE RNA L ENTHALPY EN TROPY CV CP VELOC ITY 
DERIVITI~E DERI VATIV E ENERGY OF SOUNO 

OEG . ~ cu H/KG CU H-MfA"G HPA/K KJI KG- K KJ / KG KJ / KG - K KJ KG - K MIS 

13. 83. 0.01298 1.1685 a . 92 44 -3 a 8 . 9 -307 . 6 4 . 968 4.68 6.38 1262 
14 0 . 01300 1. 1 4~ ? a . 9243 - 30 7 . 8 -306.5 5 . 04 7 4 . 71 6 . 48 1254 
15 0.01314 1. 0409 0 .9104 -30 1 . 1 - 299 . 8 5.509 4.92 6 . 98 1216 
16 0.01330 0.9748 0 . 8925 -293 . 9 - 292 . 6 5 . 974 5 . 12 7.43 119 0 
17 0. 01347 0.g1l2 a . 8774 -286 . 3 - 284.9 6 . 440 5 . 30 7 . 91 1166 
18 0. L1 3 65 0 . 8501 a • 8630 -27 8 . 1 -276 . 7 6 . 907 5 . 47 8 . 41 1143 
19 0.01385 a .7853 0 . 8476 -26 9 .5 - 268.1 7.375 5 . 62 8.95 1119 
2 0 0.01406 0 . 7221 0 . 8304 -2 60 . 3 -258 . 9 7 . 848 5 . 75 9 . 53 10 94 
20 . 224 0. 01412 0 .71 22 0 . 8261 -25 6 .1 -25 6 . 7 7. 956 5 . 77 9 . 64 10 90 
20.U" 0.75454 0 . 0675 0.0057 113 . 4 186 . 9 2'1 . 99 4 6 . 50 12.1 4 35 5 
2 1 0.79178 0 . 0717 a • a a 54 119 . 0 198.2 30 . 445 6.43 11 . 86 364 
U 0. 8 38 83 0 . 0770 0 . 005 1 126 . 0 209.9 30 . 991 6 . 37 11 .60 3 7 5 
23 0.88507 a • 0622 0.0048 132.9 221 . 4 31 . 502 6 . 33 11 . 41 385 

2 4 0.93068 a • 0872 0.0046 139 . 7 2 32 . 8 31. 985 6.30 11 . 27 395 
25 0.97579 O. L921 0 . 0043 146 . 4 244 . a 32 . 442 6 . 29 11 . 16 4 0 4 
26 1.02048 0.0969 0.0041 15 3 _0 255 . 1 32 . 878 6 . 27 11.07 413 
27 1. 06 4 64 a • 1 e 16 0.0040 15 9 .6 266 . 1 33 . 294 6.26 10 . 99 422 
28 1.10890 0 . 1063 O. a a 36 16 6 . 2 277 . 1 33 .693 6.26 10.93 43 1 
29 1.15271 0 .11 10 0.0036 172 . 7 288.0 34 . 075 6.25 10.87 439 
30 1.19630 0 . 11 56 O. a a 35 17 9 .2 298 . 8 34.443 6 . 25 10.83 4 4 8 
31 1. 23970 ( _1 201 0.0034 185.7 309 . 6 34 . 798 6.24 10.79 456 
32 1.28294 0.1(46 a • a a 33 19 2 . 1 320.4 35 . 140 6.24 10 . 75 463 
33 1. 32603 O. 1291 a • a a 32 198 . 5 331.1 35.470 6.23 10 . 72 471 

34 1. 36898 a .1336 a • a a 31 204.9 341 . 8 35.789 6. 2 3 10 . 69 4 7 9 
35 1.411 8 1 0 .1 360 O. a a 30 211.3 352 . 5 36 . 099 6 . 23 10 . 66 486 
36 1.454 54 0.1425 O. a 0 29 217.7 363.2 36 . 399 6 . 23 10.64 493 
37 1.49717 0.1469 0 . 0028 224.1 373 . 8 36 . 690 6 . 22 10.62 50 1 
38 1.53972 0.1 512 0.0027 230 . 4 384.4 36 . 973 6 . 2Z 10 . 60 508 
39 1. 58216 0 . 1556 0 . 0026 236 . 8 395 . 0 37 . 246 6 . 22 10.59 514 
40 1 . 62 458 0.16CO 0.0026 243 . 1 405 . 6 37.516 6.22 10 . 57 52 1 

42 1.70918 0 .1 686 0.0024 255.8 426 . 7 38.032 6 . 23 1 0.55 53 5 
44 1.79355 0 .1772 0.0023 268 . 4 4 47 . 8 38 . 522 6 . 23 10. 5 4 547 
46 1. 6 7774 a • 1858 0.0022 261 . 1 468 . 9 38. 99 1 6 . 25 1 0 . 53 56 0 
48 1. 96176 0.1 9 .... 0.0021 293 . 8 489.9 39 . 439 6 . 26 10 . 53 5 7 2 
50 2 . 0456" a • 2 L29 0.0020 306 .4 511 . a 39 . 869 6 . 28 10 . 5 .. 5 8 3 
52 2.12940 a . 211 4 0.0020 319 . 2 532 . 1 40 . 283 6 . 31 10 . 56 595 
54 2.21305 O. 2199 0.0019 331 . 9 553 . 2 40.682 6 . 35 10 . 58 606 
56 2.29661 0.2264 0.0018 34" . 6 574 . 4 41 . 067 6.39 10 . 62 616 
58 2.38009 0. 2368 0.0017 357 . 7 595 . 7 41 . 440 6 . 44 10 . 66 626 
60 2 .4634 9 0 . 2452 0.0017 370 . 7 61701 41 . 803 6.50 10.71 636 

65 2.67172 0.2663 0.0016 40 3. 9 671 . 1 42.667 6 . 69 10 . 89 658 
70 2.87963 0.2872 0.0014 436 . 1 7 26.1 43 . 462 6.94 11 . 13 679 
75 3 . 0872 9 0 . 30 81 a • a a 13 4 7 3 . 7 782 . 4 44 . 259 7.25 11 . 42 697 
80 3.29475 0.3290 0.0013 510 . 9 840 . 4 45 . 007 7 . 60 11.77 714 
85 3.5020 6 0.3496 0.0012 550 . 0 900 . 2 45 . 732 7 . 99 12 . 15 729 
qO 3 . 70923 a • 37 06 0.0011 591 . 1 962 . 0 46 .4 39 8 . 41 12 . 5 7 74 4 
95 3 . 9 1630 0.3914 0.0011 634 . 3 1025 . 9 47 . 130 8 . 84 13 . 00 759 

100 4.12327 0.4122 0.0010 679 . 6 1 092 . a 47 . 807 9.27 13 . 43 773 
1 2 0 4.95046 a .4 952 0.0006 881 . 5 1376 . 6 50.396 10 . 83 1 4 . 97 827 
140 5 . 77.94 0 . 5780 0 . 0007 110 9.2 1686 . 9 52.785 11.82 15 . 96 883 

160 6 . 6029 6 a • f607 a • a 006 1350.5 2010 . 8 54 . 947 12 . 21 16 . 35 940 
180 7 . 42873 a . 7433 0.0006 1595 . 1 2338.0 56 . 875 12.19 16.32 998 
2eo 8.25429 0 . ,/\260 0 . 0005 183 6 . 7 2662 . 1 58 . 582 11 . 95 16.08 105 4 
220 9.07970 a . 90 86 0.0005 20 7 2 . 6 2980 . 5 60 . 099 11 . 63 15 . 76 1110 
240 9.90502 0.9911 0.0004 2302 . 1 3292 . 6 61.457 11.33 15 . 46 1163 
260 0.73 026 1.0737 0.00 0 .. 2526.1 3599.1 62 . 684 11.07 15 . 20 1214 
280 11.555 .... 1.1562 0.0004 274 5 .5 3901. 0 63.8 a 3 10.67 15 . 00 1263 
300 12.37968 1 . 2387 0.0003 296 1. 4 4199.4 .64 . 832 10.72 14.85 1310 
350 14 ..... 218 1 ..... 50 0 . 0003 3491.4 4935 . 6 67.101 10.51 14.63 1419 
400 16 . 50 4 55 1. f512 0.0003 4014 . 4 5664.9 69.050 10.43 14.55 1518 

450 18.56684 1.6575 0.0002 4534.7 6391.4 70 . 7 6 3 10.41 14 . 53 1611 
500 20 . 62908 ? • C6 37 0.0002 5055.0 7117 . 9 72 . 292 10.40 14.52 1698 
550 22 . 69 1 26 2 . 2700 0 . 0002 5575 . 0 7844 . 1 73. 6 77 10.41 14 . 53 1780 
6 00 24.75345 2. 4 762 0.0002 6096 . 0 6571 . 3 74.941 10.42 14 . 55 1859 
7 0U 28 . 8 777 5 2 . 68 A6 0.0001 714 0 . 9 10028 . 7 77 . 16 9 10.48 14 . 61 20 06 
800 33.00201 3.3011 0.0001 8193 . 4 11493.6 79 . 143 10 . 57 14 . 70 2 142 
900 37.12624 J. 7135 0 . 0001 9256 . 7 12969 . 3 80 . 880 10 . 70 14.82 2268 

10 00 41. 25045 4.1 259 0 .0001 10333 . 9 14459 . 0 82.452 10.86 14.98 2386 
1200 49 . 49885 4 . 95 08 0.0001 12544 . 2 17494 . 0 65.206 11.24 15 . 37 2601 
1400 5 7. 74736 5 .77 56 0 . 0001 14837 . 2 20611 . 9 87 . 613 11 . 68 15 . 61 2795 

16 La 65 . 99 738 6 . 600 4 0.0001 17220.5 23820 . 2 89.732 12.15 16 . 28 2'174 
18 00 74. 25729 7 .4 253 0 . 0001 19715.2 27140 . 9 91.649 12.7 8 16 . 92 3136 
2000 82.55973 8 . 25e 1 0 . 000 1 2239 5 . 0 30651.0 93 . 563 13.97 18 . 19 3277 
2500 104.41653 10.3122 0.0000 J1587.6 42029 . 5 100.941 24 . 99 30.36 3536 
3000 133.52968 12. 3 743 0 . 0000 52916.7 66269.7 113 . 034 61.69 73.70 3839 

TWO-P~ASE OOUNOA >. Y Z71 



THERHOOY NAHIC PROPE~TIES OF PARAHYOROGEN C- 2 

0.10 MPA ISOBAR 

TEMPERATURE OENSITY ~ (~ H/OY\:> ~ (OP/OUI
V 

-Y(OP/OVI -( ~Y/OT~VCON~~~~~~ ~TY YI SCCSITY THERMAL DIELE CTRIC PRAN DTL 
T OIFFUSIYIT Y CONSTAN T NUHBER 

DEG. K KG / CU H KJ/KG HPA;C~O~IKJ MPA I/DEG . < W/K - H KG/H- S sa M/H~ 

x 10 3 X 10 7 

13.83" 77 . 0& 8 5 &21 . 7 0 . 25&39 90 . 05"3 0 . 0102& 73 . a 1 255 . 39 ~ . 0005 J 1. 25 17& 2.23 23 

H 7&.921& 617 . 1 0.25"92 88 . a 151 0 . 0 1050 "'.&8 249.37 0 . 00054 1. 25 12 .. 2.1 &39 

15 7&.098 8 & 07 . 3 0 . 2"330 79.212" 0 . 011"9 83.15 219 . 5 .. 0 . 0005& 1.2"835 1 . 8"28 
1& 75.197 8 &10 . 0 0 .2 320" 73 . 30&2 0.01 2 1 ~ 89 . 01 195 . .... 0 . 00057 1 . 2"5 19 1.&3 08 

17 74.2500 &09 . 5 0 . 22298 &7 . &550 a • a 1 2q 7 92.85 17 5 . 9& 0.0005 7 1.24187 1."9 8 1 
18 73.25&8 &0& . & 0 . 215"5 &2.2739 0 . 0138& 95 . 55 15 9 . 92 0 . 00055 1. 238"0 1." 059 
19 72 . 2131 598 . 8 0.20897 5& . 7088 ] . 01 .. 95 97 . 09 1 .. 6 ... & 0 . 0005" 1.23 .. 7 5 1.3501 
20 71.1039 588 . 9 0.20322 51.3422 0.01& 1 7 98 . .... 13 ... 88 0 . 00052 1. 23 089 1.3 05 1 

20 . U" 70.83&0 5 88 ... 0.20 198 5 O ..... 63 0 .01 038 98 . 8" 13 2 _ .. 3 O. 0005? 1.2299& 1.2911 

20.22" 1.3253 188.9 0 _0&666 0.0 8% 0 . 06"27 16.89 11 . 25 0 . 00378 1 . 00"00 0.8085 
21 1.2530 197.5 0.0&&98 0.0 905 0.0600" 17.3 8 11.5& 0.00"18 1.00381 0 . 7956 

22 1.1921 2 08 . 8 0.0&722 0.0%8 0.05556 18. 0& 1 2 .1 9 O. OOHO 1.00360 0 . 78 29 

23 1.1299 220 .1 0 . 0&733 O. 0929 0 .05186 18.7& 12 . 71 ~.0052" 1.003"1 0 . 77 29 

2 .. 1.0r.5 231 . 3 0 .0 6738 0.0 937 0 . 0"872 19."9 13.22 0 . 00579 1 . 0032" 0.76"6 
25 1.02 .. 6 2"2 . 5 0.06739 O. 09 .... 0.0"&00 20.23 13 _73 0 .00 6 37 1.00309 0 . 7 57& 

26 0. 9 799 253 . 7 0 _06738 0 . 0950 0 .0" 362 20 . 9 7 1'<.2" 0 .0069 & 1.00296 0.751& 

27 0 . 9391 2 & •• 6 0.0&736 O. n955 O. a .. 151 21 . 71 1 ... 7 .. 0 .007 57 1.00283 0 . 7'< &3 

28 0.9018 275 . 9 0.06733 O. 0959 0 . 03961 22 . "& 1 5 . 23 0 . 00620 1.00272 0.7"1" 
29 0.857 5 285 . 9 0. 0 &730 o. 09& 3 0.03791 23.20 15 . 72 0 . 0 088 5 1.00262 0 . 7369 

30 0.8359 2~7 . 8 0.06727 O. a 90& 0 . 03&3& 23 . 95 1& . 21 O. 00953 1.002 5 2 0.73 2& 

31 0.806& 308 .7 0.0&725 O. 0909 0 . 03"9" 2 .. . & .. 16 .& 9 0 . 01020 1. 002 .. 3 0.73 0" 
32 0.7795 319. 6 0.0&722 0. 0971 0 .0336 .. 25 .3 3 17.1 & 0 . 0108~ 1.00235 0 . 7 283 

33 0. 75"1 330 ... 0.0&720 o. a 97 .. 0 . 03244 2& . 02 17.63 0 . 0 11 59 1.00227 O. 7264 

34 0.73 05 341.2 0 . 06716 0. 097& 0.03133 26 .71 16.1 a 0 . 01231 1 . 00220 0.72"2 
35 0. 7083 3 51 . 9 0 . 06715 0. 0978 0.03 030 27."0 18.56 0 . 01 306 1.0021" 0.7 221 

36 0. &875 362.7 0 . 0&713 O. a 97 9 0.02 93" 26 .1 0 19 . a 1 0 . 0 1 383 1.00207 0.72 01 
37 a • 66 7 9 J 73 ... 0 .0 6711 0 . 0981 0 . 028 .. .. 28 .79 19 . '" 0 . 01 " 61 1.002 01 0.7180 

38 a • &. 95 38 •• 1 0 .0 6706 O. a 962 0 .0 2760 29 ."9 19.91 0.015.1 1.00196 0.7160 

39 0.6320 3% . 8 0.0&70 .. 0.098] 0 . 02&82 30.18 20 .3 6 0.01 62. 1 . 00191 0.71 " 1 
40 0.&15 5 405 . 5 0 . 06701 O. a 965 0 . 02&07 30 . 68 20 .79 0 . 0170 6 1.0018& 0.7121 

.. 2 0 .5851 .. 27 . 0 0.0&692 0.0987 0.02"'1 32.2& 21 . 6& 0.01661 1 . 0017& 0.70 6& 

.... 0.557& .48.6 0.0&&79 O. 0968 0. 02 3" 9 33 . &4 22 . 51 0 . 020&1 1 . 001&6 0.70 52 

.. 6 0.5325 470 . 3 0.06b&3 O. a 990 0 . 02239 35 . 03 23 .3 5 ) . 022.8 1 . 001&1 O. 7 a 20 

.. 6 0. 5 097 .. 92 . 3 0. 066"3 O. 0991 0 .021" 0 36 . "1 24.17 0 . 02 .... 2 1 . 0015" 0.6991 
50 0."666 514 . 5 0 .0 6&17 O. 0992 0 .0 20"9 37 . 80 2" .96 J . 026"1 1. 001 t,? 0 . 6%5 
52 0."&96 537.2 0 . 06585 O. a 99] 0 _019&5 39.19 25 .77 0 . 028" 5 1.001"2 O. &9 .... 
5 .. 0."519 560 . 2 0 . 065"5 0.0 99 .. 0 . 01869 "0 . 58 2&.56 0 . 03055 1.00136 0. 6926 
56 0 ... 35 .. 583 .9 0 . 0&"99 0.0 994 0 .01 818 "1.96 Z7.33 0 . 03268 1. 00131 0.6 914 
56 a .420 2 &06 . 2 0.06 .... 5 O. a 995 0 . 01753 "3.35 28 . 09 0 . 03"65 1. 00127 0.6907 
60 0."0 59 &33 . 1 0.06384 0. 0995 0 . 01&92 .... 8 1 28.84 0.03710 1.00122 0.6 895 

65 0.3"'3 699 . 2 0 . 06196 0 . 099 7 0.0 1557 "8 . 67 3 0 . 67 0.04299 1. 00113 0.6863 

70 0.3,,73 771.1 0 . 05972 O. a 99 7 0.01 .... 3 52 . 52 32 . "5 0 . 0 .. 89 .. 1. 001 0 5 0.6674 
75 0.32J9 8"9.6 0.05716 0 . 0996 0 . 013"5 56.37 3".17 0.05"65 1. 00096 0.6925 

60 0 . 3 0 35 93".9 0.05"50 0. 0999 0.01259 6 0. Z7 35. 85 0 . 060 7" 1 . 00091 0.7001 

85 0. 2655 10 27 .1 0 . 05162 o. a 999 0 . 01183 65. 22 37."8 0.06765 1.00086 0.6966 

90 0. 2696 11 25.4 0 . 0"923 O. a 999 0.01117 7 0 .17 39 . 06 0.07"55 1 . 00081 0.69 99 
95 0. 25 53 1229.3 0 . 0"681 0 _1000 0 .01 057 7 5 . 12 40.63 0 . 08 14 9 1.00077 0. 7 a 30 

100 0. 2 .. 25 1337.7 0. 0 .... 61 0 .1 00 0 0 . 0100" 69 . 5" "5. '" 0 .09 69" 1.00073 0.6659 

120 0. 2 020 1 792 . 9 0.03819 0.100 0 0.00835 117 .11 54 . 06 0 .13 9"1 1.000&1 0.691 3 
1 .. 0 0.1731 2231 . 5 0 . 03"97 0.100 0 0.00715 1 3b . 13 59 .1 9 0.17"'2 1.00052 0.6 939 

160 0.1514 2H3 .7 0 .0 3383 0.100 1 0 .00 625 1"8.29 6 3.00 0 . 2 15&5 1.0004& 0.69 .... 

16 0 0.1 3 .. & 293 &. 5 0.03390 0.1 00 1 0.0055& 155.&5 && . 17 0 . 25 509 1. a 00 .. 1 0.&9 37 

200 a • 1211 3215 . 0 0.03"57 0.1 001 0 . 005 0 0 1&0 . 20 &9 . a 1 0 . 29&13 1.00037 O. &9 25 

220 0 . 1101 3ft67.7 0.03550 0.100 1 0 . 00 .. 5 .. 163."1 71.&& 0 .3 le90 1 . 00033 0. &912 

2~0 0.1010 3710. ~ 0 .0 3&45 0.1001 0 . 00417 16& . 22 H.19 0 . 383'<7 1.00 03~ 0 . 68 99 

260 0.093 2 3953.2 0.03728 0 . 100 1 0 . 00365 169.1" 7& . &" 0 . 4296" 1 . 00026 0.6 867 

260 0.0665 .. 201 . a 0 . 03797 0.100 1 0 . 00357 172 . 36 79 . 04 0 .4780& 1 . 00 026 0. 6878 

300 0.0608 .... 55 ... 0 .0 3650 0.100 1 0.00333 175 . 9 1 6 1. .. 1 0 . 526 07 1.0002" O. & 670 

350 0.0& 92 5123 .7 0 . 03927 0.100 1 0 . 00286 18&.13 67.23 0.&6129 1. 00 021 O. & 858 
.. 00 0.0606 5622.2 U.03956 0.1000 0 . 00250 197 . "5 92 . 97 0 . 80626 1.00018 O. & 85 1 

450 0. 0539 &5 .. 0 . 8 0 . 039&6 0. 1 000 0 . 00222 209 . 34 98 _&5 0 . 9&296 1.0001& 0. 68" 7 
500 0.04 85 7 2 &4 . 6 0.039&7 0 . 1000 0.00200 221 . 26 10 .. . 2& 1.1313 9 1.00015 O. &84 .. 

550 O. 0 .. .. 1 7 995.9 0 . 039&" 0.1 000 0 . 00182 233.29 109 . 62 1. 31129 1 . 00013 0.6 641 

60 0 0.0"04 8732 . 3 0.03958 0.1 000 0.0 01&7 2" 5 . 30 115.31 1 . 502 4" 1 . 000 1 2 0.66"0 
7 00 0. 0346 1022&.5 0 . 0393& 0.1000 0 . 001"3 2&9 . 39 12 &. 11 1 . 91754 1 . 000 10 0. &637 

600 0.030 3 117 60 . 2 0 . 03902 0 . 1000 0 . 00125 293.77 13 6 .& & 2 .37463 1. 000 0 9 0 . &637 

90 a 0.02&9 1 33 ..... 2 0.0365& 0.1000 0.00111 318 .5 9 1ft&.95 2 .87 25" 1.000 08 0.68 37 

1000 0.024 2 1"9 65.9 0.03799 0.1000 0.00100 .... 0.56 157. 01 .. . 3&&58 1 . 000 07 0.53" a 
1200 O. 02 a 2 18444.1 0.036&9 0.1 00 0 0.00083 511 .15 17&.4 9 5 . 92 711 1.00006 0. 530& 

1 .. 00 0.0173 22136 . 8 0.03530 0 .10 00 0 . 00071 563 . 71 195.1 9 7 . 675 5& 1.000 0 5 0.5 267 

1600 0. 0152 2&050 . 3 0 . 03395 0.1000 0 . 00062 &59 . 22 213 . 23 9 . &208& 1 . 000 05 0.52 &6 

18 00 0.013 5 30 .. 61 ." 0.03229 0.1000 0 . 0005& 749 •• 9 2 30.&q 11. 8 38&5 1 . 0000" 0.520Q 
2000 0.0121 3&358.3 0.0295" 0.09Q9 0.00050 692 . 15 2" 7 .69 14.57 5&1 1.0000" 0.5051 
2500 0.009 & TO 954.9 0 . 01671 0.0986 0 . 0004 1 2131 . 13 289.8 1 2& . 3878 1 1 . 000 03 0.4128 
3000 0.0075 20 .. 885." 0.00721 O. a 927 0 . 00035 &758 . 73 336 .77 44 . 08577 1.00002 0. 3&94 

l7J 
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C-2 THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN 

0.101325 HPA ISOBAR 

TEMPERATURE VOLUME ISOT"ERt1 ISOCHORE INTERNAL ENT HALPY ENTROPY CV CP VELOC lTY 
OERIVATIVE OERIVATIVE ENERGY OF SOUNO 

OEG . K CU H/KG CU M-MPA/KG HPA/K KJI KG-K KJ/KG KJ/KG-K KJ KG-K HIS 

13.635 0.01296 1. 1 &6b 0.92"" -306.9 -307.& ~.9&6 ~.66 6.38 12&3 
1~ O.OIJOO 1 . 1~~4 0.92~3 - 307 . 8 -306.5 5.047 4.71 6.~8 lZ54 
15 0.01314 1. 0 ~11 0.9105 -301.1 -Z99.~ 5 . 508 ~.92 &.98 121& 
16 0.01330 0.9750 0 . 69Z& -293.9 -292. & 5 . 97~ 5.12 7.~3 1190 
17 0 . 013~7 o • 911 3 o . 8775 -Z8&.3 -28~.9 &.4~0 5.30 7.90 1166 
a 0.Q13&5 0.8502 0.8&30 -278 .1 -27&.7 b . 90b 5.47 8 .41 1143 
lY 0.01385 0.7854 O. 8~ 77 -2&9.5 - 2&8.1 7.375 5.&2 6.95 1119 
ZO 0.01~0& O. 7 Z ZZ 0 . 8305 -Z&0.3 -Z58.8 7. 8~ 8 5.75 9.52 109~ 

ZO.2&8 O . 01 ~13 0.7093 0.8Z53 -Z 5 7 .7 -25&.2 7.977 5.78 9.&& 1089 
20.Zb8 0.74739 0.0&75 0.0058 113.& 169.3 29 .9&7 &.50 12.15 355 
21 0 . 78035 0.0715 0.U055 118.8 197.9 30.363 &.~4 11.89 363 
ZZ 0.8Z&69 0.C7&8 0.0052 lZ5.9 Z09.7 30.929 &.37 11. &2 J7~ 

Z3 0.87Z&0 0.t820 0.0049 132.8 221.2 31 .~4 2 &.33 11.43 385 

24 0.91769 0.0870 0.004& 139.& 232.5 31.925 &.31 11.29 395 
25 0.9622& 0.1919 0.0044 14b.3 243.8 32 .383 &.29 11.17 404 
2& 1.00,43 O. t %8 0.0042 152 . 9 254.9 32.819 &.27 11. 08 413 
27 1.05025 0 .1 015 0.0040 159.5 265.9 33.23b b.26 11.00 422 
Z8 1.09378 O. 10 b2 0.0039 16b.1 27,.9 33.&35 &.2& 10.9~ ~J1 
29 1.13705 C. 1109 0.0037 17 2 . & 287.8 34.018 b.25 10.88 439 
30 1.18011 0.1154 0.0036 179.1 298.7 H.386 6.25 10.83 448 
31 1.22297 0.1200 0 . 0034 185.b 309.5 3~. 741 6.24 10.79 456 
32 1.2&5&7 0.1245 0.0033 192.0 320.3 35.083 6.24 10.7b 463 
33 1.30822 0 . 1290 0.0032 198.4 331 . 1 35.413 &.23 10.72 471 

34 1.350&3 o • 1335 0.0031 204.9 341 . 7 35.733 6.23 10.69 479 
35 1.39Z93 O. 1379 o .0030 211.3 352.4 3&.043 6.23 10.67 466 
36 1.43512 O. 1424 o • 0029 217.6 363.0 3b.343 b.23 10.65 493 
37 1.47721 0 .14b8 0.0028 224.0 173.7 36 . 634 6.23 10.62 501 
38 1.51922 0.1512 0 . 0027 230.4 384.3 3& .9 17 &.22 10.&1 508 
39 1.5&115 0.1555 0.0027 Z36.7 394.9 37.193 &.22 10.59 514 
40 1.60300 0 .1599 0.00 26 2~3.1 ~05.5 37.461 6.22 10.58 521 

~2 1.68652 0.1686 0.0025 255.7 ~26.6 37.976 6.23 10.56 535 
4~ 1.76982 0.1772 0.002~ 268.4 447 .7 38.467 6.23 10.54 547 
~6 1.85292 o .1858 o .00 22 281.0 468 . 6 38.935 6 . 25 10.53 560 
~6 1.93567 O. 19~3 0.0021 293 .7 489.9 39.384 6.26 10.53 572 
50 2 .01867 O. 2029 0.0021 306.4 510.9 39.614 6.26 10.54 583 
52 2.10135 0 . 2114 0.0020 319.1 532.0 40.2Z8 6.31 lQ.56 595 
5~ 2 .1 8393 0.2199 0.0019 331.9 553.2 ~0.626 6 .35 10.58 &06 
56 2 . 26641 o • 2263 o • 0018 3~4 .7 574.4 41.012 6.39 10 .6 2 &16 
58 2 . 34860 ~ • 2368 0.0018 357 . 7 595.7 ~1 .3 85 6.44 10.66 6Z6 
bO 2 . 43113 0 . 2 452 0 . 0017 370.7 617.0 41 . 748 6.50 10.71 636 

&5 2 . 6 3,66 0.266Z 0.0016 ~O 3.9 671.0 42.612 &.&9 10.89 658 
70 2.84167 0.2872 0.0015 438.1 726.0 43.427 6. 9~ 11.13 &79 
75 3.04684 0.3061 0.0014 473.7 782.~ 4~.205 7.25 11.42 697 
80 3 . 2516 1 0 . 3290 0.0013 510 . 9 8~0.~ ~4 . 953 7.,0 11.77 714 
85 3.45621 0.3498 0.0012 550.0 900 . 2 45.678 7.99 12.16 730 
90 3.b,0'9 0.3706 0.0011 591.1 962.0 46.38~ 8.~1 12.57 744 
95 3 . 8&506 o • 39 14 0.0011 ,34.3 1025.9 ~ 7.075 8.84 13.00 759 

100 4 . 06933 o • 4122 0.0010 679., 1091 . 9 H.753 9.27 13.43 773 
120 4.88574 0 .~952 0.0008 881.5 1376. , 50 . 341 10.83 14.97 827 
140 5.701'.3 0.5780 0.0007 1109 . 2 1&8 &.9 52.731 11.82 15.96 683 

160 &.51068 0 . &60 7 0.0006 1350.5 2010.8 54.893 12.21 16.35 940 
180 7.33165 0 . 7434 0.0006 1595.1 2338 . 0 56.620 12.19 16.32 998 
200 8.146~2 0.~2bO 0.0005 1836.7 2662.1 58.527 11.95 16.08 1054 
220 8.96105 o . 90 e6 o • 0005 2072.5 2960.5 60.045 11.63 15.76 1110 
240 9.77558 9911 0.0004 2302 .1 3292.6 bl.403 11.33 15.46 1163 
260 10.59003 0737 0.0004 2526.1 3599.1 62 . 630 11.07 15 . Z0 1214 
280 11. 40~42 1563 0 . 0004 2745.5 3901.0 63 .74 9 10 .87 15.00 1263 
300 12.21786 __ 2387 0.0003 2961.4 4199.4 64.778 10.72 14.85 131 0 
350 14.25342 1.44 50 0 . 0003 3491. ~ 4935.6 67 .047 10.51 14.63 1419 
~OO 16.28683 1 . 6513 0.0003 ~01~.4 5664.9 68 . 996 10.~3 14 . 55 1518 

450 18.32416 1.8575 0 . 0002 4534.7 6391.4 70.708 10.41 14 .53 1611 
500 20.35943 2 • 0638 0.0002 5055.0 7117.9 72.Z38 10.40 1~.52 1698 
550 22 .394 66 2 .2700 0.0002 5575.0 7&4~.1 73.623 10.~1 14 .53 1780 
600 24.'2987 ? • L. 7bZ 0.0002 6096.0 8571.3 H.887 10 .42 14.55 1859 
700 28 . 500Z' Z . 88~7 0 . 0001 7140.9 10028.7 77.134 10.48 1~.61 2006 
600 32.57056 J . ~o 11 0.0001 6193.4 11493.6 79.069 10.57 1~ .70 214 2 
900 36.64066 3 . 7135 0.0001 9256.7 12969.3 60 . 826 10.70 14.82 2266 

1000 40.71114 4.1259 0.0001 10333.9 1~459.0 82 .3 98 10.66 1'.98 2386 
1200 48 . 851&& 4 . 95C8 0.0001 125~'. 2 17494.1 85.151 11.24 15 . 37 2601 
1400 50 . 99233 5 . 77~6 0.0001 14837.2 20611.9 87.558 11.68 15.81 2795 

1600 65.134'5 &.0005 0.0001 172Z0.5 23820 . 2 89 . 677 12.15 16 . 28 2974 
1800 73.28628 7.4253 0.0001 19714.9 27140.7 91 . 594 12.77 16.92 31H 
2000 81.47980 &. 25 01 0.0001 2Z393.8 J06'9.8 93.508 13.97 16.18 3277 
2500 103.0' 2 79 10.3122 0.0000 31569.9 42010.7 100.879 2~ .92 30 . 28 3539 
3000 Ul.7 2Uo& 12 .3743 0 . 0000 52805.4 &6152.0 112.936 61.'0 73.34 3839 

T.O-P1ASE BOUNJA~Y ZH 



THERHOOY NAHIC PROPERTIES OF PARAHYOROGEN C-Z 

0.101325 HPA ISOBAR 

TEMPERATURE OENSITY V (OH/OVlp V (OP/OUI
V 

-V(OP/OVI -(OV/OTp/VCON6~~~~~~TY V ISCOSIT Y TH ERMAL OIELECTRIC PRANOTL 
T OIFFUSIVlTY CONSTANT NUHBER 

OEG. K KG/CU H KJ/KG HPA-CU H/KJ MPA 1/0EG. ~ W/K-H KG /M- S sa M/HR 
x 10 2 X 103 X 107 

13.835 77.0693 621.7 0.25638 90 .0 617 0.01026 73.01 255.40 l .000 53 1.25176 2.2322 
lit 76.9227 617.2 0.25493 88.0322 0.01050 74.68 249.39 0 .00054 1.25125 2.1&40 

15 76.1000 & 07 .3 0.24331 79.2241 0.01149 83.16 219.56 0 .0005 6 1.24835 1.8429 
16 75.1991 610.1 0.23205 73.3174 0.01217 89.01 195.46 0.00057 1.24519 1.6309 
17 74.251" b09.6 0.22299 67.6&60 0.01297 92.85 175.98 0.00057 1.24187 1.4981 
18 73.2583 606.7 0.21546 62.2852 0.01386 95.56 159.9 .. 0.00056 1.238"0 1.4069 
19 72.2148 598.9 0.20898 56.7197 0.01 .. 9 .. 97.10 1"6.<t7 0.0005" 1.23476 1.3501 
20 7101057 589.0 0.20322 51.3532 0.01617 98."4 13".89 0.00052 1.23089 1.3051 
20.268 70.7859 587.9 0.20175 50.2056 0.016 .... 98.92 131.98 0.00052 1.22978 1.2893 
20.268 1.3380 189.1 0.06667 0.0903 0.06424 16.94 11.28 0.00375 1.00"0" 0.8091 
21 1.2815 197.3 0.06697 0.0916 0.06027 17 ... 0 11.67 0.00"11 1.00387 0.7970 
22 1.209 .. 208.6 0.06721 0.0929 0.05573 18.08 12.19 ~.00463 1.00365 0.7840 
23 1.1460 219.8 0.06734 0.09"0 0.05200 18.78 12.71 0.00516 1.00346 0.7738 

2 .. 1.0897 231.1 0.06739 0.0948 0.04883 19.50 13.23 0.00571 1.00329 0.7654 

25 1.0392 2"2.3 0.06740 0.0955 0.04610 20.24 13.7" 0.00628 1.00313 0.7582 
26 0.9936 253.5 0.06739 0.0961 0.0"370 20 .98 1<t.2" 0.00686 1.00JOO 0.75 22 
27 0.9522 264.6 0.06736 0.0967 0.04157 21.72 14.74 0.00746 1.00287 0.7"68 
28 0.91"3 2 75.7 0.06734 0.0971 0.03967 22.,,7 15.2" 0.00809 1.00276 0.7418 
29 0.8795 286.7 0.06731 0.0975 0.03796 23.21 15.73 0.00873 1.00265 0.7373 

30 0.8414 297.7 0.06126 0.0976 0.03640 23.96 16.21 0.00940 1.00256 0.1330 
31 0.817 7 308.6 0.06725 0.0981 0.03498 2".65 16.69 0.01006 1.00247 0.7308 
32 0.7901 319.4 0.06723 0.0984 0 .03367 25.3 .. 17.16 0.01073 1.00236 0.7286 
33 0.7644 330.3 0.06720 0.0986 0.032<t7 26.02 17.63 0 . 01143 1.00230 0.7266 

3 .. 0.740" 341.0 0.06718 0.0988 0.03136 26.72 18 .10 0.01215 1.00223 0.7245 
35 0.7179 351.8 0.06716 0.0990 0.03032 27.41 18.56 0.01288 1.00216 0.7224 
36 0.6968 362.5 0.06714 0.0992 0.02936 28.10 19.02 0.01364 1.00210 0.1203 
37 0.6170 373.3 0.06111 0.0994 0.028"6 28.80 19 ... 7 0.01"41 1.0020" 0.7182 
38 0.6582 38 •• 0 0.06708 0.0995 0.02762 29.49 19.91 0.01521 1.00198 0.7162 
39 0.6"06 39 •• 7 0.06705 0.0996 0.02683 30.19 20.36 0.01602 1.00193 0.7142 
.0 0.6238 405.4 0.06701 0.0997 0.0 2609 30 .8 8 20.80 0.01685 1.00188 0.7123 

42 0.5929 .26.9 0.06692 0.0999 0.02"72 32.27 21 .66 0.01856 1.00179 0.7087 

.. I, 0.5650 448.5 0.06680 0.1001 0.02350 33.65 22.51 0.0203. 1.00170 0.7053 

.. 6 0.5397 "70. 2 0.06664 0.1003 0.022"0 35.03 23.35 0.02218 1.00163 0.7021 

.. 8 0.5166 .92.2 0.066"3 0.100" 0.021"0 36.42 2".17 0.02"09 1.00156 0.6992 

50 0.4954 5!<t.5 0.06617 0.1005 0.020"9 37.61 2 •• 96 0.02606 1.00149 0.6966 

52 0.<t759 537.1 0.06585 0.1006 0.01966 39.19 25.78 0.02808 1.001 .. 3 0.6944 
54 0.4579 560.2 0.065.6 0.1007 0.01889 .. 0.58 26.56 0.03015 1.00138 0.6927 

56 0 ..... 12 583.8 0.06.99 0.1007 0.0181 9 "1 .97 27.33 0.03225 1.00133 0.691 .. 
58 0."257 6 08.1 0.06 .... 6 0.1008 0.01753 "3.36 2 8. 0 9 0.03"39 1.00126 0.6907 
60 O ... 113 633.1 0.0638" 0.1009 0.01692 ..... 81 28.8 " 0.03661 1.0012" 0.6896 

65 0.3793 699.1 0.06198 0.1010 0.01558 48.67 30.68 0.0 .. 2 .. 2 1. DOll. 0.686" 
70 0.3519 771.0 0.05972 0.1011 0.01 .... 3 52.53 32."5 0.04829 1.00106 0.6875 
75 0.3282 849.5 0.05718 0.1011 0.013<t5 56.37 3 •• 17 0.05"13 1.00099 0.6925 

80 0.3075 93".9 0.05"51 0.1012 0.01259 60.27 35.85 0.0599" 1.00093 0.7001 

85 0.2893 1027.0 0.05182 0.1012 0.0118. 65 .2 2 37. .. 8 0.06676 1.00087 0.6986 
90 0.2732 1125.4 0.04923 0.1012 0.01117 70.17 39.08 0.07357 1.00082 0.7000 
95 0.2587 1229.3 0.0"681 0.1013 0.01057 75.12 40.6. 0.080"2 1.00078 0.7031 

100 0.2"57 1337.7 0.0"461 0.1013 0.0100 .. 89.5. "5.74 0.09769 1.00074 0.6859 
120 0.20H 1792.9 0.03819 0.1013 0.00835 117.11 54.08 0.13756 1.00062 0.6913 

140 0.1754 2231.5 0.03"97 0.1014 0.00715 136.13 59.19 0.17510 1.00053 0.6939 

160 0.1535 2C13.8 0.03384 0.101" 0.00625 148.29 63 .00 0.21283 1.000 .. 6 0.6944 

160 0.1364 2936.5 0.03390 0.1014 0.00556 155.65 66.17 0.25176 1.000"1 0.6937 

200 0.1228 3215.0 0.03457 0.1014 0.00500 160.20 69.01 0.29226 1.00037 0.6925 

220 0.1116 3467.8 0.03550 0.1014 0.00454 163."1 71.66 0.334"7 1.0003" 0.6912 

2 .. 0 0.1023 3710 ... 0.036.5 0 .1 01" 0.00417 166.22 74.19 0.37 8"6 1.00031 0.6899 

260 0.09 .... 3953.3 0.03728 0.101" 0.00385 169.1" 76.6" 0 ... 2 .. 23 1.00028 0.6887 

280 0.0877 4201.0 0.03797 0.101" 0.00357 172.36 79.0" 0.47181 1.00026 0.6876 

300 0.0818 4455." 0.03850 0 .101" 0.00333 175.91 81."1 0.52117 1.00025 0.6870 

350 0.0702 5123.7 0.03927 0.101" 0.00266 186.13 87.23 0.65265 1. 00021 0.6858 
.. 00 0.061" 5822.2 0.03958 0.101" 0.00250 197.45 92.97 0 .79574 1.00018 0.6651 

450 0.0546 65"0.9 0.03966 0.1014 0.00Z22 209034 98.65 0 . 950"0 1.00016 0.68<t7 
500 0.0"91 726 ... 9 0.03967 0.101" 0.00200 221.28 10 ".26 1.11661 1.00015 0.6844 

550 0.0447 7995.9 0.03964 0 .101" 0.00182 233 . 29 109.82 1.29415 1.00013 0.6841 

600 0.0409 8732.3 0.03958 0.1014 0.00167 245.30 115.31 1.48280 1.00012 0.68"0 
700 0.0351 1022 6 .5 0.03936 0.1014 0 .001" 3 269.40 126.11 1.89248 1.00011 0.6837 

800 0.0307 11760.3 o • a 3902 0.1 014 0.00125 293 .77 136.66 2 .34379 1. 000 09 0.6837 
900 0.0273 133 .. 4.2 0.03856 001013 0.00111 318 . 59 1<t6.95 2.83500 1.00008 0.6837 

1000 0.0246 14985.9 0.03799 0.1013 0.00100 440.56 157.01 ".309 .. 9 1.00007 0.53"0 

1200 0.0205 18"44.1 0.03669 0.1013 0.00083 511.15 176.49 5 . 84961 1 .00 006 0.5306 

1400 0.0175 22136 .8 0.03530 0.1 013 0.00071 583 .71 195.19 7. 57520 1.00005 0.5287 

1600 0.015" 26049.7 0.03395 0.1013 0.00062 659 . 20 213.23 9.49"93 1.00005 0.5266 

1800 0.0136 30"57.5 0.03229 0.1013 0.00056 749.33 230 . 69 11.68297 1.00004 0.5210 

2000 0.0123 30342.1 0.02956 0 .1 013 0.00J50 891.52 21('7.69 14.36133 1.00004 0.5052 
2500 0.0097 74756.5 0.01676 0.1001 0.00040 2123.6 1 289.80 26.01980 1.00003 0.4132 
3000 0.0076 203993.2 0.00725 0.0939 0 . 00036 6725.27 338 . 71 .. 3.46332 1.00002 0.3694 

l7S 
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C-2 THERHOOY NAHIC PROPERTIES OF PARAHYDROGEN 
I 

0 .1 5 HPA I SOB AR 

TEMPERATURE VOLUME I;OlH~RM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DERIVATIVE DERIVATIVE ENE RGY OF SOUND 

DEG . K CU H/ KG CU H-HPA/KG HPA/K KJ / KG-K KJ/KG KJ/KG -K KJ KG-K MIS 

13 . 851 0. 012 9 7 1. 1717 0 . 9250 -308.9 -306 . 9 ~.969 ~.68 6.38 126~ 
1~ 0. 0 1299 1.1520 O. 92~9 - 307.9 -305 . 9 5.0~0 ~. 71 6.~7 1257 
15 0. 01313 1 • 0 ~61 o . 9122 -301 . 2 -299.3 5.501 ~.92 6.97 1218 
16 0 . 013 29 0 . 9798 0 . H9~2 -29 ~ . 0 -292.1 5.966 5.11 7 .~2 1192 
17 0.0 1 3~ 6 O. 91f 1 0.8791 -286.~ -28~.4 6 . ~31 5.30 7 . 89 1168 
18 0. 0136~ O. 8552 0.86~6 - 278 . 3 -276 . 2 6.897 5.~6 8.39 lH6 
19 O. 0 13 8 ~ 0.7903 0.8~93 -269 .7 - 267.6 7.365 5.61 8.93 1121 
20 0 . 0 1 ~05 O. 7272 0 . 832 1 -260.5 - 258.~ 7.837 5.74 9.50 1097 
21 0. 01429 0 . 66C8 o .8128 -250.7 -2~8.5 8.316 5.86 10.1~ 1070 
21 . " 72 0.014 ~7 0 . 6202 0 . 798~ - 2~ 3.7 -2~1.6 8.64~ 5.92 10.58 1053 
21 . 6 72 0. 52255 0 . 0673 0 . 0084 117.6 196.0 28.8~2 6.59 12.8~ 362 
~2 0. 5 331 2 O. ('692 0.0082 120.1 200 . 0 29.028 6.55 12.67 366 
23 0. 56 ; 39 0.0751 0 . 0077 127.5 212.5 29.582 6.~6 12.25 378 

2~ 0. 59 879 O. ('6 G7 0.0072 134.7 224.6 30 . 096 6.~0 11.95 388 
25 0. 6 30 55 0. 0861 0 . 0068 1~1.8 236 . ~ 30 . 579 6.36 11.73 399 
26 0. 661 8 0 0 . 091~ 0.0065 1~8 . 8 2~8 . 0 31.036 6.33 11.55 ~ 0 8 

27 0. b92b 3 o • 0965 0.0062 155 . 6 259.5 31 . ~69 6.31 11.~2 ~18 

28 0.723 13 0.1015 0 . 0059 162.~ 270 . 9 31.882 6.30 11. 3 0 ~2 7 
29 0.75 333 O. 1065 0.0056 169 .1 282 . 1 32.277 6.29 11.21 ~36 

3 0 0. 78 329 0 . 1113 o . 0054 175 . 8 293.3 3Z.656 6.28 11.13 4~~ 

31 0. 813 04 0 . 11 E 1 0 . 0052 182 . ~ 30~ . ~ 33.020 6.27 11.06 ~53 

32 0. 8 ~260 o • 12 C9 0 . 0050 189 . 0 315.~ 33.370 6.26 11 . 00 461 
33 0. 8 72 00 0 . 1256 0 . 00~8 195.6 326. ~ 33 . 708 6.26 10.9~ 469 

34 0 . 901 26 0 . 1302 0 . 00~7 202.1 337.3 34.03~ 6.25 10.90 476 
35 0. 9 l039 O. 1 3~8 0.00~5 208 . 6 3~8 . 2 3~. 349 6.25 10.86 ~8~ 

36 0. 95 9~0 0.1394 O.OO~~ 215.1 359.0 34.654 6.25 10.82 ~91 

37 0. 98832 o .1~39 0.00~3 221.6 369.8 3~.950 6.2~ 10.79 ~99 
38 1. 0 171~ J .1 ~85 0 . 00~1 228.0 380.6 35.237 6. 2~ 10.76 506 
39 1. 045 88 o .1530 o .0040 234.5 391.3 35.51b b.24 10.73 513 
40 1.07~ 55 o .157~ 0.0039 240.9 ~02.1 35.788 6.24 10.71 520 

~2 1.131 68 0 . 1663 0.0037 253.7 ~23.~ 36.309 6.24 10 . 67 533 
4 ~ 1. 1& 8 58 0 . 1751 0.0035 266 . 5 ~~4 . 8 36.805 6.25 10 . 6~ 5~6 
~6 1. 245 2 8 0 . 1839 0.003~ 279.2 ~66 . 0 37.278 6.25 10 . 63 559 
~8 1.30182 0.1926 o .0032 292.0 ~87.3 37 . 730 6.27 10.62 571 
50 1. 35 822 il . 2013 0 . 0031 30~.8 508.5 38.163 b.29 10.62 583 
52 1.41~49 0. 2099 0 . 0029 317 . 6 529.8 38 . 580 6.32 10.63 59~ 

54 1. ~70 65 0 . 2185 0.0028 330 . ~ 551 . 0 38.981 6.35 10.65 605 
5& 1. 52&72 O. 2271 0 . 0027 3~ 3 . 3 572.3 39.369 6.39 10.67 616 
58 1. 58 2 70 0 2356 0 . 0026 356 . 3 593 . 7 39.744 6.45 10.71 626 
60 1. 63861 0 2~~1 0.0025 369.4 615.2 ~0.108 6.50 10.76 636 

65 1.77810 O. 26 5~ 0.0023 402.7 669.~ ~0.976 6.69 10.93 658 
70 1. 917 2 7 0 . 2865 o . 0022 437.0 724.6 ~1.79~ b.94 11.16 679 
75 2. 0561 9 O. 30 75 o • 0020 472.7 781 . 1 ~2.57~ 7.25 11.~5 697 
80 2 .1 9~ 'l1 0 . 3285 0 . 0019 510.0 839.2 ~3 . 32~ 7.60 11.79 71~ 

85 2.333~8 o . 3~95 0.0018 5~9.1 899.2 4~.050 7.99 12.18 730 
90 2 .~71 9 1 0.370~ 0 . 0017 590.3 961.1 4~ . 758 8.41 12.59 745 
95 2.6102 3 0 . 3913 0.0016 633.5 1025.1 ~5.~~9 8.84 13 . 01 759 

100 2.748~6 O. ~ 121 0.0015 678 . 9 1091.2 ~6.128 9.28 13.4~ 773 
120 3.300 6 9 o • ~9 53 0.0013 881 . 0 1376.1 ~ 8. 719 10.83 1~.98 828 
I~O 3. 85219 o . 5782 0 . 0011 1108.8 1686.6 51.110 11.82 15.96 88 ~ 

160 4 . 403 2 6 0 . 6611 0 . 0009 1350.1 2010.6 53.273 12.21 16.35 941 
180 4.95405 O. 7 ~38 0.0008 159~ . 8 2337.9 55 . 201 12 . 19 16.32 998 
200 5. 5 0~ 6 4 0. 8H5 0.0008 1836 .~ 2662.1 56.908 11.95 16.08 1055 
220 6. 05509 o . 9091 0.0007 2072 . 3 2980.6 58 . 426 11.63 15.76 1110 
240 6. 6 054~ 0 . 9918 0 . 0006 2301.9 3292.7 59 . 78~ 11 . 33 15.~6 1163 
260 7.15571 1.0H~ 0. 0006 2525.9 3599 . 2 61.011 11.07 15.20 121~ 

260 7.7 0593 1.1569 0.0005 27~5 . 3 3901.2 62.130 10.87 15.00 1263 
300 8. 25551 1 . 2 39~ 0 . 0005 2961 . 2 4199 . 6 63.160 10.72 1~.85 1310 
350 9. 630 66 1.4 ~57 0.0004 3491 . 3 4935.9 65.429 10.51 1~.63 1419 
400 11 .0 05 67 1. 6520 O . OOO~ 401~.3 5665.2 67.378 10. ~3 1~.55 1518 

~50 12. 380 6 0 1 . e 583 0 . 0003 4534 . 6 6391.7 69.090 10.41 1~.53 1611 
500 13. 7 55~7 2 • 06 ~ 6 0.0003 5055 . 0 7118.3 70.620 10.40 1~.53 1698 
550 15 . 13031 2 . 2708 0.0003 557~.9 784~.5 72.004 10 . ~1 1~.53 1781 
600 16. 5051 2 2 • ~ 770 0 . 0003 6095.9 8571.7 73 . 268 10. ~2 1~.55 1859 
7 00 19. 254 70 2 . 8895 o . 0002 71~0 . 9 10029.1 75.516 10.~8 14.61 2007 
800 22.00~ 2 3 3 . 3019 0.0002 8193.~ 11~94.0 77.~71 10.57 14.70 21~2 

900 2 4. 753 7 4 3 • 714~ 0.0002 9256 . 7 12969 . 7 79.208 10.70 1~.82 2268 
1 0 00 27 . 5 03 2 3 4. 1268 0.0002 10333.9 14459.4 80.780 10.86 1~.98 2386 
1200 33. 0021 8 ~ . 9517 0.0001 1254~ . 1 17~9~.5 83.533 11. 2~ 15.37 26 02 
1400 38. 50118 5 . 7765 0.0001 1~837.1 20612.3 85.940 11.68 15.81 2796 

1600 ~4. 0 01 0 1 6. eO 13 0 . 0001 17219 . 4 23819 . 5 88.059 12.14 16.27 297~ 

1800 ~9.506 2 1 7 . 4262 0.0001 19708.0 27133.9 89.972 12 .72 16.86 3138 
2000 55. 03455 8 . ?5 10 0.0001 22362.5 30617.7 91.873 13.76 17 .96 3282 
2500 69. 454 64 10 . 3131 0.0001 31085.9 41504.1 99.039 22.91 28.04 3552 
3000 87. 8 30 39 12 . 3752 0.0001 ~9798.0 62972.6 110.1~2 53.35 63.69 3839 
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THE RHODY NAHIC PROPERTIES OF PARAHYDROGEN C- 2 

0.15 HPA ISOBAR 

TEHPERATURE OENSITY V(OH/OV 'P V (OP/OU'V -V (OP/OV'T 
-( OUOTV~ CON6~~~~~iTY nSCOSITY THE~HAL DIELECTRIC PRANOTL 

DIFFUSIVITY CONSTANT NUMBER 

OEG. K KG/CU H KJ/KG HPA-CU H/KJ HPA lIOEG. K W/K-H KG/H-S sa M/HR 
x 10 2 X 103 X 10 7 

13.851 71.0972 623.3 0.25632 90.3332 0.01024 73.22 255.70 0.00054 1.25186 2.2289 
14 76.9648 620.0 0.25501 88 .6598 0.01043 74.72 250.26 0.00054 1.25139 2.1663 

15 76.1448 609.0 0.24371 79.&56& 0.01145 83.21 220.31 0.00056 1.24851 1.8463 

1& 75.2472 611.7 0.23242 73.7262 0.01213 89.09 19& .11 0 . 0000;7 1.24536 1.6332 

17 74.3038 611.3 0.22334 &8.0668 0.01292 92.95 17&.57 0.00051 1.24206 1.4998 

18 73.3154 608.& 0.21519 &2.&992 0.01379 95.61 160.49 0.00056 1.238&0 1.4018 

19 72.2150 600.8 0.20930 57.1192 0.01487 97.23 146.98 0.00054 1.23497 1.3505 
20 71.1714 591 .1 0.20352 51.7551 0.01&08 98.59 135.3& ~.00052 1.23112 1.3048 
21 69.9823 571.2 0.19830 46.2470 0.01758 100.14 125.13 0.00051 1 . 22699 1.2 & 75 

21.&7! &9.128& 568.4 0.19499 42.8767 0.01862 100.73 118.87 0 . 00050 1.22403 1.2490 
21.672 1.91lT 196.1 0.06&80 0.1287 0.0&541 18.&1 12.17 0.00273 1.00518 0.8398 
22 1.8151 199.9 0.0&699 0.1299 0.0&331 18.19 12.34 0.00285 1.005&6 0.8319 
23 1.7&5& Z 11.& 0.0&737 0 _13 2& 0.05790 19.39 12.85 0.00323 1.00533 0_8119 

24 1. &70 0 223_2 0.06757 0.1348 0.05351 20.04 13.36 · 0_003&1 1_00504 0_ 79&7 
25 1.5859 234.9 0.0&765 0.13&& 0.04993 20.12 13.8& 0.00401 1.00479 0.7847 

26 1.511 0 246.5 0.06768 0.1381 0.04688 21.41 14.36 0.00442 1.00456 0.7751 

27 1.4438 258.0 0.0&1&7 0.1394 0.0 .. 42& ZZ .1 2 1".8& 0.00481 1.00436 0.76&9 
28 1.3829 2&9.4 0.067&" 0.1"04 0.0419& 22.83 15.35 0.00526 1.00<017 0.1598 

29 1.3274 280.8 0.06760 0.1<013 0.03992 23.55 15.83 0.00570 1.00"01 0.1535 

30 1.2767 292 .0 0.0&757 0.1"21 0.03810 2".28 1&.31 0.00615 1.00385 0.7478 

31 1.2300 303.2 0.0&753 0.1428 0.03647 2 ... 9& 1&.79 0.00&61 1.00311 0.7439 

32 1.1868 314." 0.0&749 0.1434 0.03498 25.6" 17.26 a.00707 1.00358 0.1"05 

33 1.1468 3 25.5 0.06746 0.1440 0.03363 26.32 11.73 0.00155 1.003"6 0.7373 

3 .. 1.109& 33&.5 0.0&1 .... 0.14"5 0.03239 21 .00 18.19 0.0080" 1.00335 0.7342 

35 1.01"8 3 .. 7." 0.061 .. 1 0.1 .... 9 0.0312" 27.68 18.65 0.0085" 1.0032" 0.7312 

36 1.0423 358." 0.06138 0.1453 0.03019 28.37 19.10 0.00906 1.0031" 0.728" 

31 1.0118 3&9.3 0.0&735 0.1"56 0.02921 29 .06 19.55 0 . 00959 1.00305 0.1251 

38 0.9831 380.2 0.06732 0.1"&0 0.02829 29.15 20.00 0.01013 1 .00 291 0.1231 

39 0.9561 391.0 0.06128 0.1462 0.021 .... 30."3 20."4 0.010&8 1.00288 0.7206 

.. 0 0.9306 "01.9 0.0612" 0.1 .. 65 0.026&" 31.12 20.88 0.0112" 1.00281 0.7182 

.. 2 0.8836 .. 23 .7 0.06113 0.1470 0.02519 32."9 21.7" 0.012"1 1 .00 266 0.7139 

44 0.8413 445.5 0.06700 0.1473 0.02J89 33.81 22.58 0.01361 1.00254 0.7098 

.. 6 0.8030 4&1.4 0.06683 0.1"71 0.02273 35.24 23."2 0.01"87 1.002 .. 2 0.7061 
48 0.7682 489.6 0.06662 0.1"79 0.02169 36.62 24.24 0.0161& 1.00232 0.1027 

50 0.7363 512.0 0.06635 0.1482 0.02074 38.00 25.04 0.01150 1.00222 0.6991 
52 0.1070 53".8 0.06&02 0.1484 0.01987 39.38 25.8" 0.01887 1.00213 0.6973 

54 0.6800 558.1 0.06562 0.1486 0.01908 40.16 26 .62 0,02027 1.00205 0.6952 

56 0.6550 581.8 0.06515 0.1487 0.01835 42.1" 27.39 0,02170 1.00197 0.&937 

58 O. &J18 606.2 0.064&0 0.1489 0.01767 .. 3.53 28.15 0,02315 1.00190 0.6928 

60 0.6103 631.3 0.06398 0.1490 0.01705 44.98 28.90 0.024&5 1.0018 .. 0.6914 

65 0.5624 697.5 0.06211 0.1"92 0.01567 48.82 30.73 0.02859 1.00110 O. &879 

70 0.5216 7&9.& 0.05984 0.1"94 0.01450 52.67 32.50 0 . 03257 1 .00157 0.6887 

75 0.4863 848.2 0.05729 0.149& 0.01350 56.50 34.22 0.03652 1.00147 0.6936 

80 0.4556 933.7 0.05460 0.1"97 0.01263 60.39 35.89 0.04046 1.00137 0.7010 

85 0.4285 1025.9 0.05190 0.1"98 0.01187 65 .3 .. 37.52 0.04507 1.00129 · 0.6993 

90 0.40"5 112".4 0.04931 0.1"98 0.01120 70.28 39.12 0.049&9 1.00122 0.7005 

95 0.3831 1228.3 0.04688 0.1499 0.01059 75.23 40.67 0.05432 1 .0011 5 0.7035 

100 0.3638 133&.8 0.04"68 0.1"99 0.01006 89.5& 45.7" 0.06592 1.00110 0.68&5 

120 0.3030 1792 .3 0.03823 0.1501 0.00836 111.10 54.07 a.09288 1.00091 0.6917 

1 .. 0 0.2596 2231.3 0.03500 0.1501 0.00715 136.12 59.19 0.11825 1.00078 0.6942 

160 0.2271 2613.9 0.03386 0.1501 0.00626 148.28 63.00 0.14376 1.00068 0.6947 

180 0.2019 2936.9 0.03392 0.1501 0.00556 155.65 66.17 0.17007 1.00061 0.6939 

200 0.1811 3215.6 0.03460 0.1501 0.00500 1&0.21 &9.02 0.19745 1.00055 0.6927 

220 0.1652 3468.5 0.03552 0.1501 0.00454 1&3.42 71.67 0.22598 1.00050 0.6913 

240 0.1514 3711.3 0.036"6 0.1501 0.00411 166.24 74.20 0.25572 1.000"& 0.6900 

2&0 0.1397 395 ... 2 0.03730 0.1501 0.00384 1&9.1 & 7&.65 0.28&&5 1.000"2 0.&888 

280 0.1298 "202.0 0.03799 0.1501 0.00357 112.38 79.05 0.31881 1 .0003 9 0.6879 

300 0.1211 "456.5 0.03852 0.1501 0.00333 175.94 81.42 0.3521& 1.00036 0.6871 

350 0.1038 5124.9 0.03929 0.1501 0.00286 186.1& 87.24 0.44102 1.00031 0.6859 

.. 00 0.0909 5823.5 0.03960 0.1501 0.00250 197.48 92 .9 8 J.53771 1.00027 0.6851 

450 0.0808 6542.2 0.03967 0.1 50 1 0.00222 209.37 98.6& 0.64221 1.00024 0.6847 

500 0.0727 7266.2 0.039&8 0.1501 0.00200 221.32 10" .28 0.75453 1.00022 0.6844 

550 0.0661 7997.3 0.039&5 0.1501 0.00182 233.34 109.84 0 . 87450 1.00020 0.6841 

600 0.060& 8733.7 0.03958 0.1501 0.00167 245.35 115.33 1.00197 1.00018 0.6840 

700 0.0519 10228.0 0.03937 0.1501 0.00143 269.45 126.14 1.27879 1 .00016 0.6837 

800 0.0454 11161.7 0.03903 0.1501 0.00125 293.83 136.68 1.58374 1.00014 0.6837 

900 0.0404 13345.8 0.03856 0.1501 0.00111 318.&6 14&.98 1.91565 1.00012 0.6837 

1000 0.0364 14987.5 0.03799 0.1500 0.00100 440.56 157.05 2.91135 1.00011 0.5341 

1200 0.0303 18445.6 0.03669 0.1500 0.00083 511.14 17&.53 3.95174 1.00009 0.5307 

1400 0.0260 2213&.6 0.03531 0.1500 0.00071 583.63 195.2~ 5 .11 720 1.00008 0.5288 

1600 0.0227 26033.2 0.03398 0.1500 0.00062 658.47 213.28 6.41171 1.00007 0.52&9 

1800 0.0202 30352.1 0.03244 0.1500 0.00056 745015 230.7~ 7.87596 1.00006 0.5221 

2000 0.0182 35904.1 0.03000 0.1499 0.00050 814.55 247.14 9.6~689 1.00005 0.5088 
2500 0.0144 69392.8 0.01819 0.1485 O.OOO~O 1920.33 289.57 17.12389 1.00004 0.4228 
3000 0.0114 179472.6 0.00823 0.1409 0.00035 5805.59 337.08 28.82253 1.00003 0.36'l8 
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THERMOOYNAMIC PROPERTIES OF PARAHYDROGEN C· 2 

0.20 HPA I SOB AR 

TEHPERATURE DENSITY V(DH/DV,., V lOP/DUy -V(DP/DVlr -(DV/DrllvCON6~~~~~iTY V ISCDSIT Y THERMAL DIELECTRIC PRANOTL 
DI FFUSIVIT Y CONSTAN T NUMBER 

DEG. K KGICU H KJ/KG MPA-CU M/KJ MPA lIDEG. K W/K-H KG IM - S 5Q M/HR 

X 10 2 X 10 3 X 10 7 

13.8 68 77.1259 624 . 9 0.25626 90.6124 0 . 01021 73.43 256 . a 1 0 . 00054 1.25196 2. 2255 

14 77.0078 622 . 9 0.25509 89.3027 0.01036 74.76 251.16 0.00054 1.25155 2 . 1687 

15 76.1907 610 .6 0.24412 80.0995 0.01141 83.27 221 . 08 0.00056 1.24867 1.8499 

16 75.2962 613.4 0.23280 74.1448 0.01208 89.17 196.79 0.00058 1.24553 1.6356 

17 74. 3574 613 . 0 0.22370 68.4766 0 . 01286 93.05 177.19 0 . 00057 1 . 24224 1.5014 

18 73.3736 610 .5 0 .2 1613 63.1221 0.01372 95 . 79 161.05 0 . 00056 1.23880 1 .40 87 

19 72.3384 602.9 0 . 20963 57.5276 0.01479 97.36 147.49 0 . 00054 1 . 235 1 9 1.3510 
20 71.2386 593.3 0.20383 52.1662 0.0159 8 98.74 135.84 0.00053 1. 23 136 1.3046 

21 70.0571 579 . 6 0.19860 46.6655 0.01746 100.31 125.59 0 . 00051 1 . 22725 1.2 66 6 

22 68.7873 56 :: .1 0 .1 9370 41 . 2384 0.01923 101.11 116 . 47 0.000 49 1.22284 1 . 2469 

22.80; 67.6762 544.6 0.18973 36.5158 0.02115 101.20 109 . 69 1.00047 1.21900 1.2486 

22.805 2.4991 200.5 0.06703 0.1652 0.06756 20.09 12.91 J . 00214 1.00755 0.8709 
23 2 . 4672 202.9 0.06715 0.1663 0 . 06610 20.18 13 . 01 0 . 00220 1 . 00745 0.8646 

24 2.3171 215.0 0 .0 6761 0.1710 0.05973 20.70 13.51 0.00250 1 . 00700 0.838 0 

25 2.1884 227.1 0 .0 6784 0.1747 0 . 05478 21.29 14.00 0 . 00282 1.00661 O. 81 83 

26 2. 0760 239 .1 0 .0 6793 0.1778 0.05079 21.92 14 . 50 0.00313 1.00627 0.8032 

27 1.97&5 251.1 0.0&795 0.1802 0.04747 22.58 14.98 0 . 0034' 1.0 0597 0.7 910 

28 1.8876 262 . 9 0 .0 6793 0.1823 0.04464 23.25 15.47 0 . 00 378 1.00570 0.7808 

29 1.8075 274.6 0.0&790 0.1841 0.04219 23.94 15.95 0 . 00411 1.00546 0 . 7722 

30 1.7347 286.3 0 . 06785 0.1856 0.04005 24.63 16.43 0.00446 1.005 24 0.7646 

31 1.6682 297 .8 0 .0 6781 0.1869 0 . 03815 25.30 16 . 90 0.00481 1 . 00504 0. 7588 

32 1.6072 309 . 2 0 .0 6776 0.1881 0.03645 25.96 17 . 37 0 . 005 16 1.0048 5 0.7537 

33 1. 5508 320.5 0.06772 0.1891 0.03491 26 . 63 17.83 0 . 00552 1.00468 0. 7 4 92 

34 1. 4987 331.8 0.06769 0.1900 0.03352 27.30 18 . 29 0 . 00590 1.00452 0.7449 

35 1.4502 34 2 .9 0.06767 0.H08 0.03225 27.98 18.74 0 . 0062B 1.00438 0.7409 

36 1.4050 354.1 0.06763 0.1915 0.03108 28.65 19.19 0.00 667 1.0 0424 0.7372 

37 1.3628 3~5.2 0.06760 0.1922 0.03001 29.33 19 . 64 J.00707 1.00411 0 . 7 33 8 

38 1.3231 376.2 0.06756 0.1927 0.02902 30.01 20.08 0 . 00748 1.00399 0.7305 

39 1.2859 387 . 3 0 .0 6752 0.1933 0.02809 30.69 20 . 52 0 . 00790 1 . 00388 0. 7275 

40 1.2508 398 .3 0.06747 0.1937 0.02723 31.38 20 . 96 0.00832 1.00377 0.7246 

42 1.1864 420 . 3 0.06735 0.1946 0.02568 32.74 21.82 0.00 920 1.00358 0.7193 

44 1.1286 442 . 4 0.06721 0.1953 0.02430 34.10 22.66 0 .0101 2 1.00340 0.7146 

46 1.0764 464.6 0.06703 0.1958 0.02308 35.46 23.49 0.01106 1.0032 5 0.7103 

48 1.0290 486.9 0.06681 0.1963 0.02198 36.83 24.31 0.01204 1 . 00ll0 0.7064 

50 0.9857 509.6 0.06653 0.1968 0.02099 38.20 25.11 0.01304 1 . 00297 0.7030 

52 0.9460 532 . 5 0.06619 0.1 971 0.02009 39.57 25 . 90 0.01408 1.0 0285 0.7002 

54 0.9095 555.9 0.06579 0.1975 0.01927 40.95 26 . 68 0.01513 1 .00 274 0 . 6979 

56 0.8758 579.8 0.06531 0.1977 0.01851 42.33 27.45 0.01621 1.00264 0.6961 

58 0.8446 604.3 0.06476 0.1980 0.01782 43.70 28.21 0.01730 1.00255 0.6950 

60 0.8155 629.5 0.06413 0.1982 0.0171 8 45.15 28.95 0 . 01843 1.00246 0.6934 

65 0. 7511 695.9 0.06224 0.1986 0.01577 48 . 98 30.78 0 . 02140 1.00226 0.6894 

70 0.69&3 7 68.2 0.05996 0.1990 0.01458 52.82 32 .55 0.02439 1 .00 2 10 b. 6899 

75 0.6491 846.9 0.0 5740 0.1992 0.01356 56.63 34 . 26 0.02736 1.00196 0.6947 

80 0. 6079 932.5 0 .0 5470 0.1994 0.01268 60.52 35.93 0 . 03032 1 .001 83 0.7019 

85 0.5717 10 24 .7 0.05199 0.1996 0.01190 &5 . 46 37.56 0.03379 1.0017 2 o. rO Ol 

90 0.5396 11 23.3 0.04939 0.1997 0.01122 70.40 39.15 0 . 03726 1.00163 0.7011 

95 0.5109 1227.3 0.04695 0.1998 0.01062 75.34 40.71 0.04074 1.00154 0.7040 

100 0.4852 133 5.9 0 .0 4474 0.1999 0.01007 89.58 45.74 0.04939 1. 00146 0 . 6871 

120 o .4039 17 91 .8 0.03827 0.2001 0.00837 117.10 54.06 0.06962 1.001 22 0.6922 

140 0.3460 2231 .1 0.03503 0.2002 0.00716 136.12 59.19 0.08866 1.00104 0.6945 

160 0.3027 2614.0 0.03389 0.2002 0.00626 148.28 63 .0 0 0 . 10781 1.00091 0.6949 

180 0.2691 2937.3 0.03394 0.2003 0.0055& 155.65 66 .1 8 0 .1 2756 1 .000 81 0.6941 

ZOO 0.2"21 321 6 . 2 0.03462 0.2003 0.00500 160.21 69.02 0 . 14811 1.000 73 0 . 6928 

220 0.2201 3469.3 0.03554 0. 2003 0.00454 1&3.43 71.67 0.16953 1.00066 0.6914 

240 0.Z018 371 2 .1 0.03648 0.2003 0.00417 166.26 74 . 20 0.19184 1 . 00061 0.&901 

Z60 0. 18&3 3955 . 2 0.03732 0.2002 0.00384 169.18 76 . 65 0.21505 1.00056 0.6889 

280 0.1730 4 203 .1 0 . 03800 0.2002 0.00357 172.41 79.0& 0.23918 1.00052 0.6879 

300 0.161 5 4457.7 o • 0 3853 0.2002 0.00333 175 . 96 81 . 42 0.26421 1.00049 0.6871 

350 0.1384 ~12 6 . 2 0.03930 0.2002 0.00286 186.18 87.25 0 .33 088 1.00042 0.6859 

400 0.1211 5824 .8 0 .03961 0.2002 0 . 00250 197 . 51 93 .0 0 0 . 40342 1 .000 36 0.6852 

"50 0.1077 6543.5 0.03968 0.2002 0.00222 209.41 98.67 0 . 48183 1.0003 2 0.6847 

500 0.0969 7267.6 0.03969 0.2002 0.00200 221.36 104.29 0 . 56609 1.00029 0 . 6844 

550 0.0881 7998.7 0.03966 0.2001 0.00182 233.38 109 . 86 0.65610 1.00027 O. & 841 

&00 0.0808 8735 . 2 0 .0 3959 0.2001 0.00167 245 . 40 115.35 0.75173 1 . 00024 0.6 8 40 

700 0.069 2 10229.5 0.03937 0.2001 0.00143 269.50 126.1& 1 . 95942 1.00021 0 . 6837 

800 0.0&06 117 63 .3 0.03903 0.2001 0.0012 5 293.89 136.71 1.18820 1.00018 0.&837 

900 0.0539 13347.3 0.03857 0.2001 0.00111 318 . 73 147.01 1 .437 21 1 .0 0016 0.6837 

1000 0.0485 14989.1 0.03800 0.2001 0.00100 440 . 56 157.08 2 . 18374 1.0001 5 0.534 2 

1200 0.0404 18447.2 0.03670 0.2001 0.0008 3 511 . 14 17&.57 2 . 96406 1 . 00012 0.5309 

1400 0.034 6 22137.1 0.03531 0.2001 0.00071 583.59 195.28 3.8380~ 1.00010 0.52 90 

H.OO 0.0303 26023.6 0.03400 0 . 2001 0.00062 658.03 213 . 33 4.80793 1 . 00009 0.5272 

1800 0 .0269 30287.& 0 .0 3253 0.2000 0.00056 742 . 5& 230.80 5 . 89970 1.00008 0. 5229 

2000 0.0242 35634.1 0.03028 0.1999 0.00050 864.05 247.79 7.20329 1 . 00007 0.5111 

2500 0.0192 66065.2 0.01921 0.1983 0.00040 1794.18 289.46 12.60473 1.00006 0.4 301 

3000 0.0153 163 878.2 0.00902 0.1894 0.00035 5220.51 336.01 21 . 28967 1 .0 0005 0.371 3 
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C- 2 THERMODYNAMIC PROPERTIES OF PARAHYDROGEN 

0.25 MPA ISOBAR 

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VElOC lTY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

DEG. K cu M/KG CU M-MFA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ KG-K MI S 

13.665 0.01296 1.1761 0 . 9261 - 306 . 6 -305.6 " . 972 4.69 6.36 1267 
1 .. 0.01296 1.1&73 0 . 92&1 -306.1 -30".6 5 . 027 ... 71 & . .... 12&" 
15 0 . 01312 1. 05&5 0.9158 -301 ... -298.2 5 . .. 87 ... 91 &.9& 122 .. 
16 0 . 01327 0.9896 0.8975 - 294.3 -291.0 5.951 5.11 7.40 1197 
17 0.013 .... o • 9257 0 . 882" -286.7 -263 . 3 6 ... 1" 5.29 7.87 117" 
18 0.OlJ62 0.86S3 0.6678 -278.6 -275.2 6.879 5."6 8.37 1151 
19 0.01381 o . 80 02 0.8526 -270.0 -26&. & 7.3"5 5.&1 8.90 1127 
20 0.01 .. 02 O. 7373 0.8354 -260.9 -257 . .. 7.815 5 . 7 .. 9."& 1103 
21 0.01426 0 . &713 o . 81&3 -251.2 -2 .. 7 . & 8.292 5.85 10.09 107& 
22 0.OH52 O. &051 0.79"& - 2"0 . 8 -237.2 8.77& 5.95 1 0.79 10 .. 8 
23 0 . 01"82 a • 53"0 o . 7690 - 229.7 - 22& . 0 9.275 &.03 11.&2 1015 

23.751 0.01507 O. "836 0.7 .. & .. - 220.8 - 217.0 9.&59 &.08 12.29 989 
23.751 0.32 .. 22 a .0&"5 0.01"0 121.2 202.2 27 . 322 6.73 1 ... 28 370 
2 .. 0.32992 U •• &&3 0.0137 123.3 205 . 8 27 ... 71 &.69 1".05 373 
25 0.35185 O. 0731 O. a 127 131.5 219 . 5 28 . 029 6.56 13.3& 386 
2& 0 . 37292 0.0795 0.0119 139.3 232 . & 28 . 5 .. 3 6 . "9 12.87 397 
27 0.3933& O. 0856 O. a 112 1 .. &.9 2"5.2 29 . 022 6 ..... 12.52 .. 0 8 
28 0."1331 O. G91" 0 . 010& 15 .. . 3 257 . & 29.472 6 . 40 12 . 2" 418 
29 0."3286 O. 0971 0.0100 1&1.5 2&9.7 29.898 &.38 12.02 .. 28 
30 0,"5210 0.102& 0.009& 1&8.7 281.7 30.302 &.3& 11.8" .. 37 
31 0 . 4710& O. 1079 0.0092 175.7 293 ... 30.688 6.3 .. 11.69 .... 6 
32 0 . 48960 0.1131 0 . 0088 182.6 305.1 31.057 &.33 11.57 .. 55 
33 0.5083" 0.1183 0 . 008 .. 189.5 31&.6 31 ... 12 &.32 11."& .. &3 

3 .. 0 . 52671 0.1233 0.0081 19&.3 328.0 31.752 &. 30 11.36 471 
35 0 . 5 .... 94 0.1283 0.0078 203 . 1 339.3 32.080 6.29 11.28 479 
3& 0.5&303 0.1332 a • a a 76 209.8 350 . 6 32.397 &.28 11.21 .. 87 
37 0.58101 O. 1380 0.0073 216.5 361.7 32.703 &.28 11.H .. 95 
38 0.59889 0 . 1 .. 29 0.0071 223.1 372.8 33 . 000 6.27 11.09 502 
39 0.&1&&8 0 . 147& 0 .0 0&9 229 . 7 383.9 33 . 287 6.27 11 . 0" 510 
.. 0 0.63 .. 39 0.1523 0.0067 236 . 3 394.9 33.56& &.27 10.99 517 

"2 0.&&95<) 0.1&17 0 . 00&3 21,9." "1&.8 3".100 &. 2& 10.92 531 .... 0.70 .. 5 .. o . 17 09 0 . 00&0 262.5 .. 38.& 34 . 60 7 &.27 10.86 5 .... 
.. & 0 . 73928 0 . 1800 0 . 005 7 275 . 5 "&0.3 35 . 089 &.27 10.82 557 
.. 8 0. 77385 0.1890 0.005" 288 ... "81.9 35.5 .. 9 &.29 1 0. 79 570 
50 0.80827 0 . 1980 0.0052 30 1." 503.5 35.989 &. 31 10.78 582 
52 0.8 .. 25& 0 . 2069 0.0050 31 ..... 525.0 3& ... 12 6.33 10.77 593 
5 .. 0 . 8767" o • 2157 0.00 .. 8 327 ... 5"&.6 36.818 &.3& 10.78 &0 .. 
5& 0.91082 0.22 .. 5 0.00"& 340." 5&8 . 1 37. 21 0 &,"1 10.79 &15 
58 0.9 .... 81 0.2332 0.00 .... 353.& 589 . 8 37.590 &."& 10.82 &25 
&0 0.97873 0.2419 0.00 .. 3 3&6.8 &11." 37.95 7 6.51 10 .8& 635 

&5 1 . 0&323 0.2&36 0 . 0039 "00.3 6&6 . 1 38.832 6 . 70 11.01 658 
70 1.147"1 0.2850 0.003& 43 .. . 8 721.7 39 . &5& &.95 11.23 &79 
75 1 . 2313 .. 0. 30b4 0 . 003" "70.7 778 . 5 .. 0 ..... 0 7.25 11.51 &97 
80 1 . 31507 0.3276 o • a a 32 508.1 83& . 9 "1.19" 7 . &1 11.85 71 .. 
85 1 . 398&" o • 3 .. 88 0 . 0030 5" 7 ... 897.1 .. 1.923 8.00 12.22 730 
90 1. .. 82 0 7 0.3699 o • a a 28 588 .7 959.2 "2.&33 8."1 12.&3 7'+5 
95 1.565"0 0 . 3909 0 . 0027 &32.0 1023." .. 3 . 327 8.8 .. 13 . 05 759 

100 1.6486" O ... 119 0.0025 677 . 5 10 89 . 7 .... . 007 9 . 28 13 . .. 7 773 
120 1.98088 O. 4955 0.0021 879.8 1375.1 .. 6.603 10.83 15.00 828 
1"0 2.312"1 0.5788 0 . 0018 1107.8 1&85.9 "8.99& 11.82 15.98 88 .. 

160 2.6 .. 350 0.6618 0.001& 13 .. 9 . 3 2010 . 2 51.161 12 . Zl 16.36 9 .. 2 
180 2 . 97"31 0.7 .... 8 O. 00 1" 159".1 2337.7 53 . 090 12.19 16.33 999 
200 3 . 30"93 a .8 276 0.0013 1835 . 8 2&&2.1 5" . 798 11.95 1&.09 1056 
220 3 . 635"0 0. 9103 0 . 0011 2071 .8 2960 . 6 56.317 11 . 63 15.77 1111 
2 .. 0 3 . 9&578 o • 9930 0.0010 230 1. 4 3292 . 9 57.675 11.33 15."6 116 .. 
260 ... 29&08 1.C751 0.0010 2525.5 3599 . 5 58.903 11.07 15.21 1215 
280 ... &2&32 1.1 563 0.0009 27 ..... 9 390 1. 5 60.022 10.87 15.00 12& .. 
300 .. . 95618 1- 2406 0.0008 2960.9 "200.0 61.052 10.72 1 ... 85 1311 
350 5.181 .... 1 ... 473 0 .0 007 3"91.0 "936 ... &3.321 10.51 1",&" 1"20 
.. 00 6.60656 1.6536 0.000& "01" .1 5665.8 65.271 10 . "3 1 ... 55 1519 

.. 50 7. .. 31&0 1.6599 0 . 000& .. 53 ..... &392 . 3 && . 983 10 . 41 1 ... 53 1&12 
500 8 . 25&58 2 .06&2 0.0 a 05 505 ... 8 7119.0 68.513 10.40 14.53 1&99 
550 9.08 1 53 2.2725 0 . 0005 557 ... 8 78 .. 5 .2 &9.697 10."1 1".53 1781 
600 9 . 90& .. & ! .4 767 0.000" &095.8 8572 ... 71 .1 62 10 ... 2 14.55 1860 
700 11.55&25 2.8912 0 . 000 .. 71 .. 0 . 8 10029.9 73.409 10 . "8 14.&1 2007 
800 13.20&01 3 • 30 37 0.0003 6193 . 3 11"9".8 75.3& .. 10.57 1 ... 70 21 .. 3 
900 1".8557 .. 3.7161 0.0003 925&.& 12970.& 77.101 10.10 1 ... 82 22&9 

10 00 16.505"5 ... 126& 0.0003 10333 . 9 1 .... &0.2 78.613 10.8& 1 ... 98 2387 
1200 19.80 .. 85 ... 953" 0.0002 125 ..... 1 17"95.3 81 ... 27 11.2" 15.37 2& 02 
1 .. 00 23.10"'& 5.77 e3 0 .0 002 1"837.0 20&13.0 83.833 11. &8 15.81 2796 

1&00 2&.40 .. 0 .. b. & a 31 0.0002 17218.3 23819 . 3 85 . 951 12.13 1&.2& 2975 
18 00 29.10632 7.4260 0.0001 19700 .8 27127." 87.8&1 12. && 1&.80 3139 
2000 33.01935 8.2528 0.0001 22329 . 8 3058 ... 7 89.7 .. 8 13.55 17 .73 3281 
2500 41.58048 10.31"9 0.0001 30582.5 .. 0917.& 96.702 20.82 25 . 71 35&8 
3000 51.98234 12 . 3710 0 . 0001 "&&&1 . 3 59&56.9 10&.810 ..... 80 53.57 3842 
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THERHOOY NAHIC PROPERTIES OF PA~AHYOROGEN C - 2 

0.25 HPA ISOBAR 

TEMPERATURE DEN SITY V COH/ OV lp V COP/OU", -V (OP/OVI
T 

-(OV/OTI/~ THERHAL V ISCOSI T T THfRMAL DIELECTRIC PRANOTL 
P CDNDUCTIHTY OIFFUSIVlTY CONSTANT ~UHBER 

OEG. I( I(G/CU H KJ/KG HPA-CU H/KJ HPA 1I0EG. ~ W/~-M KG/H-S SQ H/H~ 

X 10 2 X 103 X 10 7 

13.885 77.15~5 &2&.5 0.25&19 90 .8 919 0.01019 73.&3 25&.32 l.00054 1.2520& 2. 2222 
14 77. 0506 625.7 0.25517 69.9~36 0.01030 7~.7q 252.05 ).0005~ 1 . 25170 2 .1711 
15 7&.23&3 &12 .3 0.2~~52 80 . 5~09 0.01131 83.33 221.85 ~.~0057 1.2~883 1.853~ 

1& 75.34 51 & 15.0 0.23317 7~.5&20 0.0120~ &9.2~ 197.~& 0.00058 1 . 2~571 1. &381 
17 7~.~107 61 ~. 8 0.22~06 68.88~7 0 .01 281 93.14 177.80 0.00057 1.242~3 1.5032 
18 73.~31~ &12.5 0.21&4& &3.5~28 0.013&& 95.90 1&1.&1 J.0005~ 1.23901 1.~097 

19 72.~005 &04. 9 0.20995 57.9339 0.01H2 97.49 1 ~8. 01 0.00054 1.23541 1.3514 
20 71. 305~ 595.5 0.20~13 52.5755 0.01569 96.89 136.31 J. 0005 .\ 1.23159 1.304~ 

21 70. 1ll4 562.0 0.19669 47 . 0614 0.0173~ 100.49 126.05 0.00051 1.22751 1.2 657 
22 68.8696 565.6 0.19399 41.6725 0.01907 101.30 11&.92 0.00049 1.22313 1.2451 
23 &7.4906 544.5 0.16907 36.0362 0.02134 101.38 106.56 0.00047 1.21836 1.2443 

23.751 66. 3 70 6 526.3 0.16510 32.0967 0.02325 100.99 102.75 0.00045 1.21~49 1.2500 
23.751 3.0843 203.3 0.0&730 0.1986 0.07022 21.44 13.56 0.00175 1.00932 0.9028 
24 3.0310 20&.5 0.06747 0.2009 0.06806 21.53 13.&6 0.00182 1.00916 0.6 928 

25 2.8422 219.1 0.06792 0.2078 0.0&097 21.98 1~.16 0.00206 1.00659 0.8607 
26 2.&61& 231.6 0.06813 0.2132 0.05558 22.51 14.64 0.00235 1.00810 0.8374 
27 2.5~22 2~~.1 0.06820 0.2176 0.05129 23.09 15.12 J. 00261 1.00768 O. 8195 
26 2.~195 25&.3 0.066 21 0.2212 0.0~776 23.71 15.60 0.00288 1.00731 0.80 51 
29 2.3102 266.5 0.06816 0.22~3 0 . 0~.76 2~.35 1&.07 0.0031& 1.00696 0.793~ 

30 2.2119 280 . ~ 0.0&813 0.22&6 a.0~223 25.01 16.5~ 0.003~~ 1.00666 0.783~ 

31 2.1229 292.3 0.06608 0.2290 0.04000 25.66 17.01 J.00372 1.00&41 0.7752 
32 2. 0~17 30~.0 0.06603 0.2310 0.0380~ 26.31 17.~7 0.00~01 1.00616 0.7661 
33 1.9672 315.6 0.00797 0.2326 0.03630 26.96 17.93 0.00431 1.0059. 0.7620 

3~ 1.8986 327 .1 0.067 95 O. 2 3~1 0.03~73 27.62 18.39 0.00.61 1.00573 0.7563 

35 1.8351 338.5 0.06792 0. 2354 0.03332 28.28 18.a. 0.00492 1.00554 0.7512 
36 1.7761 349.8 0.06789 0. 2366 0.03203 26.95 19.29 0.0052~ 1.00536 0.7466 
37 1. TZU 361.1 0.067 85 0 .2 376 0.03086 29.&2 19.73 0.00556 1.00520 0 .7~23 

38 1.6697 372 . 3 0.06780 0.2385 0.02978 30.29 20.17 J.00589 1.00504 0.7383 
39 1.6216 363.5 0.0677 6 0 .2 39~ 0.02678 30.96 20.61 0.00621 1.00~89 0.7346 
~O 1.5763 39~.7 0.06770 0.2~01 0.02785 31 . 64 2 1.0~ 0.00657 1.00~76 0.7311 

42 1.4935 417.0 0.06758 0.2415 0 .0 2618 32.98 21.90 0.00728 1.00451 0.7 250 
44 1.~194 439.4 0.0674 3 0.2426 0.02471 34.33 22.74 0.00802 1.00428 0.7195 
46 1.3527 461.8 0.06724 0.243 5 0.02J44 35.69 23.56 0.00676 1.00408 0.7146 
48 1.2922 484.3 0.06700 0.2443 0.02228 37.04 24.38 0.00956 1.00390 0.7102 
50 1.2372 507.1 0.0&672 0.2450 0.02125 38.41 25.18 J.Ol037 1.00373 0.7064 
52 1.1869 530.2 0.06637 0.2~55 0.02031 39.77 25.97 0.01.120 1.00358 0.7032 
5~ 1.1406 553.8 0.0&596 0.2460 0.019~6 41.14 26.7~ 0.01>205 1.0034~ O. 7006 
5& 1.097 9 577.8 0.0&547 0.2465 0.01666 42.51 27.51 0.0lS291 1.00331 0.6965 
58 1.0584 602.4 0.06491 0. 24&9 0.01797 43.88 26.2& 0.01179 1.00319 O. &971 
60 1.0 217 627.7 0.06426 0.2472 0.01731 45.32 29.01 0.01.470 1.00308 O. &954 

65 0. 9405 &9~ .3 0.0&238 0.2479 0.01586 49.14 30.83 0.01708 1.00284 0.&909 
70 0.671 5 766 . 7 0.06008 0.2484 0.01465 52.97 32.59 ~.01948 1.00263 0.6911 
75 0.8121 8~5.6 0.05751 0.2488 0.01361 56.76 34.ll 0.0218& 1.00245 0.6958 
80 0.760~ 931.3 0.05480 0.2491 0.01272 60.64 35 . 98 ~.0242~ 1.00229 0.7028 
85 0.715 0 1023.6 0.05208 0.2494 0.01194 65.58 37.&0 l.02702 1.00216 0.7008 
90 0.67~7 1122.3 0.04946 0.24 96 0.01125 70.52 39 . 19 J.02980 1.00203 0.7017 
95 0.6388 1226.~ 0.04702 0.24 97 0.01064 75.~6 40.74 0.03 259 1.00193 0.7045 

100 0.6066 1335.0 0.04481 0.2498 0.01009 89.60 45.74 0.03947 1.00183 0.&878 
120 0.504 8 1791.2 0.03832 0.2502 0.00838 117.10 54.06 0.05566 1.00152 0.6926 
140 0.432 ~ 2230.9 0.03507 0.2503 0.00716 136.11 59.19 J.07091 1.00130 0.6948 

160 0 .3783 261~.1 0.03392 0 . 250~ 0.00626 148.28 63.00 O.0862~ 1.0011~ 0.6951 

180 0.3362 2937.7 o • 0 3397 0.250~ 0.00556 155.66 66.16 0.10206 1.00101 0.6943 
200 0.3026 3210.8 0.03464 0.2504 0.00500 160.22 69.03 0.11851 1.00091 0.6930 
220 o • 2751 3470.0 0.0355& 0.250~ 0.0045~ 163.44 71.68 0.13565 1.00083 0.6915 

240 0.2522 3713.0 0.03&50 0.2504 0.00416 16&.27 74.21 0.15351 1.0007& O. &901 
260 0 .2328 395& .2 0.03733 0.2504 0.00384 169.20 7&.&6 0.17209 1.00070 0.&890 
260 0. 2102 ~ 2 0 4.2 0.03802 0.2504 0.00357 172.43 79.07 0.19140 1.00065 0.&880 
300 0.2016 4458.8 0.03855 0.2504 0.00333 175.98 81.43 0.21144 1.000&1 O. & 872 
350 0.1730 H27.4 0.03931 0.2503 0 .00 285 186.21 87.26 0.26479 1.00052 0.6859 

400 0.1514 582&.1 0.039&2 0.2503 0.00250 197.54 93.01 0.32265 1.000~6 0.6652 

450 0.13~6 654~ .9 0.03969 0.2503 0.00222 209.44 98.69 0.38560 1.00041 0.6647 

500 0 .1211 72&9.0 0.03970 0.2503 0.00200 221.39 104.31 0.~5301 1.00036 O. &844 
550 0.1101 8000.2 0.03966 0.2502 0.00182 233.42 109.87 ~.5250& 1.00033 0.6841 

&00 0.1009 6736.6 0.03960 0.2502 0.00167 245.44 115.37 J.&0159 1.00030 0.6840 

700 ~.0865 10231.0 0.03938 0.2502 0.00143 2&9.55 12&.16 0.7&779 1.0002& 0. 6637 

800 0.0757 1176~.8 0.03904 0.2502 0.00125 293.95 13&.74 0.95088 1.00023 0.6837 
900 0.0&73 13H8. 9 0.03857 0.2501 0.00111 318.80 1~7.04 1.1501" 1.00020 0.&637 

1000 0.0606 1~990. 6 0.03800 0.2501 0.00100 440.5& 157.11 1.74717 1.00018 0 .53 43 

1200 0.0505 18448.8 0.03670 0.2501 0.00083 511.14 176.&1 2.37145 1.00015 0.5310 

1~00 0.0433 22138.0 0.03532 0.2501 0.00071 583.56 195.33 3.0706~ 1.00013 0.5291 

1600 0.0379 26017.7 0.03401 0.2501 0 . 00062 &57.72 213.38 3.6 .. 59& 1.00011 O. 527~ 
1800 0.0337 302"4.2 0.0325 9 0.2500 0.00056 7~0.80 230.85 4.71567 1 . 00010 0.5235 
2000 0.0303 35450.3 0.03047 0.2499 0.00050 656.69 247.84 5.7450Q 1.00009 0.5126 
2500 0.0240 63789.6 0.01997 0.2461 0.00040 1707.89 289.40 3.9420& 1.00007 0.4357 
3000 0.0192 1530"6.9 0.009 &7 0 . 2381 0.00035 4814.04 335.26 1 •• 8183& 1.0000& 0.3730 
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C - 2 THERHOOY NAHIC PROPERTIES OF PARAHYDROGEN i 
I 

0. 30 MPA ISOBAR 

TEHPERATUR~ VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC ltv 
DER IVITIVE DERIVATIVE ENE RGY OF SOUND 

DEG . K CU H/KG CU H-HPA/KG HPA/K KJ/KG-K KJ/KG KJ/KG-K KJ KG-K HI S 

13.9 01 0.0129& 1.1812 o .92&7 - 308.6 -304. 9 4.973 4.&9 &.38 12&8 
14 0.01297 1.1750 0.92&& - 308.2 -304.3 5 .0 20 4.71 6.43 1267 
15 0.01311 1 . 0616 0.9176 -301.5 - 297 . 6 5 .480 4. 91 6.96 1226 
16 0.01326 0 . 9 St.5 0.8992 - 294 .4 - 290 . 4 5.943 5.11 7.40 1200 
17 0 . 01343 o .9305 0.8840 -286.8 - 282 .8 6.40& 5 . 29 7. 6& 117& 
16 0.013&1 o . 6n4 0.6&94 -27 6 . 6 - 274 .7 6.6&9 5.46 6.35 1154 
19 0.01380 0 . B051 0.6542 -27 0 . 2 - 26& .1 7 . 335 5.&1 6.69 1130 
20 0 . 01401 0 . 7424 o . 6370 -2& 1.1 -250.9 7.804 5.74 9.44 1105 
21 0.01424 o • & 7&5 0.6180 - 251. 5 - 247 . 2 6.279 5 .65 10.0& 1079 
22 0.';1450 o . &H6 0.79&4 - 241 .1 -23 &. 8 6.763 5 . 95 10.75 1051 
23 0.01480 0 . 5414 0 . 7710 - 230.1 -22 5 . 6 9.259 &. 02 11.55 1019 

24 0.01513 0 .47 e6 0.7406 -218.2 -213. & 9.770 &.09 12.49 983 
24.571 0.01535 o .4 345 0.7207 -210.9 -206.3 10.071 &.12 13.04 9&2 
24 .571 0.27220 O. 0 &25 0.01&8 121.7 203.3 26 . 754 6.78 15.05 37 2 
25 0 . 28074 0 . 0&58 o .0162 125.5 209 .7 27 .012 &.71 14.59 378 
2& 0.299&5 0 . 0730 0.0150 134.0 223 . 9 27 . 5&6 &. 59 13.60 391 
27 0 . 31775 0 . e797 o .0140 142 .1 237 .4 26 .078 &.52 13.25 403 
28 0.33525 o . 08 &1 0.0132 149.9 250 .5 26 . 552 &.47 12.84 413 
29 0.35227 0 . 0921 0 . 0125 157.4 263 .1 28 .997 6.43 12.52 424 
30 0.36692 0 . 0980 0.0119 1&4.8 275 . 5 29.417 &.40 12.27 433 
31 0 . 36526 0. I G36 0.0113 172.1 267 .7 29 .6 1& &. 36 12.07 443 
32 0 .4013 5 O. 1091 0 . 0106 179.3 299.7 30.19& &.36 11.89 452 
33 0.41722 0.1145 0.0104 16&.3 311.5 30 . 560 6.35 11.75 460 

34 0.43291 0.1196 0.0100 193.3 323.2 30.909 &.33 11.62 4&9 
35 0.44844 o .! 250 o .0096 200.2 334.7 31 . 2'+4 &.32 11.51 477 
36 0.'+6382 O.t 3 00 o • 0093 207.1 346.2 31 .567 &. 31 11.42 46 5 
37 0.47909 0 .1 351 0.0090 213.6 357. & 31 . 679 &.30 11.33 493 
36 0.49425 0.1400 0.0067 220 .& 3&6.9 32 .180 &.29 11.2& 501 
39 0.50932 0.1449 0.0064 227 . 3 360.1 32.472 &.26 11.20 506 
40 0.52429 0.1496 0.0081 234.0 391.3 32 .7 55 6.26 11.14 515 

42 0.55403 0 .1 593 0.0077 247.3 413.5 33.29& &.28 11.05 530 
4. 0.58350 0.1686 0.0073 2&0.4 435 . 5 33.609 6.26 10.98 5'+3 
46 0.61277 0 . 1761 0 . 0069 273.& 457.4 34.295 &.28 10.92 55& 
48 0. &'+1 65 o .1673 0 . 0066 26&.& 479.2 34.759 &.30 10.88 5&9 
50 0 .&7078 o .1964 o .00 63 299.7 500.9 35.203 &.31 10.86 581 
52 0.69958 0.2054 0.0060 312.8 522.6 35.629 6.34 10.64 593 
54 0.72827 0.2143 0.0058 325.9 544 . 3 36.036 6.37 10.84 604 
56 0.75&85 O. 2232 0.0056 339.0 566 . 0 36.433 6.41 10.66 615 
56 0.78535 (.2321 0.0054 352.2 567 . 6 36 .814 6.46 10.66 625 
&0 0.61376 0.2409 0.0052 365.4 609.6 37.1 83 6.52 10.91 635 

65 0.66453 0.2&27 0.0047 399 .1 6&4.5 36.062 6 .71 11.0& 656 
70 0.9549& 0 . 2843 0.0044 433.7 720.2 38.889 6 . 95 11.27 679 
75 1.02514 0 .3 058 0.0041 4&9.7 777 . 2 39.675 7.26 11.54 697 
60 1.09512 0.3272 0.0036 507.2 635 . 6 '+0.430 7.61 11.67 715 
85 1.1&494 0 . 3464 0.0036 54&.5 696 .0 41.151 6.00 12.24 730 
90 1.23'+&3 0 . 369& 0.0034 567.9 958.2 41.672 6.41 12.65 745 
95 1.30420 0.3907 0.0032 631.3 1022.5 42.5&7 6 . 65 13.07 760 

1 00 1.37369 o .4116 0.0030 67&.6 1066.9 43.246 9 . 26 13.49 774 
1 20 1.&5094 0.495& 0.0025 679.3 137'+.& 45.84& 10.63 15.01 629 
140 1.92747 o • 5 791 0 . 0022 li07.4 1&65.6 48.2'+1 11.62 15.99 665 

1&0 2.20350 Q. 6 622 0.0019 1349.0 2010.0 50 .407 12 . 21 16.37 942 
1 80 2 . 4 79 36 0.7452 0 .0017 1593.8 2337 . & 52.33& 12.19 16.34 999 
200 2.75500 o • 8 281 0.0015 1835.5 2&&2.0 54.045 11. 95 1&.09 105 & 
220 3. 03048 0 . 9109 0.0014 2071.5 2960.7 55 . 564 11. &3 15.77 1111 
240 3.30587 0 . 9937 0.0013 2301.2 3293.0 5&.922 11.33 15.47 1165 
2&0 3.58117 1 • 07&3 0 . 0012 2525.3 3599 . & 56 .1 50 11.07 15.21 121& 
260 3 . 85642 1 .1590 0.0011 2744.8 H01.7 59.2&9 10 . 67 15.01 12&5 
300 4 . 13135 1.241& 0.0010 2960.8 4200.2 &0.299 10 .72 14.85 1311 
350 4 . 8 1913 1. 44 60 0.0009 3490.9 493&.& 62.569 10.51 14.64 1420 
400 5 . 50&76 1.6544 0.0008 '+014.0 566& .1 64.518 10 .4 3 14.55 1520 

450 &. 19435 1.6&G7 0.0007 4534.4 &392 . 7 6& .231 10.41 14.53 1&12 
500 6.8818& 2. OCTO 0.000& 5054.8 711 9. 3 67.7&1 10 .4 0 14.53 1699 
550 7.5&934 2 • 27 J3 0 . 0005 5574.8 7645.& 69.145 10.41 14.53 1782 
&00 6.25&79 2 .479& o . 0005 &095 . 6 6572.8 70.410 10.43 14.55 16&0 
700 9 . &31&4 2 . 8921 0.0004 7140.6 10030.2 72.657 10 . 46 14.&1 2008 
800 11 . 00&45 3 . 3045 O . OOO~ 6193 .3 11495.2 74.&12 10.57 14.70 2143 
900 12.36124 3.7170 0.0003 925&.6 12971.0 7&.349 10 . 70 14.82 22&9 

10 00 13.75& 01 4.1294 0.0003 10333.8 144&0.& 77 . 921 10 . 6& 14 . 98 2387 
120 0 1& . 50551 4.9543 0 . U003 125~4.1 17495.7 80 . 675 11.24 15.37 2602 
1400 19.25502 5.7792 0 . 0002 14836 . 9 20&13.4 83 . 061 11. 6~ 15.81 279& 

1&00 22 . 00462 &. 6040 0 . 0002 17217.9 2381q . ~ 65 .1 99 12.13 16.25 2975 
1800 24.75&51 7 . 4289 0.0002 19&98.7 27125 . & 87.106 12.04 1 &.76 3140 
20VO 27 . 51oH S • 2537 0 . 0002 22320 .1 30575 . 0 86.990 13.46 17.6& 3266 
2500 34 . &2797 10 . 3158 0 . 0001 30431.6 40820 . 2 95 . 882 20.19 25 . 02 35 7 4 
3000 43.t~03' 12 . 3779 0.0001 .5720.7 58&&2.6 105.&90 .2.21 50.52 38&t" 
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THERHOOY NAHIC PROPE~TIES OF PARAHYOROGEN C-2 

0.30 HPA ISOBAR 

TEHPERATURE OENSIT Y V(OH/OV) V (OP/OU) -v (OP/OV) -(oV/OT) IV THERHAL VISCOSITY THERHAL DIELECTRIC PRANOTL 
P V T P CONDUCTIVITY OIFFUSIVITY CONSTAN T NUMBER 

OEG. K KGlCU If KJIKG HPA-CU HIKJ IfPA 1I0EG. K H/K-H KGIH-S sa If/HR 

x 10 2 X 10 3 X 10 7 

13.901 77.1830 628.1 0 . 25&12 91.1717 0.01016 73.8~ 25&.63 0.0005~ 1.25216 2.2189 

H 77.0933 628.& 0.25525 90.5832 0.01a23 H.83 252.95 0.0005~ 1.25185 2.1731 

15 1&. 2817 &13.9 0.2~~92 80.9809 0.01133 83.39 222.&2 0.00057 1.24899 1.8570 

1& 75.3938 &1&.7 0.2335~ 1~.9777 0.01199 89.32 198.1~ 0.00058 1.2~588 1.6~05 

17 74.4636 61&.5 0.22441 69.2910 0.0121& 93.24 118.41 0.00057 1.24262 1.5049 

18 73.4888 614.4 0.21680 63.9613 0.01359 96 . 02 162.11 0.00056 1.23921 1.4107 

19 72.4621 606 . 9 0.21028 58.3382 0.01464 97.62 148.52 0.0005~ 1.23562 1.3519 

20 71.3718 597 .7 0.20443 52.9831 0.01580 99.03 136.79 0.00053 1.23182 1.3042 

21 70. 2051 584.3 0.19917 41.4947 0.01122 100.66 126.51 0.00051 1.22776 1.2649 

22 68.9515 5&8 .~ 0.1942& 42.1036 0.01892 101.50 117.36 0.000~9 1.22341 1.2~34 

23 &7.5828 5~8.3 0 . 18937 36.5865 0.02107 101.60 109.02 0.00047 1.21868 1.2398 

24 6&.088 2 52~.8 o .18~03 31.1119 0.02380 101.03 101.33 0.00044 1.21352 1.2529 

2~. 5 71 65.1597 512.3 0.180&7 28 . 3138 0.02540; 100.39 97.14 0.00043 1.21032 1.2&1& 

2~. 571 3.&138 205.1 0.06760 0.229& 0.07336 22.71 14.13 0.00H8 1.01111 0.9363 

25 3.5&21 210.8 0.06787 0.2344 0.06921 22.83 14.33 0.00158 1.01077 0.91&1 

26 3.3372 224.0 0.06825 0.2437 0.06162 23.20 14.80 0.00181 1.01009 0.8801 

27 3.1471 23&.9 0.06842 0.2509 0.05592 23.&9 15.27 0.00205 1.00951 0.8537 

28 2.9829 249.7 0.0&84& 0.25&8 0.05142 24.23 15.74 0.00228 1.00902 0.8336 

29 2.8387 2&2.2 0.0684~ 0.261& 0 . 0~775 2~.81 1&.20 0.00251 1.00858 0.8177 

30 2.7106 274.& 0.06840 0.2656 0.04469 25.42 16 .67 J.00275 1.00819 0.8045 

31 2 .5956 286.8 0.06834 0.2690 0.0~207 26.05 17.13 0.00299 1.00784 0. 7934 

32 2 .491 6 298.8 0.06828 0.2719 0.03980 26.68 11.59 0.00324 1.00753 0.7840 

33 2.39&8 310.7 0.06822 0.2745 0.03781 Z7.31 18.04 0.00349 1.00724 0. 7760 

34 2.3100 322.4 0.0&820 0 . 27& 7 0.03&04 27.96 18.49 0.00375 1.00&98 0.7&87 

35 " 2.2300 334.0 0.06818 0.2186 0.03446 28.&1 18.94 0.00401 1 .00 &73 0.7&22 

36 2 .1560 345 . 5 0.06814 0.2804 0.03304 29.26 19.39 0.00428 1.00651 0.7564 

37 2.0873 357.0 0 .0 6810 0.2819 0.03115 29.92 19.83 0.00455 1.00&30 0.7512 

38 2.0233 36 e. 4 0.06805 0.2833 0.03057 30.58 20.2& 0.00483 1.00611 O. 7~65 

39 1.9634 379.8 0.06800 0.28~& 0.02949 31 . 24 20.70 0.00511 1.00593 0.7~2 1 

40 1.9073 391.1 0.06794 0.2857 0.02849 31.91 21.13 0.00540 1.0057& 0.7380 

42 1.8050 413 . 8 0.0&781 0.287& 0.02671 33.23 21.98 0.00&00 1.00545 0.7308 

4~ 1.7138 43&.3 0.0&764 0.2892 0.0251& 34.57 22.81 0.00&&1 1.00511 0 . 7245 

~6 1.631 9 459 .0 0.0&744 0.290& 0.02380 35.91 23.&4 0.00725 1.00493 0.7190 

~8 1.5580 481.7 0.0&720 0.2917 0.02259 37.2& 24 .45 0 . 00791 1.00410 0.7141 

50 1.4908 504.7 0.06690 0. 2921 0.02151 38.62 25.25 0.00859 1.00450 0.7098 

52 1.4294 528.0 0.06655 0.2936 0.02054 39.97 26.03 0 . 00928 1.00431 0.7063 

54 1.3731 551.& 0.06613 0.2943 0.019&& 41.33 2&.81 0.00999 1.00414 0.7033 

5& 1.3213 575 . 8 0.06563 0.2949 0.01885 42.69 27.57 0.01072 1.00399 0.7010 

58 1.2733 & 0 0.5 0.06507 0.2955 0.01812 44.0& 28 . 32 0.01145 1.00384 0.&993 

60 1.2289 625 . 9 0.06443 0.29&0 0.01744 45.49 29.07 0.01221 1.00371 0.&974 

65 1.1305 692.7 0.06251 0.2970 0.0159& 49.30 30.88 J.01420 1.00341 O. &925 

70 1.0472 765.3 0.06020 0. 2977 0.01472 53.12 32.64 0.01621 1.00316 0.&924 

75 0.9755 8~4 .3 0.05761 0. 2983 0 . 01361 56.90 34.3& 0.01819 1.00294 0.6969 

80 0.9131 930.1 0.05489 0.2987 0.0127& &0.77 3&.02 0.02018 1.00275 0.7037 

85 0.8584 1022.5 0.05217 0.2991 0.01197 65.70 37.64 0.02250 1.00259 0.7015 

90 0.8100 1121 .2 0.04954 0. 2994 0.01128 10.64 39.23 0.02483 1.00244 0.7023 

95 0.7668 1225.4 0.04710 0.2996 0.01066 75.57 ~O. 78 0.02716 1.00231 0.7050 

100 0.7280 1334.1 0.04487 0.2998 0.01011 89.62 45.74 0.03286 1.00219 0.6884 

120 0.6057 1790.7 0.03836 0.3002 0.00838 111.09 54.05 0.04636 1.00183 0.6930 

1~0 0.5188 2230.7 0.03510 0.3004 0.00711 136.10 59.18 0.05908 1.00156 0.6952 

160 0.4538 2614.2 0.03395 0.3005 0.00626 148.28 63.00 0.07187 1.00137 0.6954 

180 0.4033 2938.1 0.03399 0.3006 0.00556 155.66 66.18 0.08506 1.00122 0.6945 

200 0.3630 3217.4 0.03466 0.3006 0.00500 160.23 69 . 03 0.09877 1.00109 0.6931 

220 0.3300 3470 . 8 0.03558 0. 3006 0.00454 163.46 71.68 0.11307 1.00099 0.6916 

2~0 0.3025 3713.9 0.03652 0.300& 0.00~16 166 . 29 74.21 0.12796 1.00091 0.6902 

260 0.2792 3957.2 0.03735 0.3006 0.00384 169.22 76.&7 0.14345 1 .0008 4 0 . 6890 

280 0.2593 4205.2 0.03803 0.3005 0 . 00357 172.45 79.07 0.15955 1.00078 0.6880 

300 0. 2421 10459.9 0.03856 0. 3005 0.00333 17&.00 81."4 0.17626 1.00073 0.6872 

350 0. 207 5 ~1 2 8.6 0.03933 0.3005 0.00285 186.24 87.27 0.22074 1.00063 0. 6859 

~OO 0.1816 5827 . ~ 0.03963 0.3004 0.00250 197.57 93.02 0 . 26914 1 . 00055 0.6852 

1050 0.1614 6546.3 0.03970 0.300" 0.00222 209 . 48 98.70 0 . 32145 1.00049 0.6847 

500 0.1453 7270.4 0.03971 0.3004 0.00200 221.43 104.33 0 . 37766 1.00044 0.68104 

550 0.1321 8001.6 0.03967 0.3003 0.00182 233.46 109.89 0.43170 1.00040 0. 6841 

600 0 .1211 8738 . 1 0.03961 0.3003 0.00167 2~5.109 115.39 0.50150 1.00036 0.6840 

700 0.1038 10232.4 0.03939 0.3003 0 . 00143 269 . 61 126.21 0.64004 1.00031 0.6837 

800 0.0909 11766 . 3 0.03904 0.3002 0.00125 294.01 136.77 0 . 79266 1.00027 0.6 837 

900 0.0808 13350.4 0.03857 0.3002 0.00111 318.87 147.07 0.95876 1 . 00024 0.&837 

1000 0.0721 110992.2 0 . 03801 0. 3002 0.00100 440.56 157.15 1.45613 1.00022 0.5344 

1200 0.0606 18450 ... 0.03670 0 . 3002 0 . 00083 511.1 4 176.65 1.97638 1.00018 0.5311 

1400 0.0519 22139 . 1 0.03532 0.3001 0.00071 583.53 195.38 2.55903 1 . 00016 0.5292 

1600 0.0105~ 26013.8 0.03403 0.3001 0.00062 657.50 213.43 3.20478 1.00014 0. 5276 

1600 0.0404 30212.6 0.03264 0.3001 0.00056 739.50 230.91 3.9215 5 1.00012 0.5240 

2000 0.0363 35315.2 0.03062 0.3000 0.00050 851.60 247.90 4.77675 1.00011 0.5141 

2500 0.0289 62107.6 0.02058 0.2979 0.00040 164~.08 289.38 8.19221 1.00009 0.~~03 

3000 0.0232 144953 . 9 0.01022 0.2869 0.00035 4510.27 334.10 1l.86503 1.00007 0.3749 
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C-2 THERHODY NAMIC PROPERTIES OF PARAHYDROGEN 

0 . 35 HPA I SOBAR 

TEHPERATURE VOLUHE ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC lTY 
DE~IVATIVE DER IVATIV E ENERGY OF SOUND 

OEG. K CU HI KG CU H-H FA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ KG-K HIS 

13 . 9H 0.01295 1.1844 0.9273 -308.8 -304.3 4.974 4.69 6.39 1270 
14 0.01296 1.1 826 0.9272 -3 08.3 -303.7 5.014 4.71 6.42 1270 
15 0.01310 1.0 E67 0.91 94 -301.6 -297.1 5.473 4.91 6.95 1229 
16 0.013 26 0 . 9993 0.9009 -294.5 -289.1 5.936 5.10 7 . 39 1203 
17 0.01342 O. 9353 0. 8856 -287.0 -282.3 6.398 5.29 7.86 117 9 
18 0.Oll60 0 . 8753 0.8710 -278.9 -274.2 6.860 5.45 8.34 1157 
19 0.Oll79 0.8lGO 0.8559 -270.4 -265.6 7. 325 5.60 8.87 1132 
20 O.OHOO 0. 7473 o .8386 - 261 . 3 -256.4 7. ?q3 5.73 9.42 1108 
21 0.01423 0 . 6817 0.8197 -251.7 -246.7 8.267 5.85 10 .04 1082 
22 0.01449 0 . 6161 0.7982 -241.4 -236.4 8.749 5.94 10.72 1054 
23 0.01478 0 . 5473 0.77 30 -230.4 -225.2 9.244 6.02 11.51 1023 

24 0.01511 o .477 0 0.7430 - 218.6 -213.3 9.752 6.09 12 .43 987 
25 0 . 0154 9 0 .4 056 o . 7075 - 205 .i -200.4 10.280 6.14 13 . 55 946 
25.299 0.01562 0 .3858 0. 6949 -201.7 -196.2 10.445 6.16 13.89 933 
25.299 0.23414 0 . 0603 0.0198 121.6 203.6 26.258 6 . 84 15.88 374 
26 0.24651 0. 0660 0.0186 128.2 214.4 26.682 6.72 15.02 384 
27 0.26317 C. 0735 0.0172 136.9 229.0 27.231 6 . 61 14 .16 397 
28 0.27906 0.0805 0.01 61 145.2 242.8 27.735 6.54 13.56 40 8 
29 0.29438 0. 0870 0.0151 153.1 25&.2 28.202 6.49 13.11 419 
30 0.30925 O. 0933 0.OH3 160.9 2&9.1 28.641 6.45 12.76 429 
31 0.32376 0.0993 0.0136 166.4 261.7 29.054 6.42 12 .4 6 439 
32 0.33801 0.1051 0.0 llO 175.8 294.1 29.447 6.40 12.26 449 
33 0.35201 0.1107 0.0124 163.0 306.3 29.821 6.38 12.07 458 

34 0.36580 0.1162 0.0119 190.2 318.2 30.179 &.36 11.90 466 
35 0.37942 0.1216 0.0114 197.3 330.1 30.522 6.34 11.76 475 
36 0.3928 9 0 .1 269 0.0110 204.3 341.8 30.852 6. Jl 11.64 483 
J7 0.40623 0.1321 0.0106 211.2 353.4 31.169 6.32 11 .54 491 
38 0.U94 6 o .ll72 0.0103 218.0 364.8 31.476 6 . 31 11.45 499 
39 0.43259 O. 1422 0.0099 224.9 376.3 31.772 6.30 11.37 507 
40 0.44562 O. 1472 0.0096 231.6 357.6 32.059 6.30 11.30 514 

42 0.47146 0.1570 0.00 9 1 245.1 410.1 32.608 6.29 11.19 528 
44 0.49704 £.1666 0.0086 258.4 432.4 33.126 6.29 11.10 5 4 2 
46 0.52239 0.1761 0.00 82 271.6 454.5 33.618 6.29 11.03 556 
48 0.547 56 0.1 855 0.0078 284.8 476.5 34.086 6.30 10.98 568 
50 0.57257 0.1947 0.0074 298.0 498.4 34.533 6.32 10.94 581 
52 0 . 59745 [.20 39 0.0071 311.2 520 . 3 34.962 6.35 10 .92 592 
54 0.62222 0.2130 0 . 0068 324 . 3 542 . 1 35.374 6.38 10.91 604 
56 0.646 88 0. 2220 0.0065 331.5 563.9 35.771 6.42 10 .'l2 614 
58 0 . 67145 o . 2309 0.0063 350.8 585.8 36.154 6.47 10.94 625 
60 0.69594 0. 2398 0.0 061 364.1 607.7 36.525 6.52 10.97 635 

65 0.75689 0.2618 0. 0056 397.9 662.8 37.40~ 6.71 11.10 658 
70 0.81750 0.2836 o • 0051 432.7 718.8 38.2 J7 6.96 11.30 679 
75 0.877 86 0.3052 0.0048 468.7 775.9 39.026 7.26 11.57 698 
80 0.93802 0.3267 o .0 045 506.3 834 . 6 39.783 7.61 11. 90 715 
85 0.9980 2 0 . 3481 0.0042 545 .7 895.0 40.515 8.00 12.27 731 
90 1.05788 0. 3694 0.0039 587.1 957 . 3 41.227 8.42 12.67 746 
95 1.11764 0 . 3906 0.0037 630.5 1021.7 41.923 8.85 13 .08 760 

100 1.17730 0.4117 o .00 35 676.1 1088.1 42.605 9.28 13.50 774 
120 1.41526 0 .4 958 0.0029 878.7 1374.1 45.205 10 . 83 15.02 829 
140 1.65251 0 . 5794 0.0025 1106.9 1685.3 47 . 602 11.82 15.99 885 

160 1.88933 0.6626 0.00 22 1348.6 2009.8 49.768 12.21 16.37 942 
180 2 . 12586 0 .74 57 o .0 020 1593.4 2337.5 51.699 12.19 16.34 1000 
200 2.36220 0.8287 0 .0 018 1835.3 2662.0 53.407 11.95 16.09 1056 
220 2.59640 0. 9115 0.0016 2071 . 3 2980.7 54.927 11.63 15.77 1112 
240 2.63450 o . 9943 0.0015 2301.0 3293.1 56.285 11.33 15.47 1165 
260 3.07053 1 • C 770 0.0013 2525.1 3599.6 57.513 11.08 15.21 1216 
280 3.30649 1 • 1597 0.0013 274 4.6 3901.9 58.633 10.87 15.01 1265 
300 3.54219 1.2423 0.0012 2960.6 4200.4 59.663 10.72 14.65 1312 
350 4 . 1317 7 1.4486 0.0010 3490.8 493&.9 61.933 10.51 14.64 1421 
4~O 4.72123 1. E 552 0.0009 4013.9 5666.4 63.882 10 . 43 14.55 1520 

450 5.31060 1.8&1 5 0. 0008 4534.3 6393.0 65.595 10.41 14.53 1612 
500 5.89992 2 • C679 0.0007 5054.7 7119.7 67.1 25 10.40 14 .5 3 1699 
550 6 .46920 2 . 2142 0. 0006 5574.7 7845.9 68.510 10.41 14.53 176 2 
600 7.078 4& 2 .4 604 0.00·06 6095.7 6573.2 69.774 10.43 14.55 1861 
700 8.25692 2.8929 o .0005 7140.7 10030.6 72.022 10.48 14.61 2 008 
800 9.4353~ 3.30 54 0 . 0004 8193.2 11495.6 73.976 10 . 57 14.70 2144 
900 10. 61374 3 . 7179 o . 0004 9256.6 12971.4 75.713 10.70 14.82 2270 

1000 11.7921 2 4.1 303 0.0004 10333.8 14461.1 77.265 10.86 14.98 23 87 
1200 14.14885 4.95 52 0.0003 12544.1 17496.2 80.039 11.24 15.37 2602 
1400 16.50557 5 . 7801 0.0003 14636.9 20613.6 62.446 11 . 68 15.61 2797 

1600 18.86252 6.6049 0.0002 17217.7 23819.6 84.563 12.12 16.25 2975 
1600 21.22097 7.4296 0.0 002 19697.0 27124.3 86.471 12.63 16.77 3141 
2000 23 . 58592 8 . 2546 0.0002 22H2.5 30567.5 88.350 13.43 17.61 3289 
2500 29.66646 10.3167 0.0001 30314.6 40697.9 95.192 19.71 24.48 3579 
3000 36.65890 12 . 3788 0.0001 44989.2 57869. 9 104.769 40.19 48 .1 5 364b 

TWO-PHASE BOUNDARY 2B I 



THERMODY NAHIC PROPERTIES OF PARAHYOROGEN C-2 

0.3 5 HPA I SOB AR 

TEM PERAT URE OENSI TY V (Q H/OVlp V (OP / OUI
V 

-v (DP/OVI - «(lV/Oll /V THERMAL V ISCOSIT Y THE RMAL DIELEC TRIC PRAN OTL 
T P CONDUCT! VITY DIFFUS IVITY CONS TANT NUMBER 

DEG. K KG/CU M KJ/KG MPA-CU M/KJ HPA 1/0EG. K W/K-M KG/M - S sa M/HR 
x 10 2 X 10 3 X 10 7 

13.918 77. 2115 629.7 0 .2 5606 91 . ~518 0.0101~ 7~.05 2'6 .9~ O.OOO'~ 1.2,226 2. 21,6 

14 77.1358 631. , 0 .2 5533 91 . 2209 0 .0 1016 7~.87 253 .85 0.000, .. 1. 252 00 2.1762 

15 76.3270 615.5 0.2~531 81.~195 0.01129 83 ... , 223 . 39 ~ .00 057 1 . 2 ~915 1 . 86 06 

16 7' ..... 22 618.3 0.23391 7,.3921 0.0119, 89.~0 198.82 0 . 000,8 1.2~6o, 1 . 6 ~ 3o 

17 7~.5163 6 18. 2 0 . 22~76 69.69" 0.01271 93 . 3~ 179.02 0 .0 00,7 1.2~28o 1 . , 066 

18 73.'~'8 616. 3 0.21712 6~.3776 o • 013,3 96.13 162.73 0 . 000,6 1. 239H 1. <t117 

19 72.,233 608 . 8 0.210,9 '8.7~o, 0.01~'7 97.7, 149.03 0 . 000,5 1 . 23,83 1 . 3'2~ 

20 71.~378 ,99.8 0.20"72 ,3.3890 0.01,71 99.18 137 . 27 0.00053 1 . 23205 1 . 3O~1 

21 70. 278 2 586 .7 0.1 99"6 .. 7.905" 0.01711 100.82 126.97 0.00051 1.22802 1 . 2641 

22 69.o32~ 571.1 0.1945~ ~2.5317 0.01877 101.69 117.81 0.000~9 1 . 22369 1. 2~17 

23 67.6752 551.3 0 .1 8966 37.0390 0.02087 101.82 109.,,7 0.000,,7 1. Zl8Q9 1.23 70 

2 .. 66.1935 528.1 0.18"38 31.5729 0.02353 101 . 26 101.76 0.00 0 .... 1.21366 1.2" 89 
25 6".5,,8 ,01.3 0.178"2 26.18 .. 8 0.02702 100 . 08 9" . 56 0.000"1 1.2082" 1 . 2799 

25.299 6~ .0123 "93.5 0 .17627 2".6966 0 . 0281~ 99.5~ 92.~1 O .OOO~ O 1.20637 1. 2891 

25 . 299 ... 2710 206 . 2 0.06790 0. 2575 0 . 076Q9 23.9" 14.66 0 . 00127 1.01293 0 . 972" 

26 ~.0566 216.0 0.06830 0.2678 0.06953 2~ .0 6 1~. 98 0.00142 1.01228 0 .9 3 .. 9 

27 3.7998 229.6 0.06858 0.2793 0.06168 2~ . 3 9 15 . "3 0.001 63 1 . 01150 0.8958 

28 3.583 .. 2~2.9 0.06868 0. 2883 0.05581 2 ... 63 15.88 o.oolS" 1 . 0108" 0.86 7" 

29 3.3970 255.9 0.06869 0.2956 0.05122 25.33 16.3~ 0.002 05 1.01027 0 .8 ~5 7 

30 3.2336 268.7 0.06865 0.3016 0 . 0~7~9 25.88 16.80 0 . 00226 1 . 00978 0. 82 8 .. 

31 3.088 5 281 .3 0.06859 0.3066 0 . 0 .... 38 26.~7 17.25 0 . 002~7 1.0093~ 0. 81 37 

32 2.9,65 293.6 0 .068 ,3 0.3108 0.0~17" 27 . 08 17.70 0 . 00 269 1.0089~ 0. 8014 

33 2 .8"08 305.8 0.068,,6 0.31"5 0.039", 27.69 18 . 15 0.00 291 1.008,9 0.7911 

3 .. 2 . 7337 317.7 0.068"5 0.3177 0.037'" 28.31 18.60 0.00313 1.00826 0. 7819 

3, 2.6356 329.6 0.068"3 0. 320, 0 . 03,69 28.9 .. 19.05 0 . 00336 1.00796 0.77"0 

36 2.5,,52 31,1.3 0.068"0 0.3229 0 . 03~11 29 . 58 19.~9 0 . 003,9 1 . 00769 0 . 7669 

37 2."616 352.9 0.06836 0.3 251 0.03269 30.22 19.92 0 .00 383 1 . 007 .... 0 .7607 

38 2.38" 0 36 ... 5 0.06830 0.3270 0.031"1 30.87 20.36 0.0 0 .. 07 1 . 00 720 0. 75, 0 

39 2.3117 376.1 0.06825 0.3288 0 . 03023 31 . ,2 20.79 0 .00"3 2 1.00698 0.7 .. 99 

.. 0 2.2 .... 1 387.6 0.06818 0. 3303 0.02916 32.18 21 . 22 O. 0 0~57 1.00678 0 .7 ~51 

.. 2 2.1211 410.5 0 . 0680" 0.3330 0.02725 33 ... 9 22.06 0 .00 508 1.006"1 0.7369 

.... 2 . 0119 .. 33.3 0.06786 0. 33,3 0.02,61 3~.82 22.89 0 .00,61 1 . 00607 O. 729 7 

.. 6 1.91,,3 .. ,6.2 0.0676, 0 . 3372 0.02"17 36 .1 , 23. 71 0.00616 1.00,78 0.72 3, 

"8 1.8263 .. 79.2 0.067 .. 0 0.3387 0.02291 37. .. 8 2~ .'2 0.00673 1.005,1 0.718 0 

,0 1.7"6, 5 02.3 0.0 6709 0.3401 0 . 02178 38 . 83 25 .31 0 .00 732 1.00,27 0.7 1 33 

,2 1.6738 ,2,.7 0 .06673 0.3"13 0.02077 ~o .17 26.10 0 . 007 91 1.00,0, 0. 70 93 , .. 1.6072 5~9.5 0.06630 0 . 3"23 0.01986 ~1.53 26 . 87 0 .00 852 1 . 00"85 0.70 60 

56 1. 5" 59 5 7 3.8 0 .0 6580 0.3431 0.01902 "2.88 27 . 63 0 .00 915 1.00"67 0.7 03 .. 

58 1. .. 893 598.6 0.06522 0.3 439 0.01827 .. ~.2~ 28.38 0.00978 1 . 0 o~~9 0 .7016 

60 1."369 624.1 0.06~58 0.3~"6 0 .0 1757 ~5.67 29.12 0.01O~3 1 . oo~3~ 0 . 699 ~ 

65 1.3212 691.2 0.06265 0.3~59 0 .0 1606 ~9.~7 30.9" 0.01 211, 1.00399 0.6 9" 1 
70 1.2232 7,63 .9 0.06032 0.3"69 0.01"80 53.27 32 . 69 0 . 01387 1 . 00369 0. 6 936 

75 1.1391 8~3.0 0 .0577 2 0.3 "77 0 . 01373 57.03 3~."0 0 .01558 1.003''~ 0. 6 98 0 

80 1.0&61 928.9 0.05"99 0.3~83 0.01281 60 . 90 36.06 0 . 01728 1 . 00322 0.70~6 

85 1.0020 1021.4 0.052 26 0.3488 0.01201 65.82 37.&9 0.01928 1.00302 0. 7 022 

90 0.9"53 11 20 .2 0.0~9 62 0.3492 0.01131 70.7, 39 .27 0.02127 1.00285 0.7030 

95 0.89 .. 7 1224.5 0.04717 0.3495 0.01068 75.68 40.82 0 . 02326 1.00270 0.7055 

100 0.8~9~ 1333.2 0 .0"~ 9~ 0.3497 0.01013 89.6, 4'.H 0.0281~ 1.002,6 0.6890 

120 0.7066 17 90. 2 0.038"0 0.3503 0 . 00839 117.09 5" .0 5 0.03971 1.00213 0.6935 

1"0 0.&051 2230.5 0.0351~ 0.3506 0.00717 136.10 59.18 0.05062 1. 00182 0. 6955 

1&0 0.5293 261~.4 0.03397 0. 3507 0.00626 1~8.28 63 .0 0 0 . 061&0 1. 00160 0. 6 956 

180 0."70~ 2938.5 0.03"02 0.3508 0.0055& 1,5 . 67 66.18 0 . 07291 1.001"2 0. 6 9H 

200 0."233 3218.0 o .03~6 8 0.3508 0.00500 160.2" 69 .03 0 .08~68 1.00128 0.6933 

220 0.3849 3 .. 71. 6 0.03560 0.3508 0.00"54 163."7 71 .69 0 . 0969~ 1.00116 0.6917 

240 0.3528 3714.8 0.0365" 0.3508 0.001,16 166.30 7".22 0 .10 971 1.00106 0. 690 3 

260 o • 3257 3958.2 0.03737 0. 3508 0.0038~ 169.2~ 76.67 0.12299 1.00098 0. 6 891 

280 0 . 302 .. "206.3 0.03805 0. 3507 0.00357 172 ... 7 79.08 0.13 680 1.00091 0. 6 881 

300 0.2823 ~ .. 61.1 0.03858 0 .3 507 0.00333 176. a 3 81."5 0.15113 1 . 00085 0. 68 73 

350 0.2 .. 20 5129.9 0.0393" 0.3506 0.00285 186.26 87 . 28 0.18 927 1.00073 0. 6 860 

.. 00 0.2118 5828 . 8 0.0396" 0.3 ,06 0 . 00250 197 . 60 93.03 0.23077 1.ooo6~ 0 . 6852 

.. 50 0 . 1883 65 .. 7 . 6 0.03971 0 . 3505 0.00222 209.51 98 .7 2 0 . 27562 1 . 00057 0 . 68 .. 7 

500 0 . 1695 7271. 8 0.03972 0.3505 0.00200 221." 10".3" 0 . 32382 1.00051 0 . 68 .. .. 

550 0.15"1 8003 . 0 0.03968 0.3505 0.00182 233.50 109.91 0.37530 1.0 0 0~6 0. 681,1 

600 001 .. 13 8739 . 6 0 . 03961 0.350" 0 . 00166 2"5 . 53 115."1 0."3001 1 . 000"3 O. 68~ 0 

700 0 . 1211 10233.9 0.03939 0.350" 0.001"3 269 . 66 126.23 0 . 5"879 1.00036 0.6837 

800 0.106 0 11767.8 0.03q05 0. 3503 0.00125 29 ... 07 136.79 0 . 67965 1 . 00032 0.6 83 7 

900 0.09"2 13352.0 0.03858 0.3503 0.0'0111 318.93 1"7.11 0.822 07 1.00026 0.66 37 

1000 0.06"8 1" 993 .8 0.03801 0. 3503 0 . 00100 .... 0.56 157.18 1.2 .. 82 .. 1 . 00026 0 . 53" 6 

1200 0.0707 18 .. 52 . 0 0 .0 3671 0 . 3502 0 . 00083 511.14 176.6Q 1.69"19 1.00021 0. 531 2 

1400 0.0606 22140 ... 0.03532 0.3502 0 . 00071 583.52 195."2 2 .19359 1.00018 0. 529" 

1600 0.0530 2;011.1 0.03~0~ 0.3502 0.00062 657 . 33 213."8 2 .7"687 1.00016 0.5277 

1800 0.0 47 1 301 88 . .. 0.03267 0. 3501 0.00056 738 . "8 230.97 3 . 36 "9 5 1 . 0001" 0. 52 "~ 

2000 O. 0 ~2 ~ 35210.5 0. 030 73 0 . 3500 0.00 05 0 6 .. 7 . .. 9 2~7 . q6 .. . 08714 1 . 00013 0.51 51 

2500 0 . 0337 6079Q.l 0.02108 0.3 .. 78 0.00040 1594.42 269 . 38 &. Q56Q6 1.00010 O. 4 4 ~ 2 

3 000 0.0271 136607.2 0.01070 0.3358 0.0003 5 "271.99 33~.27 11.77275 1.00008 0.3768 
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C-2 THERMOOYNAMIC PROPERTIES OF P ARAHYDROGEN 

0 •• 0 HPA ISOBAR 

TE HPERATURE VOLUHE ISOTHERH ISOCHORE INTERNAL ENTHALPY EN TROP Y CV CP VELOCITY 
OERIVATIVE DERIVATIVE ENERGY OF SOUND 

DEG. K CU HI KG CU H-HPA/KG HP~K KJ/KG-K KJ/KG KJ /KG-K K J I KG - K HIS 

13.935 0.01295 1.187& 0.9279 -308.8 -303 . & • • 975 • • &9 &. 39 1271 
14 0.0129& 1. 1 S02 0.9278 - 308.3 -303. 2 5.007 • • 71 &.41 1273 
15 0 . 01309 1.0718 0.9211 -301.8 -29&.5 5 •• 65 •• 91 6 . 9 • 1231 
15 0.01325 1.00.2 0.9025 -294.& -289.3 5 . 928 5 .1 0 7.38 1205 
17 0.01341 0.94Cl 0.8872 -287.1 -281.7 6 . 389 5 .29 7.8 5 1181 
18 0.01358 o • 8826 0.8729 - 279.1 - 273.7 6 . 850 5 • • 5 8.3 2 1160 
19 0 . 01378 0 . 8191 0.857& -270.6 -265 . 1 7 . 314 5 .60 8. 8 4 1137 
20 0 . 01399 0.7523 0.8.02 -2& 1. 6 -25&.0 7.782 5 . 73 9 •• 0 1111 
21 0.01421 o • &8&8 0 . 8213 - 252.0 -24&.3 8 . 255 5 . 84 10.01 1085 
22 0.01447 0.6215 0.8000 -241.7 -235.9 8.736 5.94 10.& 8 1057 
23 0 . 01476 0.5532 0.7751 -230.8 -22 •• 9 9.228 5 .0 2 11 • • & 1026 

24 0.01508 0.4831 0.7454 -219.0 - 213 . 0 9 . 734 6. 09 12. 3 7 991 
25 0.01546 o • 4122 0.7lJ13 -20& . 3 - 200.1 10.259 6014 13 •• & 950 
25 . 957 0 .01590 0.3437 0.&&94 -192 . 9 -18&.& 10.79 0 6 .1 9 1 •• 7 4 90 5 
25 . 957 0.2049& O. 0579 o .0229 121.1 203.1 25.813 &. 89 16. 79 376 
2& 0 . 20572 o .0583 0.0228 121.6 203.9 25.842 6 . 88 16.71 376 
27 0.221&1 0.0&08 0.0208 131.2 219.9 2& . 445 6 .72 15.3. 390 
28 0.23&48 0.0745 0.0193 140.1 234.7 2&.985 6 . &2 H.44 403 
29 0 . 250&3 0.0817 o .0180 148.6 2.8.8 27 . 48 0 &. 5& 13. 8 0 H5 
30 0 . 2&42& o • 0884 0 . 0170 15&.7 2&2.4 27.940 6 .51 13.33 425 
31 0.27747 0.09.8 0.01&0 1& •• 5 275.5 28 . 371 & • • 7 12 .96 43& 
32 0.29035 0. 1009 0 . 0153 172.2 288.3 28.777 6 .4. 12.66 445 
33 0 . 30298 O. 10&8 0.0145 179.7 300.9 29 . 1&3 6 . 42 12. 41 455 

34 0 . 31537 0.1126 0.0139 187 . 0 313 . 2 29.531 &. 39 12 . 21 464 
35 0.327 58 0.1182 0.0133 194.2 325.3 29.882 &. 37 12.03 473 
35 0.339&3 0.1237 0.0128 201 . 4 337.2 30.219 6 .35 11. 8 8 481 
37 0 . 35154 0.1290 0.0124 208.4 349.1 30.543 &. 34 11.76 489 
38 0.35332 0.1343 0.0119 215.4 JOO.8 30.855 6 .33 11 . 65 497 
39 0 . 37500 0.1395 0.0115 222.4 372.4 31 .1 56 6.32 11. 55 505 
40 0.38&59 0 . 144& 0.0112 229.2 383.9 31.447 &.31 11. 47 513 

42 0 . 40952 o • 1547 0.0105 242.8 40&.7 32.003 6 . 30 11.3 3 527 
44 0.43217 o • 1 645 0 . 0099 25&.3 429.2 32 . 528 6. 30 11. 22 541 
46 0 . 454&0 0.1742 0.0094 2&9.7 "51.5 33.024 &.3 0 11.1" 555 
48 0.47&84 0.1837 o • 0089 283.0 473.8 33.497 &.31 11 . 07 5&8 
50 0 . 49892 0.1931 o . 0085 29&.3 495.8 33 . 948 &.33 11. 0 3 580 
52 0.5208& 0.20 24 0.0082 309 . 5 517.9 34.38 0 6 .35 11.00 59 2 
54 0.542&8 0.211& 0.0078 322.8 539.8 3 •• 79. &. 38 10.98 503 
5& 0.5&440 0.2207 0.0075 33&.0 5&1.8 35 . 194 & • • 2 10. 9 8 61. 
58 0 . 58&03 0.2297 0.0072 349 •• 583.8 35.579 6. 47 10.99 &25 
&0 0 . &0758 0.2387 0.0070 362.8 605.8 35 . 952 6 .5 3 11.0 2 &35 

65 O. &&11& 0.2&10 0.006. 39&.7 &&1.1 36 . 839 &.71 11.1. 658 
70 O.71'H 0.2829 0.0059 431.& 717 . 3 37.671 6.95 11.3. &79 
75 0.76741 o .30.7 0.0055 .67.7 7"4.& 38 • • 62 7. 26 11.60 698 
80 0.82020 0 . 32tJ 0.0051 505 . 4 833.4 39.221 7. 61 11 . 92 715 
85 0 . 87283 o • 3478 0.0048 54 •• 8 894.0 39.954 8 .00 12. 2 9 731 
90 0 . 92533 0.3& 91 0.0045 586.2 95&.4 40 . 6&8 8. 42 1 2 . &9 74 6 
95 0.97772 o .39 O' 0.0043 629.8 1020.8 41 . 365 8 .85 13. 1 0 760 

1 00 1.03002 0 •• 116 0.0041 &75 . 4 1087.4 .2. 047 9 . 28 1305 2 774 
12 0 1.23851 0.4959 o .0034 878.2 1373. & 44. &5 0 10.83 15 .0 3 830 
140 1.44&30 0.5796 0 . 0029 .1106.4 1& 85. 0 47.048 11.82 1&.00 88& 

1&0 1.&53&5 O. &&30 0.0025 13.8.2 2009.& 49.215 12. 22 1&. 38 943 
18 0 1 . 8&072 0.74&2 0.0022 1593.1 2337.4 51. 1 4& 12 .19 1&.34 10 0 0 
2 00 2.0&7&0 0.8292 0.0020 1835.0 2&&2.0 52.855 11 . 95 1&. 1 0 1057 
220 2.27434 o .9121 0.0018 2071.0 2980.8 54 . 375 11. &3 15.7 8 1112 
240 2 . 48098 o . 9949 0.0017 2300.8 3293 . 2 55.734 11 . 33 15.47 11&5 
2&0 2.&8754 1.0777 0.0015 2524.9 3599 . 9 56.9&2 11 .0 8 15. 2 1 1217 
280 2 . 89405 1.1&04 0.0014 2744.4 3902.0 58.081 10 .87 15.01 1266 
300 3.10031 1.2.30 0.0013 2960 . 5 4200.6 59 . 112 10 .72 1 •• 85 1312 
350 3 . &1625 1 •• 49& 0.0011 3490.7 4937.2 61 . 382 10. 51 14. 6 4 1421 
400 •• 1320& 1 • &5 &0 0.0010 4013.8 5&6&.7 &3 . 331 10 .43 14. 55 1520 

.50 4.&4779 1.8624 0.0009 4534.2 6393.3 65.044 10.41 14. 53 1613 
500 5.1&346 2. 0& 8 7 o .0008 5054 . & 7120.0 &6 . 574 1 0 .4 0 14. 53 1700 
550 5 . &7910 2.2750 0.0007 5574 . 7 7846.3 67.959 10 . 41 14. 53 178 2 
&00 &. 19471 2.4813 0.0007 &095 . 7 8573. & &9 . 223 10.43 14 .55 1861 
7 00 7.22588 2.8938 0.000& 71.0.7 10031.0 71.471 10 . 48 14. &1 2 008 
800 8 . 25701 3.30 &3 0.0005 8193.2 1149&.0 73 •• 2& 10 . 57 14.70 214. 
900 9 . 28811 3.7187 o .0004 925&.& 12971.8 75.1&2 10 . 70 14. 82 2270 

1000 10.31920 •• 1312 0.000. 10333 . 8 14 .. &1.5 7&.73 .. 10. 8& 1 4.98 2388 
1200 12.38135 4.9561 0.0003 12544.1 17 .. 9&. & 79 . 488 11 . 24 15. 3 7 2&03 
1400 14 •• 4349 5.7809 0.0003 1483&.8 20&14.2 81.895 11.&8 15 .8 1 2797 

1&00 1& . 50580 &. &058 0.0003 17217 . 5 23819.8 84.012 12 . 12 16. 25 297 6 
1 800 18 . 5&935 7.430& 0.0002 19&95 . & 27123.4 85.919 12 . &2 1&. 7 5 3141 
2000 20.63822 8.2555 0.0002 2230&.3 30561.6 87.796 13 . 39 17 . 56 3 290 
2500 25.94803 10.317& 0 . 0002 30220.2 40599.4 94 . 598 19 . 31 24 .0 4 358 3 
3000 32 . 16812 12.3797 0.0001 44399.4 572&&.7 103 . 98 7 38 . 56 46 .2 4 3848 
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THERHO OY NAHIC PROPERTIES OF PARAHYOROGEN C-z 

0.40 HPA ISOBAR 

TEMPERATURE OENSITY V (QH/OV~ V (OP/OUly -V(OP/OVlr -(OV/OT~~CON~~~~~ ~iTY VISCOSITY THERHAL OIELECTRIC PRANOTL 
OIFFUS IVITY CONSTANT NUHBER 

OEG. K KG/CU H KJ/KG HPA;C~O~/KJ HPA 1/0EG. K WI K-H KG/H-S sa H/HR 
x 103 X 10 7 

13.935 77.2399 631.3 0.25599 91.7322 o .01Hl 74.25 257.26 ~.00054 1.25236 2.2124 

14 77.1782 634.3 0.25541 91.8568 0.01010 74.91 254.75 0.00055 1.25215 2.1789 

15 76.3720 617 .1 0.24570 81 .8 567 0.01125 83.51 224.16 0.00057 1.24931 1.8642 

16 75.4904 619 . 9 0.23427 15.8051 0.01191 89.48 199.49 0.00058 1.24621 1.6455 

17 74.5686 619.9 0.22511 70 .0 983 0.01266 93.43 179.63 0.00057 1.24298 1.5084 

18 73.6116 619.2 0.21750 64.9667 0.01344 96.26 163.38 0.00057 1.23964 1.4120 

19 72.5911 612 .8 0.21094 59.4563 0.01442 97.89 149.60 0.00055 1.23607 1.3508 

20 71.5035 602.0 0.20502 53.7931 0.01562 99.33 137.75 0.00051 1.23228 1.3040 

21 70.3507 589.0 0.19914 48.3137 0.01700 10 0.99 127.43 0.00052 1.22821 1. 2634 

22 69.1127 573.7 0.19481 42.9569 0.01862 101.88 118.25 0.00050 1.22391 1.2401 

23 67 . 7665 554.3 0.18995 37.4872 0.02068 102.04 109.91 0.00047 1.21931 1.2344 

24 66 . 2974 531 . 4 0.18472 32.0293 0.02321 101.53 102.22 0.00045 1.21424 1.2450 

25 64.6759 505.0 0.17883 26.6581 0.02664 100.37 95.02 0.0004 2 1.20865 1.2739 

25.957 62.90 88 476.2 0.17182 21.6193 0.03096 98.50 88.30 0.00038 1.20259 1.3216 

25.957 4.8790 206.9 0.06820 0.2826 0.08113 25.16 15.16 0.00111 1.01478 1.0116 

26 4.8610 207.6 0.06823 0.2635 0.08050 25.15 15.18 0.00111 1.01472 1 .00 83 

27 4.5124 222 . 0 0.06869 0.3016 0.06910 25.23 15.61 0.00131 1.01366 0.9489 

28 4.2287 235.9 0.06888 0.3152 0.06120 25.51 16.05 0.00150 1.01280 0.9083 

29 3.9899 249.5 0.06892 0.3258 0.05532 25.91 16.49 0.00169 1.01207 0.8787 

30 3.7842 262 . 6 0.06889 0.3344 0.05072 26.38 16.94 0.00168 1.01145 0.8557 

31 3.6040 275.7 0.06883 0.3415 0 .0 4699 26.93 17.38 0.00208 1.01090 0.8364 

32 3.4440 288.4 0.06877 0.3475 0.04389 27.50 17.83 0.00227 1.01042 0.8207 

33 3.3005 301.0 0.06869 0 .3 526 0.04125 28.09 18.27 0.00247 1.00996 O.B077 

34 3.1708 313.1 0.06870 0.3570 0.03898 28.68 18.71 0.00267 1.00959 0.7963 

35 3.0527 325.1 0.06869 0.3 608 0.03700 29.29 19.15 0.00267 1.00923 0.7866 

36 2.9444 337.0 0.06866 0.3641 0.03525 29.91 19.59 0.00308 1.00890 0.7781 

37 2.8447 348.9 0 .06861 0.3670 0.03369 30.54 20.02 0.00329 1.00860 0.7707 

38 2.7524 360.7 0.06856 0 . 3697 0.03229 31.18 20.45 0.00350 1.00832 0.7640 

39 2.6666 372.4 0.06850 0.3720 0.03102 31.82 20 .8 6 0.0037 2 1.00806 0.7580 

40 2.5867 384.1 0.06843 0.3741 0.02966 32.47 21.31 ~.00394 1.00782 0.7525 

42 2.4419 407.3 0.06827 0.3777 0 . 02781 33.76 22.15 0.00439 1.00738 0.7431 

44 2.3139 43 0.4 0.06809 0.3807 0.02607 35.07 22.97 0.00486 1.00699 0.7351 

46 2.1997 453 .4 0.06786 0.3832 0 .02 450 36.38 23.79 0.00535 1.00664 0.7281 

48 2.0971 476.6 0.06760 0 .38 53 0.02323 37.71 24.59 0.00585 1.00633 0.7220 

50 2.0043 499 . 9 0.06726 0.3871 0.02205 39.04 25.38 0.00636 1.00605 0.7169 

52 1.9199 523 .5 0.06691 0.3 886 0.02100 40.38 26.16 0.00689 1.00580 0.7125 

54 1.8427 547 .5 0.06647 0 .3 899 0.02006 41.72 26.93 ~.00742 1.00556 0 .70 88 

56 1.7716 571.9 0.06596 0.3910 0.01920 43.07 27 .69 0.00797 1.00535 0.7059 

58 1.7064 596.8 0.06538 0.3920 0.01842 44.42 28.44 0.00853 1.00515 0.7038 

60 1. 6459 622.4 0.06473 0.3929 0.01770 45.84 29.18 0.00910 1.00497 0.7014 

65 1.5125 &89 .7 0.0&278 0.3947 0.01&15 49.&3 30.99 0.01060 1.00456 0.6956 

70 1.3998 7&2.5 0.06044 0.3960 0.01487 53.43 32.74 0.01212 1.00422 0.6948 

75 1.3031 841.8 0.05783 0.3970 0.01378 57.17 34.45 0.01361 1.00393 0.6991 

80 1.2192 9Z7 .7 0 .0 5509 0.3978 0.01285 61.02 36.11 J.01511 1.00368 0.7055 

85 1.1457 1020.4 0.05234 0.3984 0.01204 65.95 37.73 0.01686 1.00346 O. 7030 

90 1.0807 1119.2 0.04970 0.3989 0.01133 70.87 39.31 0.01861 1.00326 0.7036 

95 1.0228 1223.5 0.04724 0.3993 0.01071 75.80 40.85 0.02037 1.00308 0.7060 

100 0.9709 1332.4 0.04500 0.3996 0 . 01015 89.67 45.75 0.02460 1.00293 0.6897 

120 0.8074 1 789.7 0.03845 0.4004 0.00840 117.09 54.05 0.0347J 1.00243 0.6939 

140 0.6914 2230 . 4 0.03517 0.4008 0.00717 136.10 59.18 0.0442~ 1.00208 0.6958 

160 0.6047 2614.5 0.03400 0. 4010 0.00626 148.28 63.00 0.05389 1.00152 0.6959 

180 0.5374 2938.9 0 .0 3404 0.4010 0.00556 155.67 66.19 0.06380 1.00162 0.6949 

200 0.4837 3218 . 6 0 .0 3471 0.4010 0.00500 160.25 69.04 0.07411 1.00146 0.6934 

220 0.4397 3472.3 0.03562 0.4010 0.00454 163.48 71.69 0.08484 1.00133 0.6919 

240 0.4031 3715.7 0 .03656 0 .4010 0.00416 166.32 74.23 0.09602 1.00121 0.6904 

260 0.3721 3959.2 0 .0373 9 0.4010 0.00384 169.26 76.68 0.10765 1.00112 0.6892 

280 0.3455 4207.3 0.03807 0.4010 0.00357 172.49 79.09 0.11974 1.00104 0.6882 

300 0.3225 4462.2 0.03859 0.4009 0.0033 3 176.05 81.46 0.13228 1.00097 0.6873 

350 0.2765 5131 .1 0.03935 0 . 4008 0.00285 186.29 87.29 0.16567 1.00083 0.6860 

400 0.2420 5830.1 0 . 03965 0.4008 0.00250 197.63 93.05 0.20199 1.00073 0.6852 

450 0. 2152 6549.0 0.03972 0.4007 0.00222 209.54 98 . 73 0.24125 1.00065 0.6848 

500 0.193 7 727 ~ . 2 0.03973 0.4006 0.00200 221.51 104.36 0.28344 1.00058 0.6&44 

550 0.1761 8004 .5 0.03969 0.4006 0 . 00182 233.55 109.93 0.32850 1.00053 0.6842 

600 0.1614 8741 .0 0.03962 0 .40 05 0.00166 245.58 115.43 0.37636 1.00049 0.6840 

700 0.1384 10235.4 0 .03940 0.4 DOS 0.00143 269.71 126.25 0.48035 1.00042 0.6837 

8 00 0.1211 11 769.3 0.03905 0.4004 0.00125 294.13 136.82 0.59489 1.00036 0.6837 

900 0.1077 13353.5 0.03858 0. 400 4 0.00111 319.00 147.14 0.71954 1.00032 0.6837 

1000 0.0969 14995.4 0.03801 0.4003 0.00100 440.56 157.21 1.09232 1.00029 0.5347 

1200 0.0808 18453 . 6 0.03671 0.4003 0.00083 511.14 176.73 1.48254 1.00024 0.5313 

1400 0.0692 22141.7 0.03533 0.4002 0.00071 583.50 195.47 1.91952 1.00021 0.5295 

1600 0.0606 26009 . 3 0.03404 0.4002 0.00062 657.1 9 213.53 2.40349 1.000 B 0.5279 

1800 0.0539 30169.3 0 .0 3270 0.4002 0.00056 737.67 231.02 2.94329 1.00016 0.5247 

2000 0.0485 3~126.5 0.03062 0.4000 0.00050 844.18 248.02 J.57117 1.00015 0.5160 

2500 0.0385 59743.7 0.02150 0 . 3976 0.00040 1554.35 289.39 0.03972 1.00012 0.447& 

3000 0.0311 133455.3 0.01112 0.3848 0.00035 4076.54 333.93 10.21507 1.00009 0.3786 
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c-z THERHOOY NA HIe PROPERTIES OF PARAHYOROGEN 

0 . 50 HPA ISOBAR 

TEMPERAT JRE VOLUME ISOTHfRH ISOCHORE INTERNAL ENT HALPY ENTROPY ev CP VELOC ITY 
OER IV ~TlH OERIVATIVE ENERGY OF SOUND 

OEG. K CU H/KG CU H-HPA/KG HPA/K KJ /KG - K KJ/KG KJ/KG-K KJ KG-K HIS 

13 . 968 0 . 01294 1.1 940 0 . 9290 -308 . 7 -302 . 3 4.978 4 . 70 6 . 39 1274 
14 0.01294 1.2053 0.9289 -308.5 -302.0 4.994 ".70 6.38 1279 
15 0.01308 1. L819 0.9246 -302 . 0 -295.4 5.451 4.91 6 . 93 1237 
16 0 . 01323 1. 0 138 0.9058 -294.9 - 288 . 3 5.913 SolO 7.37 1210 
17 0.01339 o . 9559 0.8908 -287.4 -280.7 6.370 5.28 7 . &1 1189 
18 0.01356 0.8927 0.8759 - 279 . 4 -272.7 6.832 5.45 8.29 116& 
19 0.01375 o • 8295 0.8607 -271.0 -264.1 7.294 5.60 8.&1 1142 
20 0.01396 0.7653 0.8436 -262 . 0 -255.0 7.760 5.73 9.35 1118 
21 0 . 01419 0.6968 0.8246 -252 . 4 -245.3 8.231 5.84 9.96 1090 
22 0.01444 0 . 6323 0.8035 -242 . 3 -235.1 8.709 5.94 10.62 10&3 
23 0.01472 0.5647 0.7790 - 231.4 -224.1 9.198 6.02 11.37 1033 

24 0 . 01504 o .4952 0.7500 -219 . 8 -212.3 9.700 &.08 12.25 998 
25 0 . 01541 0.4251 0.7158 -207.3 -199.6 10.219 6.14 13.29 959 
26 0.01584 o • 3527 0.674& -193.5 -185.6 10.7&& 6.19 14.61 912 
27 0.01&38 o .2793 0.&2&3 -178 . 4 -170.2 11.348 6.25 1&.43 856 
27. 11; 0 . 01645 0.2724 0.&200 -176.4 -1&8.2 11.421 6.2& 1& . 62 850 
21.1 1& 0.16290 o . 0528 0 . 0296 119 . 0 200.5 25.025 7 . 00 18.92 378 
28 0.17542 0.0614 0.0270 128 . & 21& . 3 25.600 6.84 17.03 391 
29 0.18839 0.0701 0 . 0247 138 . 4 232.6 26.172 6.72 15.69 405 
30 0 . 20054 o • 0780 0.0229 147.5 247.8 26.&88 &. &4 14.78 417 
31 0.21210 o .0854 0.0215 156.2 262.2 27.1&1 &.58 14.12 428 
32 0.22323 0.0923 0.0203 1&4.5 27& . 1 27.601 6.53 13.&2 439 
33 0.23401 O. 0988 0.0192 172.5 289.& 28.015 6.50 13.23 449 

34 0.24452 0.1051 0.0183 180.4 302.& 28.405 &.45 12.90 458 
35 0 . 25480 0.1112 0.0174 188 . 0 315.4 28.775 &.42 12.&4 4&8 
3& 0.26489 0.1171 0.0167 195 . 5 327 . 9 29.128 &.40 12.42 477 
37 0.27482 0.1229 o .0160 202 . 8 340 . 2 29.465 6 . 38 12.23 485 
38 0.28462 0. 1285 0.0154 210.1 352.4 29.789 6.36 12.07 494 
39 0.29430 0.1340 0.0149 217.2 3&4.4 30.101 6.35 11 . 94 502 
40 0 . 30387 o . 1394 0.0144 224 . 3 376 . 2 30 . 402 6 . 34 11.82 510 

42 0.32275 0.1500 0.0135 238.3 399.7 30.973 6.33 11.63 525 
44 0 . 34133 0 . 1&03 0.0127 252 . 1 422 . 8 31.511 6.32 11.47 539 
46 0.35967 0.1 7 03 o . 0120 265.8 445 . 6 32 . 0 18 6.32 11 . 36 553 
.. 8 0 . 37782 0 . 1802 0.0114 279.3 4&8 . 2 32 .4 99 6 . 33 11 . 27 56& 
50 0.39579 O. 1899 0 . 0108 292 . 8 490 . 7 32 . 958 6.34 11.20 579 
52 0 . 41363 0.1994 o .0104 306 . 2 513 . 0 33 . 396 6.37 11.15 591 
54 0.43134 o • 20 89 0.0099 319 . & 535.3 33.81& 6.40 11.12 &03 
56 0.44894 0.2182 0.0095 333 .1 557 . 5 3 ... 221 6.44 11.11 614 
58 0."&645 0.2275 0.0091 3"6 . 5 579.8 3 .. . 610 6 . 48 11 . 11 &2 .. 
60 0.48388 0.23&6 o . 0088 360 . 1 602.0 34.987 6.54 11.12 634 

65 0.52716 0 . 2593 0.0080 39" . 3 657 . 8 35 . 881 6.72 11 . 23 658 
70 0 . 57010 0 . 2816 0.0074 429 . " 714 ... 36.720 &.97 11."1 &79 
75 0 . 61279 0 . 303& 0.0069 4&5 . 7 772.1 37.515 7.21 11.66 &98 
80 0.65527 o . 325" 0.0064 503.5 831.1 38.277 7.&2 11.97 715 
85 0.69759 0.3" 71 0.0060 5"3 . 1 891 . 9 39.014 8 . 00 12.33 731 
90 0.73977 0 . 3687 0.0057 584 . & 95 .. . 5 39.730 8."2 12.72 746 
95 0.78185 0.3901 0.0054 628.2 1019.2 40.429 8.85 13.1 3 761 

100 0.82383 0.4115 0.0051 674 . 0 1085 . 9 "1 . 113 9.28 13.55 775 
120 0 . 99107 0.4962 0.0042 877.0 1372 . 6 43.721 10 . 84 15.05 830 
1 .. 0 1 . 15760 0 . 5802 0.0036 11 05 . 5 1684.3 46.121 11.83 16.02 886 

160 1.32371 0 . 6638 0.0031 1347 . 4 2009 . 2 "8.290 12.22 1&.39 9 .... 
180 1 ... 8953 0.7472 0.0028 1592 . 4 2337.2 50.222 12 . 19 16.35 1001 
20 0 1 . 6551& 0.8303 o . 0025 183" . 4 26&2.0 51.932 11.95 16.1 0 1058 
220 1.82065 0. 9133 0.0023 2070.5 2980.8 53 , "52 11.6" 15.78 1113 
240 1.98605 o .99&2 0.0021 2300.3 3293.3 5 ... &12 11.33 15.47 1166 
260 2.15136 1.0790 0.0019 252".5 3600.2 56 . 040 11.08 15.22 1217 
280 2.31&&2 1.LE.18 0.0018 274".0 3902.4 57.160 10.87 15.01 12&(, 
300 2."&169 1 . 2445 0.0017 2960.2 "201.0 58.191 10.72 14.86 1313 
350 2.89453 1.4511 0.0014 3490.4 4937.7 60.461 10.51 14 . 64 1422 
.. 00 3.30723 1.657& 0 . 0013 4013 . 6 5&67 . 3 62 . 411 10,"3 14 . 5& 1521 

450 3 . 71985 1.8640 0.0011 4534.1 6394 . 0 64.124 10.41 14.53 1613 
500 ".132 .. 2 2 • 0703 0.0010 505 ... 5 7120 . 7 &5 . &5 .. 10."0 14.53 1701 
550 4.54495 2.2767 0.0009 5574 .6 7847 . 0 67.038 10.41 14.54 1783 
600 ... 95746 ~ . 4830 0.0008 6095 . 6 8574 . 3 68.302 10 . 43 14.55 1862 
7 00 5.78242 2.6955 o .0007 7140.6 10031.8 70.550 10 . "8 14.61 2009 
800 &. 60734 3 • 3080 0.000& 8193.1 11496.8 72.505 10.57 14.70 2144 
90 0 7.43224 3.7205 0.0006 9256 . 5 12972 . 6 7 ... 242 10 . 70 1" . 82 2270 

l uOO 8.25712 4.1330 0 . 0005 10333 . 8 1"462 . 3 75.814 10 . 86 14 . 98 2388 
1200 9 . 90685 4.9578 0.0004 1254" . 0 17497 . 5 78.568 11.24 15.37 2603 
1400 11.55&56 5 . 7827 0.0004 14836.8 20&15.1 8 0 .975 11.68 15.81 2797 

1&00 13.20&41 6.6076 0.0003 17217.1 23820.3 83.09Z 12.12 1&.24 2976 
1800 1" . 85713 7 . .. 32 .. 0.0003 19693 . 5 27122.! 8 ... 998 12.60 16.7" 3142 
2000 16.511&5 8.2573 0.0003 22297 . 0 30552 . 8 86.871 13.33 17 .50 3292 
2500 20.74647 10.3194 0.0002 30075.8 404"9.0 93 . 612 18.71 23.37 3590 
3000 25.63286 12.3815 0.0002 43497.1 5&313 . 6 102.715 36.0" 43.31 3853 
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THERMOOY NAMIC PROPERTIES OF PARAMYDROGEN G-2 

0.50 MPA ISOBAR 

TEHPE RATURE OENSITY V (OH/OV\> V (OPI DUly -V (OP/OVIT -(OV/DT\lVCON~~~~~~~TY VISCOSITY THERMAL DIELECTRIC PRANOTL 
OIFFUS IV!TY CONSTAN T NUHBER 

OEG. K KG/CU H KJ/KG HPA-CU H/KJ HPA 1/0EG. K W/K-H KG/H-S SQ H/HR 
X 10 2 X 10 3 X 10 7 

13.966 77.2965 634.5 0.25566 92.2941 0.01007 74.66 257.66 0.00054 1.25256 2 .20 6 1 
110 77.2625 639 . 9 0.25557 93.1235 0.00998 74.98 256.56 0.00055 1.25244 2 .1642 
15 76.4616 620.4 0 . 24647 62.7270 0.01116 83.62 225.71 0.00057 1.24962 1.6716 
16 75.56.2 623 .1 0.23499 76.6271 0.01162 69.63 200.65 0.00056 1.24655 1.6506 
17 74.6876 626.0 0.22585 71.3910 0.01246 93.65 181.04 0.00058 1.2"340 1.5099 
16 73.7236 623.1 0.21812 65.6110 0.01331 96."9 164.50 0.00057 1.24003 1 ... 140 
19 72.7116 617 .0 0.21153 60.3136 0.01427 96.15 150.63 0.00055 1.23649 1.351 .. 
20 71.6'012 607.7 0.20563 5".6242 0.01539 99.63 136.76 O.OOO~" 1.23276 1.3022 
21 70.49"1 593 . 6 0.20030 49.1229 0.01679 101.32 126.35 0.00052 1.22677 1.2621 
22 69.2711 578.6 0 .1 9535 "3.7969 0.01834 102.25 119.14 0.00050 1.2245 2 1.2372 
23 67.9460 560.1 0.19052 36.3717 0.02030 102."7 110.79 0.00048 1.21993 1.2294 

24 &&.501:3 537.8 0.1 6538 32.928& 0 .. 02218 102.02 103.11 0.000"5 1.214q4 1.2379 
25 6".9112 512.3 0. 17963 27.5905 0.02594 100.93 95.91 0.000 .. 2 1.20946 1.2629 

26 63.1156 482.2 0.17263 22.2624 0.03030 99.09 66.96 0.00039 1.20330 1.3120 
27 61.0558 447.2 0.16402 17.0512 0.03673 96.50 82.17 0.00035 1.19625 1.3988 
27.116 60.7811 443.9 0.16267 16.5596 0.037"4 96.11 61.33 a.00034 1.19531 1.406" 
27.11. 6.1366 2e7.3 0.0687" 0.32"0 0.09124 27.63 16.10 0.00086 1.01862 1.102" 
28 5.7006 221.3 0.06912 0.3503 0.07695 27. JJ 16 ..... 0.00101 1.01726 1. 0239 
29 5.3082 236.3 0.06929 0.3723 0.06639 27.35 16.6" 0.00116 1.01609 0.9656 

30 4.9866 250.6 0.06931 0.3891 0.05897 27.58 17.25 ~.00135 1.01511 0.9246 
31 ".71 .. 7 264.5 0.0 6927 0.402" 0.053"0 27.99 17.67 0.00151 1.01"26 0.6916 
32 ".479 7 276.0 0 . 06922 0."133 0.04901 28.46 16.10 0.00168 1. 01356 0.866" 
33 4.2733 291.2 0 .06912 0.4223 0.0454" 26.97 18.53 0.00164 1.01293 0.6461 

3 .. ".0897 30 3.6 0.0 6918 0."300 0.042"7 29.50 18.96 0.00201 1.01238 0.8290 

35 3.92"7 316.3 0.06919 0.4365 0.03995 30.06 19.38 0.00216 1.01166 0.81 .. 6 
36 3.7752 3 2 8.6 0.06918 0.4422 0.03778 30.63 19.81 0.00235 1. 01142 0.8028 
37 3.6387 340.9 0.0691" 0."471 0.03588 31.22 20.23 0.00253 1.01101 0.7925 

38 3.5135 353.0 0.06908 0.4515 0.03420 31.83 20.66 0.00270 1.0106 3 0.7635 
39 3.3979 365.1 0.06901 0.455" 0.03270 32 ..... 21. a 8 0.00286 1.01028 0.7755 
.. 0 3.2909 377 .1 0.0689" 0."588 0.0313" 33.06 21.49 0.00306 1.00995 0.766" 

42 3.0984 .. 0 ~ .8 0.06876 0.46"7 0.02900 34.31 22.32 0.00343 1.00937 O. 7563 
4 .. 2.9297 42". 5 0.06654 0."696 0.02703 35.56 23.14 0.00361 1.00685 0.7"62 
4& 2.7803 448.0 0.0&630 0.473& 0.02535 3&.87 23.95 0.00420 1.0 06"0 0.7377 
48 2.64&8 "71.6 0.06801 0."7&9 0.02389 38.17 2".74 0.00461 1.00600 0.730" 
50 2.5266' "95.3 0.0&7&7 0 ... 797 0.022&1 39."8 25.53 0.00502 1.00763 0.72"1 
52 2.417& 519.2 0.06728 0.4622 0.021"6 .. 0.60 26.30 0.00545 1.00730 0.7189 
5 .. 2.318" 543.4 0.0&682 0.48"3 0.020"& 42.12 27.07 0.00566 1.00700 0.7146 
5& 2.2275 566.1 0.06&29 0.4861 0.01955 .. 3.4& 27.82 0.00&32 1. 00673 0.7110 
58 2.1438 593.2 0.0&570 0.~676 0.01872 4 ... 79 28.5& 0.00677 1.00&"7 0.708" 
60 2. 0&&0 & 1 9.0 0.06503 0.4690 0.01797 .. 6.20 29.30 0.00723 1 .00 62 4 0.7055 

&5 1.6970 6 86.7 0.06306 0.4916 0.01&35 ~9.96 31.10 ~.008~" 1.00573 0.&968 
70 1.7541 7 59.9 0.06069 0.4939 0.01502 53.73 32.6" 0.00967 1.00529 0.697 .. 
75 1.&319 63 9.3 0.058 05 0.495~ 0.01389 57 ... 4 3".5" 0.01086 1.00493 0.7013 

80 1.52&1 925.5 0.0552 9 0."967 0.01294 &1.26 36.19 0 . 01207 1.00 .. &1 0.7073 
65 1.4335 1018.3 0.05252 0."976 0.01211 &6.19 37.81 0.013"8 1.00 .. 33 0.70 .... 
90 1.3518 1117.3 0.0'+966 0."964 0.01139 71.11 39.39 0.01"88 1.00408 0.7046 

95 1.2790 1221. 7 0.0 .. 738 0."990 0.01075 76.03 ~0.93 a.016Z9 1.0038& 0.7070 
100 1.2138 1330.7 0.04513 0."995 0.01018 89.72 "5.75 0.0196'+ 1.00366 0.6909 
120 1.0090 1766.6 0.03854 0.5007 0.00642 117.09 54.0" 0.02775 1.0030 " O. &9 48 
1 .. 0 0.8&B 2230.1 0.0352'+ 0.5012 0.00718 136. 09 59.17 0.03541 1.002&1 0.69&" 

1&0 0.7 555 2&14.9 0.0340& 0.5015 0.00&27 1 .. 6.28 63.00 0.04311 1.00226 O. &96 .. 

180 0. &71" 2939.7 0. 0340 9 0.501& 0.00556 155.&6 &6.19 0.05105 1.00202 0.6953 
200 0.6042 3219.9 0.03 .. 75 0.5016 0.00500 160.27 69.05 0.05931 1.00182 0.6937 
220 0.5"93 3473.9 0.035&6 0.501& 0.00"54 163.51 71.70 0 .0 &790 1.0016& 0.6921 

240 0.50 3 5 3717.5 o • 0 36 59 0.5016 0.00~1& 1&6.35 74.24 0.0766& 1.00 152 0.6906 

260 0."648 3961.1 0 .0 3742 0.5016 0.0038" 169.29 76.&9 0.06&17 1.001"0 O. &893 
260 0.4317 .. 209.5 0.03610 0.5015 0.00357 172.53 79.10 0.09565 1.0013 0 O. &663 

300 0.4030 .... 6 ... 5 0.03862 0.5015 0.00333 17&.1 0 81.48 0.10569 1.001 21 O. &67 .. 

350 0.3455 51 33 . 6 0.03936 0.5013 0.00285 166.35 67.32 0.13263 1.00104 O. & 660 

40 0 0.3024 5832.7 0.039&7 0.5012 0.00250 197.69 93. 07 0 , 16171 1.00091 0.6653 

'+50 0.2&66 65 5 1. 7 0.03974 0.5011 0.00222 209.&1 98.7& 0.1931 .. 1.00061 O. & 6 .. 8 

500 0.2420 7276 . 0 0.0397'+ 0.5010 0.00200 221.59 10".39 0.22&91 1.00073 O. &64 .. 

550 0. 22 00 80 0 7.3 0.03970 0.5009 0.00182 233.63 109.96 0.2&296 1.00066 0.&8 .. 2 

60 a 0 . 2017 8743.9 0.03963 0. 5009 0.0016& 2 .. 5.67 115 ... 7 0.30131 1.00061 O. &8'+0 

700 0.1729 10236 .4 0.039~1 0.5007 0.001"3 2&9.82 126.30 0.36~5" 1.00052 O. &637 

800 0.1513 11772 .4 0.03906 0.5007 0.00125 294.26 13&.67 O ... 7&23 1.000 .. & 0.6 837 

900 0.13 '+5 1335& . 6 0.03859 0.500& 0.00111 319.1" 147.20 0.57601 1.00041 0.6637 

10 a a 0.1211 14998 . 5 0.03802 0.5005 0.00100 .. 40.56 157.26 0.67403 1.00036 0.5349 

1200 0.1009 1845&.9 0.03672 0.500'+ 0.00063 511.1" 176.81 1.16&24 1.00030 0.531& 
1 .. 00 0.06&5 221 ..... 5 0.03533 0.5004 0.00071 583.48 195.56 1.53563 1 . 00026 0.5297 

1&00 0.0757 2& 0 0 7 ... 0.03 .. 0& 0.5003 0.00062 &56.97 213.&" 1.92282 1.00023 0.5262 
1&00 0. 0673 30140.9 0.03275 0.5003 0.0005& 736."2 231.13 2.353"2 1.00020 0.5253 
20 00 0.0606 34998.9 0.03097 0.5001 0.00050 839.11 2 .. 8.1" 2.85075 1.00016 0.517'+ 
2500 0 . 0"82 561 29.2 0.02216 0.497'+ 0.000"0 1493.02 289."4 4.77064 1.00015 0.4531 
3000 0.0390 12 5 51 6.5 0.01165 0.4630 0.00035 3760.36 333 ... 3 8.05"66 1.00012 0. 3 620 
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c-z THERHOOY NA HIC PROPERTIES Of PARAHYDROGEN 

0.60 MPA ISOBAR 

1 EHPERAl URE ~OLUHE ISOTHERH ISOCHDRE INTERNAL EN THALPY ENTROPY CV CP VELOC ITY 
DER I VH IVE DERIVATIVE ENERGY Of SOUND 

DEG. K CU H/KG CU H-HPA/KG HPA/K KJIKG-K KJ/KG KJ/KG-K KJ I KG-K HIS 

14.001 0.01293 1.2078 0.9302 -30 8 . 7 -300.9 4.980 4.70 6.38 1280 
IS 0.013 0& 1.0920 0 . 9Z81 -302.2 -29'+.3 5.437 '+.'30 6.92 1242 
16 0.01321 1. 0321 o .9095 -295.2 -287.2 5.894 5.10 7. 33 1219 
17 0.01337 0.9&&0 0_8938 -287.7 -279.7 6.354 5.28 7.79 1194 
18 0.01354 0 . 9027 o .8790 - 279 .7 -271. & 6.814 5.44 8 . 27 1171 
19 0.01373 0.8398 0.8&38 -271.3 -263.1 7.275 5.59 8.77 1148 
20 0.01393 0.7755 o .8468 -262.4 -254.0 7.739 5.72 9.31 1123 
21 0.01416 0.71C7 0.8280 - 252 .9 -244.4 8.207 5.84 9.90 1098 
22 0.01440 o • &428 0 . 8~9 - 242.8 -234.2 8.683 5.93 10.56 1069 
23 0.01468 0.5700 0.7829 -232.1 -223.3 9.168 6.01 11.29 1040 
24 0.0149 9 o • 5082 0.7545 -220.6 -211.6 9.666 6.08 12.12 1007 

25 0.01535 0.4376 0 . 7211 -208.2 -199.0 10.180 6.14 13.14 968 
26 0.01577 0 .36b5 0 . 6613 -194.7 -165.1 10.719 6.19 14 . 36 923 
27 0.01629 0.2933 0.6346 -17 9.9 -170.1 11.291 6.25 16.08 869 
28 0.01694 0.2216 0.5810 -163.1 -152.9 11.916 6.32 18.56 807 
28 .1 21 0.01704 0.2189 o . 5735 -160.8 -150.6 11.999 6.34 18.60 802 
28.123 0.13376 o • 0472 0.0369 115.5 195.8 24.322 7.13 21 . 64 378 
29 0.14530 0.0570 0.0332 126.3 213.5 24.941 6.95 18.80 393 
30 0.15699 0.06&6 0.0302 137.1 231.3 25.545 6.81 16.93 407 
31 0.16776 0.0752 0.0279 146.9 247.6 26.079 6.71 15.73 420 
3Z 0.17792 O. 0831 0.0200 156.1 262.8 26.564 6.64 14.88 431 
33 0.18761 O. 0905 0.0244 164_9 277.4 27.013 6.59 14.25 442 
34 0.19695 0.0974 o • 0231 173.2 291." 27 .4 30 6.53 13.74 453 

35 0 .2060 2 0.1041 0.0219 181.3 305 . 0 27.823 6.48 13.35 463 
36 0.21486 O. 11 04 0.0209 189.2 318.1 28.194 6 . 45 13.03 472 
37 0.22352 0.1166 0.0200 196.9 331.0 28 .548 6 .42 12 . 77 482 
38 0.23202 0.1226 0.0192 204.5 343.7 28.885 6.40 12.55 490 
39 0.24038 0.1285 0.0185 211.9 356.1 29.209 6.38 12.36 499 
40 0.24564 0.1342 0.0178 219.2 368.4 29 .5 2 0 6.37 12.20 507 

42 0.26485 0.1453 0.0166 233.7 3n. 6 30.109 6.35 11.95 523 
44 0.28074 0.1560 0.0156 247.8 416.3 30.660 6.34 11.75 538 
46 0.29637 O. 1665 0.0141 261.8 439.6 31.178 6.34 11.59 552 
48 0.31179 0.1767 0.0139 275.6 462.7 31.669 6.35 11.47 565 
50 0. 32 704 0.1867 0.0132 289.3 485.5 32.135 6.36 11.38 578 
52 0 . 34214 0.1965 0.0126 302.9 508.2 32.580 6.38 11 . 31 590 
5'+ 0.35712 o .2062 0.0121 316.5 530.8 33.006 6.41 11. 27 602 
56 0.37198 0.2158 0.0115 330.1 553.3 33.416 6 .45 11.24 &13 
58 0.38675 0.2252 0.0111 343.7 575.7 33.810 6.49 11.23 624 
60 0 . 401'+3 o • 2346 0.0107 357.3 598 . 2 34.190 6.55 11.23 634 

65 0.43784 o . 2576 0.0097 391.8 654.5 35 .092 6.73 11.31 658 
70 0.47391 ~ . 2802 o • 0090 427.1 711.5 35.936 6.97 11.48 679 
75 0.50972 0 . 3025 0.0083 463 .6 769.5 36.736 7.27 11.72 698 
80 0. 54533 0 . 3246 0.0078 501.6 828 . 8 37.502 7.62 12.03 716 
85 0.58077 0.3465 0.0073 541.4 889 . 8 38.242 8.01 12.38 712 
90 0 . 6 1608 J .3682 0.0068 581.0 952 . 7 18 .960 8.42 12.76 747 
95 0.&5128 0.3899 0.0065 626.7 1017.5 39 .&&1 8.85 13.17 761 

100 0.68639 0.4113 0.0061 672.5 1084.4 40.347 9.29 13.58 776 
120 0.82612 0.4965 0.0051 875.9 1371.6 42.959 10.8'+ 15.07 831 
140 0.96515 0 . 5808 0.0043 1104.6 1683.7 45.362 11.83 16.03 887 

160 1.10375 0.6646 0.0038 1346.6 2008 .9 47.533 12.22 16.40 945 
180 1.24207 0.7481 0 . 0034 1591.8 2337 . 0 49.4&6 12.19 16.36 1002 
200 1.38020 0. 831'0 0.0030 1833.8 2&61.9 51.177 11.95 16 . 11 1059 
220 1.51820 0.9145 0.0027 2070 .0 2980.9 52.698 11.64 15.79 1114 
240 1.65609 o . 9975 0.0025 2299.9 3293.5 54 .0 58 11.33 15.48 1167 
260 1.79391 1 . 0804 0.0023 2524.1 3600 .4 55.286 11.08 15.22 1218 
280 1.91167 1. 1632 0.0021 2743 .7 3902.7 56.407 10.88 15.01 12&7 
300 2 . 06928 1.2459 0.0020 2959.9 4201.4 57.438 10.72 14.86 1114 
350 2.41338 1.452& 0.0017 3490.2 4938 . 2 59.7 oa 10.51 1'+.&" 1 .. 23 
400 2.75714 1. &592 0.0015 4013.5 5&67.9 61 . 658 10.41 14.5& 1522 

450 3.10122 1.8656 0.0013 4533.9 6394.6 63.371 10.41 1".53 1614 
I 500 3.44506 2.0720 0.0012 5054.4 7121.4 64.901 10.40 14.53 1701 

550 3.78885 2 . 2783 0.0011 55 7~.~ 7847.8 &6.28& 10. ~1 1~ . 54 1784 
600 4.13262 2.4847 O. Q 0 10 6095.5 8575.1 67.550 10.43 14.55 1862 
700 4.82011 2.8972 0.0009 7140.5 10032.& &9.798 10.48 14.61 2009 
800 5.5075& 3.3097 o • 0008 8193.1 11497. & 71.753 10 .57 1~.70 2145 
900 6 .194 99 3 . 7222 0.0007 9256.5 12973.5 73.490 10.70 14.82 2271 

1000 6.88239 4.13~7 0.000& 10333.7 14~63. 2 75.062 10.8& 1~.98 2389 
12 00 8.25718 4.959& 0.0005 1254~. 0 17~ 98.3 77.816 11.24 15.37 26 04 
1'+00 9.b3195 5.7845 0.0004 14836.8 20b15.Q 80.223 11.68 15.81 2798 

1600 11.00681 6.6094 0.0004 17t'ib.9 23821.0 82.339 12.12 16.24 2977 
1800 12.3823~ 7. 4 3~2 0.0003 19&92.0 27121.4 84.245 12.59 16.72 3142 
2000 13 . 76076 8 . 2591 0.0003 22290.0 30546 . 5 8& .115 13.28 17 .45 3293 
2500 17.28176 10.3212 0.0002 29969 . 2 40338 . 2 92 .811 18.27 22.88 3595 
3000 21 . 29856 12.3833 0.0002 42830.8 55610 . 0 101.702 34.18 41-14 3857 

TWO-PHASE 8DUNDA~Y 
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THERt100Y NAt1IC PROPERTIES OF PARAHYOROGEN C · 2 

0.&0 t1PA I SOB AR 

T EHPE RAT U RE DEN SITY V ( DH/ DVlp 
V ( DP I DU I

V 
- V ( DP/ DVIr - (DV/DTlIVCON6~~~~~ ~ TY VISCDS IT Y THER~AL DIEL EC TR I C PRAN DT L 

DIFFUS I ~ TTY CONSTANT NUt1 BER 

DEG. K KG/ CU t1 KJ/ KG t1 PA - CU t1 / KJ MPA lIDEG . K W/K-t1 KG/t1-S SQ H / HR 
X 10 2 X 103 X 107 

h. 001 77.3529 &40 . & 0 . 25573 9 3. 4243 0.0099& 75.07 258.50 0.00055 1 . 2527& 2 .1 9&3 
15 7&. 55 04 &23 . & 0.24723 83.5919 0.01110 83 . 73 227.2& 0.00057 1 . 24994 1. 879 0 
1& 75.702 2 &30. 0 0 . 23579 78 .1 349 0 . 011&4 89 . 81 202 . 51 0 . 00058 1 . 2 4&9& 1. &53 4 

17 74.790 2 6 29 .7 0. 226 4 9 72.2485 0 . 01237 93 . 84 182 . 26 0 . 00 058 1. 24376 1.513 0 
18 73.834 5 &27 . 0 0 . 2 1873 && . &472 0. 0 131 9 9& . 71 1&5 . 61 0 . 00057 1. 24041 1 . 4 1&0 

19 72.830 6 &21 .3 0. 212 1 2 &1 . 1&3 3 0 . 0 141 2 98 . 41 151 . &5 0 . 00055 1 . 23&91 1. 3522 

20 71.769 7 &1 2 .1 0. 20&21 55 . 6&0 7 0.01521 99 . 92 139 . 71 0 . 00 054 1. 23 3 21 1.30 20 
21 70.&402 & CO.O 0. 20 087 5 O. 2035 0.0 1&49 10 1 . && 1 29 . 29 0 . 00052 1. 22928 1. 25 85 

22 69.4266 583 . 9 0 . 19588 44 . 6299 0.018 0 8 1 02 . 62 120 . 02 0 . 00050 1. 22506 1.2345 

23 68.121 6 565 . 8 0.19 1 08 39 . 2 41 0 o . a 1 q9 5 102.89 111 . 66 0 . 000 4 8 1 .22 054 1. 22 49 

24 &6.7023 5 44.7 0 . 18&0 1 33 . 89 7& 0 . 0222& 1 02.51 1 0 3 . 99 0 .0004 & 1 . 215 6 3 1.2 29 6 

25 65.1405 5 1 9 . 3 0 .1 80 4 0 28 . 5044 0.02530 1 01 . 48 9& . 80 0 . 00 0 43 1. 21025 1. 25 31 
2& &3.3921 49 0 .4 0 .1 73 7 2 23.2325 0 . 02933 99.75 89 . 93 0 . 00 03 9 1.204 2 4 1.2967 

Z7 &1.395 & 4 5& . 4 0 . 1&5 4& 1 8 . 0098 0.03524 97 . 28 83.19 0 . 0003 5 1 . 1974 1 1.3751 

28 59.0308 417. 9 0 .155&4 1 3.0801 0 . 04"4 2 93 . 92 76 . 3& 0 . 0003 1 1.189 3 5 1. 5 0 92 

28.123 58. 697 5 4 1 &. 7 0 . 15422 12 . 85 15 0.0 .... 62 93 . 42 75 . 48 0.00031 1 .1 882 1 1 .50 2" 
28.123 7.47&1 20 7. 0 0 .0 &9 1 7 0. 3528 0.10454 30 . 2 7 17. 01 0.00 0&7 1. 022 71 1.2 16 0 

29 &. 8 62 5 222 . 0 0 .0&95 1 0. 3925 0.08467 29.46 17 . 26 0 . 00062 1 .0 2089 1.10 27 

30 &.3700 2 38 . a 0. 069&4 0.4245 0.0 7115 29 . 18 17.&4 0 . 00097 1. 01933 1. 0 2 32 

31 5.9&0 8 2 53 . a 0 .0&9&5 0. 4484 0 . 0&2 1 6 29 . 32 18.02 O. 00 111 1. 0 18 0 8 0.9 66 2 

32 5. &207 2& 7.4 O. a 69&2 0. 4 &71 0 . 055&5 29.&2 18. 4 1 0 . 00 128 1 .0 17 0 4 0.9249 

33 5.3301 28 1. 3 0. 06951 0.4822 0 . 050&4 30 . 00 18.81 0 . 00 142 1. 01615 0.8935 

34 5. 0 77 3 2 9 4.5 a • a &9& 4 0.494& O. a 4&& 7 30 . 43 19 . 22 0 . 00 15 7 1 .01 5 3 8 0.8&8 2 

35 4 . 853 9 307. 4 0.06970 0. 5 051 0 . 0434 2 30 . 91 19 . 63 0 . 00172 1.0147 0 0. 8 4 79 

3& 4. &54 2 3 20 . 2 0 . 06970 0. 5 140 0 .0 4069 31.43 20 .0 5 0 . 00187 1. 01 4 0 9 0.8312 

37 4.H3 9 332 .9 0 .0 69& 7 0.5217 0.0383& 31 . 97 20 . "& 0 . 00201 1 .0 1355 0. 81 72 

38 ".310 a 3 "5 . 4 0 . 069&2 0.5285 0.03&33 32 . 53 20 . 87 0.002H 1. 0130 5 0 . 8 053 

39 ... 1&00 3 5 7. 8 0 . 0695 " 0.5344 0 . 03455 33. 10 21 . 28 0.002 3 2 1. 01259 0.7 949 

40 4.02 20 37 0 . 1 0 . 069 4 & 0 . 5397 0.03297 33 . 69 21 . 69 0.00247 1. 01 217 0.78 57 

42 3.7758 3 94 . 5 0 . 0&92& 0. 546& 0.03026 34.69 22 . 51 0 . 00279 1 . 0114 2 0.77 05 

44 3.5&21 418. 7 0 . 069 0 2 0 . 5558 0 . 02806 3&.12 23.31 0.00311 1 . 01077 0.75 81 

4& 3.374 2 4 42 . 7 0.068 7 4 0. 5&17 0 . 02&1 9 37.38 2" . 11 O. a a 344 1 .0 1020 0.7478 

"8 3.2072 4 6& . 7 0.0 &8 43 0. 5&&1 0.02"58 38 . &5 24.90 0 . 0037~ 1 .00 9 7 0 0.7391 

50 3. as 77 490 . 7 0 . 0&807 0. 5708 0 . 02319 39.93 25 . & 7 0 . 00413 1.0 0924 0.7317 

52 2.9228 515 . a 0 . 0&1&& 0. 5 744 0.02197 41 . 2 3 2& . 44 0 . 00449 1. 00663 0.7 256 

54 2.60 a 2 539 . 5 0. 06718 0. 5774 0.02088 42 . 53 27 . 20 0.0048<; 1.008 4 6 0.7 2 04 

5& 2.&883 5 64. 4 0. 0&&&3 0. 580 0 0 . 01991 43 . 85 27.95 0 . 00523 1 .0 08 1 2 0 . 7 1&2 

58 2. 585 7 589.8 0. 06& 02 0 . 5823 0.01904 45 . 17 28.&9 0.005&0 1 .00 78 1 0.7130 

60 2.4911 6 15 .7 0 . 0& 534 0.5843 0.0182" 46 . 5& 29. 4 2 0.00599 1.0075 3 O. 7 a 96 

65 2. 2839 &83.8 0 . 0&333 0. 5883 0 . 01&55 50 . 29 31 . 21 0.0 0701 1 .00&90 0.7 02 0 

70 2.1101 757.3 0 . 06094 0. 5913 0 . 0 151& 54 . 04 32 . 94 0 . 008 0 3 1. 0 0& 3 7 0.6999 

75 1.9&18 831 . 0 0 . 05828 0.5935 0.01401 57 . 71 34 . &3 O. 00903 1 .00 592 0.7 a 36 

80 1.833 8 923 . 3 0. 0 55 49 0 . 5953 0.01303 & 1 . 5 4 36 . 28 0 . 01 0 05 1 .0055 4 0.7091 

85 1.7219 10 16 . 3 0 .0 52 1 0 0.5966 0 . 01216 &6.44 37 . 89 0.01122 1 . 0052 0 0.70 59 

90 1. &232 1115 .4 0 . 05 0 02 0 . 5977 0.0114 4 71. 35 39 . 4& 0 . 0 1 240 1. 00 490 0.70 59 

95 1.5354 1 220 . 0 0 . 0 4753 0.5986 0 . 0 1079 76.26 41. a 0 0.01358 1.0 0463 0.70 80 

100 1.45 &9 1 3 29 .1 0. 0452& 0. 5993 0 . 01022 e 9 . 77 45 .7 & 0.01&33 1. 00440 0. &92 2 

120 1.210 5 1 78 7. 9 0. 0 38&2 0. 60 10 0.0 0843 117. 09 54 . 03 0 . 02310 1 .00 365 0 . &9 57 

140 1.03&1 2229 . 8 0.03530 0.&018 0.00719 136 . 08 59. 17 0 . 02949 1 . 00 313 0 . 69 71 

160 0.90&0 2615 . 2 0 .0 3~11 0. 6022 0 . 00627 148 . 28 &3 . 00 0.0 3592 1 .0 0273 0 . &968 

180 0.8051 2940 . b a • a 3414 0.6 a 23 0 . 00556 155 . &9 &&.20 0 . 04<'55 1. 00243 0. 6 9 56 

200 0.72 4 5 322 1 . 1 0 . 03479 0 . 6024 0 . 00500 160 . 29 69 . 05 0.04944 1. 00218 0. 694 0 

220 0. 6587 3~7 5 . 5 0.03570 O. & 0 2 ~ 0 . 00454 1&3 . 5" 7 1 .7 1 0 . 056&1 1. 00199 0.6 923 

2~0 0. 6 0 3 8 3 7 19 . 3 0 . 03&&3 0.6023 0.0041& 1&&.38 74.25 0.0&40A 1.0 01 82 0. 6908 

2&0 0. 5574 3963 . 1 0 .0 374& 0. 6 a 22 0 . 00384 1&9 . 33 76 . 71 0 . 07185 1 . 00168 O. & 895 

280 0. 517 7 4211 . 6 0 .0 3813 0.60 22 0 . 00357 172 . 57 79 .1 2 0.07993 1.0015& 0.6 88 ~ 

300 0.483 3 44 6& . 8 0.038&5 0 . 6021 O. 00333 176 . 14 81.49 0 . 08830 1.00146 0.& 8 75 

350 0.4144 5136 .1 0. 0 39 4 0 0.6019 0 . 00285 18& . 40 67.34 0 . 11060 1 . 00125 O. &86 1 

40 a 0.3&27 5635 . 3 0. 0 39 10 0.6017 0 . 00 24 9 197 . 75 93.10 0 . 1348 5 1.001 0 9 0. &853 

450 0.3 225 6 5 5 4 .5 0 . 0397& 0 . 60 1& 0 . 00222 209.68 ge.79 0 . 16106 1 . 00097 0. 6648 

500 0. 2903 7276 . 8 0 . 0397& 0 . 601'< 0 . 00200 221 . 6& 104 . 43 0. 18 922 1.0 0087 0. &8 .. 

550 0. 2& 39 8010.2 0 .0 39 72 0. 6013 0 . 00181 233 . 72 110 . 00 0.21931 1.0 0080 0.6842 

&00 0. 2420 874&.8 0 .0 3965 0 . &012 0 . 001&& 245 . 7& 115.51 0. 251 2 7 1 . 00073 0. 684 0 

700 0. 207 5 102 41.4 o • a 3942 0.6011 0 . 00143 2&9 . 93 12& . 35 0 . 3 20&7 1 . 00063 0. 6831 

8 00 0.1816 1171 5 .4 0 .0 3907 0. 6009 0.00125 294 . 38 136 . 93 0 . 3971 2 1.0005S 0.& 8 31 

900 0.1& 14 1 3359 . 7 0 .0 3860 0.6008 0.00111 319.27 147 . 26 0 . 48032 1.0 0049 O. & 837 

1000 0.1 4 5 3 150Cl .7 0.03803 0 . 6008 0 . 00100 440 . 56 157 . 35 0 . 72851 1 . 0 004 " 0. 5351 

1200 0.1 2 11 1 8 4 &0 .1 o • a 3& 7 2 0 . 6006 0 . 00083 511 . 13 176 . 69 0 . 988 7 0 1.0 0036 0. 5318 

1400 0.1 0 3 8 22 1 47.5 0. 0 35 3 4 0 . 600& 0 . 00071 583 . 4& 195 . &5 1 . 28004 1 . 00031 0 . 530 0 

1&00 0.0 9 0 9 2 60 06 . 8 0 . 03 4 07 0.&005 0.000&2 65& . 81 213.7 4 1 . 6024 2 1 . 00027 0. 5 2 65 

1800 0.0808 30 120 . 9 a • a 32 79 0.6004 0.0005& 735 . 50 231.25 1 . 9&050 1 . 0 0 02~ 0. 5258 

2000 0.0 72 7 34 905 . 7 0 . OJl08 0 . 6002 0.0005 0 835 .37 248.26 2.3718 6 1 . 00022 0. 5 185 

2500 0. 0579 5 &93 7. 1 0. 022 7 1 0.5972 O. a a 04 0 1447 . 69 289.52 3.93639 1.00017 0. 4576 
3000 0.047 0 119 6 09.2 0.01246 0.5814 0 . 00034 3558 . 42 333 . 10 6. 63130 1.0 001" 0 . 3851 
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Co2 THERMOOY NAHIC PROPERTIES OF PARAHYDROGEN 

0.70 MPA I SOBAR 

TEMPE RA TU RE ~ OLU H E ISOTHE~H ISOCHORE INTERNAL ENTHALPY ENTROP Y CV CP VELOC lTY 
DER IVA lIVE DERIVATJ"E ENERGY OF SOUNO 

DEG. K CU M/KG CU H-HPA/~G HPA/K KJI KG-K KJ/KG KJ/KG - K KJ KG-K ~/S 

14.03" 0.012 n 1.21"5 0.9313 -308.7 -299 . & .. . 983 ... 71 &.3 8 1283 
15 0.01305 1.1212 0.9307 -302." -293. 2 5 ." 23 4.90 &.88 125" 
1& 0. 01319 1.0 .. 2& 0 . 9125 -295." -28& . 2 5.879 5. 09 7 .32 122 .. 
17 0 . 01335 0.97bl 0.89&8 -267 . 9 -278. & &.33A 5.27 7.77 1199 
18 0.0135 2 0 . 9H5 0.8820 -280.0 -270.6 6 . 796 5 ..... A. 2 .. 1176 
19 0.01371 0.8500 0.8668 -271.7 -2&2.1 7. 256 5.59 8.7 .. 1153 
20 0 . 01391 0 . 7857 0.H500 -262.8 -253.1 7.718 5.72 9 . 28 1129 
21 0 . 01"13 0.7213 0.6313 -253." -2"3.5 8 .1 A" 5. 63 9.65 110" 
22 0.01"37 0.655" 0 . 810" -2"3." -233 . " 8.657 5.93 10. "8 1076 
23 0. 01" 6 .. 0 . 5671 0.786& -232.7 -222.5 9.139 6.01 11.21 10 .. 6 
2 .. 0.01" 95 0 . 5200 0 . 7588 -221." -210 . 9 9.633 6 .08 12.02 101<, 

25 0.01530 0 . "498 0.7262 -209.1 -198 . .. 10.142 6 .13 13.00 976 
26 0.01571 0.3816 0.6678 -195.9 -164 . 9 10.673 &.16 1<0.1<, 93 .. 
27 0.01620 0.3102 0.6429 -181.4 -170. a 11 . 2 3" 6.2" 15. 66 883 
28 0.01 682 0. 23&4 0.5913 -165.0 -153. 2 11.84" &.31 16.03 822 
29 0.01765 0.1660 0.5302 -145?9 -1 JJ . & 12. 533 6.41 21.71 750 
29 .0n 0.01767 0 . 1&59 0.5291 -1"5.& -133.2 12 .5" 6 6."1 21.70 7<,9 
29 . 0B 0.11211 0 . 0"12 0 . 0451 11 0.8 189 . 3 23 . 666 7. 28 Z5.29 318 
30 0.12 .... 6 O. 0531 o • 0395 12".6 211.7 2 ..... 25 7.0" 20 . 53 396 
31 0.13519 o .06 .. 1 0 . 0356 136.3 230 . 9 25 .0 55 6 . 89 18.10 HI 
32 0.14493 o • 0733 0.0327 1"6.7 2"'.2 25 .604 6.78 16.5'! .. 2 .. 
33 0.15 .. 02 O. C e17 '0.030 .. 156.5 26 ... 3 26.099 6.70 15.56 .. 35 
3 .. 0.1626 5 0.0694 0.0265 165 . 6 279 . 4 26 . 552 6 . 61 1".79 .. 47 

35 00170 92 0.0967 0 . 0269 17".3 293.9 26 . 972 6.55 1" . 21 .. 58 
36 0.178 93 0.1036 0.0255 182.6 307 . 9 21.365 6 . 50 13.75 .. 68 
31 0.1867 2 0 . 1102 0.0243 190.8 321.5 27.737 6."7 13.39 47 8 
38 0.19"32 0.1166 a .0232 198.7 33 .. . 7 28 .090 6 ..... 13.09 "87 
39 0.20178 0.1229 0.0223 206." 3,,7.7 28.427 6."2 12.6" .. 96 
.. 0 0 . 20911 0.1269 0.021" 21".0 360 . " 26 .749 6 .40 12.63 504 

.. 2 0. 2234" 0.1406 0 . 0199 228.9 3 85 . 3 29 .3 57 6 .38 1 2 . 29 521 
"4 0.237"2 0.1518 0 . 0186 243 ... .. 09. 6 29.922 6 .36 12.04 536 
46 0.2511" 0.1&26 O. a 175 257.7 433 . 5 3 0." 53 6.36 11. 84 550 
48 0.26"63 0.1732 0 . 0166 271.8 "57.0 30.953 6.36 11. 69 564 
50 0. 27793 0. 1835 0 . 0157 285.7 .. 60.3 31. "28 6 .3 8 11. 57 577 
52 0. 29109 0 . 1936 0 . 0149 299.5 503 . 3 31 . 880 6. "0 11."8 590 
5 .. 0.30 .. 11 0.2036 0.0143 313.3 526.2 32.312 6 ... 2 11. .. 2 601 
56 0.31701 0.2133 0 . 0136 327.1 5 .. 9. a 32 . 726 6.46 11.37 613 
58 0.32982 0.2230 0.0131 340.8 571.7 3J .125 6 . 50 11. 35 624 
60 0.3"255 0.2325 0 . 012& 35".& 59 ..... 33.510 &.5& 11.3 .. &34 

65 0. 37 .. 0& 0. 25fO 0.0115 389 ... 651. 2 3 ..... 19 &.7" 11.40 &58 
70 0.40522 0.2769 0.0105 424.9 708.? 35.269 6.98 11. 55 &SO 
75 0."3 612 0. 3015 o • 0096 461.& 1&6.9 3&.07 .. 7.26 11.76 &99 
80 0 . "6061 o . 3238 0.0091 "99 . 6 826.5 36.8 .... 7 . 62 12.0 8 716 
65 0 . 49734 a • 3"59 0.0085 539.6 887.~ 37 . 536 6.01 12.42 732 
90 0. 5277" 0.3678 0.0080 581.4 950.8 38.307 8.43 12.8 0 7 .. 6 
95 0.55802 0. 3896 o . 0076 625.2 1015.9 39.010 6.86 13. 20 762 

100 0. 56 62 2 0. 4112 0.0072 611.1 1082.9 39.697 9.29 13.61 776 
1 20 0.70631 0.4968 o • 0059 67".6 1370.6 42 .314 10.84 15. 10 832 
140 0. 82769 0.5814 0.0051 1103.7 168J.0 ..... 720 11.63 16.05 668 

160 0.9 .. 6 6 .. 0. 6655 0.00 .... 13"5.8 2008.5 "&.693 12 .22 16. "1 9 .. 5 
160 1.0653 2 0 . 7491 o .0039 1591.1 2B&. A .. 8.827 12.19 16.37 1003 
200 1.1 8 3 8 1 0.8325 0.0035 1833 . 2 2661.9 50.539 11 . 95 1&.12 1059 
220 1.30216 0. 9157 o • 0 a 32 2069.5 2961.0 52 . 060 11.64 15.79 1115 
2 .. 0 1 . .. 20 .. 1 0 . 9966 0 . 0029 2299." 3293.7 53 .4 20 11.33 15."8 1168 
260 1 . 53859 1.0817 o .0027 2523.7 3600.7 5".6"9 11.08 15.22 1219 
2 60 1. 65&71 1.1&46 0.0025 27"3.3 3903.0 55 .770 10 . 83 15. 02 1268 
300 1 .77 "70 1 . 2"7" 0.0023 2959.6 .201.6 5&.801 10.72 1".86 1315 
350 2.06970 1. .. 5 .. 1 0.0020 3"89.9 "938.7 59 .07 2 10.51 1" . 6" 1 .. 23 
.. 00 2.36 .. 5& 1.6607 0.0018 4013 . 3 5668.5 61.022 10.43 1".56 1523 

450 2 .6,935 I.P&7Z 0.0016 "533.1 &395.3 62 .1 35 10 . .. 1 1 ... 5" 1615 
50 a 2 . 95408 ~ • C 137 0.0 a 14 5054.2 7122.1 6~ . 2&5 10.~0 1".53 1702 
550 3. 2"87 8 2.2800 0.0013 557<0.3 78 ~8. 5 65 . 650 10."1 1~. ,.. 1784 
&00 3. S~3~6 2 . 4 6tl 0.0012 6095.~ 8575. ~ 66.914 10.~3 1" . 55 1863 
700 ".13275 2.8989 0 . 0010 11"0.5 10033 . .. &9 .1 &2 10. ~8 1".&1 2010 
800 ".72201 3.3115 0.0009 8193.0 11~98. 4 710117 10.57 1~.70 21~& 

90 a 5.31123 3.72"0 0.0008 925&.4 1297".3 72.85<0 10.70 1".82 227 1 
1000 5. 900"5 ".1365 0.0001 10333.7 1~~6" . 0 1~.~26 10 . 86 1~.98 2389 
1200 7. 0788~ ... 9&1~ 0.0006 125~4.0 17499.2 77 .1 8 0 11. 2 ~ 15 . J7 2&04 
1400 8 . 25 72 2 5 . 7863 0.0005 1483&.7 20&15.8 79.567 11.&8 15.81 2198 

1600 9.<035&7 6 . 6111 O.OOO~ 1721&.7 23621 . 7 81 .7 0" 12.11 1&. 2 ~ 29 77 
1800 10.&1<0&5 7.~360 o • a 0 0 .. 19690.8 27121.1 83 . &09 12.58 1& .7 1 Jl .. 3 
2000 11.79592 6.2&08 O. a a O~ 22284.7 30541 . ~ 85 .~ 76 13 .25 17.41 3295 
2500 14. H0859 10 . 32~0 0.0003 29886.3 40252. J 92 .1 J8 17 . 92 22 . 50 l599 
30. 0 1 8.21~79 12.3851 0.G002 42312.9 550&3.2 100.8&4 32 . 73 39 .4 & 3860 
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THERMODYNAMIC PROPERTIES Of PARAHYOROGEN c- z 

0 .7 0 MPA ISOBAR 

TEMPERATURE DENSITY ~ I OH/OV>p ~ IOP/OUt" - v IOP / OV'r -IOV/OTI/V THERMAL VISCOSIT Y THERMAL DIE LECTRIC PRAN OTL 
P CONDUCT H lT Y OIffUSIVITY CONSTANT NUMBER 

OEG. K KG/CU If KJ/KG HPA;C~O~/KJ HPA 1I0EG . K W/K-H KGIH- S sa H/HR 
x 10 3 X 10 7 

14. 034 77 . 4091 &44.0 0.255&0 94 . 0105 0 . 00991 75 . 48 259 . 12 0 . 00055 1.2529& 2.190 1 

15 7& . &375 &34 . 7 0 . 24774 85 . 9246 0 . 01083 83 . 85 228.80 0.00057 1 . 25024 1 . 8 7 &1 

16 75 . 7962 633 . 6 0.23&43 79.0247 0 . 01155 89.9& 203 . 88 0 . 0005~ 1.24729 1. 6580 
17 74 . 8918 633.3 0.22711 73 . 0991 0.01227 94 . 03 183 . 49 0.00058 1.24412 1 . 5163 

18 73 . 9440 630.7 0 . 21933 67 . 4756 0 . 01307 96.93 166 . 73 0 . 00057 1 . 24060 1. 416Z 

19 72 . 9482 625 . 4 0.21269 62 . 0050 0 . 01398 98 . &6 152 . &8 0 . 00056 1.23732 1 . 3530 

20 71 . 6967 616.4 0.20676 56 . 4899 0.01505 100 . 21 140.66 ~ . 00054 1 . 23365 1 . 3D 20 

21 70 . 7792 604 . 8 0 . 20142 51 . 05 45 0.01&28 101.99 1 30 . 19 0.00053 1.22976 1 . 2571 

zz 69.5856 589.9 0 . 19642 45 . 6088 0 . 01777 103 . 00 120 . 92 0. 00051 1 . 22561 1 . 2306 
23 68 . 2935 571.3 0 . 19162 40 . 0958 0.01962 103 . 31 11 2 . 52 0.00049 1.22113 1. 2208 
24 66 . 8966 550.9 0.18662 34.7861 0 . 02181 102 . 98 104 . 85 0 . 00046 1 . 21630 1. 2235 

25 &5 . 3638 526.1 0.18114 29 . 400 4 0 . 02470 102 . 02 97 . 68 0.00043 1 . 21102 1. 2 442 

26 63 . 6599 499.3 0017471 24 . 2906 0 . 02832 10 0. 38 90 . 86 0 . 00040 1 . 20516 1 . 2796 

27 61 . 7337 467.0 0 . 16688 19 . 1479 0 . 03357 98 . 0 7 84 . 23 0.00036 1 . 19857 1 . 3 467 

28 59 . 4&04 428 . 5 0 . 15755 14 . 0551 0.0 4207 94. 89 17.51 0.0003Z 1.19081 1 . 4 724 

29 56 . 6553 385.1 0.14604 9 . 4 055 0 . 05&38 90 . 57 70 . 4 4 0 . 000Z7 1 . 18129 1.6885 

29. 019 56 . 5997 365 . 0 0.14582 9 . 3871 0.05636 90 . 49 7 0.31 0 . 00027 1 . 18110 1 . 6862 

29 . 019 8.9195 206.1 0.06948 0. 3678 0 . 12267 33 . 25 1 7 . 94 J . 00053 1.02714 1. 3638 

3 0 8 . 0336 224.4 0.06982 0. 4315 0 . 09151 31 . 56 18 . 14 0 . 00069 1 . 02442 1 . 1802 

31 7.J969 241.0 0.06993 0. 4744 0 . 07508 31 . 10 18 . 44 0.00084 1 . 02247 1 . 0728 

32 6 . 8999 256.6 0.06995 0.5059 0 . 06468 31. 07 18.78 0 . 00098 1 . 02095 1.00 31 

33 6 . 4925 271.4 0 . 0&985 0.5302 0 . 05733 31 . 23 19 . 15 0.00111 1 . 01970 0 . 9539 

34 6 . 1483 285.2 0.07008 0 . 5496 0 . 05186 31 . 51 19 . 53 0 . 00125 1.01865 0. 9163 

35 5 . 8506 298.6 0 . 07020 0.5655 0.04757 31 . 88 19 . 91 0 . 00138 1 . 01774 0.8873 

36 5 . 5888 311.9 0.07024 0. 5789 0 . 04409 32 . 31 20 .3 1 0 . 00151 1.01694 0. 86 43 

37 5 . 3557 325 . 0 0.07022 0. 5904 0 . 04119 32 . 78 20 .7 1 0.00165 1 . 01623 0 . 8455 

38 5 . 1461 337 . 9 0.07017 0. 6002 0.03873 33 . 29 21 . 10 0.0017~ 1 . 01559 0 . 8297 

39 4 . 9559 350.7 0.07010 0.6088 0 . 03661 33 . 82 21. 5 0 0 . 00191 1 . 01501 0. 8 163 

40 4 . 7823 363.3 0 . 07000 0 . 6164 0 . 034 7 6 34 .37 21 . 90 0 . 00205 1. 01 4 48 0. 80 47 

42 4 . 4755 388 . 3 0 . 06977 0 . 6291 0 . 03165 35 . 5 1 22 . 7 0 0.00232 1. 01355 0.7858 

44 4 . 2 119 413.0 0.06951 0. 6393 0 .0 2914 36 . 69 23 . 49 0 . 00261 1 . 01275 0.77 08 

46 3 . 9819 437 . 5 0.06920 0. 6476 0.0270 & 37 . 9 0 2 4. 28 0 . 00289 1 .0 1205 0.7 584 

48 3 . 7789 461 . 9 0.06886 0. 6545 0 . 02530 39 . 14 25 .0 6 0 . 00319 1. 01143 0.74 82 

50 3 . 5980 486.3 0.06848 0. 6603 0 . 02379 40 . 40 25 . 82 0 . 00349 1.01D88 0.7396 

52 3 . 43 54 510 . 8 0 . 06804 0.6652 0 . 02247 41 . 67 26 . 58 0.00360 1 . 01039 0 . 7324 

54 3.2683 535.6 0.06754 0. 6694 0 . 02131 42 . 95 27.34 0.00412 1 . 00994 0.7 265 

56 3 . 1544 56 O. 8 0 . 06698 0. 6730 O. 02026 44 . 25 28.08 0.00444 1.00954 0.7 216 

56 3 . 0319 586.4 0.06635 0.6761 0 . 01935 45 . 55 28 . 81 0.00477 1.00916 0. 7178 

60 2 . 9193 612.5 0.06566 0.6788 0.01852 46.93 29 . 54 0.00510 1.00882 0.7 139 

65 2.6734 681.0 0 . 06361 0 . 6843 0.01674 50.63 31 . 32 0 . 00598 1 . 00808 0.7 053 

70 2 . 4678 754.7 0 . 06119 0. 6883 0 . 01531 54 . 36 33 . 05 0.00686 1 . 00746 0 . 7024 

75 2.2929 834.7 0 . 05850 0. 6914 0 . 01412 57 . 99 34 . 73 0 . 00773 1 . 00693 0. 7058 

80 2 . 1422 921.2 0 . 05569 0.6937 ~ . 01311 61 . 80 36 . 37 0.00860 1. 006 4 7 0. 7109 

85 2 . 0107 1014.3 0.05288 0 . 6956 0 . 01225 66 . 69 37 . 9 7 0.00961 1 . 00607 0.7 074 

90 1.8949 1113.6 0.05018 0.6970 0 . 01150 71 . 59 39.54 0 . 0106? 1 . 005 72 0 .7 071 

95 1 · 7920 1218 . 3 0 . 04767 0 . 6982 0 . 01084 76 . 49 41 . 08 0 . 01164 1.00541 0 . 70~ 0 

1 00 1. 70 a 0 1327.6 0.04539 0.699 1 0 . 01025 89 . 83 4 5 .7 6 0 . 01398 1. 00513 0 . 693 4 

1 20 1.4118 1787 . 0 0 . 03871 0.7014 0 . 0084, 117 . 09 54 . 03 0 . 01978 1.00426 0. 6965 

14 0 1. 2082 2229.6 0.03537 0. 7025 0 . 00720 136 . 06 59.17 0.02527 1.00364 0.6977 

1 6 0 1 . 0564 2615.6 0.03417 0. 7030 0.00627 148 . 28 63 . 00 0 . 03079 1 . 60319 0 . 6973 

1 80 0 . 9387 2941.5 0.03419 0. 7032 0 . 00556 155 . 70 66 . 20 0.03648 1.00283 0 . 6960 

200 0.8447 3222.4 0.03484 0. 7032 0 . 00500 160 . 31 69.06 0.04239 1 . 00255 0.6943 

220 0.7680 3477.1 0.03574 0.7032 0 . 00454 163 . 56 71 . 72 0.04855 1 . 00232 0 . 6926 

240 0 . 7040 3721.1 0.03667 0.703 1 0.00416 166 . 42 74 . 26 0.05496 1 . 00212 0 . 6910 

260 0 . 6499 3965.1 0.03749 0.7030 0 . 00384 169 . J7 76 . 72 0.06162 1 . 00196 0 . 6896 

280 a . 6036 4213.8 0.03816 0. 7029 0 . 00356 172 . 61 79 . 14 0 . 06855 1 . 00182 0 . 6885 

30 0 0 . 5635 4469.2 0.03868 0.7029 O. 00333 176 . 1 <) 81 . 51 0 . 07574 1.00170 0. 687& 

350 0 . 4832 5138.6 0.03943 0. 7026 0 . 00285 186 . 45 87 . 36 0.09486 1 . 00146 0 . 6861 

4 00 0 . 4229 5838.0 0.03972 0.7023 0 . 00249 197.82 93 . 12 0.11567 1 . 00127 0 . 6853 

4 50 0 . 3760 6557.2 a .03917 0 . 7021 0.00222 209 . 75 98.82 0.13815 1.00113 0 . 68"8 

500 0 . 3385 7281.& 0.03978 0.7020 O. OOZOO Z21.74 104 . 46 0.16231 1 . 00102 0 . 6844 

550 o .3078 8013.0 0.03974 0. 7018 0 . 00181 233 . 8 0 110 . 04 0 . 18811 1.00093 0. 6842 

600 o • 2822 8749 . 7 0 . 03966 0 . 7017 0 . 00166 245 . 85 115 . 55 0.21552 1.00085 0. 684 0 

7 00 0 . 2420 10 24 '.4 0.03944 0. 7015 0 . 00143 270 . 04 126 . 40 0.27504 1.00073 0. 6837 

800 0 . 2118 11778 . 5 0 . 03908 0.7013 0 . 00125 294 . 50 136 . 98 0.34061 1.0006" 0. 6836 

90 a 0 . 1883 U3b2.8 0.03861 0 . 7012 0 . 00111 319 . 41 14 7 . 32 0 . 41197 1. 00057 0.6837 

1 0 00 0 . 16<)5 15004.8 0.03804 0. 7010 0.00100 440.56 157.42 0 . 62457 1 . 00051 0.5354 

1 20 0 0.1413 18463.4 0.03673 0.7009 0.00083 511.1 3 176.97 0.84761 1.00043 0. 5321 

14 00 0. 1211 221S0.6 0.03535 0.7008 0.00171 583.45 195 . 74 1. 09733 1 . 00036 0. 5302 

16 00 0.1060 26007.2 0.OJ"08 0.7007 0 . 00062 656 . 69 213.84 1 . 37359 1. 000 32 0.5288 

1800 0.09.2 30106.1 0.03281 0 . 7005 0 . 00056 734 . 78 231.36 1 . &8002 1 . 00028 0.5262 

2000 0.0848 34834.1 0.03116 0.7003 0.00050 832 . 46 248.38 2. 03055 1.000Z6 O. 519~ 
Z500 0 . 0675 56010.7 0.02314 0.6971 0.00040 1412.42 289 . 62 3.34689 1.00020 0.4613 
30 00 0.0549 1149 <) 0.9 0 . 01299 0 . 6799 0.00034 3~84 . 84 332.87 5.62467 1 . 00017 0 . 3881 

TWO-PrlASE BOUNDA RY 193 



C-2 THERMOuY NAHI C PROPER TI ES OF PARAHYOROGEN 

0 . 80 MPA ISOBAR 

TEHPERATU~E VOLUHE ISOTHEPH ISOCHORE INTERNAL ENTHALPY ENTROP Y CV CP VELOCITY 
OERIVHIn DERIVATIVE ENERGY Of SOUND 

DEG. K CU M/KG CU H-HFAIKG HPA/K KJ/KG - K KJ/KG KJ/KG-K KJ KG-K HIS 

14 . 007 0.01291 1.2211 0 . 9325 -308.& - 298 . 3 4. 985 ~. 71 &. 38 128& 
15 0.01303 1. 1J42 0.9319 -30 2 . & - 292 .1 5 .4 10 4.90 0.85 1259 
1& 0 . 01318 1.0530 o . 9155 -295.& - 285 .1 5 . 8&5 5.09 7. 30 lZZ9 
17 0.01333 0.9860 o . 8998 -288 . 2 - 277.5 0.322 5.27 7.75 1204 
18 0.01350 O. n23 o .88 SO - 280.3 - 269 . 5 b . 779 5.43 8 . 22 1181 
H 0.01309 0.6&01 0 . 8698 -272.0 - 2& 1.1 7.237 5.58 8 .71 1159 
20 0.01388 0.7 958 0.8531 - 203 . 2 -25 2 . 1 7.697 5 .71 9.24 1134 
21 0 . 01410 0.7318 0 . 8340 -25 3 .9 -242. 6 8 .1 6 1 5 . 83 9 . 80 1109 
22 0.01~34 ~. &662 o . 8139 -24 3.9 - 232 . 5 8.031 5. 93 10.4 2 108 2 
23 0.01401 o .5980 0 . 7903 - 233 .4 - 221 .7 9 .111 6 .01 11.13 1053 
24 0 . 01491 0 . 5315 0.7631 -22 2 . 1 -210. 2 9.601 6.08 11. n 1021 

25 0 . 01525 0.4038 0 . 7313 -21 0 . 0 -197.8 10.105 6 .1 3 12.83 985 
20 0.01565 0 . 3950 0.0939 -1 97 .0 -1 84 .4 10.630 &.18 13.9~ 9~4 
27 0.01012 0.3242 0.0505 -18 2 . 7 -16 9 .8 11.181 6.24 15. 39 895 
28 0 . 01070 0.2545 o . 0010 -160 . 9 -1 53 .5 11.775 0 . 30 17.3 9 838 
29 0.017~7 0.1 H 31 0 . 5~32 -14 8 .6 -1 3~ . 6 12.~37 6 .39 20 . 66 769 
29 . 8ld 0.01837 0.1248 0 .4 85& -130.4 -11 5 .7 13.080 6 .~ 9 25.51 700 
29.82 i 0 . 09519 J • 0349 0.0545 104.8 18 0 . 9 23 .030 7.~& 30 . 49 378 
30 0.09783 o • 0379 0.0526 108 . 2 186. 5 23 . 214 7.38 28 .3 6 382 
31 0.10956 0.0510 0.0455 123.5 2 11. 2 24.0 25 7.12 22 .06 400 
32 0.119~5 O. C627 0 . 0408 136 .1 231 . 6 2~.67~ 6.95 19.10 415 
33 0.12833 0.0723 0.0374 147.2 249.8 25 .2 35 6 . 84 17. 33 428 
34 0.13650 0.0810 o . 0347 157.3 266 . 5 25 .733 6 .71 1&.12 441 

35 0.14434 0.06<)0 o . 0325 16&.7 282 . 2 2&.187 6.63 15. 25 453 
36 0 . 15178 0.0966 0.0300 175.7 2 97.1 26 .608 6.56 14.61 404 
37 0.15890 O. 1037 0.0290 184.3 311.4 27.001 6.52 14 . 1 0 474 
38 0.10594 C • 11 06 0.0270 In .o 325.3 27.371 &.4 8 13.70 484 
39 0.17273 0 . 1172 0 . 0264 200 .7 338 . 9 2 7.7 23 6.~5 13.37 493 
40 0.17939 0.1236 0.0253 208.6 352.1 26 .0 58 &.43 13 . 10 502 

42 0 . ln34 0.1358 o .0 234 224 . 0 377 . ~ 28 . 686 0.40 12.67 518 
44 0.20491 0.1H5 0 . 0218 238 . 9 ~0 2 . 8 29.267 &.39 12. 35 534 
40 0.21720 0.1588 0.0205 253 .5 427 . 3 29.811 6.38 12.10 549 
48 0 . 22925 0.1 &97 0 .01 93 207 . 9 451 . 3 3 0.322 &.38 11. 91 5 &3 
SO 0 . 24110 0.1804 o .01 83 282 .1 47 5 . 0 30 .8 05 6.39 11.77 576 
52 0.25280 0.lQ08 0.0173 29& .1 498 . 4 31 . 2 6 ~ &.~1 11.65 589 
54 0.2&43& 0.2010 0.01&5 31 0 .1 521 .& 31 .70 2 &.44 11. 57 &01 
5& 0.27580 0.2110 0 .01 58 324.0 544 . 7 32.122 6 .47 11 . 51 bl3 
58 0.28715 o .2 2e8 0.0151 337.9 567.7 32.525 6.51 11.~ 7 624 
60 0.29840 0.2305 0 . 0145 351 .9 590 . & 32.914 &.57 11. 4 5 &34 

&5 0.32623 0.?544 0.0132 38&.9 &47 . 9 33.831 6 . 75 11.49 658 
70 0.35372 0.2777 C. 0121 422 .7 7 05.7 34.&8 8 &.98 11.&3 &80 
75 0.38093 t. 3005 0.0112 459.6 764 . 3 35 . ~97 7. 28 11.85 699 
80 0.40794 0.3231 0.0105 497.9 ~24 .3 3&.270 7.63 12.13 717 
85 0.43478 0.3454 0 . 0098 537 . 9 885 . 7 37 .01 6 8 .0 2 1 2.47 73 3 
~O 0.40149 O. 3 & 75 0.0092 579.8 949 . 0 37.739 8 .43 12.84 748 
95 0 . 48810 0.3894 0 . 0087 &23 .7 1014. 2 38 .444 8 . 8& 13.24 7&3 

1 00 0.514&1 0.4112 0.0082 &69.7 108 1.4 39.133 9 . 29 13. & 4 777 
120 0 . &1995 0.4972 0 . 00&8 873 .7 1369 . & 41.755 10. 84 15 .1 2 832 
140 0 . 72459 0.5821 0.0058 1102.7 1&82 . 4 44.1&3 11.83 16 . 0 6 889 

100 0.82881 0.0&63 0 . 0050 1345.1 2008.1 4&.337 12.22 10.4 2 9 4 6 
1 80 0.9327 6 0.7501 0.0045 1590 . 4 2330 . 6 48 . 272 12 . 19 1&.3 8 1004 
200 1.03651 o • 833& 0 . 0040 1832.7 26 61. 9 49 . 98 5 11.95 1& .1 2 1060 
220 1.14013 0.Ql&9 0.0037 2069 . 0 298 1.1 51 .507 11.64 15.80 1116 
240 1.243&& 1.&000 0.0033 2299 .0 3293 . 9 52.868 11.33 15.49 116 9 
2&0 1.34710 1.0831 o • 0031 2523 .3 3& 0 1 . 0 54.0 9 7 11.08 15.23 1220 
28J 1 . 45049 1.1&&0 0 . 0029 27 43. 0 3903 . 4 55.218 10.88 15.0 2 12&9 
300 1 . 55371 1.2488 0 . 0027 2959 . 3 4 202 . 3 56.249 10.72 14 . 86 131& 
350 1 . 81194 1.4557 0.0023 3489 .7 49 39 . 3 58 . 520 10.51 14.& 5 1424 
400 2.06998 1. & ~23 o • G 0 20 40 1 3 .1 5669.1 &0 .4 71 10.43 14.56 1523 

450 2.3279, 1.8b89 0 . 00 18 4533 . 6 b395 . 9 62.1 84 10.41 14.54 1616 
500 2.5858& 2. r 7< 3 0.001& 5054 .1 7122 . 8 63 .714 10.40 14. 53 1703 
550 2.84373 2 . 2817 0 .00 15 5574 . 2 7849 . 2 65 .0 99 10.41 14.54 1785 
bO 0 3.10158 2.4880 0.0013 &095.3 857&.6 && . 3&3 10 .4 3 14 . 55 1864 
700 3 . &1723 2 . 9007 0 .0011 7140 •• 10034. 2 &6 . &12 10.4~ 14. &1 20 11 
800 4.13284 3.3132 0 . 0010 819 3 .0 114 99 . 2 70. 5&7 10. 57 14.70 2 14& 
900 4.&484 2 3.7257 0.0009 9256 .4 129 7 5.1 72.303 10.70 14.82 2272 

1000 5 . 1&399 " .1362 0 . 0008 10333.& 144 &4 . , 73.876 10. 8& 14.98 2 390 
1200 &.19 509 4. C&31 0 . 0007 12543.9 17500 . 0 7& . &29 11.24 15.37 26 05 
1400 7 . 22616 5 . TH80 0 . 0000 1483&.7 2 0617 . & 79.036 11. &8 15.81 2799 

1600 8 . 25732 6.f129 o • 0005 1721&.5 23822 . 4 61 . 153 12 . 11 1& . 24 29 77 
1800 9 . 28889 7.4318 0 . 0004 19&69.8 2 71 21 . 0 63.057 12. 57 16.7 0 3144 
20GO 10.32234 6 . 26l:6 0.0004 22280 .3 30538 . 2 84 . 923 13 . 22 17. 3 8 329& 
2500 12.954&6 10.3247 C. OCOl 29619 . 5 40183 . 3 91 . 556 17.&4 22.19 3603 
3000 15.90915 12.3619 0 . 0003 41895 . 2 54022 . , 100 . 150 ll . 55 36.J 0 38&3 

I.W-P~ASl BOUNOA~Y 
ZQ4 



TH ERHOO~ NAHIC PROPERTIES OF ?ARAH YDROGEN C- 2 

0.80 HPA ISOBAR 

TEHPERATURE DENSI TY V <DH/DVlp V (DP/DU y -V (DP/DVI
T -( O V/DT~VCON~~~~~~iTY VISCOSITY TH ER "AL DIELECTRIC PRANOTL 

OIFFUS IV lTY CONSTANT NUMBER 

DEG. K KGICU H KJIK & HPA-CU H/KJ HPA 1I0EG. ~ ~/K-H KG/H-S sa H/HR 

x 10 2 x 1 0 3 X 10 7 

14.067 77.4651 647.3 0.25548 94 . 5954 0.00'l8& 75.88 2 59 .74 0 . 00055 1. 25 31 5 2. 1840 

15 7&.7248 639 .7 0.2~789 87 . 0229 0.01J71 83 . 96 23 0.3 & 0.00058 1.2505 5 1.8798 

16 75.8894 637.2 0 . 2370& 79.9090 0.J1I46 9 0 .11 205.2~ 0 . 00059 1.24761 1.6627 

17 74.9qz3 637.0 0.22772 73 . 9430 0.01 2 17 94.21 1 8 4.71 0 . 0 005 8 1.24447 1.51 96 

18 74.0521 63~.5 o . 219qz 68 . 2963 0 . 01296 97.15 16 7 . 84 0.0005 7 1.24118 1.4204 

19 73.0&44 &29 .5 0.21325 &2 .8 392 J.01384 98.'ll 153.70 0 . 000 5 6 1. 23772 1.3540 

20 72.0222 & 2 C. 7 0 . 20734 57 . 3120 0.01489 100.49 141.&1 0 . 00054 1. 2340<) 1.30 21 

21 70.9163 &09 .5 0.2019& 51 . 89&2 0 . 01608 10 2 .31 131.1 0 0 . 00051 1. 23 024 1.2559 

22 69.73.2 595.0 0.19&95 4& . 4549 0.01752 103.37 121.79 0.00051 1. 22& 1 3 1.2282 

23 68 .461 9 576.7 0.19215 4 0 . 9370 0 . 019 31 103.7 2 11 3 . 38 0 . 0 0 0 4 Q 1. 22 17 2 1.2171 

24 67.08&5 556.9 0 .18721 35.6589 0 .0 21 4 0 103 . 4" 10 5.70 Q.ODOld 1.21696 1 .. 2 17 7 

25 &5.5817 533.8 0.18185 30.~154 0 . 02.04 102. 55 98.55 O.OOO~" 1.21177 1.2332 

2& 63.9171 507.2 0.17564 2 5 .2504 D .0 2 7.~ 101.00 91.76 0 . 0004 1 1. 2 0&05 1. 2fH 

27 62.0450 It 7 5 .q 0.1&816 20.11&& 0 .03234 98 . 80 85 . 20 0.00037 1.199&3 1.3271 

28 59.8722 4~0.8 0.15<)29 1 5 .2350 0.03945 95.82 78.&4 0.00 0 3 3 1.19221 1.4271 

29 57.2336 398.5 0.14856 10.4781 0 . 05184 91.83 71.81 0.0002~ 1.18324 1.61 55 

29.828 54.4335 356.9 0 .13744 6 .7925 0.07148 87.32 65 .5 9 0.00023 1.1737 8 1.91&4 

29.828 10.5055 20 5.0 0.06963 0.3&&6 0 . 14877 36 . 9 0 1 8 .9 3 0.000.1 1 . 03202 1.5642 

30 10.2218 208.9 0.0&974 0.3877 0.13577 3&.00 18.91 0.000.5 1.0311" 1. . 89 5 

31 9.1271 228.2 0.07006 0.4710 0 .0 9&64 33.73 19 . 00 0 . 00C6a 1.02777 1.2426 

32 8 .37 20 245.4 0.07018 0.52.6 0.07784 32.98 19.2. 0.00074 1.0 25 4 5 1.11.& 

33 7.7<)2 3 261.3 0.07011 0.5&3. 0.06&3 0 32.75 19. 54 0.00067 1.0 2368 1.0339 

34 7.3227 275.8 0.070. 9 0. 5930 0 .0 58 .... 32 .7 9 19.88 0.00100 1.0222" 0.9770 

35 &.<)280 289.9 0.07069 O. & 16 7 0.052&2 32 . 99 20 . 23 0 .0011 2 1.0 2103 0.9353 

3& &.5883 303 .6 0.07078 0.&361 0.0.810 33.30 2 0.& 0 0 . 00 12 5 1.01999 0 . 903. 

37 &.2907 317 .2 0 .0707 9 0 . &525 0.04447 33 . &9 20 . 98 0 . 00137 1 . 01908 0.8781 

38 6 . 02&4 330.5 0.07074 0 .66&. 0.041"6 34 . 12 21 .3 & 0 . 0 014 9 1.01828 0.8575 

3'l 5.7893 3.3.6 0.070&7 0.678. O.on'li 3 ... &0 2 1.7. 0 . 001&1 1.01755 0.8404 

40 5.574& 356 .& 0.07056 0 . &889 0.03672 35.10 22 .13 0.00173 1.01&90 0.8258 

42 5.1992 362. 2 0.07031 0.7062 0.0331" 36.16 22 . 91 0 .001 98 1 . 01575 0.80 2 4 

44 4.8801 4G 7.5 0.07001 0 .7 200 0.03030 37.28 23.68 0 . 00223 1.0147 8 0.7843 

.. & 4.6041 432 ... 0.069&8 0 .7312 0.02799 38 . "5 2 ..... 5 0 . 002 " 8 1.013<)4 0.7 &9 7 

48 4.3&21 457.2 0.0&931 O. ,..05 0 . 02&05 J'l . &5 25.22 0 .0027 5 1.01320 0.7577 

50 ".1" 7& 4 82 .0 0.0 &890 0.7<082 0.02"41 .. 0 . 88 25 . 98 J . 00302 1. 0 125 5 0.7"78 

52 3.9557 506.8 0.0&8 .. 3 0 .7 547 0.02299 4 2 .1 2 2& .73 0 . 00329 1. 0 1197 0 .7 395 

54 3.7827 531.9 0 .0 6791 0 .7 602 0 .0 21 7 5 4 3 .38 27.48 0 . 0 0357 1.01144 0.7327 

5& 3.6258 557.3 0.0&732 0.7 64q 0.02065 ..... && 28.21 0 .0038 5 1.0109 7 0.7270 

58 3.482& 583.1 0.06668 0 . 7690 0.01 9& 7 ~ 5 . 9 " 28 .9" a. 00 .. 1 .. 1.0105 3 0 .7 22& 

60 3.3512 & 09 ." 0.0&597 0 .77 26 0 . 01880 47.31 29 .6 6 O .OO~~ .. 1.01013 0.7182 

65 3.0653 678.3 0.06389 0.7797 0 .01 69" 50.98 31.43 0 . 0052 1 1.00927 O. 7086 

70 2.8271 752.3 0 . 0&144 0.7850 0.0154& 5".&7 33 .1 5 0 . 00599 1.00854 0.7050 

75 2 . 6251 832.5 0.0 5873 0 .7 689 0 .0142 3 58 . 26 34 . 82 0 . 00& 7 .. 1.00793 0.7080 

80 2.4513 919.2 0.05589 0 .7 920 0.01320 62.06 36."& 0 . 0075 1 1.00741 0.7127 

85 2.3000 1012." 0 .0 5306 0 .7 9 44 0 .01 232 66.95 38.0& 0.008 4 0 1.00695 0.7 088 

90 2.1669 1111.9 0.0 5035 0 .7 962 0 . 01l55 71.83 39 . 62 0.00929 1.00654 0.7083 

95 2.0488 1 216 . 7 0.04782 0.7978 0 .010 88 7&.73 "1. 1 5 J.Ol0 18 1.00 6 1 9 0.7100 

100 1.9432 132 &.1 0.045 53 0 . 7990 0.01029 89 . 88 .5.77 ).01221 1.00587 0.69"7 

120 1.6130 1786.2 0.03880 0.8019 0.00846 117. 0 9 5" . 02 0 . 01729 1.00487 0.6974 

1~0 1.3801 2229 ." o . 035 .... 0.8033 0.00720 13 6 . 07 5q .17 0 . 022 1 0 1.00~1 6 0 . 6983 

160 1.20&5 2616. 0 0.03" 23 0 . 8039 0.00028 148.28 63 .01 0 .0 2694 1. 00364 0.6978 

180 1.0721 29"2 .4 0.03 .. 2 .. 0 . 80 4 2 0 .00 557 155.71 &6 . 21 0 . 03193 1.00323 O. &964 

200 0.9648 3223.7 0 .0 3488 0 . 8042 0 . 00500 160.32 69 .07 0 . 037 11 1 . 00291 0.&94 6 

220 0.8771 3478.7 0.03578 0.8042 0.0045" 163.59 71 .7 3 0 . 0"250 1. 002&5 0.6 928 

2~0 0.8041 372 3 .0 0 . 03671 0 . 80"1 0 . 0041& 166.45 74 . 28 0 .04 8 11 1.00242 O. &9 11 

260 0.7423 3967.1 0.037 52 0.8040 0.00384 169."1 76 .74 0.05395 1.002 2 4 0.6 898 

280 0.6894 4215.9 0.03819 0 . 8039 0.00356 17 2 . 66 79.15 0.06002 1.00 20~ 0.6886 

300 0.6436 4471.5 0.03871 0 . 8037 0.0033 2 17&. 23 8 1. 53 0.06&32 1.001 94 0 . 6877 

350 0.5519 5 1 .. 1.1 0.039 4 5 0 . 8034 0 . u0265 18& . 51 87.38 0 . 08306 1.00166 0 . 6862 

400 0.4831 58 4 0.6 0 .0 3974 0 . 803 1 0 . 002 " Q 197.~8 93 .15 0 .10128 1.0 01106 0.6853 

~50 O.~296 655 9.9 0.0397 9 0.8028 O. 00222 209 . 82 98 . 85 0.12097 1.00129 0 . &848 

500 0.38& 7 7284 . 5 0.03980 0 . 8026 0.00199 221 . 82 10".49 Q . 1" 212 1 . 00 117 0.6844 

550 0.3517 8015 . 9 0.03975 0.8 02 4 0.00181 233 . 88 110 . 07 0 .1 6471 1.00106 0 .6 842 

&00 0.3224 8752 . 6 0.0396 8 0.8022 0 .0 016& 245 . 95 11 5 .5 9 0.18871 1. 00097 0 . 6 840 

700 0.2765 10 247 ... 0.03945 0 . 8019 0.001~3 270.14 126.~" 0 . 2"082 1. 00083 0 . 6837 

800 0.2"20 11781.5 0.0 39 10 0 .8 0 17 0.00125 294 . 62 137.04 0 . 29623 1. 000 7 3 0 . 6836 

900 0.2151 13365 . 9 0 .0 38&2 0 . 8015 0 . 00111 319 . 55 147. 38 0.360 71 1.00065 0 . 6837 

1000 0.1936 1 5008 .0 0.03805 0 . 80 1" 0.00100 440 . 56 157.48 0.54661 1. 00058 0.535& 

1200 001&14 18466.6 0.0367" 0 . 8011 0 . 00081 5 11.13 177 .0 5 0 . 7" 1 79 1.000"q 0 . 5323 

l~ca 0.1384 22153.7 0 .0 3535 0 . 6010 0 . 00l71 563 . 44 195.83 0 . 96030 1 . 00042 0.53 05 

1600 0 .1 211 2&008 . 2 0 .0 3 4 09 0 . 8009 0 . 000&2 656 . 59 213 . 9" 1.20199 1.00036 0.5291 

1800 0.1077 30 0 9 ... 9 0.032 8 4 0.8007 0.0005& 734 . 20 231 . 47 1.46976 1.00032 0 . 5266 

2000 0.096 9 3,,777.1 o .O H23 0 .80 05 0 . 00)59 830 . 12 2 .. 8 . 50 1.77502 I.OC02Q 0 . 5202 

2500 0.077 2 5526 .. . 2 0 . 02350 0 .7 970 0 . 000 40 13~3 . 98 289 . 72 2 . 9088 1 1. 00023 0.4 645 

3000 0.0629 111 25 1.J 0.01345 0 . 7786 0.0003 .. 32 ..... 2 .. 332 .71 " . 870" 3 1 . 00019 0 . 3908 

TWO-P~ASE BOUNOA <{ Y l,S 



C-2 THERHOOY NA HIC PROPERTIES OF PARAHYOROGEN 

0.91l HPA ISOBAR 

TEHPE~~ TURE VOLUHE I SOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC lTY 
OER IV ATIV" DERIVATIVE ENERGY OF SOUND 

DE~. ( CU H/KG CU H-MPA/KG HPA/K KJ/KG - K KJ/KG KJ/KG-K KJ KG-K HIS 

1~.1 0J 0.01290 1. 2278 0.9336 -308.6 -297.0 4.987 4.72 6.38 1289 
15 0.01302 1. 1472 0.9311 -302.7 -291. Q 5.B6 ~.90 6.83 1265 
16 0 . 01316 1.0633 0.9185 -2 95 .8 -28~.0 5.850 5 .0 9 7 . 28 1234 
17 0.01332 o • 9 ~59 0.9027 -288.5 -276.5 6.306 5 . 27 7.73 1209 
18 0.013~8 0.9319 0.8879 -280.6 -268.5 6.761 5.43 8.20 1186 
19 0.01367 O. B700 0.8728 -272.4 -260.1 7.218 5.58 8.68 1164 
20 0.01386 0. 8057 0.8562 -263.6 -251.1 7.677 5.71 9 . 20 1140 
21 0.01~07 0.7421 0.8377 -254.3 -241.6 6.139 5.82 9.76 1115 
22 0 . 01431 0.6767 0.8172 -244.5 - 231. & 8.607 5.92 10.37 1088 
23 0 . 01457 O.61G9 0.7941 -234.0 -ZZO.9 9.082 6.00 11.0~ 1060 
2 4 0.0148b 0.5428 0.7672 -222.8 -209.4 9.569 6 . 07 11.82 1028 

25 0.01520 0.4762 0.7360 -21 0 .9 -197.2 10.0&9 6.13 12.70 993 
26 0.01558 O. 4081 0.6998 -198.0 -184.il 10.588 6.18 13.76 953 
27 0.01604 0.3377 0.6579 -18~. 0 -169.6 11.131 6 . 23 15.13 906 
28 0.01660 0.2691 0.6099 -168.5 -153.6 11.711 6 . 29 16.96 851 
29 0.01731 0.2011 0 . 5551 -151.0 -13 5.4 12.350 6.37 19.69 788 
30 0 . 01833 O. 1312 0.4891 -1 29.9 -113.4 13.096 6.48 24.86 709 
30 . 567 0.01918 0 . 0889 0.4424 -114.9 -97.7 13.615 6.59 31.34 650 
30 . 567 0 . 08139 0 . 0281 0.0656 97.2 170.5 22 . 391 7.67 38.60 376 
31 0 . 08768 0.0365 0.0595 106.9 185.8 22.890 7.46 30.60 387 
32 0.09864 O. 05~7 0.0511 123.3 212.1 23 .7 26 7.18 23 . 21 405 
33 0 . 10775 O. 0622 0.0457 136.6 233.6 2~.386 7. 01 19 . 86 ~20 
3. 0.11588 0.0721 0.0418 148.1 252.~ 2 • • 9.8 6.83 17.87 .3. 

35 0.12339 O. C811 0.0387 158.5 269.6 25.~~6 6.71 16.57 ~47 

36 0.13047 O. 0 893 0.0362 168.2 285.6 25.899 6.63 15.6. .59 
37 0.13723 0.0971 o • 0 3~2 177.4 300.9 26.317 6.57 14. 94 470 
38 0.14374 0.1044 o • 0 32~ 186.2 315.6 26.708 6.52 14.40 480 
39 0.15006 0.1114 0.0308 194.7 329.8 27.077 6.49 13.97 490 
40 0 .1 5620 0.11~2 0.0294 203.0 3~3.6 27.426 6 .46 13.62 499 

42 0.16811 001311 0.0271 218.9 370.2 28.076 6.43 13.07 516 
~~ 0 .17 961 0.14 33 0.0252 234.3 B5.9 28.675 6.41 12.68 533 
46 0.19079 o 01550 o • 0235 249.3 ~21.0 29.232 6.40 12.38 5~8 
48 0.2017J 0.1663 0.0221 264.0 445.5 29.753 6.40 12.15 562 
50 0.21246 0.1773 0.0209 278.4 469.6 30.245 6 .41 11.97 576 
52 0 . 22303 J . 188(; 0.0198 292.7 .93.4 30.712 6.~2 11.83 588 
54 0 . 23345 0 .19 8~ 0.0189 306.9 517.0 31.157 6.45 11. 73 601 
56 0.24376 0.2086 o .0180 321.0 540.4 31 .582 6.48 11.65 612 
58 0 . 25396 o .2187 0 . 0172 335.0 563.6 31.990 6 . 53 11.60 623 
60 0.26408 0.2286 o .0165 3~9.1 586.8 32.382 6.58 11.57 634 

65 0.28905 0.2528 0.0150 384.5 &44 . 6 33.308 6.75 11.58 65& 
70 0 .31 367 0.2764 0.0138 .20.5 702.8 34.171 6.99 11. 70 680 
75 0.33802 o . 2996 0.0127 457.6 761.8 34.985 7.29 11.91 700 
80 0 . 3621& 0.3224 0.0118 496.0 822.0 35.762 7.63 12.18 717 
85 0 . 38614 0 . 3448 0.0111 536.2 883 .7 36.510 8.02 12.51 734 
90 0 . 40998 o .3 671 0.0104 578.2 947.2 37.235 8.43 12.88 749 
95 0.43371 0.38n 0.0098 622.2 1012.6 37.942 8.86 13.27 76 3 

100 0.45736 0.4111 0.0093 668.3 1079.9 38.633 9.29 13.67 778 
120 0.55124 0 . 4975 0.0077 872.6 1368.7 41.260 10.85 15.14 833 
140 0.&4442 0.5827 O. (; 065 1101.8 1681.8 43.671 11.83 16.07 890 

160 0.73717 o .6671 0.0057 1344.3 2007 .8 45.847 12.22 16.43 947 
180 0.829&6 o • 7511 0.0050 1589.8 2336.5 47.783 12.20 16.39 1005 
200 0 . 92195 o • 8347 0.il045 1832.1 2661.8 49.496 11.95 16.13 1061 
220 1.01411 O. 9181 0.0041 2068.5 2981.2 51.019 11.64 15.80 1117 
240 1.10618 1.0013 0.0038 2298.5 3294.1 52.380 11.34 15.49 1170 
260 1.19817 1. (;844 0.0035 2522.9 3601.2 53 . 610 11.08 15.23 1221 
280 1.29010 1.1674 o .0032 2742.6 3903.7 54.731 10 . 88 15.02 1270 
300 1.38193 1.2503 0.0030 2958.9 ~202.7 55.762 10 . 72 14.87 1316 
350 1. 61146 1.4572 0.0026 3489.5 4939.8 58.034 10.51 14.65 1~25 

.00 1.84086 1. &&39 0.0023 4012.9 5669.7 59.985 10.43 14.56 152~ 

45 0 2.07019 1 . 87(; 5 0.0020 4533.~ 6396.6 61.698 10.~1 1~.54 1616 
500 2.299.5 l • 0770 0.0018 505~.0 7123.5 63.228 10.~0 1~. 5 3 1703 
550 2.52869 2. 2834 0.0016 5574 .1 7849.9 64.613 10.41 1~.5~ 1786 
&00 2 . 75790 2 .4 897 0.0015 6095.2 8577.3 65. &78 10 . ~3 14.55 1864 
700 3.21627 2. 90 2~ 0.0013 71~0.3 10035.0 68.126 10.48 1~.61 2011 
800 3.67"60 3.3149 0.0011 8192.9 lI500.1 70.081 10 . 57 14.70 2147 
900 4.IH90 3. 7275 0.0010 925b.3 12975.9 71.818 10.70 14.82 2273 

100 0 4 . 59 118 4.14(0 0.0009 10JJJ.& 1~~65. 1 7J.J90 10.86 14 .98 2J90 
1200 5 . 50773 4. 0 649 o • 0008 12543.9 1750J.9 76.1"3 11.2~ 15. J7 2605 
14 00 6 . 42425 5.78se 0.0006 1~83&.7 20616 . 5 78 .5 50 11.68 15.81 2799 

1& 0 0 7 .J"0 82 &. 6147 0.0006 17216.4 23823.1 80 . 667 12.11 16.24 2978 
18 00 8 . 25775 7.43~b 0.0005 19&89.0 27121.0 82.571 12.57 16.70 31~~ 

2 000 9.17025 8 . 264~ 0.0005 22276.7 30535.4 8~.~35 13.20 17.35 3296 
2500 11.51332 10.3H5 0.0004 2976~.2 ~0126.2 91.0~5 17 .~1 21.93 3606 
3000 14.1204~ 12.388b 0.U003 ~15~9.2 5.257.6 99.529 JO.58 36.98 3867 
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THERMOOY NAMIC PROPERTIES OF PARAHYOROGEN C·2 

0. 90 HPA I SOBAR 

TEMPERATURE DENS ITY V(OH/OV~ ~ (DP/OUI
V 

-v (OP/O~IT -(OV/DTtf~CON6~~~~~~TY nSCOSlT Y THER MAL DIEL EC TRI C PRANDTL 
DIF FUS I V lTY CONS TANT NUMBER 

DEG. K KG / CU H KJ/KG MPA;C~O~/KJ MPA 1/0EG. K H/ t(-H 
X 10 3 

KG/H-S 
X 10 7 

SQ M/HR 

14.100 17 . 52 08 &50.& 0.25535 95.1791 0.00981 7& .29 2&0.3& 0 . 0005& 1 . 253 3 5 2 .17 81 
15 7& . 8115 &~~.7 0.2.804 88.11~6 0.01059 8~.0 7 231 . 93 0.00058 1 . 25085 1. 8 83& 
1& 75 . 9818 &~ (.8 0.237&7 80.7877 0.01137 90.26 20&.&1 O. DO 059 1. 2~ 7 9 ~ 1. && 75 
17 75.0917 &~o .5 0.22831 7~.7803 0.01207 9~.39 185.9" 0.0 00 59 1 . 2 .... 82 1. 5231 
18 7". 1591 &38.2 0.220"9 &9.1097 0.01265 97.36 1&6.95 0 . 00056 1. 2"15 5 1."227 
19 73 . 1793 &33.5 0.21360 &3.&&&1 0.01371 99.15 15". 72 0 . 00 05£> 1 . 23612 1.3551 

20 72 .1"&2 &2 ... 9 0.20788 58.1271 0.01~7J 100.77 1 ~2.5& 0 . 00 055 1. 23 .. 52 1.3023 
21 71 .05 1 ~ &14.1 0.20249 52.7287 0.01589 102.&2 132 . 00 0.00053 1. 2 3071 1 . 2 550 
22 69 . 884 4 599.9 0.197~7 47.2907 0.01726 103.72 122.&& 0 . 00052 1 .22&& 5 1.2260 

23 6 8.6311 583.2 0.19269 "1.9268 0.01894 104.13 114.25 0. 00049 1 . 222 3 0 1.2118 
24 &7.2723 562.8 0.18778 36.5169 0.02101 103.90 106.55 0 . 00047 1. 21 760 1. 2125 

25 65 .79.1 540.6 0.18251 31.32'l2 0.023~'l 103.07 99 •• 0 0. 0004 . 1. 2125 0 1.22.'l 
26 6 •• 1&59 514.8 0.17&51 2&.1654 0.02673 101.&0 92.&5 0.00041 1. 2 0&90 1. 2 546 

27 &2.3.39 .8 .. . 3 0.16936 21.0554 0.03124 'l9.51 66 . 15 0.00036 1.2006 5 1.3101 
2 6 &0. 2507 450.8 0.1&085 1&.2152 0.037&1 9&.&9 79 . 70 a . 00034 1.1935 0 1.3975 
29 57. 7615 412.0 0.15062 11.6174 0,0"77~ 'l2.98 73.10 0.00029 1.18504 1.5477 

3D 5 ... 5& 50 3&3.7 0.13827 7.15&2 0.0&83 .. 87.86 &5 . 89 0.00023 1. 174 22 1.6639 
30. 567 52. 1365 328.3 0.12865 ... 6342 0.0954& 65.&7 61. 1" 0. 00019 1.1&&0 5 2.23&7 

30. 5 67 12 . 2868 203.6 0.06962 0.3458 0.16963 .1.99 20.06 0 . 00032 1 .0 3752 1.64.7 

31 11. 405 1 213.9 0.0&992 0.4158 0.1"310 38.&2 19.69 0.000"0 1.0 3" 79 1.5758 

32 10.1362 233.6 0.07027 0.5144 O. 09938 35.76 19.87 0 . 00055 1.0308 8 1.2896 

33 9 . 280 " 251.0 0.07027 0.5773 0.07913 3~. 73 20.04 0.00068 1 .0262 " 1.1459 
3 .. 8.6298 266.3 0.07085 0.622" 0.06711 34.35 20.3 0 0. 00060 1.0262 5 1.0563 

35 8 . 1 0" 5 281 . 1 0.07117 0.6569 0.0589" 3".30 20.&0 0 . 00092 1.02"6 3 0.9'l51 

3& 7 . &&"7 295 .~ 0.07132 0.&84& 0.05293 3".44 20 . 93 0 . 00103 1 . 02329 0.9505 

37 7.2671 309.4 0.07137 0.7073 0.0~829 3~.70 21.28 0 . 00115 1.0221 3 O. 91&~ 
38 &. 9569 32 ~.2 0.0713" 0.7264 0.04457 35.0~ 21.64 0.0 012& 1.0 211 2 0.8894 
39 6 . &&42 336.7 0.0712& 0.7427 0.0~149 35 ... ~ 22.00 0. 00 13 7 1. 0202 2 0.6&74 
4 0 6.4 019 350.1 0.07115 0.75&8 0.03890 35.88 22 . 37 0 .0 0148 1.019" 2 0.8~91 

.. 2 5. 'l4 85 37&.3 0.07087 0.7799 0.03"74 3&.85 23.12 0.0 01 71 1.01804 0.820" 

"4 5. 5&77 402.0 0.0705~ 0.7960 0.03153 37.91 23.86 0.00193 1.01&6 6 0.7967 

46 5. 2414 427.5 0.07017 0.8126 0.0269& 39.02 24.64 0.00217 1.0158 6 0.7615 

.. 8 4 . 9572 452.7 o .0&977 0.8245 0.02&84 ~0.18 25 . 39 ).002 40 1.0150 2 0.7&77 
50 4. 706 8 .n.8 0.06932 0.6344 0.02505 41 . 37 2&.14 0 . 002&4 1.01425 0. 7563 
52 4 ... 638 503.0 0.06863 0.6~28 0.02352 42.59 26.88 0.00289 1.0135 8 0.7"69 
5. 4.2835. 52 e.3 0.0&829 0.8499 0.02220 ~3.62 27 . &2 0. 0031 4 1.01297 0.7391 
56 ... 1025 55 ... 0 0.067&8 0.8559 0.02103 .. 5.08 28.35 0 . 00 3"0 1. 0124 2 0.7326 
58 3 . 9376 579.9 0.0&702 0.6&11 0.02000 ~6.3~ 29.07 0 . 003&5 1 .01191 0.7275 
&0 3. 7868 &06.5 0.06&29 0.8656 0.01906 ~ 7. &9 29.79 0.00392 1 . 011"6 0.7226 

65 3.~59& &75.& 0.0&416 0.674& 0.0171~ 51.;2 31.54 J.OO~&l 1.010~ & 0. 7119 

70 3 .1681 75 L.O 0.061&'l 0.8813 0.01560 55.00 33.25 O. 00531 1.009 &" 0.7076 
75 2 . 958~ 630.3 0.05695 0.8863 0.01~3~ 56.5~ 3~.92 0. 005 9 6 1 .00 69" 0.7103 
60 2.7612 917 . 2 0.05&09 0.8901 0.01326 62.32 3&.55 0.006& 7 1.00634 0.71~5 

85 2 . 5898 1010.6 0.0532~ 0.8931 0.01238 67.20 36.1~ J.00747 1. 0078 2 0.7103 

90 2.~3H 1110.2 0.Q5051 0.895~ 0.01160 72.08 39.70 0 . 0062& 1. 00737 0.7095 

95 2.3057 1215.2 0.0~797 0.6973 0.01092 7&.96 ~1.23 0 . 00905 1 .00 &9& 0. 7110 

100 2 .18&5 132~.7 0.0~5&6 0.8988 0.01032 89.9~ ~5.78 0.01063 1.0 0&&0 0.6%0 

1 2 0 1 . 6141 1785.5 0.0388'l 0.9025 0.008~6 117.10 5~. 0 2 J.01535 1. 005 4 8 0.&982 
1~0 1.5518 2229.3 0.03551 O. 90 ~2 0.00721 13&.07 59.17 0.01%4 1.0 0 ~& 8 0.&9 90 

16 0 1 . 3565 2616.5 0.03428 0.9050 0.00&28 1~6.26 &3.01 0.02395 1.0 040 9 O. &q63 

180 1.2053 2943.4 0.03429 0.9053 0.00557 155.72 66.22 0.02838 1. 00 3&4 0.6966 
2 00 1 . 08 ~ 7 3225.0 0.03~92 0.9054 0.00500 1&0.35 69.08 0.03300 1. 0 03 27 0.&9~'l 

220 0. 98&1 3 ~80.3 0.03582 0.9053 0.00~5~ 1&3.&2 71.75 O. 03760 1.0029 7 0.6930 
Z~O 0.9040 3 72~. 8 0.0367~ 0.9052 0.0041& 1&&.~8 7~.29 0 . 0~279 1. 00273 0. 6 913 
2 6 0 0.83"& 3 96~ . 2 0.0375& 0.Q051 0.00364 1&9.1o~ 7& . 75 0 . 0~799 1. 00252 0. 66 99 
280 0.7751 ~218.1 0.03823 0.90~'l 0.00356 172.70 79.17 0.0533S 1.0 0234 0.&667 

300 0.723& "~73.6 0.0367~ 0.90~7 0.00332 17&.28 81.55 0.05899 1 .00 21 6 0.6878 
350 0. 6206 51 ~ 3. 7 0.03948 0.9 043 0.00265 186.56 67.40 0.07369 1 . 00167 0. &862 
~ O O 0.5~32 56~3.3 0.03976 0.903'l 0.002"9 197.% 93.17 0.09009 1.001& ~ O. &6510 

450 0.~830 65&2.7 0.03981 0.90 35 0.00222 209.89 96.86 0.107&0 1. 00 1~ & 0. &8 ~6 

500 0. 103~9 7287.3 0.03962 0.9032 0.00199 221.89 10~ . 52 0 . 12&~1 1.00131 0.&6~5 

55 0 0.3955 6018.6 0.03977 0.9030 0.00161 233.97 110 . 11 a.H651 1 . 00 11 9 0.68"2 
600 0. 362& 8755.6 0.039&9 0.9028 0.001&& 2~&.0~ 115.63 0.1&76& 1. 00 10 9 0.66~0 

7 00 0. 3109 10250.3 0.039~& 0.902~ O.OOl~J 27 0.25 12& . ~9 0.21421 1. 0 00 9 ~ O. &637 
800 0. 2721 1178~.& 0.03911 0.9021 0.00125 29~.7~ 137.09 0.26527 1.0 008 2 O. & 6 3& 

900 0.2"20 13H9.0 0.03663 0.9019 0.00111 31 9.68 147 . ~~ 0.3208~ 1.0007 3 0.&837 

1000 0 . 217 6 15011.1 0.0380& 0.9017 0.00100 4~0.5& 157.55 0.~8597 1.000 6& 0.5358 

1200 0 . 181& 164&9.9 a .03&H 0.901~ 0.00083 511.13 177.13 O . &59 ~ 8 1. 00 055 0.5325 

11000 0.1557 2215& . 9 0.0353& 0.9012 0.00071 563.43 195.92 0 . 85373 1. 000~7 0.5307 

1600 0.1362 2600'l.5 O. a 3HO 0.9011 0.0006 2 &5&.51 21~.0" 1.06653 1 . 00 010 1 0.52% 
18 00 0 . 1211 300H.2 0.0328& 0.9009 o. 00055 733.73 231.56 1.30&29 1 . 0003& 0.5270 

2000 0.1090 3~730.5 0.0.1129 0.9006 0.00050 628.18 2~8.62 1.57&55 1.0 0033 0. 5210 
25 00 0 . 08&9 546~&.3 0.02361 0.69&9 1.000"0 13&0.101 289.83 2 . 57075 1. 00 02 6 0.4673 
3000 0.0708 1081~2.~ 0.01385 0.8774 0.0003~ 3127.32 332.&1 4.29912 1 . 000 21 0.3 9 33 

TWO · PHASE BOUNDARY 297 



C-l THERHOOY NAHIC PROPERTIES OF PARA HYDROGEN 

1.00 HPA ISOBAR 

1 EHPE RAT U RE ~OlUHE ISOI HfRH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VElOC lTY 
DE~IVATIVE DERIVATIVE ENERGY OF SOU ND 

DEG. K CU HI KG CU H-MPA/KG HPA/K KJI KG-K KJ/KG KJ/KG-K KJ KG-K HIS 

14.133 0.01289 1 . 23~~ 0.93"7 -308.5 -295.7 ~.990 ~. 72 &.3 8 129Z 
15 O.OUOO 1.16LO 0.93"3 -30 2.9 -289 . 9 5.382 ~.90 6 .80 1270 
16 0.01315 1.0735 0.921~ -296.1 -282 . 9 5 . 835 5.08 7.27 1239 
17 0.01330 1. 0056 0 . 9056 -288.7 -275.~ &.290 5.26 7.71 121~ 
18 0.013"7 O. 9"1~ 0.8908 -280.9 -267.5 6 . 7 .... 5,"3 8 .18 1191 
19 0.0136 .. o . 8798 0.8757 -272.7 -259. 0 7.199 5.57 8.66 1169 
20 0 . 0138. 0.8155 0.8593 -26~.0 -250 . 1 7.656 5.70 9.17 1145 
21 0.01"05 0.7 523 0.8"09 -25".7 -2"0.7 8.117 5.82 9 .71 1121 
22 0 . 01"28 0.6871 0.8205 -2"5.0 -230.7 8.582 5.92 10.31 109~ 
23 0.01 .. 5. 0.6219 0 . 7976 -23".& -220.1 9.055 &.00 10.97 106& 
2 .. 0.01"82 0 . 5539 0 . 7713 -223.5 -208.7 9.538 &.07 11. 7~ 1035 

25 0.0 1515 0 •• 883 0.7"07 -211.7 -19&.& 10.03" &.13 12.58 1001 
2& 0.01553 O. ~207 0.705& -199.0 -183.5 10.5H &.18 13 .59 962 
27 0 . 01597 O. 3531 0.&&"8 -185.3 -169.3 11.082 &.23 1 ... 8 .. 917 
28 0.01&50 0.2850 O. & 185 -170.2 -153.7 11.&50 6.29 1&.52 8&5 
29 0 . 01717 0 . 21&& 0 . 5&58 -153.1 -136.0 12.271 6.36 19.00 80 .. 
30 0.01809 0.1~85 0.50"1 -133.2 -115 . 1 12.979 6 ... 5 23.26 731 
31 0.01957 o • 078 .. 0 . .. 2 .. 3 -107.2 - 87.6 13.878 6.63 33.89 633 
31 . 2"3 0.0201& O. ~59" 0 . 3982 -98.7 -78.5 1 ... 171 6.71 .. 0 .&0 &00 
31.2 .. 8 0.0&965 0 . ~213 o .0788 87.& 157.2 21.719 7. 93 52 .16 37 .. 
32 0 . 080,,3 O. 0367 0 .0 65 .. 107.0 187 . .. 22.675 7.50 31.6& 393 
33 0.09052 0.0511 0.0561 12".2 21".7 23 . 515 7.22 23.86 .. 11 
3 .. 0 . 09887 0.0627 0.0502 137.8 236.& 2 ... 170 6.97 2 0.33 .. 27 

35 0.10&32 0.0727 0.0 .. 59 1~9.5 255.9 2" .7 27 6.81 18 . 27 .... 2 
3& 0 .11 320 0.0818 0.0 .. 2& 1& 0.2 273 ... 25.221 &.70 16.91 .. 5 .. 
37 0.119&9 O. e903 0.0398 170.1 289.8 25. & 71 6.&2 15 . 9 .. ..6& 
38 0.12587 o • 0 ~82 0.0375 179.5 305 ... 2&.086 6.57 15 . 22 .. 77 
39 0.13183 0.1057 0.0356 188.5 320.3 26 . .. 7 .. 6.53 14.65 .. 87 
.. 0 0.13759 O. 1128 0.0339 197.1 33 ... 7 26.839 & ... 9 1 ... 20 .. 97 

.. 2 0.1"8&9 O. 12& .. 0.0310 213.7 362." 27.51" 6,"5 13.52 515 .... 0.1593 .. 0.1391 0.02&7 229.& 388.9 28.131 & ... 3 13.03 531 
~& 0.1&9&5 0.1513 0 . 02&7 2~5.0 .. 14.6 28.702 6,"2 12.67 5 .. 7 
~8 0.17971 0.1629 0.0251 2&0.0 "39.7 29.235 6."1 12.39 561 
50 0.1895 .. 0.17~2 o • a 2 3& 27".7 "&".2 29.73& 6.~2 12 .18 575 
52 0.19921 O. 1852 0.022" 289.2 "66 ... 3 0. 211 & . .... 12 .02 58 6 
5 .. 0 . 20673 0.1959 0.0213 303.6 512.3 30.662 &."& 11.69 &00 
56 0 . 21813 0.20&3 0 . 0203 317.9 53&.0 31.093 &."9 11. 79 612 
58 0.227"2 o • 2 1 ~6 0.019 .. 332.1 559.5 31.50& &.5 .. 11.73 &23 
&0 0.236&3 0.2267 0 . 0165 3"&.3 582 . 9 31.902 6 . 59 11 .6 9 63 .. 

65 0.25931 o • 2513 0.01&6 382.0 & .. 1. 3 32.836 &.76 11 . 66 659 
70 0.2816 .. o • 2752 0 . 015 .. "18.3 &99.9 33.705 7.00 11.78 681 
75 0.30370 o • 298& 0.01"2 .. 55.5 759 . 2 3".52~ 7.29 11.97 700 
80 0 . 3255~ 0.3217 0.0132 .. 9 ... 2 819 . 7 35.30~ 7.6 .. 12 .2 .. 718 
85 0.34723 O. 3~"~ 0.0123 53".5 881.7 3& .0 5& 8.02 12.56 73 .. 
90 0 . 3&878 0.3&68 0.0116 576 . 6 9 .. 5." 3&.783 8 ..... 12.92 7~9 

95 0.39022 0 . 3690 0.0109 &20 . 7 1010.9 37.492 8.86 13 .31 764 
100 0."1157 O.HlI 0.0103 666 . 9 1078 . 5 38 . 185 9.30 13.70 778 
120 0 ... 96 2 7 0.~979 0.0085 871.5 1367.7 .. 0.816 10.85 15.16 83~ 

140 0.58028 0.5833 o .0 073 1100.9 16&1.2 "3 . 230 11.84 16.09 8<,)1 

160 0.6&38& 0.&&80 0.00&3 13"3.5 2007 . ~ .. 5 ... 07 12.22 16 ..... 94& 
180 0.74718 0.7521 0 . 005& 1589 . 1 233&.3 .. 7 . 3~5 12.20 16.3 9 1005 
200 0.83031 0 .8358 0.0050 1831.5 2&&1 . 8 .. 9 . 059 11.95 16.1~ 106 2 
220 0.91330 o . 9193 0 . 00~6 2068 . 0 2981.3 50 . 582 11. 6~ 15 .81 1117 
2 .. 0 0 . 99&20 1.0026 0.00"2 2298 . 1 329~.3 51.9 .... 1I.3~ 15.50 1171 
2&0 1.07902 1.L858 o . 0039 2522.5 3601.5 53 .17 3 11.08 15.23 1222 
280 1.1&179 1.1688 0.003& 27<,2 . 3 390".0 5 ... 295 10.88 15 .03 1271 
300 1.24~"6 1.2517 0.0033 2958.6 .. 203 . 1 55.32 7 10 .73 1 ... 87 1317 
350 1.45108 1 ... 588 0.0029 3~ 89.2 ~9~0 . 3 57 . 599 10.51 1~.65 1 .. 26 
.. 00 1. &5757 1. &&55 o .0025 "012 . 7 5&70.3 59.550 10.43 14.5& 1525 

.. 50 1.8&398 1.87?1 0.0022 .. 533.3 &397.2 &1 . 2&3 10."1 14 . 54 1&17 
500 2 . 07033 2 • C 76& o • 0020 5053.8 712".2 &2.79 .. 10.40 1". ~3 170 .. 
550 2.27&&& 2.2851 0.0018 557~.0 785J.7 &~.178 10.~1 1~.5~ 1786 
&00 2.48295 2.491" 0.0017 &095 . 1 8578.1 &5.443 10.43 1" .5 5 1865 
700 2.R9550 2 . 9041 0 . 001" 71"0.2 10035.7 67.691 10.48 14 . 61 201 2 
600 3.30600 3.3167 0.0013 8192.9 11500.9 &9. &46 10.57 14 .7 0 2141 
900 3.720"8 3 • 7 2 92 0.0011 925&.3 1297& . 8 71.383 10.70 1~.62 22 73 

1000 4.1329 .. 4.1"17 0.0010 10333.6 14 .. 6&.5 72 . 955 10 . 86 14.98 2391 
1200 4.9576" 4.9&67 0.0008 12543.9 17501.7 75.709 11.24 15.37 2&05 
1"00 5.78271 5 .7 916 0.0007 1"83&.6 20&B. J 78 .11 & 11. &8 15.80 2799 

1600 6 . 60763 &.0&5 o .0006 1721&.3 23623 . 9 80 . 232 12.11 1& . 24 29 7 8 
1800 7.432R" 7.4"13 0 . 000& 19&88.4 27121.2 82 .1 3& 12.5& 1& .& 9 3 1 .. 5 
2000 8.259"1 8.2E62 0.0005 22273.7 30533.1 83.999 13.18 17 .33 3297 
2500 10.3&0&& 10.3283 0.000 .. 29717." 40078.1 90.589 17 . 22 21.72 3609 
3000 12.&9252 12.390~ 0.0003 "125&.5 539"Q . 0 98.980 29.75 3&.03 38&9 
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THERHODYNAMIC PROPERTIES OF PARAHYOROGEN C-2 

1.00 HPA ISOBAR 

TEHPERATURE OENSITY V (OH/OV~ V (OP/OUI
V 

-V (OP/OVI
T -(OV/OTb/VCON~~~~~~~TY V ISCOSIT Y THERHAL OIE LE CTRIC PRANOTL 

OIFFUSIVITY CONSTANT NUH BfR 
OEG. K KG/CU H KJ/KG HPA-CU H/KJ HPA 1I0fG. K W/K-H KG/~-S sa H/HR 

x 10 2 x 103 x 107 

14.133 77.5763 654 .0 0.25522 95 .7 61 4 0.00976 76. 69 260.99 0.00056 1.25355 2 .17 23 

15 76.8975 649.7 0.24818 89.1999 '0.01047 84.18 233.50 0.00058 1.25116 1.8875 

16 76.0734 644.3 0.23827 81.6612 0.01128 90.41 207 .98 0 .0005 9 1. 24826 1.6724 

17 75.1902 644.1 0.22890 75.6113 0.01198 94.58 187.17 0.00059 1.24516 1.5266 

18 74.2648 641.8 0.22106 69.9161 0.01274 97.58 170.06 0 .000 58 1.24192 1.4251 

19 73.2929 637.5 0.21433 64 .4656 0.01358 99.40 155.74 0.00056 1.23652 1.3564 

20 72.2689 629.1 0.20842 58.9352 0.01458 101.04 143.51 0.00055 1.23495 1.3027 

21 71.1646 618.6 0.20301 53.5525 0.01570 102.94 132.90 0.00054 1.23117 1.2541 

22 70.0303 604.8 0.19798 48.1167 0.01705 104.01 123.52 0.00052 1.22716 1.2241 

23 66.7931 588.6 0.19320 42.7839 0.01864 104.53 115.09 0.00050 1.22286 1.2083 

24 67.4541 568_5 0_18834 37.3608 0.02064 104.35 107.36 0.00047 1.21623 1.2077 

25 66.0015 547.2 0.18315 32.2261 0.02298 103.58 100.25 0.00045 1.21322 1.2173 

26 64.4069 522.0 0.17735 27.0914 0.02604 102.18 93.53 0.00042 1.20773 1.2442 

27 62.6325 493.6 0.17046 22.1181 0.03006 100.19 87.08 0.00039 1.20164 1.2900 

28 60.&157 461.3 0.16232 17.27&2 0.03580 97.53 60.74 0.00035 1.19475 1.3671 

29 58.2362 423.5 0.15281 12.6128 0.04486 94.04 74.28 0 .00 031 1.18665 1.5007 

30 55.2770 378.6 0.14128 8.2063 0.06142 89.37 67.41 0.00025 1.17662 1.7544 

31 51.0906 320.0 0.12529 4.0067 0.10589 85.69 59.29 0.00018 1.16254 2 .34 50 

31.246 49.6094 300.4 0.11970 2.9465 0 .13513 8&.22 5&.77 0.00015 1.15759 2.6729 

31.248 14.3567 202.2 0.06923 0.3054 0.25198 49.5& 21.45 0.00024 1.04393 2.2576 

32 12.4337 220 .6 0.07010 0.4557 0.14350 40.71 20.84 0.00031 1.03797 1.6202 

33 11.0478 240.2 0.07027 0.5646 0.09932 37.54 20.72 0.00051 1.03369 1.3169 

34 10.1147 256.8 0.07115 0.6340 0.07916 36.34 20.83 0.00064 1.03081 1.1650 

35 9.4056 272 .3 0.07164 0.6842 0.06708 35.87 21.05 0.00075 1.02863 1.0719 

36 8.6336 287.3 0.07188 0.7230 0.05886 35.75 21.32 0.00086 1.02681 1.0083 

37 8.3550 301.8 0.07197 0.7541 0.05282 35.84 21.62 0 .00097 1.02540 0.9618 

38 1.9444 316 .0 0.07196 0.779-8 0.04815 36.05 21.95 0.00101 1.02414 0.9263 

39 7.5856 329.9 0.07188 0.8014 0.04440 36.36 22.29 0.00118 1.02304 0.8982 

40 7.2677 343.6 0.07177 0.6199 0.04132 36.72 22.64 0.00128 1.02207 0.8752 

42 6.7254 370.5 0.07145 0.8499 0.03648 37.58 23.36 0.00149 1.02041 0.8401 

44 6.2759 396.8 0.07106 0.8731 0.03284 38.56 24.09 0.00170 1.01904 0.8142 

46 5.8943 422.& 0.010&8 0.8917 0.02998 39.62 24.83 0.00191 1.01787 0.7941 

48 5.5647 448.2 0.07024 0.9067 0.02765 40.73 25.57 0.00211 1.01687 0.7181 

50 5.2758 473.1 0.06976 0.9192 0.02571 41.88 2&.31 0.00235 1.01599 0.7&51 

52 5.0198 499.2 0.0&924 0.9296 0.02407 43.0& 21.04 0.00257 1.01521 0.7545 

54 4.7908 524.8 0.0&868 0.9384 0.02265 44.27 21.77 3.00260 1.01451 0.7457 

5& 4.5844 550.7 0.06804 0.9459 0.02141 45.50 28.49 0.00303 1.01388 0.7383 

58 4.3971 576.9 0.0&736 0.9524 0.02033 46.75 29.21 0.0032& 1.01331 0.732& 

&0 4.22& 1 &03.& 0.0&&62 0.9580 0.0193& 48.08 29.91 0.00350 1.01279 0.7270 

&5 3.85&4 & 73.1 0.06447 0.9&91 0.01734 51.&8 31.&& 0.00413 1.011&7 0.7152 

70 3.550& 747.7 0.0&195 0.9772 0.01575 55.32 33.3& 0.00476 1.01074 0.7102 

75 3.2928 828.3 0.05918 0.9834 0.01445 58.83 35.02 0.00537 1.00996 0.7126 

80 3.0718 915.3 0.05630 0.9881 0.01337 &2.59 3&.64 0.00599 1.00929 0.7163 

85 2.8800 1008.9 0.05342 0 .9917 0.01245 67.45 38.23 0.00&71 1.00870 0.7117 

90 2.7117 1108.& 0.05067 0.994& 0.011&& 72.32 39.78 0.00743 1.00819 0.7107 

95 2.5627 1213.7 0.04811 0.99&9 0.01096 77.19 41.30 0.00815 1.00774 0.7120 

100 2.4297 1323.3 0.04579 0.9988 0.01035 90.00 45.80 0.00973 1.00734 0.&972 

120 2.0150 1764.6 0.03898 1.0032 0.00849 117.10 54.01 0.01380 1 .0060 8 0.6991 

140 1.7233 2229 . 2 0.03557 1.0053 0.00722 136. 07 59.17 0.01767 1.00520 O. &996 

1&0 1.5063 2617 .0 0.03434 1.0062 0.00628 148.29 63.01 0.02155 1.00455 0.6986 

180 1.3384 2944 .3 0.03433 1.00&& 0 .00557 155.73 &&.22 0.0255 5 1.00404 0.6971 

200 1.2044 3226.4 0.03497 1.0067 0.00500 1&0.37 &9.09 0.02971 1.00363 0.6952 

220 1.0949 3481.9 0.0358& 1.006& 0.00454 163.64 71.7 & 0 .0340 3 1.00330 0.6 932 

240 1.0038 372&.7 0.03678 1.0064 0.0041& 1&&.52 74.30 0.03853 1.00303 0.&915 

2&0 0.9l&8 3971.2 0.03759 1.0062 0.00384 1&9.48 76.77 0.04321 1.00280 O. &900 

280 0.8607 4220.3 0.0382& 1.00&0 0.0035& 172.74 79.18 0.04806 1.002&0 0.&889 

300 0.8036 4476.1 0.03877 1.0059 0.00332 17&.33 81.56 0.05312 1.00242 0.6879 

350 0.6891 514&.2 0.03950 1.0053 0.00285 18&.62 87 .42 0.0&&54 1.00208 0.&863 

400 0.6033 5645.9 0.0 H76 1.0048 0.00249 198.00 93.20 0.08114 1.0018 2 O. &854 

450 0.5365 65&5 .4 0.03983 1.0044 0 .00 221 209.9& 98.91 0.09&91 1.001&2 0.6849 

500 0.4630 7290 .1 0.03983 1.0040 0.00199 221.97 104.5& 0.11385 1.0014& 0.&845 

550 0.4392 8021 • & 0.03978 1.0037 o. 00181 234 . 05 110.15 0.13195 1.00132 0.&842 

&00 0.4027 8758.5 0.03971 1.0034 0 . 001&& 24& .1 3 115.67 0.15117 1.00121 0 . 6840 

700 0.3454 10253.3 0.03947 1.0030 0.00142 270.36 12&.54 0 .1 9292 1.00104 0.&837 

800 0.3023 11787.& 0.03912 1.002& 0 . 00125 294 .8 & 137.14 0 . 23890 1.00091 0.&836 

900 0.2&68 11372.1 0.03864 1.0023 0.00111 3H.82 147.50 0.28894 1.00081 0.6837 

1000 0.2420 15014.3 0.0380& 1.0021 0 .00100 440.5& 157.&2 0.43747 1.00073 0.5361 

1200 0.2017 18473.1 0.03675 1 .0 018 0_00083 511.13 177.21 0 . 59363 1.00061 0.5328 

1400 0.17 29 22160. G 0.0353& 1.0015 0.00071 583.42 196.01 0.7&847 1.00052 0.5310 

1600 0.1513 20011 . 3 0.03410 1.0013 0 . 00062 65&.44 214 .15 0 . 9&177 1.00046 0.5297 

1800 0.1345 30079.4 0.03288 1.0011 0.00055 733.32 231.70 1.17555 1.00041 0.5274 

2000 0.1211 34 &91 . 6 0.03134 1.0006 O .00~5 J 62& . 53 248.74 1.41797 1.00036 0.521& 

2500 0.0965 541 23 .9 0.02407 0 . 9qr,9 0 . 00040 1340.45 289.95 2.30214 1 .0002 9 0.4698 

3000 0 . 0788 1055 04.7 0 . 01422 0.9762 0.00034 3028.0~ 332 . 54 J.840& 5 1.00024 0.3956 
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C-2 THERH01Y ~AHIC PROPE~TIES OF PARAHYOROGEN 

1.292600 ~PA ISOOAk 

lcHP[RATU~E VOLUME ISOlh[RH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
~ERIVATlVE DERIVATI~E ENE RGY OF SOUND 

OEG. K CU 1"1/1((' CU H-HA/KG "PA/K KJ/KG-K KJ/KG KJ/KG-K KJ KG -K HIS 

14.2Z~ 0.OU6& 1.2537 0.93&7 -3D 6.4 -291. g 4. 9Q6 ".73 6.36 1300 
15 0.0129& 1.1970 0.9376 -303.5 -266.7 5.343 4.69 6.74 1285 
16 0_01310 1.1028 0.9299 -296.7 -279.7 5 .793 5.06 7.23 1253 
17 0.01325 1. C336 0.9139 -289.4 -272.3 6.245 5.25 7.6& 1228 
18 0.013"1 0.9bf6 0.8991 -281.7 -26 ..... 6 .6 95 5."2 8 . 12 1205 
19 0.01356 0.9102 o • a 842 -273.6 -25&.1 7.1,,5 5.56 8 . 57 1184 
20 0.01377 0.8H7 0.6680 -265.0 -Z"7.2 7.599 5.69 9.07 1161 
21 0 . 01397 0.7~13 0.8499 -256.0 - 237.9 8 .0 5" 5.81 9.60 1136 
22 0.01420 0.7166 0 _8300 -Z4&.4 -228.Q ~.513 5.91 lo.! 7 lUI 
23 0 . 01 .. 4 .. J • ~5 3 0 0.8077 -236.3 -217.6 8 .97 8 5 . 99 10.79 108" 
24 0.G1471 0.56~2 o • 7826 -225.5 -206.5 9."51 6.06 U,"7 1055 

25 0.01502 Q. !:, 232 0.7537 -214 . 0 "lQLt.& 9.936 6.12 12.25 1023 
2& 0.015H 0.4570 0 _7209 -201.8 -181.9 10.433 6.17 13.16 987 
27 0.01577 0.3916 0.6835 -188.6 -1,,8.3 10.948 6.22 14.23 9 .. & 
28 0.01624 0.3269 O. &411 -17".4 -153.4 11. .. 69 6.27 15.56 901 
29 0 . 01662 0.2603 0.5941 -156.7 -136.9 12.06& 6.33 17.45 6 .. 7 
30 0.01755 0.1976 0.5409 -l"1.0 -116.3 12.697 6."0 20.06 767 
31 0.01656 0.13"9 0."767 -12!i.2 -96.2 13.4Z2 6.50 2".6" 715 
32 0.02020 0.0716 0.3996 -93.1 -67.0 1".3"6 6.66 35.71 620 
32 . 97, 0.03126 -0.0001 0.1927 -5.6 3".9 17 ." 61 9.68 -1"656.06 3 .. 6 
32.97. 0.032"1 -O.GOOI 0.1866 -0.1 "1.8 17.671 9.80 -13261 . 8" 351 
33 0.03934 o • t u 25 0 . 1548 30.3 81.1 18.865 9.44 501.14 363 
3 .. 0.0601Z 0.0298 0.0915 93.8 171.6 21.578 7.72 42 . 28 404 

35 0.069"1 0.C456 0.0760 116. a 205.7 22.566 7. 23 26.61 425 
36 0.07672 O. C 584 !i.0669 132.1 231.3 23.289 6.98 23.23 441 
37 0.08307 o • Ot~ .. 0.0607 145.5 252.9 23.863 6.82 20.36 455 
36 0.08666 0.0793 0.0559 157.4 272.3 24 .400 6.7Z 16.54 468 
39 0.09425 O. 08~4 O. OS 21 1&8.4 290 . 2 24.865 6 . 6" 17.28 419 
40 0.09935 0.0969 0.0469 176.5 307.0 25 . 290 6.59 16.35 490 

42 0.10894 0.1 126 a .0439 197.5 338.3 26.054 6.53 15.07 510 
4 .. 0.11795 0.1270 0.0401 215.1 367 . 5 26 . 734 6 .49 1".22 528 
46 0.ll654 0.1",5 0.0369 231.8 395 . 4 27 .3 53 6 .47 13.63 5 4 4 
48 0.13482 0.1533 0.0344 247.9 422.2 2 7.92 3 6.46 13.18 559 
SO 0.1428& J.16~5 0.0322 263.5 448.2 28.454 6.46 12.85 574 
52 0 . 15070 0.1773 0.0303 278.8 473.6 26 . 953 6 .4 S 12.59 587 
54 0.15839 0.1868 0.0287 29J.8 498.6 29.424 6.50 12.39 600 
50 0 . 16594 0.19Y9 0.0272 308.7 523.2 29.672 6.53 12.23 612 
58 0.17338 0.21C7 0.0259 323.4 547.6 30 . 299 6.57 12.12 624 
&0 0.18072 0.2214 0.0247 338.1 571 . 7 30.709 6 . 62 12.04 635 

65 0.19875 0.2471 0.0223 374.7 631.6 31.668 6 .7 8 11.95 660 
70 0.21640 0.2720 0.0203 .. 11. 7 691 . 5 32 _555 7.02 12.00 682 
75 0.23379 O.2 c £:'1 0.0187 449.6 751.8 33.367 7.31 12.15 702 
80 o • 25 096 0.3198 0.0173 4~'. 7 813.1 34.179 7.65 12.39 720 
85 0.2&79& 0.3431 0.0162 5U.4 875.8 34 . 939 8.03 12 . 69 736 
90 0.28483 0.3660 0.0152 571.9 940.1 35.674 8.45 13.04 752 
95 0.30159 o • 3886 0.0143 &16.3 1006.2 3&.388 8.87 13.41 76& 

100 0.JI82& o. '+ l1i 0.0135 662.8 1074.2 37.066 9 . 30 13.79 781 
120 0.38425 0.4990 0.0111 868.2 13&5.0 39 .731 10 . 65 15_22 836 
140 0 . 44956 0.5853 o • 0094 t098.3 1679." 42.152 11.8" 1& .13 893 

160 0.51445 0.67C5 0.0082 1341.3 2006.4 44.335 12 . 23 16.46 950 
180 0.57907 0.7551 0.0073 1587.2 2335.8 46.275 12.20 16.42 1008 
200 0.64351 O. 83~2 a .0065 1829.8 2661.~ 47 .992 11.96 1&.1 & 1065 
220 0.70781 0.9229 0.0059 2066.5 2981.& 49.516 11.64 15.83 1120 
240 0 .77 2J2 1. 006" 0_0054 2296.8 32%. ~ 50 . 879 11.34 15.51 1173 
260 0.63610 1. ca97 0.0050 2521.3 3& 02.3 52 .11 0 11_ 08 15.25 1224 
280 0.90024 1.1729 0.0046 2741.2 3905.0 53.2 J2 10.86 15.04 1273 
300 0.96425 1. c5l0 0.ilO .. 3 2957.8 420".3 5".265 10.73 H.88 1320 
350 1.12416 1.4t33 0.0037 3488.5 4941.9 56.538 10.51 14.66 1426 
400 1.283~5 1. E: 702 0.0032 4012.1 5672 . 0 58.489 10.4 3 14.57 1527 

450 1."4305 1.8n9 0.0029 453 2 .8 6399.2 &0.233 10.41 14.54 1619 
seo I.b0330 2. (635 0.002& SO 53.5 7126.2 61 .7 34 10.40 1".53 1706 
550 1.76292 2.2900 o • 0024 5573.7 7852.8 &3 _ 119 10.41 14.54 1766 
600 1.92252 2.4 Sb4 0.0022 6094_8 6580.3 64 . 363 10."3 11, . 55 1867 
700 2.2"165 2. 90~1 0.0018 71"0.0 10033 . J 66.632 10."8 1".61 2014 
60il 2 _56075 J- 3216 0_0016 Sl9Z_7 11503.2 68 .5 87 10.57 11,.70 21 4 9 
900 2.67982 3.7343 0.OC14 925b.2 12979.2 70.32" 10.70 1".63 2275 

1000 3.19668 4. 14e 9 0_0013 10333.5 1446l.0 71. 896 10.86 14.96 2392 
1200 3.63696 't .cH1P 0.0011 12543.8 1750 .. _2 74 . 650 11. 24 15 _ 37 2607 
1400 4.1.+7502 5.79~8 0.0009 1483b.5 20~21.9 77 _056 11.68 15 . 60 28 01 

li>CJ 5.t1310 ~.c 2 17 0.0006 17216.0 ?3~26.' 79.t 73 12.11 16.23 2980 
1800 5.75139 7 .... 65 0.0007 1968&.8 27122.2 81 . 076 12.55 16 _&8 3146 
2000 0.39059 8.2714 0.00C6 22266.9 3052d.7 82.9 J6 13 .ll 17 _ 2 8 3299 
2500 8_01231 10-~335 G_uC05 29613.1 39971.5 ~Q. 4'\3 1& . B 2 1. 24 3&16 
30UJ 9.7909Y 12 .3957 0.0004 4060"_3 1)3 2 &2. l 97 _&66 27.91 33 . 90 38 77 
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1. 292800 HPA IS03AR 

T EHP E RA T U RE 

OEG. K 

1~. 22~ 
15 
1& 
17 
18 
19 
20 
2 1 
22 
23 
2 ~ 

25 
2& 
27 
28 
29 
30 
31 
32 
32. 97& 
3 2 . 97:> 
33 
3~ 

35 
36 
37 
38 
39 
~ O 

~2 

44 
46 
48 
50 
52 
54 
5& 
58 
6 0 

65 
70 
75 
80 
85 
90 
95 

1 00 
1 20 
140 

160 
1 80 
20 0 
220 
240 
260 
280 
3 00 
350 
4 00 

4 50 
5 00 
550 
60 0 
7 00 
8 00 
9 00 

l OCO 
1200 
1400 

1600 
18 00 
2000 
2500 
3000 

DENSITY 

KG / CU H 

77 . 737& 
77 .1455 
76 . 33 75 
75 . 4732 
7~ . 5678 
73 . 6240 
72 . 6196 
71 . 5645 
70 .4452 
69.2507 
67.9&76 

66 . 5794 
65 . 0753 
6 3. 4185 
61 . 5718 
59 . 4606 
56. 9770 
53 . 8752 
49 . 50 03 
3 1 .9741 
30 . 8504 
25.4217 
16 . 6336 

1 4 .4 0 79 
13.0352 
12 . 0376 
11.2542 
10 . 6104 
10 . 0653 

9 . 1792 
8 . 4784 
7 . 9028 
7.4174 
7 . 0001 
6 . 6357 
6 . 3136 
6 . 0264 
5 . 7678 
5 . 5334 

5 . 0315 
4 . 6210 
4 . 277 4 
3 . 9848 
3 . 7319 
3 . 5109 
3.3158 
3 . 1421 
2 . 6025 
2 . 2244 

1 . 9436 
1.7209 
1 .5540 
1.4 128 
1 . 2953 
1 . 1959 
1.110B 
1 . 0371 
0.8896 
0.7788 

0 . 6927 
0.6237 
0 . 5&72 
0.5202 
0.4461 
0.3905 
0.34 72 
0.3126 
0.2606 
0 . 2235 

0.1956 
0.17 39 
0 . 1565 
0.1 24 8 
0.1021 

T H ~-P~ASE BOUNDA RY 

V CDH/DVlp 

KJ/KG 

664.1 
663 . 8 
65~ . 5 
654.2 
652.2 
649.8 
6~ 2.4 
631 . 5 
618.6 
&t 3.8 
586 . 1 

566.0 
542 . 6 
517 . 0 
488 . 4 
454.6 
1418 . 0 
374 . 2 
317.8 
198 . 6 
19 ~.5 
204.8 
228 . 8 

247 . 2 
264 . 3 
2 8 ~ . 5 
296 . 0 
311 . 1 
325 . 9 

354 .5 
382.3 
409.5 
436.2 
462.7 
~89 . 0 

515.4 
541 . 9 
568.6 
595.8 

666 . 3 
741 . 6 
822.8 
910.3 

1004.2 
1104.2 
1209 . 7 
1319.7 
1783 . 0 
2229.2 

2618.5 
2947 . 3 
3230.4 
3486 . 8 
3732.1 
3977 . 2 
422 6 .7 
4483.0 
~153.6 
5853.7 

6573.5 
7298.3 
8030.0 
8767 . 0 

10262.1 
11796.5 
133fl .2 
1 5023 .5 
18~8 2 . 6 
22169 . 5 

2E017.5 
30066.8 
346(7 . 6 
529~ 2 . 2 
996L3 . 9 

THERMO DYNAMIC PROPER TIES OF PARAH YOROGEN 

v COP/DU" -v COP/OVlT 

0.25449 
0.24860 
0.23996 
0.23054 
0.2226~ 

0.21587 
0.20992 
0 . 20447 
0 . 19942 
0.19462 
0.18987 

0.184 90 
0.17949 
0 . 17329 
0.16604 
0.15784 
0.14833 
0 . 13669 
0 . 12082 
0 .0 6097 
0.06180 
0.06~48 

0 . 07129 

0 . 07296 
0.07355 
0.07387 
0 . 07395 
0.01389 
0.0 7374 

0 . 07332 
0 . 07281 
0 . 07227 
0.01170 
0 . 07111 
0 . 07050 
0 . 06984 
0 . 06912 
0.06839 
0.06759 

0.06533 
0 . 06271 
0 . 05986 
0 . 05690 
0 . 05396 
0.05115 
0 . 04855 
0 . 04618 
0 .0 3923 
0.03577 

0.03450 
0.03448 
0.03510 
0 . 03598 
0.03689 
0 . 03769 
0.03835 
0.03886 
0.03958 
0 . 03985 

0.03989 
0.03988 
0.03983 
0.03975 
0 . 03951 
0 . 03915 
0 . 03861 
0 . 03809 
0 . 03617 
0 . 03538 

0.03"2 
0 . 03292 
0.03145 
0 . 02469 
0.01512 

MPA 

97 . 460 1 
92 . 3420 
84 . 1885 
78.0093 
72.2386 
67 . 0094 
61 . 4904 
55 . 9 166 
50 . 4817 
45 . 2201 
39 . 9775 

34 . 8312 
29 . 7379 
24 . 8316 
20 . 1288 
15 . 4166 
11 . 2605 

7.2696 
3 . 5564 

- 0 . 0026 
- 0. 002 6 

0. 0633 
0 . 4952 

0. 6561 
0 . 7615 
0. 6358 
0. 8927 
0. 9360 
0 . 9753 

1.0 334 
1 . 0767 
1.11 02 
1 .1 370 
1 . 1588 
1. 1766 
1.1 919 
1. 2046 
1. 2 154 
1. 2246 

1.2433 
1. 2567 
1. 2667 
1. 2743 
1 . 2802 
1. 2849 
1. 2686 
1. 2916 
1 . 298 7 
1 . 3020 

1 . 3034 
1. 3039 
1.3040 
1. 3039 
1. 3036 
1. 3033 
1.3029 
1. 3026 
1 . 3017 
1.3008 

1. 3001 
1.2995 
1.2990 
1. 2985 
1 . 2918 
1 . 2972 
1. 2967 
1 . 2963 
1. 2958 
1. 2954 

1. 2950 
1.2947 
1. 2943 
1.2897 
1. 2660 

-C O V /DTilVCONb~~~~~~TY 
1/0EG . K H/ K-M 

X 10 3 

0 . 0 0961 
0 . 0 1016 
0 . 01105 
0 . 01172 
0 . 01245 
0 . 013 19 
0 . 01'< 1 2 
0 . 0 1520 
0 . 0 1644 
0 . 01186 
0.01 q5 8 

0 . 02164 
0 . 02424 
0 . 02753 
0 .0 318 5 
0 .0 3636 
O. 0 ~6 0 3 
0 . 06 585 
0. 11236 

- 73 . 60653 
- 66 . ~6 ~63 

2 . ~46&l 

0.1 8461 

0 .11 577 
0 . 06769 
0 . 0 7258 
0 . 06263 
0 . 05554 
0. 05017 

0. 04250 
0. 03720 
0 . 03328 
0. 03023 
0 . 02777 
0 . 02575 
0 . 024 0 4 
0 . 02256 
0.02131 
0 . 02020 

0 . 01793 
0 . 01618 
0 . 01 477 
0 . 01361 
0 . 01264 
0 . 01180 
0 . 01108 
0 . 01045 
0 . 00853 
0 . 0 012 .. 

0 . 00629 
0. 00557 
0 . 005 0 0 
0 . 00454 
0 . 004 16 
0 . 00363 
0 . 00356 
0 . 00332 
0.0026" 
0 . 00249 

o • 0 0 221 
0 . 00199 
0 . 00161 
0 . 00166 
0 . 00142 
0 . 00125 
0 . 00111 
0 . 00100 
0 . 00U83 
0 . 00071 

0 . 00J62 
0 . 00055 
0 . 00050 
~.00040 

0.0 OU 3" 

30 I 

17. 85 
64. 50 
9 0 . 83 
95 . 10 
96 . 19 

100 .11 
101 . 8 4 
1 03 . 83 
105.06 
1 05 . 66 
105 . 62 

1 05 . 01 
103.82 
1 02 . 06 

99 . 17 
96 . 60 
93 . 03 
67 . 74 
85 . 5 1 

- 5650 . 16 
-5 289 .7 5 

2'<1 . 60 
50 . 06 

4 3 .1 3 
~1. 36 

.. 0 . 31 
39 . 82 
39 . 04 
39 . 65 

40 . 03 
40 . 69 
41 . 51 
42 , "5 
43 . 47 
4 4.5 ~ 

45 . 66 
46 . 81 
47 . 98 
49 . 26 

52 . 7'< 
56 . 29 
59 . 67 
63 . 36 
68.21 
73 . 05 
77 . 89 
90 . 19 

11 7 . 13 
136.07 

148 . 31 
155 . 18 
160 . 43 
163 . 73 
1&& . 62 
169.60 
172 . S7 
176 . "6 
186 . 78 
198 . 18 

210 . 16 
222 . 20 
234.30 
246 . 40 
270.67 
295 . 22 
320.22 
"40 . 56 
511 . 13 
583.'<1 

65&.28 
732 . "2 
622.67 

12 95 . 97 
2805 . 93 

VISCOSITY THER~AL DIELECTRIC 
OIFFUSIVITY CONSTANT 

KG/H-S 
X 10 7 

262.61 
2 3 8. 11 
212 . 01 
190 . 76 
17 3 . 31 
1 56 . 77 
1 46 . 26 
1 35 . 51 
1 26 . 02 
117.53 
109.81 

102 . 67 
96.02 
69 . 69 
63 . 56 
77 . 47 
11 . 26 
64 . 60 
56.75 
35 . 91 
34 . 93 
30 . 45 
2" . 13 

23.2 7 
23 . 04 
23 . 04 
23 . 16 
23 . 36 
23.60 

2".17 
24. 60 
25 . 46 
26 . 14 
26 . 83 
27 .53 
28 . 23 
26 . 92 
29 . 61 
30 . 30 

32. 01 
33 . 66 
35 . 31 
36 . 91 
38 .4 6 
40.02 
4 1.53 
45.84 
54 .01 
59 .17 

63 . 03 
66 . 25 
69 . 12 
71 .1 9 
74 .3 4 
76.61 
79 . 23 
81 . 62 
87 . 49 
93.27 

96.99 
10 .. . 65 
11 0 . 25 
115 . 79 
126.66 
137 . 30 
147 . 68 
157 . 61 
171 . 4" 
196 . 26 

214 . "5 
232 . 03 
249.10 
290 . 31 
332.51 

sa M/HR 

J . 00056 
J . 0005~ 
0. 00059 
0 . 0005 9 
0 . 00056 
0 . 00057 
0 . 00056 
0 . 00054 
l . 00053 
0 . 00051 
0. 000"9 

0 . 00 04 6 
0 . 00044 
0 . 00041 
0.00037 
0 . 00034 
0 . 00029 
0 . 00024 
0 . 00017 
0.0000" 
0 . 00005 
0 . 00007 
0 . 00026 

0 . 00038 
0.0 0 049 
0 . 00059 
0 . 00069 
o. ooon 
0. 00087 

0 . 0010" 
0 . 00121 
0 . 00 139 
0 . 00156 
0.0011" 
0 . 00192 
0 . 00 210 
0 . 00 229 
0 . 00247 
0 . 00266 

0 . 00316 
0 . 0036~ 

0 . 00 413 
0 . 00462 
0 . 00516 
0 . 00575 
0 . 00631 
0 . 007'<9 
0 . 0106 , 
0 . 01365 

0. 01667 
0 . 01978 
0 . 02301 
0 . 02636 
0 . 02966 
0 . 03349 
J . 03726 
0 . 0"111 
0 . 05156 
0.06269 

0.07511 
0 . 06825 
0.102Z7 
0 . 11717 
0 . 1495 2 
0 . 1651 5 
0.22391 
0 . 33859 
0 . 45942 
J . 5946~ 

0.74417 
0.90921 
1 . 09531 
1.76030 
2 . q 1 711 

1. 25411 
1 . 25203 
1 . 249 1 9 
1.24615 
1 . 24298 
1 . 23968 
1 . 23611 
1. 232"9 
1 . 228&0 
1. 224"5 
1 .22001 

1. 21521 
1. 21003 
1 . 20 434 
1. 19601 
1. 19081 
1 . 18231 
1. 11190 
1 . 15123 
1. 09971 
1 . 09&09 
1. 07673 
1. 05103 

1. 0 .... 09 
1. 03963 
1. 03675 
1 . 03 .. 32 
1 . 03234 
1. 030r,6 

1 . 02793 
1.0 25 78 
1 . 02402 
1 . 02253 
1 . 02125 
1. 02014 
1. 01915 
1.01 828 
1 .011~9 

1 . 01677 

1 . 0152" 
1 . 01399 
1. 01295 
1. 01206 
1 .0 1129 
1 . 01062 
1 . 01003 
1 .0 0950 
1 .0 0186 
1 . 00672 

1. 00567 
1 . 00521 
1 . 00469 
1 . 00426 
1 .0 0391 
1.00361 
1 . 00335 
1. 00313 
1 . 00268 
1. 00235 

1 . 00209 
1 . 00188 
1 . 00111 
1 . 00157 
1 . 00134 
1.00116 
1 . 0010S 
1. 0009" 
1.0007 9 
1 . 00067 

1 . 00059 
1. 00052 
1 . 00047 
1 . 000J8 
1 . 0003 1 

C·l 

PRANOT L 
~UMBER 

2 . 1545 
1.6996 
1 . 6613 
1 . 5374 
1 . 432 7 
1. 359 7 
1. 3025 
1. 2526 
1 . 219 7 
1. 1997 
1.1929 

1. 1974 
1. 21& 7 
1 . 2502 
1 . 3029 
1 . 39&5 
1 . 5379 
1. 614 0 
2 . 3699 
8 . 9969 
6. 7565 
6 . 3152 
2 . 0376 

1 . 5227 
1.2929 
1. 1633 
1.0785 
1.0 163 
0 . 973 1 

0.9096 
0 . 666~ 
0. 6356 
0 . 6116 
0 . 1931 
0 . 7762 
0 . 7&6 0 
0 . 7559 
0.7479 
0.7405 

0 . 7252 
0 . 7116 
0. 7192 
0. 72 16 
0 . 116 0 
0.7141 
0.7 148 
0 . 7009 
0 . 7016 
0. 7015 

0 . 7002 
0. 6962 
0 . 6960 
0. 6939 
0 . 692 0 
0 . 6905 
0 . 6692 
0 . 6681 
0 . 6664 
0.6855 

0.66"9 
0. 68"5 
0 . 6642 
0 . 6640 
0 . 6837 
0 . 6636 
0 . 6637 
0 . 5366 
0 . 5335 
0 . 5317 

0.5304 
0 . 5264 
0.5232 
0.4757 
O . .. 0 18 



c-z THE RHO~Y NAHIC PROPERTIES OF PARAHYOROGEN 

1.50 ~PA I SOBAR 

T E HPERAT UI<~ VOLUME I SO THeRH IS OCHORE INTERNAL ENTHA L PY ENT ROPY CV CP VELOC ITY 
OERI VATIV E DERIVATI VE ENERGY OF SOUND 

OEG . K CU HIKG CU H-HPAIKG HPA/K KJ/KG - K KJ / ~G KJ/KG-K KJ KG - K HI S 

14.29& 0. 01285 1. 2b72 0.9378 -30 8 .3 - 289 .1 5.001 ~.74 &. 38 1306 
15 0.0129J 1.2227 0. 9402 -303.8 - 28 ..... 5.3ib 4 . 89 6.70 12 9 5 
1. 0.013 07 1. 1232 0.9358 - 297 .1 -277.5 5 .7 6,* 5.07 7 . 20 1263 
17 0 . 01321 1 • G 5 97 0.9197 -28 9.9 -270.1 • • 212 5.25 7 • • 2 1240 
18 0.01337 o . 9938 0.90 .. 9 -282.3 -2.2 . 3 6 ••• 0 5 . 41 8.0. 1217 
19 0.01354 0 . 9302 0.8898 -2 74.3 -25 .. . 0 7.109 5.56 8 . 52 119 ~ 

20 0.0137 2 o • 8675 0.8738 -265.8 -245.2 7.559 5 . 69 9.00 1172 
2 1 0 . 01392 0 . H" 4 0. 8561 -25 6.8 -235.9 8 .010 5 . 80 9.51 1148 
22 0 . 01"1" 0 .74 07 0 .8 365 -247.4 - 226 . 2 8 ... 65 5.90 10.06 1123 
23 0 . 01 .. 37 o • &765 0.81 .. 7 -2 37 ... -215.8 8.925 5.99 10 . 65 10'1 7 
2" 0.01" b .. 0.6103 0.7902 -22&.8 - 204 . 8 9 . 393 6.06 11 . 32 1068 

25 0.01493 0.5"66 0.762" - 215.5 -193.1 9 . 870 6 .12 12 . 05 1037 
26 0.015 26 0 , " 806 0.7310 -20 3.6 -180.7 10.358 6.17 12 . 91 10 03 
27 0.015&4 0 .41 90 O. &953 -190.8 -167.3 10. 8&2 &.22 13 . 84 '16& 
28 0.01&08 0 . 3544 0. 6555 -177. a -1 52 . 9 11.386 6.2& 15. 0 4 92 3 
2'1 0.01661 0.2909 0.6113 -162 .1 -137.2 11.939 6.32 16 . 59 874 
30 0.01726 0. 2295 0.5622 -14 5.5 -119 . & 12.535 6 . 38 18 . 68 8 2 0 
31 0 . 01810 0.1&86 0. 5067 -1 2&.& -99 . 4 13.196 6 ... 5 21 . 92 757 
32 0.01930 0.1106 0 ..... 17 -10 3.9 -75.0 13.'171 6 . 57 2 7 .61 6 82 
33 0 . 02140 O. 0534 0.3575 - 73 .3 -41.2 15.00'1 6.80 42 . 98 581 
34 0.0301& 0 . 0078 0.20 .. 8 - 1.9 .. 3.4 17.52 .. 8.7& 174.9& 3'15 

35 0 . 0 .. 884 0 . 0245 0 .11 &7 77 . 1 150 ... 20.638 7 . 70 5 ... 0 7 415 
36 0.05798 0.0 .. 08 0.09 .. 2 104.8 191.8 2 1.80& 7.27 33 . 56 " 3~ 
37 0. 0&"9" O.05lt2 0.0 817 123.7 221 . 2 22.612 7.02 2& . 25 .. 50 
38 0 . 07082 o • 0656 0.0737 138.9 245.1 23.250 6.8 .. 22 . 59 46 5 
39 0 . 07&14 o • 0761 0.0668 152.0 266 . 2 2 3.7 9 8 6.7 .. 20 . 01 4 7 5 
.. 0 0.08105 0.0857 o • 0620 163 . 8 285 ... 2 ... 28 .. 6.67 18 . .... .. 8 7 

"2 0.09006 O. 1030 0.0 5 .. 6 185.0 320.1 25 .1 31 6.58 16 . .. 5 5 0 8 
.. 4 0 . 0983 6 0.1186 o .0 .. 92 204.1 351.7 25.866 6.53 15.23 526 
46 0.10b18 0.1331 o . 0450 222.0 381.2 26.52 .. 6.50 1 .. . .. 0 5 4 3 
48 0.11365 0.1"67 0.0 .. 16 238.9 409 . .. 21 .12 3 6 ... 9 13 . 81 559 
50 0.120 85 0 .1 597 0.0388 255 . 3 .. 36.6 2 7.678 6 . .. 9 13.37 5 7 3 
52 0.1278 5 o • 17 21 o .0363 271.2 .. 6 J . 0 28 .1 95 6.51 13 . 03 587 
54 0.13467 0 .1 8 .. 0 0.03"3 286.7 468.7 28 . 682 6.5 2 12.77 6 0 0 
Sb Q. 14135 0 .1956 0.0324 302.1 514 .1 29 . 143 &.55 12 . 5& 6 1 2 
58 0.1.7'1c 0. 2068 0.0308 317.2 539.1 29.581 &.5'1 12 ... 1 62 .. 
60 0 . 15"39 0.2178 0. 029 .. 332 .2 563.8 30.000 6 . 6. 12.29 6 3 5 

65 0 . 17022 0.2443 0.0263 369.5 624 . 8 30.977 6.80 12.t 5 6 &1 
70 0 . 185&7 0 . 2698 0.0 239 .. 07. a &85.5 31.877 7 . 03 12.16 &8 3 
75 0.2008 .. 0.29 .. 5 0.0 220 445.3 74&.6 32.720 7.32 12.28 703 
80 0 . 215 80 a • 3186 0.0203 "8 ... 8 808.5 33.519 7 . 66 12 . 50 7 2 1 
85 0 . 23 060 0 . 3"23 0.0190 525.8 871.7 3~.285 8.04 12. 7 8 738 
90 0.245 26 a • 3655 0.0177 568.& 936.5 35.025 8.45 13 . 12 753 
95 0. 25'181 a • 3885 O. a 1&7 613.2 1002.9 35 . 7"4 8.88 13 . 48 768 

1 00 0. 274 27 O. "112 0 . 0158 659.9 1071.3 3 • • 445 9.31 13.85 782 
1 20 0 . 331 .. 2 a .4 999 o. a 129 865.9 1363.1 3'1.099 10 . 86 15 . 26 83 8 
140 0 . 38790 0 . 5868 0 . 0110 109& ... 1&78.2 41 . 526 11 . 84 1&.16 895 

160 0.4"397 0 . 672 .. 0.0095 1339.7 2005 . 7 "3.712 12.23 16 . 50 952 
180 0.4Q977 ~ . 7 572 0.008" 1585.8 2335 . 5 .. 5.&55 12 . 20 1& . .. 4 10 1 0 
200 0.55 538 0 . 8415 0.0076 1828.7 2&61.7 47.373 11.96 1&'17 1067 
220 0. 6 1087 0 . 9255 0.0069 2065 . 5 2981 . 8 48.898 11.64 15.84 1122 
240 O • • H2 7 1. 0091 0.00 . 3 2295 . 9 3295.3 50 . 2.2 11.3 .. 15.52 1175 
2.0 0 . 72159 1.0'126 0.0058 2520.5 3602. ~ 51 . .. 9 .. 11. 08 15 .25 1226 
280 0.77.85 1.1759 0.0054 27"0 .5 3905 . 8 52 • • 16 10.88 15. 0 .. 1275 
3 00 0.8320& 1.2591 0.0050 2957 . 1 4205.2 53 . 650 10.73 14.88 1322 
350 0. 9&994 1.4 &&5 0.00"3 3 .. 88 .1 49 .. 3 . 0 55.923 10.51 1 .. . 66 1 .. 30 
.. 00 1.10769 I.H35 0.0038 4011.8 5673.3 57.875 10 ... 3 14.57 1529 

450 1 . 2 .. 53. 1. 8803 0.0033 .. 532.5 & .. 00., 59 .589 10.41 14 . 5 .. 1621 
500 1. 38297 2 .0 86'1 0. 0030 5053.2 7121 . 7 61 .1 2 0 10.4 0 1~ . 53 170 a 
550 1. 5205& 2 . 2934 0 . 0027 5573.5 785 • • 3 62.505 10.41 1 ... 54 1790 
&00 1. 658 12 2 .4 999 0.0025 609 .. . 6 8581 . 8 63 .770 10.43 14 . 56 1868 
10il 1 . 93 J1 9 2 . 9127 0 . 0021 7139.9 10039.7 66 .018 10 ... 8 14.61 2 01 5 
800 2 . 2il822 3. 32S3 0. 0019 8192 . & 11,0 ... 9 6 7.97 .. 10 . 51 14.70 2150 
9QO 2.48322 3.7379 0.0017 925&.1 12980.9 69 .7 10 10 . 70 1 ... 83 22T6 

10 00 2 . 75821 4.1505 0.0015 10333 . .. 14470.7 71. 283 10.8 . 14 . 98 2393 
1200 3.3081& 4 . g755 0.0013 125"3.8 1750 •• 0 74.03& 11 . 2" 15.37 2608 
1400 3 . 85809 5 . 8004 0.0011 14836 . 5 20&23 . & 76."43 11. &8 15.80 2802 

1& 00 ..... 080 .. . . H53 0.0009 17215.9 23827.9 78 .5 &0 12.11 1& . 23 29 5 0 
1800 4. 95814 7.4502 0.0008 19.8 •• 0 2712J.J 80,"&2 12.5" 16 . 67 31 47 
2000 5.508 H 8 . 7751 0.0008 222&3.3 3052&.8 82 .3 2 1 13.11 17.26 33 0 1 
2500 • • 90505 10 . 3372 0 . 000& 29558 . & 3991&.2 88.8"5 16.55 ZO.98 3620 
3000 8 .42 &75 12.3'193 o . 0005 .. 02&3.2 52903 ... 96.920 2 •• 9 .. 32.79 3881 

TW~-PrlASE BOUNOA~Y 

30.! 



THERMO OY NAMIC PROPE~TIES OF PA~AHYOROGEN C-2 

1. 50 HPA IS09AR 

TEHPERAT URE OENSITY , I OH/OV ) "OP/OU I - VIOP/OV ) - I JV lOON THERMAL ,ISCOSIT Y THERMAL OIELfCTRIC PRANOTL 
P V T P CONOUCT! V ITY OIFFUS IVITY CONS TANT 'UHBfQ 

OEG . K KG/CU M ~ J/ KG MPA;C~O~IKJ HPA 1/0EG . K W/K-M 
X 10 3 

KG/H-S 
X 10 7 

SO H/HP 

14.2 9& 77.850& & 71.3 0 . 25391 98 . &543 0 . 00~51 78. 00 264 . 09 0.00057 1.25451 2 .1424 

15 77.3176 673.7 0.24889 94 .5 343 0 . 00995 84.72 241 .4 0 0 . 00059 1. 25264 1 . 9091 

16 76.5207 661.5 0 . 241 1 0 85 . 9509 0.01089 91.13 214.8B ~. 00 0& 0 1.24983 1 . 6983 

17 75. 67&2 &64.0 0 .231 &5 80 .1 9 12 0 .01147 95 . 47 1 93.41 l.00060 1.24667 1.5429 

18 74.7864 H2 .0 0 . 22371 74 . 3219 0 .01 2 13 98.64 175.72 0.00059 1.24375 1 .4 359 

19 73. 8480 657.9 0.21687 68 . &960 0.01295 100. 60 160.87 0 . 00058 1. 2404& 1.3627 

20 72.8612 651.2 0.21090 63.20&2 0.01382 102.39 14 8 .24 0 . C005~ 1. 23701 1 . 3034 

2 1 71.8281 6"1 . 8 0 . 205'" 57 .7 8 12 0 .01 482 104." & 137.37 l. 00055 1. 23 341 1 . 2505 

22 70.73G7 629.8 0 . 20040 52 .3925 0.0 1597 10 5 .7 8 127.79 0.0005" 1 . 22959 1.2148 

2 3 69.5&7 2 615 . 2 0 .1 9561 47 .0 594 0.01731 106.44 119.2 6 0.0005l 1.22555 1.1 933 

24 68 .31 28 597.3 0 .t 9089 41 .6 902 0 . 0189, 106.48 111.48 ).00050 1.22120 1.1853 

25 6& . 9&79 578 .4 0.10604 36 .6072 0.02083 105.96 104 . 35 I . 00047 1.21655 1 . 1861 

26 65.5158 555.6 o .t 8085 31 .4 849 0.02322 104. 91 97 .7 2 1 . 0004 5 1.21154 1.2021 

27 63.92:'3 53 3 . 2 0 . 17498 26.7877 0.02596 103. 32 91.43 0.00042 1.20608 1.2247 

28 62.1792 505 . 8 001&830 22 .0 382 0 .0 2974 101.22 85.42 ).00039 1.20009 1.2&96 

29 60 . 2 136 47 5 •• 0 .160 72 17.5136 0 . 03491 98.55 79.52 0.00036 1.19338 1. 3391 

30 5 7 .9'+78 441. 9 0 .1 5217 13 .2993 0.0.227 95.19 73.59 0 . 00032 1.18567 1 .4441 

31 55 . 2427 4 03.0 0014212 9 . 3138 0.05440 90.61 67 .4 5 0.00027 1.17651 1 . 6 322 

32 5 1. 8031 358 . 1 0 . 12978 5 .72 82 0 .0 7711 86 . 46 60.78 I.0002? 1 .1 6 49 3 1.9411 

33 46.7258 3 0 0.0 0.11254 2 .4 95 4 0.1432 8 8 5.3 0 52 .6 3 0 . 0 00 15 1.14799 2.6518 

34 33 . 1607 221.1 0 . 07050 0.2 588 0.79145 120.16 37 .31 0 .00007 1 . 10354 5 . 4322 

35 20.4766 232. 5 0.07402 0 . 50 17 0.23253 59 .13 27 .31 J. 000 19 1.0630 8 2 .4 976 

36 17.2459 251.0 0 . 07512 0.7044 0-1337 2 48. 9 7 25.44 0 . 00030 1.05294 1 .74 3 7 

37 15.3982 2H .l 0.07557 0 . 8349 0 .0 9789 45.37 24.75 ~.00040 1.04717 1 . 4320 

38 14.1209 284 . 3 0 . 07621 0 . 9270 0 .07 94& 43.71 24 . 50 0.00049 1.043 20 1.2664 

39 13 . 134.1 299 . 2 0.07 552 0.9995 0.06 b87 42.72 24.4 6 ).00059 1.04014 1 .14 57 

40 12 . 3383 314.6 0.07535 1 .0 570 0 . 05362 4 2 . 2 7 2 4.54 0 . 00067 1.0376 8 1 . 0705 

42 11.1031 344.3 0.074 81 1 . 1436 0.04771 42.09 24 . 90 0.000A1 1.03386 0 . 973 0 

44 10.1604 373 .1 0 . 07416 1.20 6 2 0 . 04081 42 . 41 25.40 0 . 0009g 1.03097 0 . 9120 

46 9 . 418 0 4Cl.1 0 . 07349 1 . 2538 0 . 03591 43.01 25.98 0 . 00114 1.02867 0 . 8699 

48 8 . 7991 4 28 . 5 0 .07281 1.2912 0 . 03223 43.79 26 .60 0.00130 1.02677 0.8369 

50 8.274b 4 5 ': . & 0.07213 1.3213 0.02934 44.69 27.25 O. OO14S 1.0251& 0 . 8152 

52 7.8219 4 82 . 5 0.07143 1.3460 0.02700 4 5 . 66 27.91 0 . 00 161 1.02377 0.7965 

54 7.4254 509 . 4 0.07 0 70 1.3665 0. 025 0 7 4 6 .70 26 . 58 0 . 00177 1. 02255 0.781 5 

56 7.0744 536 . 3 0.06991 1.3836 0 . 0234 2 47.78 29 . 25 0 . 00194 1.0214 B 0.7691 

58 6 . 7603 56 3 .4 0 .069 13 1.3 983 0 .0220 2 48.90 29.92 0.00210 1.02052 0.7593 

60 6 .4771 590.9 0.0&830 1.4109 0.02081 5 0 .12 30.60 0 . 00227 1.01965 0.7504 

6 5 5. 8748 6b2.0 0 . 06595 1.4355 0.01635 53 . 5 1 32.26 0 .00 270 1.01781 0.7325 

70 5.38 59 737.8 0.Ob32b 1.4533 0 .01 64S 56 . 99 33 . 91 0.0031' 1.01632 0.7234 

75 4 . 9790 819 .3 0.Ob03 5 1.466 5 0 .01 499 6 0.28 35.52 0.00355 1.01508 0 .7239 

60 4. &339 907.1 0 . 05733 1.4766 0 . 0137~ &3.95 37 . 11 0.00397 1.01403 0.7254 

85 4.3366 1001.3 0 .0 5435 1.4 843 0.01277 68 . 75 38 .66 0.00446 1.01313 0 .71 89 

90 4. 0774 1101.5 0 . 051 50 1.49 05 0 . 01191 73 . 56 40.19 0.00495 1.01234 0 . 7165 

95 3 . 8490 120 7 . 2 0.0 4886 1.4953 0 . 01116 7 8 .3 9 41.69 0 . 00544 1.01165 0 . 7 1 68 

100 3 . &461 1317 .4 0.04646 1.4992 0.01052 90.34 45.87 0.00644 1.01103 0 .70 35 

1 20 3.0173 1782.0 0 . 03942 1.50A5 0 . 0065 6 117.17 5 4.01 0 . 009 16 1. 00912 O. 7034 

14 0 2 . 5780 2229 .3 0 .03 591 1.5126 0 .007 25 136.09 59 .1 8 0.01170 1.00779 0 . 7 0 28 

1 60 2 .2524 2619 .8 0.C346 2 1.5145 0 .00 6 3 0 148.3 3 63.04 0.01437 1.00660 0.7012 

1 80 2.0009 2949.5 0 . 03458 1.5 15 1 0 .00 557 155 . 81 66 . 27 0.01706 1.00604 0.6990 

200 1.800 6 3233.3 0.03519 1.5152 0. 0 0 5 00 160.48 69 . 14 0 .01 984 1.00544 0.6966 

220 1. 6370 3490.3 0.0360& 1.5150 0 . 00454 1& 3.79 71 . 82 J.02275 1.00494 0. 69 44 

240 1.500 9 3736.1 0 . 03696 1.5146 0 .00 415 166.69 74 . 37 0.02576 1.00453 0.6924 

260 1.3858 398 1. 5 0.03776 1 . 5141 0.00363 1 69 . 66 76 . 84 J.02890 1.0041 8 0.6908 

280 1.2672 4231 . 2 0 . 03842 1. 5 13& 0 . 0035& 172.96 79 . 27 3.03 2 1 5 1.0 0355 0.68 94 

300 1. 20 1 8 4487.9 0 . 03892 1.5132 0.00332 176.56 81.65 0.03554 1.00363 0.6883 

350 1.0310 ~158 . 8 0.03963 1.5119 0.00284 186 . 89 8 7.53 0.04452 1.00311 0 . 6865 

400 o • 9 0 2 8 5859.2 0.0398 9 1.5108 0.0024 9 198.31 93. 32 O . 0542~ 1.00272 0 . 6856 

450 0. 8 030 6579 . 2 0.03 993 1. 5098 0 . 00221 2 1 0 .31 99 . 05 ).0 6483 1.00242 0.6850 

500 0.72J1 7304. 2 0 .0 3992 1.5090 0.00199 222 .35 104.72 0.07617 1 . 00218 0.6845 

550 0.6577 803b . 0 0.03986 1 . 5083 0.00181 2 34.47 11 0.33 O.0~827 1.0019 ~ 0.6842 

600 o. &0 J1 8 77 3 . 0 0.0397 8 1. 5077 o • 0 0 16 6 246 . 59 115.87 0 . 10 113 1.0018 2 0.6840 

700 0.517 3 10 H8.3 0 . 03954 1.5 06 7 0 . 0014 2 270.89 1 26 .77 0 .1 290 4 1.00156 0.6837 

800 0.4529 11802. 8 0.03917 1.5059 0.00125 29 5.47 137.41 0 . 15979 1.00137 0 .6 836 

900 0 . 4027 13le7. 6 0 .0 3869 1.5053 0.00111 320 . 50 14 7 . 80 0 .1 9326 1 . 00121 0.6837 

1000 0.3626 15030. 0 0.03611 1.5046 0 . 00100 440. 56 1 57 . 95 0.29194 1.00109 0.5372 

1200 0.3023 18489.4 0 .0 3&78 1 . 504 0 0 . 00083 511.13 177.60 0.19610 1.00091 0 .5 340 

1400 0.2592 22176.3 0.03539 1.5034 0 . 00J71 583.40 1 96.<t7 ). 5l?6g 1.00076 0.5322 

1600 0.226 9 26022 . 7 0.03414 1.5030 o . 0 0062 65& . 2 0 214 . 66 0 . 64 152 1.00068 0. 5 310 

1800 0. ~017 300 02 .1 0.0.1294 1.5026 0.00J55 731 . 95 232.26 0.7 8362 1.00061 0.5290 

2000 0.161 5 3.565.6 0 . 03152 1.5021 0 . 00050 820 . 96 249 .36 1.94336 1 . 00055 0 .5 242 

2500 0 . 1"'8 52356 . 5 0.02503 1 .4 971 0 . 00040 127 2 .70 290 . 58 1. 50767 1.00044 0.4791 

3 000 0 . 1187 96506.1 0.01564 1.4714 0.00 034 2689 . 20 332.58 2 . 46770 1.00036 0."056 
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THERHOOY NAHIC PROPERTIES OF PARAHYOROGEN C-2 

2 . 00 HP A ISOBAR 

TEHPERAT URE OENSIT Y V (OH/OV~ V (OP/OUI
V 

- V(OP/OV I
T -(OVIOTprVCON6~~~~:~TY VISCOSIT Y THER>AL OIELFCTRIC PRANOTL 

OIFFUSIV IT Y CONSTANT NUHBER 
OEG. K KG/CU H KJ/KG HPA;C~O~/KJ HPA 1/0EG. K W/K-H KG/H-S sa H/H~ 

x 10 3 x 10 7 

1 ... .. 57 78.1 1 96 688 . 5 0' . 25262 101.5121 0.00927 80.58 267.20 0.00058 1. 255"6 2.1155 
15 77 . 7130 689.7 0.2"935 98.3063 0 . 00%1 85.23 2"9 . 22 0 . 00060 1. 25"03 1.9386 
1 6 76.9 .. 6 .. 68 !.5 0 . 2"215 91.1801 0.01035 91.81 221 . 79 0 . 0 0 061 1. 25133 1.7135 
17 76 . 133" 682.5 0.23391 8" . 4778 0 . 0110" 96.32 199 . 58 J . 00 060 1. 248,,7 1.5606 
1 8 75.2732 680.3 0.22598 78.3875 0.01171 99.6" 161 . 27 0 . 00B60 1. 245"5 1 . 4489 
19 7" . 3695 676.5 0.21912 72.6572 0.012"3 101.7" 165 . 95 0 . 00059 1. 24229 1.371" 
2 0 73.422" 671 ... 0.21311 67.229" 0 . 01320 103.67 152 . 96 0 . 00057 1. 23897 1.3073 
21 72 . "296 662.9 0.20771 61 . 7632 0.01"09 105 . 90 141 .77 J.0005~ 1. 23551 1.2507 
22 71.3823 652.7 0 . 20261 56 ..... 71 0 . 0150~ 107.38 131 . 98 0 . 000 5 5 1 . 23186 1.2100 
23 70 . 2758 639.5 0.19784 51.1094 0.01625 108.22 123 . 28 0.0 00 53 1 . 22801 1.18 .. 0 
2 .. 69.0976 624.6 0.19317 45.9266 0.01758 108 . ,,7 115 . "3 0.0 0 05 1 1 .22392 1 . 1686 

2 5 &7 . 8"00 607 . 5 0.18853 40.8"65 0 . 01914 1 08 . 19 1 08 . 2 7 0 . 00 04 9 1 . 21956 1 . 1634 
26 66 . 4945 586 . 0 0 . 18367 35 . 6550 0 . 02100 107.37 1 0 1 . 65 0. 00047 1. 21492 1.1689 
27 65 . 0436 567.2 0.17842 31 . 0906 0 . 02319 106.09 95 . 46 0 . 0 00 45 1. 20992 1.1832 
28 63 . 4743 5 .. 4 . 2 0.17267 26 . 4928 0 . 02588 104.38 89 . 6 1 0 . 00 0" 2 1. 20453 1 . 2090 
29 61.75"3 519.4 0.16625 22.1397 0 . 02921 102.20 83 . 98 0 . 000 3 9 1. 1986" 1.2"66 

30 59 . 6446 491.1 0.15926 17 . 9155 0 . 03375 99.54 78 . 48 0 . 000 3 6 1.19212 1.3066 

31 57.6930 "OC.7 0.15142 14.0151 0 . 03987 95 . 97 73 . 03 0 . 000 3 3 1. 18480 1.3977 
32 55.2006 "26.7 0.14257 10.3835 0 . 04897 91.79 67 . 50 0 . 0 0 029 1 . 17637 1.5366 
3 3 52.2285 369.7 0.13249 7 . 171" 0 . 06313 87 . 82 6 1.7 6 0 .00 0 2 5 1 .16636 1.7303 

3 .. .. 8 ... 961 3"9.2 0.120"9 .. . .. 390 0 . 08778 8 .. . 92 55 . 59 0 . 0 0 02 1 1 .15366 2.0066 

3 5 "3 . 4287 304.9 0.10560 2.2662 0 . 13646 82 . 4 .. "8. 6 3 l . 00 01 6 1. 13707 2."902 
36 36.3370 270 . 5 0 . 09025 1 . 0885 0 . 22002 80 . 21 .. 0 . 96 0 . 00 013 1.1136" 3.03 68 
37 28 . 9056 260.6 0 . 08339 0 . 8378 0 . 21056 70.15 3 4.7 6 0 . 0001 6 1 .06965 2.71 6 0 
3 8 2".1693 270." o . 06095 0 . 9366 0.15110 60.34 3 1. " 0 0 . 00022 1 . 07"75 2 . 1255 
39 21.2266 28".0 0 . 08025 1 . 0722 0 . 11220 54.70 29 . 55 0 . 00 0 2 9 1. 065 .... 1.7216 
.. 0 19.2072 298 . 3 0.07980 1.1871 0.089 35 51 . 56 28 .5 1 0 . 000 36 1.05909 1 . " 7<.2 

.. 2 16 . 5171 327 . 5 0.07896 1 . 3614 0.06 ...... "8 . 56 2 7. 62 0. 00050 1 .05066 1 . 2002 

.... 1" . 7578 355.7 0 . 07799 1 . 478" 0.05155 47 . 51 27. " 8 0 . 0 00 6 3 1. 0 " 5 1 8 1 . 060" 

.. 6 13 . "303 38 .. . 8 0.07688 1 . 5698 0 . 0"329 .. 7.26 27. 66 0 . 0007 6 1. 0 .. 106 0 . 97<. 8 

48 12 . 3903 "13.5 0.07582 1 . 6397 0.03762 47 . "8 28 .01 0 . 0 0089 1. 0376" 0.9179 
50 11 . 5426 "41.6 0.07"62 1.6949 0.03344 47 . 96 26 . 47 0. 0 0101 1. 03522 0.6771 

52 10.6320 469 . 7 0.07386 1.7393 0 . 03022 46.62 29 . 00 0 . 0011" 1.0 3302 0.6466 
5 .. 10 . 2239 497.6 0.07292 1 . 7759 0.02765 49 . "2 29 .5 6 0 . 00 126 1 . 03115 0.8230 
56 9.6956 525.2 0.07193 1 . 8060 0 . 02553 50 . 30 30.1 5 0 .00 1 3 9 1. 02952 0.8037 

5 8 9.2297 553 . 0 0.07102 1 . 8315 0.02377 5 1. 25 30. 7 6 0.0 015 2 1 . 02809 0.7888 
6 0 6.81"6 5 81.0 0 . 07006 1 . 8533 0.02226 52 . 3" 31 .37 0 .001 6 5 1 . 02661 0 . 7758 

65 7 . 9"67 653." 0 . 06750 1.8955 0 . 01935 55 . "6 32 .9 3 0 .00199 1. 02"15 0.7506 
7 0 7. 25"8 730.1 0.06"62 1 . 9256 0 . 01719 58 . 75 3". 50 0 . 00 2 3 2 1.02203 0.7369 
75 6.666" 812 . 3 0.06155 1.9479 0 . 01551 61 . 79 36 .0 6 0 .00 26 .. 1.0 2029 0.1354 
60 6.2068 900 . 7 0.05639 1 . 9647 0.01"17 65 . J5 37 . 60 0 . 0 0 2 97 1 . 01883 0.7344 

65 5 . 6005 995 . 4 0 . 05529 1 . 9776 0 . 01307 70.09 39 .1 2 0 . 00 3 34 1. 01759 0.7261 
9 0 5 ..... 65 1096.1 0 . 05234 1.9877 0.0121" 7".84 4 0 . 61 0 . 003 7 2 1.0 165 1 0.7223 

95 5.1 3 61 1202.3 0.0"961 1 . 9956 0.01135 79 . 60 42 . 08 0 . 0 0409 1. 01556 O. 7214 

1 00 4.8&12 1312 . 9 0.0"714 2 . 0021 0.01066 90 . 72 "5.96 0 . 0 0" 80 1 .01472 0.7096 
1 2 0 " . 01 50 17 80 . 4 0.03966 2 . 0171 0.00863 117 . 26 5 ".0 " 0 . 0 0 68 5 1. 01215 O. 7076 
1 .. 0 3.42 7 5 2230.4 0.03625 2 . 0238 0.00728 1 36.14 59 . 21 0 . 00 8 81 1 . 0 1 037 0.7059 

1 60 2 . 9935 2623.4 0.03489 2 . 0266 0.00631 148 . 39 63 .0 9 0 . 0 1 07 6 1 . 00905 0.7036 
1 8 0 2 . 6 590 2955.2 0.03482 2.0275 0 . 00558 155 . 90 66 . 32 0 . 01 281 1. r. 0803 0.7008 
20 0 2.39Z7 3240 . 7 0.03540 2 . 0275 0 . 00500 160 . 60 69 . 2 0 0 .01492 1. 00 723 0.6981 

22 0 2 . 175" 3<.98 . 9 o • 0 3626 2 . 0270 0.00453 163 . 94 7 1.8 8 0 . 0171 0 1. 00657 0.6955 
2 4 0 1.9948 3745 . 8 0.03715 2 . 0262 0 . 00"15 166 . 87 7 4 ... .. 0. 01 938 1. 006 0 2 0.6933 
260 1.8420 3991.9 0 . 03793 2.0253 0.00383 169.88 76 . 92 0 . 02 17 " 1 .00556 0.6915 
28 0 1. 7112 "2"2.3 0.03858 2.0243 0.00355 173 . 18 79 . 35 0 . 02 "19 1. 00517 0. 6 ~00 

30 0 1. 5978 .... 99.6 0 . 03907 2 . 0236 0.00331 176 . 79 8 1.75 0 .0 267" 1.0 0482 0. 6 8 8 7 
3 50 1.3 71 0 5171.6 0.03976 2 . 0213 0.0028" 187.16 8 7. 6 .. 0.03351 1 . 00U" 0.6868 
4 00 1.2008 5872 . 5 0.04000 2 . 0192 0.00248 198 . &2 93 .4 5 0 . 0 .. 08& 1 .00362 0.6657 

.. 5 0 1 . 0683 6593 . 0 0.0"003 2.0175 o • 0 0 22 1 2 10.65 99 . 20 0 . 04 6 79 1. 00 322 0.685 0 

50 0 0 . 9622 7318.3 0.0"001 2 . 0160 0.00199 222 . 74 10 ". 88 0 . 057 3 2 1. 00290 O. &8 .. 6 

5 50 0 . 8753 6050.4 0 . 03994 2 . 01"7 0.0018 1 234.89 11 0 .51 0 . 066 41 1. 0 02&4 0.684 2 
600 0 . 8028 8787 . 6 0 . 03985 2.0136 0.0016& 2"7.05 116 .0 7 0 . 0 7 6 10 1 .002"2 0.6640 

7 00 0 . &667 10283 . 2 0.03960 2 . 0119 0.00142 271 . .. 2 127 .0 1 0 . 09 711 1 .0 0208 0.6837 

800 o • 60 3 0 11818 . 0 0.03922 2.0105 0 . 00124 296 . 08 1 37 . 68 0 .1 2 02 .. 1.00182 0.68 36 

900 0 . 5363 13403.1 0.03873 2 . 0094 0 . 00111 321016 1108 . 1 1 ~ . 1 " 5 "1 1 .001&2 0. 6 837 

1000 0."829 150"5 . 8 0.03815 2 . 0065 0.00100 "40.5~ 156.29 0 . 21916 1. 00146 0.538" 
12 0 0 0 ."027 18505 . 6 o • 0 3&82 2 . 0071 0.00063 511 . 13 17 8 .00 0 . 29733 1.0 0121 0 . 5352 

14 00 0.3"53 22192 . 8 0 . 03542 2 . 0061 0.00071 563 . J8 1 90 . 92 0 . 38 " 80 1 . 00104 0 . 5335 

1600 0.3023 2&036.4 0.031016 2 . 0053 0.00062 656.06 215 . 17 0 . 48 142 1 . 00091 0.5323 

18 00 0.2688 30.59 . 0 0.03299 2 . 0047 0 . 00055 731 . 13 232 . 83 0 . 58 781 1 . 0006l. 0.5306 
2 000 0.2"19 3"497.9 0 . 03163 2 . 0039 0.00050 817 . 64 249 . 97 0 . 706 8 1 1. 00073 0.52&3 
2500 0.1931 51309 . 9 0.02564 1 . 9978 0 . 000 .. 0 12 3 2 . 26 291. 26 1.11 81 2 1 . 00 058 0.48 50 
30 0 0 0.1586 91109 . 1 0.01664 1 . 9679 0.0003" 2485 . 57 332 . 94 1. 82796 1. 00048 O. 4134 
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C-2 THERMODY NAMIC PROPERTIES OF PARAHYOROGEN 

2 . 50 HPA ISOBAR 

l EMPE~AT URE VOLUME I SOTHERM ISDCHORE INTERNAL ENTHALPY ENTROPY CV CP VElOC I n 
DERIVATIVE DERIVATIVE ENE RGY OF SOUND 

DEG . K CU H/ KG CU M- MPA/(G HPA / K KJIKG- K KJ/KG KJ / KG - K KJ KG - K MI S 

1~ . 615 0 . 01276 1 . 3311 0 . 9"38 -30 7 . 8 -275 . 9 5 . 02 " ~ . 79 &. 38 1332 
15 0 . 0 1 2~0 1. 3125 0 . 9~71 -305 . ~ -273 . ~ 5 . 193 ~ . 87 &.55 1329 
1& 0.01293 1. 2382 0 . 9~95 - 299. a -2&& . & 5 . &30 5 . as 7.0 0 131 0 
!7 0.0130& 1 . 1 S 75 O. 94 ~2 -292.1 - 259 . " &. 0&8 5 . 23 7 . "& 1285 
18 0 . 01320 1 . 0930 a . 929& -28~.8 -251 . 8 &. 505 5 . 38 7 . 8& 12& .. 
19 0. 013 36 1 . 0271 0 . 9152 - 277 . 1 -Z43.7 &. 9 42 5.53 8 . 29 1241 
20 0 . 01352 0.9&~1 0 . 8999 -2&9.0 - 235 . 2 7 . 379 5.&& 8 . 73 1220 
2 1 0 . 01370 0 . 9029 0 . 883& -2&0 . 5 -22&.2 7.81& 5 . 77 9 .1 8 1198 
22 0.01389 0. 6411 0.6&55 - 251 . 5 -21& . 8 8 . 25 4 5 . 87 9. &5 11 7 & 
l3 0 . 01 41 0 0.7795 0 . 8456 -242.1 -20& . 9 8. &94 5 . 96 1 0 .1 6 1152 
24 0 . 0 1~3 2 0. 7170 o .8236 -232.3 -196 . 5 9 . 1J8 6. 04 1 0 . 70 112 7 

25 0 . 01"57 O. &,,54 0 . 7993 -221.9 - 185 . 5 9 . 58& 6 . 11 11 . 28 11 0 a 
26 ,0 . OH64 O. 5935 0 . 7725 -211 . 0 - 173 . 9 10. 0 " 1 &.16 11 . 92 107 2 
27 O.O I SH 0.5348 O. H31 - 199.5 - 161 . 6 10 . 503 &. 21 12 . &0 10 .. 2 
28 0.0 154a 0 .4 7&8 0 . 7109 -187.4 -146 . 6 10 . 97& &. 25 13 . 37 1009 
29 0 . 01586 0. 4193 0.&761 - 174 . 5 -134.8 11 . 460 6 . 29 14. 25 9 7 4 
30 0 . 01&30 0 . 3619 o .6366 - 1& 0.8 -120 . 1 11 . 960 6 .33 15 . 31 935 
3 1 0.01&80 0 . 3088 0.5984 -146 . 2 -104.2 12 . 480 6.3 7 16 . 52 895 
3Z 0 . 0174 0 0 . 25&6 0.5555 -130 . 4 - 66 . 9 13 . 029 &.42 1 8 . 07 650 
33 0 . 0181 3 0 . 207 1 0 . 5095 - 113 . 2 -67.9 13 . 614 &. 47 2 0. 07 80 2 
34 0 . 01 904 o . 1 & 26 0 . 4&05 -94 . 2 -46 . & 14 . 249 6 . 53 22 . 59 750 

35 0 . 02022 0.1226 0."081 -7l . 9 - 22 . 4 14. 953 &. 61 26 . 06 &95 
3b 0 . 02 1 84 0 . 0866 0 . 3529 -46 . 6 b . O 15 . 751 b . 73 30 . 80 b38 
37 0 . 02 410 O. 0&45 0 . 2985 -lO . 7 39.6 1& . &72 6.88 3&. 58 58& 
38 0.02724 O. 0 ~t 9 a .2453 10.1 78 . 2 17 . 701 7. 05 40 . 39 5 .. 0 
39 0.0 31 1" 0 . 0477 0 . 203& "1.0 118 . 8 18 . 75& 7 .t4 39 . 99 5 17 
40 0 . 03530 o • 0523 0.1728 &8 . a 15&.2 19 . 705 7 . 0& 35.52 513 

42 0.0"305 0. 0&90 0.1338 110.7 218.3 21 . 221 6.91 2 7. 10 520 
44 0. 04977 0.0872 0 . 1111 142.7 2&7 . 2 22 . 358 6.77 22.20 534 
4& 0 . 05 5 76 0 . 1048 0.0962 169.0 308.4 23.276 6 . 69 19 . 3 1 550 
.. 8 0 . 06 125 0. 1213 0.0855 192.0 345 . 1 2 .. . 0 57 b . &4 17 . 49 56 5 
50 0. 06 6 3 1 0. 13&5 0.0774 212.8 378.6 24 . 739 6 . 63 16 . 28 579 
52 0.07 1 20 0 . 1512 0 . 0713 232 . 3 410 . 3 25 . 363 6 . 63 15 . 4 9 594 
54 0 . 0758 9 0 . 1653 0 . 0660 250.9 .... 0.6 25 . 93" &.65 1" . 83 60 7 
56 0 . 08040 0. 1787 0.0614 2&8.9 469.9 2&.4&7 6. b7 14 . 3 1 6 19 
58 0. 08"78 o . 191& 0.0576 286.2 498.1 2&.962 6 . 69 13.92 631 
60 0 . 089u5 O. 2042 0 . 05 .... 303 . 0 525.7 27. .. 29 &. 73 13.&2 6~3 

&5 0 . 0993& 0. 2339 0 . 0478 3~~ . 0 592." 28.~98 6.87 13 . 15 &69 
70 0 . 10928 0.2&21 0 . 0428 38~ . ~ &57 . & 29. ~ 64 7. 09 1 2 . 9~ 692 
75 0 .11 891 0 . 2890 0 . 0389 ~2~.9 722.2 30 . 355 7 .37 1 2 . 92 71 2 
80 0 . 12832 0.315 1 0.0357 ~6&.2 787 . 0 31 . 192 7. 70 1 3 . 03 730 
85 0 . 13758 0.3 .. 03 0.0330 50 8 . 7 852.& 31.987 8 . 08 13 . 23 7 .. 7 
90 0 . l<t&70 0.3650 0 . 0308 552.7 919." 32 . 751 8 . ~8 13 . 50 762 
95 0 .15572 0.3893 0.0288 598 . ~ 987 . 7 33 . 489 8.90 13 . 81 777 

1 00 0 . 16 465 0.4131 0 . 0271 6"6 . 0 1057. 6 3" . 206 9 . 33 1" . 15 79 2 
1 20 0 . 19970 a • 5052 0.0220 855 . 1 135".3 36.9 06 10 . 88 15. "5 6 .. 7 
I ~O 0 . 23~ 11 0 . 5944 o . 0185 1067 . 5 1672.7 39 . 358 11 . 86 16 . 30 9 0 .. 

1&0 0. 26813 O. f 816 0 . 0161 1332 . 2 2002.5 "1 . 560 12 . 25 16 . 60 961 
1 80 0. 30 190 0 . 76eo 0 . 0142 1579 . " 233" . 1 "3 . 513 12 . 22 1 6 . 5 1 101 9 
200 0 . 33550 a .8533 0.0127 1823.1 2661 . 6 .. 5 . 239 11 . 97 16 . 23 10 76 
220 0. 36897 0 . 9381 0.0115 2060 . 6 2963.0 4&.770 11 . 65 15 . 89 1131 
2 .. 0 0. " 0235 1 . 0225 0 . 0105 2291.5 3297 . .. "6 . 136 11.35 15 . 56 11 6 .. 
260 O . .. 3566 1. 1065 0.0097 2516 . 6 3605 . 8 ~9.372 11 . 09 15 . 29 1 235 
280 0 . 46892 1.1902 0.0090 2737.0 3909. 3 50 . 497 10 . 69 15. 07 128 4 
3 00 0 . 50216 1 . ;i7~0 0 . 0 0 8~ 2954 . 2 "209.6 51 . 533 10 . 7 .. 1" . 91 13 30 
350 0 . 56503 1 . 4621 0.0072 3485 . 8 4946 . 3 53.81 0 10 . 52 1" . 68 1 .. 3 8 
400 0 . 66779 1 . 6896 0 . 0063 ~ 009 . 9 5679.4 55 . 764 10 .4 3 14 . 58 15 37 

.. 50 0 . 75046 1.69l] 0 . 0056 4531 . 0 6407 .t 57 .4 79 10 . "1 1" . 55 1628 
5 00 0 . 8 3309 2 . 1036 0.0050 5052 . 0 713~ . 7 59.011 10 . 40 1~ . 5~ 1715 
550 0 . 9156 8 2 . 3103 O.OO~& 5572 . ~ 7861 . 6 60 . 397 10. 41 1".55 17 96 
600 0 . 99825 2.5169 0.0042 6093.7 8569.3 61.662 10 . ~3 1~.56 18 7 5 
700 1 . 16334 2 . n99 0 . 0036 7139.2 10047.5 63.911 10.48 1 ~. 61 2021 
8 00 1.32839 3.3427 0.0031 8192 . 0 11513.0 65.66& 10 . 57 l~. 7 0 2156 
900 1.~9341 3 . 7553 0 . 0028 9255 . 6 12989 . 2 67 . 603 10. 70 1 ~. 8 3 22 8 1 

1 0 00 1 . 656~2 4.1660 0 . 0025 10333.0 14479 . 1 69 . 17& 10. 86 1" . 99 2398 
1200 1. 986H ~ . 9931 0.0021 125~3. 5 1751~. 5 71 . 929 11 . 2~ 15.37 2612 
1 .. 00 2.J1838 5.8180 a • 0018 1~836 . 3 20632.2 74 . 336 11 . 68 15 . 80 280 6 

1& 00 2 . 6~836 6.6430 o • a 016 1721S . lt 23836.3 7& .453 12.10 1& . 23 298 .. 
18ijO 2 . 9 7 8~0 7 . " 679 0 . 001" 19&83.7 27129.7 76.35~ 12 . 52 1& . 65 3151 
2000 3.30878 8.2928 0 . 0013 22253.0 3052~ . q 80 . 209 13.0~ 17 . IQ 33 06 
2500 ~ . 1~356 10.35% 0.0010 29399.4 3975d . 3 86 . 665 15 . 89 20 . 25 3632 
3000 5 . 03&82 12.4171 0.0008 392&6 . 7 5185~ . 3 94 . ~2~ 2~ .11 29.55 3898 

TWO - PrlASE BOUNDARY 
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THERMOOY NAMIC PRO PERT IE S OF PARAHY OROGEN C - 2 

2 .50 MPA ISOBAR 

TEMPERATURE OENSITY V WH/OV'p V (QP/OU'V - V (OP/OVIr -(OV/OT~VCON~~~~~~iTY VISCOSITY THERMAL DIELECTRIC PRANOTL 
OIFFUSIVITY CONSTANT NUMBER 

OEG. K KG/CU H KJ/KG MPA;C~O~/KJ HPA 1/0EG. ~ W/K-M KG/H-S SQ H/HQ 
X 10 3 X 107 

14.&15 78.383& 705.3 0.25148 104.3378 0.00905 82."& 270.30 0.00059 1.25&39 2.0913 

15 78.10"1 708.& o .2 .. nO 102.5141 o.oon .. 85.73 257.35 0.000&0 1.255"1 1.9&52 

1& 71.3&14 70&.3 0.2"281 95.7904 0.00991 qz."8 228.8& 0.000&1 1.25279 1.732& 

17 7&.5720 ?GO .2 0.2359& 88.&329 0.01,&, 97 . 14 205.81 0.000&1 1.25001 1.5803 

is 75.7"02 700.3 0.22800 82 .7 8&3 0.01123 100.&0 18&.8& 0.000&1 1.24709 1.4&08 

19 74.8&84 &9&.8 0.22111 7&.9010 0.01190 102.83 171.05 0 . 000&0 1.2."03 1.3793 

20 73.953& &91 . 6 0.21508 71.29&4 0.012&2 104.90 157.&5 0.00058 1.24083 1.3118 

21 72.9991 &84.8 0.209&8 65.9100 0.013"1 107.28 1"&.15 0.00058 1.23750 1.2507 

22 71.99"9 &75 . 5 0.20"&2 &0.5553 o. 01~29 108 . 91 136 .11 ).00056 1.23399 1.2066 

23 70.9.03 &&".1 0.19987 55 . 29&9 0.01529 109.91 127.25 0.00055 1.23032 1.1758 

Z .. '09 .8221 &50 .3 0.19526 50.0&52 0.016., 110.33 119.28 0.00053 1.22&43 1.15&5 

25 &8.&372 &34.8 0.19073 ..... 9873 0.01777 110.24 112.05 0 . 00051 1.22232 1.14&4 

2& 67.37&9 &17 .1 0.18&10 39.9903 0.01932 109.&4 105.41 0.00049 1.2179& 1.14&0 

27 &&.0317 599.0 0.18121 35.3142 0.0210" 108.&1 99.24 0.00047 1.21332 1.151& 

28 64 . 5913 579.1 0.17599 30.7942 0.02309 107.17 93.4& 0.0004; 1.2083& 1.1&58 

29 &3.0401 557.1 0.17040 2& . 4313 0.02558 105.35 87.98 0.0004 2 1.20304 1.1900 

30 61 . 3589 532.4 0.16439 22.2056 0.02876 103.15 82.72 0.00040 1.19728 1.2278 

31 59.5118 507.4 0.15779 18.378& 0.0325& 100.15 77.&1 0.00037 1.19098 1.2803 

32 57.4635 .. 79.8 0.15060 14.7479 0.03767 96.76 72.58 0.00034 1.18.02 1. 3555 

33 55.1554 "49.9 0.14279 11 . 4246 0.0 .... 60 92.91 &7.56 0.00030 1.17&21 1.4591 

34 52 . 5200 419." 0.13"24 8.5493 0.0538& 89.17 &2.51 0.00027 1.1673" 1.583& 

35 49.4439 387.1 0.12"79 &.0&24 0.06732 86.23 57.37 0.00024 1 .157 0 .. 1.7338 

3& "5.7965 355.0 0.11"50 4.0682 0.08&75 83.05 52.11 0 . 00021 1.1 .... 90 1.9321 

37 "1 ... 871 327.9 0.10 .. 55 2.&760 0.1115 .. 79.&3 4&.8 .. 0.00019 1.130&8 2 .151 & 

38 3&.7123 307.7 0.09 .. 7 .. 1 . 8688 0.13127 75.30 "2.00 0.00018 1.1150& 2.2526 

39 32.1H3 301.1 0.08882 1.5331 0.13282 70.09 38.12 0 . 00020 1.1001" 2.1749 

.. 0 28.327" 30".5 0.08&39 1." 810 0.11665 6".70 35.39 0.00023 1.08800 1.9"29 

.. 2 23.2312 32 ... & 0.0833& 1.6025 0.083"9 57.52 32.25 0.00033 1.07177 1.519& 

.... 2 0. 0928 350.1 0.08161 1 .7 51& 0.06342 5".07 3 0.78 0 . 0004" 1 . 0&187 1.2&"0 

.. 6 17.9350 377.3 0.0801" 1.8787 0.05118 52.45 30.t 7 0 . 00055 1.05510 1.1107 

48 1&.327 .. "05.2 0.07877 1.980" 0.0"315 51.80 30.01 0.00065 1.05007 1. 0132 

50 15.0802 "32.8 0 .077 48 2.0578 0.037&2 51.72 30.14 0.0007& 1.0 .. 618 0.9490 

52 1".04"3 .. &1.5 0.07&56 2.12"1 0.03356 51.98 30."2 0 . 00086 1.0"296 0.90&2 

5 .. 13.177" ..89.8 0 .07 533 2.1785 0.03028 52,"5 30.80 0.00097 1.0"027 0.8710 

5& 12.4383 517 . 8 0.07"08 2.2229 0.027&4 53.07 31. 25 0.00107 1.03799 0.8427 

58 11.795" 5"5.9 0.07303 2.2&06 0.02550 53.81 31. 75 0 . 00118 1.03600 0.821" 

60 11.229" 57".3 0.07196 2.2n6 0 . 02372 5".72 32.28 0 . 00129 1.03~25 0.6035 

65 10.06"2 &47.3 0.06911 2.35"5 0.02031 57.53 33.69 0.00157 1.0306& 0.7697 

70 9 .1511 72".6 0.0&603 2.3985 0.01786 &0.58 35.15 0.00184 1.02765 0.7508 

75 8 ."099 807.3 0.06278 2."308 0.01600 63.37 36.&3 O. 00210 1.02557 0.7"69 

60 7.7927 896.1 0.059"6 2."551 0.0 1~5" &&.80 36 .1 2 0 .00 237 1. 02368 0.7 .. 3 .. 

65 7.2686 991.2 0.05625 2 .,, 736 0.01335 71.46 39.59 a • 0 0267 1.02207 0.7331 

90 6 .8166 1092.3 0.05320 2."883 0.01236 76.1" .. 1.05 0.00298 1 . 020&9 0.7279 

95 &."219 1196.6 0.05038 2."998 0.01152 60.64 42,"9 0.00328 1 .0 19"8 0.7260 

100 6. 0735 1309.9 0.04763 2.5089 0.01080 91.1& "&.12 0 . 00382 1.018"2 0.7157 

120 5.0075 1779.9 0.0"030 2.5300 0.008&6 117 ..... 54.10 0 .00 5"6 1.01517 0.7118 

1 .. 0 ".2715 2232.3 0.03659 2.5391 0.00730 136.23 59.2& 0.0070" 1.01293 0.7090 

1&0 3.7295 2627.6 0.03517 2.5428 0.00632 1 .. 8 ... 8 &3.1" 0.008&3 1.01128 0.7059 

180 3.312" 2961.4 0.03506 2.5"38 0.00558 156.01 &&.38 0.01027 1.01002 0.702& 

200 2.9807 32"8.5 0.03562 2.5"35 0.00500 160 . 7" &9 . 27 0.0119& 1.00901 0.&995 

220 2.7103 3507.9 0.03&~6 2.5425 0.00453 16 ... 11 71.9& O. 01372 1.00819 O. &%6 

240 2.485" 3755.7 0 .0 3733 2.5"12 0.00 .. 1 .. 167.06 7".52 O. 01555 1 .00751 0.69"2 

260 2.295" "002.& 0.03810 2.5397 0.00362 170.09 77. a 0 0.017"5 1.00&93 0.6922 

280 2.1326 "253.& 0.0387" 2.5382 0.0035" 173 . .. 0 79."~ 3. 019"2 1.00& .... 0.6906 

300 1. 991~ 4511.9 0.03921 2 .5371 0.003H 177.03 81.8" 0.021"7 1.00601 0.6892 

350 1.70 9 3 5184.5 0.03966 2 .5 333 0.00263 187. "4 87.75 0.02&90 1.0051& 0.6870 

400 1."975 5866.0 0.0"011 2.5301 0.002"8 196.93 93.56 0.03280 1.00"52 0.&859 

450 1.3325 &&~6.8 0.0 .. 013 2.527 .. 0.00220 211.00 99.34 0.03917 1. 00402 0.6851 

500 1.200" 7332.5 0.0"009 2.5250 0.00198 223 . 12 105.05 0.04602 1.003&2 0.66"& 

550 1.0921 6 a 64.6 0.04002 2.5230 0.00180 235.31 11 a .&9 0.05331 1.00329 0.66 .. 3 

600 1.0018 8802.3 0.03992 2.5213 0.00165 2"7.50 116.27 0 . 0&109 1.00302 O. & 8 .. 0 

700 0.859& 10298.1 0.039&& 2 . 5185 0.00142 271.95 127.2 .. 0.0779" 1.00259 0.6837 

800 0.7526 11833.2 0.03926 2.5163 0.0012" 29&.&6 137.95 0.09&51 1.00227 0.683& 

900 0.6&9& 13"16.5 0.03876 2.51"6 0.00110 321.8& 1" 8 ... 1 0.11671 1.00202 0. 6637 

10 a 0 0.&030 15061.5 0.03819 2 . 5132 0.00099 .... 0.5& 156.63 0.17552 1. 00162 0.539& 

1200 0.5029 18521.9 0.03&85 2.5111 0.00083 511.13 178.40 0 . 23807 1.00152 0.536" 

1 .. 00 0."313 22209.3 0.035"5 2.5 095 0.00071 583.37 197.38 0.30807 1. 00130 0.5307 

1600 0.3776 20051 .3 0.03"19 2.5 a 63 0.000&2 &55.96 215.68 0.38537 1.0011" 0.533& 

1800 0.3356 300&2.4 0.03303 2.507" 0.00055 730.57 233.39 0.47039 1.00101 0.5320 

2000 0.3022 3 .... 57 ... 0.03171 2.50&3 0.00050 815.37 25 O. 59 0.5&51" 1.000H 0.5282 

2500 0.2413 50&01.4 0.02608 2."990 0.00040 1204.6" 291.96 0.667"5 1. 0007 3 O ... 907 

3000 0.1985 87415.3 0 . 017"1 2."&53 0.0003" 23"5.90 333."5 1 ... 3955 1.00060 O. "200 
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C-2 THERMOOYNAHIC PROPERTIES OF PARAHYOROGEN 

3.UU HPA ISOBAR 

TEHP~RATURE ~OLU H E ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROP Y CV CP VELOC lTY 
DER I VATIVE DER IVA TI VE ~NE RGY OF SOUND 

DEG . K CU HI KG CU H-MPA/KG HPA/K KJ/KG - K KJ/KG KJ/KG-K KJ KG-K HIS 

14.772 0.01272 1 .3623 0.9470 - 307.5 -269 . 4 5 . 036 4 . 81 6.38 1345 
15 0.012 7 4 1 . 3585 0.94qz -306.1 -267.9 5.135 4 . 86 6.47 1345 
16 0.01280 1 . <794 0.9544 -299.8 - 20 1 . 2 5 . 568 5.05 6.93 1326 
17 0 . 01 299 1. 2075 0.9510 -293 . 0 - 254.1 0.000 5.22 7 . 37 1306 
18 0.01 3 13 1. 1408 0.9404 -285 . 9 - 240 . 5 6 . 433 5 . 37 7.78 12 8 5 
19 0 . 01327 1 .0131 0.9266 -27 8.3 - 238 . 5 6.805 5.52 8.20 1262 
20 0.013 4 3 1 . 0093 0 . 9118 -210 ... - 230 . 1 1.296 5.65 8 . 62 121,1 
21 0 . 01360 0 . 9488 0 . 8960 -262 . 1 -221.3 7.726 5.76 9.05 1221 
22 0.0 137 8 O. 8875 0.8lAl - 253 . 3 - 212 . 0 8.157 5.86 9 . 50 1199 
23 0 . 01 3 9 1 0 . 8271 0 . 8595 -244.2 - 202.3 8 . 590 5 . 95 9.97 1171 
24 0 . 0 1419 0. 7655 o .8386 - 234.6 - 192.1 9.024 6.03 1 0. 47 1153 

25 0 . 01 4 42 0 . 7053 0 . 8155 -224 . 6 -181 . 4 9.462 6.10 11 . 00 1128 
26 0 . 0146 7 0 . 6 4 61 0.7904 -214 .1 - 170.1 9.904 6.10 11 . 57 1102 
27 0 . 0149 4 0 . 58~4 o • 7629 -203 . 0 -158 . 2 10.352 6 . 21 12.11 1 07 4 
28 0 . 01 52 5 0 . 5315 0.1331 -191.4 - 145 . 7 10.806 0.25 12.84 1041, 
29 0.0 1559 0 . 4762 0 . 7011 -179.3 -132 . 5 11.210 6.29 13 . 57 1013 
30 0.0 159 7 O ... 2 22 o .0670 -160 . 4 -118.5 11 . 744 6.33 14 . 39 980 
31 0.0 164 0 o • 3688 0 . 6309 - 152.9 - 103 . 7 12.230 6 . 36 15 . 36 943 
32 0 . 01089 o • 3184 0.5920 -138 . 4 -87 . 8 12 . 735 0.40 16.47 9 0 5 
33 0 . 01747 0 . 2098 0 . 5524 -123. 1 - 70.7 13 . 201 6 . 44 17 .82 86 4 
34 0.018 1 5 0 . 2258 0.5101 -106 . 5 -52.1 13 . 815 6.48 19.38 822 

35 0.01896 o. 1 8~6 0.4661 -88 . 1 -31.8 14 . 403 6 . 53 21.25 778 
36 0 . 0199 7 0 . 1498 0 . 4207 -69 . 4 -9 . 4 15.034 6.59 23.55 732 
37 0 . 02 1 23 0. 1196 0.3747 -48 . 3 15 . 4 15.714 6 . 66 26.24 686 
38 0 . 02281 0 . 0967 0.3293 - 25.5 43.0 16 . 450 6.75 28.93 644 
39 0 . 024 7 9 0 . 0809 0 . 2866 - 1.2 13.1 17 . 233 6.64 H.20 607 
40 0 . 02 7 17 0 . 0718 0.2490 23 . 6 105.1 18.042 6.91 32.43 580 

42 0.032 7 3 O. 0111 0 . 1916 69 . 8 168 . 0 19.519 6.93 30.10 556 
44 0 . 0384 1 O. 0830 0 . 1540 108 . 5 223.~ 20 . 810 0 . 80 25 . 57 550 
40 0 . 04 30 9 O. 0 q84 0.1300 140 . 0 271.1 21.928 0 . 79 22.00 505 
48 0 . 04856 0 . 1144 0.1138 100.8 312 . 5 22 . 810 6 . 73 19.56 576 
50 0.053 11 O. 1259 0 . 1015 190.5 349.8 23.572 6.70 17 .89 589 
52 0 . 05 7 4 0 0 . 1449 0 . 0920 212 . 2 384.4 24 . 250 6 . 69 16.10 6 0 1 
54 0 . 06 15 0 0 . 1593 0.0844 232.4 416.9 24.863 6.70 15 . 83 614 
56 0 . 0& 543 O. 1732 o • 0 7 82 251.8 448 . 1 25 . 431 6.72 15 . 16 626 
58 0 . 00925 0 . 1867 0.0731 270.3 418 . 0 25 . 956 6.74 14 . 10 638 
00 0 . 07295 0 . 1998 o .0680 288.2 501 . 0 20.448 0.77 14 . J1 649 

65 0 . 08185 0 . 2307 o .0598 331 . 2 570 . 1 27.564 6.91 13.05 675 
70 0.09035 0 . 2599 0 . 0532 373 . 0 644 . 1 28.502 7.12 13.33 098 
15 0 . 0985 8 0 . 2817 0.0480 414 . 1 710.4 29 . 418 7 . 39 13.23 718 
80 0.1 0 05 9 C. 3145 0.0439 45b.9 770 . 7 30 . 333 7 . 72 13 . 29 736 
85 0 . 1144 5 0 . 3405 0 . 0405 500.2 843.5 31.143 8.09 13.45 752 
90 0 . 1221T 0 . 3&58 0 . 0370 544 . 8 911 . 3 31.918 8.50 13.69 768 
95 0.1298 0 0.3905 0.0351 591. 1 980.5 32.666 8.92 13.97 782 

100 0 . 1373 3 0 . 4149 0 . 0330 639 . 1 1051.1 33.391 9 . 34 14.29 797 
120 0.1008 3 O. 508~ 0 . 0266 849.8 1350.3 36 . 113 10 . 90 15.55 852 
140 0.195 7 1 0 . 5ge7 0 . 0224 1083 .1 1670.2 38 . 577 11.87 10.36 908 

160 0.2242 1 0 . 6868 0.0194 1328.5 2001 . 1 40.780 12.25 16.65 966 
160 0 . 25 240 C. 7136 0 . 0171 1576 . 2 2333 . 6 42.145 12.22 16.55 1024 
200 0.2805 4 0 . 6595 0.0153 1620.3 2661.9 44 . 474 11 . 96 16.20 1 080 
220 0.3085 1 o . 9440 0.0139 2058 .1 2983 . 1 46.001 11.60 15.91 1135 
240 0.33038 1. 0293 0 . 0127 2269 . 4 3296.5 47.377 11.35 15.56 1189 
260 0.36419 1 . 1135 0.0111 2514 .7 3607.3 48 . 613 11 . 10 15.31 1239 
280 0.39 19 5 1 . 19 75 0 . 0108 2735.3 3911 . 1 49.739 10.89 15.09 1288 
300 0.4 1969 1 . 2616 0 . 0101 2952 . 7 4211.6 50 . 776 10 . 74 14.92 1334 
350 0.4668 1 1. 4900 0 . 0060 3484.6 4951 . 1 53.055 10.52 14.68 1442 
400 0.55 7 6 1 l . f977 0 . 0075 4009 .0 5682.4 55 . 009 10 . 43 14.59 154 0 

450 0.62b7 4 1. 9049 0 . 0007 4530.3 6410.5 56.725 to.41 14.56 1632 
500 0.6956 1 2 .1 119 0 . 00&0 5051.3 1138 . 2 58.258 10 . 41 1 ... 54 1718 
550 0.70 .... 6 2 . 3187 0.0055 5571 . 9 7865 . 3 59.6~" 10 . ~1 14.55 1800 
600 0.83328 2 . 5254 0 . 0050 0093 . 3 6593.1 60.909 10.43 14.56 1878 
700 0.9708 7 2 . 9385 0 . 0043 1138.9 10051.5 63.158 10. ~6 1~.61 2024 
800 1.106~2 3. 3513 0 . 0038 8191. 8 11517.1 65.114 10 . 57 14.70 2159 
900 1.24595 3 . 7 b4 0 0 . 0033 9255. ~ 12993.3 60 . 851 10.70 14.83 226~ 

1000 1.38 3 47 ~ . I7U 0 .0 030 10332 . 9 14483 . 3 68."23 10.86 1~.9q 2401 
1200 l.b5847 5 . 0016 0 . 0025 12543.4 11518.8 71.177 11.24 15.37 2615 
1~ 00 1.933 "5 5 . 8lb8 0.0021 14836 . 2 20036.0 73 . 564 11 . 68 15.80 28 0 8 

1600 2 . ~0843 6 . 6518 0 . 0019 17215.2 23840.5 75.700 12 . 10 16.23 2986 
1800 2 . 48340 7. 47&7 0 . 0017 19682 . 9 27133.3 77.602 12 . 52 16.65 3153 
2000 2.75875 8.3010 0.0015 222"9 . 8 30520 . 1 79."55 13 . 02 17 .16 3308 
2500 3 . 45 3 09 10 . 3b36 0 . 0012 29351 . 7 39712.7 85.891 15.69 20.03 3637 
3000 ... 19J1~ 12 . 4259 0 . 0010 36968.3 51547.7 93.555 23 . 20 Z 8.58 39 04 
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3.00 HPA I SOBAR 

TEHPERATUR:: 

oEG . K 

110.772 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2 .. 

25 
26 
27 
28 
29 
30 
31 
32 
33 
3 .. 

35 
36 
J7 
38 
39 
.. 0 

.. 2 .... 

.. 6 
"8 
50 
52 
5 .. 
56 
58 
&0 

&5 
70 
75 
80 
85 
90 
95 

100 
120 
140 

1&0 
180 
200 
220 
2 .. 0 
2&0 
280 
300 
350 
.. 00 

.. 50 
500 
550 
&00 
700 
800 
90 0 

1000 
1200 
HOO 

1600 
1800 
2000 
2500 
3 0 00 

oENSI TY 

KG/CU M 

76.6 .. 28 
78.4822 
77.7515 
7& . 992& 
7& . 1868 
75 . 3"38 
7 .. ... &11 
73.5386 
72'. 5731 
71.560" 
70."955 

&9 . 3716 
&8 . 1839 
&& . 923" 
65 . 58 4 9 
6 ... 1571 
62 . 6303 
60.990" 
59.2057 
57 . 25&9 
55.1099 

52.7287 
50.0718 
47 .1 0&" 
"3.8311 
.. 0.33" 7 
3&.80 .. 5 

30.5512 
26 . 0310 1 
22 . 88 87 
20 . 5912 
18.828 9 
17 . .. 20 3 
1&.2&0 9 
15.2835 
1 ....... 07 
13.7071 

12.217 .. 
11.0676 
10.1 .... 3 

9 . 3815 
8.7377 
8.1851 
7.70 .... 
7.2815 
5.99"1 
5.1097 

..... 602 
3.9610 
3.56"5 
3.2 .. 1 .. 
2.97 28 
2.7"58 
2 . 551" 
2 .3827 
2 .0" 58 
1.7927 

1.5956 
1."376 
1.3081 
1 . 2001 
1.0300 
0.9022 
0.8026 
0.7228 
0. 6 030 
0.517 2 

O ... 52 6 
0.4027 
0 . 3625 
0 . 2895 
0 . 2385 

TWo-PrlASE BOUNDARY 

V (OH/OVl
p 

KJ/KG 

721.9 
726 . 8 
722.4 
720 . 1 
718 . 9 
715.1 
71 0 . 3 
7 04 . 5 
696.3 
6B6 . 3 
673 . 7 

&59.9 
& ..... 6 
628.3 
biD ." 
591.2 
5 7 0 ... 
547 . 6 
523.9 
.. 98 . 5 
.. 72.8 

"46 . 7 
"20 . 0 
39" .5 
372 . 3 
35 ... 9 
3 ..... 0 

3"1.6 
357 . 2 
379.4 
.. 0 ... 6 
.. 31.0 
"58 . 3 
.. 86 . 0 
51 ... 0 
5"2 . 2 
570.7 

643 . 9 
7 21 ." 
80 ... 3 
893.3 
988 . 6 

1090.0 
1196.8 
1308.1 
1780.6 
2235.1 

2632 . 5 
2966 . 1 
3256.7 
3517.2 
37&5 . 8 
"013 ... 
"265.0 
.. 52" . 1 
5197 . 5 
5 8 99 . 5 

6620.7 
73"6 . 7 
8079 . 3 
8816.9 

10313.1 
118"8.5 
13 .. 3 ... 0 
15077 . 2 
18538 . 1 
22225 . 9 

2& 0 66 . 8 
30069. 6 
3 .... 3,.3 
50083.3 
8"685.3 

THERHODYNAMIC PROPfRTIES OF PARAHyoROGEN 

0.250"3 
0.2"911 
0.2"323 
0.23&70 
0 . 22967 
0.22288 
0.21687 
0 . 21146 
0 . 20646 
0.20172 
0 .19717 

0.19271 
0 .1 882 .. 
0 . 18359 
0.17873 
0.17362 
0 .1 &832 
0.1625" 
0.15635 
0.14980 
0.1"279 

0.1353 6 
0.12752 
0 .1 1939 
0 . 11133 
0.10392 
0.09785 

0.0905" 
0.08655 
0 . 08"06 
0 .0 8213 
0 .0 80"5 
0.07892 
0.077"8 
0.07614 
0 . 07508 
0.07392 

0 . 07078 
0.067"7 
0.06 .. 04 
0.0&059 
0.05 7 23 
0 . 05 .. 0& 
0 . 05115 
0.0"853 
0.0"075 
0.03692 

0.035 .. 5 
0.03530 
0.0358" 
0.03&66 
0 .0 3751 
0.03827 
0 .0 .5889 
0.03936 
0.0"001 
0.0"022 

0.0"022 
0 . 0"018 
0.0"010 
0 . 03999 
0 .03972 
0 .03933 
0.03883 
0.03823 
0.03&88 
0.035"8 

0 . 03"22 
0.03307 
0 . 03178 
0 .0 26"2 
0.01803 

107.1338 
10& . &179 

99 ... 716 
92 .9 &9 .. 
86.9158 
80 . 8"95 
75 .1 511 
69 .7 71& 
64 . 4117 
59.1907 
53.9663 

tt8.Q30& 
.. ... 0539 
39 . 3788 
3" .8 590 
30.5"92 
26 ... .. 35 
22.4936 
18.8"88 
15.4"71 
12.4434 

9 .7 9&" 
7. 5024 
5 . &338 
... 2386 
3.2613 
2.6" 09 

2.1711 
Z.1&OI 
2.2517 
2 .3 5"9 
2 ....... 9 
2.52"8 
2 . 5911 
2 . &4 76 
2.&9&5 
2 .738 0 

2.81 88 
2 . 8764 
2.91 87 
2 . 9505 
2 .9749 
2 . 9939 
3 .0 089 
3 .0 208 
3 .0"77 
3.0 591 

3.0&35 
3.0643 
3.0&35 
3.0618 
3.0598 
3.0575 
3.0 552 
3. 05 36 
3.0481 
3.0"34 

3 .03 9" 
3 . 0360 
3 . 0331 
3.0307 
3.02&6 
3.0235 
3 .0 21 0 
3.0190 
3.0159 
3.0137 

3.012 0 
3 .01 06 
3 . 0092 
3.0008 
2.9&3 .. 

-( o V /oTp/VCON~~~~~:~TY 
1/0EG. K W/K-H 

X 103 

0 . 0088" 
0 . 00890 
0.00959 
0 . 01023 
0.01087 
0.011"& 
0.01213 
0 . 01284 
0 . 0136" 
0 . 01"52 
0.0155 .. 

0 .0 16&7 
~ .0 179" 
0.01937 
0 . 02103 
0 .0 2295 
0 . 02523 
0.02805 
0.031 .... 
0 . 03576 
0.0"099 

0.0,,758 
0 . 05608 
0.06651 
0 . 0 7769 
0 . 08789 
0 . 09"29 

0.08823 
0.0715 8 
0.05799 
0 . 0 .. 83 .. 
0 .0"1 52 
0.03 6 .... 
0.03258 
0.02953 
0.02711 
0.02507 

0.02120 
0 . 018"8 
0.016"5 
0.01487 
0.01360 
0.01256 
0.01168 
0.01092 
0.00 8 7 3 
0 . 00732 

0 .00 &32 
0.0 0558 
0.00"99 
0.00"52 
0.00 .. 1 .. 
0 . 00381 
0.0035" 
0.00330 
0 . 00283 
0.002"7 

0 . 00220 
0 . 00198 
0.00180 
0 . 00165 
0.001"2 
0.0012" 
0.00110 
0.00099 
0.00083 
0 . 00071 

0.000&2 
0.00055 
0.00050 
0.000"0 
0.0003 .. 

30 9 

8 ... 29 
8&.21 
93.11 
97 . 93 

101.52 
103.89 
10&.09 
108.60 
110.37 
111.51 
112.09 

112.17 
111.75 
110 . 92 
109.72 
108.1 6 
10&.27 
103 . 67 
100.76 
97.5" 
9".03 

90.55 
87 . 76 
8 ... 75 
81 . 107 
77. 98 
7 ... 36 

67.12 
&1 . 7" 
58.5& 
56.82 
55. 98 
55 . 6 7 
55.74 
5&.05 
56 . 5& 
57 . 27 

59.70 
62.50 
&5 . 00 
68.30 
72.86 
77."7 
82.10 
91.66 

117.65 
136.36 

1"8 . 59 
156.1 .. 
160 . 9 0 
16 .. . 28 
167 . 25 
170.30 
173.63 
177.28 
187 . 71 
199.2 .. 

211.3" 
223.50 
235 .73 
247.9& 
272 . "8 
297.28 
322.53 
.... 0.56 
511 .1 3 
583.37 

&55 . 89 
730.16 
813.70 

118".25 
22 .. Z ... 5 

VISCOSITY THER~Al OIElECTRIC 

KG/H-S 
X 10 7 

273 ."0 
265.60 
235 . 8" 
212 . 07 
192 . "7 
176.15 
162.3" 
150.50 
140.21 
131.1" 
123.0" 

115.72 
109.03 
102 . 85 

97.09 
91.&8 
86 . 5 .. 
81 . &3 
76.87 
72.21 
67.6 .. 

63 . 12 
58.66 
5 ... 27 
50 .05 
.. 6 . 15 
"2 . 76 

37.90 
35.12 
33 . 56 
32 .7 2 
32 . 3 .. 
32.25 
32 . 37 
32.62 
32.95 
33.36 

34.55 
35 . 87 
37.26 
38.&7 
.. o. 09 
"1.51 
"2.92 
.. &.29 
5" .1 8 
59 . 33 

&3.21 
66 ." 5 
69.35 
72.03 
7".60 
77 . 09 
79 . 53 
81.9" 
87 . 8& 
93.70 

99."9 
105.21 
110.87 
11& ... 7 
127 ... 8 
IH.22 
148.71 
158 . 9& 
178.80 
197.8 .. 

216.20 
233 . 96 
251 . 21 
292 . & 7 
334.06 

OIFFUSI VITV CONSTANT 
SQ H/HR 

0 . 000&0 
J . OOO&I 
0.00062 
0.00062 
0.000&2 
0.000&1 
0.000&0 
0.00059 
0.00058 
0.00056 
~ . 00055 

0.00053 
0.00051 
O.00 04g 
0.000"' 
0.000 .. 5 
0.000" 2 
0.000"0 
0 .00037 
0.0003" 
0.00032 

0 . 00029 
0.00027 
0.00025 
0.00023 
0 . 0002 2 
0.00022 

0 . 00026 
0 . 00033 
0.000" 2 
0.00051 
0.00060 
0.00069 
~.00078 

0.00087 
0.00096 
0.00105 

0 .001 29 
0.00152 
0 .00174 
0.00197 
0.00223 
0.002"9 
0 . 00275 
0.00317 
0.00"55 
0.00587 

0.007Z0 
0.00857 
0 . 00999 
0.011"7 
0 . 01300 
0.01 .. 59 
0 . 01&2 .. 
0 . 01795 
0.02250 
0 . 027"3 

0.0327& 
0.038"8 
0.0"459 
0.05108 
0.06517 
0 . 08069 
0.09757 
0.1" &"2 
a.19856 
0.25&92 

0.3213 .. 
0.39214 
0 . 47083 
0 . 73517 
1.18 .. 53 

1.25731 
1 . 25&7 .. 
1 . 2541& 
1.251"9 
1.2"86& 
1.2"570 
1 . 2 .. 261 
1.23938 
1.23601 
1.232 .. g 
1.22877 

1 .. 22487 
1 . 22075 
1.216"0 
1.21178 
1.20687 
1.201&3 
1.19&03 
1.1899" 
1.18332 
1.17&06 

1 . 1&80 .. 
1.15913 
1.14925 
1 . 138"0 
1 . 12&89 
1.1153& 

1.09513 
1.08067 
1.07069 
1.063 .... 
1.05790 
1.053109 
1.0 .. 98& 
1.0"682 
1. O .... Z 0 
1.0"192 

1 . 03730 
1.03375 
1.03090 
1 . 0285& 
1 . 02&58 
1.02"88 
1 . 023"1 
1.02211 
1.01818 
1 . 015 .. 8 

1.01350 
1.01199 
1.01078 
1 . 00980 
1.00899 
1.00830 
1 . 0077 1 
1.00720 
1.00&18 
1.005 .. 1 

1 . 00"82 
1. 00"3" 
1.00395 
1.00362 
1.00311 
1.00272 
1.00Z .. 2 
1 . 00218 
1.00182 
1.0015 6 

1.0013& 
1.00121 
1.00109 
1.00087 
1.00072 

C-2 

PRO NOTl 
N~HBER 

2 .0 698 
1. 9933 
1 . 755" 
1.5952 
1.47"6 
1.3896 
1.3188 
1.2539 
1.20&6 
1.1719 
1.1"92 

1 . 1347 

1.128" 
1.1286 
1.1361 
1 .1" 99 
1.1 717 
1. 2093 
1 . 25&5 
1.3195 
1.39"2 

1 ... 81 .. 
1.5742 
1.6802 
1 .777 2 
1.8"&3 
1.8651 

1.7028 
1 ... 5 .. 5 
1.2609 
1 . 1262 
1.0 337 
0 . 9676 
0.919 .. 
0.8831 
O. 8564 
0.8333 

0.7899 
0.7653 
0.7 586 
0.752 .. 
0.7 .. 01 
0. 733" 
0 . 7305 
0.7217 
0.7159 
0.7120 

O. 7082 
0.70 .... 
0.7009 
0.6977 
0.&950 
0.&929 
0 . 6911 
O. & 896 
0.68 73 
0.6860 

O. &852 
0.68107 
0 . 68"3 
0.68"0 
0. 6837 
0.6836 
0.6837 
0.5"07 
0 . 5376 
0.5360 

0 . 5349 
0 . 533" 
O. 5299 
O ... 950 
0 ... 257 



c-z THERMO~YNAHIC PROPERTIES OF PARAHYDROGEN 

3.50 MPA ISOBAR 

TEMPERATURE VOLUHE ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC IT Y 
OER I VATIH DERIVATIVE ENERGY OF SOUND 

OEG. K CU HI KG CU M-HfA/K(' HPA/K KJ/KG-K KJ/KG KJIKG-K KJ KG-K HIS 

H.927 0.01267 1.3qz9 0.9~96 -307.2 -262.9 5.0~7 ~.63 6.36 1357 
15 0.01266 1.3951 0.9505 -306.6 -262.~ 5.079 ~.6~ 6.~1 1356 
16 0.01260 1.3237 0.9576 -300.5 -255.7 5.507 5.0~ 6.65 1342 
17 0.01292 1 . 2536 o .9572 -293.9 -248.7 5.935 5.21 7.26 1324 
16 0.01305 1.1850 o .9506 -266.9 -241.2 6.36~ 5.37 7.71 VO~ 
19 0.01319 1.1224 0.9370 -279.5 -233.3 6.791 5.51 6.10 126~ 

20 0.01334 1.0577 0.9226 -271.7 -2 25 .0 7. 217 5.64 6.50 1263 
21 0.01350 0.9958 0.9075 -263.5 -216.3 7.6~1 5.75 6.92 1243 
22 0 . 01366 0.9357 0.6906 -255.0 - 207 . 2 8.066 5.66 9.35 1222 
23 0.01366 0.6759 0.6726 -2~6.1 -197.6 6.~91 5.95 9.79 1201 
24 0.014 0b 0.8161 0.8525 -236.6 -167.6 6.917 6.03 10.25 1176 

25 0.01427 o • 7561 0.6307 -227.0 -177.1 9.3~6 6.10 10.74 115~ 

26 0 . Og51 C.6973 0 . 6066 -216.9 -166.1 9.777 6. 16 11.26 1130 
27 0.01476 O. E 399 0.7609 - 20 6 . 2 -15~. 5 10.213 6.21 11.62 110~ 
26 0.0150~ 0.5626 a .7530 -195 .1 -142.4 10.653 6.26 12.42 1076 
29 0.01535 0.5285 0.7232 -183.4 -129. 7 11.100 6.30 13.06 1047 
30 0.01569 0.4773 0.6917 -171.2 -11 6 . 3 11.554 6.33 13.73 1017 
31 0.01606 O. 4258 0.6565 -156.4 -10 2.2 12.016 6.36 14.51 965 
32 0.01&49 0.37 b3 0.6236 -145.0 -67. 2 12.~91 6.40 15.39 951 
33 0.01697 O. 329~ 0.5672 -130.6 -71.~ 12.960 6.43 16.37 916 
34 0.01752 O. 26~7 0.5494 -115.6 -54.4 13.465 6.~6 17 .5 3 679 

35 0.01616 0 . 2"2 0.5103 -99.8 -36 .3 14.011 6.50 16.61 841 
36 0.01691 0.2077 0.4703 -63.0 -1&.6 14.5&0 6.54 20.25 602 
37 0.01979 0.1756 0 .4 300 -65.0 4.3 15.1 J7 6.56 21.63 763 
36 0.0206~ 0.1461 0.3699 -46. 0 27.0 15.743 6.63 23.57 726 
39 0.02209 0.l257 0.3508 -25.9 51.4 16.377 6.68 25.32 &90 
40 0.02356 O. 1099 0.3140 -5.1 77 . 4 17.035 6.73 26.65 660 

42 0 . 02717 0.0926 0.2509 37.3 132.4 16.376 6.62 27.90 615 
44 0 . 03140 0.0917 0.2035 77 .2 167.1 19.649 6.64 26.43 595 
4& 0.03578 o • 1 (07 0.1699 111.5 23& . 8 20.753 &.83 23.72 591 
~6 0.04000 0 . 1135 0.1462 141.6 281 . 6 2 1.707 6.79 21.24 596 
50 0.04401 0.1276 0.1266 166 .0 322.1 22.534 &.7& 19.33 605 
52 0.04782 O. 1~21 0.1156 191.9 359.2 23.263 6.75 17.92 &14 
5~ 0.05145 o .15&4 0.1052 213.9 394.0 23 .919 6.75 16.86 &25 
5& 0.054 95 0.1703 0.0967 234.6 427.1 24.521 6.76 16.05 636 
56 0.05832 0.1639 0.0697 254.4 456.6 25 .073 6.78 15.42 647 
60 0.06159 O. 1 ~70 0.0636 273.3 468.9 25.567 6.61 14.93 657 

65 O. (,6947 o .2269 0.0725 316.4 561.5 26 .751 6.94 14.14 683 
70 0.076 0 5 o • 2586 0.0640 361.7 631 .0 27. 761 7.15 13.71 705 
75 0.06415 0.2674 o .0576 40~.6 699.1 28.720 7.~2 13.54 724 
60 0.09115 0.3146 0.052~ 447.7 766.7 29.593 7.74 13.5~ 742 
65 0.09799 ~.3413 0 . 0462 491.7 634 .7 30.417 8.11 13.66 758 
90 0.10472 0.3672 0.0~~7 537.0 903.5 31.204 8.51 13.67 77~ 

95 0.11134 0.3924 0 . 0416 583.6 973.5 31.961 6.93 14.13 768 
100 0.11766 0.4172 0.0390 632.3 1044.9 32.693 9.35 14.43 802 
120 0.14339 0.5120 0.0313 644.5 1346.4 35.437 10.91 15.64 657 
140 0.16630 0.6032 o .02&3 1078.8 1667.9 J7. 91 3 11.68 16.43 913 

1&0 0.19285 0.&921 0.0227 132~.9 1999.9 40.129 12.26 16 . 70 971 
180 0. 21716 o • 7794 0.0200 1573 .1 2333.2 42 .093 12.23 16.59 1026 
200 0.2~130 0.6657 O. a 179 1817 .6 2662.2 43.625 11.98 1&.29 1 065 
220 0.26533 o .9512 a • 01&2 2055.8 2964.4 45.361 11.66 15.94 11~0 

240 0.26927 1.03&1 0.0146 2287.3 3299.7 46.733 11.36 15.60 1193 
2 &0 0.31314 1.1206 0.0136 25 1 2 .9 3606.9 ~7.970 11.10 15.32 124~ 

280 0.33697 1.2048 0.0126 2733.6 3913.0 49.096 10.90 15.10 1292 
300 0.36079 1.2692 0.0116 2951. 2 4 214.0 50.136 10.74 14.93 1339 
350 0.42009 1.4979 0.0101 3~63 .5 4953.8 52.U6 10.52 14.69 1446 
400 0.47926 1.7056 0.0066 ~006 .1 5665.5 5~.J71 10.44 14.59 1544 

450 0.53637 1.9132 0.0076 4529.5 6413.6 56.066 10.41 14.56 1636 
500 0. 59742 ~ . 1203 0.0070 5050.7 7141.7 57.621 10.41 14.55 1722 
550 0.65644 2.3272 o • 00&4 5571 .4 7666.9 59.007 10.41 14.55 1803 
600 0.71544 2.5339 0.0056 6 092.9 6596.9 6 0. 27 2 10.43 14.56 1681 
700 0.63339 2 .9470 o • 0050 7136.5 10055.4 62.522 10.46 14.61 2027 
800 0.95131 3.3 EOO o • 0044 6191.5 11521.1 &4.476 10.57 14.70 2161 
900 1.06920 3.7727 0.0039 9255.2 ll997.4 66.215 10.70 14.63 2286 

1000 1.16707 4 .1 854 0.0035 10 33 2.7 14467.5 &7.767 10.66 14.99 2403 
1200 1.42260 5. G1 06 0.0029 12543.3 175 23 .1 70.542 11.24 15.37 2617 
1400 1.65650 5.8356 0.0025 1463b.l 20640.9 72.946 11.66 15.60 2810 

16 00 1.89~20 6 . b606 0.0022 17215.1 23844 . 6 75.065 12.10 16.23 2966 
1600 2.12994 7.4655 0.0019 19682.4 27137 .2 76.966 12.51 16.64 3155 
200 0 2 . 36588 6.3104 0.0016 22247.4 30528.0 76.616 13.01 17 .15 3310 
2500 2.9&107 10.3726 0.0014 2931~.6 39676.3 65.239 15.53 19.66 3&41 
3000 3.59160 12.~347 0.0012 36736.3 51306 . 9 92.629 22.59 27.62 3910 

TWO-P~4SE BOUNDARy 

310 



THERHOOYNAHIC PROPERTIES Of PARAHYOROGEN C-l 

J.50 HPA ISOBAR 

TEHPERATURE DENSITY V I OH / OVl> V IOP/OU" -v (QP/OVI -IOV/OT~VCON~~~~~~~TY V ISCOSrr Y fH ERHAL DI ELECTRIC PRANOTL 
T OIffUSIVITY CONS TANT NUMBER 

OEG. K KG/CU H KJ/KG HPA;C~O~/KJ MPA 1/0EG. K W/K-H KG/H-S SQ H/HR 
X 103 X 107 

14.927 78.8975 73&.4 0.24927 109.8930 0.00864 86.07 276.50 0 . 00062 1.25820 2 .0499 

15 78.8440 141. 3 0 . 24890 109.9949 0 . 008&4 8&.&8 213.88 0 . 000&2 1.2580 2 2.02 42 

16 78.1394 140.2 0.24329 103.435& 0.0092& 93.74 243 . 10 0.000&3 1. 25553 1.7111 

11 71.3997 738.& 0.23732 97.04&& 0.0098& 98 . 10 218.42 0 .0 00&3 1.25292 1.&121 
18 7&.6149 73&.0 0.23111 90.7901 0 . 01047 102.42 198.10 0.000&2 1. 2501& 1.4905 

19 75.7943 135.1 0.22439 85.0704 0.01101 104.90 181.21 0.000&2 1.24728 1.3987 

20 74.9426 730. 5 0.21642 79 . 2&64 0 .011&4 107.22 167.01 0 . 00061 1.24429 1.324& 
21 74.0524 724.8 0 . 21303 73.742& 0.01231 109.86 154.84 0.00060 1.24118 1.2571 

22 73.120& 717.8 0.20&0& 68.4215 0.0130 2 111.17 144 . 21 0.00059 1.23192 1.2063 

2J 72.1471 708.8 0.20339 &3.1958 0.Oll61 113.04 134.99 0.00058 1.23452 1.1667 
24 71.12&9 697.9 0.19690 58.0441 0.014&9 113.76 126.73 0 . 00056 1.23097 1.1420 

Z5 TO.0562 685.1 0.19453 52.9693 0.01568 113.99 119.30 0.00055 1 . 22725 1. 1244 

2& &6.9266 & 71.0 0.1901& 46 . 0622 0.01&19 113.73 112.54 0 . 00053 1. ZZJJ3 1.IH& 

Z7 &1.7H3 655.9 0.18568 43.3471 0.01802 113.08 106.33 0.00051 1.21922 1.111 ~ 
Z8 &&.4831 & 39.0 0.18105 38.7445 0.01944 11Z.0T 100.56 0 . 0004Q 1.21488 1.1145 

29 &5.1531 & 21 . 7 0.17&29 34.4343 0.02100 110.73 95.18 0.00047 1.21030 1.1223 

30 63.7444 &04.0 0.17143 30 . 42&5 0.02213 109.09 90.10 0.00045 1. 20545 1.1340 

J1 62.2492 584.1 0.16625 26.5052 0.02485 106.17 85.30 0.00043 1.20 03 3 1.1593 

32 60.6468 563.1 0.16074 22.8203 0.02733 104.19 80.69 0.00040 1.19485 1.1911 

3J 58.9Z66 541.4 0.15500 19.4131 0 . 03025 101.38 76.24 a.00038 1.18899 1.2314 

34 51 .013 8 518.4 0.14897 1&.2475 0.03382 98.37 71.93 0.00035 1.18270 1.2818 

35 55.0661 495. 5 0.14263 13 . 4449 0.03795 95.12 &1.13 0.00033 1.11591 1.3393 

36 52.8898 472.8 0.13606 10.9834 0.04282 91.89 63.65 0 . 00031 1.1685 8 1.4023 

31 50.5301 4 50.6 0.12932 8.8738 0.04845 89.25 59 . 69 0 .000 29 1.16067 1 .4600 

36 47 .985 5 429.5 0.12258 7.1055 0.05487 8& . 47 55.81 0 .00 028 1.15211 1.5228 

39 45.2729 410 .5 0.11&03 5.6889 0.0&161 83.58 52.26 0 . 00026 1 .1 4311 1.5829 

40 42.4430 396.0 0.10991 4.6658 0.06730 80.55 48.93 0 . 00026 1.1338 2 1.6B2 

42 36.8054 319.0 0.09996 3.4086 0.01362 74.55 43.44 0.00026 1.11536 1.6258 

44 31.8431 319.4 0.09348 2.9211 0.06968 &9.12 39.67 0.00030 1.09929 1.5110 

46 21.9523 392.7 0.08901 2.8134 0.06040 64.98 31.31 0.00035 1.08680 1.3616 

'48 25.0011 41 2 . 5 0.08&14 2.8385 0.05150 &2.2& 35 . 85 0 . 000 42 1.07739 1.2230 

50 22.1238 435.8 0.0 838& 2 . 9033 0 . 04437 &0.62 34.97 0 . 00050 1.01011 1.1152 

52 2 0.913 9 460.8 0.08192 2.9720 0.03889 59.11 34.48 0 .00 051 1.06445 1. 0348 

54 19.4351 487.3 0.08018 3 . 0397 0.03460 59 . 32 34.21 0.00 065 1. 05980 0.9739 

56 18 .1994 514.3 0.07859 3.0997 0.03120 59.27 34.26 0.00073 1.05593 0.9276 

58 17 .146 9 541.7 0.07719 3 . 1526 0.02846 59.48 34 . 40 0 . 00081 1.05263 0.8911 

60 16.2361 569.T 0.07582 3.1993 0.02621 59.96 34.64 0.00089 1.04919 0.8627 

65 14.3943 643.0 0.07248 3 . 2950 0.02199 61.98 35.54 0 .0011 0 1.04405 0.8107 

70 12.99&1 720.4 0.0&895 3.3&40 0.01904 &4.48 3&.& 8 0 . 00130 1.03971 0.7802 

75 11.883& 803. 2 0.0&533 3.4150 0.01&8& &&.&8 31.95 0.00149 1.03&27 0.7705 

80 10.9709 892.3 0.0&171 3.4537 0.01511 &9.83 39.27 0.001 &9 1.03345 0.7&15 

85 10.204& 967 . 6 0.05822 3.4833 0.01383 74.30 40.&3 0.00192 1.03109 0.7411 

90 9.5497 1089.1 0.05494 3.5064 0.01273 78.82 41.99 0 . 00214 1.02907 0.7389 

95 8.9818 1196.1 0.05193 3.5245 0.01182 83.38 ~3.36 0. 00236 1.02733 O. 73~9 

100 8.4835 1307.7 0 .04923 3.5390 0.01103 92.22 46.50 0.00271 1.02580 0.7275 

120 6.9740 1762. 2 0.04119 3.5710 0.00877 117.91 54 .2 9 0.0 0389 1.02117 0.7200 

140 5.9417 2238.7 0.03726 3.5842 0.00134 136.52 59.42 0.00503 1. 01802 0.7150 

160 5.1854 2638.1 0.03573 3 . 5886 0.00633 148.13 63.30 0.00618 1.01571 0.7105 

180 4.6050 2 97 5 . 3 0.03554 3.5892 0.00558 156.29 66.53 0.00737 1.01394 O. 7062 

200 4.H42 326 5.2 0.03605 3 . 5876 0.00499 161.06 &9.43 0.00859 1.01254 0.7023 

220 3.7689 35 26.7 0.03685 3.5650 0.00452 164.47 72.12 0.00986 1.01140 0.6988 

240 3.4570 3776.2 0.03769 3.5819 0.00413 167.45 74.69 0 . 01118 1.01045 0.6959 

260 3.1934 4024.4 0 .0 3844 3.5787 0.00381 170.52 77 .18 0.01255 1.00965 0.6935 

280 2.9&76 4276.5 0.03905 3.5754 0.00353 173.86 19.63 0.01396 1.00897 0.6917 

300 2.7717 4536.5 0.03951 3.5733 0.00329 177.52 82.03 0 . 01544 1.00838 0.6900 

350 2.3805 5210 . 5 0.04013 3.5657 0.00282 187.99 87.97 0.01935 1.00119 0.6875 

400 2.0865 5913.1 0.04033 3.5592 0.00247 199.55 93.83 0.02359 1.00630 0.6861 

450 1.8575 6634.7 0.0403 2 3.5537 0.00219 211. &9 99 . 63 0.02816 1.00561 0.6853 

5 00 1.6739 7360.9 0.040 27 3.5490 0.00196 223 . 88 105.37 0.0 3310 1.0050S 0.6847 

550 1.5234 8093.7 0. 040 18 3.5451 0.00180 236.15 111.05 0.03635 1.00460 0.6843 

600 1.3977 8831 . 6 0 . 04007 3.5417 0.00165 248.41 11&.67 0 . 04393 1.0042 2 O. & 640 

700 1.1999 10328.0 0.03918 3.53&2 0.00142 273.01 127 .7 1 0 . 05&05 1.0036 2 O. &837 

800 1.0512 118&3.7 0.03938 3.5319 0.00124 297.89 138.49 0.06938 1.00317 0.6836 

900 0.9353 13449.4 0.03887 3.5265 0.00110 323.21 149.02 0.08390 1.0028 2 0.&837 

1000 0.842" 15092.9 0 .0 3827 3.5258 0.00099 4"0.56 159.30 0 .125&3 1.00254 0.5419 

1200 0.7028 18554.3 0.03&91 3.521& 0.00083 511.13 179.20 0 .17 034 1.00212 0.5388 

1400 0.&030 22242.5 0.03550 3 . 5166 0.00011 583.36 196.30 0 . 22038 1.0018 2 0.5372 

1600 0.5279 2&082.6 0.03424 3.51&3 0.00062 655.84 21&.71 0.27561 1.00159 0.5362 

1800 0.4695 30079.1 0.03310 3.5144 0.00055 729.84 234 .5 3 0.33626 1.00142 O. 5348 

2000 0.4227 34416. 8 0.03183 3 . 5126 0.00050 812.40 251.83 0.40353 1.00121 0.5315 

2500 0.3377 49 684.8 0.0 26&9 3.5030 0.00040 1168.39 293.40 0.62723 1.00102 0.4986 

3000 0.2784 82563.1 0.01855 3.4622 0.00034 2161.83 334.72 1 .00469 1.00084 0.4308 

TWJ-P~~SE BOUNDARY 
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G-Z THERMOOYNAMIC PROPERTIES OF PARAHYDROGEN 

~. 0 0 MPA ISOBAR 

TEHPERATURE VOLUHE ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC ITY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

OEG. K CU H/KG CU H-HPA/KG HPA/K KJ/KG-K KJ/KG KJ/KG-K KJ KG- K HIS 

15.080 0.01263 1. ~112 o .952~ -306.9 -256.~ 5.059 ~. 85 6.39 136~ 
16 0.0127~ 1.3&&7 0.9&06 -301.3 -250.3 5.~~6 5.03 6.16 1356 
17 0.01286 1. 2950 0.962~ -29~. 7 -2~3.3 5.873 5.20 7.21 1340 
18 0.01298 1. 2 281 0.9572 -287.8 -235.9 6.297 5.36 7.62 1322 
1 q 0.01312 1. 16 8~ 0.9~66 -280.5 -228.1 6.720 5.50 8.01 1304 
20 0.01326 1.1 021 0.9333 -272.9 -219.9 7.1~0 5.63 8.~1 1283 
21 0.013~1 1.0393 0.9185 -2&~.9 -211.3 7.560 5.7~ 8.81 1263 
22 0.01356 0.9817 0.9023 -256.6 -202.2 7.979 5.85 9.21 12~~ 

23 0.01375 0.9227 0.88~8 -2H.8 -192.8 8.398 5.9~ 9.63 lll3 
24 0.0139~ 0.8638 0.8656 -238.7 -183.0 8.817 6.02 10.07 1202 
25 O. CH1~ 0.8 051 0.8448 -229.3 -172.7 9.237 6.09 10.52 1179 

26 0.01436 o • 74 67 0.8221 -219.4 -161.9 9.660 6.15 11.01 1156 
27 0.Ol~60 0.6877 0.7975 -209.1 -150.1 10.085 6.21 11.53 1130 
28 0.OH86 0. 6 334 0.7712 -198.3 -138.9 10.513 6.26 12.06 1105 
29 0.01514 O. 580~ o .7431 -167.1 -126.5 10.9~6 6.30 12.62 1078 
30 0.01545 0.5290 0.7135 -175.4 -113.6 11.384 6.33 13.22 1051 
31 0.01578 o • 4784 0.6827 -163.2 -100.1 11.828 6.37 13.89 1022 
32 0.01616 0.4311 0.6504 -150.~ -85.8 12.281 6.40 1~.60 992 
33 0.01657 0.3833 o .6169 -137.1 -70.8 lZ.7~2 6.43 15.~3 959 
3~ 0.0170~ 0.3~10 0.5822 -123.2 -55.0 13.215 6. ~6 16.27 927 
35 0.01757 0.2997 0.5466 -108.5 -38.2 13.700 6.~8 17.26 893 

36 0.01817 0.26 23 0.5102 -93.1 -20.5 1~.201 6.51 18.31 , 859 
37 0.01866 0. 2287 O. ~ 736 -77.0 -1.6 1~.718 6.55 19 .~5 82~ 

38 0.01965 o • 1993 0.~371 -60.1 18.5 15.253 6.58 20.6~ 791 
39 0.02056 0.17~2 o • ~ 012 -~2.5 39.7 15.805 6.61 21.6~ 759 
40 0.02161 0.1532 0.3666 -2~.3 62.1 16.372 6.64 23.02 729 

~2 0.02~13 0.1259 0.3036 13.4 110.0 17 .539 6.71 2~.62 680 
~4 0.02719 0.1135 0.2519 51.0 159.8 18.698 6.76 2~.95 647 
~6 0.03060 0.1131 0.2117 85.8 208.3 19.774 6.81 23.87 630 
~8 0.03~12 o .12 O~ 0.1813 117.7 25~.2 20.753 6.81 22.06 625 
50 0.03759 0.131~ 0.1586 1~6.3 296.6 21.619 6.79 20.33 627 
52 0.04095 o .1~39 0.H13 172.0 335.8 22.387 6.79 18.88 633 
5~ 0.0~~18 0 .1571 0.1277 195.6 J72.~ 23.077 6.79 17.73 641 
56 0.0~730 0.1702 0.1168 217.9 ~07.1 23.710 6.80 16.83 649 
58 0.05032 0.1836 0.1078 238.8 4~0.1 2~.288 6.81 16.11 659 
60 0.05325 0.1967 0.1003 258.7 ~71.7 2~.82~ 6. 8~ 15.5~ 668 

65 0.06027 O. 2283 0.0859 305.7 546.7 26.026 6.97 1~.59 691 
70 0.06699 0.2590 0.075~ 350.6 618.5 27.090 7.17 1~.07 713 
75 0.07341 0.28 8 0 0.0675 39~.6 688.2 28.051 7. ~~ 13.83 732 
80 0.0796~ o • 3 159 0.0612 ~38.6 757.2 28.9~2 7.76 13.78 749 
65 0.08512 0.3430 0.0561 ~83.~ 826.3 29.179 8.13 13.87 765 
90 0.09168 0.3692 0.0519 529.3 896.0 30.577 8.52 14.0~ 780 
95 0.0915~ 0.3949 o • O~ 8 3 576.7 966.8 31.342 8.94 14.28 794 

100 0.10333 0.4200 o • 0 ~52 625.6 1038.9 32.082 9.36 1~.56 808 
120 0.1258~ o .5160 0.03&1 639.3 13~2. 7 3~.8~7 10.92 15.73 862 
1~0 0.14777 0.6080 0.0303 1074.5 1665.6 37.33~ 11.89 16.~9 918 

160 0.16935 0 .6975 0.0261 1321.3 1998.7 39.557 12.27 16.H 976 
180 0.19069 0.785~ 0.0230 1570.0 2332.8 ~1.526 12.23 16.63 1033 
200 0.21188 0.8721 0.0205 181~.9 2662.~ ~3.261 11.99 16.32 1090 
220 0.23295 0.9579 0.0186 2053.4 2985.2 4~.800 11.67 15.96 1H5 
2~0 0.2539~ 1. 0431 0.0169 2285.2 3300.9 46.17~ 11.36 15.62 1198 
260 0.27~86 1.1278 0.0156 2511.0 3610.~ 47.~lJ 11.10 15.3~ 1248 
280 0.29574 1. 2 122 0.01~~ 2732.0 3914.9 ~8.5~1 10.90 15.12 1297 
300 0.31662 1.29&9 0.0135 29~9.8 ~216.3 ~9.581 10. 7~ 1~.94 1343 
350 0.36854 1 .5058 0.0115 3482.~ 4956.6 51.862 10.53 1~.70 1~50 

400 0.42035 1.1139 0.0100 ~001.2 5688.6 53.819 10.~~ 1~.60 1548 

450 0.47209 1.9215 o .0089 4528.8 6~ 11. 2 55.536 10.42 14.56 1639 
500 0.52378 ~.1287 0.0080 5050.1 71~5.2 57.069 10. ~1 H.55 1725 
550 0.575~3 2.3356 0.0073 5570.9 7872.6 58.455 10. ~1 1~.55 1807 
600 0.62706 2.5424 0.0067 6092.~ 8600.7 59.721 10.43 1~.57 1884 
100 0.73029 2.9 556 0.0057 7138.2 10059.4 61.971 10.48 14.62 2030 
800 0.83347 3.3686 o .0050 8191.3 11525.2 63.927 10.57 H.70 2164 
900 0.93663 3.7614 O.OO~~ 9255.0 13001.6 65.664 10.70 14.83 2289 

1000 1.03977 4 • 19~1 0.0040 10332.6 1~~91.6 67.237 10.86 1~.99 2~06 

1200 1.2~604 5 . 0193 0.0033 125~3.2 17527.3 69.991 11. 2~ 15.31 2619 
1400 1.45228 5. 8 ~43 0.0029 14836.1 20645.2 12.398 11.68 15.80 2812 

1600 1.65852 6. 6 693 0.0025 17215.0 238~9.1 74.514 12.10 16.23 2990 
1800 1.86479 7 • ~ 942 0.0022 19681.9 27141.1 76.415 12.51 16.64 3157 
2000 2. 07123 8.3192 0.0020 222~5.5 30530.4 78.266 12.99 17.13 3312 
2500 2 .59169 10.38 13 0.0016 2928~.7 39651.5 84.674 15.41 19.72 3645 
3000 3.14109 12.4~35 0.0013 38549.3 51113.7 92.205 22.06 27.21 3915 

TWO-PrlASE BO UNOA KY 
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THERMOOYNAHIC PROPERTIES OF PARAHYOROGEN C -2 

~.OO HPA ISOBAR 

TEMPERATURE OENSITY V (QH/DV~ V (OP/DU" - V (DP/OVI
T -(OV/OT~/VCONri~~~~~~TY V ISCOSIT Y THERHAL DIELECTRIC PRANOTL 

DIFFUSIVITY CONSTANT NUHBER 

DEG. K KG/CU H KJ/KG HPA-CU H/KJ MPA 1/0EG. K W/K-H KG/H-S SQ H/HR 
X 1 02 X 10 3 X 107 

15.060 79.1H7 750.0 0.2~625 111.6967 0.00653 67.61 279.60 0.0006? 1.25909 2.0363 

16 76.5151 757.3 0.24339 107.3060 0.00695 9~. 35 25 0 .~6 0.0006~ 1.25666 1.6001 

17 77.7693 755.0 0.23774 100.7400 0.00955 99.43 22~.76 0.0006~ 1.25~30 1.6305 

18 77.0297 75 ~.5 0.2317 9 9~.5996 0.01012 103.29 203.60 0.00063 1.25162 1. 5 O~~ 

19 76.2330 753.7 0.22567 89.0699 0.01063 105.66 166.36 0.00062 1.2~682 1.4097 

20 75.~072 7~6.6 0.2196~ 63.1052 0.01123 106.33 171.72 0.00061 1.2~5qz 1.3330 

21 74.5439 743.3 0.214~9 77. ~ 730 0.01186 Ul.09 159.18 0.00061 1.24290 1.2627 

22 73.6412 736.1 0.20952 72.2903 0.01246 113.11 146.31 0.00060 1.23974 1.2060 
23 72.703 1 730.2 0.20492 67.0601 0.01319 11~. 51 136.51 0.00059 1. 236~6 1.1676 
24 71. 7214 720.6 0.200~7 61.9556 0 . 01397 115.35 130.37 0.00056 1.23304 1.1378 

25 70.6965 709.1 0.19619 56.9159 0.01464 115.72 122.62 0.00056 1.22947 1.1170 

26 69.6206 696.1 0.19190 51.9873 0.01581 11 5.60 11 5. 96 0.00054 1.22573 1.1041 

27 66.4916 681.1 0.1 6756 47.10~7 0.01693 115.10 109.69 0.00052 1.22182 1.0969 
28 67.3048 666 .8 0.16310 42.6332 0.01809 11~. 26 103.90 0.00051 1.21771 1.0966 

29 66.0553 651.3 0.17657 38.3405 0.01936 113.10 96.51 0.000~9 1.21340 1.0995 

30 64.7413 634.6 0.17400 3~.2~91 0.02063 111.67 93.~7 0.00047 1.20688 1.1067 

31 63.3553 616.7 0.16924 30.3107 0.02252 109.56 88.72 0.00045 1.20~12 1.1247 

32 61 .8867 598.8 0.1642 5 26.6805 0.02438 107.24 64.19 0.00043 1.19909 1.1459 

33 60.331 9 576.4 0.15906 23.1272 0.02667 104.73 79.66 0.00041 1.19376 1.1766 

34 58.6740 559.2 0.1 5369 20.0072 0.0291 0 102.05 75.72 0.00036 1.16813 1.2073 

35 56.9093 538.5 0.1~811 17.057~ 0.03204 99.20 71.72 0.00036 1.18215 1.2476 

36 55.0254 516.1 0.14234 14 . 4332 0.03535 96.17 67.65 0.00034 1.17577 1.2920 

37 53.0180 496.1 0.13646 12.1255 0.03906 93.16 64.12 0.00033 1.16901 1.3387 

38 50.6854 479.0 0.13059 10.1427 0.04309 90.72 60.55 0.00031 1.16186 1 . 3777 

39 ~8.63~6 ~61.3 0.12484 6. ~ 737 0.0~735 66.15 57.15 0.00030 1.154H 1.4159 

40 46.2851 ~45.2 0.11926 7.0906 0.05170 85.54 53.96 0.00029 1.14652 1 .~5 20 

~2 ~1.4430 423.0 0.1 0917 5.2174 0.05819 60.22 48.39 0.00026 1.13053 1.4850 

~~ 36.7771 413.5 0.10127 4.1750 0.06034 75.26 ~4.10 0.00030 1.11527 1.~621 

~6 32.6747 416.9 0.09513 3.6962 0.05727 70.99 41.07 0.00033 1.10197 1.3812 

48 29.3046 429.5 0.09090 3.5296 0. 05137 67.69 39.07 0.00038 1.09113 1.2733 

50 26.6002 447.8 0.0 8777 3.4940 0.04540 65.41 37.76 0.00044 1.08246 1.1 73 4 

52 Z4.~207 469.6 0.08527 3.5143 0.04020 63.94 36.91 0.00050 1.07554 1.0900 

5~ 22.6331 ~93.6 0.08313 3.555 0 0.03592 63.07 36.40 0.00057 1.06988 1.0233 

56 21.1407 518.8 0.0 812 4 3.5988 0.03244 62.65 36.13 0.00063 1.06517 0.9707 

58 19.6723 5~5.2 0.0796 2 3.6482 0.02955 62.55 36.05 0.00070 1.06116 0.926~ 

60 18.7786 572.4 0.07805 3.6932 0.02715 62.78 36.10 0.00077 1.0577~ 0.6936 

65 16.5932 643.9 0.07423 3.7886 0.02266 6~.35 36.67 0.00096 1.0509 0 0.8315 

70 14.9260 721.3 0.07042 3.8 661 0.01950 66.52 37.59 0.00114 1.04571 0.7949 

75 13.6221 804.0 0. 06663 3. 923~ 0.01721 66.42 38.70 0.00131 1.04165 0.7626 

60 12.5567 692.6 0.06286 3.9672 0.01544 71.41 39 . 92 0.00149 1.03835 0.7706 

85 11.6663 988.1 0.05923 4.0010 0.01403 75.77 41.20 0.00169 1.03560 0. 7541 

90 10.9079 1069.6 0.0 5563 4.0274 0.01289 80.20 42.51 0.00168 1.03326 0.7444 

95 10.2521 119 6 .7 0.05272 4.0461 0.01194 84.69 43.83 0.00206 1.03123 0.7392 

100 9.6782 1306.5 0.04 99 3 ~.0646 0.01113 92.62 46.74 0.00237 1.02947 0.7332 

120 7.9469 1184.9 0.04163 4.1004 0.00681 118.22 54.43 0.00341 1.02415 0.7240 

140 6.1673 2243.1 0.03760 4.1147 0.00735 136.12 59.53 0.00441 1.0205~ 0.7180 

160 5.9050 2644.2 0.03600 4.1190 0 . 00633 146.90 63.39 0.00542 1.01791 0.7128 

180 5.2440 2983.0 0.03578 4.1185 0.00557 156.46 66.63 0.00646 1.01589 0.70 80 

200 4.7197 3274.1 0.03626 4 . 1158 0.00498 161.24 69.52 0.00754 1.01429 0.7036 

220 4.2927 35 36. 6 0.03705 4.1120 0.00451 164.66 72.21 0.00865 1.01299 0.6999 

240 3.9379 3786.8 0.03788 4.1077 0.00413 167.66 74.78 0.009&1 1.01192 0.6967 

260 3.6362 40 35 .6 0.03661 4.1033 0.00360 170.74 77.27 0.01101 1.01100 0.6942 

280 3.3814 4268.2 0.03921 4.0989 0.00353 174.10 79.72 0.01226 1.01023 0.6922 

300 3.1584 4546.9 0.0 3965 4.0961 0.00329 177.77 82.13 0.01356 1.00955 0.6905 

350 2.7134 5223.7 0.040 26 4.0859 0.00281 186.27 88.09 0.01699 1.00620 0.6876 

400 2.3790 5926.7 0.04044 4 .0 774 0.00 246 199.86 93.96 0.02072 1.00719 0.6863 

450 2.1163 6648.7 0.04041 4.0702 0.00219 212.03 99.78 0.02474 1.00640 0.6654 

500 1. 9 092 7375.2 0.040 35 4.0641 0.00197 224.26 105.54 0.02906 1.00576 0.6648 

550 L 7378 8108.2 0.04025 4.0 589 0.00H9 236.57 111.24 0.03367 1.00525 0.6843 

600 1.5941 8846.2 0.04014 4.0544 0.00165 248.87 116.87 0.03857 1.00481 0.6840 

700 1.3693 10343.0 0.03964 4.0472 0.00141 273.54 127.95 0.04920 1. 00~1J 0.6637 

800 1.1996 11876.9 0.03943 4.0417 0.00124 298.49 138.76 0.06091 1.00362 0.6836 

900 1.0677 13~64.9 0.03892 4.0372 0.00110 323.89 149.32 0.07365 1.00322 0.6637 

1000 0.9617 1 5108 . 6 0.03831 ~. 0 336 0.00099 ~40.56 159.63 0.11004 1.00290 0.5430 

1200 0.8025' 18570.5 0.03695 4.0262 0.00083 511.13 179.59 0.14916 1.00242 0.5400 

1400 0.6866 22259.1 0.0 3553 4.0242 0.00071 563.36 196.76 0.19297 1.00208 0.5385 

1600 0.6029 260 96 .7 0.03427 4.0212 0.00062 655.79 217.23 0.24131 1.00182 0.5375 

1800 0.5363 300 90.2 0.03312 4.0186 0.00055 729.56 235.10 0.29436 1.00162 0.5362 

2000 0.4628 34407.7 C.03188 4.0165 0.00050 811.35 252.45 0.35 310 1.00146 0.5331 

2500 0.3858 49367.3 0.02691 4.0056 0.00040 1155.60 294.12 0.54677 1.00116 0.5019 

3000 0.3164 80853.3 0.01899 3.9615 0.00034 2096.71 335.42 0.67127 1.00096 0.4353 

TWO-PHASE BOUNDARY 
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C- 2 THERHOOY NAHI C PROPERTIES OF PARAHYOROGEN 

5.00 ~PA IS08AR 

lEHPERATURE VOLUHE IS01HERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VE LOCITY 
OERIVATIVE OERIVATIVE ENE RGY OF SOUND 

DEG. K CU H/KG CU H-HPA/KG HPA/K KJI KG-K KJ/KG KJ/KG-J KJ KG-K HIS 

15.382 0.01256 1.47"6 o .9589 -306.2 -2"3.4 5.081 4.88 6.40 1390 
16 0.01262 1."419 0.9656 -302.5 -239." 5.338 5.01 6.66 1384 
17 0.01273 1.3771 0.9705 -296.2 -232.5 5.754 5.19 7. 07 1370 
18 0.01285 1.3108 0.9690 -289.5 -225.2 ~ .170 5.35 7.48 1354 
19 0.01298 1 .2480 0.9623 -28 2 .5 -211. 6 6.585 5.49 1.81 1331 
20 0.01311 1. 1937 0.9514 -275.1 -209.5 6.998 5.62 8.22 1322 
21 0.01325 1.1291 0.9383 -261.4 -201.1 7.408 5.73 8.61 1302 
22 0.01340 1. 0103 0.9233 -259.3 -192.3 7.818 5.84 8.98 1284 
23 0.01356 1. C 11& o .9071 -250.9 -183.1 8.225 5.93 9.37 1264 
24 0.01373 0.951,2 0.8895 -242.2 -173.6 8.b32 b.Ol 9.7b 1245 
25 0.01391 0.8976 0.8703 -233.2 -163. 6 9.039 6.08 10.17 1225 

26 0.01411 0.8409 0.8497 -223.8 -153.2 9.446 6.15 10.59 1204 
27 0.01'<32 O. 1852 0.8274 -214.0 -142.4 9.854 6.21 11.03 1181 
28 0.01454 0.7307 0.8035 -20 3 .9 -131.2 10.264 6.26 11.49 1158 
29 0.01478 0.6782 o .7782 -193.3 -119.4 10.675 6.31 11.97 1134 
30 0.01504 0. 6262 0.1516 -182.4 -107.2 11.089 6.34 12.47 1109 
J1 0.01533 o .5776 0.7238 -171.1 -94.5 11.506 6.38 12.98 1084 
32 0.01563 0.5319 0.6951 -159.4 -81.3 11.927 6.41 13.51 1059 
33 0.01597 0.4873 0.6657 -14 7.3 -67.4 12.352 6.44 14.09 1033 
34 0.01633 0.4434 0.6355 -134.1 -53.1 12.781 6.46 14.72 1005 
35 0.01673 o ... 034 0.6045 -121.7 -38.0 13.217 6.49 15.36 917 

36 0.01111 0.3645 0.5731 -108.2 - 22.3 13.659 6.51 16.07 949 
37 0.01766 0 . 3303 0.5413 -94.2 -5.9 H.l09 6.53 16.77 921 
38 0.01820 0.2981 0.5095 -79.7 11.2 14.56b b.55 11.51 893 
39 0.01879 0.2690 0.4779 -6".8 29.1 15.030 6.56 18.26 865 
40 0.019"5 o .2 .. 43 0."470 -49.5 41.7 15.502 6 .58 18.96 839 

42 0.02098 0.2041 0.3883 -11.9 81.0 16.461 6.62 20.28 791 
44 0.02281 0.1771 0.3356 1".6 128.6 17.428 6.66 21. 22 751 
46 0.02491 0.1615 0.2903 46.5 171.0 18.370 6.73 21.63 720 
"8 0.02724 O. J 555 0.2525 17.9 214.1 19.287 6.78 21.39 701 
50 0.02910 O. 1565 0.2217 107.7 256 . 2 20.147 6.80 20.66 689 
52 0.03222 0.1620 0.1961 135.5 296.6 20.939 6.82 19.71 68 .. 
5 .. 0.03473 0.110b 0.1766 161. .. 335.1 21.66" 6.83 18.14 684 
56 0.03721 0.1808 0.160 .. 185.9 371.9 22.335 6.85 11.88 687 
58 0.03964 0.1920 0.1470 208.7 406.9 22.948 6.86 11.12 692 
60 0.04202 o • 2035 0.1358 230 ... 440.5 23.518 6.89 16.50 698 

65 0.04776 o . 2333 0.1141 281.1 519.9 24 .789 7.01 15.37 715 
70 0.05325 o • 2631 0.0997 328.1 594.9 25.902 1.21 14.12 733 
75 0.05853 0.2918 0.08 86 374.9 661.5 26.90" 7.47 14.38 749 
80 0.06365 0.320" 0.0799 420.8 739.0 27. 827 7.79 14.25 765 
85 0.06867 0. 3483 0.0128 461.1 810.5 28 .693 8.16 1".26 180 
90 0.01355 o .3752 0.0610 514.2 882.0 29 .511 8.55 14.37 794 
95 0.07834 0.4014 0.0621 562.6 954 .3 30.293 8.96 14.57 808 

100 0.08306 0.4271 0.0580 612.5 1027.8 31.046 9.38 14.81 821 
120 0.10133 0.5249 0.0459 829.2 1335.8 33.851 10.94 15.90 873 
140 0.11907 0.6184 0.0383 1066.2 1661.6 36.360 11.91 16.61 929 

160 0.13648 0.7090 o .0329 1314.3 1996.1 38.597 12.28 16.83 986 
180 0.15367 0.7977 0.0289 1564.0 2332.4 40.574 12.25 16.70 1043 
200 0.17071 0.8851 0.0258 1809.7 2663.2 42.317 12.00 16.38 1099 
220 0.18164 0.9716 o • 023 3 2048.8 2987.0 43.860 11.68 1&.01 1154 
240 0.20449 1. 0573 0.0213 2281.1 3303.5 45.2 J7 11.37 15.66 1207 
260 0.22128 1.1424 o .0196 2507.3 3613.7 46.419 11.11 15.31 1257 
280 0.23802 1.2271 0.0181 2728.7 3918.8 47.610 10.91 15.14 1305 
300 0.25478 1.3124 0.0169 2947.0 4220.9 48.651 10.75 14.97 1352 
350 0.29639 1.5219 0.0144 3480.2 4962.1 50.936 10.53 14.72 1458 
400 0.33188 1.7303 0.0126 4005.5 5694.9 52.894 10.44 14.61 1556 

450 0.37930 1.9381 0.0112 4521.4 6423.9 54.612 10.42 14.57 1646 
500 0.42067 2. 1455 0.0100 5049.0 7152.3 56.146 10.41 14.56 1732 
550 0.46201 2.3525 0.0091 5569.9 1880.0 57.533 10.42 14.56 1813 
600 0.50333 2 .5594 0.0083 6091.6 8608.J 58.799 10. "3 14.57 1891 
100 0.58593 2 .9128 0.0012 7137.6 10067.3 61.049 10.49 14.62 2036 
800 0.66849 3.3858 o • 0063 8190.8 11533.3 63.006 10.58 14.11 2170 
900 0.75103 3.1981 0.0056 9254.1 13009.8 64.743 10.70 14.83 2294 

1000 0.83355 4.2114 0.0050 10332.3 14500.0 66.316 10.86 14.99 2411 
1200 0.99857 5.0361 0.0042 12543.0 11535.9 69.070 11.24 15.37 2624 
1400 1.16357 5.8618 0.0036 14835.9 20653.8 71. 411 11.68 15.81 2816 

1600 1.32856 6.6867 0.0031 11214.8 23851.6 13.593 12.10 16.23 2994 
1800 1.49358 7 . 5111 0.0028 19681.2 27149.1 15.494 12.51 16.63 3161 
2000 1.65811 8 .33 66 0.0025 22242.5 30536.1 17.344 12.91 17.11 3316 
2500 2.01461 10.3988 0.0020 29239.1 39&12.4 83.733 15.22 19.51 3651 
3000 2.511J1 12.4b09 0.0017 38263.4 50820.3 9 1.113 21.24 26.28 3924 

TWO-PHASE 80UNOARY 

3 14 



5 . 00 HPA ISOBAR 

TEMPERATU RE 

DEG. K 

15. 382 
16 
17 
16 
19 
20 
21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 
32 
J3 
34 
35 

36 
37 
38 
39 
40 

42 
44 
46 
48 
50 
52 
54 
56 
5 8 
6 0 

&5 
70 
75 
80 
85 
90 
95 

1 00 
120 
1 40 

16 0 
1 80 
200 
220 
2 40 
2 &0 
280 
300 
3 50 
400 

450 
5 00 
5 50 
600 
700 
800 
900 

1000 
1200 
1400 

1600 
18 00 
2000 
2500 
3 000 

DENSITY 

KG/CU M 

79.63>8 
79.2264 
78.5408 
77.6155 
77. 0622 
76 . 2761 
75.4646 
74.&146 
73.7364 
72.8222 
71.8715 

7 0.8805 
&9.8496 
&8.7720 
67 . 6476 
&6.4752 
65.2503 
63.9697 
62.6318 
61 . 2349 
59.7690 

58 . 2355 
56.6288 
54.9544 
53 . 2122 
51.4071 

47 . 65 8 3 
43 . 8420 
4 0.1370 
36.7078 
33.6647 
31.0368 
28.7934 
26 . 8763 
25.2271 
23.7978 

20.93&7 
18.7801 
17 . 0856 
15.7118 
14 . 5616 
13.5961 
12.7650 
12.0401 

9.8688 
8. 39 8 4 

7.3272 
6 . 5 075 
5.85 79 
5 . 3293 
4.8902 
4.5191 
4 . 2013 
3 . 9249 
3 . 3740 
2.9596 

2.6365 
2.377 2 
2 . 1644 
1 . 9868 
1. 7067 
1.495 9 
·1.'3315 
1.1997 
1 . 0014 
0 . 8594 

0.7527 
0 . 6& 95 
0.6029 
0 .4820 
0 . 39 8 2 

TWD-Pi ASE BOUND ARY 

V(DH/OV\:> 

KJ/KG 

783.3 
787.3 
788 . 2 
787.1 
786 . 1 
787.1 
781 . 7 
777 .0 
770.4 
762.8 
753 .7 

743 . 0 
731.3 
718 . 7 
7 05 .4 
690.6 
676.0 
6&1.5 
645.9 
629.0 
612.7 

595.4 
579.3 
562 . 9 
546.9 
532.7 

507.9 
490.8 
483.0 
483.4 
490.9 
503.9 
521.3 
541.6 
564.1 
588.2 

654.7 
728.8 
80 ~ .5 
897.8 
993 . 2 

1094.5 
1 2Gl. 5 
1313.4 
1792.9 
2254.0 

2658.1 
2999.5 
3292 . 8 
3557.0 
3808.5 
4058.5 
4312.0 
4574.3 
5250 . 3 
5954.2 

6676.8 
7403 . 8 
8137.3 
8875.6 

1037<.9 
11909.3 
13495.8 
15140.0 
18602.9 
22292.3 

2&131.4 
30115.3 
34402.4 
48890.6 
78243.2 

THf RHOO YNAHIC PROPERTIES OF PARAHVDROGEN 

V tOP/DUlv -V(DP/ DV I
T 

0 . 24654 
0.24343 
0.23818 
0.23283 
0.22740 
0.22203 
0.21690 
0.21204 
0.20750 
0.20319 
0.19904 

0.19495 
0.19081 
0.186&1 
0.18239 
0 . 17822 
0.17391 
0.16952 
0.16512 
0.16060 
0 . 15593 

0.15119 
0.14&35 
0.14154 
0.13682 
0.13215 

0.12317 
0.11495 
0 . 10743 
0.10151 
0.09677 
0.09293 
0.08977 
0.08712 
0.08487 
0.08283 

0.07812 
0.07368 
0.06937 
0.06524 
0.06130 
0 . 05763 
0.05432 
0.05136 
0.04252 
0.03826 

0.03655 
0.03625 
0.03669 
0.03744 
0.03824 
0.03895 
0.03952 
0 . 03994 
0.04051 
0 . 0406 6 

0.04060 
0.04052 
0.04041 
0.04028 
0.03996 
0.03953 
0.03901 
0.03839 
0 . 03701 
0.03558 

0.03431 
0.03318 
0 . 03196 
0.02727 
0.01970 

HPA 

117.4329 
114.2398 
108 . 1565 
101.9981 

96.1733 
91.0477 
85.2096 
79.8570 
74.5884 
69.4868 
64.5099 

59.6058 
54. 84 74 
50.2511 
45.8796 
41.6295 
37.6892 
34.0273 
30.5213 
27.1527 
24.1108 

21.2278 
18.7024 
16 . 3795 
14.3153 
12.5594 

9.7251 
7.7&29 
6.4812 
5.7089 
5.2680 
5.0278 
4.9125 
4.8583 
4.8432 
4.8435 

4.8841 
4.9402 
4.9860 
5.0342 
5.0718 
5.1010 
5.1242 
5.1426 
5.1798 
5 . 1932 

5.1949 
5.1912 
5.1850 
5.1778 
5.1703 
501628 
5.1556 
5.1512 
5.1348 
5 . 1 212 

5.1097 
5.1001 
5.0919 
5.0849 
5.0736 
5.0649 
5.0580 
5.0524 
5.0439 
5.0377 

5 . 0331 
5.0293 
5 . 0259 
5.0123 
4.9618 

-(DV/DT~V THERMAL 
CONDUCTI~ITY 

1/0EG. K W/K-H 

0.00817 
0.00845 
0.00897 
0.00950 
0.01001 
0.01045 
0.01101 
0.01156 
0.01216 
0.01280 
0.01349 

0.01425 
0.01509 
0.01599 
0.01696 
0.01805 
0.01920 
0.02043 
0.02181 
0.02341 
0.02507 

0.02700 
0.0289 4 
0.03110 
0.03339 
0.03559 

0.03993 
0.04323 
0.04479 
0.04424 
0.04208 
0.03912 
0.03596 
0.03301 
0.03034 
0.02804 

0.02348 
0.02019 
0 .0177 6 
0.01587 
0.01435 
0.01313 
0.01213 
0.01128 
0.00887 
0.00737 

0.00633 
0.00557 
0.00497 
0.00450 
0.00411 
0.00379 
0.00351 
0.00327 
0.00280 
0.00245 

0.00218 
0.00197 
0.00179 
0.00164 
0.00141 
0.00123 
0.00110 
0.00099 
0.00083 
0.00071 

0.00062 
0.00055 
0.00050 
0 . 00040 
0.00034 

3 15 

X 10 3 

91.17 
95.52 

100.86 
104.95 
107.77 
11 0.42 
113.42 
115.66 
117.28 
118.35 
118 . 95 

119.08 
118.84 
118. 27 
117.41 
116.30 
114.51 
112.55 
110.43 
108.22 
10 5 . 87 

103.41 
100.85 
98.22 
95.62 
93.45 

89.06 
84.77 
80.84 
77.38 
74.53 
72.32 
70.71 
69.61 
68.90 
68.64 

69 .25 
70.78 
72.04 
74 . 67 
78.78 
83.01 
87.34 
94.20 

118. 99 
137.23 

149.31 
156.B5 
161.64 
165.08 
168.10 
171. 20 
174.58 
118. 2 7 
188.63 
200.48 

212.72 
225.02 
237.40 
249.77 
214.59 
299.&9 
325.24 
440.56 
511.13 
583.35 

655.72 
729. 19 
809 . 75 

1136.04 
1996.91 

VISCOSITY THERMAL DIELECTRIC 
OIFFUSIVITV CONSTANT 

KG/H-S SQ M/HR 
X 10 7 

285.79 
265.42 
237.88 
215.35 
196.75 
181.10 
161.84 
156.35 
146.37 
137.55 
129.69 

122.61 
11&.19 
110.29 
104.64 

99.78 
95.05 
90.59 
86.38 
82.39 
76.58 

74.94 
71.46 
&8.14 
64.91 
61.98 

56.55 
51.94 
48.24 
45.39 
43.31 
41.64 
40.81 
40.11 
39.64 
39.37 

39.24 
39.67 
40.43 
41.39 
42.47 
43.63 
44.83 
47.31 
54.78 
59.60 

63.63 
66.84 
69.72 
72.40 
74.97 
77.47 
79.92 
82.34 
88.32 
94.22 

100.01 
105.66 
111.60 
117. 27 
128.42 
139.30 
149.93 
160.30 
180.39 
199.66 

216.26 
236.25 
253 . 70 
295.60 
336.92 

0.00064 
0.00065 
0.00065 
0.00065 
0.00064 
0.00063 
J.00063 
0.00062 
~.00061 
0.00060 
0.00059 

0.00057 
0.00056 
0.00054 
0.00052 
0.00051 
0.00049 
0.00047 
0.00045 
0.00043 
0.00042 

0.00040 
0.00038 
0.00037 
0.00035 
0.00035 

0.00033 
0.0 0033 
0.00034 
0.00035 
0.00039 
0.00043 
0.00047 
0.00052 
0.00057 
a.00063 

0.00077 
0.00092 
0.0010 6 
0.00120 
0.00137 
0.00153 
0.00169 
0.00190 
0.00273 
0.00354 

0.00436 
0.00520 
0.00607 
0.00697 
0.00790 
0.00887 
0.0096' 
0.01093 
0.01369 
0.01669 

0.01993 
0.02341 
0.02717 
0.03106 
0.03962 
0.04904 
0.05929 
0.08821 
0.11955 
0.154 61 

0 .19329 
0.23572 
0.28256 
0.43494 
0.68 69, 

1.26061 
1.25937 
1.25695 
1.25439 
1.25174 
1.24897 
1. 24 61 2 
1.24314 
1.24007 
1.23688 
1.23356 

1.23011 
1.22653 
1.22219 
1.21890 
1.21485 
1.21063 
1.20623 
1.20164 
1.1%86 
1.19186 

1.16664 
1.18120 
1.17554 
1.16967 
1.16360 

1.15109 
1.13844 
1.12625 
1.11504 
1.10517 
1.09669 
1.08949 
1.08336 
1.07811 
1.07357 

1.0645 3 
1.05775 
1.05244 
1.0481 5 
1.04457 
1.04157 
1.03900 
1.03675 
1.03005 
1.02554 

1.02225 
1.01975 
1.01776 
1.01615 
1.01461 
1.01368 
1.01272 
1.01188 
1 . 01020 
1.00895 

1.0 0797 
1.00718 
1 . 00654 
1.00600 
1.00515 
1 . 00451 
1.00402 
1.00362 
1.00302 
1.00259 

1.00227 
1.00202 
1 . 00182 
1.00145 
1.00120 

c -z 

PRA NOTl 
NlHBER 

2.0050 
1.8493 
1.6680 
1. 5345 
1 . 4359 
1. 3490 
1.2736 
1.2145 
1.1694 
1.1346 
1.1087 

1.0906 
1 . 0786 
1.0717 
1.0684 
1.0697 
1.0776 
1.0877 
1.1019 
1.1208 
1.1401 

1.1648 
1. 1879 
1.2145 
1.2408 
1.2573 

1.2677 
1.3002 
1.2908 
1.2545 
1.2004 
1.1404 
1.0819 
1.0301 
0.9848 
0.9461 

0.8711 
0.8246 
0 . 6069 
0.7697 
0.7685 
0.7554 
0.7480 
0.7440 
0.7318 
0.7238 

0.7173 
0.7115 
0.7063 
0.7020 
0.6984 
0 .. '&95& 
0. &1933 
0.6913 
0.6863 
0 . 6866 

0.6856 
0.6849 
0 . 6844 
0.6840 
0 . 6837 
0.6835 
0 . 683e. 
0.5454 
0.5425 
0.5410 

0 . 5401 
0.5389 
0.5362 
0. 5076 
0. 4434 



C-2 THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN 

0.00 HH ISOBAR 

TEHP ERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OERIVATIVE OERIVATIVE ENERGY OF SOUNO 

OEG. K CU HI KG CU M-HPA/KG HPA/K KJ/KG-K KJ/KG KJ/KG-K KJ KG-K "IS 

15 . 078 0.01248 1.5352 0.9005 -305.5 -230.6 5.103 4.92 6.40 1414 
16 0.01252 1.5184 0.9702 -303.6 -228.5 5.235 4.95 6.54 1411 
17 0.0126Z 1.4521 0.977 3 -297.4 -221.7 5.644 5.17 6.95 1397 
18 0.01273 1.3891 0.9784 -291.0 -214.6 6.052 5.33 7.34 1383 
19 0.01285 1.3<75 0.9746 -254.1 -207.1 6.459 5.45 7.72 1365 
20 0.01297 1. 2678 0.9665 -277.0 -199.1 6.865 5.61 5.09 1352 
21 0.01310 1.2171 0.9551 -269.5 -190.9 7.205 5.72 8.43 1339 
22 0.01324 1. 1548 0.9421 -201.7 -182.3 7 . 665 5.83 8.79 1320 
23 0.01339 1. 0975 0.9270 -253.6 -173.3 5.068 5.92 9.15 130 2 
24 0.01355 1 • 0404 a .9107 -245.2 -164.0 8.464 6.00 9.52 1254 
25 0.01371 0.9847 0.8930 -230.5 -154.3 5.560 6.08 9.89 1265 

26 0.01389 0.9301 0.8740 -227.5 -144.2 9.256 6.15 10.26 1246 
27 0.01407 0.8757 0.8536 -218.2 -133.7 9.650 6.21 10.66 1226 
28 0.01427 0.8223 0.8318 -208.5 -122.9 10.045 6.26 11.06 12 05 
29 0.01449 0.7702 a • 80 86 -198.5 -111.6 10.440 6.31 11.48 1183 
30 0.01471 0 .7 202 0.7842 -188.2 -99.9 10.837 6.35 11.90 1161 
31 0.01496 o • 6722 0.7588 -177.6 -87.8 11.234 6.39 12.33 1139 
32 0.01522 0.6260 0.7325 -166.6 -75.2 1l.633 6.42 12.78 1116 
33 0.01550 a .5802 0.7055 -155.2 -62.2 12.033 6.45 13.25 1092 
34 0.01580 0.5386 o .6782 -143.6 -48.7 12.436 6.48 13.73 1068 
35 0.01613 0.4990 0.6504 -131.6 -34.8 12.841 6.50 14.22 1045 

36 0.01648 0.4609 0.6222 -11 9.2 -20.3 13.249 6.52 14.74 1020 
37 0.01687 0.4244 0.5936 -106.5 -5.3 13.660 6.54 15.28 996 
38 0.01728 0.3915 0.5651 -93.4 10.3 14.074 6.56 15.81 972 
39 0.01773 0.3604 0.5364 -80.0 26.3 14.492 6.57 1/;.36 947 
40 0.018 22 a • 3 ~33 0.5082 -66.3 42.9 14.912 6.58 16.86 924 

42 0.01931 0 . 2862 0.4536 -38.2 77.7 15.760 6.60 17.86 850 
44 0.02058 0.2504 o .4027 -9.2 114.3 16.6ll 6.63 18.70 841 
46 0.02204 O. 2252 0.3568 19.6 151.9 17.446 6.70 19.33 806 
48 0.02366 0.2085 0.3165 48.9 190.9 18.276 6.75 19.65 779 
50 0.02542 0.2003 0.2818 77.7 230.2 19.078 6.79 19.60 760 
52 0.02728 0.1977 0.2523 105.4 269.1 19.842 6.82 19.29 747 
54 0.02921 0.1995 0.2273 132.0 307.2 20.560 6.85 18.78 739 
56 0.03116 0.2049 0.2063 157.5 344.4 21.237 6.88 1&.17 736 
58 0.03311 o . 2122 0.1887 181.4 380.1 21.864 6.90 17.56 735 
60 0.03505 0.2211 0.17 38 204.4 414.7 22.450 6.93 17. a a 737 

65 0.03981 a .2460 0.1456 257.9 496.5 23.764 7.05 15.92 745 
70 0.04442 0.2737 0.1256 307.9 574.4 24.916 7.24 1.5.21 758 
75 0.04887 0.30 15 0.1109 356.1 649.3 25.949 7.50 1".81 771 
80 0.05321 0.3291 0.0994 40 3.6 722.5 26.895 7.82 14.62 785 
85 0.05743 a .3565 0.0903 451.2 795.5 27.783 8.18 14.60 795 
90 0.06156 a .3834 0.0829 499.5 868.9 25.&19 8.57 14.65 810 
95 0.06562 0.4 a 98 0.0766 549. a 942.7 29.417 8.98 14.85 823 

100 0.06965 0.4362 0.0713 599.8 1017.7 30.186 9.40 1.5.05 536 
120 0.08506 O. 5350 0.0560 819.3 1329.7 33.027 10.97 16.05 885 
140 0.09999 0.6296 0.0464 1058.1 1658.1 35.556 11.93 16.72 939 

160 0.11460 0.7212 o • a 398 1307.5 1995.1 37.806 12.30 16.92 996 
180 0.12901 0.8107 a • a 349 1558.1 2332.2 39.793 12.26 16.76 1053 
200 0.14328 0.8987 0.0311 1.804.6 2664.3 41.541 12. 01 16.43 1109 
220 0.15745 o .9856 O. 0281 2044.3 2989.0 43.089 11.69 16.05 1163 
240 0.17154 1.0718 0.0256 2277.1 3306.3 44.470 11.38 15.70 1216 
260 0.18557 1.1573 o. 0235 2503.8 3617.2 45.714 11.12 15.40 1266 
280 0.19955 I. . 2423 0.0218 2725.5 3922.8 46.8"7 10.91 15.17 131 .. 
300 0.21357 1.3282 0.0203 294".2 "225.7 "7.591 10.76 14.99 1360 
350 0.24829 1 .5381 0.0173 3"78.1 4967.8 50.178 10.54 14.73 1466 
400 0.25290 1.7469 0.0151 .. 00 3.5 5701.2 52.135 10.45 1<+ .62 1564 

450 0.31744 1.9548 o. a 134 4526.0 6430.7 53.557 10.42 14.58 1654 
500 0.35194 ? • 1623 0.0120 5047.8 7159.5 55.3n 10.41 1<+ .56 1739 
550 0.38640 2.3695 0.0109 5569. a 7887.4 56.780 10.42 14.56 1&20 
600 0.42085 2.5765 0.0100 60 9 0.8 8615.9 58.046 10.43 14.57 1897 
7 00 0.48969 2.9900 0.0086 7137.0 10075.2 60.297 10.49 14.62 2042 
800 0.55850 3.4031 a .0075 8190.4 11541.4 62.253 10 .55 14.71 2175 
900 0.62729 3.8160 0.0067 9254.4 130 18.1 63.991 10.70 14.83 2300 

1000 0.69606 4.2287 0.0060 10332.0 14508.4 65.564 10.86 14.99 2416 
12 00 0.83359 5.0540 0.0050 12542.9 17544.4 68.318 11.24 15.37 2628 
14 00 0.97109 5.8791 0.0043 14835.8 20662.4 70.725 11.68 15.81 2821 

1.&00 1 . 10859 •• 7041 0.00 3& 172.14.7 23&&&.2 72.&41 tz.tO t6.2Z 2q98 
1800 1.24&10 7 . 5290 O. a a 33 19680.8 27157.4 74.74t 12.50 16.63 31 65 
2000 1.38370 8.3539 0.00 30 22240.3 30542.5 76.591 12.96 17 .10 JJ20 
2500 1.73009 10.41&1 0.0024 29205.4 39585.9 82.966 15.08 19.35 3656 
30 00 2.09227 12.4783 0.0020 38052.4 50606.0 90.339 20.64 25.59 3932 

THO - PHASE BOUNOARY 
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THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN C-z 

6.00 HPA ISOBAR 

TEMPERAT URE DENSITY V /OHIO Vi> VCOP/OU\r -V IOP/OV'T -CDV/OTttVCON6~~~~~~TY VISCOSITY THERMAL OIELECTRIC PRANOTL 
OIFFUSIVITY CONS TANT NUHBER 

OEG. K KG/CU H KJ/ KG HPA;C~o~/KJ HPA 1I0EG. K W/K-H 
X 103 

KG/H-S 
X 10 7 

SQ M/HR 

15.&78 80.1084 815.0 0.24531 122 . 9816 0.00786 94.38 291.98 0.00 066 1.26248 1.9813 

1& 79. 9026 817 .4 0.243&8 121.3254 0.00800 9&.62 280.92 0.00067 1.26176 1.9004 

17 79.2468 818.3 0 .2 3857 11 5.0744 0 .00849 102.22 251.31 0 . 00067 1.25944 1.7087 

18 78.5592 819.2 0.23347 109 . 1289 0.00697 106.54 227.24 0 . 00066 1. 25 701 1 .5 666 

19 77.8398 819 .0 0.22846 103 . 3346 0.00943 109.56 207.34 0 . 00066 1 . 25447 1.4619 

20 77.0922 818.0 0.22351 97.7382 0.00989 112.41 190.68 0.00 065 1.25184 1.3721 

2 1 76.3144 819.4 0.21868 92 . 8849 0.01028 115.60 176.53 0 . 00065 1 . 2491 1 1.2867 

22 75. 5170 813 .9 0.21407 87.2047 0.01080 118.06 164.45 0 . 00064 1.24&31 1. 2 247 

23 74.6827 809 . 0 0.20964 81.9628 0.01131 119.87 153.88 0 .00063 1 . 24338 1.1746 

24 73.8252 802.5 0.20 543 76.8050 0.01186 121.15 144.65 0 . 00062 1. 24038 1.13&1 

25 72.9346 795.0 0.20141 71.8215 0.01243 121.95 136.45 0 .00 061 1. 23 727 1.1061 

2& 72.0101 786.6 0.19746 66.9741 0.01305 122 . 28 129.09 0 .0006 0 1 . 23404 1.0836 

27 71.0541 776.9 0 .1 9351 62.2237 0.01372 122.26 122 . 45 0.0005H 1.23072 1.0675 

28 70.0&07 766.3 0.18952 57.6127 0.01444 121.91 116.40 0.00057 1.22726 1. 0564 

29 69.0310 754.8 0.185 53 53.1672 0.01521 121.28 110 . 84 0.00055 1.22369 1.0492 

30 67.9&19 742.7 0.18162 48.9441 0.01602 120.41 105 . 70 0 . 00054 1.21999 1.0447 

J1 &6.8519 730.4 0.17759 44.9390 0.01688 118.86 100 . 92 0 .000 52 1.21615 1.0470 

32 65.7014 717.5 0.17353 41.1262 0.01781 117.16 96 . 46 0.0 0050 1.21218 1.0521 

33 64.5097 703.3 0.16947 37.4312 0.01885 115.32 92.27 0 .00049 1.20 8 08 1.0605 

34 &3.2732 &90.0 0 . 16545 34.0776 0.01990 113.39 88 . 31 0.00047 1.20384 1.0694 

35 61.9922 676.5 0 .1 &138 30.93&5 0.02103 111 . 37 84 . 57 0.00045 1.19945 1.0801 

36 60.6643 &62.4 0 .1 5723 27.9606 0.02225 109.25 81.02 0 . 00044 1.19491 1.0931 

37 59.2908 64 7.8 0.15304 25.1656 0.02359 107.06 77.&5 0.00043 1019023 1.1083 

38 57.8698 634.0 0 .14889 22.&546 0.02494 104.80 74.43 0 . 00041 1.18540 1.1231 

39 56.40H 619.8 0.14480 20.3267 0.02639 102.51 71.38 0 . 00040 1.18044 1.1390 

40 54.8979 607.1 0.14075 18.2964 0.02778 100.19 68.49 0 . 00039 1.17534 1.1527 

42 51.7818 583 . 5 0 .13275 14.8 206 0.03061 95.96 63.18 0.00037 1.1&486 1.1757 

44 48.5797 565.0 0.12507 12.1657 0.03310 92.17 58 .53 0.00037 1.15415 1.1877 

4& 45.3752 553.4 0.11743 10.21&9 0.03492 88.57 54.57 0.00036 1.14351 1.1908 

48 42.2687 547.3 0.11097 8.8143 0.03591 85.29 51.32 0.00037 1.13325 1. 1825 

50 39.3388 548.0 0.10549 7.8782 0.03577 82.37 48.71 0.00038 1.1 2363 1.1591 

52 36.6521 553.9 0.10085 7.2446 0.03482 79 . 91 46.70 0.00041 1.11486 1.1272 

54 34.2378 564.4 0.09686 6.8315 0.03327 77. 92 45.19 0 . 00044 1.10702 1.0890 

56 32.0953 579. 2 0.09346 6 .5765 0 . 03137 76.36 44. 08 0.00047 1.10010 1. 0486 

58 30.2035 596.6 0.09057 6.4089 0.02944 75.22 43 . 27 0.00051 1.09401 1.0105 

60 28.5293 616.9 0.08797 6.3073 0.0275& 74.52 42.71 0 . 00055 1.088&4 0.9744 

&5 25.1194 675.9 0.0822 3 6 . 1803 0.02355 74.27 42.01 0.00067 1.0777& 0.9003 

70 22.5144 745.7 0.0770 8 &.1&15 0.02039 75.12 41.98 0.00079 1.06951 0.8497 

75 20.4&09 823.7 0.072 24 &.1&81 0.01797 75.78 42.37 0.00090 1.0&303 0.8279 

80 18.7948 909.6 0.067&8 &.1862 0.01608 78.0 2 43.05 0.00102 1.05779 0.8068 

85 17 .4128 1003.1 0.06342 6.2078 0.01455 81.89 43 .91 0.00116 1.0534& 0.7827 

90 16.2435 1103.5 0.0595 1 &.2279 0.01331 85.91 44.89 0.00130 1.04981 0.7673 

95 15.2387 1209.8 0.05599 6.2454 0.01227 90.05 45.96 0.00143 1.046&8 0.7578 

100 14.3578 1322.2 0.05282 &.2622 0.01138 95.79 48.01 0 . 001&0 1.04394 0.7543 

120 11.7562 1804.3 0.04339 6.2901 0.00890 119.95 55 .2 4 0.00229 1.03588 0.7392 

140 10.0012 226 7.5 0.03893 6 . 2970 0.00737 137.88 &0.15 0 .00297 1.03046 0.7295 

160 8.7257 2674.1 0.0370 9 6 . 2927 0.00633 149.83 63.92 0.00365 1.02&54 0.7217 

180 7.7511 3017.7 0.03& 7 3 6.2834 0.005S5 157.31 67 .09 0 .0043& 1.02355 0.7148 

200 6.9792 3312.8 0.03711 6.2720 o • 0 049 & 1&2.09 69.9S 0.00509 1.02119 0.7090 

220 6.3512 3578.4 0.03782 6.2600 0.00449 165.54 72.62 0.00585 1.01927 0.7041 

240 5.8296 3831.0 0.03859 6 . 2480 0.00410 168 . 57 75.18 0.00663 1.01768 0.7001 

260 5.3888 4 081. 9 0.03928 6 . 2364 0 . 00377 171.68 77.68 0.00745 1.01633 0.&9&9 

280 5.0112 4336.2 0.03983 6 . 2255 0.00350 175.08 80.13 0.00829 1.01518 O. & 944 

300 4.6823 4600.2 0.04023 &.2192 0.0032& 178.79 82 . 56 0.00917 1.01418 0.6921 

350 4.0275 5277.2 0 .0 4075 6.1949 0.00279 189.39 88.55 0.011~9 1.01219 0 .6888 

400 3.53~8 5981.9 0.04087 &.1748 0 . 00244 201.11 94 .48 0 .0140 1 1.01069 0.&869 

450 3.1502 6705.2 0.04079 6 .1 581 0.00217 213 . 41 100.3& 0.01&73 1.00952 0.6857 

500 2.8414 74 32 .& 0.040&9 &. 1441 0.00196 225.78 1 06.19 0.019&4 1.00859 0.6850 

550 2.5880 816&.5 0.0405& 6 .1323 0.00178 238.23 111.9& 0.02275 1.00782 0.6844 

600 2 .37&2 8905.1 0.04041 6.1222 0.00164 250 . & 7 117 . 67 0.02606 1.00718 0.&841 

700 2.0421 10402.9 0.04007 6.1058 0.00141 275.64 128.88 0.03323 1.00&17 O. & 836 

800 1.7905 11939.7 0.03963 6.0932 o .00123 300.89 lJ9 .8 ~ 0.04113 1.00541 0.6835 

900 1.5942 13526.6 0.03909 6.0833 0.00110 32&.59 150 .5 3 0.0497 3 1.00481 0.683& 

1000 1. ~3b7 15171.3 0.03647 6.0752 0.00099 440.56 160.98 0.073&5 1.00434 0.5477 

1200 1.1996 18635.1 0.03707 &.0630 0.00082 511.13 181.19 0.09979 1.003&2 0.54~9 

1400 1.0298 22325.5 0.03563 &. a 541 0 . 00071 583.34 200 .60 0 .1 2903 1.00311 0.5435 

1600 0.9020 2616~.3 0.03436 &.0474 0.000&2 655.&7 219 . 30 0.1&128 1.00272 0.5427 

1600 0.8025 30142.9 0.03322 &.0421 0.00055 728.90 237.40 0.196&3 1.00242 0.541& 

2000 0.7227 34407.7 0.03203 &.0374 0 . 00050 808.56 25~.9& 0.23558 1.00218 0.5391 

2500 0.578 0 48548.7 0.02754 6.0206 0.00040 1121.60 297.09 0.36097 1.00174 0.512& 

3000 0 .4780 7&323.3 0.020 28 5.9640 0.00034 1923 . 0& 33 8.4 8 0 . 5&595 1.00144 0.~505 

TWO-PHA SE BOUNDARY 
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C - 2 THE RHODY NAHIC PROPERTIES OF PARAHYOROGEN 

7.00 MPA ISOBAR 

TEHPERAT URE VOLUME ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

DEG. K CU H/KG CU H-HPAI KG HPA/K KJ/KG-K I(J/I(G KJ/KG -K KJ KG-K HIS 

15.966 0.01241 1 .5£24 o .9744 -304.7 -217.6 5.125 4.95 6.42 1437 
10 0.01242 1.5910 o .9746 -304.5 -217.6 5.137 4.96 6.43 1437 
17 0. 01251 1. 5262 0.9636 -296.5 -210.9 5.540 5.15 6.84 1424 
16 0.01262 1."6"2 0.9669 -292.2 -203.9 5.9"2 5 .32 7.22 lHO 
19 0.01273 1 ... 027 0 . 9850 -285.6 -190.5 6.342 5.47 7.60 1390 
20 0.01264 1.3"50 0.9792 -278.6 -186.7 6.7 .. 0 5.60 7.95 lH2 
21 0.01297 1.267" 0.9699 -271 ... -160.6 7.137 5.72 6.30 1367 
22 0.01310 1.2395 0.9580 -263.8 -172.1 7.531 5.82 8.62 135 .. 
23 0.01323 1.179" 0.94"9 -256.0 -1&3.3 7.921 5.91 8.96 1337 
2 .. 0.01336 1.12"0 0.9297 -2" 7.8 -15".2 8.310 6.00 9.30 1320 
25 0.01353 1.068" 0.913" -239." -1"4.7 8.697 6.08 9.65 1303 

26 0.01369 1.01"3 0.8957 -230.7 -13 ... 9 9.082 6.15 10.00 1285 
27 0.01386 0.9618 0.8768 -221.8 -124.7 9."66 6.21 10.36 1267 
28 0.01 .. 0 .. 0.909" 0.6568 -212.5 -114.2 9.850 6.27 10.72 1247 
29 0.01423 0.8564 0.8355 -202.9 -103.3 10.232 6.32 11.10 1226 
30 0.01"44 o .8083 0.8129 -193.1 -92.0 10.615 6.3& 11."7 1207 
31 0.01"65 O. 76~4 0.7894 -182.9 -80.3 10.997 6.40 1l.86 1167 
32 0.01488 0.7147 0.7650 -172.5 -68.3 11.379 6."4 12.24 1166 
33 0.01513 0.6708 0.7400 -161.8 -55.9 11.762 6.47 12.63 1144 
34 0.01539 o • 6287 0.71 .... -150.7 -43.0 12.145 6.50 13.03 1123 
35 0.01567 0.5885 0.6887 -139.5 -29.8 12.529 6.52 13 ..... 1101 

36 0.01596 0.5 506 0 . 6628 -127 .9 -16.1 12.914 6.5 .. 13.86 1080 
37 0.01628 0.513" 0.6367 -116.0 -2.1 13.299 &.56 14.31 1058 
38 0.01662 0."800 0.6104 -103.9 12 ... 13.686 &.58 14.72 1037 
39 0.01&98 O ... 485 0.5841 -91.5 27.4 14.074 6 .59 15.14 1015 
.. 0 0.01737 0.4194 0.5579 -78.9 42.7 14.463 &.59 15.55 995 

42 0.01823 0.3681 0.5067 -53.0 7".6 15.241 6.61 16.34 954 
44 0.01920 0.3261 0.4581 -26.4 108.1 16.019 6 .63 17 .07 916 
46 0.02030 0.2935 0.4130 0.2 142.3 16.779 &.69 17. 71 881 
.. 8 0.02152 0.2706 0.3721 27.5 178.2 17.542 6 .74 18.11 853 
50 0.02285 0.2544 0.3357 5".8 21".7 18.287 6.79 18.34 829 
52 0.02427 0.2442 0.3036 81.5 251." 19.008 &.83 16.39 811 
54 0.02576 0.2400 0.2758 107.7 288.0 19.&99 6.87 18 .22 798 
56 0.02731 0.2398 0.251& 133.3 32".5 20.3&2 6 .90 17 .92 789 
58 0.02889 0.2428 0.2307 157.7 3&0.0 20.984 &.92 17 .53 784 
60 0.03048 0.2480 0.2127 181.3 39 ... & 21.572 6.90 17.12 781 

65 0.03 .... 5 0.2&67 0.177& 23&.& "77.8 22.904 7.08 1&.20 781 
70 0.0383& 0.2901 0.152& 288.5 557.0 2".078 7.27 15.54 788 
75 0.04218 o .3157 0.1341 338.3 633.6 25.135 7.53 15.13 797 
80 0.0 .. 592 0.3420 0.1198 387.2 708.6 2&.104 7.8" 14.92 807 
85 0.0"957 0.368& 0.1085 .. 36.0 783.0 27.00& 8.2 0 14.87 817 
90 0.05315 0.39"9 0.0992 "85." 857.5 27.857 8.59 14.93 828 
95 0.05667 O ... 211 0.0915 535.8 932.5 28.&68 9.00 15.08 8 .. 0 

100 0.06013 O ..... 69 0.0850 587." 1008.3 29 ..... 6 9."2 15.27 851 
120 0.07350 0.5"64 0.0662 809.8 1324.3 32 .3 24 11.00 16.20 897 
140 0.08640 0.6418 0.0547 1050.3 1655.1 3".872 11.95 16.83 951 

160 0.09901 0.73"0 0.0468 1300.8 1993.9 37.134 12.31 17.00 100 & 
180 0.111"3 0.82"1 0.0"10 1552.4 2332.4 39.128 12.27 16.82 10&3 
2 00 0.12371 o .912& o .0365 1799.& 2&&5.5 "0.882 12.02 16."8 1119 
220 0.13590 1.0000 o .0329 2039.9 2991.2 42."35 11.70 16.09 1173 
240 0.1"801 1.0865 0.0300 2273.2 3309.2 43.819 11.39 15.73 1225 
260 0.16007 1.172" 0.0275 2500.3 3&20.7 "5.06& 11.13 15."3 1275 
2 80 0.17208 1.2577 0.0255 2722.3 392&.9 "6.200 10.92 15.20 1323 
300 0.18 .. 1 .. 1.3"43 0.0237 29"1.5 "230.5 .. 7.2 .. 7 10.77 15.01 13&9 
350 0.2139 .. 1.55"5 0.0202 3476.0 4973.6 "9.537 10.54 1".75 1475 
.. 00 0.2"363 1 • 7635 o .017& "002.2 5701.& 51."98 10."5 1 ... &3 1571 

.. 50 0.2732& 1.9716 0.015& "52".7 &437.5 53.219 10.42 14.59 1&61 
500 0.30284 2.1793 0.01"1 5046.8 7166.6 54.75" 10.41 14.57 17 .. 6 
550 0.33239 2.3865 0.0128 5568.0 789".8 56.142 10."2 14.57 1827 
600 0.36192 2.5936 0.0117 6090.0 8&23.5 57.409 10.43 14.58 1903 
700 0.42095 3.0071 0.0100 7136.5 10083.1 59.660 10.49 14.62 2048 
800 0.47993 3 ... 2C3 0.0088 8190.0 11549.5 61.617 10.58 1".71 2181 
900 0.53890 3. 8332 0.0078 925".0 13026.4 &3.355 10.70 1".83 2305 

1000 0.59785 ".2460 0.0070 10331.8 14516.8 6".928 10.86 14.99 2"21 
1200 0.71574 5. C 713 0.0058 125"2.7 17552.9 67.682 11.24 15.37 2&33 
1400 0.83360 5. 89~" o .0050 14835.8 20671.0 70.089 11.68 15.81 2825 

1600 0.95146 6 .7213 0.00"4 1721<..6 23874.8 72.205 12.10 16.22 3002 
1800 1.06933 7.5463 0.0039 19&80." 27165.7 7 .. .105 12.50 16.63 3168 
2000 1.18726 8.3712 0.0035 22238.7 305"9.5 75.954 12.95 17.09 3323 
2500 1 ... 8 .. 00 to."33" 0.0028 29179.3 39567.3 82.318 1".97 19.23 3661 
3000 1.79328 12.4 955 0.0023 37888." 50~~1.4 89.639 20.17 25.06 3938 
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I 
I 
I THERMODYNAHIC PROPERTI ES OF PARAHYOROGEN C-Z 

7.00 HPA ISOBAR 

TEHPERATURE OENSIT Y ~ (Dri/DV) ~( DP/DU) -V (DP/DV ) - (DVlDT) IV TH ERHAL V ISCOSIT Y THERHAL OIELECTRIC PRANDTL 
P V T P CONDUCT! V!TY OIFFUSIVITY CONS TAN T NUHBER 

OEG. K KG/CO 11 KJIKG I1PA;C~O~IKJ I1PA 1I0£G. K HIK-H 
x 10 3 

KGIH-S 
x 10 7 

sa I1IHR 

• 15.968 80.5666 8~ ~.9 0.2~~30 128.2933 0.00760 97.~6 298 . 16 0.00068 1. 26~11 1.9633 
16 80.5475 8~5 . 3 0.2~~13 128.150~ 0. 00761 97.68 297.03 ~.00068 1.26~0~ 1.9553 

17 79.91~3 8~8.5 0.23909 122.1 25 1 0.00 806 103 . 51 265.12 0.00068 1.26180 1.7507 

18 79.2588 8~9.6 0.23~10 116.0~89 0 .00 850 108.05 239.~0 0.00068 1.25948 1.6008 

19 78.5724 8 S0.1 0.2 Z92~ 110.2150 0 . 0089~ 111.26 218.17 0 . 00067 1.25706 1.4898 

20 77.8601 850.4 0.22~59 104.7199 0 . 00935 114.31 200.45 0.00066 1.25455 1.39 45 
21 77.11;0 849 .3 0.22001 99.2809 0 .00977 117.69 185.39 0.00066 1.25193 1.3 069 

22 76 . 3500 851 .1 0.21557 94.6381 0.01012 120 . 32 172.53 ~ .00 066 1.24923 1.2354 

23 75.5655 8~5.5 0.211~1 89.1 232 0.01060 122.33 161.46 0.00065 1.24648 1.1831 

24 74.7481 840 .7 0.20730 84.0149 0 .011 07 123.78 151.72 0.00064 1.24361 1. H04 

25 73.9086 834.2 0.20338 78.9602 0.01157 124.76 143.14 0.00063 1.2~067 1 .10 72 

26 73.0H2 827.1 0.19956 74.0861 0.01209 125. Z7 135.47 0.00062 1.23764 1. 0 81~ 

27 72.1426 819.5 0.19575 69.3888 0 . 01264 125.42 128.58 0.00060 1.23451 1 .0617 

28 71.2161 810.7 0.1 91 94 64. 76~1 0.01323 125.26 122.3 2 0.00059 1.23128 1.0473 

29 70.2596 801.1 0.18816 60 .3121 0.01385 124.82 116.61 0.00058 1.22795 1.03 66 

30 69.2709 790. 3 0.184~5 55.9937 0.01452 1 24.1~ 111.36 0.00056 1.22452 1.0292 

31 68.2493 179.5 0.180 64 51.8953 0.01521 122 . 79 106.49 0.00055 1.22098 1.0283 

J2 67.1955 7 68 .5 0.17681 48.0249 0.01593 121.28 101. 97 0.00053 1.21734 1.0293 

33 66.1095 757.1 0.17302 44.3451 0.01 669 119.65 97.75 0.00052 1.21359 1.0321 

34 64.9888 745.3 0 . 16922 40.8590 0 .0 1749 117.94 93.78 0.00050 1.20973 1. 0363 

35 63.8360 733.3 o . 165~5 37.5682 0.OlS33 116.14 90.04 0.000~9 1.20577 1 . 0 ~23 

3& 62.6474 721 .4 0.16171 34.4949 0.01921 114.25 8&.51 0.00047 1.20169 1.04 9& 
37 &1.~259 708. 6 0.15796 31.5377 0 . 02019 112.31 83.17 0.00046 1.19751 1.0594 

38 60.1709 696.7 0.154 23 28.8802 0.02113 110.31 8 O. 0 0 0.00045 1.19323 1.0 & 79 

39 58.883& 684.7 0.15060 26.4106 0.02212 108.27 77 .00 0.0004~ 1.18885 1.0768 

40 57.5659 & 73. 0 0.14 699 24.1448 0.02311 10&.21 74.14 0.000~3 1.18437 1. 08 5& 

42 54.8551 &51.4 0.13975 20 .1923 0.025 09 10 2.06 68.90 0.00041 1.17520 1.1033 

44 52.0711 633.0 0.13262 16.9828 0.02&97 'l8.31 &4.24 0.00040 1.1&583 1.1157 

4& 49.2584 620.1 0 . 12523 14.4590 0.0285& 'l5.01 60.18 0.00039 1.15&42 1.1217 

48 4&.4718 612.2 0.11872 12.5758 0.02958 91 . 89 56.70 0.00039 1.14714 1.1176 

50 43.7729 608.7 0.11296 11.1370 0.0301 4 89.0& 53.79 0.00040 1.13821 1.1080 

52 41.2091 609.5 0.107 89 10.0635 0.03017 86 . 56 51.41 0.00041 1.12976 1.0924 

54 38.8158 615.6 0.10347 9.3166 0.029&0 84 .40 49.51 0.00043 1.12192 1.0&89 

5& 36.6103 625.5 0.099&0 8.7809 0.028&5 82.62 48.02 0.00045 1 .11475 1.0418 

58 34.6166 638 . 8 0.096 25 8.4036 0.0 2745 81.18 46.88 0.00048 1.10825 1.01 26 

&0 32.8099 655.1 0.09319 8.1382 0.0 2&13 80.1& 46.02 0.00051 1.10241 0.9826 

&5 29.0283 706.2 0.0 8645 7.7421 0.02294 79.23 44.77 0.000&1 1.09024 0.915& 

70 26.0&92 77 0.1 0.08055 7.5635 0.0201 8 79.48 44.34 0.00071 1.08079 0.8&11 

75 23.7060 844.3 0.07516 7.4838 0.01792 79.59 44.42 0.00080 1.07328 0.8445 

80 21.7779 927 .7 0.07016 7.4491 0.01609 81 .44 44.82 0.00090 1.06718 0. 8214 

85 20.1741 1019.4 0.06555 7.4365 0 .0145 9 85.04 45.46 0.00102 1.06212 0.7948 

90 18.8139 1118.3 0.06137 7.4304 0.0133 6 88.84 46 . 26 0.00114 1.05765 0.7776 

95 17 .6464 1223.8 0.05761 7.4312 0.01 232 92 . 80 47.17 0.00126 1.05419 0.7664 

100 16.6298 1334.6 0.05~29 7 .~325 0 . 011~4 97.56 48.83 0.00138 1.05102 0.7642 

120 13.6060 1818.5 0.04426 7.~ 34 3 0.00891 121.08 55.79 0.00198 1.04160 0.746~ 

140 11.5745 2283.4 0.039 58 7.4281 0.00737 138.67 60 . 57 0.00256 1.03531 0.7350 

160 10.1003 2691.9 0.03763 7.41 37 0.00631 150.44 64.26 0.00315 1.03077 0.7259 

180 8.9746 3037.3 0.03719 7.39&0 0.00554 157.85 67.38 0.00376 1.02730 0.7182 

200 8.0834 3333.9 0.03753 7.3773 0.00494 162 . 59 70.21 0 .00439 1.02457 0.7116 

220 7.3585 3600. 6 0.038 21 7. 3588 0.00447 16 6 . 03 72.86 0.00505 1.02235 0.7061 

240 6.7563 3854.2 0.03895 7.3410 0.00408 169.07 75.41 0.00573 1.02051 0.7017 

260 6.2474 410 5 .8 0.03961 7.3243 0.00376 17 2 .1 9 77.90 0.00643 1.01895 0.6981 

280 5.8112 4360.8 0.04013 7.3 087 0.0034 8 175.59 80.35 0.00716 1.01762 0.6954 

300 5.4307 4626.5 0.0~051 7.3002 0 . 00324 179.32 82.78 0.00792 1.01646 0.6929 

350 4.6743 53 04.5 0.04100 7. 2663 0.00278 189.96 88.79 0.00992 1.01415 0.6892 

400 4.1046 6009.9 0.04108 7.2384 0 .00 243 201.73 94.75 0.01209 1.01242 0.6871 

450 3.6596 6733.7 0.04 098 7.2154 0.00217 214.10 100.66 0.01444 1.01107 0.6859 

500 3.3021 7461 . 6 0.04086 7.1961 0.00195 226.53 106.52 0.01&95 1.00998 0.6851 

550 3.0085 8195.7 0.04071 7.1799 0.00178 239.05 112.32 0. 01964 1 . 00909 0.&845 

600 2.7630 8934.7 0.04055 7.1661 0 .0 0163 251 .57 118.06 0.02249 1.00835 0.6841 

700 2.3756 10432.9 0 . 04019 7.1437 0.00140 276.69 129.35 0.02867 1.00718 0.6836 

800 2.0836 11970.1 0.03974 7.1266 0.00123 302.09 140.37 0.03548 1.00629 0.6835 

900 1.8556 135 5 7.4 0.03918 7. 1130 0.00109 327.94 151.14 0.04289 1.00560 0.6836 

1000 1.6726 15202.5 0.03854 7.1020 0 .00 099 440.5 6 161.65 0.06326 1.00505 0.5500 

1200 1.3972 18 && 7.3 0.03714 7.0854 0.0008 2 511.13 181.99 0.08568 1.00422 0.5473 

1400 1.1996 22358.6 0.03569 7.07n 0. 00071 583.34 201.52 0.11076 1.00362 0.5 460 

1600 1.0510 26197.5 0.03440 7.06~3 0.0006 2 655.6 3 220.34 0.13841 1.00317 0.5453 

1800 0.9352 3017 2 . 1 0.03327 7.0 57 0 0.00055 728 . 67 238.55 0.16671 1.00262 0.5443 

2000 0.8423 34419. 8 0.03209 7.0508 0.00050 807.&4 256.23 0.20205 1.00254 0.5420 

2500 0.6739 48291.4 0.02776 7.0306 O.OOO~O 1 110.37 298.60 0.30846 1.00203 0.5172 

3000 0.5576 74837. 9 0.02075 6 .9679 0.00033 1865.5& 340.11 0.48061 1.00168 0.4568 

• TWO-PHASE BOUNDARY 
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c-z THERMOOY NAMIC PROPERTIES OF PARAHYDROGEN 

8.00 HPA ISOBAR 

TEHPERATURE VO LUME I S OTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC ITY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

DEG. K CU M/KG CU M-HPAlKG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ I KG-K HIS 

1&.253 0.0123~ 1 • &~20 1.010 -303. 9 -205.1 5.1~2 ~ .99 &.53 1~&5 

17 0.012~1 1. & 009 0.9901 -299.~ -200.1 5.~~2 5.13 6.73 1~50 

18 0.01251 1. 5~00 0.99~9 -293.3 -193.2 5.838 5.30 7.11 1~37 
19 0.012&2 I.H80 0.99H -28& .8 -185.9 &.232 5.~& 7.~8 1~2~ 
20 0.01273 1 • ~17& 0.990~ -280. 1 -178.3 &.62~ 5.59 7.83 1~09 
21 0.0128~ 1.3626 0.9829 - 273 .0 -170.3 7.0H 5.71 8.16 1396 
22 0.01296 1.3074 0.9726 -265.7 -161.9 7.402 5.82 8.49 1382 
23 0.01309 1.2612 0.9603 -258.0 -153.3 7.786 5.91 8.79 1370 
24 0.01323 1.20~8 0.9469 -250.1 -144.3 8.168 &.00 9.12 1354 
25 0.01337 1 .1~97 0.9317 -2~2.0 -135. 0 8.5~7 6.07 9.~5 1337 
26 0.01352 1 . 0957 0.9153 -233.6 -125.~ 8.92~ 6.1~ 9.78 1320 

27 0.01367 1 . 0 43~ 0.8978 -22~ .9 -11 5.5 9.299 6.21 10.11 1303 
28 0.0138~ 0 .9928 0.8791 -215.9 -105.2 9.672 6.27 10.4~ 1286 
29 0.01401 O. 9 ~23 0.8593 -206.7 -9~. 6 10.045 6.33 10.79 1268 
30 O.OI~20 0.8935 0.8385 -197.2 -83.7 10.416 6.31 11.13 1249 
31 0.01439 0.8~53 0.8166 -187.5 -72.4 10.786 6.41 11.48 1230 
32 0.01460 0 .7993 0.7939 -177.5 -60.7 11.156 6.45 11.83 1210 
33 0.01481 0.7555 0.7704 -167.2 -48.7 11.525 6.~8 12.17 1191 
34 0.01504 O. 713~ 0.7~65 -156.7 -36.~ 11.893 6.51 IZ.52 1171 
35 0.01529 o .673~ 0.7222 -1~6.0 -23.7 12.261 6.5~ 12.87 1151 
36 0.01554 0.63~5 0.6978 -135.0 -10.7 12.628 6.5& 13.24 1131 

37 0.01582 0.5986 o .673~ -123.8 2.8 12.996 6.58 13.59 1112 
38 0.01011 0.5644 0.6~89 -112.3 16.5 13.363 6.60 13.95 1092 
39 0.016~1 0.5326 0.6244 -100.6 30.7 13.730 6.61 14.30 1073 
40 0.01674 O. 502~ 0.5998 -88.8 45.1 14.097 6.62 1~.6~ 1054 

~2 0.01745 O. ~~ 7~ 0.5516 -64.5 75.1 14.828 6.63 15.33 1017 
44 0.01824 0 .402& 0.5050 -39.& 106.~ 15.555 6.65 15.93 982 
46 0.01912 0.3647 o .~&11 -14.7 138.3 1&.2&3 6.71 16.51 947 
48 0.02009 0.3360 0.~206 11.1 171.7 16.976 &.76 16.95 918 
50 0.0211~ o .3135 0.3835 36.9 206.0 17.675 6.80 17 .28 893 
52 0.02227 0.2983 0.3503 62.6 2~0.7 18.356 6.8~ 17.~5 872 
5'+ 0.023~6 O. 2882 0.3206 88.0 275.7 19.015 6.88 17.~9 856 
56 0.02471 0.282~ 0.29~3 11~2 310.9 19.655 6.92 17.'+1 8'+3 
58 0.02600 0.2806 0.2712 13 5 3'+5.5 20.26'+ 6.95 17.23 834 
60 0.02732 0.2819 0.2508 161.2 319.8 20. 8~4 6.98 16.98 828 

65 0.03068 O. 29~1 0.2100 217.5 462.9 22.176 7.11 16.28 821 
70 0.03403 O. 3128 0.1802 270.6 542.8 23.360 7.30 15.71 821 
75 0.03734 0 . 33~8 0.1580 321.7 620.3 24.430 7.55 15.35 825 
80 0.04059 o • 3590 0.1408 371.7 696.5 25.413 7.81 15.15 831 
85 0.04380 0.38~0 0.1271 421.6 772.0 26.329 8.22 15.09 839 
90 0.04694 0.~096 0.11&0 472.0 8~7.5 27 .1 91 8.62 15.H 848 
95 0.05004 O. ~349 0.1068 523.1 923.5 28.013 9.02 15.27 858 

100 0.05309 0.4605 0.0991 575.5 1000. 2 28.800 9.~~ 15.~~ 868 
120 0.0&494 0.560 .. 0.0771 800.5 1320.1 31.714 11.02 16.39 913 
140 0.07623 0.65~7 0.0632 1042.7 1652.6 34.275 11.97 16.92 962 

160 0.08733 0 .7 .. ,5 0.0539 129 ... '+ 1993.0 3&.5'+8 12.33 11.07 1011 
180 0.09825 0.8380 0.0471 15~6.9 2332.9 38.550 12.29 16.88 1073 
200 0.10904 0.9270 0.0'+19 1794.7 2667.1 40.310 12.03 16.53 1128 
220 0.1197'+ 1 • 0 1 ~8 0.0377 2035.6 2993.5 '+1.866 11.71 16.13 1182 
240 0.13037 1.1016 0.0343 22&9 .,+ 3312.3 ~3.253 11.~0 15.76 123'+ 
260 0.1"095 1.1877 0.0315 2496.9 3624.4 4".503 11.13 15.46 1284 
280 0.15148 1.2733 0.0292 2719.3 3931.1 45.639 10.93 15.22 1332 
300 0.16207 1.3605 0.0271 2938.9 '+235.5 46.688 10.77 15.03 1378 
350 0.18818 1.5711 0.0231 347~. 0 ~979.~ 48.980 10.55 1~.76 1483 
~O 0 0.21418 1.7803 0.0202 4000.5 5714.0 50.9~4 10. ~5 1~.64 1579 

450 O. 2~012 1.9885 0.0179 4523.4 6444.4 52.665 10.~3 14.60 1668 
500 0.26&02 ~.1q63 0.0161 5045.7 7173.8 5~.201 10.~2 14.58 1753 
550 0.29188 2. ~ C36 0.0146 5567.2 7902.2 55.590 10.42 14.57 1833 
600 0.31773 2.6107 0.0134 6089.3 8631.2 56.857 10 .4~ 14.58 1910 
700 0.36939 3. 02~3 0.0114 7136.0 10091.0 59.108 10.49 14.63 2054 
800 0.42101 3.4375 0.0100 8189.6 11557.7 61.065 10.58 14.71 2186 
900 0.47261 3.8504 0.0089 9253.8 1303~.6 62.803 10.70 14.83 2310 

1000 0.52419 4.2632 0.0080 10331.6 14525.1 64.371 10.86 14.99 2426 
1200 0.62735 5.0885 0.0067 12542.6 17561.4 67.131 11.25 15.37 2637 
1400 0.73048 5.9135 0.0057 14835.7 20679.6 69.538 11.68 15.81 2829 

1&00 0.83361 6 .73 85 0.0050 17Z1~.6 23883.~ 71.655 12.10 16.22 3006 
1800 0.93674 7.5634 0.0044 19680.1 27174.1 73.554 12.50 16.62 3172 
2000 1.03993 8.3883 0.0040 22237.3 30556.8 75.~02 12.94 17 .08 3327 
2500 1.29946 10.4505 o .0032 29158.2 39553.9 81.151 14.88 19.13 36&& 
3000 1.56927 12.512& 0.0021 3775&.2 SOllO.4 89.031 19.19 Z4.&3 3944 
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THERMODYNAMIC PROPERTIES or PARAHYOROGEN C-2 

8 . 00 HP A ISOBAR 

TEHPE RAT URE OEN SIT Y ~ (OH/OV~ ~ (OP/OUly -v (OP/OVI
T -(OV/OT\f~CONb~~~~~iTY HSCOSITY THERMAL OIELECTRIC PRANOTL 

OIrrUSIVITY CONSTANT NU HBER 

OEG . K KG / CU M KJ/K& HPA;C~O~/KJ HPA 1/0E&. K W/K-H KG/H-S SQ H/HR 
X 10 3 X 10 7 

If>. 25J 81.02f>2 8f>0.5 0.2495f> 133.0474 0.00759 100.44 3D 4.73 0.000f>~ 1.2f>573 1.9811 

17 80.5578 87f>.8 0.23972 128.9f>49 O.OOlH 104.16 219.55 0.00070 1.2f>401 1.1963 

18 19.9223 819. 9 0.23480 123.0814 0.00808 109.49 251.89 0.00069 1.26183 1. f>363 

19 79 . 2f>f>9 88 (.9 0.23004 117.1587 0.00849 112.90 229.28 0.00069 1.25951 1.5190 

20 18 . 5812 880.8 0.22547 111.3942 0.00889 116.11 210.31 0.00068 1.25109 1.4188 

21 77 . 8129 881.4 0.22110 106.1125 0.00926 119.69 194.42 O.OOoH 1.25459 1.3262 

22 1 '.138f> 880.4 0.21f>81 100.8483 0.009f>4 122.49 180.18 0.000f>7 1.25201 1.2531 
23 If>.3826 882.0 0.21271 96.3300 0.00997 124.65 If>9.02 0.00061 1.24935 1.19Z2 

24 15 . 60'+9 877.4 0.20886 91.0901 0.01040 126.2f> 158.77 0.000f>6 1.2 .. &62 1.1"'0 
25 '''.8090 8 7 c.l 0.20506 86.0107 0.01083 127.40 149.19 0.00065 1.2438 3 1.1107 

2& 13.9871 865.9 0.20134 81.0&75 0.01129 128.07 141.19 0.000&4 1.2"095 1.0823 

2 7 73.1"04 859.3 0.191&5 1&.3177 0.0111& 128.38 13".61 0.00063 1.23799 1.0599 

28 72.26 7 5 852.4 0.19397 71.7It7" 0.01225 128.38 128.13 0.00061 1.23494 1.042" 

29 7 1 .3703 844. 2 0.19035 67.2527 0.01278 128.11 122.23 0.00060 1.23182 1.0292 

30 70 . 4"57 835.3 0.1868" &2.942" 0.01332 127.59 116.83 0.00059 1.22860 1. 0189 

31 f> 9 ... 9 .. 6 8 25 .6 0.18323 58.7It36 0.01390 126.39 111.85 0.00057 1.22530 1.0156 

32 68.51f>4 815.8 0.17958 54.7f>"1 0.01"50 125.04 107.23 0.0005f> 1.22191 1.0142 

33 &7.511" 805.9 0.17598 51.00f>6 0.01510 123.57 102.94 0.00054 1.21843 1.0140 

3" f> f>.4798 795.6 0.17238 .. 7 ... 290 o .0157" 122.03 98.93 0.00053 1.21487 1.0152 

35 65.4218 785.3 0.16880 104.0567 0.01639 120.40 95.1f> 0.00051 1.21122 1.0175 

36 6 ... 3373 7710.4 0.1652" "0.8199 0.01709 118.70 91.&2 0.00050 1.207"9 1.0217 

37 63.2256 7610 .1 0.1&176 37.8"75 0.01779 116.93 88.27 0.00049 1.20367 1.0262 

38 62 . 0887 753.6 0 .158 35 35.0456 0.01852 115.12 85.10 0.000"8 1.19978 1.0315 

39 60.9269 710 ~. 1 0.15505 32 ..... 75 0.0192" 113.27 82.10 0.000"7 1.19581 1.0365 

.. 0 59.7429 732.7 0.1517 .. 30.0121 0.01999 111.40 79.26 0.000106 1.19177 1.0418 

42 57.31100 71 2 .5 0.14512 25.6"29 0.02151 107.61 74.03 0.000104 1.111352 1.0543 

.... 54 . 8247 69&.1 0.13848 22.0737 0.02288 103.88 69.35 0.00043 1.17510 1.0632 

.. 6 5 2.3052 683.1 0.13138 19.075 .. 0.02"18 100.54 &5.22 0.00042 1.16&&2 1.0714 

48 " 9.7865 674.2 0.12502 16.7280 0.02514 97.60 61.61 0.00042 1.15818 1.0701 

50 1tT .3102 668.3 0.11920 14.831'+ 0.02586 9".88 58.51 0.000"2 1.14993 1.0658 

52 " 4 .9111 667.3 0.11397 13.3977 0.02614 92.38 55.88 0.000102 1.1'+197 1.0552 

5 .. "2.6222 669.9 0.10928 12.2818 0.02610 90.19 53.70 0.00044 1.134101 1.0101 0 

56 40 .4657 67&.0 0.10512 11."269 0.02576 88.30 51.91 0.000"5 1.1273 2 1.0237 

58 311 . "552 &85.6 0.101107 10.7920 0.02513 86.70 50."7 0.00047 1.12074 1.0029 

60 36.5979 698.5 0.09812 10.3163 0.02431 85.51 49.3" 0.00050 1.111+&9 0.9797 

65 32 . 5995 743.2 0.090&2 9.5875 0.02190 84.01 '+7.52 0.00057 1.10173 0.9207 

70 29.3897 801.5 0.08403 9.1934 0.019&0 83.75 .. &.69 0.00065 1.09140 0.8759 

75 2&.7843 871.1 0.07810 8.9679 0.017&2 83.41 46.48 0.00073 1.011307 0.8550 

80 2'+.&339 951.3 0.0726& 8.8430 0.01592 84.88 4&.64 0.00082 1.07&22 0.8322 

85 22.8327 1040.& 0.06770 8.7688 0.01450 88.22 47.08 O. DO 092 1 .07051 0.8051 

90 21 . 3028 1138.0 0.0&323 8.7248 0.01330 91.80 '+7.70 0.00102 1.06568 0.71165 

95 19.9830 1242.0 0.05924 8.6903 0.01229 95.56 108.4& 0.00113 1.0&152 0.7742 

100 18 . 8344 1352.2 0.05572 8.672& 0.01142 99.49 49.75 0.00123 1.05792 0.7723 

120 1 5.3987 1834 .1 0.010545 8.6301 0.00893 122.37 5& ... 4 0.00175 1.04718 0.7558 

1 .. 0 13 . 1174 2301.3 0.04023 8.5880 0.00735 139.58 61.06 0.00226 1.04009 0.7403 

1&0 11."504 2711.4 0.03817 8.5589 0.00630 151.15 64.65 0.00278 1.03"93 0.7301 

180 10. 1779 3058.2 0.03766 8.5295 0.00552 158.45 & 7 .71 0.00332 1.03101 O. 7214 

200 9.170f> 3355.9 0.03795 8.5012 0.00492 163.14 70."9 0.00387 1.02791 0.71101 

220 8 .3512 3623.6 0.03859 8.4745 0.004~5 166.56 73.12 0.00~45 1.0Z539 0.7081 

2 .. 0 7 . &703 3878.0 0.0 3930 8."496 0.00"07 169.59 75.65 0.00505 1 .02330 0.7032 

Zf>O 7.09~8 H30.3 0.03993 8.42f>6 0.00374 172.71 78.13 0.00567 1.02154 0.f>994 

280 6.6015 "385.8 0.040"4 8.4053 0.003"7 176.12 80.58 0.00f>31 1.02003 0 . 696" 

300 f>. 1701 ~653.2 0.0~080 8 . 3944 0.00323 179.86 83.01 0.006Q8 1.01872 0.6938 

350 5 . 31"1 5332.0 0.0412~ 8.3490 0.00277 190.54 89.03 0.00875 1.01610 0.6897 

.. DO 4 . 669 0 6038.0 0.04129 8.3119 0.002102 202.36 95.02 0.010f>6 1.0141 4 0 . 6874 

.. 50 4.16"6 f>7f>2.3 0.04116 8.2815 0.00216 214.78 100.95 0.01272 1.01260 0.6861 

5 DO 3.7592 7490.f> 0.04102 8.2561 0.00195 227.28 106.85 0.01493 1.01137 0.6852 

550 3.4Z60 8225.1 0.0~08f> 8.23"8 0.00177 239.87 112.68 0.01730 1.01036 0.684& 

600 3.1473 8964.3 0.04069 8.2166 0.00163 252.H 118.46 0.01961 1.00951 0.6841 

700 2.7072 10462.9 0.04030 8.1873 0.00140 Z77.73 129.82 0.02525 1.00818 0.683f> 

liDO 2 . 3753 12000.5 0. 03983 8.16"9 0.00123 303.29 140.91 0.03125 1.00717 O. f> 835 

900 2 . 1159 13588.2 0.03927 8.1471 0.00109 329.29 151.74 0.03777 1.o0f>39 0.6836 

1000 1 . 9077 15233.8 0.038f>2 8.1328 0.00098 440.56 162.32 0.05546 1.00576 0.5523 

1200 1.5940 18699.5 0.0 3720 8.1111 0.00082 511.13 182.80 0.07510 1.00481 0.5497 

1400 1 . 3&90 22391.6 0.03574 8.0954 0.00071 583.34 202.45 0.09705 1 .00 413 0.5486 

1600 1.199f> 2f>23o.7 0.03445 8.0836 0.00062 655.60 221.39 0.12127 1.00362 0.5479 

1800 1 . 0f>75 30 202 .3 0.03331 8.0742 0.00055 726.49 239.71 0.110778 1.00322 0.5470 

2000 0.9f>16 3 .... 3f>.3 0.03214 8.0662 0.00050 SOf>.9O 257.50 0.17691 1.0029 0 0.54109 

2500 0 .769f> 48091.1 0.02795 8.0422 0.00040 1101.32 300.12 0.26926 1.00232 0.521" 
3000 0 . f>372 73 6" 7.0 0.02115 7.9735 0.00033 1819.1" 341.77 0.41728 1.00192 0.4627 
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THERMOOY NAMIC PROPERTIES OF PARAHYDROGEN C-2 

10.00 MPA ISOBAR 

TEMPERATURE OENSITY V (OH/OV~ V (OP/OUI
V 

- V (OP/DV~ -(DV/OT~/VCON~~~~~~~TY VISCOSIT Y THERMAL DIELECTRIC PRA NOll 
OIFFUS!VITY CONSTANT NUH BER 

DEG. K KG/CU M KJ/KG HPA-CU M/KJ HPA I/DEG. K W/K-M KG/H-S sa H/HR 

x 10 2 X 10 3 X 10 7 

1&.808 81.8729 919.9 0.2"&"5 1"3.2003 0.00715 10&.03 31&.91 0.00071 1.2&87 .. 1.9&&1 

17 81.7&00 92 ; . 0 o .2 .. 510 1"2.1202 0.00720 107 .• 12 3D 9. 9 .. 0.00071 1.2&83" 1.921& 

18 81.1&21 931.5 0.238&0 13&.52 .. 1 0.007"R 112.22 278.08 0.00071 1.2&&21 1.72&2 

19 80 .555 8 939.9 0.231&7 130'.8 .. &3 0.Oor7" 11 5.98 252.38 0.00071 1.2&"07 1.5825 

20 79.921 8 9"2.& 0.22727 125.25"2 0.00807 119.53 230.97 0.00071 1.2&182 1."701 

21 79.2&&" 9"3 . 0 0.2230" 119.59"& 0.008"1 123.45 212.99 0.00071 1.25951 1.3&87 

22 78.5887 9"1.9 0.21893 113.9783 0.0087& 12& . 57 197.&8 0.00070 1.25711 1. 2884 

23 77.893& 942 . 9 0.21502 109.0 .. 37 0.0090& 129. 0" 184.5& o.oooro 1.25 .. && 1.2223 

2" 77.1707 9"1.9 0.21121 10".038" 0.00939 130.93 173.15 J.000&9 1.2521 .. 1.1&91 

25 7& ..... 28 9"2 . 9 0.20758 99.&355 0.009& 7 132.34 1&3.18 0.000&8 1.2 .. 95& 1 . 12"0 

2& 75. &908 939 . 1 0 . 20"16 9".7233 0.01002 133.27 15".38 0.000&7 1.2 .. &92 1. 090" 

27 74 . 9239 93 ... 7 0.20070 89.9250 0.01039 133.85 1 .. &.57 0.000&& 1.2 .... 23 1.0 & 33 

28 7".1 3&& 929." 0.19723 85.2159 0.01071 13 .. .t 1 139.55 0.000&5 1.2"147 1.0"17 

29 73.3292 923 .7 0.1938" 80.&838 0.0111& 13 .. .10 133.20 0.000&" 1.238&5 1.02"1 

30 72.5015 917.& 0.19059 7&.3574 0.01155 133.85 127.43 0 . 000&3 1.2357& 1.0093 

31 71.&523 911.& 0.18727 7"2.2213 0.01195 132.88 122.13 0 . 000&1 1.23280 1.0011 

32 70.787& 90 ... & 0.16397 &8.1073 0.01237 131.76 117. 27 0.000&0 1.22979 0.995& 

33 &9 .902 9 897.2 0.18070 &4.285" 0.01279 130.55 112.77 0.00059 1.22&71 0.9915 

3 .. &8.9968 889 . 2 0.177"3 &0.52&7 0.0132" 129.2& 108.59 0.00057 1.22358 0.9886 

35 &8.07&4 881.1 0.17'<1& 5&.9585 0.013&6 127.69 10 ... 70 0.0005& 1.22038 0.9871 

3& &7 .13 59 872.9 0 . 17091 53.5&28 0.0 HI'< 12& ..... 101.05 0.00055 1.21713 0.98&" 

37 &&.1783 6&" . 5 0.1&770 50.3323 O. OH&1 12" . 93 97.&2 0 . 0005" 1.21383 0.98&7 

38 &5.2037 85&.2 0.1&"57 .. 7.29&7 0.01507 123.38 9 ..... 0 0 .00 053 1.210'<7 0.987" 

39 &4 . 2133 84& . 5 0 . 1&1&1 ..... 31&0 0.0155S 121.79 91.3& 0 . 00052 1.2070& 0.989& 

.. 0 &3.205& 836.2 0.15871 .. 1.&392 0.01&0& 120.18 88 ... 8 0.00051 1.203&0 0.9908 

42 61.1498 822.5 0.15292 36.7751 0.01699 11&.88 83.17 0.000.9 1.19&57 0.99"5 

.... 59.0530 807 . 9 0.1'<703 32."879 0.01792 113.&0 78 ... 2 0.000"8 1.189"2 0.9991 

.. & 5&.9271 7 98 . 2 0.1'<050 28 .8 9 .. 8 0.01872 110 ... 1 7 ... 1& 0.000 .. 7 1.18221 1.003" 

.. 8 5 ... 7942 769.5 0.13"51 25.80"9 0.019 .... 107.3& 7 0.37 0.000"& 1 .17 .. 99 1.0058 

50 52.&712 783.0 0.12889 23.2021 0.0200" 10 ... & .. & 7 .0 2 0.000"& 1.1&785 1.00"8 

52 50.5770 779.2 0.123&& 21.0339 0.02048 102.27 64.09 0.0004& 1.16082 1.0001 

5 .. "8. 5 H6 778.5 0.11881 19.2554 0.02075 100.11 61.53 0.000"& 1.15399 0. 993 0 

5& .. &.552 & 780.7 0.11"39 17.8052 0.0208" 96.15 59.34 0.00047 1 .147" 1 0.983& 

58 ..... &539 7 85.5 0.110"1 1&.&230 0.02077 9& ... 2 57 ... 7 0.000"8 1.1'<112 0.9723 

&0 "2.845& 7 93 . 3 0.10&69 15.6&10 0.02055 95.05 55.91 0 .0 00"9 1.13515 0.9566 

&5 38.7532 825.8 0.09822 1 ... 010" 0.019 .. a 92.92 53.0& O. 0005 .. 1 .1217 2 0.918& 

70 35.279" 875.2 0.090&3 13.0&1~ 0.01801 91.90 51."1 0.00059 1.110 .. 0 0.8818 

75 32.3&03 938.1 0 .0 837& 12.4759 0.01&53 90.89 50.57 0.000&5 1 . 10095 0.8627 

80 29.897 8 1011.8 0 .0 7755 12.07"8 0.01520 91.&9 50.28 0 . 00072 1.09303 0.8"31 

85 27.7951 109&.0 0.07193 11.80"& 0.01"01 94.55 50.3" 0.00080 1.08&29 0.8172 

90 25 . 9853 1189.0 0.0&691 11.&098 0.0129& 97.71 50.&5 0.00066 1.08052 O. rq91 

95 2 ... 4121 129 0.5 0.0&2 .. & 11.'<780 0.01204 101.10 51.15 0.0009& 1.07552 O. 78&1 

100 23.0330 1398 . 1 0.05857 11.3739 0.0112" 103.72 51.83 0.00103 1 .0711 5 0.7 652 

120 18.8773 187& . 1 0 .0 .. 731 11.1500 0.00885 125.38 57.97 0.0014~ 1.05805 0.7&80 

1'<0 1&.075 .. 23"3 . 2 0 .0 ~183 11.0295 0.00732 1'<1.7& &2.22 0.00185 1 .0"929 0.7527 

1&0 1".07&8 275" .& 0.03922 10.92"5 0.00&25 152.83 &5.56 0.00227 1.0 .. 30& 0.7382 

180 12.52"2 H03.3 0.03857 10.861& 0 . 005"8 159.85 68 ... & 0 . 00270 1.03825 0.7278 

200 11.29 .... 3"02.7 0.03877 10.806& 0.00"86 1&".39 71.1 .. 0.00315 1.03 .... 5 0 . 7191 

220 10.293 .. 3&71.7 0.0393" 10.7578 0.00~"1 1& 7.73 73.&9 0.003&2 1.03136 0.7120 

2 .. 0 9."&10 3927 . 2 0.03999 10.71'<1 0.00 .. 03 170.71 7&.18 0.00"10 1.02880 0.70&3 

260 8.75 7 0 "180.5 0.0"058 10.&H7 0.00371 173.82 78.63 0.00461 1.02664 0.7019 

280 8.1531 .... 3& . 9 0.0"10" 10.&392 0.003 .... 177.23 81.07 0.00513 1.02"78 0.698" 

300 7.&22& "707.8 0.0 .. 13& 10.&229 0.00320 180.97 83.49 0.005&7 1.0231& O. & 95 .. 

350 &.5738 5387.9 0.0"172 10.5 .. 6& 0.0027'< 191.11 69.53 0.00110 1.01995 O. &90& 

.. 00 5.7819 & 0 95.0 0.0"171 10."889 0.002"1 203. & 1 95.5& 0.008&5 1.01753 0.&880 

.. 50 5.1&19 5820.1 0.0"153 10 ..... 03 0.0021'< 216.15 101.55 0.01032 1.015&4 0.68&" 

500 4.&&28 75"9 .0 0.0"135 10.4000 0.00193 228.78 107.50 0.01211 1 .01"1 2 O. & 85" 

550 ... 2523 828 ... 0 0.0"115 10.36&2 0.0017& 2 .. 1.51 113 ... 0 0.01 .. 02 1.01287 O. &847 

&00 3.9084 9023.& 0.0"095 10.3375 0.001&2 25 ... 25 119.25 0.01&05 1 .0 1183 0.& 8 .. 2 

700 3.3&"8 10523.1 0.0"053 10.2915 0.00139 279.81 130.75 0.020"& 1.01017 O. &83& 

800 2.95"2 120&1.3 0.0"003 10 . 25&3 0 . 00122 305.67 1"1.98 0.02532 1.00893 O. &83 .. 

900 2 . &33 a 13&"9.8 0.039 .... 10.2286 0.00109 331.98 152.95 0.03059 1.0079& 0.&835 

1000 2.3749 1529&.1 0 .0 3877 10.2062 0.00098 44 0.56 163.66 0.0 .... 54 1.00717 0.5569 

1200 1.9857 187&3.& 0.03732 10.1723 0.00082 511.13 18 ..... 0 0.0&028 1.00&00 0.55"6 

1~00 1.700 2 22 "57. 5 0.0356" 10.1479 0.00~7l 583.33 20 ... 31 0.07787 1.00515 0.553& 

1&00 1 . .. 95 7 2 &297.3 0 .0 3"53 10.1295 0.000&2 &55.5& 223."9 0.0972& 1.00"51 O. 5531 

14 00 1.331" 30 2 & ... & 0.03339 10.1150 0.00055 728.21 242.05 0.118"7 1.00" 02 0.552" 

2000 1.1995 3 .... 78.0 0.0322 .. 10.1029 0.000"9 805.77 2&0.0& D.14174 1.003&2 0.550& 

2500 0.9605 4780 2 .4 0.02824 10.0701 0.000"0 1087.47 303.19 0.21"&9 1.00290 0.5293 

3000 0.79& 2 718 .. 2.& 0.02179 9.9893 0.00033 17'<8.0& 345.18 0.32975 1.00Z"0 0.4733 
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C-2 THERHOOY NAHIC PROPERTIES OF PARAHYDROGEN 

12. 00 HPA I S09AR 

TEHPE RAT UR:: VOLU~E ISOTHERM ISOCHORE INTERNAL ENTHALPY EN TROPY CV CP VELOC ITY 
DERIVATlV, DERIVATIVE ENERGY OF SOUND 

DEG . K CU H/KG CU M-HFA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ K:; - K HIS 

17 . 34; 0.01210 1.8521 1.0H -300.1 -154.9 5 . 220 5 .1 5 &. &3 1544 
18 0 . 01215 1.8168 1.037 -2%.3 -150.5 5.469 5 . 25 &. 8 3 ISH 
19 0 . 01224 1 .7&29 1.035 -290.4 -143.& 5.8H 5 .41 7.13 15 2 5 
20 0 . 01233 1. 7 C~1 1.031 -284.2 -13&.3 6 . 220 5 .54 7.4 3 1514 
21 0.01242 1.6510 1.027 -277.7 -128.7 &.588 5 . &7 7. 74 15 01 
2Z 0.01252 1. 5~73 1.021 -271. 0 -12J.9 &. 95S 5 .79 8. 04 1489 
23 0.012&2 1.5426 1.013 -2&4.1 -112.7 7.319 5 . 89 8 . 33 1477 
24 0 . 01272 1.4862 1.003 -256.9 -10 •• 2 7.679 5.98 8. 6 1 14& 3 
25 0.01284 1.4:"91 0.991& -249.5 -<)5.5 8.036 &. 07 8 .8 8 1451 
26 0 . 01295 1.3<)LC 0.<)786 -241.<) - 8&.4 8.3<)0 6. 14 9.15 1439 
2 7 0.01307 1.3454 0.9&47 -234.0 -77.2 8.740 6.21 9.4 1 14 2 7 

28 0.01320 1.2977 0.9507 -22&.0 -67.& 9 . 087 6 . 28 9 . &8 1414 
29 0.01333 1. ;:5~0 0.9353 -217.7 -57.6 9.431 6. 3 4 9. 95 1400 
30 0 . 01340 1.2023 0.9191 -209.3 -47.7 9.773 6 . 40 1 0 . 22 13 86 
31 0 . 013&0 1.15LO 0.9019 -200.& - 37 . 4 10.112 &.45 10.48 137 1 
32 0.01375 I.! 13& 0.8840 -191.8 -26.8 10.449 6 . 49 10 .74 1357 
33 0.01391 I. nC8 0.8&55 -182.8 -15.9 10 . 784 6.5 3 11. 0 0 1343 
34 0.0140& 1.0288 0.8465 -17 3.5 -4.8 11.116 6 . 57 11. 25 1327 
35 0.01423 0.98P9 0.8269 -164.2 6.& 11.446 6 . &0 11 . 5 0 131 3 
36 0.01440 o • 9495 0.8069 -154.6 18.2 11.773 6 . &3 11. 75 1297 
37 0.01458 0.9134 0.786& -144.9 30.1 12.098 &. && 11 .99 1282 

J8 O.OH77 0.8776 O. nco -135.0 42.2 12 . 421 6. 68 12.22 1267 
39 0.0149& 0.8431 0.7455 -125.0 54. & 12 . 742 6 . 70 12 . 45 125 2 
40 0 . "1517 0.8Hl 0.7249 -114.9 67.1 13.060 6. 7 1 12 . 68 1237 

42 0 . 01559 o • 7470 0.6841 -94.2 92.9 13.689 6 . 73 13.13 1207 
44 0.01&06 0.6919 0.6441 -73.1 11'l.6 14.30'l &. 16 13 . 5& 117 8 
46 0.01&55 J.6457 0.6052 -52.1 146.& 14.909 6 . 82 13 .9 6 1150 
4d 0 . 01 708 0.6042 0.5677 -30.1 174.9 15.511 6 . 86 14. 3 3 1124 
50 0 . 01765 o. 56~0 0.5319 -7.9 203.9 16.103 6.90 14 . 65 1099 
52 0.0 1825 0.5385 0.4982 14.5 233.5 16 . 683 6 . <)4 14.93 1070 
54 0.01888 O. ~129 0.4667 37.0 263.6 17 . 251 6 . 98 15.16 1055 
56 0 . 01955 0.4916 0.4373 59.8 294.3 17 . 811 7.02 15.35 10 36 
58 0.02024 0.47;3 0.4101 82.3 325.2 18.352 7 .06 15 . 46 1021 
60 0.020% 0.4623 0.3851 104.7 356.2 18.877 7 010 15.55 1007 

65 0 . 02285 0.4435 0.3313 159.9 434.2 20.127 7 . 23 15 . 63 979 
70 0 . 02485 0.4390 0.2881 214.1 512.3 21.284 7. 42 15 . 5 9 9&1 
75 0.02089 0.4456 0.2537 267.3 589.9 22.355 7 . 67 15. 4 9 949 
80 0.02895 J.45g3 o .2260 319.8 667.2 23.353 7 . 9 7 15.42 943 
85 0.03101 0.4755 0.2037 372.2 744.3 24.288 8 .32 15.4 5 940 
90 0.03307 0.4942 0.1853 425.0 821.8 25.173 8 .7 0 15 .54 939 
95 0.03511 0.5142 0.1700 478.5 899.8 26.017 /' 9 . 10 15. 6 9 941 

100 0.03714 o • 5351 0.1571 533.0 978.7 26.826 9. 51 15 . 8 8 945 
120 0 . 04511 0.6260 0.1208 765.5 1306.8 29 . 815 11 .09 16.78 973 
140 0.05285 0.7197 0.0984 1013 .8 1648.0 32.443 12.04 17.30 1017 

1 60 0 . (i604(i 0.8125 0.0832 1270.3 1995.0 34.760 12 .40 17 .36 1 067 
1 8 0 0.06761 0.8980 0.0723 1526.1 2337.4 36 . 778 12.34 17.13 1116 
20 0 0 . 07490 0.9879 0.0638 1776.5 2675.3 38 . 558 12 .0 8 16.70 1169 
22 0 0 . 08211 1.0705 0.0573 2019.5 3004.8 40 . 128 11 . 75 16. 27 1221 
2 40 0 . 08926 1.1642 0.0521 2255.0 3326.1 41.527 11. 43 15.89 1272 
260 0 . 09637 1 . 2510 0.0477 2484.0 3640.4 42.785 11 .17 15.5 7 1321 
28 0 0.10344 1 • 3372 o .0441 2707.7 3949.0 43 . 928 1 0. 96 15.31 1361 
300 0 . 11061 1.4275 0.0409 2928.9 4250.2 44 . 985 10 . 80 15.11 1413 
35 0 0 . 12509 1.6388 0.0348 3466.3 5003.3 47.288 10 . 57 14.8 1 1516 
4 00 0.14547 1.8484 0.0303 3994.5 5740.2 49.257 10.47 14. 6 8 1610 

4 50 0.16260 2.0569 0.02&9 4518.6 6472.2 50.983 10 . 44 14.& 2 1697 
500 0018(i09 2.2648 0.0241 5041.8 7202.9 52.521 10.43 14. 6 0 1780 
5 50 0019736 l.4722 0.0219 5564.0 1932.3 53.911 10 . 43 14. 5 9 1859 
600 0.21461 2.67<)3 0.0201 6086.7 8661.9 55.180 10 . 44 14.59 1935 
70 0 0 . 24906 3. 0929 0.0172 7134.1 10122.9 57.433 10 . 49 14. 6 3 2077 
800 0.28349 3. 5 060 0.0150 8188.3 11590.2 59 . 391 10.58 14 . 72 2208 
90 0 0 . 31790 3. q188 0.0133 9252.9 13067.7 61.130 10 . 71 14.84 2330 

1 0 00 0.35230 4.3315 0.0120 10331.0 14555.6 62 . 703 10.8 7 14.99 2445 
120 0 0.42107 5.15&6 0.0100 12542.5 175q5.4 65.458 11.25 15 . 37 2&55 
14 00 0.48983 5.9815 0.0086 14835.8 20713.8 67.866 11.68 15.81 2 845 

160 0 0 . 55859 6.8063 0.0075 17214.8 23917.8 69.982 12 .10 16.22 3021 
1800 0.62734 7.6311 0.0067 19679.7 27207.8 71 . 881 12 . 49 16. 6 2 3186 
2000 O. &9613 8.4559 0.0060 22234.2 30587.7 73.728 12 . 92 17.0 5 3341 
250 0 0.86894 10.5178 o .0048 29102.7 39530.0 80.059 14.64 18.87 3682 
300 0 1.04737 12.5798 0.0040 37405.3 49973.6 87 . 227 18 . 78 23 .48 396 5 
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12.00 HPA ISOBAR 

TEHPERATURE DENSITY 

OEG . ( KG/CU H 

17 . 346 
18 
19 
20 
21 
22 
23 
2 .. 
25 
26 
27 

28 
29 
30 
31 
32 
33 
3 .. 
35 
36 
37 

38 
39 
.. 0 

"2 .... 
46 

"8 
50 
52 
54 
56 
58 
60 

65 
70 
75 
80 
85 
90 
9 5 

100 
120 
1'00 

160 
180 
200 
220 
240 
260 
280 
300 
350 
400 

450 
500 
550 
600 
700 
800 
900 

10 00 
1200 
1 .. 00 

1600 
1800 
2000 
2500 
3000 

82.6756 
82.3055 
81 . 726" 
81.1312 
80.5315 
79.9020 
79.2534 
78.587 .. 
77 . 9078 
77 .209" 
76 • • 976 

75.7724 
75.0316 
74.2761 
73.50 .. 1 
72.7171 
71.915" 
71.1002 
70.2703 
69 . "279 
68.5720 

67 . 70"5 
66.8261 
65 . 93;6 

6" . 1275 
62.2808 
60."123 
58.5352 
56.6572 
54.7950 
52.9589 
51.1592 
.. 9 ... 0.0 
47.7096 

"3.7550 
40.2475 
37.1910 
34.5"29 
32.2500 
30.2433 
28."826 
26 . 9263 
22.1672 
18.921" 

16.5507 
1'0.7907 
13.3517 
12.1790 
11.2029 
10.3766 
9.6672 
9.0"07 
7.8071 
6.8741 

6.1 .. 2" 
5.5527 
5.0669 
".6597 
".0150 
3.5275 
3 . 1456 
2.8385 
2 . 37"9 
2.0415 

1.7902 
1.59"0 
1."365 
1.1508 
0.95"8 

TWO-PHASE BOUNDARY 

V DH/OVlp 

KJ/KG 

977 .1 
984.2 
993.1 
999 . 7 

1001.9 
10 04.2 
100".6 
10C2.8 
10C4 . 0 
1003.1 
1003 •• 

IOu 1. 0 
997 . 5 
992.6 
987.7 
983.8 
978.4 
972.5 
966 .7 
960.2 
954.7 

919 . 3 
907.0 
900.1 
893 . 0 
887.8 
884 . 0 
882.3 
882 . 6 
885 . 5 
890.7 

915 . 6 
956.0 

1012.6 
1082.7 
11£>3.1 
1253.2 
1351.2 
1455.9 
1927.9 
239" .3 

2808 . 8 
3147.2 
3"52.3 
3 722.1 
3978 . 2 
4232.1 
4"89.2 
.. 763.9 
5444.9 
6152.6 

68 78.4 
7607.9 
83"3.3 
9 08 3.2 

10583.3 
12122.1 
13711 . 2 
15358.3 
18827.4 
22523.1 

26363.8 
30328.2 
3" 526.8 
47608.5 
70529.5 

THERMO DYNAMIC PROPERTIES OF PARAHYOROGEN 

v COP/ OU" - v (OP/ OVIr - COVlOTVV CON~~~~~~~TY VISCOSITY OI~~~~~~~TY O~~~~~~~~C 
HPA;C~O~/KJ HPA 1/0EG. ~ W~K~~ 3 ~G~~7S sa H/HR 

0.2"393 
0.2399 0 
0 . 23"28 
0.22926 
0.22"88 
0 . 22092 
0 . 21711 
0.21339 
0.2098" 
0 . 20637 
0 . 20295 

0 . 19973 
0.1965" 
0 . 193"8 
0.19035 
0.18725 
0 . 18"22 
0.18122 
0.17822 
0.17523 
0.17226 

0.16936 
0 .1 6662 
0.16391 

0.15852 
0 . 15309 
0 . 14699 
0.1"137 
0 . 13601 
0 . 13096 
0.12618 
0.12172 
0.1176 .. 
0.11377 

0 . 10"73 
0.09651 
0.08898 
0.08212 
0.07593 
0.07043 
0 .06558 
0.06135 
0 . 0"913 
0.04319 

0 . 0"053 
0.03960 
0.03957 
0.0"007 
0.0"067 
0.0"121 
0.0"163 
0 .0"191 
0.04219 
0 .0" 212 

0 .0"189 
0.0"167 
0 .0 .. 1 .... 
0.0"122 
0.0"075 
0.04022 
0.03961 
0.03892 
0.0374" 
0.03593 

0.03"62 
0.033"7 
0.03232 
0 . 028"8 
0.02231 

153.1232 
1"9.5335 
1 ..... 0750 
138.6583 
132 . 9611 
I Z7 . 6311 
122.2 533 
116.7973 
112.1188 
107 . 32"3 
102.9186 

98 . 3287 
93 .7 885 
89.30 .... 
8" .9711 
80 .9 802 
77 . 0050 
73 . 1"53 
69 .4 89" 
65.9188 
62 . 6369 

59 ... 18 .. 
56.3 .... 1 
53 ... 161 

"7.9026 
"3 . 0902 
39.0098 
35 . 3675 
32.2"00 
29.5076 
27.1606 
25 .1 500 
23.48"6 
22 . 0559 

19 . 4053 
17 . 6700 
16 . 5807 
15.8651 
15. 3363 
1 ... 9 .. 67 
1 ... 6 .... 6 
14.408" 
13 . 8769 
13 . 6180 

13."531 
13 . 2823 
13 . 1900 
13 . 1110 
13 .0 "22 
12.981" 
12.9272 
12 . 9053 
12.79"0 
12.7058 

12.63"3 
12.5755 
12.5264 
12 . 4847 
12 ... 180 
12.3672 
12.3272 
12 . 2950 
12.2"63 
12 . 2113 

12.1849 
12.16"2 
12 . 1"71 
12 .1 042 
12 . 0108 

0 . 00678 
0.0069" 
0.0071B 
0.007 .... 
0.00772 
0 . 00800 
0.00829 
0.00859 
0.0088" 
0.00912 
0 . 00937 

o .00967 
0 .00 997 
0.01029 
0.0 1061 
0 . 01092 
0.0112" 
0 . 01157 
0.01190 
0 . 0122" 
0.01256 

0 . 01289 
0 . 01323 
0 . 01357 

0 . 01"2B 
0 . 01"95 
0.01551 
0.01 605 
0 .01 650 
0 . 01688 
O.017H 
0.01739 
0 . 017"6 
0 . 017" & 

0 . 01707 
0 . 01631 
0 . 01530 
0 . 01425 
0.01328 
0 . 012"0 
0 . 01161 
0 . 01091 
0 . 00870 
0 . 00722 

o . 006H 
0 . 005'" 
0.00 .. 8 .. 
0 . 00"37 
\) . 00399 
0 . 00368 
0.003"1 
0 . 00317 
0 . 00272 
0 . 00239 

0.0021J 
0.00192 
0 . 00175 
0.00161 
0 . 00138 
0.00121 
0 . 00108 
0 . 00098 
0.00082 
0 . 00070 

0.00062 
0 . 00055 
0 . 000"9 
0.000"0 
Q. 00033 

325 

111.J8 
11" . 78 
118 . , 3 
122.68 
126.9" 
130.37 
133.10 
135.25 
136.90 
138.06 
138.85 

139.32 
139 . 52 
139 ... 8 
138.71 
137 . 78 
136.73 
135.62 
13 . . .. 2 
133 .1 5 
131.82 

130 . .... 
129 . 03 
127. 6 0 

124.63 
121 . 65 
118.7 2 
115. 90 
11 3 . 2 I 
110 . 69 
108."3 
106 . "9 
10" .7 2 
103.29 

100.88 
99."2 
98 . 00 
98 . 23 

100.70 
103 ... 9 
106 . 56 
108.27 
128.8" 
14".3" 

154.82 
161."8 
165 . 82 
169 . 03 
171. 94 
175.00 
178.39 
182.13 
192.90 
20" . 88 

217 . 52 
230 . 27 
2 .. 3.1" 
256 . 01 
281.87 
308 . 03 
334.66 
.... 0.56 
511 . 13 
583 . 33 

655.52 
728 . 00 
80 ... 93 

1077 . 25 
1695 . "9 

329.05 
306.11 
276.63 
252.39 
232 . 36 
215.25 
200. 58 
187 . 90 
176.88 
167.16 
158 . 57 

150.91 
1'''.03 
137 . 80 
132 . 13 
12 6 . 9" 
122 . 16 
117.75 
113.66 
109.8" 
106 . 28 

102.93 
99 .7 9 
96 . 83 

91.39 
86.50 
82 .11 
78 . 17 
74.6" 
71."9 
68 .71 
66.24 
64.09 
62.21 

58.59 
56.20 
5".74 
53 . 93 
53.61 
53.61 
53.85 
5".15 
59 .77 
63.60 

66.65 
69 . 3" 
7 1 . 88 
74 . 35 
76.77 
79.19 
81.60 
84 . 01 
9 O. 05 
96.11 

102.15 
106.16 
114 .1 2 
120 . 03 
131.67 
1"3.04 
15".15 
165.01 
166.02 
206.18 

225 . 61 
244."1 
262.6" 
306 . 32 
348.70 

0.00073 
0.00074 
0 . 0007l 
J.00073 
D. OOO7J 
J . 00073 
o. ooon 
J . 00072 
J . DO 071 
0 . 00070 
0.00069 

J . 00068 
0.00067 
0 . 0006& 
a . 00065 
J.00064 
0 . 00062 
0 . 00061 
0 . 0006 0 
J.00059 
0 . 0005~ 

0 . 00057 
0 . 00056 
0 . 00055 

0.00051 
0.0005 Z 
0 . 00051 
0 . 00050 
0 . 00049 
0.000.9 
0 . 00049 
0 . 00049 
0 . 00049 
0 . 00050 

0 . 00053 
0 . 00057 
0 . 00061 
0 . 00066 
0 . 00073 
0 . 00079 
0 . 00066 
0.00091 
0.00125 
0.00 159 

0 . 0019" 
0 . 00229 
0 . 00268 
0 . 00307 
0.00348 
0 . 00390 
0 . 00434 
0 . 00460 
0.00600 
0 . 00731 

0 . 00672 
0 . 01023 
0 . 01164 
0 . 01355 
0.01727 
0 . 0213 6 
0.02561 
0 . 03727 
0.050"0 
0 . 06507 

0.06125 
0 . 09894 
0.11831 
0 . 17854 
0 . 2 7223 

1.27159 
1.27027 
1.2682 2 
1.26611 
1.26398 
1 . 26175 
1.259"6 
1 . 25711 
1 . 25471 
1. 25225 
1.2497 5 

1.24720 
1.24461 
1.24196 
1 . 2392& 
1. 23651 
1 . 2 3371 
1 . 23088 
I . ZZ799 
1.22507 
1. 22210 

1.21910 
1.21&0 & 
1.21299 

1 . 20677 
1 . 200 44 
1.19405 
1.167&& 
1.18129 
1.17500 
1.16661 
1.162 77 
1 .15691 
1. 1512& 

1.13615 
1.12&61 
1.11&62 
1.10601 
1.10060 
1.09414 
1.066'+ 9 
1.06352 
1 . 06641 
1.05819 

1.0 5079 
1 . 0"526 
1.0"061 
1.03718 
1.03"17 
1 . 03162 
1.029"3 
1.0 2751 
1.02372 
1.0 2087 

1.018&3 
1.01&63 
1.01535 
1.01"11 
1.01215 
1.01067 
1 . 00951 
1 . 00856 
1.00717 
1 . 00&U; 

1 . 00540 
1.00'+81 
1.00433 
1.00341 
1.00286 

C-2 

PRANOTL 
NUHBER 

1.9572 
1. 8211 
1.&&09 
1.5293 
1.41&1 
1. 3267 
1. 25"7 
I . 19&& 
1.147 2 
1.1075 
1.0742 

I . 0 4e~ 
1 . 0269 
I. 00 93 
0.9967 
0.9a94 
0 . 9825 
0 . 977 1 
0 . 9727 
0 . 9696 
0 . 9&&5 

0.96'+5 
0.9629 
0 . 9619 

0 . 9627 
0.96"0 
0 . 9656 
0 . 96&8 
0 . 9&56 
0.9641 
0.9606 
0.95"6 
0. 9"64 
0 . 9369 

0.9076 
0 . 6613 
0. 6652 
0 . 6469 
0 . 6222 
0.6046 
0.7926 
0 . 7941 
0 . 7763 
0.7&21 

O. H75 
0. 735" 
0 . 7239 
0.71 58 
0 . 7093 
0 . 7043 
0 . 7004 
O. &9&9 
0.6915 
0. 6885 

0.6868 
0.685& 
0 . &8"8 
0 . 6842 
0 . &836 
O. &63 .. 
O. &635 
0.561& 
0.5 595 
0 . 5567 

0. 558" 
0 . 5579 
0 . 55&3 
0.53&7 
O . .. 830 



C-l THERMOOY NAMIC PROPERTIES OF PARAHYOROGEN 

1~.0 0 MPA ISOBAR 

TEMPERATU R'O VOLUME I SO TH[RM ISOCHORE INTE RNAL EN THALPY ENTROPY CV CP VELOC ITY 
DERIV HI VE DER IVATIV E ENERGY OF SOUND 

OEG. K CU M/KG cu M-MPA/KG MPA/K KJ/KG-K KJ / ~G KJ / KG -K KJ KG-K MIS 

17. 6&~ 0 . 01198 1.9517 1 . 052 - 298 . a - 130 . 2 5.258 5.21 6.67 1580 
18 0.01199 1 . 9"9 1 . 052 -297. 2 -1 29 . 3 5.307 5.2~ 6.71 1579 
19 0.01207 1.8929 1. 051 -29 1.5 -1 22 . 5 5 . 678 5 .39 7.00 1569 
20 0.01216 1.84C8 1.0~9 - 285 . 5 - 115 . 3 6 . 0~5 5.53 1.29 1559 
21 0.0122~ 1 .78 89 1 . 0~5 -Z7 9 . 3 - 107 . 9 6 . ~ 07 5.65 7.57 15 ~ 8 
22 0 . 01233 1. 7372 1 . 039 - 272 .8 -1 00.2 6.766 5.77 7.85 1537 
23 0.012~2 1.680" 1.036 - 266.1 - 92 . 2 7.119 5.87 8.1~ 1526 
2~ 0 . 01252 I.H97 1 . 027 -259.2 -8 3. 9 7.~71 5.97 8.~1 1515 
25 0 . 01262 1. 5 7 8~ 1. G 17 -25 2. 1 -7 5 . ~ 7.820 6.06 8 . 67 1503 
26 0.01271 1. 52"~ 1.00& - 2<.4 . 6 -66 . 6 8 .1 65 6 .1~ 8.93 1489 
27 0.01283 1 • ~ 7 99 o . 9933 - 237.2 -57.6 8.50 6 6.21 9.18 1~19 

28 0.01295 1." 333 a . 9796 - 229 . 5 -~ 8.3 8 .8~ 5 6.28 9.43 1~66 
29 0.01306 1.3879 0.9652 -221.6 -3 8.1 9.180 6.35 9 . 67 1~54 
30 0.01318 1.3"39 0. 9509 - 213. 5 -2 8 .9 9.512 6.~0 9.91 14~2 
31 0.01331 1.2995 0.9355 -2 05.2 - 16 . 9 9.8~1 6."6 10.16 1~30 
32 0 . 013~~ 1. 25~8 0 . 919~ - 196 . 8 - 8 . 6 10.! 6 7 6.5 1 10.~0 1~ 16 
33 0 . 01357 1. 2 13~ 0.9025 -1 88 .1 1.9 10.~91 6 .55 10.63 1403 
3~ 0.01371 1.1721 0.8851 -17 9 .3 12.7 10.812 6.59 10.86 1390 
35 0.01380 1. 1320 0 . 8672 -17 0 .4 23 . 6 11.130 6.63 11.09 1377 
36 0.01~01 1. 0925 0.8~90 -161.3 3~.9 11. ~ ~6 6.66 11.32 1363 
37 0.01416 1. C5f8 0.8303 -1 52 . 0 46 . 3 11.759 6.69 11. 53 1350 

38 0.01~32 1. 0212 0.811~ -142.6 57.9 12.069 6.71 11. 7~ 1336 
39 0.01~~9 o . 98&4 0.7923 -1 33 . 1 69 . 8 12 . 377 6.73 11. 9~ 1323 
"0 0.01~66 0. 9529 a .7731 - 123 . 5 81 . 8 1 2.682 6.7~ 12.1~ 1310 

.. 2 0.01502 J.89G9 a • 7J~ 7 -103.9 106.~ 13 . 283 6 .77 12.51 1283 
~~ 0.01541 O. 8333 0.6969 - 83 .8 131. 8 13.87~ 6.80 12.89 1257 
~6 0.01582 0. 7799 0.6598 -63.9 157.5 1 ....... 3 6 . 66 13.29 1229 
"8 0.01625 0.7351 0. 6238 -~3.1 18 ~ . ~ 15.016 6.91 13.62 120 ~ 
50 0.01671 o • 6957 0.5891 - 22 .0 2 1 2. 0 15.579 6.96 13.92 IUD 
52 0.01720 0. 6606 0.5560 -0.7 2"0 .1 16.130 7.00 14.20 1158 
5~ 0. 01771 0 . 6313 0.52"6 20.8 268 .7 16.671 7. O~ 1~ ... 2 1137 
56 0.0182" 0.6055 0.~951 .. 2.7 298 .1 17.20 .. 7.08 14 .62 1118 
58 0.01880 O. 583~ o • ~674 6 ... 3 327.5 11.7 2 0 7.11 1~.79 1101 
60 0.01937 0.5657 0.~~16 85.9 351 . 2 !e.223 7.15 1~.91 1086 

65 0.02089 0. 53 .... 0 . 38" 139.9 ~32.~ 19.~27 7.29 15.1~ 105~ 
70 0.0225 0 0.5198 0.3378 193 . 3 508 ... 20. 55" 7.~7 15.26 1030 
75 0 . 02~18 O. 5 16~ 0.2992 2~6 .~ 58~. 9 21 . 609 7.72 15.32 1012 
80 0 .02 589 0 . 5221 0. 26 76 299.2 661 . 6 22.600 8.02 15.37 1000 
85 0.02761 0.5335 O. 2~ 15 352.2 738.7 23.534 8.37 15.~5 992 
90 0.0233J O. 5~ 79 0.2199 ~05.6 816.2 2 ... ~21 8.75 15.58 988 
95 0 .Oll 06 0 .56"8 0.2018 "5 9 .7 89~.5 25 .2 6 7 9.15 15.75 986 

100 0.03278 0 . 5833 0.1865 51~.9 9 73.8 26 .0 81 9.55 15.96 987 
120 0.03958 0 . 6666 0.1<.31 750.0 130~.1 29.089 11.12 16.90 1006 
1~0 0.0~623 0.756 7 0.1163 1000.5 16"7.7 31 .7 36 12.07 17. ~2 10~5 

160 0.05272 a • 8 ~ 76 0.0980 125 8 .9 1997.0 34.0 6 8 12. ~3 17 .~7 1092 
180 0.05909 0 .9381 0.08~9 1516.5 23~3.8 36.112 12.37 17.20 1142 
200 0.06537 1.0274 0.07~9 1768.3 2683.~ 37.900 12.10 16.77 1193 
220 0. 07138 1. 1 089 0.0672 20 1 2 .0 3011.3 39.~63 11.77 16.3~ 1241 
2~ 0 0.07753 1.1 967 0.0 6 10 2248 .3 3333.8 ~0.866 11. ~5 15.94 1291 
26 0 0.08365 1.2827 0.0 559 247 8.0 3649.1 ~2 .1 28 11.18 15.61 1339 
280 0.08973 1 . 3701 0. 0516 270 2 .3 3958.5 ~3. 275 10.97 15.35 1385 
300 0.09592 1 . .. 620 0.0479 2924 . 2 ~267.1 ~~. 336 10.82 15.1~ 1~31 

350 0.11093 1 . 673" 0.0407 3~62. 7 50 15 . 7 "6 . 6~3 10.58 1~.8~ 1532 
400 0 . 12585 1.8830 O. 0 35~ 3991 .7 5753.6 ~8.615 10.~8 1~.70 1625 

~ SO 0.1~071 2 .0915 O. 0 ll~ ~516.~ 6~86 . ~ 5 0.3"2 10.~5 1~.64 1712 
500 0.!555~ 2 . 2993 0.0282 5040.0 7217.6 51.882 10."3 1~.61 179~ 

550 0.17035 2 .5067 O. a 256 5562.5 79"7.~ 53.273 10.~4 14.60 1872 
600 0.1851~ 2 . 7137 0.023" 6085 . 5 8677. ~ 5~ . 5~2 10 .~ 5 1~.60 19~7 

700 0.21468 3.1271 0.0200 7133 .4 10138.9 56 .796 10.50 14 .6" 2088 
800 0.2~~19 3 . 5"01 o . 0175 8187.9 11 6 06 . 5 58 .7 5" 10.59 1~.72 2219 
9GD 0 . 27369 3.9528 0.0156 9252 . 6 130 8~. 3 6 0.~93 10 .71 14 .8~ 23 40 

1000 0.30317 4.365" 0 . 0 1~0 103 3 0.9 1~575.3 62 .067 10 .87 15.00 245" 
1200 0.36213 5.1903 0.0117 125 ~ 2 .5 17612.3 6~. 822 11.25 15.37 2663 
1~00 0. ~2 106 ; .01 50 0.0100 1~836 .0 20730.9 67.230 11.68 15.81 2853 

16 00 0.41999 6. 83~7 0.0087 17215.0 2393~ . 9 69.3~6 12.10 16.2 2 3028 
1800 0 . 53893 7. b6"~ 0 . 0078 19679 .8 2722~. 8 71.2~5 12.~9 16.6 2 3193 
200 0 0.59788 8."891 0.0070 22233. " 306 03. 8 73.091 12.91 11. 0 .. 33~ 7 
2500 0.74595 10. 5509 0.0056 29084.7 39527 . 9 79.415 14.57 18.79 3689 
3000 0.898~9 12 . 612 7 0.00~7 37289.7 ~986 8 . 5 86.5~6 18. ~~ 23.11 3973 

TW O-PrlASt BOUNO ARY 
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THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN C-2 

14.00 HPA ISOBAR 

TEMPERATU RE OENSITY V l OH/O~~ V lOP/OUI
V 

- V lOP/OVI
T -iOV/OTp/VCON~~~~~:~TY V ISCOSlT Y THfRMAL OIELECTRIC PRANOTL 

OIFFUSIVITY CONSTANT NUMBER 

OEG. K KG/CU M KJ/KG HPA-CU M/KJ MPA lIOEG. K H/K-H KG/H-S SQ H/H R 
X 10 2 X 10 3 X 10 7 

17.8&9 83.4399 1032.3 0.24187 1&2.8525 0.0004& 116.52 341.17 0.00075 1.27431 1.9531 

18 83 . 3689 10 33 . 9 0.24110 1&2.1439 0.00649 117.20 336.21 O.OOO7 ~ 1.27405 1. 9250 

19 82.8207 104".& 0.235&1 156.7682 0.00671 121.54 302.68 J.00075 1.27210 1.7 .... 5 

20 82.2581 1052.9 0.23071 151.4 246 0.00693 125.67 275 . 26 0.00075 1.27010 1.5972 

21 81 . 6813 1059.2 0.22626 146.1222 0.00715 130.19 252.51 0 . 00076 1.26806 1.4687 

22 81.0903 1063.9 0.22214 140. 8714 0.00738 133.89 233.37 0.0007 6 1.2659& 1.3678 

23 80.4940 10&3.1 0.21902 135.2&25 0.007&& 13&.91 217.21 ~.00075 1.26385 1.2913 

24 79.8708 1065.2 0.2154" 130.1661 0.00789 139.29 203.13 0.00075 1.2616" 1.22& 1 

25 79.2334 1065.7 0.21197 125.0644 0.00814 141.16 190.92 0.0007<, 1.25939 1.1725 

26 78.5812 1063.8 0.2085& 11'l.7'HO 0.00840 142.53 180.21 0.00073 1. 25709 1.1295 

27 77.918 2 10 65 . 5 0.20516 115.3118 0.008Ol ,,3.51 170.79 0.0007 2 1. 25475 1.09n 

28 77 . 2394 1065.2 0.20185 110.7064 0.00885 144.1& 1&2.39 0.00071 1.2523& 1 . 0&17 

29 76.5"89 1064.3 0.19865 106 . 2'<18 0.00909 "".53 15".88 0.00070 1.2"99] 1. 0 362 

30 75.8487 1 0 &2 . 5 0.19578 101.93&7 0 .00 933 144.&& 148.14 0.00069 1.24747 1.0150 

31 75.1334 10 59.9 0.1928" 97.638& 0.00958 14".03 142.01 3 . 000&8 1.2449& 1 . 0013 

32 74.4075 1056.2 0.18990 93.3&70 0.00985 1<+3.25 136 ..... 0.00067 1. 2 .. 2 .. 2 0. 9906 

33 73. &&84 1053.1 0018703 89.3899 0.01010 142.34 131.33 0.00065 1.23983 0.9810 

34 72.9202 1049.1 0.18418 85.4730 0.0103& 141.37 12&.&4 0.000&4 1.23722 0.9732 

35 72.1585 1044.8 0.18137 81.&823 0.010&2 140.31 122.29 0.000&3 1.23"5& O. 9 ~68 

3& 71.3871 1039.6 0.17859 77.98&9 0.01089 139.17 118.2& 0. 000&2 1.23167 0.9&19 

37 70.6058 1036.2 0.17583 74.6181 0.01113 137.97 114.51 0.00061 1. 2291& 0.9570 

38 69.8145 1031. 4 0.17314 71.2911 0.01136 136.72 111.01 0.000&0 1.22&41 0.9532 

39 &9.0158 10 25.9 0.170&0 68.0748 0.01164 135 ... 3 107.73 0.00059 1.2236" 0.9498 

40 &8.2087 1020.3 0.16808 64.9973 0 . 01189 13".12 104.&5 0.00056 1.2206 .. 0.9<,70 

42 &6.5716 1010.1 0.1&301 59 .3071 0.01239 131039 99.00 0 .000 57 1. 21516 0.9429 

44 64.9100 1000.2 0.15787 54 .0906 0 .01 288 128.&4 93.9& 0 .000 55 1.2094 6 0.9412 

4& &3.22&7 993.1 0.15202 49.311& 0.01338 125.91 89.42 0.00054 1.203&8 0.943& 

48 &1.5326 987.9 0.14665 45.2351 0.01379 123.25 85.33 0.00053 1.19786 0.9432 

50 59.8340 983.9 0.14153 41.&279 0.01415 120.69 81.64 0.00052 1.1920 8 0.9419 

52 58.1427 980.7 0 .13 664 38.4099 0.01448 118.26 78.32 0 .00052 1.18633 0.9402 

54 56.4686 980.0 0.13197 35.6485 0.01472 115.98 75.35 0.00051 1.180&5 0.9368 

56 54.8188 980.3 0.127&1 33.1922 0.01492 113.87 72.69 0 .00051 1.17508 0.9333 

58 53.1998 981.8 0.12355 31.0358 0.01506 111.97 70.31 0.00051 1.16962 0.9285 

60 51.&176 986 .1 0.11963 29.199 0 0.01512 110.52 68.21 0.00052 1.16431 0 . 9204 

65 47.8&11 100&.8 0.11034 25 .57&5 0.01504 107.99 63.96 0.00054 101517& 0.8973 

70 44.4354 1043.3 0.10169 23.0981 0.01462 106.25 60 . 99 0.00056 1.\4040 0 . 8757 

75 41.3625 1093.8 0 .0 9366 21.3608 0.01401 104.65 58.97 0.00059 1.13027 0.8634 

80 38.&321 1158.9 0.06&34 20.1711 0.01327 104.45 57.&7 0 .000 63 1.1213 2 0 . 8489 

85 36.2217 1236.3 0.07968 19.3230 0.01250 106.59 56.93 0.00069 1.11346 0.8253 

90 34.0900 1323.5 0.07375 1&.6790 0.01177 109.07 5&.&0 0.00074 1.10&55 0 . 6085 

95 32.1975 1419.6 0.06852 18.1847 0.01110 111.6& 56.57 0.00079 1.10043 0.7 967 

100 30.5058 1522.9 0.0&398 17.7952 0.01048 112.96 56.59 0.00084 1.0949 8 0.7994 

120 25.2&55 1988.9 0.05092 16.8430 0.00850 132.61 61.75 0.0011 2 1.07823 0.7867 

1'+0 21.6316 2452 . 0 0.04452 16.3&76 0.00710 147.23 &5.14 0.00141 1.0&672 0.7706 

1&0 18.9b74 2865.2 0 .0415 9 16.0775 0.00610 157.08 67.67 0.00171 1.05633 0.7549 

180 16.9222 3217.1 0.04054 15 . 8153 0.00535 163.33 70.34 0.00202 1.05193 0.7407 

200 15.2983 3519.1 0.04045 15.7172 0.00476 167.40 72.72 0.00235 1.04686 0.7284 

220 1'+.0096 37 74.3 0.04079 15.534& 0.00433 170.45 75.07 0.00268 1 . 04266 O. 71~ 

240 12.8974 4030.7 0.04134 15.4341 0.00395 173.26 77.42 0 . 00303 1.03941 0.7123 

260 11.95"8 4284.9 0.04183 15.346& 0.00364 176.25 79.78 0.00340 1.03649 0.7067 

280 11.1 .... 8 4542." 0.04221 15.2694 0.00338 179.60 82.16 0.00378 1.03399 0.7023 

300 10.4251 4821.1 o • a 4246 15.2420 0.00314 183.32 84.55 0.00418 1.03177 O. &964 

350 9.0149 5502.6 0.04265 15.0854 0.00270 194.10 90.58 0.00522 1.02743 0.6924 

400 7.9461 6210.9 0.04252 14.9625 0.00237 206.15 96.66 0.00&36 1.0241 5 0.6891 

450 7.1067 6937.2 0.04224 14 . 8637 0.00211 218 .89 102.75 0 . 00758 1.0215 8 0.6871 

500 &.4Z91 76& 7.1 0.04198 14.762& 0.00191 231.76 106.81 0.00888 1.01951 0.6858 

550 5.8104 6402.8 0.04172 14.7150 0.00174 244.75 114.64 0.01028 1.01780 0.6649 

600 5.401" 9143.0 0.04147 14.6579 0.00160 257.77 120.82 D.01177 1.01637 0.6843 

700 4.6581 10&43. 5 0.04097 14.5667 0.00138 263.92 132.59 0.01"99 1.01411 0.6836 

800 4.0951 12182.9 0.04041 14.4973 0.00121 310 . 39 144.11 0.018 54 1.01239 0.6834 

900 3.6538 13772.6 0.03977 14.4428 0.00108 337.33 155.36 0.02240 1.0110 5 0.6835 

1000 3.2984 15420.3 0.03906 14.3990 0.00il97 440.5& 1&6.35 0. 03207 1.00991 0 . 5662 

1200 2.7615 18891.0 0.03755 14.3328 0 .00081 511.13 187.63 0.04334 1.00834 0.5644 

1400 2.3749 22588.4 0 . 03603 14.2653 0.00070 583.33 208.06 0 .05594 1.00717 0.5638 

1600 2.0834 26430.1 0.03470 14.2496 0.00061 655.49 227.74 0 .0&962 1.00629 0.56H 

1800 1.8555 30392.7 0 .0 3355 14.221& 0.00055 727 .64 246.78 0.08499 1.00560 0.5&34 

2000 1.6726 34580.1 0 .0 3240 14.1966 0.00049 804.28 265.2& 0.10158 1.00505 0.5621 

2500 1.3406 47473.8 0.02867 14.1443 0.00040 1069,]0 309.48 0.15283 1.00404 0.5438 

3000 1.1130 69525.3 0.02273 14.0377 0.00033 1654.59 352.30 0.23163 1.00336 0. 4920 

TWO-PHASE BOUNOA RY 

327 



'C-2 THERHODYNAHIC PROPERTIES OF PARAHYDROGEN 

16.00 HPA ISOBAR 

TEHPERATURo VOLUHE 15 OT HERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC ITY 
DERIVATIVE OERIVATIVE ENERGY OF SOUND 

DEG. K CU H/KG CU H-HPA/KG HPA/K KJ/KG-K KJ/KG KJ/KG-K KJ I KG-K HIS 

18.378 0.011 88 2 • 0~8~ 1.066 -295.7 -105.7 5.295 5.28 6.71 1615 
19 0.0119 3 2 . 0171 1.066 -292.3 -101.~ 5.522 5.37 6.89 1609 
20 0.01200 1.9667 1.065 -286.4 -9~.~ 5.883 5.51 7.17 1600 
21 0.0120 8 1.9163 1.062 -280.~ -87.1 6 . 239 5.64 7.~~ 1591 
22 0.01217 1.8661 1.058 -274.2 -79.5 6.591 5.75 7.70 1581 
23 0.01225 1.8161 1.052 -267.7 -71.7 6.940 5.86 7.96 1571 
24 0.01234 1.7664 1 . 045 -261.0 -63.6 7.284 5.96 8.22 1561 
25 0.01 243 1 . 7119 1.041 -254.1 -55.3 7.624 6.05 8.49 1550 
26 0.01253 1. 66 .. 2 1.031 -247.1 -46.7 7.961 6.13 8. 7~ 15 .. 0 
27 0.012 62 1.6158 1.020 -239.8 -37.8 8.296 6.21 8.98 1528 
28 0.01273 1. 56~~ 1.007 -232.3 -28.7 8 . 627 6.28 9.22 1515 

29 0.01283 1.5218 0.9937 -22~. 7 -19.4 8.954 6.35 9.45 1505 
30 0.012 94 1.4775 0.9796 -216.9 -9.8 9.278 6.41 9.67 1493 
31 0.01306 1.4313 0.9650 -208.9 -0.0 9.599 6.46 9.90 1481 
32 0.01317 1.3906 0.9504 -200.8 10.0 9.917 6.52 10.12 1 .. 70 
33 0.01329 1.3492 0.9351 -192.4 20.2 10.232 6.56 10.34 1458 
34 0.01342 1.3072 0.9192 -184.0 30.7 10.544 6.61 10.56 14 .. 6 
35 0.01355 1.2689 0.9026 -175.4 41.3 10.853 6.65 10.77 143~ 

36 0.013 68 1.2299 0.8857 -166.6 52.2 11.159 6.68 10.98 1421 
37 0.0138 1 1 . 1921 O. 868~ -157.7 63.3 11 .463 6.71 11.18 1409 
38 0.01396 1. 1571 0.8508 -148.7 74.6 11.764 6.74 11.37 1397 

39 0.01410 1.1222 0.8330 -139.6 86.0 12.061 6.76 11.55 1385 
40 0.01~25 1.0890 0.8151 -130.3 97.7 12.356 6.78 11.73 1373 

~2 0.01456 1. 0265 0.7789 -111.5 121.5 12 .937 6.81 12.07 1349 
~4 0.014 90 0.9676 0.7~29 -92.4 146.0 13.506 6.84 12.U 1325 
46 0.01525 0.9144 0.7075 -73.3 170.6 14.054 6.91 12.76 1300 
48 0.0156 2 0.8633 0.6729 -53.~ 196.5 14.604 6.96 13.10 1275 
50 0.0160 1 0. 8176 0.6391 -33.1 223.0 15.14~ 7.01 13.40 1251 
52 0.01641 0.7824 0.6068 -12.6 250.0 15 . 675 7.05 13.6~ 1230 
54 0.01684 0.7466 0.5758 8.1 277.5 16 . 194 7.09 13.89 1209 
56 0.01729 0 .7195 0.5463 29.2 305.7 1&.708 7.13 14.07 1192 
58 0.01775 0.6 931 0.5184 50.1 334.1 17.204 7.16 1".25 117 .. 
60 0.01823 0 . 6719 0.4922 71.0 362.7 17 .690 7.20 1".39 1159 

65 0.01949 0.6301 0.4336 123.6 435.5 18 . 855 7.34 lIt.70 1124 
70 0.02083 0.6056 0.3840 176.2 509.6 19.953 7.53 1~.93 1096 
75 0.02224 0 . 5943 0.3425 228.8 584.6 20.988 7.7S 15.09 1074 
80 0.02368 0.5913 0.3076 281.6 660.5 21.967 8.08 15.25 1057 
85 0.02515 0.5966 0.2765 334.8 737.1 22.896 8.42 15.40 10 .. 5 
90 0.02663 0.6071 0.2539 388.5 814.5 23.781 8.79 15.57 1037 
95 0.02811 0.6208 0.2332 443.1 892.9 2~.629 9.19 15.76 1032 

100 0.029 59 0. 6361 0.2155 498.7 972.2 25.443 9.59 15.99 1030 
120 0.03550 0 . 7105 0.1654 735.7 1303.7 28.461 11.16 16.98 10 .. 0 
1~0 0.04131 0.7966 0.1342 988.1 1649.0 31 . 122 12.10 17 .51 1073 

160 0.04700 0.8856 0.1130 1248.1 2000.2 33.466 12.46 17 .56 1117 
180 0.05259 0 . 97~4 0 . 0977 1507.3 2348.8 35 . 520 12.41 17 .28 1165 
200 0.05&10 1.0633 0.0861 1760.3 2689.9 37.317 12.14 16.84 1215 
220 0.06353 1.1504 0.0770 2005.3 3021.7 38 . 899 11 .79 16.37 1264 
240 0.06875 1.2299 0.0700 22~2.0 3341.9 40.292 11.47 15.98 1309 
260 0.07411 1.3170 0.0641 2472.2 3658.0 41.558 11.20 15.66 U57 
260 0.0794-5 1 . 4035 0.0592 2697 .1 3968.2 ~2.707 10.98 15.39 1 .. 02 
300 0.08491 1.4973 0.0548 2919.8 "278.~ ~3.772 10.83 15.18 1 .... 8 
350 0.098 06 1 .7085 0.0466 3~59.3 5028.3 46.083 10.59 1~.86 15 .. 8 
.. 00 0.111 13 1.9180 0.0~05 3989.1 5767.2 48.058 10.49 14.71 1640 

~50 0.12415 2.1264 0.0359 ~514.3 &500.6 ~9 . 787 10 .~5 14.65 1726 
500 0.13713 2 • 33~1 o • 0322 5038.4 7232.~ 51.328 10 .~4 14.62 1608 
550 0.15009 2 . 5~13 0.0292 5561.2 7962.6 52.720 10.~4 1~.60 188S 
600 0.16303 2 • 7~82 0.02&8 608~.5 8693.0 53.989 10.45 14.61 1960 
700 0.188 89 3.1614 0.0229 7132.7 1015~.9 56.244 10.50 1".64 2100 
800 0.Z1471 3.5742 0 . 0200 6187.5 11622.9 58.203 10 . 59 14.72 2229 
900 0.24052 3.9867 0.0178 9252.4 13100.6 59 . 942 10.71 14.84 2350 

1000 0. 26632 4.3991 0.01&0 10330.8 14592.0 61.516 10.87 15.00 2 .. 6 .. 
1200 0.31791 5.2237 0.0133 12542.7 17629.2 64.271 11 .25 15.38 ZH2 
1400 0.369~8 6.0483 0.011~ H836.3 207~8.0 &6.679 11.68 15.81 Z860 

1600 0.4210~ 6 . 6728 0.0100 17215.3 23952.0 68.795 12.10 16.22 3036 
1800 0.~7261 7 • 697~ 0 . 0089 19680.0 272~1.8 70.695 12.~9 16.61 3200 
2000 0.52419 8.5219 0.0080 22232.9 30&20.0 72.5~0 12.91 17.0~ 3354 
2500 0.65371 10.5835 0.0064 29070.3 39529.6 78.858 1~ .50 18.72 3696 
3000 0.76669 12.6451 0.0053 37196.8 49787.0 85.959 18.18 22 .80 3981 
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THERMOOYNAH IC PROPERT I ES OF PARAHYO ROGEN C- 2 

1&.00 MPA I SOBAR 

TEMPE RA TURE DEN SITY VI OH/OV~ V IOP/OU" - V I OP/OV) -IO V/ OT ) IV THERMAL VISCOSITY THERHAL DI EL ECTR I C PRANOTL 
T P COND UCTIVITY DI FF US I V IT Y CONSTANT NUMBER 

OEG. K KG/ CU H KJ/KG HPA;C~O~/KJ HPA 1/0EG. K H/ K- H 
X 10 3 

KG/M-S SQ H/HR 
X 10 7 

18 . 378 84.170 3 1085.8 0.24014 172.4170 0 . 0 0&18 1 2 1 . 3 9 353 . 30 0 .00077 1 .27&9 1 1.9543 

19 83.8438 1 093 . 2 0.23&86 169. 1 204 0.0 06 30 124.11 330.57 0 . 00 077 1. 2757 4 1.8357 

20 83 . 30 8 8 1103.2 0.23204 163.8434 0.00650 128.51 299.59 0.00077 1.27384 1 . 6714 

21 82.7&10 1111.2 0.227&7 158.5978 0.00&70 133 . 30 273 . 9 9 0.00078 1 . 27189 1.5293 

22 82. 2006 1117.5 0.22362 153.3933 0 .00&89 137. 24 252.55 0.00078 1. 269 90 1.4178 

23 81.&27& 1122 . 3 0.21989 148.2402 0.00710 140. 47 234.38 0 . 00078 1 .26787 1.3287 

24 81.04 22 11 25.8 0.21637 143.1502 0.00730 143 .08 218.82 0.0 00 77 1. 2 6579 1.2567 

25 80.44 8 9 1123.8 0.21388 131.7119 0.00756 1 45.17 205.41 0.00076 1 . 263 6 9 1.201& 

26 19. 836 5 1126.0 0.21059 132.8603 0 . 00716 146 . 73 193.63 0 . 00076 1.2615 2 1.1529 

27 79. 2 100 1127 . 0 0.20728 121.9866 0 . 00797 147 .88 183.25 0.00075 1 . 25931 1.1125 
28 7 8.5 1 2 8 1125.1 0_20401 122.9176 0.00819 1 48.&9 174_06 0.00074 1.257 06 1.079& 

29 7 7 .9254 1127 . 5 0.20084 118.5882 0 . 0 08 3 8 1 49.22 165 . 88 0 . 00073 1. 2 5478 1.0503 

3 0 77. 2&10 11 27.1 0.19786 114.1&41 0 . 0 0858 1 49 . 5 0 158 . 54 0.00072 1. 2 524 6 1.0257 

31 76.5983 1125.0 0.19486 109.6379 0 .0 08 60 1 4 8 . 9 9 151.91 0.0 00 71 1.25011 1. 0096 

32 75. 9 211 1124.5 0.19209 105.5768 0. 00 90 0 148 .33 1 4 5.91 0.000&9 1. 24773 0.9958 

33 75.2310 1122.6 0.18937 101.4996 0. 00 921 147.53 14 0 .41 0.00 06 8 1. 2 4530 0.9844 

34 7 4 . 5 334 1119 . 6 0.186&1 97.4322 0.0 0943 146.67 135.39 0.00067 1 . 2 42 86 0.9750 

35 73 . 8266 1117.6 0.18398 93.6801 0 . 00964 145. 72 130.76 0 . 00 0 66 1 .240 39 0.9663 

36 73.1104 111 4 .4 0.18132 89.9185 0.0 0985 14 4 . 6 9 126.46 0.0 00 65 1. 23 786 0.9596 

37 72 . 38 6 1 1110.9 0.17870 86.2894 0.010 06 1 43. 5 9 1ll.51 0 . 00064 1. 2 35 3 6 0.9539 

38 71 .6542 1106.0 0.17618 82.9097 0.0102& 1 .. 2 . 43 118.81 0 .00063 1 . 23 2 80 0.9"85 

39 70.9152 1103.9 0.17379 79.5832 0.010 4 7 141. 2" 115. 3 6 0.00062 1 .23 02 3 0.9"37 

4 0 70.1& 9 4 1099 . 9 0.17144 76.4173 0 . 01067 140.01 11 2. 12 0.00061 1 .2276 4 0.9394 

4 2 68. &604 1092.3 0.16668 70.482" 0.01105 1 37.4 6 106.22 0.00 0 60 1. 222 40 0.9329 

44 67 .1339 1084 . 9 0.16182 64.9599 0.011"4 134. 6 7 100 . 98 0.00058 1 . 217 1 2 0.9290 

4 & 65.5916 1 0 61.6 0.15618 59.9771 0.0118 0 1 3 2 . 29 96.27 0.0 0057 1. 2118 0 0.9285 

4 6 64.03 9 7 1 076.0 0.15100 55.2845 0.0 1 217 129 . 77 92.03 0 . 0 00 5& 1 . 2 0647 0.9289 

50 &2.479 2 1071 . 4 0.14602 51.0822 0 . 012 5 1 1 27.31 88.19 0.00 055 1. 2 0112 0.9286 

52 60.9229 1 071.7 0.14129 47.6678 0. 0 127 3 124.96 84 . 72 0.00054 1 .1 9580 0.9249 

54 59.377 2 1 0 69 . 6 0.136H 44.3290 0 .0 129 9 12 2 .74 81.59 0 . 0 00 54 1.19053 0.9235 

56 5 7 .84&& 1072 . 1 0.13244 41.6200 0 . 01313 1 2 0 . &5 78.75 0.00053 1 .1853 2 0.9185 

58 56.3397 1073.4 0.12844 39.0511 0.01328 118.7 2 76.21 0 . 00 053 1 .1802 2 0.9147 

60 54.8590 1077.9 0.12455 36.8625 0.01335 117.1 0 73.9 2 0.00 053 1 .17521 0.9085 

6 5 51.3040 1096.4 0.11516 32.32&8 0.01341 114 . 40 69.21 0.00055 1. 1 6326 0.8896 

70 47. 9986 1129.9 0.10628 29 . 0695 0.01321 112 . 5 0 65.71 0.00057 1 . 1 5 2 2 2 0.8718 

75 44 .9729 1177.9 0.09793 2&.7252 0.01281 110 .8 3 63. 2 0 0 . 00 059 1 .142 17 0.8607 

8 0 42. 2333 1238.2 0.09021 24.9716 0 .01232 11 0 .30 61.47 0.00 062 1. 1 3313 0.8500 

85 3 9.7&8 6 1312.7 0.08318 23.7322 0.01173 112 . 20 &0.33 0 .00 066 1.1250 4 0.8282 

90 37 .558 6 1398.2 0.07687 22.8006 0. 0 1114 114.43 59 . && 0 .00070 1.11782 0.8118 

95 3 5. 573 6 1493.2 0.07132 22.0838 0.0105& 116.9 7 59 . 34 0 .00075 1.1113& 0.7998 

100 33.790& 159".7 0.0&648 21.4951 0.01003 117 . &6 59.0 8 0 .00078 1 . 1 055 8 0.80 2 9 

1 2 0 28.1711 2054.6 0.05263 20.0154 0 . 00826 136 . 57 6 3 .85 0 .00103 1.0 875 0 0.7938 

1 .. 0 24. 2 091 2515.4 0.04581 19.2857 0.0069& 150.35 66.8 2 0 .001 2 8 1.074 87 0.7781 

160 21. 2755 2927.2 0.04263 18. 8405 0 . 0 06 0 0 1 5 9. 55 6 9 . 21 0.00154 1.0&55 9 0.7618 

180 19.0141 3277.5 0.04142 18.5275 0.00527 165 . 35 71. 4 3 0 .00181 1 .0 58 4 8 0.74&& 

200 17. 2120 3580.3 0.04121 18.3010 0. 0 0470 169. 1 2 73.63 0. 0 0210 1. 052 83 0.7332 

2 2 0 15 . 7408 3849.9 0.04148 18.1087 0 . 0 0425 171.97 75.85 0.00240 1. 04824 0.7221 

24 0 14 . 54 0 0 4086.3 0.04195 17.8896 0.00391 174 . && 78 . 1 2 0.00270 1 .044 52 0.7148 

2 60 13.4930 4338 . 7 0.04244 17.7700 0 . 00361 177.5 7 80.41 0.0 0 303 1 .0412 5 0.7090 

280 12. 587 1 4596.3 0.04278 17.&655 0 . 00335 180.8 7 8 2 .75 0.0033& 1 .0 384 5 0.7042 

300 11.7769 4879.4 0.04300 17 .6334 0.00311 184 . 56 85.1 2 0.00372 1.0359 4 0.7000 

3 5 0 10.1977 5561.1 0.04311 17.4229 0 . 00267 195.32 9 1.1 3 0.004& 4 1 .0 3107 0.6933 

400 8 .9985 &269.8 0.04291 17.2590 0 . 00235 2 07 .42 97. 2 3 0.00564 1 .0 2738 0.&896 

450 8.0551 6996.5 0.04259 17.1280 0.0020 9 220 . 25 10 3.35 0.0067 2 1 .0 2448 0.6874 

5 0 U 7.2924 77 26.& 0.04229 17.0209 0.00189 233.23 1 0 9 .47 0 . 0078 8 1.02215 0.&8 &0 

550 &. && 2 8 8462.5 0.04200 16.9319 0.00173 2 46.35 11 5 .55 0 . 00911 1. 0 2 022 0.6850 

600 6.1338 H03.0 0.04173 1&.8568 0.00159 259 . 51 1 21.&0 0 .01043 1 .0 18 60 0.6844 

700 5. 2942 10703.9 0.04118 16.7372 0.00137 285.96 13 3 .51 0.01328 1 . 01&0 4 0.&83& 

800 4.&574 1 2243.7 0.04059 1&.64&4 0.00120 3 1 2 . 7 4 14 5.1& 0.0164 2 1 .0141 0 0.6834 

900 4 . 157& 13 833.9 0.03993 16.5752 0.00107 339 . 9 9 15&.56 0 .01984 1 .01 25 8 0.6834 

1000 3.7548 15482.3 0.03920 1&.5179 0 . 00097 440. 56 167 .69 0.02817 1 .01136 0.5708 

120 0 3.14 5 6 1 8 954.4 0.03766 16.431& 0 .00 081 511.13 189. 2 5 0.03805 1.00 951 0.5693 

14 00 2. 70 &5 22 653.4 0.03&12 16.3&98 0.00070 583.32 209 . 9 5 0 .0490 8 1. 00 81 8 0.5690 

1&00 2.3751 2& 496.2 0.03478 16.3233 0 . 0 006 1 6 5 5.47 2 29 . 89 0 . 06124 1.0 071 7 0 . 5690 

1 800 2.1159 30 4 57.5 0.03362 16.28 7 0 0.000 5 5 72 7.7 1 249.18 0.07 452 1. 00 &3 9 0.5689 

2 000 1.9077 34&3&.1 0.03248 16.2573 0 . 0 0 049 8 03 . 7 6 26 7 .90 0 . 08904 1 .0057& 0.5678 

25 00 1 . 5297 47379.1 0.02883 1&.1900 0 . 00040 1 062.89 3 12.69 0.1336 2 1.00 46 2 0.5507 

3000 1. 2 7 08 68730.0 0.02308 16.0&98 0.00033 1621 . 58 355 . 9 7 0 . 20147 1 .0 0383 0.5005 
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c-z THERMODY NAMIC PROPERTIES OF PARAHYDROGEN 

18.00 HPA IS08AR 

TEHPERATURE VOLUME ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

DEG. K CU "/KG CU H-HPA/KG HPA/K KJ/KG-K KJ/KG KJ/KG-K KJ I KG-K "IS 

15.87~ 0.01178 2. 1~2& 1.080 -29J.~ - 81. J 5.JJ2 5.3J &.7& 1& .. 8 
19 0.01179 2. IJ&~ 1.080 -292.7 -80.5 5.J77 5. J5 &.79 16 .. 7 
20 0.0118& 2. 0875 1.080 -287 .1 -73.5 5.7J2 5."9 7.0& 1&39 
21 0.0119~ 2.0 J8& 1.078 -281.2 -66.J 6.083 5. &2 7.32 16JO 
22 0.01201 1.9897 1.075 -275.1 -58.9 6."30 5.7" 7.58 16Z1 
23 0.01209 1.9"09 1.070 -268.9 -51.2 6.772 5.85 1.83 1612 
2~ 0.01211 1.892J 1.0&4 -2&2.4 -~3.2 7.111 5.95 8.07 1&03 
25 0.0122& 1. 84~1 1.057 -255.7 -35.0 7 ..... 5 &.0" 8.31 1593 
2& 0.01235 1.79&" 1.0~9 -248.9 -2&.& 7.77& &.12 8.55 158 .. 
27 0.012"4 1.7"51 1.0"3 -241.8 -11.9 8.10J &.20 8.81 1574 
28 0.Oll5J 1.7001 1.0J2 -2J~.& -9.0 8.427 &.28 9.0" 15&'+ 

29 0.012&J 1.&5~2 1.020 -227 .2 0.1 8 . 7~9 6. J5 9.2& 1553 
JO 0.01273 1.6057 1.007 -219.6 9.5 9.0&6 6 .41 9."8 15 .. 1 
31 0.01283 1.5&50 0.9933 -211.9 19.1 9.J80 &."7 9.69 1531 
32 0.01294 1.5226 0.9789 -204.0 28.9 9.6~1 6.52 9.90 1520 
J3 0.01305 1."807 0.9642 -196.0 38.9 9.999 6.57 10.10 1506 
34 0.01316 1.~380 0.94% -187.8 49.1 10.J03 6.62 10.Jl 1 .. 97 
35 0.01328 1.3992 0.9343 -179.5 59.5 10.&05 6.6& 10.51 1 .. 8& 
36 0.01J39 1.J617 0.9186 -171.0 70.1 10.904 &.70 10.70 1 .. 75 
37 0.01352 1.3241 0.9024 -162." 80.9 11.200 6.73 10.89 1 .. 63 
38 0.013&4 1.2873 0.6859 -153.7 91.9 11."93 &.7& 11.08 1 .. 52 

39 0.01377 1.2532 0.8692 -14".9 103.0 11.783 6.78 11.2" 1 .... 1 
"0 0.01391 1.2192 0.852J -lJ6.0 11~.4 12.070 &.80 11.41 1 .. 30 

42 0.01~19 1.1548 0.8181 -117.8 IJ7.5 12.&3 .. &.8" 11.74 1~06 
4~ 0.01448 1.09&9 0.78J8 -99.3 161.3 IJ.1&7 6.67 12.04 1386 
46 0.01478 1.0"27 0.7"99 -81.0 165.2 13.715 6.9" 12.37 1363 
48 0.01511 o .9914 0.7165 -61.7 210.2 1".250 7. 00 12.&7 1340 
50 0.015 .... 0.9 .. 5 .. 0.&840 -42.2 235.8 1".773 7.05 12.95 1318 
52 0.01580 o • 9019 0.652J -22.4 262.0 15.28& 7.09 IJ.22 1296 
5 .. 0.01&17 0.8646 0.6217 -2.J 268.& 15.789 7.1 .. 13."5 1276 
56 0.01&55 0.8J27 0.592" 16.1 Jl&.O 1&.287 7.18 13.64 1258 
58 0.01&9~ 0.80JJ 0.56"6 38.5 343.5 1&.769 7.21 13.82 12 .. 1 
60 0.01735 0.779" 0.5381 58.9 371.3 17.240 7.25 13.97 1225 

65 0.018"3 0.7289 0."784 110.2 .... 2.0 16.373 7.39 1 ... 32 1169 
70 0.01958 0.6962 0.4270 1&1.9 514.3 19.44" 7.58 14.61 1156 
75 0.02078 o .6762 o .J8 J2 21~.0 568.0 20."60 7.62 14 .66 I1J3 
80 0.02202 0.6677 0.J459 26&.5 6&2.8 21.426 8.12 15.07 111J 
85 0.02329 0.&&6J 0.3142 J19.6 7J8.7 22.J"7 8."7 15.JO 1097 
90 0.02"57 0.6711 0.2872 J73.5 815.8 23.228 8.84 15.52 1065 
95 0.02587 0.&806 0.2&41 ~28.3 89~.0 24.073 9.2" 15.75 1077 

100 0.02717 0.6927 0.2"42 48~.J 97J . 3 24.887 9.&" 15.99 1072 
120 0.OJ2J7 0.7587 0.187& 722.7 IJ05.3 27.910 11.19 17.02 107" 
140 0.03751 0.8391 0.1523 97&.6 1&51.8 JO.580 12.14 17.58 1102 

160 0.04256 0.9252 0.1281 1238.1 200~.5 J2.934 12."9 17.6" 114J 
180 0.0~756 1.0128 0.11 0& 1"98.5 235".& 3".997 12 ..... 17 .35 1189 
200 0.052,,6 1.1000 0.097" 1752.6 2&97.1 3&.601 12.17 16.91 1236 
220 0.05730 1.187" 0.0870 1998.6 3030.2 38.389 11.63 16."3 126 .. 
2 .. 0 0.06206 1.2728 0.0786 223&.6 335~.1 39.798 11.50 15.99 1331 
260 0.06670 1.3507 0.0720 2~67.0 3&&7. & "1.05" 11.22 15.66 1373 
280 0.071"5 1 ... 373 0.06&7 2&92.1 3978.3 "2.205 11.00 15."3 1 .. 20 
300 0.07635 1.5J32 0.0&18 2915.5 ~289.9 "J . 27" 10.85 15.21 1 .. 66 
350 0.0680& 1 • 74~1 0.052" J"56.1 5041.1 ~5.589 10.&0 1".88 1565 
400 0.099&8 1.9533 0.0 .. 5& 3986.& 5760.9 ~7.5&& 10.50 1".73 1&55 

450 0.1112& 2.1&15 0.0 .. 0 .. "512.~ &515.0 "9.297 10 ... & 1".&& 17 .. 0 
500 0012281 2.3&90 0.03&2 503&.6 72"7.3 50.839 10 ... 5 1".&2 1821 
550 0.13'+33 2.57&0 0.0329 55& 0.0 7977 .9 52.2Jl 10 . "5 1".&1 1696 
&00 0.1 .. 58 .. 2.7827 O.OJOI &08J.5 8708.& 53.501 10.4& 14.&1 1972 
700 0.16882 3.195& 0.0258 7132.2 10170.9 55.757 10.50 1".65 211 1 
800 0.19118 3.&082 0.0225 8187 .2 11&39.2 57.71& 10.59 1~.72 22"0 
900 0.21,,72 ".0205 0.0200 9252.3 13117.~ 59 ... 5& 10.71 1".8" 2360 

1000 0.237&6 ".~327 0.0180 10330.9 1~608.r &1.0JO 10.87 15.00 2473 
1200 0.28351 5.2570 0.0150 125"3.0 17&"&.1 &3.785 11.25 15.36 2660 
1400 0.32935 &.0812 0.0126 1~83&.7 207&5.0 &6.193 11.69 15 .81 2868 

1&00 0.37518 &.905& 0.0112 17215.8 23969.1 68.309 12.10 1&.22 30 .. 3 
1800 0."2102 7.7 J 00 0.0100 1%80." 27258.7 70.209 12."9 16.61 3207 
2000 0.4&687 8 • 55~" 0.0090 22232.7 30&3&.3 72.05" 12.90 17 .03 33&0 
2500 0.5819& 10.&157 0.0072 29058.5 39533.8 78.3&& 1 ..... 5 18.&6 3702 
JOOO 0.7001~ 12.&772 0.00&0 37119.9 ~9722." 85.~~3 11.95 22.55 3989 
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THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN C-z 

18.00 HPA ISOBAR 

TEHPERATURE DENSITY V (OH/DV~ V (DP/DUIy -v (DP/DV'r -(DV/DT~/VCON6~~~~~~TY V ISCOSIT Y THERMAL DIELECTRIC PRA NOll 
DIFFUS IV lTY CONSTANT NUMBER 

DEG. K KG/CU M KJ/KG MPA;C~O 'Y KJ MPA lIDEG. K W/K-M KG/H-S sa M/HR 
x 10 3 X 10 7 

18.874 84.8704 1137.7 0.23871 181.8403 0.00594 126.03 365.44 0.00079 1.27940 1.9595 

19 84.8070 1139.4 0.23807 181.1834 0.00596 126.57 360.52 0.00079 1.27918 1.9347 

20 84.2955 1151.0 0.23330 175.9684 0.00614 131.23 325.55 0.00079 1.27735 1.7520 

21 83.7725 1160.5 0.22897 170.7764 0.00631 136.27 296.78 0.00080 1.27549 1 . 5953 

22 83.2381 1168.4 0.22497 165.6158 0.00649 140.45 272.79 0.00060 1.27359 1.4725 

23 82.6924 1174.6 0.22129 160.4964 0.00667 143.88 252.54 0.00080 1.27165 1.3744 

24 82.1357 1179.6 0.21783 155.4285 0.00685 146.69 235.26 0.00080 1.26967 1 . 2951 

25 81.5&80 1183.3 0.21458 150.4231 0.00703 148.95 220.37 0.00079 1.26765 1.2300 

26 80.9895 1186.2 0.21145 145.4917 0.00721 150.69 207.42 0.00078 1.26560 1.1769 

27 80.4001 1184.7 0.20915 140.3040 0.00744 152.01 196 .07 0.00077 1.26352 1.1362 

28 79.7998 1187.5 0.20598 135.6647 0.00761 152.98 186.04 0.00076 1.26139 1.0988 

29 79.1848 1188.9 0.20288 130.9867 0.00779 153.64 177.07 0 .00075 1.25922 1. 0670 

3D 78.5637 1187.5 0.19997 126.1467 0.00796 154.05 169.09 0.00074 1.25703 1.0405 

31 77 .9345 1189.4 0.19701 121.9677 0.00614 153.66 161.92 0.00073 1.25461 1.0207 

32 77.2941 1189.6 0.19413 117.6904 0.00832 153.09 155.41 0.00072 1.25255 1.0045 

JJ 76.6471 1186.8 0.19138 113.4883 0.00850 152.40 149.51 0.00071 1.25028 0.9909 

34 75.9926 1186.6 0.18878 109.2804 0.00669 151.63 144.12 0.00070 1.24796 0.9800 

35 75.3265 1185.5 0.18621 105.3932 0.00886 150.76 139.15 0.00069 1.24564 0.9700 

36 74.6560 1184.3 0.18368 101.6578 0.00904 149.82 134.59 0.00066 1.24329 0.9614 

37 73.9771 1182.2 0.18116 97.9564 0.00921 146.80 130.37 0.00066 1.24091 0.9542 

38 73.2918 1179.5 0.17874 94.3467 0.00939 147.72 126.45 0.00066 1.23852 0.9480 

39 72.6014 1177 .1 0.17646 90.9673 0.00955 146.61 122.80 0.00065 1.23611 0.9418 

40 71.9051 117 ~.9 0.17423 87.6682 0.00972 1'+5.45 119.39 0.00064 1.23366 0.9367 

42 70.4961 1167.8 0.16972 61.4092 0.01005 143.03 113.19 0.00062 1.22877 0.9267 

44 69.0729 1163.7 0.16510 75.7670 0.01035 1'+0.56 107.70 0.00061 1.22383 0 . 9225 

46 67.6380 1163.0 0.15967 70.5258 0.01063 138.09 102.80 0.00059 1.21687 0.9205 

48 66.196'+ 1160.5 0.15468 65.6252 0.01092 135.66 96.39 0.00056 1.21389 0. 9190 

50 64.7504 1156.9 0.14988 61.2150 0.01117 133.30 94.41 0.00057 1.20691 0.9171 

52 63.3028 1156.8 0.14524 57.0946 0.01142 131.01 90.79 0.00056 1.20394 0.9156 

54 61.6&15 1157.0 0.14078 53.5005 0.01162 126.84 87.51 0.00056 1019900 0.9132 

56 60.4295 1158.8 0.13655 50.3192 0.01177 126.78 84.53 0.00055 1.19411 0.9096 

58 59.0159 1160.6 0.13261 47.4072 0.01191 124.65 81.83 0.00055 1.16930 0 . 9059 

60 57.6214 1165.7 0.12873 44.9082 0.01196 123.23 79.36 0.00055 1.16456 0.8998 

65 54.2514 1183.9 0.11935 39.5450 0.01210 120.30 74.26 0.00056 1.17316 0.6840 

70 51.0762 1216.2 0.110n 35.5587 0.01201 118.25 70.34 0.00057 1.16250 0.8669 

75 48.1267 1261.7 0.10175 32.5426 0.01177 116.58 67.41 0.00059 1.15264 0.6591 

80 45.4163 1321.5 0.09375 30.3250 0.01141 115.80 65.28 0 .00061 1.14364 0.8497 

85 42.9416 1392.9 0.06643 28.6114 0.01096 117.52 63.76 0.00064 1.13547 0.6302 

90 40.6944 1475.6 0.07982 27.3084 0.01052 119.55 62.78 0.00068 1.12807 0.6151 

95 36.6540 1569.0 0.07397 26.3060 0.01004 121.88 62.18 0.00072 1.12139 0.8035 

100 36.8044 1669.4 0.06867 25.4928 0.00958 122.30 61.57 0.00075 1.11536 0.8052 

120 30.8955 2126.8 0.05427 23.4407 0.00600 140.63 66.03 0.00096 1.09624 0.7993 

140 26.6567 2582.5 0.04707 22.3681 0.00681 153.64 68.60 0.00118 1.08266 0.7849 

16U 23.4862 2992.0 0.04366 21 .7295 0.00590 162.19 70.64 0.00141 1.07258 0.7682 

180 21.0273 3341.9 0.04229 21.2970 0.00519 167.52 72.60 0.00165 1.06481 0.7521 

200 19.0621 3642.5 0.04197 20.9689 0.00464 170.97 74.60 0.00191 1.05863 0.7380 

220 17.45Z0 3914.2 0.04214 20.7219 0.00420 17 3.60 76.69 0.00218 1.05359 0.7259 

240 16.1070 4169.2 O. 0 42~6 20.5002 0.00384 176.14 78.86 0.00246 1.04936 0.7161 

260 14.9925 4404.1 0.04280 20.2510 o. 00355 178.95 81.09 0.00274 1.04591 0.7094 

280 13.9953 4&50.8 0.04334 20 .1147 0.00332 182.18 83.38 0.00304 1.04281 0.7060 

300 13.0969 4938.7 0.04353 20.079& 0.00308 185.83 85.71 0.00336 1.04002 0.701~ 

350 11.3563 5620.3 0.04356 19.8062 0.00265 196.56 91.69 0.00419 1.03464 0.6942 

~oo 10.0318 6329.1 0.04330 19.5952 0.00233 208.70 97.80 0.00509 1.03056 0.6902 

450 8.9880 7056.1 0.04293 19.4272 0.00208 Z21.61 10 3.96 0.00605 1.02735 0.6878 

500 8.1430 7786.4 0.04260 19.290~ 0.00188 234.70 110.12 0.00709 1.02475 0.6862 

550 7.44~5 8522.5 0.04227 19.1769 0.00171 247.95 116.27 0.00821 1.02261 0.6851 

600 6.8570 92&3.1 0.04197 19.0812 0.00158 261.24 122.37 0.00939 1.02081 0.6844 

700 5.9Z34 10 764.3 0.04139 16.9292 0.0013& 287.98 134.42 0.01195 1.01796 0.6836 

800 5.2143 12304.5 0.04077 18.8141 0.00120 315.07 146.22 0.01477 1.01580 0.6833 

900 4.6572 13895.1 0.04009 18.7239 0.00107 342.65 157.76 0.01784 1.01410 0.6834 

1000 4.20 77 15544.1 0.03934 18.6515 0.00096 440.56 169.04 0.02513 1.01274 0.5754 

1200 3.5272 19017.& 0.03777 18.5425 0.00081 511.13 190.88 0.OJJ93 1.01067 0.5742 

1400 3.0363 Z2718.2 0.03621 18.4645 0.00070 583.32 211.85 0.04375 1.00918 0.5741 

1600 2.6654 26562.1 0.03485 18.4059 0.00061 655 .45 232.06 0.05457 1.00805 0.5744 

1800 2.3752 30522.5 0.03369 18.3602 0.00054 727.61 251.61 0.06638 1.00717 0.5745 

2000 2.1419 34694.0 0.03255 18.3229 0.00049 803.32 270.57 0.07928 1.00641 0.5736 

2500 1.7183 47312.7 0.02897 18.2413 0.00039 1057.58 315.94 0.11872 1.00519 0.5575 

3000 1.4283 68083.8 o .02n9 18.1067 0.00033 1594.22 359.72 0.17820 1.00431 0.5088 

TWO-PHASE BOUNDAR' 

331 



C-2 THERHOOY NAHIC PROPERTIF.S OF PARA HYDROGEN 

20 _00 HPA ISOBAR 

TEMPE RATURE VOLUME ISOTH~RH ISOCHORE INTERNAL ENT HALPY ENTROPY CV CP VELOC ITY 
OER IVATIVE DERIVATIVE ENERGY OF SOUND 

DEG. K CU M/KG CU M -MPAI KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ KG-K MIS 

19.3&u 0.011&9 2 • 2 3~~ 1.09~ -291.0 -57 . 2 5.3&7 5.38 &.80 1&80 
20 0.01173 2. 20~0 1 . 094 -281. ~ -52.8 5.591 5.41 &.91 1&75 
21 0 . 01180 2.15&4 1.093 -281.1 -45.1 5.931 5.&0 1.22 1&&7 
22 0 . 01181 2olL87 1.090 -275.8 - 38 . 3 &.279 5.72 7.~7 1&59 
23 0 . 01195 2 • 0& 11 1.087 -2&9.7 - 30 . 7 &.&1& 5.83 1.71 1&51 
24 0.01203 2.013& 1.082 -2&3.4 -22.9 &.950 5.93 7.95 1&42 
25 0 . 01210 1.9&64 1.015 -25&.9 -14.8 7.279 &.03 8.18 1634 
2& 0 . 01219 1.9195 1. 0&8 -250.2 -6.5 7.&04 &.11 8.41 1625 
27 0.01221 1. 8731 1.0&0 -243.~ 2.0 7 .9 26 &.20 8.&3 1&15 
28 0.01230 1.8274 1.051 -23 &.4 10.1 8.24~ 0 .28 8.8& 160& 
29 0.01245 1.7191 1.044 -229.2 19.1 8 . 560 0.35 9.10 1597 

30 0 . 01254 1 • 7309 1.032 -221.8 28.9 8.872 0.~1 9.30 1588 
Jl 0.01203 l . b931 1.019 -214.3 38.3 9.180 &.47 9.51 1577 
32 0.01213 1.6480 1. 00& -206.7 41.9 9.~85 &. 53 9.71 15&& 
33 0.01283 1. b 0 88 0.9921 -198.8 51.8 9.787 &.58 9.90 155& 
34 0 . 01293 1 . 5685 0.9717 -190.9 &7 . 7 10. 085 6.03 10.09 15~& 
35 0 . 01304 1.5211 0.9&30 -182.8 17.9 10 . 381 &.&7 10.28 1535 
3& 0. 01315 1 . 48&1 0.9483 -174.6 88 . 3 10.&73 0 .71 10.48 1523 
37 0 . 0132& 1. ~~9~ 0.9331 -1&&.3 98.9 10.9&3 &.75 10.&& 1513 
38 0.01337 1.414& 0.9177 -157 . 8 109.6 11.249 &.78 10.83 1503 
39 0 . 01349 1.3793 0.9019 -149.3 120.5 11 . 533 &.81 10.99 1493 

40 0 . 013&1 1. 3444 0.8859 -140.6 131 . & 11 . 813 6.83 11.15 1~82 

42 0.0138& 1.2803 0.8533 -123.0 15~.2 12. 3&~ &.8& 11.45 14&2 
~4 0 .0 1412 1.2210 0.820& -105.1 171 . 4 12.904 6.90 11.74 1441 
4& 0.01440 1 -1 &~9 0.7880 -87 . 3 200.7 13 .4 21 6.98 12.06 1419 
48 0.01466 1. 11~5 0.7558 -68.& 225.1 13.940 7.03 12.34 1398 
50 0.01498 1 . 0&71 0. 7 2~2 -49.& 250.0 14 .449 7.09 12.&0 1378 
52 0.01529 1.0229 O. &935 -30.4 275.5 14 .948 7.13 12.85 1358 
54 0.015&2 0.9819 0 . &&3& -10.9 30 1. ~ 15 .~38 7.18 13.09 1J38 
56 0.01595 0 . 94&3 0.634& 9.0 328 .1 H.923 7.22 13.29 1319 
58 0.01630 0.9139 0.60&7 28.8 354.8 16.392 7.2& 13.47 1302 
&0 0. 01&&& 0.88&3 0.5803 48 . 8 381.9 1& .8 51 1.30 13.&3 12 8 6 

65 0.01760 o .8<98 0.5197 99.0 451.0 17.957 7.~4 13.99 1249 
10 0 . 01860 0.7893 0.4671 1~9.9 521 . 8 19.00& 7.62 14.32 1217 
75 0 . 019&4 0.7&26 0.4216 201.3 594.1 20.004 7.87 14.62 1190 
80 0 . 02073 O. H61 0.3823 253.4 &61 . 9 20 .956 8 . 17 14.90 11&7 
85 0 . 02184 0.7398 O. 3~8& 306.3 743.1 21.867 8.51 15.17 1148 
90 0.02291 0.7396 o .3195 360.2 819.6 22 .74 2 8.89 15.44 1134 
95 0.0l412 0.7444 0.2943 415.1 897.5 23 . 584 9.28 15.71 1123 

100 0.02527 O. 7532 0.2725 411.3 976.7 24.397 9.68 15 .9 7 1115 
120 0 . 02990 0.8101 0.209& 71 0.7 1308.7 27.421 11.22 17 .04 1109 
140 0.03451 o • 88~2 0.1702 965 . 9 165&.0 30.09& 12.17 17.63 1132 

160 0.03906 0.9669 0.1~32 1228.6 2009.8 32 .458 12.52 17.70 1169 
180 0.04355 1.0521 0.1235 1490.2 2361.1 34.528 12.47 17.4 2 1212 
200 0.0't79& 1.1390 0.1087 1745.6 2704.9 36 . 339 12.20 16.97 1259 
220 0.05233 1.2245 0.0970 1992.7 3039.2 37.932 11.86 16.49 1305 
240 0.05664 1.3105 0.0876 2231.4 3364.3 39 . 347 11.53 16.05 1350 
260 0.00091 1.3950 0.0800 2462.8 3681.0 40.&15 11.25 15 . 67 1394 
280 0 .06514 1.4793 0.0735 2688 . 2 3991 . 0 41 .76~ 11.02 15.36 1436 
300 0.06951 1.5&9& 0.0688 2911.4 4301.6 42 .828 10.86 15.24 1484 
350 0 . 08005 1.7800 0.0583 3453.0 5054.1 45.147 10.61 14.90 1581 
400 0.09053 1.9889 0.0507 3984.2 5794 . 8 47.126 10.51 14.74 1671 

450 0.10095 2.19&8 0 .0 449 4510 . 5 &529.5 48.858 10.47 14.67 1755 
500 0.11135 2 . 4 C40 0.0403 5035.4 7262.3 50.401 1 0.45 14.63 1835 
550 0.12172 2.6108 0.03&5 5558.9 7993 . 3 51.795 10.45 14.62 1911 
&00 0.13208 2.8173 0.0334 6082.7 8124.2 53.065 10.4& 14.6 2 1984 
100 0.15271 3.2299 0.0286 1131.7 10187.0 55.321 10.51 14.65 2122 
800 0.17343 3.6420 0.0250 8187.0 11&55.6 57.251 10.59 14.73 2250 
900 0 . 19408 4.0541 0.0222 9252.3 13133.9 59.021 10.72 14.85 2370 

100 0 0.21412 4.4&&0 0.0200 10331.0 14625.4 60 . 595 10.87 15.00 2482 
1200 0.25599 5.2899 0.0161 12543.3 17663.0 63.351 11.25 15.38 2688 
1400 0 . 29724 &.1139 0.0143 14837.2 20181.9 65 .7 58 11.&9 15.81 2876 

1&00 0.33849 <; .9380 0.0125 1721&.3 2398&.1 &7 . 875 12.10 1&.22 3050 
1800 0.31974 7.7622 0.0111 19&80.9 ~ 27275.7 &9.774 12.49 16.61 3213 
2000 0 . 42100 8 . 5865 0.0100 22232.7 30&52 . 7 71.619 12.90 17.02 3367 
2500 0 . 5245& 10.6475 0.0080 29048.6 39540.0 77.927 14.41 18.&1 3709 
3000 0.0307& 12.7087 0.0067 37055.1 49010.1 84.983 17.77 22 .3 3 399& 
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THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN C-2 

20.00 MPA ISOBAR 

TEHPERAT URE OENSITY V (OH/OV~ V (OP/OUIV -V (OP/OVlr -(DV/OTp/VCON~~~~~~~TY V ISCOSIT Y THER~Al o IEl ECTR I C PRANOTl 
OIFFUSIVITY CONSTAN T NUMBER 

OEG. K KG/CU M KJ/KG MPA-CU M/KJ HPA 1/0EG. K WlK-H KG/H-S sa H/HR 
x 10 2 X 10 3 X 10 7 

• 19.360 85.5~33 1188.~ 0.23746 191.1415 0.00572 130.~6 377.62 0.00061 1.26181 1.9&60 

20 65.2277 1196.5 0.23452 167.8410 0.00562 133.63 353.32 0.00061 1.28066 1.8393 

21 84.7262 1207.5 0.23021 162.7004 0.00598 139.12 321.04 0.0006 2 1.27669 1. &&66 

22 84.2142 121&.9 0.22624 177.5627 0.006H 143.52 29~.22 0.00062 1.2770& 1.5316 

23 83.&921 1224.6 0.22258 172.~970 0 .00630 147.16 271.67 0.00082 1.27520 1.4241 

24 63.1599 1231.0 0.21916 1&7.4527 O.OO&~& 150.15 252.50 0.00082 1.27331 1.3370 

25 82.&179 1236. a 0.21594 1&2.4596 0.00662 152.56 236 .03 0.00061 1.27136 1.2657 

26 62.0662 1240.2 0.2126& 157.5269 0.00&76 154.47 221.7& 0 .00 081 1.269~2 1.2072 

27 81.5050 1243.8 0.20984 152.6707 0.00&94 155.9~ 209.29 0 .00 080 1 . 26743 1.1589 

28 80.9346 1246.8 0.20667 147.8964 0.00710 157.06 196.32 0 .0007 9 1.26541 1.1185 

29 80.3501 1246.2 0.20469 142.9994 0_00730 157.8t. 188.5 .. 0.00078 1_2633 .. 1.0868 

30 79.7603 1246.6 0.20166 138.53~5 0.007~5 156.37 179.65 0.00077 1.2&125 1. a 56~ 

31 79.1617 1250.3 0.19899 134.0749 0.00760 158.07 172.05 0.00076 1.2591" 1.03"S 

32 78.5555 1 2~9.9 0.19617 129.~566 0.00777 157.59 1&5.02 0.00074 1.25700 1.0172 

33 77.9419 1251.7 0.1934" 125.3936 0.00791 156.98 158.65 0.00073 1.25483 1.0009 

3~ 77.3220 1252.1 0.19076 121.2615 0.0080& 156.30 152.66 0.00072 1.25265 0.9871 

35 7&.69~6 1251.2 0.16620 117.1663 0.00622 155.51 1"7.55 0.00071 1.250"~ 0.9757 

36 76.0619 12~9.0 0.18574 113.0376 a.006H 15~.6~ 1~2.&6 0.00070 1.24622 0.9&&7 

37 75.4195 1248 .5 0.16331 109.3153 a. a 065~ 153.69 138.17 0.00069 1.2~597 0.9581 

38 74.7739 1247.9 0.16099 105.7719 0.00866 152.&8 134.00 0. 00068 1.2"370 0.9503 

39 74.1217 1245.9 0.17881 102.2326 0.00882 151. &2 130.13 0.000&7 1.24H2 0.9434 

40 73.4653 1243.3 0.17665 98.7645 0.00697 150.53 126.52 0.00066 1.23912 0.9374 

42 72.1398 1239.8 0.17232 9Z.3572 0.00924 148.21 119.99 0 .00065 1.23~50 O. qz7~ 

~4 70.8011 1237.3 0.1&788 86.~~88 0.009~9 145.83 114.23 0 .000& 3 1.22984 0.9200 

46 69.4518 1236.2 0.1&263 60 .90 77 0.00974 143.45 109.10 0.00062 1.22515 0.9172 

48 68.0970 1239.0 0.15780 75.8970 0.00996 141.09 104.50 0.00060 1. 220"5 0.9139 

50 66.7399 1239.3 0.15316 71.2196 0.01017 136.79 100.35 0.00059 1.21576 0.9113 

52 65.3829 1239.6 0.14868 66.6621 0.01037 136.56 96.59 0.00059 1.21109 0.9091 

5. &4.0296 1239.9 0.14433 62.6660 0.01056 134.42 93.17 J .00058 1.206~3 0.9 a 72 

56 62.6829 12~2.1 0.1~015 59.315~ 0.01070 132.39 90.06 0.00057 1.20181 O. 90~0 

58 61.3~66 1244.~ 0.1362~ 56.0628 0.01082 130.~7 87.22 0.00057 1.19724 0.9003 

60 &0.0282 12~9.4 0.13241 53.2057 0.01091 126.65 64.63 0.00057 1.19274 0.6950 

65 56.6213 12&9.0 0.12301 41.1~85 0.01102 125.90 79.15 0.00057 1.16155 0.8795 

70 53.7734 1300.9 0.11393 42.445~ 0.01100 123.59 74.67 0.00058 1.17155 0.8673 

75 50.9103 1 3~5.9 0.10521 38.8224 0.01080 121.93 71.57 0 . 00059 1.16194 0.6560 

80 46.2479 1403.2 0.09&99 36.0001 0.01062 120.97 69.08 0 .00061 1.15305 0.8510 

85 45.7912 1474.3 0.08943 33.8776 0.01029 122.55 67.25 0 .0 0064 1.14488 0.8324 

90 43.5352 1556.0 0.08259 32.2001 0.00992 12~.43 65.95 0.00067 1.137"2 0.8182 

95 41. ~b&8 1647.3 0.07650 30.8672 0.00953 126.60 65.07 0.00070 1.13061 0.6074 

100 39.57~2 1747.1 0.07116 29 . 8080 0.00914 12&.8 .. &4.04 0 .00072 1.124" 0 O. 806~ 

120 33. ~~77 2202.9 0.05564 27.0964 0.00714 14~.72 68.24 0.00091 1.10447 0.8036 

140 28.9793 2&54.0 0.04827 25 .&237 0.00&64 157.04 70.44 0.00111 1.09008 0.7907 

1&0 25.&015 3060.1 0.04465 24.7531 0.00578 164.96 72.14 0.00131 1.07930 0.7741 

180 22.9641 3407.2 0.04314 24.1615 0.00511 169.80 13.83 0.00153 1.07093 0.7574 

200 20.6466 3708.7 0.04272 23.1458 0.00458 172.91 75.64 0.00176 1.06425 0.7424 

220 19.1108 3978.1 0.04279 23.4010 0.00415 175.31 77 .58 0.00200 1.05676 0.7297 

240 17.&5.9 4235.6 0.04305 23.1363 0.00379 177.68 79.&4 0.00226 1.05422 0.7192 

260 16.4175 4489.0 0.04328 22.9019 0.00349 180.38 81.79 O. 00 252 1.05035 0.7106 

280 15.3509 4746.1 0.04344 22.7079 0.00324 163.53 64.03 ~ .00260 1.04703 0.7035 

300 14.3862 4998.7 0.04405 22 .5603 0 .00305 187.13 86.33 0.00307 1.04.03 0.7029 

350 12.4914 5680.0 0.04400 22 .2 353 0.00262 197.62 92.27 0.00363 1.03615 0.&951 

400 11.0465 6366.9 0.04368 21.9708 0.00231 209.98 98.38 0.00.&4 1.033&8 0.&907 

450 9.9058 711&.0 0.04326 21.7611 0.00206 222 . 96 104.57 0.00552 1.03017 0.6881 

500 8.9611 7846.4 0.04289 21.5907 0.00166 236.16 110.78 0.00647 1.02732 0.68&4 

550 8.2157 8582.7 0.04254 21 •• 496 0.00170 2.9.53 116.98 0 .00748 1.024'17 0.6653 

&00 7.5713 9323 •• 0.04222 21. 3309 0.00157 2&2.9& 123.15 0.00855 1.02300 0.&845 

700 6.5460 10824.6 0 .041&0 21.1426 0.00135 289.9'1 135.33 0.01089 1.01986 0.6836 

8 00 5.7660 12365.2 0.04094 21 .0002 0.00119 317.40 147.27 0.013.& 1.01748 o. &833 

900 5.1525 13956.3 0.04024 20.8668 0.00106 305.30 158.95 0.01&25 1.01561 O. & 634 

1000 4.&572 1560 5 .7 0.03948 2 0.7994 0 .0009 & 440.56 170.38 0 . 02270 1.01410 0.5601 

1200 3.9065 B080.& 0.03788 20.6&51 0.00081 511.13 192.51 0.03063 1.01182 0.5791 

1400 3 .3643 22 782.6 0.03&30 20 .5 690 0.000&9 583.32 213.76 O. 03946 1.01017 0.5793 

1600 2.9543 26&27.7 0.03.93 20.4971 0.00061 655.44 234.2. 0.04923 1.00893 0.5798 

1800 2.&334 30587.5 0.03375 20 .4409 0.00054 727.51 254.05 0.05987 1. 0079& 0.5801 

2000 2.3753 34753.2 0.03261 20 .3953 0.00049 602.95 273.27 O. 07148 1.00717 0.5794 

2500 1.90.4 .72&7.3 0.02910 20 .2 97'1 0.00039 1053.09 319.24 0.10683 1.00576 0.5643 

3000 1.5854 67548 •• 0.023&5 20.1484 0.00033 1571.05 363.54 0.15972 1.00.78 0.51&8 
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c-z THERMODYNAMIC PROPERTrES OF PARAHYDROGEN 

22.0 0 MPA r SOBAR 

TEMPE RATU RE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DER IVATIVE DERIVATIVE ENERGY OF SOUND 

DEG. K CU M/ KG CU M- MPA/KG HPA/K KJ/KG-K KJ/KG KJ/KG -K KJ KG-K MIS 

19.835 0.01160 2.32~3 1.107 -288.5 -33.2 5.~01 5. ~3 6.8~ 1711 
20 0.01161 2 . 3167 1.1 07 -287.6 -32.1 5.~58 5.~5 6 .88 1710 
21 0.011 68 2 . 2703 1.107 -282.0 -25.1 5.800 5.59 7 . 13 1702 
22 0.0117 5 2 • 2238 1.105 -276.2 -17.8 6 . 138 5.71 7.37 1695 
23 0.01182 2 . 1773 1.102 -270.3 - 10.3 6.~71 5.82 7.61 1687 
2~ 0.01189 2 .1308 1.098 -26~ .1 -2.6 6.799 5.92 7.8~ 1680 
25 0.OU 96 2 . 08~6 1.093 -257.8 5.~ 7.124 6.02 8.07 1672 
26 0.01204 2.0385 1.086 -251.3 13.5 7.445 6.11 8.29 16&3 
27 0.01212 1.9928 1. 079 -24~.6 21.9 7.762 6.19 8.50 1655 
28 0 .01 220 1 . 9~ 76 1 . 070 -237.8 30.5 8.075 6 .27 8.72 16 .. 6 
29 0.01228 1.9030 1.061 -230 . 8 39.4 8.384 6. 3~ 8 .93 1637 

30 0.01236 1.8591 1 . 051 -223.6 ~8.~ 8.691 6.~1 9.14 1628 
31 0.012"5 1 . 8157 1.043 -216.3 57 . 7 8.995 6.~7 9.35 1&20 
32 0.0 12 54 1 . 77~8 1.031 -208 . 8 67.1 9.295 6.53 9.55 1611 
33 0.012 6" 1.7338 1.018 -201 . 2 76.8 9.592 6.58 9.73 1601 
34 0.01273 1.6912 1.004 -193.5 86.6 9.885 6.63 9.92 1590 
35 0.012 83 1.653 .. 0.9903 -185.6 96.6 10.175 6 . 68 10.10 1581 
36 0.01293 1.6150 0.9760 -177 . 6 106.8 10."62 6 . 72 10.27 1571 
37 0.01303 1 . 5756 0 . 9615 - 169 . 5 117.2 10.7~6 6.76 10."5 1560 
38 0.0131" 1. 5350 0 . 9468 -161.3 127 . 7 11 .0 27 6.80 10.62 1549 
39 0.01324 1.5001 0.9318 -152.9 138.~ 11.305 6.82 10.78 1540 

.. 0 0.01335 1. ~6 76 0.9167 -1"4.5 1"9.2 11.580 6 .85 10.93 1531 

"2 0.01358 1."030 0.8856 -127 . 4 171.4 12.120 6.89 11.22 1512 
44 0.01382 1 . 3406 0 . 8542 -109.9 194.1 12 . 649 6.93 11.50 1492 
~6 0.01~07 1 . 28~8 0.8227 -92.6 216.9 13.154 7.01 11.80 1471 
48 0.01433 1 . 2332 0.7915 -74.4 240.8 13.663 7.07 12.07 1451 
50 0 . 01459 1.1839 0.7609 -55.9 265 . 2 14.161 7.12 12.33 1432 
52 0.01487 1.1394 0.7309 -37.2 290.1 14.649 7.17 12.56 1413 
54 0.01516 1 .0982 0.7017 -18.2 315.4 15.127 7 .22 12.78 1395 
56 0.01546 1.0601 0.673" 1.3 341.5 15.601 7. 26 12.99 1377 
58 0 . 01577 1 . 0 2 ~3 0.6~58 20.7 367.6 16.060 7.30 13.17 1359 
60 0.01609 0.9927 o .6193 40.2 394.1 16.509 7.34 13.3~ 1343 

65 0.01692 0 . 9299 0.5583 89.5 461.8 17.592 7.48 13.72 1306 
70 0 . 01780 0 . 8831 0.50~6 139.5 531.2 18.621 7.67 14.07 1273 
75 0.01873 o • 8 ~98 0.4577 190.3 602.4 19.603 7.92 14.40 1243 
80 0 . 01969 o • 8291 0.4170 2~2.0 675.2 20.542 8.21 14.72 1219 
85 0 . 02068 0 . 8156 0.381~ 294.7 749.5 21.~4" 8 .55 15.04 1197 
90 0 .0 2168 0.8110 0.3506 3"8." 825.5 22.312 8 . 93 15.34 1181 
95 0 . 02271 0 . 8116 0.3237 403.4 902 . 9 23.149 9.32 15.64 1167 

100 0 . 02374 o • 8163 0 . 3002 459.6 981.9 23.959 9.72 15.94 1157 
1 20 0 . 02790 0.86"3 0.231~ 699.9 1313.7 26.982 11.26 17 .05 11 .. 4 
140 0 . 03207 0.9309 0.1880 955.9 1661.4 29.660 12 .2 0 17.66 1161 

160 0.03&20 1. 0099 0.1582 1219.7 2016.0 32.028 12.55 17.75 1195 
180 0.04028 1. 0936 0.1365 1482." 2 3 68.5 34.104 12 .5 0 11.47 1236 
200 0.04430 1 .1 78~ 0.1200 1738.8 2713.3 35.920 12.23 17 .03 1281 
220 0.04827 1.2638 0.1071 1986.9 30"8.7 37.519 11.89 16.5 4 1326 
2 .. 0 0.05219 1 • 3 .. 83 0.0966 2226.5 337'+.8 38.938 11.56 16.09 1370 
260 0.05608 1.~3 26 0.0881 2458.8 3692.5 40.209 11. 28 15.72 1412 
260 0.05993 1.5155 0.0810 2684 . 9 4003.3 41.362 11.06 15.~1 1453 
3 00 0.06392 1.6065 0.0756 2907.5 4313.7 42.423 10.88 15.26 1501 
350 0 . 07351 1.8164 0 . 0642 3450.1 5067.3 44.746 10.63 14.92 1597 
400 0.06303 2 . 02"6 0.0558 3982 . 0 5808.8 .. 6.728 10.52 1~.76 1686 

~50 0.09252 2 . 2323 0.049 .. "508.8 65 ..... 2 .. 8 ... 61 10.48 14.68 1769 
500 0.10197 2 .4392 0.0 .... 3 5034 .1 7277 ... 50.005 10."6 14.64 1848 
550 0.11140 2.E457 0.0402 5557.9 8008.7 51.399 10 .46 14.62 1923 
600 0.12082 2.8520 0.0368 6081 .9 8740.0 52 . 670 10 .47 14.62 1996 
700 0.13963 3.2641 0.0315 7131.3 10203.1 54.927 10.51 14.65 2133 
8 DO 0.15841 3.6759 0.0275 6166.9 11672.0 56.867 10.60 14.73 2260 
900 0.17718 4 . 0876 0.0244 9252 ." 13150.5 58.627 10 .72 1". 85 2379 

1000 0.1 9595 4.4993 0.0220 10331.3 14642.1 60.201 10.68 15.00 2491 
1200 0.23346 5.3227 0.0163 12543.7 17679.9 62.957 11.26 15. 36 2697 
1400 0.27096 6.1463 0 . 0157 14837.7 20798.9 65.365 11.69 15.81 2883 

1600 0 . 30646 6.9702 o .0137 17217.0 24003.1 67.482 12.10 16.22 3057 
180 0 0.34596 7.7941 o .01 22 19681.5 27292.6 69.381 12."9 16.61 3220 
2000 0.38347 8 • 6182 0.0110 22232.9 30669.2 71.226 12.89 17.0 2 3373 
250 0 O. ~7759 1 O. ~788 o .0088 29040 .7 39547.7 77.530 14 . 37 1 8 .57 3715 
3000 0.5740 1 12 . 7398 0 . 0073 36999.6 49627.8 8".567 17.60 22.15 4003 
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THERHODYNAMIC PROPERTIES OF PARAHYDROGEN C-2 

22.00 HPA ISOBAR 

TEMPERATURE DENSITY V CDH/OV 'p ~ COP/OU" -v (OP/DVI
T -(OV/OT~VCON~~~~~~~TY V ISCOSIT Y THERMAL DIELECTRIC P~ANOTL 

DIFFUSIVITY CONSTANT N~MBER 

DEG. K KG/CU H KJ/KG HPA;C~O~/KJ MPA lIDEG. K H/K-H KG/H-S SQ H/HR 
X 10 3 X 10 7 

19.835 86.1915 1237 . 7 0.236~6 200.33&7 0.00553 135.3J 389.82 0.00083 1.28~12 1.9701 

20 86.1126 12~0.0 0.23571 199.~935 0.00555 136. 3~ 383.11 0.00083 1.2838~ 1.9336 

21 85.6298 1252.5 0.231~1 19~.~029 0.00569 1~1.86 3H.91 0.0008~ 1.28211 1.7~39 

22 85.1375 1263 .3 o .22H5 189.3277 D.0058~ 1~6.~7 316.97 J.0008~ 1.2803& 1.5959 

23 8~.6359 1272.~ 0.22380 18~.2761 0.00598 150.31 291.88 0.0008~ 1.27857 1. ~ 779 

2~ 8~.1251 1280.1 0.22039 179.2570 0.00613 153.~7 270.62 0.0008~ 1.27675 1.3826 

25 83.605~ 1286.5 0.21719 17~.2797 0.00627 156.07 252.~3 0.00083 1.27~89 1.30~5 

26 83.0769 1291.9 0.2 HI ~ 1&9.3539 0.006~1 158.10 236.71 0.00083 1.27301 1.2~05 

27 82.5398 1296.7 0.21115 1&~. ~893 0.00656 159.71 223.02 0.00082 1.27110 1.1875 

28 81.99~3 1300.9 0.20822 159.6962 0.00670 160.95 211.00 0.00081 1.26917 1.1~32 

29 81 .~~07 130~.3 0.20543 15~ . 98~8 0.00&85 161.87 200 .38 0.00080 1.26720 1.1057 

30 80.8791 1306.6 0.20282 150.3656 0.00699 162.51 190.9~ 0.00079 1.26521 1. 0 73~ 

31 80.3017 1307.3 0.20073 145.8000 0.00716 162.27 182.~1 0.00078 1.26317 1.0515 

32 79.7230 1310.3 0.19798 1~1 .~923 0.00729 161.88 17~. 79 0.00077 1.26112 1.0308 

33 79.1391 1 312.1 0 . 19533 137 .2131 0.007~2 161.3~ 167.92 0.00075 1.25906 1.0131 

3~ 78.5~91 1312.2 0 .1 9275 132.8393 0.00756 160.73 161.68 0.0007~ 1.25697 0.9981 

35 77 . 9518 131~.1 0 .1 9018 128.8886 0.00768 160.01 155.98 0 .00073 1.25~87 O. 98~3 

36 77.3507 131~.7 0.18769 12~.921~ 0.00781 159.20 150.76 0.00072 1.25275 0.9728 

37 76.7~26 131~.0 0.18527 120.9139 0.00795 158.31 1~5.96 0.00071 1.25061 0.9633 

38 76. 1310 1311.4 0.18300 116.8606 0.00810 157.37 141.53 0.00070 1.24846 0.9556 

39 75.5108 1310.6 0.18088 113.2708 0.00823 156.36 137 .~1 0.00069 1.24629 0.9475 

40 74 . 889~ 1310.3 0.17882 109.9089 0.0083~ 155.31 133.59 0.00068 1.24411 0.9~00 

42 73.6316 1308.6 0 .17~ 63 103.3082 0.00857 153.08 126.68 0.00067 1.23970 O. 92 8~ 

~4 72.3632 1306.5 0.17031 97.0078 0.00881 150.78 120.62 0.00065 1.23528 0.9203 

46 71.0858 1310.2 0.16518 91.328~ 0.00901 1~8.~6 115. 2~ 3.0006~ 1.23083 0.9162 

~8 69.80 29 1312.7 0.1&0~9 86.0 786 0.00920 146.15 11 O. ~3 0 .0006 2 1.22637 0.9120 

50 68. 5179 131~.3 0.15598 81.1197 0.00938 1~3.89 106.10 0.00061 1.22191 0.9090 

52 67.233 9 131&.7 0.15163 76.6029 0.0095~ 1~1.70 102.18 0.00060 1.217~7 0.9060 

5~ 65.9530 1319.6 0.147~1 72.~282 0.00969 139.60 98.62 0.00060 1.21305 0.90n 

56 6~. 6783 1322.5 0.14336 68.5652 0.00982 137.58 95.38 0.00059 1.20866 0.9 0 O~ 

58 63.~126 1 32~. 9 0.13950 6~.9510 0.00994 135.68 92.~1 0.00058 1.2o~31 0.8973 

60 62.1590 1329.5 0.135&9 61.7071 0.010o~ 13~.07 89.70 0.00058 1.20002 0.8928 

65 59.0971 1350.3 0.12630 5~.9559 0.01016 131.1 0 83.90 0.00058 1.18957 0.8779 

70 56.1677 1382.7 0.11713 ~9.6016 0.01017 128.72 79.30 0.00059 1.1796~ 0.8665 

75 53.3927 1~27.6 0.10831 ~5.37~1 0.01009 126.9~ 75.67 0.00059 1.17027 0.8585 

80 50.7897 1 ~86.2 0.09996 ~2.1081 0.00990 125.83 72.86 0.00061 1.1&15~ 0.8522 

85 ~8.3638 1555.0 0.09219 39.4447 0.00967 127.32 70.72 0.00063 1.15343 0.8353 

90 46.1163 1636.5 0.0851& 37.3989 0.00937 129.07 69.13 0.00066 1. H596 0.8218 

95 44.0399 1727.2 0.07888 35 .7 ~21 0.00906 131.11 68.00 0.00069 1.13909 0.8114 

100 42.1248 1825 .7 0.07335 34.3878 0.00873 131.27 66.46 0.00070 1.13277 0.8071 

120 35.838 0 2281 .6 0.05737 30.9735 0.00747 148.80 70.~5 0.00088 1.11222 0.8072 

140 31.18 39 2727.2 0.0~943 29.0286 0.00648 160.50 72.33 0.00105 1.0971& 0.79&0 

160 27.6265 3130.0 0.0~562 27.8988 0.005&7 167.82 73.70 0.00123 1.08575 0.7796 

180 2~. 8290 3476.2 0 .0 4397 27.1517 0.00503 172.19 75.12 0.00143 1.0768~ 0.7623 

200 22.5752 3775.1 0.0~3~5 26 . 6016 0.00451 17~.95 76.73 0.00164 1.06970 0.7467 

220 20.7183 ~O 45.6 0.043~5 26 . 1833 0.00409 177.09 78.51 0.00186 1.06384 0.7333 

240 19.1592 ~301.9 0.04362 25.8330 0.0037~ 179.29 80.46 0.00209 1.05894 0.7222 

260 17 .8323 ~556.1 0.0~379 25 . 5~6~ 0.003~5 181.86 82.53 0.0023~ 1.05~78 0.7132 

280 16.686& 4811.8 0.0~389 25 .2890 0.00320 18~.93 8~.71 0.00259 1.05119 0.7059 

300 15.6~57 5059.5 0.04456 25 .1355 0.00302 188.~6 86.97 0.00284 1.0~795 0.70~3 

350 13.6037 574L.3 0.04444 24 .7 099 0.00260 199.09 92.86 0.00353 1.04160 0.6960 

400 12 . 0431 6449.1 0.0~~06 2~.3855 0.00229 211.27 98.97 0.00428 1.03&76 0. 6913 

~50 10.8089 7176.2 0.04359 2~.1293 0.00205 22~.32 105.18 0.00509 1.03295 0.6885 

500 9.8070 7906.7 o .0~319 23.9216 0.00185 237.61 111.43 0.00596 1.02986 0.6866 

550 8.9766 86~3.0 0.04281 23.7~98 0.00169 251.10 117.69 0.00689 1.02731 O. 685~ 

600 8.2769 9383.8 0.0~246 23.6056 0.00156 264. && 123.92 a.00787 1.02516 O. 68~6 

700 7 .1619 10885.3 0.04180 23.3771 0.00135 291.99 136.23 0.01002 1.02175 0.6836 

800 6.3126 12 ~26.0 0.0~112 23.20~~ 0.00119 Ji9.71 1~6.32 0.01238 1.01915 0.6833 

900 5.6438 1~017.~ 0.04039 23.0696 0 . 00106 3~7.94 160.15 0.01495 1.01711 0.6834 

1000 5.103~ 15 667.3 0.03961 22.9&15 0.00096 ~40.56 171.72 0.02072 1.01546 O. 5 8~ 7 

1200 ~. 283~ 191~3.~ 0 .0 3799 22.7992 0 . 00080 511.13 19~.15 J.02794 1.01297 O. 5 8~ 1 

1400 3.6905 228~6.9 0.03639 22.6834 0.00069 583.32 215.68 0.03599 1.01116 0.58~5 

1600 3.2419 26693 .0 0.03500 22.5966 0.00061 655.~2 236.44 0.04~86 1.00980 0.5853 

1800 2.8905 30652.5 0.03382 22.5290 0.0005~ 727.44 256.52 J.05~5~ 1.0087~ 0.5857 

2000 2.60 78 34813.3 0.03268 22.~743 0.00 049 802.64 27&.00 0.06510 1.00788 0.5853 

2500 2 . 0938 ~7237.8 0. 029 21 22.3597 0.00039 10~9.23 322.56 0.09713 1.00632 0.5710 

3000 1.7~21 67097.7 0.02389 22.19~5 0 . 00033 1551.11 367.42 0.1~~70 1.00526 0.52~7 
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C-2 THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN 

2~ . 00 MPA ISOBAR 

TEMPERATURE ~OLUHE ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY C~ CP ~ELOC !TY 
OER I ~A TI ~E OERI~A TI~E ENERGY OF SOUNO 

OEG. K CU H/KG CU H-MPA/KG MPA/K KJ/KG-K KJ/KG KJ / KG-K KJ I KG-K HIS 

20.300 0.0,1152 2.~12~ 1.120 -285.9 -9.~ 5.~35 5.~8 6.88 17~1 

21 0.01156 2 . 3807 1.120 -282.0 -~.5 5.611 5.51 7.05 1736 
22 0.01163 2 . 3 3 5~ 1.119 -276.~ Z.6 6.004 5.69 7.29 1729 
23 0.01169 2.2899 1.111 -27 0.6 10.0 6.333 5.81 7.52 1722 
2~ 0.01176 2 . 2~~5 1.113 -26~.6 11 . 1 6.658 5.91 7 .7~ 1715 
25 0.01163 2 .1991 1.109 -256.~ 25.5 6.979 6.01 7.9& 1707 
26 0.01190 2.1539 1.103 -252 .0 33.6 7.295 6.10 8.18 1700 
Z7 0.01197 2.1 089 1. 096 -2~5.5 ~1.9 7.606 6.16 6.39 1692 
28 0.01205 2 • 06~3 1.089 -238.8 50.~ 7.917 6.26 8.60 1683 
29 0.01213 2.0202 1.080 -232.0 59.1 6.222 6.3~ 6.80 1&75 
30 0.01221 1.9767 1.071 -225.0 68.0 8.52~ 6.~1 9.00 1666 

31 0.01229 1.9338 1.061 -217.9 71.1 8.822 6.~7 9.20 1658 
32 0.01237 1.6916 1.051 -210.6 66.~ 9.117 6.53 9.39 1649 
33 0 .0 124& 1. 8 526 1.042 -203.1 95.9 9 .411 &.59 9.59 1642 
34 0.01255 1.6136 1.029 -195.6 105.6 9.700 6.64 9 .76 1633 
35 0.01264 1.7746 1.016 -167.9 115 . ~ 9.986 6.69 9.94 1624 
36 0.01273 1.7350 1.002 -180.1 125.5 10.268 6.73 10.11 1614 
31 0.01263 1 . 6987 o .9862 -172.2 135 . 7 lo.5H 6.77 10.27 1605 
36 0.01292 1.6620 0.9740 -16~.2 146.0 10.823 6.81 10.43 1596 
39 0.01302 1 .6240 0.9596 -156.0 156.5 11.096 6.84 10.59 1586 
40 0.01312 1.5646 0.9451 -141.6 167.2 11.366 6.86 10.74 1575 

42 0.01333 1.5201 0.9154 -131.1 166.9 11.697 6.91 11.02 1558 
44 0.01355 1.4602 0.8853 -114.0 211.2 12 .416 6.95 11.29 1540 
4& 0.01378 1.4025 0.65~8 -97.1 233.& 12.912 7.03 11.58 1520 
48 0.01401 1.3475 0.8245 -79.3 257.0 13.411 7.09 11.85 1500 
50 0.01426 1.2986 0.7946 -61.2 281 . 0 13.900 7.15 12.09 1482 
52 0.01451 1.2533 0.7&53 -42.9 305.4 14.379 7.20 12.32 14&4 
54 0.01411 1. 2109 0.1361 -24.3 330.3 14.848 7.25 12.54 1~47 

56 0.01504 1.1701 0.7069 -5.2 355.6 15.312 7.30 12.74 1~29 

58 0.01532 1 .1 345 0.6820 13.7 381.5 15.763 7.34 12.92 1413 
60 0.01561 1.1015 0.6558 32.9 407.5 1&.203 7.36 13.09 1398 

65 0.01636 1.0314 0.5943 81.3 473.9 17.267 7.5 2 13.48 1359 
70 0.01715 0.9781 0.5398 130.6 542.2 16.279 7.71 13.84 1325 
75 0.01796 0.9401 0.4919 180.8 612 . 3 19.245 7.96 14.20 1295 
80 0.01684 0 . 9126 0.4499 232.1 684.1 20.173 8.26 14.55 1268 
85 0.01972 0.8956 0.4130 284.4 757.7 21.065 8.&0 14.89 1246 
90 0.02063 o • 8660 0.3806 336.0 833 .0 21.926 8.97 15.23 1227 
95 0.02155 o • 6823 0.3522 392.8 910 .0 22.759 9.36 15.56 1211 

100 0.02248 o • 8636 0.3273 449.1 968.1 23.565 9.76 15.88 1199 
120 0.02626 0.9203 0.2531 689.9 1320.1 26.564 11.29 17 .05 1179 
140 0.03005 0.9814 0.2057 946.7 1661.9 29 . 263 12.23 17 .68 1191 

1&0 0.03382 1.0549 0.17 32 1211.4 2023.2 31.635 12 . 58 17 .79 1221 
180 0.03756 1. 1359 0.1494 1475.0 2376.5 33.716 12.53 17 .52 1260 
200 0.04125 1.2194 0.1313 1732.4 2722.3 35.538 12 . 26 17.07 1303 
220 0.04489 1 .30 32 0.1171 1981.3 3058.6 37.141 11.92 16.59 1346 
240 0.04849 1 . 3873 0.1057 2221.8 3385.6 38.564 11.60 16.14 1389 
260 0.05206 1.H06 0.0963 2454.9 3704 . 2 39.839 11.32 15.76 1431 
260 0.05559 1.5537 0.0885 2681.8 4015.9 40.994 11.09 15.45 1~71 

300 0.05925 1.6440 0.0826 2903.8 4325.9 42.054 10.69 15.29 1519 
350 0.06806 1.8531 0.0701 3447.3 5080.6 44.380 10.64 14.94 1613 
400 0.07679 2.0&10 0.0609 3979.9 5822.9 46 . 364 10.53 14.17 1701 

450 0.08549 2.2681 0.0539 4507.2 6558.9 48.099 10.49 14.69 1783 
500 0.09415 2.4746 0.0483 5032.9 7292 . & 49.&~4 10.47 1~.65 1861 
550 0.10280 2 . 6808 0.0438 5557.0 8024.2 51.039 10.46 14.63 1936 
600 0.11143 2.8867 0.0401 6081.3 8755.7 52 . 310 10 . 47 14 .63 2008 
700 0.12868 3.2983 0.0343 7131.1 10219.3 54.567 10.52 14.66 2144 
800 0.1~589 3.7096 0.0300 8186.9 11688.4 56.528 10.60 14.13 2210 
900 0.16310 4.1209 0.0266 9252.6 13167.0 58.268 10.72 14.85 2389 

1000 0.18030 4.5323 0.0240 10331.6 14658.8 59.842 10.86 15.00 2500 
1200 0.21468 5.3553 0.0200 12544.3 17696.7 62 . 598 11.26 15.38 2105 
1400 0.24906 6.1785 0.0111 14838.4 20615.6 65.006 11 . 69 15.81 2890 

1600 0.28343 7.0020 0.0150 17211.7 24020.0 61.123 12.10 16.22 3063 
1800 0.31780 7.8251 o .0133 19682.2 27309.5 69.022 12.49 16.61 3226 
2000 0.35219 8. b49b 0.0120 22233.2 30685.7 70.866 12.89 11.02 3379 
2500 0.43845 10.7098 0.00% 29033.1 39556.5 77.167 14 . 34 18.54 3721 
3000 0.52673 12.7705 0.0060 36951.3 49592.8 8' •• 189 17.46 21 . 99 4009 
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THERHOOYNAHIC PROPERTIES OF PARAHYOROGEN C - 2 

24. 00 HPA IS03AR 

TEH PERATURE OENSITY V (OH/OV~ V (OP/OU\.- -V (OP/OV~ -(OV/OT~/VCON~~~~~~iTY VISCOSITY THERHAL DI EL ECTR I C PRANDTL 
DIFFUSIVITY CONS TAN T NUMBER 

OEG. K KG/CU H KJ/KG HPA-CU H/KJ HPA l/DEG. K H/K-H KG IH-S SQ H/HR 
X 10 2 X 10 3 X 10 7 

20.300 86.8172 1285 . 9 0.23558 209.4394 0.00535 140.60 402.08 0 . 00085 1. 2 8636 1 . 9669 
21 86.4899 1295.6 0.23260 205.9105 0.00544 144.52 374.57 0 . 00085 1. 28519 1. 8271 

22 86.0150 1307.8 0.22862 200 . 8776 0 . 00557 149.33 3 41.16 0 . 00086 1. 28349 1 . 664 9 
23 85.5314 1318.2 0.22497 195.8609 0.00570 153.35 313.28 0.00 086 1.28176 1.5359 
24 85 . 0394 1327.3 0.22156 190.8687 0.00583 15&.68 289.73 0.00086 1 . 2 8001 1. 4 318 
25 84.5393 1334.9 0.21837 185 . 9097 0 . 00596 159.43 269.64 0 . 000 8 5 1 . 278 22 1 . 3 465 
26 84.0311 1341.6 0.21532 180.9929 0.00609 161.61 252.34 O. 00 085 1 . 27641 1.2766 
27 83.5151 1347.6 0_21235 176.1274 0.00622 163.34 237 . 31 0 . 00084 1 .27457 1 . 2187 
28 82.9915 1352.9 0.20944 171.3226 0.00635 164 . 70 224.16 0 . 00063 1 . 2727 1 1 .1 702 

29 82.4604 1357.4 0.20668 166 . 5879 0 . 00649 165.72 212.57 0.00082 1. 270 82 1 .1 291 
30 81.9220 1360 . 7 0.20411 161 . 9329 0.00662 166.47 202 . 29 0 . 00081 1.2689 1 1. 0938 

31 61.3766 1363.9 0 _20153 157.3672 0 . 00674 166.34 193 . 11 0.00080 1 .26698 1. 0679 

32 80.8245 1366.7 0.19900 152 . 9007 0.00687 166.02 184 . 88 0 . 00 079 1 . 26502 1 . 0 460 

33 80.2547 1368 . 7 0.19700 148 . 6770 0.00701 165 . 51 177.35 0 . 00077 1.26300 1. 0275 

34 79 . 6883 1371.6 0.19447 144.5215 0.00712 164.95 170 . 61 0 . 00076 1 . 26100 1.0100 

35 79 . 1188 1373.7 0.19199 140.4044 0.00723 164 . 29 164 . 49 0.000 75 1.25899 0. 9950 
36 78.5450 1374.6 0.18957 136.2770 0.00735 163.54 158.91 0 . 00 07 4 1 .25696 0.9824 

37 77.9637 1376.6 0.18717 132.4359 0.00746 162.70 1 53 . 77 0. 000 73 1. 25491 0.9708 

38 77. 3810 1377 .2 0.18490 128.6050 0 . 0 0757 161.81 149 .0 5 0.00072 1. 2528 6 0 . 9608 
39 76.7910 1375.8 0.18280 124.7123 0 . 00769 160 . 85 144 . 67 0 .00071 1 . 25078 0. 9 521 

40 76 . 2003 1372.7 0.18078 120 . 7474 0 . 00783 159.85 14 0. 62 0 . 0007 0 1. 24871 0. 9452 

42 75.0009 1373.2 0.17671 114 . 0513 0.00803 157.69 1 33 .3 1 0.0 00 69 1.24450 0.9 318 

44 73 . 7929 1374.3 0.17251 107.7547 0.00822 155 . 45 126.92 0 . 000 67 1 . 24027 0. 9 218 
46 72 . 5767 1379.2 0.16747 101.7880 0.00840 153 . 18 121 . 26 0 . 00066 1 . 2360 2 0.9169 

48 71 . 3536 1382.0 0.16287 96.1475 0.00858 150.92 116.2 2 0. 00064 1.23176 0. 9127 

50 70.1302 1386.1 0.15845 91.0690 0.00873 148 . 69 111 .7 0 0 . 00 063 1. 22750 0. 90 85 

52 68.9070 1390 .3 0.15420 86.3606 0.00886 146 . 53 10 7 . 6 1 0. 000 62 1. 22326 0.9 049 

54 67.6670 1394.6 0 . 15006 81.9636 0.00699 144 . 44 103 .90 0 . 000 61 1. 2190 " 0.90 18 

56 66.4728 1398 . 0 0.14612 77.7819 0.00911 142 . 44 1 0 0. 52 0 . 00061 1.2148 .. 0.8 992 

58 65.2660 140 2.7 0.14240 74.0437 0.00921 140.54 97.43 0 . 00060 1.21068 0.8 957 

60 64 . 0694 1408.5 0.13866 70.5749 0 . 00929 138 . 93 94.60 0 . 00 06 0 1 . 20651 0.8912 

65 61 . 1381 1429.8 0.12926 63 . 0573 0 . 00943 135.96 88 . 52 0.00059 1.19653 0. 8774 

7 0 58.3171 1463 . 3 0.12004 57 . 0761 0 . 00946 133.52 83 . 62 0.00 060 1.18692 0. 8667 

75 55.6308 1509.2 0.11113 52.3013 0.00941 131.66 79 . 71 0.00060 1 .1778 2 0. 8594 

8 0 53.08 8 3 1566 . 9 0.10266 48.4474 0.00929 130 . 42 76 .6 0 0 . 00061 1.16925 0. 8547 

85 50.7035 1637.5 0.09477 45.4103 0.00910 131 . 84 7 4.19 0. 000 63 1 . 1 6125 0.8 380 

90 48.4772 1718.6 0 . 08756 42 . 9526 0. 0 0886 133.51 72 . 33 0 .0006 5 1.15381 0.8252 

95 46.4056 1808.9 0.08111 40.9421 0 . 00860 135 . 43 70 .95 0. 000 68 1.14692 0.8 153 

10 0 44.4809 1907.3 0.07541 39 . 3019 0 . 00833 135.57 68 . 84 0. 00 06 9 1 .14055 0. 8064 

12 0 38.0809 2361.2 0.05885 35.0463 0 .0 0722 152.83 7 2. 6 6 0 . 00 085 1.11952 0.8 106 

1 40 33.2195 2806.4 0.05056 32.6598 0.00630 163.99 74.23 0 .0 0100 1.10392 0. 8 003 

16 0 29 . 5650 3203.1 0.04656 31 . 1885 0 . 00555 110.74 75 . 30 0 . 00117 1.09196 0.1845 

180 26.62.0 3546.3 0.04479 30.2420 0.00494 114 . 65 76 . 46 0 . 00135 1. 08255 0.7 670 

2 00 24.2438 3844.2 0.04416 29 . 5624 0.00444 177 . 05 77.86 0 . 001 54 1 . 07498 0. 750 7 

2 20 22.2769 4112.8 0 . 04408 29.0318 0.00403 178.94 79.48 0.00 174 1.0687& 0.736 8 

2 .. 0 20.6220 4369.3 0.04419 28 . 6092 0.00369 180.95 8 1 .31 0 . 00 196 1.06353 0.725 2 

26 0 19.2104 "623.5 0 . 04429 28 . 2515 0.00341 183.38 83 . 3 0 0.0 021 8 1.0591 0 0. 7158 

280 17.9895 4881.2 0.04433 27.9499 0.00316 186.35 85.42 0.00241 1.05527 0. 10 8 0 

300 16 . 8763 512 C. 8 0.04506 27 . 7448 0.00299 189 . 82 81.63 0.00265 1.05179 0. 1 051 

350 14 . 6938 5800.9 0.04487 27.2296 0 . 00258 200.38 93.46 0 . 00329 1 . 04498 0. 6968 

400 13.0222 6509.5 0.04443 26.8391 0 . 00227 212.56 99.56 0 . 00398 1 .03919 0. &918 

450 11.6977 7236.7 0.04392 26.5315 0 . 00203 225.67 105.80 0 . 00 473 1.03569 0. 6888 

5 00 10.6210 7967.2 0.04347 26.2627 0 . 00184 239.06 112 . 09 0 . 00553 1 .032 31 0.6 869 

5 50 9.7276 8703.5 0.04306 26 . 0 77~ 0 . 00168 252 . 66 118 . 40 0.0063 9 1 . 02962 0. 6 856 

60 0 8 . 9739 9444.3 0.04269 25 . 9051 0.00155 266 . 35 124 . 68 0.0 0731 1 . 02730 0. 6847 

7 00 7.7715 10945.9 0.04199 25.6324 0.00134 293 . 98 137 . 14 0.00 92 9 1 . 02361 0.6 637 

8 00 6.8542 12466.7 0.04126 25 . 4266 0.00118 322 . 01 149 . 37 0 . 01146 1. 0208 1 0.6833 

9 00 6 . 1311 1~078 . 5 0.04053 25.2661 0 . 00105 350 . 57 161.J4 0 . 01386 1 . 01860 0.6834 

1000 5 . 5463 15728.8 0.03974 25.1375 0.00095 ~40.56 173.07 0 . 01906 1. 01681 0.5893 

1200 4 . 6580 19206.1 0.03609 24.9447 0.00080 511013 195 . 19 0 . 02569 1 . 01 411 0 . 5890 

1400 4 . 0151 22910 . 9 0.03647 24.8072 0.00069 583.32 217 . 61 0 . 03308 1 .01215 0. 5898 

16 00 3 . 5282 26758.1 0.03507 24.7043 0.00061 655.41 238.65 0 . 04122 1 .01067 0.5908 

1800 3.1466 30717.4 0.03388 24.6243 0.00054 727 . 37 259. a 1 0 . 0501 0 1 .0 095 1 0. 5915 

2 000 2.8394 3487~.1 0.03274 24.5597 0 . 00049 602.36 278 . 76 0 . 05978 1.00858 0. 5912 

25 00 2.2808 47220.8 0.02931 24.4266 0.00039 1045 . 86 325.98 0 . 089 05 1.00689 0. 5778 

30 00 1.6965 66713.6 o • 0 2~ 11 24 . 2450 0.00033 1533.71 371.37 0.1 3 225 1.0057 3 0.5325 
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C-2 THERMOOY NAMIC PROPERTIES OF PARAHYOROGEN 

2& . OJ HPA ISOBAR 

TEMPERATU RE ~OLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY C~ CP ~ELOCITY 
OERIVATIV~ OERIVATIVE ENERGY OF SOUNO 

OEG . ~ CU H/KG CU H-MFA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ J<G-K MIS 

20.75. 0.011~~ 2 • ~ 989 1.133 -283.2 14.2 5 .~ &7 5.52 &.92 17&9 
21 0.O11~5 2 • ~ 8 82 1.133 -281.9 15.9 5.5~8 5.55 &.97 17&8 
22 0 . 0115 1 2 .~4 39 1. 133 -27&. ~ 23.0 5.878 5.&8 7.21 17&2 
23 0 . 01 1 58 2 . 399~ 1 . 131 -27 0.7 30 . 3 &.20~ 5. 79 7.~ 3 1755 
2~ 0.0116~ 2.3549 1.128 -2&~. 8 37 . 9 &.525 5.90 7.&5 17~8 
25 0.01171 2 . 3104 1.124 -256.7 45 . & 0 . 841 5.99 7.67 1741 
2& 0.01177 2 . 2ol0 1.119 - 252 .5 53.& 7 .15~ &.09 6.06 1734 
27 0.0118~ 2 . 2218 1.113 -2~ & .1 &1 . 8 7.4&3 &.17 8.28 1727 
26 0.01191 2 . I 776 1.10& -239.& 70.2 7 .7 66 &. 2& 8.49 1719 
29 0.01199 2 . 131,2 1.098 -232 .9 H.7 8.0&9 6.33 8.&9 1711 
30 0 . 0120& 2 . 0911 1.090 -22&.1 87 . 5 8 .3 07 &.~O 8 . 88 1703 

31 0.0121~ 2. 0485 1.080 -219.1 90. 1) 8.&02 &.H 9.07 1&95 
32 0. 01222 2 . CO 6& 1.071 -212.0 105.7 8.953 6.53 9.2& 1&87 
33 0.01230 1..9(:'55 1.0&0 -20 ~ . 7 115.0 9.Z~0 &.59 9.44 1&78 
34 0.01238 1 . 0 252 1. 01,9 -197 . 3 124 . & 9.525 & .&~ 9.&2 1070 
35 0.012~7 1 • 8904 1.039 -189.8 13~.~ 9.809 &.&9 9.80 1&&4 
3& 0.01255 1.8533 1.02& -1 82.2 144.2 10.087 &.74 9.9& 1&55 
37 0 . 012&4 1.~1&0 1.013 -174.4 154.3 10 . 3&3 &.78 10.12 1&47 
38 0.01273 1.7794 0.9998 -1&&.5 16~ . 5 10.63~ 6.82 10.28 1038 
39 0.012 62 1 • 7 4~4 0.9656 -156 . 6 174.6 10 .9 04 6.85 10 .42 1629 
40 0.01292 1.7093 o . 9718 -150.5 185.3 11.169 &.87 10.5& 1&21 

42 0.01311 1.~348 o .94 33 -134.2 20&.7 11.&91 6 .92 10.85 1&01 
44 0.01331 1.5740 0.91~1 -117.5 226 . 7 12 .20 2 6.97 11.11 1584 
4& 0.01352 1.5171 0.8848 -100 .9 250 . 7 12.&90 7.0& 11.40 15&5 
48 O.013n 1 .4 &25 0.8553 -63.5 273 . 7 13.180 7.12 11.65 1547 
50 0.01396 1 • ~ 113 0.8261 -&5.8 297.3 13.&61 7.18 11.89 1529 
52 0.01~20 1.3&25 0.7 972 - 47 .8 321.3 14.132 7.23 12.12 1511 
54 0.01444 1 . 3197 0.7&92 - 29 .& 345 . 8 14.594 7.2& 12.33 1495 
56 0.014&8 1 . 2797 0.7419 -10.9 370 . 9 15.051 7.33 12.52 1478 
58 0.01494 1 . 2422 o .7153 7.8 396 .1 15.493 7.37 12.70 14&3 
60 0.01520 1. 2 077 0.&895 2&.& 421.7 15.927 7.42 12.87 1448 

&5 0.01588 1.1337 0 . &285 74.3 487.0 1&.973 7.56 13.27 1411 
70 0.01659 1.0741 o . 5733 12 2 .9 554 . 3 17.970 7.75 13.&5 1375 
75 0.01734 1.0313 0.5243 172.5 623.4 18.924 8.00 14.01 1344 
80 0. 018 12 0 . 9976 0.4812 223.3 &94.5 19.840 8 .29 14.39 1316 
85 0.01892 0 . 9759 0.4432 275.3 7&7.3 20.724 8.&3 14.7& 1292 
90 0.01975 0 . 9&21 0.4096 328.& 842 .0 21.578 9.01 15.12 1271 
95 0.02058 0.9548 0.3798 383.4 918.5 22 .405 9.40 15.48 1254 

100 0.02143 0. 9522 0.3535 439.6 990.8 23.208 9.79 15.82 1240 
120 0.02488 o . 9781 0.2744 &80.8 1327.7 26.221 11.32 17 .04 1213 
140 0.0283& 1 • 0326 0.2233 938.3 1075. & 28.901 12.26 17 .&9 1221 

160 0 . 03183 1.1016 0.1881 1203 . & 2031.1 31.274 12.61 17 .81 1247 
180 0.0352 7 1.1794 0.1&23 1468.1 2385 . 0 33.360 12.5& 17 .5& 1284 
200 0.038 &7 1 .2& 08 0.142& 172&.2 2731 . 8 35.18& 12 .29 17.12 1325 
220 0.04204 1 . 3~39 0.1271 197&.0 3069.0 36.793 11.95 1&.&3 13&7 
240 0.04536 1.42&4 0.1147 2217 . 3 339&.7 38.219 11. &3 16.18 1409 
2&0 0.048&& 1.509& 0.1045 2451.1 371&.2 39.498 11.35 15.80 1450 
280 0.05191 1.5918 0.0959 2678.8 402 8.& ~0.&5& 11.12 15.49 1489 
300 0. 05531 1.6819 o . 0898 2900.3 4338. ~ 41 .714 10.91 15 . 31 1537 
35 0 0.0&3~4 1.~902 o • 0760 344~.6 509~.1 44.0~3 10. &5 14.9& 1&29 
400 0 . 07151 2.0975 0.06&0 3977 .9 5837.1 ~&. 0 29 10.54 14.78 1716 

450 0.07954 2 . 30 40 0.0584 4505.7 6573 . 7 47.765 10.49 14.70 1797 
500 0.087 5 4 2 . 5101 0.0523 5031.8 7307.8 49.311 10.47 14.66 1874 
550 0.09552 2 . 7159 0.0475 555& . 2 8039.8 5 0.707 10.47 14.64 1948 
&00 0.10349 2 . 9215 0.0435 &080.7 8771.5 51.979 10.48 14.63 2020 
700 0.119~1 3.3324 0.0372 7130 .9 1023 5.4 54.236 10.52 14.0& 2155 
800 0.13530 3 . 7 .. 33 0.0325 8187 .0 1170~.6 56.197 10.60 14.73 2280 
900 0.15118 4 .1 5~2 0.0289 9252.9 13183.6 57.937 10.73 14.e~ 2398 

1000 0.1&706 ~ . 5&52 0.0260 10332.0 1~675.5 59 . 512 10.88 15.00 2509 
1200 0.19879 5 .3 876 0.0216 1254~.9 17713 . 5 62.268 11.2& 15.38 2713 
1400 0.2305 2 6 . 210 4 0.0185 14839.1 20832.7 64.67& 11 . &9 15 .81 2898 

1600 0.2&2 25 7.0335 o . 0162 17218.5 24037 . 0 66.792 12.11 16.22 3070 
1800 0.29B7 7 . 85&9 0.0144 19083.0 2 73 26.3 68 . &92 12 .49 16.&1 3232 
2000 0 . 3257 1 8.&606 0.0130 22233. 7 30702.2 70.536 12.89 17.01 3385 
2500 0.40532 10 .7 403 0.0104 29027.8 395&&.2 76.834 14.31 18.51 3726 
3000 0.48673 1? 60C8 0.0087 3&909.0 49563.9 83.8~Z 17. 3~ 21. 85 4015 
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THERHOOY NAHIC PROPERTIES OF PARA HYDROGEN C- 2 

2&.00 HPA ISOBAR 

TEMPERATURE DENSITY V (OH/OV~ V (OP/OU\" - V lOP/OVlz. -(OV/Or~vcoN6~~~~:iTY VISCOSITY THERHAL DIELECTRIC PRANOTL 
OIFFUSIVITY CONSTANT NUHBER 

OEG . K KG/CU H KJ/KG HPA-CU H/KJ HPA 1/0EG. K W/K-H KG/H-S sa H/HR 
x 10 2 X 10 3 X 10 7 

20.75& 87.~223 1333 . 3 o .23~81 218.~&09 0.00519 1~5.73 ~1 ~.39 0.00067 1.28853 1.9&&& 

21 87.3115 133&.9 0.23377 217.2~~& 0.00522 147.09 ~04.17 0 . 00087 1.28813 1. 91&~ 

22 6&.8520 1350.5 0.22978 212.25~2 0.0053~ 152.10 3&&.9~ 0.000B7 1 . 2B&~9 1.7390 
23 6&.36~5 13&2.3 0.22&12 207.2732 O. 0 05~& 156.30 335.97 O.0006~ 1 . 26~81 1.5962 

2~ 85.9092 1372.7 0.222&9 202.3095 0.0055~ 159.79 309.91 0.00087 1 . 28311 1 . ~ 84& 

25 85 . ~2&~ 1361.& 0.219~9 197.3713 0.00570 1&2.&9 287.75 0.00087 1 . 28139 1.3917 

2& 8~.93&2 138q.5 0.216~~ 192.~670 0.00561 1&~ .99 266.72 0.00087 1. 279&~ 1 . 3156 

27 8~ . ~389 139 E.6 0.213~7 167 . 6052 0.00593 166.85 252.2~ 0.00086 1.2778& 1.252~ 

28 83.93~5 1~03.1 0.21057 182.79~6 0.00&05 168.31 237.85 0.00085 1.27607 1.199& 

29 63.~23~ 1~oe.7 0.20782 178.0~~0 0.00617 169.~~ 225.21 0.0008~ 1.27~25 1.15~8 

30 82.9055 1~13.0 0.20527 173.3&23 0.00&29 170.28 21~.02 0_00083 1.272~0 1.1 162 

31 82 . 3812 1417.1 0.20272 1&8.7583 0.00640 170.22 204.06 0.00082 1 . 27054 1. 0876 

32 61.8507 1420.7 0 . 20023 164.2~10 0 . 00652 169.97 195.1~ 0 . 00061 1.26666 1 . 0633 

33 81 . 3142 1423.7 0.19786 159 . 8192 0.00663 169.56 187.11 0 . 00079 1.26675 1. 0422 

3~ 80.7719 1426.2 0.19555 155. 5019 0.00675 169.07 179.65 0.J0078 1 . 26~83 1. 0238 

3S 80 . 2107 1430.0 0019358 151 . 6293 0.00685 168.01 173.15 O. 00077 1.26265 1.0077 

36 79.6580 1033.1 0.19121 1~7.6266 0 . 00&95 167.70 167.14 0.0007& 1.26089 0.9930 

37 79.1022 1435.3 0.18889 143.6535 0.00705 16&.91 161.65 0.00075 1.25893 0 . 9804 

38 78.5436 1436.8 0.18670 139.7629 0.00715 166.06 156.61 0 . 0007~ 1 . 25696 0 . 9693 

39 77.9779 1437.9 0.16~62 136.0262 0.00725 165.13 151 . 94 0 . 00073 1.25496 0.9588 

~O 77 . 4132 1~38.1 0.18262 132 . 3252 0.0073~ 16~.18 1~7 . 6~ ~.00072 1.25297 0 . 9~96 

~2 76.2&90 1~3~ . 7 0.178&2 124 . &851 0 . 00757 162.09 139.91 J.00070 1.24895 0. 9369 

44 75 . 1118 1437 . 4 0.17451 118.2239 0.00773 159.90 133.16 0.00069 1.24489 0. 9256 

4& 73.9473 1~4 5. 0 0.1E>957 112.1823 0.00769 157.67 127.21 0.00067 1 . 2~081 0.9195 

4 8 72.7792 1~50.3 0.16503 10&.~~22 0.00804 15 5. ~4 121.92 0.000&& 1.2367J 0 . 9140 

SO 71 . 6093 1455.1 0.16068 101.0&~9 0.00817 153.25 117.19 0.00065 1.23265 O. 9096 

52 70.~365 1459.3 0.15&~8 95 . 9713 0.00831 151.09 112.92 0.0006~ 1 . 22657 0 . 90&0 

54 69.2&68 1 ~65.4 0.1524~ 91 . 4121 0.008~1 149 . 02 109.05 0 . 00063 1 . 22~51 0. 9024 

56 68.1060 1471.4 o .1~657 87.1538 0.00851 1~7.02 105.53 0.000&2 1.220~9 0 . 8990 

58 66.9501 1 ~ 76.9 0 . 14492 83.1&67 0 . 00860 1~5.12 102.32 0.00061 1.21649 0.8955 

60 65 . 8029 1483.6 0.1~126 79.~700 0.00868 143.51 99.37 0 . 00061 1 . 21253 0.6912 

65 62 . 9868 1507.~ 0 . 13200 71.~067 0.00860 1~0.5~ 93.00 0.00061 1.20286 O. 8780 

70 60.2661 1541 . 0 0.12273 6~.7324 0.00886 138 . 06 87 . 84 0.00060 1019355 O. 8684 

75 57.6618 1589.0 0.11371 59.4679 0 . 00862 136.11 83 . 67 0 . 00061 1. 1847 0 0.8612 

80 55.1834 1646.5 0.10514 55.0509 0.00874 13~.76 80.31 O. 00061 1 . 17631 0.6576 

85 52 . 6~31 1717.6 0 . 09713 51.5&70 0.00859 136.15 77.63 0.000&3 1.1&842 0. 8417 

90 50.6437 1799.2 0.08980 48.7231 0.008~1 137.74 75 . 53 0.00065 1.16105 0. 8294 

95 46.5853 1890.2 0.08320 4&.3870 0.00819 139 . 57 73 . 92 0 . 000&7 1015~17 0.6197 

1 00 4&.6&21 1968.3 0.07737 ~~.4301 0.0079& 139.7~ 71.16 0.00066 1. 1~777 0 . 8057 

12 0 40.1685 2~~1.5 0.0&030 39.3070 0.00&96 156.60 74.65 0.00082 1.126~1 O. 8136 

1~0 35.2629 2865.5 0 . 05166 36.4196 0.0061l 167.47 76 . 15 0 . 00097 1.11035 0. 8043 

160 31.4218 3278.5 0.04747 3~.6155 0.00543 173.71 76.92 0.00112 1. 09793 0.7889 

18 0 28.3535 3617.6 0.04558 33.4~09 0.00~85 177.16 71.83 0.00128 1 . 08808 0.7713 

200 25.8571 3913.0 0.04~87 32.6018 0.00~37 179.21 79.02 0.00146 1.08011 0 . 75~7 

220 23.7883 4161.4 0.0~471 31.9687 0.00398 180 . 84 8 0 .~9 0.00165 1 . 07354 0.7~02 

2~0 22.0442 4436.4 0.0~~75 31.44~9 0.00365 182.65 62 . 20 0.0018~ 1 . 0&602 0.7262 

26 0 20.5527 4691.8 0.0~479 31.0273 0.00337 18~.95 8~ . 09 0 . 00205 1 . 06332 0 . 7183 

260 19 . 262~ 4949.6 0.04477 30.6617 0.00313 187.81 86.1~ 0.00227 1.0592& 0. 7102 

300 18 . 0791 5182 . 7 0.0~556 30.4077 0.00295 191.21 88.30 0.002~9 1 . 05555 0 . 7071 

350 15.762~ 5862.0 0.04529 29 . 79~2 0.00255 201.67 94.07 D. 00308 1 . 04831 0.&977 

4 00 13 . 9841 &570 . 2 0.04~79 29.3312 0.00225 213.86 100.16 0.00372 1.0~278 0. 6924 

450 12 . 5726 7297 . 3 0 . 0~424 28.967& 0.00201 227 . 02 106.~1 0.00442 1.038~0 0. 6692 

5 0Q 11.~235 8027.6 0.04376 28.6740 0.00163 2~ 0.50 112.75 0.00517 1 . 03485 0.6671 

55 0 1O.~688 6764.1 0.0~332 28.~319 0.00167 25~.21 119.10 0 . 00597 1 . 03190 0.6657 

6 00 9 . 6626 95C4.9 0 . 0~2qz 26.2290 0.0015~ 266.0~ 125.45 0 . 00683 1.02942 0.6647 

7 00 6.3747 1100&.5 o .0~218 27.9082 O. 00133 295 . 95 138.03 0.00668 1 . 02546 0 . 6837 

8 00 7.3910 12547.5 0.0~145 27 . 66&5 0.00117 32~ .30 150 . ~1 0.01072 1 . 022~5 0.6833 

900 6.6145 1~139 . 5 0.0~068 27.4781 0.00105 353.20 162.5~ 0.01295 1 . 02007 0 . 6833 

100 0 5 . 9a o a 15790.2 0.0398& 27 .3273 O. 00095 440.5& 174 . "1 0. 017&& 1.01815 0.5939 

1200 5.0303 19268.5 0.03819 27.1013 0 . 00080 511.13 197. ~3 0.0237Q 1.01524 0 . 59~0 

1~00 4.33 8 0 22974.7 0.03655 26.9~04 0.00069 583.32 219 . 56 0 . 03062 1. 01313 0.5951 

16 0 0 3.8132 26823.0 0.03514 26 . 8201 0.000&0 655.~0 2~0.89 0.0361~ 1 . 0115~ 0.~963 

1600 3.4017 30782.2 0.0339~ 26.7266 0.0005~ 727.11 261.52 0.04&3~ 1 . 01029 0.5972 

2 00 0 3.0702 34935.3 0 . 03260 26.6512 0.000~9 802.12 281.55 0 . 05528 1. 00928 0.5972 

25 00 2.4672 ~721J. 7 0 . 029~1 26.~983 0.00039 10~2.89 329.~2 0 . 08223 1.00745 0.5845 

30 00 2.05 ~ 5 6638301 0.02~30 26.2996 0.00033 1518.35 J75.39 0.1217& 1.00620 0.5402 
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C-2 THERMOOY NAMIC PROPERTIES OF PARAHYOROGEN 

28.00 MPA ISOBAR 

TEMPERATURE VO LUME ISOTHfRM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DERIV~TIVE DERIVATIVE ENERGY OF S.OUNO 

OEG. ~ CU HI KG CU H-HPA/KG HPA/K KJ/KG-K ~J/KG KJ/KG-K ~J I KG-K HIS 

21.205 0.01136 2.5840 1.146 -280.5 37.7 5.499 5.56 6.95 1797 
22 0.01141 2.5495 1.146 -276.2 43.3 5.756 5.66 7.14 1793 
23 0 .011 47 2.5061 1.145 -270.6 50.5 6.080 5.78 7.36 1787 
24 0.01153 2.4625 1.142 -264.8 58.0 6.398 5.66 7.57 1780 
25 0.01159 2 . 4189 1.139 -258.9 65.7 6.712 5.98 7.78 1774 
26 0.01166 2.3753 1.134 -252.8 73.6 7.021 6.08 7.99 1767 
27 0.011 72 2.3316 1.129 -246.5 81.6 7.326 6.17 8.19 1760 
28 0.0117 9 2.2884 1.122 -240.1 89.9 7.628 6.25 8.39 1753 
29 0.01166 2.2454 1.115 -233.6 98.4 7.926 6.33 8.59 17 .. 5 
3D 0.01193 2 . 2027 1.107 -226.9 107.1 8.220 6.40 8.77 1738 
31 0.01200 2.1&04 1.098 -220.0 116.0 8.511 6.47 8.96 1730 

32 0.01207 2.1188 1.089 -213.1 125.0 8.798 6.53 9.14 17Z2 
33 0.01215 2.0777 1 . 079 -20 5 .9 134.3 9.062 6.59 9.32 1714 
34 0.01223 2. 0374 1. 069 -198.7 143.7 9.363 6.65 9.50 1706 
35 0.01231 1.9979 1. 058 -191.3 153.3 9.641 6.70 9.67 1698 
36 0.01239 1.9594 1.047 -18 3.9 163.0 9.916 6.74 9.84 1690 
37 0.01247 1 . 9290 1.036 -176.2 173.0 10.190 6.79 9.99 1685 
38 0.01256 1.8935 1.023 -168.5 183.1 10.459 6.83 10.14 1677 
39 0.01264 1.6560 1.010 -160.7 193.3 10.724 6.86 10.26 1669 
40 0.01273 1.6243 o .9969 -152.8 203.6 10.986 6.89 10.42 1661 

42 0.01291 1.7570 0.9693 -136.8 224.7 11.500 6.94 10.68 1645 
4 .. 0.01310 1.6857 0.9413 -12 0 .4 246.4 12.003 6.99 10.96 1626 
46 0.01329 1.6273 0.9127 -104.2 268.0 12.484 7.08 11.24 1608 
48 0.013 50 1.5737 0.8841 -87.1 290.8 12.968 7.14 11.49 1591 
50 0.01370 1.5221 0.8556 -69.7 314.0 13.442 7.20 11.72 1574 
52 0.01392 1.4731 0.8273 -52.1 337.6 13.906 7.26 11.94 1556 
54 0.01414 1.4282 0.7996 -34.2 361.7 14.360 7.31 12.15 1540 
56 0.01437 1.3862 0.7726 -15.8 le6.5 14.811 7.36 12.34 1524 
58 0.01460 1 . 3465 0.7463 2.6 411.4 15.247 7.40 12.52 1509 
60 0.01484 1.3108 0.7209 21.1 436.6 15.674 7.45 12.69 1494 

65 0.01546 1.2344 0.6606 68.1 501.0 16.706 7.59 13.09 1458 
70 0.0161 2 1.1720 0.6050 116.1 567.4 17.690 7.79 13.47 1424 
75 0.01680 1.1230 0.5553 165.2 635.7 18.632 8.03 13.85 1391 
80 0.017 51 1.0648 o .5112 215.6 705.9 19.538 8.33 14.24 1362 
85 0.01 624 1. 0576 0.4721 267.2 776.0 20.413 8.67 14.63 1336 
90 0.01900 1.03'15 0.431'+ 320.3 852.2 21.2&0 9.0'+ 15.02 131'+ 
95 0.01976 1.0284 0."065 374.9 928.2 22.082 9."3 15.39 1295 

100 0.02054 1.0229 0.3790 431.0 1006.1 22.881 9.83 15.75 1280 
120 0.02371 1.0378 o .2955 672.3 1336.3 25.888 11.36 17.03 1248 
1 .. 0 0.026n 1.0866 0.2"07 930 . " 1684.1 28.5&7 12.28 17 .&9 1251 

160 0.03012 1.1497 0.2029 1196.3 2039.8 30.9"2 12.64 17 .83 1274 
180 0.0333 1 1.2234 0.1751 1461.5 2394.3 33.030 12.58 17 .59 1308 
2 DO 0.03647 1.3033 0.1539 1720.4 2741.6 34.859 12.32 17 .15 1347 
220 0.OJ960 1.3851 0.1372 1970.9 3079.6 36."71 11.98 16.67 1388 
2 .. 0 0.04269 1 ... 673 0.1237 2213.0 3406.2 37.901 11.66 16.22 1429 
2bO 0.04574 1.5469 0.1127 2447.6 3728.4 39.162 11. 38 15.8 .. 1 .. 68 
260 0.04877 1.6308 0.1034 2676.0 4041.6 "0.343 11.15 15.52 1506 
3 DO 0.051 93 1.7203 0.0968 2896.9 4351.1 41.399 10.92 15.33 1554 
350 0.05949 1.9276 0.0819 34 .. 2.1 5107.7 "3.731 10.66 1".97 1645 
400 0.06.98 2.1341 0.0711 3976.0 5851.5 45.719 10.55 14.60 1730 

450 0.07444 2.3"01 0.0629 450 ... 3 6588.6 "7.457 10.50 1".71 1811 
500 0.08187 2.5457 0.0564 5030.8 7323.1 49.003 10."8 14.b6 1887 
550 0.08928 2.7511 0.0511 5555.5 8055 ... 50.399 10. "8 14.64 1961 
600 0. 09.68 2.9563 0.0"68 6060.3 8787.4 51.672 10.46 14.63 2 032 
700 0011146 3.3666 0.0400 7130.8 10251.6 53.930 10.53 1".66 21&5 
600 0.12622 3 . 7769 0.0350 8187.1 11721.2 55.691 10.61 14.73 2290 
900 0.14096 4.1873 0.0311 9253.2 13200.2 57.631 10.73 1".85 2407 

1000 0.15570 4.5960 0.0279 10332.5 1"692.2 59.206 10.86 15.00 2518 
1200 0.16517 5 ... 197 0.0233 12545.6 17730.3 61.962 11.26 15.38 2720 
1400 0. 21"63 6.2"20 0.0200 14639.9 20649.6 6".370 11.69 15.61 2905 

1600 0.2 .... 09 7. 06"8 0.0175 17219.4 2"053.9 66 ... 87 12.11 16.22 3077 
18 DO 0.27354 7.6879 0.0155 19683.9 27343.1 68.386 12."9 16.61 3238 
2000 0.30301 8.7112 0.0140 22234.4 30718.7 70.230 12.89 17.01 3391 
2500 0.37692 10.7705 0.0112 29022.8 39576.7 76.525 14.29 18.48 3732 
3000 0.45245 12.8306 0.0093 36871.4 49540.0 83.522 17.23 Z1. 72 4021 
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THERHOOYNAHIC PROPERTIES OF PA RAHYOROGEN C-2 

28.00 HPA ISOBAR 

TEHPERATU RE DENSITY V (OH/OVI V (OP/OUI -V (OP/OVI -(OV/OTl/V THERM AL V ISCOSIT Y THERMAL DIELECTRIC PRANOTL 
P V T P C ONOUCTI VITY OIFFUSIVITY CONSTANT NUMBER 

OEG. K KG/CU M KJ/KG MPA;C~O~/KJ HPA 1/0EG. K W/K-H KG/H-S SQ H/HR 
X 103 X 10 7 

21.20, 88.0083 1379.8 0.23412 227.4110 0.0050' 150.73 426.76 0.00089 1.29063 1.9688 

22 87.6531 1391.6 0.23094 223.4755 0.00513 154.79 394.45 0.00089 1.28936 1.8186 

23 87.1999 1404.8 0.22125 218.5311 0.00524 159.16 360.09 0 .00089 1.28173 1.6649 

24 86.739& 141&.4 0.22379 213.5974 0.00535 162.81 331 . 27 0.00089 1.28&08 1.5413 

25 86.2722 1426.6 0.22058 208 .&8 21 0.0054& 165.85 306.83 0.0008 9 1.28441 1.4402 

26 85.7981 1435.7 0.21152 203.7934 0.0055& 1&8. 2 8 285.92 0.00088 1.28272 1.3574 

27 85.3114 1444.0 0.21454 198.9393 0.00567 170.25 267.85 0.000 8 8 1.28100 1.2887 

26 84.8302 1451.7 0.21164 194.1280 0.00578 171.82 252.13 0 .00087 1.27926 1.2313 

29 64.33&8 1456.3 0.20889 189.3&17 0.00569 113.05 238.34 0 .00086 1.27750 1.1825 

30 83.8312 1463.6 0.20634 184.6668 0.00599 173.97 226.t 7 0.0008 5 1.27572 1.140& 

31 83.3317 1468.7 0.20381 180.0335 0.00&10 173.98 215.36 0.00084 1.27392 1.1091 

32 82.8205 1473.2 0.20134 175.4760 0.00621 173.79 205.70 0.00083 1.27210 1.0623 

33 82.3037 1476.9 0.19899 171.0027 0.00&31 11 3.44 19],03 0.00081 1.27027 1.0591 

34 81.7815 1480.2 0.19671 166.6217 0.00&42 172.99 169.21 0.00080 1.26841 1.0388 

35 81. 2543 1483.2 0.19449 1&2.3412 0.00&52 172.43 182.11 0.00079 1.26&54 1.0212 

36 80.7222 1465.8 0.19232 158.1692 0.00662 171.77 175. &5 0.00078 1.2&466 1.0059 

37 80.1706 1491.4 0.19040 154.6531 0.00670 170.95 169.&3 0.00077 1.26270 0.9916 

38 19.6309 1494.2 0.18825 150.7823 0.00679 170.13 164.23 0.00076 1.26080 0.9790 

39 79.0888 1495.7 0.1662& 146.9473 0.00&87 169.24 159.27 0.00075 1.25888 0.9676 

40 78.5454 1497.4 0.18434 143.2904 0.00696 168.32 154.69 0.00074 1.25696 0.957. 

42 77 .4471 1499.6 0.18039 136.0715 0.00712 166.26 146.49 0.0007 2 1.25309 0.9411 

44 76.3366 1496.3 0.17&37 126.6814 0.00131 164.15 139.37 0 .00071 1.24919 0.9306 

46 75.2196 1507.2 0.17147 122.4022 0.00746 161.95 133.10 0.00069 1.2Ct527 0.9236 

46 74.0969 1514.9 0.1&702 116.6041 0.00758 159.75 127.55 0.00068 1.24133 0.9171 

50 72.9730 1521.6 0.1&273 111.0704 0.00770 157.57 122.59 0.00066 1.23740 0.9119 

52 71.6491 1527.7 0.15659 105.8386 0.00782 155.44 116.14 0.00065 1.23348 0.9076 

54 70.7270 1534.5 0.15457 101.0133 0.00792 153.37 114.11 0.00064 1.22958 0.9037 

56 69.6092 1541.2 0.15074 96.4948 0.00601 151.38 11 O. 44 0.000&3 1.22569 0.9003 

56 68.4956 1547.0 0.14715 92.2294 0.00609 149.47 107.09 0.00063 1.22183 0.89&9 

60 67.3919 1554.9 0.14357 88.3401 0.0081& 147.8& 104.02 0.000&2 1.21802 0.692& 

65 64.&769 1581.7 0.13449 79.6 351 0.00827 144.67 97.36 0.00062 1.20866 0.6797 

70 62.0472 1 & 18.& 0.12520 72.7208 0.00832 142.35 91.97 0.00061 1.199&4 0.8701 

75 59.5203 1 &66.6 0.11613 6&.8417 0.00831 140.34 87.56 0.00061 1.19101 0.8640 

80 57.1053 17 25.9 0.10743 61.9491 0.00825 138.9Z 83.96 0.00061 1.18281 0.8607 

85 54.8122 179&.9 0.09932 57.9683 0.00814 140.26 81.05 0.00063 1.1150& 0.8457 

90 52.6444 1879.1 0.09168 54.7214 0.00799 141.79 76.73 0.00065 1.1&776 0.8340 

95 50.&04& 1970.7 0.0851& 52.0429 0.00781 143.55 76.89 0.000&6 1.16092 0.8246 

100 48.&892 2070.0 0.07920 49.8064 0.00761 143.80 73.44 0.00067 1.15452 0.8044 

120 42.1725 2522.6 0.06110 43.7660 0.00&75 160.69 77 .00 0.00081 1.13293 0.8163 

140 37.1500 2967.2 0.05275 40.3688 0.00596 110.94 78.06 0.00094 1.11648 0.8079 

160 33.1965 3355.3 0.04836 38.1655 0.00532 176.69 78.56 0.00107 1.10365 0.7930 

180 30.0178 3689.0 0.04636 36.7232 0.00477 179.71 79.22 0.00123 1.09341 0.7755 

200 27.4181 3983.0 0.04556 35.7338 0.00431 181.42 80.21 0.00139 1.08509 0.7584 

220 25.2544 4250.6 0.04533 34.9799 0.00392 182.78 81.52 0.00156 1.07819 0.7434 

240 23.4260 4506.1 0.04531 34.3718 0.00360 184.39 83.10 0.00175 1.07239 0.7310 

260 21.8607 4759.9 0.04529 33.8600 0.00333 186.54 64.91 0.00194 1.0674. 0.7206 

280 20.5035 5018.6 0.04521 33.4365 0.00309 189.30 66.88 0.00214 1.0631& 0.7124 

300 19.2549 5245.1 0.04604 33.1238 O.OOZ9Z 192.62 89.00 0.00235 1.05924 0.7085 

350 16.8102 5923.3 0.04570 32.4031 0.00253 202.98 94.69 0.00290 1.05158 0.6986 

400 14.9294 6631.2 0.04515 31.8614 0.00223 215.16 100.76 0.00351 1.04572 0.6929 

450 13.4340 7358.2 0.04455 31.4371 0.00200 228.37 107.03 0.00416 1.04107 0.6896 

500 12.214 7 8086.6 0.0.404 31.0949 0.00161 241.93 113.40 0.00466 1.03729 0.6673 

550 11.2005 8824 . 9 0.04357 30.8132 0.00166 255.75 119.81 0.00561 1.03416 0.6858 

600 10.3431 9565.6 0.04315 30.5772 0.00153 269.11 126.21 0.00641 1.03152 0.6848 

700 6.9719 11067.2 0.04237 30.2045 0.00132 297.91 136.93 0.00815 1.02730 0.6637 

800 7.9229 12608.2 0.04161 29.9238 0.00117 326.58 151."5 0.01007 1.02408 0.6833 

900 7.0941 14200.4 0.04082 29.7053 0.00105 355.82 163.72 0.01216 1.02154 0.6833 

1000 6.4225 15851.5 0.03998 29.5305 0.00095 440.56 175.75 0.01646 1.01949 0.5985 

1200 5.4005 19330.9 0.03828 29.2688 0.00080 51101 3 199.08 0.02216 1.01637 0.5990 

1400 4.6592 23038.3 0.03663 29.0827 0.00069 583.32 221.51 0.02851 1.01411 0.6004 

1600 4.0969 26887.6 0.03521 28.9436 0.000&0 655.39 243.14 0.03550 1.01240 0.&019 

1800 3. &55 7 30846.8 0.03400 28.8357 0.00054 727.26 2&4.06 0.04312 1.01106 0.6030 

2000 3.3002 34996.8 0.03265 28.7488 0.00049 801.90 284.37 0.05142 1.00998 0.6032 

2500 2.6531 "7214.6 0.02950 28.5746 0.00039 1040.2" 332.90 0.07640 1.00802 0.5913 

3000 2.2102 6& 0 96.2 0.02446 28.3582 0.00033 1504.&6 379.48 0.11282 1.00&&8 0.5479 
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C-2 THERHODYNAHIC PROPERTIES OF PARAHYOROGEN 

30.00 HPA ISOBAR 

TEHPERA TURE VOLUHE ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

DEG _ K CU HI KG CU H-HPA/KG HPA/K ~J/~G-~ ~J/KG KJ/KG-K KJ I KG-K HIS 

21. & .. 5 0.01129 2 .6617 1.159 -277.7 61.0 5.529 5.60 6.99 1824 
22 0.01131 ~ .6527 1.159 -275.8 63.5 5.6"4 5.65 7.07 1823 
23 0.01137 2 .6102 1.158 -270.3 70.7 5.963 5.76 7.29 1817 
2 .. 0.01142 2.5675 1.156 -264.7 76.0 6.278 5.87 7.50 1811 
25 0.01148 2.52 47 1.153 -258.9 85.7 6.586 5.97 7.71 1605 
26 0.01154 2.4619 1.149 -252.9 93.5 6.695 6.07 7.91 1799 
27 0.01161 2.4391 1.144 -246.7 101.5 7.197 6.16 6.11 1792 
26 0.01167 2.3964 1.138 -240.4 109.7 7.495 6.24 8.30 1785 
29 0.01174 2.3539 1.131 -234.0 116.1 7.790 6.32 8.49 1178 
30 0.01160 2.3117 1.123 -227 .4 126.7 6.061 6.39 6.66 1771 
31 0.01167 2.2699 1.115 -220.7 135.4 6.368 6.46 6.86 1764 

32 0.01194 2 . 2285 1.107 -213 .9 144.4 8.652 6.53 9.04 1756 
33 0.01201 2.1676 1.097 -206.9 153.5 8.933 6.59 9.21 1749 
34 0.01209 2. 1473 1.088 -199.8 162.6 9.211 6.65 9.38 1741 
35 0.01216 2.1 078 1.017 -192.6 172.3 9.465 6.70 9.55 1733 
36 0.0122" 2.0691 1.067 -165.2 161.9 9.757 6.75 9.71 1726 
37 0.01232 2.0313 1.056 -177.8 191.7 10.025 6.79 9.87 1718 
38 0.01240 1.9944 1.044 -170.2 201 . 6 10.290 6.83 10.03 1710 
39 0.01248 1.9684 1.033 -162.5 211.6 10.555 6.87 10.16 1706 
40 0.01256 1.9326 1.020 -154.6 222.1 10.814 6.90 10.29 1699 

42 0.01273 1.6695 0.9936 -139.0 242.9 11.322 6.95 10.55 1684 
44 0.01291 1 • 8048 0.9667 - 122.9 264.2 11.619 7.01 10.60 1668 
46 0.01309 1.7369 0.9392 -107.0 265.6 12.293 7.09 11.10 1648 
46 0.01326 1.6606 0.9112 -90.2 306.0 12.770 7.16 11.34 1631 
50 0.01347 1.6300 0.8634 -73.1 331.0 13.238 7.23 11.57 1&15 
52 0.01367 1.5811 0.6557 -55.8 354.3 13.696 7.29 11.79 1599 
54 0.01367 1.5340 0.6264 -36.1 378.1 14.145 7.34 11.99 1583 
56 0.OH06 1.4913 0.6017 -20.0 402.5 14.589 7.39 12.16 1567 
58 0.01430 1.4507 0.7756 -2.0 427.1 15.020 7.43 12.35 1553 
60 0.01452 1.4139 0.7504 16.3 451 .9 15.441 7.46 12.52 1538 

65 0.01510 1.3324 0.6905 62.7 515.6 16.460 7.63 12.93 1503 
70 0.01570 1.2694 0 . 6352 110.1 581.2 17.433 7.82 13.31 1470 
75 0.01633 1.2140 0.5848 156.8 648 .7 18.364 8.07 13.71 1436 
80 0.01698 1.1744 0.5399 208. 7 718.2 19.261 8.37 14.10 1406 
65 0.01766 1.l411 0.4998 260 .0 769 .7 20.128 6.71 14.51 1379 
90 0.01835 1.1182 0.4642 312.8 863 .3 20.969 9.06 14.92 1355 
95 0.01905 101033 0.4323 367.2 938.8 21. 786 9.47 15.31 1336 

100 0.01977 1.0945 0.4038 423.2 1016.4 22.561 9.66 15.68 1319 
120 0.02270 1.0997 0.3162 664.6 1345.7 25.580 11.39 17 .01 1282 
140 0.02568 1 .1425 0.2580 923.0 1693.4 28.258 12.31 17.69 1261 

160 0.02865 1.2008 0.2176 1189.5 2049.2 30.633 12.66 17.64 1301 
180 0.03162 1.2699 0.1879 1455.3 2403.9 32.723 12.61 17.62 1332 
200 0.03457 1.3471 0.1652 1714.9 2752.0 34.556 12.35 17 .19 1369 
220 0.03749 1.4270 0.1472 1966.1 3090.7 36.171 12.01 16.71 1409 
240 0.04037 1.5078 0.1327 2208.9 3420.0 37.604 11.69 16.26 1448 
260 0.04322 1.5886 0.1208 2444.2 3740.9 38.888 11.41 15.87 1487 
280 0.04605 1.6701 0.1109 2673.3 4054.8 40.052 11.19 15.56 1524 
300 0.04901 1.7590 0.1036 2693 .7 4363.9 410106 10.94 15.36 1571 
350 0.05606 1.9653 0.0878 3439.7 5121.5 43.441 10.67 14.99 1661 
400 0.06306 2.1710 0.0762 3974.2 5865.9 45.430 10.56 14.61 1745 

450 0.07002 2.3764 0.0673 4503.0 6603.5 47.169 10.51 14.72 1624 
500 0.01&95 2.5814 0.0604 5029 . 8 7336 .4 48.716 10.49 14.67 1900 
550 0.08387 2.7863 0.0548 5554.9 8071.0 50.113 10.48 14.65 1973 
600 0.09078 2.9911 0.0501 6079.9 8803.3 51.366 10.49 14.64 20 .. 3 
700 0.10"57 3." 007 0.0429 7130.7 10267.9 53.645 10.53 14.66 2176 
800 0.11834 3 . 8104 0.0375 8187.3 11737.6 55.606 10.61 14.74 2300 
900 0.13210 4.2204 0.0333 9253 .6 13216.6 57.347 10.73 14.65 2417 

1000 0.14586 4.6306 0.0299 10333.1 14708.8 58.921 10.89 15.00 2526 
1200 0.17336 5.4516 0.0249 12546.3 17747.1 61.67 8 11.26 15.38 2728 
1400 0. 20085 6.2734 0.0214 1"840.8 20866.4 64.086 11.70 15.61 2912 

HOD 0.2263" 7.0957 0.0187 17220.4 24070.7 66.202 12.11 16.22 3083 
1800 0.25583 7.9185 0.0166 19684 .9 27359 .9 68.101 12.49 16.61 32 .. 5 
2000 0.26334 6.7415 0.0150 22235.1 30735. 2 69.9"6 12. 89 17.01 3396 
2500 0.35231 10.8003 0.0120 29018 .4 39587.7 76.238 1".27 18."5 3737 
3000 0.42274 12 . 8600 0.0100 36837.9 "9520.2 83.224 17 .13 21.61 4027 
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THERMOOYNAMIC PROPERTIES OF PARAHYDROGEN C-2 

30.00 HPA ISOBAR 

TEHPERATURE DENSITY V ( DH/DV~ V (DP/DU" -V (OP/DVIr -(DV/DTpIVCONb~~~~~~TY V ISCOSIT Y THERMAL OIELECTRIC PRANDTL 
OIFFUSIVI TV CONSTANT NUMBER 

DEG. K KG/CU M KJ/KG MPA;C~O~/KJ MPA l/DEG. K W/K-M KG/H-S SQ H/HR 
X 10 3 X 10 7 

21.645 88.5161 1425.6 0.23351 236.2981 0.00490 155.60 439.19 0.00090 1 . 29261 1.9130 

22 88.4220 1431.2 0 . 23210 234 . 5564 0.00494 151.41 423.65 0 . 00091 1.29212 1.9038 

23 61.9616 1445.1 0.22631 229.6496 0.00504 161.95 365.15 0.00091 1 . 29054 1.1363 

24 81.5346 1456.6 0.22469 224.1412 0.00514 165 .1 5 353 . 91 0.00091 1.26693 1.601& 

25 61.0814 1410.0 0.22165 219.8510 0.00524 168.92 32&.99 0.00091 1 . 26 1 31 1.4920 

26 86.6211 14 60 .3 0.21851 214.9865 0.00534 111.48 304.01 0.00090 1.28566 1.4022 

21 66 . 1559 1489.8 0.21551 210.1434 0.00544 113.55 284.22 0.00089 1 . 28399 1.3216 

28 65.68 41 1496.6 0.21266 205 .3351 0.00554 115.23 261.04 0.00089 1 . 28231 1.2653 

29 85.2066 150 6 .3 0.20990 200.5110 0.00564 116.54 252 .01 0.00088 1.28060 1.2123 

30 84.1234 1512.6 0.20136 195.8512 0 . 00514 111.55 238.16 0.00081 1.21888 1.1668 

31 64.2341 1518 . 1 0.20482 191.2021 0.00563 111.62 227.05 0.00086 1.27714 1. 1324 

32 8 3. 7407 1524.1 0.20236 186.6133 0.00593 177.49 216.60 0 .00084 1 . 27536 1.1030 

33 83.2416 1528 .1 0.20003 162.0987 0.00603 171 . 19 207.24 0 . 00083 1.21360 1.0175 

34 82. 7315 1532.6 0.19177 171.6659 0.00612 116.80 198.81 0.00062 1.27181 1.0551 

35 82.2286 1536.4 0.19557 113.3223 0.00622 176.28 191.18 0.00081 1.27000 1.0358 

36 81.1153 1539.1 0.19342 169.0156 0.00631 115.65 184.24 0.00080 1.26816 1.0189 

37 61.1976 1542.6 0.19134 164.9329 0.00640 174.93 117 .92 0 .00019 1 . 26634 1.0042 

38 60. 6160 1545.0 0.18937 160.9016 0.00649 114.13 112.12 0.00017 1 .2644 9 0.9911 

39 8 0.1341 1551.3 0.18170 157.7348 0.00655 173.21 166.68 0.00017 1 . 2&256 0.9175 

40 79.6102 1552.1 0.18561 153.8691 0.00663 172.31 161.81 0.00076 1.26072 0.9666 

42 78. 5503 1558.5 0.18203 146.8531 0.00611 110.32 153.10 0.00014 1.256n 0.9481 

44 17.4833 1562 .5 0 . 11806 139.8430 0.00691 168 . 22 145.51 0.00012 1.25322 0.9346 

46 76.4083 1567.9 0.17326 132.1170 0.00108 166.06 138.91 0.00011 1.24944 0.9286 

48 15.3261 1516.0 0.16684 126.5935 0.00720 163.88 133.13 0.00069 1.24564 0.9216 

50 14.2419 1585.1 0.16462 121.0169 0.00130 161.71 121.93 0 . 00068 1 . 24184 0.9154 

52 13.1581 1593.2 0.16052 115.6121 0.00140 159.59 123.28 0 .00061 1.23605 0.9104 

54 12.0117 1600.5 0.15655 110.5661 0.00149 151.52 119.01 0.00066 1.23428 0.9064 

56 70.9997 1608.6 0.15215 105.8852 0.00151 155.53 115.25 0.00065 1.23053 0.9025 

58 69.9274 1615.1 0.14919 101.4425 0.00765 153.62 111.17 0.00064 1 . 22680 0.8988 

60 68.8&15 1624.7 0.14564 91.3636 0.00111 152.00 108.51 0 .00063 1 . 22310 0.8944 

65 66.236 4 1652.6 0.13667 88.2558 0.00782 149.00 101.61 0.00063 1 . 21403 0.8822 

10 63.6849 1693.8 0 . 12150 80.8416 0.00786 146.43 96.01 0 .0006 2 1.20525 0.8126 

15 61.2321 1142 . 2 0 . 11834 14.3388 0.00181 144.31 91.38 0 .0006 2 1 .1 9685 0. 8615 

80 58.8765 1805.3 0.10957 69.1426 0.00181 142.81 81.56 0.00062 1.18882 0.8639 

85 56.6333 1816 .1 0.10135 64 .6210 0.00113 144.19 84.44 0.00063 1.18121 0.8491 

90 54.5005 1958.5 0.09381 60.9434 0.00762 145.67 81.91 0.00065 1.11400 0 .8387 

95 52.4831 2050 . 6 0.08700 51.9045 0.00141 141.31 19.81 0.00066 1.16122 0.8297 

100 50.5805 2150 . 6 0.08094 55.3620 0.00729 147.75 75.66 0.00061 1.16084 0.8032 

120 44.0441 2605.9 0.06304 48.4344 0.00653 164.50 19.13 0.00079 1 . 13910 0.8183 

140 38.9443 3050.1 0.05381 44.4929 0.00580 114.37 79.96 0.00091 1.12234 0.8112 

160 34.8991 3436.6 0.04923 41.9073 0.00519 119.68 80.Z1 0.00104 1.10911 0.7965 

180 31.6242 3764.4 0.04112 40.1595 0.00468 182.28 80.63 0.00118 1.09858 0.1192 

200 28.9213 4054.6 0.04625 38.9666 0.00424 183.66 81.42 0.00133 1. 08992 0.7620 

220 26.6772 4319.1 0.04595 38.0615 0.00381 184 .75 82.57 0.00149 1.08272 0.7467 

240 24.7712 4574.1 0.04586 31.3495 0.00355 186.17 84.03 0.00166 1.07666 0.1338 

260 23 .135 6 4828.2 0.04518 36.7534 0.00329 188.17 85.74 0.00184 1.07141 0.7232 

280 21.7153 5068.1 0.04565 36.2665 0.00306 19 0.81 87.65 0.00203 1.06698 0.7145 

300 20.4046 5307 . 8 0.04652 35 .8926 0 . 00289 194.05 89.70 0.00223 1 .06285 0.7098 

350 17 .8311 5964.9 0.04611 35 .0 560 0.00250 204.30 95.33 0 . 00275 1 .0 54 1 9 0.6994 

400 15.8585 6692.4 0.04551 34.4295 0.00221 216.46 101. J8 0.00332 1. 04861 0.6935 

450 14.2821 7419.2 0.04486 33.9397 0.00198 229.71 107.66 0.0 0393 1. 04370 0.6899 

500 12.9948 8149.5 0.04431 33.5454 0.00180 243 . 35 114.06 0 . 00460 1 .0 3971 0.6876 

550 11.9229 6885.7 0.04381 33.2209 0.00165 251 .2 9 120.51 0.00530 1.03639 0.6860 

600 11.0157 9626.4 0.04337 32.9494 0.00152 211.36 126.91 0.00606 1.03359 0.6849 

700 9.5629 11121 . 9 0.04256 32 .5208 0.00132 299.86 139.82 0.00710 1.02911 0.6837 

800 8.4501 12&&9.0 0.04117 32.1984 0.00116 328.85 152.48 0 . 00951 1 .0 2569 0 .6833 

900 7.5698 14261.3 0.04095 31.9475 0.00104 358.44 164.91 0.01148 1.02300 0.6833 

1000 6.8559 15912.7 0.04010 31.7470 0.00094 440.56 177.09 0.01542 1.02081 0.6031 

1200 5.7654 193 93 . 0 0.03838 31 .4470 0.00079 511.13 200. 74 0.02014 1.01149 0.6040 

1400 4.9788 23101.6 0.03611 31.2338 0.00068 583.31 223.48 0 . 02668 1.015 0 8 0.6057 

1600 4.3794 26952.0 0.03521 31 . 0748 0.00060 655 . 38 245.41 0.03321 1.01326 0.6075 

1800 3.9088 30911.2 0.03406 30.9514 0.00054 727.21 266.63 0.04033 1.01183 0.6089 

2000 3.5294 35058.6 0.03290 30.8523 0.00049 801.11 287.22 0.04808 1.01067 0 . 6094 

2500 2.6384 47222.1 0.02958 30.6557 0.00039 1037.66 336.44 0.07134 1.00858 0. 5981 

3000 2.3655 65845.4 0.02464 lO.4206 0 .00 033 1~92.37 383 . 64 0.10510 1 .0071 5 0.5555 
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C-2 THERHOOY NAMIC PROPERTIES OF PARAHYOROGEN 

35.00 HPA ISOBAR 

TEMPERAT URE ~OLUHE ISOTHERH I SOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OER I V IT I VE OERI VATI~ E ENERGY OF SOUND 

OEG. K CU HI ~G CU H-HPA/~G MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ KG-~ HIS 

22 .71 5 0 . 01l12 2 . 8721 1.190 -270.& 118. & 5.&03 5.70 7.08 1889 
23 0.01113 2 . 8& 06 1 .1 90 -2&9.1 120. & 5 . 691 5.73 7.1~ 1&88 
2~ 0 . 01l19 2 • 6201 1.189 -263.6 127.9 &.000 5.8~ 7.35 1883 
25 O. 0 112~ 2 . 7 79~ 1.166 -258.1 135.3 6 . 30~ 5.9~ 7.5~ 1878 
20 0 . 01129 2 .7 385 1.163 -252.3 143.0 6.603 &.04 7.74 1873 
27 0.01135 2 . &975 1.179 -24 6 .5 150. 8 &.899 &.14 7.93 1867 
28 0.01141 2 . e5E 4 1.171. -240.4 158. 8 7.1 9 1 6.22 8.11 1861 
29 0.01147 2 . &154 1.1 &8 - 234 .3 167. 0 7.478 6.31 6.30 1855 
30 0.01l52 2.57 45 1.1 61 -227.9 175.4 7.7 63 6.36 8.47 1648 
31 0.01159 2 . 5338 1.154 -2 21.5 18~.0 8.043 6.46 8.64 18"2 
32 0 . C1l 65 2 • 4933 1.147 -21~.9 192.7 8.320 6.52 8.61 1635 

33 0.01171 2 . 4531 1.138 -206.2 201.& 6. 59 ~ 6 .59 8.98 1828 
3~ 0.01177 2 .4133 1.130 -20 1. ~ 210.7 8.865 6.65 9.14 1822 
35 0 . 01164 2 . 3740 1.121 -194.5 219.9 9.132 6.70 9.30 1815 
36 0.01191 2 .3352 1.111 -187.5 229 . 3 9.396 6.76 9.~5 1806 
37 0.01197 2 . 2970 1 . 101 -180.3 238.6 9.657 6.81 9.61 1801 
36 0.01204 2 .2 595 1 . 091 -173.1 248. 5 9 . 915 6.85 9.75 1794 
39 0.01211 2 . 2228 1.080 -165.7 258.3 10.170 6.88 9.89 1787 
40 0.01219 2 .1 8&9 1.069 -158.3 208.2 10.423 6.92 10.02 1780 

42 0.01233 2 .1179 1.047 -143.2 288.6 10.918 6.98 10.28 1767 
~4 0 .0124 9 2 . 0695 1.023 -127.7 309.5 11.405 7.04 10.51 1758 
46 0.01265 2 . 0085 0 . 9981 -112.4 33 0. 2 11.866 7.13 10.78 1742 
48 0.01281 1.9548 0.9725 -9&.2 352 . 0 12.330 7.21 11.02 1729 
50 0.01297 1. 89&8 0.9466 -79.7 374.3 12.784 7.28 11.25 1713 
52 0. 01314 1.8424 0.9204 -63.0 397.0 13.229 7.34 11.47 1697 
54 0.01332 1. 7924 0. 89 41 -46.0 ~20. 2 13.&6& 7.~0 11. 67 1681 
56 0.01350 1.7490 0.8&82 -28.4 444.0 14.099 7.4& 11.85 1667 
58 0.013 68 1 • 7066 0.8428 -11.0 467. 8 14.518 7.50 12.02 1654 
&0 0.01387 1. 6653 0.8179 6.7 492.0 14.928 7.55 12.19 1639 

65 0.01435 1.5755 0.7585 51.7 554.0 15.919 7.70 12.59 1605 
70 0.01486 1.5009 0.7037 98.0 618.0 16.868 7.90 13.00 1571 
75 0.01538 1.4414 0.&533 145.5 684.0 17.779 8.15 13.41 15"0 
80 0.01593 1 .3958 0.6068 194.5 752.0 18.657 8.45 13.81 1510 
85 0.01649 1. 3528 0.5&48 245.1 822.1 19.507 8.79 14.24 1480 
90 0.01706 1.3226 0.5269 297.2 894.4 20.333 9.16 14.66 1455 
95 0.0176 5 1.2957 0.4930 351.1 968.8 21.137 9.55 15.10 1"31 

100 0.01825 1.2775 0.46 24 "06.7 1045 . 4 21.922 9.9~ 15.52 1"12 
120 0.02071 1.2560 0.3662 647.7 1372.5 2~.901 11.~6 1&.95 1364 
140 0.02322 1. 28 ~3 0.3004 906.9 1719. 5 27.571. 12.38 17.68 1354 

160 0 .0257~ 1. 3330 0.2538 1174." 2075.3 29 .94 9 12.73 17.85 1367 
18 0 0 . 0282 6 1.3923 o .2195 14~ 1. 3 2430.~ 32 .0 41 12.67 17 .65 1392 
20 0 0.03077 1.4599 0.1 9 32 1702.3 2779.~ 33.879 12.41 17.25 1"25 
220 0.03327 1 • 5347 0.1722 1955.0 3119.5 35 . 501 12.08 16.78 1"60 
2~0 0.0357~ 1.6127 0.1553 2199.4 3450.4 3&.9~0 11.75 1&.34 1497 
2&0 0.03819 1 . &92 1 0.1~13 243 6 .3 3773.0 38 . 231 11.48 15 .95 1533 
280 0.04061 1.7709 0.129& 2&& 7.0 4088.5 39.401 11.2& 15.64 1568 
300 0.04316 1. 8575 0.1213 2886 .3 4H 6. 8 40.450 10.98 15.40 1614 
350 0.049 21 2 . 0607 0.1025 3434 . 2 515&.5 42.791 10.71 15.03 1701 
400 0.05521 2 . 2&42 0.0889 3970.2 5902.5 ~~ .78 5 10.58 14.83 1782 

450 0.06117 2 . 4677 0.0785 4500.1 6641 . 2 46 . 527 10.53 14.74 1858 
500 0.06712 2 . 6712 0.0704 5027.9 7377.1 48.07& 10.51 14.&9 1932 
550 0.07305 2 . 8748 0.0&38 5553 .7 6110.4 49.474 10.50 14.&& 2003 
600 0.073 9 7 3.0784 0.0584 6079.2 6843.1 50.747 10.50 14.65 2072 
700 0.09078 3. 48&0 0.0499 7131.0 1030 8.5 53.008 10.54 1".67 2202 
800 0.10258 3.6940 0.0~3& 8188.3 11778 .7 54.970 10. &2 14.74 232 5 
900 0.11438 ~.3025 0.0388 9255 . 0 13258.2 56.711 10.74 14.8 5 2439 

1000 0.1261& 4 .711 5 0.0349 10334.8 14750.5 58 . 285 10.90 15.01 2547 
1200 0.14972 5 . 5305 0.0291 12548.& 17789 . 0 &1.042 11 .27 15.38 2747 
1400 0.17328 6 . 3507 0.0249 14843.5 20908.4 &3.450 11.70 15.81 2929 

1&00 0.19084 7 . 1718 0.021 8 17223.3 2"112.7 &5.5&7 12.11 1&.2 2 3099 
1800 0.22040 7 • 9936 0. 0 19~ 19&87.8 27401.8 67.46& 12.49 1&.61 3259 
2 000 0.24397 8 . 8159 0. 0174 22237.6 30776.4 &9.3 0 9 12.89 17.00 3410 
2500 0.30306 10. 8731 0.0140 29010.1 39&17.~ 75.597 14.22 18.40 3750 
3000 0. 3& 333 12 . 9317 0.011 6 3&768 . 0 4948~.4 82.559 1&.92 21.37 ~0~1 
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THERHOJYNAHIC PROPERTIES OF PARAHyoROGEN C-l 

35.00 HPA ISOBAR 

I 
TEMPERATURE DENSITY Y (OH/oYlp V tOP/oUy -Y (oP/oVl

T -( oVloTVV cONb~g~~~TY V ISCOSIT Y THERHAL DIELECTRIC PRANOTL 
OIFFUSIVITY CONSTANT NLIIBER 

oEG. K KG/CU /I KJ/KG HPA;C~O ~IKJ HPA lIoEG. K W/K-H KG/M-S SQ H/HR 
X 103 X 107 

I 22.715 89.926" 1537.2 0.23225 256.2651 0.00"61 167.31 "70.59 0.00095 1.29753 1.9915 

23 69.6102 15"1.8 0.23123 256 . 91"3 0.00"63 168.63 "57.5 .. 0.00090; 1.29711 1.9371 

2 .. 89.3915 1558.0 0.2276 .. 252.09&1 0.00"71 112.79 "16.80 0. 00095 1.29500 1.7711 
25 88.96n 1572.5 0.22"30 2"7.2759 0.00"80 176.29 382.&2 0.00095 1.29"07 1.6373 
2& 66.5360 1565.7 0.2211" 2 .. 2 ... 608 0.00"86 119.13 353.&5 0.0009" 1.29253 1.5275 
27 66.1035 1596.2 0.21607 237.6579 0.00 .. 9& 181."6 326.6& 0.0009" 1.29097 1 ... 36& 

26 67.66"1 1609.9 0.21510 232.87'<3 0.000;0" 163.37 307."6 J.00093 1.269"0 1.3606 
29 67.2198 1620.3 0.21229 228.1169 0.00512 18".90 288.89 0.00092 1.28780 1.2962 
30 86.7710 1&29.2 0.20972 223.3927 0.00520 166.10 272.62 0.00091 1.26620 1.2"06 
31 86.317& 1637.7 0.20716 218.7066 0.00528 18&.31 258.27 0.0009~ 1.28 .. 57 1. 1982 
32 85.8596 1 &"5.5 0.20"66 21".071" 0.00536 166. J1 2 .. 5.% 0.00069 1.2629" 1.1617 

JJ 85.3978 1 &52.2 0.20235 209,"679 0.005'03 18&.12 23 ... 22 0.00087 1.28129 1.1300 
3 .. 6 ... 9317 1658.3 0.20010 20".96'<7 0.00551 185.8" 22".06 0.0008& 1.279&2 1.1021 
35 8 ..... &1& 1&63.9 0.19791 200.506 .. 0.00559 165."1 21".92 0.00085 1.2779" 1.0779 

36 83.987& 1666.9 0.19560 196.1255 0.005&7 16".66 206.& .. 0.0006" 1.27626 1.0568 
37 63.5100 1673 ... 0.19376 191.6221 0.0057" 18 ... 23 199.13 J.00063 1.27'<55 1.0383 

36 83.0289 1&77.1 0.19183 167.&0 .. 6 0.00581 183.51 192.28 0.00062 1.27284 1.0218 

39 62.5 .... 5 1 & 79.7 0.19009 163."789 0.00589 182.71 18&.01 0.00081 1.27112 1.0068 

.. 0 82.0570 1682.1 0.18839 179,"508 0.0059& 181.84 180.25 0.00080 1.26939 0.9935 

.. 2 81.0737 1687.1 0.18"99 171.7099 0.00610 179.91 170.0 .. 0.00078 1.2&590 0.9719 

.... 80.0&&0 1702.1 0.16157 1&5.69 .... 0.00&13 117.79 161.11 0.0007& 1.26233 0.9529 

.. & 79.0n .. 1715.5 0.17698 158.8177 0.00628 175.&8 153.61 0.0007" 1.25663 0.9"27 

.. 8 78.0791 1729.1 0.17280 152.631Z 0.00&37 173.5" 1"6.99 0.0001' 1.25532 0.9331 

50 77.0835 17 38.0 0.1&875 14&.2088 0.00& .. 7 171 ... 0 1"1.1, 0.00071 1.25181 0.92&5 
52 76.0855 1747.0 0.16479 1"0.1601 0.00&57 169.29 135.92 0.00070 1.2,,830 0.9210 

5 .. 75.0875 1757.0 0.1&090 13 ... 5895 0 . 00&&" 167.21 131.23 0.000&9 1.2 .... 80 0.91&0 
5& 7 ... 091 .. 1768.9 0.15718 129.5832 0.00&7~ 1&5.20 126.99 0.00068 1.2"131 0.9110 

58 73.1007 1779.2 0.153&8 12 ... 7533 0.00&7& 1&3.2& 123.1 .. 0.000&7 1.23785 0.9065 

&0 72.1159 1789.5 0.15016 120.09&5 0.00681 1&1. 63 119.63 0.0006& 1.23 .... 1 0.9019 

65 &9.6848 1622.7 0.1 .. 126 109.790 .. 0.00691 158.59 112.0 .. 0.000&5 1.2259& 0.6897 
70 67.305" 1866.5 0.13228 101.0215 0.00697 155.92 105.61 0.0006" 1.21772 0.882 .. 
75 &5.0001 1923.2 0.12326 93.68% 0.00697 153.70 100.6 .. 0.00063 1.20977 0.8761 

80 &2.7793 1993.9 0.11"35 87.6305 0.00692 152.05 9&.33 0.00063 1.20214 0.87'<8 
65 60.6511 2068.8 0.10591 82.0505 0.00688 153.33 92.7 .. 0.0006" 1.19 .. 87 0.861 .. 

90 58.6090 2156.9 0.09813 77.5149 0.00680 154.73 89.75 0.00065 1.18791 0.8505 

95 56.6637 22"8.7 0.09111 73 ... 173 0.00672 156.32 87.27 0.00066 1.18131 0.8"30 
100 5 ... 8072 23 .. 9 ." 0.08 .. 8 .. 70.0140 0.00660 157.18 81.02 0.00067 1.1750" 0.7998 
120 "8.2939 2811.9 0.0661" 60.7526 0.00603 173.69 8".29 0.00076 1.15320 0.8226 

1 .. 0 "3.069" 3256.5 0.05633 55.3153 0.005"3 182.77 8 ... &5 0.00086 1.13589 0.8190 

160 38.8"96 3642.1 0.05133 51.7872 0.00"90 187.09 8".33 0.00097 1.12203 0.80"5 
180 35.3863 3960.6 0.0"89& 49.2&97 0.00 .... 6 188.77 8 ... 21 0.00109 1.11075 0. 7872 

200 32.4953 .. 236.2 0.0,,791 .. 7."392 0.00"07 189.3" 8".52 0.00122 1.10139 0.7700 

220 30.0560 .... 94.6 0.0 .. 7 .. 6 "6.1257 0.00373 189.80 85.28 0.00135 1.0935" 0.75"2 

2 .. 0 27.977" .. 747.6 0.0"722 "5.1204 0.003 .... 190.71 86,"3 0.00150 1.08688 0.7"05 
260 26.1847 5003 .3 0.0"699 ..... 3060 0.00119 192.33 87 . 90 0 . 0016& 1.08115 0.7290 

280 2".6224 5262.5 0.0"6H .. 3.6041 0.00297 194.68 89.62 0.00182 1.07619 0.7198 

3 00 23.1706 5 .. 6&.0 0 .0 .. 768 .. 3.0 .. 04 0.00282 197.69 91.53 0.00199 1.07158 0.7131 

350 20.3223 H39.9 0.0"710 "1.8772 0.00Z"5 207.63 96.94 0.002"5 1.06259 0.7015 

400 18.1136 68"6.0 0.0 .. 636 41.0123 0.00217 219.7Z 102.92 0.0029" 1.05566 0.69"9 

.. 50 1&.3 .. 68 757 2 ... 0.0"561 "0.3390 0.00195 233.05 109.22 0.00348 1.05013 0.6909 

500 1 ... 8989 8302.3 0.0 .... 97 39.798 .. 0.00177 24&.88 115.69 0.00"06 1.04562 0.6882 

550 13.6895 9 0 38.2 0.0 ...... 1 39.35 .... 0.00162 261.08 122.25 0.00"68 1.0"186 O. & 86 .. 

600 12.663 .. 9778.7 0.04390 38.9832 0.0015g 275 ... 6 128.85 0.00535 1.03868 0.6852 
700 11.0151 11279.8 0.0"300 38.3982 0.00130 30".68 1"2.02 0.00679 1.03359 0.6838 

800 9.7"80 12820.8 0.04215 37.9589 0.00115 33 ..... 8 155.05 0.0083R 1.0Z968 0.6833 
900 8.7"31 1 .... 13.5 0.0"128 37 .6175 0.00103 36 ... 94 167.87 0.01012 1.0Z659 0.6833 

1000 7.926" 16065.5 0.0"039 37.3"50 0.00093 .... 0.56 180,"5 0.01333 1.02"09 0.61"6 

1200 6.6790 1l5"7.9 0.03860 36.9381 0.00079 511.13 20 ... 90 0.01791 1.02027 0.6166 

1 .. 00 5.7709 23259.3 0.03689 36.6"97 0.00068 583.31 228 ..... 0.02302 1.01750 0.61 9Z 

1600 5.0803 27111.9 0.035"3 36'''3''9 0.00060 655.37 251.16 3.02863 1.01539 0.&217 

1800 ... 5372 31071.5 0.03"19 36.2687 0.00053 727.11 273.15 0.03"74 1.0137 .. 0.6238 

2000 ... 0989 35213 ... 0.03303 3&.1356 0.00048 801.30 29 ... 50 0.04139 1.012"0 0.62 .. 9 

2500 3.2996 .. 72 63.1 0.02976 35.8771 0.00039 1032.83 3"5.52 0.06125 1.00998 0.615 .. 

3000 2.7523 65341.6 0.02500 35.592 .. 0.00033 1"66.36 39".37 0.08974 1.00832 0 . 57"8 

THO-PHASE BOUNDARY 
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c-z THERMODYNAMIC PROPERTIES OF PARAHYOROGEN 

40.00 HPA ISOBAR 

TEHPERATUR£ VOLUHE ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DERIVATIVE OERHATIVE ENERGY OF SOUND 

OEG. K CU H/KG CU H-HPA/KG HPA/K KJ/KG-K KJ/KG KJ/KG-K KJ I KG-K HIS 

23.746 0.01097 3.0705 1.220 -263.2 175.4 5.672 5.78 7.16 1951 
24 0.01096 3.0607 1.220 -261.9 177.3 5.748 5.81 7.22 1950 
25 0.01103 3.0220 1.218 -256.5 184.6 6.047 5.92 7.41 1945 
26 0.01108 2.9829 1.215 -251.0 192.1 6.341 6.02 7.60 19 .. 1 
27 0.01113 2.9437 1.212 -245.3 199.8 &.&31 6.11 7.78 193& 
28 0.01118 2.9043 1.208 -239.5 207.6 6.917 6.21 7.96 1930 
29 0.01123 2.8648 1.202 -233.5 215.7 7.200 &.29 8.14 1925 
30 0.01128 2.8253 1.197 -227 .4 223.9 7.479 6.37 8.31 1919 
31 0.01134 2.7858 1.190 -221.2 232.3 7.75 .. 6."5 8.47 1913 
32 0.01139 2.7464 1.183 -214.9 240.8 8.025 6.52 8.63 1907 
33 0.01145 2.7071 1.176 -208.4 249.6 8.293 6.58 8.79 1901 

34 0.01151 2.6681 1.1&8 -201.9 258.4 8.558 6.&5 8.95 1895 
35 0.01157 2.6,93 1.159 -195.2 267.5 8.820 6.71 9.10 1889 
36 0.01163 2.5909 1.151 -188.4 276.6 9.078 6.76 9.25 1882 
37 0.01169 2.5529 1.142 -181.5 285.9 9.334 6.81 9.39 1876 
38 0.01175 2.5154 1.132 -174.5 295.4 9.586 6.86 9.53 1870 
39 0.01181 2.4784 1.122 -1&7.4 305.0 9.835 6.90 9.66 1863 
40 0.01187 2.4420 1.112 -160.2 314.7 10.081 6.93 9.79 1857 

42 0.01200 2.3712 1.091 -145.6 334.6 10.565 7.00 10.04 18"4 
44 0.01214 2. 3 036 1.070 -130.7 354.9 11.036 7.07 10.29 1831 
46 0.01228 2.2396 1.047 -115.9 375.2 11.489 7.16 10.56 1817 
48 0.01242 2.2010 1.025 -100.2 396.7 11.9,,7 7.2 .. 10.78 1810 
50 0.01257 2.1414 1.001 -84.3 416.5 12.391 7.32 11.01 1795 
52 0.01272 2.0954 0.9765 -68.0 440.7 12.827 7.39 11.21 1784 
54 0.01287 2.0472 0.9519 -51.5 463.3 13.254 7.45 11.41 1771 
56 0.01303 1.9978 0.9274 -34.5 466.6 13.677 7.51 11.60 1757 
58 0.01319 1.9532 0.9026 -17.5 510.0 14.087 7.56 11.77 17 .. 4 
60 0.01335 1.9092 o .8783 -0.3 533.7 14.489 7.&1 11.93 1730 

65 0.01377 1.8163 o .8195 43.6 594.3 15.460 7.71 12.33 1697 
70 0.01420 1.7308 0.7646 68.9 657.0 16.388 7.98 12.75 1663 
75 0.01466 1.6626 0.7139 135.5 721.8 17.262 8.23 13.17 1631 
80 0.01513 1.6074 0.6672 183.7 788.7 16.146 8.53 13.60 1601 
85 0.01561 1.5682 0.6242 233.5 857.8 18.983 8.87 14.01 1574 
90 0.01610 1.5299 0.5848 285.1 929.0 19.797 9.24 I" .45 1547 
95 0.01660 1.4914 0.5491 338.5 1002.4 20.591 9.63 14.92 1520 

100 0.01711 1.4676 0.5167 393.7 1078.0 21.366 10.02 15.34 10,99 
120 0.01922 1.4216 0.4137 633.9 1402.7 24.322 11.54 16.87 14 .. 2 
140 0.02139 1.4312 0.3413 893.3 1748.6 26.988 12.45 17.66 1425 

160 0.02357 1.4693 0.2892 1161.6 2104.5 29.363 12.79 17.85 1432 
180 0.02576 1.5206 0.2505 1429.3 2459.7 31.455 12.73 17.66 1452 
200 0.02794 1.5804 0.2207 1691.3 2809.0 33.295 12.47 17.28 1480 
220 0.03012 1.6472 0.1971 1945.2 3150.0 34.920 12.13 16.84 1512 
240 0.03228 I .7212 0.1778 2190.9 3482.2 36.365 11.82 16.41 1546 
260 0.03442 1.7982 0.1617 2429.2 3806.1 37 .662 11.54 16.02 1580 
280 0.03654 1.8760 0.1482 2661.4 U23.2 36.637 11.33 15.71 1613 
300 0.03877 1.9580 0.1386 2879.8 4430.6 39.881 11.02 15.44 1£,57 
350 0.04407 2.1575 0.1171 3429.4 5192.1 42.228 10.74 15.06 1739 
400 0.04932 2.3584 0.1015 3966.8 5939.5 44.226 10.61 14.66 1817 

450 0.05454 2.5599 0.0897 4497.8 6679.3 45.970 10.56 1".76 1892 
500 0.05974 2.7616 0.0804 5026.4 7416.0 H.521 10.53 14.70 1964 
550 0.06492 2.9637 0.0729 5552.9 8149.9 48.920 10.52 14.67 2033 
600 0.07010 3.1659 0.06&7 6079.1 8883.2 50.195 10.52 14.66 2100 
700 0.08044 3.5711 o .0570 7131.8 10349.2 52.456 10.56 14.66 2226 
800 0.0907& 3. '3772 0.04'38 8189.(0 11819.9 5 ..... 18 10.63 14.'" 2348 
900 0.10107 4.3640 0.0442 9256.9 13299.6 56.160 10.75 14.86 2461 

1000 0.11137 4.7915 0.0398 10337.1 14792.1 57.735 10.90 15.01 2566 
1200 0.13198 5. &0 82 0.0332 12551.4 17830.7 60.492 11.28 15.38 2765 
1400 0.15259 6.4267 0.0284 1484&.6 20950.2 62.900 11.71 15.81 2946 

1600 0.17320 7 • 2463 0.0249 17226.7 24154.5 65.016 12.12 16.22 3114 
1800 0.19380 8.0669 0.0221 19691.2 27443.4 6(0.915 12.50 16.60 3274 
2000 0.21442 8.8881 0.0199 22240.7 30817.5 66.759 12.89 17.00 3424 
2500 0.26611 10.9435 0.0159 29004.7 39649.1 75.043 14.19 18.35 3763 
3000 0.31876 13.0 008 0.0133 36712.9 49463.4 81.986 16.75 21.18 4053 

TWO-PHASE BOUNDARY 
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THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN C-2 

40.0 0 MPA I SOBAR 

TEMPERATU RE OENS IT Y V I OH / OV) V I OP/OU) - V IOP/OV) -IOv/OTl/V THERMAL VISCOSITY THERMAL OIELECT~IC PRANOTL 
P V T P CONDUCTIVITY OIFFUSIVITY CONSTANT NUM BER 

OEG. K KG/CU 1\ KJ / KG HPA-CU H/KJ MP A 1/0EG. K W/K-H KG/II-S SQ H/HR 

X 10 2 X 10 3 X 10 7 

23.7 4 & 91.1 935 1&44.6 0 . 23141 280.0107 0 . 00436 176.41 502.49 3.00096 1.30209 2.0160 

24 9 1. 0924 1649 . 4 0.23046 276.6066 0 . 00437 179 . 48 490.21 0.00098 1.30173 1 . 9708 

25 9 0. 691 6 1667 . 0 0.22700 274 . 0675 0.00444 183.27 446.98 0.00098 1 . 30028 1 . 8070 

26 90 . 28 6 3 1683 . 3 0.22373 269.3192 0.00451 186.38 410.60 0.00098 1.29882 1.6736 

27 89. 8767 1&98 . 7 0.22056 264.5703 0.00458 188 . 96 379.68 0.00097 1.29735 1.5635 

28 89. 4& 30 1713.2 0 . 21750 259.8275 0 . 00"65 191 . 07 353.17 0.00097 1.29586 1.4716 

29 89 . 04 52 1726. 4 0 . 21462 255.0973 0.00471 192 . 80 330.25 0.00096 1.29435 1.3939 

30 88.623 6 1737 . 9 0.21198 250 . 3862 0.00"78 194.17 310.30 0.00095 1.29284 1. 3272 

31 8 8.1 98 2 1748.9 0.20936 2"5.7003 0 . 00"84 194.51 292.80 0.0009 .. 1.29131 1.2753 

32 87.7&92 1759.2 0.20684 241.0461 0.00491 19".62 277.37 0.00092 1.28977 1.2306 

33 87. 3366 1768.2 0.20447 236."296 0.00"97 19".53 263.68 0.00091 1.28822 1 . 1918 

34 8 6 . 9007 1776 . 5 0.20219 231.8569 0.0050lt 19,* . 33 251.47 0.00090 1_28&6& 1.1578 

35 66 . "613 176" . 1 0.19999 227.3338 0.00510 193.99 2"0.52 0.00069 1.26509 1.1261 

36 86.0188 1791.0 0 . 19 787 222.8662 0 . 00516 193.53 230.66 0.00086 1.28350 1 . 1021 

37 85. 5 73 2 1 797.3 0.19582 218.4597 0.00523 192.95 221.75 0.00086 1.28191 1.079 3 

38 85. 124 6 1802 . 6 0 . 19390 2 14.1198 0.00529 192.28 213.65 0.00065 1 . 28031 1.0590 

39 84. 6731 1806.6 0.19217 209.852 0 0.00535 191.53 206.27 0.00084 1.27870 1.0405 

40 84.218 9 1810.2 0 . 19049 205.661" 0 . 00541 190 . 71 199.52 0.00083 1.27708 1.0242 

.. 2 83 . 303 1 1817 . 2 0.18715 197.5321 0 . 00552 188.85 187.62 0.00081 1.27382 0. 997<t 

44 82.378 5 1825 . 1 0 . 18372 189 . 7700 0.00564 186 . 84 177 . "7 0.00079 1 . 27053 0 . 9711 

46 81. "4 66 1839 . 6 0.17941 182.4096 0 . 00514 18".72 168 . 71 0.00077 1.26722 0.9643 

48 80.489 5 186 ~ . 4 0 . 17577 177 .1544 0.00579 182.48 160.96 0.00076 1.26383 0.9509 

50 79. 55 71< 1874 . 7 0 . 17189 170.3&29 0.00587 180.33 154.32 0.00074 1.26054 0. 9423 

52 78.6261 1891.9 0.16816 164.7520 0.00593 178 . 21 !<t6 ..... 0.00073 1.25725 0. 9340 

54 77. 6931 1906.3 0 . 1&446 159.0507 0 . 00598 176 . 11 !<t3.19 0.00072 1 . 25396 0.9276 

56 76 .76" 9 1918.1 0.16091 153.3596 0.00605 174.08 138.48 0.00070 1.25069 0.9228 

58 75.8377 1930.8 0.15746 148.1271 0.00609 172.10 134.22 0.00069 1.24743 0. 9175 

60 74.91 6 1 1943.2 0.15400 143.0324 0.0061" 170.44 130.34 0.00069 1.24420 0.9125 

65 72.636 2 1984 . 5 0.14518 131 . 9255 0 . 00621 167.34 122.02 0.00067 1 . 23623 0.8989 

70 70 ... 0 . 0 2031.5 0 . 1361 5 121.8556 0.00627 164.59 115.23 0.00066 1.22845 0. 8924 

75 68. 2267 2092 . 6 0 . 12713 113.4349 0.00629 162.2" 109.56 0.00065 1.22090 0.8894 

80 66. 11 48 2166 . 3 0 . 11828 106.2738 0.00628 160.42 104 . 80 0 . 0006" 1.21361 0.8885 

85 64. 0771 2256.1 0 . 10980 100.4830 0.00621 161.66 100.76 0.00065 .1.20660 0 . 8737 

90 62. 125 5 2349 . 0 0.10187 95.047 0 0.00615 163 . 02 97.40 0.00065 1.19991 0.8635 

95 6 0. 2513 2 "41.3 0 . 09466 89.8598 0.00611 164.54 94.54 0.00066 1.19350 0.8572 

1 00 5 8.4545 2547 .7 0.08821 85 . 7659 0.00602 166.04 86.10 0.00067 1.1&73'3 0.7957 

120 5 2.03 0 0 3D 17.0 0.06891 73.9680 0.00559 182.40 89.25 0.00075 1016569 0.8256 

140 46.7 5 48 3462.8 0.0566" 66 . 9139 0 . 00510 190.6" 89.21 0.00063 1.14808 0.8257 

160 42. 4196 38"7.2 0 . 05330 62.3257 0.0046" 194.35 88.40 0.00092 1.13374 0. 8119 

teO 38.8206 4161 . 3 0 . 05069 59.0296 0.00424 195.22 87.79 0.00103 1.12194 0.7941 

200 35 . 7865 4427 . 5 0 . 04948 56.5563 0.00390 195.07 87.67 0.0011" 1.11205 0.7766 

220 33 .2007 4673 . 3 0.04891 54.6870 0.00360 194.93 88.07 0.00126 1.10367 0.7608 

240 30 .977 7 4921.5 0.04856 53.3182 0.00333 195.36 86.91 0.00138 1.09650 0. 7468 

260 29. 0508 5176.9 0. 04821 52 . 2382 0 . 00310 196.58 90.13 0.00152 1.09031 0. 7 347 

280 27.364 8 5439.8 0.04782 51.3371 0.00289 198.63 91.66 0.00166 1.08492 0. 7247 

300 25.7922 5625 . 3 0 .0 4880 50.5022 0.00275 201.42 93 . 43 0.00182 1.07990 0.7163 

350 22.6935 6295 . 7 0. 0 4806 46 . <)622 0 . 0023<) 211.01 98.61 0.00222 1 . 07007 O. 7037 

400 2 0. 2 77 3 7 000 .3 0 .0 4719 47 . 8225 0.00212 222 . 99 104.50 0.00266 1.06245 0.6963 

450 16.336 1 7726 . 0 0 . 04633 46.9380 0 . 00191 236.36 110.79 0.00314 1.05635 0. 6918 

500 16 . 73 97 8 4 5~.5 0.04561 46.2291 0 . 0017" 250.37 117.32 0.00366 1.05136 0. 6889 

550 15. " 0 2 ~ 91<)1 . 1 0.04498 45 . 6475 0.00160 264 . 81 123.99 0.00422 1.04719 0.6869 

600 14. 26 5 0 9<)31.3 0.0 .... 42 45.1617 0.00148 279 . 4<) 130.72 0.00"81 1 . 04365 0.6855 

700 12. 4 322 11431 . 9 0.04343 44.3967 0.00128 309.42 144.21 0.00611 1.03797 0. 6839 

800 11 . 018 5 12972.7 0.04251 43.8227 0.00114 340.05 157.60 0.00754 1.03360 0. 6833 

900 9 . 89 4 " 1 .. 565.5 0.0<t159 .. 3.3771 0.00102 371.40 170.82 0.00910 1 . 03013 0.6833 

1000 8.9787 lE218.0 o • 0 40 66 43 . 0218 0.00093 440.56 183.81 0.01177 1 . 02732 0 . 6261 

lZ00 7.5767 19702.1 0.03882 42.4922 0.00078 511.13 209.lD 0 . 01579 1.02302 0. 6292 

1~00 6.55 36 2H15.8 0.03706 42.1174 0.00066 583.31 233.48 0.02027 1.01<)89 0. 6329 

1600 5.773 8 2 7270 . 6 0.03557 <t1.8388 0.00059 655.35 257.04 0.02519 1.01751 0. 6363 

1800 5.159 9 31230 . 6 0.03431 41.623& 0.00053 727.02 279.85 0.03055 1.01563 0. 6391 

2000 ~. 6637 35368.3 0.03315 41.4520 0.000 .. 8 800.96 301.9<) 0.03637 1 . 01412 0.6409 

2500 3 . 757 8 47326 . 9 0.02992 41 . 1238 0.00039 1028 . 77 35~.94 0.05370 1.01137 0. 6332 

3000 3. 1 371 6"967 . " 0.02530 40.7851 0.00033 1445.38 "05.57 0.07632 1 . 00948 0.5943 

TWO-PHASE BOUNDA RY 
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C-l THERMOOV NAHIC PROPERTIES OF PARAHYOROGEN 

45 .00 HPA I SOBAR 

TEHPE RA TURE ~ OLU H E I 501HfR~ ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELO CITY 
OER Iv tT IH DER IV AT! V E ENE RGY OF SOUND 

OE G. ( CU HI KG CU H-HPA / KG HPA/K KJI KG- K KJ/KG KJ/KG-K KJ KG-K HI S 

24.742 0 . 01 082 3 . 2&40 1 . 2"9 -255. £> 231.5 5.737 5.8& 7. 25 2009 
25 O. H08" 3." 545 1. 249 -25" .3 233 . 3 5.812 5.89 7 . 30 2008 
2& 0. 01 088 3 . 2173 1.2"7 -248.9 2"a.7 & .102 5 . 99 7."8 2004 
27 0 . 0109 3 3 . 1798 1.2"" -243.4 243.3 &.387 &.09 7.&& 2000 
28 0. 010 97 3 . 1420 1 . 240 -237.6 25&.1 &.&&9 &. 19 7.84 1995 
29 0. 011 02 3.10"1 1. 235 - 232.1 2&4.0 &.9"7 &.28 8 . 01 1990 
3~ 0 . 0 11 07 3. 0 &&0 1.230 -22& . 2 272.1 7. 221 &.3& 8.17 1985 
31 0 . 0111 2 3 . 0278 1. 22" -220.1 280.3 7.492 &.43 6.33 19 8 0 
32 0 . 011 17 2 . 96% 1 . 217 -214.0 288.7 7.759 &.51 8."9 1975 
33 0. 011 22 2 . 9514 1 . 210 -207.7 297.3 8.022 &.58 8.&4 19&9 
34 0. 011 27 2 . 9133 1 . 203 -201.4 30& . 0 8.283 &.&4 8.79 19&3 

35 0 . 01133 2 . 8753 1 . 195 -19<..9 314.9 6.540 &.70 8 . 93 1958 
3& 0 . 01138 2 . 8375 1.187 -188.3 323.9 8.793 &.7& 9.08 1952 
31 0 .0114" 2 . 8000 1 . 178 -181.6 333.0 9.044 6.82 '1.22 1946 
38 0. 011 "9 2 . 7&28 1.1 70 -174 . 8 342.3 9.291 &.8& 9.35 194 0 
39 0 . 01155 2 . 7 .&0 1.1&0 -1&7 . 9 351.7 9.53& &.91 9.48 19 3 4 
40 0. 0 11 &1 2 . ~896 1.151 -161.0 3&1 . 2 9.777 6.94 9.&0 1928 

42 0. 0 11 12 2 . 6182 1.1 31 -146.8 380.7 10.251 1.02 9.84 1916 
44 0.011 8 4 2 . 5492 1.111 -132.3 400. & 10.715 1.09 10.08 1904 
4& 0. 011 91 Z . 4829 1.090 -118.0 420.5 11.15& 1.19 10.34 1890 
48 0 .0 1 20 9 2 . 4198 1 . 068 -102.8 441.4 11.602 1.28 10 . 59 18 1 6 
50 0.01 222 2 . 3601 1. 0"& -87 . 3 4&2 . 8 12.039 7.35 10.82 1&63 
52 0.01 23 6 2 . 3042 1.023 -11.5 484.7 12.467 1.43 11. 0 3 1850 
54 0. 0125 0 2 . 2794 1.002 -55.3 507.t 12.890 7. "9 11.21 18 " & 
56 0. 01 264 2.2290 o .918& -38.1 530.0 13.30& 7.55 11.40 1834 
58 0 . 0 1278 2 . 1913 0.9554 -22.1 552.9 13.709 7.&1 11.55 1824 
6 0 0. 01 292 2 • 1432 0.9323 -5.3 570.2 14.104 7.67 11. 7 3 1811 

&5 0 . 013 29 2 . 045& 0.8149 37.1 635.9 15.058 7.83 12.13 178 0 
10 0 . 0 1 3&8 1 . 962& 0 . 8202 82.0 &97.5 15.912 8.04 12.53 1749 
15 0 . 01" 0 1 1 . 8810 0 . 1&92 127.6 7&1.2 1&.851 8.30 12.9& 171& 
8 0 0. 01448 1 . 8198 0 . 7219 175.3 827.1 17.701 8.60 13.41 1684 
85 0 . 0 149 1 1.7&72 o. &782 224.5 895.3 18.528 8.95 13.86 165 5 
9 0 0 . 01 5 34 1.7229 0 . 6319 275.6 9&5.8 19 . 333 9.32 14.32 1627 
95 0. 015 78 1 . 6938 0.6010 328.5 1038.4 20.119 9.70 14.74 1604 

1 00 0 . 01&22 1 . &&39 0.5&71 383.3 1113.3 20.881 10.09 15.18 1582 
1 20 0 . 0 160& 1 . 5811 0.458& &22.5 1435.4 23.619 11.61 16.80 1515 
1 40 0 . 0 1 99 7 1 . 5823 o • 38 06 681.9 17 80.5 26.477 12.52 17 .63 1493 

1 60 0 . 02 190 1 . 6082 0.323& 1150.6 2135.9 28.850 12.85 17 .85 1494 
1 8J 0 . 02382 1 . f518 0.2807 1419 . 1 2491.2 30.942 12 . 79 17.&& 1510 
2 00 0 . 0251-5 1 . 1050 0 . 2417 1681. 8 28"0.6 32.783 12.52 17 .29 1535 
22 0 0 . 027&8 1 . 7&54 0.2215 193&.& 3182.0 34.410 12.19 1&.81 15&3 
240 0 . 02959 1 . 8336 0.2000 2183.3 3515.0 35.859 11.81 16.46 159 4 
26 0 0 . 031 50 1.9011 0 . 1821 2422.8 H"0.2 37.161 11.60 16.09 1&2& 
2 80 0 . 03338 1 • 9838 0.1&69 2656.3 4158.5 38.340 11.39 15.71 1&57 
300 0 . 03536 2 . C& 02 0 . 1559 2874.0 "465.2 39.380 11. OS 15."8 1&98 
350 0. 0"00& 2 . 2557 0.131& 3"25.3 5228.2 41.732 10.17 15.09 171 8 
,, 00 0. 04"' 3 2 . 4531 0 . 11"1 39&4.0 597&.9 "3.733 10.&" 1".88 1853 

4 5 0 0 . 04937 2 . &528 0.1008 4"9&.0 &117.1 "5.419 10.58 1".18 1925 
5 00 0. 05 3 99 2 . 852& 0. 0903 5025 . 5 '''55.1 <.7.032 10.55 1".71 1995 
550 0. 05 8&0 3 . 0529 0.0818 5552.& 8189.1 "8."32 10.54 14.&8 20 6 2 
&0 0 0 . 0&320 3 . 253& 0 . 0749 &079 . 4 8923.4 "9.707 10.54 1".&7 2128 
700 0. 01238 3. &5&2 0.0&40 1132.9 10390.1 51.970 10.57 14.& 8 2253 
80 0 0. 08 155 " • C fOO 0.0559 8191.5 118&1.1 53.933 10. &5 14.75 2371 
90 0 0 . 0901 1 4 . 4&49 0.0491 9259.2 13141.1 55.&14 10.7& 14.8& 2483 

1 000 0.0998& 4.H08 0.0447 10339.8 14833.& 57.249 10.91 15.01 2588 
1200 0 .11 811 5 . &849 0 . 0373 12554.7 17872.4 &0.00& 11.29 15.38 2783 
14 00 0 . 13& 4 8 &. 5012 0 . 0320 14850.3 20991.9 &2.415 11.12 15.81 2962 

1& 00 0 .154 19 7 . 3191 0.0280 17230.5 2419&.1 &4.531 12.13 1&.22 3129 
18 00 0 . 17310 S . 1383 0.0249 19&95.2 27484.8 &&.430 12.50 1& . &0 3287 
2 000 0 .1 9142 8.9584 0 . 022" 222"4.5 30~58.5 &8.273 12.89 1& . 99 3437 
25 00 0. 237 35 11.011& 0 . 0179 29001.4 39&82.2 74.554 14.1& 18.32 3175 
30 00 0 . 28410 13 . 0&74 0 . 0149 3&&&8.5 49452.7 81.481 1&.&1 21 . 02 4065 

TH O - P~ASE BOU~OARY 
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THERHOOYNAHIC PROPERTIES OF PARAHYOROGEN G-2 

~5.00 HPA ISOBAR 

TEHPERATURE DENSITY V (OH/OV~ V(OP/DUI -V( OP/OVI -(DV/DTIIV THERHAL V rSCOSIT Y THERMAL DIELEC TRI C PRANDTL 
V T P CONDUCTIVITY OIFFUS r VI TY CONS TANT NUHBER 

OEG. K KG/CU H KJ/KG HPA;C~O~/KJ HPA 1/0EG. K WlK-H KG IH - S SQ H/HR 
X 103 X 107 

Z~ . 7~Z 9Z.38 ~0 17~9.~ 0.23071 301 . 5396 O.OO~l~ 188.97 53~.95 0 . 00102 1. 30639 2 . 0519 

25 9Z.2852 1 7 5~.5 0 . 22960 300 . 3381 O . OO~1& 169.95 521.65 0 . 00102 1 . 30603 2 . 0 0~5 

26 91.6995 1773. 6 0 . 22639 295.&&5~ O . 00~Z2 193 . 31 ~ 76 .31 0 . 00101 1. 30~6~ 1 . 6~31 

27 91.5102 17 92 . 2 0.22310 Z90 . 9611 0 . 00~27 19& . 11 ~3 7. 66 0.00 10 1 1.30323 1 . 7103 

26 91.1173 1809.6 0.21993 286 .2 917 0.00~33 196.~3 ~05.09 0 .0010 0 1 . 30162 1 . 5996 

29 90.7211 1825.6 0.21695 281 . 6032 0 . 00~39 200.33 376 . 93 0 .0009 9 1.30039 1 . 5065 

30 90.321& 1 639 .6 0.2H23 276 . 9220 O.OO~~~ 201.86 352 . 5~ 0 .00 098 1.29695 1. ~267 

31 89.9169 16 53 . 2 0 . 2115~ 272 . 2539 0.00~50 202 . 31 331 . 26 0 . 00097 1.29750 1.36~0 

32 89.5132 1666.0 0.20695 267 . 6047 0.00455 202 . 52 312 . 59 0 . 00096 1.29604 1.3102 

33 89.10~5 1677.~ 0.20652 262 . 9603 0.00~60 202 . 52 296 . 09 0 . 00095 1. 29~57 1 . 2&33 

3~ 86.6930 1887.9 0 . 20~19 258 . 3862 0 . 00466 202 .~0 261.~5 J . 00093 1.29309 1.2222 

35 86.2767 18 97 . 6 0.20195 253 . 6260 0 . 00471 202 . 13 268.36 0.00092 1. 29160 1 . 1663 

36 67.8617 19 06 .6 0.19979 2~9 . 3110 0 . 00~7 6 201.72 256 . 65 0 .00091 1.2901 0 1 . 15~9 

37 67.~~22 1914.6 0.19771 2~4.6~03 0.00~81 201.20 2~6 .0 9 0.0 0 090 1. 26860 1.1272 

36 67.0201 1921.9 0.19576 240.~212 0 . 00~66 200 . 58 236.54 0 . 00069 1. 2870'l 1.1026 

39 86.5955 1 927.6 0 .1 9403 236 . 0566 O. OO~qz 199.67 227 . 66 0 . 00086 1 . 28557 1.0803 

~o 66.1687 1932 . 6 0.19235 231.7573 0.00~97 199.09 219 .96 0 . 00087 1.28~04 1 . 0 6 O~ 

~Z 65.3086 1 942 .3 0.18901 223 . 3571 0 . 00507 197 . 28 206 .0 9 0.00065 1 . 2 8097 1.0278 

4~ 8~ . ~~05 1 9S2.4 0.18560 215 . 2561 0 . 00516 195.30 194. 3~ 0 . 00083 1.27787 1. 002 7 

~6 83.5657 1 969 . 2 0.18132 207 .~ 866 0 . 00525 193.20 16~.27 0 .0006 0 1 . 2 7~75 0 . 9865 

~8 62 . 6853 1 983 .3 0.177~9 200 .0 778 O. 0 053~ 19 1 .0~ 175.55 0 .0007 9 1. 27162 0.9728 

50 81 . 8007 1 99 7.0 0.17361 193 .0 5~6 0.005~2 166 . 66 167. 9~ 0 . 00077 1.266~6 0 . 9619 

52 80.9135 2010 .7 o • 17026 186 . 4HZ 0 . 00549 166.67 1&1.22 0 .0007 5 1.26533 0. 9529 

5~ 80.0086 2 0 ~ 0 .1 0 . 16712 182.37~6 0.005~9 18~ . ~~ 155.17 0 .00074 1.26213 0 . 9~29 

5& 79.1301 205~ . 2 0.16370 17& . 3616 0 . 00555 162 . 36 1~9.90 0 .00073 1.25903 0 . 9 369 

58 78.2527 2073 . 7 0 .1 60~6 171.4717 0 . 00557 180.33 1~5.15 0.00072 1. 25593 0.930 0 

60 77.382~ 2066 . 5 0.15717 1&5.8~25 0 . 00562 176 . 63 1~0.87 0.000 7 1 1 . 25286 0.9250 

65 75.2269 2133 . 5 0 .1~64 9 153 . 682~ 0.00569 175. ~6 131.7~ 0.00069 1. 2~ 52'l 0.'l108 

70 73.1119 21n.l 0.13950 143.~871 0.00 5 72 172.60 124.33 0.00068 1.2378'l 0.9027 

75 71 . 0~81 2258.8 0.130~ 2 13~ . a 696 0.00574 170.1~ 118.20 0.00067 1.2306'l 0 . 9 0 02 

80 69.0373 233 ~.1 0.12151 125 .6357 0.00575 168.20 113.03 0.00065 1. 22 371 0.9 0 12 

85 67.0851 2423 .~ o.t 1299 118.55~3 0.00572 169.~1 106.62 0.00066 1.21696 0. 688 8 

90 65.1997 2521.2 0.10501 112.3300 0.00568 170.71 10~.86 0.00066 1. 2 10~6 O. 8 795 

95 63.3895 263~.2 0.09770 107 . 3672 0.00560 172.17 101.&6 0.00066 1 . 2 042~ 0. 8 7 07 

100 61.6~72 2 7~5.7 0.09113 102.5731 0 .00 553 17~.~0 90 .9~ 0.00067 1.19827 0. 7917 

120 55.3571 3217 . 9 0.07137 87.8588 0.00522 190.68 9~.01 0.0007~ 1.17690 0 . 6281 

1~0 50.0760 3669.5 0 .0 6073 79 . 2331 0 .00~8 0 198 . 59 93.63 0.00061 1.15915 0 . 8312 

160 ~5.671~ ~050.6 0.05513 73.4~78 0 .0 0~~1 201.~1 92 .~0 0.00089 1.H~~q 0 . 8187 

1 80 ~1.9732 ~361.9 0.05231 69 .3 32 0 0.00405 201.57 91.35 0.00098 1 . 13228 0 . 8005 

200 38.8312 ~ 622.3 0.05095 66 .20 89 0.00J7~ 200.78 90.8~ 0.00108 1 . 12197 0 . 78 2~ 

220 36.1318 ~ 8 59.2 0.05029 63 .7 886 0.003~7 200 . 08 90.88 0.00118 1.11317 0 .7663 

240 33.7920 5098.1 0.04986 61.9605 0.00323 200.05 91.~4 0.00129 1.10558 0 . 7523 

260 31 . 7500 5349.7 0.049~3 60 .5 516 0.00301 200 . 90 92 .~ 2 0.00142 1 . 09899 0.7401 

260 29.9569 5615 .0 0 .04892 59.~287 0.00281 202.65 93 .76 0 .0015~ 1.09322 0 . 7297 

300 28.2816 5765.2 0.04986 58.2664 0.00268 205 . 20 95 .37 0.00169 1.08785 0 . 7193 

350 2~.9599 6~5 1. 9 0.04898 5& .30 24 0 .00 234 214 .4 2 100.31 0 .00 205 1.07726 0 . 7 0 57 

~OO 22.3557 7155.0 0.0~798 5~ . 853~ 0.00208 226 . 27 106.09 0.00245 1.06900 0.6976 

~ 50 20.25~7 7880.0 0.04703 53.7312 0.00188 239 . 68 112.37 0.00288 1 . 06238 0.6928 

500 18.5211 6609.0 0.04622 52 .8 327 0.00171 253.82 116.95 0.0033 5 1 . 05693 0.6 8 96 

550 17.0646 93~~.3 0.045 52 52.09&2 0.00157 266.~6 125.71 0 .00 366 1.05237 0.6873 

600 15.6226 1 0064 .1 0.04~91 51.4611 0.001~5 283 . 46 132.56 0.00440 1.04650 0 . 665 6 

700 13 . 8159 11584.2 0.04383 50.5130 0 . 00127 314.10 1~6.37 0.00556 1.0~225 O. 6 6 ~ 1 

800 12.2628 131 24.6 0.04265 49 .7 869 0.00112 345.56 160.13 0 .00 688 1 . 0374~ 0 . 683 ~ 

900 11. 02~5 1~717.~ 0.04166 ~9.2236 0.00101 377.81 17 3.75 0.00630 1 . 03362 0 . 6833 

1000 10.0136 1 6 37 0 . 2 0.04092 46.7748 0.00092 ~40.56 187.17 0.01055 1 . 03050 0 . 6376 

1200 6.4622 1 9855.7 0.03901 ~6.1065 0.00077 511.1 3 213 .3 3 0.01~14 1.02573 0 . 642 0 

1400 7.3271 23571.5 0.037 22 "7 . 634~ 0.00067 563 .31 238.60 0.01613 1 . 02225 0 . 646 7 

1600 6.4&04 27426.1 0.03 570 4 7. 2842 0.00059 &55.34 2&3.04 0.0 225 1 1.01960 0 . 65 11 

1800 5.77&9 313 86 .6 0.03~43 ~7.0144 0.00053 726.96 286.7 2 0 . 02 726 1 . 01751 0. 6 549 

2000 5.2241 35522.9 0.03325 46.7994 0.00046 800.69 309.72 0.03247 1.015 83 0.657 4 

2500 ".2132 "7~06.5 0.03005 ~6 . 3936 0.00039 1025.41 3&4.72 0.04784 1 . 01275 0.6515 

30 00 3. 5199 64665.0 0.02556 ~5.9966 0.00032 1427 . 99 417.26 0 . 0&<J ~ 9 1.01065 O. 61~ 2 

TWO - P~~SE BOUNDA RY 
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C-2 THERHOO~ NAHIC PROPERTIES OF PARAHYOROGEN 

50 . 00 HPA ISOBAR 

TEHPERATURE ~OLUHE IS OT HcRH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP ~ELOCITY 
OER I~ATUc OERI~ATUE ENERGY OF SOUNO 

OEG. K CU H/KG CU H-HFAIKG HPA/K KJ/KG-K KJ /KG KJ/KG-K KJ KG-K HIS 

25 . 703 0 . 010&9 3. 4 533 1.276 - 247.9 26& . 6 5 . ?q6 5.94 7.33 20&4 
2& 0 . 01071 3.4430 1.276 -24&.4 269. a 5 . 881 5 . 97 7.38 20&3 
27 0 . 01075 3. 4 a 72 1.275 - 241.0 2%.4 6.103 &. 07 7.5 & 20&0 
26 0.01079 3.3711 1.271 -235.& 304 . 1 6.441 6017 7.73 205& 
29 0.01084 3.334& 1.2&7 -230. a 311.9 &.715 &.2& 7.90 2051 
30 0.01088 3. 2980 1 . 2&2 -224.2 319.9 &.986 6 .34 8.06 2047 
31 0 . 01093 3.2612 1.25& -21 8.4 328. a 7.252 &.42 6.21 2042 
32 0.01097 3 . 2,42 1.250 -212.4 33& . 3 7. 515 6.50 8.37 2037 
33 0.01l02 3.1872 1.243 -206.3 344.7 7.775 6.57 8.51 2032 
34 0.01107 3 .15 Ll 1.236 -20001 353.3 8 . 032 6 . 64 8.&6 2027 
35 0.01112 301131 1.229 -19 3.8 362.0 8 . 285 6.70 8.80 2022 

36 0.01117 3. CHI 1.221 -187.4 370.9 8.534 6 .76 8.94 2 016 
37 0 . 01122 3.0393 1.213 -180 . 9 379.9 8 .761 6 .82 9.07 2011 
38 0 . 01127 3. 00 27 1.205 -174.3 389.1 9 . a 25 6.87 9 . 20 2 005 
39 0 . 01132 2.9663 1.1% -167.6 398.3 9.265 6.91 9.32 200 a 
40 0 . 01137 2.93G2 10187 -1& 0.8 407 . 7 9 . 503 6 . 95 9.44 1994 

42 0.01148 2 • 8590 1.108 - 147.0 42&. 8 9.9&9 7.0 3 9.&7 1983 
44 0 . 01159 2 . 7895 1.149 -132.9 44&.4 10.424 7.11 9.90 1971 
4& 0 . 01170 2 .7220 1.129 -11 9. a 4&5.9 10.858 7.22 10 .10 1958 
48 0 . 01181 2.6570 1.108 -10 4.2 48& . 5 11. 295 7.31 10.40 1945 
50 0 . 01l93 2. 5 ~48 1.087 -89 . 0 507.5 11.725 7. 39 10.63 1932 
52 0.01205 2.5356 1.065 -73.& 529 .0 12.14& 7.46 10 .8 4 1919 
54 0.01217 2.4797 1.043 -57.9 550 . 9 12 . 559 7.53 11.05 1907 
5& 0.01230 2.4274 1.021 -41.6 573.4 12.9&9 7.60 11.24 1895 
58 0.01243 2 .4097 1.002 -25.3 596.3 13.371 7.65 11.39 1893 
60 0.01256 2 . 3577 0.9796 - 8.9 &19 . 3 13.7&0 7.71 11.57 1880 

65 0.01290 2 . 2638 o .9248 33.3 678 . 1 14.701 7.89 11.97 1854 
70 0.01324 2.1798 a .8710 76.9 738 . 9 15 . 602 8.10 12.37 1824 
75 0 . 01360 2.1048 o . 8199 122.0 801.8 16.47 0 8.36 12.79 1794 
80 0 . 01396 2 . C3 60 0.7723 168.8 866.9 17.310 8 .67 13.24 1763 
85 0.01433 1 .9734 0.7280 217 . 5 934 . 2 18 . 126 9.02 13.71 1732 
90 0. 01472 1.9221 0 . 6869 268.0 1003.9 18 . 923 9.39 14.18 1703 
95 0 . 01511 1.8810 0.6489 320.6 1076.0 19.702 9.75 14.63 1678 

1 00 0.C1550 1.8546 0.6139 375.0 1150.2 20.464 10. 17 15.05 1657 
120 0.01714 1.7591 0.5009 613.2 1470.1 23.376 11.68 16.70 1586 
140 0.01883 1.7337 0.4184 872.3 1814.0 26.024 12.58 17 .60 1557 

1&0 0.02055 1.7491 0.3569 1141.3 21&9.0 28 . 394 12.91 17 .84 1554 
180 0.02228 1.7838 0.3103 1410.3 2524.2 30.487 12.85 17.67 1566 
200 0.02400 1.8323 0.2740 1673.6 2873.8 32.328 12.58 17 .30 1588 
220 0.02573 1 .8 865 0 . 2453 1929.1 3215 . 4 33.95& 12.24 16.89 1&13 
240 0 . 02744 1.9485 0.2218 2176 . 6 3548.8 35.406 11.92 16.49 1641 
260 0 .02910 2 . C170 0 . 2022 2417.1 3874.8 36.712 11.66 16 .1 4 1671 
280 0.03085 2.0909 0.1856 2651.7 4194 . 4 37.896 11.45 15.83 1701 
300 0.03263 2 • 1638 0.17 30 2869.1 4500.4 38 . 932 11.09 15.51 1739 
350 0.03686 2.3550 0 . 1461 3421 .8 5264.8 41.288 10.80 15.11 1815 
400 0.04106 2.5498 0.1266 3961 . 6 6014.6 43.292 10.6& 1,+.90 1888 

450 0.04523 2.7463 0.1118 4494.7 675&.4 45. 040 10.60 14.79 1957 
500 0.04939 2.9440 0.1002 5024.9 7494.5 46.594 10.57 14.73 2025 
550 0.05354 3.1424 0. 0908 5552 . 7 8229.6 47.996 10.56 14.69 2091 
600 0.05767 3.3414 0 .0 830 6080.1 8963.7 49 . 2 7 2 10.55 14.67 2155 
700 0.06593 3 . 7411 0.0710 7134 . 5 10431.0 51.535 10.58 14.68 22H 
800 O.07 lt17 4 . 1425 O. 0620 8193.7 11902.4 53 .4 98 10.66 14.75 2394 
900 0.08241 4.5453 0 .0 551 9262.0 13382.5 55.240 10.77 14.86 2504 

1000 0.09065 4 . 9494 0 . 0496 10342.9 14875 . 2 56.815 10.92 15.01 26 08 
1200 0.10711 5 . 7604 0 .0 413 12558.4 11914.0 59.572 11.30 15.38 2801 
1400 0.12358 6 . 5743 0.0354 14854.4 21033.4 61.98 1 11.72 15.81 2978 

1600 0.14005 7.3904 O. a 310 17234.9 24237 . 5 64.097 12 .13 16.22 3143 
18 00 0.15653 8 . 2080 0.0276 19&99.7 27526.1 65.996 12.51 16.60 3301 
2000 0.17301 9.0268 0.0248 22248 . 8 30899 . 3 67.839 12.89 16.99 3449 
2500 0.21433 11.0775 0.0199 28999.8 39716.2 74.116 14.13 18.29 3756 
3000 0.25635 13.1315 0.0166 36632 . 2 4<)449.7 81.030 16.50 2 0.88 4076 

TWO-PHASE BOUNOARY 
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THERHOOYNAMIC PROPERTIES OF PARAHYOROGEN C-l 

5 0.00 MPA I SOB AR 

TEMPE RAT URE DEN SITY V ( D H /DV~ V ( DP/DU" - V ( DP/OVI - IOV / DTI/V THERMAL V rSCOSIT Y THERHAL DIELECTRIC PRANDTL 
T P C ONDUC TI V!TY DIFFUSIVITY CO NSTANT NUMBER 

DEG. K KG / CU H KJ /KG HPA;C~O~ / KJ HPA I/DEG. K W/K-M KG/H-S sa H/HR 
x 10 3 X 10 7 

25. 706 93 . 50 95 1651. 7 0.23018 322 . 9196 0 . 00396 198.99 567.99 0.00105 1.31046 2. 0921 
2& 93.401 2 1 8 58 . 0 0 . 22917 321 . 57&1 0 . 00397 199.98 552.43 0.00104 1.31007 2.0392 

27 93.0 2 8 6 1879 . 3 0 . 22574 31& . 9646 0 . 00"02 202 . 99 50".76 0.0010" 1.30872 1. 8795 

28 92 .65 30 1899 . 6 0.222 44 3 12 . 3381 0 . 00407 205.49 464.37 0.00103 1.30736 1.7471 

29 92 . 2 7"5 1918 . 3 0 . 21935 307 . 7025 0 . 00412 207.56 429.87 0.00103 1.30600 1.6357 

30 91. 893 3 1935 . 1 0 . 21652 303.0638 0.00416 209.24 400.14 0.00102 1.30462 1.5407 

31 91. 509 4 1951 . 3 0 . 21374 298 . 4278 0.00421 209.79 374.34 0.00100 1.30323 1.4655 

32 91.12 29 19f6 . 5 0 . 21107 293 . 8000 0.00"25 210.09 351.80 0.00099 1.3018" 1.4010 

33 9 0.7340 1980.3 0 . 20857 289. 1 859 0 . 00430 210.16 331.98 0.00096 1.30043 1.3450 

34 90.3427 1993 . 2 0.20617 284 . 5909 0 . 00434 210.11 314.46 0.00097 1.29902 1.295Q 

35 69.9491 2005 . 2 0.20387 280.0202 0 . 00"39 209 . 90 298.88 0.00095 1.29761 1.2530 

3& 89.5533 2 01 6 . 2 0 . 2 0166 275 ... 789 0 . 00 .... 3 209 . 55 284.97 0.0009" 1.2%18 1.215" 

37 8 9 .1553 2026 . 5 0.1 995 .. 270 . 9 71 9 0 . 004"8 209 . 07 272."8 0.00093 1.29"75 1.1822 

38 88.7551 2035 . 5 0 . 19757 266 . 5040 0.00452 208 . 49 261.23 0.00092 1.29331 1 . 1527 

39 88.~5-30 204 2. 9 0 .1 95 79 262 . 0800 O.OO"SO 207.81 251.05 0.00091 1.29187 1.1260 
.. 0 87....2.!! 89 204 9 . 5 0 .1 9409 257 . 70 42 0.00461 207.06 241.80 0.00090 1.29042 1.1023 

.. 2 87.13 52 2062 . 2 0 .1 9072 2 " 9 .11 53 0 . 004&9 205 . 29 225.&5 a.00088 1.28750 1.0630 

.... 86.314 6 20 75 . 1 0 . 187 28 2 " 0. 77 06 0 . 00477 203.33 212.06 0.00086 1.28 .. 5& 1.032& 

4& 85.4880 2094 . 6 0 .1 8300 232. 7 010 0.00"85 201.25 200.49 0.00061 1.26161 1.0123 
.. 8 8".6562 21 1 1 . 2 0 . 17917 224.93"7 0.00493 199.09 190.53 0.00061 1.27864 0.9953 

50 83.8203 212& .7 0. 17552 217 . .. 96& 0.00500 196.89 181.87 ~.00080 1.275&& 0.9816 

52 8 2 .9812 2 1 41 . 7 0 . 17200 210 ." 081 0.00506 194 . 68 174.28 O.OOOH 1.27267 0.9707 
5 .. 6 2 .1,,03 2156.9 0 .1 6857 203. 6669 0 . 00512 192.48 167.58 0.00076 1.26969 0.9618 

56 81.2989 2172 . 1 0.16527 197 .3"61 0 . 00517 190.32 161.62 0.00075 1.26670 0.9543 

58 80.4310 2203 . 2 0 . 16274 193.8173 0 . 00517 188.12 156.13 0.00074 1.26363 0 . 9452 

60 79.6003 2216 . 3 0 .1 5952 187 . 670 5 0 . 00522 186 . 36 151.37 0.00073 1.26069 0.9396 

65 77.5440 22 72 .4 0.151 20 17 5 . 54 11 0 . 00527 183 . 08 141.30 0.00071 1.25343 0.9239 

70 75. 5271 2 3 38.7 0 .14 234 16 4 . 637 4 0. 00529 180 . 12 133.23 0.00069 1.2463" 0.9152 

75 73.55"8 2 "1 5 . 4 0. 13327 1 5 4. 8164 0 . 00530 177 . 53 126.58 0.00068 1.23944 0.9121 

80 71.6309 2 50 0 . 3 0 .1 24 32 145 . 8433 0 . 00530 175 . 47 121.00 0.00067 1.23272 0.9129 

85 69.7620 2 592 .3 0.11 5 72 1 37. 6651 0.0 0529 176 . 68 116.25 0.00067 1.22622 0.9020 

90 67.9453 2695 . 2 0 . 10 766 130 . 5979 0 . 00526 177.93 112.16 0.00067 1.21993 0.8936 

95 &&.1884 2807. 4 0 .1 0027 12 4.5019 0.00521 179.32 108.64 0.00067 1.21386 0.8865 

100 64.4956 2933 . 1 0 .0 9360 1 19 . 611 4 0.0 0513 182 . 33 95.57 0.00068 1.20803 0.7891 

120 56.3466 3422 . 5 0 .07353 1 02 . 6367 0 .0 0468 198.60 98.60 0.00073 1.18702 0.6293 

140 53.0937 3 871.4 0 .0 6263 92 . 0502 0 . 00455 206 . 05 97.93 0.00079 1.16927 0.8363 

160 48. 65 1 6 4252 . 8 0 .0 5681 65 . 0971 0. 00419 206.25 96.31 0.00066 1.15439 0.6249 

180 .. 4.8645 4559 . 2 0 .0 538 1 6 0.0 65 8 0 . 00388 207.78 94.87 0.00094 1.14188 0.8067 

200 41.6582 48 1 8 . 3 0.0 5231 76 . 3289 0.00359 206.42 93.99 ~.00103 1.13124 0.7871 

220 38.870 4 5047.7 0 . 05155 73.3272 0 . 00335 205.21 93.71 0.00113 1.12210 0.7711 

240 36.4373 52 77. 2 0 .0 5106 7 0. 9973 0.0031 2 204 . 74 93.99 0.00123 1.11416 0.7570 

260 34.2992 5 5 20 .7 0. 05 058 69 .1 626 0 . 00292 205 . 23 94.75 0.00133 1.10722 0 . 7450 

280 32.4108 5 78 3. 2 0 .0500 2 6 7.7 68 9 0 . 00274 206 . 69 95.89 0.00145 1.10112 0.7346 

300 30.6495 594 5 . 2 0 . 05 0 89 66 . 321 0 0 . 00261 209.00 97.35 0.00158 1.0954 .. 0.7223 

350 27.1292 66 0 6. 2 0 .0 498 & 63 . 8694 0 . 00229 217.84 102.04 0.00191 1.08417 0 . 7078 

400 24.351t7 73 09 .7 0.0 "875 62 .0 985 0.0 020 .. 229.54 107.70 0.00228 1.07534 0.6992 

450 22.1071 8034. 1 0 .0476 9 60 .7 131 0 . 00 18 4 242.96 113.95 o • 00267 1 . 06822 0.6939 

500 20. 2464 8762 .7 0.0468 1 59. 6 04 8 0 . 001 6 8 257 . 23 120.57 0.00311 1.06235 0.6903 

550 '18.6789 9 .. 9 7. 6 0 .046 0 5 5 8. 6 964 0.00155 272 . 10 127.41 0.00357 1.05743 0.6678 

600 17.3392 102 37.1 0 .04538 5 7. 9379 0 . 00 143 287 . 36 134.38 0.00407 1.05323 0.6862 

700 15.1678 117 36 . 6 0 .044 22 56.74 4 1 0 . 0 0125 318 . 70 148.50 0.00515 1.04646 0 . 6842 

6 00 13.4820 1 32 76 .7 0 .0 4317 55 .8" 69 0.00111 351 . 00 162.64 0.00635 1. D .. 122 D.683" 

900 12.1343 14 8 69 .3 0 .0 42 16 55 .1 545 0.00100 384.19 176.67 0.00767 1.03704 0.6633 

1000 11.0320 16 522 . 3 o .0411 5 5 4. 6014 0.00091 440.56 190.52 0.00958 1.03364 0.6491 

1200 9.3359 200 08.9 0 . 03920 53 . 778 7 0 . 0 0077 511 . 13 217 . 60 0.01281 1.02642 0.65"6 

1400 8.0919 23726 . 5 0 .0 37 37 5 3.1 985 0 .0 0067 583.31 243.61 0.01641 1.02460 0.6608 

1600 7.1402 2 7584. 6 0 .0 3582 52. 7687 0 . 00059 655.33 269.18 0.02037 1.02168 0.6663 

1800 6.3887 3154 5 . 5 0 . 034 53 52 ."362 0 . 00053 726.90 293.79 0.02467 1.01938 0.6710 

2000 5.7801 356 76 . 9 0.0 3335 52 . 1754 0 . 00046 8 00."6 317 .70 0.02934 1.01752 0.67 .... 

2500 4.6657 " 7497 .4 0 .030 17 51 . 6845 0 . 00036 1022 . 57 374.91 0.04315 1.01413 0.6704 

3000 3.9009 6"47 0 . 2 0 . 02578 51 . 2248 0 . 00032 1413 . 26 "29.54 0.06246 1.01180 0.6347 
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C- 2 THERHODY NA HIC PROPERTIES OF PARAHYDROGEN 

55.00 HPA ISOaAR 

TEHPERATURE VOLUHE ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OERIVITIVE DERIVATIVE ENERGY OF SOUND 

DEG. K CU H/KG CU H-HPA/KG HPA/K KJ/KG-K KJ/KG KJ/KG-K KJ I KG-K HIS 

26.64. 0.01057 3.6392 1.307 -240.0 341.5 5.856 6.01 7.41 2118 
27 0.01059 3.6271 1.305 -238.2 344.1 5.954 6.05 7.47 2117 
28 0.01063 3.5926 1.302 -232.9 351.7 6.229 6.15 7.64 2113 
29 0.01067 3.5577 1.298 -227.4 359.4 6.500 6.24 1.81 2109 
30 0.01071 3.5225 1.293 -221.8 367.3 6.767 6.33 1.96 2105 
31 0.01075 l. 4871 1.288 -216.1 375.3 7.031 6.41 8.11 2101 
32 0.01080 3.4514 1.282 -210.3 383.5 7.291 6.49 8.26 2097 
33 0.01084 3 • 4156 1.275 -204.4 391.9 7.547 6.56 8.41 20n 
34 0.01088 3.3796 1.268 -198.3 400.3 7.800 6.63 8.55 20er 
35 0.01093 3.3436 1. 261 -192.2 409.0 8.050 &.70 8.69 2082 
36 0.01097 3.307& 1.254 -185.9 417.7 8.297 &.7& 8.82 20TT 

37 0.01102 3.2716 1.246 -179.5 426.6 8.5 40 6.82 8.95 2072 
38 0.01107 l. 2357 1.238 -17 3.1 435.6 8.781 &.87 9.07 20&7 
39 0.01111 3.1999 1.229 -1&6.5 444.7 9.018 &.92 9.19 2062 
40 0.01116 3.1643 1.221 -159.9 454.0 9.252 6.96 9.31 2057 

42 0.01126 3.0937 1.203 -146.4 472.8 9.712 7.04 9.53 2046 
44 0.01136 3.0244 1.184 -132.6 492.1 10.160 7.12 '1.75 2035 
46 0.01146 2. 9 ~66 1.165 -119.0 511.3 10.557 7.23 10.01 2022 
48 0.01157 2.8906 1.145 -104.6 531.6 11.018 7.33 10.24 2010 
50 0.01167 2.82&9 1.125 -89.7 552.3 11.440 7.41 to.46 1997 
52 0.01178 2.7656 1.104 -74.6 573.4 11.855 7.50 10.68 1985 
54 0.01189 2.7071 1.083 -59.2 595.0 12.262 7.57 10.88 1972 
5& 0.01201 2.6515 1. 061 -43.3 617.2 12.666 7.64 11.07 1960 
58 0.01213 2.5990 1.040 -27.4 639.5 13.058 7.70 11.25 1948 
60 0.01224 2.5499 1.018 -11.3 662.2 13.442 7.76 11.42 1937 

65 0.01255 2.4754 o .9691 30.2 720.6 14.377 7.94 11.83 1920 
70 0.01287 2.3895 0.9170 73.1 780.8 15.269 8.1. iZ .24 1893 
75 0.01319 2.3173 o .8665 117.& 843.1 16.129 8.43 12.65 1865 
80 0.01352 2.2438 0.8187 163.9 907.5 16.959 8.74 13.10 1835 
85 0.01386 2.1803 0.7143 212.0 974.1 17.767 9.08 13.57 1805 
90 0.01420 2.1219 0.7327 262.1 1043.2 18.556 9.46 14.05 1775 
95 0.01455 2.0737 0.6939 3H.3 1114.6 19.329 9.85 14.52 1748 

100 0.01491 2.0336 0.6579 3&8.4 1188.4 20.085 10.2" 1 ... 97 1724 
120 0.01638 1.9310 0.5405 605.6 1506.4 22.980 11.74 16.61 1653 
1 .. 0 0.01790 1.8884 0.4545 864.3 1849.0 25.618 12.65 17 .55 1619 

160 0.01945 1.8907 0.3891 1133.4 2203.4 27 .984 12.98 17 .82 1612 
180 0.02102 1.9181 0.3390 1402.8 2558.6 3D.OTT 12.90 17.67 1620 
200 0.02257 1.9596 0.2998 1666.6 2908.2 31.918 12.63 11.30 163& 
220 0.02413 2.0095 0.2685 1922.6 3250.0 33.547 12.29 16.89 1662 
240 0.02569 2.0648 0.2431 217 0.8 3583.6 34.998 11.97 16.51 1687 
260 0.02724 2.1280 0.2220 2412.0 3910.1 36.305 11.71 16.17 1715 
280 0.02878 2 .1975 0. 2039 2647.4 4230.4 37.493 11.50 15.89 1743 
300 0.03039 2 . 268 7 0.1899 2864.7 4536.1 38.526 11.13 15.53 1780 
350 0.03424 2.4553 0.1605 3418.7 5301.8 40.886 10.83 15.13 1852 
400 0.03805 2.6466 0.1390 3959.7 6052 •• 42.893 10.69 14.92 1922 

450 0.0"185 2.8404 0.1228 .... 93.7 6795.2 4 ... 643 10.63 14.81 1989 
5 DO 0.04562 3.0358 0.1100 5024.8 7534.0 46.199 10.59 14.74 2055 
550 0.04939 3.2322 0.0997 5553.2 8269.6 47.601 10.58 14.70 2120 
600 0.05315 3.4294 0.0912 6081.1 9004.1 48.878 10.57 14.68 2182 
700 0.06065 3.8259 0.0779 7136.4 10471.9 51.142 10.60 14.69 2302 
800 0.06813 4.2247 0.0681 8196.3 11943 •• 53.106 10.67 14.75 2416 
900 0.07562 4 . 6252 0.060 5 9265.1 13423.9 54.848 10.79 14.86 2524 

10 DO 0.08310 5 . 0272 0.0545 10346.4 14916.7 56.423 10.94 15.01 2&27 
1200 0.09805 5 .8349 0.0454 12562.5 17955.5 59.180 11.31 15.38 2et7 
1400 0.11302 6.6462 0.0389 H858.9 21074.8 61.588 11.73 15.81 2993 

1600 0.12798 7. 4601 o .0341 17239.8 24278.8 63.705 12.14 16.22 3157 
1800 0.14295 8 . 2760 0.0303 19704.7 27567.1 65.603 12.51 16.60 3313 
2000 0.15793 9.0933 0.0273 22253.7 30939.9 67.446 12.90 16.99 34&1 
2500 0.19548 11.H12 0.0219 28999.7 39751.0 73.721 14.11 18.26 379& 
3000 0.23364 13.1933 0.0182 36602.2 "9452.5 80.624 16.40 20.77 4087 
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THfRHOOYNAHIC PROPERTIES OF PARAHYDROGEN C-2 

55.00 HPA ISOBAR 

TEMPERAT URE DEN SITY V (DH/ DV~ v (OP/DUly -v (DP/DV'r - (DV /OTYV C DN~~g~~~TY VISCOSITY THERHAL DIELECTRIC PRANDTL 
DIFFUSIvITY CONSTANT NUMBER 

DEG. K KG/CU H KJ/ KG HPA;C~O~/KJ HPA l/DEG. K W~K~~ 3 KG/H-S 
x 10 7 

sa H/HR 

26.64& 94 . 5776 19 52 .1 0.22975 344.1662 0.00l80 20 6. 55 601.66 0.00107 1.31434 2 .1376 

27 94 .4 505 1960.6 0.22849 342 . 5776 0.00381 209.63 561.97 0.00107 1.31366 2.0742 

26 94.0693 1963. 6 0 . 22505 336.0217 0.00385 212.31 532.32 0.00106 1.31257 1.9159 

29 93 .7257 2005 . 4 0.22183 333.4476 0.0036. 214.53 490.14 0.00106 1.31125 1.7832 

30 93.3597 202~ . 8 0.21869 328.6612 0.00393 216.35 454.00 0.00105 1.30992 1.6705 

31 92.9915 2043 . & 0.21&00 324 . 2682 O. a a 197 217.00 422.79 0.00104 1.30659 1.5810 

32 92.6212 20 ~ 1.4 0.21324 319.6741 0.00401 217.36 395.65 0.0010 2 1.30725 1.5042 

33 92.2489 2077 . 6 0 . 21065 315.0641 0.00405 217.52 371.90 0.00101 1.30590 1.4376 

34 91. 6746 20 9 c . 8 0.20818 310.5035 0.00409 217.54 350.98 0.00100 1.30455 1.3794 

35 91.4983 2107 .1 0 .20 581 305 . 9372 0.00412 217.38 332.47 0.00096 1.30319 1 . 3265 

36 91.1202 2120.3 0.20354 301.3902 0.00416 217.07 315.99 0.00097 1.30163 1.2639 

37 90.7'+03 2132.7 0.20137 296.6&72 0.00420 21&.63 301.2& 0 . 000% 1.30046 1.2447 

36 9 0. 3566 2143.7 0.1 9934 292.3729 0.00423 216.07 288.03 O. 00095 1.29906 1.2097 

J<J 69.9752 2152.8 0.19752 287.9117 0.00427 215.42 27&.09 0.00094 1.2'3770 1.1761 

40 69.5903 21&1.2 0 .1 9576 283.4679 0.00431 214.69 265.29 0.00093 1.2'3&31 1.1499 

42 68.6157 2177 .1 0.19235 274.7696 0.00436 212.95 246.52 0.000'31 1.2'3353 1.1 033 

44 88.0353 21 <J3 .1 0.16667 266.2499 0.00445 211. 01 230.62 0.00086 1 . 29073 1.0669 

46 67.2496 2216.1 0.18455 257 .9 587 0.00452 208.9Z 217 .52 0.00086 1.26791 1.0419 

48 86.4597 2235.2 0.18071 2
'
,9.'3233 0.00456 206.76 206.14 0.00064 1.26506 1.021 0 

50 65.6657 2253.1 0.1770 5 242.1683 0.00464 204.54 196.31 0.00082 1.28224 1.0042 

52 64.8687 2270 . 1 0 .1 7353 234 .7155 0.00470 202.30 187.73 0.00060 1.27940 0.9907 

54 84.0695 2266.6 0.170 11 227 . 5635 0.00476 200.08 180.19 0 . 00079 1.27655 O. 97'38 

56 83.2691 2303.1 0.1&683 220.7875 0.00481 197 . 68 173.51 0.00077 1 .2737 0 0.9708 

56 82.4657 2318.6 0.16374 214.3367 0 . 00485 195.73 167.55 0.00076 1.27085 0.9629 

60 61.6&92 2335.7 0.16060 206 . 2446 0.00489 193.90 162.21 0.00075 1.2£>601 0.9553 

65 79.65 60 2406.1 0.15324 197.1767 0.00491 190.35 150.86 0.00073 1.2£>088 0.9372 

70 77.7140 2 4 78.4 0.14461 165.6980 0.00494 18 7.23 142.00 0.00071 1.25403 0.9281 

75 75.813 2 2565.5 0.13565 175.6818 0.00493 184.50 134.76 0 . 00069 1.24735 0.9Z42 

60 73.9&77 2656.4 0.12670 165.9722 0.00493 182.32 128.76 0.00066 1.24066 0.9254 

85 72.1689 2758.0 0.11810 157.3462 0.00492 183.52 123.&& 0.00067 1.23460 0.9145 

90 70.4197 2665.4 0. 11 000 149.4223 0.00490 184 .7 6 119.28 0.00067 1.22651 0.9 072 

95 68.7183 2982 . 1 0.10252 142.5027 0.00467 186.10 115.48 0.00067 1.22261 0.9010 

100 67.0733 3104. 5 0.095 7& 136.4020 0.00482 189.67 99.99 O. 00066 1.21691 0.7865 

120 61.0551 3624 . 0 0.07538 117.8960 0.00456 206.19 103.03 0.00073 1.1'3625 0.8302 

140 55.8554 40 74.1 0 .0 6434 105.4773 0.00431 213.23 102.11 0.00078 1.11656 0.6406 

1&0 51.4027 4452.2 0.05633 97.1866 0.00400 214.89 100.14 0.00084 1.16359 0.8306 

180 47. 5649 47 5 7. 1 0.05520 91.2726 0.00371 213.66 98.34 0.00092 1.15064 0.8123 

200 44 .2982 5 011.1 0.05357 66.80&8 0.00345 211.96 97.12 0.00100 1.13994 0.7929 

220 41.43 70 5238.2 0.05271 83.2688 0.00322 210.l9 96.54 0.00108 1.13051 0.7754 

240 36 . 9296 5457 . 9 0.05215 80.3804 0.00302 209.~2 96.56 0.00117 1.12229 0.7611 

260 36 . 71 3 0 5692 .8 0.05164 76.1244 0.00l8~ 209.57 97. 09 0.00127 1 0115 0& 0.7493 

280 3~.74 42 5947.8 0.05105 76.3489 0.002&7 210.74 96.05 0.00131 1.10866 0.7J9l 

300 32.9061 &104.6 0 .0 5188 74 .6 540 0.00254 212.62 99 . 3& 0.00150 1.10272 0.7252 

350 29.2064 6764.3 0.05071 71.7146 0.00224 2l1.l7 103.79 0.00180 1.0'l082 0.7099 

400 2&.2794 74 6 4.3 0.04949 &9.5512 0.00200 232.60 109.32 0.00214 1.08146 0.7007 

450 l 3.6972 6168.1 0.04634 67.678& 0.00181 246.21 115.5~ 0.00250 1.07386 O. 69~9 

500 21.9189 891 &. 3 0.047 38 66.5409 0.00165 Z60.59 122.19 0.00l90 1.0&76l 0.6910 

550 20.2477 9651.0 0 . 0 4&55 65.444~ 0.00152 275.67 129.11 0.00333 1.06l36 0.6864 

600 18.8162 10390. 2 0 .0 4583 64.5288 0.00141 291.20 136.19 0.00360 1.0578& 0.6865 

700 16.4894 11689.1 0.04~59 63.0873 0.00124 323.24 150.&1 0.00460 1.05056 O. 68~4 

800 14.6771 13426.8 0.04346 6l.0060 0.00110 J56.36 165.13 0.00593 1.010493 0.6635 

900 13.2246 15021.l 0.04 242 61 .1 &73 0 . 00099 390.53 179.56 0 . 00715 1 .010042 0 . 6634 

1000 ll. 0343 16&7~.3 0 . 04138 60. 49 95 0.00090 440.56 193.86 0.00878 1.03674 O. &60 5 

1200 10 .1984 20161.6 0.03937 59.5066 0.00076 511.13 221.91 0.01173 1.03107 0.6677 

1400 8.6~83 23680.8 0.03751 58.8073 0.00066 563.31 249.10 0.01501 1 .02692 0.6751 

1600 7.8136 27740.2 0.03593 58.2902 0.00056 655.32 275.46 0.01661 1.02374 0.6618 

1800 6 .9953 31701.4 o • 0 34& 3 57.8931 0.00052 726.85 J01.05 0 . 02Z53 1.02124 0.6aT6 

2000 6.3319 35830.4 0.03343 57.5781 0.000~7 800.26 325.94 0.02676 1.01921 0.6919 

2500 5.1157 4759&.5 0.030 28 56.9945 0.00038 1020.12 385.52 0.03932 1.01550 0 . 6900 

3000 4.2801 &4306 . 6 0 .0 2596 56.4680 0.00032 1400.61 442.39 O. 05673 1.0129& 0.6559 

TWO-PrlASE BOUNDARY 

353 



C-l THERMO~Y ~AMIC PPOPERTIES OF PARAHYOROGEN 

&O . UO ~PA ISOBAR 

TEMPERATURE IIOLUME ISOTHEPM ISOCHORE INTEPNAL ENTHALPY ENTROPY CV CP II ELOCITY 
DERIVATlVt D~RIVATIVE ENERGY OF SOUND 

OEG. K CU M/ KG CU M-MPA/KG MPA/K KJI KG-K KJ/KG KJ/KG-K KJ KG-K MIS 

27. 55~ 0.0104& 3.8ll0 1. 334 -23 2 .1 395.& 5 . 911 &. 09 7.49 21&9 
28 0.01048 3 .8 a 74 1.333 - 229.8 396.9 &. a 31 &. 13 1.5& 21&7 
29 0 . 01052 3 .7741 1.329 -224.4 4 0&. 5 &.299 &. 23 1 .7 3 21&4 
30 0. 0105& 3.7404 1.324 - 219. a 414 . 1 &. 5&4 &.31 7. 88 21&1 
31 0.010&0 3.7 C&3 1.319 -213.4 422 . 3 &. 824 &. 40 8. a 3 2 151 
32 0 . 010&4 3. & 720 1.313 - 20 7.7 430.4 1 . 082 &. 48 8.18 21 53 
33 0.010&8 3. £.374 1.30& -20 1.9 438.& 7. 33& &.55 8.32 21 4 9 
34 0.01072 3. t 026 1 . 300 -1 9&. a 441. a 1.58& &.&3 8 . 4& 21 44 
35 0.~107& 3.5b11 1. 293 -19 0.0 455.& 7 . 833 &. &9 8.59 2 140 
3& 0.01080 3 . ,32 1 1.285 -183.9 4&4.2 8 . a 77 &. 7& 8 .7 2 2135 
37 0.01064 3.491& 1.278 -177. & 413 . a 8 .3 18 &.82 8.85 2131 

38 0.01089 3 . 4&25 1. 270 -171.3 481.9 8.555 &. 81 8.97 2 12 & 
39 0 . 01093 3.4214 1 . 261 -164.9 490.9 8 .7 90 6 . 92 9. a 8 2121 
40 0 . 01098 3.3924 1.253 -158.4 500.1 9 . a 21 &. 9b 9.19 211& 

42 0.01107 3 . !228 1. 236 -14 5.2 5 18 . 7 9.415 1.0~ 9.41 210& 
4. 0.0111& 3.2541 1.217 -131.7 531 . 1 9.918 7. 1 9.&3 209& 
4& 0.0 11 25 3.18&4 1.199 -11 8 .4 55&.7 10 . 339 7.25 9.88 2083 
48 0.01135 3.J 202 1.180 -104.2 57& . 1 10.7&4 7.35 10.10 2071 
50 0.01145 3. 0551 1.1&0 - 89 .7 591.1 11.1S1 7.44 10.32 2059 
52 0 . 01155 2 . 9932 1.140 -74.8 615 . a 11.590 7 .5 2 10.53 2 0H 
54 0 . 011&5 2 . 9329 1.119 -59.7 &39.2 11 . 991 1.&0 10.73 2035 
5& 0.01175 2.8751 1.099 -44.1 &&1.1 12 . 39 a 7.&8 10 .92 2023 
58 0 . 0118& 2 . 8199 1. a 18 -28.4 &83.2 12 .1 1& 7.74 11 .10 20 11 
&0 0.01197 2. 7 n 7& 1.057 - 12.& 105.5 13.15& 7. 81 11. 27 199 9 

&5 0.01225 2 . t 498 1. a 04 28.1 1&3. 0 14. a 75 7 . 99 11.10 1970 
70 0 . 01254 2 . 5870 0 . 9585 70.4 823.0 14.9&4 8 . 21 12.12 1954 
75 0.01284 2 . 5083 0.9089 114.4 88 • • 8 15.8t& 8 .4 8 12.5& 1927 
80 0.01314 2 . 4474 0.861& 1& 0 . 2 948 . 7 1&. &41 8.80 12.99 1901 
85 0.01345 2 . 3784 0.81&8 207.9 101'0.1 17 .4 42 9.15 13.4 & 1811 
90 0 . 0131& 2 . 3204 a . 7751 257.& 1083.3 18.225 9.52 13 .94 1843 
95 0.01408 2 .2690 0.73&1 309.3 1154.1 18 . 99 1 9.92 14.41 1816 

100 0 . 01440 2 . 2209 O. &994 3&3 . 1 1227.3 19 .7 43 10.31 14.88 1790 
120 0.01574 2. 1021 0.5771 599.4 154J . 8 22.&23 11.81 1&. 52 1715 
140 0.01712 2.0411 0.488& 851.& 1885.0 25 . 250 12.71 11.51 1677 

1&0 0 . 01&54 2 . a 338 0.4201 112&.7 2238 .9 21.& 13 13.04 17.81 1&&7 
180 O. OB9b 2. 0523 0.36b8 139&.4 2593.8 29.704 12.9& 11. b6 1&72 
200 0.02138 2. a 8b5 0 . 3249 1660.7 2943 . 5 31.545 12.&9 17.31 1&81 
22 0 0.02280 2 . 1322 0.2912 1917 .2 3285.4 33.175 12.35 1&. 90 1708 
240 0 . 02422 2 .1 830 0.2&38 21&5.9 3&19.2 34 . &27 12.03 16.52 1131 
2&0 0.025&4 2.2398 0.2411 2407.7 394&.0 35.936 11.7& 1& .1 9 1156 
280 0.02705 2 .30 43 0.2218 2&43.8 42&&.9 37 .125 11.55 15. 92 1783 
300 0.02852 2.374" 0.2067 2861 . 0 "572.3 38.15& 11.1& 15.55 1819 
350 0.03205 2 .55 &4 0.1741 341 &.2 5339. a 40.519 10.8& 15.1& 1888 
400 0.03554 2 .74 41 0.1514 3958 . 3 &0 90 . 9 42 . 529 10.72 14.94 195& 

450 0.03902 2 . 9351 0.1337 4493.1 &834.2 44 . 281 10 .&5 14.82 2 021 
5 00 0.04248 3.1280 0.1197 5025.0 7573.7 45 . 838 10 . &1 14.75 20&5 
550 0 .0 4593 3 . 3222 a .10 85 5554.1 8309.7 47.241 10.&0 14.11 2141 
&00 0 . 04937 3.5175 0.0992 &0 8 2.5 9044.6 48.519 10 .59 14.&9 2208 
7 00 0 . 05&24 3 . 9107 0.0848 713 8.7 10512.9 5 0.784 10 . &2 14.&9 232& 
8 00 0.0&309 4.3 a b& 0 .0 741 8199.3 11 984. q 52 . 748 10.&9 14.75 2.38 
900 0 . 0&995 4.704& 0.0659 92&8.& 134&5.4 54.490 10. 80 14. 8& 2544 

1000 0.01&80 5 . 1045 o. a 593 10350 . 4 lC,958.2 5& . 0&5 10 . 95 15 . 01 2&.5 
1200 0 . 09050 5 . 90 f5 0.049. 12561.1 17997 . 0 58.822 11.32 15 .38 283. 
1400 0 .10.20 &.71&9 0.042. 148&3.9 2111&.1 &1 . 230 11.74 15.81 3 00 7 

1&00 0.11191 1.5284 O. a 371 17245 . 1 2"319.9 &3.34& 12.15 1&. 22 1171 
18 00 0 .131 63 8 .34 23 0.0330 19710.2 27&08.0 &5 . 245 12.52 1&.60 3325 
2 000 0 . 14535 9 .1 580 O. 0297 22259.2 30980.3 &7.087 12 . 90 1&.98 3 472 
2500 0 .179 7& 11.2028 O. 0238 29000.8 3978&.2 73.3&0 14.10 18.23 3807 
3000 0 . 2 1471 13.752& 0.0199 3&577.3 49459 . 7 80 . 253 1& . 31 2 0. && 409& 

TWJ-PriASE BOUNDARY 



6 0. 00 MPA ISOB AR 

TEMPERATU RE 

DEG. K 

2 7. 559 
28 
2 9 
30 
31 
32 
33 
34 
35 
36 
37 

38 
39 
40 

42 
44 
46 
48 
SO 
52 
54 
56 
58 
60 

65 
70 
75 
80 
85 
90 
95 

100 
120 
HO 

1&0 
180 
200 
220 
240 
260 
280 
300 
350 
400 

450 
500 
550 
600 
700 
800 
900 

1000 
1200 
1400 

1600 
1600 
2000 
25 0 0 
30 0 0 

DENS IT Y 

KG/CU M 

9 5. 5 9 51 
95.44 08 
95 .0 898 
94.73 6 8 
9 4. 38 1 9 
9 4. 0253 
9 3. 667 0 
93 .3 0 7 0 
92 . 9455 
92 . 5824 
92 . 217 9 

91 . 851 9 
91 .484 5 
9 1.11 58 

9 0.374 6 
69 .62 8 6 
88. 6782 
8 8.12 39 
6 7. 3663 
66 . 6 0 59 
8 5. 8 4 3 4 
65 .0795 
6 4.3151 
63.550 9 

6 1 . 6 46 0 
79.7 2 74 
7 7. 88 90 
76 .0 996 
74.3631 
7 2 .6669 
71.02 2 1 
69 .42 5 9 
63 .5 3 3 2 
58 . 4 02 5 

5 3. 949 0 
5 0.10 02 
46.770 7 
4 3 . 8538 
41. 2 843 
3 9. 003 3 
36.96 0 7 
3 5.060 2 
31. 2 0 4 1 
28 . 1346 

2 5. 6 269 
2 3. 5414 
2 1. 7 735 
2 0. 25 5 8 
17.782 0 
15. 8493 
14 . 2966 
13. 0213 
11 . 049 9 

9 . 59 6 6 

8. 4807 
7 . 59 11 
6 . 6 7 98 
5 . 56 31 
4 .65 1 5 

TWO-PHASE BOU NDARY 

V (OH/DV I 
P 

KJ/KG 

2051 . 5 
2062.1 
2067 . 0 
21C9 . 1 
2130.6 
2150 . 9 
21 t9.6 
2187.2 
2203 . 6 
2219.3 
2233.8 

2246.6 
2251 . 8 
2H8.0 

2281 . 4 
2306 . 6 
2333 . 1 
2355.3 
23 1 5.9 
2395 . 3 
2414 . 1 
2 4 32.1 
2448.9 
2461 . 1 

2521.4 
2609.0 
2699.0 
2801 . 6 
2914.4 
3032.0 
3155.6 
3280 . 8 
3824 . 0 
4212 . 0 

4650.9 
4952 . 2 
5200.3 
5425 . 4 
5641.9 
5867 . 3 
6114 . 0 
6263.9 
&920 . 1 
7618.7 

8342 . 0 
9069 . 9 
980 4. 4 

10543.3 
1 2041.8 
13581.0 
15173 . 2 
16826 . 3 
20314 . 4 
24034 . 1 

27895 . 1 
31856 . 4 
35983.1 
47701.8 
64183 . 0 

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN 

V (oP/OUI 
V 

MPA;C~O ~/KJ 

0.22930 
0 . 22776 
0.22441 
0.22134 
0.21834 
0 . 21547 
0 . 21279 
0.21023 
0.20719 
0.20545 
0.20321 

0.20113 
0.19926 
0 . 19747 

0.19396 
0.19042 
0.18605 
0.18217 
0.17848 
0.17494 
0.17152 
0.16824 
0.16515 
0.16202 

0.15386 
0.14637 
0.13753 
0.12868 
0.12007 
0.11199 
0 . 10451 
0 . 09169 
0.01689 
0.06583 

0.05973 
0.05647 
0.05475 
0. 0 5378 
0 . 05314 
0.05258 
0.05197 
0.05283 
0.05153 
0.05020 

0.04896 
0.04793 
0.04703 
0.04626 
0 . 04494 
0.04377 
0.04267 
0.04159 
0.03953 
0.03763 

0.03604 
0 . 03472 
0 . 03351 
0.03038 
0.02615 

- V (OP/DVI 
T 

HP~ 

365 . 3665 
363.3861 
358.8802 
354.3538 
349 . 8125 
345.2615 
340.7062 
336.1516 
331 . 6027 
327 . 0642 
3 22 .5406 

318.0367 
313.5566 
309.1046 

300.3011 
291 . 6575 
283.2026 
274 . 9634 
266.9642 
259.2269 
251.7701 
244.6121 
237.7642 
231.2368 

216 . 3540 
206.2574 
195.3693 
186.2454 
176.8644 
168 . 6176 
161.1474 
154.1877 
133.5510 
119.2041 

109.7236 
102.8327 

97.5868 
93.5038 
90.1241 
87.3592 
85.1629 
83.2541 
79.7700 
77 . 2052 

75 . 2225 
73 . 6366 
12.3365 
71.2505 
69.5398 
66.2560 
67.2599 
66 . 4666 
65.2683 
64 . 4590 

63 . 8466 
63 . 3771 
63. 0054 
62 . 3218 
61.7244 

-(DV/DTI/V THE RMAL 
P CONDUCTHIT Y 

lIDEG. K W~K~~3 

0.00365 
0 . 00367 
0.0031J 
0 . 00374 
0 . 00377 
0.00380 
0.003~3 
0.00381 
0.00390 
0.00393 
0.00396 

0 . 00399 
0.00402 
0 . 00405 

0.00411 
0.00417 
0.00423 
0.00429 
0.00434 
0.00440 
0.00445 
0.00449 
0 . 00453 
0.00457 

0.00464 
0.00465 
0.00465 
0.00463 
0.00462 
0 . 00460 
0.00457 
0.00454 
0.00432 
0 . 00410 

0.00383 
0.00357 
0.00333 
0.00311 
0.00293 
0.00276 
0.002&0 
0.00248 
0.00219 
0 . 00196 

0.00178 
0.00103 
0 . 00150 
0 . 00139 
0.00122 
0.00109 
0.00098 
0.00089 
0.00076 
0.00066 

0.00056 
0.00052 
0.00047 
0.00038 
0.00032 

355 

217.73 
216.92 
221.30 
223.25 
223.98 
224.43 
22 4.64 
224.11 
224.60 
224 .33 
223. qz 

223 .39 
222 .76 
222.04 

220.32 
216.38 
21&.29 
214.10 
211.86 
209 . 60 
201.34 
205.10 
202.91 
201.04 

197.50 
194 . 06 
191.18 
188.85 
190.03 
lQl.23 
192 . 55 
197.07 
213.48 
220.17 

221.33 
219.19 
217.41 
215.30 
214.06 
213.88 
214 . 78 
216.03 
224.10 
236.05 

249.44 
263.9Z 
279.19 
294.98 
327 . 12 
361.71 
396.82 
440.56 
511 . 13 
583.31 

655. J1 
726.81 
800. 08 

1011.99 
1389.57 

VISCOSITY THERH~L OIELECTRIC 
DIFFUSIVITY CONSTANT 

KG/~-S 

X 10 7 

636.02 
610.44 
558.99 
515.14 
477.46 
444.87 
416.41 
391.56 
369 . 60 
350.12 
332 . T7 

317 . 25 
303.29 
290.69 

268.91 
250.78 
235.52 
222.53 
211.3, 
201.66 
193.17 
185.69 
179.04 
173.11 

160.11 
150.75 
142.87 
136.37 
130.91 
126.21 
122.16 
104.23 
107.32 
106 . 17 

103.88 
101.15 
100.21 

99 . 35 
99.12 
'19.44 

100.22 
101.38 
105.55 
11 0.95 

117.13 
123.80 
130.78 
137.98 
152.70 
167.59 
162.41 
197.24 
226 . 26 
254.41 

281 . 88 
308.52 
334.45 
396 . 56 
455.88 

~Q M/HR 

0.00109 
0.00109 
0.00108 
0.00108 
0.00106 
0.00105 
0.00104 
0.00103 
0.00101 
0.00100 
0.00099 

0 . 00096 
0 . 00097 
0.000Q5 

0.00093 
0.00091 
0.00069 
0.00087 
0.00085 
~.00063 

0.00081 
0.00079 
0.00078 
0.00077 

0.00074 
0.00072 
0.00070 
0.00069 
0.00068 
0.0006~ 

0.00066 
0.00069 
0.00073 
0.0007A 

0.00083 
0.00089 
0.00097 
0.00105 
0.00113 
0.00122 
0.00131 
0.00143 
0.00111 
0.00202 

0 . 00236 
0 . 00274 
0 . 00314 
0 . 00357 
0.00452 
0.00557 
0.00672 
0.00812 
0.01083 
oJ.01384 

0.01715 
0.02075 
oJ.02465 
0.03613 
0.05198 

1.31803 
1.31741 
1.J162~ 

1.31492 
1.31363 
1 . 31233 
1.31104 
1.3091.5 
1.30842 
1.30111 
1.3051Q 

1.30447 
1 . 30314 
1.30181 

1.2991" 
1.29645 
1.29375 
1 . 29105 
1.28833 
1.28560 
1.28288 
1.280 15 
1.21742 
1.27470 

1.26194 
1.26114 
1.25465 
1.24835 
1.24226 
1.23634 
1.23060 
1.22506 
1.20473 
1.16121 

1.112 1 5 
1.15925 
1 . 14813 
1.13847 
1.13001 
1 . 12253 
1.11589 
1.10969 
1.09723 
1.08738 

1.01938 
1 . 07276 
1 . 06717 
1 . 06238 
1 . 05462 
1.04658 
1 . 04375 
1 . 03979 
1.0336Q 
1 . 02922 

1.02579 
1.02308 
1.02068 
1.01686 
1 . 01410 

C-2 

PRANDTL 
NUMBER 

2.1885 
2 . 1094 
1.9511 
1.6182 
1 . 7119 
1.6210 
1.5423 
1 . 4736 
1.4137 
1.3612 
1. 3149 

1 . 2738 
1 . 2367 
1 . 2036 

1.1487 
1 . 1057 
1 . 0754 
1. 0501 
1 . 0297 
1 . 0132 
1 . 0000 
0.9 8 90 
0.9796 
0 . 9708 

0.9520 
0 . 9 4 18 
0.9383 
0 . 9379 
0.9272 
0.9 1 99 
0 . 9 144 
0 .7 872 
0 . 8307 
0 . 8444 

0 . 8358 
0 . 8177 
O. 1980 
0.7798 
0 .7648 
0 . 1529 
0 . 74 30 
0.728 0 
0.7 11 9 
0.7 022 

0.6960 
0 . 6918 
0. 6 889 
0.6 8 69 
0.6846 
0.6 8 36 
0 . 6834 
0. 6720 
0 . 6808 
0.6897 

0. 6977 
0 . 7046 
0 . 7100 
0.1104 
0.6780 



c-z THE RHOOY NAHIC PROPERTIES OF PARA HYDROGEN 

&5 .0 0 MPA ISOBAR 

TEMPE RATURE VOLUME IS OTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC ITY 
DERIVATIVE DERIVATIVE ENERGY OF SDUND 

DEG . K CU H/KG CU H-HPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ KG-K MIS 

28.449 0.01036 4.0022 1.362 -224.0 449.1 5.9&" &.16 7 .57 2218 
29 0.01"38 3.984& 1.359 -221.1 453.3 6.110 6.21 7.66 2217 
30 0.01041 3.9524 1.355 -215.8 461.0 6.372 6.30 7.81 2213 
31 0.01045 3. q 197 1.349 -210.4 "68.9 6 . 631 6 .39 7.96 22 10 
32 0.01049 3.88&7 1.343 -204.8 476.9 6.886 6.47 8.10 220 6 
33 0.01053 3.853" 1.337 -199.1 485.1 7.137 &.55 8.24 22 03 
34 0.01056 3 . 8198 1.330 -193.3 493.4 7.385 6 .62 8.38 2199 
35 0.01060 3.7860 1.323 -187.4 501.9 7.630 6.69 8.51 2195 
36 0.0106" 3.7520 1.31& -181.4 510.4 7.872 6 . 75 8.64 2190 
37 0.01068 3.7179 1.309 -175.3 519.1 8.110 6.82 8.76 2186 
38 0.01072 3.683& 1.301 -169.1 528.0 8.3"5 6.87 8.88 2182 

39 0.0107& 3.6494 1.293 -1&2.8 536.9 8.577 6. 92 8.99 2177 
40 0.01081 3.6151 1.284 -156.4 545.9 8.806 6.97 9.10 2173 

42 0.01089 3.5468 1.267 -143.5 564.3 9.255 7 . 06 9.31 2163 
44 0.01098 3.10788 1.249 -130.2 583.2 9.693 7.14 9 . 52 2153 
46 0.01106 3.U17 1.231 -117.2 601.9 10.110 7.26 9.76 2142 
48 0.01115 3.3456 1.212 -103.2 &21.7 10.530 7.36 9.99 2130 
50 0.0112" 3.2809 1.193 -88.9 641.9 10.942 7.4& 10.20 2118 
52 0.0113" 3.2177 1.17" -14.4 662.5 11.346 7 . 55 10.41 2106 
54 0.01143 3. 1564 1.154 -59.5 &83.5 11.743 7.63 10 .61 2095 
56 0.01153 3.0971 1.134 -44.1 705.2 12.137 7.71 10.79 2083 
58 0.01162 3. e401 1.113 -28.7 726.9 12.519 7.78 10.97 2071 
CO 0.01172 2.9855 1.093 -13.1 749.0 12.894 7.85 11.15 20 59 

65 0.01198 2.8605 1.041 27.1 805.8 13.803 8. 04 11.58 2029 
70 0.0 1225 2.7527 0.989& 68.8 &&4.8 14.&7& 8.27 12.00 1999 
75 0.01253 2.6964 0.9479 112.2 926.7 15.530 6.54 12.46 1984 
80 0.01261 2.6250 0.9006 157.5 990.1 16.348 8.86 12 .91 1956 
85 0.01309 2.5726 0.6561 204.8 1055.8 17.145 9.21 13.36 1932 
90 0.01338 2.5105 0.8141 254.1 1123.8 17.923 9.59 13.84 1904 
95 0.01367 2.4550 0.7749 305.5 1194.2 18 .684 9.98 14.33 1877 

100 0.01397 2.4087 0.7382 359.0 12&7.1 19.431 10.38 14.79 1853 
120 0.01519 2.2696 0.6121 594.6 1582.1 22.298 11.89 16.46 1773 
140 0.01&4& 2.1952 0.520" 852.2 1921.9 24.915 12 .78 17 .45 1732 

16 0 0.01775 2.1 754 0.4500 1121.1 2275.1 27.273 13.10 17.79 1719 
180 0 . 0190& 2. 1875 0.3937 1391.0 2&30.1 29.364 13.02 17.66 1722 
200 0.02037 2.2138 0.3493 1655.7 2979.6 31.204 12.75 17.32 1734 
220 0.021108 2.2546 0.313' 1912.7 3321.6 32.834 12.40 16.91 1753 
240 0.02298 2.3018 0.2841 2161.8 3&55.6 34.288 12 .08 16.52 1774 
260 0.02428 2.3531 0.2597 2404.1 3982.5 35.596 11.81 16 . 20 1797 
280 0.02558 2.4115 0.2392 2640.8 4303.7 36.787 11.60 15.94 1821 
300 0.02694 2.4814 0.2234 2857.8 4&08.9 J7 .816 11.20 15.57 1858 
350 0.03019 2.6583 0.1888 3414.1 537&. & 40.182 1 0.89 15.17 1924 
400 0.03342 2.8423 0.1&3& 3957.2 6129.3 42.194 10.75 14.95 1989 

450 0.03&&2 3.0302 0.1445 4492.9 &873.4 43 . 948 10.68 H.84 2052 
500 0.03981 3.2205 0.1294 5025.5 7613.4 45.506 10.64 14.76 2114 
550 0 .04300 3.4125 0.1173 5555.3 8350.0 46.911 10.62 14.72 2175 
000 0.04017 3.0058 0.1073 0084.2 9085.2 48.18'3 10.01 14.09 2234 
700 0...05250 3.9954 0.0917 7141.4 10554.0 50 . 454 10. 63 14.70 2350 
800 0.05883 4.3882 0.0801 8202.6 12026.2 52.419 10.70 14.76 2460 
900 0.06514 4.7836 0.0712 9272.4 13506.8 54 .1 61 10.81 14.86 2564 

1000 0.07146 5.1811 o • 06 41 10354.7 14999.6 55 . 737 10 .96 15.01 2664 
1200 0.08410 5.9812 0.0534 12572.0 18038.3 58.493 11.33 15.38 2 850 
1400 0 . 09674 6. 78~4 0.0458 14869.3 2 U57.J 60.901 11.75 15.81 3022 

1600 0.10939 7.5953 0.0402 17250.8 24360.9 63.017 12 . 16 16.22 3183 
1800 0.12204 8.4071 0.0357 19716.2 2764B.8 64.916 12.53 16.60 33 37 
2 000 0.13470 9.2210 0.0322 22265.1 31020.6 66 .7 58 12.91 16.98 3483 
2500 0.16&44 I! .2&23 0.0258 Z'3003.0 398Z1.8 73.0 Z9 14.09 18.21 3816 
3000 0 .1 9867 13.309& 0.0215 36556.7 49470.5 79 . 913 16.24 20.57 4106 

THO-P~ASE BOUNDARY 

356 



THERMODYNAMIC PROPERTIES OF PARAHyoROGEN C-Z 

65.00 MPA ISOBAR 

TEHPERATURE OENSITY V (OH/OV~ V (oP/oU y -V (oP/oV 'T -(oV/oTilVCONb~~~;e~TY VISCOSITY THERHAL oIELfCTRIC PRANoTL 
oIFFUSIVITY CONSTANT NUHBER 

OEG. K KG/CU H KJ/KG HPA;C~O 'i/KJ HPA 1/oEG. K W/K-H 
X 10 3 

KG/H-S 
X 10 7 

SQ H/HR 

28.~~9 96.56&& 21~9.1 0.22897 38&.~808 0.00352 22& . 5~ &71 .0& 0.00112 1.32157 2 .2~29 

29 9&.3788 2H3.7 0.22708 38~.03~1 0.0035. 227 . 87 637.85 0.00111 1.32089 2. H38 

30 9&.03&9 2188.5 0.22388 379.5738 0.00357 229.95 58~.76 0.00110 1.319&~ 1.98&0 

31 95.&93~ 2212.6 0.2207& 375.0909 0.00360 230.77 539.38 0.00109 1.31839 1.8602 

32 95.3.85 ZZ 35.& 0.21778 370.5907 0.00362 231 . 29 500.29 0.00106 1.317 H 1.7529 

33 95.0022 2256.7 0.21500 366.0785 0.00365 231 .55 ~66.38 0.0010& 1.31588 1.6602 

3~ 9~.65~5 227D.7 0.21235 361.5592 0.00368 231.67 ~36.78 0.00105 1.3h62 1.5795 

35 9~.30'6 2295 . 6 0 .2 0982 357.0376 0.00371 231.60 ~10.78 0 .0010~ 1.31335 1.50 92 

36 93.955. 2313.~ 0.207~0 352.5185 0.00373 231.36 387.81 0 .001 03 1.31208 1.~H7 

37 93.60.0 2330.0 0.20509 3~8.006~ 0. 00376 230 . 98 367.~2 0.00101 1.31081 1.3936 
38 93_2515 2 JLt5.1 O.2029Lt 343.5058 0.00379 230 .47 3~9_23 0_00100 1.30953 1. 3 ~55 

39 92.8979 2358 .1 0.20101 339.0208 0.00381 229.85 332.9~ 0.00099 1.30825 1.3023 

~o 92.5~32 2370.1 0.19918 33~.5557 0.00384 229.15 318.21 0.00098 1.30691 1.2631 

~2 91.8306 2393.1 0.19557 325.7010 0.00389 227.~3 293.03 0.0009& 1.3O~39 1. 1995 

~~ 91.11~2 2~15.6 0.19196 316.9722 0.0039~ 225 .~9 272 .H 0.0009~ 1.30180 1.1~91 

~6 9o.39~2 2 ~~5.9 0.18751 308.3978 0.00399 223.39 254.6~ 0.00091 1.29921 1.1130 

~8 89.6110 2~71 .3 0.18358 300.OO~1 0.00.0~ 221.18 239.82 0.00089 1.29660 1.0828 

50 88.9~50 2 .9~.9 0.17985 291.8155 0.00~09 218.91 227.13 0.0 008 7 1.29399 1.0583 

52 88.2165 2517.0 0.17629 283.85~0 0.00~13 216.62 216.17 0.00085 1.29138 1.0385 

51, 87.~862 2538.2 0.17285 276.1393 O. OO~H 21~.32 206.62 0 .0008 3 1.28876 1. 022~ 

56 86.75.6 2 558.~ 0.16955 268 .6887 0.00~22 212.0~ 198.2~ 0.00082 1.2861~ 1.0092 

58 86.0223 2577.0 0.166~6 261 .5165 0.00~26 209.80 190_83 0.00080 1.28352 0.9979 

60 85.2899 2596.8 0.16333 25~.63~5 0.00~29 207.89 184.23 0.00079 1.28090 0.9877 

65 83 •• 631 265~ •• 0.15517 238.7~87 0.00~36 2o~.26 17 0 .5~ 0.00076 1.27~39 0.9665 

70 81.6539 2726.7 0.H655 22~. 7719 0.00~~0 200.86 159.83 0.0007~ 1.26796 0.9552 

75 79.809~ 2831.2 0.13906 215.35~9 O.OO~~O 1'17.60 15o.9~ 0 .0007 2 1.261.3 0.9519 

80 78.0755 2938.8 0.13021 20 •• 9503 0.00.39 195.13 1.3.92 0.00070 1.25531 0.9525 

85 76.3829 3067.0 0.12H7 196.503~ 0.00~36 196.26 138.02 0.00069 1.2.935 0.9397 

90 7~. 737~ 3190.~ 0.11359 187.626~ 0.00~3~ 197.~2 133.01 0.00069 1.2~358 0.9326 

95 73.1.02 3319.5 0.1061. 179.5626 0.00~32 198.71 128.69 0.00068 1.23799 0.9278 

100 71.5615 3~55.3 0.09936 H2.H5. 0.00428 203.9~ 108.30 0.00069 1.23255 0.7856 

120 65.82.5 ~O 17.1 0.07823 1~9.3972 0.00~1O 220.50 l11.H 0.00073 1. 21261 0.8321 

Ho 60.7642 ~~73.6 0.0670~ 133.3902 0.00390 226.8'1 110.13 0.00077 1.19525 0.8~72 

160 56.3265 "845.1 0.06099 122.5338 0.00367 227.60 107.55 0.00082 1.18017 0.8407 

180 52.~598 SI~6.9 0.05763 11~. 7553 0.003~3 225.58 105.10 0.00088 1.1671~ 0.8227 

200 .9.09.8 5388.9 0.05582 1 08.692~ 0.00321 222.76 103.27 0.0009~ 1.15588 0.8028 

220 ~6.13.9 5610 .8 0.05"77 10 •• 01 .. 7 0.00301 220.25 102.1" 0.00102 I.H602 0.78~0 

2~0 "3.51"8 5825.6 0.05405 100.1616 0.0028~ 218.6~ 101.67 0.00109 1.13736 0.7683 

260 ~1.1S07 6045.4 0.05341 96 .9032 0.00268 218 .16 101.79 0.00118 1.12967 0.7560 

280 39.0881 6282.'1 0.05277 9~.2613 0.0025~ 218.7.9 102.~0 0.00126 1.12281 0.7~62 

300 37 .1199 6~22.2 0.05375 92.1109 0.002~3 220."3 103."2 0.00137 1.11639 0.7307 

350 33.1220 7075.3 0.05233 88.0H8 0.0021~ 228 .1 2 107.33 0.00163 1.103~1 0.7139 

400 29.9249 7772.7 0.05089 85.05~5 0.00192 239.28 112.59 0.00192 1.09312 0.7037 

~50 27.305~ 8 ~95. 7 0.0~956 82.7398 0.00175 252 . 64 118.71 0 . 00225 1.08"73 0.6971 

5 DO 25.1167 9223.~ 0.048~5 80.8880 0.00160 267.21 125.~0 0.00259 1.01776 0.6926 

550 23.2585 9957.7 0.0~750 79.3692 0.001.8 282.66 132." 0.00297 1.oH86 0.6895 

600 21.6597 10696.6 0.0~668 78 .1000 0.00137 298.71 139.75 0.00338 1.06681 0.6874 

700 19.0~69 1219~.6 0.0~528 76.0993 0.00121 332.12 15~. 77 0.00~27 1.05858 0.6848 

800 16.9995 13733." 0.0~~05 74.5967 0.00107 366.98 170.0. 0.00527 1.05217 0.6837 

900 15.3506 15325.3 0.0~290 73.430~ 0.00097 ~03.08 185.35 0.00636 1.04703 O. 683~ 

1000 13.9936 16978.~ 0.0~179 72.5016 0.00088 ~~0.56 200.60 0.00755 1.04281 0.683" 

1200 11.8910 20466.9 0.03968 71.1217 0.00075 511.13 230.6~ 0.01006 1.03629 0.69~0 

1~00 10.3371 2~188.1 0.03775 70.1517 0.00065 583.31 259.95 0.01285 1.03150 0.70~5 

1600 9.1~2o 28 0~9." 0.03613 69.~362 0.00058 655.31 288 •• 7 0.01591 1.02782 0.7140 

1800 8.19"1 32010.6 O. 0 3~ 79 68.8884 0.00052 726.77 316.23 0.0192~ 1.02"91 0.7222 

2000 7. ~239 36135.2 0.03358 68.~555 0.000~7 799.93 3~3.27 0.0228~ 1.02255 0.7287 

2500 6.0081 ~7811.9 0.03046 67.6646 0.00038 1016.11 ~08.1J 0.033~3 1.01822 0.7316 

3000 5.0333 6~091.2 0.02631 66.9921 0.00032 1379.81 470.07 0.04797 1.01525 0.7009 

TWO-P~ASE BOUNOARY 
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C-2 THERMOOYNAHIC PROPERTIES OF PARAH YOR OGEN 

70.00 HPA ISOBAR 

TEMPERATURE VOLUME ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OE~IVATIVE OERIVATIVE ENERGY OF SOUND 

OEG. K CU M/KG CU M-MPA/KG HPA/K KJ/KG-K KJ/KG KJ/KG-K KJ KG-K HIS 

29.318 0.01026 4.1801 1.389 -215 . 9 5 0 2 . 1 6 .0 1 4 6.22 7.65 22(,(, 
30 0.01028 4.1590 1.385 -21 2.3 5 07.3 ('. 19 1 6.29 7.75 2264 
31 0.01032 4.1278 1.380 -2 0 7 . 0 515 . 1 6 . 4 4 8 6.38 7.90 2261 
32 0.01035 4.0961 1.374 -201.5 523 . 1 6 . 70 1 6.46 8.04 2258 
33 0.01039 4.0640 1.368 -195.9 531 . 2 6 .9 5 0 6.54 8 . 18 2254 
34 0.01042 4.031& 1.3&1 -190.2 5H. 5 7 .197 &. f>1 8.31 2251 
35 0.01046 3.9989 1.354 -184 . 5 5 47. 8 7.439 6.68 8.44 22 .. 7 
36 0.01050 3.9660 1.346 -178.6 556.3 7 .6 7 9 6 . 75 8.56 22"3 
37 0.01054 3.9329 1.339 -17 2.& 565.0 7.9 15 6.81 8.69 2239 
38 0.01057 3.8996 1.331 -166.5 573.7 8 .1"8 6 .8 7 8.80 2235 
39 0.01061 3.8663 1.323 -160.3 582.6 8 .37 8 6. 92 8.91 2231 

.. 0 0.01065 3.8328 1.315 -15" .0 591.5 8.605 6 .97 9.02 2227 

.. 2 0.01073 3.7658 1.298 -141.3 6 09 . 8 9 . 0 5 0 7 .06 9.22 2218 
"4 0.01081 3.6990 1.280 -128 . 3 62 8 ... 9 . .. 8 .. 7.15 9."3 2208 
.. 6 0.01089 3.6 !26 1.262 -115." 6"7 . 0 9. 8 96 7.27 9.67 2197 
.. 8 0.01097 3.5669 1.24" -101.7 666. 5 1 0.312 7. 3 8 9. 8 9 218(, 
50 0.01106 3.5023 1.225 -87.(' &8& . 5 1 0. 72 0 7.48 10.10 2175 
52 0.01115 3."389 1.206 - 73 . 3 7 06. 9 11 . 120 7 . 5 7 10.30 2163 
5" 0.01123 3.3770 1.186 -58.6 727 . 7 11 . 51 3 7.65 10.49 2152 
56 0.01132 3.3169 1.167 -43 . 5 7 " 9 . 2 11. 90 3 7.73 1 0.68 2140 
58 0.01141 3.2586 1.1"7 -28.3 770. 7 12 . 281 7.81 10.86 2129 
60 0.01151 3.2024 1.127 -12.9 792 . & 12.65 1 7 .88 11 . 0 3 2117 

65 0.01174 3.0721 1.076 26.7 a .. a.8 13.552 8.08 11."6 2087 
70 0.01199 2.9572 1.026 68.0 907 . 2 14." 17 8 .32 11.90 2056 
75 0.0122" 2.8583 0.975" 110.9 9 6 7.8 15. 2 5 3 8.60 12.34 2025 
80 0.01251 2.8104 0.9375 155.8 1031 . 7 16.0 77 8. 92 12.83 2011 
85 0.01278 2.7389 0.8922 202.7 1 097.0 1 6 . 8 69 9.27 13.31 1982 
90 0.01304 2.6879 0.8500 251 . 6 11 64.7 17. 6"3 9.65 1 3.77 1958 
95 0.01331 2.6 !88 0.8108 302 . 7 1 234 .7 18 . " 00 10.05 1".24 1934 

100 0.01359 2.5856 0.7738 355 . 9 13 07.2 19.1 "3 10 ..... 1".72 1909 
120 0.01"72 2."419 0.646" 590.8 1621.0 21.999 11.96 16."1 1830 
140 0.01588 2.3428 0.5496 847.9 1959. 5 2 4 .6 0e. 12.84 11 . 40 17111 

160 0.01708 2.3086 0.4780 1116.6 2312 . 0 26. 959 13. 16 17 .78 1766 
180 0.01829 2.3219 0.4199 1386.6 2666 . 8 29 . 0"9 13.08 17.65 1770 
200 0.01950 2.3430 0.3730 1651.6 3016.3 30.89 0 12. 8 0 17.32 1780 
220 0.02071 2.3767 0.3350 1909. 0 3358." 32.52 0 12. " 6 16.91 1796 
240 0.02191 2.4198 0.3039 2158.6 3692 . 5 33 . 9 74 12.13 16.53 1816 
260 0.02312 2.4681 0.2779 2401 . 3 "019.6 35 . 28 " 11.86 16.21 1837 
280 0.02"32 2 • 5196 0.2561 2638 . .. 43"0.9 36 . 47 .. 11.65 15.96 1858 
300 0.02558 2.5891 0.2399 2855.1 .. 6 .. 5.7 37. 5 0 2 U.23 15.59 1896 
350 0.02860 2.7609 0.2029 3412 . 5 5414.3 39. 871 10.93 15.19 1959 
400 0.03159 2.9409 0.1758 3956." 61 6 7 . 8 41 .8 8 5 10.77 14.97 2021 

450 0.03"57 3.1257 0.1552 .... 93.0 6912.7 43.640 10.70 14.85 2082 
500 0.03753 3.3133 0.1391 5026.3 76 5 3 . 2 45.200 10 . 66 14.77 21"3 
550 0.0 .. 0 .. 8 3.5030 0.1260 5556.7 8390.2 "6.6 05 10.64 1".72 2202 
600 0.04342 3.6941 0.1153 6 086.3 9125 . 8 4 7 .8&3 10.63 1".70 2260 
700 0.0"930 4.0800 0.0985 7144.3 10595.1 5 0 .15 0 10.65 14.70 2373 
800 0.05516 ".4695 0.0861 8206.2 120 6 7. 6 52 . 11 4 10.72 1".76 2 .. 81 
900 0.06102 4.8621 0.0765 9276.6 13548.2 53 . 85 7 10. 8 3 1 4.86 2583 

1000 0.06688 5.2571 0.0689 10359.3 15041.1 55. "32 10. 97 15.01 2681 
1200 0.07860 6.0529 0.0574 12577.3 18079 . 7 58.189 11.34 15.38 2865 
1400 0.09033 6. 85"7 0.0493 14875 . 1 21198 . 4 60.5 97 u.n. 15.81 3035 

1600 0.10207 7.6609 0.0432 17257.0 24401.8 62. 7 13 12 .16 16.2 2 3196 
1800 0.11381 8.4703 0.038" 19722.6 27689 . 3 64 . 611 12 . 5" 16.6 0 3349 
2000 0.12556 9.2822 0.0346 22271.6 31060.8 66 ."53 12.91 16.98 3 .. 94 
2500 0.15502 11.3197 0.0277 29006 . 2 3985 7. 6 72 . 722 1".08 18.19 3825 
3000 0.18"92 13.364" 0.0231 36539.5 .. 9 .. 8" . 2 79.598 16.17 20."9 "114 

TWO-PnASE BOUNDARY 
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THERHODYNAHIC PROPERTIES OF PARAHYOROGEN C-2 

70.00 HPA ISOBAR 

TEHPERATURE OENSITY V (OH/OV~ V (OP/OU\r -v (OP/OV'T -(OV/OT~VCONri~~~~~~TY VISCOSIT Y THERHAL OIELECTRIC PRANOTL 
OIrrus IV lTY CONSTANT NUHBER 

DEG. K KG/CU H KJ/KG HPA;C~02/KJ HPA UOEG. K W/K-H KG/H-S SQ H/HR 
X 103 X 107 

29.318 97.49&7 2244 .6 0.22878 407.5451 0.00341 235.03 706.81 0.00113 1.3249& 2.2999 
30 97.2&98 2263 .3 0.22652 404.5479 0.00342 236."8 &&".21 0.00113 1.32"13 2.1766 

31 96.9362 2290.1 0.22326 400.1290 0.003"5 237.38 609.63 0.00112 1.32292 2.0281 

32 9&.&013 2315.& 0.22016 395.6857 0.00347 2J7.9& 562.8" 0.00110 1.32170 1.9017 

33 96.2&5 .. 2339.2 0.21728 391.2231 0.00350 238.28 522."4 0.00109 1.32047 1.7928 

34 95.9283 2361 .7 0.21"52 386.7464 0.00352 238."4 487.31 0.00108 1.31925 1.&983 

35 95.5903 2362 .9 0.21190 362.2602 0.0035" 236."1 456.56 0.0010& 1.31802 1. &162 

36 95.2513 2402.9 0.20940 377.7693 0.00356 238.20 "29.5" 0.00105 1.31676 1.54"5 

37 9 ... 9113 2"21.8 0.20701 373.2781 0.00359 237.84 405.62 0.0010" 1.31555 1 ... 81 .. 

38 94.5704 2439.0 0.20480 368.7910 0.00361 237.35 38".35 0.00103 1.31"31 1 ... 255 

39 94.2287 2454.0 0.20280 3&4.3122 0.00363 236.74 365.36 0.00101 1.31307 1.3753 

40 93 . 6860 2467.9 0.20091 359.8"59 0.003&5 236.04 348.32 0.00100 1.31183 1.330& 

~2 93 . 1984 2494.5 0.19720 350.9664 0.00370 234.33 319.11 0.00098 1.30934 1.2561 

~4 92.5077 2520.5 0.19350 342.1825 0.0037t, 232.37 295.08 0.00096 1.30684 1.1974 

46 91.81U 2554.6 0.16898 333.5225 0.00378 230.25 275.04 0.00093 1.30433 1.1548 

48 91.1180 2583.4 0.18498 325.0125 0.00383 228.02 258.15 0.00091 1.30182 1.1192 

50 90.U96 2610.1 0.18120 316.6769 0.00387 225.72 243.76 0.00089 1.29930 1.0902 

52 89.7192 2635.1 0.17760 308 . 5377 0.00391 223.38 231.37 0 .000 87 1.29678 1.0&66 

54 89.0173 2659.1 0.17413 300.6150 0.00395 221.04 220.63 0.00085 1.29425 1.0474 

56 88.3142 2681.6 0.17081 292.9268 0.00398 218.72 211.24 0.00083 1.2917 3 1.0315 
58 87.6105 2702.3 0.16771 285.4884 0.00402 216.43 202.97 0.00082 1.2892 0 1.0180 

60 86.9066 2724.0 0.16456 278.3130 0.00405 214.49 195.64 0.00081 1.28668 1.0060 

65 85.1501 2786.0 0.15639 261.5869 0.00411 210.78 180.52 0.00078 1.28040 0.9818 

70 83.4061 2862.2 0.14776 246.6504 0.00"16 207.27 168.78 0.00075 1.27418 0.9692 

75 81.6851 2954.4 0.13883 233.4795 0.00418 204.10 159.41 0.00073 1.26807 0.9640 

80 79.9139 3074.7 0.13156 224.5879 0.00417 201.19 151.41 0.00071 1.2&180 0.9659 

65 7&.2693 3197.1 0.12292 214.3757 0.00416 202.29 145.08 0.00070 1.25599 0.9544 

90 7&.6635 3338.2 0.11486 20&.0&76 0.00"13 203."0 139.71 0.00069 1.25033 0.9458 

95 75.10"8 3 .. 81.5 0.10745 198.187" 0.00"09 204.63 135.10 0.000&9 1.24486 0.9403 

100 73.5871 3619.7 0.10068 190.2&57 0.00407 210.52 112.22 0.00070 1.23955 0.7847 

120 67.9484 4211.3 0.07954 165.9205 0.00390 227.28 115.50 0.00073 1.21994 0.8337 

140 62.9718 "669.6 0.06796 It,7.5332 0.00373 233."1 114.00 0.00077 1.20260 0.8"97 

160 58.5562 5027.6 0.06203 135.1813 0.0035" 233.70 111.15 0.00051 1.18773 0.8456 

180 54.6784 5338.3 0.05869 126.9584 0.00331 231.2" 108.1,1 0.0008& 1.174&0 0.8276 

200 51.2917 5579.8 0.05679 120.1748 0.00310 228. 00 106.29 0.00092 1.1&322 0.8072 

220 .. 8.29 .. 8 5794.& 0.05568 114.7806 0.00292 225.11 10 ... 90 0.00099 1.15320 0.7882 

240 45.&339 60 07.1 0.05"88 110.4232 0.00215 223.18 104.21 0.00107 1.1"436 0.1719 

260 43.2550 622&.3 0.05418 10&.7565 0.00260 222.40 104.13 0.00114 1.13&50 0.1589 

280 41.1164 6455. 3 0.05348 103.5957 0.002t,7 222.79 104.58 0.00122 1.12946 0.7t,90 

300 39.0924 6579.6 0.05464 101.2148 0.00237 224.21 105.45 0.00132 1 . 12283 0.1334 

350 34.9&76 7230.0 0.05310 96.5405 0.00210 231.53 109.11 0.00157 1.10939 0.7159 

.. 00 31 .&54 2 7926.3 0.05155 93.0932 0.00189 2"2.50 114.23 0.00184 1.09868 0.7052 

450 28.9300 8&"9.0 0.05014 90."261 0.00172 255.82 120.30 0.0021" 1.08993 O. &983 

500 2&.&473 937& . 7 0.0"896 88.2911 0.00158 270.46 126.99 0.002"7 1.08263 0.6935 

550 24.7046 10111 .0 0.04795 86.5392 0.00146 286.08 134.10 0.00283 1.01645 0. 6902 

600 23 .0 29& 10849.8 0.04108 85.0143 0.00135 302.38 1 .. 1.50 0.00322 1.01114 0.6878 

100 20.2852 123"7.5 0.04560 82.7633 0.00119 33& ... 7 156.81 0.00"0& 1.06247 O. & 850 

800 15.1285 1388&.0 0.04431 81.0261 0.00106 312.19 172.4& 0.00501 1.05570 O. &838 

900 16.3814 15417 .6 0.04312 79.6768 0.00096 409.31 188.22 0.00605 1 .050 26 0.6835 

1000 14.951& 17130.6 0.04191 78.6020 0.00088 440.5& 203.95 0.00107 1.04578 O. 69~8 

1200 12.1219 20619.3 0.03982 77.0053 0.00075 511.13 235.07 0.009~1 1.03886 0.7073 

1400 11.0702 24341. 3 0.03785 15.8835 0.00065 583.31 265.52 0.01200 1.03376 0.7195 

1&00 9.7974 28203.1 0.03&21 15.0510 0.00058 &55.30 295.22 0.01 .. 85 1. 02983 0.7306 

1800 8.78&6 3216~ .1 0.03"86 74 ... 252 0.00052 126.14 324.17 0.01794 1.02673 0.7403 

2000 1.9643 36286.7 0.03364 13.9267 0.00041 799.19 352."1 0.02129 1.02420 0.1481 

2500 &.4508 41925.6 0.03053 13.0211 0.00038 1014.43 420.22 0.03111 1 .0 1957 0.7537 

3000 5 . "076 &"025.0 0.026"5 72.2&96 0.00032 1371.13 485.01 0.04454 1.01&39 0.7249 

TWO-P~ASE BOUNDARY 
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C-2 THERMO DY NAHIC PROPERTIES OF PA~AHYDROGEN 

6D.D D HPA ISOBAR 

TEMPERATU RE VOLUHE I, OTHERH IS OCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC !TY 
OER I VA lIVE DERIVATIVE ENERGY OF SOUND 

DEG. K CU H/KG CU H-HPA/ KG HPA/K KJI KG-K KJ/KG KJ/KG-K KJ KG - K HIS 

30.999 0 . 01008 ~.5296 1 .~ ~1 -19 9 .5 <;06.6 6 .109 6.35 7.60 2356 
31 0.01006 4 . 5296 1.441 -1 99 .5 606 . 6 6.109 6.35 7.60 235 8 
32 0.01011 ~.5007 1.~35 -19~.2 61~.~ 6.359 6 . ~~ 7.9~ 2355 
33 0.0101~ 4 .4 712 1.426 -168.8 622.5 6.605 6.52 8.07 2352 
3~ 0.01017 ~.4412 1.421 -183.3 630 . 6 6.848 6.60 8.20 2349 
35 0 . 01021 4 . 41G9 1 . 4H -177.7 638.9 7.088 6.67 8.33 23 4 6 
36 0.0 1024 4. 3802 1.406 -172.0 647 . 2 7.324 6.74 8.45 23 43 
31 0 . 01027 ~. 349 1 1.399 -16 6.2 655.8 7.551 6.81 8. 57 233 9 
38 0.01031 4.3178 1.391 -160.3 664 .4 7.787 6.61 6.66 23 3 5 
39 0.01034 4. 26 "'3 1.362 -154.3 613.1 8 . 014 6 .92 8.76 2332 

40 0 . 01036 4.2545 1.374 -1 46.3 66 1. 9 8.238 6.91 8.89 2328 

42 0.01045 4.1906 1.357 -135.9 699.9 8.616 1.01 9.06 2320 
44 0.01052 4. 1263 1.339 -123.2 716.3 '1.103 1.17 '1.28 2312 
46 0.01059 4 . 0620 1 . 322 -11 0.6 736.5 9.509 7.29 9.51 23 02 
48 0.01061 3.9'179 1.303 -97.4 155.8 9 . 918 1.40 9.72 2291 
5 0 0.01014 3.9342 1.265 -63.6 175.~ 10.319 1.51 9.93 2281 
52 0 . 01062 3.6712 1.266 -69.8 795 . 5 10.712 7.60 10.12 22 70 
54 0.01069 3.8092 1.241 -55.5 615.9 11.098 1.69 10.31 2259 
56 0.ulD97 3.7484 1.228 -40.7 837.0 11.481 7. 78 10.49 2248 
56 0.01105 3 . 6688 1.209 -25.9 858 .1 11.852 1.86 10.66 2238 
60 0.01113 3.6306 1.190 -10.9 879 .6 12.217 7.94 10.84 2226 

65 0.01134 3.4936 1 . 1~1 27.9 93~.9 13 .1 01 8.16 11.27 2197 
10 0 . 01155 3 . 3690 1.092 68.3 992.4 13.953 8.41 11.72 216 7 
75 0.01171 3.2580 1.0~3 110.5 1052.1 14.777 8.71 12.18 2135 
80 0.01199 3 • 1609 0.9949 154.6 1114.2 15.578 9 .0 4 12.64 21 03 
85 0 . 01222 3.0766 0 . 9413 200.7 1178.6 16.359 9 . 40 13.11 2 071 
90 0.01241 3.0327 0.9169 249.0 1246.9 11.140 9.78 13.66 2058 
95 0.01271 2 . 9769 0.8751 299.6 1316.3 17.890 10.16 14.13 2 033 

100 0.01295 2 .9212 0 . 8370 352.3 1388.2 18.628 10.58 14.60 20 08 
120 0.01393 2.7645 0.7095 585.1 1699.9 21.465 12.10 16.33 1932 
140 0.01493 2 .6714 0.6055 842.3 2036.9 24 .0 60 12.99 17.21 1885 

160 0 . 01596 ? .5 674 0 . 5274 1110.3 2387.0 26 . 397 13.29 17.71 1849 
180 0.01701 2 . 5527 0.4682 1380.1 2741.1 28 .483 13 . 20 17 .68 1849 
200 0.01807 2 .5993 0 . 4183 1645.6 3091.1 30 . 326 12.92 17.32 1866 
220 0 . 01912 2.6204 o .3764 1903.7 3433.3 31 . 957 12.51 16.92 1878 
240 0.02017 2.6518 0.3419 2154.1 3767.6 33.412 12.24 16.55 1893 
260 0.02122 2 . 6955 0.3131 2391.7 4095.1 34.723 11.97 16.22 1912 
280 0.02226 2 .7419 o .2666 2635.8 4416.1 35.915 11.75 15.97 1930 
300 0.02336 ?6067 0.27 23 2851.0 4720.1 36.935 11. 3D 15.62 1970 
350 0.02000 2.9678 0.2305 3410.2 5490.3 39.309 10.99 15.22 2028 
400 0.02862 3.1398 0.1999 3956.0 6245.3 41.327 10 .8 3 15.00 2085 

~ 50 0.03122 3.3179 0.1765 4494.1 6991.4 43.086 10.15 14.81 2142 
500 0.03380 3.4998 0.1 581 5028 .9 7733.0 44.648 10.71 14.79 2199 
550 0 . 03638 3.6845 0.1433 5560.5 8470.9 46.054 10.68 14.74 2255 
60 a 0 . 03695 3.6711 0.1310 6091.1 '3201.2 .7.334 10 . 67 14.71 231 0 
700 0 . 04~06 ~. 2490 0.1120 7151.0 10677.3 49.602 10.69 14 . 71 2416 
600 0.04920 4 . 6316 0.0979 6214.4 12150.2 51.567 10.75 14 .7 6 2521 
900 0.05.31 5.0160 0.0670 9266.0 13631.0 53.310 10.66 14.86 2621 

1000 0.05943 5.4076 0.0783 10369.6 15123.9 54.885 11.00 15.01 2716 
1200 0.06966 6.1941 0.0653 12569.1 18162.1 57 . 642 11.36 15.36 2895 
1400 0.07990 6.9883 0.0561 14666.0 21260.4 60.049 11.78 15.80 3062 

1600 0.09016 7.7682 0.0491 17210.7 24483.1 62 .164 12.18 16.21 3219 
1800 0.10041 8 . 592" 0.0437 19736.8 27770.0 64.062 12.55 16.59 3370 
2000 0.11068 9 . 3998 o .0394 22286.0 31140.6 65.904 12.92 16.91 3513 
2500 0.13643 11 •• 287 0.0316 29015.2 39929.1 72.169 14 .06 18.16 3842 
3000 0.16255 13.4612 0.0264 36513.9 495H.2 79.032 16.06 20.36 4130 

TWO - PrlASE BOUNOARY 

360 



THERHOOY NAHIC PROPE~T IES OF PA~AHYOROGEN C-2 

80.00 HPA ISOBAR 

TEMPERATU RE DENSITY V (QH/OV~ V (OP/ DU\r -VIDP/OV'T 
-(OVlDTIp'V CON~~~~~~~TY VISCOSITY THERMAL DI ELE CTRI C PRANOTL 

OIFFUSIVTT Y CON STANT NUMBER 

OEG . K KGICU H ~J/KG HPA;C~ 0 'ZIKJ HPA 1/0EG. K W/K-~ 

X 10 3 
KG/H - S 
X 10 7 

SQ H/HR 

30.999 99 . 2" 7 .. 2 .. 32.3 0.22652 .... 9.5667 0.00321 250 .1 6 760 . 56 0.00116 1 . 33135 2."329 

31 99 . 2"72 2 .. 32 ... 0.22652 .... 9.566 .. 0.00321 250.16 760 . 5" 0.00116 1.3313 5 2."326 

32 96 .9287 2 "63.G 0.22516 .... 5.2506 0 . 00322 250.d6 713.79 0.00115 1 . 33019 2.2565 

33 96.6096 2 .. 91.7 0.2220" .... 0.9031 0.0032" 251 . 26 656 . 67 0 .0011" 1 . 32902 2. 109" 

3" 96.2896 2 516.9 0.21907 436.5263 0.00326 251.52 607."3 0.00112 1.3276 5 1.9607 

35 9 7. 9695 25 ..... 9 0.21625 .. 32.1310 0 .00 327 251 . 55 56".71 0 . 00111 1 . 32666 1.669" 

36 97.6"87 2569.5 0.21356 "27.7161 0.00329 251.39 527. .. 0 0 . 00110 1 . 32551 1 . 7726 

37 97 . 32 7 3 2592.9 0.21101 .. 23 . 2660 0 . 00330 251 . 06 .. 9 ... 63 0.00106 1 . 32 .. 3 .. 1 . 6679 

36 97.0055 261 ... 3 0.20663 .. 16.8511 0.00332 250.59 "65.69 0.00107 1. 32 317 1 . 6131 

39 96 . 6832 2633.3 0.20650 .. 1 ..... 095 0.0033'< 250.00 .... 0.01 0 . lO106 1. 32 199 1.5"62 

.. 0 96.3604 2651.1 0.20447 409.9674 0.00335 249.31 417.12 0 . 00105 1 . 32062 1 . 4666 

.. 2 95.7136 2665.2 0.20053 .. 01.0970 0.00l36 2"7 . 57 378.19 0.0010 2 1.318 .. 6 1 . 3878 

.... 95 .0 651 2718.5 0.19662 H2.2696 O.OOJ"1 245.56 3H.50 J.0010~ 1.31611 1 . 3096 

.. 6 9 ..... 152 27&0 ... 0.19192 363.5138 0 . 003"5 2 .. 3 ... 0 320.3" 0 . 00098 1 . 31375 1 . 2519 

.. 6 93 .7638 2796.3 0.16777 37".6552 0.003"~ 2 .. 1. 09 298,"9 0.00095 1 . 3 113 9 1 . 203 7 

50 93.1112 2629.6 0.16367 366.3163 0.0 a 351 236.71 260 .0 2 l.00093 1.3090 2 1 . 16"3 

52 92 .457 5 2860.9 0.18017 357.9256 a . 0035" 236.29 26" . 26 0 .000 91 1.3066& 1 . 1319 

5 .. 91.6029 2690.6 0.17661 3"9.6976 0.00357 23J . 86 250 .70 0.00089 1.30429 1 . 1053 

56 91.1,,77 2916.5 0.17323 3"1.6538 0.00360 231 ..... 236.92 0.00067 1.30193 1.0632 

56 90 ... 922 29 ..... 0 0.17007 333.6105 0.00362 229.05 226.63 ~ . 00065 1.29956 1.06"5 

60 89.83&7 2970.3 0.16669 326.1630 0.00365 227.02 219 .5 7 0 .0 006" 1 . 29 7 20 1.0 .. 60 

65 66.2001 30"3.0 0.15666 306.1377 0.00370 223.110 201 .10 0.00061 1 . 29132 1 . 0156 

70 86.5721 3129.1 0.15001 291.659" 0.00375 219 . "3 166.99 0.00078 1 . 265"6 0.9967 

75 64 .9602 3231.1 0.1"104 276.6026 0 . 00377 216. 05 175.8 9 0 . 00075 1.2797 2 0.9916 

80 83.3722 33"9.3 0.13200 263.530" 0.0037~ 213.19 166.95 0 . 00073 1.2740 6 0.9902 

65 61.6151 3"82.3 0.12316 251.7159 0.00376 21 ... 22 1 59 .6 0 0.00072 1 . 26853 0 . 976" 

90 80.16&6 3622." 0.11696 2"3.1203 0 . 00377 2110 . 82 152.93 0.00071 1.26269 0 .9725 

95 76.66"8 3761.3 0.1092 6 23 ... 236 .. 0.0037" 215 . 98 1 .. 7.72 0.000 70 1.25745 0.9663 

100 77. 22 4 3 3935.0 0.102"6 225.5657 0.00371 222.91 119.62 0 .00071 1.25231 0. 7635 

120 71.7961 "569.5 0.06170 196."620 0.00357 2 .. 0.1 9 123.2 2 0.00074 1 . 23330 0 . 6 3 60 

1 .. 0 66.9706 510 ... 0 0.06900 176.9029 0.00336 2"5.91 121.,,7 a.OOO77 1.21656 0 . 6532 

160 62.6633 5"01.5 0.06332 160.6603 0 . 00326 2 .. 5 ... 6 116.1" 0 . 00060 1.20175 0.6523 

160 56 .7805 5665 ... 0.06032 150.0"71 0.00312 2"2.20 11" . 65 0.0008" 1.18650 0.8383 

200 55.3 .. 29 595 ... 7 0.05651 1"3.6526 0.00291 236.20 112.22 0.00089 1 . 17685 0 . 8158 

220 52.3020 6161.1 0.0572" 137.0"97 0.00275 23" . 62 11 0.35 0.00095 1 . 16661 0 .7960 

2 .. 0 .. 9 .5830 6363.3 0.05632 131."833 0.00260 232.07 109.2" 0.00102 1.15750 0.7790 

260 .. 7.1312 6583.5 0.05550 127.0"11 0.OOZ"6 230.75 106.79 0.0010 9 1.11093 3 0.76"9 

260 ..... 9199 6 813." 0.05466 123.1659 0.0023" 230.67 108.91 0.00116 1.1"2 00 0.7536 

300 .. 2 . 8013 6891.6 0.05633 120.130" 0.00227 231 . 69 109.52 0 .001 25 1.13500 0.7365 

350 36,"605 7537.1 0.05"57 11 ... 14 .. 7 0.00202 238.28 112.66 0.001107 1.12076 0 . 7199 

400 3 ... 9 .... 7 6231.9 0.05283 109.7162 0.00182 2"6.66 117.51 0 .00171 1.10932 0.7062 

.. 50 32.0350 895 ... 7 0.05124 106.2877 0.00166 262.08 123."5 0.00196 1.09991 0.7 006 

500 29 . 5836 9662.6 0.0 .. 993 103.5360 0.00153 276 . 6 .. 130.1" 0.00226 1.0920 2 0 . 6952 

550 27 ... 879 10417.3 0.0"680 101.2766 0 . 001"1 292.76 137.36 0 .00 260 1 . 06531 0 . 6915 

600 25 . 6736 11156.2 0.04763 9g.3667 0.00132 309 . 55 1 ..... 9 .. 0.002g5 1.07953 0 . 6866 

700 22 .6666 12653.6 0.0"620 96.3963 0.00116 3 ..... 96 160.62 0.00372 1.0700 5 0 . 6655 

800 2 0. 3262 1"1 g 1. 8 0.0 .... 60 9".1 .. 3 .. 0.0010" 382."5 177.25 0.00"59 1.0626 0 0.6 6" 1 

gOO 16.4117 15763.0 0.0"352 92.3g06 0.00094 "21.65 193.92 0.00 555 1.0565g 0 . 6636 

1000 16.6270 17435.7 0.0"231 90.g932 0 . 00066 .... 0.56 2 10.66 0.0062~ 1 . 05163 0 . 7177 

1200 1 ... 3550 20n".5 0.0"006 86.916 .. 0.00073 511.13 2 ..... 07 0.0063" 1.0"393 0 . 73"2 

1 .. 00 12 .51 50 2 .. 6 .. 7 ... o • 0 36 0 3 67,"585 0.0006" 583.31 276 .9 6 0.01062 1 . 03822 0.750 .. 

1600 11.091g 26509.6 0.0363& 66.3863 0.00057 655 . 29 309.25 0.0131 2 1 .03362 0.7652 

1800 9.9567 32"69.6 0.03496 65.5686 0.00051 726.68 3"0.63 0.0156 3 1.0303 3 0.7762 

2000 9 .03" 6 36567.9 0.0337 .. 6".9255 0.00046 799.56 371 .7 2 0.01677 1 . 027"9 0.7691 

2500 7.3297 "8161.0 0.03065 63.766g 0.00036 1011.56 4"6.17 0.02736 1.0222 & 0 . 6011 

3000 6.1516 63952.0 0.02666 62.6475 0.00032 1356.25 517 ..... 0.03699 1 . 0166 & 0.7766 

TWO - PHASE BOUNDARY 

36 1 



C-2 THERMODYNAMIC PROPERTIES OF PARA HYDROGEN 

90.00 MPA IS03AR 

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROP Y CV CP VELOC ITY 
OEUVATIVE DERIVATIVE ENERGY OF SOUNO 

OEG . K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ / KG - K KJ KG-K MIS 

32.&1. 0.00391 ~. 872& 1. ~92 -182.9 709.3 &.197 &.~8 7 .9~ 244~ 
33 0 .00 393 4 . 8&21 1.~89 -180.9 712.~ &.291 &.51 7.99 2443 
34 0.0099& ~ . 8345 1.482 -175.& 720.~ &.531 &.59 8.12 2441 
35 0.00999 4.8 0 ~5 1.474 -170.1 728.& &.7&9 &.67 8.24 2438 
3& 0.01002 ~ • 7780 1 .4 66 -16~.6 73&.9 7.003 &. 7~ 8.3& 2~35 
37 0.01005 4.7491 1.458 -158.9 745.3 7.233 6.81 8.48 2432 
38 0.01008 4 . 7198 1.450 -153.2 753 . 9 7.461 6.87 8.59 2429 
39 0.01011 4.6902 1.441 -147.~ 7&2.5 7.685 6.93 8.69 2426 
40 0.01014 4.&602 1. 432 -141.5 771.3 7.907 6.98 8.79 2423 

42 0.01021 4.599& 1.415 -129.4 789.0 8.340 7.08 8.98 241& 
44 0.01027 4 . 5382 1.397 -U 7.1 807.2 8.762 7.18 9.17 2408 
4& 0.01033 4 . 4764 1 . 379 -10 4 .9 825.2 9.163 7.31 9.40 2399 
48 0.01040 4.4143 1.3&0 -9 1 .9 84~ . 2 9 .5 &7 7.42 9.&0 2389 
50 0.01047 4 . 3522 1. 342 -78.5 863.& 9.9&3 7.53 9.80 2379 
52 0.01054 4.2904 1.323 -6~.9 883. ~ 10.351 7.63 9.99 2370 
5~ 0.010&1 ~. 2290 1.304 - 50.9 903 . & 10.731 7.73 10.17 2359 
56 0.010&8 4.1&84 1.28& -3&.4 92~.3 U.l09 7.82 10.35 2349 
58 0.01075 4 . 1087 1. 2&7 -21.9 945.2 11.475 7.90 10.51 2339 
&0 0.01082 4 . 0500 1.248 -7.2 9&&.4 11.835 7.98 10.&8 2328 

&5 0.01100 3 . 9093 1.201 30.8 1020.9 12.707 8.21 U.ll 2300 
70 0.01119 3.778& 1.153 70 .& 1077.& 13.5~7 8.48 11.57 2270 
75 0.01138 3.6597 1.105 112.2 1136.& 14.361 8.79 12.04 2238 
80 0 . 01158 3.5532 1.058 155.8 1198.0 15.153 9.14 12.52 2206 
85 0.01178 3.4592 1.011 201.5 1261.8 15.927 9.52 13.00 2174 
90 0.01199 3.3767 0.9648 2~9.3 1328. J 1&.&8~ 9.91 13.48 21~3 

95 0.01219 3.3041 0.9199 299 . 3 139&.6 17.~25 10.32 13.93 2112 
100 0 .01 2~3 3. 2 ~90 0.89&5 351.4 1"&9.9 18.176 10.71 1".53 2100 
120 0.01329 3.0&89 0.7&15 583.5 1779.7 20 .99& 12.23 16.24 2018 
140 0.01418 2. 9813 0.6595 839.& 2116.1 23.587 13.13 17 . 24 19re 

1&0 0.01508 2.8959 0.5722 1107.7 2"6~ . & 25.913 13.~4 17.55 19"5 
180 0.01599 2.7&97 o . 508" 1377.0 2816.1 27 . 983 13.34 17.&3 1913 
200 0.01&93 2.7& 72 0.4587 1642.3 31&5.9 29.82& 13.04 17 ."0 1921 
220 0.01787 2.8492 0.4157 1900.9 3509 . 1 31.462 12.&9 16.95 1951 
240 0.01880 2.8914 0.3780 2152.1 3844.1 32.920 12.3& 1&.55 19&8 
2&0 0.01972 2.9172 0.3463 239&.6 4171 . 6 34.231 12.08 1&.24 1980 
280 0.020&5 2.9541 0.3196 2&35.4 4493.5 35.424 11.8& 15.99 1995 
300 0.021&3 3.0270 0.3042 2846.3 4795.1 3& . 437 11.3& 15.65 2042 
350 0.02397 3.1770 0.2578 3409.2 55&6.& 38.815 11.04 15.25 2095 
400 0.02&29 3.3404 0.223& 395&.& &323.0 40.83& 10.68 15.0 2 2147 

450 0.02S&0 3.5114 0.1975 4496.3 7070.3 42.598 10.81 1~.89 2200 
500 0.03090 3.6874 0.17&9 5032.4 7813.0 44 .162 10.75 1~.81 2253 
550 0.03318 3.86&7 0.1&03 55&5.3 8551 . & ~5.570 10.7J 14.75 2306 
&00 0.035~& 4.048& 0.146& &097.0 9288 . 5 4&.851 10.71 1~.72 2358 
700 0 . 0~001 ~.~178 0.1253 7158.7 10759.5 ~9.120 10.7J 1~.71 24&1 
800 0.04455 4.7929 0.109& 8223 .7 12232.8 51.086 10.79 1~.7& 2561 
900 0.0~908 5.172& 0.097~ 929&.5 13713.8 52.828 10 .89 14.86 2657 

1000 0.053&2 5.55&1 0.0877 10381.2 1520&.& 5~ .404 11.03 15.01 2749 
1200 0.062&9 6.3323 0.0731 12602.3 18244.4 57.1&0 11.39 15.37 2924 
1~ 00 0.07177 7.t 179 0.0&28 14902.4 213&2.0 59 . 5&7 11.80 15.80 3087 

1&00 0.08087 7 .9107 0.0550 1728&.0 2456~ . 0 &1 .6 82 12.20 1&.21 32~1 
1800 0.08997 8.7088 o • 0 ~ 90 19752.8 27850.2 &3 . 579 12.57 16.59 3390 
2000 0.09909 9 . 5111 O. 0 ~ 42 22302 .2 31219.9 65.420 12.94 1&.97 3531 
2500 0 . 12194 11.5300 0.0354 29027.3 ~0002.2 71.683 14.05 18.1 3 3857 
3000 0.14512 13.5&13 0.029& 3&~97.5 ~9558. 7 76.53~ 15.98 20 . 24 4144 

TWO-P1ASE BOUNDARY 

302 



THERMOOYNAHIC PROPERTIES OF PARAHYOROGEN c- z 

90.00 HPA ISOBAR 

tEMPERATURE DENSITY VIOH/OV~ V IOP/OU)V -v IOP/OV)T -IOV/DT~VCON~~~~~~iTY V ISCOSIT Y THERMAL OIELECTRIC PRANOTL 
OIFFUSIVITY CONSTAN T NUHB ER 

OEG. K KG/CU H KJ/KG MPA;C~O~/KJ HPA 1/0EG. K W/K-M KG IM-S SQ M/H R 
X 10 3 X 10 7 

32.&1" 100.871" 2&1& ... 0 . 22833 "91.5039 0.0030" 2&3 .&1 857.52 0.00118 1.33730 2 .5839 

33 100.7531 2 &29.0 0.227 07 "89.8700 0.0030" 2&3.77 827.99 0.00118 1.33&87 2 . 5091 

3 .. 100 ..... &7 2 &&1.2 0.2238& "85.&133 0 .00305 2&" .08 759.30 0.00117 1.33575 2.33"9 

35 100.1"01 2&91.8 0.22082 "81.3228 0.0030& If,''.l& 700.18 0.00115 1.33"&2 2.1852 

3& 99.8333 2721 .1 0.2179" "77.0030 0.00307 2&".0 .. &"8.95 0.0011" 1.33350 2 .0556 

37 99.52&" 27 .. 8. 9 0.21519 .. 72.&58& 0.00308 2&3.73 &0 .. . 29 0.00113 1.33238 1.9"28 

38 99.2193 2774.7 0.212&5 468.2939 0.00310 263.28 5&5.12 0.00111 1.33125 1.8 .. 3& 

39 98.9121 2797 . 8 0.2103& "63.9132 0.00311 2&2 . &9 530.59 0.00110 1.33013 1.755 .. 

.. 0 98.&0 .. 8 2819 . & 0.20819 "59.5205 O. 00312 2&1.99 "99.99 0.00109 1.32900 1.677" 

.. 2 97.9899 2 8&1.3 0.20398 "50.7152 0.0031" 2&0 . 22 .... 8 ... 0 O. 00 10& 1.32&7& 1.51077 

.... 97.37"5 2902 .1 0.1998" .... 1.9079 0.00316 258.1& "0&.6" 0.0010" 1.32"51 1 ..... 5& 

.. & 9&.7587 2951 .9 0.19"92 .. 33.12&8 0.00318 255.91 372.86 0.00101 1.32227 1.3&90 

.. 8 9&.1 .. 2& 2995 . 2 0.19059 .. 2 .. . 3983 0.00321 253.52 3 ..... 72 0.00099 1.32003 1.3053 

50 95.52&2 30 35 ... 0.18&5 .. ..15.7 .. 70 0.00323 251 . 0" 321.1" 0.00097 1.31778 1.2531 

52 9".9095 3073 . 2 0.18270 .. 07.1958 0.00325 2"8 .52 301.17 0.0009" 1.3155" 1.2101 

5 .. 9 ... 2927 3109.1 0.1790 .. 398.7&&1 0.00327 2"5.98 28".10 O. 00 092 1.31330 1.17"& 

5& 93.&758 3142.8 0.17557 390."774 0.00329 243."5 2&9.39 0 .0009 0 1.31107 1.1"50 

58 93.0530 3173.& 0.1723" 382.3"78 0.00331 2,,0 .9& 256.61 0.00089 1.30883 1. 1198 

&0 92 ..... 2& 3205.0 0.1&910 37".3937 o. 00333 238.83 2 .. 5 ... 3 0.00087 1.30&&0 1.0978 

&5 90.90"1 3289.9 0.1&078 355.3&82 0.00338 23 ... 7& 222.87 0.00084 1.30105 1.0552 

70 89.3730 3387.9 0.15207 337.7071 0.003"1 230.85 205.89 0.00080 1.29553 1.0316 

75 87.85"5 3501.5 0.110308 321.5186 0.003 .... 227.26 192.71 0.00077 1.29008 1.0209 

80 86.35"5 3631." 0.13"02 306.83"6 O. 003 .. 5 22 ... 18 182.23 0.00075 1.28"71 1. 0178 

85 8".8790 377&.9 0.12513 293.6117 0.003 .... 225.18 173.71 0.00013 1.279"3 1. a a 32 

90 83."336 3935.9 0.11663 281.7316 O. 00342 226.16 166.66 0.00072 1.27"28 0.9933 

95 82.0230 "105 ." 0.10869 271 .011" 0.00339 227.2" 160.73 0.00072 1.26927 0.9856 

100 80."&51 "237." 0.10"03 2&1."332 0.003"3 23 ..... 0 126.52 0.00072 1.2&37 5 0.78"3 

120 75.2353 .. 92".3 0 .06 272 230.886& 0.00330 252.31 130.51 0.00074 1.2"532 0.8"00 

1 .. 0 70.503& 5"9".3 0.0712" 210.1927 O. 0031 .. 257.76 128.&1 0.0007& 1.22860 0.8&01 

1&0 &&.3292 5892.5 0.0&"18 192.0795 0.00296 25&.71 12".87 0.00079 1.21,,35 0.8538 

160 &2.5 .. 00 &OC8 . 2 0.0&09" 173.2180 0.00293 252.7" 121.11 0.00083 1.20132 0.8450 

200 59.0710 E2 a a .8 0.0595 .. 1&3."&13 0.00281 2"8.05 116.00 0.00087 1.18948 0.8278 

220 55.9&59 &5 0 2.8 0.05852 159."60& O. 002&1 2"3 .85 115.&9 O. 00093 1.17695 0.8042 

2 .. 0 53.1923 & 7 34.3 0.05750 153.798" 0.002"& 240.73 114.19 0.00098 1.1&9&0 0.7851 

2&0 50.702& &935.2 0.0565" 1"7.9067 0.0023" 236.91 113.39 0.0010" 1.1&12" 0.7707 

280 "8.4373 7157.2 0.055&" 1103.0900 0.00223 238.39 113.22 0.00111 1.153&8 0.7592 

300 .. &.2315 7199.7 0.05793 139.9 .... 3 0.00217 239.0" 113.57 0.00119 1.110&3 .. 0.7"35 

350 .. 1.71&7 78101.3 0.05595 132.535" 0.0019" 2 ..... 93 116.2" 0.00139 1.131" 3 0.7238 

.. 00 38.0322 8535.3 0.05"02 127.0"13 0.0017& 255 .13 120.78 0.001&1 1.1193& 0.7112 

.. 50 3 ... 9& .... 9258.7 0.05228 122.7753 0.001&1 2&8 . 21 12&.58 0.00185 1.10938 0.7029 

5 00 32.3&71 9987.5 0.05083 119.3503 0.001"8 263.06 133.2& 0.00213 1.10098 0.&970 

550 30.1370 10723.0 0.0"959 11&.5315 0.00136 299.30 1 .. 0.5& 0.002"2 1.09380 0.&928 

&00 26.199& 11 .. 62.5 0.0"853 11".1&75 0.00128 31&.52 1"6.32 0.0027" 1.08759 O. &898 

700 2 ... 99 .. 7 129&0.7 0.0"&75 110.4230 0.00114 353.2& 1&".75 0.003"& 1.07737 O. & 8&1 

800 22 ..... 65 1 .... 98 . & 0.0 .. 52 .. 107.59 .... 0.00102 392.50 161.95 0.00"2& 1.0&930 0.68"3 

900 20.37 .... 1&089.& 0.0"388 105.389& 0.00092 "33.85 199.57 0.0051& 1.0&27& O. & 837 

1000 18.&513 177102.0 0.0 .. 2&0 103.&291 0.00085 440.5& 217."0 0.005&7 1.0573" 0.7"05 

12 00 15.951& 21230.& a • 0 .. 0 26 101.010" 0.00012 511.13 253.25 0.00750 1.04690 0.7&17 

1 .. 00 13.9327 2 .. 953.& 0.03618 99.1723 0.00063 583.30 288.89 0.00954 1.04262 0.1825 

1600 12.3&59 28815.3 0.03&46 97 .8 224 0.0005& 655.28 324. 0& 0.01111 1.03776 0.8011 

1800 11.1146 327 73.5 0.0350& 9&.7950 0.00051 72&.&3 358.&5 0.01419 1.03389 0.8187 

2000 10.0923 3&887.5 0.03381 95.9893 0.000"& 799.36 392.&1 0.01680 1.03074 0.8334 

2500 8.200& "8404.0 0.03074 94.5528 0.00037 1009.19 474.83 0.024 .. 3 1.02493 0.8532 

3000 &.890& &3938.3 0.02&87 Q3 .4"58 0.0003Z 13"3.Q3 553.83 0.03"&9 1.02092 0.83"1 

TWO-P~ASE BOUNOARY 
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C-l THERMOOYNAHIC PROPERTIES OF PARAHYOROGEN 

100 MPA ISOBAR 

TEHPERATURE VOLUHE ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC lTY 
OERIVATI~E DERIVAT IVE ENERGY OF SOUND 

DEG. K CU "/KG CU H-~FA/KG HPA/K KJ/KG-K KJ/KG KJ/KG-K KJ KG-K HIS 

3~. 169 0.00977 5 . 2095 1.542 -166.3 810 . 4 6.279 6.60 8.08 2527 
35 0.00979 5.1881 1.535 -161.9 817.2 6.474 6.66 8.18 2525 
36 0.00982 5.1618 1.526 -156 . 5 825.4 6.706 6.73 8.30 2522 
37 0.00985 5 • 1350 1.517 -151 .0 833.8 6.935 6.81 8.~1 2520 
38 0.00988 5.1 078 1.508 -145.4 8 4 2 . 2 7.161 6.87 8.52 2517 
39 0.00990 5. C 8 01 1.499 -139. 7 850 .8 7.3 84 6.93 8.62 2514 
40 0.00993 5.0520 1.490 -133.9 S59.5 7.603 6.98 8.72 2511 

42 0.00999 4.9948 1.472 -122.t 877.1 8.033 7.09 8.90 2505 
44 0.01005 4 . 9365 1.453 -110.1 895.1 8.452 7.19 9.09 2498 
46 0.01011 4.8773 1.434 -98.2 913.0 8.848 7.32 9.31 2~90 
48 0.01017 4.8175 1.415 -85.4 931.8 9.249 7.44 9.51 2481 
50 0.01023 4 . 7573 1.396 -72.3 951 .0 9.641 7.55 9.70 2472 
52 0.01029 4.6971 1.377 -58.9 970.6 10.025 7.66 9.88 2462 
54 0.01036 4.6369 1.359 -45.2 990.5 10.401 7.76 10.06 2453 
56 0.01042 4.5771 1.340 -31.0 1011.1 10.775 7.85 10.23 24~3 
58 0.01048 4.5178 1.321 -16.7 1031.7 11.137 7.93 10.40 2~33 
60 0.01055 4.4591 1.302 -2.2 1052.7 11.493 8.02 10.56 2~23 

65 0.01071 4.3169 1.255 35.2 1106.5 12.355 8.26 10.99 2396 
70 0.01088 4.1826 1.209 74.3 1162.6 13.185 8.54 11.44 2367 
75 0 .0110 6 4.0581 1.162 115.4 1221.0 13.991 8.87 11.92 2336 
80 0.01123 3.9448 1.116 156.5 1281.6 14.776 9.23 12.41 2304 
85 0.01141 3.6~31 1.070 203.9 1345.1 15.543 9.62 12.91 2272 
90 0.01160 3.7530 1.024 251.4 1 411 .0 16.296 10.03 13.41 22~0 
95 0.01178 3.6737 0.9796 3D 1.2 1479.2 17.034 10.44 13.89 2210 

1 DO 0.01197 3. 6035 0.9357 353.3 1549.8 11.758 10.86 14.34 2181 
1 20 0.01276 3.3346 0.8066 584.0 1860.0 20.580 12.38 16.19 2086 
140 0.01355 3.1 S87 0.7030 839.3 2194.3 23.155 13.28 17.25 2039 

160 0.01437 3.1972 0.6180 1107.5 2544.5 25.493 13.59 17 .53 2031 
180 0.01517 3.1143 0.5439 1377 . 3 2893 . 9 27.551 13.~9 17.~2 2005 
200 0.01597 2.9502 0.~91~ 1642.2 3239.6 29.372 13.18 17 .36 1971 
220 0.01684 2 . 9419 0.4488 1900.6 3584.7 31.017 12.62 17 .09 1961 
2~0 0.01768 3.0865 0.4119 2152.3 3920.5 32.478 12.48 16.60 2026 
260 0.01852 3.1 323 0.3779 2397.5 42~9.2 33.794 12.20 16.26 2044 
280 0.0193~ 3.1686 0.3~88 2637.2 ~5 71. 2 34.988 11.97 15.99 2057 
300 0.02024 3.2500 0.335~ 2847.0 4870.5 35.991 11.42 15.67 2112 
350 0 . 022 34 3.3883 0.2846 3409.3 5643 .3 3a.373 11.10 15.26 2159 
400 0.02443 3 . 5426 0.2470 3958.2 6400.9 40.398 10.94 15.05 2208 

450 0.02650 3 .7063 0.2182 4499.3 7149.3 42.162 10.86 14.92 2257 
500 0.02856 3 . 8759 0.1955 5036.7 7892.9 43.728 10.60 14.82 2306 
550 0.03061 4.0497 0.1771 5570.9 6632.3 45.137 10.77 14.77 2356 
60 a 0.03266 4 . 2264 0.1620 6103.7 9369.9 46.419 10.76 14.73 2~06 
700 0.03674 4 . 5866 0.1385 7167 ... 10841.7 4 8.& 90 10.77 14.72 2504 
800 0 . 0~082 4.9536 0.1210 8233.9 12315.4 50.656 10.82 14.76 2599 
900 0.04488 5.3261 o . 1076 9308.1 13796.5 52.399 10.93 14.86 2692 

1000 0.04895 5. 7030 0 . 0968 10393.9 15289 . 2 53.974 11.06 15.01 2781 
1200 0.05710 6 . 4676 0.0808 12616.8 18326.5 56.730 11.42 15.37 2951 
1400 0.06525 7.2439 0.0694 14918.2 21443.4 59.136 11.83 15.80 3110 

1600 0.07342 8.0286 0.0609 17302.8 24644.6 61.251 12.23 16.21 3262 
1800 0.08160 S.8200 o • 0542 19770.4 27930.0 63.148 12.59 16.58 3408 
2000 0.08978 9 . 6165 0.0489 22320.2 31298 . 6 64.988 12.96 16.96 35~8 
2500 0.11033 11. 6239 0.0392 29042.2 40074.7 71.248 1~. 05 18.11 3871 
3000 0.13115 13.6469 0.0328 36~88.4 49603.8 78.089 15 . 91 20 .1 ~ 4156 
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THERHOOYNAHIC PROPERTIES OF PARAHYOROGEN C-Z 

100 HPA ISOBAR 

TEMPERATURE OENSI TV V(OH/OVI V(OP/OUI -V(OP/OVI -(OVIOTlIV THERHAL VISCOSITY THERHAL DIELECTRIC PRANOTL 
P V T P CONOUCTIHTY OIFFUSIVITY CONSTANT NUHBER 

OEG. K KG/CU H KJ/KG HPA;C~O~/KJ HPA lIDEG. K W/K-H 
X 10 3 

KG/H- S 
X 10 7 

SQ H/HR 

34.1&9 102.3875 279&.3 0.22830 533.3893 0.00289 27&.2& 937.81 0.00120 1.34287 2.7 .. 3& 

35 102.1"17 2825.5 o .225&0 529 .9 203 0.00290 27&.34 870.98 0.00119 1.3"197 2 .57 91 

3& 101.84&0 2859." 0.22250 525 .7 090 0.00290 27&.25 800.91 0.00118 1.3"088 2.40&5 

37 101.550 .. 2891.7 0.21955 521."&25 0.00291 275.9& 740.27 0.0011& 1.33980 2.2570 

38 101.2550 2921.8 0.21&82 517 .1 855 0 .00 292 275 . 51 &87."& 0.00115 1.33871 2.12&3 

39 100.9598 29"9.0 0.21436 512 .8820 0.00292 274.92 &41.22 0.0011" 1.337&3 2.0108 

.. 0 100.&&"7 2974.8 0.21203 508.55&" 0.00293 274.20 &00 .50 0.00112 1.33&55 1.9090 

.. 2 100.0751 3024.3 0.2075 .. "99.854& 0.0029" 272.38 532 .43 0.00110 1.33 .. 39 1.740& 

.. 4 99 ... 8&1 3072.7 0.2031" 491 .1104 0.0029& 270.25 478.19 0.00108 1. JJ223 1. & 0 8& 

.. & 98.8978 3130.& 0.19798 482.3525 0.00297 267.90 43".26 0.00105 1.33008 1.5088 

48 98.3099 3181.3 0.19345 473.&07& 0.00299 2&5.41 398.20 0.00102 1.32793 1 ... 2&3 

50 97.722& 3228.6 0.18922 "&4.900& 0.00300 262.83 3&8.22 0 . 00100 1.32578 1.358& 

52 97.1359 3273.1 0.1852" .. 5&.2550 0.00302 260.20 3"3.02 0.00098 1.323&" 1.3028 

54 9&.549& 3315.5 0.18144 .... 7.6927 0.00303 257.54 321.&3 0.00095 1.32151 1.2565 

5& 95.9&39 3355.2 0.1778& 439.23"0 0.00305 25".90 303.31 0 .00093 1.31937 1.2178 

58 95.3788 3391.6 0.17 .. 5 .. 430.6979 0 .00307 252.29 287.50 0.00092 1.31725 1.1849 

&0 9".7943 3"28.5 0.17122 "22.7017 0.00308 250.0& 273.74 0 . 00090 1.31512 1.15&3 

&5 93.3370 3526.6 0.16276 402.92"4 0.00312 245.76 2"&.24 0.0006& 1. J0984 1.1009 

70 91.8870 3637.2 0.15396 38 ... 32 .. 9 0.00315 2 .. 1. & 7 225.80 0.00083 1.30"59 1. 0 &90 

75 90 ..... 80 37&3." 0.1 .... 96 367.0"97 0.00317 237.8& 210.1" 0.00079 1.299"0 1.0529 

80 89.0241 3905.9 0.13589 351.1813 0.00318 23".58 197.82 0.0007& 1.29"28 1.0 .. &8 

85 87.&203 .. 0 &".2 0.12700 33&.73&6 0.00318 235.5" 187.92 0.00075 1.28924 1.030" 

90 8&.241" 4236.7 0.118"8 323.&679 0.00317 236 ... 6 179.81 0.0007" 1.28 .. 30 1.0197 

95 8".8920 .. "21.2 0.11049 311.8&6 .. 0.0031" 237 ... 8 173.06 0.00073 1.279"8 1.0120 

100 83.5760 .. &14." 0.10311 301 .1& 90 0.00311 2"5.13 132.99 0.0007" 1.27"79 0.7778 

120 78.3682 5246.8 0.08312 261.3250 0.00309 263.75 137."3 0.00075 1.25634 0.8"38 

140 73.799" 5791.3 0.0717& 23&.0&05 0.00298 2&9.09 135."& 0.0007& 1.2"029 0.6&82 

1&0 &9.5909 6312.1 0.0&53& 222.4929 0.00278 2&7.50 131.38 0.00079 1.225&3 0.8&11 

180 &5.93&3 &578." 0.0&11" 205.3"81 0.00265 262.90 127.19 0.00082 1.21299 0.8"29 

200 &2.602" &52 ..... 0.05955 16 ... &887 0.002&& 257.59 123.&" 0 .00085 1.20154 0.8333 

220 59.3817 &&50.9 0.05898 17 ... &977 0.00257 252.80 120.93 0.00090 1.19054 0.8174 

2 .. 0 5&.5559 703& .2 0.0583& 17".5602 0.0023& 2 .. 9.1& 119.06 0.0009& 1.18095 0.7933 

2&0 54.0061 7278.9 0.05737 1&9.1&37 0.00223 2"6.88 117.94 0.00101 1.17234 0.77&6 

280 51.7071 7513.4 0.05&33 1&3.840& 0.00213 245.9& 117."8 0.00107 1.16"61 0.7639 

300 49.4193 750 ... 2 0.05944 1&0.&133 0.00209 2"&.25 117.58 0.0011" 1.15&95 0.7"83 

350 .. 4.7&43 81"2.5 0.05726 151.&740 0.00188 251."8 119.78 0.00132 1.141"8 0.727& 

.. 00 "0.9388 883&.4 0.05515 1"5.0297 0.00170 2&1.29 124.03 0.00153 1.12888 0.7143 

450 37.73&1 95&1.1 0.0532& 139.8609 0.0015& 27".23 129.&8 0.00175 1.118"0 O. 7053 

500 35.0120 10291.3 0.051&8 135.70"1 0.0014" 289.17 136.33 0.00201 1.10953 0.6989 

550 32.&639 11028.1 0.05033 132.2775 0.00134 305.65 1"3.70 0.00226 1.10193 O. &9 .. 3 

600 30.61&9 11766.7 0.0"918 129.3991 0.00125 323.29 151.62 0.00258 1.0953" 0.&909 

700 27.2161 132&6.3 0.0"725 12".6291 0.00111 361.32 1&8.59 0.00325 1.08 ...... 0.6667 

800 2".5007 1"806.7 0.0 .. 5& .. 121.3674 0.00100 402.34 18&.57 0.00"00 1.07580 0.6847 

900 22.2795 16397.7 0.0 .... 19 118.&&28 0.00091 .... 5.92 205.17 0.00"85 1.0667& O. &839 

1000 20.4277 18050.0 0.04285 116.4995 0.00083 440.56 224 .1" 0.00517 1.06292 0.7&34 

1200 17.51"1 21538.1 0.04043 113.2714 0.00071 511.13 262.64 0.00&8" 1.05378 0.7898 

1400 15.3253 25260 .6 0.03629 111.0148 0.00063 583.30 301.29 0.008&7 1.0 .. 695 0.8159 

1&00 13.6206 29121.1 0.0365" 109.35 .. 7 0.00056 655.28 339.74 0.01069 1.0"165 0.8403 

1800 12.2556 3307&.7 0.03512 108.0935 0.00050 726.59 377.78 0.01287 1.03742 0.6&22 

2000 11.1379 37185.9 0.03365 107.1068 0.00046 799.20 415.31 0.01523 1.03397 0.6814 

2500 9 .06"1 .. 8652.2 0.03080 105.3609 0.00037 1007.18 50&.73 0.02209 1.02758 0.9111 

3000 7.6246 63967.6 0.02702 104.0528 0.00031 1333.50 595.02 0.0312& 1.0231& 0.8988 
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Table C-5b 

Thermodynamic Properties of Coexisting Gaseous and Liquid 
Parahydrogen (English Units) 
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C-Sb ThEPHOIl YNAHI C PROPER TIES OF COEXISTING GA SEOUS ANO LI QUIO PARAHYOROGEN 

TEMPERATURE PRESSURE ISOTHERM ISOCHORE INTE RN AL ENTHALPY ENTROPY CY CP YELOC lTY SURFACE 
OERI~A Tl~ E OERI ~ A Tl ~ ~ ENERGY OF SOUND LB~i~S!O~o S DE ... R PSIA CU FT-P~IA/LB PSIA /R BTU/LB B TU/L B BTU/LB-R BTU I LB - R FTISEC 

2~ . 8~5 1.0 2 272~ . lS 7~.~014 -132. 90 7 -132 . 867 1.18663 1.117 1.521 41~6 1. 70 77 
2 ~. d~5 1. 02 128.17 0 .0~ 20 36 . 2 ~1 60.357 8.%636 1.~8~ 2.513 1003 

26 1 . ~6 2593 . (5 7~. 0651 -131. 08 1 -131. 0 2~ 1.2 58~8 1.1~9 1.596 ~085 1. 6~ 69 
26 1.~ 6 132.85 0. 0578 37 . 759 62 . 8 79 8.71777 1.487 2. 532 1024 

2 8 2 . 55 2~05 . ~6 72.2360 -1 27 . 744 -127. 6 44 1.38 21~ 1.203 1.709 3979 1. 5419 
28 2 . 55 14C.16 0 . 0952 40. 277 67 . 062 8.33642 1.496 2.5 73 1057 

30 4.17 2186 . 59 70 . 8869 -1 24.175 -1 24 . 009 1.50 529 1. 253 1.644 3860 1.4374 
30 4.17 146.32 0 .148 0 42.6 32 70. 977 6.00510 1.507 2 . 627 1067 

32 6.45 l Q97 . 29 69 . 64 60 -1 20.361 -120.10 0 1.62845 1.299 1.964 3759 1.3333 
32 & 6 4~ 151 . 19 0.2194 44.801 74. 584 7.71284 1.520 2 . 695 1114 

3 4 9 .53 1850.5Q 68 .34 6 4 -116. 288 -115.897 1.75202 1.339 2 .12 0 3684 1.2298 
34 9 . 5J 1 54 . 63 0 . 3135 ~6. 759 77 . 6 46 7.45133 1.535 2.778 1139 

36 13. 56 17 1 0 • 97 66 .8805 -111. 94 4 -111. 379 1.87637 1. 37~ 2.259 3610 1.1267 
36 13. 56 156.53 0 .43~ 8 48.482 80.729 7. 21406 1.551 2.879 1160 

36 .4 83 1~ . 70 1647.83 66 . 50 1 0 -110.653 -110. 237 1.90656 1. 361 2.310 3573 1.1019 
36.483 14 .7 0 156.83 0 .4 675 46.872 61.45 2 7.16223 1.555 2.904 1165 

38 18.69 152 0 . 71 65 . 2 ~2 2 -1 07 . 311 -10 6 . 517 2.00193 1.403 2.440 3500 1 . 0243 
38 16 . 69 156.84 0 . 5871 49. 95 4 83. 256 6.99812 1.567 2 .99 8 1179 

40 2 5.09 13~8.5~ 63.3569 -102. 36~ -101. 2 77 2.12926 1. ~27 2 . 635 3396 0.9225 
40 25 .0 9 155 . 23 0 . 7799 51.110 85 .199 6.79381 1.584 3.146 1195 

42 32.91 !l87 . 64 61 . 0993 - 97 .075 -95.616 2 . 25695 1.446 2.845 3290 o • 821 3 
42 32 . 9 1 151. <5 1.0203 51.921 66. 614 6.600 55 1.601 1.331 1209 

44 42.33 1025.43 56 .4 067 -91.407 - 89.486 2.39170 1.462 3.090 3169 0.7209 
104 42 . 33 145.98 1. 319 0 52 . 332 87.431 6.41516 1.619 3.566 1220 

106 53 . 51 857 .66 55.2132 -85.315 -8 2.8 19 2.52842 1 . 475 3.396 3025 0 . 6214 
46 5 3.51 13 8 . 03 1.6912 52 . 27~ 87.546 6 . 23433 1.639 3.875 1230 

48 66 .62 70E . 72 51 . 5351 -78.7 33 -75. 527 2.67035 1. ~ 90 3.746 2869 0.5228 
48 66 . 62 127 . CO 2 .1 58~ 51 . 645 86.817 6.05448 1.663 4.300 1236 

50 81 .84 545.41 <t7.51070 -71.555 -67.~71 2. 81951 1.508 4.295 2683 0.4253 
50 61.84 1110.38 2 .7535 50 .3 02 85.043 5.87141 1 . 693 4.919 1241 

52 99.33 393 . 40 43.1688 -63.61~ -58 .437 2.97913 1.529 5.1~2 2475 o • 32 92 
52 99.33 97.95 3 . 5294 48 . 022 81.916 5.67958 1 . 734 5.892 1242 

54 119.30 27 0 . 29 38 .34 58 -54.614 -4 8.053 3.15485 1.556 6.355 2261 0.2348 
5 4 119.30 77 . 63 4 . 5820 44 .410 76. 912 5 .4 7014 1.792 7.646 1239 

56 142.03 151.32 32 .6351 -43.939 -35. 5 4 0 3.35871 1.596 90131 2003 0.1427 
56 142 . 03 52 . 14 6 .1 211 36 . 627 68.943 5.22531 1.881 11.782 1230 

56 167 . 65 5 0 . 12 25 .94 66 - 29 . 60 2 -16.442 3.63008 1 . 674 20.272 1677 0.0544 
58 167.85 23 . 510 8 .7 360 28 . 004 54.564 4.8694 6 2 . 071 27.496 1203 

59 .3 5 7 167.51 15.4925 -2.215 15. 224 ... 17692 0.0000 
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THlRHOOYNAMIC PROPERTIES OF COEXISTING GASEOUS ANO LIQUIO PARAHVOROGEN C- Sb 

TEMPE RAT URE OENSITV V (OH/OVl P V (OP/OUlV - V (OP/OVlT (OV/OT~VCON6~~~~:~TY VISCOS ITY THERMAL OIELEC TRIC P RANOTL 
OIFFUSIVITY CONSTANT NUMOE ~ 

DEG. R LB/CU F T BTU/LB PSIA - CU FTlBTU PSIA 1/0EG . R BTU/FT-HR-R LB/FT - SEC 5Q FT IHR 
X 10 5 

2 4. 645 4 . 60626 2& 7.64 13.853 13096.4& 0 . 005&602 0.04199 1.713 0.00574 1.25159 2.2345 
2 4. 645 0.00764 &r.15 3 . &09 1.00 0 . 04176&0 0.00719 0.049 0.3&492 1 . 0003R 0.&231 

2 & 4 . 77434 2 &&. 7& 13 . 500 12360 . 10 0 . 005962& 0.04551 1 . 570 0 . 00597 1 . 249&6 1.9821 
2 & 0 . 01 077 &2. &5 3 . &09 1 . 43 0 . 0404077 0 . 00739 0 . 052 0 . 2 707 8 1 . 00052 O. &,424 

2 8 4 . 71359 2&6 . 27 12.740 11336.37 0.00&3709 0 . 05004 1 . 371 0.00&21 1 . 24&2& 1.&857 

2 6 0 . 017&5 &~. 82 3.&08 2 . 47 0.0364993 0.00775 0.057 0 . 1705 8 1 . 00065 O. & 757 

3 0 4 . &5003 264.4& 12 . 1&3 101&7.&9 0.00&9716 0 . 05297 1.21& 0.00616 1 . 242 7 0 1 . 5241 

30 0 . 02724 70.7& 3 . &05 3.99 0 . 0371221 0 . 00813 0 . 0&1 0.113&1 1 . 00132 0. 7094 

32 4 . 58321 2 &0.77 11.699 9153 . 99 0.0076063 0.05489 1.093 0.00&04 1 . 23695 1.4217 
32 0.04006 74.41 3 . 6G2 &.0& 0.03& 2124 0.0085& 0 . 0&5 0 . 07n9 1 . 00194 0.7,.19 

34 4 . 512&& 256 . 99 11.309 8351.08 0 . 00616lt1 0 . 05&01 0 . 991 0. 0056 & 1 . 23501 1. 350 0 

34 0.05675 77.74 3.&00 8.78 0 . 0357316 0 . 00904 0 . 070 0 . 05734 1 . 00274 0 . 7746 

36 4.43762 2 5b. 43 10 . 970 7592 . 98 0.0066062 0.05&90 0.90 & 0.005&6 1 . 23083 1.2942 

3& 0 . 077 6 7 6 0 .70 3.&00 12 . 19 0 . 035&683 0.009&2 0.0 7 5 0 . 04291 1.00376 0 . 6042 

I 

3&.4 63 4 . 419 0 3 252 . 91 10 . 895 7281.80 0 . 0091325 0.05720 0 . 887 0.005&0 1 . 22978 1 . 2893 

36. 463 0.06353 61 . 37 3.&00 13.10 0.0356912 0.00979 0 . 07& 0 . 04037 1 . 00404 0.6a90 

38 4 .356 0 1 247.85 10.&71 &&27 . 26 0 . 0096445 0 . 05793 0 . 832 0 . 00545 1 . 22639 1.2620 

36 0 . 10395 83.26 3.604 1& . 30 0 . 03&0086 0.0103& 0.079 J . 033Zs 1 . 005 0 3 0 . 826& 

40 4 . 272 4 3 239.&1 10.392 5761.53 0.010Q9&9 0 . 05643 0 . 768 0 . 00519 1 . 221&3 1 .24&7 

4 0 0.13&29 65 . 35 3 . &13 21.16 0.03&6&34 0 . 01117 0 . 084 0 . 02&04 1 . 00&59 0 . 8540 

42 4 . 16010 231 . 15 10.110 49&4.43 0 . 0123074 0 . 05648 0 . 711 0 . 00492 1 . 2165Z 1 . 2 44 4 

42 0 . 175&6 8 & .97 3.&27 2&.64 0 . 0362948 0.01204 0 . 089 0.02056 1. 00850 0 . 6876 

44 4 . 0 7 9 7 5 221 . 33 9 . 795 4163.48 0 . 0139&13 0 . 05811 0.656 0 . 004&1 1 . 21096 1 . 2603 

44 0 . 22335 88.13 3 . b46 32.60 0.0404560 0 . 01301 o . 094 0.01634 1 . 01 08 2 0 . 9 3 07 

4 6 3.96975 209.44 9 . 426 3404.&9 0.01&Z168 0.05 7 34 0 . &10 0 . 00425 1. 20492 1. 3009 

46 0 . 28094 88.66 3.673 38.76 0 . 043&108 0.01411 0 . 100 0 . 0129& 1 . 013&3 0 . 96&8 

46 3.6476& 197. && 6 . 969 2719.35 0.018g513 0.0561& 0 . 56 4 0 . 00390 1 . 19823 1 . 3554 

48 0 . 35076 89.17 3.701 44 . 76 0.0462254 0.01539 0.10& 0 . 01020 1 . 01703 1.0632 

5 0 3.71079 182 . 82 8 . 497 2023.91 0.0234927 0 . 05459 0 . 521 0 . 00343 1 . 19074 1 . 4746 

50 0 . 43&21 89 . 13 3 . 728 49 . 89 0 . 0551860 0.01&94 0 . 112 0 . 00789 1 . 02 1 21 1 . 1722 

5 2 3 . 55344 16& .50 7.943 1397 . 92 0.0308807 0 . 05258 0.478 J . 00288 1 . 182 1 8 1 . 6809 

5 2 0.54266 6 8 .75 3 . 750 53.16 0.0663962 0.01895 0.12 a 0 . 00593 1 . 02644 1.3386 

5 4 3 . 3&67 & 150 . 81 7.320 910 . 01 0.0421378 0 . 05005 0.434 0.00234 1 . 17208 1 .9833 

5 4 0.679&7 88.~5 3 . 7&1 52.76 0.0868408 0.02189 0 . 129 0.00421 1. 03319 1 . 6195 

5 & 3 . 1314 0 1 31 • 76 6.570 473 . 85 0.06929.1 0 . 0.971 0 . 388 0 . 0017. 1.159.3 2 . 5&31 

5 & 0 . 8&751 87 . G& 3.752 45.23 0.1353227 0 . 02772 0 . 142 0 . 00271 1 . 04250 2 . 1 7 31 

5 8 2.76507 109.06 5.5&5 139 . &0 0 . 1658697 0.05&33 0 . 332 0.00100 1. 14096 4 . 3030 
5 6 1 . 17 023 8& . 71 3 . &05 2 7. 55 0.3171 457 0.04585 0 . 167 0 . 00142 1 . 057&4 3 . 59&4 

59.357 1 . 99098 65 . 47 0 . 241 1 . 09945 

369 



370 



Table C-2b 

Thermodynamic Properties of Parahydrogen (Isobars, English units) 
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C - lb THERMOOYNAMI C PROPERT IES OF PARAHYOROGEN 

1 PSIh ISOBAR 

TEM'ERATURE ~OLUHE I 5 0THERM ISOCHORE INTERNAL ENT HAL PY ENTROPY CV CP VELOCITY 
OEU~ATJ~E O E RI~ATI~ E ENERGY OF SOUNO 

OEG . R CU FTILB CU = T-PSIA/LB PSIA/R BTU/LB BTU/L~ BTU / LB-R BTU LB - R FT/SEC 

25 . 000 131.1 2 0 50 1 2q .12 0.0408 30 . 485 00.705 9 .0 0257 1.463 2.511 10 0 6 
2& 130. 55195 13 4.07 0 . 0392 3 7. 966 03.273 9.10097 1.463 2 .500 1027 
26 147.38462 14 5 .70 0 . 0303 40.960 08 . 276 9 . 260"1 1 ... 62 2."99 1067 
30 158.1670 9 1 50 .00 0 .0338 "3. 978 73.210 9 .456 01 1." 61 2 ... 93 1105 
32 108 . 9&&28 1 & 7. 58 0 . 0310 "0. 90" 78.252 9.01939 1 ... 61 2 ... 69 1142 
34 179.72741 1 76 . 45 0 . 0297 49.947 63.228 9.77021 1.461 2 ... 8 6 1176 
30 190."'''0< 189.30 0.0280 52 . 927 66.197 9 .91223 1." 80 2 . .. 83 1213 
38 201.20372 2 00.12 0.02 oS 55 . 904 93 .1 02 10. 0"0"5 1.480 2. "81 1247 
40 211. 93349 210.93 0 . 0252 58 . 87q 98.123 10.17368 1.4 80 2.479 1279 

42 222.0 .. 991 22 1.71 0 .0 2 40 01.852 103. 081 10. 29462 1.460 2 ... 76 1311 
4" 233.35921 2 J 2 .48 0 .0229 0" . 624 10 8 . 035 10 ."0987 1 ... 80 2 . 477 134 3 
46 2 ..... 06240 243 . 24 0 . 0218 07 . 79 4 11 2.986 10.519 93 1.480 2 ... 75 1373 
48 254 . 70032 253 .99 0 . 0209 70.703 117.938 10.62527 1.480 2 .474 1403 
5 0 205 . 45303 20" .73 0 . 0201 73 . 73 1 12 2 . 886 10.72027 1 ... 60 2.474 1 .. 32 
5 2 276.14292 275 .40 0 . 0193 76 . oQ9 127.633 10 . 82327 1." 60 2.473 14&0 
5 .. 260.82606 26 0.19 0 .01 60 79.005 132 .776 10.91056 1." 60 2 ."72 1"66 
5. 297 . 51131 29~.~1 0 .0179 62.031 137. 722 11.000"8 1." 60 2 ... 72 151& 
56 306.19110 307 . 02 0 . 01 73 65 . 596 1lo2.0&5 11.09321 1.460 2 ."71 1543 
00 316.66655 316.33 0.0107 86.501 1 .. 7. 007 11.17096 1 ... 80 2.471 1569 

02 329.5437 3 329.03 0 .0 1&2 91 . 52& 15 2 . 5 48 11.25799 1 ... 60 2. " 7 0 1595 
0" 340.21&91 339.73 0 . 0157 9".4 90 157 ... 69 11.330"2 1.460 2."70 1621 
06 350.66532 3 5 0 .42 0 . 0152 97 ."55 162 . " 3 0 11.412 .... 1 . " 60 2.470 1&4 0 
68 361.55810 301.12 0 . 01lo7 100."19 1&7.370 11. .. 6&16 1 ." 80 2.470 1671 
70 372 . 22&"2 37 1. 81 0 . 0 143 103.385 172.311 11.55779 1.481 2.470 1&95 
75 398.891&5 39 8 . 52 0 . 013 .. 110.602 18". 0&0 11.72827 1." 63 2.472 1754 
80 "25.55022 "2 5 .22 o • 0125 116.231 197. 0 31 11.66787 1. "6& 2.474 1611 
85 " 52 .20llol 451.91 0. 0 116 125. 0 78 209 . 4 14 12 .0 3801 1." 91 2.479 1860 
90 "'8.6521 9 4 7 8 . 59 0 . 0111 133.155 221.825 12 . 17989 1.498 2. "80 1918 
95 505."9732 5 0 5 . 20 0 . 0105 1lo0. 075 234 . 279 12.3ilo55 1.508 2 ... 90 19&6 

100 532.139"0 531.93 0.0100 1"6.253 2"6 . 791 12.4 .. 29 0 1.522 2. 5 09 2010 
1 05 556 .776 89 556 .59 0 .00 95 155.908 2 59 .379 12.50573 1 .539 2 .52 0 2 061 
110 585."1.19 585 . 24 0 . 0091 1 03 . 060 272 . 063 12 .66374 1.560 2.548 2104 
115 612.05159 :. 11. 9 0 0.0087 171. 528 28".863 12.79753 1.560 2.573 21 44 
120 0 38. 06 536 5 3 6 . 55 0 .0 083 179.534 297.601 12. 907 05 1.610 2.603 2163 
125 055.31771 065 .19 0 .0 080 187.700 310.899 13.01456 1.650 2.637 2219 
130 091.%862 ,91.84 0 .0077 1 9&.0 .. 7 324.177 13.1167" 1.666 2.075 2253 
140 7"5.20786 745.1 2 0.0071 213 .363 351.355 13.32010 1.77& 2.703 2 317 
150 798 ... &3 .. 9 79 6 . 1.0 0.0067 231 . 02 3 379.loT7 13. Silo 06 1.877 2.863 2375 
160 851.7103" 851.67 0 .00 03 25 0. 93 6 "08.051 13.70233 1.960 2 .973 2430 

170 90".9&&95 904.93 0 .0059 271 . 371 .. 36 . 9 .. 7 13.86596 2 .101 3. 06 7 2482 
160 958.21573 956 . 20 0 .00 5& 292 . 959 "70.395 14.06568 2. 210 3.202 2533 
190 1011."&287 1011 ... 5 0 .0053 315.655 502.950 14.2U31 2.329 3.315 2563 
200 106".70572 1064.71 0 . 0050 339.481 536.036 14 ... 1 395 2 .435 3 ... 21 2&32 
220 1171.1972" 117 1 . 22 0 .00 .. 5 390 .11 5 600.989 14.7 .. 910 2.621 3.607 2733 
240 1277.082 .. 7 1277.72 0 .0042 .... 4.041 080.033 15.00921 2.762 3.746 283 .. 
260 1364.10519 1384. 21 0 . 0038 500 . 300 7 5 0 . &10 15.3731ol 2 .657 3.6"3 2937 
2 8 0 1 .. 90.0 .. 598 1.90.70 0 .00 30 558.0"3 83". 070 15 .66031 2.908 3.894 3041 
300 1597.1252 .. 1597.19 0.0033 6 10 .411 912 . 150 15.92980 2.925 3.911 31lo5 
320 1703.00328 1703.&6 0.0031 0 74. 857 990 . 3 1 8 10.18212 2.910 3.902 3250 

HO 1810.06031 1810.10 0 . 0029 732.9"8 1008.120 1&.41702 2 .691 3.676 3353 
3 &0 19 10.55053 1310.04 0.0026 7qO.1ol0 11 .. 5 . 30 .. 16.03827 2.655 3.6"1 3456 
380 2 023 .03 206 2023.12 0.0020 8"7.095 1221.700 10.64 .. 82 2.613 3.7Q9 3556 
.. 00 2 12Q.50701 212Q.60 0 . 0025 902.9"1 1 297.206 17.03670 2.771 3.7 5 7 3657 
.. 20 2235 . 961"8 2 230 .0 8 0.002" 957.953 1371 .990 17.22096 2.731 3.716 3755 
.... 0 2 3 .. 2 ... 5552 2342.50 0.00 23 1012.184 1"45. 9 " 3 17.39302 2 .093 3.678 3650 
4&0 2"46. Q2921 2 .... 9 .0 3 0.002 2 1005 .692 1519.167 17.55579 2.659 3.645 3944 
480 2 5 55."0259 2555.51 0.0021 1118.564 1591.755 17.71003 2 . 029 3. 01 5 .. 035 
SOD 20&1.8 7 509 2 501 . 99 0 . 0020 11 70 . 676 1 603 . 78 4 17.65720 2.003 3.569 .. 123 
520 27&8. 31055 6 2766.40 0 .0019 1222.710 1 735.333 17 .9Q705 2 . 581 3.5&7 .. 210 

5 .. 0 2 67 ... 60 .. 6& 2674.72 0.0019 12"'.1 5 1 lS06."50 18.13180 2.562 3.546 .. 294 
500 2 981.0&QoO 2Q61.1 9 0.0016 1325.155 1877.108 16.259'lO 2.547 3.533 .. 377 
580 3 067. 53318 3 0 67. 05 0 . 0017 1375.948 19"'.&70 18.363"7 2.53 .. 3.520 .. 457 
000 3193.99723 3194.1 2 0.0017 1"26. 549 2011 . 'l90 16.50273 2.52" 3.510 .. 536 
050 3 .. 60.15.63 3~00.26 0 . 0015 1552 .1'l" 2 192 . 921 16.76304 2.505 3 ... 91 .. 72& 
700 3720 .315 65 372 0 .4 .. O. OOH i077.!'l1 23&7.203 l'l.04161 2."95 3.460 .. 906 
800 ~ 258. 0 3200 "256.70 0.0013 192&.0 02 271". 0 " 0 19.50586 2 ... 87 3.473 5249 

1000 5 323.203 33 5323.40 0 .0010 2 " 23 .34'l 3409.073 20.2601" 2." 66 3." 7lo 5666 
200 0 10040 ... 003 .. 100,, 0 . 5~ 0.0 0 05 49 09 . 8'l6 o'l41.323 22.72075 2 .04 .. 3.030 8229 
3000 15972.80.&7 1590 9.67 0.000 3 7774.055 10731.760 2" .2 431'l 3.020 ... 013 9914 

ft a 00 21552.73100 21292.60 0 . 0003 119 ..... 024 15'l35. 5 0 0 25.91 2"5 o ... 91 7.79'l 10660 
5000 30 "30.82500 20.1 5.93 0.0002 27368 .7 67 33023 .7 52 30.46359 26." 75 31.705 12139 

TWO - PYASE BOU~~RV 
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THERMODYNAHIC PROP ERTIES OF PA RAH YOROGEN C-2b 

1 PSU 'SOBAR 

r 

TEMPERATURE DENSITY V (OH/DV'p V (OP/OU'V -V ( OP/ OV'T (OV/OTj,1V CON~~g~~~ TY VISCOSITY YHER~AL OI ELECTRIC PRANO TL 
OIF'FUSIVITY CO NSTANT NI.HBER 

OE G. R LS/CU FT BTU/LB PSU-CU FT IBTU PSIA 11 OE G. R BTU /FT- HR - R LB/ FT - SEC SQ FT/HR 
X 10 5 

25 .000 0.007&3 &0.56 3.&09 0.98 0.OH ~&7~ 0.00 721 0.050 O. 3 7 63~ 1.000 37 0.6250 

26 0.00732 63. 07 3.609 0. 99 0.03973 32 0.00135 0. 052 0.40042 1.0003 5 O. 6364 

28 0.00676 6 8 .10 3.608 0.99 0.0366916 0 .0 0763 0.056 ~.45032 1 . 00033 0.6 63 3 

30 0.00&32 73.11 3.607 0 . 99 0.03~1031 0.00n2 0 . 061 0 . 5026~ 1.00031 0.6860 

32 0.00592 78.11 3.606 0.99 0.0316675 0.00624 0.065 0.55911 1.00029 0.7045 

3~ 0.00556 83.10 3.606 0.99 0.0 299147 0.00656 0 . 069 0 . &191~ 1.00027 0.7201 

3& 0.00525 86.09 3.605 0. 99 0.0281925 0.008 96 0.073 0. 68711 1.00025 0 .7 265 

36 0.004H 9 3 .07 3.604 0.99 0.0 2666 1 5 0.009 4 7 0 . 077 O. TD791 1 .00 024 0.72 66 

40 0.00472 98. G4 3.604 1.00 0.0 252909 0.00998 0 . 081 0 . 85309 1.00023 0.7249 

42 0.00~49 103.01 3.604 1. 00 0.0240563 0.01049 0.085 0 . 94269 1.00022 0.72 27 

44 0.00429 107.97 3.603 1.00 0 . 0229362 0.01100 o . 089 1.0367 2 1.00021 O. 720~ 

46 0.00410 112.93 3.603 1.00 0.02192 07 0.01151 0.093 1.13494 1.00020 0.7180 

48 0.00393 117.88 3.603 1.00 0.0209905 0.01202 0. 097 1.23720 1.0001 9 0.7157 

50 0.00377 122.84 3.603 1.00 0.0201369 0.01252 0 .10 0 1.34383 1.0001 6 0.713 2 

52 0.00362 127.79 3.602 1.00 0.0193506 0.01303 0 .104 1.45481 1.00017 0.7107 

54 0.00349 132.74 3.602 1.00 0.0186239 0.01353 0.106 1.5701 5 1 .0 0017 0.7080 

56 0.00336 137.69 3.602 1 .00 0.017950 2 0.013 98 0.111 1. 68299 1.0001 6 0.7082 

58 0.00324 142.64 3.602 1. 00 0.017324 0 0.01443 0.115 1.79960 1.0001 6 0.7061 

60 0.00314 147.59 3.601 1.00 0.016740 2 0.014 86 0.11 8 1.92020 1.0001 5 0.7077 

62 0.00303 152.55 3.601 1. 00 0.0161948 0.01533 0.122 2.0451 6 1.00015 0.7070 

64 0.00294 157.50 3.600 1.00 0.0156839 0.01 5 78 0 .1 25 2 .1139 7 1.00014 0.7060 

6& 0.00285 16 2 .46 3.600 1.00 0.01520~5 0.0162~ 0.129 2 . 30660 1.0001~ 0.7050 

68 0.00277 167.43 3.599 1.00 0.0147537 0.016 69 0.132 2 . 44302 1.0001 3 O. 7039 

70 0.002.9 17 2 .40 3.598 1.00 0.OH3290 0.0171~ 0.135 2.58319 1.0001 3 0.7026 

75 0.00251 184.90 3.593 1. 00 0.013367" 0.018 27 0.14" Z. 94 asq 1.0001 2 0.6995 

60 0.00235 197.52 3.565 1.00 0.0125272 0.01 9 40 0.152 3 . n5n 1.00011 0.6963 

85 0.00221 210.32 3.573 1.00 0.01178 67 0.0 2052 0.159 3.74339 1.0 0011 0.6933 

90 0.00209 223.37 3.555 1.00 0.0111291 0.02165 0 .16 7 4 .1 6947 1.00010 0.6906 

95 0.00198 236.76 3.531 1. 00 0.010 5411 0.022 77 0.174 4.61137 1.00010 0.6885 

100 0.00188 250.62 3.500 1.00 0.0100123 0.02389 0.162 5.0672 2 1.0000 9 0 .6872 

105 0.00179 264.96 3.460 1.00 0.0095341 0.0 2502 0.18 9 5. 53343 1.0000 9 0.6867 

110 0.00171 H9.96 3.413 1.00 0.0090996 0.02623 0.196 6.02670 1.00008 0.6851 

115 0.00163 295.64 3.356 1.00 0.0067030 0.02747 0. 203 6.53475 1.0000 6 0 .6 837 

120 0.00157 312.10 3.295 1.00 0.0083396 0.0 2872 0. 210 7.04 646 1.00008 0.6836 

125 0.00150 329.36 3.227 1.00 0.0080054 0.02996 0. 2 1 6 7.55983 1.00007 0.6646 

130 0.00145 347.54 3.154 1.00 0.0076970 0.03121 0.223 8.07209 1.00007 0.6671 

140 0.00134 366.60 2.998 1.00 0.0071464 0.03370 0. 235 9.08 925 1.0000 6 0.6947 

150 0.00125 429.30 2.837 1.00 0.0066693 0.03662 0. 2 4 8 10. 21332 1.0000 6 0.6972 

160 0 .00117 475.4S 2 .681 1.00 0.00625 20 0.03981 0.2&0 11.40&00 1.0000 6 0.6982 

170 0.00111 5 24. 6 4 2.535 1.00 0.0056839 0.042 99 0.271 12.6036q 1.0000 5 0.7016 

180 0.00104 57&.27 2.403 1.00 0.0055568 0. 0 5175 o .307 15.48441 1.0000 5 0.6847 

190 0.00099 629.67 2.287 1. 00 0.005 2 6 4 1 0.0 56 7 5 0.327 17.3178 6 1.00005 0.6666 

200 0.00094 6 84.14 2.186 1. DO 0.0050007 0.0 &1 30 0.34 3 H.07702 1.00005 0.6683 

220 0.00085 793.50 2.031 1.00 0.00454 59 0.069 16 0.368 22 .45669 1.00004 0.6909 

2~0 0 .0007 8 899 .50 1.928 1.00 0.0041&69 0.07554 0 .3 88 25 .74961 1.00004 0.&926 

260 0.00072 999 .04 1.864 1.00 0 .0 036463 0.060 ,8 0.404 29 .02 747 1.00 0 0 3 O. &935 

280 0.00067 1090.20 1.631 1.00 0 .003 5 715 o • 0 8446 0 .41 6 32.33574 1.00003 0.6939 

300 0.00063 1173.24 1.820 1.00 0.0033333 0.067 41 0.431 35.6973 2 1.00003 0.6938 

320 0.00059 1248.&9 1.826 1. 00 0.00312 50 0.06962 0.44 2 39.12616 1.0000 3 0.6935 

340 0.00055 1318.03 1.842 1.00 0.0029411 0.09UO 0.453 42.63304 1.0000 3 0.6qz9 

360 0.00052 1382.65 1.865 1.00 0.0027777 0.0 9262 0.~ 6~ 46 . 2 1917 1.00003 0. 6922 

380 0.00Qlt9 1443.72 1.692 1.00 0.0026315 0.09369 o .47 4 49.69042 1.0000 2 0.6915 

~ 00 0.00047 1502.94 1.921 1.00 0.00249 99 0.0 9 4 65 o .48 3 51.6~764 1.0000 2 0.6908 

420 0.00045 1560.94 1. 950 1.00 0.0023608 0.0955& 0.493 57.49263 1.0000 2 0.6901 

440 0.00043 li1l8.58 1.977 1.00 0.00 22 7 26 0.0 9645 0.502 61.42370 1.00002 0.669 4 

460 0.00041 1676.61 2.002 1.00 0.00 2 1738 0.0 9739 0.511 65 .441 25 1.0000 2 0.6888 

~80 0.00039 1735.09 2.025 1.00 0.002081 2 0.09837 0.520 69 .5476 8 1.00002 0 . 6862 

500 0.00036 179~.46 2.045 1.00 0.00199Q9 0.099 42 0. 529 73.74392 1.0000 2 O. &678 

520 0.00036 U5~. 80 2.063 1. 00 0.00192 30 0.10053 0.538 76. 02903 1.00002 0.6873 

540 0.00035 1915.64 2.078 1.00 0.00195 18 0.101& 9 0. 5 47 82 . 39456 1.0000 2 0.6869 

560 0.00034 lH6.42 2.090 1. 00 0.00178 57 0.10293 0.556 66 . ~5 574 1.00002 0.6866 

580 0.00032 2041.66 2.101 1.00 0.0017241 0.104 21 0.5 6 4 91 .4077 4 1.0000 2 0.6863 

600 0.00031 2105.82 2.109 1.00 0.001 6 6 &6 0.105 5 ~ 0.573 96 . 04876 1.00002 0.6861 

650 0.00029 2269.30 2.125 1.00 0.0015364 0.10901 0.595 106 .0444 7 1.00001 0.6856 

700 0.00027 2436.36 2.134 1.00 0.00H28' 0.11265 0.& 1 6 120 . 6 1 295 1.00001 0.&852 

800 0.00023 2778 .39 2.140 1. 00 0.001 2500 0.120 24 0.658 147 . 44036 1.00001 0.6647 

1000 0.00019 3473.64 2.140 1.00 0.0010000 0.13562 o .74 2 20 7.8 20 49 1.00001 0.6841 

200 0 0.00009 7259.72 2.013 1.00 0.0005000 0.277 2 7 1 .1 26 8U. 25974 1.00000 0.5316 

3000 0.0000& 12035.99 1.7&3 1.00 0.0003334 0.4093 7 1.4721629.50147 1.00000 0.5194 

~OOO 0.00005 30820.~5 0.830 0.99 0.0002531 1.23693 1.7953423. 73169 1 .0000 0 0.4068 

SO 00 0.00003 138651.05 0.230 0.87 0.00022 8 7 6.53H4 Z .180 &269 . 37164 1.00000 0 .3810 

TWO-PHASE BOUNORY 
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C -Zb T~EPHOOINAHIC PROPERTIES OF PARAHYOROGEN 

5 PSIA ISDBA~ 

TEHPERA TURE VOLU1E ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VEL OC lTY 
OE~IVll1rIVE DERIVATIVE ENERGY OF S OUND 

JEG. R CU H/LB CU 'T-PSIA/LB PSI AIR BTUILB BTU/LB BTU/LB- R BTU LB - R F T I SEC 

24.8&2 0.20795 2705.08 74.4209 -132.897 -132.704 1.18704 1 . 117 1 . 525 41 3 & 
25 0.20815 2&&8.34 74.4144 -132.&74 -132.482 1.19597 1.121 1 . 536 4117 
2& 0.20936 2472.16 74.1&41 -131.106 -130.914 1. 25744 1 . 149 1.&19 4 017 
26 0.21210 2304_96 72.2950 -127.765 -127.5&9 1.36139 1.203 1 . 732 3921 
30 0.21503 2144.10 70.9071 -124.164 -123.965 1.50499 1. 253 1 . 656 3 8 3 5 
30.60. 0.21&29 2114.5& 70.3760 -122.666 -122.4&6 1.55491 1.272 1 . 89 7 382 2 
30.80& 31.2571& 146.45 0.1743 43.530 12.470 7.68311 1. 512 2 . 652 1 09 8 
32 32.&2070 155.77 0.1 &&5 45.418 75.620 7.9834& 1.505 2. &27 11 2 2 
34 34.882&3 1&7.79 0.1551 48.545 80 . 842 8.14173 1.497 2 . 596 1161 
3& 37.12350 179.57 0.1454 51.&40 eo. 0 11 8.28947 1.493 2.57 5 1198 
38 39.34858 191.19 0.1370 54.713 91.144 8.42824 1.490 2 . 559 1233 
40 41.5&135 202.&8 0.1295 57.7&9 96.249 8.55917 1.488 2 . 547 12 &8 

42 43.7&420 214.0& 0.1229 &0.813 101.333 8.&831e 1.467 2.537 13 01 
44 45.95890 225.3& 0.1169 &3.847 10&.399 8.80102 1 . 48& 2. 529 1 333 
46 48.14&77 23&. &0 0.1115 &&.873 111.451 8.91330 1.485 2 . 522 1 3&4 
48 50.32863 247.77 0.10&& &9.692 11& . 490 9.02053 1.484 2.51 7 1 39 5 
50 52.50592 ? 5 8.89 O. 1021 72.90& 121 . 519 9 . 12318 1.484 2 . 512 1"25 
52 54 . &7870 269.97 0.0980 75 . 914 12&.539 9.221&2 1. 484 2. 50 8 1"54 
54 5&.84772 281. 02 0.0942 78.918 131. 551 9.31620 1. "83 2 . 50 " 1"83 
5& 59.01345 292.03 0.09 C7 81. qt8 136.557 9." 0 7 22 1.483 2 . 501 1511 
58 &1.17626 303.01 0.0875 8".915 1"1.556 9.4949" 1. "83 2.4 9 8 15 3 8 
60 63.33&50 313.9& 0.0845 87.909 1"6.550 9.57959 1.462 2.496 1565 

&2 65.494"4 324.89 0.0817 90.901 151.540 9.6&139 1. "82 2.494 1591 
64 &7.&5032 335.80 0.0791 93.890 156.525 9.74053 1.482 2.492 16 17 
&& &9.80436 34&.70 0.07&& 9&.878 1&1.507 9.61718 1.462 2.490 1643 
&8 71.95&73 357.57 0.0743 99.8&4 1&&.48& 9.89150 1.463 2. 489 1&&8 
70 74.107&1 3& 6.43 0.0721 102.650 171.4&3 9.9&3&4 1.463 2.488 1&92 
75 79.47911 395.53 0.0& 72 110.3!2 183.899 10.13523 1.484 2.48& 175 2 
80 64.84382 422. S& 0.0&29 117.779 19&.333 10.29572 1.487 2 . 4 87 1809 
85 90.20307 449.53 0.0592 125 . 259 208.775 10.44&58 1.492 2. 49 0 1 864 
90 95.5578& 47&.4& 0.0559 132.7&5 221.239 10.58905 1.499 2 . 49& 1917 
95 100.9089& 503.3& 0.0529 140.310 233.738 10.72422 1.509 2 . 505 1 967 

100 106.25&97 530.22 0.0502 147.911 246.291 10 . 85298 1.523 2 . 517 2 015 
105 111. &0238 557.0& 0.0478 155.586 258.915 10 . 97617 1.540 2.533 2 060 
110 116.94558 583.87 0.0"56 163.355 271.631 11 . 09447 1.561 2 . 554 2104 
115 122.28688 610.66 0.0436 171.240 284.461 11.20853 1.587 2. 5 7 9 2144 
120 127. &2554 &37.44 0.0418 179.261 297.425 11.31887 1.&16 2. 6 08 21 83 
125 132.96477 664.21 0.0401 187.440 310.547 11 . 42600 1.651 2 . 64 1 221 9 
130 138.JOI76 590.96 0.0386 195.799 323 . 848 11.53033 1.&89 2 . 6 7 9 2 254 
140 148.97257 744.43 0.0358 213.136 351.065 11.73198 1 . 777 2 . 76 6 23 17 
150 159.63992 797.87 0.0334 231.414 379.219 11.92619 1.877 2.866 2 376 
160 170.30452 851 .28 0.0313 250.742 408.421 12.11461 1 . 986 2. 9 7 5 2430 

170 180 . 96687 904.&7 0.0295 271.191 438.742 12.29840 2 . 101 3.089 2483 
180 191.62738 958.04 0.0276 292.790 470.211 12.47624 2.216 3 . 204 253 3 
190 202.28&25 1011.39 0.0263 315.498 502.788 12.65399 2 . 329 3 . 316 25 8 3 
200 212.9~38~ 1064.73 0.0250 339.333 53&.490 12.82671 2.435 3. ~23 26 3 3 
220 234.25565 1171.36 0.0227 389.984 606.873 13.16200 2.621 3.609 27 33 
240 255.56~55 1276.00 0.0206 4~3.923 680.542 13 . 46222 2.762 3.74 9 2 83 5 
2&0 276.87076 1384.59 0.0192 500.194 756.539 13.78650 2.857 J.844 2936 
280 298.17504 1491.16 0.0179 557.94& 834.01& 14.07347 2 . 908 3.894 3 0 42 
300 319.47779 1597.72 0.0167 &16.323 912.116 14.34300 2.925 3.91 1 31 4 6 
320 340.77931 1704.26 0.015& 674.776 990.291 14.59537 2. 916 3.9 0 3 32 50 

340 362 . 07964 1810.60 0.0147 732.673 1066.109 14.83090 2 . 891 3.67 7 3 354 
360 363.37955 1917.32 0.0139 790.340 1145.298 15.05157 2 . 855 3 . 841 3457 
380 404.&7657 2023.84 0.0132 647.031 1221.706 15 . 25615 2 . 813 3.80 0 3 558 
400 425.97702 2130.36 0.0125 902.860 1297.277 15.45205 2.771 3.758 36 58 
420 447.27498 2236.87 0.0119 957.896 1372.012 15.63435 2.731 3. 71 7 375 6 
440 4&8.57252 2343.37 0.0114 1012.131 1445.966 15.60640 2. 693 3.679 38 51 
460 489.86971 2449.67 0.0109 1065.643 1519.196 15.96918 2 . &59 3 . 6 4 5 3944 
~80 511.16&58 255&.37 0.0104 1116.517 1591 . 788 16.12344 2 . 629 3.615 4 0 35 
500 532.46318 2&62.67 0.0100 1170.633 1&63.822 16.27062 2. & 03 3.569 4 1 2 4 
520 553.75954 2769.36 0.009& 1222.669 1735.375 16.41107 2 . 581 3. 567 4 211 

540 575.01291 2975.64 0.0093 1274.114 1806.498 16 . 54527 2.5&2 3 . 54 8 4295 
560 59&.30718 2982.12 0.0069 1325.120 1877 . 220 16.673 38 2 . 547 3 . 533 4378 
560 &17.60129 3086.60 0.006& 1375.915 1947.730 1&.79595 2.534 3. 520 4 458 
&00 .36.89527 3195.06 0.0083 1426 . 518 2018.048 1&.91621 2 . 524 3 . 51 0 4537 
650 &92.12Hl 3461.26 0.0077 1552.167 21')2.985 17.19&53 2 . 505 3. 491 4 727 
700 745 . 3635& 3727.45 0.0071 1677.167 2367.272 17 .45511 2. 495 3 . 481 49 0 6 
800 851 . 63004 4259.80 0.0063 1926.043 2714.722 17.91938 2.467 3.473 52 4 9 

1000 1064.7&004 5324.47 0.0050 2423.336 3409.159 18.&9356 2.486 3.474 5 8 69 
2000 2129.39315 10647.67 0.0025 4969.691 &941 . 420 21.13428 2.644 3.630 62 2 9 
3000 3194.31357 15370.82 0.0017 7763.472 10720.973 22.65286 2. 965 3.953 99 3 3 

.000 4281.91111 21293.95 0.0013 11315.249 15279.719 24.148&7 4.&48 5.774 11 069 
5000 5&07.351078 26.17.09 0.0010 20073.865 25321.068 27.179&4 14.270 1 &. 876 1 20& 5 
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THERMODYNAHIC PROPERTI ES OF PA RAH YOROGEN C -2b 

5 PSIA ISOBAR 

TEH' ERAT URE OENS rry V WH/OV'p V {DP/DU'V -V (DP/OV'T (DV/OTlp'V cON~~g~~iTY VISCOSITY THERHAL OI ELECTlHC PRANOTL 
°lfFUSIVITY CONSTANT NUHBER 

~ EG. R LB/CU FT BTU/LB PSIA - CU FT IB TU PSIA 1/0EG . R BTU / FT-HR-R LB/F T-SEC sa FT/HR 
x 10 5 

24. 8&2 4.80867 26&.55 13 . 850 13008.37 0.0057210 0 . 0420& 1.713 0. 00571 1 . 25163 2.23& 7 

25 4.80429 ~ &4.88 13 . 813 12819.49 0 .005 8048 0.04251 1 . &94 0.00575 1.25137 2 . 2 055 

2& 4 .77&07 257.67 13. 516 11807.30 O. 00&2812 0.04553 1.573 O. 00 589 1.2497 8 2. 0138 

28 4.71484 260.30 12.749 10667 . 59 O. 006&5 23 0.05006 1.37 3 O. 00613 1.24&33 1. 7098 

30 4.650,1 260.93 12.166 9971.19 O. 0071112 0.05298 1.217 O. 00 614 1.24272 1.5344 

• 30.80& 4.&2351 263 . 58 11 . 964 9776 . 70 0.0071965 0.05382 1.1&3 O. 00614 1. 24121 1.4 764 

30.80 & 0.03199 72.27 3.604 4.75 O. 0367019 0 . 00829 O. 0& 3 o. 09774 1.00154 0.7230 

3Z 0.030&& 75.34 3.&10 4.78 O. 0348&81 0.00846 0.0&5 0.10509 1.00148 0.7295 

34 0.02867 80.49 3.&15 4.81 O. 03 22543 0.0087& 0.0&9 0.11767 1. 00138 0.7408 

36 0.02694 85.&4 3 . &17 4. 8 4 0.030 0&45 0.00913 0 . 073 0.131&4 1.00130 0.74 6 1 

38 0 .0 2541 90.77 3.&18 4.86 0.02818H 0.009&2 a • 07 8 0 .14800 1. 00123 0.7420 

40 0.0240& 95.90 3.617 4. 88 0 . 0265558 0.01012 0.062 0 . 16520 1.0011& 0 .73 82 

42 0.02285 101.01 3.61& 4.89 0 .0 251169 0.010&2 0.085 0.18326 1.00110 0.7345 

44 0.0217& 106.10 3.615 4.90 0 . 0238366 0.01113 o • 089 0.20218 1. 00105 0.7309 

.. 6 0.02077 111. 18 3 . 615 4.91 0.0226883 0 . 011&3 0.093 0.22193 1.00100 0.7275 

48 0.01987 116.25 3 . 614 4.92 O. 0216514 0.01213 0 . 097 0 . 2 4247 1 . 0009& 0.7 244 

50 0.01905 121. 30 3.613 4.93 0.0 20 70 96 0.012&2 0.101 0.26388 1.00092 0.72 12 

52 0.01829 126.34 3.612 4.94 0.0198500 0.01312 0.104 0.28614 1.00088 0.7180 

54 0.01759 131.37 3 . 611 4.94 0.0190617 0.01362 0.10 8 0 . 30926 1.00085 0.714 8 

56 0 . 01695 136 .40 3 . 611 4.95 O. 0183359 0.01407 0.112 0 . 332 00 1 . 00082 0 . 7143 

58 0.01635 141.42 3.610 4.95 0.0176653 0.01452 0.115 0.35549 1.00079 0.7136 

60 0.01579 146.43 3.610 4.96 O. 0170436 0.01496 0.119 0.37976 1 .0007 6 O. 7128 

62 0.01527 151 .44 3.609 4.96 0.0164655 0.01542 0.122 0.40488 1.00074 0.7116 

64 0.01478 156.45 3.608 4.96 0.0l5n64 0 . 01587 0.126 0 .43077 1. 00071 0.7103 

66 0.01433 161.46 3.607 4.97 0.0154224 0.01632 0.129 0.45742 1 .0006 9 0.7089 

68 0.01390 166.48 3.606 4.97 0.0149501 O. a 16 77 0.132 0.48482 1.00067 0.70 75 

70 0.01349 171.50 3.604 4.97 0 . 0145066 0 . 01722 0.136 0. 51296 1 . 00065 0.70&0 

75 0.01258 184.09 3 . 599 4.96 O. 013 5 071 0.01834 0.144 0.58636 1.00061 0.7023 

60 0.01179 196 .79 3.591 4.98 0.0126387 0.01946 0 . 152 0.66400 1 .000 57 0.6 98 7 

85 0. 01109 209 . 65 3.579 4.98 O. 011H69 0.02059 0.t60 0.74572 1.00054 0.695 3 

90 0.01046 222.77 3.561 4.9'l 0.01120 29 0.0217t 0.167 0.8311& 1.00051 0.6923 

95 0.00991 ~ 36 . 23 3.536 4.99 0.0106022 0.02283 0.175 0.91975 1.000411 0.6'l00 

100 0 .00941 150.11 3.504 4.99 0.0100632 0.02395 0.182 1 . 01112 1.00045 O. 6885 

105 0.00896 264.51 3.465 4.99 O. 0095770 0.02507 0.189 1 . 10 45& 1.00043 0 . 68 79 

110 0.00655 2 7'l. 52 3.417 4.99 O. 0091359 0.02628 0.196 1.20 341 1.00041 0.6860 

115 0.00818 295.23 3.362 4.9'l 0.0087340 0.02752 0.203 1 . 30520 1. 0003 9 0.6846 

120 0.00784 311 . 71 3 . 2'l9 4.9Q 0.00836&2 0.02876 0.210 1 . 40772 1.00038 0.6644 

125 0 .0 0752 329. 02 3.231 5.00 0.0080283 0.03001 0.216 1.51058 1.0003& 0.6855 

130 0. 00723 347.19 3.157 5.00 0.00771&8 0.03125 o .223 1.61320 1.00035 O. &871 

140 0.006 71 386 . 28 3 . 001 5.00 0.0071614 0.03374 0.236 1.81684 1. 00032 0. 6'l53 

150 0.00626 42 9 . 01 2 .840 5.00 0 . 0066810 0.03&66 0.248 2 .041 97 1 .0 0030 0 . 69 77 

160 0.00587 475.18 2. &83 5.00 0.00&2611 0.03985 0.2&0 2.28080 1.00028 0.6986 

170 0.00553 524 . 39 2.537 5 .00 0.0058911 0.04303 0.272 2.520&0 1.00027 0 .701 9 

180 0.00522 576. 04 2.405 5.00 0.0055625 0.05175 0.307 3.0950& 1.0002 5 0.6850 

190 0.00~94 :. 29.47 2 . 288 5.00 0.0052687 0 .0 5675 0.327 3. 4&172 1.0002~ O. &8&9 

2 00 0.00470 S 83 . 97 2 . 188 5.00 O. 0050044 0.06130 0.343 3.81364 1. 00 023 0.6666 

220 0.00427 793.37 2.033 5.00 0.0045483 0.0&91& 0.3& 8 4 . 48987 1.00021 O. &'l 11 

240 0.003H 599 .42 l.n9 5.00 0.00~1&85 0.07554 a .J88 5 . 14881 1.00019 0.&928 

2 &0 0.003&1 999 .0 0 1.8&5 5.00 0 .00 38474 0 .0 6056 a .40 4 5 . 80474 1. 000lT 0. 69 37 

260 0. 00335 1090.21 1.832 5.00 0 . 0035722 0.084~6 0.416 6 . ~6 675 1.0001& 0.69 40 

3 00 0.00313 1173.29 1.821 5.00 O. 0033338 0.06741 0.431 7.13'l39 1.0 0015 0.6940 

320 0.00 2'l3 1248.77 1 . 82& 5.00 0 .00312 52 0.089&2 0.442 1 . 8254& 1.0001~ 0.6936 

340 0 .0027& 1316.14 1.842 5.00 0.0029412 o . a 913 0 0 . 453 6.52 71 3 1.00013 0.6'l30 

360 0.00261 1382 .78 1.866 5 .00 0 . 0027777 0.09262 0.4&4 9 . 244&4 1. 00013 0.6'l23 

380 0.002~7 1443.89 1.8'l3 5.00 O. 002&315 0.09369 0.474 9. 9 791 5 1.00012 0.6 9 16 

~OO 0.00235 1503.12 1.922 5.00 0.0024998 0.0 9466 0 . 483 10.73086 1.00011 0 . 6908 

420 0.00224 15&1.14 1.950 5.00 0.0023801 0 . 09556 0.493 11.5001 0 1.00011 0.6901 

440 0.0021 3 1&18.79 1.978 5.00 O. 00 22725 0 . 09646 0. 5 a 2 12. 28655 1.00010 0 . &895 

460 0.0020~ 1&76 . 83 2 . a 03 5 .0 0 0.0021737 0.09740 0.511 13.0Q03 0 1.00010 0.6888 

~60 0.00196 1735.32 2.02& 5.00 0.0020631 0.09638 0.520 13.91181 1 .0 0009 O. &883 

500 0.00188 17'l4.72 2.046 5.00 0 . 0019997 0 .09943 0 . 529 1~. 75130 1.00009 0.6878 

520 0.00181 1655.0 6 2. a &3 5.00 0.0019228 0.10054 0.538 15.&0851 1. 00009 0 .&874 

5~0 0.00174 1916.11 2. 078 5.00 0.0018516 0.10170 a . 5~ 7 1&.48189 1 . 00008 0.&870 

5&0 O. a 0108 1378.69 2.090 5.00 O. 0017855 0.1029~ 0.556 11 . 37435 1.00008 0.6866 

580 0.00162 2041.94 2.101 5 .00 0.0017239 0.10422 0.564 13.28~9& 1.00008 0.68&3 

600 0.00 iS7 210 6.11 2.110 5.00 0.0016665 0.10555 0.573 19. 21337 1.00008 0.6861 

650 0.00144 22&9.59 2.125 5.00 O. 00153S3 0.10902 a .595 21 . &1303 1.00007 0 .685& 

700 0.00134 2436.&7 2.134 5.00 0.0014284 0.112 && 0.&1& 24 . 12724 1 .0000 & 0.6852 

6 00 0.00117 2778.71 2.141 5.00 0.0012496 0.12025 0.&59 29 . 49379 1. 00006 0.6847 

1000 0.000~ 4 3!t74.18 2.140 5.00 0.0009999 0.135&3 0.742 ~1 . 57208 1 . 00005 0.6841 

2000 0.00047 1260 .02 2. a 13 5.00 O. 0005000 0.21727 1.128 1&2.65951 1 . 00002 0.5317 

30 00 0.00031 11859.77 1.796 5.00 O. 0003333 0.40002 1.472 323 . 21142 1.00002 0.5237 

4 0 00 0.0002 3 22969.65 1.151 4.97 0.000 2514 0.635 &3 1.790 &IQ. 7345 7 1.00001 0.4453 

50 00 0 . 00018 792 &9.92 0.397 4.70 0.00021 29 3.53131 2 .14111 85 .73541 1 . 00001 O. 368~ 
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G-2b THERMOOYNAMIC PROPERT I ES OF PA RAH YDROGEN 

10 PSIA ISOBAR 

TEHPERATURE VOlU1E IS OTHtRM I SOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC !TY 
DERIVATIVE DERIVATIVE ENERGY OF SOUNO 

OEG. R CU FT/lB CU = T-PSIA/lB PSIA/R BTU/LB BTU/lB BTU/lB-R BTU / lB -R F T /SEC 

24.883 0.20790 2710.17 74.4536 -132 .8 91 -13 2.507 1.18724 1.118 1.525 4139 
25 0.20807 2580.94 74.4466 -1 32 .70 2 -132.316 1.19487 1.121 1.535 4124 
26 0.20929 2480 .32 74.2740 -131.138 -130.751 1.25628 1.149 1.618 4023 
28 0.21200 2312 . 75 72.3931 -127.800 -127.407 1.38014 1.202 1.730 3927 
30 0.21492 2151.80 71.0016 -1 24 .225 -123 .827 1.50361 1.253 1.854 3841 
32 0.21810 1998.H 69 .71 20 -120.396 -119.992 1.62735 1.299 1.984 3761 
34 0.22158 B32.27 68.3613 -116.297 -115.887 1.75175 1.339 2. 127 3672 
34.263 0.22?07 1832.68 68.1606 -115.733 -115.322 1.76832 1.344 2.137 3674 
34.263 16.87591 154.98 0 .3 278 .. 7.000 78.2"9 7.41887 1.537 2.790 1142 
36 17.91211 166.5 .. 0.3069 "9.872 83 .04 0 7.55529 1.521 2.730 1177 
38 19.0~"&& 1 79.40 0.286& 53.110 88.450 7.70153 1.509 2. &82 1215 
40 20 . 24101 191. 90 0.2&92 56.298 93.779 7.83821 1.502 2. &48 1252 

.. 2 21.38502 204 .1 5 0.2542 59.451 99.050 7.96680 1.498 2.623 1287 
4 .. 22.51931 21 &.1 9 0.2409 62.577 104.270 8.08836 1.495 2.&04 1321 
4& 23.&"5&9 228.07 0.2290 65.&82 109.467 8.20374 1.493 2.588 1353 
.. 8 2 .. . 7&552 239.82 0.218" &8.771 114. &30 8.313&0 1." 91 2.575 1385 
50 25.87983 2 51 . "& 0.2087 71.8"7 119.7&9 8,"1850 1 ... 90 2.56 .. 1416 
52 26.989"3 2&3.00 0.1999 74.911 124.888 8.51888 1.489 2.555 14 .. & 
5 .. 28 .09"97 274."7 0.1919 77 .9&5 129.989 8.61514 1.488 Z. 547 1475 
56 29.19&97 285.8& 0.18 .. 5 81.011 135.07& 8.707& .. 1." 87 2.540 150 .. 
58 30.29587 297.19 0.1777 8".050 1"0.150 8.7966& 1 ... 87 2 .53 .. 1532 
60 31.3920& 308."6 0.171 .. 87.083 1"5.212 8.882"7 1." 86 2.528 1559 

62 32."8582 Ji9 . 69 0.1655 90 .109 150.26 .. 8.96530 1.486 2.524 1586 
6 .. 33.577 .... 330.87 O. 1600 93 .131 155.308 9.04536 1." 65 2.520 1612 
66 3".66714 3"2.01 0.1549 96 .149 160.3"1 9.12284 1 ... 85 2.516 1638 
68 35.75512 353.13 0.1501 99.163 165.372 9.19790 1.485 2.513 1664 
70 36.8 .. 15& 364.21 0.1"57 102.175 170.395 9.27070 1." 85 2.510 1689 
75 39.55179 3 91. 79 0.1356 109.695 182.93 .. 9.44371 1.466 2.505 1749 
80 42.25507 419.2" 0.1268 117.210 195."55 9.6053" 1.489 2.503 1807 
85 .. 4.95Z79 .... 6.57 0.1191 124.733 207.974 9.75712 1.493 2 .504 18&3 
90 .. 7.6 .. 598 .. 73.81 0.1123 132.276 220 . 503 9.90035 1.500 2 .508 1916 
95 50.335"3 500.96 0.1063 139.853 233 .061 10.0361" 1.510 2.515 1966 

100 53.02175 528.09 0.1009 147."83 2"5 . 665 10.16543 1.524 2.527 201 .. 
105 55.70546 555.15 0.0960 155.183 258.33" 10.28906 1.5"1 2.5 .. 2 2 060 
110 58.38&93 582.16 0 .0915 162.975 271.091 10 ... 077 .. 1.562 2.561 2103 
115 &1.0&& .. 9 &09.13 0.0875 170.879 283.958 10.52212 1.587 2.586 21 .... 
120 63.7 ...... 0 636.07 0.0838 178.918 296.956 10.&3276 1.617 2.61" 2183 
125 &6 ... 2088 &62.98 0.080" 187.11 .. 310.108 10.7"013 1. &51 2.6 .. 7 2219 
130 69.09&10 &89.87 0.0773 195.489 323 ."3 6 10.8 .... 67 1 .689 2.685 225 .. 
1 .. 0 7 ....... 335 743.58 0.0717 212 .852 350.701 11.0"&69 1.777 2.771 2318 
150 79.78719 797.22 0.0669 231.153 3 78.897 11.2 .. 118 1.877 2.870 2376 
1 &0 85.1282" 850.80 0.0627 250.500 .. 08.13" 11."2983 1.987 2.978 2 .. 31 

170 90.46705 H".35 0.0590 270.9&6 .. 38 ... 8& 11.61380 2.101 3.092 2 .. 83 
180 95.80"02 957.85 0.0557 292.579 "69.982 11.79380 2.216 3.207 253 .. 
190 101.1H34 1011. 32 0.0527 315.302 502.584 11.96969 2.329 3.319 2584 
200 10&.47338 106 .. . 7& 0 .0501 339.1"9 536.309 12.1"252 2.43& 3."25 2634 
220 117 .1383 0 1171.59 0.0455 389.820 606.728 12.47799 2 .6 21 3. &1 0 Z73 .. 
2 .. 0 127.79993 1278.35 0.0417 .. 43.776 680.427 12.7983 .. 2.762 3.751 2836 
260 138.45905 1385.07 0.0385 500.061 756.450 13.10272 2 . 857 3.845 2939 
280 149.11625 1"91.74 0.0357 557.825 833.948 13.38977 2.908 3 . 895 3043 
300 159.77193 1598.38 0.033 .. &16.212 912.0&6 13.65936 2.925 3.912 31 .. 7 
320 170.42&38 1705.00 0.0313 67".67" 990.257 13.91178 2.91& 3.903 3251 

340 181.07983 1811.&0 0 .02 9 .. 732.779 1068.089 14.14735 2.891 3.878 3355 
360 191.73247 1318.18 0.0278 790.253 11"5.290 1".36806 2.855 3 . 8 .. 2 3458 
380 202.38"42 202".75 0 .0 263 8"6.950 1221.711 14.57467 2.813 3.800 3559 
.. 00 213.03580 2131.30 0.0250 902.805 1297.290 14.76859 2.772 3.758 3659 
420 223.68&70 2237.85 0.0238 957 .826 1372.033 1".95091 2.731 3.717 3757 
440 234.33717 23 ..... 39 0.0227 1012.065 14 .. 5.99 .. 15.12298 2.693 3.679 3852 
460 2"4.98729 2450 .92 0 .0 217 10&5.581 1519.231 15.28578 2.659 3.6"5 39~5 

480 255.63710 2557 .45 0.0208 1118.459 1591.830 15.44005 2.629 3.615 4036 
5 DO 2&&.28&&3 26&3.97 0.0200 1170.778 1&63.869 15.58724 2.603 3.589 4125 
520 27&.93593 2770 ... 8 0.0192 1222.&18 1735.428 15.72770 2.581 3.567 4212 

540 287 . 5&395 2876.79 0.0185 1214.068 1806.559 15.8&193 2.5&2 3.548 4296 
560 298.2119& 2983.29 0.0179 1325.077 1877.285 15.99005 2.5"7 3.533 4378 
580 308.85982 3089.78 0 .0172 1375.874 19,,7.799 1&.113&3 2.53 .. 3.520 4459 
& 00 319.5075" 3196.27 0.0167 1"26.479 2018.120 1&.23289 2.52 .. 3.510 4538 
650 34&.12&32 3462."9 0.0154 1552.133 2193.065 16.51323 2.505 3.491 4728 
700 372.74"53 3728.70 0.01"3 1677.136 2367.358 1&.77181 2.495 3.481 4909 
8 DO 425.97972 4261.09 0.0125 1926.019 271 ... 818 17.23&09 2.487 3.473 5250 

1000 532.44713 5325 . 81 0.0100 2"23.319 3 .. 09.2&7 18.01039 2.488 3 . 474 5869 
2000 106".7&728 106"9.09 0.0050 4969.885 &9 .. 1.545 20.45103 2.64" 3. &30 8230 
3000 1597.18539 15972.25 0.0033 77&0.962 10718.516 21.96869 2.952 3.939 9938 

4000 2137.&2104 21295 .39 0.0025 11166.100 1512 ... 395 23.42340 4.210 5.293 11137 
5000 2783.49371 26 &18.5 3 0.0020 18318.724 23473 . 000 26.08940 11.157 13.230 12082 
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T"ERHOOVNAMIC PROPERTIES OF PARAHVOROGFN C-Zb 

10 PSI A ISOBAR 

TEHnRATURE DEN SITY V (J H/DV)p V (OPI DU)V -V <DP/DV)T 
(OV/OTVV CON~~g~~~TY VISCOSITY THERMAL DIElECTRIC PRANDTL 

D,IFF US IV lTY CONSTAN T NUHBER 

DEG . R L B/CU FT BTU/LB PSIA-CU FT IB TU PSIA 1I0EG. R BTU/F T-HR-R LB~F~~~E C , sa FT/HR 

24.663 4.61011 267 . 03 13 . 646 13036.22 0.0057113 0.04214 1.715 0.00574 1 . 25170 2 . 2343 

25 4.60614 265 .75 1 3.616 12664.98 0.0057176 0.04252 1.696 0.00576 1.25147 2 . 2072 

26 4.777q9 258 .13 13.533 11850.93 0.0062674 0.04555 1.577 0.00569 1.24969 2.0169 

28 4.71691 260 . 76 12.764 10909 . 03 0.0066361 0.05008 1.376 0.00014 1.24645 1.7118 

30 4.65279 261.43 12.181 10011.90 0.0070917 0.05302 1.220 0.00615 1.24285 1.5358 

32 4.58500 260 . 60 11.708 9163.91 0.0076072 0.05492 1.094 0.00604 1.23905 1.4233 

34 4.51309 257 . 35 11.311 8269.22 0.0082670 0.05602 0.991 0.00583 1.23503 1.3553 

34. 263 4.50308 258 .77 11.262 6252.71 0.0062592 0.05611 0.979 0.00583 1.23447 1.3424 

34.263 0.05926 78.16 3 .600 9.18 0.035&996 0.00910 0.071 0.05507 1.00266 0.77 93 

3& 0.0 5563 6 2 . 71 3.615 9.30 0.0330055 0.00939 o .074 0.06161 1.00270 0.1760 

38 0 .0 5240 67 . 96 3.6Z4 9 .4 0 0.0304656 0.00985 0 . 078 0.07006 1 . 00Z53 0.7661 

40 0.04940 93.26 3.628 9 . 48 0.0263983 0.01032 0.082 0.07890 1.00239 0.7583 

42 0.04676 98.52 3 . 629 9.55 0 . 0266250 0.01081 0.086 0 . 08609 1.00226 0.7517 

44 0.044<t1 103.77 3. 629 9.60 0 .0 250904 0.01129 0.090 0.09768 1.00214 0.7459 

46 0.04 229 10 8 . 99 3 . 628 9. &5 0 .0 237437 0.01178 0.094 a. 107&5 1.00204 0.7408 

48 0.0403a 114.19 3 . &27 9. &e 0.0225491 0.01227 0.097 0.11 601 1.00195 0.73&2 

50 0.03864 119.37 3.625 9 . 72 0.0214799 0.01276 0.101 0.12879 1.00187 0.7319 

52 0.03705 124. 53 3.624 9.74 0.0205160 0.01325 0.105 0.13997 1.00179 0. 7278 

54 0.03559 129. 66 3 . 623 9.17 0.0196414 0.01374 0.108 0.1515S 1.00172 O. 7239 

56 0.03425 134.79 3.622 9 .79 0.0188435 0.01419 0 . 112 0.16307 1.00165 0 .72 24 

58 0.03301 139 . 89 3.621 9 . 81 0.0181122 0.01463 0.116 0.17492 1.00159 0. 7 209 

60 0.03186 144.99 3.620 9 . 83 0.0174388 0.01507 0.119 0.18716 1.00154 0.71% 

62 0.03078 150. 07 3.618 9.84 0.01681S7 0.01552 0.12 J 0.19981 1.00149 0.7176 

64 0.02978 155.15 3.617 9.85 0.0162399 0.01597 0.126 0. 21284 1.00144 0.7158 

66 0.02885 160.22 3 . 616 9 . 87 0.0157032 0.01642 0.129 0.2262 4 1.00139 0.7140 

&8 0.02797 1&5 .29 3.615 9 . 88 0.015202& 0.01&87 0.133 0.24002 1.00135 0.7121 

70 0.02714 17 0 . 3& 3.&13 9.89 0.0147343 0.01732 0 . 13 & 0.25416 1.00131 0 . 7103 

75 0.02528 183.08 3.&07 9.91 0.0136853 0.01844 0.144 0.29103 1.00122 0.7058 

80 0.023&7 195.88 3 . 599 9.92 o . 0127805 0.01955 0.152 0. 33000 1.00114 0.7017 

65 0.02225 208 . 83 3.586 9.93 0.0119913 0.02067 0.160 0.37101 1.00107 0.6978 

90 0.02099 222 . 02 3.5&7 9.94 0.01129&2 0.02179 0.168 0.4138& 1.00101 0.6945 

95 0.01987 235.54 3.542 9.95 0 . 010&792 0.02290 0.175 0.45829 1.0009& 0.6919 

100 0.01866 249.48 3.510 9 . 96 0.0101273 0.02402 0.182 0.50411 1.00091 0.6901 

105 0.01135 263 . 93 3.470 9.97 0.0096308 0.02514 o . 169 0.55095 1.00087 0.6893 

110 0.01713 278 . 98 3.422 9.97 0.0091314 0.02634 0.196 0.60050 1.00083 0.6873 

115 0.01638 294.72 3.367 9.97 0 .00 87727 0.02758 0.203 0.65151 1.00079 0.6857 

120 0.015.9 311.24 3.304 9 . 96 0 .0 083994 0.02883 0.210 0.70266 1 . 00076 0.6854 

125 0.01506 328.57 3.235 9.98 0.0080569 0.03007 0 . 217 0.75442 1 . 00073 0.6863 

130 0.01447 346.77 3.162 9.96 0.0077416 0.03131 0 . 223 0.80585 1.00070 0.6885 

140 0.01343 385.89 3.005 9.99 0.0071802 0.03379 0.236 0.90779 1.00065 0.6960 

150 0.01253 428.65 2 .6 43 9.99 0.0066955 0.03& 71 0 . 248 1.0205& 1.00060 0.6982 

160 0.01175 474.85 2 .686 9 . 99 0.0062725 0.03989 0 . 260 1 .14 015 1.00057 0.6990 

110 0.01105 524.08 2.539 10.00 O. 0059001 0.04307 0.272 1.26022 1.00053 0.7023 

180 0.01044 575.76 2 . 407 10.00 0.0055697 0.05116 0.307 1.54640 1.00050 0 .6854 

190 0.00989 629 . 2Z 2.290 10.00 0.0052744 0.05676 0.326 1.72971 1.00046 0.6873 

200 0. 00939 & 83.75 2.190 10.00 0.0050090 0.06130 003"3 1.90571 1.00045 0.6869 

220 0.00854 793.21 2 .0 34 10.00 0.0045513 0.06916 0.368 2.24403 1.00041 O. &914 

2"0 0.00782 899. 31 1. 930 10.00 0.0 041705 0.07553 0.366 2.57372 1.00038 0.6930 

260 0.00722 998 . 9& 1.866 10.00 0.0036487 0 . 08058 0.404 2.90191 1.00035 0 . 6939 

280 0.00671 109 0 . 22 1.633 10. 00 0 .00 35730 0.06446 0.418 3.23313 1.00032 0.6942 

300 0.00&2& 1173.35 1.822 10.00 0.0033343 0.08741 0.431 3.56965 1 . 00030 0.6941 

320 0.005H 1248.86 1. 827 10.00 0 .00 31256 0.08962 0.442 3.91286 1.00028 0.6937 

340 0.00552 1318.Z9 1 . 843 10 .0 0 0.0029414 0.09131 0.453 4 . 26390 1 .000 27 O. & 931 

3&0 0.00522 1382 . 96 1. 8&6 10 . 00 0.0027778 0.09262 0.4&4 4.62281 1.00025 0.6924 

380 0.004~4 144". 09 1.894 10. 00 0.0026314 0.09370 0.474 4.99025 1.00024 0.6917 

"00 0.00469 150 3 .35 1.922 10.00 0.0024996 0.094&6 0.483 5.36626 1.00023 0.6909 

420 0.00447 15&1.39 1 . 951 10.00 0.002380& 0.09557 0.4'13 5.75104 1.00022 0. 6902 

440 0.00.27 1 619 .0 6 1.978 10.00 0.0022723 0.09647 0.502 6.14441 1.00021 0.6895 

HO 0.00408 15 77.12 2.003 10.00 0.0021715 0.09741 0.511 6 . 54643 1.00020 0.6889 

"80 0.00391 1735.62 2.026 10.00 0.0020829 0.09839 0 . 520 &.95733 1.00019 0.6883 

500 0.00376 1795.03 2.046 10.00 0.0019995 0.09944 0.529 7.37721 1.00018 O. &876 

520 0.00361 185 5 .36 2 . 064 10.00 0.0019226 0.10055 0 . 536 7.60596 1.00017 0.6874 

5.0 0.00348 131 6.45 2.079 10.00 0 .001851. 0.10171 0.5.7 8.24281 1.00017 0.6870 

560 0.00335 1979.04 2.091 10.00 0.0017853 0.10295 0.55& 8 . 68917 1.00016 0.6867 

580 0.00324 2042.29 2.102 10.00 0.0017237 0.10423 0.564 q. 14461 1.00016 O. &664 

600 0.00313 2106.47 2.110 10.00 0.001&663 0.10556 o .57J 9 . 60895 1.00015 0.6861 

650 0.00289 2269.97 2.12& 10.00 0.0015361 0.10903 o . 595 10.60910 1.00014 0.6856 

700 0.002:;8 2437.05 2.135 10.00 0.0 014282 0.11268 0.&16 12.06654 1.00013 0.6852 

800 0.002 35 2779.11 2.141 10.00 0.0012497 0.12026 0.&59 14.75047 1.00011 0.6847 

1000 0.00186 3474.60 2 .14 0 10 .0 0 0.0009Q98 0.13565 o .742 20 . 79100 1.00009 0.68H 

2000 O.OOOH 7Z60.4~ 2 .014 10.0 0 0.0004999 0.27727 1.126 81.33490 1.00305 0.5318 

3D 00 0.00063 11816.43 1.604 10 .00 0.0003333 0.39781 1.472 161.26694 1.00003 0.5248 

4000 0.00047 21093 . 88 1.2&9 9.96 0.0002509 0.7392" 1.789 293.51987 1.00002 0.461 3 

5000 0.00036 &3258 . 93 0.499 9.56 0.0002091 2.72170 2.126 572 . 6285 J 1 . 00002 0.3721 

377 
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C-2b THERMOOYNAMIC PROP ERTI ES or PARAHYDROGEN 

14.&96 PSIA ISJaAR 

TEHPERA TURE VOLUHE ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC lTY 
DEUVATI VE DERIVATIVE ENERGY OF SOUND 

DEG. R CU nILs CU q -PSI AILS PSI AIR STUIlS STU/LS STU/LS-R STU I LS -R n/SEC 

24.903 0.20785 2714.95 74.4842 -132.887 -132.321 1.18743 1.118 1.525 "1"2 
25 0.20799 2692.74 74.4767 -132.727 -132.161 1.t9383 1.121 1.533 4131 
26 0.20921 2487.94 14.37&8 -131.166 -130.597 1.25520 1.149 1.617 4028 
28 0.21192 2320.03 72.4851 -127.832 -127.256 1.37897 1.202 1.729 3932 
30 0.21483 2159.01 71.0900 -124.264 -123.679 1.50231 1.252 1.853 3546 
32 0.21799 2006.29 69.7983 -120.441 -119.848 1.62592 1.298 1.982 3767 
34 0.22145 1839.75 68.4486 -116.350 -115.748 1.75018 1.339 2.125 3678 
36 0.22528 1.77.90 66.9173 -111.971 -111.358 1.87564 1.374 2.276 3589 
36.483 0.22629 1647.82 66.5009 -110.853 -110.237 1.90657 1.381 2.310 3573 
36.483 11.97202 156.83 0.4675 48.872 81.452 7.16221 1.555 2.904 1165 
38 12.58367 167.56 0.4417 51.469 85.713 7.27660 1.536 2.834 1197 
40 13.40923 181.23 0.4118 54.818 91.309 7.42015 1.521 2.761 1236 

42 14.21951 194.43 0.3865 58.097 96.793 7.55393 1.511 2.719 1273 
44 15.01820 207.27 0.3647 61.326 102.196 7.61960 1.505 2.684 1309 
46 15.80777 219.84 0.3456 64.518 107.536 7.79831 1.501 2.657 1343 
48 1&.58996 232.18 0.3285 67.682 112.828 7.91092 1.498 2.635 1376 
50 17 .3660 3 244.34 0.3133 70.822 118.081 8.01813 1.49& 2.617 1407 
52 18.13695 256.34 0.2995 73.944 123.300 8.12049 1.494 2.602 1438 
54 18.90349 26 8 .22 0.2869 77.050 128.492 8.21846 1.493 2.590 1468 
56 19.66.26 279_99 0.2755 80.142 133.660 8.31243 1.492 2.579 1497 
58 20.42;73 291.66 0.2649 83.223 138.808 8.40275 1.491 2.569 1526 
60 21.18234 303.25 0.2552 86.294 143.938 8.48971 1.490 2.561 1554 

62 21.93&41 314.76 0.2462 89.356 149.051 8.57354 1.489 2.553 1581 
64 22.68824 326.21 0.2379 92."10 15".151 8.65450 1." 88 2.547 1608 
66 23.43808 33 7.59 0.2301 95.457 159.239 8.73278 1." 88 2.541 163 .. 
68 2 ... 18615 3 "8. 93 0.2229 98."98 16".316 8.80856 1." 88 2.536 1660 
70 2".93261 360.22 0.2161 101.535 169.38" 8.88202 1.488 2.532 1685 
75 26.79U7 388.27 0.2008 109.111 182.022 9.056"0 1.488 2.524 1746 
80 28.64584 416.11 0.1876 116.673 194.627 9.21911 1.491 2.519 1805 
85 30."9323 443.79 0.1761 124.237 207.218 9.37176 1.495 2.518 1861 
90 32.33603 471.33 0.1659 131.814 219.810 9.51571 1.502 2.520 1914 
95 34.17504 498.76 0.1569 139.422 232.423 9.65210 1.511 2.526 1965 

100 36.01089 526.10 Ol1488 147.079 245.075 9.78189 1.525 2.536 2013 
105 37. 8441 0 553.36 0.1416 154.803 257.788 9.90594 1.542 2.550 2059 
110 39.67506 580.56 0.1350 162.616 270.584 10.02498 1.563 2.569 2103 
115 41.50409 DO 7. 70 0.1290 170.540 283.485 10.139&7 1.588 Z.592 2144 
120 43.33147 634.79 0.1235 178.59£> 296.514 10.25057 1.618 Z. 620 2183 
125 45.15741 661. 84 0.1185 186.808 309.695 10.35818 1.652 2.653 2219 
130 46.98209 :. 8 8.85 O. 1138 195.197 323.049 10.46293 1.690 2.689 225" 
140 50.&2827 742.78 0.1 0 56 212.585 350.360 10.6&528 1.7 TT 2.775 2318 
150 54.27098 796.61 0.0985 230.907 378.595 10.86004 1.878 Z.874 2377 
160 57.91092 8 50.36 0.0923 250.273 407.866 11.04891 1.987 2.982 2431 

170 &1.54862 904.05 0.0868 270.754 438.246 11.23306 2.101 3.095 2484 
180 65.18448 957.68 0.0819 292.381 "69.768 11.41320 2.217 3.209 2534 
190 68.81869 1011.26 0.0776 315.118 502.3% 11.58922 2.329 3.321 2585 
200 72.45163 1064.80 0.OTJ7 338.976 536.139 11.7&216 2.436 3.427 2634 
220 79.71433 1171.79 0.0669 389.666 606.593 lZ.09779 2.622 3.612 2735 
240 86.97374 1278.69 0.0613 443.638 680.320 12.41826 2.7&3 3.752 2836 
260 94.23066 1385.51 0.0566 499.936 756.366 12.72273 2.857 3.846 2939 
280 101.48566 1492.28 0.0526 557.712 833.885 13.00986 2.908 3.896 3043 
300 108.73913 1599.00 0.0490 616.108 n2.020 13.27951 2.925 3.913 3148 
320 115.99138 1705.69 0.0460 67".578 990.226 13.53198 2.917 3.904 3252 

340 123.242&3 1812.35 0.0433 732.690 1068.071 13.76759 2.891 3.878 3356 
360 130.49307 1918.98 0.0409 790.172 1145.283 13.98833 2.855 3.842 3459 
380 137.74283 2025.60 0.0387 846.814 1221.714 14 .194 97 2.814 3.801 3560 
400 144.99201 2132.20 0.0368 902.735 1297.301 14.38891 2.772 3.758 3660 
420 152.24071 2238.78 0.0350 957.760 1372.053 14.57125 2.731 3.717 3758 
440 159.48899 2345.35 0.0334 1012.004 1446.021 14.74334 2.693 l.679 3a53 
4&0 1&6.73&H 2451.91 0.0320 1065.523 1519.264 14.90615 2.659 3.646 3946 
480 173.98452 2558.46 o • 0306 1118.405 1591.869 15.06043 2.629 1.615 4037 
500 181.2318& 2&65.00 o • 0294 1170.727 1663.914 15.20763 2.603 3.590 4126 
520 188.47897 2771.54 0.0283 1222.570 1735.4B 15.34810 2.581 3.567 4213 

540 195.71174 2877.87 0.0272 1274.025 1806.616 15.48235 2.562 3.548 4297 
560 202.95782 2984.39 0.0262 1325.036 1877.345 15.61048 2.547 3.533 4379 
580 210.20374 3090.89 0.0253 1375.836 1947.864 15.73407 2.534 3.521 4460 
600 217.44952 3197.40 0.0245 1426.442 2018.188 15.85333 2.524 3.510 4539 
650 235.56347 3463.65 0.0226 1552.101 2193.140 16.13368 2.505 3.492 4729 
700 253.67084 3729.88 0.0210 1677.108 2367.439 16.39228 2.495 3.481 4910 
800 289.90234 4262.31 0.0184 1925.996 2714.908 16.85657 2.487 3.473 5251 

1000 362.35041 5327.07 0.0147 2423.304 3409.368 17.63088 2.488 3.474 5870 
2000 724.57382 10650.42 0.0073 4969.880 6941.&63 20.07153 2.644 3.630 8230 
3000 1086.84976 lB73.59 0.0049 7759.900 10717.545 21.5a881 2.946 3.933 9940 

4000 1453.62588 21296.74 o • 0037 11103.048 1505~.801 23.02614 4.024 5.091 11171 
5000 1879.61030 26&19.88 0.0029 17575.283 22690.268 25.53754 9.818 11.678 12101 

TWO-PHASE BOUNDRY 
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THERMOOYNAMIC PROPERTIES OF PA RAHYOROGEN C-Zb 

14.&96 PSI A IS OBAR 

TEMPERATURE OEN S IT Y V (OH/OVlp V (OP/OUI
V 

-V ( OP/O~IT (O~/OT\1~ cON6~g~~~TY ~ ISCOSITY THERMAL OIELfCTRIC PRA NOTl 
OIFFUSIVITY CONSTANT NUMBER 

OEG. R lB/CU FT BTU/l B PSIA-CU FT /BTU PSIA 1/0EG. R BTU/FT-HR-R lR/FT-SEC SO FT/HR 
X 105 

2~. 903 ~.81128 267 .~7 13.846 13062.39 0.0057022 0.0~222 1.716 0.00575 1.25176 2 . 2321 

25 4 . 807&7 266 . 57 13.819 12946.36 0 . 0057527 0.04253 1.702 0.00577 1.25157 2 . 2088 

26 4.7797 9 258.55 13.548 11891. 82 0.0062545 0.04556 1.581 0.00589 1.24999 2 .0199 

28 4.71885 261.20 12.779 10947.86 0.0066209 0.05011 1.37Q 0.00614 1.24656 1.7137 

30 ~.&54q3 2&1.90 12.1 9~ 10050.02 0.0070136 0.05305 1.223 0.0061 5 1.2~297 1.5370 

32 4.5873~ 261 .34 11 .7 20 n03.54 0.00758H 0.05497 1.097 0.00605 1.239H 1.4240 

3~ ~.51502 257.91 11.323 8 307 . 61 0.0082393 0 . 05&07 0.994 0.0058~ 1.23517 1.3556 

36 ~.~3898 253 . 38 10.975 7448.17 0.00898~~ 0.05692 0.906 0.005&3 1.23069 1.3051 

3&.~83 ~.41902 252.90 10.895 7281.73 0.009132& 0.05720 0.887 0 . 005&0 1.22978 1.2892 

3&.483 0.08353 81.37 3.&00 13.10 0.035&91 2 0.00979 0.07& 0.04037 1 . 00~0~ 0.8090 

38 0.07907 85.42 3 . 619 13 .3 2 0.0331737 0.01010 0 . 079 0.04~87 1. 0038~ O. 7954 

40 O .. 07t. ,8 90. eo 3.632 13 . 52 0.0304691 0.01054 0.083 0.0510 9 1.00360 0. 7815 

42 0.07033 96.20 3.&38 13.& 7 0.0282697 0.01100 0.087 0.05750 1.00340 0.7708 

44 0.0&&59 101.58 3.&40 13.60 0 . 02&42&8 0.01147 0.090 O.O&US 1 . 00322 0.7620 

46 0.06326 106.93 3.640 13.91 0.0248467 0.01194 0.094 0.07103 1.00306 0.7547 

~8 0.0&026 112.2& 3.&38 14.00 0.023475& 0.012~2 0.098 0.07815 1.00291 0. 7485 

50 0.05758 117.55 3 .637 14.07 0.022265& 0 .0 1289 0.102 0.08555 1.00278 0.7429 

52 0.0551~ 122.82 3.635 14 .1 3 0.0211886 0.01337 0.105 0. 09321 1 .002&6 0.7378 

54 0.05HO 128.06 3.633 14.19 0.0202220 0.01386 0.109 0.10114 1.00256 0.7330 

56 0.05085 133.27 3.632 14.24 0.0193483 0.01430 0.113 0.1090~ 1.0024& 0.7305 

58 0 .0 489& 138.4& 3. &30 14.26 0.0185538 0.0141~ 00116 0.11119 1.0023& 0.7282 

60 0.O H21 143 .63 3.629 14.32 0.011827~ 0 . 01518 0.120 0.12558 1.00228 0.7259 

62 0 . 04559 148.78 3 . &28 14.35 0.0171&05 0.015&3 0 . 123 0.1342& 1.00220 0.7235 

64 0.04408 153.92 3.626 14.38 O. 0165~5~ 0.01607 0 . 126 0.1431 8 1.00213 0.7212 

6& 0.0~2'7 159.05 3 . &25 14.40 0.01597&0 0.01&52 0.130 0.15235 1.00206 0.7189 

68 0.041 35 1 &~ .16 3.&23 14.43 0.0154471 0.01&9& 0.133 0 . 1&118 1.00200 0.716& 

70 0.04011 169.30 3 .6 21 1~.45 0.0149,.2 0.01741 0.136 0.17145 1.00194 O. 714 ~ 

75 0.03132 182.13 3.615 14. ~9 0.01385&5 0.01852 0.1~5 0.19&&5 1 . 00180 0.7093 

80 0.034H 195.02 3.&06 14 . 53 0 . 01291&1 0 . 01963 0.153 0. 22321 1.00169 0.7045 

65 0.0 3279 2 08. 0& 3.592 1~.55 0.0121002 0.02075 0.1& 0 0.25127 1.00 158 0.7003 

90 0.03093 221.32 3.57~ 1~ . 58 0.01138~9 0.0218& 0.1&8 0.28052 1.00149 O. &9 && 

95 0.0 292& 234 . 90 3 .5~8 1~.59 0.0107521 0.02297 0.175 0.31083 1.00141 0.6937 

100 0.02771 2 48.89 3.51& 1~.&1 0.0101880 0.02~OQ 0.183 0.34209 1. 0013~ O. &9 1& 

105 0.026.2 263 .39 3.475 1~.&2 0 . 009&81& 0.02520 0.190 0.37~05 1.00128 0.690& 

110 0.02520 278.~8 3 . 427 1~. &3 0.0092243 0.02&~1 0.191 J. ~O 78~ 1.00122 O. &885 

115 0.02409 294 .25 3.371 14.&4 0.0088093 0.0276~ 0.203 O. ~~ 2&3 1 .0011 & 0 . &8&7 

120 0.02308 31 0 .79 3.308 1~ .&5 0 . 0084306 0.02888 0.210 0.477&& 1.00111 0.6863 

125 0.0221~ 328.15 3 . 239 14.&6 0.0080838 0.03012 0.211 0.51260 1.001 0 7 0.&871 

130 0.02128 346.37 3.16& 14.6& 0.00776~8 0.03136 0.223 0.5~78& 1.00103 0.6892 

1~0 0.01975 385 . 52 3.008 14.67 0.0071919 0.0 33 8~ 0 . 23& 0.&1732 1.00095 O. &9&& 

150 0.018~3 ~28. 32 2 .8 46 14.68 0.0067091 0 .0 361& 0.248 0.69417 1.00089 0. 6987 

1&0 0.01727 ~74.54 2.&69 14.&8 0.00&2631 0.0399~ 0.2&0 0.775&7 1.00083 0.6994 

170 0.01&25 523.79 2.542 H.69 0.0059085 0.0~312 0.212 0.857~7 1.00078 0. 702& 

160 0.01534 575 . 50 2 . ~ 0 9 H.&'3 0.00551&4 0.05111 0.307 1. 0515~ 1.0007~ 0.&859 

190 0.01453 529. 00 2.292 1~.69 0.0052791 0.0567& 0.32& 1.17&27 1.00070 0.&67& 

200 0.01380 ,,83 .55 2 . 192 14.70 0.0050133 0.0&130 0.3~2 1.29&07 1.000&1 O. &8 92 

220 0.01254 793.0& 2.03& 1~ . 10 O. 00455~2 0.0&91& 0.3&8 1.52639 1.000&1 O. &917 

240 0.01150 599.22 1.931 14.70 0.004112~ 0.07553 0.388 1.75087 1.00055 O. &933 

260 0.010&1 998.92 1.8&7 1~. 70 0.0038499 0 . 06058 0 .40 4 1.97433 1.00051 O. &'3~1 

280 0.00985 1090.23 1.83~ 14.70 0.0035739 0.0 6~4& 0.~18 2.1'3985 1.00048 O. &'344 

300 0.00920 1173.40 1.823 14 . 70 0.00J33~6 0.08741 0.431 2.~2897 1 .0004~ O. &9 43 

320 0.008& 2 12~8.91 1.828 14.11 0.0031259 0.08962 o .~~ 2 2.66265 1 .0 0042 O. &938 

3~0 0.00811 1318.42 1.844 14.71 0.0029~1& 0.09131 0.453 2.901&2 1.00039 0 . &932 

360 0 .00766 1383.12 1.867 14.71 0.0027779 0.092&3 o . ~&4 3. 1~ 59& 1.00031 O. &925 

380 0.0012& 14~~.28 1.894 14 . 11 0.002&31~ 0 .0 9370 0.474 3.39&08 1.00035 O. &'l17 

400 0.00&90 1503.51 1 . n3 14.71 0.002~997 0.09~67 0.~63 3.&5205 1.00033 O. &910 

420 0.00&57 15&1. &2 1.952 14 . 71 0 .0 023805 0.0'l551 0.~93 3.91397 1.00032 0.&903 

440 0.00& 21 1:.1 9 . 31 1 . 979 14.11 0 .0 022722 0.09&~7 0.502 4.1817~ 1.00030 0.&696 

4&0 0.00&00 1&77.38 2.00~ 1~.11 0.0021733 0.09741 0.511 ~ . ~5539 1.00029 0. &889 

480 0.00575 1735.90 2 . 027 14.71 0.0020827 0.09839 0 . 520 4.73508 t.00028 0.6884 

500 0.00552 17'3 5 . 33 2.041 14.70 0.0019994 0.099~~ 0 . 529 5.0208R 1.00027 0 . &879 

520 0.00531 1855.&8 2. O&~ 1~.10 0.0019224 0.10056 0.5U 5.31271 1 .0002& O. 68 7~ 

5~0 0.00511 191&.7& 2.019 14 .70 0.0018512 0.10171 o .5~ 7 5.&1001 1.00025 o. &670 

560 0.00493 1919.3& 2. 092 14.70 0.0017851 0.10296 0.55& 5 . 91389 1.0002~ 0. &8&7 

560 0.0047 & 20 ~2.&2 2 . 102 14.10 0.0011235 0.1042~ 0.5&5 6 . 22388 1.00023 0 . 6 864 

&00 0.004&0 210& .61 2.111 14.1 0 0.0016661 0.10557 0 . 573 &.53993 1.00022 0.& 861 

650 0.00~25 2270.32 2.12& 14.70 0 .0 015379 0.1090~ 0 . 595 7.35&79 1.00020 0.&856 

700 0.00334 2437.41 2.135 14.70 0.0014280 0.112&'3 0.&1& 8.21262 1.00019 0.&85 2 

800 0.003~5 2779.49 2 . 141 14.70 0 .001 2496 0.12027 0 . 659 10. 0393~ 1.00017 O. &8~7 

1000 0.0027& 3475.00 2 .1~ 0 14.70 0 .0 0099Q7 0.135&& 0.1~2 14.15056 1.0001 3 0. 68~1 

2000 0.00138 12&D . 92 2.014 14.70 O. 000~999 0.21127 1.128 55.34625 1 . 00007 0 . 5318 

3000 0.000}2 11801. 22 1 . 807 14.70 0.0003333 0.39&81 1.472 109.&5920 1. OOOO~ 0.5253 

4000 0.000&9 20299.~1 1.3 27 14.65 0.0002508 0.&9840 1.789 199.43043 1.00003 0.4695 

5000 0.00053 562 7 2 . 01 0 . 563 14 . 1& 0.0002015 2.36829 2 . 120 381.17027 1 . 00003 0.3163 
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C-lb ThERHOOYNAHIC PROPERTIES OF PARAHYOROGEN 

1 5 PS lA ISOB AR 

TEM PERATU RE VO LUME ISOTH[PH ISOCHO~E INTERNAL ENTHALPY ENTROPY CV CP VELOC ITY 
DEUVHIVE DERIVATIVE ENERGY OF SOUND 

DEG. R : U FT/ LB :U =T-PSIA/LB PSIA/~ BTU/LB BTU/LB BTU/LB-R BTU LB -R FT/SEC 

2 ~. 90~ 0 . 20 7 8~ 27 15.1'6 74.48~2 -132. d86 -132. J09 1.187~4 1.118 1. S2S ~1~2 
25 0 . 20799 2.93 . 50 7~.H87 -132.729 -132.151 1.1 9377 1.121 1.533 ~ 1 32 
26 0. 20 9 2 1 2<88.43 7~.3835 -131.168 -130.587 1.25513 1.1~9 1.617 ~029 
28 0.21 191 2320.50 72.~910 -127.835 -127.2~~ 1.37890 1.202 1.729 3933 
30 0 . 2H82 2159.47 71.0957 -124.267 -123.670 1.50223 1.252 1.852 38~ 7 
32 0 . 21 7 98 2006 . 78 69.8038 -120.~~~ -119.839 1.62582 1.298 1.982 3767 
3 ~ 0. 221~5 18~0.23 68.~5~2 -116.354 -115.739 1.75008 1.339 2.125 3679 
3& 0 . 22527 1;78.40 &&.91'29 -111.975 -111.3~9 1.87553 1. 3 7~ 2.276 3590 
3& . 608 0 . 22&55 1&37. 31 6&.400~ -110.5&8 -109.938 1.91439 1.383 2.320 3567 
3& . & 08 11. 7529& 156.87 O. ~ 7&6 ~8.9&8 81.613 7.1~838 1.556 2.911' 11&6 
38 1 2 . 30213 16&.7& O. ~5 23 51.357 85.527 7.25330 1.538 2. 8~ 5 1195 
~o 13.11 369 180.52 0.~215 5~.719 91.1~4 7.39735 1.522 2.775 1235 

~ 2 1 3 . 909 7 5 193.79 0.3955 58.007 96 .6~3 7.53151 1.512 2.726 1272 
~. 1 • • 69 . 08 20&.&8 O. J7 30 61.2~3 102.058 7. &5746 1.50& 2.690 13 0 8 
~6 1 5 . ~ 6 920 219 . 29 0.3533 6~ •• ~2 107.~09 7. 77&~0 1.502 2. &62 13~2 
.. 8 1&. 23&88 231 . 66 0.3359 67.&10 112.710 7.88920 1.499 2. &39 1375 
50 1 6 . 998"0 2"3.87 0.3202 70.755 117.970 7.99&57 1 ... 96 2.621 1~0 7 
52 17. 75 "7 5 255 . 91 0.30&1 73.881 123.196 8.0990& 1 ... 95 2.606 1~38 
5 .. 1 8 . 50& &9 2 & 7.82 0.2932 76.990 128. J94 8.19715 1.493 2.592 1"&8 
5& 19 . 25"83 279 . 61 0.2815 80.08& 133.5&~ 8.29122 1 ... 92 2.581 1497 
58 1 9 . 99968 291.30 0.2707 83.1&9 lH.nO 8.38162 1." 91 2.571 152& 
60 20 .7. 1&5 302.91 0.2&07 86.2.3 1.3.855 8 •• &8&& 1 •• 90 2.5&3 155 . 

6 2 21."8 1 07 31 ....... 0.2515 89.307 1"8.972 8.55256 1." 89 2.555 1581 
& .. 22.218l" 3 25.90 0.2.30 92.363 15 •• 07& 8.&3358 1 ... 89 2.548 1608 
66 22 . 953.3 337.31 0.2350 95 •• 12 159.167 8.71191 1 ... 88 2.543 1&34 
&8 23 . 68&8 3 348. && 0.2276 98.455 164.248 8.7877" 1." 88 2.538 1&60 
70 24 .41 863 359.96 0.2207 101.493 169.318 8.8612" 1."88 2.533 1685 
75 26 . 2" 211 388 . O~ 0.2051 109.073 181.963 9.03571 1. ~ 88 2.525 17~6 
80 28 . 058~ 9 .15 . 91 O. 1916 116.639 19~.5H 9.198~9 1. ~ 91 2.520 18 0 5 
85 29 . 8& 919 .... 3 . &1 0.1798 12".204 207.1&9 9.35120 1." 95 2.518 1861 
90 3 1. 6 75 2 9 .. 71.17 0.1&9 .. 131.784 219.7~5 9."9520 1.502 2.521 191~ 
95 33 .H7 6 0 .. 98.&2 0 . 1& 02 139.39~ 232.382 9.631&2 1.511 2.52& 19&5 

100 3 5 . 27 &75 525.97 0.1520 1,,7.053 2~5.037 9.7&1~5 1.525 2.536 2013 
105 3 7 . 073 25 553 .25 0.1 ~~5 15~.779 257.753 9.88552 1.5"2 2.551 2059 
110 38. 8 &7 5 1 580 . ~& 0.1378 162.593 270.551 10.00~59 1.5&3 2.5&9 21 0 3 
115 ~0.&5 9 8 " :; 07 . 61 0.1317 170.518 283.454 10.11930 1.588 2.593 21 4 4 
1 20 42 .45051 &3~.71 0 . 1261 178.575 29&.48& 10.23022 1.618 2. &21 2183 
1 25 ~~. 2397 4 &&1.77 0.1209 18&.788 309.668 10.3378~ 1. &52 Z. &53 2219 
130 46 . 02 771 &88.79 0.1162 195.178 323.024 10.~~260 1.690 2. &90 2 2 5 4 
1 ~O ~9 .600 ~8 7 "1'.73 0.1078 212.568 350.338 10 .6~~98 1.777 2.775 2318 
150 53. 16978 796 . 58 0.1005 230.891 378.575 10.83975 1.878 2.87~ 2377 
160 5 6 .7 3&3 0 850.33 0.09~2 250.258 "07.8~8 11.02864 1.987 2.982 2~31 

170 60 .300 59 90" . 03 0.0886 270.7~0 "38.231 11 .21279 2.101 3.095 2~ 8~ 
180 &3 . 8630 3 9 5 7.6& 0.0836 292.369 "69.75~ 11.3929~ 2.217 3.209 253~ 

1 9 0 6 7 . ~2 3 82 1011 . 25 0.0792 315.10& 502.382 11 .56897 2.329 3.321 2585 
200 70. 98 33 ~ 106~.80 0.0752 338.965 536.128 11.7~192 2.~3& 3.~27 263~ 

220 7 8 .099 22 1171.81 0.0&83 389.656 606.58~ 12.07756 2.622 3.612 2735 
2~0 85. 211 8 0 lH8.71 0.0&26 ~~3.630 680.313 12.3980~ 2.763 3.752 2836 
260 92.3218 9 1385.5" 0.0578 499.928 756.361 12.70252 2.857 3. 846 2939 
280 99.~300 5 1 4 92.32 0.0536 557.70~ 833.880 12.98965 2.908 3.896 30 .... 
300 106. 5 3&& 9 1599.05 0.0501 &16.101 912.017 13 .25931 2.925 3.913 311t 8 
320 11 3 . &"211 1705 . H 0.0~&9 & 7 ... 5 72 990. 22~ 13.51178 2.917 3. 90 ~ 3252 

3 .. 0 120 .7~.5" 18 1 2.~0 O. 0~"2 732.685 1068.070 13.7~739 2.891 3.878 3356 
360 127 .8 5 01 " 1919.0" 0.0~17 790.16& 11"5.282 13.9681~ 2.855 3.8"2 3 .. 59 
380 13~.95 30 7 2025.&5 0.0395 8"&.869 1221.71~ 14.17477 2. 81~ 3.801 35&0 
.. 00 1 ~2 .0 55~2 2132.25 0.0375 902.730 1297.302 1~.36871 2.772 3.758 3&60 
~ 20 1~9. 1 57 29 2238.8" 0.0357 957.756 1372.05~ 1~.5510& 2.731 3.717 3758 
"~ O 1 5 &. 25 8 7~ 23~5.~1 0.03~1 1012.000 1"~6.023 1~.72315 2.&93 3.&79 3853 
.. 6 0 1&3.35983 2"51 . 97 0.0326 1065.519 1519.267 1~.88596 2.659 3. 6~6 39~6 

~80 17 0 .4&0&2 2558.53 0.0313 1118.~02 1591.872 15. O~O 2~ 2. &29 3. &15 ~037 

50 0 171. 5&U3 2&65.07 0.0300 1170.72~ 1&63.917 15.18744 2.603 3.590 4126 
5 2 0 18 ~. && 1 41 2771.&1 0.0289 1222.5&6 1735.~81 15.32791 2.581 3.567 ~213 

5~ 0 19 1.7"7&5 2877.9~ 0.0278 12H.022 1806.619 15.~6217 2.562 3. 5~8 4297 
5&0 198. 8~& 9 1 298~.~& 0.0268 1325.033 1877.3~q 15.59029 2. 5~7 3.533 ~379 

580 205. 9~& 0 1 3090.97 0.0259 1375.833 19~7.~&8 15.71388 2. 53~ 3.521 "~60 
6 00 213. 0 ~ '97 3197.H 0.0250 1~26.~~0 20180192 15.83315 2.52" 3.510 .. 5 3 9 
&50 230.791 87 3"'3.72 0.0231 1552.099 2193.1~5 1&.11350 2.505 3.492 ~729 

700 2"8.538 20 37 29 . 96 O. 0 21~ 1&77.106 2367.4~~ 16.37209 2. ~95 3. ~81 .. 9 10 
800 2 8~.0 2 9 . 1 ~262.39 O. 0188 1925.995 271~.91~ 16.83638 2 ... 87 3. ~73 5251 

1000 35 5 .0n"9 5327.1& 0.0150 ?~23.303 3~Oq.375 17.610&9 2. ~ 88 3.4H 5870 
2000 70 9 . 891 99 10650.50 0.0075 ~9&9.879 &9~1.&71 20.05135 2. &~~ 3. &30 82 3 0 
3000 1 06 ~ . 82 5 25 15973 . 68 0.0050 7759.8"8 10717.500 21.568&1 2.9~6 3.933 99~0 

.. 000 14 2~.l ZZ58 2 1 296.83 0.0038 11100.022 15055.656 23.00511 ... 01& 5.081 11173 
5 000 1 8~0.8 3 8 5& 2&619.96 0.0030 17539.593 22652. &9 .. 25.50908 9. 75~ 11. &0 ~ 12102 
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THERMODYNAMIC PROPERTIES OF PARA~YDROGEN C-Zb 

15 PSIA ISJB AR 

TEHPERATURE DENSITY V I DH/DVlp V I DP/DUI
V 

-V IOP/DVI
T IDVIDT\!VCON6~~~~~~TY VISCOSIT Y THERt'AL DIELECTRIC PRAN DTL 

DIFF US IVITY CONSTANT NUHBER 

JEG. R LB/CU FT BTU/LB PSIA-CU FT IB TU PSIA lIDEG. R BTU/F T-HR-R LB~Fr~~EC SQ FT/HR 

2~ . 90~ ~ . 81135 267.50 13. 8 ~5 1306~.08 0.0057016 0.0~222 1.716 0.0057 5 1 . 25177 2. 231 9 

25 ~.80796 ! 66.62 13.819 12950 . 33 0 . 0057511 0.042% 1 . 702 0 . 00577 1.25158 2 . 2 089 

26 ~. 779H 258 . 58 13. 549 1189~.~7 0.0062536 0.0~557 1.581 0. 00590 1.2~999 2 . 020 1 

28 ~ . 71898 261. 23 12.780 10950 . 37 0.0066200 0.05011 1.380 0 . 00614 1.24657 1.7 1 38 

30 4.655 0 6 261 .93 12.195 10052.49 0.0070724 0.05305 1.223 0.00615 1.2~298 1 . 537 1 

32 4 . 58749 261.38 11.721 92 06 . 10 0.0075823 0 . 05497 1.097 0.00605 1 . 23919 1 . 42 4 0 

3~ 4.51579 257 . 95 11. 32~ 6310.10 0.0082375 0.05607 0.994 0.00584 1.23518 1. 3556 

36 4.~3916 2 53. ~2 10.975 7450.69 0.00898 21 0.05692 0.907 0 . 00563 1.23090 1. 3051 

36 . 6 08 4.41411 252.51 10.676 7227 .29 0 . 0091875 0.05727 0.862 0 . 00559 1 . 22 951 1 . 2665 

36 . 608 0.08508 81 . 54 3 . 601 13.35 0.0357072 0.00984 o .07 6 0.03972 1 . 00~11 0 . 8 1 04 

38 0.08129 8 5 . 25 3.618 13.56 0.0333702 0 .010 12 0.079 O. O~ 377 1.00393 0.7 9 75 

~O 0.07&2& 90.&5 3.&32 13.77 0 . 030&1&9 0.0105& 0.083 0.04988 1 . 00369 O. 7 832 

~2 0 . 07189 96.05 3.&38 13.93 0.0283852 0.01101 0.087 0 .0 5617 1.003~7 0 .77 21 

44 0 . 0&805 101 . 44 3.640 14.07 O. 026519~ 0.0 11 ~8 0.090 0 .062&9 1.00329 0.7&3 2 

~& 0.06~&~ 106.80 3.640 g.18 O. 02~92~5 0.01195 o .09~ O. 069~~ 1.00312 0.7 5 5 7 

4 8 0.06159 11 2 .13 3.&39 H.27 0.023536& 0.0 12~2 0.098 0 . 0764 3 1.00296 0 .74 93 

5 0 0.05883 117 . ~~ 3 . 638 14.35 0.0223187 0.01290 0.102 0.08366 1.00284 0 . 7 4 36 

52 0.05&32 12 2 .71 3.636 H.~1 0.0212Jl9 0.01338 0.105 0.09118 1 . 00272 O. 73 8 ~ 

54 0 . 05403 1 Z7. 95 3.634 1~.~7 0.0202609 0.01386 0.109 0.09896 1 . 00261 0.7336 

56 0 . 0519~ 13 3 . 17 3.632 1~.52 0.0193820 0.01~30 0.113 0.10671 1 . 00251 0.7310 

58 0 . 05000 136. 3 7 3.631 1~.57 0 . 0185832 0.01 ~7 5 0.116 0.11~70 1. 002~2 0. 7 28 & 

60 0 . 0~821 1 ~3 . 5~ 3.629 1~.&0 0.017~5J2 0.01519 0.120 0.12292 1 . 00233 0 . 7263 

62 0 . 0~655 1~8 . 70 3.628 1~ .6~ 0.0171832 0.01563 0.123 0.13HJ 1.00225 0. 72 39 

6~ 0.0~501 15 3 .84 3.627 1~ .67 0.0165656 0.01608 0.126 0. 140 17 1.00217 0. 72 15 

66 0 . 04357 158.98 3.625 1~. 70 0.0159940 0.01652 0.130 0 .14 917 1.00210 0.7 192 

68 0.04222 164.11 3.62~ 14.72 0 . 0154&32 0.01697 0.133 0.15840 1.00204 0.7169 

70 0 . 04095 169.23 3.622 14. 7~ O. 01~9687 0.01742 0.136 0.16788 1.00198 0 .7147 

75 0.03811 18 2 .07 3.615 1~.79 0.0138677 0.01853 o .1~5 0.19257 1.00184 O. 7 095 

8 0 0 . 035.~ 19 ~.97 3.&06 1~. 82 O. 01 292~9 O. 019 6~ 0.153 0.21867 1.00172 O. 70~7 

85 0. 033~8 208.01 3.593 H.85 0.0121073 0.0 2075 0.160 0.2~r,10 1 . 00162 0.7 0 O~ 

9 0 0. 03 1 57 221.28 3. 57~ 1~.88 0.011 3907 0.02186 0.168 0.27~76 1.00152 0.6 967 

95 0 . 029&7 23~.86 3 . 5~9 H.89 0.0107569 0.02298 0.175 0.30~~7 1 . 001 ~~ 0 .6938 

1 DO 0 .02835 2~8 . 86 3.516 1~.91 0.0101919 0.02~09 0.183 0.33510 1 . 00137 0. 69 17 

105 0 . 02697 263.35 3.~76 14.92 0.0096849 0.02521 0 . 190 0.36642 1 . 00130 0. 6 907 

110 0.02573 278 . 44 3.426 14. 93 0.0092271 0.02641 0.197 0.39953 1.00124 0 . 6 885 

115 0.02459 294.22 3.372 14.94 0.0088116 0.0 2 7 65 0. 2 0 3 0.43361 1 . 00119 0.6868 

1 20 0 . 02356 31 0.76 3.309 14.95 O. 008~327 0.02889 0.210 0.46794 1.00114 0. 6 8 &4 

1 25 0 . 022.0 328 . 12 3.240 14 .96 0.0080855 0.03013 0.217 0.50237 1.00109 0 . 68 7 2 

130 0.02173 346.34 3.166 1~.96 0.0077663 0.03137 0.223 0. 53673 1 . 00105 0 . 689 3 

1 40 0.02016 385.50 3.008 14.97 0.0071991 0.03384 0.236 O. &0 478 1 . 00097 0.69&& 

150 0 . 01881 428.29 2.847 14.98 0.0067100 0.03676 0.248 0.68009 1.00091 0 .69 8 7 

1 6 0 0 . 01763 474.52 2 .689 14.99 0 . 0062838 0.03994 0.260 0 .75994 1.00085 0. 6995 

170 0 . 01658 523.78 2.542 14.99 0 .0 059090 0.0~312 0.272 0 .8400 9 1 . 00080 O. 7 026 

180 0 . 01566 575. ~8 2.409 1 5 .00 0.0055768 0.05177 o .307 1.03018 1.00076 0. 6 859 

190 0 . 01~83 628.98 2.292 15. DO 0.0052800 0.05676 0.326 1 .15238 1.00072 0.6877 

2 00 0 . 01409 683.54 2.192 15.00 0.0050136 0.06130 0.342 1.26976 1 . 00068 0 .6893 

22 0 0.01280 793.05 2.036 15.00 0.0045543 0.06916 0.36 8 1. 495~2 1.00062 0. 6 917 

2~ 0 0 . 0117 4 899.21 1.931 15.01 0.00417 25 0.075 53 0.388 1.71536 1 . 00057 0.6'l33 

2 6 0 0 . 01083 998 . 91 1.867 15.01 O. DO 36500 0.08058 0.40~ 1.93430 1 . 00052 0 .69~1 

2 8 0 0.010 0 6 1090.23 1.834 15.01 0.0035739 0.084~6 0.418 2.15526 1 . 000 4 9 0.6944 

300 0.00939 1173.41 1.823 15.01 0.0033349 0.08741 o .~31 2.37974 1.00045 0. 6 'l43 

3 20 0.00880 lZ~8.98 1. 828 15.01 0.00J1259 0.08962 0.442 2 .60869 1 . 0 0 0 ~2 0.6938 

3 ~0 0.00828 1318.43 1.8~4 15.01 0.0029416 0 .09131 0.453 2 . 8~282 1 . 00040 0.693 2 

360 0.00782 138 3 .13 1.867 15.01 0.0027779 0.092&3 0.~64 3.08222 1.00038 0 .6925 

380 O.OOHI 1444.29 1.895 15.01 O. 002 631~ 0.09370 0 . 47~ 3.3Z728 1 . 0003& 0 . 6 918 

4 00 0.0070~ 150 3 .58 1.923 15.01 0.002~997 0.09~67 0.483 3.57R07 1.0003 .. 0. 6 910 

4 20 0 . 006 7 0 1561.6~ 1.952 15.01 0 .0 023805 0.09557 o .~93 3.63469 1 . 00032 0.6903 

44 0 0 . 00640 1619.33 1.979 15.01 0 .00 22722 0.09647 0.502 ~. 09704 1.00031 0.6896 

~ 60 0 . 00612 1&77.~0 2.00~ 15.01 0.0021733 0.09741 0.511 4.3651S 1 . 00030 0.&889 

4 80 0 . 00587 1735.92 2.027 15.01 0.0020827 0.09840 0.520 4.63917 1 . 00028 0.6 8 8 4 

500 0 . 00563 1795 . 35 2.047 15. 01 0 . 0019993 o .0 994~ 0.529 ~.91916 1 . 0002 7 0.6879 

520 0 . 005"2 155 5 . 70 2. 06~ 15.01 0.0019224 0.1 0056 0.538 5 . 2 0 5 10 1.00026 0 . 68r.. 

54 0 0.00522 131 &.78 2.079 15.01 0.0018512 0.10171 0.547 5 .49645 1.00025 0 .6870 

560 0.00503 1979.38 2.092 15.01 0.0017851 0.10 296 0.55 6 5.79412 1 . 00024 0 . 6 867 

580 0.00466 2042.65 2.102 15.01 0.0017235 0.10424 0.565 6 .09783 1 . 00023 0 .686~ 

600 0 . 004&9 2106.83 2.111 15.01 0.0016661 0.10557 0.573 6.40748 1 . 00023 0.6861 

&50 0.00~33 2270.34 2 . 126 15.01 0.0015379 0.10904 0.595 7.20779 1 . 00021 0 . 6 856 

700 0 . 00~02 2437.44 2.135 15.01 0.0014280 0.11269 0.616 8. O~ 630 1 . 00019 0.6852 

800 0. 00352 2779.51 2 .141 15 .0 1 0 .00 12495 0.12028 0.659 9.83602 1. 00017 0.6847 

1 000 0 . 00282 3475.03 2 . 140 15.01 0.0009997 0.13566 0.7~2 13.66397 1.0001 ~ O. 68~1 

2 000 0.00141 7260.94 Z.Ol~ 15 . DO 0.0004999 0.27727 1.128 5~.Z2674 1 . 00007 0 .5 3 18 

3000 0.00094 uaOO.41 1. 807 15 .00 0 .0 003B3 0.39683 1.472 107.43262 1.00005 0. 525 4 

4000 0 . 00070 20261.27 1.330 14. 95 0.0002506 0.&96~3 1.769 195.20752 1.00003 0.469 9 

5 0 00 0 . 000;4 55933.54 0.566 14.46 0.0002075 2 . 35117 2 .119 372.98989 1.00003 0 .3 765 

TWO - PHASE BOUNORY 
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C-Zb THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN 

20 PSIA ISOBAR 

TEHPERATU RE VOLUHE ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OERIVATIVE OERIVATIVE ENERGY OF SOUND 

JEG. R CU FT/LB CU <T-PSIA/LB PS IA/R BTU/LB BTU/LO BTU/LB-R BTU / LB -R FT/SEC 

24 . 925 0.20779 27 2 0.36 74.5188 -132.881 -132.112 1.18764 1.119 1.525 4146 
25 0.20791 2706.04 74.5106 -132.756 -131.986 1.192&7 1.121 1.531 4139 
26 0.20913 2496.52 74.4927 -131.198 -130.423 1.25398 1.148 1.61& 4035 
za 0.21LH 2349.90 72.6676 -127.900 -127.116 1.37654 1.201 1.724 3952 
30 0.21465 2162.76 71.2445 -124.3JJ -123.538 1.49999 1.252 1.847 3863 
32 0.21767 20 14.86 69.6952 -120.493 -119.686 1.&2430 1.298 1.960 3774 
34 0.22131 1a48.16 68.5467 -116.410 -115.591 1.74841 1.338 2.122 3&85 
36 0.22512 1666.60 67.0150 -112.040 -111.206 1.87370 1.373 2.273 3596 
38 0.22940 1515.89 &5.2770 -107.339 -10&.490 2.00119 1.403 2.444 3498 
38.444 0.23044 Het.07 64.6429 -106.240 -105.386 2.03005 1.409 2.478 3480 
38.444 9.04340 156.65 0.62&3 50.239 83.731 6.95161 1.571 3.029 1183 
40 9.53159 166.42 0.5892 53 .010 88.310 7.06834 1.548 2.93& 1216 

42 10.15855 182.91 o • 5486 56.lt69 94.091 7.20940 1.530 2 .651 1257 
44 10.77121 196.79 0.5146 59.840 99.730 7.34058 1.519 2.791 1294 
4& 11.37304 nO.22 0.4853 63.146 105.266 7.46361 1.512 2.746 1330 
48 11.96635 223.31 0.4597 66.406 110.722 7.57973 1.507 2.712 13& .. 
50 12.55275 23&.11 0,4371 69.628 116.117 7.&8984 1.503 2.684 1397 
52 13.13344 248.&6 0.4168 72.822 121.4&1 7.79464 1.501 2.6&1 1429 
54 13.70934 2 & 1.0& 0.3985 75. 991 12&.7&3 7.89469 1.499 2.642 14&0 
56 14.28115 273.27 O. 3818 79.140 132.030 7.99046 1 .497 2.625 1490 
58 14.64944 265.35 0.3667 82. Z72 137.266 8.08233 1.495 2.611 151~ 

60 15.41467 297.30 0.3527 85.389 142.476 8.17065 1.494 2.599 1548 

62 15.97723 309.15 0.3399 86.492 147.663 8.Z5569 1.493 2.588 157& 
64 16.53743 320.90 0 .3280 91.584 152.8Z9 8.33770 1.492 2.579 1603 
66 17.09556 33 2 .57 0.3170 94.666 157.978 8.41692 1.491 2.570 1& 30 
68 17.65184 344.17 0.3067 97.739 163.112 8.49355 1.491 2.5&3 165& 
70 18.20&47 J 55.70 0.297Z 100.605 168.23 2 8.5677& 1.490 2 .557 1&81 
75 19.58685 384.29 0.2757 108.445 180.985 8. H3 73 1.491 2.545 1743 
80 20.95995 412.58 0.257J 116. 063 193.687 8.90769 1.492 2.537 1802 
85 22.32727 440.&5 o .2413 123.673 Z06.361 9.06135 1.496 2.533 1859 
90 23.&8990 466.53 0.227Z 131.291 219.0Z5 9.20&13 1.503 2.533 1913 
95 25 . 04870 49&.26 0.2147 138.934 231 .701 9.34319 1.513 2.538 1964 

100 26.40.30 523 . 86 O. ZO 35 146.621 244.409 9.H355 1.526 2.546 2013 
105 27.75723 551.36 0.1935 154.373 257.171 9.59808 1.542 2.559 2059 
110 29.10789 578.76 0.1844 162.210 2 70.010 9.71754 1 .563 2.577 2 102 
115 30.45662 606.09 0.1761 170.156 282.951 9.8 3Z 58 1.589 2.600 2144 
120 31.80368 ,33.35 0.1686 178.232 29&.016 9.94378 1.618 2.627 2H2 
125 33.14929 660.56 0.1617 186.462 309.229 10.05165 1.652 2.659 2219 
130 34.49365 687.71 0.1553 194.867 322.612 10. 15&63 1.690 2.695 2254 
140 37.17916 741.90 0.1440 212.284 349.975 10.35937 1.778 2.780 23H 
150 39.66119 795.94 0.1343 230.629 378.254 10.55443 1.676 2.876 2377 
160 42.54045 849.67 0.1258 250.016 407.5&2 10.74355 1.987 2.985 2432 

170 45.21746 9 03. 72 o .1L83 270.515 437.976 10.92789 2.102 3.098 2484 
180 47.89264 957.49 0.1116 292.158 469.526 11.10619 2.217 3.212 2535 
190 50 . 56616 1011.19 0.1057 314.910 502.179 11.28436 2.329 3.323 2585 
200 53.23841 1064.84 0.1004 338.781 535.947 11.45742 2.436 3.429 2635 
ZZO 58.57975 1172.02 0.0912 389.493 606.440 11.79324 2.62Z 3.613 2736 
240 63.91760 1279.07 0.0835 443.463 680.200 12.11385 2.763 3.753 2837 
260 69.2533& 1386.03 0.0771 499.796 756.272 12.418"3 2.857 3.6" 7 2940 
2 80 74.58699 1"92.90 0.0716 557.563 833.813 12.70564 2.908 3 .897 3044 
300 79.91911 1;99.71 0 .0668 615.991 911.966 lZ.H536 Z.925 3.914 31 .. 9 
320 85.25001 1706.48 O. 0626 674." 71 990.190 13.Z2768 2.917 3.905 3253 

3 .. 0 90.57992 1813.20 0.0569 7J2.591 1068.050 13."6353 2.891 3.879 3357 
360 95.90901 1919.89 0.0556 790.080 1145.275 13.68 .. 31 2.855 3.8"3 3460 
360 101.237"Z 2026.56 0.0527 846.768 1221.717 13.89098 2.814 3.801 3561 
400 106.565Z5 2133.20 0.0500 902.655 lZ97.315 14.0849" 2 .772 3.759 3661 
420 111 .69260 2239.83 0.0476 957.666 1372.075 14.26731 2 .731 3.718 3759 
... 0 117.21954 23 .. 6 ... 3 0.0455 1011.934 1 .... 6.052 14.43941 2.693 3.680 3854 
460 122.5 ... 12 2"53.02 0.0435 1065 ... 58 1519.30Z 14.60224 2.659 3.646 3947 
480 127.67239 2559.60 0.0417 1116.3 .... 1591.~1" 14.75&5 .. Z.6Z9 3.616 .. 038 
500 133.19839 2666.17 0.0400 1170.670 1663.96" 14.90375 2.603 3.590 4127 
520 136.52415 2772.73 0.0385 1222.515 1735.534 15.0"423 2.581 3.568 "214 

5 .. 0 143.63951 2679.09 0.0370 1273.976 1806.680 15.17651 2.562 3.5"9 "298 
560 1 .. 9 .16 .. 38 2985.63 0.0357 13Z4.990 18 77. "1" 15.J0664 2.547 3.534 4380 
580 154.46Hl 3092.15 0.03"5 1375.792 1947.936 15.43023 2.53" 3.521 4461 
600 159.61369 3196.67 0.0333 1426.401 2018.Z&5 15.5"951 2.524 3.510 4540 
650 173.12"65 3"64.95 a.0306 1552.065 2193.224 15.82987 2.506 3.492 4730 
700 166."3503 3731. 21 O. a 286 1677.076 2367.531 16.086"7 2 .4 95 3 ... 81 .. 911 
800 213.05456 "Z63.68 0.0250 1925.971 2715.009 16.55278 2.487 3."73 5252 

1000 266.29067 5326.50 0.0200 2"23 . 286 3 .. 09. "63 17.32710 2." 86 3. "74 5871 
20 DO 532.45.3 .. 10651. 92 0.0100 "9&9.67" 69"1.791 19.76777 2.6"4 3.630 6231 
3000 798.64901 15H5.1t 0.0067 7759.18" 10716.947 21.28479 Z.9 .. 2 3.929 9942 

.0 00 1067.67810 21298.26 0.0050 11 060 .631 150 14. 732 ZZ 0710 4 .. 3.900 4.95" 11196 
50 00 137".01105 26621."0 0 .00"0 17074.776 2Z163.369 25 .1177 .. 8.910 10. 632 12121 
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THERHOOfNAHIC PROPERTIES Of PARAHYOROGEN C- Zb 

20 PSIA ISOBAR 

TEHPERA TURE DENSI TV V (DH/DV~ V (DP/OUly -V (OP/ OVI
T (DV/OTlp'V cONb~g~~iTY Y ISCOSITY THERMAL OIELECTRIC PRANOTL 

OIFFUSIYITV CONSTANT NUH BER 

DEG. R LB/CU fT BTU/LB PSIA-CU FT IB TU PSIA lIDEG. R BTU/fT-HR-R LB/FT-SEC SQ FT/HR 
X 10 5 

2~. 925 ~.81259 267.98 13.8~3 13091.97 0.0056919 0.0~231 1.718 0.00576 1.2518~ 2.22~6 

25 ~.80982 267.~9 13.822 13015.55 0.00572H 0.0~255 1.706 0.0057A 1.2S168 2 . 2106 

26 ~.78181 259.03 13.566 11937.91 0.0062~00 0.04558 1.565 0.00590 1.25010 2.0233 

28 ~.72288 263.27 12.807 11 096.31 0.0065~76 0.05017 1.386 0.0061~ 1.2~679 1.7H3 

30 ~.65875 263.62 12.217 10168.93 0.0070061 0.05311 1.228 0.00617 1.2~318 1. 5366 

32 ~.589H 261 . 94 11. 73~ 92~8 .12 0.0075576 0.05501 1.100 0.00605 1.23933 1. ~2~7 

34 4.518H 2 58. 5~ 11.336 8350.83 0.0082084 0.05613 0.996 0.00565 1.23533 1. 3560 

3& 4.~4207 254.08 10.987 7491.99 0.0089~49 0.05698 0.909 0.0056 4 1.23107 1.3 0 ~8 

38 ~. 35918 247.37 10.675 6608.03 0.0098784 0.05795 0.833 0.0054~ 1.22645 1.26~5 

38. 4~4 4.33952 2 46. ~7 10.608 6448.84 0.0100550 0.05808 0.817 0.005~0 1.22536 1.2553 

38.444 0.110,8 83.77 3.605 17.32 0.0361539 0.01054 0.080 0.03146 1.00535 0.8322 

~O 0.10ftJ1 88.03 3.627 17.67 0.0333470 0.01083 0.083 0.0351& 1.00507 0.61"1 

42 0.09a .... 93.56 3.642 18.01 O.030HI0 0.0112~ 0.067 0.04006 1.00476 0.7966 

44 0.09254 99.09 3.649 18.27 0.0281660 0.01168 0.091 0.0450 8 1.00449 0.7832 

~6 0.08793 10 4.59 3.651 18.48 0.0262563 0.01213 0.095 0.05025 1.00425 0.7726 

~8 0.08357 11 0.06 3.651 18.66 0.0246359 0.01259 0.099 0.05557 1.00404 0.7639 

50 0.07966 115.50 3.649 18.81 0.0232362 0.01305 0.102 0.06106 1.00385 0.7565 

52 0.076H 120.89 3.647 18.93 0.0220103 0.01352 0.106 0.06674 1.00368 0.7499 

5~ 0.0129~ 126. 24 3.645 19.04 0.0209247 0.01399 0.109 0.07261 1.00352 0.7439 

56 0.07002 131.56 3.643 19.14 0.019954~ 0.01~43 0.113 0.07850 1.00338 0.7402 

58 0.06134 136.85 3.641 19.22 0.0190805 0.01481 0.117 0.08455 1.00325 0.7368 

60 0.064&7 142.10 3.639 19.29 0.0182880 0.01530 0.120 0.09078 1.00313 0.7336 

62 0.06259 147.33 3.638 19.35 0.0175659 0.01575 0.123 0.09721 1.00302 0.7305 

6~ 0.060H 152.54 3.636 19.40 0.0169042 o .01619 0.127 0.10382 1.00292 0.7275 

66 0.05a"9 157.74 3.63~ 19.45 0.0162952 0.01663 0.130 0.11061 1.00283 0.7246 

68 0.05665 162.92 3.633 19.50 0.0157322 0.01707 0.13~ 0.11758 1.00274 0.7219 

70 0.05493 168.11 3.630 19 . 5~ 0.0152099 0.01752 0.137 0.12~73 1.00265 0.7193 

75 0.05105 181.06 3.62~ 19.62 0 .0 1~0544 0.01862 0.145 0.14334 1.00247 0.7132 

80 0.04771 194.07 3. 61~ 19.68 0 .013 0721 0.01973 0.153 0.16299 1.00230 0.7078 

85 0.04479 207.20 3.600 19.74 0.0122251 0.02083 0.161 0.1836~ 1.00216 0.7030 

90 0.0~Z21 Z20.5~ 3.581 19.78 O. 011~863 0.02194 0.168 0.20521 1.0020~ 0.&989 

95 0.03H2 23~.19 3.555 19.81 0.0108354 0.02305 0.176 0.22756 1.00193 0.6957 

100 0.03787 248. 2~ 3.522 19.84 0.0102570 0.02417 0.183 0.25060 1.00183 0.6934 

105 0.03603 262.78 3.481 19.86 0.0097393 0.02528 0.190 0.27415 1.0017~ 0.6922 

110 0.03~35 277.91 3.~ 33 19.88 0.0092731 0.02648 0.197 O. 2990~ 1.001&6 0.6898 

115 0.03283 293.72 3.377 19.90 0.0088506 0.02771 0.20~ 0.32466 1.00159 0.6879 

120 0.03H4 31 0.29 3.313 19.91 0.0084660 0.02895 0.210 0.35047 1.00152 0.6873 

125 0.03017 327.68 3.24~ 19 .93 0.0081142 0.03019 0.217 0.37635 1.00146 0.6881 

130 0.02899 345.92 3.170 19.94 0.0077'l11 0.03142 0.223 O. ~O 217 1.001"0 0.6900 

140 0.02&90 385.12 3.012 19.95 0.0072179 0.03389 0.23& 0.45328 1.00130 0.6973 

150 0.02509 427.94 2.850 19.91 0.0067245 0.03681 0.248 0.50986 1.00121 0.6993 

160 0.02351 ~ 74.20 2.692 19.98 0.0062951 0.03999 0.260 0.56983 1.00113 0.6999 

170 0.02212 523.47 2.545 19.99 0.0059179 o .0~316 0.272 0.63003 1.00107 0.7030 

180 0.02088 ,75.20 2.412 19.99 0.0055839 0.05178 0.307 0.77208 1.00101 0.6863 

190 0.01978 628.74 2.295 20 .00 o • 0052857 0.05677 0.326 0.86372 1.00095 0.6881 

200 0.01318 083 .33 2.194 20.00 0.0050181 0.06130 0.342 0.95178 1.00091 0.6896 

220 0.01707 792. 90 2.037 20.01 0.0045573 0.06916 0.368 1.12112 1.00082 0.6'l20 

2~0 0.01565 899.12 1.933 20.01 0.00U745 0.07553 o .36 8 1.26616 1.00076 0.6935 

260 0.0144~ 998.87 1.868 20.01 0.0036513 0.08057 O.~O~ 1.~5050 1.00070 O. 69~3 

280 0.013~1 1090.24 1.835 20.02 0.00357~8 0.08446 0.418 1.61632 1.00065 0.694& 

300 0.012H 1173.~7 1.82~ 20.02 0.0033354 0.087~1 0.431 1.78479 1.00060 O. 694~ 

320 0.01173 1249.09 1.829 20 . 02 0.0031262 0.08962 0.442 1.95660 1.00057 0.6'l40 

340 0.0110~ 1318.57 1.845 20.02 0.0029418 0.09131 0.453 2.13229 1.00053 0.6933 

3&0 0.01043 1383.31 1.868 20 . 02 0.0027779 0.09263 o .~6~ 2.31193 1.00050 0.6926 

380 0.00988 1~4~. 50 1.895 20.02 0.0026314 0.09371 0.47~ 2.49580 1.000~8 0.6918 

400 0.00938 1>03.81 1.924 20.02 0.002499& 0.09~67 0.~83 2.68397 1.00045 0.6911 

~20 0.00894 15&1.89 1.952 20.02 0.0023804 0.09558 0.493 2.87651 1.00043 0.&903 

440 0.00853 161'l.60 1.980 20.02 0.0022720 0.096~8 0.502 3.07335 1.000~1 0.6896 

.. 60 0.00816 1677.69 2.005 20.02 0.0021732 0.09742 0.511 3.27450 1.00039 0.6690 

~80 0.00782 1736.22 2.028 20.02 0.0020825 0.098~0 0.520 3.48009 1.00038 0.688~ 

500 0.00751 1795.66 2 .047 20.02 0.0019992 0.09945 0.529 3.69017 1.00036 0.6319 

520 0.00722 1856.03 2 .0&5 20.02 0.0019222 0.10056 0.538 3.90~68 1.00035 0.6875 

540 0.00695 1917.12 2.080 20.02 0.0018510 0.10172 0.547 4.12327 1.00034 0.6870 

560 0.00670 1979.73 2.092 20.02 0 .0017 849 0.10297 0.556 4.3~659 1.00032 0.6867 

SSO 0.006~7 2043. 00 2.103 20.02 0.0017233 0.10425 0.565 4.57444 1.00031 O. 68&~ 

600 0.00626 2107.19 2.111 20.02 0.0016&59 0.10558 0.573 ~. 80 &7~ 1.00030 0.6862 

&50 0.00578 2270.71 2.127 20.01 0.0015377 0.10905 0.595 5.40714 1.00028 0.6856 

700 0.00536 2437.82 2.136 20.01 0.0014279 0.11270 0.&16 6.03&18 1.0002& 0.6852 

800 0.00469 2779.92 2.142 20.01 0.0012494 0.12029 0.&59 7.37880 1.00023 0.6847 

1000 0.00376 3H5.45 2.141 20.01 0.0009996 0.135&8 o .7~2 1O.~00~6 1.00018 0.6841 

2000 0.00188 7261.~2 2.01~ 20.01 0.000~999 0.27727 1.129 ~0.67267 1.00009 0.5319 

3000 0.00ll5 11789.87 1.810 20.00 0.0003333 0.39624 1.473 80.53466 1.00006 0.5257 

~OOO 0.00094 1976~.61 1.369 19.95 0.0002506 0.&7069 1.789 144.58911 1.00005 0.~756 

5000 0.00073 51499.77 0.617 19.37 0.00020&5 2.12685 2.115 274.85339 1.00004 0.3806 

383 
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C - 2b THlRMODYNAMIC PROPERTIES OF PARAHYDROGEN 

25 PSIA IS OBAR 

TEHPE RA TURE VOLU ME IS OTHERH ISOCHORE INTERNAL ENTHA L PY ENTROPY CV CP VELOCITY 
DERIVATIVE DERI VATIV E ENERGY OF SOUND 

)EG . R CU FTILB CU FT-PSIA/LB PSIA/R BTU/LB BTU/LB BTU/LB-R BTU / LB -R FT/SEC 

2~. 9~5 0.2077~ 2725.~& 7~.5513 -132 . 67& -131.914 1.1876~ 1.119 1.525 4149 
25 0 . 20763 2716.53 74 . 5425 -132.763 -131.821 1.19156 1.121 1.529 414& 
26 0.20905 2565.87 74 . 5454 -131 . 226 -130.256 1.25269 1 . 148 1.604 4075 
26 0.21l&~ 2358 . 4& 72 . 7&01 - 127 . 934 -12& . 954 1 . 37530 1.201 1.722 3958 
30 0 . 2H5 5 2191. 02 71 . 3334 -124 . 373 -123 . 380 1 . 49663 1. 251 1.6~5 3669 
3 2 0.2 1 715 2022.69 69.9662 -120 . 541 -119 . 533 1 . 62279 1.297 1.976 3780 
3~ 0.22118 185& . 04 &6.&386 -11&.4&& -115.442 1 . 74&75 1.336 2. 12 a 3&91 
3& O. 2Z~97 1694.7& 67 . 10 68 -112 . 105 -111 . 064 1.87187 1.373 2.2&9 3603 
38 0.22H3 1524.4& 65 . 3741 -107.418 -106.356 1 . 99911 1. ~ 02 2.~39 3505 
39 . 975 0.23~00 1350.67 &3 . 3848 -102 . 429 -101.3~& 2 . 127&3 1 ... 27 2. &32 3398 
39 . 975 7.3&165 155 . 26 0.7772 51.098 85 . 177 6.79632 1. 5 8~ 3.1~4 1195 
~o 7.3&~19 155. ~4 0 . 77&6 51 . 141 85.232 &.797&9 1.583 3.143 119& 

42 7.69501 171 . 42 0.71&3 54.820 'H . 3&9 6 . 9~7~3 1.553 3.004 1239 
~4 6.40808 1&6.46 0 . 6673 58 . 354 97. 216 7.08488 1.535 2.910 1280 
46 6.90823 200 . 63 0 . &2&1 &1 . 789 103.026 7.21269 1.524 2.8~3 1318 
46 9.39654 214 . &9 0.5907 &5.153 108.&62 7 . 33258 1.51& 2.793 1353 
50 9.88105 228 . 16 0 . 5598 68 . 463 114.206 7 . 4~575 1.511 2.753 1388 
52 10.35724 2~1.31 O. 532~ 71 . 732 119.679 7.55308 1.507 2.721 1~21 

5~ 10.82819 254.19 0 . 5079 74 . 967 125 . 09~ 7.65526 1. 5 O~ 2.695 1452 
5& 11.29472 266 . 85 0.4659 76 . 173 130 . 460 7.75285 1.502 2. &72 1483 
58 11 . 757~9 279.33 0 . 4&58 ft1 . 356 135 . 78& 7.84&28 1.500 2.&53 1513 
&0 12.21701 291. 6~ 0 . ~475 64.520 141.07& 7.9359& 1.496 2. &37 1542 

&2 12.67371 303.81 0 . 4307 87.&&5 14& . 335 8.02218 1 . ~97 2.&22 1570 
6~ 13.1Z79~ 315.67 0.~152 90 . 794 151.5&7 8.10524 1.495 2. &10 1598 
6& 13.58001 327 . 81 0.4009 93 . 910 15&.776 8.18539 1. ~ 9~ 2.599 1&25 
&6 14.0301& 339. && 0.387& 9 7.015 1&1.9&5 6.2&283 1.493 2.590 1&52 
70 14.47860 351. 42 0 . 3752 100.110 167.136 8.33776 1.493 2.561 1&78 
75 15.5933~ 380.52 0 . 3476 107 . 813 160 . 000 6.51528 1.493 2.565 1741 
80 1&.70062 ~ 0 9. 25 0.3240 115 . 483 192.79& 8.66046 1 . 494 2.554 1800 
65 17.60201 437.69 0 . 3035 123.138 205 . 549 8.63509 1.498 2.548 1857 
90 18 . 696 6 3 4&5.90 0 . 2855 130.795 216 . 282 6 . 980&5 1. 504 2.546 1911 
95 19.99137 493.91 0.2&'H 136.472 2lt. 018 9.11836 1.514 2.549 1963 

100 21.08088 521. 76 0.2555 146 . 189 243.779 9 . 24927 1.527 2.556 2012 
105 22.16769 549 . 47 0 . 2428 153.966 256 . 588 9.37425 1.543 2.566 2056 
110 23.25221 577.08 0 . 2313 161.827 269 . 469 9.49410 1.56~ 2.585 2102 
115 24.33~76 :. 04. 58 0.2209 169.793 282 . 447 9.60947 1.589 2.607 2143 
120 25.41568 632 . 01 0.2114 177.668 295.546 9.72096 1.619 2.633 2182 
125 26 . 49513 659.36 0 . 2026 166 . 135 308.789 9.82908 1.653 2.665 2219 
130 27.57331 & 86.65 0.1946 194 . 555 322.201 9.93428 1.691 2.700 2254 
140 29.72646 741.07 0.1804 211.999 349.613 10.13738 1.778 2.784 2319 
1 50 31.67&13 795 . 31 0.1681 230.368 377 . 933 10.33273 1 . 676 2.662 2377 
160 34.02302 8~9.42 0 . 1574 249 . 773 407.277 10.52207 1.966 2.986 2~32 

170 36.16767 903 . 41 0 . 1460 270 . 269 437.721 10 . 706&1 2.102 3.101 2485 
160 38.31048 ~ 57.31 0.1397 291.947 4&9 . 299 10 . 68707 2. 217 3.214 253& 
190 40 . 451&3 1011.13 0.1323 314.714 501 . 977 11.0&337 2.330 3.32& 258& 
2 00 ~2.59 1 52 10&4.89 0.125& 338 . 597 535.767 11.23654 2.43& 3. ~31 2636 
220 4& . 6&812 1172 . 25 0.1141 369 . 329 606.297 11.57253 2.622 3.615 2736 
240 51.1~144 1279.44 O. 1045 443.33& 680.08& 11.89328 2.763 3.755 2838 
2 60 55.41228 1386.51 0 . 0964 499.0&3 75&.18" 12.1979& 2.857 3.848 2941 
280 59.&8120 1~93 . 48 0.0895 557 . 4&3 633 . 7"& 12.4652" 2.908 3.698 3045 
300 63.94660 1&00.36 0 . 0635 &15.660 911.919 12.75503 2.925 3.915 3150 
320 66.2H76 1707.22 0.0762 &H . 3&9 990.157 13.007&0 2.917 3.90 & 3254 

340 72.47997 1814.01 0 . 073& 732.497 10&8 . 030 13.24329 2.891 3.880 3358 
3&0 7& . 74434 1920.75 0.0&95 769 . 993 1145.267 13.~&411 2.855 J.643 34&1 
380 81.00804 2027.47 0.0&59 64&.708 1221.720 13.&7080 2.814 3.802 3562 
400 65.27117 2134 . 15 0.0&26 902.580 1297 . 327 13.6&479 2.772 3.759 36&2 
420 69.53361 2240.81 0 . 059& 957 . &16 1372.09& 14.04718 2.731 3.718 3760 
44 0 93.79&03 2347 . 45 0 . 05&9 1011.6&8 144&.080 14.21930 2. &93 J. &6 0 3855 
4&0 96.05790 2454 . 08 0.0544 10&5.396 1519.338 14.38214 2. &59 3. &4& 3948 
480 102.3194& 25&0.&8 0 . 0521 1116.286 1591.956 14.53645 2.629 3.616 4039 
500 10&.58075 26&7.26 0.0500 1170.&15 1&64.012 14.&63&8 2. &03 3.590 4128 
520 110.64161 2773.6& 0.0481 1222.4&4 1735.567 14.62417 2 . 581 3.568 4215 

540 115. 09~&3 2680.25 0.04&3 1273.930 160&.741 14 . 9584& 2.5&2 3. 549 4299 
5&0 119 . 35~68 298& . 80 0.0447 1324.947 1677.479 15.06660 2.547 3.534 4361 
560 123.&1497 3093.34 0.0431 1375 . 752 1946 . 005 15.21020 2.534 3.521 44&2 
600 127.67493 3199.87 0.0417 142& . 3&3 2018.337 15.32946 2.524 3.510 4541 
&50 136.52432 34&&.19 0.0385 1552.031 2193 . 304 15 . 60966 2.506 3.492 4731 
700 149.17313 3732.47 0 . 0357 1&77.04& 2367.&17 15.8&647 2. 495 3.461 4912 
800 170.4&953 42 &4 .96 0.0313 1925 . 947 2715.105 1&.33279 2.467 3.473 5253 

1 0 00 213 . 05936 5329.64 0.0250 2423.270 3409.590 17.10713 2.466 3.474 5872 
2000 425.99174 10&53.33 0 . 0125 49&9.6&9 &941 . 922 19.54781 2.&44 3.&30 6231 
3000 636.94<71 15H&.54 0.0083 7756.729 1071&.&11 21.0&4&7 2.940 J.927 9943 

4000 853.925&6 21299 . 70 0.00&3 11033.749 1496& . 64& 22 . 48290 3.620 4.8& 7 11212 
; 0 00 1095.&03&& 2&&22.64 0.0050 16757 . 437 21629.340 24.62422 8.332 9.966 12136 
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THERHOOYNAHIC PROPERTIES OF PARA HYDROGEN C-2b 

25 PS IA I SOBA R 

TEMPERAT URE DE NS I TY V (OH/DV lp V (DP / OUI
V 

- V (DP/DVI
T <OVIOTl/V CON~~g~:~TY VISCOSITY THERMAL DIELECTRIC PRA NDTl 

OIFFUS IV ITV CONSTANT NUMBER 

J EG. R lB/CU FT BTU/lB PSI A-CU FT I B TU PSIA 11 DEG. R BTU/FT-~R-R lB/FT-SEC SQ FT/HR 
X 10 5 

2~. 9~ 5 ~ . 8138 2 2 &8. ~5 13 . 8~ 1 13119 . 87 0.005&823 O. 0 ~2 39 1.719 0.00577 1.25191 2.2273 

2 5 4 .611&& 2 &8 . 35 13.825 13080 . &5 0.005&987 0.0~25& 1.710 0. 00576 1.25173 2.2124 

2& ~ . 763&2 2 £0 ~ . 07 13.57 3 1227~.12 O.OO&O~~ 0.045&0 1.569 0.00594 1.25020 2.0115 

28 ~ . 7 2 ~93 2&3 . 80 12 . 821 111~3.57 0.00&5 3 0.05019 1.389 0.00617 1.2~690 1.7161 

30 ~ . &&O98 Z &4 .1 7 12 . 230 10212 . 31 0.0069850 0.05315 1.230 0.00&18 1.2~311 1 . 5380 

32 ~ . 5924 3 262 . 51 11.747 9289 . 99 0.0075335 0.05506 1.102 0.0060& 1.239H 1.4255 

34 ~ . 52114 Z 59.13 11 . 3~9 8 391. ~3 0.0081796 0.05&18 0.999 0.00586 1.235~6 1.35&3 

3& ~.4~497 ?5~ . 73 10.998 7533.17 0.0089082 0.0570~ 0.911 0.0056& 1.23123 1.30~7 

38 ~.3 6245 248 . 10 10.686 6&50 . 39 0.0098301 0.05802 0.835 0.005~5 1.22&&3 1.2638 

39. 9 75 ~ . 273 55 2 3 9 . 7~ 10 . 395 5773.02 0.0109795 0.05843 0.769 0.00519 1.22170 1.24&7 

39. 975 0 . 1358~ 85 . 33 3.613 21 . 09 o .03&8492 0.0111& 0.08~ 0.02&12 1.00&57 0.853& 

~o 0.1357 9 8 5.39 3 . 613 21 _ 11 0.036802& 0.0111& 0.084 O. 02&1~ 1.00&57 0.8533 

~2 0. 12&&& 91 .06 3.6 42 21.7t 0.0329896 0.01151 0.088 0.03026 1.00613 0.8262 

~~ 0 . 11893 96 . 72 3.&55 22.16 0.0300682 0.01191 0.092 0.03~41 1.00575 0.8067 

46 0 .11226 10 2 . 37 3. 661 22.5~ 0.0277723 0.01233 0.095 0.0386~ 1.005~3 0.7919 

~8 0. 10&.0 1 0 7. 96 3 .6 62 22 . 8~ 0.0258&09 0.01277 0.099 O. O~ 296 1.00514 0.7802 

50 0 . 10120 113 . 55 3 . 66 0 23.09 0.0242~~9 0.01322 0.103 J.0474~ 1.00~89 0.7706 

52 0 .0 9655 119 . 06 3 . 656 23 . 30 0.022653~ 0.013&7 0.106 0.05203 1.00467 0.7623 

5~ 0 . 09235 1 2~ . 53 3 . &5& 23.47 0.021&360 0.01413 0.110 0.05677 1.00~~& 0.7550 

56 0.0 8854 1 29.95 J.653 23 . 63 0.0205642 0.01456 0.113 0.0615~ 1. 00~28 0.7499 

58 0 . 0 850 5 135 . 33 3 . &51 23.76 0.0196066 0.01~99 0.117 0.066~~ 1.00~11 0.745~ 

60 0 . 06185 1 ~ O . 66 3 . 6~9 23.87 0.0187451 0.01543 0.120 0.07148 1.00396 O. 7~13 

62 0 .0 7890 1 ~ 5 . 96 3. 647 23.97 0.01 n&61 0.01586 0.124 0.07667 1.00361 0.7J73 

64 0.07617 15 1.24 3.646 2~ . 06 0.01725&7 0.01630 0.127 0.08200 1.00366 0.7337 

66 0 .073&~ 1 56.50 3.64~ 2~.1~ 0.0166074 0.0167~ 0.131 0.06H7 1.00356 0.7302 

68 0.07128 1 6 1 .75 3 . 642 24.21 0.0160101 0.01718 o .1J4 0.09308 1.00344 0.727 0 

70 0. 0 6907 166 . 98 3. 639 24.27 0.0154585 0.01762 0.137 0.09883 1.00334 0.7239 

75 0 . 06~13 18 0 .0 6 3 . 632 24 . ~0 0.01~2~54 0.01872 0.145 0.11379 1.00310 0.7170 

80 0 . 05988 193. 17 3.621 24.51 0.0132219 0.01982 0.153 0.12958 1.00289 0.7110 

85 0 .056 17 20 6.39 3 . 607 24 . 59 0.01234~7 o .02092 0.161 0.1~61& 1.00271 O. 7 057 

90 0 .0 5291 2 1 9 . 8 0 3.587 24.65 0.0115830 0.02202 0.168 0.163~8 1.0025& 0.7 0 12 

95 0 .05002 23 3. 52 3 . 561 2~ . 7 1 0.01091~6 0.02313 0.176 0.18Hl 1.002~2 0.6977 

100 0.0~7It~ 2 ~ 7 . &2 3.528 2~.75 0.0103225 0.0242~ 0.183 0.19990 1.00229 0.6951 

105 0. 0~511 26 2 . 21 3 .~87 24 . 79 0.0097941 0.02535 0.190 0.21879 1.00218 O. &9 36 

110 0. 04301 2 77. 38 3.438 2~.82 0.0093192 0.02&5~ 0.197 0.23875 1.00206 0.6911 

115 0.0410 9 2 9 3 . 23 3.382 24 . 8~ 0.0088898 0.02778 0.204 0.25930 1.00198 0. &890 

1 2 0 0 . 0393 5 309 . 8 3 3.318 2~ . 87 0.0084995 0.02901 0.211 0.27999 1.00190 0.6883 

125 0 . 03774 3 27 . 2~ 3 . 2~9 2~ . 89 0.0081430 0.03025 0.217 0.3007~ 1.00182 0 . 6889 

130 0.03627 H5 . 50 3 . 17~ 2~ . 90 0.00781&0 o .03H8 0.22~ O. 321~~ 1.00175 0 . 6908 

140 0 . 033&4 3 84 . 74 3 . 016 2~ . 93 0.0072366 O. 0 339~ 0.236 0.36238 1.00162 0.6980 

1 5 0 0.03137 ~ 2 7 . 59 2.853 2~ . 95 0 . 00&7389 0.03&86 0.2~9 O. ~O 772 1.00151 0.6998 

1 60 0.0 293 9 473.87 2. 695 2~. 97 0 . 00630&4 0.04003 0.261 0.45571 1. 001~2 0.7003 

170 0 . 02765 523 . 16 2.5~8 2~ . 98 0.0059268 0.0~321 o .272 0.50400 1.00134 0 . 703 ~ 

180 0 . 02610 5 H. 93 2 . ~1~ 2~.99 0.0055910 0.05179 0.307 0.61722 1.0012& O. &868 

190 0 . 02~72 628 . 51 2 . 297 25.00 0.0052913 0.05677 0.32& O. &9053 1.00119 0.6 8 8~ 

200 0 .0 23 ~ 8 & 8 3 . 12 2 . 195 25 . 00 0.005022& 0.06130 0.342 0.76100 1.00113 O. &900 

220 0.0 2134 7 92 . 7~ 2 . 039 25.01 0.00~5603 0.06915 0.368 O. 8965~ 1.00103 O. &923 

240 0. 01955 899 .0 2 1 . 93 ~ 25.02 0.00~17&5 0.07552 0.388 1.02868 1.0009~ O. &938 

260 0 . 0 180 5 9 98 . 83 1 . 869 25.02 0.003852& 0.08057 o .~O~ 1.1&022 1.00087 0.&945 

280 0 . 0 16 76 109 0 . 26 1.836 25 . 02 0.003575& 0.0844& 0.418 1.29297 1.00081 O. 6 9~ 8 

300 0 .0156~ 117 3 . 53 1 .8 25 25 . 03 0.0033360 0.087H o .~11 1. ~2782 1.00075 0 . &9~& 

320 0. 01466 1 249 . 19 1. 830 25 . 03 0.00312&5 0.08962 0.~~2 1.5&534 1.00071 0 . &94 1 

3~0 0. 013&0 1 318 . 72 1 . 8~& 25. 0 3 0.0029419 0.09131 0.~53 1.70597 1.00067 0.6935 

3&0 0 . 01303 138 3 .~ 9 1.869 25 . 03 0.0027780 0.09263 0.46~ 1.8~975 1.00063 0.6927 

380 0. 0123~ 14~4 . 70 1 . 89& 25 . 03 0.0026314 0.09371 0.474 1.99&92 1.00060 0.6919 

4 00 0. 01173 1504 . 04 1 . 925 25.03 0.0024995 0.09468 0.484 2.1~751 1.00057 0.6912 

420 0 . 01117 1> 6 2 . 14 1.953 25.03 0.0023803 0.09558 0.493 2.30161 1.00054 0.6904 

~ 40 0.01066 1!>19 . 8 7 1 . 980 25.03 0.0022719 0.09&49 0.502 2.~5914 1.00051 0 . 689 7 

.60 0.01020 1671.97 2 . 005 25.03 0.0021730 0.09743 0.511 2.62012 1.000~9 0.6890 

480 0. 00977 17 3 &. 52 2. 028 25 . 03 0.0020823 0.09841 0.520 2.784&5 1.00047 0 . 6885 

500 0 .009 38 179 5 . 97 2. 0 ~8 25 . 03 0.0019990 0.0994& 0.529 2.95277 1.00045 0. &880 

520 0 .0 0902 185 &. 35 2 . 065 2 5.03 0.0019220 0.10057 0.538 3.12~43 1.000~~ 0.6875 

540 0 . 00 8:.9 19 17 . ~6 2.0 8 0 25.03 0.0018508 0.10173 0 . 5~7 3.29937 1.000~2 0.&871 

560 0.0 0838 1 9 80.07 2.093 25.02 0.0017847 0.10298 0.556 3.47807 1.000~0 0. 686 7 

580 0.0 0809 2 04 3 . 35 2 . 103 25.02 0.0017231 0.10~2& 0.565 3. &6 OH 1.00039 O. 686~ 

600 0 . 0 075 2 21 07.55 2.112 25.02 0.0016656 0.10559 0.573 3.84&30 1.00038 0.&8&2 

650 0.0 072 2 22 71.09 2 . 127 25 . 02 0.0015375 0.10906 0.595 4.32675 1.00035 0.6856 

700 0 .00&70 2 4 38 . 21 2 . 13& 25.02 0.001~277 0.11271 0.616 ~.83011 1.00032 O. &853 

800 0.00567 2780 . 32 2 . 142 25 . 02 0.0012~92 0.12030 0.&59 5.904~7 1.00028 O. £0 8~ 7 

1000 0 . 00469 3~7 5 . 88 2.141 25 . 02 0.0009995 0.13570 0.7~2 8.32235 1.00023 O. 6 8~ 1 

2000 0 .00235 72&1.89 2.014 25 . 01 0.000~998 0.27727 1.129 32.5~022 1.00011 0.5320 

3000 0.0 0157 11 78 2 .85 1.811 25 . 00 0.0003333 o .3958~ 1.~73 6~. ~O &85 1.00008 0.5260 

4000 0.00117 1 9 4 25 . 62 1 . 397 2~.94 0.000250& o .6534~ 1.789 114.63711 1.00006 0.H98 

5000 0.00091 48 ~~5.60 0 . 657 24.30 0.0002058 1.97229 2.112 216.71108 1.0000~ 0.38~3 
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C-20 THERMOOYNA~IC PROPF:PTIES OF PARAHYOROGEN 

30 PSI~ ISJBAR 

1 EM? ERA 1 U KE VOlU1E ISOT~ERH I SOCHORE INTERNAL ENTHALPY ENT ROP Y CV CP VElOC ITY 
OE~ IVA TI VE OERIVATIVE ENERGY OF SOUN~ 

JEG . ~ CU F T/l B CU °T-PSIA/lB PSI A/~ BTU/lS BTUIlQ BTUIlB-R BTU lB - R FT ISEC 

24 . 966 0.20768 2730 . 56 74 . 5838 -132.871 -131.717 1.18804 1.119 1.526 4152 
25 0 . 20775 2731.00 74.5743 -132.810 -131.656 1.19049 1.120 1.527 4153 
26 0.20896 2577.49 74.5789 - 131.255 -130.094 1.25174 1.148 1.602 4082 
28 0.21155 2367.00 72. 8521 -127.968 -126.793 1.37407 1.201 1.721 3964 
30 0.21444 2199.26 71 . 4220 - 124.413 - 123 . 222 1.49728 1.251 1.844 3875 
32 0 . 21760 2031- . 29 70 .0 987 -120.601 - 1l9.392 1.62069 1.297 1.974 3789 
34 0.22105 [s63.90 66 . 7305 - 116.522 -115.l94 1.74510 1.337 2 .117 3697 
36 0.22483 17 02 . 90 67 . 1981 -112.170 -110.921 1.87006 1.372 2 . 266 3609 
38 0.22H& 1532.99 65.4707 -107.495 -106.223 1.99704 1.402 2.434 3512 
40 0.23380 1355 .09 63.4628 -102.458 -1 01.158 2.12690 1.427 2.631 3402 

41.299 0.23 7 34 1231.61 61.9440 -98.969 -97.650 2.21321 1 .440 2.782 3320 
41.299 6 . 210ql 153.14 0.9300 51 . 679 8&.182 &.66720 1. 595 3. 26 1 1204 
42 6 . 37309 159.20 0.9019 53.036 88.440 6.72142 1.581 ~. 195 1221 
44 6 . 82350 1 7~ .62 0 . 8331 56.773 94. & 7q 6 . 8&65& 1.554 3.053 1264 
4& 7.25829 191.07 0.7770 60.361 100.682 7.00000 1. 537 2. 955 1304 
48 7.68 157 205 . 81 0 . 7298 63.846 106 . 519 7.1 2421 1.527 2 . 884 1342 
50 8.09600 220.00 0.6891 6 7. 256 112.231 7.24081 1.520 2.830 1378 
52 8 . 50337 233 . 77 0.6536 70.608 117.846 7.35093 1.515 2 .787 1412 
54 8 . 904Q8 247.20 0.6220 73.915 123.384 7.45543 1.511 2.752 14lt4 
56 9 .30181 260.34 0.5936 77.t 64 128 .656 7.55496 1.506 2 .723 1476 
58 9 . 69460 273.23 o • 5663 80.423 134.27~ 7.65007 1.505 2 .698 1506 
60 10. 08395 285 . 92 0 . 5451 83.635 139.654 7.74119 1.503 2.677 1536 

62 10.47031 296.43 0.5240 86 . 824 144.969 7.82866 1.500 2.658 1565 
64 10. 85406 31 0.79 0.5046 89 . 993 150.290 7.91281 1.499 2.&43 1593 
66 11. 23,60 323.02 0.4868 93 . 145 155.561 7.Q9391 1.497 2.629 1621 
68 11.61512 335.13 0.4702 96 . 282 160 . 807 8 .07 221 1.496 2.617 1646 
70 11. 99288 34 7. 13 0 . 4549 99.407 166.030 6 .1 47q2 1.495 2.606 1674 
75 12. 93 0 71 37 6 . 75 0 .4 208 107.176 179.008 8.32700 1.495 2 . 586 1736 
80 13.86090 4 05 . 92 0.3917 114 . 900 191.900 6.49341 1.496 2 .572 1796 
85 1 4 .78 508 434.74 0 . 3666 122.600 204.734 8.64903 1.499 2 . 563 1855 
90 15.70443 463.27 o • 3446 130.296 217 . 537 8 .79539 1.506 2.559 1910 
95 16.61983 491.56 0 . 3252 138.007 230 . 334 8 .93376 1.515 2.560 1962 

100 17.53197 519.6& 0 . 3079 145.755 243.148 9.0&521 1.528 2.566 2011 
105 18.44136 547.60 0.2925 153.559 256 . 004 9.19066 1.544 2. 5 77 2058 
11 0 19.34649 575 . 40 0.2785 1&1 . 443 266.927 9.31089 1.565 2.593 2102 
115 20 .25363 &03.09 0.2659 1&9 . 430 2111. 94 3 9.426&0 1.590 2.614 2143 
1 20 21 . 15710 630.67 0 . 2544 177.544 295.076 9.53838 1.619 2.640 2182 
125 22 . 05310 &58 . 17 0.2438 185.808 306.350 9 .&4&75 1.653 2.671 2219 
130 22 . 95963 665.59 0.2341 194 . 244 321.790 9.75217 1. 691 2.706 2254 
140 24.75808 740.24 0.2169 211.715 34Q.250 9.95563 1.779 2. 789 2319 
150 26.55284 794 . 69 0 . 2021 230.106 377.&12 10 .1 5127 1.879 2.885 2 378 
160 28 . 34482 848.97 o • 1892 249 . 531 406.992 10.34084 1.968 2.992 2433 

170 30.13455 H3.11 0.1 779 270.064 437 . 467 10.52556 2.1 02 3.104 2465 
180 31.92244 }57 .1 5 001678 291.736 469.072 10.70618 2 .217 3.217 2536 
1 90 33.70868 1011.08 0.1589 314.518 501.776 10.88262 2. 330 3.326 2 587 
200 35.49364 1064.94 0.1508 338.413 535.587 11.05590 2 .4 36 3.433 2637 
2 20 39.06042 1172.47 0 . 1370 369.166 606 .1 54 11.39207 2 . 622 3.617 2737 
240 42.62392 1279 . 81 0 .1 255 443.190 &79.973 11.71295 2.763 3.756 2839 
260 46.18493 1387.00 0 . 1157 499.530 756.096 12.01773 2.857 3.849 2942 
280 49 . 74403 1494 . 07 0 .10 74 557.342 833.680 12.30509 2.908 3.899 3046 
300 53 .30161 1&01.05 O. 10 02 615 . 770 911d71 12.57494 2.926 3.916 3151 
320 5 6 . 85796 1707.9G 0.0939 H4.268 990.124 12. 62756 2 .917 3.906 3255 

340 60 .41 336 1814 . 61 0.0864 732.404 10G8.011 13 .0 6329 2.89 1 3.880 3359 
360 63.%792 1321.G2 0.0835 7 89.906 1145.2GO 13.2841 5 2 .855 3.844 3462 
380 67.52161 2028.38 0.0790 646.627 1221.724 13.49087 2.814 3. 8 02 3563 
400 71.07512 2135.11 0.0751 902.505 1297.340 13.68488 2.772 3.760 3663 
420 74.62795 2241.80 0 . 0715 957.545 1372.118 13.86729 2.731 J.719 3761 
440 7 8 .1 8037 2348.48 O. OG 82 1011.603 144[,.109 14 .03943 2 . [,93 3.681 385[, 
460 81.73243 2"55.13 0 .O G53 1065.335 1519.374 14.20229 2 . 659 3 .647 3949 
480 85.28416 2561.76 0 .0625 1118.228 1591.998 14.35661 2.629 3 . £>16 4040 
500 88 . 835&7 2668.38 0.0600 1170.561 1664.060 14.50385 2 . 603 3.590 4129 
520 92.38691 2774.99 0 . 0577 1222.413 1735.[,40 14.64435 2.581 3.568 42tD 

540 95 . 93 1 38 2881.40 0.0556 1273.885 1806 . 801 14.77866 2.562 3.549 4300 
560 99.48168 2987.97 0.0536 1324 . 904 1877.544 14.90681 2.5 4 7 3.534 4382 
580 103.03222 3094.53 0 . 0517 1375 . 711 1948.074 15.03041 2 .535 3.521 4463 
600 106. 58243 3201.07 0.0500 1426.324 2018.409 15.14970 2 .5 24 3.511 4542 
[,50 115.45744 3467.42 o • 0462 1551.997 2193 . 384 15.43009 2.506 3 .492 4732 
700 1 24 .331 6 7 3733.73 0.0429 1677.016 2367 .7 03 15 . 68871 2.4 95 3.481 4913 
800 14 2 . 07951 42[,6.27 0 .0375 1925 . 923 2715.201 16.15304 2 .487 3 . 473 525 4 

1000 177.57185 5331.16 0.0300 2423.253 3409.69~ 16 .9 2739 2. 4 88 3 .474 5872 
2000 355.01[,68 10[,54.74 0.0150 4969.864 [,942.048 19.36808 2.644 3.630 8232 
3000 532.47565 15977.97 0.0100 7758 . 393 10716 . 39& 20 .88482 2 .9 38 3.925 9944 

4000 711.47764 2 130 1.13 0.0075 11013.905 14966.296 22 . 29759 3 .762 4.804 11225 
5 000 910.79118 26524 . 28 0.00 6 0 16523 . 125 2154 2 .741 24.5Q016 7 . 903 9.478 1 215 3 
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THERMO DYN AMIC PROPFR TIES OF PARArlYOROGCN C -2b 

30 PSIA ISOBAR 

TEMPERATURE OENSI TY V (DH/DV' p V (OP/OU'V -V (OP/OV'T 
(OVIOT\fV cON~8g~~~ TY 

V ISC OS IT Y THFR~AL OIELECTR I C PRA NOT L 
OIFFUQVITY CONSTAN T N~M BER 

OEG . R LB/CU FT BTUlLe PSIA - CU FT/BTU PSIA 1/0EG. R nru/FT-HR-R LB/FT- SEC SO Fl/H~ 

t 10 5 

24. 9&& 4.81505 2 &8.93 13.838 131~7.80 0 .005 &727 0 . 04247 1.721 0.00578 1 . 25197 2 .2 2 ~9 

25 ~.81348 2&9 . 21 13.8 28 13145.&1 0 .0 05&729 o • 0 ~2 58 1 . 715 ~ . 00579 1 . 25189 2 . 2 141 

2& ~.78551 2 &4 . 89 13.57& 12334.&4 0 .00&04 &3 0.045&2 1.593 O. 00~95 1.25031 2 . 0128 

28 4.72&H 2 &4.33 12.83~ 11188.73 0.00&5112 0 . 05022 1.39 2 0 . 00&17 1.2470 2 1 .717 9 

30 4.&&3Z0 2&~.72 12.2~3 10255 . 58 O . 00&9&~2 0.0531 8 1.233 0.00&19 1.24343 1.5392 

32 4 . 59552 2 &3 . 50 11.7 &3 9357.80 0.0074909 0.05511 1.10& 0 . 00 608 1.23964 1.4256 

34 4. 52379 259 .72 11.3&1 8431. 88 0.0081513 0.05&23 1. 0 0 1 0.00587 1. 2 35&3 1.3567 

36 4.4478& 255 . 39 11.010 7574. 23 0.0088719 0.05710 0.913 o. 005& 7 1. 23 139 1. 3045 

35 4.3&570 248 . 83 10 . &97 6&92.57 0.009782& 0.05809 o . 837 0 . 00547 1.22&81 1.2& 30 

40 4. 27&10 2 40.19 10.402 5794 . 48 0.010 9523 0.05851 0.770 0 .00520 1. 221 8~ 1. 2~63 

H.299 ~.21329 233.05 10.211 5189.1~ 0 . 0119372 0.05851 o . 730 ) . 00 ~9q 1 . 2183& 1 . 2 494 

41.299 0.1&101 86.46 3. 622 2~ . 66 0.0177198 0 . 01173 0 . 087 0.02233 1.00779 0.8751 

42 O.I5&H 88.50 3.&35 24 . 9& 0.03&1040 0.0118 3 a .089 0 . 02359 1.007,Q 0.8&26 

44 0.H655 94 . 33 3.658 25 . 74 0.03236'0 0.01217 0.092 0.02720 1 . 00709 0.83~ ~ 

~& 0.1 3 777 10C.13 3. 668 2& .12 0.0295170 0 . 01256 0.096 0.030~4 1.00667 0.8141 

48 0 . 13018 105.88 3 . 671 26 .7 9 0 . 0272393 0.01297 o .100 0 . 03453 1.00630 0.7986 

50 0.12352 111.58 3.671 27.17 0.0253602 0.01339 0.103 J.03831 1.00597 0.78&1 

52 0.117&0 117 . 23 3.669 27.49 0.0237726 0 . 01383 0 . 107 0 . 04219 1. 00569 0.77 58 

54 0.11230 122.81 3 . &&& 27.7& 0 . 022~071 0.01427 0.110 0.04&18 1.00543 0 .7 6 70 

5& 0.10751 128.33 3. 664 27 . 99 0 . 021215& 0.01470 o .11 ~ 0 . 05021 1 . 00520 0.7603 

58 0 .1 0315 133 . 81 3 . 661 28.18 0 .0 201640 0 .01 512 0.117 0.05434 1.00499 0.75 45 

&0 0.09917 139.23 3 .& 58 28.35 0.0192262 0 . 01555 0.121 0 . 05859 1 . 004 7 9 0.7 493 

62 0.09551 1 ~~ .60 3 . 657 28.50 0.018J8~9 0.01598 0 . 124 0.06295 1.004&2 0.7445 

64 0.0 9213 149.94 3 . &55 28.63 0 .0176239 0.01&~2 o • 128 0.0&743 1.00445 0.7401 

&& 0 .0 8900 15 5 . 27 3.&53 28.75 0.01&9313 0 .01&85 0.131 0 . 07203 1.0043 0 0.73&1 

&8 0.08&09 1 &0 . 57 3.&51 28 . 85 0.01&2974 0.01729 0 . 134 0 . 07673 1.0041 6 0.73 2 3 

70 0.0 8 338 16 5.86 3.648 28.94 0.0157145 0.01772 o . 138 0.08156 1.00403 0.7287 

75 0.07734 17 9 . 06 3.640 29.14 0.0144410 0.01882 0.14 6 0.09409 1.00374 0.7209 

80 0.07215 19 2.27 3.629 29.29 0.0133747 0.01991 0.154 0.10731 1.00349 0.7142 

85 0.007&4 205 . 58 3.614 29.40 0.0124661 0.02100 0.161 0.12118 1.00327 0 . 7084 

90 0.06306 2 19.07 3 .5 94 29. 50 0.0116 610 0.02210 o .1&9 0.1356 5 1.00308 0.7035 

95 0.06017 232.85 3.568 29.58 0 . 0109946 0.0 2321 0.176 0.15065 1.00291 0 . 6996 

100 0.0 57 0~ 247 .01 3.534 29 . 64 O.01036~6 0.02431 0.183 0 . 1&610 1.00276 0.6966 

105 0.05423 2&1. 65 3.493 29.&9 0 . 0098492 0.025~ 2 0.190 0.1 8 188 1.0026 2 0.6951 

110 0.051& 8 2 7 6 . 86 3.444 29.74 0.0093&55 0 . 02661 0.1 97 0.19856 1.00250 0.6924 

1 15 0.04937 292 . 7~ 3.387 29 .78 0.0089291 0.02784 0.204 0.21572 1 . 00238 0.6901 

120 0.04727 309.37 3.323 29 . 81 0.0085310 o • 0 29 0 7 0. 211 0. 2 330 0 1.00 228 0 . &893 

125 0.04533 326.80 3.253 29.84 0.0081717 0 .0 3031 0. 2 17 0.25033 1.0021 9 0.6898 

130 0.04355 345 . 09 3.179 29.86 0 . 0078408 0 .031 54 o . 224 0 . 26762 1 . 00210 0.69 16 

140 0.04039 384.36 3 . 020 29 . 90 0 . 0072554 0.033 99 0.237 0.30178 1.00195 0.69 87 

150 0 .0376 6 427. 25 2 . 857 29.93 0.0067533 0.03691 0. 249 0.~3963 1.0 0182 0.7004 

1&0 0.03528 ~ 7 3.55 2 . 698 29 . 95 0.0063176 0.04008 0.261 0.37973 1.00170 0.70 08 

170 0.03318 522 . 88 2.550 29 . 97 0.005935 7 0.04325 0.272 0.41998 1.00160 O. 7037 

180 0.03133 574 . 6& 2 . 417 29.98 0 .00 55980 0.0 5180 0.307 0.51399 1.00151 0.6872 

190 0.029&7 628 . 28 2 . 299 29 . 99 0 . 0052969 0.05677 0.3 26 0 . 57507 1.00143 0.6868 

200 0.02817 082 . 91 2 .1 97 30 . 00 0.0050272 0.06131 0.342 0 . 63381 1.00136 0.690 3 

220 0.0 25&0 79 2 . 59 2.040 30.02 0.0045612 0.069 15 0.368 0.74&8? 1.00124 o. &926 

240 0.02346 898.93 1.935 30 . 03 0 . 004178~ 0.0755 2 0.388 0. 857 0 2 1.00113 0.6940 

260 0.02165 998.80 1.871 30.03 0.0038519 0 .080 57 0.404 0.96671 1.00105 0.6947 

280 0.02010 109 0.27 1.8 37 30.04 0.003 5 7 55 0.08445 0. 418 1.0774 0 1.0009 7 O. &949 

300 0.01876 1173. 60 1 . 826 30.04 0.00333~5 0.087~1 0.431 1.18984 1.00091 0.6947 

320 0.01759 1 2 4 9.30 1.831 30.04 0 . 00312&' 0.0896 2 0.442 1.30451 1.0008 5 0.6942 

340 0 . 01&55 1318.86 1 . 8 47 30.04 0.0029 4 21 0 .0 9132 0.453 1.4 217& 1.00080 0.6936 

3&0 0.01563 138 3 .67 1. 8 70 30.04 O.O O27HO 0.092&4 0.464 1.541&1 1.00075 0.6928 

380 0 . 01481 1 444 . 91 1.897 30.04 0 .0 026313 0.09372 0.474 1 . 66433 1.00071 O. &920 

400 0.01407 1504. 27 1.925 30.04 0.0024994 0.0 9 468 0.484 1 . H988 1.00068 0.6912 

420 0.01340 1562.39 1.954 30 . 04 0 . 0023601 0.09559 0.493 1. 91834 1.0006 5 0.6905 

4~0 0.01279 1 &20 .14 1.981 30.04 0.0022717 0 . 096~9 0.502 2. 049&6 1.0006 2 0.6898 

460 0.01224 157 8 . 26 2.006 30.04 0 . 002172~ 0.09743 0 . 5 11 2.16386 1.00059 0.6691 

480 0 . 01173 173 6 .82 2.029 30.0~ 0.0020821 0.0 9842 0. 52 0 2.32102 1 .0 0057 0.6885 

500 0.01126 1796.28 2 .0 49 30 . 04 0 .001998~ 0.09947 0 . 529 2 . 46116 1.00054 0.6 88 0 

520 0.01082 1656.67 2 . 066 30 . 04 0.0019218 0.1005 8 0.538 2.60 42 6 1.00052 0.6675 

540 0.01042 1317.80 2.081 30.04 0.0018506 0.10174 0 . 547 2 . 750 1 0 1.00050 0.&871 

560 0.01005 1 980 .42 2.093 30.04 0 . 0017845 0.10 299 0 . 556 2 . 89906 1.00049 O. &8& 6 

580 0.00971 2043.71 2 .104 30.0 3 0 .0 017229 0.10~ 27 0.565 3.05 105 1 . 00047 0 .6865 

600 0.00938 2107.91 2 .11 2 30. 03 0.0016654 0.105 60 0 . 573 3 . 2 0 600 1.00045 O. &862 

650 0 . 00836 2271.46 2 .1 27 30.03 0 .0 015373 0.10908 0.595 3 . 60 &49 1.00042 0.6857 

700 0.00804 2438.59 2.13& 30.03 0 .0 014275 0.11272 0 . 616 ~.02&07 1 .00 039 O. & 853 

800 0.00704 2780 .72 2 . 142 30.03 0 . 0012491 0.120 32 0. 6 59 4.92158 1.00034 0 .6847 

1000 0.005.3 3476 . 30 2.141 30.02 0 . 0009993 0.1 35 71 o . 742 6 . 93695 1 .0 0027 0 . 684 1 

2000 0.00282 72&2.36 2.014 30 . 01 0 . 0004998 0. 27727 1.129 27 . 11860 1.00014 0.53 21 

3000 0.00188 11777.80 1. 812 30.01 0.0003333 0.39555 1.473 53.6601~ 1.00009 O. 5262 

4000 0.001~1 19175.41 1.418 29.94 0.0002505 0.64050 1. 789 94.67555 1.00007 0.4831 

5 000 0.00110 4 6 17 6.44 0.691 29.23 0.0002053 1.85745 2 .11 0 178.49359 1. 00005 O. 3876 
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C-2b THERMODYNAMIC PROPERTIES Of PARAHYDROGEN 

35 PSIA IS08AR 

TEMPERATURE VDLUHE ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC ITY 
DE~IVATlVE DERIVATIVE ENERGY Of SOUND 

DEG. R CU fTlLO CU FT-PSI A/L8 PSIA/P. 8TU/LB BTU/LB 8TU/L8-R 8TU L8 - R f TlS EC 

2".987 0.20163 2135.61 '''.6162 -132.865 -131 . 520 1.1882" 1 .1 20 1. 526 .. 156 
25 0.20167 2,..3 ... 3 7".6061 -132.837 -131."91 1 . 189"0 1.12 0 1. 525 4160 
2. 0.20888 2;89.09 7".612" -131.28" -129.930 1.25060 1 .1 .. S 1 . 599 .. OS 8 
28 0.21146 2375.50 72.9438 -128.002 -126 . 631 1.3728" 1. 201 1 . 7 20 3971 
30 0.21"34 2207."6 71.5102 -12" ... 53 -123.06" 1 . .. 9593 1. 251 1. 8" 2 3881 
32 0.217"9 20 ....... 8 70.1871 -120.6"8 -119.238 1.61939 1 . 296 1 . 9 7 2 3796 
3 .. 0.22092 1871.71 68.8218 -116.577 -115.1"5 1.7 .. 3 .. 6 1 . 337 2.U " 370 3 
36 0.22.68 1110.99 &7.2891 -112.23" -110.776 1.8&825 1 . 3 72 2 . 2 62 3 616 
38 0.22889 15 .. 1 ... 7 65.5668 -107.572 -106.089 1 . 99"98 1 . " 02 2 . "30 3519 
"0 0.23363 1368.71 63.5766 -102.561 -101.0,,7 2.12 .. 27 1 . .. 20 2.620 3 .. 1 3 

.. 2 0.2391" 1185.87 61.1 .. 52 -97.117 -95.567 2.25792 1." " 6 2 . 8" 8 3290 
"2." 75 0.24055 1147.15 60.5021 -95.7&5 -9".206 2.29015 1 . 45 0 2 . 9 0 2 326 2 
"2.475 5.37081 150.50 1.0654 52.057 86.865 6.55595 1.605 3 . 381 1212 
44 5.68236 164.17 1.0148 55.079 91 . 907 6 . 67258 1 . 5 77 3. 22 7 12 .. 8 
46 6.07313 180.88 0.9397 58.852 98.213 ~.81275 1.553 3.0 8 7 1291 
48 6.45027 196.62 0.8780 62.479 104.284 6.94196 1 . 539 2. 989 1330 
50 6.81724 211 .62 0.8258 66.002 110.185 7 . 06242 1 . 529 2. 916 1367 
52 7.17630 226.07 0.760& 69 ..... 8 115.958 1.17563 1 . 522 2 . 859 1 .. 02 
54 7.52902 240.08 0.7410 72.834 121.630 7.28266 1.5 17 2 . 8 1 4 1436 
56 7. 87652 253.72 0.7059 76.171 127.219 7.38431 1. 5 1 3 2 .777 1469 
58 8.21969 267.06 0.6"''' 79.469 132.741 7.48120 1.510 2 . 14 6 1500 
60 8.55918 280.14 0.6 .. 59 82.735 138 . 207 7.57385 1 .5 07 2 . 71 9 1530 

62 8.89551 ~93.o1 0.6200 85.970 1 .. 3.623 7.66263 1.504 2.696 1560 
6 .. 9.22913 305.69 0.596" 89.181 148.995 7.74792 1.5 02 2 . 6 77 1589 
66 9.56038 318.20 0.57"7 92.370 15".331 7.83002 1.500 2 . 66 0 1617 
68 9.88957 330.57 0.55"7 95.541 159.636 7.90921 1.4 99 2. 6" 5 1644 
70 10.21693 3 42.82 0.5361 98.697 164 . 914 7.98570 1. 498 2. 6 3 2 1671 
75 11.02858 372.98 0.4952 106.533 178.010 8.16641 1. 4 97 2. 6 07 173 5 
80 11.83239 .. 02.59 0.4604 11".313 190 . 999 8 . 33407 1. 498 2 . 590 1796 
85 12.63006 431. 79 0 ... 30 .. 122.060 203.916 8.49069 1 . 5 01 2 . 5 7 8 185 .. 
90 13.42283 "60.6" 0.40"3 129.796 216.790 8.63786 1.507 2 . 5 7 2 190 9 
95 14.21160 489.22 0.3813 137.542 229.648 8.77690 1.516 2. 5 7 2 1961 

100 14.99707 517.57 0.3608 145.319 242.516 8.90891 1. 529 2.57 6 2 010 
105 15.77978 545.73 0.3425 153.150 255 . 420 9.03482 1. 545 2 . 58 6 2057 
110 16.56017 573.73 0.32&1 161.058 268.385 9.15545 1.5 66 2 . &0 1 2101 
115 17.33859 601.60 0.3112 169.067 281.439 9.27149 1.5 91 2.621 2143 
120 18.11532 629.34 0.2976 177.199 29".606 9.38357 1.620 2 . 6 4 6 2 H 2 
125 18.89058 656.99 0.2852 185.480 307.911 9 . "9219 1. 654 2 . 67& 2 219 
130 19.6645 6 58".5" 0.2738 193.932 321.379 9.59783 1. 692 2 . 7 11 225 .. 
1 .. 0 21.20931 739.43 0.2536 211 ... 30 3"8.888 9 . 8016& 1. 179 2 .193 2319 
150 22.75056 79".07 0.2362 229.8 .... 377.292 9.99758 1.879 2 . 889 2 378 
160 2".28902 8"8.53 0.2211 2"9.289 406.707 10.18738 1 . 988 2. 995 2 .. 3 .. 

170 25.82524 302.82 0.2078 269.839 437.213 10.37229 2 . 102 3 .1 0 7 2 486 
180 27.35962 956.99 0.1961 291.526 "68 . 8"5 10.55306 2.217 3 . 219 2 537 
190 28.8n33 1011.04 0.1856 31".322 501.575 10.7296" 2.330 3 . 330 2587 
2 00 30."2378 1065.00 0.1761 338.229 535."07 10.90303 2 ... 37 3 . "35 2 637 
220 33.48353 1172.71 0.1599 389.002 606.011 11.23938 2 . 622 3 . 6 18 2738 
2 .. 0 36.5"000 1280.18 0.1"65 .... 3.0 .. 3 &79.861 11 . 56039 2. 7 63 3.75 7 28 .. 0 
260 39.59400 1387."9 0.1351 "99.398 756.009 11.66527 2.8 58 3 . 8 50 2943 
280 .. 2.6 .. 606 1"94.66 0.125" 557.222 833.613 12 . 15271 2.9 09 3. 900 30 .. 7 
300 "5.6906" 1601.73 0.1170 615.660 911 . 822 12."2262 2 . 926 3 . 9 1 7 315 2 
320 .. 8.7 .. 600 1108.71 0.1 096 674.1&6 990.092 12.67529 2. 917 3 . 90 7 32 56 

340 51.79436 1815.62 0.1031 732.J1o 1067.992 12 . 91107 2 . 891 3 . 88 1 3 360 
360 5".84192 1922.48 0.097" 789.819 1145.253 13.13195 2 . 8 55 3 . 8 4 4 3463 
380 57.88879 2029.29 0.0922 846.5H 1221.727 13.33870 2 . 814 J . 80 3 3564 
400 60.93510 2136.06 0.0876 902.430 1297.353 13.53274 2.772 3 . 760 3664 
.. 20 63.98092 22"2.79 0.0834 957.475 1372.139 13.71517 2. 731 3.71 9 376 2 
.... 0 67.02033 23"9.50 0.0796 1011.737 1 .... 6.136 13.88733 2 . 693 3 . 681 3857 
460 70.07139 2456.18 0.0762 1065.273 15H.410 14.05020 2 . 659 3 . 6 47 3950 
.. 80 73.11613 2;62.85 0.0730 1118.171 1592.0"0 14.20454 2. 629 3 . 61 7 4041 
500 76.16061 2669.49 0.0701 1170.507 166 ... 108 1".35179 2. 603 3 . 59 1 4130 
520 79.20~85 2776.11 0.067 .. 1222.362 17 3,.693 14.~923o 2. 581 3 . 568 ~2 17 

5~0 82.2"336 2882.56 0.06"9 1273.839 1806.862 1 .. . 62662 2 . 562 3 . 5 " 9 " 30 1 
560 85.28089 2989.1" 0.0625 1324.860 1 H7 .60 9 14 .75478 2. 5"7 3 . 534 4383 
580 88.33026 3095.71 0.060 .. 1375.670 19"8.143 1".87839 2 . 535 3 . 521 "~64 
600 91.37350 3202.28 0.058" 1"26.285 2018."82 14 . 99769 2 .5 2" 3 . 511 45 .. 2 
650 98.9811 0 3466.65 0.0539 1551.963 2193.46" 15.27809 2 . 506 J . .. 92 .. 73 2 
700 106.58812 3734.98 0.0500 1676.986 2367.789 15.53672 2 . .. 95 3 . 481 4914 
8 DO 121.80093 "267.57 0.0438 1925.899 2715.2<)7 16.00106 2 ... 8 7 3. " 7 3 525 .. 

1 0 00 152.22362 5332.53 0.0350 2423.237 3409.806 16.775"2 2 . .. 88 3 . .. ,.. 5873 
2000 304.32020 10656.16 0.0175 4969.659 6942.17" 19.21613 2 . 64" 3. 630 823 2 
3D 00 456."2702 15379.39 0.0117 7758.132 10716.259 20.73278 2 . 937 J . 924 99 4 5 

4000 609.75789 21302.57 0.0088 lO9Q8.481 1"950.354 22.1"130 3 .7 16 " .75 " 1123 5 
5000 779.20905 26625.72 0 .0070 16340.98" 21391 .07 9 24.39600 7 . 569 9 . 097 1 21 6 6 
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THERHOOfNAMIC PROPERTIES OF PARAHYOROGEN C -2b 

35 PSIA ISOBAR 

TEMPERATURE OENSITY V(OH/OVlp 
V (OP/OUI

V 
-v (OP/OVI

T (OV/OTlp'V C oN6~g~:i TY 
VISCOSITY THERMAL OIELECTRIC PRANOTL 

OIFFUS IVITY CONSTANT NUMBER 

OEG. R LB/CU FT BTU/LB PSIA-CU FT IB TU PSIA 1/0EG. R BTU/FT-HR-R LB/FT-SEC 
X 105 

SQ FT/HR 

24.987 4.81629 269.41 13.836 13175.75 0.0056631 0.04255 1.722 0.00579 1.25204 2.2226 

25 4.81531 270.07 13 . 831 13210.45 0.0056475 0.04259 1.719 0.00580 1.25199 2.2159 

2& 4.78741 265.71 13 . 579 12395.03 0.0060195 0.04564 1.596 0.00596 1.25042 2.0141 

28 4.72902 264.86 12.848 11233.79 0.0064933 0.05025 1.396 0.00618 1.24713 1.7197 

30 4.66542 265.26 12.256 10298.72 0.0069436 0.05322 1.236 0.00619 1.24356 1.5404 

32 4.59n5 264.08 11 .775 9400.42 0.0074664 0.05516 1.108 0. 00608 1.23978 1.4264 

34 4.526"4 260.30 11 . 373 8472.20 0.0081232 0.05628 1.003 0.00588 1.23578 1.3571 

36 4.45073 256.04 11.021 7615.17 0.0088362 0.05716 0.915 0.00568 1.23155 1.3043 

38 4.36893 249.55 10.708 6734.56 0.0097359 0.05816 0.839 0.00548 1.22699 1.2624 

40 4.28019 241."5 10."14 5858.34 0.0108527 0.05860 0.772 0.00523 1.22206 1.2"33 

42 4 .18169 2 30.97 10.114 4958.93 0.0123303 0.05852 0.711 0.00491 1.21661 1.2"63 

42.475 ... 1570& 228.74 10.039 47&8.76 0.0126872 0.05843 0.&98 0.00484 1.21525 1.2476 

42.475 0.18619 87.29 3.632 28.02 0.0387341 0.01226 0.090 0.01948 1.00902 0.8971 

44 0.17598 91.88 3 . 657 28.89 0.0351255 0.01247 0.093 0.02196 1.00852 0.8677 

46 0.16466 97.85 3 .674 29.78 0.0315514 0.01280 0.097 0.02519 1.00797 0.8398 

48 0.15503 103.76 3.680 30.48 0.0288045 0.01318 0.100 0.02844 1.00750 0.8193 

50 0.14669 109.61 3 . 681 31.04 0.0266013 0.01358 0.10" 0.03175 1.00710 0.8034 

52 0.13935 115.38 3.680 31. 50 0.0247797 0.01399 0.107 0.03513 1.00674 0.7906 

54 0.13252 121.08 3.677 31.89 0.0232391 0.01442 0.111 0.03858 1.00642 0.7799 

56 0.12696 126.72 3.674 32.21 0.0219131 0.01484 0.115 0.04209 1.00614 0.7714 

58 0.12106 132.29 3.671 32.49 0.0207559 0.01526 0.118 0.04569 1.00588 0.76"2 

60 0.11&83 137.80 3.668 32.73 0.019733" 0 .015 68 0.121 0.0"936 1.00565 0.7578 

62 0.11242 143.24 3.666 32.94 0.0188238 0.01611 0.125 0.05315 1.00544 0.7520 

64 0.10835 148.65 3.665 33.12 0.0180067 0.01654 0.128 0.05702 1.00524 0.7468 

6& 0.104&0 154.03 3.662 33.28 0.0172675 0.01697 0.131 0.06099 1.00506 0.7421 

68 0.10112 159.40 3.660 33.43 0 . 0165946 0.01740 0.135 0.06505 1.00489 0.7377 

70 0.09788 164.74 3.657 33.55 0.0159785 0.01783 0.138 0.06921 1.00473 0.7337 

75 0.090&7 178.07 3.648 33.82 0.0146414 0.01892 0.1"6 0.08001 1.00438 0.72"9 

80 0.08451 191.39 3.637 34.02 0.0135303 0.02000 0.15" 0.091 39 1.00408 0.7175 

85 0.07918 204.78 3 . 622 34.19 0.0125893 0.02109 0.162 0.10333 1.00383 0.7111 

90 0.07450 218.35 3.6Ql 34.32 0.0117801 0.02219 0.169 0.11576 1.00360 0.7058 

95 0.07037 232.19 3.574 3 ..... 2 0.011075" 0.02328 0.176 0.12867 1.00340 0.7016 

100 0.06668 2 .. 6 ... 0 3.540 3".51 0.0104551 0.02438 0.184 0. 14195 1.00322 0.6985 

105 0.06337 261.09 3."98 3".58 0.0099046 0.02549 0. 191 0.15552 1.00306 0.6966 

110 0.06039 276.34 3.449 3 ... 65 0.009'+121 0.02668 0.198 0.16985 1.00292 0.6936 

115 0.057&7 292.25 3.392 34.70 0.0089685 0.02791 0.20" 0.18459 1.00279 0.6912 

120 0.05520 308.91 3.328 34.7" 0.0085666 0.02913 0.211 0.19944 1.00267 0.6903 

125 0.05294 326.37 3.258 34.78 0.0082005 0.03037 0.218 0.21433 1.00256 0.6907 

130 0.05085 34".68 3.183 34.81 0.0078657 0.03160 0.22" 0.22918 1.002"6 0.6923 

140 0.0"715 383.99 3.024 34.86 0.0072742 0.03404 0.237 0. 25849 1.00228 0.6993 

150 0.04395 426.91 2.860 34.90 0.0067677 0.03695 0.249 0.29099 1.00212 0.7009 

160 0.04117 "73.24 2.701 34.93 0 . 0063288 0.04013 0.261 0. 32542 1.00199 0.7012 

170 0.03872 522.59 2.553 34.96 0.0059 .... 5 0.04330 0.213 0.35996 1.00187 0.7041 

180 0.03655 574.39 2.419 34.98 0.0056050 0.05181 0.307 0.44025 1.00177 0.6876 

190 0.034>1 628.05 2.301 34.99 0.0053025 0.05&78 0.326 0.49260 1.001&7 0.6892 

200 0.03287 & 82.71 2.199 35.01 0.0050316 0.06131 0.342 0.54297 1.00159 0.6907 

220 0.02987 792.45 2.042 35.02 0.0045662 0.06915 0.368 0.63989 1.00144 0.6929 

240 0.02737 898.84 1.937 35.04 0.0041804 0.07552 0.388 0.73440 1.00132 0.6942 

260 0.02526 998.76 1.872 35.04 0.0038552 0.08057 0.404 0.82849 1.00122 0.6949 

280 0.02345 1090.29 1.838 35.05 0.0035773 0.08445 0.418 0 .92342 1.00113 0.6951 

300 0.02188 1173.66 1.827 35.05 0.0033370 0.08741 0.431 1 .01986 1.00106 0.6949 

320 0.02051 1249.41 1.832 35.05 0.0031271 0.08963 0.~42 1.11820 1.00099 0.6944 

340 0.01931 1319.01 1.848 35.05 0.0029422 0.0 9132 0.453 1.21875 1.00093 0.6937 

360 0.01823 1383.85 1.870 35.05 0.0027781 0.09264 0.4&4 1.32155 1.00088 0.6929 

380 0.01727 1445.12 1.898 35.05 0.0026313 0.09372 0.47" 1.42676 1.00083 O. 6921 

400 0.01&41 150" . 50 1.926 35.05 O. DO 24993 0.09469 0.484 1.53442 1.00079 0.6913 

420 0.015&3 1562.64 1 . 954 35.05 0.0023800 0.09560 0.493 1.64458 1.00075 0.6'l05 

440 0.01492 1620.41 1.'l82 35 . 05 0.0022716 0.09650 0.502 1.75718 1.00072 0.6898 

460 0.01427 1 &78.54 2.007 35.05 0.0021726 o .0 9H4 0.511 1.87225 1.00069 0.6892 

480 0.013&8 17 37 .12 2.029 35.05 0.0020820 0.09843 0 . 521 1.98985 1 .0 0066 0.6886 

500 0.01313 1796.59 2.049 35.05 0.00199~6 0.09948 0.530 2.11002 1.00063 0.6880 

520 0.012&3 1856.99 2.067 35.05 0.001921& 0.10059 0 . 538 2 . 23271 1.00061 0.6876 

540 0.01216 1918.14 2.082 35.05 0.0018504 0.10175 0.5"7 2.35776 1.00059 0.6871 

560 0.01173 1980.77 2.094 35.05 0.0017842 0.10299 0 . 556 2.48548 1.00057 0.6868 

580 0.OH32 2044.0& 2.104 35.05 0.0017227 0.10428 0.565 2.61580 1.00055 0 . 6 865 

600 0.01094 2108.27 2.113 35.05 0.0016652 0.10561 0.573 2 . 74865 1.00053 0 . 66 62 

650 0.01010 2271.83 2.128 35.04 0.0015371 0.10909 0.595 3.09202 1.00049 0.6 857 

700 0.00938 2438.98 2.137 35.04 0.001~273 0.11274 0.616 3.45175 1.00045 0.6853 

800 0.00821 2781.1 2 2.143 35.04 0.0012489 0.12033 0.659 4. 2 195 2 1.00040 0.6847 

1000 0.00657 3476.73 2.142 35.03 0.0009992 0.13573 0.742 5.94737 1.00032 0.6841 

2000 0.00329 7262 .84 2.014 35.02 0.0004998 0.27727 1.129 23.24601 1.00016 0.5322 

3000 0.00219 11774.00 1.813 35.01 0.0003332 0.39532 1.473 45 . 98670 1.00011 0.5264 

4000 0 . 001&4 18981.00 1.436 34.94 0.0002505 0.63054 1. 790 80. 8 754 0 1.0000 8 0.~857 

50 00 0.00128 4440". l4 0.721 3 ... 17 0.0002049 1.76775 2.108 151.42 "96 1.00006 0.3'l06 
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C-2b THERMOOYNAMIC PROPERTIES OF PARAHYDROGEN 

40 PSIA ISOBAR 

TEH~ERATURE VOLU1E ISOTHERH I SOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC !TY 
DERIVATIVE OERI~ATBE ENERGY OF SOUNO 

JEG. R CU FTILB CU FT-PSI A/LB PSIA/R BTU/LB BTUILB BTU/LB-R BTU I LB -R FT ISEC 

25.006 0.20758 2740.71 74. &48& -132.8&0 -131.323 1.16844 1.120 1.52& 4159 
2& 0.20880 2500.65 74.&458 -131.313 -129.7&7 1.2494& 1.148 1.597 4095 
28 0.21137 2383.98 73.0353 -128.03& -12&.470 1.371&1 1.200 1.719 3977 
30 0.21'+24 2215.&3 71.5982 -124.493 -122.90. 1.49459 1.250 1.840 3887 
32 0.21T37 2052.&3 70.2751 -120.695 -119.085 1.&1790 1.29& 1.910 3802 
34 0.22080 1879.50 68.9126 -116.631 -114.996 1.7"182 1.H& 2.112 3709 
36 0.2245" 1719.06 67.3797 -112.298 -110.&3" 1.86645 1.371 2.259 3622 
38 0.22572 1549.89 65.6623 -107.6"9 -105.955 1.99294 1.401 2.425 3525 
40 0.23344 13 71.84 63.&817 -102.653 -100.924 2.1219" 1.42& 2. &14 3"21 

42 0.23890 1195.48 61.2672 -91.231 -95.4&1 2.25518 1. "45 2.839 3298 
43 . 536 0.24368 1057.64 59.0715 -92.757 -90.952 2.36061 1.458 3.037 3195 
43.536 4.72852 147.49 1.2439 52.276 87.300 6.45761 1.615 3.506 1218 
44 4.816&3 151.99 1.2163 53.248 88.924 6.49472 1.604 3.444 1230 
46 5.17749 170.21 1.1165 57.249 95.598 6.64308 1.572 3 . 244 1276 
48 5.52194 187.08 1.0367 61.043 101.9"" 6.77814 1.552 3.109 1318 
50 5.85458 202.99 0.9706 &4.696 108.061 6.90300 1.540 3.012 1356 
52 6.17827 218.19 0.91"3 68.247 114.009 7.01966 1.531 2.939 1393 
54 6.49492 232.82 0.865" 71.721 119.828 7.12947 1.525 2.882 1"28 
56 6.80590 ~"7. 00 0.8224 75.133 125.543 7.23340 1.520 2.835 1"61 
58 7.11218 260.80 0.78"2 78.495 131.174 7.33220 1.516 2.797 1"93 
60 7.41455 274.30 0.7499 81.817 136.136 7."26"8 1.512 2.764 152" 

62 7.71356 287.53 0.7188 85.102 1ft2.236 7.51665 1.508 2.736 155" 
64 8.00972 300.5" 0.6906 88.356 147.684 1.60313 1.506 2.712 1584 
66 8.30341 313.35 0.66"8 91.585 153.088 7.68627 1.503 2.692 1612 
68 8.59495 326.00 0.6411 9".792 158.454 1.7&637 1.502 2.67" 16"0 
70 8.88460 338."9 0.&191 97.980 163.787 7.8"367 1.500 2.659 1667 
75 9.60175 369.19 0.5709 105.885 177.004 8.02605 1.499 2.629 1732 
80 10.31087 399.26 0.5301 113.721 190.093 8.19501 1.499 2.608 1794 
85 11.01374 428.84 0.4951 121.516 203.094 8.35265 1.502 2.594 1852 
90 11.71161 458.02 0.4646 129.293 216.040 8.50064 1.508 2.586 1907 
95 12.40544 486.89 0.4379 137.074 228.960 8.64035 1.517 2.583 19bO 

100 13.09,92 515.49 0.4142 14".883 241.883 8.77292 1.530 2.586 2010 
105 13.78363 5"3.88 0.3930 152.741 254.835 8.89930 1.5"6 2.595 2057 
110 14."6899 572.08 0.3740 160.672 267.8"3 9.02033 1.566 2. bO 9 21 01 
115 15.15237 600.12 0.3568 1680702 280.935 9.13671 1.591 2.628 21"3 
120 15.83405 628.02 0.3411 176.854 294.136 9.2"907 1.b21 2.653 2182 
125 16.51426 655.81 0.3268 185.152 307."72 9.35795 1.654 2 .682 2220 
130 17.19318 &83.50 0.3137 193.619 320.968 9.46381 1.692 2.717 2255 
140 18.5"780 738.63 0.2904 211.145 3"8.527 9.66801 1.779 2.798 2320 
150 19.89891 793."7 0.270" 229.582 376.972. 9.86"21 1.879 2.893 2379 
160 21.24724 848.09 0.2531 249.0"7 406.423 10.05425 1.988 2.998 2434 

170 22.59331 902.5" 0.2378 269.613 436.960 10.23935 2.102 3.109 2"87 
180 23.93755 956.83 0.2243 291.315 4&8.619 10.42027 2.218 3.222 2538 
190 25.28012 1011.00 0.2123 31".127 501.37" 10.59699 2.330 3.333 2588 
200 2&.62143 1065.06 0.2015 338.046 535.228 10.770"9 2.437 3.437 2638 
220 29.30090 1172.94 0.1829 388.839 605.8b9 11.10701 2.623 3.620 2739 
240 31.97710 1280.56 0.1675 "42.897 679.7"8 11."2815 2.763 3 .759 28"1 
260 34.65082 13 87.98 0.15"5 499.266 755.921 11.73313 2.858 3.852 2944 
280 37.32264 H95.25 0.143" 557.101 833.5"7 12.02065 2.909 3.901 30"3 
300 39.99294 1502.40 0.1337 615.550 911.774 12.29062 2.926 3.917 3153 
320 "2.66203 1709.46 0.1253 674.065 990 .05 9 12.5"335 2.917 3.908 3257 

HO 45.33013 IH6."3 0.1179 7J2.217 1067.973 12.7791& 2.891 3.881 33&1 
3&0 47.997"3 1923.34 0.1113 789.733 1145.246 13.00008 2.855 3.845 34&4 
380 50.66~0~ 2030.20 0.105" 846."66 1221.731 13.20686 2.814 3.803 3565 
400 53.33009 2137.01 0.1001 902.355 1297.366 13.40093 2.772 3.7&1 3665 
420 55.99566 22"3.79 0.0954 957.405 1372.1&1 13.58337 2.731 3.719 3763 

""0 58.66081 2350.53 0.0910 1011.672 14"6.1&8 13.75555 2. &93 3.681 3858 
460 61.32,61 2!tS1.24 0.0870 1065.212 1519.446 13 .9184~ 2. (,59 3.6" 7 3951 
480 63.99010 2563.93 0.0834 11180113 1592.082 14.07279 2.&29 3.617 4042 
500 66.b5433 207 0.59 0.0801 1170.453 1664.15& 14.22005 2. (, 03 3.591 ~131 

520 69.31831 2777.24 0.0770 1222.311 1735 .74 6 14.36057 2.581 3.569 ~217 

540 71.97734 2883.71 0.07"1 1273.793 1806 .92 3 14. ~9~91 2.562 3. 5~9 4302 
560 7~.64065 2990.31 0.0715 1324.817 1877.67" 14.62308 2.547 3.534 ~JS" 
580 77.30380 3096.90 0.0690 1375.629 1948.212 1".7"670 2. ~35 3.521 ~"65 
6 00 79.96&81 3203.48 0.0667 H26.247 2018.554 1~ .8660 0 2.524 3.511 4543 
&50 8&.&2384 34&9.88 0.0616 1551.929 2193.5"4 15.1~6~1 2.506 3.492 4733 
700 93.28030 3736.24 0.0572 1676.956 2367.876 15."0505 2.~95 3.481 "915 
800 106.59199 4268.86 0.0500 1925.875 2715.393 15.8 69~0 2. 487 3. "7" 5255 

1000 133.21244 5333.87 0.0400 2~23.221 3409.91~ 16.6~378 2." 88 3.~74 587" 
2000 266.29784 10657.57 0.0200 ~969. 85" 69"2.300 19.08450 2.64" 3.630 8233 
3000 399.39061 15980.62 0.0133 7757.920 10716.113 20.60108 2.936 .1.922 99~6 

4000 533.4851~ 21304.00 0.0100 10986.049 1"937.528 22.00617 3.680 4.714 11244 
,000 680.77'1~ 26627.16 0.0080 161940145 21236.590 24.2303" 7.300 8.189 12178 

TWJ-PHASE BOUNDRY 
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THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN C - Zb 

~O PS I A ISOBAR 

TEMPERATURE DENSITY V IDH/OV'p VIOP/OU'y -V(OP/OV' T IOV/OTptVCON~~~~;e~TY VISCOSITY THERMAL DIELECTRIC PRA NOTl 
o IFF US IV I TY CONSTANT NUMBER 

OEG. R LB/CU FT BTUnS PSIA-CU FT/BTU PSlA 1/0EG. R STU/FT-HR-R LB/FT-SEC So. FT IHR 
X 10 5 

25.008 ~ . 81751 269.88 13.833 13203 . 72 0.0056536 0.0~26~ 1.723 0.00580 1.25211 2.220~ 

2& 4 .78930 266 . 52 13.581 12455.31 0.0059931 0.04566 1.600 0.00597 1.25052 2. 0154 

28 4 .73105 265.39 12.862 11278.74 0.0064755 0.05028 1.399 0.00618 1.24725 1.7 216 

30 4.66763 265.80 12.269 10341.75 0.0069232 0.05326 1.239 0.00620 1.24368 1.5416 

32 4.60038 264.65 11.787 9442.88 0.0074421 0.05520 1.111 0.00609 1.23991 1.4271 

3~ 4.52907 260.88 11.385 8512.38 0.0080956 0.05633 1.006 0.00589 1 . 23592 1.3575 

36 4.45359 256.68 11.032 7655.99 0.0088009 0.05722 0.918 0.00569 1.23171 1.3042 

38 4.37215 250.27 10.719 6776.37 0.0096899 0.05823 0.842 0.00549 1.22717 1. 2617 

~O 4.28381 242.28 10.425 5902.40 0.0107891 0.05868 0.774 0.00524 1.22226 1.2419 

42 4.18592 231.89 1 0.126 5004.17 0.0122432 0.05861 0.713 0.00493 1.21684 1.2441 

43.536 4.10380 223.18 9.872 4340.35 0.0136099 0.05823 0.670 0.00467 1.21230 1.2583 

43.536 0.21148 87.91 3.643 31.19 0.0398786 0.01278 0.093 0.01724 1.01024 0.9198 

44 0.207&1 89.35 3.652 31.56 0.0385457 0.01282 0.094 0.01793 1.01006 0.9084 

46 0.19314 95.52 3.&78 32.87 0.0339616 0.01309 0 . 097 0.02089 1.00935 0.8700 

48 0.18110 101.61 3.&88 33.88 0.0306006 0.01342 0.101 0.02383 1.00877 0.8430 

50 0.17081 107.61 3.691 34.67 0.0279928 0.01378 0.105 0.02679 1.00827 0.8227 

52 0.16186 113.53 3.690 35.32 0.0258889 0.01417 0.108 0.02980 1.00783 0.8069 

5~ 0.15397 119.35 3.687 35.85 0.0241428 0.01458 0.112 0.03286 1.00745 0.7939 

56 0.14693 125.10 3.683 36.29 0.0226622 0.01499 0.115 0.03599 1.00711 0.7833 

58 0.14060 130.77 3.680 36.67 0.0 213858 0.01540 0.118 0.03917 1.00680 0.7744 

&0 0.134&7 136.3& 3.&71 37.00 0.020Z690 0.01582 0.122 0.04243 1.00652 0.7668 

62 0.129&4 141.88 3.676 37.28 0.0192843 0.01624 0.125 0.0457 R 1.00627 0.7599 

64 0.12455 147.36 3.674 37.52 0.0184063 0.01666 0.129 0.04920 1.00604 0.7 538 

&6 0.12043 152.81 3.672 37.74 0.0176169 0.01709 0.132 0.05270 1. 0058 2 0.7483 

68 0.11635 158 . 23 3.669 37.93 0.0169021 0.01751 0.135 0.05626 1.00563 0.7434 

71 0.ltz>5 163.63 3.666 38.10 0.0162508 0.01794 0.138 0.05994 1.00544 0.7388 

75 0.10415 177 .08 3.657 38.45 0.0148466 0 . 01902 0.146 0.06945 1.00504 0.7290 

aD 0.09&98 190.50 3.645 38.72 0.0136889 0.02009 0.154 0.07945 1.00469 0.7208 

85 0.09080 2 0 3.99 3.6 29 38.94 0.0127144 0.02118 0.162 0.08994 1.00439 0.7139 

90 0.08539 217 .63 3.608 39.11 0.0118803 0.02227 0.169 0.10087 1.00413 0.7081 

95 0.080&1 231.54 3.581 39.25 0 . 0111569 0.02336 0.177 0.11219 1.00390 0.703& 

100 0.0763& 245.80 3.54& 39.36 0.0105222 0.02446 0.184 0.12384 1 .003& 9 0.7002 

105 0.07255 260.53 3.504 39.46 0.0099603 0.02556 0.191 0.13575 1 .0 0351 0.6980 

110 0.06911 275.82 3.454 39 . 54 0.0094588 0.02674 0.198 0.14832 1 .00334 0.6949 

115 0.06600 291.77 3.397 39.61 0.0090080 0.02797 0.205 0.16125 1.00319 0.69Z4 

120 0.06316 308.46 3.333 39.66 0.0086002 0.02920 0.211 0.17427 1.00305 0.6'l13 

125 0.06055 325.94 3.2&2 39.71 0.0082294 0.03043 0.218 0.18733 1 .00 293 0.6915 

130 0.0581& 344.28 3.187 39.75 0 .00 78905 0.031&6 0.224 0.20035 1.00281 0.6931 

140 0.05Hl 383.62 3.027 39.82 0.0072929 0.03409 0.237 0.22&03 1.00260 0.7000 

150 0.05025 42 &. 57 2.864 39.87 0.00&7821 0.03700 0.249 0.25452 1 .00243 0.7014 

160 0.04706 472.93 2.704 39.92 0 .0 063400 0.04017 0.261 0. 284&9 1 .00 227 0.7 016 

170 0.04426 522.30 2.556 39.95 0.0059533 0.04335 0.273 0.31495 1.00214 0.7044 

180 0.04178 574.13 2.421 39.97 0.0056120 0.05181 0.307 0.38495 1.00202 0.68 81 

190 0.03956 627.82 2.303 39.99 0.0053080 0.05678 0.326 0.43075 1 .00191 O. &896 

200 0.03756 682.51 2.201 40.01 0.0050361 0.06131 0.342 0.47484 1.00181 0.&910 

Z20 0.03413 792.30 2.044 40.03 0.0045691 0.06915 0.3&8 0.55969 1.00165 0.6932 

24Q 0.03127 8 9 8 .75 1.938 40.05 0.0041823 0.07552 0.388 0.64244 1.00151 0.&945 

260 0.02886 998.73 1.873 40.06 0.0038565 0.08057 0.404 0. 72482 1 .00139 O. &952 

zao 0.02679 1090.31 1.839 40.06 0.0035781 0.08445 0.418 0.80794 1.00129 O. &953 

300 0.02500 1173.73 1.828 40.07 0.0033375 0.08741 0.431 0.89238 1.00121 O. &950 

320 0.02344 1249.52 1.833 40.07 0.0031275 0.08963 0.442 0.97847 1.00113 0.6945 

3~0 0.02206 1319.16 1.848 40.07 0.0029424 0.09132 0.453 1.06650 1.00107 0.6938 

360 0.02083 1384.03 1.871 40.07 0.0027781 0.092&4 0.464 1.15&49 1.00101 0.6930 

38D 0.01974 1445.32 1.898 40.07 0.002&313 0.09372 0.474 1.24859 1.00095 0.6922 

400 0.01875 1504.73 1.927 40.07 0.0024992 0.094&9 0.484 1.34283 1.00091 O. &914 

420 0.01786 15&2.90 1.955 40.07 0.0023799 0.09560 0.493 1.43926 1.00086 0.690& 

440 0.01705 1620.68 1.982 40.07 0.0022714 0.09651 0.502 1.53782 1 .000 82 0.&899 

460 0.01631 1678.83 2.007 40.07 0 . 0021725 0.09745 0.512 1.63855 1.00079 0.&892 

488 0.01563 1737.42 2.030 40.07 0.0020818 0.09843 0.521 1.74148 1.00075 0.6886 

500 0.01500 179&.90 2.050 40.07 0.0019984 0.09949 0.530 1.8466& 1.00072 0.6881 

520 0.01443 1857.32 2.067 40.07 0.0019214 0.10060 0.538 1.95405 1.00070 0.6876 

540 0.01389 1918.48 2 . 082 40.06 0.0018502 0.10176 0.547 2.06351 1.00067 0.6872 

5&0 0.01340 1981.11 2 . 094 40.06 0.0017840 0.10300 0.556 2.17530 1 . 00065 0.6868 

580 0.01294 2044 .41 2.105 40.06 0.0017225 0.10429 0.5&5 2.28936 1.00062 0.6865 

600 0.01251 2108.63 2.113 40.06 0.0016650 0.10562 0.573 2.40564 1.000&0 0.6862 

650 0.01154 227 2 .21 2 .1 28 40.0& 0.0015369 0.10910 0.595 2 .70616 1.00056 0.6857 

70a 0.01072 2439.36 2.137 40.05 0.0014271 0.11275 0.616 3.02101 1.00052 0.&853 

800 0.00938 2781.53 2.143 40.05 0.0012488 0.12034 0.&59 3.69297 1.00045 0.6847 

1000 0.00751 3477.15 2.142 40.04 0.0009991 0.13575 0.743 5.20519 1.00036 O. 6841 

2000 0.00376 7263.32 2 .014 40.02 0.0004997 0.27727 1.129 20.34157 1.00018 0.5322 

3000 0.00250 11771.03 1.814 40.01 0.0003332 0.39513 1.474 40.23327 1.00012 0.5266 

4000 0.00187 18824 . 36 1.450 39 . 93 0.0002504 0.62246 1.790 70.44546 1.00009 0.4880 

5000 0.00147 42970. 51 0.746 39.11 0.0002045 1.69516 2.107 131.30273 1.00007 0.3933 
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C-2b T~ERHOOYNAHIC PROPERTIES OF PARAHYOROGEN 

.. 5 PSIA ISOBAR 

TEMPERATURE VOLUME ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VElOC lTY 
DER I VA TI VE OERIVATIVE ENERGY OF SOUND 

DEG. R CU FT/lB CU F T-PSIA/lB PSIA/R BTU/lB BTU/lB BTU/lB-R BTU lB -R FT ISEC 

25.029 0.20752 27"5 . 89 7" . £>809 -132.855 -131.125 1.188£>3 1.121 1.52 £> .. 102 
2£> 0.20872 2012.19 7". £>791 -131.3"2 -129.£>03 1.2"833 1.1<,7 1.595 .. 102 
28 0.21126 2392 ..... 73.12£>" -'28.0£>9 -12£>.309 1.37039 1.200 1.717 3983 
30 0.21<,1 .. 2223.77 71.0858 -12".532 -122.n8 1." 9325 1.250 1.839 3893 
32 0.2172£> 20£>0.75 70.3£>27 -120.7"1 -118.931 1.£>1£>"1 1.290 1.968 3 608 
3 .. 0.220£>5 U97 . 25 £>9 . 01"2 -11&.£>93 -11".855 1.7399£> 1.33& 2.105 3722 
3& 0.22"39 1727.09 £>7."&99 -112.3&1 -110 ... 91 1.8&4&5 1.371 2.256 3628 
38 0 . 22S55 1558.28 &5.7572 -107.725 -105.820 1.99090 1." 01 2."21 3532 
.. 0 0.2332" 1366.91 £>3.78"0 -102.7 .... -100.800 2.119£>3 1 ... 2£> 2. £>08 3 .. 28 

.. 2 0.238&& 1205.00 &1.3881 -97.3"3 -95.35" 2.252"7 1 ..... 5 2.83 a 3307 .... 0.2 .... 95 1019.&2 58 ... 882 -91."83 -89 ..... 2 2.3899" 1 ... £>1 3.102 3166 

.... . 508 0.2 .. £>7 .. 989.71 57.£>"51 -89.903 -87.8"& 2 ... 2&00 1 ... &5 3.150 31 .. 0 
4".508 4.22020 14".18 1.4059 52.3&5 87.531 &.3£>89" 1. &2 .. 3.&3& 1223 
.. £> 4 ... 737. 158.95 1.3101 55.533 92.811 £> ... 85&5 1.593 3 ... 3 .. 1260 
.. 8 4.79 .. 9& 177.15 1.2077 59.528 99.483 £>.£>27£>5 1.5&7 3.250 130. 
50 5.10226 194.08 1.12<,7 &3.332 105.848 6.75758 1.551 3.122 1345 
52 5.39935 210.10 1.0552 £>7.003 111.994 £>.87811 1.540 3.028 1383 
54 5.£>88£>0 225.41 0.9957 70.573 117.975 £>.99098 1.532 2.95£> 1419 
5£> 5.971£>1 240 .1 £> 0.9439 n.OH 123.827 7.09739 1.52£> 2.898 1 .. 53 
58 £>.2"954 254 . 4£> 0.8981 77.498 129.574 7.19824 1.521 2.851 1486 
£>0 £> . 52329 2 £>8 . 39 0.8573 80.882 135.239 7.29"26 1.517 2.811 1518 

&2 f>.793"7 282.01 0.8206 84.219 1"0.827 7.38588 1.513 2.778 1549 
£>4 7.0£>0£>4 295.35 0.7874 87.519 14£>.354 7. .. 73£>2 1.509 2.750 1579 
£>6 7.32524 308."8 0.7572 90.789 151.829 7.55785 1.507 2.725 If>O 8 
f>8 7.587£>0 321."0 0.7294 9".033 157.259 7.63890 1.505 2.705 1636 
70 7.84799 33".15 0.7039 97.25" 1£>2.£>50 7.7170" 1.503 2.687 1663 
75 8."9179 365."0 O. £>4 79 105.231 175.991 7.9011" 1.501 2. £>51 1729 
80 9.12736 395.93 0.6008 113.126 189.182 8.071"1 1.501 2.£>26 1791 
85 9.75£>5" 425.89 0.5£>0£> 120.970 202.269 8.23009 1.504 2. £>09 1850 
90 10.380£>5 455. "1 0.5257 128.788 215.288 8.37&92 1.509 2.599 1906 
95 11.000£>£> "8".57 0.4951 13£>.605 228.271 8.51931 1.518 2.595 1959 

100 11. f>1728 5 1 3.42 O ... £>80 1 ......... 5 2 .. 1.2 .. 9 8 . &52 .. 5 1.531 2.597 2 009 
105 12.23110 5"2.03 O ..... 39 152.330 25".2"9 8.77930 1.5"7 2. f>0 .. 205£> 
110 12.84257 570.43 0."222 1£>0.286 267.300 8.90072 1.5 £>7 2.617 21 01 
115 13."5203 598.65 O ... 026 1&8.337 280.430 9.01745 1.592 2. £>36 2l't3 
120 14.05979 f>26.71 0.38"9 176.509 293.£>60 9.13011 1. f>21 2. &59 2182 
1 25 14.£>6;0& £>54.£>5 0.3f>8£> 184.824 307.03l 9.2392" 1. £>55 2.688 2220 
130 15.27105 ; 82."7 0.3537 193.307 320.557 9.34532 1.693 2.722 2255 
140 1£>.47779 737.83 0.3274 210.8£>0 348.16£> 9.54988 1.780 2.802 2320 
150 17.&8102 792.87 0.3048 229.320 37£>.&52 9.74&38 1.880 2.897 2379 
100 18.88145 847. &£> 0.2851 2"8.804 40£>.139 9.9366" 1.989 3.002 2 .. 35 

170 20.079&4 902.26 0.2679 269.388 43&.707 10.12193 2.103 3.112 2487 
180 21.27598 95&.&8 0.2527 291.105 468.393 10.30300 2.218 3.225 2539 
190 22.470£>& 1010.90 0.2391 313.931 501.174 10 ... 798& 2.331 3.335 2589 
200 23.&&,,08 10&5.13 0.22&9 337.8&2 535.050 10.&5348 2." 37 3.439 2639 
Z20 2&.04776 1173.18 0.2059 368.&76 605.727 10.99017 2 .62J 3.622 2HO 
2"0 28 ... 2820 1280.9 .. O. 1885 "42.751 &79.&3& 11.31144 2.76" 3.7&0 2842 
2&0 30.80&16 1386.48 0.17 39 499.134 755.83 .. 11.&1£>52 2.856 3.853 29 45 
280 33 .tazzo 1495.85 0.1613 556.981 633.461 11.9041Z Z.909 3.90Z 3049 
300 35.55014 1£>03.08 0.1505 & 15 ..... 0 Hl.72£> 12.17<,16 2 .92£> 3.918 3154 
320 37.93007 1710.21 0.1410 673.96" 990.0Z7 12.42693 2.917 3.909 3258 

3"0 .. 0.302 .. 1 1817.25 0.1327 732.123 1067.954 12.&0279 2.891 3.882 3362 
3 £>0 "2.£>739" 132".21 O. lZ 53 769.646 1145.239 12.68374 2.85£> 3.846 3465 
J 80 45.0 .... 60 2031.12 0.1186 8"£>.386 1221.73" 13.09055 2.81" 3.80 .. 35£>£> 
400 .. 7 ... 1510 Z 1 J7. 97 0.1127 902.280 1297.379 13.284£>" 2.772 3.7£>1 366£> 
420 .. 9.78.91 224".7e 0.1073 957.336 1372.182 13."£>710 2.731 3.720 3764 
440 52.15"30 2351.55 0.102" 1011.£>06 1"4£>.197 13.&3930 2. £>93 3. &82 3859 
"60 54.52335 2"58.30 0.0979 10£>5.151 1519."82 13.80220 2. &59 3. £> .. 8 3952 
"80 50.89208 25£>5. 01 0.0938 1118.055 1592.125 13.95£>5£> 2. &29 3.&17 4 043 
500 59 . 2&055 2;71.70 0.0901 1170.398 10&".204 14.10384 2 .&0" 3.591 4132 
520 61.£>2878 2778.37 0.0666 1222.260 1735.799 14.24437 2.581 3.509 4218 

5 .. 0 £>3.99267 Z884.87 0.083" 1273.747 180&.96 .. 14.37873 2.562 3.550 4303 
500 &£>.3.02 .. 2991.49 0.060" 1324.774 1877.739 1".50£>90 2.5<,7 3.535 .. 385 
580 £>8.7276£> 3098.09 0.0776 1375.588 19/06.281 1/0.£>3053 2.535 3.522 44&6 
& 00 71.09"94 320".£>6 0.0750 1"2£>.206 2018.£>27 1".7 .. 983 2.524 3.511 .. 544 
£>50 77.012.5 3"71.12 0.0£>93 1551.695 2193.£>2" 15.03025 2 . 50£> 3. "92 "734 
700 62.9ZH8 3737.50 0.0£>43 1£>76.92£> 2367.9£>2 15.28890 2.495 3. "81 "915 
8 00 9".7£>282 "270.1£> 0.05£>3 1925.851 2715.469 15.75327 2.487 3 ... 74 525£> 

1000 118 ... 2597 5335.21 0.0450 2423.204 3"10.022 1&.527£>& 2.488 3."74 5875 
2000 23£> . 72469 10£>58.98 0.0225 49£>9.8 .. 9 £>942."2£> 18.9£>8"0 2. &44 3.&30 823" 
3000 355.02909 15982.25 0.0150 7757.7"5 1071& .12 .. 20.48"91 2.935 3.921 9947 

4000 "'''.17272 21305 ..... 0.0113 10975.750 14926.928 21.68717 3. £>"9 ... &81 11251 
5000 £>04.37575 2£>628.59 0.0090 1&072.504 211 08. £>3 .. 24.08£>03 7.07£> 8.534 12189 
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THEPMOO1NAMIC PROPERTIES OF PA RAHYOROGF.N C-2b 

~5 PSIA ISOBAR 

TEMPERATURE OENSITY V(OH/OV' p V (OP/OU'V -V (QP/OV'T (OV/OT\/VCON~~~~~~iTY V IS C OSIT Y THER HAL DIELECTRIC PRA NOTL 
DIFFUSI VITY CO NSTANT NUMBER 

DEG. R LB/CU FT B ru ILB PSIA-CU FT IBTU PSIA lIDEG. R BTU/FT-HR-R LB/F T-SEC SQ FT/HR 
X 10 5 

25 .0 29 4.81874 270.3& 13.831 13231.72 0.005&~~1 0.04272 1.725 0.00581 1.25218 2.2181 

2& ~.79118 2 & 7. 3~ 13.584 Il515.~& 0.005'1&70 0.0~5&8 1.&04 ~ .0059 8 1 . 250&3 2.01&8 

28 4.733 07 2&5.92 12.87& 11323.&0 0.00&4579 0.05030 1.402 0.00&19 1.2473& 1. 7 23~ 

30 4.& &983 2&&.34 12.281 10384.&& 0.00&9030 0.0532'1 1.242 0.00&21 1.24381 1.5428 

32 4 . &0280 265.23 11.800 9485.21 0.0074182 0.05525 1.114 0 .00&10 1.24005 1.4278 

34 4.5320& 2 &2. 32 11.398 8598.47 0.00802~3 0.05&39 1.008 0.00591 1.23&09 1.3556 

3& ".45&,,5 257 . 32 11.043 769&.68 0.0087&&1 0.05728 0.920 0 .0057 0 1.23187 1.30"1 

38 4.3753" 2 5 0 • 98 1 0.730 &817.99 0.00'1&,,47 0.05830 0.8 .... 0.00550 1.22735 1.2611 

.. 0 ".28740 243.10 10."35 594&.2" 0.0107268 0 . 0587& 0.77& 0.0052& 1.2224& 1.2405 

.. 2 ".19011 232.80 10.138 50~<j.09 0.0121582 0.05870 0.71& 0.00~95 1.21707 1.2~20 

44 4.08245 220.73 9.803 41&2.5& 0.0140510 0.05817 0.&&0 0.00459 1.21113 1.2&&0 

4~ . 508 4.05 2 81 21'1.1& 9.70'1 4011.0'1 0.0143714 0.05795 0.&4& 0.00454 1.20949 1.2635 

44.508 0.23&9& 88.3& 3.&54 34.17 0.0411492 0.01328 0.09& 0.01541 1.01148 0.9~34 

4& 0.22353 93.13 3.&79 35.53 0.03&8742 0.01341 0.098 0.01747 1.01083 O. 90&0 

48 0.20855 99.42 3.&95 3&.94 0.032&882 0.013&8 0.102 0.02018 1.01010 0.8702 

50 0.19599 105.59 3.699 38.04 0.0295&63 0.01401 0.105 0.02289 1.009"9 O. 84~~ 

52 0.18521 111. &6 3.&99 38.91 0.0271179 0.01437 0.109 0.025&2 1.00897 0.8248 

54 0.17579 117 .62 3.&96 39.62 0.0251285 0.01H5 0.112 0.02839 1.00851 0.8091 

5& 0.1&74& 123.48 3.&93 40.22 O. 02 3~&93 0.01515 0.116 0.03122 1.00811 0.79&1 

58 0.1&001 129.25 3.&90 40.72 0.0220576 0.01555 0.119 0.03409 1.00774 0.7854 

&0 0.15330 13 ... 94 3.&87 41.14 0.020835& 0.0159& 0.122 0.03703 1.00742 0.77&3 

&2 0.1"720 1 ~ 0.52 3.&85 41.51 a.0197681 0.01617 0.126 0 .0"004 1.00712 0.7682 

&4 0.1 .. 1&3 1 .. ~. 07 3.&8 .. 41.83 0.0188237 o • 0 1& 79 0.129 0.04311 1.00&85 0.7&11 

&& 0.13&51 151.58 3.&Rl 42.11 0.0179801 0.01721 0.132 0.04625 1.00&&0 0.7548 

&8 0.1317'1 157.0& 3.&78 42.3& 0.0172205 0.017&3 0.136 0 .04945 1.00638 0.7"92 

70 0.12742 1&2.52 3.&75 ~2 .58 0.01&5317 0.01805 0.139 0.05273 1.00&1& 0.7441 

75 0.1177& 17&.09 3.&6& 43.03 0.01505&8 0.01912 0.14 7 0.0&123 1.00569 0.7332 

80 0.1095& 189.&2 3.&53 43.38 0 . 013850& 0.02019 0.155 0.0701& 1.00530 0.72"2 

85 0.10250 203.20 3 .637 "3.65 0.0128"14 0.02127 0.1&2 0.07952 1.00496 0 . 71&7 

90 0.09633 21&.91 3.&15 43.87 0.0119818 0.02235 0.170 0.08928 1.004&& 0.7105 

95 0.09090 230.88 3.587 4 ... 05 0.0112392 0 . 02344 0.177 0.09937 1.00439 O. 705& 

100 0.08&08 245.21 3.552 4".19 0.0105897 0.02"53 0.18" 0.1097& 1.0041& 0.7 019 

105 0.0817& 259.98 3.510 44.32 0.01001&4 0.025&3 0.1 91 0.12037 1.00395 0 . 6995 

110 0.07787 275.31 3."&0 ..... 42 0.0095057 0.02681 0.198 0.13157 1.0037& 0. 69&2 

115 0.0743 .. 291.30 3 ... 02 4".50 0.0090 .. 7& 0.02804 0. 205 0.1"310 1.00359 O. &935 

120 0.07112 308.01 3.338 4".57 0.008&339 0.02926 0.212 0.15469 1.003"4 0.6923 

125 0.0&818 325.52 3.267 "4.&" 0.0082583 0.03049 0.218 0.1&&33 1.00329 0.&924 

130 0.06548 343 . 88 3.192 44.69 0.0079154 0.03171 0.225 0.17793 1.0031& o. &939 

140 0.0&0&9 383.2& 3.031 44.78 0.0073117 0.03415 0.237 0.2 007 9 1.00293 0.7007 

150 0.05656 42E.23 2.8&7 4".84 0.0067965 0.03705 0.2 .. 9 0.22615 1.00273 0.7020 

160 0.052~& 472. &2 2.707 ..... 89 0.00&3512 0.04022 0.261 0.25301 1.0025& 0.7021 

170 0.0"980 522.02 2.558 4 ... 93 0.0059621 0.04339 0.273 0.27995 1.002"1 0.70"8 

180 0.0"700 5 73.87 2.42" 4 ... 97 0.0056190 0.05182 0.307 0.3"194 1.00227 0.6885 

190 0.0~450 &27.&0 2.305 ..... 99 0.005313& 0.05679 0.32& 0.38265 1.00215 0.&900 

200 0.0 .. 22& & 82.31 2.203 45.01 0.0050405 0.06131 0.3"2 O ... 2185 1.0020" 0.691 .. 

220 0.03839 792 .1& 2.0 .. 5 "5.04 0.00 .. 5720 0.0&915 0.368 0.49731 1.00185 O. &93 .. 

2 .. 0 0.03518 898.6& 1.939 .. 5.06 0.0041842 0.07552 0.388 0.57092 1.00170 0.69"7 

2&0 0.0324& 998.70 1.87 .. 45.07 0.0038577 0 . 08056 0.40 .. O. & .... 19 1.00157 0. 695" 

2 80 0.03014 10~0.33 1.8"0 .. 5.08 0.0035789 0.08"45 0.418 0.71813 1.00146 O. &955 

300 0.02812 1173.80 1.829 45. O~ 0.0033380 0.087"1 0."31 0.79322 1.00136 0.6952 

320 0.02&3& 12"9.63 1.834 45.09 0.0031278 0.089&3 0.4"2 O. R697q 1.00127 0.69"& 

3 ~O 0.02~81 1319.30 1.849 .. 5.09 0.0029425 0.09132 0.453 0.94808 1.00120 O. &939 

3&0 0.02343 13 8".21 1.872 45.09 0.00277~1 0.09265 0,"64 1.02811 1.00113 0.6931 

380 0.02220 1"45.53 1.899 .. 5.09 0.0025312 0.09373 0.474 1.11001 1.00107 O. 6~23 

400 0.02109 1504.97 1.927 45.09 0.0024992 0.09"70 0.484 1.19382 1.00102 0.&915 

420 0.02009 1563.15 1.95& 45.09 0.0023797 0.095&1 0.493 l.27956 1.00097 O. &907 

4 .. 0 0.01917 1620.95 1.983 .. 5.09 0.0022713 0.09&51 0.502 1.3&721 1.00093 0.&899 

"6D 0.0183" 1&79.12 2.008 45.09 0.0021723 0.097"6 0.512 1.~5677 1.00089 0. &893 

480 0.01758 1737.72 2.031 45.09 0.0020816 0.09844 0.521 1.54830 1.00085 O. &887 

500 0.01&87 1797.22 2.051 "5.08 0.0019982 0.099~9 0.530 1. &4183 1.00081 0.6881 

520 0. 01623 1857.6 .. 2.0&8 45.08 0.0019212 0.100&1 0.538 1.73731 1.000T8 0.6877 

540 0.015&3 1918.82 2.083 "5.08 0.00184Q9 0.10177 0.5 .. 7 1.83 .. &5 1.00075 0.6872 

5 &0 0.01507 1981.~& 2.095 .. 5.08 0.00l7838 0.10301 0.55 & 1.93405 1.00073 0.6869 

580 0.01455 2044.77 2.105 45.08 0.0017223 0.10430 0.5&5 2.035"& 1.000To 0.6865 

& 00 0.01407 2l08.99 2.11" "5.08 0.001&&48 0.10563 0.573 2.1388 5 1.00066 0.&8&3 

650 0.01298 2272.58 2.129 "5.07 0.0015367 0.10911 0.595 2 ... 060& 1.000&3 0.&857 

700 0.0120& 2"39.75 2.138 45.07 0.001 .. 270 0.1127& 0.&1 7 2.6859Q 1.00058 0.&853 

800 0.01055 2781.93 2.1"4 45.0& 0.0012 .. 6& 0.1203& 0.&59 3.28344 1.00051 0.6848 

1000 0.00844 3477.58 2.142 .. 5.05 0.0009990 0.13577 0.743 ... &279~ 1.00041 O. &8 .. 1 

2000 0.00422 72 &J. 79 2.015 .. 5.03 0.0004~~7 0.21727 1.130 1&.08256 1.00020 0.5323 

3000 0.00282 117& 8. && 1.815 .. 5.02 0.0003332 0.394~8 1.47 .. 35.759"2 1.00014 0.5268 

4000 0 .0 02 11 1869 ... &8 1.4&2 .. 4.93 0.00025.4 0.&1577 1.790 6Z. 37863 1.00010 o ... 696 
5000 0.001&5 41779.25 O. 76~ ..... 0& 0.0002043 1.&3"84 2.106 115.77629 1.00008 0.3958 
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C-Zb THERHOOYNAHIC PROPERTIES OF PARAHYOROGEN 

50 PSI A ISOBAR 

TEHPERATU RE VOLU~E ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROP Y CV CP VELOC lTY 
DEUVATIYE DERIVAT IVE ENERGY OF SOUND 

DEG. R CU FTfLB CU FT-PSlAfLB PSlAfR BTU/LB BTUfLB BTU/LB-R BTU f LB -R F T fSEC 

25.0.9 0.207.7 2751.00 7 •• 7131 - 132 . 8.9 -130.n8 1.18883 1.121 1.526 4165 
26 0.2086. 2623.69 7 ... 712 .. -131. 371 -129 •• 39 1.2.720 1.1.7 1.593 .. 108 
26 0.21119 2.00.87 73.2173 - 128 . 102 -126.1"7 1.36917 1.200 1.716 3989 
30 0.21 .. 0 .. 2231.89 71 .7731 -12".571 -122.569 1."9191 1.250 1.837 3899 
32 0.21715 2068.83 70."500 -120 .788 - 118.777 1.61"93 1.295 1.965 381 .. 
3. 0.22052 190 5 .7 0 69.1018 -116.7.8 -11 •• 706 1.73833 1.336 2.103 3728 
36 0.22"25 1735.09 67.5598 -112 • • 2. -110.3"~ 1.86287 1.371 2.252 3635 
38 0.22839 156f.H 65.8517 -107.800 -1 05.686 1.98888 1 • • 00 2."16 3539 
"0 0.23305 139 S .92 63.8657 -102.83" -100.676 2.1173 .. 1 •• 25 2.601 3436 

.. 2 0 . 238.2 121 ....... 61 . 5079 -97 •• 5" -95.2"6 2 .2"971 1." .5 2. 822 3315 .... 0.2 .... 66 1029.61 58.6339 - 91 .619 -69.3 5" 2 .38680 1 •• 61 3.090 3116 

.. 5 ... 06 0.2"978 907 ... 2 56.2130 -87.112 -8".860 2." 81 3 .. 1." 71 3. 29 8 3070 
"5 ... 06 3.80695 1 .. 0.6. 1.5719 52.3"5 61.593 6.28776 1.633 3.773 1227 
.. 6 3.90295 1"6.98 1.52"6 53.680 89.816 &.336 .. 1 1.618 3.670 12 .. 3 
.. 6 •• 20819 166.76 1.3930 51 . 921 96.883 6 ... 868 .. 1.565 3. "16 1291 
50 ..... 9677 18".8& 1.289" 61. 903 103.537 6.62261 1.56 .. 3.2"1 133 .. 
52 ".77357 2 0 1. 79 1.20 .. 3 65.109 109.906 6.1"156 1.550 3.127 1373 
5 .. 5.0'+15" 217.8 .. 1.132" 69.3 88 11&.066 6.66383 1.5"1 3.037 1'+10 
56 5.302&5 233_21 1. 0705 72 . 971 122.066 &.97295 1.533 2.966 1 .... 6 
56 5.55625 2"8 . 03 1.016" 76.,,78 127.9"0 7.07601 1.527 2.909 1479 
60 5.80935 2&2 ... 2 0 . 9683 79.927 133.71 .. 7.17388 1.522 2.862 1512 

62 6.056&5 276."3 0.9255 83.320 139.397 7.26705 1.517 2.622 15 .. 3 
6 .. 6.30079 290.13 0 .8 869 86 . 670 1"5 . 006 1.35611 1.513 2.789 157" 
66 &.5 .. 222 303.57 0.8518 89.982 150.555 7 ..... 1 .. 7 1.510 2.760 1603 
68 6.76133 316.78 0.8198 93 . 265 156.051 7.52351 1.508 2.736 1632 
70 7.01539 329.H 0.790" 96.521 1&1.502 7.&0252 1.506 2.715 1660 
75 7.6036" 361.60 0.7263 10".571 17".971 1.78838 1.503 2.67" 1726 
80 8.180"5 392.60 0.6726 112.526 188.266 7.96000 1.503 2 .6"5 1789 
85 8.7507" "22.95 0.6269 120."20 201 ..... 0 8.1197" 1.505 2.625 18 .. 9 
9 0 9.31587 .. 5 2. 81 0.587" 128 . 281 21".533 8.269 .. 2 1.511 2.613 1905 
95 9.87685 "82 . 25 0.5528 136.13" 227.580 8."1050 1.519 2.607 1958 

100 10 ... 3 .... 0 511.36 0.5223 1'+".005 240.61" 8 .5 .... 21 1.532 2.607 2008 
105 10.98912 5 .. 0.19 O. "951 151.918 253.663 8 .6715" 1.5"8 2.613 2 056 
110 11.5 .. 1 .. 7 568.79 0."708 159.899 266.157 8.79336 1.5 68 2.625 2100 
115 12.09181 597.18 0 ..... 88 167 . 972 219 . 925 8.910"3 1.593 2.6"3 21 .. 3 
120 12.6 .. 0 .. 3 625. "1 0."289 176.162 293 . 196 9.02338 1.622 2.666 2182 
125 13.18756 653.50 0."107 18 ..... 95 306 . 59 .. 9.13277 1.655 2.69" 22 20 
130 13.733"0 681. .. 5 0.39"0 192.99" 3 20 .1" 7 9.23907 1.693 2 .727 2255 
1'+0 1".8218" 737.0" 0.36"5 210.575 3"7.805 9 ....... 00 1.780 2.607 2320 
150 15.90075 792.28 0.3392 229 . 058 376.333 9.6"078 1.880 2.90 1 2380 
160 16.98887 8 .. 7.2" 0.3173 2"8.562 "05.856 9.83128 1.989 3.005 2 .. 35 

170 18.0687" 901 . 98 0.2981 269.163 .. J6 ... 55 10.01675 2.103 3.115 2"88 
180 19.1 .. 677 956.5" 0.2811 290.89" .. &8.168 10.19799 2.218 3.227 25 39 
190 20.22313 1010.93 0.2659 313.735 500.9n 10.37 .. 98 2.331 3.337 2589 
200 21 . 2982 " 1065.20 0.2523 337.679 53".871 10.5 .. 871 2."37 J ..... 1 26 .. 0 
220 23 ..... 531 117 3."3 0.2290 388.513 605 . 585 10.88558 2.623 3.623 2 1 .. 0 
2 .. 0 25.S8Hl 1281.33 0.2096 .... 2.60 .. 679.525 11.20698 2.76" 3.762 2 8 .. 2 
260 27.730 .... 1.l88.98 0.1933 "99.001 755.1 .. ft 11.51216 2.858 3.85" 29 .. 6 
28 0 29.66987 1 .. 96 ... 5 0.1793 556 . 661 831."15 11.7996" 2.909 3.903 3050 
300 32.00 779 1603.77 0.1673 615.330 911.616 12.06993 2.926 3.919 3155 
320 3 .. .1""51 1710.96 0.1567 673.863 989.995 12.32215 2.917 3.909 3259 

3 .. 0 36.2802" 1818.06 0.1"75 732.030 1061.936 12.55665 2.892 3.863 3363 
360 38."1517 1925.08 0.1392 769.560 1145.232 12.7796 .. 2.656 3. 8"6 3 .. 66 
380 "0.5"~"2 2032.03 0.1319 8"6 . 306 1221.738 12.986"6 2.81" 3.80 .. 3567 
.. 00 "2.68310 2138.93 0.1252 902.205 1297.J93 13.18059 2.772 3.762 3667 
.. 20 ..... 81631 22"5 . 78 0.1192 957.266 1372.20" 13.36306 2.731 3.720 3765 
.... 0 .. 6.9 .. 910 2352.58 0.1138 1011.5"1 1 .... 6 . 226 13.53529 2.693 3. 682 3860 
.. 60 "9.0815" 2 .. 59.35 0.1086 1065.089 1519.51& 13.69821 2.659 3.6"8 3953 
.. 80 51 . 21367 256&.09 0.10"3 1117.996 1592.167 13.65259 2.629 3.617 .. 0 .... 
500 53.3 .. 55 .. 21>72.81 0.1001 1170.3 .... 166".252 13.99987 2.60" 3.591 '+133 
520 55."7717 2779.50 0.0962 1222.209 1735. 852 1 .. . 1 .. 0 .. 1 2.582 3.569 .. 219 

5 .. 0 57.60"93 2886.02 0.0927 1273.701 ts07.0 .. 5 1 ... 27 .. 79 2.563 3.550 .. 30 .. 
560 59 .735 92 2992.66 0.089" 132".731 1877.805 1 ..... 0296 2.5"8 3.535 4386 
580 61.86;7; 3099.28 0.0863 1375.5"7 19"8.350 1 ... 52660 2.535 3.522 .... 67 
& 00 63 . 997"5 3205 . 89 0.083" 1'+26.169 2018 . 699 1".64591 2.52 .. 3.511 ..5 .. 5 
650 69.32370 3.72.35 0.0770 1551.861 2193 .70 5 1" .92635 2.506 3 ... 92 4735 
100 7'+.6 .. 937 3738.76 0.0715 1&76. 896 23&8.0 .. 8 15.18500 2."95 3."82 .. 916 
8 00 85 . 299"8 "271.4& 0 . 0625 1925.827 2715.565 15.6 .. 939 2." 81 3.47" 5257 

1000 106.59679 533&.56 0 . 0500 2"23.1R8 3'+10 . 130 16."2379 2 ... 88 3 ... 7 .. 5875 
2000 213.06653 106&0.39 0.0250 .. 969.8 .... &942.552 18.8& .. 5 .. 2.6 .... 3.630 823 .. 
3000 319.53997 15983.68 0 .0167 7751.596 10716.103 20 .381 00 2.Q3" 3.921 9947 

.. 000 "26.73003 21306.87 0.0125 10Q6].038 1 .. 911.Q80 21.78086 3.62 .. ".653 11258 
5000 5 .. 3.363 .. 6 26630.03 0.0100 15969.590 21000."00 23 . 95832 6 . 886 6.319 12199 

TWO-PHA SE BOUNDRY 
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THERMOOYNAMIC P RO PERT IES OF PARAHYOROGEN C - Zb 

50 PSIA ISOSAR 

TEMPE RA T URE OENSITY V I OH/OVl P V IOP/OUl
V 

-V IOP/OVl
T IOVIOTYV cON~~g~!iTr VISCOSITY THERMAL OIELECTRIC PRA N OTL 

OIFFUSrVITY CONSTAN T NUH SER 

OEG. R LS/CU FT STU/LS PSIA - CU FT IS TU PSIA 1/0EG. ~ STU/FT-HR-R LS/F T-SEC SQ FT/HR 
X 105 

25.049 4.81997 270.84 13.828 13259.73 0.005&34& 0.04280 1.72& 0.00582 1.25225 2.2159 

26 4.79506 268.15 13.587 12575.49 0.0059411 0.04570 1.608 0.00599 1.25074 2 .0182 

28 4.73509 26&.44 12.889 11368.35 0.0064405 0;05033 1.406 0.00619 1 . 24747 1.7253 

30 4.67203 2&&.88 12 . 29" 10"27.45 0.0068831 0.053J3 1.245 0.00&21 1.2439J 1.5 .... 0 

J2 4.60520 2&5 .80 11.812 9527.39 0.007J945 0.05529 1.116 0.00&11 1.24018 1.4286 

3 .. .. . 53 .. 68 262.96 11.410 8&41.72 o .007 9963 0.056 .... 1.011 0.00592 1.23624 1.3558 

36 ".45929 257.96 11.05" 77J7. 26 0.0087317 0.057J4 0 .92 2 0.00571 1.23203 1. J 040 

38 4.J7852 251.69 10.740 6859.44 0.0096001 0.05836 0.846 0.00552 1.22753 1. 2605 

40 4.29038 2 4J. 91 10.446 5989.87 0.0106656 0.05884 0.779 0.00527 1.22266 1. 2 J92 

42 4.1%27 2J3 _71 10.150 5093.70 0.0120753 0.05880 0.718 0 . 00"97 1.21730 1.2"00 

44 ... 08728 221.75 9 .818 4208.29 0.0139330 0.05828 0.&&2 0.004&1 1.21139 1.2&28 

.. 5 ... 06 ... 00355 213.12 9.5 .. 5 3632.89 0.015473 .. 0.05761 0.624 0.00"3& 1.20678 1.2860 

45.40& 0.262&8 88.69 3.665 3&_94 0.0425479 0.01377 0.098 0.01389 1.0127" 0.968" 

.. 6 0.25&22 90.66 3.&77 37.&& 0.040"840 0.01379 0.099 0.01"67 1.01242 0.9497 

48 0.237&3 97.18 3.&99 39.&3 0.0351521 0.013 98 0.103 0.01722 1.01152 0.9021 

50 0.22238 103.54 3.707 41.11 0.0313634 0.01425 0.106 0.01974 1.01077 0.8690 

52 0.20949 109.77 3.708 42.27 0.0284888 0.01458 0.109 0.02225 1.01015 0.8"47 

5 .. 0.19835 115.87 3 .706 "3.21 0 . 02&ZOH 0.01493 0.113 0.02479 1.00961 0.8257 

56 0.18858 121.85 3 .702 43.98 0.0243418 0.01532 0.11& 0.02738 1.00913 0.8099 

58 0.17991 127.73 3.&99 44.62 0.0227760 0.01571 0.120 0.03001 1.00871 0.7971 

60 0.17214 133.51 3.696 45.17 0.0214360 0.01610 0.123 0.03269 1.00833 0.7863 

62 0.16511 139.17 3 .695 45.64 0.0202772 0.01651 0.126 0.03543 1.00799 0.77 69 

6 .. 0.15871 1 ..... 78 3.693 46.05 0.019260J 0.01692 0.130 0.03823 1.00768 0.7687 

6& 0.15285 150.36 3.691 4& . 40 0 .01 83581 0.01733 0.133 0.0"108 1.007"0 0.7616 

68 0.147 "6 155.90 3.&88 46.71 0.0175504 0.01775 0.136 0.0"399 1.00714 0.7553 

70 0.14248 1 & 1. 42 J.685 46.99 0.01&8217 0.01817 0.139 0.0"696 1.00689 0.7495 

75 0.13152 175.11 J.67" 47.56 0.0152723 0.01922 0.147 0.05465 1.00&36 0.7375 

80 0.12224 188.74 3.661 47.99 0.0140154 0.02029 0.155 0.06273 1.00591 0.7277 

85 0.11428 202.41 3.644 48.J3 0.0129703 0.02136 0.163 0.07119 1.00553 O. 7196 

90 0.10734 216.20 3 .622 48.61 0.0120846 0.02244 0.170 0.08 ODD 1.00519 0.7129 

95 0.10125 2 JO • 24 3.594 "8.83 0.0113223 0.02352 0.177 0.08911 1.00"89 0.7077 

1 DO 0.09584 244 .62 3.558 49.01 0.0106577 0.02461 0.184 0.09849 1.00463 O. 7037 

105 0.09100 259 .44 3.516 "9.16 0.0100727 0.02570 0.192 0.10807 1.00440 0.7011 

110 0.086.4 274.81 3.465 49.28 0.0095529 0.02688 0.198 0.11818 1.00419 0.6975 

115 0.08270 290.82 3.407 49.39 0.0090874 0.02810 0.205 0.12857 1.00400 0.6946 

120 0.07911 307.57 3.342 49.48 0.0086677 0.02932 0.212 0.13903 1.00J82 0.6933 

125 0.07583 325.10 3.272 49.55 O. 0082872 0.03055 0.218 0.14953 1.00366 0.6933 

130 0.07282 343.48 J.196 49.62 0.0079403 0.03177 0.225 0.15999 1.00352 0.6947 

140 0.06747 382 .90 3 .035 49.73 0.0073304 0.03420 0.237 0.18059 1.00326 0.7014 

150 0.06287 425.90 2.870 49.81 0.0068108 0.03710 0.250 0.20346 1.00304 0.7025 

160 0.05886 472.31 2.710 49.87 0.0063623 0.04027 0.262 0.22767 1.00284 0.7025 

170 0.0553 .. 521. 7 .. 2.561 .. 9.92 0.0059708 0.04344 0.273 0.25194 1.00267 0.7051 

180 0.05223 573.61 2.426 .. 9.96 0.0056259 0.05183 o .307 0.30754 1.00252 0.6889 

190 0.04945 ; 27.38 2 .307 49.99 0.0053191 0.05679 0.j26 0.34417 1.00239 0.6904 

200 0.04695 682.12 2.205 50.01 0.0050450 0 .0 6131 0.342 0.37946 1.00227 0.6917 

220 0.042&5 792.02 2.047 50.05 0.0045749 0.06915 0.368 0.44741 1.00206 0.6937 

240 0.03908 898.58 1.941 50.07 0.0041861 0.07551 0.388 0.51370 1.00189 0.6950 

260 0.03606 998.67 1.875 50.09 0.0038590 0.08056 0.404 0.57969 1.0017" 0.6956 

280 0.0J3~8 1090.36 1.8"2 50.10 0.0035798 0.08~45 0.418 0.6" 627 1.00162 0.6956 

3 00 0.03124 1173.87 1.830 50.11 0.0033386 0.08741 0.431 0.71390 1.00151 0.6953 

320 0.02929 1249.75 1.835 50.11 0 .00312 81 0.08963 0.4,,2 0.78285 1.00141 0.6948 

340 0.02756 1319."5 1.850 50.11 0.0029427 0.09133 0.453 0.85334 1.00133 0.6940 

360 0.02603 138".39 1.873 50.11 0.0027782 0.09265 0.464 0.92540 1.00126 0.6932 

380 0.024&6 1445.74 1.900 50.11 0.0026312 0.09373 o ... 7. 0.99915 1.00119 0.6924 

400 0.02343 1505.20 1.928 50.11 0.0024991 0.09470 0.484 1.07 .. 61 1.00113 0.6915 

420 0.02231 1563.40 1.957 50.11 0.0023796 0.09561 o .493 1.15181 1.00108 0.6907 

440 0.02130 1&21.22 1.984 50.11 0.0022711 0.09652 0.50 2 1.23072 1 .00103 0.6900 

460 0.02037 1679.40 2.009 50.11 0.0021721 0.09746 0.512 1.31136 1.00098 0.6893 

480 0.01953 1738.02 2.031 50.11 0.0020814 0.09845 0.521 1.39376 1.00094 0.6887 

500 0.01875 1797.53 2. 051 50.10 0.00t9980 0.09950 0.530 1.47796 1.00090 0.6882 

520 0.01803 1857.97 2 .0 68 50.10 0.0019210 0.10062 0.539 1.56392 1.00087 0.6877 

540 0.01736 1919.16 2 .083 50.10 0 .001 8497 0.10178 0.547 1.65156 1.00084 0.6872 

560 0.01&74 1981.81 2.095 50.10 0.0017816 0.10302 0.556 1.7410 5 1.00081 0.6869 

580 0 . 01616 2045.12 2.106 50.10 0.0017221 0.10431 0.565 1.83234 1.00078 0.6866 

600 0.015&3 2109.35 2.114 50.09 0.0016646 0.10564 0.574 1.92542 1.00075 0.6863 

650 0.01443 2272.96 2.129 50.09 0.0015365 0.10912 0. 595 2 .16597 1.00070 0.6857 

700 0.01340 2440.13 2.138 50_08 0.0014268 0.11277 0.617 2.41 797 1.00065 0.6853 

800 0.01172 2782.33 2.144 50.08 0.0012485 0.12037 0.659 2 .95581 1.00057 0.6848 

1000 0.00938 3478.00 2.142 50.06 0.0009989 0.13578 0.743 4.16614 1.00045 0.6841 

2000 0.004&9 7264.27 2.015 50.03 0 .00049 97 0.27727 1.130 1&.27535 1.00023 0.5324 

3000 0.00313 11766.7" 1.815 50.02 0.0003332 0.39"85 1.474 n .18104 1.00015 0.5269 

4000 0.0023" 18585.0" 1.472 49.93 0.0002503 0.61011 1.790 55 . 9565& 1.00011 0.4915 

5000 0.00184 40768.97 o .789 49.01 0.0002040 1.58368 2.105 103 ....... 66 1.00009 0.3981 
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C-2b THERMOOYNAMIC PROPERTIES OF PARAHYO~OGEN 

100 PSIA IS1SAR 

TEMPERATURE VOLU~E ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OERI VA TI VE OERIVATIVE ENERGY OF SOUNO 

OEG. R CU FTILS CU q-PSIA/LS PSI AIR STUILS BTU/L~ BTU/LS-R STU LB -R FT ISEC 

25.255 0.20695 281Q.91 75.0327 -132.792 -128.960 1.19080 1.125 1.525 ~208 
2& 0.20783 2737.02 75.0397 -1 31. 6~9 -127.800 1.23607 1.1~5 1.513 ~173 
28 0.21031 2~83.82 7~. 1117 -128.~27 -12~.532 1.35713 1.197 1. 70 ~ ~O~ 7 
30 0.2130& 2311.53 72.&300 -12~.951 -121.006 1.41878 1. 2~6 1.822 395& 
32 0.2160~ 21~7.83 71.3028 -121.235 -117 .235 1.600~6 1.291 1.9~6 3872 
3~ 0.21929 1988.15 69.9569 -117.271 -113.211 1.722~2 1.332 2.077 3790 
36 0.2228~ 1822.9& 68.~633 -113.0~~ -108.918 1.8~509 1.367 2.218 3702 
38 0.22677 1656.48 66.7803 -108.531 -10".331 1.96907 1.397 2.371 3609 
40 0.23119 11083.02 6".8685 -103.695 -99."1" 2.09517 1." 22 2.545 3507 

.. 2 0.23&18 1310.65 62.6"59 -98.503 -9".130 2.22"05 1 ..... 2 2.7"1 3397 
4~ 0.2~193 1133.85 59.98"1 -92.901 -88.~21 2.35680 1.~59 2.972 3271 
.. & 0.2~868 95~. 05 56.8168 -86.810 -82.205 2."9~93 1." 73 3.255 3125 
.. 8 0.25.83 768.20 53.0055 -80.106 -75.350 2.6"077 1. ~ 87 3.631 29~8 
50 0.2671" 587.12 ~8.54"6 -72.558 -67.611 2.79866 1.505 ... 157 27"1 
52 0.28129 399. 9~ 43.2173 -63.666 -58 ... 57 2.97807 1.529 5.087 2483 
52.072 0.28190 387 .55 ~3.00~9 -63.312 -58.092 2.98510 1.530 5.187 2~6 7 
52.072 1.82826 97.30 3.5615 47.919 81.774 5.67245 1.736 5.938 12 .. 2 
5 .. 2.0"310 128.17 3.0920 5".212 92.0"5 5.8&629 1.676 ~. 789 1303 
56 2.23222 154.30 2.7703 59.652 100.987 6.02894 1.638 ~. 20 8 1355 
58 2.40376 177.19 2.5319 6".515 109.027 6.1700" 1.612 3.857 1 .. 01 
60 2.56397 197 .97 2.3~30 69.030 116.508 6.29687 1.591 3.617 1 .... 4 

62 2.71598 217.22 2.1902 73.265 123.557 6. "12~5 1.571 3. ~~2 1~85 
64 2.86201 235.36 2. 0619 77.307 130.304 6.51956 1.557 3.311 1523 
66 3.0 0339 2 52. 6~ 1.9518 81.206 136.820 6.&1983 1. 5~7 3.209 1558 
68 3.14103 269.22 1.8557 84.992 143.155 6.71439 1.539 3.128 1592 
70 3.27561 285.23 1.7707 88.688 14q.3~3 6.80408 1.533 3.062 1624 
75 3.60163 323.31 1.5942 97.636 16~.329 7.01090 1.524 Z.940 1700 
80 3.91653 359.32 1.4545 106.289 178.813 7.19789 1.520 2.858 1769 
85 4.22339 393.80 1.3403 11".747 192.952 7.36935 1 .520 2.801 1833 
90 4.52 .. 14 ~27.13 1.2~~5 123.015 206.850 1.52822 1.523 2.160 189 .. 
95 ~.82013 459.56 1.1628 131.323 220.519 1.61669 1.531 2.733 1950 

100 5.11229 "91.24 1.0920 139.538 23".204 1.81647 1.541 2.116 2003 
105 5.40135 522.32 1.0301 141.145 247.163 7.94818 1.556 2.109 2 052 
110 5.68185 552.92 0.9154 155.982 261.306 8.01418 1.516 2.109 209'l 
115 5.91221 583 . 10 0.9266 164.283 274.872 8.19538 1.599 2.118 2143 
120 6.25"11 612.92 0.8828 172.616 288.491 8.311 36 1.628 2.733 2183 
125 6.53518 642.45 0.8431 181.190 302.215 8.42335 1.661 2.155 2222 
130 6.81546 571.12 0.8011 189.852 116.056 8.53191 1.698 2.182 2258 
140 1.311"8 729.61 0.1439 201.115 344.215 8.14056 1.184 2 .853 2325 
150 7.92392 186.19 0.6903 226.~35 373.16~ 8.9~026 1.883 Z.9J'l 2385 
160 8.47354 843.43 O. 6~42 246.139 ~03.046 9.13307 1.992 3.038 2~~1 

110 9.02090 899.62 0.6040 266.912 433.955 9.320~2 2.105 3.144 2~95 
180 9.56643 955.45 0.5687 288.193 465 .937 9.50320 2.220 3.252 2547 
190 10.1102& 1010.95 0.5372 311.185 499.000 9.68159 2.333 3.360 2597 
200 10.65281 10 &6.21 0.50'l2 335.850 533.112 9.85641 2."39 3.462 2648 
220 11.13491 1116.11 0.4613 386.890 60~.190 10.19502 2.6 25 3. 6~0 27~9 
2~0 12.81385 1285.36 0.4218 .... 1.149 618 ... 21 10.51711 2.165 3.775 2851 
260 13.89030 1394.11 0.3885 497.686 154.891 10.82389 2.859 J.865 2955 
280 14.96"87 1502.59 0.3602 ,55.66 .. 832.713 11.11234 2.910 3.913 3059 
300 16.03796 1010.71 0.3358 61".235 911.215 11.38305 2.927 3.921 3164 
320 11.10987 1118.61 0.3145 672.856 989.685 11.63637 2.918 3.916 3269 

340 18.18081 1826.31 0 .2951 lJl.101 1067.160 11.81268 2.892 3.889 3373 
360 19 . 25095 1333.66 0.2191 188.100 11~5.115 12.09"00 2.856 3.852 3476 
380 20.320~3 2041.21 0.26~3 845.506 1221.186 12.30112 2.815 3.809 3517 
.. 00 21.36935 2148.56 0.2509 901.~60 1297.533 12.~95'" 2.113 3.766 3677 
420 22.45780 2255.79 0.2389 956.570 1372.428 12.67817 2.132 3.124 3714 
440 23.52585 2362.'l2 0.221Q 1010.890 1"46.525 12.85055 2. 69~ J.686 3870 
.. 60 2~.59355 2"69.98 0.2180 106~,"''l 1519.885 13.01362 2 .660 3.651 3963 
480 25.6609~ 2576.98 0.2088 1111.425 1592.596 13.16813 2.630 3.620 .. 054 
500 Z&.lZ807 Z&83 .93 O.ZOO~ 11&9.805 1664.731 13.31553 Z.60~ l.594 ~143 
520 21.79491 2790.84 0.1921 1221.102 1136.389 13.45617 2.582 3.572 4229 

540 28.86022 2891.6~ 0.1855 1213.246 1807.6'H 13.59069 2.563 3.552 ~313 
560 29.92651 3004.44 o .H68 1324.301 1616."60 13.71695 2.548 3.537 4395 
580 30.9927& 3111.21 0.1727 1315.1"2 1949.044 13.84265 2.535 3.524 4~16 
600 32.05881 3217.96 O. 16 6q 1"25.185 2019.~28 13.'l6202 2.525 3.513 4555 
650 3 ... 1234& 3484.12 0.1540 1551.524 2194.509 14.2~258 2.506 3.494 4744 
100 31 . 3815" 3751.38 0.1430 1616.599 2366.914 1".50133 2.495 3.483 4925 
800 ~2.11"48 "28~.44 0.1251 1925.5e9 2116.5~6 H.96584 2 ... 88 3. ~74 5265 

1000 53.36548 5350.00 0.1000 2423.026 3~11.210 15.14037 2. ~88 3.475 5883 
2000 106.6038& 10&74.51 0.0500 4969.196 6943.610 18.18126 2.644 3 .630 8240 
3000 159.8B99 15991.95 0.0333 1756.780 10116.583 19.69145 2.930 3.916 9953 

4000 213.32905 21321.19 0.OZ50 10919.856 14870.132 21.08431 3.485 4.501 11295 
5000 270.15881 26&"4.38 0.0200 15"12.223 20"14.833 23.14586 5.856 7.150 12269 

TH O-Prl4SE SOUHO~Y 
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THERHOo fNAHIC PROPERTIES OF PARAHyoRoGEN C -Zb 

100 PSIA ISOBAR 

TEHPERHURE DENSITY V(OH/oVl p 
V (oP/oUl

V 
-V (oP/oVl

T (DV/oT\lVCoNb~~~~~~TY V ISC OS IT Y THERHAL DIELECTRIC PRANoTL 
oIFFUS IV lTY CONSTANT NUH BER 

JEG. R LB/CU FT BTU/LB PSIA-CU FT/BTU PSlA lIoEG. R BTU/FT-HR-R LB~F r~~E c sa FT /HR 

25.255 ~.832lJ 276 . 90 13.80~ 13626.18 0.005S065 0.0~362 1.741 0.00592 1.2529~ 2. 1907 

26 4.81157 2TE.11 13.616 13169.37 0.0056980 0.04588 1 . 647 0.00606 1.25178 2.0333 

28 4.75497 271.59 13.019 11810.50 0.0062751 0.05060 1 .~ 39 0.0062~ 1.2~859 1.7~47 

30 ~. 69356 272.13 12.416 10849.29 0.0066944 0.05368 1.27~ 0.00626 1.24514 1.5569 

32 4.62872 2 71. 3~ 11. 928 99~1. 71 0.0071721 o • 05572 1.143 0.00619 1.2~150 1.4367 

34 ~.56023 269.17 11.520 9066.40 0.0077161 0.05695 1.035 0.00601 1.23767 1.3588 

36 4.~875l 265 .00 11.16~ 8180.59 0.0083690 0.05792 0.945 0.00582 1.23360 1.3019 

38 ~.40968 259.32 10.844 7304.52 0.0091423 0.05904 0.867 0.00565 1.22926 1.2534 

40 ~.32550 251.71 10.545 6~14. 79 0.0101123 0.05960 0.799 0.00541 1.22458 1.2281 

~2 ~.23401 Z~2 . 83 10.259 55~9. 29 0.0112890 0.05968 0.738 O. 00 51~ 1.21950 1.2201 

44 4.13344 232.23 9.946 4686.68 0.0127988 0.05931 0.682 0.00483 1.2139~ 1.2307 

46 ~.02129 219.80 9.593 3836.52 0.0148094 0.05847 0.630 o. 00 ~47 1.20776 1.2626 

~8 3.89365 2 0 ~. 90 9.156 2991.11 0.0177210 0.05715 0.580 D.00~04 1. 2007 ~ 1.3266 

50 3.7~335 188.19 8.618 2197.79 0.0220879 0.05527 0.530 0.00355 1.19252 1.4356 

52 3.55511 167.36 7.950 1421.81 0.0303959 0.05262 0.478 0.00291 1.18227 1.6635 

52.072 3.54733 16 5 .81 7.922 1374.77 0.0312&15 0.05250 0.476 0.00285 1.18185 1.6928 

52.072 0.54697 88.73 3.751 53.22 0.0669217 0.01903 0.120 0.00586 1.02665 1.3461 

54 0.48945 97.17 3.770 62.73 0.0492883 0.01807 0.121 0.00771 1.02382 1.1592 

56 0.44798 105.00 3.775 69.13 0.0400758 0.01785 0 . 124 0.00947 1.02179 1.0508 

58 0.41601 112.29 3.776 73.71 0.0343474 0.01788 0.126 0.01114 1.02022 0.9820 

60 0.39002 119.19 3.775 77.21 0.0303~~8 0.01802 0.129 0.01278 1.01895 0.9337 

62 0.36&19 125.68 3.785 79.98 o. 027 JS~2 0.0182~ 0.132 0.01440 1.01788 0.8975 

6~ 0.34940 132. O~ 3.789 82.24 0.0250727 0.01851 0.135 0.01600 1.01697 0.8699 

66 0.33296 138.31 3.790 8~.12 0.0232033 0.01881 0.138 0.01760 1.01616 0.8480 

68 0.31837 1~~.~8 3.787 85.71 0.0216508 0.01913 0.141 0.01921 1.01545 0.8302 

70 0.30529 150.58 3.783 87.08 0.02033~6 0.01947 o .1~4 0.02083 1.01481 0.8153 

75 0.27765 165.57 3 .767 89.77 0.0177593 0.02038 0.152 0.02496 1.01346 0.7869 

80 0.25533 180.28 3.7~7 91.7~ 0. 0158545 0.02133 0.159 0.02923 1.01238 0.7665 

85 0.23678 194.85 3.72~ 93.24 0.0143737 0.02232 0.166 0.03366 1.011lt7 0.7509 

90 0.2210~ 209.41 3.696 9~.~1 0.0131&16 0.02333 0.173 O. 0382~ 1.01071 0.7387 

95 0.20746 224.09 3.662 95. 3~ 0.0121965 0.02435 0.181 0.04295 1.01005 0.7293 

100 0.19561 239.01 3.622 96.09 0.0113646 0.02539 0.187 0.04779 1.00947 0.7219 

105 0.185H 254.28 3.575 96.70 0.0106527 0.02644 0.19~ 0.05273 1.00896 0.7167 

110 0.175&1 270.03 3.521 97.21 0.01003~1 0.02759 0.201 0.05791 1.00851 0.7110 

115 0.16744 286 .37 3.460 97.63 0.0094907 0.02878 0.208 0.06323 1.00810 0.7063 

120 0.15988 303.39 3.392 97.99 0.0090086 0.02997 0.214 0.06859 1.00774 0.7034 

125 0.15300 321.17 3.318 98.30 0.0085774 0.03117 0.221 0.07395 1.00740 0.7022 

130 0.14673 339.75 3.240 98.56 0.0081891 0.03237 0.227 0.07930 1.00710 0.7025 

1~0 0.13566 379.52 3.074 98.98 0.0075163 0.03472 0.239 0.08973 1.00656 O. 7082 

150 0.12620 422.80 2.905 99.29 0.0069524 0.03760 0.252 0.10137 1.00610 O. 7079 

160 0.11801 ~69.45 2.741 99.54 0.0064718 0.04075 0.263 0.11365 1.00571 0.7068 

170 0.11085 519.11 2.588 99.73 0.0060566 0.04390 0.275 0.12595 1.00536 0.7086 

180 0.10453 571.20 2.~51 99.88 0.0056939 0.05194 0.308 0.15276 1.00505 0.69n 

190 0.09891 625.35 2.328 99.99 0.0053727 0.05685 0.326 0.17107 1.00478 0.69~4 

200 0.09351 &80 .34 2.22~ 100.09 0.0050880 0.06134 0.342 0.18876 1.00454 0.6952 

220 0.08522 790.77 2.063 100.22 0.00~6029 0.06914 0.368 0.22291 1.00412 0.6966 

240 0.0780~ 897.87 1 .9 54 100.31 0 .0042045 0.07~50 0.387 0.25627 1.00377 0.6974 

260 0.07199 998.49 1.887 100.37 0.0038710 0.08055 0.404 0.28946 1.00346 0.6976 

Z80 0.06682 1090.68 1.852 100.41 0.0035875 0.08445 0.418 0.32297 1.00323 0.69H 

300 0.06235 1174.66 1.840 100.43 0.0033434 0.08742 0.431 0.35698 1.00301 0.6'l69 

320 0.058~5 1250.94 1.844 100.45 0.0031308 0.08965 0.443 0.39164 1.00282 0.6961 

340 0.05500 1321. 01 1.859 100.45 0.0029440 0.09135 0.454 0.42706 1.00266 0.6952 

360 0.05195 1386.26 1.881 100.46 0.0027184 0.09269 0.~64 o. ~6 326 1.00251 O. 69~2 

380 0.04921 1447.88 1.908 100.45 0.0026307 0.09378 0.474 0.50030 1.00238 0.6933 

400 0.04675 1507.57 1.936 100.45 0 .0 02~981 O. 0 9~ 76 o .~84 0.53818 1.00226 0.6923 

420 0.04~53 1565.97 1.964 100.~5 0.0023782 0.09568 o .~93 0.57693 1.00215 0.6914 

440 0.04251 1623.96 1.991 100.44 0.0022695 0.09659 0.503 O. 6165~ 1.00205 0.6'l06 

460 0.04066 H82.30 2.015 100.43 0.0021703 0.09754 0.512 0.65700 1.00196 0.6898 

~ 60 0.03897 1741.05 2.038 100.42 0.0020795 0.09853 0.521 0.69834 1.00188 0.68'l2 

500 0.03741 1800.68 2.057 100.42 0.0019960 0.09958 0.530 o. 7~057 1.00181 0.6886 

520 0.03598 1861.23 2 .0H 100.41 0.0019190 0.10070 0.539 0.7836'l 1.0017~ 0.6881 

540 0.034&5 1922.57 2.089 100.40 0.0018476 0.10187 0.548 0.82767 1.00167 0.6875 

560 0.033.2 1985.30 Z.101 100.39 0.0017815 0.10312 0. 557 0.87255 1.00161 0.6872 

580 0.03227 2048.68 2.111 100.39 0.0017200 0.10441 0.565 0.91633 1.00156 0.6868 

600 0.03119 2112.97 2.119 100.38 0.0016626 0.10574 0.574 0.96499 1.00151 0.6865 

650 0.02680 2276.71 2.134 100.36 0.0015346 0.10923 0.596 1.08559 1.00139 O. 6859 

700 0.02675 2444.00 2 .1~2 100.34 0.0014250 0.1128'! 0.617 1.2U'll 1.00129 0.6854 

800 0.02341 2786.37 2.H8 100.30 0.0012470 0.12051 0 . 660 1.~8148 1.00113 0 .6848 

1000 0.01874 3482.26 2.145 100.25 0.0009978 0.13595 0.744 2.08804 1.00090 0.6841 

2000 0.00938 7269.03 2.016 100.13 0.00049'l~ 0.27727 1.131 8.14291 1.00045 0.5332 

3000 0.00626 11758.71 1.619 100.09 0.0003330 0.39415 1.477 16.08715 1.00030 0.5281 

4000 0.004;9 17993.65 1. 530 99.95 0.0002501 0.57943 1.793 27.46301 1.00023 0.5014 

5000 0.00370 35260.25 0.923 98.62 0.0002028 1.30452 2 .1 03 49.28779 1.00018 0.4149 
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C·Zb THERMODYNAMIC PROPERTIES OF PARArlYD~OGEN 

150 PSI A ISOBA R 

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VEL OC ITY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

JEG. R CU FT IL B CU ~T -PSIA / LB PS lAIR BTU/LB BTU/L 3 B TU/LB-R B TU LO - R F TlSEC 

25. ~&O 0.20:'4~ 2573.1& 75.3473 -132.731 -12&.997 1.19274 1. 129 1. <;2 & ~242 
26 0. 2 0706 28 47.4~ 75.358& -131.912 -12&.1&1 1 . 22526 1.14~ 1.55 5 42 36 
28 0.209~6 25&4.43 74 . 9807 -128.736 -122 .918 1.34538 1.195 1. 694 4 103 
30 0.21212 2366.57 73.4590 -125.311 -119.419 1.46&05 1.243 1.606 4011 
32 0.21499 2223.76 72 . 122& -121. &57 -115. 685 1.56&51 1 . 266 1.929 1928 
3~ 0 . 21811 2067.2& 70.7774 -117.7 63 -111.705 1.70714 1. 326 2 . 054 3848 
36 0 . 22152 1902 . 38 69 . 3201 -113.616 -107.4&5 1.82630 1.363 2.169 31&2 
38 0 . 22528 1739.95 &7.&&99 -109.2 04 -102.947 1.95042 1.39J 2 . 333 36 74 
40 0.22944 1,72.31 65 . 8163 -104.499 -96.12& 2.07405 1.419 Z.493 3578 

4 2 0.23414 U98.68 &3 . &936 -99.456 -q2.~5" 2.20019 1.440 2 . &7 & 3411 
44 0 . 239 48 1230.14 &1.2102 -94 . 055 -87.403 2.32929 1.457 2 . 88 0 3356 
46 0.24, 63 1055.29 58 . 3039 -88.231 -61.40~ 2.46251 1 . 471 1 . 127 3 223 
46 0 . 25290 682 . 29 54.8656 -81.696 -74. 872 2 . 60157 1.464 3 . 425 3072 
50 0. 26 173 706.34 50 . 9154 -74.922 -67.65 2 2.74869 1.499 3. 62 7 2 690 
52 0.27297 535.29 46 . 3672 -&7.061 - 59 .419 2 . 90912 1 . 516 ~ . ~O 1 2683 
5~ 0 . 28856 360.91 41 . 0116 -57 . 7<;3 -~9.737 3.09286 1. 5 ~1 5 . ~21 2 ~2& 

56 0. 3 145~ 180.99 33.9601 -45.473 -36.736 3.32900 1 .585 8.130 2 074 
56.&45 0.32917 117.02 30.8309 -39.908 -30.765 3.43500 1.615 10 . 847 1908 
5&. &45 1. 05&63 43.88 6.7246 36 . 018 &5.367 5.13285 1 . HO 13. 979 1220 
56 1.23480 81 . 39 5.5375 45 . 126 79.424 5.37837 1 . 806 7.976 1290 
60 1.411 89 119.30 4.6508 53.588 92.804 5.60534 1. 7 21 5.737 1357 

62 1.55532 149.00 4.11 95 60.060 103.261 5.77685 1.659 4.822 1417 
&4 1 . 68238 174.62 3 . 7422 65 . &21 112.351 5.92119 1 . 620 4.310 1467 
66 1. 79934 197.fT 3 . 452" 70.642 120.&20 6.04845 1.59" 3.980 1512 
68 1.90933 218.95 3.2187 75.303 128.337 6.16364 1 . 577 3.749 1553 
70 2.01419 238.89 3.0240 79.709 135 . &55 &.26972 1.564 3 . 57 7 1591 
75 2.26063 28".64 2 .6480 89.977 152.766 6.50597 1.546 3. 294 1676 
60 2.491 90 326.36 2 .3714 99.563 168.7" 6.71267 1. 537 3. 122 1752 
85 2 .713 05 365.36 2 . 1558 108.729 184.066 6.69832 1.534 3 . 006 1622 
90 2 .926 96 ~02.37 1 . 961" 117.619 19" . U8 7.06789 1.536 2 . 929 1885 
95 3 . 13,41 437.68 1 . 8365 126.326 213 . 4H 7.22469 1.542 2 . 8 7 4 19 4 5 

100 3 . 3395 6 ~72 . H 1.7134 134 . 937 227 .696 7.37118 1 . 551 2. 835 2 000 
105 3.54037 505.53 1 . 6079 1"3.471 241 .60 6 7 . 50869 1.565 2.811 2 051 
110 3.73843 536.11 1.5159 151.991 255 .82 9 7.63934 1.563 2 .799 2 099 
115 3.93423 570 . 04 1.4348 160.537 269.814 7.76367 1 .606 2 . 796 2 144 
120 4 .1 2814 601 .4 " 1 . 3627 169.147 283.810 7.68280 1.634 2.803 2186 
1 25 4.32 044 632.37 1.2981 177.653 2'17 . 857 7.99749 1.666 2 . 817 222 6 
130 4.5IL37 662.92 1.2397 186.667 111.995 8 .10 838 1.703 2.839 22 63 
140 4 . 68984 723.03 1.1384 204 . 645 340.665 6.32062 1.788 2 . 899 2 331 
150 5 . 26467 782.09 1.0533 223 .609 370.040 8.52345 1 . 886 2.979 2392 
160 5 . 6 3668 840 . 34 0.9807 243.716 400.282 8.71860 1.994 3 . 072 2 449 

170 6.00642 697 . 92 0 . 9178 264.666 431.500 6.90782 2 .10 7 3 . 173 25 03 
180 6.37433 954 . 98 0 . 8628 286.699 463.752 9.09214 2 . 222 3 . 2 77 2 555 
1 90 6.74053 1011.51 0 . 8139 309.845 497.070 9.27191 2.33& 3. 382 2605 
200 7.10554 1067. 72 0.7707 334.031 531.394 9.44783 2.442 3 . 462 265 6 
220 7. 83 248 117 9 . 22 0.6970 385.277 602.632 9 . 78815 2.627 3 . 65& 2758 
240 6.55.24 1289.80 O. &3&4 439.704 ~77.362 10.11213 2 .767 3.786 286 0 
26 0 9 . 27760 1399.67 0 . 5857 496.381 754 . 075 10 .4 1927 2 .861 3.676 296 4 
280 9. 99 712 15 0 9 .00 0.5426 554 . 477 832.157 10.70848 2 .911 3 . 922 3 069 
300 10.71518 1 . 17.90 0 . 5055 613.149 910. 773 10.97980 2.928 3 . 935 3174 
320 11.43208 17 26.46 0."732 671.858 989.395 11.23361 2.919 3.924 32 7 9 

340 1 2 .14803 1834.75 0.4448 730.180 1067.&03 11 . 47032 2.893 3 . 895 JJ83 
360 12 . 8&320 1342.80 0.419& 767.846 1145.134 11.69198 2 .8 57 3 . 857 3466 
380 13.57771 2050.66 0 . 3972 8"4.714 1221.847 11.89937 2.81& 3 . 814 3587 
400 14.291&6 2156.35 0.3771 900.722 1297.&87 12.09396 2.774 3 . 770 3687 
.. 20 1 5 . 00518 22&5 . 92 0.3589 955.681 1372. &6 .. 12.27686 2.733 3.728 3 784 
.... 0 15.71828 2373 . 3& 0 . 3424 1010.245 1"46.835 12.4"9"1 2.695 3 . 68Q 3 88 0 
4&0 1&. "3104 2480.70 0.3274 1063 . 674 1520.262 12 . 612&3 2 . 661 3.&54 3973 
480 17.14350 2587.96 0.313& 111&.856 1593.033 12.76727 2 . 631 3 . 623 406" 
500 17.85>71 2&95 . 13 0 . 3010 1169.271 1&65.230 12.91478 2 . 605 3 . 597 .. 152 
520 16.5&768 2802 . 25 0 . 26'13 1221.1 98 173&.933 13 . 05552 2 .5 83 3.574 "239 

540 19. 2 787 6 2309 . 33 0 . 2765 1272.794 1'08.281 13 . 19019 2 . 564 3.554 "323 
560 19. 990 23 301&.30 0 . 2685 1323.875 1879.123 13.31852 2. 548 3.539 4405 
580 20 . 70153 3123.22 0 . 2592 1374.739 1949 . 743 13 . 4"228 2 . 536 3.525 4485 
600 21."12&9 3230.09 0 . 2505 1425."04 2020 . 162 13.56171 2 .5 25 3 . 515 .. 564 
&50 23 .1901 2 3.97.15 0.2311 1551.190 2195.317 13.84239 2 . 50& 3. 495 4753 
700 24 .9&& 98 3764.03 0.214& 1676.303 2369.784 14.10123 2 .4 96 3 . 48 .. 4934 
8 DO 28 . 5 19 51 4297 . 45 0 . 1877 1925.353 2717 . 509 1 ... 5&5~& 2.488 3.47 5 52 74 

1000 35.62171 53&3.45 0.1501 2422.8&5 3412.291 15.3405 .. 2 . 488 3 . 4 75 5 891 
2000 71.11&24 10568.61 0.0750 4969.7"9 &945 . 06Q 17.7815& 2. 6 4" 3 . 630 82 .. 5 
3000 10 &. 607 1 0 1&012.18 0.0500 7756."06 10717.513 19.2Q763 2 . 92~ 3. 914 9958 

ltD 00 14 2 . 23530 21335.48 0 . 0375 10a98.947 14849.&65 20 . 67874 3.423 4 . .. 34 11315 
5000 179. &6284 2&65e.70 0.0300 15165.240 20156.09Q 22 . 68893 5.398 &. &33 12312 

Tw a-p~~SE BOUNDRY 
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THE~HODY NAHIC PROPERTIES Of PARAHYOROGEN C-Zb 

150 PSIA ISO BAR 

TEHoERA TURE OENSITY V ( OH/OV ' p V(OP/OU' V -V(OP/OV' T 
( OVIOTj,lV cON~~g~~i TY 

VISCOSITY THERHAL OIELfCTRIC PRANOTL 
OIffUSIVITY CONSTANT NUMBER 

OEG . R LB/CU fT B TUILS PSIA-CU fT IB TU PSI A 1I0EG. R BTUi'T-HR -R LB/f T-SEC SQ fT/HR 
X 10 5 

25.4 60 4.84411 281. 82 13.780 13917 . 91 0.0054U7 0.04442 1.755 0.00601 1.25361 2.1703 

20 4.82900 283 . 82 13.644 13751.99 0.00'4n 6 0.04606 1.687 0.00613 1.25279 2.0503 

28 4.77428 276.56 13.140 12243.31 ~.0061242 o .0 SO 87 1.473 0.00629 1.24966 1.7654 

30 4.71439 277.18 12.531 11260.66 0.0065235 0.05402 1.304 0 . 00634 1.24631 1.5709 

32 4.65133 2 7 6 . 62 12.037 10343.53 0.0069727 0.0 5614 1.169 0.00626 1.24277 1.4459 

34 4. 584 7 5 275.06 11 . 623 9 4 77.87 0.0074677 0.05743 1.059 0.00610 1.23904 1.3632 

36 4.51420 271 . 24 11 . 265 6587.72 0.0080720 0.05848 0.967 0.00592 1.23509 1.3028 

38 4.43900 266 . ?6 10.942 772~.62 0.0087614 0.05967 0.888 0.00576 1.2309 0 1.2494 

40 4.35840 259 . 61 10.641 6852.78 0.0096046 0.06034 0.819 0.00555 1.22641 1.2183 

42 4.27090 251. OS 10 . 357 5974.47 0.0106610 0.06052 o .757 0.00529 1.22155 1. 206 0 

44 4.17576 241.72 10.059 5136 . 78 0.0119161 0.06027 o . 702 D. 00'501 1. n626 1.207tt 

46 4.07109 2 30.40 9.735 4296.20 0 . 0135710 0.05959 0.650 0.0046R 1.21050 1 . 2283 

48 3.95406 217 . 70 9 . 354 3488.63 0.015/328 0.05848 0. 602 0.00432 1.2040 6 1.2682 

SO 3.820;7 202 . 82 8.892 2698 . 69 0.0188667 0.056 92 0.554 0.0038 9 1.19675 1.3412 

52 3.66343 18 6 . 03 8.350 1900.98 0.02365,1 0.05483 0.507 0.00340 1.18816 1.46 43 

54 3 .4 6526 16 5 . 32 7 . 6~2 1250 . 66 0.0327919 0.05196 0.456 0.00277 1.17141 1.7144 

56 3 .17924 137. 68 6.741 575.42 0.0590527 0.049 53 0.397 0.00192 1.16199 2 .3 437 

56.645 3 .0 3790 1 25 . 07 6 . 285 355.49 0.0867283 0.05026 0.371 0.00153 1.15443 2 . 8851 

56.645 0.946'+0 8 6 . 33 3.720 41.53 0.1619336 0.03060 0.148 0.00231 1.04643 2.4339 

58 0.80985 9 4 . 94 3.786 65.91 0.0840159 0.02428 o .142 0.00376 1.03964 1.6850 

60 0.70827 104. 23 3 . 814 84.50 0.0550405 0.02203 0.141 0.0054 2 1.03461 1.3232 

62 0. 642~6 1 1 2 .13 3.863 95.80 0.0430009 0.021 27 0.142 0.00686 1.03138 1.1578 

64 0. 594 40 119.54 3.887 103.79 0.03605,5 0.02100 0.143 0.00820 1.02699 1.0601 

66 0.55576 126 . 65 3 . 897 109.86 0.0314259 0.0 2095 0.146 0.00947 1.02706 0.9950 

68 0.52374 133.55 3.898 114. 67 0.0280691 0.02103 o .!'.6 0.01071 1.02551 O. 9482 

70 0.4 9548 14 0 . 29 3 . 894 118.60 0.0254968 0.02120 0.150 0.01193 1.02417 0.9127 

75 0.44235 15 6 . 63 3 .87 3 125.91 0.0210310 0.02180 0 .1 57 0.0149~ 1.02151 0.8527 

80 0.40130 17 2 .44 3.844 130:97 0.0181064 0.0225& 0.163 0 . 01800 1.01950 0.6146 

85 0.36859 16 7 . 91 3.812 134.67 0 . 0160083 0.0 2341 0 .17 0 0.02111 1.01790 0.7879 

90 0 .34105 203 . 22 3.776 137.47 0 . 01441'1 0.024 32 0.177 0.02430 1.01659 0.7662 

95 0.31694 2 1 8 . 53 3.735 139.66 0.0131505 0.0 2526 0.184 0.02756 1.01548 0.7533 

100 0 .299 44 233.97 3.689 141.39 0.0121185 0.02624 0 . 191 0.03090 1.01453 0.7418 

105 0.282"6 2 4~. 66 3. 637 142.79 0 .011 2604 0.0 2723 0.197 0.0343 0 1.01370 O. 7334 

110 0.26749 265.76 3.580 143.94 0.0105313 0.028 33 0.204 0.03785 1.01297 O. 7252 

115 0. 254 1 8 282. 40 3.515 144.89 0.0099024 0.0 2949 0.210 0.04148 1.01232 0.7184 

120 0.24224 299.68 3 .443 145 . 69 o • 00935 J2 0.03065 0.217 0.04513 1.01174 0.7139 

125 0.231" 6 317 . 67 3.366 14~. 37 O. 00B6 ~4 0.03182 0.223 0.04879 1.01122 0.7114 

130 0. 22166 336.45 3.285 146.94 0 . 0084367 0.03299 0.22 9 0.0524J 1.01074 0.7105 

140 0.20451 3 7C . 53 3.114 147.86 0 .0 070993 0.03526 0. 242 0.05946 1.00990 0.7151 

150 0.1899 5 "2C . 07 2 . 940 148.55 0 .0 070906 o .03812 0. 254 0.06737 1.00920 0.7133 

160 O.177ltl "66.94 2.772 149.08 0.0065779 0.04124 0.265 0.07568 1.00859 0.7 111 

170 0 .1 6649 51!>.80 2.616 149.49 0 .0 061393 0.04437 0.277 0.0839Q 1.00806 0.7120 

180 0.15688 569.11 2.475 149. ~2 0.0057590 0.05205 0.308 0.10124 1.00759 0.6976 

190 0.1 4836 623.62 2 .349 150.06 0.0054239 0.05692 o .326 0.11343 1.00716 0.6983 

200 0 .14 074 Hft . 84 2.243 150.27 0.00512~8 0.061 J8 0.342 0.1252 6 1.00681 0 . 6988 

220 0.12707 78 9 . 76 2 .07 8 150.56 0.0046292 0.06915 o .367 0.14814 1.00615 0.69 95 

240 0.11 68 7 S 9 7.37 1.966 150.74 0.0042217 0.07549 0 . 387 O.lTOSl 1.00565 0 .6 998 

260 0.10779 998.50 1.899 150.87 0.0038822 0.08055 0.404 0.19278 1.00521 0.6997 

280 0.10003 1 091 .17 1.863 150.94 0.0035946 0.08445 0.418 0.21525 1.00484 0. 69,2 

300 0.09333 1t7 5 . ~9 1 . 850 15 0 . 99 0 .003 3 477 0.08743 0 . 431 0 . 23804 1.00451 0 . 6984 

320 0.08747 1252.27 1 . 853 151.02 0.0031331 0.08967 0 . 443 0.26127 1.00423 0.6974 

340 0.08232 13 22 . !>8 1.867 151.03 0 . 0029450 0.09138 o . 454 0.28500 1.00396 0 . 6964 

360 0 . 077 74 138P.22 1 . 889 lS1.04 0.0 027 7 '5 0.09273 0.464 0.30924 1.00376 0.6953 

380 0 .073 &5 1~5 0 . 10 1.915 151 . 03 0.0026300 0.09383 0.474 O. H404 1.00356 0 . 69"1 

400 0.06997 1 5 1 0 . 01 1.943 151 .0 2 0.0024969 0.09481 0.484 0.35940 1.00338 0 .6931 

420 0.06604 156 8 .61 1.971 151.01 0 . 0023767 0.09574 0.494 0.38533 1.00322 0.6921 

440 0.0 6 36 2 1626 . 76 1.997 150. 99 0.0022677 0.09666 0.503 0.41181 1.00307 0.6912 

460 0.06086 1685.25 2.022 150.98 0. 0021684 0.09761 0.512 0.43889 1.00294 0.6904 

480 0.05833 1744 .12 2.0 44 150.96 0.0020775 0.0 9861 0.521 0.46654 1.00262 O. 6~96 

500 0.05600 180 3 . 87 2 .0 63 150.94 0.0019939 0.099 67 0 . 530 0 . 49479 1.00 2 71 0.6890 

520 0.05366 1664 . 52 2 .0 80 150 . 92 0 . 0019169 0.1007Q 0.539 0.52362 1.00260 0 . 6884 

540 0.0 5 187 1926 . 03 2 . 094 150 . 91 0.0018454 0.10196 0 . 548 0.55305 1.00251 0.6879 

560 0.05002 1988 . 83 2.106 150. 89 0.0017793 0.10321 0.557 0.58306 1.00242 0 . 68 74 

580 0.04831 20 5 2 . 2 7 2.116 150.87 0.0017178 0.10451 0.56r, 0 . 61366 1.00233 0.6870 

600 0.04670 2116. 6 2 2. 1 24 150 . 85 0.0010605 0.10595 0.574 0.6448 6 1.00226 0.68& 7 

65 0 0.0431 2 2280 . 49 2.136 150 . 80 0.0015327 0.10934 0.596 0.72547 1.00208 0.68 60 

700 0.04005 2 447. 88 2 .147 150.76 0.001423 2 0.11301 o . 618 0.80990 1.00193 0.6855 

800 0.0 3500 2790 . 42 2 .1 51 150 . 68 0.001 2 454 0.1 2064 0.660 0.99005 1.00169 0.6849 

1000 0.02807 31t86.52 2.148 150 . 57 0 . 0009967 0.13612 0 .744 1.39534 1.00136 0. 6841 

<00 0 0 .014 06 72 7 3 .7 9 2.017 150. 30 0.0004990 0 . 27727 1.133 5.43210 1 . 00068 0.5340 

3000 0.00938 11758 . 05 1. 821 150.20 0.0003329 0.393'" 1 .479 1~. 72639 1.00045 0.5292 

400 0 0.00703 177J 4 . 63 1 . 556 150.00 0.0002500 0.56583 1.796 18.15212 1 . 00034 0.5066 

5 000 0.0 0557 32801 . 77 0. 999 14 8 .37 0.OO020U 1.17970 2.104 31.9592< 1.00027 0.4258 

T~O- PHASE BOU~ORY 
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C -Zb T~ERHO O YNAMJC PROPERT IES OF PARAHYOROGEN 

187 . 510 PSI A ISlBAR 

l EH'ERATURE VOLUME I~THERH I SOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC !TY 
OE VATIVE OERIVATIVE ENERGY OF SaUNa 

~EG . R CU FTfLB CU FT-PSI A/LB PSIA/R BTUILB BTU/LB BTU/LB-R BTU LB - R FT /SEC 

25 . 612 0.20606 2912 .7 5 75.4731 -132.682 -125.526 1.19418 1.132 1.525 4265 
26 0.20649 2928.46 75.5926 -132.1 00 -124.930 1.21735 1.142 1.543 4261 
26 0.20665 2656.77 75.4522 -128.955 -121. 703 1.33688 1.194 1.679 4160 
30 0.21140 2464.04 74 .0 620 -125.581 -118.240 1.45631 1.242 1.794 4062 
32 0.21421 2293.67 72.7235 -121.970 -114.532 1.57596 1.286 1.913 3976 
34 0.21725 2130.35 71.3780 -118.121 -110. 578 1.69582 1.326 2 .0 37 3894 
36 0.22058 1967.25 69.9373 -114.026 -106.367 1.81614 1.361 2.167 3810 
36 0.22421 1800.01 66.3101 -109.661 -101.896 1.93701 1.391 2.308 3720 
40 0.22822 1634.09 66 .4 992 -105.058 -97.134 2.05912 1.417 2.461 3626 

42 0.23271 1468.57 64.4426 -100 .1 26 -92.047 2.16316 1.438 2.629 3527 
44 0.23779 1297.09 62.0642 -94.651 -86.594 2.31000 1.456 2.824 3414 
46 0.24358 1131 . 08 59.3103 -89.193 -60.736 2.44019 1.470 3.042 3293 
48 0.25034 962.85 56.1157 -83.0 82 -74.390 2.57520 1.463 3.304 3153 
50 0.25835 792.51 52.4536 -76.434 -67.46 3 2.71654 1.496 3.641 2969 
52 0.26623 625.67 46.3255 -69.074 -59.760 2.66757 1.511 4.097 2603 
54 0.26114 459. 17 43.5609 -60.666 -50.905 3.03461 1.530 4.799 2563 
56 0.29956 297.86 37.9517 -50.5~9 -40.188 3.22936 1.557 &.057 2317 
58 0.33264 131.71 30.4176 -36.705 -25.15~ 3.49277 1.613 9.961 1941 
59.357 0.50744 -0.23 15.3550 -1.517 16.102 4.19171 2.374 - 2910 . &78 1141 
59.357 0.51218 -0.23 15.2313 -0.992 16.792 4.20374 2.334 -2902.489 1152 
60 0.81313 35.25 9.1389 29.494 57.727 4.89164 2.003 19.410 1258 

62 1.03452 66.81 6.7351 45.076 60.997 5.27402 1.781 6.201 1361 
64 1.17924 123.12 5.6777 53 . 930 94 .87 5 5.49451 1.691 6.006 1423 
66 1. 29793 153.13 5.0400 60.770 105.637 5.66324 1.641 5 .057 1478 
66 1.40332 179.35 4.5825 66.639 115.365 5.80550 1.610 4 .514 1526 
70 1.50030 203.12 4.2290 71.922 124.016 5.93090 1.590 4.159 1569 
75 1.72017 255.70 3.5967 83 . 643 143.370 6.19816 1.562 3.643 1662 
60 1.92035 302.16 3.1674 94.149 160.627 6.42356 1.549 3.363 lH3 
85 2.10844 344.73 2.8458 103.968 177.176 6.62187 1.545 3.189 1816 
90 2.26627 384.60 2.5932 113.355 192.608 6.60059 1.545 3.071 18&2 
95 2.46209 422.45 2.3679 122.459 207 . 947 6.96432 1.550 2.969 1943 

100 2 . 63126 458.70 2.2161 131.396 222.759 7.11629 1.559 2.931 1999 
105 2.79686 493.73 2.0710 140.201 237.313 7.25631 1.571 2. ~93 2052 
110 2 .95956 527.77 1.9459 146.950 251.712 7.39228 1.569 2.869 2101 
115 3.11997 560.99 1.8367 157.693 266.024 7.51952 1.611 2.858 2147 
120 3.27840 593.53 1.7402 166.474 260.306 7.64109 1.638 2.857 2190 
125 3.43520 625.49 1.6544 175.332 294.60~ 7.75765 1.670 2.865 22 30 
130 3.59060 656.96 1.5773 184.300 308.972 7.87052 1.706 2.881 2267 
140 3.89796 718.68 1.4""4 202.687 338.031 8.06585 1.791 2.934 2336 
150 4.20167 779.10 1.3335 221.636 367 .727 8.29070 1.669 3.006 2398 
160 4.50253 838.50 1.2394 241.904 398.240 8.48759 1.996 3.096 2455 

170 4.80114 897.08 1.1583 262.986 429.690 8.67822 2.109 3.194 2509 
180 5.09793 355.02 1.0676 285 . 133 462.142 8.86368 2.2 23 3.296 2561 
190 5.39299 1012.30 1.0250 308.397 495.651 9.04450 2.337 3.399 2612 
200 5 . 68689 1069.18 0.9697 332 . 675 530 .133 9.22123 2 .443 3 .497 2663 
220 6.27164 1181.83 0.8759 384.075 601.838 9.56282 2.628 3.668 2764 
240 6.85324 1293.35 0.7990 438.628 &76.585 9.88774 2.768 3.798 2867 
260 7.43248 1404.00 o • 7348 495.409 753.478 10.19561 2.862 3.885 29 71 
280 8.00990 1513.99 0.6803 553.593 631.711 10.48538 2 .912 3.929 3076 
3 00 8.58586 1623.45 0.6335 612.341 910 . 457 10.75715 2 .929 3.941 3181 
320 9.16071 1732.49 0.5928 671.115 989.191 11.01132 2.920 3.929 3286 

340 9.73460 1841.19 0.5571 729.494 1067.497 11.2"4832 2 .8 94 3.900 3390 
360 10.30772 1949.61 0.5255 787.211 1145.113 11.47023 2 .8 58 3.861 3493 
380 10.88020 2057.79 0.4973 844.123 1221.903 11.67783 2.816 3 . 817 3595 
400 11.45213 2165.78 0.4720 900.172 1297.810 11.87259 2.774 3.774 3694 
420 12.02361 2273.59 0.4492 955.367 1372.848 12.05563 2.733 3.731 3792 
440 12.59469 2381.26 0.4285 1009.7 64 1447.074 12 .22 832 2 .6 95 3.692 3887 
460 13.16543 2488.81 0.4096 1063.4 23 1520.550 12.39165 2.661 3 . 657 3980 
480 13.73588 2596.25 0.3924 1116.433 1593.367 12.54638 2.631 3.626 4071 
500 14.30607 270 3 .59 0.3765 1166.872 1665.604 12.69396 2.605 3 . 599 4160 
520 14.87603 2810.85 0.3619 1220.823 1737.345 12.83479 2.5 63 3.576 4246 

540 15.44545 291 8 .1 6 0.3483 1272.458 1806.751 12.96956 2 . 564 3 . 556 4330 
560 16.01491 302 5 .24 0.3356 1323 . 558 H7q.623 13.09794 2.549 3.540 441 2 
580 16.58421 313 2 .26 0.3241 1374.439 1950.272 13 . 22176 2 .5 36 3.527 4492 
& 00 17.15338 3239.24 0.3133 1425.120 2020 . 716 13.34123 2. 525 3.516 "571 
650 18.57583 350 &.50 0.2890 1550.941 2195.927 13 . 62200 2.507 3.496 4760 
700 19.99772 3773.56 0.2683 1676.083 2370.440 13.68091 2.496 3.485 4940 
6 DO 22.84032 4307.24 0.2346 1925.176 2716.234 14.34563 2.4 66 3.476 5260 

1000 28.52267 5373.55 0.1876 2 422.746 3413.104 15.12041 2 .4 88 3.47 5 5696 
2000 56.91613 10099 .16 0.0936 4969.715 6946 . 013 17 . 56153 2 . 644 3.630 6249 
3D DO 85.30945 160 22 . 65 0 .0& 25 7756. 2 25 10718 . 321 19.07756 2.927 3.913 9962 

40 DO 113.79682 2134 &.19 0 . 0 469 10889.119 14340.41 6 20 .4 5596 3 . 394 4.402 11325 
5000 143.59035 2&& 69 .42 0 . 0 375 15049.161 20034.893 22 .44 202 5.182 6.389 12337 

TWO-PHASE BOUNORY 
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THERMOOYNAMIC PROPERTIES OF PARAHYDROGEN C-lb 

187.510 PSIA ISJBAR 

TEH PE RA TURE DENSIT Y V(OH/DVlp 
V (DP/DUl

V 
-V (DP/DVl

T (DV/DT\lVCONb~~~~~~TY VISCOSITY f/-iERHAL DIELEC TRIC PRAN DTL 
DIFFUSIVITY CONSTANT NUMBER 

DEG. R LB/CU FT BTU/LB PSIA-CU FT /BTU PSIA 1I0EG. R BTU/FT-HR-R LB~Fi~~EC SQ FT/HR 

25. &12 4 . 85300 ~85.70 13.743 14135.5& 0.0053H2 0.04501 1 . 7&& 0.00&06 1.25411 2 . 1544 

2& 4.84284 289.47 13.&64 14182.05 O. 0053302 0.04619 1 . 716 O. DO &18 1 . 25354 2.0641 

26 4.78824 263.01 13.198 12721.25 0.0059312 0.0510& 1.496 0.00635 1 . 25 04& 1 . 7726 

30 4.73030 282.37 12.610 11655.64 0.0063542 0.05426 1.327 0.00640 1 . 24 720 1.5768 

3 2 4.66841 ~81. 65 12.114 10707.79 0.0067916 0.05645 1.169 0.00632 1.24 373 1.4509 

34 4.60290 279.77 11.696 9805.77 O. 0072792 0.05779 1.077 0_ 00617 1 . 24005 1 . 3663 

3 6 4.53349 276.37 11.337 8918.50 0.0076416 0.05868 0.983 0.00599 1 . 23617 1. 3 0 25 

3 6 4.46010 271.24 11.011 6028.22 0.0085067 0.06014 0.903 0.00584 1.23207 1 . 24 78 

40 4.381&6 264.99 10.710 71&0.05 0.0092875 0.06086 0.834 0.00 56 4 1 . 22 77 0 1. 213 6 

42 4.29722 257.47 10.427 &310.75 0.0102116 0.06112 0.772 0.00541 1.223 0 1 1.1955 

44 4.20544 248.21 10.136 5454.81 O. 0113779 0.06095 0.716 0.00513 1.21792 1. 1945 

4& 4.10535 238.17 9.626 4643.47 0.0127729 0.06037 0 . 665 0.00463 1 _ 21239 1 . 2059 

48 3.99459 226.48 9.475 3846.20 0.0145899 0.05939 0.617 0.00450 1.20629 1.2350 

50 3.67066 212.95 9.059 3067.52 0.0170996 0.05802 0.571 0.00412 1 . 19948 1 . 2892 

52 3.72816 197.76 8.578 2332.60 0.0207174 0.05620 0.525 0.00368 1 . 19169 1.3786 

54 3.55&97 179 . 83 8.011 1&33.25 0.02&&83& 0.05379 0.479 0.00315 1.16238 1. 5378 

5& 3.33828 158. &9 7.301 994.33 0.0381&81 0.05034 0.429 0.00249 1 . 17055 1. 85 73 

58 3.00629 129.&7 6.271 395.96 0.07&8191 0.049&9 0 . 3&7 0.00166 1 . 1527 4 2. &491 

59 .357 1.97068 85.57 3 . 282 -0.45 -34.0148424 -2.80600 0.239 0.0 004 9 1. 09 8 4 0 8. 9213 

59. 357 1.95244 85.68 3.343 -0.45 -33.8775669 -2.79823 0 . 237 0.00049 1. 09746 8.8575 

&0 1.22981 92.07 3.709 43.35 0.2106330 0.03913 0 . 175 0.00164 1.06063 3.1203 

&2 0.9&6&3 102.18 3.913 83.91 O. 0802650 0.02681 0.159 0.00338 1. 047 4 4 1. 74 85 

64 0.84801 110.45 3.959 104.41 0.0543788 0.02439 0.155 0.00479 1 . 04 153 1 . 37 6 1 

6 6 0.77045 118.37 3.985 117.98 0.0427195 0.02347 0.155 0.00602 1 . 0376 9 1. 2 000 

68 0.712&0 125.69 3.993 127.81 0.0358545 0.02307 0 . 155 0.00717 1. 03 4 82 1 .0947 

7 0 0.66&53 133.14 3.991 135.38 0.0312370 0.02292 0 . 157 0.00827 1.0325 4 1. 0 241 

75 0.58134 150.48 3.9&4 148.65 0.0242093 0.02309 0.162 0.01090 1 . 02 834 0. 9 184 

80 0.52074 167.08 3.926 157.35 0.0201304 0.02362 0.168 0.01349 1.025 3 6 0 .8590 

85 0.47428 183.20 3.884 163.50 0.0174051 0.02433 0.174 0.01609 1.0230 8 0. 820 4 

9 0 0.43701 199.04 3.840 168.07 0.0154290 0.02513 0 . 180 0.01873 1.02125 0. 7 931 

95 0.40&16 214.79 3.793 171.58 0.0139172 0.02600 0.187 0.02142 1.0 1 9 7 4 0.7731 

100 0.38005 230.59 3 . 741 174.33 0.0127121 0.02692 0 . 193 0.02416 1.01846 0. 7579 

1 05 0.35754 246.57 3.686 176.53 O. 011731& 0.02786 0.20 0 0. 02694 1 .0173 6 0 . 7467 

11 0 0.33789 262.91 3.625 178.33 0.0109120 0.02892 0.2 0 6 0.02984 1 .0164 0 0.736 3 

115 0.32052 279.75 3.557 179.81 0.0102146 0.03004 0.213 0.03280 1 .015 5 6 0.7 2 79 

1 20 0.30503 297.21 3.482 181.04 O. 0096123 0.03117 0.2 1 9 0 . 03577 1 . 014 8 0 0.7 22 0 

125 0.29110 315.35 3.403 152.08 0.0090857 0.03232 0.225 0.03874 1. 0141 2 0.7183 

130 0.27851 334.25 3.319 182.97 0.0086206 o. a 3347 0.231 0.04170 1.0U5 1 0. 7 166 

1 40 0.25&54 374 . 54 3.144 184.37 0.0078339 0.03568 0.243 0.04740 1.0124 4 0.72 02 

1 50 0.23800 418.2& 2.967 185.43 0.0071915 0 . 03851 0.255 0.05379 1. 011 5 3 0. 717 3 

1 60 0.22210 .65.28 2.795 186.23 0.0066550 0.04161 0.267 0.06051 1 . 010 76 0. 71 4 2 

170 0.20828 515.29 2.&37 186.85 0.00&1991 0.04472 0.278 0.06 722 1 . 0 1009 0.71 46 

1 80 0.19&16 5&7.73 2.494 187.33 0.0058059 0.05215 0.308 0.08065 1 .009 5 0 0.7 00 8 

1 90 0.18543 622.52 2.365 187.71 0.0054&05 0.05698 0.327 0.09040 1.00898 0.70 12 

2 00 0 . 17584 077. 91 2.257 188.01 0.0051579 0.06141 0.342 0.0998Q 1 . 00851 0 . 7014 

220 0 . 15945 789.17 2.090 188.44 0.0046479 0.06916 o .367 0.11825 1 .00 77 2 0.7016 

2 4 0 0.H592 897.15 1.978 188.72 0.0042337 0.07550 0.387 0.13622 1. 0 07 06 0 . 701 6 

260 0.13454 998.64 1.908 188.90 O. 00 38899 0.08055 0.404 0.15412 1 .00&51 0 . 701 2 

2 8 0 0.12485 1091.65 1.871 189.01 0.0035994 0.08446 0.418 0.17217 1 . 006 0 4 0 . 7005 

3 00 0.11647 1176.38 1.857 189.08 0.0033505 0.08744 0.431 0.19048 1 .00563 0.&99 6 

320 0.1091& 1253.34 1.860 189.12 0.0031346 0.08969 0.443 0.20913 1 . 00528 0. 6 984 

340 0.10273 1324.00 1.874 189.14 0.0029455 0.09141 0.454 0.22818 1.00497 0. 697 2 

3&0 0.09701 1389.76 1.895 189.14 0.0027783 0.09276 0 . 4&4 0.24763 1.0 0469 0 . 6960 

380 0.09191 1451. 82 1.921 189.13 0.0026294 0.09387 0.475 0.26753 1.00 44 4 0.6948 

400 0.08732 1511.89 1.949 189.12 0.0024959 0.09486 0.484 0.28788 1 . 00 4 22 0.6937 

420 0.08317 1570.62 1.976 189.09 0.0023755 0.09579 0.494 0.30868 1 . 0040 2 O. &926 

.. 40 0.07940 1628.90 2.002 189.07 0.0022&64 0.09671 0.503 0.32993 1.0 0384 0.6916 

4 6 0 0.07596 1&87.48 2.027 189.04 0.0021669 0.09767 0.512 0.351&4 1.003&7 0. 6 908 

480 0.07280 1746.46 2.048 189.01 0.0020759 0.09867 0 . 522 0.3738 2 1.003 5 2 0.6900 

5 00 0.06990 1806.29 2.068 188.98 0 .0019923 0.09973 0.531 0.39646 1 . 003 3 8 0.6693 

5 20 0.06722 1867.01 2.084 188.95 0.0019153 0.10086 0.540 0.41958 1 .00325 O. &88 7 

540 0.06474 1928.64 2 . 098 188.93 0.0018437 0.10203 o .548 0.44319 1 . 00313 0.6881 

5&0 0.06244 1991.49 2.110 188.90 0.0017776 0.10329 0 . 557 0.46724 1 . 00 30 2 0.6876 

5 8 0 0.06030 2054.99 2.120 188.87 0 . 0017162 0.10458 0.566 0.49178 1 . 00291 0.687 2 

600 0.05830 2119.38 2.126 188.84 0.0016589 0.10592 0.575 0.51679 1.00282 0. 686 9 

&50 0.05383 2283.34 2.H2 188.77 0 . 0015312 0.10943 0 . 597 0.58140 1.00260 0.6862 

7 00 0.05001 2.50.81 2.150 188.70 O. DO 14218 0.11310 0.618 0.64907 1 . 002 4 2 0.685& 

800 0 . 04378 2793.46 2.154 188.58 0.0012443 0.12075 0.661 0.79343 1 . 00211 0. 6 849 

1 00 0 0.03506 3.89.72 2.151 188.40 o • 0009959 0.13625 0.745 1.11820 1 . 001 69 0.6841 

200 0 0.01757 7277.36 2.018 187.97 0.0004988 0.27727 1.13'4 4.3475'+ 1.00 0 85 0 .5347 

3000 0.01172 11759.20 1.822 187. 82 0.0003328 0.39369 1 . 481 8.58232 1 . 00057 0 . 5 299 

4 000 0.P0879 17614.47 1.572 187.58 0.0002499 0.55943 1.798 14.46202 1.0004 2 O. 50q .. 
, 0 00 0.00&9& 31643.09 1.039 185.73 0.0002019 1.1 2 0 81 2.105 25.18893 1.00034 0 .43 20 

TWO - PHASE BOUNORY 401 



C-Zb HERHODYNAHIC PROPERTIES OF PARA HYDROGEN 

200 PSIA ISOBAR 

TEHPERATURE ~OLUHE ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VElOC lTY 
OERIVATIVE OERIVATIVE ENERGY OF SOUNO 

JEG. R CU FT/LB CU FT-PSIA/LB PSIA/R BTU/LB BTU/L9 B TU/LB-R BTU I LB -R FT ISEC 

25.662 0.20593 2925 .62 75.5107 -132.666 -125.039 1.19467 1.133 1.525 4273 
2& 0.20635 2303.11 75.6397 -132.14& -124.504 1.21538 1.142 1.546 4267 
28 0.20964 2660.41 75 . 5360 -129.027 -1 21.300 1.33405 1.194 1.674 4173 
30 0.21118 2464.42 74.2465 -125.664 -117.~43 1.4532& 1.241 1.791 4075 
32 0.21H& 2313 . 25 72.9096 -122.067 -114.143 1.57265 1.285 1.909 3969 
34 0.21096 2149 . 73 71.5662 -118.235 -11~.19q 1.69220 1.325 2.031 3907 
36 0.22027 19ft7.41 70.1336 -114.158 -106.001 1.51217 1.360 2 .161 3624 
38 0.22387 1619.~6 68 . 5165 -109.834 -101.543 1.93264 1.390 2.300 3735 
40 0.22763 1654.13 &6.7202 -105.236 -9&.600 2.05426 1.416 2.451 36 .. 2 

42 0.23225 1469.~5 64 . 6624 -100.340 -91.736 2.17774 1.436 2.616 35 .... 
"4 0.23725 1316.59 62.3365 -95.104 -66.317 2.30381 1 ... 56 2.607 3 .. 32 
46 0.2"294 1154.&6 59 .6 270 -89.496 -80.500 2."3307 1." 70 3.016 331 .. 
46 0.24954 967.70 56 . 5029 -63.455 -74.213 2.56664 1.462 3.271 3178 
50 0.25733 8 1 ~ . 55 52.9300 -76.696 -67.36~ 2.70652 1.495 3.594 3019 
52 0.26&65 653.33 46.899" -69.671 -59.769 2.85512 1.510 4.019 2639 
5 .. 0.77906 486.19 44.3207 -61.497 -51.161 3.01787 1.527 4.661 2627 
56 0.29603 330 . 93 H.9674 -51.868 -40.905 3.20 .. 26 1.551 5.725 2379 
58 0.32364 174.80 32.2223 -39. 348 -27.355 3.44176 1.596 6.285 2051 
60 0.4349Q 12.98 1~.3735 -10.863 5.247 3.99175 2.032 56.726 1296 

62 0.86263 63 . 67 ~ . 1652 37.609 70.297 5.065&9 1.6"4 11.210 1339 
64 1.04401 104.93 6 . 6 105 46.974 67.636 5.34130 1.722 7.102 1416 
66 1.16762 137.61 5.7137 56.901 100.1 .. 4 5.53362 1.661 5.61" 1466 
66 1.27390 16 5 .8& 5 . 1325 63 . HO 110.559 5.66933 1.623 4.869 1518 
70 1.37002 191.10 4.699" 69.066 119.806 5.82339 1.599 ... Hl 1563 
75 1.58449 2 "L16 3.9527 81 . 403 1 .. 0.08 .. 6.103"3 1.567 3.750 1659 
80 1. 77736 294.26 3 .4563 92.269 158 . 093 6.33601 1.553 3. "53 17 .. 1 
85 1.95744 138.05 3.0921 102 . 333 174.826 6.53895 1.5"S 3.254 1614 
90 2 .12887 376 . 87 2 . 8091 lll . g02 190.7"4 6.72095 1.5"8 3.121 1861 
95 2 . 29q 0 .. 17 .49 2.5808 121.147 206.108 6.~8711 1.553 3.030 19 .. 3 

1 00 2.45456 454.39 2 .3 90 7 130 . 203 221.107 7.04100 1.561 2.965 1999 
105 2.61138 46~ . 97 2.2311 139.101 235.817 7.16450 1.574 2 . 921 2053 
110 2.7&529 524 .4 9 2.0939 147.929 250.3"0 7.31967 1.591 2.693 2102 
115 2.91683 558.13 1.9745 156.740 264.764 7.44790 1.613 2 .878 2 146 
120 3.06641 ;91.04 1 . 8693 1&5.560 279.143 7.57030 1. &"0 2.875 2191 
125 3.21433 :, 2 3.33 1.7759 174 . 469 293.531 7.&877& 1.671 2.861 2211 
130 3.36085 655.10 1 . 6922 183.503 307 . 971 7.60103 1.707 2.696 2269 
140 3.&5044 717.34 1 . 5481 201.9&6 337.160 6.01732 1.792 2.9"6 2338 
150 3.93636 77 6.20 1.4262 22 1.182 3&6.964 6 . 22291 1.889 3.018 2 .. 00 
1M 4.21945 637 . 97 1.3267 241 . 301 397.567 8.42039 1.997 3.105 2 .. 51 

170 4.50026 896.89 1.2393 262 . "27 429 . 093 8.61149 2 .110 3.201 2511 
1 60 4.77HO 955 . 11 1.1 633 26".612 "61.612 8.79733 2 .22" 3.302 2563 
190 5.05&58 10 12.~3 1 . 0959 307.916 495.185 8.978"9 2.338 3. ~05 261 .. 
200 5.33271 106 9 .73 1.0365 332.22" 529 .7 19 9 .1 5546 2. "4~ 3. S 02 2665 
220 5.86193 1162.76 0.9 3 5~ 363.676 601.511 9.49750 2 .628 3.672 2767 
240 6.42602 1294. 57 o • 6534 438 . 271 676.330 9.82273 2 .7&6 3.602 2aTO 
260 6.97175 140 5 . 4~ o . 7847 495.087 753. 283 10.1306" 2.862 3.887 297 .. 
280 7.51367 1515 . 66 0.72 &4 553.300 831.566 10.42080 2.913 3.932 30 79 
300 8.05416 1.25.37 0.6763 612.073 910.355 10.&9271 2.929 3. 9~3 318 .. 
320 8 . 59351 1734. 52 ~ . 6328 670.869 969.126 10.9"700 2.920 3.930 3269 

3 .. 0 9 .1319 2 1643.36 0 .5946 729 . 267 1067.463 11.18"10 2 .894 3.901 3393 
360 9.6695b 1951.90 0.5606 767 . 000 1145.108 11."0609 2 .658 3.862 3 .. 96 
380 10.20&5& 2060 .1 9 0.5307 843.927 1221.923 11.&1376 2.ft17 3.819 3597 
400 10.74302 216~ . 2& 0.5037 699.989 1297.653 11.60856 2.774 3.775 3697 
4 20 1t.2n03 2276 .1 6 0.4793 955.190 1372 . 910 11.99167 2.733 3.732 379 .. 
.. 40 11.81464 2383.90 0 .4572 1009 . 60" 14"7.155 12.16"~0 2 .695 3.693 3890 
460 12.34991 2491.52 0.4371 1063.274 1520 . 6,,7 12.32776 2 .661 3.657 3983 
460 12.88489 2599 . 02 0.4166 1116.292 1593."79 12.48253 2.631 3.626 .. 07 .. 
500 13.4n61 2706.41 O . .. 017 1168.740 1665.730 12.&3015 2.605 3. 5~9 4162 
520 13. 95t,t 1 2S 13. 72 0 .3861 1220.&96 1737.483 12.77099 2.563 3.576 ~2"6 

5 .. 0 14.48815 2921.11 0.371& 1272.3"6 1308.90R 12.90579 2. 56~ 3.556 4332 
560 15.02214 302 6 . 22 0 . 3582 1323 ... 52 1879.791 13.03419 2.5"9 3.541 " 41" 
560 15.55599 3135.26 O. 3458 1374.339 1950.4"9 13.15803 2.53& 3.527 4 .. 95 
600 16.08970 3242.29 0.33"2 1425.026 2020 . 901 13.27751 2 . 526 3.516 4573 
650 17.42350 3509.~2 0.3063 1550.859 2196.131 13.55831 2 .507 3.497 .. 762 
700 18.75674 3776.73 0 . 2862 1676.010 2370.&58 13.6172" 2 ... 96 3.465 "9 .. 3 
600 21.42204 ~310.50 0.2503 1925.120 2718 .~7 6 14.28200 2." 66 3.47& 5262 

1000 26.74981 5376.Q7 0.2001 2422.70& 3413.374 15.05680 2 ... 69 3. ~ 76 5898 
2 000 53.37238 10702.70 0.1000 4969 . 703 69"6.327 17. " 9796 2 . 6~4 3.630 6251 
3000 79.99071 16026.40 0.0667 7756.1 76 10718 . 599 19.01397 2.927 3.913 99&3 

4000 106.69600 21349.75 0 . 0500 10886.478 14837 . 99. 20.39165 3.366 4.39" 11328 
5000 13". 58751 266 7 2 . 99 O. 0400 15017.990 20002.383 22.37123 5 .1 2" &.324 123 .... 

TWJ-PHASE BOU~ORY 
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fHERHOOYNAHIC PROPERTIES OF PARAHynROGEN C-Zb 

200 PSlA ISOBAR 

TEHPERATURE DENSI rv V (DH/DVlp VIDP/DUly -V (QP/DVl
T I DV/DTlP'V CON6~~~~~~ H 

VISCOSITY TH ERMAL DIELEC TRIC PRANDTL 
OIFF US IV IlY CONSTANT NUH BER 

OEG. R LB/CU FT BTUIlB PSIA-CU FT /BTU PSlA 1/0EG. ~ BTU/FT-HR-R LB~Fr~ ~EC SQ FT/HR 

25.662 ~. 8559~ 286.99 13.730 1~207.61 O. 00531~8 0.04521 1.770 0.00610 1.25~28 2.1493 

26 4.84614 287.56 13.667 14068.88 0.0053764 0.04622 1 .724 0.00617 1.25373 2.0759 

28 4.79288 284.71 13.204 12846.88 0.0055199 0.05112 1.506 0 .00637 1.25073 1.7756 

30 4.73528 283.75 12.634 11764.41 0.0063111 0.05436 1.334 0.00641 1.2474~ 1.5821 

32 4.67378 Z 83.03 12.137 10811.62 0.0067437 0.05&55 1.19& 0 .00 634 1.24403 1.4531 

34 4.60870 281.21 11.719 9907.46 0.0072237 0.05791 1.083 0.00619 1.24038 1.3676 

36 4.53981 277.95 11.359 9022.45 0.0077732 0.05902 0.988 0.00 602 1.23652 1.3028 

38 4.4&697 272.84 11.034 8127.91 0.0084300 o .06029 0.908 0.00587 1.23246 1.2H4 

40 4.38923 266.72 10.732 7260.38 0.0091896 0.0&104 0.839 0.00567 1.22812 1.2123 

42 4.305&4 259.42 10.449 6414.78 0.0100833 o .0&132 0.777 0.00544 1.22348 1.1929 

44 4.21497 250.27 10.161 5557.82 0.0112164 0.06117 0 .721 0.00517 1.21845 1.1908 

46 4.11627 240.5& 9.855 4752.88 0.0125454 0.06063 0.670 0.00488 1.21299 1.1998 

48 4.00744 229.16 9.512 3958.13 0.0142751 0.05968 0.&22 ~ . 00455 1.20699 1.2264 

50 3.88611 215.97 9.109 3180.99 0.0166395 0.05836 0.576 0.00418 1.20033 1.2764 

52 3.747108 201.24 8.642 2448.34 0.0199724 0.05&61 0.531 0.00376 1.19275 1.3571 

54 3.58319 183.95 8.101 1749.26 0.0253368 0.05433 0.486 0.00325 1.18380 1.4995 

5& 3.37801 164.17 7.439 1117.90 0 .0 3 48755 0.05110 0.437 0.00264 1.17269 1.7645 

58 3.08798 138.60 6.540 539.79 0.0596938 0.0493 6 0.361 0.00193 1.15711 2.3029 

60 2.29892 92.10 3.934 29.83 0.6159491 0.06&21 0.273 0.0006& 1. 11543 6.4&02 

62 1.13296 99.03 3.909 72.13 0.1131964 0.03101 0.170 0.00244 1.05577 2.2174 

6~ 0.95785 107.97 4.007 100.50 0.0&57733 0.02&26 0.1&2 0.0038& 1.04700 1.5737 

&6 0.85&44 115.79 4.017 117.85 0.0484820 0.02463 0.159 0.00512 1.04195 1.3058 

68 0.78499 123.51 4.028 130.20 0.0394201 0.02393 0.159 0.00626 1.03841 1. 1634 

70 0.72992 130.92 ~.026 139.48 0.0336912 0.02362 0.160 0 . 00734 1.035&8 1.0729 

75 0.63112 148.57 3.997 155.36 0.025~427 0.02358 0.164 0.00988 1.03080 O. 9~~6 

80 0.56263 165.42 3.955 165.56 0.0208770 0.02401 0.169 0.01236 1.0274 2 0.8758 

85 0.51087 181 • 7~ 3.909 172.70 0.01790~5 0.02~66 0.175 O. 0148~ 1.02488 0.8322 

90 0.46973 197.74 3.863 177.97 0.01578~7 0.02542 0.181 0.01734 1.02286 O. 8020 

95 0.43590 213.63 3.813 181.98 0.0141817 0.02626 0.188 0.01988 1.02120 0.7801 

100 0.40740 229.55 3.759 185.12 0.0129144 0.02715 0.194 0.02248 1.01980 0.7635 

105 0.38294 245.61 3.70 3 167.63 0.0118908 0.02808 0.201 0.02510 1.01861 0.7513 

110 0.361&3 262.03 3.640 189.67 0.011 0399 0.02912 0.207 0.02784 1.01756 O. 1401 

115 0.34284 278.94 3.571 191.35 0.0103188 0.03023 0.213 0.03063 1.01665 0.7311 

120 0.32611 296.44 3.~96 192.75 0.00969~~ 0.03135 0.220 0.03344 1.0158 3 0.7247 

125 0.31111 314.63 3.415 193.92 0.0091577 0.03249 0.226 0.03624 1.01510 0.7207 

130 0.29754 333 .58 3.331 194.92 0.0086813 0.03363 0.232 0.03903 1.01443 0.7187 

140 0.27H~ 37 3.93 3 .15~ 196.51 0.0078781 0 .035 82 0.244 0.04439 1.01328 0.7220 

150 0.25~04 417.70 2.975 197.69 0.0072245 0.03864 0.256 0.05040 1.01231 0.7187 

160 0.23700 464.77 2.803 198.60 0.0066802 0.04114 0.267 0.05672 1. 011~9 0.7153 

170 0.22221 514.82 2.644 199.30 0.0062a5 0.04484 0.278 0.06304 1.01077 0.7154 

180 0.20924 567.31 2.500 199.84 0.0058211 0.05218 0.308 0.07552 1.01013 0.7019 

190 0.19776 622 .19 2.370 200.26 0.005H24 0.05700 0.327 0 .0846 6 1.00956 0.7022 

ZOO 0.187,2 677.63 2.262 ZOO.60 0.0051673 0.06143 O. J4Z 0.09355 1.0090 8 0.7022 

220 0.17001 189.00 2.094 201.08 0 .00 46539 0.06917 0.367 0.11079 1.00823 O. 7023 

240 0.15557 897.10 1.962 201.40 0.0042376 0.07550 0.387 0.12767 1.00753 0.7022 

260 0.143~4 998.70 1.911 201. 60 0.0038924 0.08055 0.404 0.14447 1.00694 0.1017 

280 0.13309 1091.63 1.874 201.72 0.0036010 0.08446 0.418 0.16141 1.00644 0.7010 

300 0.1241& 1176.66 1.860 201 .~0 0.0033514 0.08745 0.431 0.17860 1.00601 0.6999 

320 0.11637 1253.71 1.862 201.84 0.0031351 0.08970 0.443 0.19611 1.00563 0.6988 

340 0.10951 1324.45 1.876 201.86 0.0029456 o .0 9142 0.454 l.21399 1.0 0529 0 .6975 

360 0.103~2 1390.28 1.697 201 . 66 0 .00 277~2 0.09277 o .465 0.23225 1.00500 0.6963 

380 0.09198 1452.40 1.923 201.85 0.0026292 0.09388 0.475 0.25093 1.00474 0.6950 

400 0.09308 1512.52 1.950 201.83 0.0024956 0 .094 87 0.484 0.27002 1.00450 0.6938 

420 0.068&6 1571.30 1.978 201.80 0.0023751 0.09580 0.494 0.28954 1.00429 0.6928 

440 0.084&4 16 29.61 2.004 201.78 0.0022659 0.09673 0.503 0.30948 1.0040 9 0.6918 

460 0.08097 1588.23 2.028 201.74 0.0021664 0.09769 0.513 0.32985 1.00391 0.6909 

480 0.07761 1747.24 2 .050 201.71 0.0020754 0.09869 0.522 0.35066 1.00375 0.6901 

500 0.07452 1807.10 2.069 201.68 0.001 9 918 0.09915 0.531 0.37191 1.00360 0.6894 

520 0.071&6 1867.64 2.086 201.64 0.0019148 0.10088 0.540 0.39360 1.00346 0.6668 

540 0.06902 1929.51 2.100 201 .62 0.0018431 0.10205 0.549 0.41575 1.00334 0.6882 

560 0.06657 1992.38 2.111 201.58 0.0011771 0.10331 0.557 0.43832 1.00322 0.6877 

580 0.06428 2055.89 2.121 201.55 0.0017157 0.10461 0.566 0.46134 1.00311 0.6813 

600 0.06215 2120.30 2.129 201.51 0.0016584 0.10595 0.575 0.~8480 1.00300 0.6869 

650 0.05739 2284.29 2.143 201.43 0.0015307 0.10945 0.597 0.54542 1.00277 0.6862 

700 0.05331 2451.79 2.151 201.35 0.0014214 0.11313 0.618 0.60890 1.00258 0.6857 

800 0.046&8 2194.48 2.155 201.22 0.0012439 0.12078 o .661 0.74433 1.0022 5 0.6850 

1000 0.03738 3490.78 2.151 201.01 0.0009956 0.13629 o .745 1.04899 1.00181 0.6841 

2000 0.01814 7278.55 2.019 200.53 0.0004987 0.27727 1.135 4.07669 1.00090 0.5349 

3000 0.01250 11759.75 1.822 200.35 0.0003326 0.39365 1.481 8.04694 1.60060 0.5301 

4000 0.00937 11582.45 1.575 200.10 0.0002499 0.55711 1.7,99 13.5441 0 1.00045 0.5102 

5000 0.00n3 31331.64 1.051 198.18 0.0002018 1.10496 2.105 23 .5164 3 1.00036 0.4338 
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C-lb THERH0 01N AHIC PROPERTIES OF PARAHYOROGEN 

210 PSIA ISOBAR 

TEHPERAT URE VOLUKE ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC ITY 
OERIVATIVE OERIVATIVE ENERGY OF SOUND 

JEG . R CU FT ILB CU FT-PSIA/LB PSIA/ R BTU/LB BTU/LS STU/LS-R STU I LB -R FTISEC 

25 . 702 0.20583 2936.26 75.5~12 -132.652 -12~.&48 1.19505 1.133 1.525 4279 
2& 0.20020 2919.~6 75.&562 -132.19~ -124.17& 1.21331 1.1 ~2 1.543 4275 
28 0 . 20848 2&99 .22 75.&063 -129.08~ -120.97& 1.33180 1.193 1. &71 418~ 
30 0 . 21100 2; 00.62 74.3932 -125.730 -117.525 1.45063 1.2~1 1.7&8 40U 
32 0.2137& 2328.81 73.0578 -1 22.144 -113.832 1.57001 1.265 1.905 ~OOO 
34 0 . 21&76 2165.12 71.7192 -118.324 -109.695 1.68932 1 . 325 2.027 3918 
36 0 . 22003 2003.~1 70.2897 -114. 2&3 -105.707 1.80901 1.359 2.155 3836 
38 0.22358 1840.72 &8.&899 -109.959 -101.2&5 1.9290& 1. HO 2.291 3750 
40 0.22752 1670.00 66.8951 -105.379 -96.532 2.0 50 4~ 1.41& 2. 4~3 3654 

42 0 . 23190 1506.67 64.8719 -100.507 -91.48 9 2.1734~ 1.437 2.605 3557 
4 4 0 . 23&62 1340 . 40 62. 55~5 -95.304 -86.095 2.29889 1. ~55 2.789 3450 
46 0.242~3 1173.20 59.8759 -89.736 -80.308 2.42748 1. ~ 70 3 . 000 3331 
~8 0 . 2489 1 1007.1~ 56.6059 -63.7~5 -74.066 2.56028 1.482 3.2H 3197 
5 0 0 . 25&53 838 . 82 53.3007 -77.258 -67.283 2.69871 1. ~95 3_ 558 3041 
5 2 0.26579 07~ . 65 ~9. 3~18 -70.131 -59. 795 2.84551 1.509 3_ 96~ 2865 
5~ 0 . 27753 515.6& ~4. 88 85 -62.128 -51.336 3.00509 1.525 4.535 2&65 
5 & 0 . 29350 358.81 39.7520 -52.806 -~1.393 3.18580 1. 5~6 5.482 2426 
58 0. 31838 203.39 33.4391 -H.064 -2 6 .&84 3.40860 1.585 7.571 2121 
60 0 . 378&8 52 . 82 23.~358 -21.616 - &.890 3.77714 1.706 15.274 1&18 

62 0.75832 ~~.59 9.8163 29 .562 59.050 4.85976 1.915 16.180 1321 
6 4 0.94321 89.9~ 7.H11 4~.~09 81.08 7 5.21020 1. 7~9 8.292 14 0 5 
66 1 . 07220 12~.95 6.3572 53.503 95.197 5.~2746 1.679 6_224 1465 
08 1.1801& t 5lt . 99 5.0182 00.000 100.492 5.59014 1.034 5.200 1512 
70 1.27&14 181. 47 5.1067 66.671 11&.295 5.7382& 1.607 4.640 1558 
75 1 . ~8725 238.58 4.2515 79.557 137.391 6.02964 1.571 3.899 1&5& 
8 0 1. &7511 288.01 3. &970 90.735 155.873 &.2&832 1.557 3.529 1739 
85 1.84950 332.77 3.2957 101.006 172.926 6.47515 1.551 3.30 8 1513 
9 0 2 . 01 4 9 7 374.35 2.986& 110.72& 189.081 6.65986 1.551 3.163 1881 
95 2 . 17407 413.60 2 .7388 120.089 204.630 6.82803 1.555 3.063 1943 

10 0 2.32632 451.01 2.5333 129.241 219.781 6.963H 1.563 2.99Z 2000 
1 05 2.47887 '+87.02 2.3614 138.216 234.&10 7.12618 1.575 2.943 2053 
110 2 . 62047 521.92 2.2142 147.108 249.242 7.2&433 1.592 2.912 2103 
115 2.771&9 555.89 2 .0663 155.975 263 .756 7.39336 1.614 2.695 2149 
120 2 . 91492 589.10 1.9739 164.663 276.213 7.51642 1.641 2.690 2192 
125 3 . 05&50 621.66 1.6742 173.614 292.&70 7.63445 1.672 2.694 2233 
130 3.t 9 && 7 & 53.66 1.7851 182.865 307.172 7.74820 1.706 2.907 2270 
140 3 . 47355 71&.32 1.6319 201 .392 336.465 7.96526 1.792 2.955 2339 
1 50 3 .7 4676 777. 52 1.5047 220.657 366.354 8.17145 1.890 3.026 2401 
1& 0 4 . 01713 837.59 1.3970 240.818 397.030 8.36939 1.997 3.111 2~59 

17 0 4.28525 696 . 76 1.3046 261 .960 428.618 6.56086 2.110 3.207 2513 
1 60 4 . 55155 955 . 20 1.2242 284.196 461.189 6.74701 2.224 3.307 2565 
1 90 4 . 61612 1012.92 1.1529 307.532 494.813 8.'12645 2.338 3.409 2616 
2 DO 5 . 07954 1070.19 1.0902 331.864 529.389 9.10565 2.444 3.505 2667 
22 0 5 . 6 0 336 1183.51 o • 9840 363.356 601.252 9.44601 2.629 3.675 2769 
24 0 6 . 12405 1295.57 0.6971 437.986 &76.128 9.77349 2. 769 3.604 2872 
2 60 6.64240 1406.66 0.8247 494.629 753 . 126 10.08178 2.8&2 3.889 2976 
26 0 7 . 15894 1517.05 0.7&33 553.066 831.451 10.37169 2.913 3.933 3081 
30 0 7 . 6740& 1626.8~ 0.7106 &11.658 910.274 10. &4392 2.930 3.945 3186 
320 8.18803 1736.16 0.66~8 &70.672 989.074 10.89831 2.920 3.932 3291 

340 6.70107 1845.11 O. 62~7 729.065 1067.438 11.13549 2.695 3.903 3395 
360 9.21335 1953.74 0.5891 766.832 1145.105 11.35754 2.856 3.864 3498 
380 9.72499 2062.11 0.5575 643.771 1221.940 11.5&526 2.817 3.620 3599 
40 0 10.23&09 2170 . 2& 0.5291 899.844 1297.687 11.7&013 2.775 3.775 3&99 
42 0 10.74&74 2276.22 0.5034 955 .060 1372.961 11.9~325 2.734 3.733 3796 
44 0 11.25&99 2386.03 0.4802 1009.477 1447.220 12.11602 2.695 3.693 3892 
~ &D 11.7&&91 2493.69 0.~590 10&3.154 1520.726 12.27941 2.6&1 3.658 3985 
46 0 12.27&53 2&01.24 0.4397 1116.180 1593.569 12.~3420 2.631 3.627 ~O76 

5 DO 12.78,90 2706.68 0.4219 11&8.&35 1665.631 12.58165 2. & 05 3.600 4164 
52 0 13.29504 281 6 .03 0.4055 1220.599 1737.594 12.72271 2.583 3.577 4250 

540 13 . 00379 2923.47 0.3903 1272.256 1609.035 12.85754 2.564 3.557 4334 
560 14 . 31243 303 0 .62 0.3762 1323.368 1679.925 12.96595 2. 5~9 3.541 4416 
580 14 . 62092 3137.71 0.3631 1374.2&0 1950.591 13.10960 2.53& 3.528 4497 
60 0 15.32928 32 4~. 74 0.3509 1424.951 2021.050 13.22929 2.52& 3.517 4575 
650 1& . 59970 3512.12 0.3238 1550.793 219&.294 13.51011 2.507 3.497 4764 
70 0 17 . 6&95& 3779.26 o oJ 0 05 1&75.952 2370.634 13.76906 2.49& 3.485 4944 
60 0 20.40812 431 3.11 0.2626 1925.073 2716.&70 14.23365 2.488 3.47& 5284 

1000 25 . 46240 5379.&1 0.2101 2422.&75 3413.591 15.00868 2.489 3.476 5900 
20 00 50.83754 10705.51 0.1050 ~9 69.694 &9~&. 579 17.44986 2.644 3.630 6252 
300 0 7&.16638 16029.2~ 0.0700 775&.139 10716.824 18.96567 2.927 3.913 9964 

40 00 101 . 62183 21352.60 0.0525 10864.535 14836.233 20.34301 3.381 4.387 11330 
500 0 126.15~16 26575.84 0.0420 14995.050 19978.493 22.31761 5.081 &.276 12349 

T~O - PHASE BOUNORY 

404 



THERHODYNAHIC PROPERTIES OF PARAHYDROGEN C- Zb 

210 PSIA ISOBAR 

TEKPERATURE DENS[TY V (DH/DV 'p V(OP/OU'V -V (DP/DV'T (OV/DTlpV cONb~g~~~TY VISCOSITV THERHAL D[ELECTR[C PRA NDTL 
OIFFUS IV [TV CON STANT NUHBER 

OEG. R LB/CU FT BTU/LB PSIA-CU FT IBTU PSIA l/DEG. R BTU/FT-HR-R LO/FT-SEC SQ FT/HR 
X 10 5 

25.70 2 ~.85829 288.02 13.720 1~265.19 0.0052955 0.0~536 1.772 0.0061 2 1. 25~~ 1 2.1~53 

26 ~. 8 ~9&2 288.76 13.665 1~158.27 0.0053~36 0.0~625 1.732 0.0061 8 1 . 25392 2 .08 00 

28 ~.79658 266.07 13.20 9 129~7. 02 0.0058397 0.05117 1.513 0 . 0063 9 1.25093 1 .7781 

30 ~.7392~ 2 8~. 83 12.653 11851.06 0.00621H 0.05~~3 1 .3~0 O. 006~ 2 1. 2~771 1.58~8 

32 4.6180~ 2 8~ .12 12.156 1089".27 0.0067061 0.05663 1 . 201 0.0063 5 1. 2~"27 1. ~550 

3~ ... 61332 282.35 11.131 9988. 37 0.0071803 0.05800 1.088 0. 0062 0 1.2~06" 1.3687 

36 ".5"~82 279 .20 11.376 9105.1 .. 0 .0 077198 0.05912 0.993 0.0060" 1 . 23680 1.3031 

38 ~.~7Z59 2 lit. 62 11.052 8232.81 O. 0083"3~ 0.060~1 0 . 912 0.00590 1.23277 1.2"59 

.. 0 4.39521 Z 68. 09 10.7"9 1340.03 0.0091137 0.06111 0.84 2 0.0057 0 1. 22846 1.2113 

.. 2 ... 31230 260.95 10.467 6497. ZZ 0.0099846 0.06147 0.780 0.00547 1.2238 5 1.1909 

4~ 4. 2225~ 252.37 10.180 5659.88 0.01 10523 0.06135 0.72 5 0.0052 1 1.21687 1.1&60 

4. ~.12466 242.43 9.8n 4839.28 0.0123729 0.06082 0.673 0.00"92 1.213~7 1 . 1953 

48 4.017"9 231 . 24 9.5~0 4046.17 0.0140394 0.05991 0.625 0.00~5 9 1.20755 1.2200 

SO 3.8981~ 218.30 9.H7 3269.83 0.0163007 0.05663 0.560 0.00423 1.20099 1.2&70 

52 3 .16236 203.90 8.691 2536.28 0.0194390 0.05693 0. 5 35 0.0038 2 1.19356 1.3420 

54 3.60317 187.10 8.169 1858.01 0.02~1594 0.05414 0.~91 0.0033 5 1 .18~68 1.4635 

56 3.40111 168.58 7.539 lZ22.52 0.032516~ 0.05166 0.~4" 0.00277 1 . 1 1~2 6 1.6957 

56 3.1"090 1 .. ~.63 6 .716 638.81 O. 0523~55 0.0"957 0.391 0.00208 1.1599~ 2.1~93 

60 2.6"072 108.77 5.197 139.49 0 . 1660152 0.05329 0.31" 0.0011 0 1.13335 3.8760 

62 1 .31871 96.93 3.688 58.81 0.1669217 0.03138 0.165 0.0017 5 1 . 06512 2 .6676 

64 1.06021 10 5 . 8~ 4.028 95.36 0.0783467 0.02821 0.168 0.00321 1.05212 1.7828 

6& 0.93266 114.09 4.059 116.54 0.0545495 0.02579 0.16~ 0.004"4 1.04515 1 .4206 

68 0.6~134 121.69 4.057 131.33 0.0427791 0.02472 0.162 0.0056 0 1.04150 1.2288 

10 0.783&1 129.21 4.056 142.20 0.0359120 0.02"24 0.162 0.00667 1.03834 1.1178 

15 0.67238 1"7.10 4.02" 160 ... 2 0.0265025 0.02"00 0.165 0.00915 1.03263 0.9675 

80 0.59698 1& ... 13 3.978 171.93 0 . 0215026 0.02~34 0.170 0.0115 S 1.02911 0.6901 

85 0.54069 180.61 3.930 119.93 0.0183169 0.02"93 0.116 0.0139" 1.02634 0.8"21 

90 O ... 9629 196.75 3.881 185.78 0 .0160756 0.02566 0.182 0.01&3 5 1 . 02~16 O. 8094 

95 0.45997 212.74 3.830 190. 2 .. 0.01"3965 0.026~7 0.189 0.01879 1.02238 0.7858 

100 0.~2949 228.15 3.773 193.10 0.01 30180 0.0213" 0.195 0.02128 1.02066 0.1660 

105 0.403~1 2 ..... 88 3.716 196.41 0.0120190 0.02825 0.201 0.02379 1.01961 0.1550 

110 0.3801" 261 .35 3.652 198.71 0.0111"25 0.02928 0 . 208 O. 026~1 1.01650 0.7432 

115 0.36079 218.31 3.582 200.56 0.010~023 0.03038 0.214 0. 02909 1.01152 0.1337 

120 0.3"306 2 95.65 3.501 202.10 0.0091673 0.03149 0.220 0 . 03111 1.01666 0 .7269 

125 0.32111 314.08 3."25 2 03.39 0 .0 092151 0.03262 0 . 226 0.03 .... 5 1.01508 0.7226 

130 0.31283 333.05 3.340 20".~8 0.0087297 0.03376 0.232 0.03112 1.01516 0.7203 

1~0 0.28189 313.46 3.162 206.22 0.0079133 0.03593 0.24~ O. 0~223 1.01396 0.7233 

150 0.26690 411.21 2.983 207.52 0.0072507 0.03815 0. 256 0.04196 1.01294 0.1191 

160 0.24893 ~ 64.38 2 .610 208.50 0.00 61001 0.0~184 0.261 0.05~02 1.01201 0.1161 

170 0.23336 51~. 46 2.649 209.27 0.0062339 0.0~~9~ 0 . 279 0.06005 1.01131 0.7161 

180 0.21911 566.99 2.505 209.86 0.0056331 0.0 5221 0.308 0.01165 1.01064 0.1028 

190 0.2076" 621.93 2.315 210.32 0.0054811 0.05102 0 . 327 0.08055 1.01006 0.1030 

200 0.19687 &77 ... 2 2.266 210.69 O. 00517~1 0.06144 0.3"2 0.08903 1.00953 0.1029 

220 0.17846 186 . 86 2.097 211 .22 0.0046561 0.06911 0.361 0.10 5 4 6 1.0066" 0.1029 

2 .. 0 0.1632 9 8 9 1 .07 1.98~ 211.55 0.0042406 0.01550 o . 361 0.12155 1.00190 0.1021 

Z60 0.15055 998.77 1.914 211.17 0.00369~3 0.08056 0.404 0.13151 1 .0 0126 O. 1021 

260 0 .13969 1091.98 1.876 211.91 0.0036022 0.08"~6 0.418 0.1537 3 1 .0 0616 0.1013 

3 00 0.13031 1116.69 1.661 211 .99 0.0033521 0.087"5 0.431 0.11011 1 .0 0630 0.1002 

320 0.12213 1 2 54.01 1.66~ 212.0" 0.0031354 0.06970 0.~~3 0.16680 1. 00 591 0.6990 

340 o .11~93 1324.62 1.878 212.05 0.0029451 0.091~3 0.45~ 0.20365 1 .0055 6 0.6917 

360 0.10854 1390.10 1.899 2 1 2 . 06 0.0027181 0.09278 0.4&5 O. ZZ 125 1 .00 525 0.6965 

380 0.10283 H52.81 1.925 Zl2.04 0.0026290 0.09389 0.415 0.23905 1.00491 0.6952 

.. 00 0.09169 1513.03 1.952 212 .02 0.0024953 0.09468 0.484 0.2512 5 1. 00~12 0.69"0 

~20 0.09305 1571.8~ 1.919 211.99 0.00231 .. 6 0.09562 0.494 0.27566 1 .00450 0.6929 

440 0.06683 1630.19 2.005 211 . 96 0.0022655 0 .0 9674 0.503 0.29467 1.00429 0.6919 

460 0.06"96 168 8 .8" 2.029 211.92 0.0021660 0.09110 0.513 0.31"26 1.00411 0.6910 

~80 0.08H6 17~1. 86 2.051 211.89 0.00 20 1 50 0.09870 0.522 0.33"11 1. 00J9~ 0.6902 

500 0.01821 1807.14 2.010 211.85 0.001991~ 0.09911 0.531 0.35"36 1.00318 0.6895 

520 0.07522 1868.51 2.087 211.61 0.00191~3 0 . 10090 0.5~0 0.37502 1.00363 0.6669 

540 0.01Z"~ 1930. 21 2.101 211.79 0.0018421 0.10201 0.549 0.39614 1.00350 0 . 6662 

560 0.069er 1993.10 2.112 211.15 0.0011166 0.10333 0.551 O. ~1165 1.00336 0.6817 

580 0.067H 2056.62 2 .122 211.11 0.0011152 0 . 10463 0.566 0.43956 1.00326 0.6873 

600 0.06523 2121.04 2 .130 211 . 6 1 0.0016579 0.10591 0.515 0.46194 1.00315 0. 687 0 

650 0.0602~ 2285.05 2.14~ 211.58 0 .0 01S303 0.10948 0.591 0.51910 1.00291 0.6862 

100 0.05596 2452.51 2.152 211.49 0 .00 1~210 0.11315 0.618 0.56019 1.00210 0.66 57 

800 0.0~900 2195.29 2.156 211.34 0.0012~36 0.12061 0. 6 61 0.70923 1.00237 0.6850 

1000 0.03'1Z~ 3~91. 64 2.152 211.11 0.000995" 0.13633 o .745 0.99951 1.00190 0. 6641 

2000 0.01967 1219.50 2.019 210.56 0.000~987 0.21121 1.13 5 3.68306 1.00095 0.5350 

3000 0.01313 11760.25 1.822 210.39 0.0003321 0.39362 1.~62 7. 66 422 1.00063 0 . 5303 

~o 00 0.00984 17558.98 1.578 210. 12 0.0002~99 0.556~5 1.600 12.66863 1.00041 0.5108 

5000 0.00180 31102.55 1.059 2 08.15 0.0002016 1.09329 2 . 10& 22.32515 1.00038 O ... 352 

TWO-PHASE BOUMDRV 

40 5 



C-Zb THERMOOYNAMIC PROP,RTIES OF PARAHYDROGEN 

Z2 0 PSIA ISOBAR 

TEM'ERATURE VOLU~E ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTRO PY CV CP VELOCITY 
DERIVATIVE DERIVATIVE ENERGY OF SOUNO 

JEG. R CU FTf LB CU FT-PSIAILB PSIA/R BTU/LB BTU/LB BTU/LB-R BTU / LB -R FT/SEC 

25.7~2 0.20573 29~6.68 75.5721 -132.638 -12~.257 1.195~3 1. 13~ 1.525 ~285 
2& 0.20;0& 2935.74 75.&72& -132.242 -123.8~8 1.2112& 1.141 1.540 4284 
28 0.20832 2717.93 75.&H3 -129. HO -120.&53 1. 3295& 1.193 1. &67 ~195 
30 0.21083 2516.73 74.5391 -125.796 -117 . 207 1.44841 1.240 1.785 4097 
32 0.21357 2344.26 73.2049 -122.220 -113.520 1.56739 1.284 1.902 4011 
34 0.21655 2180.40 71.8&91 -118.413 -109.5'H 1 . 68647 1.324 2.023 3qz9 
3& 0.21979 2019.29 70.4444 -114.3&& -105.412 1.80588 1.359 2.150 3847 
38 0.22331 B 5& . 85 &8.8544 -110.079 -100.982 1 . 92563 1.389 2.285 3762 
40 0.22721 1685.72 &7.0684 -105.519 -9&.263 2.04&&4 1.415 2.436 36&6 

42 0.23154 1523.30 &5.0592 -100.671 -91.238 2.16919 1.437 2.595 3570 
44 0.23641 U58.04 &2.7656 -95.500 -85.8&9 2.29407 1.455 2.776 3465 
46 0.24194 1191.45 &0 .1210 -89.909 -80.113 2.42197 1.470 2.982 3347 
48 0.24831 1027.33 57.1006 -84.027 -73.912 2.55391 1.482 3.221 3216 
50 0.25577 8&2.99 53.&533 -77.&07 -&7.187 2.69113 1.494 3.515 30&& 
52 0.261t74 ;99.&9 49.7830 -70.588 -59.803 2.83591 1.508 3.899 2895 
54 0.27008 538.75 45.4278 -&2.725 -51.478 2 . 99295 1.523 4.443 2&98 
5& 0.29120 383. &0 40.4&14 -53.&71 -41.808 3.1&871 1.544 5.298 2469 
58 0.31381 233.38 34.5180 -42.550 -29.766 3.37985 1.577 &.977 2187 
&0 0.35933 89.34 26.3172 -26.208 -11.570 3.68778 1.654 12.775 1788 

62 0.62310 27.85 12,3805 17.845 43.229 4.58392 2.019 26. 552 1303 
64 0.84592 75.31 8.508& 39.149 73.651 5.06812 1.782 9.954 1396 
66 0.984'4 11'.20 7.0507 49 .~12 89.912 5.31854 1.702 6.903 1458 
68 1.09380 144.10 & .1802 57.640 102.200 5.50207 1.64& 5.639 1512 
70 1.19015 171.H 5.5450 640163 112.648 5.65355 1.615 4.899 1554 
75 1.39866 231.07 4.5649 77.664 134.642 5.95738 1.576 4.026 1654 
80 1.58209 281.83 3.9465 89.174 153.625 &.20254 1.560 3. &0 9 1738 
85 1.75139 327.57 3.5052 99.663 171.011 6.41341 1.553 3.364 1813 
90 1.91147 369.91 3.1683 109.540 187.409 6.60092 1.553 3.205 1881 
95 2.06502 409.77 2.8999 119.023 203.148 6.77113 1.557 3.096 1943 

100 2.21361 447.68 2.6782 128.214 218 .452 6.92816 1.565 3.019 2000 
105 2.35847 484.13 2.4936 137.327 233.407 7.07409 1.577 2.9&6 2054 
110 2.50034 519.40 2.3360 146.286 248.145 7.21122 1.594 2.932 2104 
115 2.63981 553.70 2.1994 155.208 262.748 7.34105 1.615 2.912 2150 
120 2.77728 587.20 2.079& 164.144 277.285 7.46479 1.642 2.904 2194 
125 2 .91308 &20.02 1.9735 173.138 291.811 7.58338 1.673 2.907 2234 
130 3.01t748 652.26 1.8788 182.226 306.374 7.69761 1.709 2.919 2272 
140 3.31n9 715.33 1.7163 200.815 335.772 7.91545 1 . 793 2 .9&5 2341 
150 3.57444 776.87 1.5815 220.132 365.747 8 .12223 1.891 3.033 2403 
1&0 3.83325 837.24 1.4677 240.336 396.495 8.32064 1.998 3.118 24&0 

170 4.08980 896. &6 1.3701 2&1.533 428 .144 8.51248 2 .111 3.213 2515 
180 4.34455 355.33 1.2853 283.780 460.7&9 8.&9893 2.224 3.312 2567 
190 4.59755 1013.23 1.2101 307.148 494.443 8.880&,+ 2.339 3.414 2617 
200 4.84942 1070.67 1.1441 331.505 529.061 9.05806 2.445 3.509 2&&8 
220 5.35014 1184.29 1.0323 383.040 600.994 9.40076 2.629 3. &78 2771 
240 5.84774 1296.59 0.9409 437.701 &75.926 9.72648 2.769 3.807 2874 
260 6.34301 1407.89 0.8648 494.572 752.974 10.03497 2.863 3.892 2978 
280 6.83&48 1518.43 0.8003 552.832 531.337 10.32522 2.913 3.935 3083 
300 7.32852 1628.36 0.7450 611.644 910.194 10.59737 2.930 3.947 3188 
320 7.81943 1737.81 0.6969 670.475 989.024 10.85185 2.921 3.933 3293 

340 8.30941 1846.8& 0.6547 728.904 1067.412 11.08911 2.895 3.904 3397 
360 8.79862 H 55. 58 0.6175 786.664 1145.103 11.31122 2.859 3.865 3500 
380 9.28721 2064.04 0.5842 843.615 1221.957 11.51900 2.817 3.821 3&01 
.. 00 9.77525 2172.26 0.5544 899.698 1297.923 11.71391 2.775 3.776 3701 
420 10.2&284 2280.29 0.5276 95".924 1373.012 11.89708 2.734 3.734 3798 
.... 0 10.75004 2388.15 0.5032 1009.350 1447.285 12.06988 2. &9& 3. &94 3894 
460 11.23&90 2495.87 0.4810 1063.035 1520.804 12.23330 2. &62 3.659 3987 
.. 80 11.72348 2;03.4& 0.4607 111&.068 1593.660 12 .38811 2.631 3.627 .. 077 
500 12.20979 2710.95 0.4421 1168.529 1&&5.932 12.53578 2. &06 3.600 4166 
520 12.69589 2818.33 0.4249 1220.500 1737.705 12.6766& 2.583 J.577 4252 

540 13.18164 2925.84 0."089 1272.1&7 1809.161 12.81152 2.564 3.557 4336 
5&0 13.&6723 3033.02 0.3942 1323.284 1880.060 12.93995 2.549 J.541 4H8 
580 14.152&8 3140.13 0.3805 1374.180 1950.733 13 . 0&381 2.53& 3.528 4498 
600 14.&3799 3247.19 0.3677 1424.876 2021.199 13.18332 2.52& 3.517 4577 
&50 15.85079 3; 14.63 0.3392 1550.727 2196.457 13.4&41& 2.507 3.497 4766 
700 17.06304 3781.83 0.3149 1&75.894 2371.009 13.72312 2 . 4% 3.485 49~& 

800 19.48.37 4315.72 0.2754 1925.027 2718.863 14 . 18793 2.488 3.476 5285 
1000 24.33020 5382.31 0.2202 2422.643 3"13.80~ 14.96279 2.489 3.476 5901 
2000 48.53314 10708.33 0.1100 49&9.68& &94&.831 17.40400 2. &44 3.&30 8253 
3000 72.73170 1&032.07 O. 0733 7756.105 10719.052 18.92000 2.927 3.913 9965 

4000 97.00727 21355.44 0.0550 10882.726 14834.613 20.296&5 3.375 ".382 11333 
5000 122.3077& 26678.69 0.0440 14973.&92 1995&.270 22.26701 5.041 &.231 12354 

TWO-PHASE BOUHORY 
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THERMODYN AMIC PROPEPTIES OF PA RAHYDROG EN C-Zb 

220 PSIA ISOB.R 

TEMPERATURE DEN S ITY V I OH/ OV' p V IDP/DU'V -V IDP/DV' T IDV/DT\!VCON6~~~~~iTY VISCOSITY THERMAL DI EL EC TRI C PRA NDTL 
OIFFUSI VIT Y CONS TANT NUMBER 

OEG. R LB/CU FT BTU/L B PSIA-CU FT/BTU PSIA 1/0EG. R BTU/FT-HR-R L B~F~~?EC SQ FT /HR 

25.7~2 ~.8GOG3 289 . 05 13 . 710 1~322.G9 0.00527G~ 0.0~552 1.775 0.00G14 1 . 25~5 ~ 2 . 1~13 

26 ~.8 5307 289 . 95 13 . 6G2 14247.3~ 0 . 0053113 0.0~629 1.740 0.00619 1. 25~1 2 2. 08~1 

28 ~.80026 287 . ~2 13.2 1 ~ 130~G . 77 0.0058002 0.05122 1 . 520 O. OOG~O 1 .25 11 ~ 1.7807 

30 ~.7~31 8 ? 85 . 92 12 . G 71 11937.32 0 . 0062~~2 0.05~~9 1.3~G O . OOG~~ 1.2~7'l 3 1.5875 

32 ~. G R228 285 . 21 12.17~ 10976.~9 0.0 0666Q2 0.05G71 1 . 20G 0 . 00637 1. 2~~51 1.~56 8 

3~ ~.G1789 283 . ~8 11 . 75~ 10068.85 0.0071378 0.05809 1.092 0 . 00622 1. 2 ~08 9 1.3698 

36 ~.5~979 2 8 0.~~ 11. 39~ 9187 . 3G 0.00 76G 75 0.05'll3 0 . 997 0 . 00M5 1. 2370 8 1. 3 03~ 

38 ~.~7799 2 7 5 . 9~ 11.0 G9 831~.Q4 0.0082808 0.06053 0.917 0.005'lZ 1.23307 1. 2~55 

~O ~.~011~ ?69 .~ ~ 10 . 767 7 ~ 19.09 0 . 0090~00 0.06131 0 . 8~G 0. 00572 1. 228 79 1.2105 

~2 ~.3188 7 262 . 45 10 . 484 G578.92 0.0098890 0.OG162 0_784 0 . 00550 1.2 2~21 1_1891 

4~ ~.2 299G Z 5~ .06 10.198 57~~.47 0.0109263 0 . 06152 o .728 0. 00524 1. 21928 1.1830 

~6 ~.13J32 2 ~~. 27 9 . 898 4924.63 0.0122062 0 . 06102 0 . 677 0 . 00 ~95 1. 21393 1.1911 

~8 ~.02727 233 .~ 0 9.568 ~137. 32 0.0136014 0.06013 0 . 629 0 . 00~64 1. 2 08 09 1.2133 

50 3.90951 2 21.04 9.182 337~.!~ 0.0159013 0.05869 o . 56 ~ 0 . 0 0 ~2 9 1.20163 1. 25~6 

52 3.77723 2 0 6 . 97 8 . 739 26~2.88 0.0188367 0.05725 0 . 5~0 0. 00 389 1.19~37 1.3236 

5 .. 3.62211 190.85 8. 233 1951 . ~1 0.0232795 0.05513 0 . ~96 O. 00 3~ 3 1.18591 1. ~382 

56 3.~3~0 8 17 2. 47 7 . 630 1317.30 0 . 0307198 0.05219 0 . 450 0.00 257 1.1757 2 1.6ft t,7 

58 3.166&3 150. 32 6 . 666 743.68 0.0464149 0.0~977 0.400 0 . 0022~ 1.162 39 2. 0162 

60 2 .78300 12 0. 69 5 . 717 2~8'63 o .1058~73 0.05000 o . 33~ 0.001~ 1 1.14087 3. 0706 

62 1.60488 9 5 .85 3.821 4~.69 0.2770098 0 . 05006 0 . 210 0 . 00117 1.07964 ~. 0077 

6~ 1.1807~ 1 O~ . 03 ~ . 0~3 88.92 0.0956828 o • 0 30 79 0 . 177 0 . 00262 1.0581 6 2.0639 

66 1.01591 11 2.58 ~. 077 115.00 0.0613120 0.02710 0 . 169 0 . 00386 1.0~990 1.5482 

68 0.91~24 120. 21 ~ . 106 IJ1.7~ O. 0~69 122 0.02565 0 . 166 0 . 0 0~9 7 1. 0~~1I3 1.3129 

70 0.8~OZ3 127 . 59 ~ . 087 1~~ . ~1 0.0383972 0 . 02~91 0.165 0 . 00605 1. 0~11 5 1.1666 

75 0.71497 lIt5 . 69 4.052 165.21 0.0276311 0.02443 0.167 0.008~9 1 .0 3~9~ 0.9922 

80 0.63208 16 2 .9 0 ~.003 178.14 0.0221537 0.02~67 0.172 0. 01082 1.0308~ 0.9051 

85 0.570n 17 9 . 52 3 . 952 187. O~ 0.0167~05 0.02520 0.177 0. 0 1 31 2 1.02783 0.8525 

90 0.52316 195.7 6 3 . 900 193.52 0.0163716 0.02590 0.183 0. 0 15~4 1. 025~8 0.8170 

95 0.~6~26 2 11. 68 3 . 8~6 198.43 O. 01~G1~0 0 . 02666 0 . 190 0. 0177 9 1.0 2 357 0.7917 

100 0.~5175 227. 97 3.788 202.2~ O. 0132~27 0 . 02753 0 . 196 0. 02 01 9 1.02197 0.7727 

105 0.42400 2 4 ~ .16 3.729 205.28 0.0121~76 0.028~3 0 . 202 J . 02260 1.02061 0.7588 

110 0.39995 2 60.70 3.665 207 . 73 0.0112~52 0.029~5 0.208 0 . 0251 2 1.01944 O. 7~63 

115 0.37882 2 77.70 3.594 209.75 0.0104858 0.0305~ 0 . 214 0 . 02 768 1.01840 0.7363 

120 0.36006 2 9 5 .29 3.517 211.~3 0.0098360 0 . 0316~ 0 . 221 0 . 03 025 1.0174 9 0.7292 

125 0.34328 3 13. 5 ~ 3 . ~36 212. 8~ 0.009272~ 0.03276 0 . 227 0 . 0 3 283 1.01667 0.72~5 

130 0.32814 332 .55 3. 350 21~ . 03 0.0087779 0.03389 0 . 233 0 . 0 3 538 1.0159 3 0.7219 

140 0.30186 37 3 . 00 3 . 171 215.93 0.0019~62 0.03605 0.2~5 0 . 0~ 0 26 1. 01~6 5 0.7247 

150 0.27976 41 6.85 2.990 217. 3~ 0.0072768 0.03865 0 . 256 0 . 0~5 7 6 1.01357 0.7206 

160 0.26068 46 4. 00 2 . 816 216. ~1 0.0067199 0.0419~ 0 . 268 0 . 05156 1.012 6 5 0.7170 

170 0.24451 5 14 .1 2 2.655 219.2~ 0 . 0062~92 0.0~504 0.279 0 .05733 1.01165 0.7168 

180 0.23017 566 . 6 8 2 . 510 219.69 0.0058~51 0.0522~ 0.308 0.06852 1.01115 0.7036 

190 0.21751 6 21 . 69 2 . J79 220 . 38 0.005~910 0.0570~ 0 . 327 0 . 07 682 1.0105~ 0.7037 

200 0.20621 677. 22 2 . 270 220.78 0 . 0051821 0 . 061~5 0.3~2 0 . 0 8~92 1 .00 9 9 9 0.7036 

2Z0 0.18691 766.77 2.101 221.36 0.00~6633 0.06916 0 . 368 0.1 00 62 1.00905 0.7035 

240 0.17101 897 . 0 ~ 1 . 987 221.72 0.00~2~36 0.07551 0.381 0 .11 599 1.00826 O. 7032 

260 0.15765 9 9 8 . 63 1.916 221 . 96 0.0038962 0.08056 o .40~ 0. 13130 1.007&3 0.7025 

280 0.14627 1092. 14 1 . 878 222.11 0.0036033 0.084~7 0 . 418 0 . 1 ~ 6 7 ~ 1.0070 8 0.7017 

300 0.13645 11 77 . 13 1. 863 222.19 0.0033528 0. 0 87~6 o . ~31 0 . 162~0 1.006&0 0.7005 

320 0.12789 125 ~ . 32 1 . 866 222.2~ 0 . 0031357 0.08971 o . 4~3 0 . 17 6 3 ~ 1.00&19 0.6993 

340 0.12035 1 32 5 .19 1 . 879 222.26 0.0029458 0 . 091~~ 0.~5~ 0.19~63 1.00582 0.6980 

360 0.11365 13 9 1. 1 2 1.9 01 222 . 26 0.0027781 0 . 09279 0.~65 0. 21 126 1.00550 0.6967 

380 0.10768 1453 . 3~ 1.926 222.25 0.0026288 0.09390 0.~75 0. 22826 1 .005 21 0.6954 

400 0.10230 1513. 54 1 . 953 222.22 0.0024950 0.09~90 0. ~85 0. 24 56 5 1.00~95 0.6942 

420 0.09n~ H72.39 1 . 981 222.19 0.002J7~~ 0.09583 0 . ~94 0. 26342 1.00~71 0.6930 

~~O 0.09302 1630 .77 2.007 222.15 0.0022651 0.09675 0 . 503 0 . 28158 1 .00~5 0 0.6920 

HO 0.08899 l o 6 9 . ~~ 2.031 222 . 11 0.0021656 0.09772 0.513 0. 3 0 012 1 .00~3 0 0.6911 

480 0.08530 17 48.49 2. 053 222.07 0.0020746 0.09672 0 . 522 0 . 31906 1.00412 0.6903 

500 0.08190 180 6 . 39 2 . 072 222.03 0.0019910 0.09979 0 . 531 0 . 33840 1 . 00396 0.6696 

520 0.07877 1569 .1 8 2.088 221.99 0.0019U9 0.10092 o .5~ 0 0.35614 1.00 3 81 0.6869 

5~0 0.07586 19 3 0. 91 2.102 221.96 0.0018422 0.10209 0.5~9 0. 37 631 1. 0 03&7 0.6883 

560 0.07317 1 993 . 81 2 . 113 221.92 o • 0 0 177 62 0.10335 0 . 558 0 . 39865 1.00354 0.6878 

580 0.07066 20 5 7. 35 2.123 221.88 0.00171~8 0.10465 0 . 566 0.~1980 1.00 3 ~1 0.6874 

600 0.06832 2121. 78 2 .131 221.83 0.0016575 0.10599 0 . 575 0.~~ 11 5 1. 00330 0.6870 

650 0.06309 2 2 85. 8 2 2.1 45 221.73 0.0015299 0.10950 0.597 O. ~9632 1.00 3 05 0.6663 

700 0.058&1 245 3 . 35 2 . 153 221.64 0.0014206 0.11318 0.619 0 . 55 40 8 1.00283 0.6857 

800 0.05132 279 6 .11 2 . 151 2Z1.~7 0.0012~JJ 0.12083 0 . 661 0 . 67732 1.0024 8 0.6650 

1000 0.04110 3492 . 49 2 . 152 221.22 0.0009952 0 . 13636 0.746 0.95 45J 1.00198 0.6841 

2000 0.02060 7280.~5 2 . 019 220.64 0.0004986 0.27727 1.136 3 . 7 070 3 1.00099 0.5352 

30 00 0.01375 11760. 7 8 1.823 220.~3 0.0003327 0.39360 1.482 7. 31631 1.000&6 0.5305 

4000 0.01031 175 3 7.21 1.581 220 .1~ 0.0002~98 0.55527 1 . 800 12. 29363 1.0005 0 O. 511~ 

5000 0.00818 3 0 8 8 9 . 25 1.068 218.13 0.0002017 1.082~2 2.106 21.2 4709 1 .00039 O. ~365 

TWO-PHASE BOUHORY 
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C-2b THERHOOYNAHIC PROPERTIES OF PARAHYOROGEN 

230 PSIA ISJBAR 

TEHPERATU RE VOlUHE ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OERIVATIVE OERIVATIVE ENERGY OF SOUN~ 

JEG. R CU FTllB CU ~T-PSIAllB PSIAIR BTUllB BTUllB BTUllB-R BTU I lB -R FT I SEC 

25.762 0.2056~ 2957.07 75.6033 -132. 62~ -123.666 1.19562 1.135 1.525 ~291 
26 0.20591 2951.9~ 75.6890 -132.269 -123. 519 1.20921 1. 1 ~1 1.537 ~292 
28 0.20816 2736.5~ 75.7~18 -129.196 -120.330 1.32733 1.193 1.66~ ~205 

30 0.21066 2532.75 7~.68U -125.861 -116.889 1.~~601 1. 2 ~O 1.783 ~107 

32 0.21338 2359.61 73.3510 -1 22 . 295 -113.20 8 1.56~79 1. 28~ 1.899 ~021 
3~ 0.2163~ 2195.57 72.0180 -118.500 -109. 287 1.68363 1.323 2.020 3940 
36 0.21955 2035.06 70.5980 -11~.~68 -105.117 1.80277 1.358 2. 1~5 3859 
38 0.22305 1872.83 69.01H -110.197 -100. 696 1.92223 1.389 2.279 377~ 

40 0.22&90 1708.67 67.2452 -105.660 -95.997 2.04278 1.415 2.424 3683 

~2 0.23119 1539.73 65.2444 -100.833 -90.986 2.16499 1.436 2.586 3583 
~~ 0.23&00 1375.46 62.9739 -95. 692 -85.640 2.28932 1.455 2.763 3~79 

~6 0.24145 1209.42 60.3623 -90.199 -79.915 2."1654 1 ... 69 2.965 3363 
"8 0.24771 1046.43 57.38~1 -84.305 -73.755 2.54760 1."82 3.198 3235 
50 0.25502 883.61 53.9973 -77.948 -67.087 2.68368 1. ~9~ 3.481 3088 
52 0.26377 721.29 50.1992 -71.017 -59.783 2.82688 1.507 3.848 2921 
5~ 0.27'+71 560 .86 45.9443 -63.297 -51.597 2.98131 1.522 ~. 362 2729 
56 0.28906 ~06. 79 ~1.1367 -5~.479 -42.167 3.15270 1.542 5.1~6 25 08 
58 0.30987 261.95 35.~890 -~3. 867 -30.670 3 .35~31 1.571 6. '>29 22 .. 6 
60 0.3'+732 120. 3~ 28 .159~ -29.338 -1~.5~5 3.62730 1.630 to.~61 1892 

62 0.~9189 25.44 16.26"8 2.067 23.017 ~.2~107 2.010 30.898 13~6 

6~ 0.7538~ 61.&9 9.7887 32.965 65.071 ~.91090 1.821 12.282 1388 
66 0.90156 100.96 7.8389 ~5.7~2 6~.t39 5.20~63 1.725 7.771 1~52 

68 1.0150~ 133.96 6 .7854 5~. ~96 97.726 5.~0757 1.661 6.120 1512 
70 1.11100 162.34 6 .0328 61.533 106.850 5.56887 1.623 5.210 1554 
75 1.31759 223.65 4.8940 75.720 131.836 5.86644 1 .580 ... 162 1652 
80 1.49712 275 .75 ... 2051 87 . 586 151.348 6.138"6 1.563 3.692 1737 
85 1.66183 322.45 3.7206 98.303 169.080 6.35353 1.556 3.422 1813 
90 1.81701 365.5" 3 .35 .. 3 108.343 185.729 6.54391 1.555 3.249 1881 
95 1.96551 .. 06.01 3.0642 117.950 201 .660 6.71620 1.559 3.131 19~3 

1 DO 2.10895 .... 4 ... 3 2.8257 127.302 217.122 6.87485 1.567 3. 0 .. 7 2001 
105 2.2~860 ~81.31 2.6279 136."36 232.203 7.02202 1.579 2.989 2055 
110 2.38525 516.9" 2 ... 594 145."60 247.0"8 7.1601" 1.595 2.951 2105 
115 2.51946 551.57 2.3138 154.439 261.7~3 7.29078 1.617 2.929 2152 
120 2.65166 585.35 2 .1 864 163.425 276.358 7."1519 1. 6~3 2.919 2195 
125 2.78220 :; 18.43 2.0736 172.461 290.954 7.53435 1.674 2.920 2235 
130 2.91131 650. qt 1.9733 181.586 305.578 7.64907 1.710 2.931 2273 
140 3.16607 714.37 1.8012 20 0.239 335.081 7.86769 1.794 2.974 2342 
150 3.41715 776.26 1.6589 219 .607 365.142 8.07506 1.891 3.041 2405 
160 3.66539 836.91 1.5388 23<;1.853 395.962 8.27393 1.998 3 . 125 2~62 

170 3.91139 896.59 1.4359 261.087 427.672 8.46615 2 .111 3.218 2517 
180 4.15558 955.48 1.3466 283.365 ~60.J50 8.65290 2 .225 3.317 2569 
190 4.39802 1013.56 1.2676 306.764 49~.075 8.83489 2.339 3.418 2619 
200 ~.6393" 1071.18 1.1982 331.1~6 528.734 9.01252 2. ~~5 3.513 2670 
220 5.11896 1185.08 1.0807 382.722 600 .73 7 9.35555 2.629 1.681 2772 
2~0 5.59548 1297.61 0.98~8 ~37.~16 675.727 9.68152 2.769 3.809 28 76 
260 6.06967 1409.11 0 .9050 ~94.315 752.821 9 .99019 2.8 63 3.894 2980 
280 6.5420& 1519.82 0.8374 552 .599 831.224 to.28060 2 .913 3.937 3085 
300 7.0130. 1&29.89 0.7794 611.431 910 .11 5 10.55286 2.930 3.948 3190 
320 7.48289 1739.46 0.7290 670.279 988.97~ 10.80743 2.921 3.935 3295 

340 7. 95181 1848.62 0 . 6848 728.722 1067.388 11.04477 2.895 3.905 3399 
360 8.41997 1957.43 0 . 6458 786.496 1145.101 11.26695 2 . 859 3.866 3502 
380 8.88 750 2065 .97 0 .6110 843.459 1221.975 11.47478 2 .817 J.821 3603 
400 9.35.49 2174.27 0 .5798 899.553 1297.958 11.6697~ 2.775 3.777 3703 
420 9.82 103 2282.36 0.5517 954.789 1373.064 11.85294 2.734 3.734 38 00 
440 10.28718 2390.28 0.5262 1009.223 14"7.351 12.02577 2.690 3.695 3896 
.. 60 10.75299 2"98.05 0.5030 1062.916 1520.883 12.18922 2.662 3.659 3989 
480 11.21852 2:;05.c9 0.4818 1115.956 1593.750 12.3"~07 2.632 3.628 4079 
500 11.68379 2713.22 0 .4 622 1168.424 1666.03~ 12 .~9176 2 .606 3.601 4168 
520 12.1~88~ 2820. 6~ 0.~~~3 1220.400 1737.817 12.63266 2.583 3.578 ~25~ 

540 12.61359 2928.21 0 .4276 1272 .078 1809.288 12.76754 2.56 .. 3.558 .. 338 
560 13.07814 3035 ... 2 0.4122 1323.200 1880.195 12.89598 2.549 3.542 4~20 

580 13.54255 31~2.56 0.3978 1374.101 1950.875 U .0 1985 2.536 3 . 528 4500 
600 14.00682 3249.64 0.3845 H2~.801 2021.348 13 .13937 2 .526 3.517 4579 
650 15.16701 3517.13 0.3547 1550.661 2196.621 13 .420 24 2 . 507 3.497 4768 
700 16.32666 3784.38 0.3292 1675.836 Z371.18~ 13.67n2 2.496 3.486 4948 
800 18.6"477 4318.34 0 . 2879 1924.981 2719.057 1" .144 06 2.488 3. ~7 7 5287 

1000 23.27820 5385.00 0.2302 2~22.612 3~1~ . 02S 1~.9 1894 2.489 3.476 5903 
2000 "6.~2912 10711.1~ 0.1150 4969.677 69"7.082 17.36018 2. 6~4 3.630 8254 
3000 69.57561 1&034.91 0 .0767 7756.073 10719 . 282 18.87617 2 . 926 3.913 9966 

4000 92.79.10 21358.29 O. 0575 10881.037 14~33.116 20 .2 5235 3.370 4.376 11335 
5000 116. 971 ~ 7 2&581 .54 0.0460 14953 .742 19935.530 22.21857 5 .0 04 6.189 12359 

TW O- PHASE BOUNORY 
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THERMODYNAMIC PROPFRTIES OF PARA~YOROGEN C-Zb 

230 PSIA ISOBAR 

TEHPERATURE OENSITY V( OH/OV lp ~ ( OP/OUly -v <OP/OVlr (OV/OT~V THERHAL VISCOSITY THER~AL OIELECTRIC PRANOTL 
CONOUC TIVI TY OIFF US IVTTY CONSTANT NUHBER 

OEG. R LB/CU FT B TU/LB PSIA-CU FT IBTU PSIA 1/0EG. 'l BTU/FT-HR-R LB/F T-SEC SQ FT/HR 
X 10 

25.782 ~ .8 629& Z 9 0.07 13.700 14380.10 0.0052575 O. 0 ~5 & 7 1.778 0.0061f> 1.25~68 201 374 

26 4 . 85651 291.1~ 13.600 1~33&.10 0.00527% 0.04632 1.748 0.00621 1.25431 2.0882 

28 4.80H2 288.7& 13.219 lJ1~6.13 0.0057615 0.05127 1.527 0.00641 1.25135 1.7833 

30 ~.7 4710 286 . 99 12 .6 89 12023.22 0.0062117 0.05456 1.352 0.006~5 1.2~815 1.5903 

32 4 .6 8H9 286.28 12.192 11 058.31 0.00&&331 0.05679 1.212 0.0063A 1.24474 1.4587 

34 4.6 2244 284.60 11.772 10148.90 0.0070961 0.05818 1.097 0.00623 1.24115 1 .3710 

36 4.55472 281 . 67 11.411 9269.12 0.007&1&5 0.05933 1.002 0.00&07 1.23736 1.3038 

38 4.48334 277.25 11.087 839&.53 G.0082198 0.0&005 o .nl 0.00594 1.23337 1.2453 

40 4.40717 271.4& 10.784 7530.41 0.0089298 0.0 &1 44 0.850 0.00575 1.22912 1.207& 

42 4 . 32538 2 63. 94 10.501 6659.91 0.0097966 0.06177 0.788 0.00552 1.22457 1.1874 

4~ ~.23728 255.72 10.217 5828.20 0.0108050 0.06169 0.732 0.00527 1.219&8 1 .1802 

~6 ~.1~165 246 . 07 9.919 5008.99 0.0120508 0.06121 0.681 ~. 00498 1.21439 1.1871 

48 4.03695 235.42 9.593 4224.37 0.0135841 0.06036 0.633 0.00467 1.20862 1.2074 

50 3.92127 223 .37 9.216 3464.88 0.0155842 o. a 5914 0.588 0.00433 1.20226 1 _ 2455 

52 3.79121 209.61 8.764 2734.55 0.0183574 0.05756 0.544 0.00395 1.19513 1.3097 

54 3.64025 193.84 8.293 2041.67 0.0225033 0.05551 0.50 1 O. 00350 1.18690 1 .41 61 

56 3.45926 176.05 7.714 1407.19 0.0292331 0.05268 0.456 0.0029~ 1.17708 1. 60 30 

58 3. 22717 155.52 7.001 845.34 0.0419818 0.05003 0.407 0.00237 1.16457 1.9137 

60 2.87917 126.72 6.001 346.48 0.0812732 0.04921 0.348 0.00163 1.14597 2.6656 

62 2.0329 7 98.24 3.981 51.71 0.3145092 0.05874 0.248 0.00094 1.10162 4.6994 

6~ 1.32653 102.68 4.051 81.84 0.1196150 0.03429 0.189 0.00210 1.06551 2.4380 

66 1.10919 111.01 4.0 97 111.99 0.0699988 0.02869 0.175 0.00333 1.05457 1.7096 

68 0.98518 119.03 4.146 131.98 0.051413& 0.02666 0.170 0.00442 1.04837 1.4062 

70 0.90009 126.19 4.129 146.12 0.0412863 0.02567 o .16A 0.00547 1.04413 1.2304 

75 0.75896 144.35 4.082 169.74 0.0288325 0.02490 0.169 0.0078A 1.03712 1.0190 

80 0.667~5 161.71 4.029 184.18 0.0228308 0.02502 0.173 0.01015 1.03261 0.9210 

85 0.60175 178.47 3.974 194.03 0.0191752 0.02549 0.179 0.0123A 1.02935 0.8632 

90 0.550 35 194.85 3.919 201.18 0.0166732 0.02614 0.184 0.01462 1.02682 0.8248 

95 0. 50877 211.05 3.863 206.57 0.014~339 0.02690 0.190 0.0168Q 1.02477 0.7977 

100 0.47417 227.22 3 . 803 210.73 0.013"086 0.02773 0.197 0.01919 1.02307 0.7774 

105 0."4472 243.48 3.743 214.05 0.0122770 0.02861 0.203 0.02152 1.021&3 0.7626 

110 0 .4 1924 260.0& 3.677 216.73 0.0113431 0.02962 o .209 0.0239 .. 1.02038 0.7495 

115 0.39691 277.11 3.60& 218.92 0 . 0105692 o • 0 30 69 0.215 0.02640 1.01929 0. 7389 

120 0.37712 29 4.74 3 . 528 220.75 0.0099045 o .03179 0.221 0.02887 1.01832 0.7314 

125 0.359 43 313.03 3.446 222.28 0.009329" 0.03290 0.227 0.03134 1.017"6 0.7264 

130 0.34349 332.06 3.359 223.58 0.00~8258 o .03402 0.233 0.03380 1.01&68 0.7236 

140 0.31585 3 7Z. 57 3.179 225.63 0.0079830 0.03616 0.245 0.03849 1.01533 0.72&1 

150 0.292&4 410.45 2.997 227.1f> 0.007302& 0.03896 0.257 0.04378 1.01420 0.7219 

160 O. Z725Z 4&3.63 2.822 228.33 0.0067395 0.042 0" 0.268 0.04932 1.01323 0.7178 

170 0.2556& 513.79 2.6&1 229.23 0.00&2643 0.0"513 0.279 0.05485 1.01239 0.7174 

180 0.24064 5&0.38 2.515 229.93 O. 0058569 0.05227 0.308 0.06548 1.01166 0.7045 

190 0.2 2 737 621 . 46 2.383 230.46 0.0055001 0.05706 o .327 0.07342 1.01102 0.70"5 

2 00 0. 21555 :. 77.03 2 . 273 230.89 0.0051893 0.061<.7 0.342 0.08117 1.01044 0.7043 

220 0.1953 5 788.6& 2.104 231.51 0.00"&679 0.06918 0.368 0.0962J 1.00946 0.7040 

240 0.178 7 2 897.03 1.990 231.90 0.0042466 0.07551 o .387 0011092 1.00865 O. 7036 

260 0.16475 998.91 1.919 232.16 0.0038981 0.08056 0.404 0.12558 1.00797 0.7030 

280 0.15286 1092.30 1.880 232. J1 0.00360"5 0.08447 0.418 0.14036 1.00740 0.7020 

300 0.1"259 1177.37 1.865 232.41 0.0033534 0.08746 0.431 0.15535 1.00690 O. 7008 

320 0.133&4 1254. 63 1.868 232.46 0.0031361 0.08971 0.443 0.17062 1.00646 0.69Q5 

340 0.1257 6 132 5 . 56 1.881 232.48 O. 0029459 0.0914" 0.45" 0.18621 1.00608 0.6982 

360 0.11877 1391.55 1.902 232.48 0.0027780 0.09280 0.465 0.20211 1 . 00574 0.6969 

3eo 0.11252 1453.81 1.928 232.46 0.0026286 0.09391 0.475 0.21841 1.00544 0.&955 

400 0.10690 1514.0 5 1.955 Zl2 . 43 0.00249"7 0.09491 0.485 0.23505 1.00517 0.6943 

420 0.10182 1572.94 1.982 232.40 0.0023741 0.09584 0.494 0.25207 1.00492 0.6932 

440 0.09721 1631.34 2.008 232.36 0.0022648 0.09677 0.504 0.26944 1.00470 0.6921 

460 0.09300 1690.05 2. 032 232.31 0.0021652 0.09773 0.513 0.28719 1 . 00450 O. &9 12 

480 0.08914 1749.12 2.054 232.27 0.0020741 0.0987" 0.522 0.30537 1.00431 0.690" 

500 0.08559 1809 .05 2.073 232.22 0.0019905 0.09980 0.531 0 . 32383 1.00414 0.6896 

520 0.08231 1809.85 2.089 232.17 0.0019135 0.10093 0.540 0.34272 1.00398 0.6890 

540 0.07928 1931.62 2.103 232.15 0.0018418 0.10211 0.549 0.36203 1.00383 0.6883 

560 0.0764& 1994.53 2.114 232.10 0.0017758 0.10337 0.558 0.381&9 1.00370 0.6879 

580 0.07384 2058.08 2.124 232.05 0.00171<.4 0.10467 0.5&6 0.40174 1.00357 O. &874 

&00 0.011 39 2122.52 2.132 232.00 0.0016571 0.10601 0.575 0.42217 1.00345 0.6870 

&50 0.065H 2280.58 2.146 231.89 0.0015295 0.10952 0.597 0.47497 1.00319 0.6863 

7 00 0.0612 5 2454.13 2.153 231.79 0.0014203 0.11320 0.&19 0.53025 1.00296 0.6857 

800 0.0536 3 2796.92 2.157 231. 61 0.0012430 0.12086 0.661 0.64819 1.00259 O. &850 

1000 0.04296 349 3 .34 2.153 231.33 0.0009950 0.13639 0.746 0.91346 1.00207 O. &842 

2000 0.02154 7281.41 2.020 230.70 0.0004985 0.27727 1.136 J. 54 631 1.00104 0.5354 

3000 0.OH37 117&1. 34 1.823 230.47 0.0003327 0.39357 1.483 6.99866 1.00069 0.5307 

40 00 0.0107 8 17510.95 1.583 230.17 0.00 02 .. 98 0.55417 1.801 11.75117 1.00052 0.5119 

50 00 0.0085 5 3069 0 .01 1.075 228.10 0.0002017 1.07227 2.107 20.26551 1.00041 0.4378 

TWO-PHASE BOU~ORY 
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C-lo THERHO DfNAHIC PROP ER T I ES Of PA RAHYQROGEN 

240 ?SIA ISOBAR 

TEH' ERA TURE ~OLUHE ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC lTY 
DERIVATIVE DERIVATIV E ENERG Y Of SOUNO 

~EG . R CU fT /LB CU FT-PSIA/LB PSIAIR BTU/LB BTU/L R BTU/LB - R BTU LB -R FT/SEC 

25.622 0.20554 2967 .43 75 . 63"9 -132 . 610 -123.47 6 1.19620 t .1 36 1.525 .. 297 
2& 0 . 20576 2368 . 06 75 . 7052 -132.33& -123 . 191 1.20716 1 .141 1 . 53 4 .. 3 a 1 
26 0 . 2060 1 2755 . 0& 75.6091 -129 . 25 1 -120.007 1.3 2512 1.192 1.&&0 .. 2 1 & 
30 0 . 21048 25 .. 6 . &6 7" . 6283 -125 . 925 -116 . 571 1 ..... 362 1 . 239 1.78 a 4116 
32 0 . 213H 2374.67 73 . "961 -1 22 . 370 -112.695 1.56220 1.263 1.696 .. 0 32 
34 0.21&12 2210.64 72 .1 658 -11 8 . 567 -108.982 1.&8081 1 . 323 2 .01& 3950 
3& 0.21932 2050 .70 70.7 504 -114.5&9 -10 ... 822 1.79968 1.3 58 2.14 a 3870 
38 0. 22Z7 8 1888.E8 &9.1791 -110.31" -100.413 1 . 9188& 1.388 2 . 273 3785 
40 0.22&60 172 5 . 26 67 .41 61 -1 05 . 79& -95.726 2.03905 1 . .. 1 .. 2."1& 3695 

.. 2 0 . 23065 155 5 .96 65.4275 -100. 992 -90.733 2 .1 6064 1 .436 2 . 57& 3596 .... 0 . 23560 1392.65 63.1796 -95. 661 -65 , " 1 0 2 . 26"63 1 ... 5 .. 2.751 3493 

.. 6 0.2"097 1 227 .1 2 60 . 6001 -90 . 424 -79.715 2 .4 1120 1 ... 69 2 . 949 3376 
48 0 . 2" 713 106 5 .16 57.6&23 - 6" . 577 -73 . 594 2.5 .. 1 .. 1 1 . " 62 3.17& 3252 
50 0 . 25"29 H3 . 7& 54 .3 335 -76. 261 - &&.960 2 .6 7&39 1. 494 3 ... 50 3109 
52 0 . 26263 7"2 . 27 50 . 6034 -71 . 433 -59.75 2 2 . 61609 1 . 507 3.601 2945 
5" 0.273"0 56& .31 4&."447 -&3. 644 -51. 694 2 .H012 1.521 ".270 2 76 2 
56 0.26709 43 3 .57 41.7661 -55.248 -42.489 3.13743 1.539 4 . 981 2550 
56 0.30;42 2 6b . 96 36 . 3725 -45.046 - 31 . 430 3.33136 1.565 6 . 2 14 2297 
6J 0.33665 150.29 29 . 6436 - 31 . 744 - 16 . 69" 3.56091 1.6 13 9 .063 1976 

62 0 .42"36 42 . 3 .. 19 . 6624 -6.876 9 . 961 4 .0 1726 1.633 21 . 137 150 .. 
6 .. 0.&&351 49.94 11 ... 051 25 . 590 55 . 076 4 . 73427 1. 861 15.451 138& 
&& 0 . 82366 69.54 6 .74 29 "1.253 77.65 8 5 .0 8527 1.747 6 . 625 1 .. 48 
66 0 .94101 123.71 7.4357 51 .0 96 92.917 5.31024 1. 67& 6 . 660 1509 
70 1.0H39 153.68 &. 565" 56 . 606 104.996 5 . .. 65 .. 1 1.63 .. 5 . 557 1557 
75 1.2"313 21 &. 33 5 . 2399 73.723 126 . 969 5 . 61662 1.58" ... 3 0 6 1651 
60 1 . "1922 2 &9 .75 " ... 732 65.970 1 .. 9 . 0 .. 2 &.07590 1.566 3 . 779 1737 
85 1.5n77 317 . "2 3 . 9"24 96 . 927 1&7.13 .. &.2953 .. 1.559 3 ... 82 1813 
90 1.730"9 3& 1. 25 3 . 5 .... & 107.135 16 ... 0 4 0 &.4 68&& 1.556 3. 293 1681 
95 1 . 871.35 40 2 . 32 3.2318 11&.870 200 .1&9 &.&&309 1.5&1 3. 1&& 19 .... 

100 2 . 01306 441.2" 2 . 975& 12&.325 215 . 79 0 &.82337 1.5&9 3 . 075 2001 
10 5 2 . 1479& .. 76 . 5 .. 2 .7& 40 135.5"0 230 .99 9 & . 97180 1.560 3.013 205& 
110 2 . 27981 51 4. 54 2 . 5845 144. &33 245.951 7.11092 1 . 597 2 . 971 21 0& 
115 2 . 40920 549 .49 2.429& 153.&&9 2&0 .73 6 7.24238 1 . & 16 2.94& 2153 
120 2 . 53658 ; 83 . 5& 2 . 2943 1&2.704 275 . 433 7.3&747 1. &44 2 .934 219& 
12 5 2.&6226 &16.69 2 .17"9 171. 7 8 3 290 .09 8 7 ... 87 20 1.& 75 2.933 2237 
130 2 .766 55 649 . 59 2 . 0&6& 1 60 . 9 4 & 30" .78 5 1 . 60240 1.711 2.94 2 22 15 
140 3 . 031&2 713.4& 1 . 66&6 199.&&3 334 . 393 1.82179 1.795 2 . 964 2344 
150 3 . 27302 775.66 1.73&7 219.062 3&" . 540 6.0291& 1.892 3.049 240& 
1 &0 3.51157 63& . 62 1 . &103 239 .371 395 .4 31 8.22910 1.999 3.131 2 4&4 

170 3 . 7"766 896 .5 .. 1.5021 2&0 . 64 1 "27 .20 3 8 ... 21&8 2 .111 3.22" 25 1 8 
1 80 3 .98239 955 . 65 1.4083 262 . 950 "59 . 9 3 3 8.&0874 2 . 225 3.322 2571 
190 ... 2 1 5 15 1013.92 1.3252 306 . 381 493 . 709 8.79100 2.3"0 3.423 2621 
200 4.44&19 1011.70 1.252" 330.761 528 .41 0 8.96885 2.445 3.511 267 2 
220 ".90107 1185 . 89 1.1292 382 . .. as 600.482 9.31221 2 .630 3.685 217 .. 
240 5.36"26 1298.65 1.0266 437.133 675 . 528 9.&3843 2 .77 0 3 . 612 2878 
260 5 . 6 1913 141 C.35 0.9 .. 52 494.059 7 5 2.67 0 9.9 .. 729 2 .8 63 3.896 2982 
280 6.27220 1521.21 0 . 6745 552.36& 631 .11 2 10 . 2316" 2.91" 3.939 3087 
300 6 . 72367 1; 31. .. 3 0 . 8138 611 . 216 9 10.037 10.51022 2 . 930 3.950 3192 
320 7 .17"4 0 1741.12 0.7611 670.083 968 .924 10.76"89 2.921 3.936 3291 

340 7 . 62"02 1850.38 0.7150 728 . 5"2 1067.36 .. 11.00230 2 .8 95 3.906 3 .. 01 
360 6.01268 1959.29 O. &7 .. 2 78&.329 11"5.099 11.22454 2 .859 3 . 6&7 350 .. 
360 6 . 52110 2067.91 0 . 6379 843 . 303 1221d9 .. 11 ." 3243 2 .817 3 . 822 36 0 5 
400 8 .96860 2176 . 28 0 .6053 899 . 408 1 297.99 .. 11.62743 2.775 3.778 3705 
420 9.4 1604 226" .44 o .5759 95" . 653 1373.116 11.81068 2 . 734 3.735 J802 
4"0 9.6&289 2392 .41 0.5493 1009 . 09& 1447.416 11.98354 2.& 9& 3 . &95 3898 
460 10 . 3 09"1 2;00.24 o • 5250 10&2.797 1 520 . 9&2 12.1"702 2.&&2 3 . 6& 0 3991 
460 10.75564 2607 . 92 0 . 5026 1115 . 644 1593 . 641 12.30168 2 . &32 3.628 4081 
500 11. 201&2 2 715."9 0 ... 62 .. 11&8.319 16&6 .13 6 12 ... .. 960 2 .606 3.601 .. 170 
520 11. 6" 73 8 2822 . 96 0,"637 1220 . 3 01 1737.928 12 . 59051 2.58 .. 3 . 516 4256 

5"0 12 . 09289 2930 . 58 O ... 462 1271 . 989 1809.415 12.72542 2.56" 3.558 "340 
560 12 . 53815 3037.62 0 . "301 1323.11& 1880.330 12 . 85388 2.5"9 3 . 542 .. 422 
580 12 . 9 8326 31 ..... 99 0 . 4152 1374.022 1951.017 12.97777 2 . 536 3.529 4502 
600 13.42624 3252 . 09 0 , "012 142" .7 26 Z021.497 13 .0 9730 2 . 526 3.518 4561 
&50 14.5"021 3519.6" 0.3701 1550.596 2196 .76 5 13 . 37819 2 . 501 3 ... 96 41&9 
7 00 1 5 . 65 1 6 .. 3766.93 0 . 3435 1675 .77 6 2371 .3& 0 13.&3719 2.4 96 3. "86 .. 950 
800 17.81331 4320 . 95 0 . 300" 1924.935 2119.251 14.10205 2 ... 86 3.477 5 269 

1000 22 . 31366 5367 . 70 0.2 .. 02 2"22 . 581 34 1 .. . 2 .. 2 1 ... 67696 2 . .. 89 3."76 5904 
2 000 .... . 50 0"3 10713.95 0 .1 200 .. 969. &66 63 .. 7.33 .. 17.31822 2 . 6"4 3.630 82 5 5 
3000 66 . 6 625 3 16037.75 O. 08 00 77 56 . 0"2 10719 . 5 1 " 16.83"21 2 . 926 3.912 9967 

.. 000 86.93212 2136 1.13 0.0600 10879 . .. 5 .. 14331.730 20. 20996 3.3 66 .. . 371 11337 
5 0 00 112.08131 26664 . 39 0 . 0"60 1"935.052 19916.116 22 .1 7226 ".96Q &.15 0 1 2 364 

TWO-PHASE BOUNORY 
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THERHODYNAMIC PROPERTIES OF PARAHYDROGEN C - Zb 

240 PSIA ISOBAR 

TEMPERATURE DENSITY ~ (DH/ DVlp V(DP/DUl y -V(DP/DVIT (DVIDT~VCONb~~~~~iTY VISCOSITY THER~AL DIELECTRIC PRANDTL 
DIFFUSIVITY CONSTANT NUH BER 

DEG. R LB/ CU fT BTU/LB PSIA-CU FT/BTU PSIA 11 DEG. ~ BTU/fT-HR-R lB/FT-SEC SQ FT/HR 
X 10 5 

25.822 4.865~9 ~91.10 13.690 14437.42 0.0052388 0.04583 1.781 a.00616 1.25481 2.1336 

2& 4.65993 292 .32 13.657 14424.54 0.0052484 0.04636 1.756 0.00622 1.25451 2.0924 

28 4.80756 290.09 13.225 13245.12 0.0057235 0.05132 1_533 a.00643 1.25155 1.7859 

30 4.75099 288.06 12.707 12108.74 0.0061797 0.05462 1.358 0.00646 1.?4837 1.5931 

32 4.690&7 287.35 12 .210 11139.72 0.00&5977 0.05687 1.217 0.00639 1.24498 1.4607 

34 4.62&95 285.71 11.789 10228.52 0.0070554 0 .0 5827 1.102 0.00625 1.24140 1.3722 

3& 4 . 559.2 282 . 89 11.428 9350.41 0.0075&66 0.05943 1.006 0.00609 1.23763 1.3043 

38 4.48864 278.54 11.104 8477.61 0.0081602 0.06077 0.925 0. 00596 1.23366 1.2451 

40 4.41297 272.89 10.801 7613 •• 2 0.0088547 0.06158 0.854 0.00577 1 . 22945 1.2066 

42 4.33181 265.41 10.518 6740.21 0.0097070 0.061n o .792 0.00555 1.22493 1.1858 

44 4.24450 257.35 10 . 235 5911.11 0.0106883 0.0&186 0 . 736 0.00530 1.22008 1.1776 

4& 4.14985 247.84 9.940 5092.37 0.0119002 0 .0& 140 0 .&84 0.0050 2 1.21485 1.1834 

48 4.04644 237.41 9.618 4310.18 0.0133782 0.06057 0.637 0.00471 1.20914 1.2019 

50 3.93248 225.64 9.249 3554.02 0.0152879 0.05940 0.592 0.0043R 1.20287 1.2372 

52 3.80480 212.16 8.827 2824.19 0 .017 9179 0.05785 0 . 548 0.00400 1.19588 1.2972 

54 3.&5767 197.19 8 .350 2 144.54 o • 0216572 0.05588 0 . 505 0 . 00358 1.18785 1.3903 

56 3.48323 180.02 7.795 1510.22 0.0276703 0.05316 0.461 0 . 00306 1.17838 1.5567 

58 3.26350 160.00 7 . 120 936.49 0.03883n 0.05036 0.415 0.00246 1.16652 1.6416 

60 2 .952 90 135.69 6.222 443.79 0.0667964 0.04900 0.360 0 . 00161 1.14990 2.3972 

62 2 .3 5652 106.06 4.603 99 . 76 0.1992943 0.05313 0.281 0.00107 1.11843 4.0314 

64 1.50713 101 . 96 4.066 75.27 0.151530. 0.03901 0 . 204 0.00168 1.07466 2 .9141 

6& 1.21409 109.73 4.123 108.71 0.0804210 0.03058 0.183 0.00285 1.05984 1.9032 

68 1.06269 117.74 4.174 131.47 0.0565599 0.02781 0.175 0.00393 1.05224 1.5116 

70 0.96210 125 . 30 4.176 148.05 0.0443455 0.02649 0.172 0.00496 1.04722 1.2994 

75 0. 8 04 42 143.07 4.113 174.02 0.0301104 0.02538 0.172 0.00733 1.03937 1.0481 

80 0.7 04&1 1.0.57 4.055 190 . 07 0.0235341 0.02538 0.175 0.00953 1.03443 0.9379 

85 0.63300 177.46 3.996 200.93 0.0196208 0.02578 0.180 0.01170 1.03089 0.8744 

90 0.57787 19 3 .95 3.938 208.76 0.01.9796 0.02639 0.185 0.01387 1.02817 0.8329 

95 0.533 52 210 . 25 3.880 214.65 0.0150562 0.02712 0.191 0.01606 1.02599 O. 8038 

100 0.49675 226 .50 3 . 818 219.19 0.0135756 0.02793 0.197 0.01826 1.02418 0.7822 

105 0.46556 242 . 82 3.757 222 . 79 0.0124067 0.02879 0.203 0.02053 1.02265 0.7664 

110 0.438.3 259.45 3 . 690 225 •• 9 0.0114511 0.02978 0.210 0.02285 1.02133 0.7526 

115 0.41508 276.54 3 •• 17 228.08 0.0106524 0.03085 0.216 0.02523 1.02018 0.7415 

120 0.39423 294.21 3 . 539 230.06 0.0099729 0.03193 0.222 0.02761 1.01916 0.7336 

125 0.37562 312.53 3.456 231.71 0.0093862 0.03304 0.226 0.02998 1.01625 0 . 7283 

130 0.35857 331 . 59 3.369 233.12 0.0088715 0.03415 0.234 0.03235 1.01743 0.7252 

140 0 .3 2986 372.14 3.187 235.34 0.0080174 0.03627 0.246 0.03686 1.01601 0.7275 

150 0.30553 416.07 3 .0 04 236.99 0.0073262 0.03901 0.257 0.04194 1.01482 0.7229 

160 0.28417 463.28 2.829 238.25 0.0067589 0.04214 0.269 0.04726 1.0ll81 0.7186 

170 0.26682 513.47 2.666 239.21 0.0062192 0.04523 0.280 0.05258 1.01294 0.7181 

180 0.25111 566.10 2.520 239.97 0.0058685 0.05230 0.308 0.06269 1.01217 0.7053 

190 0.23724 .21 . 25 2.387 240.S4 0.0055092 0.05708 0.327 0.01030 1.01150 0.7053 

200 0.22488 076.85 2.277 241.01 0.0051965 0.06148 0.342 0.07713 1.01090 0.7050 

220 0.20319 7 & 8 . 57 2.107 241.67 0.0046725 0.06919 0.368 0.09215 1.00957 0.7046 

240 0.186"2 897.03 1 . 992 242.09 0.0042495 0.07552 0.387 0.10627 1.00903 0.7041 

260 0.17185 998.99 1.921 242.36 0.0038999 0.0&057 0.404 0.12033 1.00832 O. 7034 

280 0.159"3 1092.47 1.882 242.53 0.003605. 0.08448 o .418 0.13"5 t 1 . 00772 0.7023 

300 0.14872 1177.62 1.867 2"2.63 0.0033541 0.08747 0.431 0.14890 1.00720 0.7011 

320 0.13938 1 254 . 95 1 . 869 242.68 0.0031364 0.08972 0.443 0.16354 1.00674 0.6998 

3 .. 0 0.13116 1325.94 1.8&3 242.70 0.0029 4 59 0.09145 0.454 0.17850 1.00634 0.6984 

360 0.123&7 1391. 98 1.904 2"2.70 0.0021179 0.09281 0.465 0.19377 1.00599 0.6970 

380 0.1 1736 1"54 . 29 1 . 929 242.6& 0.0026284 0.09392 0.475 0.20938 1.00568 0.6957 

.. 00 0.11150 1514.57 1.956 2"2.65 0.002"944 0.09492 0."85 0.22534 1.00539 0.6945 

420 0.10620 1573.49 1.983 242 .61 0.0023137 0.09586 0.494 0.2416. 1.00513 0.6<)33 

440 0.10139 1031 . 9 3 2.0 10 242.57 0.00226"4 0.09678 0.504 0.25832 1.00490 0.6922 

460 0.09700 1690.66 2 . 033 2"2.52 0.0021648 0.09775 0.513 0. 27534 1.00469 0.6913 

.. 80 0.09297 1749.7S 2.055 242.47 0.0020731 0.09875 0.522 0.29272 1.00449 0.6905 

500 0.08927 1809.70 2.074 242.42 0.0019901 0.09982 0.531 0.31048 1.00432 0.6897 

520 0.0 858& 1870 . 52 2.090 242.31 0.00 1 9 13 0 0.10095 0.540 0.32859 1.00"15 0.6891 

540 0.082& 9 B 32. 32 2.104 242.34 0.0018413 0.10213 0.549 0.34711 1.00"00 0.6884 

560 0.07976 1995.25 2.115 242.29 0.0011753 0.10339 0.558 0.36596 1.00385 0.6879 

580 0.07702 2056.81 2.125 2 42. 23 0.0017139 0.10469 0.567 0.385B 1.00312 0.6875 

&00 0.07447 2123.26 2.133 242.18 0.0016567 0.10603 0.575 0.40478 1.00360 0.6871 

650 0.06811 2287.35 2.147 2"2 .06 0.0015291 0.10954 0.597 0.45540 1.00332 0.6863 

700 0.06389 2454 . 92 2.154 241 . 95 0.0014199 0.11323 0.619 0.50840 1.00309 0.6858 

& 00 0.05595 2797.74 2.158 2"1.75 0.0012427 0.12089 0.662 0.62148 1 . 00270 0 . 6850 

1000 0.04"82 3494.20 2.154 2"1.45 0.00099"7 0.13643 o .146 0.87582 1.00216 0. 6842 

2000 0.022"7 728 2 . 36 2 .0 20 240.76 0.0004985 0.27727 1.136 3 . 39898 1.00108 0.5355 

3000 0.01500 11761.94 1.823 240 . 51 0.0003326 0.39355 1.483 6.70749 1.00072 0.5309 

4000 0.011 24 17498 . 05 1.585 240.20 0.0002498 0.55314 1 .801 11 . 25426 1.00054 0.5124 

5000 0.00H2 3050 3.36 1.083 238.08 0.0002016 1.06275 2.107 19.3685~ 1.000"3 0.4390 

TWO-PHASE BOUHDRY 
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C-Zb THERHODYNAMIC PROPERTIES OF PARAHYOROGEN 

250 PSIA ISOBAR 

TEHPERATURE VOLUME I SOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC lTY 
DEHVATIVE OERIVATIVE ENERGY OF SOUND 

DEG . R CU FT /LB CU FT-PSIA/LB PSIA/R BTU/LB BTU/LB BTU/LB-R BTU LB -R FTISEC 

25.8&2 0.20544 2977.78 75.&&&8 -132.59& -123.085 1.19&59 1.13& 1.525 4303 
2& 0. 2 05& 2 2984 . 10 75.7214 -132.382 -122.S&3 1.20516 1.140 1.531 4309 
28 0.20785 2773.48 75.8759 -129.305 -119.683 1.32292 1.192 1.657 4226 
30 0.21031 25&4.51 74.9711 -125.988 -11&.252 1.44124 1.239 1.778 4128 
32 0.21300 2390 .0 2 73 . &403 -122.443 -112.583 1.55963 1.283 1.893 4042 
34 0.21592 22 25.&0 72.312& -118.&72 -108.&77 1.&7802 1.322 2.012 396 1 
3& 0.21908 20&6 . 23 70.9017 -114. &&9 -104.527 1.79662 1.357 2.136 3681 
38 0. 22 252 1904.40 &9.3394 -110.429 -100.126 1.91551 1.388 2.267 3797 
40 0.22&31 1741.73 &7.5ft54 -105.930 -95.454 2.03537 1.414 2.409 3708 

42 0.23051 1>72.05 &5.&087 -101.149 -90.478 2.15673 1.43& 2.567 3609 
44 0.23520 1409.&3 63.3827 -9&.0&& -85.178 2.28000 1.454 2.739 3507 
4& 0.24050 1247.71 &0.8330 -90.&45 -79.511 2.40593 1.4&9 2.930 3396 
48 0.24&5& 108 3.59 57.9355 -84.843 -73.429 2.53532 1.481 3.155 3270 
50 0.25359 923.47 54. &&24 -78.&06 -66.86& 2.&&92& 1.494 3.420 3130 
52 0.26192 762. &8 50 . 9966 -71.836 -59.711 2.80954 1.50& 3.759 2969 
54 0.27215 &08.53 46.9315 -&4.369 -51.770 2.95935 1.520 4.200 2792 
56 0.2852& .56 .14 42.3975 -55.965 -42.759 3.12314 1.537 4.8&2 2586 
58 0. 30332 314.24 37.1999 -46.133 -32.091 3.31023 1.561 5.912 2348 
&0 0 . 33 183 178.21 30.9267 -33.730 -18.369 3.542&4 1. & 01 8.167 2052 

&2 0. 3933 7 &7.07 22.5315 -14.991 3.220 3.89604 1.725 15.172 1&53 
64 0.57H& 42.95 13.4394 17.010 43.803 4.54015 1.882 18.577 1401 
6& 0.750 27 7 9.03 9.7879 36.288 71.021 4.959&0 1.7&5 10.105 1448 
68 0.87201 114.02 8.15&7 47.463 87.831 5.21076 1. &92 7.279 1508 
70 0.9717& 145.01 7 .1 209 55.882 100.868 5.39981 1. &47 5.927 1555 
75 1.11449 209 .15 5.603& 71.&71 126.042 5.74776 1.588 4.4&4 1650 
80 1.34753 2&3.87 4.7512 84.326 14&.708 &.01471 1.569 3.870 1737 
85 1.50431 312.48 4.1705 95.533 165.173 6.23869 1.561 3.544 1813 
90 1. 65 094 357.05 3 . 7395 105.917 182.344 6.43504 1.560 3.339 1882 
95 1. 79056 398.71 3.4026 115.782 198.673 6.611&4 1.563 3.201 1945 

100 1.92494 438.12 3.1280 125.344 214.45& 6.77359 1.571 3.103 2002 
105 2.05544 475.83 2 .9 022 134.&42 229.795 &.92328 1.582 3.036 2057 
110 2 .182 87 512.20 2.7111 H3.803 244.e55 7.0&340 1.598 2.991 21 07 
115 2.30783 ;47.4& 2.5467 152.898 259.734 7.19569 1. & 19 2.963 2154 
1 20 2.4307& 581 .81 2.4033 161.982 274.510 7.3214& 1. &4& 2.949 2198 
125 2.55201 &15.39 2 . 2770 171.104 289.245 7.4417& 1. & 77 2.947 2238 
130 2.67183 &48 . 32 2.1&47 180.306 303.993 7.55745 1.712 2.954 227& 
140 2.90798 712.58 1 .973 0 199.086 333.706 7.777&2 1.795 2.993 234& 
150 3.1 4045 775.13 1.8150 218.558 363.939 7.98&18 1.893 3.057 2408 
1&0 3.37009 ~3&.35 1.&821 238.890 394.902 8.18598 1.999 3.138 24&6 

170 3.59749 896.53 1.5685 260.19& 42&.735 8.37894 2.112 3.230 252 0 
180 3.82309 955.84 1.4701 282.536 459.519 8.5&630 2.226 3.327 2573 
190 4.04& 94 1014. 29 1.3830 305.999 493.345 8.74884 2.340 3.427 26 23 
200 4.2&9.8 107 2.24 1.30 &8 330.430 528.087 8.92.89 2.446 3.521 2674 
220 4.7121. 118 • • 71 1.1 778 382.088 &00.229 9.27058 2.630 3.688 2776 
240 5 .151 55 1299.71 1 . 0728 436.849 675.331 9.59705 2.770 3.814 2880 
2&0 5 .58864 1411.&0 0.9855 493.803 752.519 9.90610 2.864 3.898 2984 
280 6.02H4 1522.&2 0.911& 552.133 831.001 10.19679 2.914 3.941 3089 
300 6.45184 1032.98 0.8483 611.005 909.959 10.46929 2.930 3.951 3194 
320 6.890&1 1742.79 0.7933 6&9.888 988.87& 10.72405 2.921 3.937 3299 

340 7.32246 1852.15 0.7452 728.3&1 1067.341 10.96154 2.895 3.907 34 0 3 
3&0 7.75356 1961.16 0.702& 78&.161 1145.099 11.18385 2.859 3.8&8 350& 
380 8.18403 20&9.85 o . &647 843.148 1222.013 11.39179 2.817 3.823 3607 
400 8.61397 2178.29 O. &307 899.263 1296.031 11.58&84 2.775 3.779 37 07 
4 20 9.04345 2286 . 52 0.6001 954.516 1373.168 11.77012 2.734 3.73 & 3804 
440 9.4725& 2394.55 0.5723 1008.9&9 1447.484 11.94302 2.&% J.696 3900 
4&0 9.90132 2502.43 0.5470 1062.678 1521.042 12.10652 2.662 3.&61 39'13 
480 10.32980 2& 10016 0.5239 1115.733 1593.933 12.26141 2. (,32 J.629 4083 
500 10.75803 2717 . 77 0.502& 11&8.214 1&&&.238 12.40915 2.60& 3. &02 4172 
520 11.18&04 2825.27 0.4831 1220.203 1738.040 12.55009 2.584 3.579 4258 

540 11. 61 3 84 2932 . 9& 0.4&49 1271.900 1809.543 12.&8502 2.5&5 3.558 4342 
560 12.04136 3040.22 0.4481 1323.032 1880.465 12.81350 2.549 J.543 4424 
580 12.46872 3147.42 0.4325 1373.943 1951.160 12.93739 2.53& 3.52'1 4504 
600 12. 89595 3254 . 55 0.4180 1424.651 2021.64& 13.05&94 2.52& J.518 4582 
&5 0 13.96356 3522.15 0.385& 1550.530 219&.948 13.33785 2.507 3.498 4771 
700 15.030 &2 3769.48 0.3579 1&75.720 2371.536 13.59&87 2.49& 3.46& 4952 
800 17.1&357 4323.57 0.3130 1924.888 2719.445 14.0&175 2.488 J.477 5290 

1000 21 .4 2&&7 5390 .40 0.2502 2422.549 3414.459 14.83&&9 2.489 3.47& 590& 
2 000 42.72.0" 1071&.76 0.1250 49&9. &59 .947.585 17.27798 2.&44 3. &30 825& 
3000 &4.02069 1&040.56 0 . 0833 7756.014 10719.747 18.79395 2.92& 3.912 9968 

4000 85.37918 21363.98 0.0& 25 10877.967 14830.444 20.1&930 3.3&1 4.3&& 11339 
5000 107.58377 2&&87.24 0.0500 14917.4'15 19697.895 22.12797 4.936 6.113 123 6 8 
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THERHODYNAM IC PROPERTrES OF PARAHYOROGEN C-2b 

250 P SIA ISlBAR 

TEMPERATURE OENSITY ~ ( OH/OV ' p ~(OP/OU'V -V (OP/OV' T (OV/OT\!VCONb~~~~~~TY VISCOSITY THERMAL OIELECTRIC PRA NOTL 
OIFFUSI~I TY CON S TAN T NUH BER 

OEG. R LB/CU FT BTU IL B PSI A-CU FT IBTU PSIA 1I0EG. R BTU /F T-HR-R LB/F T-SEC SQ F T/H R 
X 10 5 

25.862 4.86761 292 .12 13.680 14494.66 0.0052203 0 . 04598 1. 784 ~ . 00619 1.25494 2. 1298 

26 4.86333 293 .50 13.655 14512.68 0.0052176 0.04639 1.764 0 . 00623 1. 254 7 0 2.0%6 

28 4.81118 291 .41 13.230 13343.73 0.0056863 0.05137 1.540 0 . 006 44 1.25176 1.7886 

30 4.75"8& ~89.12 12.725 12193.90 0.00&1483 0.05469 1.3&4 0.00607 1.24858 1.5959 

32 4.69483 288 .41 12.227 11 220.74 0.0065629 0.05694 1.222 0.00641 1.24521 1.4626 

34 ... 631 .... 286 . 81 11.806 10307.72 0.001015 .. 0.05836 1.101 0. 00626 1.2"165 1.37J5 

36 4.56448 284.10 11.444 9431.26 0 .007 5177 0.05954 1.010 0.00&11 1.23790 1.3048 

38 4."9390 279.82 11.120 8558.17 0.0081021 o • 0 60 89 0.929 0.00598 1.2339 6 1.2"50 

"0 4.41873 274 . 30 10.818 769&.2 .. 0.008781& 0.0&171 0.858 0.00580 1.22977 1 .2057 

42 4.33817 266 .85 10_534 6819.84 0.0096203 0.06207 0.795 0.00557 1 . 22528 1.18"3 

.... ".25163 258.9& 10. 252 5993.22 0.0105757 0.06203 o .739 0 . 00533 1. 22 0"8 1.1751 

46 ".15793 2 "9. 89 9.960 5187. 88 0.0117260 0.06159 0 . 688 0.00506 1.2152 9 1.178" 

.. 8 4.05577 239.3" 9.6"2 "39".79 0 .01 31828 0.06079 0.6"0 0.00,,75 1.20966 1.1968 

50 3.9 .. 3 .... 227.8" 9.281 36"1.66 0.0150103 0.059 6 .. 0.596 0. 00 .... 2 1.203"8 1.2295 

52 3.81801 21 ... 61 8.868 2911.91 0 .0175131 0.0581" 0.553 0.00405 1.19660 1.2858 

5 .. 3.67 .... 2 200.11 8."06 2236.00 0 .0 209890 0.05623 0.510 0.0036" 1.18876 1.3712 

56 3.50562 183.38 7.869 1599.06 0.0265140 0.05361 0."67 0.00315 1.17959 1.52"2 

58 3.29689 16 ... 65 7.230 1036.03 0.0359061 0.05066 0."21 0.00260 1.16832 1.7703 

60 3.0136" 1"1.82 6."10 537.06 0.0575853 0 .0 .. 910 0.370 0.00200 1.15313 2.2158 

62 2.5"212 114.81 5.138 170.49 0.1321544 0.04978 o . 303 0 . 0012 9 1.12816 3 .3294 

6 .. 1.72754 102.57 ... 133 74.20 0.1811160 0.04420 0.2 23 0 . 00138 1.08592 3 . 3791 

66 1.33285 108.75 ... 160 105.33 0.0929224 0.03285 0.193 0.002 .. .. 1.06583 2 .1340 

68 1.14678 116 . 68 ".20" 130.75 0 .0623837 0.02910 0.181 0 .0 0349 1.056,,6 1.6327 

70 1.02906 12".20 ".203 149.23 0.0"77183 0.02739 0.176 0.004"9 1.05056 1.3739 

75 0.851"3 141. 87 ... 145 178.08 0 .0 31"675 0.02590 0 . 174 0.00681 1.04170 1.0796 

80 0.74210 159.49 ".082 195.82 0.0242636 0.02575 0.177 0 .00 897 1.0362 8 0.9556 

85 0.66476 17 6 .50 4.019 207 .72 0.0200770 0.02609 0 . 181 0.01107 1.032"6 0.88&0 

90 0.60512 193.10 3 .95 8 216.21 0.0172908 0.02665 0.186 0.01318 1.0295" 0.8"12 

95 0. 558 49 2 0 9.,,8 3 .897 222 . 67 0.0152807 o .0273" 0.192 0.01530 1.02722 0.8101 

100 0.51950 225 . 81 3.833 221.60 0.0137434 0.02813 0 . 198 0.01745 1.02530 0.1871 

105 0."8651 2"2.18 3 .771 231.50 O. 012~366 0.02891 o . 204 0.01 961 1.02368 0.1104 

110 0.45811 258.87 3.703 23".64 0.0115,.1 0.02995 0.210 0.0218 6 1.02229 0.7558 

115 O ... 3331 216.00 3.629 237.22 0.0107355 0.03101 0.216 0 .0 2"15 1.02107 0.74"2 

120 O ... 1139 293.10 3.550 239.35 0 .0 100"10 0.03208 0.222 0.02645 1.02000 0.7359 

125 0.39185 312.05 3."66 241.14 0.009 .... 21 0 .03318 0.228 0.02874 1.01904 0.7302 

130 0.37028 331.14 3.378 2"2.65 0 .00 89209 0.03"29 0.23 .. 0.03101 1.01818 0.1269 

140 0.34388 371.13 3.195 245.0 .. 0.0080516 o .0363'l o .2~6 0.0353& 1.01670 0.1288 

150 0.318~3 415.69 3.012 246.82 0.0073535 0.03'l17 0. 258 0.04025 1.0154 5 0.7240 

160 0.2'l673 '+62. 'lit 2.835 2"8.17 0.0067181 0.04225 0 . 26'l 0.04537 1.01"39 O. 7195 

170 0.27797 513. 16 2 . 672 24'l.21 0 .0 062'l40 0.0~533 0.280 0.0504'l 1.0134 8 0.7188 

180 0.26151 565.82 2 . 525 250.02 0.0056801 0.05233 0.30'l 0.0601 3 1.01268 0.7062 

190 0.24710 521.04 2.392 250.63 0.0055161 0.05710 o .327 0.06743 1.011'l8 0.7060 

200 0.23421 676.68 2.281 251.13 0.0052035 0.06150 0 . 3"2 0.07451 1.01135 0.7051 

220 0.21222 786.46 2.110 251.84 0.0046769 0.06'l20 0.368 0.08842 1.01028 0.1052 

240 0.19"12 897.03 1.'l95 252 . 2'l 0.0042523 0.07552 0.387 0.10199 1.00'l40 0.7046 

ZOO 0.178H 'l'l'l.09 1 . 923 252.58 0.0039017 0.08057 0."04 0.11551 1.0086 6 0.1038 

280 0.16600 10'lZ. 64 1.885 252.76 0.0036067 0.08448 0 .4 18 0.12'l14 1.00803 O. 7021 

300 0. 15465 1117.81 1.869 252.87 0.0033541 0.08741 0."31 0.1"296 1.0014 9 0.701" 

320 0.14513 1255.27 1.871 252.92 0. 0031 366 0.08<)73 0,"4 3 0.15703 1.0070Z 0.7001 

3 .. 0 0.13657 1 326.32 1.865 252.94 0.0029"60 0.09H6 0 ... 5 .. 0.171,,0 1.00661 0.6986 

360 0.12897 139 2.42 1.905 252.94 0.0027778 0.09282 0 .465 0.1660 7 1.00624 0.6972 

380 0.12219 1"5~.77 1.931 252.91 0.0026281 0.09393 0.415 0.20107 1.00591 0.6959 

400 0.11609 1515.09 1.958 252.86 0 .00 2"941 0 .0 9493 0.485 0.2 1 641 1.00561 0.6946 

.. 20 0.11058 1574.04 1.985 252.8 .. 0.002373" 0.09587 0.4<)4 0 . 23208 1.00535 0.6934 

.. 40 0.10551 1632.51 2.011 252.19 0 .0 022640 0.09680 0.504 0.24809 1.00510 0.6924 

460 0.10100 1:>91.27 2.035 252 . 74 0.002164" 0 . 09776 0.513 0.2644 4 1.00"88 0.6914 

.. 80 0.0'l681 1750.3'l 2 .0 56 252.66 0.0020733 0 . 0 'l8 77 0.522 0.28114 1.00468 0.6'l05 

500 0.09295 1810.35 2.075 2 52.63 0.001'l891 0.0998" 0.531 0.2981q 1.00 .... 9 0.6898 

520 0.089"0 1811.20 2.091 252.57 0.0019126 0 . 10091 0.540 0 . 3155<) 1.00"32 0.68ql 

540 0.08610 H33.03 2.105 252.54 0 .0018"09 0.10215 0.5"9 0.33338 1.00416 0.6885 

560 0.08305 1995.97 2.117 Z5 2.48 0.0017749 0.10341 0.558 0. 35149 1.00401 0 .6880 

560 0.08020 2059.54 2 . 126 252.43 0.0011135 0.10"71 0.567 0.36<)95 1.00388 0.6875 

600 0.0775" 2124.00 2.134 252.37 0 .0 016562 0.10605 0.515 0.38877 1.0037 5 0.6871 

650 0.071&1 2288.11 2 .1 48 252.24 0 .0 015287 0.10957 0.597 O. "3739 1.0034 6 0 . 6863 

700 0.0 6653 2455.10 2.155 252.12 0.0014195 0.11325 0. 6 19 0.48 83 0 1.0032 1 0.6856 

800 0.05826 2798.55 2.159 251.90 0.0012424 0 . 12092 0.662 0 . 5<)691 1.00 28 1 0.6850 

1000 0.0"661 3"9 5 .0 5 2.154 251.57 0.0009945 0.13646 o .746 0.8 4 118 1.00225 0.6842 

2000 0.0 23"0 1283.31 2 .020 250.83 0 . 000 .. 98 .. 0 . 27127 1.137 3 . 2634" 1.00113 0.5357 

30 00 0.015.2 11762.56 1.623 250 . 55 0.0003326 0 .3 9353 1."84 0 .43% 2 1.0007 5 0.5311 

4000 0.01171 1746 0 .35 1.588 250.22 0.0002"98 0 .55 218 1 . 802 t o . 797'5 1.00057 0.5130 

5000 0.00930 30328.03 1.0'l0 2"8.06 0.000Z016 1 .0 5381 2 .1 06 18 . 54597 1.00045 0 .4402 

TWO-PHASE BOUNORY 
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C-Zb THEPHODYNAHIC PROPERTIES OF PARAHYDROGEN 

2&0 PSIA ISOBAR 

TEMPERATURE VOLUME IS OTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VEL OC lTY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

JEG. R CU FT/LB CU FT-PSIA/LB PSI A/R BTU/LB BTU/LB BTU/LB-R BTU / LB -R FTISEC 

25.902 0.20534 2968.10 75.&990 -132.581 -122.&95 1.19&97 1. 137 1.525 4 30 9 
2& 0.20548 3000.07 75.7375 -132.427 -122.534 1.20315 1 . 140 1 . 529 4317 
28 0.207&9 2791.81 75.9425 -129.359 -119.3&0 1.32073 1.192 1. &54 4 236 
30 0.21014 2580.2& 75.1142 -12&.051 -115.934 1.43888 1.239 1.775 4139 
32 0.21281 2405.08 73.783& -122.516 -112.270 1.55708 1. 282 1.890 4 052 
34 0.21571 2240.4& 72.4584 -118.757 -108.372 1.&7524 1.322 2.0 0 8 3971 
3& 0.21885 2081.64 71.0518 -114.767 -104.230 1.79357 1.357 2.Ul 3892 
38 0.22227 1919.98 &9.4983 -110.543 -99.842 1.91220 1 . 387 2.2&2 38 08 
40 0.22&02 1758.03 &7.7531 -10&.0&3 -95.181 2.03171 1.U3 2.401 3 720 

42 0.2301& 1593.&7 &5.7971 -101.311 -90.230 2.15249 1.435 2.554 3&25 
44 0.23481 142&.39 &3.5833 -9&.249 -84.944 2.27542 1.454 2 . 727 3521 
4& 0.24004 12&5.59 &1.0617 -90.862 -79.305 2.40074 1.469 2.915 3 .. 11 
48 0.24.01 1101.&8 58.2040 -85.104 -73.260 2.52935 1.481 3 . 135 3287 
50 0.25290 942.7& 54.9843 -78.922 -&&.74& 2.6&227 1. 493 3.392 31 50 
52 0.26104 782.55 51.3795 -72.228 -59.660 2.80120 1.506 3.719 2 992 
54 0 . 2709& &29.95 47.4009 -&4.875 -51.829 2.94894 1. 519 4.131 282 0 
5& 0.28352 481. &3 42.984& -56.653 -43.003 3.10938 1 . 535 4.733 262 3 
58 0.30053 337. &0 37.9614 -41.125 -32.&5& 3.29085 1 . 551 5 .&91 2 39 2 
&0 0.32020 20&.17 32.054& -35 ... 31 -19.126 3.50961 1 . 591 1.483 2119 

&2 0.37543 92.48 24.545& -18.984 -0.909 3.81799 1 . &61 12.209 1772 
64 0.50798 43.92 15.8033 8.199 32.&55 4.35004 1.H6 19.236 1456 
6& 0.&81 .. 9 70.1& 10.9991 30.818 63.&28 4.82152 1.179 11.567 1 .. 5 4 
68 0.80162 104.10 8.9556 43.515 82.458 5.10890 1. 706 7.998 150 8 
70 0.90892 13&.31 7.1231 52.810 9&.570 5.31354 1 . 659 &.34 3 155 4 
75 1.11102 202.12 5.99"0 69.562 123.052 5.&79&9 1 . 592 4.639 1 652 
80 1.28137 25e.11 5.0391 82.65 .. 14 ... 3 .. 6 5.95477 1. 511 3.965 1 737 
85 1.43'+70 301.&4 4.4052 94.124 163.197 6.18345 1.563 3.601 1813 
90 1.57151 352.93 3.9389 104.688 180.&40 & .38290 1.562 3 . 385 18 8 2 
95 1.71327 395.18 3.57&9 114. &88 197.173 6.56112 1.565 3.231 1946 

100 1.84366 435.07 3.2830 124.358 213.121 6.12536 1.513 3. 132 2 00 3 
105 1.97010 .. 73.19 3.0"24 133.7"0 228.591 &.81632 1.5 8" 3 . 060 2 058 
110 2.093"5 509.91 2.8393 1"2.971 2"3.1&0 1.01741 1 . 600 3.011 2109 
115 2.21't31 5"5."8 2.6651 152.125 258.733 1.15058 1. &21 2 . 980 2 156 
120 2.33314 580.11 2.513" 161.259 273.588 7.27703 1. &4 7 2.9&" 219 9 
125 2 . "5027 &13.9" 2.3801 170 ... 25 288.39" 1.39191 1.618 2 . 960 22"0 
130 2.56598 &"7.09 2.261& 179.&65 303.20" 1.51"08 1. 713 2.9&6 22 1 8 
1 .. 0 2.19389 711.14 2.0598 198.510 333.022 7.13504 1.19& 3.0 0 3 2 348 
150 3.01813 77".61 1.8938 218.033 363.341 1.9 .... 19 1.893 3.065 241 0 
160 3.2395 .. 836.12 1.15"3 238."08 394.31& 8.1 .... 46 2 . 000 3 . 14" 246 8 

170 3."5871 896.53 1.6353 259.151 .. 2&.270 8.33178 2.112 3.235 2522 
180 3.67&07 95&.01 1.5322 282.121 459.10& 8.525 .... 2 . 22& 3.332 2575 
190 3. 8H 10 101 ... &9 1.4"11 305.617 492.983 8.70826 2 . 341 3 . 431 262 5 
200 4.10&21 1012.80 1.3613 330.072 527.7&5 8.88652 2 . 4"& 3.525 261 6 
220 ".53225 1187.55 1.226& 381.712 599.977 9.23054 2 . &31 3 . 691 2778 
2 .. 0 .. . 95523 1300.78 1.1170 43& .5&& &15.135 9.5572& 2.770 3. 811 2 88 1 
2&0 5.37590 1"12.85 1.0259 493.548 152.370 9.8&&49 2. 864 3 . 9 0 0 2 986 
280 5.19419 152 ... 0 .. 0.9488 551.901 830.891 10.15733 2 . 914 3.9"3 3 091 
300 &.21228 163".53 0.8828 &10.193 909.883 10 ... 299 .. 2.9 31 3 . 953 31 9 f> 
320 &.&28&5 17 ....... & 0.8255 &69.&93 988.829 10.&8 .. 80 2 .9 22 3 . 9 3 9 3 30 1 

3 .. 0 1.04411 1853.93 0.1754 128.181 10&1.319 10.92231 2.895 3.90 9 3405 
3&0 1.45881 1963.03 0.7310 185.995 1145.099 11.1447" 2.859 3.8&9 3508 
380 1.81289 2011.80 0.&915 8"2.993 1222.032 11 . 35213 2 . 818 3.82 " 3f>0 9 
400 8.28643 2180.32 0.&562 899.118 1298.068 11.54182 2.175 3.180 3 70 9 
.. 20 8.69953 2288.60 o. &2 43 954.383 1373.221 11.13114 2.134 3.131 3 80 & 
440 9.11225 239&.&9 0.5954 1008.843 1447.552 11.90401 2 . &9& 3. &91 39 0 2 
4&0 9.52463 2504.&2 0.5&90 1062.559 1521.122 12.0&1&1 2.662 3.6&1 399 5 
480 9 . 93&12 2&12.40 0.5450 1115.621 1594.025 12.22252 2. 632 3 . &30 4 08 5 
500 10.3485& 2120.05 0.5229 11&8.109 1&&&.340 12.37028 2. &0& 3.6 0 2 4174 
520 10.7&019 2827.59 0.5025 1220.104 1738.153 12.51124 2.584 3 . 579 426 0 

5 40 11.171&5 2935.34 0.483& 1211.812 1809.&71 12.64&20 Z. 5&5 3 . 559 4 344 
5 &0 11.58218 3042.63 0.4&&1 1322.949 1880.&01 12.714&9 Z.550 3.543 4 .. 2 6 
580 11.99316 3149.85 0.4499 1313.8&4 1951.303 12.898&0 2.531 3.529 450 6 
600 12.404&Z 3Z57.01 0.4348 1424.51& 2021.796 13.01815 2.52& 3. 518 45 8 4 
650 13.43121 3524.&& 0.4011 1550.465 2191.113 13.29909 2 . 501 3 . 498 4173 
100 14.45138 3792.03 0.3122 1&15.&&2 2311.112 13.55813 2.49& 3 . 486 4953 
800 1&.50842 432&.19 0.3255 1924.842 2719.640 14.02303 2.488 3 . 41 1 5292 

1000 20.&071Z 5393.09 0.2& 02 Z422.518 3414.&1& 14.19199 2 .4 89 3.41 & 5901 
Z 0 00 41.08813 10719.58 0.1300 49&9.&51 &947.831 17.Z3931 2. &44 3. &3 0 82 5 1 
3000 &1.5&399 1&043.42 0.08&1 1155.98& 10119.982 18.155Z8 2.92& 3. 912 9 96 9 

4000 82.099&2 213&6.82 0.0&50 10876.5&& 14829.249 20.13024 3 . 357 4 . 36 2 11 3" 1 
5000 103.43321 26&90.09 0.0520 14900.960 19880.151 22.08548 4 . 905 &. 018 l ZH Z 

TWJ-PHASE BOUNDRY 
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THERHOOYNAHIC PROP ERTIES OF PAR4H YOROGEN C-2b 

260 PSIA I S3BAR 

TEMPERATURE DENSIT Y V (OH/OV) V ( OP/OU) -V (QP/OV) 
( OVIOT \fV CONb~~~~~~TY VISCOSITY THERMAL DIELECTRIC PRA NOl L 

p V T OIFFUS IVTTY CONSTAN T NUHBER 

OEG. R LB / CU FT BTU/LB PSI A-CU FT /BTU PSIA 11 OEG . ~ BTU/FT-HR-~ LBI F T-SE C SQ FT/rlR 
X 10' 

25.902 4 .8 6 99 2 293.14 13.670 14551 . 80 0.0 0 5 2 0 20 0 . 04614 1.787 0.00621 1.25507 2.1261 

26 4 .86&72 294.67 13 . 653 14600.51 0.0 0 51873 0 . 04642 1.772 0.00624 1.25489 2.1 009 

28 4. 81479 292 . 73 13.235 13441.97 0.0056 4 97 0 . 0 5142 1.547 0.00646 1.25196 1. 791 4 

30 4.75871 290.18 12.743 12278.70 0 .00 6 11 74 0.05 4 75 1.370 0.00648 1 . 24880 1 . 5988 

32 4 . 698 96 289.47 12.244 11301. 36 0 . 0065287 0 . 05102 1.228 0.00642 1.24544 1.4646 

3 4 4 . 63 5 8 9 267.90 11.823 1 0 386. 52 0 . 00 6 9 7 62 0.05645 1.111 0.00628 1.24190 1 . 3H8 

36 4 . 56931 265. 29 11.461 9511.65 0 .00 1 4700 0 . 05964 1.015 0.00612 1.23817 1 . 3 0 53 

38 4. 4 99 12 261. 09 11.137 86 3 8 . 2 4 0.0 060454 0.06100 0.933 0.0060g 1.23425 1. 24 49 

40 4. 4 2 .... 3 275 . 70 1 0 . 634 7778 . 28 0. 006710 6 0.06164 0.862 0.00582 1.23006 1.2046 

4 2 4.34"74 2 68.82 10.552 6924 .06 0.0 095 0 27 0.06222 0.799 0.00561 1.22565 1 . 1812 

44 4 . 25868 260 . 54 1 0. 2 70 6074 . 5 4 0.0104672 0. 06219 0.743 0.00535 1.22087 1.1728 

4& 4.1&5 90 2 51 . 67 9.980 5272.32 0. 0115616 0. 06 176 0.&92 0.00509 1.21573 1.1 746 

.. 8 4 .06 .. 9 " 2 .. 1.24 9.666 4478.27 0.0 12997 0 0.06100 0.64" 0.00"79 1.21016 1 . 1 920 

50 3. 95H7 229.99 9.311 3 727 . 85 0.01474 96 0. 05989 0.599 0.00446 1.20"06 1 . 222" 

5 2 3 . 83 0 87 21 6 . 99 8.908 2 997.85 0 . 011 1 3 88 0 . 058"3 0.557 0.00410 1.19730 1.2 7 5 4 

5 .. 3 .690 58 2 0 2 . 91 8.458 2 32 4 .86 0.0 2 0 3 6 65 0.0 5658 0.514 0.00371 1 . 18964 1.3 5 42 

56 3 . 52715 187 . 03 7.9"0 1698 . 77 0.0 25 3 0 3 4 0.0 540 4 0 .472 0. 0032" 1.160 7 6 1. 4662 

58 3 . 327" 3 166.60 7.326 1123.36 0.0337 929 0. 05100 0."26 0.00269 1.16996 1. 7202 

60 3 . 0655 7 147.55 6.570 632.04 0.05071 61 0.04929 0 . 379 0.00215 1.15591 2 . 0715 

62 2 .6 63&2 122 .52 5.5 2 9 246. 3 4 0.0996432 0.04861 0.319 0.00149 1.13456 2 . 6865 

6 .. 1 . 9 6 859 105 . 24 4.346 86.46 0.1 827818 0.0 4741 0 . 245 0.00125 1.09829 3.5 7 47 

66 1 .4 6 73 7 106.26 4.214 102.95 0 .10 68 44 9 0. 0 3550 0 .204 0.00209 1 . 07264 2.3 9 22 

68 1.2 382 0 115 . 77 4.239 129.64 0.069 0825 0.0 3058 0.188 0.00309 1 . 06106 1 . 7728 

70 1.1 0021 123. ZZ 4 . 232 150.04 0 .051 4751 0. 02838 0.181 0.00407 1.05412 1 ... 5 82 

75 0 .90007 140 . 81 4.183 181.93 0 .0329 4 74 0 .0 26 45 0.177 0.00634 1.04412 1.1154 

80 0.76 0 H 158 . "7 4.110 201.43 0.025 01 91 0.0 26 14 0.178 0.006"5 1.0381& 0.9744 

85 0. 6 970 1 115 . 56 4.042 214 . 43 0 . 0 2 05" 35 0.0 26 40 0 .183 0.01050 1.03405 0.8 9 81 

90 0. 633 89 192 . 28 3.976 223.72 0.0 176 0 64 0 .026 91 0 . 188 0.01254 1.03093 0. 6497 

95 0.58 368 208.75 3 . 915 230.66 0.0 1 55072 0.0 275 7 0 .193 0.01459 1 . 02646 0. 8 165 

100 0. 542 4 0 225 . 14 3.848 235.98 0.013912 0 0 . 02833 0 .199 0.01668 1 . 02643 0. 7 920 

105 0.5 0 75 9 2 41.57 3.764 240.19 0.01 26668 0.0 2916 0 .205 0.01877 1.0247 1 0.774 3 

110 0 . 477 &8 256. 3 0 3.716 2" 3. 57 0.011 6570 0.0 3 0 12 0 .211 0.02094 1 . 02325 0 . 7 5 91 

115 0 .45161 275.48 3.641 246. 34 0.0 1 0 8 1 85 0. 0 3117 0. 217 0.02316 1. 02197 0.7 4 69 

120 0. 4 28& 1 293 . 21 3.561 248.64 0.010 1 0 69 0 .0 3223 0 . 223 0.02537 1.02084 0.7381 

125 0. 4 0612 311 . 59 3.476 25 0.56 0.00 9 49 90 0.03 332 0.229 0.02756 1. 01 96 4 0. 7 321 

130 0. 3 897 2 330.70 3.366 252. 1 6 0 . 0089680 0 . 0 3" 42 0 . 235 0.02976 1.01894 0 . 7285 

140 0. 357 9 2 371 . 34 3 . 204 2 54.75 0 .006 0 8 56 0 .036 51 0.247 0.03397 1.01738 0. 7302 

150 0. 331 33 415 . 3" 3.019 256 . 65 0 .0073 7 8 7 0.03928 0.256 0.03869 1.01606 0. 725 0 

160 0. 308 69 462.62 2.842 258.10 0.00 6 79 71 0 . 0 4235 0.269 0.04363 1.01496 0 . 72 03 

170 0. 28913 51 2 .86 2.678 259 . 21 0.0 063 0 87 0 . 04542 0.281 0.0485G 1.01402 O. 7 19 4 

teO 0.2720 3 565 . 56 2.531 2 60 . 08 0.00589 15 0 .05236 0.309 0.05777 1.01319 0.7 0 71 

190 0. 2 56 96 620.84 2.396 260. 73 0.0055 2 69 o . 0 5712 0.327 0.06479 1 . 01 246 0. 7068 

200 0. 2435 3 676.52 2.285 261. 26 0 .00 52 10 5 0.061 51 0.342 0.07165 1.01180 O. 7 06 4 

220 0 . 22064 788.41 2 . 113 262.02 0.004681 4 0 . 06921 0 . 368 0.08498 1. 01069 0.7057 

240 0. 2 0181 897.04 1.998 26 2.51 0.004255 1 0. 0 7552 0.388 0.09805 1.0 0977 0 .70 5 1 

260 0 .16602 999 . 18 1.926 262.61 0 .0039035 0 . 0 8 0 57 0 . 4 0 4 0.11106 1 . 00901 0. 704 2 

280 0 .1 72 57 1 0 92.82 1 . 667 263.00 0.0036078 0 . 0 8448 0. 418 0.12417 1.00635 0. 7 030 

300 0.16097 1176 . 13 1 . 671 263 . 11 0.00335 53 0.0 87 4 8 0.431 0.13748 1 . 0 0779 0.7017 

320 0.15086 1255 . 60 1.673 263 . 17 0.00313 69 0.0 8974 0.443 0.15102 1 .00 73 0 0.700 3 

340 0.1 4196 1326.71 1 . 886 263.19 0.002 9 4 6 0 0.0 9147 0.45 4 0.16485 1 . 0068 7 0 . 6989 

360 0. 134 07 1392 . 85 1.907 263.16 0.0027776 0.0 9283 0 .46 5 0.17 897 1 .0064 9 0.6974 

3ao 0.1 2 702 1~ 55. 25 1.932 263.16 0.0026279 0 . 0 9395 0.47 5 0.19340 1. 0061" 0.6961 

400 0. 1 2068 1 5 15 . 61 1.959 263.12 0.00249 38 0.0 9495 0. 4 8 5 0 . 20816 1.005 84 0.6948 

.. 20 0.11"95 1574 . 60 1 . 966 263.07 0.00237 30 0.0 9586 0 . 494 0.2232" 1.0055 6 0.6936 

440 0 .1097 4 1 6 33.10 2.012 263.02 0. 0 0 22 6 36 0.0 9681 0 . 504 0.23665 1.00531 0.6925 

460 0.1 0'99 1591.68 2 . 036 262.96 0.002 1 639 0 . 09778 0 .513 0 . 25438 1.0050 8 0.6915 

.. 80 0 . 1006" 1751.02 2.057 262.90 0.00 2 07 29 0 .09879 0.522 0.27044 1.00487 0. 69 06 

500 0 .096.3 1811 . 01 2.076 262.64 0 .00 198 92 0.0 9986 0.531 0.28685 1 .00467 0 . 6 8 99 

520 0.0 929 4 1571.87 2.093 262.78 0.0019122 0. 1 00 99 0.5" 0 0.30359 1. 0 0449 0. 6 8 92 

540 0. 0895 1 1933.73 2.106 262.75 0.00 1840 4 0 .1 0217 0.549 0.32071 1. 00433 0.6665 

560 0.0863 4 19 9 6.69 2.116 262.69 0 . 0017744 0. 1 0343 0 .558 0.33613 1.00417 0.6660 

560 0.0 8 33 6 2060 . 27 2 . 127 26 2.62 0 . 0017130 0. 1 04 73 0.567 0.35589 1.00403 0.6876 

600 0. 0 8062 2124. 7" 2.135 262.56 0.0016556 0.1060 7 0 . 576 0.37400 1.00390 0.687 2 

650 0.07 .... 5 226 6 .86 2.149 262.42 0 . 00152 83 0 . 10959 0 .597 0.42077 1. 00360 0.6664 

700 0.069 17 2456 . 49 2.156 262 . 29 0.001419 2 0. 1132 7 0. 619 0.46975 1 .0 0 334 0.6858 

8 00 0 . 0 6 05 8 2 7 99.37 2.159 262.06 0 . 001 2 4 2 1 0. 12 094 0 .662 0.57423 1 . 00293 0.6850 

1000 0.0 485 3 3495.91 2.155 261.70 0.000994 3 0.1 3649 o . 7 .. 6 0.80921 1 .00234 0 . 6642 

2000 0.0 2"3 4 7284 . 26 2.020 260 . 89 0.000 4983 0. 2772 7 1.137 3.13633 1 .00118 0.5358 

3 000 0 .01 624 11 7 63 . 20 1.824 260.60 0.000 33 26 0 .3935 1 1.484 6.19237 1.000 76 0 . 5313 

~O 00 0.0 1218 17~63.75 1.590 260.25 0 .000 2498 0 . 55127 1.803 10.37636 1.00 059 0. 513 4 

5 000 0.0 09 67 30162.93 1.096 258.04 0.000 2 01 5 1.0"538 2.109 17.78675 1.00047 0.441 " 

TWO-PHA SE BOU NO RY 
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C-2b THERMOOVNAHIC PROPERTIES OF PARAHYOROGEN 

270 PSIA ISOBAR 

TEMPERATURE VOLUKE ISOTHERH I SOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC ITY 
OE<IVATIVE OERIVATIVE ENERGY OF SOUNO 

OEG. R CU FT/LB CU FT-PSIA/LB PSIA/R BTUI LB BTU/LB BTU/LB-R BTU I LB -R FT ISEC 

25.942 0.20524 2998.39 75.7316 -132.566 -122.305 1.19735 1.138 1.525 4315 
26 0.20533 3015.97 75.7536 -132.472 -122.206 1.2011& 1.140 1.526 4325 
28 0.20754 2810.05 76.0087 -129.412 -119.036 1.3185& 1.1 91 1. &51 4241 
30 0.20991 2595.92 15.25&0 -126.113 -115.615 1.43&53 1.238 1.773 4149 
32 0.21263 2420.04 13.9260 -122.588 -111.958 1.55454 1.282 1.881 40&2 
34 0.21550 2255.22 72.6032 -118.841 -108.0&6 1.67248 1.321 2.005 3981 
36 0.21862 2096.94 71.2009 -114.864 -103.934 1.79056 1.356 2.127 3903 
38 0.22201 1935.44 69.65&0 -110.655 -99.555 1.90891 1.387 2.256 3820 
40 0.22573 1174.18 61.9194 -106.193 -94.908 2.02809 1.413 2.394 3732 

42 0.22983 1010.30 65.9170 -101.463 -89.973 2.14847 1.435 2.545 3&38 
44 0.23443 1442.95 63.7814 -9&.429 -84.708 2.27091 1.454 2.716 3534 
46 0.23959 1Z83.22 61.2811 -91.075 -79.096 2.39502 1.469 2.900 3426 
48 0.24546 1119.47 58.4679 -85.359 -73.087 2.52347 1.481 3.117 3303 
50 0.25224 H4.75 55.2921 -79.224 -66.013 2.65559 1.493 3.360 3171 
52 0.20019 807.07 51.7523 -72.609 -59.600 2.79308 1.505 3.668 3019 
54 0.26H2 650.64 47.8542 -65.362 -51.872 2.93888 1.518 4.080 2847 
56 0.28190 504.23 43.5421 -57.299 -43.205 3.09642 1.533 4.632 2656 
58 0.29797 3&4.04 38.6877 -48.054 -33.157 3.2726& 1.553 5.474 2438 
60 0.32lH 232.8& 33.0725 -36.929 -20.859 3.48099 1.584 6.975 2180 

62 0.36245 117.61 26.2130 -22.125 -4.003 3.75706 1.643 10.455 1862 
64 0.45801 52.80 18.1608 0.630 23.529 4.19350 1.794 17.322 1537 
66 0.61820 63.93 12.3910 24.897 55.805 4.69017 1.184 13.002 1469 
68 0.74761 96.61 9.8418 39.426 76.804 5.00460 1.720 8.776 1511 
70 0.85043 128.15 8.3753 49.585 92.103 5.22648 1.671 6.802 1555 
75 1.05445 196.59 6.3946 67.475 120.194 5.61485 1. 598 4.810 1656 
80 1.22013 252.48 5.3388 80.953 141.955 5.89595 1.574 4.064 1738 
85 1.37030 302.92 4.6466 92.698 161.208 6.12950 1.566 3.612 1814 
90 1.50970 348.91 4.1430 103.449 178.928 6.33214 1.564 3.433 1883 
95 1.64178 391.73 3.7545 113.587 195.610 6.51321 1.567 3.274 1947 

100 1.76846 432.09 3.4405 123.368 211.785 6.6785& 1.575 3.161 2005 
105 1.89115 470. &2 3.1846 132.83& 227.387 &.83082 1.585 3.084 2059 
110 2.01072 507.68 2.9692 142.137 242.6&7 6.97299 1.601 3.031 2110 
115 2.12778 543.56 2.7848 151.350 257.732 7.10693 1.622 2.998 2157 
120 2.24281 578.46 2.6247 1&0.536 272.669 7.23401 1.648 2.979 2201 
125 2.35613 612.53 2.4840 169.746 287.544 7.35552 1.679 2.973 2242 
130 2.46802 645.91 2.3593 179.024 302.417 7.47219 1.714 2.977 2280 
140 2.68530 710.93 2.1472 197.934 332.340 7.69392 1.797 3.012 2350 
150 2.90491 17 4 .13 1.9730 217.509 362.745 7.90367 1.894 3.072 2412 
160 3.11869 835.91 1.8269 237.927 393.852 8.10440 2.000 3.151 2470 

170 3.33023 896.57 1.7023 259.30& 425.807 8.29809 2.113 3.241 2524 
180 3.53998 956.31 1.5946 281.708 458.695 8.48605 2.226 3.337 2577 
190 3.74798 1015.11 1.4993 305.236 492.622 8.66!M4 2.341 3.436 2627 
200 3.95488 1073.39 1.4160 329.715 527.446 8.84762 2.447 3.529 2678 
220 4.36570 1188.41 1.2755 381.456 599.726 9.19197 2.&31 3.694 2780 
240 4.77346 1301.86 1.1612 436.284 674.941 9.51892 2.771 3.820 2883 
260 5.17893 14H.13 1.0663 493.293 752.222 9.82834 2.864 3.902 2988 
280 5.58262 1525.47 0.98&1 551.6&9 830.782 10.11933 2.914 3.944 3093 
300 5.98492 1636.10 0.9174 610.581 909.807 10.39206 2.931 3.954 3198 
320 6.38611 1746.15 0.8578 669.498 988.782 10.64701 2.922 3.940 3303 

340 6.78&38 1855.72 0.8056 728.001 1067.297 10.88465 2.896 3.910 3407 
360 7.18590 1964.90 0.7595 785.828 1145.099 11.10108 2.859 3.870 3510 
380 7.58480 2073.76 0.7184 842.838 1222.053 11.31513 2.818 3.825 3611 
400 7.98317 2182.34 0.6816 898.974 1298.106 11.51027 2.775 3.780 3711 
420 8.38109 2290.69 0.6485 954.248 1373.275 11.69363 2.734 3.737 3808 
440 8.77863 2398.84 0.6184 1008.717 1447.619 11.86659 2.696 3.697 3904 
460 9.17584 2506.81 0.5911 1062.4~1 1521.203 12.03015 2.662 3.662 3997 
480 9.57276 2614.6~ 0.5660 1115.510 1594.117 12.18509 2.632 3.630 4087 
500 9.96943 2722.33 0.5431 1168.005 1&66.443 12.33287 2.606 3.603 ~176 

520 10.36588 2829.91 0.5219 1220.005 1738.265 12.47385 2.584 3.580 4262 

540 10.76222 2937.72 0.5022 1271.723 1809.798 12.60884 2.565 3. ,,9 4346 
5&0 11.15818 3045.04 0.4841 1322.865 1880.737 12.73734 2.550 3.543 4428 
580 11.55399 3152.29 0.4672 1373.785 1951.~46 12.86126 2.537 3.530 4508 
600 11.949&7 3Z59.47 0.~515 1424.502 2021.946 12.98U83 2.526 3.518 4586 
650 12.93841 3527.17 0.4165 1550.399 2197.277 13.26179 2.507 3.498 4775 

700 13.92659 3794.59 0.3866 1675.605 2371.888 13.52084 2.496 3.486 4955 
800 15.90180 4328.81 0.3380 1924.797 2719.834 13.98578 2.488 3.477 5294 

1000 19.84944 5395.79 0.2702 2422.487 3414.893 1~. 76076 2.489 3.476 5909 
2000 39.57155 10722.39 0.1350 4969.642 694e.088 17.20210 2.644 J.630 8258 
3000 59.28908 16046.25 0.0900 7755.960 10720.218 18.71807 2.926 3.912 9970 

4000 79.06306 21369.66 0.0675 10875.244 14828.135 20.09267 3.353 4.357 11342 
5000 99.59119 26692.93 0.0540 14885.353 198&4.583 22.04466 4.876 6.046 12377 

TWO-PHASE BOU~ORY 
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THERMODYNAHIC PROPERTIES OF PARAHYOROGEN C-2b 

2 70 PSIA ISOBAR 

TEH PE RATURE DENSITY VIDH/OVlp V I OP/OUI
V 

-V (DP/DVI
T (OV/OT~VCON6~~~~~~TY VISCOSITY THERHAl OIElECTRIC PRA NOTl 

OIFFUSIVITY CONSTANT NUM BER 

OEG. R lB / CU FT BTU/lB PSIA-CU FT /BTU PSIA 1/0EG. R BTU/FT-HR-R lB/FT-SEC SQ FT/HR 
X 10 5 

25. 942 4.87ZZ3 294.15 13.661 14608.86 0.0051840 0.04629 1.790 0.00623 1.25520 2 .1225 

2£> 4.87009 295.83 13.£>51 14688.04 0.0051575 0.04646 1.781 0.00625 1.25508 2.1052 

28 4.818J7 ~ 94 .0 3 13.240 13539.85 0.0056137 0.05147 1.554 0.00647 1.25216 1.7942 

30 4.70253 291 . 23 12.700 12 363 .14 0.0060871 0.05481 1.37£> 0.00£>49 1.24902 1.6017 

32 4 . 7030& 290.51 12.2£>1 11381.£>1 0.00&4952 0.05710 1.233 0.00643 1. 245£> 7 1.46&7 

3 4 4. £>4031 288.98 11.840 10 4£>4.91 0.00£>9378 0 .0 5854 1.11& 0.00£>29 1.24215 1.37&1 

36 4.57410 28£>.48 11.477 9591.&1 0.0074232 0.05974 1.019 0.00£>14 1.23844 1. 3059 

38 4 .50429 282.35 11.153 8717 .81 0.0079901 0.0&112 0.937 0.00&01 1.23454 1.2449 

4 0 4.43008 ~ 77.07 10.850 7859. 77 0 .00 8&414 0.06197 0.866 0.00564 1. 230 40 1 .2040 

-
42 4.3509£> 270.31 10.5£>6 700&.34 0.0094166 0.0&237 0 . 803 0.005&3 1.22599 1.1797 
44 4.26563 262.10 10.267 6155.11 0 .010 3624 0.06236 0.747 0_00538 1.22126 1. 1706 

46 4 .17375 253.41 'l.'l'l9 5355.84 0 .01144 30 0.0619£> 0.695 0.00512 1.21617 1.1714 

48 4.07395 2 43.10 9.689 4560. £>4 0.0128201 0.06121 0.&46 0.00482 1.210&6 1.1874 

50 3.9£>443 232.42 9.340 3824. &7 0.01445&7 0.06012 0.£>03 0.00451 1.204£>3 1.2135 

52 3.84339 219.87 8.946 3101.89 0.0 166841 0.05870 0.561 0.00416 1.19799 1.2£>11 

54 3. 70&18 205.58 8.508 2411.38 0.0198451 0.05&91 0.519 0.00376 1.19049 1.3390 

56 3.54739 190.27 8.00& 1758.70 0.0243429 0.05446 0.477 0.00331 1.1818& 1.4607 

58 3 .3 5607 172.87 7.421 1221.75 0.0316659 0.05147 0.434 0.00280 1.17151 1.£>£>10 

&0 3.11127 152.80 £>.712 724.49 0.0456494 0.0 495£> 0.387 0.00228 1.15835 1.9£>15 

£>2 2.75897 129.42 5.781 324.47 0 .0807860 0.04830 0.332 0.00167 1.13960 2.5909 

£>4 2.18338 109.9& 4.£>37 115.29 0.1575289 0.04804 o .2£>5 0.00127 1.10941 3.44 53 

£>6 1.£>1759 108.51 4.294 103.41 0.1198237 0.03834 0.217 0.0016 2 1.08028 2 . £>452 

£>8 1. 337&0 115.23 4. 278 lZ9.22 0.07£>1&17 0.032 21 0.19& 0.00274 1.06607 1.9 2 44 

70 1 .17587 122.39 4.2£> 3 150.69 0.0555800 0.0294£> 0.187 0.003£>8 1.05792 1.5518 

75 0.94836 140.25 4.218 18£>.44 0.03429 &3 0.02701 0.179 0.00592 1.04653 1.1507 

eo 0. 81959 157.51 4.138 20£>.93 0.0257999 0.02655 0 . 180 0.00797 1.04012 0.9943 

85 0 . 7 2977 174.71 4.0£>£> 221.0£> 0.0210198 0.02£>71 0.184 0.00997 1.03567 0.9107 

90 0.66239 191.50 3. 998 231.11 0.0179262 0.02718 0.169 0.0119 5 1.03234 0.858£> 

95 0.60909 208.05 3.933 238.£>0 0.01573 54 0.02781 0.194 0.01394 1.02971 0.8 231 

100 0.5£>547 224.51 3.8£>3 244.33 0.0140813 0. 02854 0. 200 0.01597 1.0275£> 0.7971 

105 0.52878 ~ 40. 99 3.799 248.65 0.0127971 0.0 2935 0.206 0.01800 1.02576 0.7784 

110 0. 49734 257.76 3.729 252.49 0.0117596 0.03030 0.212 0.02010 1.02421 0.7623 

115 0. 4£>997 274.97 3.£>53 255.4£> 0.0109011 0.03133 0. 218 0.0222 4 1.02287 0.749£> 

120 0.44587 292.74 3.572 257. qz 0.0101764 0.0 323& 0.224 0.02438 1.02169 0.7404 

125 0.42442 311.15 3.487 25 9.97 0.0095549 0 .0334& 0.230 0.02£>52 1.02064 0.7341 

130 0.40518 330.29 3.397 2£>1 .71 0.0090148 0.0345£> 0.235 0.02864 1.01969 0.73 02 

HO 0 . 37198 370.96 3.212 264.45 0.00811 93 0.036£>2 0.247 0.032£> 9 1.01807 0.7316 

150 0.3 4 424 414.99 3.026 26£>.49 0.007 4036 0.03939 0.259 0.03724 1.01671 0.72£>1 

1&0 0.320&5 ~62. 30 2.848 2£>8.03 0.00£>8160 0.04245 0.270 0.04202 1.01556 0.7211 

170 0.30028 512.58 2.683 2£>9.22 0 .0 0£> 3231 0.04552 0.281 0.04677 1.01457 0.7201 

180 0 .28249 5£>5.31 2.536 270 .15 0.0059027 0 . 05239 0.309 0.05558 1.01370 0.7079 

190 0 .2£>681 520.£>6 2.400 270.84 0.0055356 0.05715 0.327 0.0£>234 1.01294 0.7076 

200 0. 25285 670.37 2.289 271.41 0.0052174 0.06153 0.342 0.0&896 1.0122£> 0.7071 

220 0 . 2290£> 78 8 .34 2.117 272 . 22 0.0046857 0.06921 0.368 0.08180 1.01110 0.7063 

240 0 . 20949 897.06 2.001 272.73 0.0042579 0.07553 0.388 0.09439 1.01015 0.7055 

2 6 0 0. 19309 999.29 1.928 273.05 0.0039052 0.08058 0.404 0.106Q4 1.00935 0.7046 

280 0 . 17913 1093.01 1.889 273.25 0.0030088 0.08449 0.419 0.11956 1.00867 O. 7034 

300 0.1£>709 1178.39 1.873 273.37 0.00335 58 0.08748 0.431 0.13240 1.00809 0. 70 2 0 

320 0. 15&59 1255.93 1.875 273 .43 0.0031372 0.08974 0 . 443 0.14546 1.00758 0.700£> 

340 0 .14735 1327.10 1.888 273.45 0.0029461 0.09148 0.454 0.15879 1.00713 0.6991 

3 60 0.1391£> 1393.29 1.909 273.44 0.0027775 0.09284 o .465 0.17239 1.00673 0.69 7£> 

380 0.13184 1455.74 1.934 273.41 0.002£>277 0.0939£> 0.475 0.18£>30 1.00638 0.69 62 

400 0.12526 1516.14 1.9&1 273.37 0.0024935 0.0949£> 0.485 0.20052 1.00606 0 .&949 

4 2 0 0 .11932 1575.16 1.988 273.32 0.0023726 0.09590 0.494 0.21506 1.00577 0.6937 

440 0.11391 1033.&8 2.014 273.26 0.0022£>32 0.09683 0.504 0.22990 1.00551 0.6926 

460 0.10898 1692.49 2.037 273 . 20 0.0021635 0.09779 0.513 0.2450£> 1.00527 0.£>91 & 

480 D.l044£> 1751.£>6 2.059 273.13 0.0020724 0.09880 0.522 O. 2£> 054 1 . 00505 O. &907 

500 0.10031 1811. 66 2.077 273.07 0.0019888 0.09987 0.531 0.27635 1.00485 0.6900 

5 2 0 0.09647 1872.55 2.094 273.00 0.0019117 0.10101 0.540 0.29248 1.004&& o. &893 

540 0. 0 9292 1934.44 2.107 2rz .97 0.0018400 0.10218 0.549 0.30898 1.00449 O. £>88£> 

500 0. 0 89&2 1997.41 2.119 272.90 0.0017740 0.10345 0.558 0.32576 1.00433 0.6881 

580 0.08&55 2 061.00 2.128 272.83 0.0017126 0.10475 o .,£> 7 0.34288 1.00418 0.6876 

£> 00 0 .08308 212 5 .49 2.136 272.77 0.0016554 0.10609 0.576 0.36032 1.00404 O. &872 

&5 0 0.07729 2289.65 2.149 272.61 0. 0015279 0.10961 0.597 0.40539 1.00374 O. £>8&4 

700 '0.07181 2457.28 2.157 2 72.47 0.0014188 0.11330 0.619 0.45257 1.00347 O. &858 

800 0 . 0£>289 2800.19 2.160 272.22 0.0012417 0.12097 0.6£>2 0.55323 1.00304 O. £>850 

1000 0. 0 5038 349£>.76 2.155 271.84 0.0009941 0.13653 0.746 0.77961 1.00243 0.6842 

2000 0 .02527 728 5 . 21 2.021 270.9£> 0.0004983 0.27727 1.137 3.02248 1.00122 0.53& 0 

3000 0. 0 1687 11703.87 1.824 270 . 64 0.0003326 0.39349 1.485 5.90343 1.00081 0.5315 

4000 0 . 012&5 17448.14 1.592 270.29 0.0002497 0.55041 1. 803 9.98672 1.00061 0.5139 

5000 0 .01004 30007.10 1.103 268.03 0.0002015 1.03742 2.109 17.08903 1.00048 0.4425 

TWO- PHASE BOUNORY 

417 



C-Zb T~tPMoorNAMIC PROPERTIES OF PAPAHYOROGEN 

280 PSIA ISOBAR 

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC !TY 
OE~ IVATI VE DERIVATIVE ENERGY OF SOUND 

OEG . R CU FTILB CU Fl-PSI A/lB PS lAI R BTU/LB BTU/LB BTU/LB-R BTU LB -R FT ISEC 

25.982 0.20515 3008.66 75.7645 -132.551 -121.915 1.19773 1.139 1.525 4321 
26 0 . 20519 3031.79 75.7695 -132.516 -121.878 1.19917 1.1 39 1.523 4333 
28 0 . 20739 2828.19 76.0746 -129.465 -118.712 1.31640 1.191 1.647 4257 
30 0.20980 2,11.49 75.3969 -126.175 -115.297 1.43419 1.238 1.770 4159 
32 0.21244 2434.92 74.0675 -122.660 -111.645 1.55201 1.282 1.884 4072 
34 0.21530 226Q.88 7 2 .7471 -118.924 -107.761 1.66973 1.321 2.001 3992 
36 0.21840 2112.13 71.3489 -114.961 -103.637 1.78756 1.356 2 .122 3914 
38 0.22176 1950.78 69.8125 -110.766 -99. 269 1.90565 1.386 2.251 Ja31 
40 0.22544 1790.19 68.0841 -106.322 -94.633 2.02450 1.413 2.387 3744 

42 0.22951 1626.75 66.1551 -101. 614 -89.714 2.14450 1.434 2 .537 3651 
44 0.23405 1459.31 b3.9771 -96.606 -84.471 2.26644 1.453 2.705 3547 
46 0.23915 1300. 61 61.5095 -91.284 -78.885 2.39058 1.468 2.886 3441 
48 0.24493 11 36.95 58.7274 -85.610 -72.910 2.51769 1.481 3.099 3320 
50 0.25159 984.42 55.5946 -79.527 -66.482 2.64888 1.493 3.333 3191 
52 0.25936 827.70 52.1164 -72.979 -59.532 2.78515 1.505 3.630 3042 
54 0 . 26ST3 674.54 48.2906 -65.831 -51.e98 2.92916 1.517 4.013 2875 
56 0.28037 525.83 44.0749 -57.916 -43.379 3.08402 1.532 4.543 2688 
58 0.29563 386.64 39.3651 -48.915 -33.587 3.25576 1.551 5.313 2477 
60 0.31723 2 5e. ~3 34.0020 -38.273 -21.825 3.45504 1.577 6.576 2235 

62 0.35264 144.32 27.6342 -24.657 -6.373 3.70816 1.627 9.181 1943 
64 0.42522 68.19 20 . 2591 -5.146 16.901 4.07718 1.742 14.639 1629 
66 0.56214 61.56 13.9487 18.749 47.8 94 4.55437 1.779 13.986 1497 
68 0.69194 a9.37 10.8188 35.029 70.905 4.89827 1.731 9.627 1518 
70 0.79,04 120.63 9.0805 46.207 87.480 5.13865 1.682 7.296 1557 
75 0.99980 189.70 6 .81 85 65.247 117.084 5.54804 1.606 5.009 1655 
80 1.16329 247.01 5.6492 79.223 139.538 5.83815 1.577 4.167 1739 
85 1.31056 298.31 4.8950 91.255 159.205 6.07675 1.568 3 .740 1815 
90 1.44674 344.99 4.3518 102.199 177.210 6.28264 1.566 3.481 1885 
95 1.57547 388.37 3.9356 112.419 194.164 6.46601 1.570 3.311 1948 

100 1.69870 429.19 3.6006 122.373 210.448 6.63310 1.577 3.191 2006 
105 1.81790 468.11 3.3288 131.928 226.183 6.78666 1.587 3.108 2061 
110 1.93396 505.52 3.1007 141.301 241.574 6.92986 1.603 3.052 2112 
115 2.04750 541.70 2.9059 150.574 256.734 7.06464 1.623 3.015 2159 
120 2.15898 576 .86 2.7370 159.811 271.751 7.19247 1.649 2.994 2203 
125 2.26576 611.18 2.5889 169.066 286 .697 7.31450 1.680 2.986 2244 
130 2.37711 644.77 2.4578 178.383 301.632 7.43165 1.715 2.989 2282 
140 2.59030 710.17 2.2352 197.358 331.661 7.65417 1.798 3.021 2351 
150 2.79982 773.68 2.0527 216.985 362.151 7.86451 1.894 3.080 2414 
160 3.00651 835.74 1.8999 237.447 393.330 8.06570 2 .0 01 3.158 2412 

170 3.21097 896.63 1.7697 258.662 425.345 8.25976 2.113 3.247 2526 
180 3.41363 956.58 1.6572 281.295 458.286 8.44802 2.227 3.342 2579 
190 3 . 61455 1015.55 1.5577 304.855 492.263 8.63139 2.342 3.440 2629 
200 3.81437 1073.99 1.4709 329.359 527.128 8.81007 2.447 3.533 26 80 
220 4.21106 1189.28 1.3245 381.141 599.477 9.15475 2.631 3.697 2H2 
240 4.60470 1302.96 1.2056 436.002 674.748 9.48195 2.771 3.822 2885 
260 4.99604 1415.41 1.1068 493.038 752.075 9.79155 2.864 3 . 905 2990 
280 5.38562 1526.92 1.0234 551.438 630.674 10.08268 2. 'li5 3.946 3095 
300 5.77382 1637.68 0.9520 610.369 909.732 10.35553 2.931 3.956 3200 
320 6.16089 1747.84 0.8901 669.303 98~ .736 10.61057 2.922 3.941 3305 

340 6.54707 1857.51 0.8358 727.821 1067.276 10.84829 2.896 3.911 3409 
360 6.93249 1966.79 0.7880 785.662 1145.100 11.07078 2.860 3.871 3512 
380 7.31729 2075.72 0.7453 842.683 1222.073 11.27888 2.818 3.826 3613 
400 7.70157 2184.37 0.7071 898.830 1298.144 11.47407 2.776 3.781 3713 
420 8.08540 2292.78 0.6727 954.113 137J.329 11 .65746 2.735 3.738 3810 
440 8.46885 2400.99 0.6415 1008.591 1447.687 11.83046 2.696 3.698 3906 
460 8 . 85197 2509.01 0.6131 1062.323 1521.2&3 11.99405 2.662 3 . 662 3999 
480 9.23~80 2516.88 0.5871 1115.399 1594.209 12.14902 2.632 3.631 40&9 
500 9.6173& Z7 24. 62 0.5633 1167.900 1666.546 12.29682 2.606 3 . 604 4178 
520 9.99974 2832.23 0.5413 1219.907 LTJ&.37~ 12.43781 2.584 3 . 5 ~ 0 4264 

540 10 . 38203 2940.10 0.5209 1271.635 1809.927 12.57283 2.565 3.560 4348 
560 10.76390 3047.46 0.5021 1322.782 1880.873 12.70135 2.550 J.544 4430 
580 11.14563 3154.73 0.4846 1373.706 1951.589 12.82528 2.537 J.530 4'HO 
600 11.52723 3261.94 0.4683 1424.427 2022.096 12.94486 2.526 3.519 4588 
650 12 .48075 3529.69 0.4320 1550.334 2197.44L 13.22584 2.5 07 3.49Q 4777 
700 13.43373 3797.14 0.4009 1675.547 2372.064 13.48491 2.496 3.487 4957 
800 15.33852 4331.43 0.3506 1924.751 2720.028 13.94987 2.488 J .477 5295 

1000 19.14532 5398 .49 0.2802 2422.456 3415.110 14.72488 2.469 3 .476 5910 
20 00 38 .1 6330 10725.20 0.1400 4969.633 6948.340 17.16625 2.644 3.630 8259 
3000 57.17667 16049.t8 0.0933 7755.936 10720.455 18.68221 2 . 926 3.912 9971 

!toe D 76.24345 21372 .50 0.0700 10873.993 14527.095 20 .05647 3.350 4. J53 11344 
5000 96 . 02.41 26695.78 0.0560 14870.589 19849.303 22.00539 4.849 6 . 015 12381 

TWO-PHASE BOUNORY 

418 



THERMODYNAMIC PROPERTIES OF PARAHYOROGEN C-Zb 

26 0 PSIA ISOBAR 

T E~PE RA T URE OENSITY V IOH/OV)p VIOP/OU)V -VIOP/OV) T 
IOV/OTlp'V CON~~~~~~~TY VISCOSITY THER rAL JIELfCTRIC PRANOTL 

OIFF US IV lTY CONSTANT N~~BEq 

OEG . R LB/ CU FT BTU/LB PSIA-CU FT/BTU PSIA 1/0EG. R BTU/FT-HR-R L9~Fi~ ~ EC SO FT/HR 

25.9 62 4.67453 295 . 17 13 . &52 14&&5.83 0.0051&&1 0.04&44 1.793 0.00&25 1.25533 2.1169 

2& 4 . 67345 29& . 99 13.&49 14775.27 0.0051261 0.04&49 1.769 0.00&2& 1.25527 2 . 1095 

28 4 .62194 295.33 13.245 13&37.3& 0.0055764 0.05152 1.5&1 0.00&46 1.2523& 1. 7970 

30 4. 7 &&34 292.27 12.777 12447.24 0.01&0573 0.05488 1.362 0.00650 1.24923 1.&047 

32 ".707H 291.55 12.278 114&1.48 0.00&4&23 0.05717 1.238 0.00 &45 1.24590 1.4&86 

34 4 . &4470 290.0& 11 . 65& 10542.91 0.00&9001 0.058&3 1.121 0.00&31 1 . 24240 1.3775 

3& 4 .5 766& 287 . &5 11.493 9&71.14 0.0073775 0.05964 1.023 0.00&1& 1.23671 1. 300& 

36 4.50942 283.59 11.1&9 879&.90 0.00793&0 0.0&123 0.941 0.00&03 1.23483 1.2450 

40 4.43566 276.44 10.8&& 7940.70 0.0065741 0.0&210 0.S&9 0.0056& 1.23071 1.2033 

42 4 .35712 271.78 10.584 7087.9& 0.0093334 0.0&251 0.607 0.005&& 1.22&34 1.1783 

.... ".27251 2&3 . &3 10.304 &234.94 0.0102&11 0.0&252 0.750 0.00541 1.221&4 1.1&65 

.. & 4.18150 255 .1 3 10.018 5438.48 0.0113100 0.0&215 0.&99 0.0051<; 1.21&&0 1.1 &81 

48 •• 08281 24".92 9.712 4&41.9& 0.012&514 o • 0 &1.2 0.&51 0.00485 1.21115 1 . 1832 

50 3.97473 23".58 9.3&8 3912.82 0.0142083 0.0&03& 0.&07 0.0045& 1.20519 1.20&5 

52 3.655&2 222.30 6.983 3191. 29 0.01&3306 0.05698 0.5&5 0.00421 1.196&& 1.2510 

54 3.72124 208.&1 8.555 2510.11 0.019238. 0.05723 0.523 0.00363 1.19131 1.3205 

56 3 . 5&& 7 3 193.32 8.0&8 1875.51 0.0235003 0.05485 0.482 0.00339 1.18291 1. 43&9 

58 3.38201 17&.50 7.505 1307.64 0.0300992 0.05199 0.440 0.00289 1.17294 1.6173 

60 3.15225 157. &7 6.838 815.28 0.04170&0 0.049a7 0.395 0.00241 1.1&055 1.8733 

&2 2.83575 135.97 5.991 409.25 0.0&7524& 0.04822 0.344 O. DO 165 1.143& 7 2.3559 

64 2 . 35170 115.86 4.94& 1&0.3& 0.12& 3324 0.04754 0.283 0.00136 1.11818 3.1409 

&& 1.77893 109.80 4.407 109.50 0.127382& 0.04094 0.231 0.001&5 1.08853 2.8346 

68 1.44521 114.92 4.32& 129.15 0.0637&79 0.03403 0.205 0.00245 1.07152 2.0665 

7 0 1.25&22 121.77 4.297 151.5" 0.0599211 0.030&4 0.193 0.00334 1.0619& 1.&531 

75 1.00020 139.37 4.244 169.74 0.03593&5 0.027&2 0.163 0.00551 1.04912 1.1922 

80 0.659&3 15&. &1 4.166 212.34 0.02&&047 0.02&97 0.163 0.00753 1.04211 1.0152 

85 0.7&303 173.89 ".091 227.&2 0.0215052 0.02704 0.18& 0.00946 1.03732 0.9239 

90 0.69121 190.76 4.019 238.4& 0.0182497 0.02745 0.190 0.01141 1.0337& 0.8&77 

95 0.63473 207.36 3.950 24&.51 0.0159&52 0.02e04 0.195 0.01334 1.03097 0.8298 

100 0.5 8869 223.90 3.879 252.&& 0.0142511 0.02675 0.201 0.01531 1.02670 0.8022 

105 0.55009 240.43 3.813 257.50 0.0129274 0.02954 0.207 0.01727 1.02&80 0.7824 

110 0.51707 257.25 3.742 2&1.39 0.0116&23 o .03047 0.212 0.01931 1.02518 0.7&57 

115 0.48840 274.49 3.&&5 2&4.57 0.0109835 o • 0 31 49 0.218 0 .0213 9 1.02317 0.7523 

120 0.4 &316 292.29 3.563 2&7.19 0.0102437 0.03254 0.224 0.0234& 1.02254 0.7427 

125 0.44077 31 0.73 3.497 2&9.39 0.009&105 0.03361 0.230 0.02553 1.02144 0.73&0 

130 0.4 20&6 329.89 3.407 271.24 0.0090613 0.034&9 0.23& 0.0275 9 1.02045 0.7319 

litO 0.3 66 0& J7 O. &0 3.221 274.16 0.0081527 0.03674 0.246 0.03150 1.0187& 0.7330 

150 0.35717 414.&6 3.034 27&.33 0.0074263 0.03950 0.259 0.03590 1.01735 0.7272 

160 0 .332&1 462.01 2.655 277.98 0.00&634& 0.04255 0.270 0.04052 1.01615 O. 7219 

170 0.31143 512.31 2.&89 279.24 0.00&3375 0.045&2 0.281 0.0"512 1.01511 0.7207 

180 0.29294 5&5.07 2.541 280 .22 0.0059139 0.05242 0.309 0.05355 1.01421 0.7087 

190 0.276&6 020.46 2.404 280.96 0.0055442 0.05717 0.327 0.06007 1.01342 0.7064 

2 DO 0.26217 &7&.24 2.293 281.5& 0.0052241 0.0&154 0.342 0.0664 5 1.01271 0.7077 

220 0. 2 37"7 766.26 2.120 262.42 0.004&900 0.0&922 0.366 0.07685 1.01151 0.7066 

240 0.21717 697.06 2.003 282.9& 0.0042&06 0.07554 0.368 0.09100 1.01052 O. 70& 0 

260 0.2001& 999.40 1.931 283.31 0.00390&9 0.06056 0.404 0.1031l 1.00969 0.7050 

280 0.18566 1093.20 1.691 283.52 0.003&098 0.06449 0.419 ~.11531 1.00699 O. 7037 

300 0.17320 1176. &6 1.675 263.64 0.0033504 0.06749 0.431 0.127&9 1.00836 0.7023 

320 0.1&231 125&.2& 1.677 263.70 0.0031374 0.06975 0.443 0.14029 1.0076& 0.7006 

340 0.15274 1327.49 1.890 263.72 0.00294&1 0.09149 0.454 D.1531& 1.00739 0.6993 

3&0 0.14425 1393.74 1.910 263.71 0.0027774 0.09265 0.465 0.1&&29 1.00698 0.&976 

380 0.136&& 1456.23 1.935 263.67 0.0026274 0.09397 0.475 0.17971 1.00&61 0.&9&4 

400 0.12984 151e.67 1.962 263.63 0.0024932 0.09497 0.465 0.19343 1.00&26 0.6951 

420 0.123&6 1,75.72 1.969 263.57 0.0023723 0.09591 0.495 0.2074& 1.00596 O. &938 

440 0 .11606 1&34.27 2.015 283.51 0.0022626 0.09&64 0.504 0.22178 1.00571 0.6927 

4&0 0.11297 1&93.11 2.038 263.44 0.0021631 0.09761 0.513 0.23641 1.0054& 0.6917 

.. eo 0.10629 1752 . 29 2.060 283.37 0.0020720 o • 0 9682 0.522 0.25135 1.00524 0.&908 

500 0.1 0396 1612.32 2.079 283.30 0.0019863 0.09989 0.531 0.2&6&0 1.00503 0.6900 

520 0.10000 1B73.22 2.095 263.23 0.0019113 0.10102 0.5"0 0.28216 1.00483 O. & 894 

540 0 .0 9&32 B35.15 2.109 283.19 0.0016395 0.10220 0.549 0.29808 1.004&& O. &866 

560 0.09290 1998.13 2.120 283.12 0.0017735 0.10347 0.556 0.31426 1.00 .... 9 0.&881 

580 0.06972 2061.74 2 . 129 263 .05 0.0017122 0.10477 0.567 0.33079 1.00434 0.6877 

600 0.06675 212&.23 2.137 282.98 0.001&549 0.10&11 0.57& 0.34762 1.00419 0.6873 

650 0.08012 2290.41 2.150 262.61 O. DO 15275 0.109&3 0.596 0.39110 1.00367 0.6864 

700 0.Ollt"4 2458. Of> 2 .158 262 . &6 0.0014164 0.11332 0.&19 0.43&&2 1.00360 0 . 6859 

600 0.0652 0 2601.00 2.1&1 262.39 0.0012414 0.12100 0 . &62 0.53373 1.00315 0.6851 

1000 0.05223 3497.&2 2.156 261.97 0.0009939 0.1365& 0.747 0.75212 1.00252 0.&842 

2000 0.02620 726&.1& 2.021 261.03 0.0004962 0.27727 1.136 2.91491 1.00127 0.5362 

3D DO 0.01749 11764.5& 1.624 260.&9 0.0003325 0.39347 1.465 5.7506& 1.00064 0.531& 

40 DO 0.0131 2 17433 . 44 1.593 260.3? 0.0002497 0.549~9 1.604 9. &2520 1.00063 0.5144 

5000 0.01041 29859.72 1.109 276.01 0.000?014 1.02969 2.110 1&.44219 1.00050 0.4435 

TWO-PHASE BOUHORV 

4 19 



C-Zb THEPHOOYNAHIC PROPERTIES OF PARAHYOROGEN 

290 PSIA ISOBAR 

TEHPERATURE VOLU"E ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OERIvATIVE OERIVATIVE ENERGY OF SOUNO 

JEG. R CU HILB CU FT-PSIA/lB PSI A/R BTU/LB BTU/LB B TU/l B-R BTU LB -R FT/SEC 

26 .0 21 0.20505 3016.91 75.7977 -132.536 -121 . 525 1.19612 1.139 1.525 4327 
26 0.20723 2846.24 76.1401 -129.517 -118.389 1.31425 1.191 1.644 4267 
30 0.20964 2626.97 75.5372 -126.236 -114.918 1.43186 1.238 1.768 4169 
32 0.21226 2449.70 74.2061 -122.730 -111.332 1.54951 1.281 1.881 4082 
34 0.21510 2264.44 72.8899 -119.006 -107.455 1.66701 1.321 1.998 4002 
36 0.21817 2127.21 71.4958 -115.056 -103.340 1.78458 1.355 2.118 3924 
38 0.22151 1966.00 69.9676 -110.876 -98.981 1.90241 1.386 2.245 3842 
40 0.22516 1806.05 68.2474 -106.450 -94.358 2.02095 1.412 2 .381 3756 

42 0.22919 1643.04 66.3313 -101.762 -89.454 2.14057 1 .434 2.528 36&3 
44 0.23368 1460.44 64.1732 -96.783 -84.234 2.26198 1.453 2.691 3564 
46 0.23671 1317.76 61.7288 -91.490 -78.671 2.38560 1 .468 2.872 3456 
48 0.24441 1159.39 58.9794 -85.852 -72.727 2.51206 1.481 3 .074 3339 
50 0.25095 1003.72 55.8912 -79.ft22 -66.346 2.64229 1.493 3.308 3210 
52 0.25856 847.84 52.4719 -73.340 -59.455 2.77739 1 . 504 3.595 3 064 
54 0.26768 695.36 48.7135 -66.286 -51.911 2.91972 1.516 3.961 2901 
56 0.27892 546.54 44.5856 -58.506 -43.528 3.07212 1.530 4 . 465 2718 
58 0.29344 411. 68 40.0141 -49.732 -33.975 3.23968 1.548 5.145 2518 
60 0.31357 282.03 34.8586 -39.481 -22.643 3.43167 1.572 6.279 2284 

62 0.34485 169.24 28.8809 -26.774 -8 .255 3.66739 1.614 8.343 2013 
64 0.40298 86.82 22.0672 -9.544 12 .096 3.99014 1.701 12.496 1719 
66 0.51510 63.20 15 . 6103 12.753 40.413 4.42593 1.765 14.267 1538 
68 0.64087 84.39 11.8895 30.431 64.846 4 .7 9104 1.738 10.401 1530 
70 0.74551 114.37 9.8439 42.682 82.716 5.05022 1.692 7.796 1562 
75 0.94906 183.87 7.2634 62.966 113.931 5.48193 1 .614 5.203 1657 
80 1.11042 241.70 5.9717 77.465 137.095 5.78130 1.579 4.274 IHl 
65 1.25500 293.83 5.1505 89.796 157.189 6.02510 1.570 3.809 1817 
90 1.38820 341.17 4.5654 100.940 175.486 6.23433 1.5 69 3.531 1886 
95 1.51379 385.09 4.1202 111.365 192.656 6.42003 1.572 3.349 1950 

100 1.63382 426.36 3.7633 121.374 209.110 6.58888 1.5 79 3.221 2007 
105 1.74977 465.67 3.4750 131.018 224.981 6.74376 1.589 3.133 2062 
110 1.86255 503.41 3.2338 140.464 240.483 6.88800 1.604 3.07 2 2113 
115 1.97280 539.89 3.0283 149.797 255.737 7.02362 1. 62 5 3.032 2161 
120 2.08099 575.32 2.8505 159.086 270.835 7.152 14 1.650 3.009 2205 
125 2.18747 509.86 2.6948 168.385 285.853 7.27474 1.681 3.000 22106 
130 2.29252 643.67 2.5571 177.742 300.850 7.39238 1.716 3.001 2284 
140 2.49910 709.44 2.3238 196.781 330.984 7.61568 1.798 3.031 2353 
150 2.70201 773.27 2.1329 216.462 361.560 7.82661 1.895 3.088 2416 
160 2.90210 835.59 1.9732 236.967 392 . 810 8.02827 2. 002 3.164 21074 

170 3.09996 896.72 1.8373 258.418 424.886 8.22270 2. 114 3.252 2528 
180 3.29603 956.87 1.7201 280.882 457.879 8.41126 2.227 3.347 2581 
190 3.49035 1016.02 1.6164 304.474 491.907 8.59489 2. 342 3.444 2631 
200 3.68359 1074.61 1.5260 329.003 526.812 8 . 77379 2 . 448 3.537 2682 
220 4.06710 1190.17 1.3737 380.826 599.230 9.11880 2.632 3.700 278" 
2 .. 0 ....... 758 1304.07 1.2500 435.720 674.556 9 ..... 624 2.771 3.825 2888 
260 ".82>78 1416.70 1.1474 492.78" 751.929 9.75603 2.865 3.907 2992 
280 5.20222 1528.37 1.0608 551 . 207 830 .56 7 10.04730 2.915 3.948 3097 
300 5.57728 1639.26 0.9867 610.158 909.656 10.32026 2.9 31 3.958 3202 
320 5.95122 1749.54 0.9224 669.109 988 . 691 10.57539 2. 922 3.9"3 3307 

3 .. 0 6.32427 1859.32 0.8661 727.642 1067.256 10.81319 2. 896 3.912 3411 
360 6.69657 1968.66 0.8165 785.495 11"5.102 11 . 03575 2 . 660 3.872 351 .. 
380 7.06824 2077.69 0.7722 6"2.529 1222.095 11.2"390 2 .81 8 3.827 3616 
4 00 7. "39~ 0 2186.41 0.7326 896.686 129&.183 11.43912 2.776 3.782 3715 
420 7.81011 2294.88 0.6969 953.979 1373.383 11.62256 2. 7 35 3.739 3613 
4~0 8.t~0"~ 2403.1" 0.66"6 1008."65 14"7.755 11.79559 2.6 97 3.699 3908 
460 8.550"4 2511.22 0.6352 1062.205 1521.364 11.95921 2.663 3.663 4001 
480 8.n015 2619.13 0.6082 1115.28& 1594.302 12.11"20 2.632 3.631 .. 091 
500 9.28961 2726.91 0.5835 1167.796 1666.649 12.26202 2.6 06 3.60~ 4180 
520 9.65886 2834.56 0.5606 1219.809 1738. ~91 12,"030~ 2.584 3 . 58 1 4266 

5~0 10.02806 29~2.49 0.53<)6 1271.547 1810.055 12.53808 2.565 3.560 4350 
560 10.39682 3049.87 0.5201 1322.699 1881.009 12.66661 2.550 3.544 4432 
580 10.76544 3157.17 0.5020 1373.627 1951.733 12.79056 2 .537 3 .530 .. 512 
600 11.13392 326 .... 0 0.4851 1424.353 2022.246 12.91015 2 . 526 3.519 4590 
650 12.05~66 3532.21 0.4475 1550.269 2197.606 13.19115 2. 507 J.499 4779 
700 12.97 .. 85 3799.70 0.4153 1675.489 2372.2"1 13 ... 502 .. 2.496 3.487 4959 
800 14.81408 4334.05 0.3631 1924.705 2720.223 13.91522 2. ~88 3 .477 5297 

1000 18."8975 5401.19 O. 2903 2~22."25 3415.328 1~.69026 2 ... 89 3.476 5912 
~O 00 3&.85217 10728.00 0.1" 50 "969.625 69"8.592 17.13166 2.644 3.630 8260 
3000 55.2099~ 16051.91 0.0967 7755.912 10720.69~ 18.64762 2.926 3.912 9972 

40 DO 73.61834 21375.34 0.0725 10872.808 148 2~ . 123 20 . 02154 3.346 4. 350 113 .. 6 
5000 92. 70~J7 26698.62 0.0580 1~856.596 19834.83~ 21.96755 4.823 5 . 985 1238 .. 

TWO-PHASE BOUNORY 

420 



THERMODYNAMIC PROPERTIES OF PARAHYDROGEN C-lb 

290 PSIA ISJBAR 

TEMPERATURE DENSITY "IOH/OVlp VIOP/OUl y -VIOP/OVIT IDV/DTlIVCON6~~~~~~TY VISCOSITY THER~AL DIELECTRIC PRANDTL 
DIFFUSIvITY CO NSTAN T NUMBER 

OEG. R LB/CU FT BTU/LB PSIA-CU FT IB TV PSIA 11 OEG. R STU/F T-HR-R LB/F T-SEC 
X 10 5 

SQ FT/HR 

26.021 4.&76&3 296.1& 13.642 14722.71 0.0051484 0.04659 1.795 0.00&27 1.2554& 2.1154 

28 4.82549 29&.&2 13.250 13734.51 0.0055437 0.0515& 1.568 0.00&50 1.2525& 1.7999 

30 4.17013 293.30 12.794 12530.99 0.0060280 0.05494 1.388 0.00&51 1.24944 1.6076 

32 4.71119 292.58 12.295 11540.98 0.006"300 0.05725 1.243 0 . 00 & .. 6 1.24613 1.4709 

34 4.64907 291.t2 11.873 10620.52 0.0068&31 0.05872 1.126 0 . 00632 1.24264 1.3789 

36 4.58358 288.81 11.509 9750.23 0.0073327 0.05994 1.028 0.00618 1.23897 1.3072 

38 4.51452 284.82 11.185 8875.52 0.0078832 0.0&135 0 . 945 0 . 00605 1 . 23511 1.2451 

40 4.4H22 279.79 10.882 8021.09 0.0085085 0.0&223 0.873 0.00589 1.23102 1.2027 

42 4.3&321 273. Z3 10.&00 7168.9& 0.0092526 0.06266 0.810 0.00568 1.22668 1.1770 

.. 4 ,..279,.0 265.62 10.321 6335.3& 0.0101293 0.06266 0.754 0.005 .... 1.22202 1.1648 

46 4.18914 256.82 10.036 5520.26 0.0111"22 0.062 J3 0.702 0.005H 1.21702 1.1651 

48 4.09143 247.24 9.733 4H3.55 0.0124336 0.061£>2 0.&55 0.00490 1.21162 1.1764 

50 3.96483 23&.70 9.395 3999.65 0.01397"0 0.0&059 0.&11 0.004&0 1. Z0575 1.2000 

52 3.8&756 224.65 9.018 3279 .07 0.0160021 0.05924 0.5&8 0.00426 1.19931 1.2417 

54 3.73587 211.24 8.600 2597.77 0.0187521 0.05755 0.527 0.00389 1.1nl1 1.3067 

56 3.5852& 19&.21 8.12& 1959 .4 8 0.0227537 0.05524 0.487 0.00345 1.18391 1. 4160 

58 3.40785 180.38 7.585 1402.96 0.0~85213 0.05248 0.445 0 . 00299 1.17430 1.5712 

60 3.18911 1&2.01 6.952 899.44 0.0387560 0 .0 5022 0.402 0.00251 1.16252 1.8075 

62 2.89984 141.76 & .172 "90.7& 0.0588497 0.04840 0.354 0.00200 1.14707 2.1936 

64 2.48153 121.99 5.228 215.43 0.1024311 0.04717 0.298 0.00152 1012498 2.8450 

66 1.94138 112.14 4.556 122.70 0.1272244 0.04297 0.245 0.00155 1.09689 2 .9266 

68 1.56037 115.19 4.384 131.68 0.0902893 0.03588 0 . 215 0 . 00221 1 .07737 2.2403 

70 1.34136 121.50 4.337 153.41 0.0641692 0.03189 0.200 0.00305 1.06&2& 1.75&5 

75 1.05368 138.78 4.271 193 .74 0.0374895 0.0282& 0.18& 0 . 00515 1.05179 1.2335 

80 0.90056 155.80 4.1'!8 217 .&7 0.027 .. 350 0.027'+0 0.165 0.00712 1.0,+ .. 15 1.037 .. 

85 0.79681 17 3 .13 4.11& 23 ... 13 0.0219991 0.02738 0.187 0.00902 1. 03899 0.9375 

90 0.72036 190.06 ... 040 245.76 0.0185766 0.02773 0.191 0.01090 1.03520 0.8770 

95 0.66059 206.75 3.969 25 ... 39 0.0161962 0.02828 0.196 0.01279 1.03225 0.8367 

100 0.6120& 223.33 3.895 2&0.9& 0.01 .... 211 0.02896 0.202 0.01"&9 1.0298& 0.8074 

105 0.57150 239.90 3.827 26&.13 0.0130576 0.02973 0.207 0.01&&1 1.02786 0.7866 

110 0.53690 25&.76 3.755 270.28 0.01196"7 0.03065 0.213 0.01856 1.0261£> 0.7690 

115 0.50689 27 ... 0 .. 3.&77 273.67 0.0110656 0.03165 0.219 0.02059 1.02468 0.7551 

120 0.48054 291.86 3.595 276.46 0.0103105 0.03269 0.225 0.02261 1.02339 0.7450 

125 0.45715 310.32 3.507 278.80 0 .00 96658 0.03375 0.231 0.02"61 1.0222 4 0.7380 

130 0.436~0 329.50 3.417 280 .77 0.0091075 0.03483 0.236 0.02661 1.02121 0.7336 

140 0.40014 370.26 3.229 283 .88 0.0081658 0.03686 0.248 0.03039 1.01945 0.7344 

150 0.37009 414.35 3.041 286.18 0.0074527 0 .0 39&1 0.259 0.03466 1.01798 0.7282 

160 0.34456 461.72 2.861 287.93 0.0068531 0.04266 0.271 0.03913 1.01&73 0.7228 

170 0.32256 512.05 2.695 289 . 27 0.0063516 0.04572 0.282 0.04358 1.01566 0.7214 

180 0.30340 564.84 2.546 290.31 0.0059249 0.05246 0 . 309 0.05166 1.01472 0.7096 

190 0.26650 620.32 2.409 291.09 0.0055527 0.05719 0.327 0.05796 1 . 01390 0.7091 

200 0.27147 & 76.11 2.296 291.73 0.0052308 0.06156 0.343 0.06 .. 12 1.0131& O. 7064 

220 0.24588 788.24 2.123 292.63 0.0046942 0.06923 0.366 0.07610 1.01192 0.7074 

240 0.22484 897.12 2.00& 293.21 0.0042&32 0.07554 0.388 0.08785 1.01089 0.7065 

260 0.20722 999.52 1.933 293.57 0.0039085 0.08059 0.40 .. 0.09955 1.01004 0.7054 

280 0.19223 1093.40 1.693 293 .79 0.0036106 0.08450 0.419 0.1113" 1.00931 0.7041 

300 0.17930 1176.93 1.877 293.92 0.0033569 0.08750 0.432 0.12331 1.008&6 O. 7026 

320 0.16803 1256.60 1.879 293.98 0 .00 31376 0.08976 0.443 0.13548 1.00813 0.7011 

340 0.15812 1327.89 1.891 29 ... 00 0.0029461 0.09150 0.454 0.14191 1.00765 0.699& 

360 0.14933 1394.19 1.912 293.98 0.0027772 0.09286 0.465 0.1&060 1.00723 0.6960 

380 0.14148 1456.72 1.937 293 . 95 0.002&272 0.09396 0.475 0.17358 1.00684 0.6'l66 

400 0.13442 1517.19 1.964 293.90 0.0024929 0.09499 0.485 0.16683 1.00650 O. &952 

420 0.12804 1576.26 1.990 293.83 0.0023719 0.09593 0.495 0.20038 1.00619 0.6940 

440 0.12224 1634.86 2.016 293.77 0.0022624 0.09&86 0.504 0. 21422 1.00591 0.6928 

460 0.11695 1&93.7Z 2.040 293.69 0.0021627 0.09783 0.513 0.22836 1.00566 0.6918 

480 0.11211 1752.93 2.061 293.62 0.0020715 0.09684 0.522 0.2427Q 1.00542 0.6909 

500 0.10765 1812.98 2.080 293.54 0.0019879 0.09991 0.531 0.25752 1.00520 0 .6901 

520 0.10353 1873.90 2.096 293.47 0.0019106 0.10104 0.540 0.27256 1.00501 0.6894 

540 0.09972 1935.6& 2.110 293.43 0.0018390 0.10222 0.549 0.28794 1.00482 0.6687 

560 0.09618 1998.65 2.121 293.35 0.0017731 0.10349 0.558 0.30356 1.00465 0.6882 

580 0.09289 2062.47 2.130 293.27 0.0017117 0.10479 0.567 0.3195 .. 1.00449 0.6877 

600 0.08982 2126.98 2.138 293.19 0.0016545 0.10614 0.57& 0.33560 1.00434 0.6673 

650 0.08296 2291.18 2.151 293.02 0.0015271 0.10966 0.598 0.37760 1.00401 0.6865 

700 0.07707 2456.65 2.156 292.65 0.0014181 0.11335 0.619 0.42177 1.00372 0.6859 

800 0.06750 2801.82 2.162 292.56 0.0012411 0.12102 0.662 0.51557 1.00326 0.6851 

1000 0.05408 3498.46 Z .15& 292.12 0.0009937 0.136&0 0.747 0.72&53 1.002&1 0.6642 

2000 0.02714 7287.11 2.021 291.11 0.0004982 0.27727 1.138 2.81475 1 .0 0131 0.5363 

3000 0.01811 11765.26 1.824 290.74 0 . 0003325 0.39345 1.4H 5.55295 1.00087 0.53 18 

4000 0.01358 17 419. 56 1.595 290.35 0.0002497 0.54682 1 . 804 9.28889 1.000&6 0. 5148 

5000 0.01079 29720.05 1.115 266.00 0.0002014 1.02276 2.110 15.64096 1.00052 0.4446 

TMO-PHASE BOUNDRY 

41 1 



C-Zb THERMODYNAMIC PROPERTIES OF PARAHYDROGEN 

300 PSIA ISOB AR 

TEMPERATURE VOLU~E ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC ITY 
DERIVATIVE DERIVATIVE E':lRGY OF SOUND 

DEG. R CU FTILB CU FT-PSIA/LB PSIA/R B /LB BTU/LB BTU/LB-R BTU LB -R FTlSEe 

26 . 061 0.20495 3029.13 75.8312 -132.5 21 -121.136 1.19850 1.140 1.525 4332 
28 0.20708 286~.21 76.2053 -129.569 -118.0&5 1.31211 1.191 1. &41 4277 
30 0.209~7 2&~2. 38 75.&7&& -12&.29& -114.&&0 1.~2955 1.237 1.7&& 4179 
32 0.21208 24 &~. 39 74.3479 -122.800 -111.019 1.54701 1.281 1.879 4092 
34 0.21490 2298.91 73.0319 -119.087 -107.149 1.6&~30 1.320 1.995 4012 
36 0.21795 2142.18 71.6~17 -115.150 -103.04 3 1.78163 1.355 2.114 3935 
38 0.2212& 1981.09 70.1216 -110.985 -98.6

'
n 1. 89920 1.385 2.240 3853 

40 0.22488 1821.78 68.4092 -10&.575 -9~.083 2.017~3 1.412 2.37~ 31&7 

42 0.22887 1&59.17 66.5058 -101.908 -89.194 2.13&68 1.434 2.520 3615 
44 0.23331 1497.~2 6lt.36ltlt -9&.955 -83.994 2.25762 1.453 2.680 3577 
46 0.23828 1334.68 61.9452 -91.693 -78.456 2.38069 1.4&8 2.859 3470 
~8 0.24390 1177.74 59.2264 -86.093 -12. 544 2.50647 1.481 3.056 3355 
50 0.25033 1022.65 56.1822 -80.111 -66.205 2.63583 1.493 3. 28~ 3228 
52 0.25778 867.52 52.8193 -73.692 -59.311 2.76982 1.504 3.562 3085 
54 0.266&6 715.56 ~9.1239 -&6.7 26 -51.912 2.9105~ 1.51& 3.913 2926 
56 0.27753 571.90 45.0852 -59.077 -43.660 3.06057 1.529 4.368 2751 
58 0.29142 433 .81 40.6284 -50.496 -34.307 3.22~62 1.546 5.016 255~ 

60 0.31024 307.08 35.6610 -40.601 -23.3&6 3.40998 1.568 5.996 2333 

62 O. 3H~ 1 192.00 29.9863 -28.597 -9.798 3.63230 1.604 7.761 2075 
64 0.38718 106.66 23.6009 -12.952 8 .55 7 3.92341 1.671 10.949 1799 
66 0.47770 69.96 17.2853 7. 334 33.871 4.31267 1. 7~5 13.655 1593 
68 0.59480 81.46 13.0407 25.725 58.767 4.68485 1. 7 ~O 11.041 1547 
70 0.69875 1O~. ~6 10.6635 39.027 77 .84~ 4.9&152 1.701 8.323 1570 
75 0.90176 178.02 7.7306 60.628 110.723 5.41632 1.621 5.412 1659 
80 1.06114 236.58 6.3033 75.681 134.629 5.72533 1.584 4.385 1742 
85 1.Z03ZZ 289.48 5.4133 88.321 155.162 5.97447 1.573 3.679 1519 
90 1.33363 337 .46 4.78~0 99.&70 173.756 6.16711 1.571 ].561 1888 
95 1. ~5&ll 381. 91 ~.]O 83 l1o.2~4 191.144 &.37519 1.574 ].387 1951 

100 1.57333 423.62 3.9287 120 .371 207.772 6.54581 1.581 ].251 2009 
105 1.&8;24 4 &3.30 3.&233 130.105 223.779 6.70202 1.591 3.157 20&~ 

110 1.79597 501.37 3.3&86 139.&24 239.393 &.84731 1. & 0& 3.093 2115 
115 1.90315 538.14 3.1520 149.019 254.742 6.98377 1.&26 3.050 2163 
120 2.0082& 573.82 2.9&50 158.3&0 269.922 7.11298 1.&51 ].024 2207 
125 2.11165 608.60 2.8016 167.704 285.010 7.23617 1.682 ].013 2247 
130 2.21361 642.61 2.6572 177.100 300.070 7.35430 1.717 3.013 2286 
140 2.41402 708.75 2. ~130 19&.205 330.309 7.57838 1.799 3.040 2356 
150 2.61076 772.89 2.2135 215.938 360.911 7.78990 1.896 3.096 2418 
160 2.804&8 835.48 2. 0~69 23&.487 392.292 7.99202 2.002 J.171 247& 

170 2.99638 896.83 1.9053 257.975 424.429 8.18682 2.114 3.258 2530 
180 3.18629 957.19 1.7832 280.470 457.414 8.37567 2.227 ].351 2583 
190 3.37445 101&.50 1.6752 304.095 491.552 8.55958 2.343 3.449 2633 
2 DO 3.56154 1075.25 1.5812 328.&~8 526.498 8.73869 2.448 3.540 2&84 
220 3.9H76 1191.08 1.4229 380.512 598.984 9.08402 2.632 3.703 2786 
240 4.30096 1305.19 1.2945 435.439 6 74.365 9.41170 2.772 3.827 2890 
260 4.66&88 1418.01 1.1881 492.530 751.784 9.72167 2.8&5 3.909 2994 
280 5.0ll06 1529.83 1.0982 550.976 830.461 10.01309 2.915 3.950 3099 
300 5.39385 1&40.85 1.0214 609.947 909.585 10.28616 2.932 3.959 3204 
320 5.7555~ 1751.25 0.9547 668.915 988 . &46 10.54139 2.922 3.944 3309 

340 &.11633 1861.12 0.8965 727.463 1067.237 10.77926 Z.896 3.913 3413 
360 6.47637 1970.57 0.8450 785.330 1145.104 11.00188 2.860 3.873 3516 
380 6.83580 2079.&6 o • 7992 842.375 1222.116 11.21008 2.818 3.828 3618 
400 7.19471 2188.45 0.7582 898 . 542 lZ98.222 It.40536 2.776 3.783 3717 
420 7.55317 229&.98 0.7212 953.845 1373.438 11.58883 2.735 3.740 3615 
440 7.91125 2405.30 O. &8 77 1008.339 1447.82~ 11.76189 2.697 3.699 3910 
460 8.26901 2513.42 O. &5 72 10&2.087 1521.4~ 6 11.92554 2. &63 3.664 4003 
480 8.62646 2621.38 0.6294 1115.178 1594.395 12.08056 2.632 3.632 4093 
500 8.98370 2729.20 O. &0 38 1167.692 1&&6.753 12.22840 2.& 0& 3.605 4182 
520 9.34070 2836.89 0 . 5802 1219.711 1738.604 12.36943 2.584 3.581 4266 

540 9. &977 0 294~.88 0.5583 1271.458 1810.184 12.50~50 2.565 3.561 4352 
560 10.05422 3052.29 0.5381 1322.615 1881.14& 12.&3305 2.550 3.544 4433 
560 10.41059 3159.62 0.5194 1373. 5~9 1951. 877 12.75701 2.537 3.531 4514 
&00 10.76.83 3266.87 0.5019 1424.279 2022.396 12.87661 2.526 3.519 4592 
&50 11.65697 3534.72 0.4629 1550.204 2197.771 13.15764 2.507 3.499 4780 
700 12.54&57 3802.26 0.4296 1675.432 2372.417 13.~1674 2.496 3.467 4960 
800 14.32460 433&.67 0.3757 1924.659 2720.418 13.88175 2.468 3.478 5299 

1000 17.87790 5403.69 0.3003 2422.394 3415.545 14.65681 2.489 3.476 5913 
2000 35.&2844 10730.81 0.1500 ~9&9. 617 6Q"'. 84 3 17. 09823 2.644 3.630 8261 
3000 53.37432 16054.74 0.1000 7755.890 10720 . 933 18.&1419 2. q26 3.912 9 972 

4000 71.1&829 21378.18 0.0750 10871.682 14825.21~ 19.96781 3.343 4. 3~& 11348 
5000 89.60633 26701.46 0.0600 14843.308 19821.108 21 .93106 4.798 5.958 12388 

TW)-PHASE BOUNDRY 

422 



THERHOOYNAHIC PROPERTIES OF PARA HYDROGEN C- Zb 

300 PSIA I S OB AR 

TEH·ERUURE DENSITY V DH/OV' p V (OP/OU'V -V (OP/OV'T 
(OVlOTY

V CON~~g~~iTY VISCOSITY THERMAL DIElECTRIC PRAND TL 
OIFFUSIVITY CONSTANT NUMBER 

)EG. R LB/CU FT B TU / LB PSIA - CU FT / BTU PSIA VDEG. ~ BTU /F T -HR-R LA/FT-SEC SQ FT/H~ 
X 105 

2&.061 4.8791 2 297 . 19 13 . 633 14779.50 0.0051308 0.04674 1.798 0.00628 1.25559 2 . 1119 

28 4.82902 297 . 91 13 . 255 13831.31 0.0055096 0.05161 1.575 0.00651 1 . 25276 1.8 028 

30 4.7738 9 294 . 33 1 2 . 810 126H.41 0.0059992 0.05500 1.394 0.00652 1.24966 1 . 6 1 07 

32 4.7152 2 293 . 60 12 . 311 11620.12 0.0063982 o • 0 57 32 1.249 0.00647 1 . 24636 1 . 4730 

34 4.6534 0 292 . 18 11 . 889 10697.74 0.0068268 0.05880 1.130 0.00634 1.2428~ 1.3804 

36 4.58827 289 . 97 11 . 524 9828.91 0.0072889 0.06004 1.032 0.00619 1.23923 1 . 3080 

38 4.51957 2 8 6 .0 4 11.2 01 8953.67 0.0078316 0.061~6 0.949 0.00601 1.23539 1 . 2452 

40 4.44672 2 81 . 12 10 . 898 8100.95 0.0084446 0.06235 0.877 0.00591 1.23133 1 . 2021 

42 4.36925 2 74.66 1 0. 6 1 6 7249.33 0.0091741 0.06280 0.614 0.00570 1 . 22701 1 . 1757 

44 4.28611 26 7 .21 10 . 337 6418.09 0.0100286 0.06284 0.757 0.00547 1.22239 1.1627 

46 4.1 9668 258 .47 10 . 054 5601.21 0 . 0110592 0.06250 0.106 O. DO 521 1 . 217ft ... 1 .1 623 

48 4.10001 249.1 3 9 .7 54 4828.74 0.0122654 0.06182 0.659 0.00493 1 . 21209 1.1 7 20 

50 3.99414 238 _ 76 9 . 421 4065_21 0_0137526 0.06062 0.614 0.00464 1 . 2 0630 1 .1 94 0 

52 3.87922 22 6 .94 9. 052 3365 . 31 0.0156'l52 0.05951 0.572 0. 00431 1 . 19995 1 . 2331 

54 3.7 5 006 21 3 .77 8 . 6 4 3 2663 . 40 0.0163066 0.05766 0.531 0.00394 1.19289 1 . 29 42 

56 3.60325 1 'l9 . 64 8 . 182 2060.68 0.0218788 0.05561 0.491 0.00353 1.18489 1. 389 1 

58 3.4314 4 183 . 80 7 . 659 1488.58 0.0272934 0.05294 0.450 0 . 00308 1.17558 1. 5 367 

60 3. 223 26 1 6 6 .44 7 . 057 989.79 0.0360287 0.05054 0.408 O. DO 261 1.16436 1 . 7433 

62 2.9550 2 14 6 . 84 6 . 328 567.37 0.0528514 0.04871 0.362 0.00212 1.150 0 1 2 .0 77 9 

64 2.58277 1 27 . 80 5 . 467 275.47 0.0856749 0.04707 0.311 0.00166 1.13030 2 . 6034 

66 2.09335 115 .7 0 4. 733 146.46 0.1180241 0.04413 0.259 O. DO 154 1.10 4 74 2. 8660 

68 1.68124 115 . 9 4 4 . 457 136.95 0.0952242 0.03772 0.225 0.00203 1.08353 2 . 370 1 

70 1.43114 12 1 .38 4 . 381 155.51 0.0685719 0.03324 0.207 0.00279 1 . 07080 1. 8653 

75 1.10894 1 3 8 . 22 4 . 3 00 197 . 42 0.0391585 0.02893 0.190 0.00482 1.054 56 1.2 7 8 6 

80 0.94238 1 55 .10 4 . 224 222 . 95 0.0282720 0.02785 0.187 0.00674 1 . 04623 1. 06 05 

85 0.83110 17 2 .41 4 . 142 240.59 0.0225003 0.02772 0.189 0.00860 1.04069 0. 951 6 

90 0.74983 18 9 . 41 4.062 253 . 03 0.0189064 0.02801 0.193 0.01043 1 . 03666 0.8 8 67 

95 0.686&7 2 0 6 .1 6 3.987 262.25 0.01£>4263 0.02853 0.197 0.01227 1.03354 0. 6 437 

100 0.63559 2 2 2 .79 3 . 910 269 . 25 0.0145914 0.02918 0.203 0.01412 1 . 031 0 2 0 . 8 1 26 

105 0.59303 23 9 .40 3.841 2 74. 75 0.0131677 0.02992 0.2 08 0.01598 1 .0 2892 0 .7 9 08 

110 0. 5 5680 2 5 6 . 29 3 .7 68 2 79.17 0.0120667 0.03083 0.214 0.01 790 1.02713 0.77 24 

115 0 . 5 2 545 2 73 . 6 0 3 .689 282.76 0.0111472 0.03182 0.220 0.01986 1.02559 0. 75 79 

120 0.49794 2 9 1 . 45 3 . 6 06 285.73 0.0103770 0.03284 0.225 0.02181 1 . 02424 O. 747 3 

125 0.47356 30 9 . 94 3 . 518 288.21 0.0097206 0.03390 0.231 0.02376 1.0230 4 0 . 73 9 9 

130 0.45175 32 9. 14 3 . 426 290.30 0.00'11533 0.034'17 0.237 0.02569 1.02197 0. 7352 

140 0.4 1 4 2 5 36'1 . 93 3 . 238 293 . 60 0.0082186 0.03697 0 . 249 0.02936 1 . 02 01" 0 . 73 58 

150 0.38303 414.0 5 3 . 048 296 . 04 0.0074770 0.03972 0.260 0.03350 1 .01861 0 . 7293 

160 0.3 5655 4 61.45 2 . 868 297 . 89 O. 00~8713 0.04276 0 . 271 0.03783 1.01731 0.723 6 

170 0.33374 511 . 81 2 . 701 299.31 0.0063656 0.04582 0.282 0.04214 1 . 01620 0 . 722 0 

180 0.31384 5 6 4 . 62 2.551 300.41 0 . 0059358 0.05249 0.309 0.04990 1 . 01523 0.7104 

190 0 . 2963 4 620 . 17 2.413 301.23 0.0055611 0 . 05722 0.327 0.05598 1 . 01438 0. 7 0 99 

200 0.28016 6 7 5 .99 2 . 3 00 301.91 0.0052374 0.06156 0.343 0. 06195 1 . 01362 0 . 70 9 1 

220 0.25427 76 8 . 2 0 2.126 302.86 0.0046983 0.06924 0.368 0.07354 1 . 01233 0.70 8 0 

240 0.23251 8 97.16 2 . 0 09 303.47 0.0042658 0.07555 0.388 0.08490 1 .01127 O. 7069 

260 0. 2 1428 99 9 . 64 1.935 303.85 0.0039101 0.06059 0.404 0.09623 1 . 01038 O. 7058 

280 0.198 17 109 3 .61 1 . 8 9 5 304.06 0.0036117 0.08451 0 . 419 0.10764 1. 00963 0.7044 

3 DO 0.1 6 540 117 9 . 21 1 . 8 79 304.21 0.0033574 0.08750 0.432 0.11921 1 . 0 0898 0 . 70 29 

320 0.17375 1 2 5 6 . 9 4 1. 88 0 3 04 .27 0.0031378 0.08977 0 .443 0.13100 1.00841 0.701 4 

340 0.1&350 132 8 . 29 1 . 893 3 04.29 0.0029461 0.09151 0 . 455 0.14302 1.00791 0.6998 

3&0 0.154~1 1394. 6~ 1 . 913 304 . 27 0.0027771 0.09287 0.465 0.15530 1.00747 0. 6962 

J80 0.14629 1 4 5 7 . 22 1 . 939 304 . 23 0.0026269 0 . 09399 0.475 0.16785 1 . 007 0 8 0. 6 9 67 

~oo 0.138 99 15 17. 73 1 . 965 3 04 . 18 O. DO 24925 o .09500 0.485 0.18067 1.00672 0 . 695 4 

~20 0.13239 15 7 6 . 84 1 . 992 304.11 0.0023715 0.09594 0.495 0.19376 1.00640 0. 69 41 

~~O 0.1 264 0 1 635 .4 6 2 . 018 304 . 04 0 . 0022620 0.09687 0 . 504 0.20717 1.00611 0. 6 9 29 

460 0.1 2093 1 :' 94 . 31.t 2 . 0H 303 . 96 0.0021622 0.09784 0.513 0.22084 1 . 0 0585 0.6919 

480 0.11592 1753 . 57 2 . 062 303 . 88 0 . 0020711 0.09885 0 . 522 0.23460 1 . 00561 0 . 69 10 

500 0.1113 1 lH3 . 64 2.081 303 . 79 0.0019875 0.09993 0.532 0.24905 1 . 00538 0 . 6902 

520 0.1 0 706 18 7 4 . 58 2 . 097 303.71 0.0019104 0.10106 0.540 0.26359 1.00518 0 .6895 

540 0.10312 1936 . 58 2.111 303 . 67 0.0018386 0.10224 0.549 0.27847 1.00499 0.6868 

5&0 0.099~ 6 1 999 . 58 2 . 122 303 . 58 0.0017726 0.10351 0.558 0.29360 1 . 00461 0. 6 8 8 2 

580 0.09606 20 6 3 . 2 1 2.131 303.50 0.0017113 0.10481 0.567 0.30901 1 . 00464 0.6878 

600 0.09288 2 1 27 .72 2 . 139 303 . 42 0 . 0016541 0.10616 0 . 576 0.3247 6 1.00449 0 . 6873 

650 0.08579 2291 . ~ 2.152 303 . 23 0.0015267 0.10968 0.598 0.36538 1 . 00415 0.6865 

7 DO 0.07970 2 45 9 . 6 4 2.159 303.05 O. DO 14177 0.11337 0.619 0.40791 1 . 00385 0.6859 

800 0.06981 2802 . 64 2 . 162 3 02.74 0 . 0012406 0.12105 0 . 662 0.49863 1 . 00337 0.6 a51 

1000 0.05593 349 9 . 33 2 . 157 3 0 2 . 27 0.0009934 0.13663 0.747 0.70265 1 . 00270 0 . 6842 

2000 0.02 8 07 7288 . 06 2 . 021 301 . 19 0.0004981 0.27727 1.138 2.72127 1.0013& 0.5 3 65 

lOOO 0.01674 111& 5 . 98 1 . 624 300.80 0.0003325 0.39343 1.486 5 . 36823 1 . 00090 0.532 0 

4000 0.0140 5 1740 6. 4 3 1 . 597 300.39 0.00024Q7 0.54809 1.805 8.97523 1.00068 0. 5 1 53 

5000 0.0 11 16 29587 . 45 1.121 297 . 99 0.0002014 1.01596 2.111 15.28120 1.00054 0.4456 

TW O-P HAS E BOU NORY 

423 



C-Zb THERMOOYNAMIC PROPERTIES OF PARAHYOROGE~ 

350 PSIA rSQBAR 

TEM'ERATURE ~OLU"E ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY C~ CP VELOC lTY 
OEUVATIVE OERIVATIVE ENERGY OF SOUNO 

DEG . R CU FTfLS CU FT-PSI AfLB PSIAfR BTUfLB BTUfL9 STU/LB-R BTU LB -R FTISEC 

26. 258 0.20 .... 8 3079.88 76.0032 -132 ..... 3 -119.190 1.200"0 1.1"3 1.525 "362 
28 0. 20 &3 6 2926.52 76.5103 -129.809 -11& ... 35 1.30197 1. 1&9 1 . &31 .. 312 
30 0.208&7 2730.02 7&.1818 -12&.587 -113.0&3 1. "18 25 1. 236 1.750 .. 232 
32 0. 21119 2553.85 H.9952 -123.1"2 -109."55 1.53"66 1.279 1.8&1 "1 .. 9 
3 .. 0. 2 1391 2383 ... 3 73.7066 -119."82 -10S.&1~ 1.65093 1.318 1.975 .. 067 
3& 0.21&87 2221.05 7 2 .33 95 -115.&03 -101.5"8 1.76723 1. 353 2 .0 9 1 3989 
38 0. 22 00 6 2062.85 70.8623 -111.509 -97.2"7 1.883"8 1.383 2. 212 3910 
.. 0 0. 22 3 53 BO 3. 38 69 . 1987 -107.182 -92.&95 2.00023 1. "10 2 . 3"1 3826 

.. 2 0.22735 1737.50 &7.3532 -102.&10 -87.875 2.11778 1 ... 32 2 ... 82 3735 .... 0.2315. 1579 . 52 65.2888 -97.775 -82.7&8 2.23&56 1 ." 51 2 . &30 36 .. 2 

.. 6 0.23&2" 1"22.39 &2.98 .. 5 -92.&58 -77.3"7 2.3570" 1." 67 2.793 35.2 
"8 0.2 .. 1 .. 9 1265."3 &0."067 -87.231 -71.581 2.107973 1." 81 2.975 3 .. 32 
5 0 0.2"'''2 111 ... 2& 57.5532 -81.,,66 -65."30 2.60525 1 ... 93 3.178 3315 
52 0.25"21 H5.15 5 ..... 237 -75.320 -58.8.5 2.73"37 1.503 3 ... 13 3186 
5 .. 0.2&210 817.2& 51.0138 -68.73" -51.7.7 2.86827 1.513 3.701 30 .. 3 
5& 0.271109 677.08 107.3271 -61.605 - .... . 010 3.0089 .. 1.5 25 .. . 051 2888 
58 0 . 28295 5"3.79 .. 3.3506 -53.807 - 35 ... 68 3.15877 1.538 " . 510 2718 
60 0.297"5 .. 19 ..... 39.0389 -.5.1 37 -25.859 3.32161 1.5 53 5 . 125 25 32 

62 0.31.67 3D 7 . 88 3".36"8 -35.307 -1".78" 3.50313 1.57" 5.990 2330 
6 .. 0.3 .. 373 212.65 29.3208 -23.871 -1.593 3.712"2 1.603 7.26" 2 113 
66 0 . 38"29 1"3.23 2 ... 1792 -10.292 1 ... & 110 3.961&7 1.6.8 9.015 1905 
68 0 ....... 99 107.01 19.1&107 5.220 3".060 ... 25182 1 . 698 10.25 & 1730 
70 0. 52159 10 .... 3 15."517 20.297 5 •• 10 2 ... 5 .. 2&8 1.7 01 9.76" 166& 
75 0.7088 1 156 . 12 10 ... 181 "8.21& 9 ... 15. 5.09&&8 1.652 &. 503 1681 
80 0.8&095 216.2" 8.130" &6.507 122.30& 5."6059 1.608 • • 9&5 1759 
85 0.99171 271.30 &.80"1 80.832 1"5.105 5.7372" 1.587 ... 228 1830 
90 1.1087" 32o.7Z 5.9"38 93.187 165.0"5 5.96531 1 . 581 3.837 1899 
95 1.21921 367."9 5.3028 10".552 183.570 6.16569 1.583 3 . 58. 1963 

100 1.3237 2 "11.1& " . 795" 115.301 Zol.o91 &. 3.550 1. 590 3 •• 05 20 20 
105 1 •• 2397 "5 2.56 " . 3958 125.503 Z17.791 6.508.8 1.599 3.28 2 2 07 5 
110 1. 5Z09" .. 92.15 •• 0672 135." 02 Z33.975 6.65907 1. & 13 3.197 2126 
115 1.&1533 530 . 26 3 . 7909 1.5.112 Z"9.803 &.79979 1. &32 3.138 2173 
120 1.707&3 5 &7 .1& 3.55.6 15".720 265.393 6.93250 1.657 3.101 2217 
125 1.79820 503.03 3.3.96 16 ... 29 .. 280.837 1.05859 1. 687 3.0 7 9 2258 
130 1 .8873 3 638.03 3 . 1698 173.890 29&.209 7.17917 1.721 3.0 71 22 97 
1 .. 0 2.06210 705.89 2.8679 193.328 326.9H 7."0715 1.803 3.087 23 6 6 
150 2.23321 771.50 2.6235 213.327 358.063 7.62162 1 . 899 3.13 5 2 .. 29 
160 2 •• 0153 835.35 2."208 23 ... 09 .. 389.738 7.82&03 2. 005 3.203 2 .. 81 

170 2 . 5&7&5 897 . 81 Z.2.9 .. 255.7&5 "22.17& 8.022&5 2.11& 3. 2 8 & 25 .. 1 
180 2.73202 959.110 2.1022 278."16 .. 55 ... 79 8.21298 2. 229 3.375 259 .. 
190 2.89"&2 1019 . 25 1.9723 302.20" ,,89.80& 8.39825 2 . 3"5 3 . ,,70 2 & .. 3 
2 00 3.05&19 1078.75 1.8598 32&.880 52".953 8.57839 2 . .. 50 3.559 269 .. 
220 3 .37& .... 1195.8& 1. & 710 378.9"8 597 .777 8.9253" 2 . &3" 3.718 2797 
2 .. 0 3.&9371 1311.02 1 . 5185 .. 3 ... 0 .. 1 673."33 9.25"21 2 .773 3 .8"0 2900 
2&0 ".0087 & 1 .. 2 ... 7Z 1.392" .91.269 751.0Te 9.56509 2 . 86& 3 . 919 300 .. 
280 ... 32208 1537 . 29 1.28&2 5"9.829 829.9"5 9.85722 2 . 91& 3.959 3109 
300 ... 63 .. 0 6 1546.95 1.1955 606.898 909 . 233 10.13065 2.9 33 3 . 9&7 321 .. 
320 ... 9 .... 95 1759 . 90 1.1170 &&7.951 988 ."35 10.38&5 .. 2.923 3.951 3319 

3 .. 0 5.25"95 1670.2& 1.0"8" 72&.573 10&7.1109 10.&21078 2. 897 3 .919 3 .. 2 .. 
3&0 5.5&"23 1980.110 0 . 9879 78".505 11"5.125 10.8,,771 2 . 8&1 3 . 878 352& 
380 5 .872 89 2089.&0 0.93"2 8"1. &08 1222.233 11.05&18 2 . 819 3.833 3628 
.. DO &.18105 2198.73 0.8860 897.828 1298."25 11.251&7 2 . 777 3 . Te7 372 7 
.. 20 & ... 88 77 2307.5& 0.8"27 953.177 1373.717 11."3533 2.73& 3.7"3 3825 
.... 0 &.79611 2 .. 16 . 1 .. 0.803" 1007.71 .. 1 .... 8.17 .. 11.&0855 2.& 97 3.703 39Z0 
.. &0 7.1031 3 2524.51 0.7&77 1061.501 1521.858 11.77234 2. &&3 3.&&7 .. 013 
.. 60 7. "0987 2&32.69 0.7351 111".627 159 ... 6&5 11.927 .. 8 2 . &33 3.&35 .. 103 
SOD 7.71&37 2740.70 o • 7051 11&7.173 16&7.275 12.075"3 2. & 07 3.&0 7 4191 
520 8.022&5 28 .. 8.57 0.&775 12H.222 1739.174 12.21656 2.585 3.58" .. 277 

5 .. 0 6 . 32H 7 2956.86 0.&519 1271.020 1810.831 12.3517& 2.5&5 3.563 4361 
5&0 8.&3.88 3D &".43 O. & 2 83 1322.202 1881.833 12."8038 2.550 3.5"& .. 4 .. 3 
580 8.9 .. 0S .. 3171.88 0.&0&3 1373.158 1952.599 12.604"0 2.537 3. S3 2 .. 523 
&00 9.2"&07 3279 . 25 0.5859 1"23.909 2023.152 12 .7 240& 2.527 3.521 .. 601 
&50 10.009"3 35"7.35 0 .5 .. 0 .. 15"9.881 2198.597 13.00520 2.508 3.500 10789 
7 DO 10 .77 22& 3815.09 0.501" 1&75.1 .. 7 237J.302 IJ.26 .. 39 2 . .. 97 3 . .. 88 "969 
800 12 . 29&77 .. 3 .. 9.80 0 ... 38 .. 1'~2"."32 Z721.J9Z 13.72952 2 ... 89 3.,,78 5307 

10 DO 15.3"306 5"17.39 0 .35 0" 2422.2"1 341&.&33 1 ... 50 .. 71 2 . " 89 J."77 5921 
2 000 3 0. 55870 107 .. 4.8 .. 0.1750 .. 9&9.575 &950.101 1&.9 .. 62& 2 .6 .... 3.&30 82&7 
3000 .. 5 .7&9&1 1&0&8.88 0.11&7 7755.791 10722.1"3 18.4&220 2 . 925 3.911 9977 

.. 000 &1 . 01653 21J92 . 35 o. 0675 108&6.797 1 .. 821 ..... 0 19.83 .... 8 3.328 4.330 11355 
5000 7&.77317 2&715.&5 0.0700 110785.&"8 19761.720 21.7&57 .. ... &90 5.837 12 .. 05 ,/ 

TW O- PHASE BOUNORY 
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THERHOOYNAMIC PROPERTIES OF PARAHYOROGEN C-Zb 

350 PSIA ISOBAR 

TEMPERATU RE OENSI TY V (OH/OV' p V (OP/OU' V -V (OP/DVI T (DVIDT~VCON~~~~~~~TY VISCOSITY THERMAL DI EL EC TRI C PR A NDTL 
OIFFUSIVITY CONS TANT NUH BER 

OEG. R LB/CU FT BTU/LB PSIA-CU FT/BTU PSIA lIDEG. R nTU/FT-HR-R LB/FT-SEC SQ FT/HR 
X 10 5 

26 . 258 4.890~9 302.18 13.591 15062.13 0.0050460 0.04749 1.813 0.00637 1 . 25623 2 .0952 

28 4.84560 302.27 13.278 14181.33 0.0053951 0.05184 1.608 0 . 00656 1 . 253 71 1.821 2 

30 4. 7 9226 300.60 12.860 13082.95 0.0058230 0.05531 1.423 0.00659 1 . 25069 1 .6217 

3 2 4.73516 300.07 12.384 12092.89 0.0062016 0.05770 1.275 0.00655 1. 24748 1 .4807 

3 4 4.67482 298.51 11.962 11142.12 0.0066151 0.05924 1.154 0. 00642 1 . 2 44 0 9 1.3853 

36 4.61111 296.09 11.597 10241.52 0.0070634 0.06053 1.054 0.00628 1.24 05 1 1.3108 

38 4. 54430 292.68 11.275 9374.21 0.0075593 0.06201 0 . 969 0.00617 1 . 236 77 1.2447 

4 0 4.47357 288.04 10.973 8514.90 0.0081268 0.06298 0 . 896 0.00601 1 . 23 2 82 1.1990 

42 4.39855 281.58 10.693 7642.47 0.0088130 0.06349 0.832 0. 00582 1 . 22864 1.1707 

44 4.31858 274.82 10.416 6821_28 0.0095713 0.06361 0.775 0 . 00560 1. 22 4 20 1.1536 

46 4.23300 ? 67.00 10.141 6020.97 0.0104608 0.06337 0.723 0.00536 1 . 21 945 1.1 't7 8 

46 4.1410 0 256.09 9.653 5240.17 0.0115276 0.06279 0.676 0.005 1 0 1.21436 1. 1533 

5 0 4.04164 248.63 9.541 4503.42 0.0121799 0.06191 0.632 0 . 00482 1 . 2 0688 1.1 679 

52 3.93371 236.09 9.203 3796.61 0.0143348 0.06075 0.591 0.00452 1. 2 02 94 1.19 48 

54 3 . 81530 226.20 8.835 3116.08 0.0163606 0.05930 o . 551 0 . 00420 1.19 64 5 1.2383 

56 3.68336 213.67 8.426 2496.14 0.0189601 0.05731 0.513 0.00364 1. 18925 1 .3 047 

56 3.53421 199.92 7.975 1921.86 0.0225566 0.05501 0.475 0.00345 1 . 1811 4 1.400 6 

60 3.36186 165.12 7.477 1410.12 0.0276649 0.05236 0.436 0.00304 1 . 17182 1. 5 37 9 

6 2 3.15787 169.46 6.915 972.24 0.0353460 0.05038 0.397 0.00266 1 .160 85 1.70 1 0 

64 2.90927 153.27 6.266 618.65 0.0473950 0.04638 0 . 357 0. 00229 1 .14757 1.9298 

66 2.60221 136.96 5.638 372.72 0.0648729 0.04625 0.316 0 . 00197 1 . 1 313 2 2 .2148 

68 2.24726 128.69 5.023 240.48 0.0796946 0.04341 0.277 0 . 00168 1.11273 2 . 3 560 

70 1.91721 126.51 4.737 200.21 0.0771774 0.03966 0.248 0.00212 1 . 09564 2 .1982 

75 1.41061 137.49 4.469 220.26 0.0472999 0.03273 0.213 0.00357 1. 06977 1.5213 

60 1.16lS0 153.37 4.353 251.16 0.0323713 0.03030 0.201 0 . 00525 1 . 05 7 20 1.1875 

85 1.00836 170.01 4.252 273.57 0.0248715 0.02954 0.199 0.00693 1 . 04953 1.0247 

90 0.90192 186.76 4.169 289.27 0.0205479 0.02952 0.200 0.00853 1 .0442 2 0 .9376 

95 0.82020 203.74 4.083 301.42 0.0175930 0.02981 0.204 0.01014 1 .04 01 5 0.6813 

100 0.75545 220.54 3.992 310.61 0.0154386 0.03030 0 . 208 0.01178 1 . 036 94 0.8408 

105 0 .70226 237.30 3.915 317.82 0.0138312 0.03093 0.213 0.01342 1 .0 343 1 0.8126 

110 0.65H9 254.32 3.835 323.58 0.0125691 0.03175 o .2ta 0.01510 1.032 1 0 0.7898 

115 0 .619 0 7 271. 75 3.751 328.27 0.0115481 0.03267 0 . 223 0.01682 1 .0302 0 0.7721 

120 0.58561 289.71 3.663 332.13 0.0107023 0.03J&3 0.229 0.01852 1 .0285 5 0. 7 5 9 1 

125 0.55611 308.29 3.571 335.35 0.0099885 o .03H4 0.234 0.02023 1 .02710 0.H99 

130 0 .52985 327.58 3.476 338.06 0.0093764 0.03567 0.240 0.02192 1 .0 25 81 0.74 37 

1 40 0.48494 368.51 3.280 342.32 0.0083779 0.03757 0.251 0.02510 1.0 236 0 0.7427 

1 5 0 0 .44779 412.76 3.086 345.47 0.0075941 0.04028 0.262 0 . 02869 1.0217 8 0.7345 

160 0.~1640 460.27 2.900 3~7.84 0.0069594 0.04329 0.273 0.03245 1 .0 2 024 0.7 2 77 

170 0.389~6 510.76 2.729 3~9.66 0.0064330 0.0~631 0.284 0.03619 1 .018 9 2 0.7252 

180 0.36603 563.70 2.576 351.07 0.0059880 0.05266 0.310 0.04263 1.0177 8 0.7146 

1 9 0 0.34547 619.58 2.434 352.12 0.0056012 0.05735 0.328 0.04783 1.01677 0.7137 

200 0.327Z0 675.56 2.320 352.97 0.0052689 0.06168 0 . 343 0.05296 1. 01 5 8 8 O. 7125 

220 0. 29&17 788.13 2.142 35~.18 0.0047180 0.06930 0 . 368 ~ . 06293 1.01437 0.7107 

240 0 .27073 897.49 2.022 354.93 0.0042782 0.07559 0.388 0.07272 1.0 1 31 3 O. 7093 

260 0.24945 1000.37 1.947 355.40 0 . 0039177 0.08063 0.404 0.08247 1 .01209 0.707 8 

Z80 0.23137 1094.72 1.906 355.68 0.0036162 0.08454 0 . 419 0.09230 1.01121 0 .70 6 1 

300 0.21579 1180.67 1.889 355.83 0.0033597 0.08754 0.432 0.10227 1 .010 45 0. 7 04 4 

320 0 .20223 1258.73 1.889 355.90 0.0011386 0.08981 o .44~ 0.11241 1 .0 09 7 9 0 . 702 7 

3~0 0.19030 1330.35 1.902 355.90 0.0029459 0.09155 0 . ~55 0.12276 1.00921 0.7009 

360 0.17972 1396.9~ 1.922 355.87 0.0027762 0.09293 ,0.465 0.13333 1.008 7 0 0.6992 

380 0.17027 1459.73 1.946 355.80 0.0026255 0.09~05 0.476 0.1 4 413 1 . 00 8 2 4 0.6976 

400 0.16178 1520.42 1.972 355.72 0.0024908 0.09506 0 . 485 0.1 5 516 1 .007 83 0.6961 

4 2 0 0.15411 1579.70 1.999 355.62 0.0023696 0.09601 0.495 0.16644 1.00746 0.6947 

440 0.14714 1638.45 2.024 355.52 0.0022599 0.09695 0.504 0.17795 1 .00 712 0.6935 

460 0.14078 1697.45 2.048 355.41 o • DO 21601 0.09792 0.514 0.18970 1.00681 0.6924 

480 0.13496 1756.80 2.069 355.29 0.0020689 0.09894 0.523 0.20170 1.006 53 0. 6 91 4 

500 0.12959 1816.96 2.087 355.18 0.0019852 0.10002 0.532 0.21396 1.00627 0.690 6 

5Z0 0.124&5 1877.99 2.103 355.07 0.0019082 0.10115 0.541 0.22646 1 .006 0 3 0.68 99 

540 0.12006 1940.15 2.116 355.01 0.0018362 0.10234 0.550 0.23926 1 . 0 0581 0.689 1 

560 0 .11581 2003.22 2.127 354.89 0.0017703 0.10360 0 . 559 0.25226 1.0056 0 0.6885 

580 0 . 11185 20&6.91 2.136 354.78 0.0017090 0.10491 0 . 568 0 . 26552 1.00541 0.6880 

600 0.10815 2111.47 2.1~4 354.66 0.0016519 0.10626 0 . 576 0 . 2790~ 1. 00523 0.6875 

650 0 . 0 9991 2295.81 2.157 354.40 0.0015247 0.10979 0 . 598 0.31395 1 .0048 3 0.6867 

700 0.09283 2463.59 2.163 354.16 0.0014159 0.11349 0.620 0.35049 1 .0 0~49 0.6860 

800 0 . 08132 2806.73 2.166 353.74 0.0012393 0.12119 0.663 0 . 428 43 1.0039 ] 0.68 5 2 

1000 0.06518 3503.62 2.160 353.08 0.0009923 0.13680 0.748 0.60 369 1.00 31 5 0.684 2 

2 000 0.03272 7292.81 2.023 351. &1 0.0004978 0.27727 1 . 140 2.33401 1.00158 0.5373 

3000 0.02185 11769.79 1.826 351.08 0.0003323 0.39336 1.489 4 . 6 0 30 4 1 .0 0 1 05 0. 5 329 

4 000 0.01639 17350.22 1.604 350.59 0.0002496 0.54491 1.808 7.67833 1 . 000 7 9 0.5173 

500 0 0.01302 29012.45 1.146 347.96 0.00020t 2 0.98653 2.114 12.97 753 1 .0 0063 0.450 2 

TWO-PHASE BOUHORY 

4ZS 



C-Zb THFRHOOYNA~IC PROPERTIES OF PARAHYD~OGEN 

~OO PSIA Isa6A~ 

l EHPERATU RE VOLUME ISOTHERM I SOCHORE INTERNAL ENTHALPy ENTROPY CV CP VELOC lTY 
OERIVATIVE OFRIVATIVE ENfPGY OF SOUNO 

JEG. R CU FTILB CU FT-PSlAILB PSlAlR ~TUILA BTU/LA BTUILB- R BTU LB -R F r ISEC 

2&. ~ 5" 0.20,01 3130 .03 7&.1823 -132.3&0 -117.2"'1 1.20230 1.1"7 1.525 "391 
28 0.205&. 3000.75 7&.&&9. -130.046 -114.814 1.29173 1.188 1 . 617 4351 
30 0.20nq 2S09.34 76 . 5318 -126.M;5 -111.4&7 1.40718 1.235 1.735 4277 
32 0.21033 2630.7'1 75.607& -123.4&3 -107.884 1.52275 1.277 1 . 847 41'18 
3. 0.21297 2457.~2 74.3516 -119. 854 -104.080 1.6380& 1.316 1. '159 4116 
36 0.21583 2294 . 5'1 73 . 0133 -11&.034 -100.048 1.75326 1.3 51 2.072 ~038 

38 0.2189 1 2138.06 71.5644 -112.004 -95.78'1 1.86837 1.381 2.189 3962 
40 0.22Z2& 1980.30 &'1.9535 -107.752 -91.2'10 1.'18376 1.408 2 .312 3881 

42 0.22590 1822.6& &8.1&39 -103.271 -8&.53'1 2.09965 1.430 2 .44 2 3797 
44 0.229'11 1663 . 64 66.1694 -98.542 -81.512 2.21655 1.450 2.584 3706 
4& 0.23435 15 03.39 63 . 9578 -93.548 -7&.190 2 .334 82 1.467 2 .739 3&07 
48 0.23'128 1352.87 61.5027 - 88 . 275 -70.551 2 .454 80 1.480 2.'103 3506 
50 0.24.80 1198.82 58.8058 -82.6'15 -64 . 563 2.57702 1.493 3.093 3393 
52 0.25107 1058.54 55.8553 -76.773 -58 .17& 2 .702 24 1.503 3.292 3277 
54 0.25820 H5.59 52.6827 -70.485 -51.3&1 2.83083 1.512 3.533 3148 
56 0.26&51 775.81 49.2728 -'>3.755 -44.015 2 .9 6438 1.523 3.828 3006 
58 0 . 2703& ,45 .51 45.6294 -56.495 -3&.025 3.10454 1.534 4.180 2855 
&0 0.28832 524.18 41 . 744& -48.599 -27.243 3.25337 1.54& 4.61& 2693 

62 0.30325 412.52 37.6286 -39.919 -17.458 3.41377 1.560 5.184 2520 
64 0.32247 315.32 33.2945 -30.269 -&.384 3.58950 1.578 5.910 2 339 
66 0.34810 2H.81 28.8197 -19.440 6.343 3 .785 2& 1.& 03 6.841 21 55 
68 0.38288 178.01 24.4021 -7.352 21.008 4.00410 1.633 7.308 198& 
70 0 .42883 145.88 20.4066 5 . &18 37.381 4 .24138 1.664 S.468 1855 
75 0.57487 151.59 13.6350 35 . 368 77 . 948 4.801'10 1.663 7.292 1755 
80 0.71371 203 . 13 10.2814 56.796 109.660 5.21183 1.628 5.555 17'12 
85 0.83468 257.2'1 8.406& 7J.038 134.8&2 5.51709 1.604 4. &1& 1852 
90 0.94317 308.12 7. 2033 86.&42 15&.501 5.7&521 1.5'13 •• 090 1914 
95 1.04359 356.08 &.351'1 '18.783 17&.081 5.97700 1.593 3.7&4 1974 

100 1.13512 401.02 5.72'13 110.15& 1'14.45~ 6.16558 1.599 3.563 203 4 
105 1.22870 44 3.81 5 .2202 120.854 211.863 6.33546 1.607 3.40'1 208'1 
110 1.315'18 484.60 4.806'1 131.151 228.&24 6 •• '1143 1.620 3.302 2139 
115 1.40066 523.93 4.4&32 141.1'10 244.935 &.&3&45 1.&39 3.227 218& 
120 1.48325 561.87 4.1718 151.073 260 . '13~ &.7726& 1.663 3.177 2230 
125 1.5&~12 5'18.70 3.9209 160.883 27&.73& 6.'101&5 1.692 3.146 22 71 
130 1.&4355 634.59 3.7020 170 . 684 292.420 7.02469 1.726 3.130 2 309 
140 1.798'15 704.01 3.337& 190.460 323.707 7.25&54 1.807 3.134 2379 
150 1.95075 770.96 3.0449 210.728 355.218 7.47393 1.902 3ol73 2441 
1 &0 2.0'1'179 835.97 2 . 803& 231.714 387.244 7.68059 2.007 3.235 2499 

170 2 .2466& 899.45 2.6007 253.568 41'1.977 7.87'101 2.118 3.313 2553 
180 2.39181 '1& 1. &9 2.4273 27&.375 453.534 8.07080 2 . 231 3.3'19 2&05 
1 '10 2.53519 1022.53 2.2741 300.328 488.108 8.25741 2.348 3.492 2&54 
200 2.67758 1082.72 2.1423 325 . 12& 52].452 8 .43 85& 2.453 3.578 2705 
220 2.'15953 1201.03 1.9220 377.399 59&.608 8.78709 2 . &36 3.7J3 2807 
240 3 . 23855 1317.1'1 1.7~4& 432.655 672.532 9 .11714 2.775 J. 852 2910 
260 3.51539 1431.72 1.5'183 490.018 750 .401 9.428'l1 2 .8 66 3.929 3015 
280 3.79055 1544.99 1.4155 548. &92 82'l.~S5 '1.72173 2.918 3.967 3120 
300 ".O&~38 1657.27 1.3707 &07.858 908.'103 9 . '19592 2.934 3.'174 3225 
320 4.3371" 1768.75 1.2802 666.995 988.244 10.25205 2.924 3. '157 3330 

HO 4.60904 1879.57 1.2011 725.691 1067.078 10.4'10&& 2.8'18 S. '125 343 .. 
3&0 4.88022 1989.85 1.1315 783.687 114S.161 10.71390 2.862 J.883 35J7 
380 5.15080 2099.68 1.0696 840.848 1222.364 10_92262 2.820 J.837 3638 
400 5.42088 2209.12 1.0143 897.11'1 1298.639 11.11833 2.777 3.791 3738 
420 5.69053 2318.2~ 0.9645 952.515 1374.J08 11.30218 2.736 3.747 3835 
4 .. 0 5.95981 2427 . 06 0.919" 1007 . 09" 14"8.533 11.47556 2.698 3. 706 3'130 
460 6.22878 2535.68 0.8784 1060.'11'1 1522.27'1 11.63'148 2.664 3.670 4023 
480 6.49746 2644.07 0.8410 1114.080 1595.342 11.7947" 2.634 3.637 4113 
500 6.765'11 Z7S2.27 0.8066 1166.659 1667.804 11.94280 2.608 3.610 4201 
520 7.03"14 28&0.31 0.7750 1218.738 173'1 . 751 12.08402 2.585 3.586 4287 

540 7 . 30~&4 2~66.95 o .74 56 1270.584 1811.485 12.21935 2.566 J.565 4371 
5&0 7.57041 3076.&4 0.7185 1321.7'11 1882.525 12.34804 2.551 3.548 4453 
580 7.83803 318".21 0.6'134 1372.771 1953.327 12.47212 2.538 3.53" 4532 
600 8.10552 32'11.69 0.6700 1423.543 2023.'112 12.59183 2.527 3.523 ~610 

650 8.77380 3560.03 0.6178 154'1.560 2199.428 12.87309 2.508 J. 502 4799 
700 '1 ..... 155 3827.96 0.5733 1674.86" 2374.191 13.13237 2 .497 3.489 4978 
800 10.77591 4362.96 0.5011 1924.207 2722 .37 0 13.59761 2.489 3. ~79 5315 

1000 13.4~1'13 5430.90 0.4005 2422.08'1 3417.722 14.37293 2.48'1 3. ~77 5929 
2000 26.75&38 107 58.86 0.2000 4969.535 6951.358 16.81461 2.64~ 3.630 8272 
3000 40.06600 16082.99 0.1333 7755.709 10723.36'1 18.3305 .. 2.'125 3.911 9982 

4000 53.40672 21406.49 0.1000 10862.859 14818.650 19.70174 3.317 4.318 11362 
5 000 67.1660& 26729.80 0.0800 14139 .1 68 19714.102 21.&2334 ".604 5.739 12420 

lWJ-PHASE BOU~ORY 

4 26 



THERMOOtNAMIC PROPERT I ES Of PARAHYDROGEN C-2b 

~OO ?SIA ISOBAR 

TEMPERATURE DENSITY VCDH/DVlp VeDP/DUly -V CDP/DVIT CDV/DT\:IV cON6~g~~iTY VISCOSITY THER~AL DIELECTRIC PRANDTL 
DlffUS tVITY CONSTAN T NUMBER 

DEG. R LB/CU fT BTU/LB PSIA-CU fT /6 TU PSIA 1fDEG. R BTUIfT-HR - R L9~f;~~EC SQ fT / HR 

26. ~5~ ~.90111 307.11 13.551 15342.53 O. 00~9654 o .0~623 1.H27 0.00645 1.25667 2. 0796 

28 ~.86281 307.78 13.27& 14592.09 0.0052542 0 .0 5206 1.6~3 0.00662 1. 25~67 1.8371 

30 ~.61032 306.~3 12.664 13513.80 0.005663 2 0.05561 1.45~ 0.00666 1.25171 1.6331 

32 ~.75~39 305.55 12.~~9 12507.80 0.0060~4 6 0.05606 1.302 0.00661 1.2~856 1.4909 

34 ~.69542 303.98 12.031 11539.56 0.0064432 0.05966 1.178 0.00649 1.24524 1.3925 

36 4.63330 301.7~ 11.666 10631.55 0.0068676 0.06101 1.o7f> 0.00635 1.24176 1. 3152 

3e ~.56809 296.73 11.3~3 9766.95 0.0073272 0.06255 0 . 969 0.00626 1.23811 1.2460 

40 4.49931 2 9~. 49 11. 0 ~3 8909.98 0.0076511 0.06356 0.915 0.00611 1.23426 1.1977 

~2 ~.42669 289.08 10.765 8066.36 0.OO8~463 0.06~16 0.850 0.0059~ 1.23021 1.16~7 

44 4.3~947 282. 5~ 10.~90 7235.93 0 .00914 46 0.06436 0.792 0.0057 3 1.22591 1.1451 

46 ~.2&715 274.77 10.220 6415.20 0.0099691 0_06420 o • 7l.t 0 0.00549 1.22134 1. 1374 

~6 4.17922 266 .86 9.942 5653.95 0.0106776 0.06370 0.693 0 . 00525 1.216~7 1.1369 

50 ~.08491 257 . 56 9.6~5 4897.07 0.01200H4 0.06293 0.649 0.00~9H 1.21125 1. 1~67 

52 3.96301 246.50 9 . 329 4216.18 0.0132~76 0.06169 0.606 0.00472 1.20565 1.1646 

5~ 3.67293 237.62 8 .99~ 35~6.03 0.0148568 0.06060 0.569 0.00443 1.19961 1.1952 

56 3.75223 226.14 8.623 2911.00 0.0169264 0.05860 0.532 0.00409 1.19300 1.2470 

56 3.616H 213.95 6.222 2335 . 71 0.0195355 o • 0 56 76 0.49& 0.00375 1.16511 1. 314~ 

60 3.4&633 201 .03 7.768 1616.03 0.0229614 0.05446 0.460 0.00340 1.17757 1.4039 

62 3.29764 167.40 7.315 1360 . 36 0.027&606 0.05209 o .425 0.00305 1.16636 1.5210 

64 3.10105 173.56 6.604 977 .83 0.0340493 0.0502~ o .J69 0.00274 1.15761 1. 64 7~ 

66 2.67277 160.11 6.260 674.57 0.0427232 0.04622 0.354 0.0024 5 1.14563 1.6054 

68 2.61177 146.77 5.720 464.92 0.0524669 0.04597 o .319 0.00225 1.13163 1.9517 

70 2.331H 141.17 5.259 3~0.19 0.0599657 0.04346 0.289 0.00220 1.11715 2. 0237 

75 1.73954 1 ~1. 02 4.713 263 .69 0.0517067 0.03684 0.240 ~. 00290 1.06652 1.7068 

60 1.~0112 153.76 4 . 506 264.61 0.0361250 0.03311 0.219 0.00425 1.06928 1.3243 

65 1.19607 169.2~ 4.376 306 . 25 0.027 2119 0.03161 0.211 0.00572 1. 059 O~ 1.1115 

90 1.06025 165.46 ~.264 326 .66 0.0220500 0.03114 0.210 0.00716 1.05212 0.9915 

95 0.95823 202.18 4.161 341.21 0.0186158 0.03116 0.211 0.00864 1.04702 0.9172 

100 0.67664 219.10 4.077 352 . 35 0.0162601 0.03150 0.214 0.01006 1.0~306 0.6711 

105 0.61367 235.89 3.992 361.20 0.0144522 0.03199 0.216 0. 01153 1. 0398~ 0.6358 

110 0.75989 252.96 3.905 368.29 0.0130518 0.03270 0.222 0.0130 4 1.03716 0.8061 

115 0.71395 270. ~5 3.615 374.06 0.0119317 0.03355 0.227 0.01456 1.03469 0.7868 

120 0.67~20 286.H 3.722 376 . 61 0.0110127 o • 0 3445 0.232 0.01609 1.03292 0.7713 

125 0.63934 307.10 3.625 362.77 0.010 2 432 0.03540 0.236 0.01760 1.03120 0.7600 

130 0.60644 326.44 3.526 386.11 0.0095881 0.03638 0.243 0.01910 1.02968 0.7523 

140 0.5 5588 367.47 3.324 3'11 . 35 0.0085265 0.03819 0.254 0.02192 1.02709 0.74% 

150 0.512.2 U1.81 3.123 395.21 0.0077044 0.04084 0.265 0.02511 1.02496 0.7396 

160 0.47624 459 . 42 2.933 396.12 0.0070421 0.04362 0.275 0.02844 1.02316 0.7317 

170 0.4~510 510 . 00 2.758 400.35 0.0064961 0.04662 0.286 0.03175 1.02165 O. 7 2 8~ 

160 0.~1809 563.06 2.602 402.06 0.0060368 o .05286 0.310 0.03719 1.02033 0.7188 

190 0.394.5 619.25 2.456 403 .33 0.0056383 0.05749 0.328 0.04175 1.01917 0.7174 

200 0.37347 :.75.36 2.339 404.37 0.0052980 0.06179 0 .34 3 0.04624 1.01814 0.7156 

220 0.33789 768.29 2.156 405.62 0 .00 ,,7361 0.06937 0.366 0.05499 1.01640 0.7135 

240 0.30676 898.01 2.036 406.72 0.0042894 0.07564 0.386 0.06360 1.01.96 0.7116 

260 0.26""6 1001.27 1.959 407.27 0 . 00392.4 0.06067 0 ."0 5 0.07217 1.01360 0.7096 

280 0.26381 1095.97 1.917 407.59 0.0036200 0.06.58 0.419 0 . 08061 1.01279 0.7079 

300 0.2.604 1162.26 1.699 407.75 0.0033615 0.08756 0.432 0.06 957 1.01193 0.7059 

320 0.23057 1260.t2 1.699 .07.61 0.0031391 0.06966 0 •• 44 0.09649 1.01117 0.7039 

340 0.21696 1332 . 50 1. 910 407.60 0.0029454 0.09161 0.455 0.1075 6 1.01051 0.7020 

360 0.20491 1399.33 1.930 407.74 0.0027750 0.09299 0 . 466 J.11666 1.00992 0.7002 

380 0.19"14 1"62.31 1.954 407.6 .. 0.0026239 0.09412 0.476 0.12634 1.00940 0.6984 

.. 00 0.164.7 1523.16 1.960 407.52 0.0024869 0.09513 0.466 0.13603 1.00693 0.6966 

• 20 0.17573 1562. 6 0 2.006 407.39 0.0023675 0.09609 0.495 0.14593 1.00651 0.695 • 

"40 0.16779 1641.49 2 . 031 407. 24 0.0022577 0.09703 0.505 0.15604 1.00612 0.6941 

~60 0.16055 1700. 61 2.054 407.09 0.0021578 0.09801 0 .514 0.16636 1.00777 0.6929 

480 0.15391 1760.06 2.075 406.94 0.0020666 0.09902 0.523 0.17689 1.00745 0.6919 

500 0.14780 1620.31 2.093 406.79 0.0019829 0.10010 0.532 0.18764 1.00715 0.6910 

520 0.14216 1861.42 2.109 .06.63 0.0019059 0.10125 0.541 0.19661 1.00668 0.6'102 

5~0 0.13694 19"3.76 2.i22 .06.56 0.00la339 0.10243 0.550 0.20965 1.00662 0.6894 

560 0.13209 2006.89 2.132 406 .40 0.0017660 0.10370 0.559 0.2212 6 1.00639 0.6888 

560 0.12756 2070.63 2.141 406.25 0 . 0017066 0.10501 0.568 0.23290 1.00617 0.6682 

600 0.12337 2135.2~ 2.149 406.10 0.0016497 0.10637 0.577 0.24.75 1.00597 0.6676 

650 0.11396 2299 . 69 2.161 405.76 0.0015227 0.10990 0.599 0 . 27537 1.00551 0.6868 

700 0.10591 2.67.56 2 .168 ~05."4 0 .001 4140 0.11361 0.621 0.30743 1.00512 0.6661 

600 0.09280 2810.84 2.170 404.6R 0.0012377 0.12132 0.66~ 0 . 37576 1.00"49 0.6652 

1000 0.07439 3507.90 2.163 404 . 03 0.0009912 o .13697 0.7.9 0.52946 1.00359 0.6642 

2000 0.03737 7297.56 2.024 402.10 0.000.975 0.27727 1.142 2 . O~ 356 1.00160 0.5361 

3000 0.02496 11773.66 1.827 401. 41 0.OQ03322 0.39330 1.491 •• 02920 1.00121 0.5338 

4000 0.01672 17305.g8 1.610 400.62 0.0002495 0.5.235 1.Hl 0 . 706 .. 9 1.00090 0.5191 

5000 0.01.89 285"9.65 1.167 397.97 0.0002010 0.96277 2.117 11 . 26743 1.00072 O •• 543 

TWD-P~ASE BDUNDRY 

427 



C-2b THERMODYNAMIC PROPERTIES OF PARAHYDROGEN 

450 PSIA IS DB_R 

TEMPERATURE ~OLU1 E ISOTHERM ISDCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OERIVATI VE DERIVATIVE ENERGY OF SOUNO 

JEG. R CU FT/LS CU FT-PSIA/LB PSU/R aTUIlB BTU/LB BTU/LB-R BTU / LB -R FTISEC 

2& . &47 0.20355 3179.&& 7&.34&5 -132.274 -115.313 1.20418 1.150 1.525 4419 
28 0.20494 3073.29 76.8248 -130.270 -113 .192 1.28178 1.18& 1. &04 4388 
30 0.20713 268& . 72 7&.8732 -127.128 -109.8&8 1.39&41 1.234 1.721 4320 
32 0.20951 2705.69 70;.2038 -123.7&9 -106.312 1.51116 1.27& 1.834 4245 
34 0.21207 2529.65 74.9778 -120.208 -102.537 1.&2556 1.315 1.944 41&3 
3& 0.21483 23&~.77 73. &655 -116.443 -98.541 1.73973 1.349 2.055 4086 
38 0.21781 2210.74 72.2425 -112.472 -94.322 1.85378 1.379 2.168 4012 
40 0.22104 2054.32 70.6796 -108 . 290 -89.871 1.96791 1.406 2.28& 3934 

42 0.22454 1899.32 68.9354 -103.889 -85.178 2.08239 1.429 2.410 3852 
44 0.22837 1742.35 67.0104 -99.256 -80.226 2.19755 1.449 2.544 37&5 
4& 0.23258 1588.26 64.8793 -94.378 -74.997 2.31377 1.46& 2.&87 3&73 
48 0.23724 1433.12 62.5292 -89.236 -69.468 2.43142 1.480 2.845 3572 
50 0.24242 128~.&3 59.9558 -83.817 -&3.617 2.550 83 1.493 3.011 3470 
52 0.24824 114&.24 57.1603 -78.090 -57.405 2.&7263 1.503 3.195 3359 
54 0.25478 1007.45 54.1789 -72.044 -50.814 2.79699 1.512 3.404 3241 
5& 0.2&22& 870.95 50.9920 -&5. &27 -43.773 2.92499 1.522 3. &51 3111 
58 0.27097 743.06 47.&034 -58.771 -36.191 3.05800 1.532 3.937 2975 
&0 0.28123 621.50 44.0374 -51.419 -27.984 3.19709 1.541 4.283 2829 

&2 0.29357 511.74 40.28&7 -43.483 -19.021 3.34402 1.553 4.691 2676 
&4 0.30871 412.28 3&.39&4 -34.866 -9.142 3.50080 1.565 5.194 2518 
66 0.32764 327.46 32.4143 -25.475 1.827 3 .66953 1.581 5.791 2357 
68 0.35169 260 . 29 28.434& -15.245 14.061 3.85210 1.601 &.438 2202 
70 0.3821& 211. eo 24.6394 -4.265 27.580 4.04801 1.622 7.048 20&5 
75 0.48677 17 O. 42 17.1150 23.859 64.420 4.55629 1.655 7.311 1868 
80 0.60610 201.52 12.7063 47.051 97.556 4.98448 1. &38 5.998 1849 
85 0.7040 250.02 10.1948 &5.111 124.807 5.31522 1.617 4.975 1888 
90 0.81637 299.82 8.611& 79.974 148.001 5.58053 1.605 4.352 1941 
95 0 . 90867 347.78 7.5163 92.995 1&8.713 5.804&0 1. &03 3.9&2 199& 

100 0.9953& 393.17 &.70&6 105.005 187.94& &.00199 1.&07 3.70 & 2049 
105 1.07825 437.19 6.0827 116.186 20&.035 &.17853 1. &14 3.527 2104 
110 1.15781 479.01 5.5872 12&.887 223.365 & .33979 1.&27 3.40& 215& 
115 1.21481 519.21 5.1684 137.2&2 240.156 &.48908 1. &45 3.315 2202 
120 1.30974 558.03 ".81&1 147.428 256.565 &.&2876 1. &&8 3.252 2245 
125 1.38297 595.67 ".51 .. 9 157.478 272.718 &.7&0&4 1.697 3.212 228& 
130 1.45479 632.32 4.2537 167.486 288.710 &.88609 1.730 3.188 2323 
140 1.59502 703.12 3.821& 187.603 HO .512 7.12177 1.810 3.180 2392 
150 1.73169 771.27 3.4773 208.142 352.440 7.34203 1.905 3.210 2454 
160 1.86565 837.3" 3.1952 229.349 384.810 7.55092 2.009 3.267 2511 

170 1.99750 901.76 2.9591 251.387 417.834 7.75110 2.120 3.340 25&5 
180 2.12765 964.83 2.7581 274.3"9 451.&41 7.94432 2.233 3.422 2618 
190 2.25&03 1026.34 2.5806 298.468 486.458 8.13226 2.350 3.512 2666 
200 2.38346 1087.18 2.4288 323.387 521.996 8.31441 2.455 3.597 2716 
220 2.&3555 120&.&1 2.1758 375.8&3 595."77 8.6&449 2.&38 3.748 2818 
240 2.88478 1323.&9 1.9728 431.282 671.665 8.99568 2.777 3.8&4 2'121 
2&0 3.13187 1"39.00 1.8059 488.779 749.751 9.30833 2.869 3.939 3025 
280 3.37731 1552.94 1.6660 547.566 828.989 9.&0183 2.919 3.97& 3130 
300 3.6214" 16&5.80 1.5469 606.828 908.594 9.87&56 2.935 3.982 323& 
320 3.86453 1777.78 1.4441 666.048 988.071 10.13313 2.925 3.964 3340 

340 4.10&77 1889.0 .. 1.3545 724.81& 1067.024 10.37210 2.899 3.930 3444 
360 4.34831 1999.71 1.2756 782.87& 1145.212 10.59564 2.8&3 3.888 3547 
380 4.5892& 2109.88 1.2055 840.094 1222.507 10.804&1 2.821 3.841 3649 
4 DO 4.82971 2219.63 1.1429 89&.417 1298.86& 11.00053 2.778 3.795 3748 
420 5.0&974 2329.03 1.08&6 951.859 1374.309 11.1845& 2.737 3.750 3845 
440 5.30941 2438.12 1.0357 100&.479 1448.901 11.35810 2.699 3.709 3940 
4&0 5.54877 2546.'14 0.9894 10&0.342 1522.709 11.52216 2. &&5 3.673 4033 
480 5.78785 2655.53 0.9471 1113.538 1595.827 11.&7754 2.&34 3.640 4123 
500 &.02670 27&3.92 0.9083 11&&.149 16&8.341 11.82570 2. & 08 3. &1 2 4211 
520 6.26533 2872.12 0.872& 1218.257 1740.334 11.9&701 2.586 3.588 4297 

540 &.50 .. 35 2981.10 0.8394 1270.152 1812.145 12.10247 2.5&7 3.5& 7 4381 
5&0 6.74252 3088.91 0.8089 1321.384 1883.223 12.23123 2.551 3.550 44&2 
580 6 . 98055 3196.60 0.7805 1372.386 1954.060 12.35538 2.538 3.53 & 4542 
600 7.21846 330".18 0.75"1 1423.17'1 2024.677 12. 47514 2.528 3.524 4&20 
650 7.81277 3572.75 0.&954 1549.242 2200.2&3 12.75&51 2.509 3.503 4808 
7 DO 8."0656 3840.87 0.6452 1 & 74.583 2375.083 13.01587 2.497 3."90 .. 987 
800 9 . 59302 "316.14 0.5&39 1923.98" 2723.350 13.48123 2.489 3.480 5324 

1000 11.9&32& 5"44."3 0 ... 50& 2421.940 3.18.812 14.25&67 2.489 3.478 593& 
2000 23.7HOO 10772.85 0.2250 "96'1.497 6952.615 1& .&9849 2. & .... 3.&30 8278 
3000 35.62995 16097.07 0.1500 7755.641 1072".606 18.21441 2.925 3.911 998& 

40 DO 47.48&74 21"20.60 0.1125 10859.597 14Ho.563 19.58472 3.307 4.307 113&9 
50 DO 59.&9455 2674~.92 0.0900 14700.668 1'1& 74.88" 21.49831 4.532 ;.658 12434 

TWO-PHASE eOU~ORY 
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THERMOOYNAHIC PROPERTIES OF PARAHrDROGEN C-Zb 

~50 PSIA ISOBAR 

TEHPERA TURE DENSI Tr V IDH/DV)p V COP/DU)V -V IDP/OV)T (DV/DT~VCON~~~~~~~Tr V ISCOSI rr THERMAL DIELECTR IC PRANDTL 
DIFFusrvIrr CONSTAN T NUH BER 

DEG. R LB/CU FT BTUIlB PSIA-CU FT/BTU PSIA lIDEG. R BTU/FT-HR-R LB/FT-SEC Sa. FT/HR 
X 10 5 

2&.6~7 ~.91280 312 .02 13.511 15621.01 O. 00 ~887~ 0.04895 1.841 0.00653 1.25749 2.0654 

28 4.87942 313.13 13.276 14995.90 0.0051231 0.05230 1.679 0.00668 1.25561 1.8537 

30 ~.82793 312.10 12.907 13936.88 0.0055158 0.05590 1. ~8~ 0.00673 1.25270 1.6453 

32 4.77311 310.87 12.511 1291~.55 0.0059006 0.05841 1.328 0.00667 1.24961 1.5019 

31t 4.715~3 309.26 12.095 11928.39 0.00628~7 0.06007 1.202 0.00&55 1.24637 1.4004 

36 ~.65478 307.17 11.731 11012.15 0.0066895 0.06148 1.097 0 . 00641 1.24296 1.3204 

38 4.5910& 304.53 11.407 10149.63 0.0071177 0.06308 1.009 0.00634 1.23939 1.2483 

~O 4.52408 300.64 11.109 9293.91 0.0076050 0.0&416 0.934 0.00620 1.23564 1.1975 

~2 4.45350 295. 7~ 10.831 8458.59 0.0081497 0.00481 0.8&8 0.00604 1.2317 0 1.161& 

4~ 4.37851 ? 89.&7 10.560 7629.40 0.0087832 0.06507 0.809 O. DO 584 1.22754 1.1392 

~& 4.29953 282.82 10.294 &828.77 0.0095009 0.06499 0.757 0.00562 1. 2231~ 1.1269 

48 4.21509 274.83 10.023 &040.74 0.0103512 0.06457 0.709 0.00539 1.218'+6 1.1252 

50 4.12504 266.91 9.737 5315.64 0.0112791 0.06389 0.&&6 0.00515 1.21348 1.1292 

52 4.02841 258.08 9.438 ~617.53 0.0123790 0.06296 0.625 0.00489 1.20815 1. H15 

5~ 3.92493 2~8.41 9.127 3954.18 0.0137017 0.06180 0.587 0.00463 1.202'+& 1.1631 

5& 3.8129~ 237.79 8.787 3320.87 0.0153550 0.06016 0.550 0.00432 1.19632 1. 2022 

58 3.69043 226.76 8.422 2742.19 0.0173596 0.05830 0.515 0.00401 1.18963 1.2519 

60 3.5557& 214.95 8.035 2209.91 0.0199273 0.05625 0.481 0.00369 1.18231 1.3184 

62 3.~0032 202.96 7.618 1743.15 0.0231114 0.05400 0.447 0.00338 1.17422 1. 3995 

04 3.23930 190.59 7.178 1335.50 0.0272530 0.05197 0.415 0.00309 1.16522 1.4918 

66 3.05215 178.55 6.716 999.46 0.0324317 0.05014 0.382 0.00284 1.15519 1.5899 

68 2.84H4 167.58 6.248 740.13 0.0384183 0.04815 0.351 0.00263 1.14408 1.6908 

70 2.61&68 158.53 5.807 554.20 0.0444590 0.04604 0.322 0.00250 1.13208 1.7758 

75 2.051t35 1 ~9. 56 5.03~ 350.11 O. 0~88847 0.0~0~6 0.267 0.00269 1.10272 1.7374 

80 1.6~989 156. 9~ 4.702 H2.48 0.03821&3 0.03607 0.239 0.00365 1.08193 1. ~312 

85 1.39588 170.30 ~.518 349.00 0.0292112 0.OH85 0.226 0.00 ~8 7 1.0&902 1.196~ 

90 1.22493 185.61 ~.3ao 367. 26 O. 023~~80 0.03290 0.221 0.00617 1.06039 1.0512 

95 1.10051 201.75 4.262 H2.73 0.0196386 0.03263 0.220 0.00H8 1.05414 0.9600 

100 1.001t&6 218.28 4.153 395.00 0.0169786 o .0327~ 0.221 0.00879 1.0~934 O. 9002 

105 0.92743 235.13 4.063 405.47 0.0150017 0.03309 0.224 0.01011 1.04549 0.8585 

110 0.86370 252.23 3.977 413.72 0.0135048 0.03370 0.227 O. 011~6 1.04231 0.8273 

115 0.80984 269.71 3.880 420.48 0.0122917 0.03446 0.232 0.01284 1.03964 0.8022 

120 0.763H 287.73 3.782 426.06 0.0113039 0.03529 0.236 0.01421 1.03734 0.7838 

125 0.72308 306.38 3.680 430.72 0.0104821 0.03618 0.241 0.01558 1.03534 O. 770~ 

130 0.68738 325.74 3.577 434.65 0.0097865 0.03712 0.246 0.01694 1.03357 0.7611 

140 0.62695 366.81 3.368 440.83 0.0086692 0.03881 0.256 0.01947 1.030S9 0.7566 

150 0.57TH 411.21 3.162 445.39 0.0078074 0.04142 0.267 0.02234 1.02815 0.7450 

160 0.53601 458.88 2.967 448.82 0.0071192 0.04436 0.277 0.02533 1.02611 0.7357 

170 0.500&3 509.54 2.788 451.44 0.0065S~8 0.04733 0.288 0.02830 1.02437 0.7316 

180 0.~7000 562.69 2.628 453.47 0.0060821 0.05306 0.311 0.03299 1.02287 0.7228 

190 0.44326 619.17 2.477 ~S4. 93 0.0056726 0.05765 o .329 0.03703 1.02156 0.7211 

200 0.41956 &7S.44 2.358 456.13 0.0053248 0.06192 o . 3~~ 0.04103 1.02040 0.7192 

220 0.379~3 788.65 2.174 4S7.82 0.00~7525 0.069~6 0.369 O. 0~88~ 1.01843 0.7162 

240 0.3~6&5 898.7Z 2.050 458.8S 0.0042994 0.07570 0.389 0.05652 1.01683 0.7139 

260 0.31930 1002.32 1.971 459.H 0.0039303 0.08072 0.405 0.06418 1.015S0 0.7117 

280 0.29&09 1097.37 1.928 459.82 0.0036231 0.08~63 0.420 0.07189 1.01436 0.7095 

300 0.27613 1183.97 1.909 ~59.98 0.0033629 0.0876~ 0.~32 0.07971 1.01339 0.707~ 

320 0.25876 1262.61 1.908 ~60.02 0.0031392 0.08991 0.4~~ 0.08767 1.012S~ O. 70S2 

3"0 0.24350 13J~. 75 1.919 ~S9.98 Q.0029~46 0.09167 0.456 0.09578 1.01180 0.7031 

360 0.22997 1~01.79 1.938 ~59. 88 0.0027737 0.09305 0.466 0.10~06 1.01114 0.7011 

380 0.21790 1464.96 1.961 459.74 0.0026222 0.09419 0.476 0.11252 1.01056 0.6993 

400 0.20705 1525.99 1.987 ~59. 58 0.0024869 0.09521 o .~86 0.12116 1.01003 0.6976 

"20 0.19725 1585.5& Z.013 459.40 0.0023653 0.09616 0.~96 0.12999 1.00955 0.6960 

"40 0.16834 1644.57 2.038 459.21 0.002255~ 0.09711 0.505 0.13900 1.00912 0.6946 

.. 60 0.18022 1703.80 2.060 459.01 0.0021555 0.09809 0.51~ 0.14820 1.00873 0.6934 

"80 0.17276 1763.35 2.081 458.81 0.0020642 0.09911 0.52~ 0.15759 1.00836 0.6923 

500 0.1&593 1823.70 2.099 458.61 0.0019806 0.10020 0.533 0.16718 1.00603 0.6'114 

520 o .lS961 1884.89 2.114 458.42 0.0019036 0.10134 o .5~2 0.17696 1.00772 0.6906 

5"0 0.1537~ 19~7.40 2.127 458.32 0.0018315 0.10253 0.551 0.1869R 1.00744 0.6897 

560 0.14831 2010.58 2.138 458.12 0.0017657 0.10380 0.560 0.19715 1.00718 0.6890 

580 0.1~32& 2074.37 2.147 457.93 0.0017045 0.1051 1 0.569 0.20752 1.00693 O. 688~ 

600 0.13853 2139.04 2.154 457.74 0.0016475 0.10647 0.577 0.21809 1.00670 0.6880 

650 0.12800 2303.59 2.166 ~57.30 0.0015207 0.11002 0.599 0 . 24537 1.00619 0.6870 

700 0.11895 2~71.54 2.172 4S6.89 0.00 14122 0.11373 0.621 0.27393 1.00S75 0.6862 

800 0.10~2~ 2814.96 2.173 ~56 .18 0.0012362 0.12146 0.664 0.33484 1.0050~ 0.6853 

1000 0.08359 j512 . 20 2.166 ~55.1 0 0.0009901 0.13714 0.749 0.4717& 1.00~04 O. 68~2 

2000 0.04202 7302.30 2.025 452.66 0.0004971 0.27727 1.143 1.81766 1.00203 0.5390 

3000 0.02807 11778.11 1.828 451.78 0.0003320 0.39325 1.494 3.58291 1.00136 0.5348 

~O 00 0.02106 17270.28 1.615 ~51.09 0.0002~94 0.5~023 1.814 5.95598 1.00102 0.5208 

5000 0.01675 28167.02 1.186 448.01 0.0002009 0.94306 2.120 9.94908 1.00081 O. ~580 

TWO-PHASE BOUNDRr 
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C-Zb TMERHOOYNAHIC PROPERTIES OF PARAHYDROGEN 

500 PSIA ISOBAR 

TEMPERATURE VOLUME ISOTMERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DER IVATI VE DERIVATIVE ENERGY OF SOUND 

OEG. R CU FT/lB CU °T-PSIA/lB PSIA/R BTU/lB BTU/lB BTU/lB-R BTU I lB -R FTlSEe 

26.840 0.20310 3228.59 76.4911 -132.184 -113.380 1.20606 1.154 1.525 4 .... 7 
28 0.20.2& 314".22 76.9768 -130."81 -111.5&9 1.27210 1.18" 1.592 .... Z5 
30 0.20&39 2962.28 77.20&6 -127.378 -108.2&9 1.38591 1.232 1.709 .. 362 
J2 0.20871 2775.61 7&.&790 -12".059 -10".735 1.49992 1.275 1.822 .. 286 
3 .. 0.21121 2513.15 75.5350 -120.539 -100.98" 1.&1360 1.313 1.927 .. 21 .. 
36 0.21389 2 .... 6.28 7".2665 -116.827 -97.02" 1.72675 1.348 2.035 !t1J7 
38 0.21&77 22 8 7. .. 9 72.8831 -112.915 -92.8"5 1.83970 1.378 2.1"6 .. 062 
.. 0 0.21988 2132.56 71.3633 -108.797 -88."39 1.95268 1 ... 05 2 .2& 0 3987 

.. 2 0.22325 1978_37 69.&7"8 -10 ... 472 -83.802 2.06580 1 ... 28 2.379 3908 .... 0.22&92 1823.17 67.8128 -99.926 -78.91& 2.179"3 1.448 2.506 3823 

.. & 0.23093 1&65.85 65.752& -95.150 -73.768 2.29383 1 ... 65 2.6 .... 3732 
48 0.23535 1517 d3 &3.4958 -90.130 -68.340 2 ... 0933 1.480 2.788 3639 
50 0.2"023 1373.00 &1.0309 - 8".851 -62.&09 2.52630 1."93 2.9"2 35 .. 1 
52 0.245&& 1228.51 58.3721 -19.297 -5&.553 2.& .. 50 .. 1.50" 3.115 3 .. 34 
54 0.25173 1095.87 55.5348 -73.4"8 -50.141 2.7&602 1.513 3.296 3326 
56 0.25857 H3."1 52.5324 -&1.28" -43.3 .... 2.889&0 1.522 3.508 3208 
58 0.2&&39 83".12 "9.3575 -&0.752 -36.088 3.01689 1.531 3.757 3080 
&0 0.275"3 71".63 "6.0297 -53.810 -28. 3 09 3.1 .. 87 .. 1.539 ...038 29 .. 7 

&2 0.28&0 .. 60".9" "2.558& - .. & ... 03 -19.920 3.28&25 1.5"9 ".361 2809 
& .. 0.29863 505.77 38.9751 -38.480 -10.831 3.43051 1.559 ".733 2667 
6& 0.31318 "17.35 35.3289 -29.988 -0.936 3.58273 1.570 5.169 2523 
68 0.33221 3"3.77 31.&815 -20.895 9.8&4 3.H390 1.583 5.6"1 2382 
70 0.35"&9 2 85.55 28.1313 -11.227 21.&12 3.91 .. 1& 1.597 &.117 2251 
75 O ... H2 1 210.99 20."866 1".303 5".227 ... 3&396 1.631 &.768 201 .. 
80 0.52830 213."6 15.309" 37.826 86.739 ... 78386 1.637 6.177 1932 
85 0.626"7 250.95 12.1"17 57.275 115.277 5.13019 1.625 5.25 .. 1939 
90 0.7179" 2 96.90 10.1357 73.305 139.777 5 ... 10 .... 1.61" ".587 1977 
95 0.80297 3"3.32 8.7658 87.196 161.5 .. 0 5.6"588 1 .611 ... 150 20Z .. 

100 0. 88 292 388.63 7.7656 99.862 181.608 5.85186 1.615 3.855 2073 
105 0.958n 432.5" 7.0025 111.539 200.328 &.03"57 1.621 3.6" 8 21Z .. 
110 1.03199 414.89 &.3951 122.62& H8.1n 6.200&3 1.&33 3.501 2172 
115 1.10320 51£>.16 5.9015 133.3 .... 235."85 6.35 .. 5 .. 1.651 3.399 2219 
120 1.17189 555.65 5."868 1"3.793 252.29" 6."9763 1.673 3.327 2262 
125 1.23892 593.96 5.1310 15".086 268.793 &.6323J 1.701 J.276 2302 
130 1.30"57 631.25 ".82 .. 0 16".303 285.088 6.76016 1.73" 3.245 2JJ9 
140 1."3253 703.23 ".3196 18".763 317.396 6.99959 1.81" J.225 2 .. 07 
150 1.55701 772 ..... 3.92Q5 205.573 3"9.731 7.22267 1.907 3.2 .. 7 2 .. 68 
160 1.67885 839."6 3.5953 227.000 382."39 7 ... 337 .. 2.012 3.298 2525 

170 1.79861 90".72 3.32"3 2"9.221 .. 15.7 .. 8 7.63565 2.122 3.366 2578 
180 1.91671 968.56 3.09"5 272.338 .... 9.799 7.83026 2.23 .. 3 ..... 5 2630 
190 2.03304 1030.66 2.8917 296.62" "8".856 8.01953 2.353 3.533 2677 
200 2.148"8 1092.10 2.7190 321.66" 520.58" 8.2026" 2 ... 57 3.615 2728 
220 2.376&2 1212.56 2 ... 323 37".3"1 59".38" 8.55"25 2.6"0 1.762 2830 
2 .. 0 2.60197 1330.51 2.2030 "29.922 670.829 8.88656 2.778 3.876 2932 
260 2.82523 1"46.56 2.0150 .. ft7.551 7"9.129 9.20007 2.871 3.9"9 3036 
280 3.0"686 1561.13 1.8577 5 .. 6 ..... 9 828.5,,7 9 ... 942 .. 2.920 3.98" 31 .. 1 
300 3.26722 167".53 1.72"0 605.806 908.307 9.76950 2.936 3.989 32 .. 6 
320 3.,,8655 17 86. 99 1.6088 665.109 987.916 10.02&50 2.927 3.970 3351 

3~0 3.70505 1898.67 1.5085 723.9"9 1066.986 10.26582 2.900 3.936 3 .. 55 
360 3.92286 2009.71 1."202 782.073 11 ~5. 277 10.~8965 2.863 3.893 3558 
380 ~.1"009 2120.21 1. 3~19 839.3~7 1222.663 10.69887 2.821 3. 8~6 3659 
.. 00 ".35.84 2230.26 1. Z120 895.720 1299.10" 10.89500 2.779 3.799 3758 
420 ".57317 2339.92 1.2091 951.207 1374.621 11.07921 2 .7 38 3.754 3855 
.. 40 4.78914 2 .... 9.24 1.1522 1005.869 1"49.279 11.25290 2 .699 3.712 3950 
.. 60 5.00"80 2558.28 1.1006 1059.770 1523.147 11.'+1710 2.665 3.675 "0 .. 3 
~80 5.22020 2667.06 1.053" 1113.001 1596.320 11.57259 2.635 3.643 '+133 
500 5.4353& 2775.63 1.0102 1165.6"3 1668.88" 11.72086 2.609 3.61'+ .. 221 
520 5.65032 288 ... 00 0.970'+ 1217.780 17"0.923 11.86226 2.586 3.590 .. 307 

540 5.865710 2993.31 0.933" 1269.723 1812.811 11.99785 2.567 3.569 4390 
560 6.08024 3101.25 0.8994 1320.979 1883.927 12.12668 2.552 3.552 4 .. 72 
580 6.29"60 3209.05 0.8678 1372.004 195".799 12.25088 2.539 3.537 4551 
600 6.50883 3316.73 0.838" 1"22.818 2025.448 12.37070 2.528 3.526 .. 629 
650 7.04397 3585.52 0.7730 1548.926 2201.102 12.65218 2 .509 3.504 .. 817 
700 7.57859 3853.81 0.7172 1674.305 2375.979 12.91163 2 ... 98 3 ... 91 .. 996 
800 8.6 .. 672 "389.36 0.6267 1923.764 272 .. d33 13.37711 2.'+89 3.481 5332 

1000 10.78033 5~57.9& 0.5007 2~21.792 3419.904 14.15267 2.489 3." 711 594" 
2000 21 ... 3308 10786.83 0.2500 .. 969 ... 60 6953.872 16.59461 2.6 .... 1.630 8283 
3000 32.08103 16111.13 0.1&67 7755.581 10725.851 18.11053 2 . 92~ 3.910 9990 

.. 000 ~2. 75096 21"3".68 0.1250 10856.839 1" 81".999 19."8008 3.299 ... 298 11375 
5000 53.72071 26758.01 0.1000 14668.098 19&41.908 21.38691 ... " 71 5.590 12 .... 6 

TWO-PHASE BOUNORY 
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THERHOOYNAHIC PROPERTIES OF PARAHYOROGEN C-Zb 

500 PSIA ISOB AR 

TEMPERATURE OE NS ITY V(O H/OV)p HOP/OU)y -v (OP/OV)T (OV/Or~vCONb~~~~~~TY VISCOSITY THERHAl DIELECTRIC PRA NOTl 
OIFFUSIVITY CONSTANT NUH BER 

DEG. R l B/CU FT BTU/lB PS IA -CU FT IB ru PSIA II DEC. R BTU/FT-HR-R lB~ F ~~~E C sa FT/HR 

26.8"0 " . 9 2 375 316.9" 13. " 68 15896.77 0.00"3117 0.0"966 1.856 0.00661 1.25811 2.0516 

26 4.895 67 316 . 35 13 . 2 76 15393 . 08 0.0050007 0.05253 1.715 0.00674 1.25652 1.6706 

30 4 .6 4513 31 7 .61 12.931 1"352.66 0.0053793 0.05619 1.515 0.00679 1.25367 1.6562 

32 4.79125 315.96 12.552 13298.67 0.0057659 0.05676 1.355 3.00673 1.25063 1.5127 

34 4.73459 315 . 55 12.H6 12372.18 0.0061052 0.06046 1.226 0.00663 1.247"4 1.4060 

36 4.675"0 313.42 11 . 787 11437.3" 0.0064933 0.06193 1.119 0.00651 1.24412 1.3236 

36 4.6132 6 31 0. 66 11."65 10552.81 0.0069065 0.06359 1.029 0.00642 1.2"063 1.2501 

40 4. 5 H91 307.17 11.169 9698.71 0.00735~0 0.06473 0.952 0.00630 1.23696 1.1967 

.. 2 ".47929 302 . 5 7 10.694 6661.70 0 . 0078625 0.065 .... 0.885 0.00614 1.2331 .. 1.1566 

44 4 .40 682 296_95 10.626 8034.37 0.0084"03 0.06576 0.626 0.00595 1.22910 1.1336 

46 4.3 3 023 290 .09 10.363 7213.51 0.0091152 0.06574 0.77J 0.00574 1.22 .. 8 .. 1.11Q9 

.. 6 ... 24900 2 63. 06 10 . 096 6 .... 7.16 0.0098"67 0.065"1 0.726 0.00552 1.22033 1.1134 

50 ... 162 6 " 2 75.55 9 . 821 5715.29 0.0106785 0.06481 0.682 0.00529 1.21555 1.1142 

52 ... 07071 266 . 92 9.5 35 5001.17 0.0116717 0.06397 0.6"1 0.00504 1.21048 1.1239 

54 3.97247 258.37 9.242 "353.33 0.0127569 0.06291 0.603 0.00460 1.20507 1.1373 

56 3 . 86739 248 . 78 6.926 3725.69 0.0140993 0.06139 0.567 0.00 .. 53 1.19930 1.1665 

58 3.75 387 236 . 32 6.590 3131.18 0.0157632 0.05970 0.533 0.00 .. 23 1.19309 1.2072 

60 3.630.3 227.62 8.236 259" .55 0.0177409 o • 0 57 63 0.500 0.00394 1.16638 1.2565 

62 3.49605 216.7Z 7.860 2114.89 0 . 0201233 0.05560 0.468 0.00366 1.17907 1.3162 

6 .. 3 .3 .. 8 .4 205.66 7 . 466 1693.66 0.0230124 0.05360 0.437 0.00338 1.17111 1.3880 

66 3.1 8692 194.60 7.060 1330.06 0.0265619 0.05166 0.406 0.00315 1.1&241 1 ... 579 

68 3.0 1 01" 1 6 ... 2 .. 6.647 1034 . 81 0.0306159 0.05009 0.377 0.00295 1.15295 1.5299 

70 2.819"0 175.05 6.2"6 605.07 0.03 .. 9 .. 25 0.04821 0.350 0.00260 1.14280 1.596" 

75 2 .31907 1 61.64 5."16 489.30 0.0418695 0.04329 0.293 0.00276 1.11646 1.6512 

80 1.69286 1 6 3. 0 2 4 .94 0 404.05 0.0378895 0.03894 0.259 0.00333 1.09439 1.4607 

85 1.59.2 5 173.34 4.6 61 40 0 .59 0.0303098 0.03617 0.2"2 0.00431 1.07920 1.26"3 

90 1.39 2 86 16 7 .14 4.508 "13.54 0.0245098 0.03476 0.233 0.00544 1.06686 1.1070 

95 1.2 4 538 20 2 . 40 ... 3 69 427.56 0.0205018 0.03417 0.229 0.00661 1.06142 1.0029 

100 1.132.1 2 18 .48 4 . 2"6 440 . 16 0.0176427 0.03406 0.229 0.00780 1.05575 0.9324 

105 1.04277 2 34 . 95 ... 144 451.04 0.0155253 0.03424 0.230 0.00900 1.05125 0.8632 

110 0.96900 25 1 .91 4.0"2 "60.17 0.0138973 0.03,,73 0.233 0.0102" 1.0"756 0.8"55 

115 0.906"5 2 6 9."9 3.945 467.87 0.0126135 0.03540 0.236 0.011"9 1.0 ........ 0.8175 

120 0.8 5 3 3 2 2 8 7 . "6 3.8"3 "7".15 0.0115719 0.03616 0.241 0.0127 .. 1.0"180 0.7967 

125 0.80716 306.10 3.736 .. 79 ... 2 0.01070Z" 0.03699 0.2 .. 5 0.01399 1.03951 0.7811 

130 0.766 5 4 325.45 3.629 "83.87 0.0099696 0.03787 0.250 0.01523 1.03749 0.7700 

1 .. 0 0.69807 36 6 . 52 3.412 490.90 0.0087993 0.0394'> 0.259 0.01752 1.03410 0.7636 

150 0.6"226 41 0.93 3.200 496.10 0.0079025 0.04201 0.270 0.02014 1.03135 0.7502 

160 0.595.5 458.63 3.000 5 00.02 0.0071903 0.04491 0.280 0.02286 1.02905 0.7397 

170 0.555'19 509.35 2.817 503.01 0.0066088 0.0478" 0.290 0.02556 1.02709 0.7347 

180 0 . 5 2173 562 . 57 2.654 505.32 0.0001237 0.05328 0.312 0.02965 1.025"1 0.7269 

190 0."9187 619 . 35 2 . "99 5 06.96 0.0057039 0.05783 0.330 0.03328 1.02394 0.7248 

200 0.46545 675 .73 2 .377 508.32 0 . 0053 .. 91 0.06206 0.345 0.03689 1.02265 0.7224 

220 0 ... 2077 76 9.22 2.190 510.2 0 0.00,,7673 0.06956 0.369 O~ 0439 .. 1.02046 0.7189 

2 .. 0 0.38432 8 9 9.60 2.063 511.35 0.0043083 0.07578 0.389 ~~~; ~~~ 
1.01867 0.7162 

260 0.35395 1 00 3.53 1.983 512.02 0 . 0039354 0.08079 0.406 1.01719 0.7137 

280 0.3 2 821 1 0 98. 90 1.938 512.37 0.0036257 0.08,+69 0.420 0.06 .. 76 1.01593 0.7112 

300 0.30607 11 85.80 1.918 512.53 0.0033638 0.08769 0.433 0.07183 1.01485 0.7088 

320 0.28662 1264.70 1 . 917 512.5" 0.0031389 0.08997 0.4"5 0.07902 1.01391 0.1065 

3 .. 0 0.26990 1337.08 1.927 512."5 0.0029436 0.09173 0.456 0.08635 1.01309 0.70'+2 

360 0. 2 5'+92 1 4 0".32 1.9"6 512.31 0.0027722 0.09312 0."66 0.09383 1.01236 0.7021 

380 0 . 2 '+ 15" 1"67.68 1.969 512.12 0.0026203 0.09 .. 26 0 ... 77 0.10147 1.01171 0.7001 

400 0.22952 1528.86 1.99" 511.90 0.002"848 0.09528 0."87 0.10927 1.01112 0.6983 

420 0.21867 1 588.57 2.020 511.66 0.0023631 0.09624 0.496 0.11725 1.01059 0.6967 

.... 0 0.20881 16 .. 7 .69 2.04" 511 . 42 0.0022530 0.09719 0.506 0.12538 1.01011 0.6952 

460 0.19981 1 7 0 7.03 2.067 511.16 0.0021531 0.09817 0.515 0.13369 1.00966 0.6939 

.. 80 0.19156 17 6 6 . 67 2.087 510.91 0.0020619 0.09920 0.524 0.1"216 1.00928 0.6928 

500 0 . 18B8 1827.11 2.105 510.66 0.0019782 0.10029 0.533 0.15081 1.00891 0.6918 

520 0.17698 1888.38 2.120 510.41 0.0019012 0.10143 0.5"2 0.15964 1.00857 0.6909 

540 0.17048 19 51 .0 7 2.133 510.30 0.0018290 0.10263 0.551 0.16669 1.00825 0.6900 

560 0.16"'" 2014.30 2.143 510.05 0.0017633 0.10390 0.560 0.17787 1.00796 0.6893 

580 0.15887 2 0 7 8.1 " 2.1 52 5 09.81 0.0017022 0.10522 0.569 0.18723 1.00169 0.6887 

600 0.153." 21"2.86 2.159 509.57 0.0016"53 0.10658 0.578 0.19676 1.007"3 0.6882 

650 0.1 .. 197 2 3 07.50 2.170 509.02 0.0015186 0.11013 0.600 0.22138 1.00687 0.6871 

700 0.13195 2475 . 5'+ 2.176 508.51 0.001'+103 0.11385 0.622 0.2"714 1.00638 0.6864 

800 0.11565 28 19. 09 2.177 507.63 0.0012346 0.12160 0.665 0.30208 1.00559 0.6853 

1000 0.0 9 276 3:; 16.5 0 2.169 506.2<) 0.0009891 0.13730 0.750 0.42558 1.00 .... 6 0.68"2 

2000 0.0"666 73 07 . 05 2 . 027 503.26 0.0004968 0.27727 1.145 1.63693 1.00225 0.5398 

3000 0.0 3117 11782 . 50 1 . 828 502.20 0.0003319 0.39321 1.496 3.2258Q 1.00151 0.5357 

4000 0.0 2 339 172 4 0.93 1.620 501.38 0.0002 .. 93 0.53843 1.817 5.35520 1.00113 0.5223 

5000 0.0 1861 27844.04 1 . 202 498 . 09 0.0002008 0.92638 2.124 8.90253 1.00090 0.4613 

TWO-PHASE BOU~ORY 
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C-2b THE~HOOYNAHIC PROPERTIES OF PARAHYOROGEN 

550 PSIA ISOBAR 

TEMPERATURE VOlUKE ISOTHERM ISOCHORE INTERNAL EN THALPY ENTROPY CV CP VELOCITY 
OERIVATIVE OERIVATIVE ENERGY OF SOUND 

OEG. R CU FT IlB CU FT-PSIA/lB PSIA/R BTU/lB BTU/lB BTU/lB-R BTU LB -R FTlSEe 

21.030 0.20265 3247.56 16.6463 -132.090 -11t . 451 1.20193 1.151 1.529 4459 
28 0.20362 3202.48 11.1125 -130.611 -109.939 1 .26281 1.183 1.582 4 .. 55 
30 0. 20569 3021.55 11.4204 -121.610 -106.661 1.31592 1.231 1.691 .. 393 
32 0.20794 2845.68 11.0409 -124.336 -103.158 1."8893 1.214 1.808 4326 
34 0.21037 2687.25 16.0750 -120.859 -99 .434 1.60179 1.312 1.912 4259 
36 0.21296 2518.13 74.8532 -111.195 -95.505 1.71"05 1.346 2.019 4183 
38 0.21576 2358.36 73.5028 -113.336 -91.362 1.82605 1.317 2 .121 4109 
40 0.21811 2204.87 72.0195 -109.279 -86.99 8 1.93194 1.404 2 . 238 4035 

42 0.22202 2052.34 70.3823 -105.0 22 -82.410 2.0498& 1 ... 27 2.352 3959 
44 0.22555 1899.81 68.5743 -100.556 -11.586 2.16206 1.441 2 .473 3818 
46 0.22938 17 47.66 66 .5860 -95.873 -72.512 2 .27"82 1."65 2 .602 3792 
48 0.23358 1598.72 64.4115 -90.963 -67.174 2.38841 1.480 2.738 31 02 
50 0.23821 1452.13 62.0417 -85.809 -61.549 2.50320 1 ... 93 2.886 360& 
52 0.24331 1313.76 59.4929 -80.401 -55.621 2.61944 1.504 3.040 3507 
54 0.24~97 1178.83 56.7815 -74.733 -49.317 2.73725 1.513 3.208 3403 
56 0.25529 1050.35 53.9326 -68.176 -42.775 2.85728 1.522 3.394 3294 
58 0.26242 923.65 50.9359 -62.506 -35.781 2.97999 1.531 3.608 317& 
60 0.27054 805.72 47.7975 -55.886 -28.334 3.10621 1.538 3.844 3054 

62 0.27987 693.87 44.5510 -48.881 -20.383 3.23654 1.547 4.119 292& 
64 0.29012 594.18 41.2027 -41.468 -11.859 3 . 37183 1.555 4.417 2196 
66 0.30344 505.37 37.8053 -33.60" -2.701 3.51272 1.564 4.747 2665 
68 0.31845 426.80 34.4047 -25.280 7.152 3.65978 1.574 5.115 2535 
70 0.33624 3&4.05 31.0118 -16.504 17.140 3.81322 1 .584 5.470 2 .. 14 
15 0.39515 2&4.90 23 .5579 &.809 47.053 4.21744 1. & 10 &.154 2165 
80 0.47287 239.&5 17.9484 29.839 17.999 4.61693 1. & 25 6.078 2038 
85 0.55793 ~ 61. 01 14.2029 49.114 106.~96 4 .9637 1 1.628 5.415 2005 
90 0.64070 299.71 11.7614 66.158 132.010 5.25441 1.621 4 .179 2023 
95 0.11886 343 .76 10.0932 81.453 154.665 5.49951 1.618 4.312 2060 

100 0.79215 381.93 8.8859 94.153 175.491 5.11326 1.621 3.9'10 2103 
105 0.86311 431.21 1.9115 106.929 194 .832 5.90204 1.6 26 3.761 21 .. 9 
110 0.'13063 473.41 7.24'12 118.417 213.191 6.072'14 1.638 3 .5'1& 21 95 
115 0.99591 514.18 6.6639 129 ..... 2 230 .811 6.23008 1.655 3.479 2238 
120 1.05925 554.09 6.1779 140.159 248.038 6.31622 1.615 3.395 2219 
125 1.12186 593.59 5.1619 150 . 115 264.910 &.51 .. 47 1.106 3.339 2320 
130 1.18238 631.31 5.4125 1&1.140 281.560 6.&4 .. 60 1.738 3.300 2356 
140 1.30019 704.33 4 .8 311 181.943 314 . 361 6.88110 1.811 3.2&9 2423 
150 1.4H61 114.45 4.3740 203.023 3"1.094 7.11353 1.910 3.283 2 .. 83 
160 1.52645 842.30 4.0035 224.670 380.132 7.32673 2.014 3.328 2539 

170 1.63621 908.33 3.6962 241.073 413.120 1.53033 2.124 3 .392 2592 
180 1.14447 912.86 3.4363 210 . 344 4"8.010 1.12631 2.236 J.461 2& .... 
190 1.85091 1035.50 3.2010 294.198 483.304 1.91681 2.35& 3.553 2&90 
200 1.95&49 1091.48 3.0129 319.957 519.21& 8.10094 2.460 3 .632 27 .. 0 
220 2.16500 1218.90 2 .6914 372.833 593.328 8." 54 03 2 .642 3.177 2&41 
2 .. 0 2.31017 13"37.66 2.4352 428.574 610.025 8.18144 2.180 3.881 29 .... 
260 2.574"9 1405 4.39 2 .2256 486.335 1"8.535 9.10118 2.812 J.959 3048 
280 2.17663 15'&9.56 2.0501 545.3"3 828.129 9.39661 2.922 3.993 3152 
300 2.91751 1683.41 1.9021 604.195 908.040 9.61239 2. 931 3.996 3257 
320 3.17740 1196.38 1.7143 664.118 981.180 9.92981 2.928 3.91& 33&2 

340 3.31646 1908.45 1.6631 123.089 1066.965 10.16949 2.901 3.941 3 .. && 
360 3.57484 2019.85 1.5653 181.216 1145.356 10.39360 2.864 3.898 3568 
380 3.77266 2130.6& 1.4181 838.606 1222.833 10 .6030 & 2.822 3.850 3670 
400 3.96999 2240.99 1.4014 895.029 1299.353 10.19940 2.780 3.803 3169 
420 4.16692 2350.90 1.3319 950.561 1314.942 10.98319 2.138 3.751 3866 
440 4.3&350 2460.46 1.2691 1005.264 1449. &66 11.15763 2.700 3 .11 5 3961 
460 4.55918 2569.10 1.2120 1059.202 1523.593 11.32196 2. &&6 3. &78 .. 053 
.. 80 4.15519 2618.&7 1.1600 1112.461 159&.820 11."1751 2.635 3 .64 5 4l1t3 
500 4.95151 2781.41 1.1122 1165.1"1 1669.,,33 11.62593 2.609 3.617 .. 231 
520 5.14714 2895.93 1.068" 1211.307 1741.518 11.16142 2.581 3.592 .. 316 

540 5 .34321 3005.60 1.0275 1269.297 1813.483 11.90314 2.568 3.571 .... 00 
560 5.53840 3113.65 0.9900 1320.518 1884.637 12.03203 2. 552 3.554 4481 
580 5.73338 3221.5& 0 . 9552 1371 .625 1955.542 12.15630 2.539 3.539 .. 561 
600 5.92825 3329.34 0.9228 1422.460 2026.223 12.27617 2.529 3 .52 7 4639 
&50 6.41496 3598.34 0.8507 1548.613 2201.945 12.5517& 2.509 3.505 4826 
700 6.90117 3866.80 0.7892 1674.029 2376.819 12.81729 2.498 3.492 5004 
800 7.87248 4402.&0 0.&896 1923.545 2725 . 318 13.28289 2.490 3.481 53 .. 0 

1000 9.81247 5411.51 0.5509 2421.645 H20.997 14.05857 2.4 89 3.478 5951 
2000 19.49130 10800.80 0.2151 49&9.424 &955.129 16.50064 2.644 3.630 8288 
3000 29.177JD 16125 .1& 0.1833 1155.530 10727.101 18.0165& 2.924 3.910 9995 

4000 38.87&37 214 48.73 0.1375 10854.46& 14613.834 19.3654& 3.292 4.291 11380 
5000 48.63537 26172.07 0.1100 14&40.076 19613.120 21.2864& 4.416 5.531 12457 
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THERHOOYNAHIC PROPERTIES OF PARAHYOROGFN C-2b 

550 PSIA ISOBAR 

TEMPERA TURE DENSITY V IOH/OVl p V lOP/DUly -V IOP/OVIT IOV/OT\:IV THERHAl V ISCOSIT Y THERHAl DIELECTRIC PRA NOTl 
CONOUCTIIIITY OIFFUSIVITY CONSTANT NU HBER 

OEG. R LB/CU FT BTU/lB PSIA-CU FT/BTU PSIA 1/0EG. R BTU/FT-HR-R LB~F~~?EC SQ FT/HR 

27.030 ".93"57 319.59 13."28 16025.32 0.0047828 0.05036 1.870 0.00668 1.25872 2.0437 

28 ".91121 322.62 13.277 15728.04 O. 0049029 0.05274 1.750 0.00679 1.25740 1 . 8895 
30 4.86158 322.04 12.936 14689.49 0.0052705 0.05646 1.545 0.00684 1.25460 1.6721 

32 4.80906 321.22 12.575 13685. 01 0.0056296 0.05909 1.382 0.00680 1.25164 1.5227 

34 ".75354 321. 07 12.197 12773.95 0.0059555 0.06085 1.250 0.00669 1.2"851 1.4137 

36 ".69561 318.93 11.8"1 11824.15 0.0063305 0.06237 1.1"1 0.00658 1.2"525 1 . 3293 

38 ".63 .. 80 316.30 11.520 10930.53 0.0067245 O. a 6 .. 09 1. 0"9 O. 00650 1.2"18" 1.2533 

.. 0 ".57099 313.13 11.225 10078."2 0.0071"59 0.06528 0.971 O. 00&38 1.23827 1.1976 

.. 2 ".50 .. 09 308.91 10.953 92"3.92 0.0076139 0.0&605 0.90 3 0.00&23 1.23"53 1.1572 

.... ft. 't3370 303.78 10.687 8"23.17 0.0081411 0.066"3 0.8"3 0.00&06 1.23060 1.1296 

"6 ... 35951 297.69 10."28 7618.92 0.0087396 0.066'+7 0.790 O. 00586 1. 2261t7 1.1125 

"8 ".28U" 290.95 10.168 68 ..... 3 .. 0.009"109 0.06621 0.7"1 0.00565 1.22212 1.1038 

50 ... 19806 283.5 .. 9.898 6096.15 0.0101772 0.06568 0.697 0.005"2 1.21751 1.1029 

52 ".10997 275.91 9.622 5399.50 0.0110182 0.06"92 0.657 0.00520 1.2126" 1.1069 

5 .. ... 01661 2 6 7.55 9.3"2 .. 73 ... 89 0.01199 2 1 0.06396 0.619 0.00"96 1.20750 1 . 1175 

56 3.91707 258.89 9.0"6 411".31 0.0131085 0.0625" 0.583 O. 00 .. 70 1.20203 1.139" 

58 3.81073 2"9.33 8.733 3519.80 0.01 .... 712 0.06097 0.550 0.00 .... 3 1.19620 1.1708 

60 3.6963" 239.53 6."05 2976.23 0.0160490 0.05925 0.517 0.00417 1.18996 1 . 2 a 83 

.2 3.57307 229.22 8. a 61 2 .. 79.2 .. O. 017969. 0.057"0 0."86 0.00390 1.18325 1.2563 

6" 3 ... 3973 219.09 7.70" 20"3 .83 0.0201596 0.055"1 0."56 0.00l65 1.17602 1.3095 

66 3.29559 209.11 7.33" 1665.50 0.0226991 0.053"5 0.427 0.00 3 .. ?' 1016825 1.3667 

68 301 .. 023 199.27 6.961 13"0.27 0.0256700 0.05182 0."00 0.00323 1.15990 1 ... 208 

70 2.97406 19 0.61 6.597 1082.71 0.0286981 0.05009 0.374 O. 00308 1.15102 1 ... 689 

75 2.53065 175.11 5.780 670.38 0.0351"13 0.0"563 0.317 0.00293 1.12756 1.5"15 

80 2.11 .. 7 .. 171.61 5.223 506.79 0.035"156 0.0"152 0.279 O. 00323 1.10585 1 ... 718 

85 1.79235 178.35 ... 867 "67.82 0.0303596 0.03847 0. 258 0.00396 1.08922 1.3052 

90 1.56079 190.06 ".6 .. 9 "67.78 0.0251"29 0.0 3667 0.2"6 0.00"92 1.07739 1.1 535 

95 1.39109 2 0".30 ..... 8 .. "78.20 O. 0211065 0.03576 0.2 .. 0 O. 00596 1.06877 1.0"15 

1 00 1.26143 219.71 ".3 .. 6 "89.3" 0.0181588 0.035"2 0.238 0.0070" 1.06223 0.9633 

105 1.158&0 235.69 ... 231 499.&1 0.0159556 0.035 .... 0.238 0.00813 1.05705 0.90 77 

110 1.07 .. 5 .. 252.33 ".120 508.69 0.01"2506 0.03580 0.239 0.00926 1.05284 0.8 6"9 

115 1.00"11 269.55 ".010 516.30 0.0129071 o. a 36ll 0.242 0.010"1 1.0 .. 931 0. 8329 

120 0.9 .... 07 287."9 3.900 523.10 0.0118102 0.03705 0.2"5 o. a 1156 1.04632 0.8092 

125 0.89138 306.26 3.793 529.11 0.0109011 o .03781 0.249 0.01270 1.0 .. 369 0.7920 

130 0.8"575 325.56 3.681 533.98 0.0101360 0.0386" 0.253 0. 0138" 1. 0 .. 1 .. 2 0.7791 

1 .. 0 0.76912 366.57 3."57 5"1.72 0.0089181 0.0"010 0.263 0.01595 1.03762 0.77 07 

150 0.70691 410.96 3.239 5 .. 7 ... 6 0.0079896 0.0~260 0.272 0.01635 1. 03 .. 5 .. 0.7 555 

160 0.65511 456.&6 3.03 .. 551.80 0.007255" 0.0 .. 5 .. 6 o .282 0.02085 1.03198 0.7"36 

170 0.6111" 5 0 9.~3 2.6~7 555.12 0.0066583 0.0"836 0.292 O. 02333 1.02981 0.7378 

180 o .573Z" 562.71 2.681 557.68 0.0061617 0.05352 0.313 0 .0 2693 1.02794 0.73 08 

190 0.5"027 619.76 2.520 559."5 0.005732" 0.05802 0. 330 0.03023 1.02632 0. 7 28" 

2 DO 0.51112 676.25 2.397 560.9" 0.0053711 0.06222 0.3"5 0.03351 1. 02~89 0.7 257 

220 O ... 6189 789.99 2.206 563. DO 0.00"7805 0.06967 0.370 0.0399" 1.022"7 0. 7 216 

2 .. 0 0."2180 900.66 2.077 56".23 0.00"3160 0.07586 0.389 0,. 0~627 1.02051 0.7184 

260 0.38843 100".89 1.995 564.92 O. 0039397 0.08086 0."06 0.05258 1.01887 0.7156 

280 0.36015 11 0 0.56 1.9"9 565.27 0.0036277 o. a 8" 75 0.420 O. 0589 .. 1.017"9 0.71 29 

300 0.33585 1187.74 1.928 565.39 0.00336"2 0.08776 0."33 0.06539 1.01630 0.7 103 

320 0.31"72 1266.89 1.926 565.36 0.0031384 0.09003 0 ..... 5 0.07195 1.01527 0.7077 

3 .. 0 0.29617 1339."9 1.936 565.22 0.0029"2~ 0.09180 0."56 0.07864 1.01437 0.70 53 

360 0.27973 1"06.93 1.954 565.02 0.0027704 0.09319 0."67 0.085"6 1.01357 0.70 30 

380 0.26507 1470."5 1.977 56".76 0.0026183 0.09"33 0."77 0.092"3 1. 01285 0.7009 

.. DO 0.25189 1531.79 2.001 56".48 0.002"826 0.09536 0."87 0.09955 1.01221 0.6990 

.. 20 0.23999 1591.62 2.027 56 ... 18 0.0023607 0.09632 0."97 0.10682 1.01163 0 . 69 73 

.... 0 0.22917 1650.86 2.051 563.87 0.0022506 0.09727 0.506 0.11"24 1.01110 0. 6958 

.. 60 0.21931 1710.30 2.073 56l.56 0.0021507 0.09826 0.515 0.12181 1.01062 0.69 .... 

480 0.21027 1770.03 2.093 563.2" 0.002059" 0.09929 0.52~ 0.1295" 1.01019 0.6932 

500 0.20196 1830.55 2.111 562.93 0.0019758 0.10038 0.53" 0.137"3 1.00978 0.69 22 

520 0.19"28 1891.89 2.126 562.63 0.0018989 0.10153 0.5"3 0.1 .. 5 .. 7 1.009"1 0.6912 

5 .. 0 0.18715 195~. 76 2.138 562.50 0.0018266 0.10273 0.552 0.15373 1.00906 0.6902 

560 0.18056 2018.05 2.1"8 562.19 O. 0017609 0.10"00 0.561 0.16209 1.0087" 0.68 95 

580 0.17 .... 2 2081.9" 2.157 561.90 0.0016999 0.10532 0.569 0.17062 1.008 .... 0.68 89 

600 0.16868 21"6.69 2.163 561.61 0.0016"31 0.10669 0.578 0.17931 1.00816 0.688" 

650 0.15589 2311 ..... 2.175 560.93 0.0015166 0.11024 0.600 0.20175 1.00754 0.6 873 

700 0.1 .... 90 2"79.55 2.180 560.31 0.001 .. 08 .. 0.11397 0.622 0.22523 1.00701 0.6865 

800 0.12702 2823.23 2.181 559.2~ 0.0012331 0.12173 0.666 0.27528 1.0061" 0.6 85" 

1000 0.10191 3520.80 2 .171 557.61 0.0009880 0.137"7 0.751 0.38780 1.00"93 0.68"3 

2 0 DO 0.05129 7311.78 2.028 553.96 0.000~965 0.27727 1.1"7 1 ... 8906 1.002~8 0.5"06 

3000 0.03"27 11786.99 1.829 552.66 0.0003317 0.39318 1."99 2.93381 1.00166 0.5366 

.. 0 DO 0.02572 17216 ..... 1.62 .. 551.72 0.0002"92 0.53689 1.821 ~. 86450 1.0012" 0.5238 

5000 0.02048 27566.84 1 . 216 5~8.21 0.0002007 0.91202 2.127 6.05212 1.00099 0."6"~ 

TNO-PHASE BOUNORY 
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C-Zb T~FRHOOYNAHIC PROP ER TI ES OF PARAHYOROGEN 

&00 PSIA ISJ~AR 

TEMPERATURE VOLUME IS OTHfRM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC ITY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

aEG. R CU FT/LB CU FT-PSIA/LB PSIA/~ BTU/LB BTU/LB BTU/LB-R BTU LB -R FT ISEC 

27.220 0.202 2 1 3299.15 76.8112 -131.993 -109.526 1.20979 1.1 &0 1.528 4488 
28 0.20297 32&b . 13 77.2086 -130.86& -108.315 1.253&8 1.1&1 1. 571 448& 
30 0.20500 3089.37 77.633& -127.835 -105.05'1 1.3659& 1.230 1. &85 4429 
32 0.2071'1 2914.11 77.3944 -124.599 -101.579 1.47821 1.27J 1.796 43&4 
34 0.2095& 2759.47 7&.&013 -121.1&4 -97.881 1.59028 1.311 1 . 899 4303 
3& 0.21208 2587 . 94 75.4233 -117.544 -93.982 1.70171 1.345 2 .004 4227 
38 0.21479 2427.12 7401042 -113.735 -89.871 1.81281 1.375 2.110 4153 
40 0 . 21771 2274.84 72.&547 -109.735 -85.547 1.92369 1.403 2 .217 4 082 

42 0.22085 2123 .72 71.0&50 -105.542 -81. 005 2.03449 1.426 2 .328 4008 
44 0 . 22424 1373.4& &9 . 30&0 -101.151 -7&.237 2.t4539 1.44& 2 .444 3930 
4& 0.2Z792 1822 . 90 &7.3835 -9&.553 -71.230 2 .2 5&6& 1.4&4 2.5&& 3847 
48 0.23193 1&75.80 &5.2788 - '11 . 740 -65.972 2.36855 1.479 2. &95 37&1 
50 0.23632 1533.13 62 . 99n -66.700 -&0.444 2.4813& 1.493 2.832 3&70 
52 0.24114 1392.24 60.5473 -81.42& -54.&35 2.59527 1 . 505 2 .'179 3573 
5. 0.2.&45 12&0.17 57.9446 -75.'10'1 -48.527 2.71051 1.514 l.132 3 475 
56 0.25233 1130.93 55.2217 -70.135 -42.100 2.82737 1.523 lol03 3371 
58 0.25691 1010.84 52 . 3&78 -&4. 079 -35.313 2.94645 1.531 3.484 32&5 
&0 0. 26629 891.11 49.3978 -57.727 -280141 3.0&800 1.536 3. &9& J149 

&2 0. 2 7.&& 780.51 4&.3260 -51.049 -20.534 3.19271 1.54& 3.926 30 31 
&4 0.26.24 &79.73 43.1714 -44.019 -12.440 3.32118 1.553 4.17 8 2911 
&& 0.29524 568.95 39.9&95 -3&.&27 -3.624 3.45372 1.5&1 4.451 2 7&9 
&6 0.3079& 509.55 3&.76&8 -28.8&1 5 . 355 3.59073 1.5&9 •• 737 2& 70 
70 0.32271 441.73 33.&091 -20.732 15.123 3.73229 1.57& 5.026 2555 
75 0.37019 123.51 2&.3091 0.634 .1.9& 3 4.102.1 1.59& 5.6&8 2307 
80 0.43310 277.51 20.49&2 22.774 70.893 4.47580 1.614 5.820 2153 
85 0.505&3 280. &4 1&.3203 42 . 812 98.990 4.81&43 1 . &27 5.44& 20 8& 
90 0.579&4 309.85 13 •• &4& &0.454 124 . 855 5.1122& 1. &25 4 .901 20 81 
95 0.&51H 348.67 11.4899 75.833 148.178 5.3&458 1.&24 4.448 2104 

100 0.719.0 390.61 10.0&11 89.717 1&9.&45 5.58492 1.627 4.110 213 8 
105 0.784&& 432.73 8.9845 102.371 189.549 5.77919 1. & 31 3.8&4 2 179 
110 0.84738 474.18 6.1408 114.250 208.397 5.95458 1.642 3. &86 22?1 
lI5 0.9079'1 515.06 7.4&08 125.598 226.480 &.1153& 1.&59 3.55& 22&2 
120 0.9&&8& 554 .60 &.6989 13&.589 244.011 &.264&0 1 . &82 3 •• 64 2301 
125 1.02429 593.89 &.4254 147.350 2&1.153 &.40 457 1.709 3.398 2338 
130 1. 06123 &32.69 6 .01bl 158 . 00b 278.134 b.5317b 1.742 3.352 2375 
140 1.19046 706.42 5.3554 179.148 311.412 &.78439 1.820 3.312 2 440 
150 1.29642 777.30 4.8375 200.496 344.533 7.01289 1.913 3.lI8 24q9 
1&0 1.39387 845.87 4.4197 222.360 377.6'11 7.22817 2.017 3.357 2 554 

170 1. 5 0135 912.57 4.0744 244.944 411.750 7.43342 2.126 3.417 2607 
180 1.60126 977.73 3.7833 268 . 3&8 446.274 7.63073 2.238 3.489 2&57 
190 1.6H41 1040.84 3.52&5 292.989 481.800 7.82256 2 .358 3.572 2703 
200 1.79676 1103.32 3.3103 lI8.2&7 517 . 893 8.00756 2.4&2 3. &49 2753 
220 1.96865 1225.&1 2.9531 371.340 592.309 8.3&210 2.&44 3.79 a 2853 
240 2 .17827 lJ<t5.11 2. &694 427 .2 39 &&9.253 8.&9&59 2.782 3.899 2955 
2 &0 2.3&569 14&2 .49 2.4378 465.130 747.967 9.01175 2.874 3.9&8 3059 
280 2.55 155 H 78. 21 2.2447 544.248 827.735 9.30722 2.9Z3 4.001 3163 
300 2.73619 1592 . 61 2 .0812 603.792 907 .79 3 9.58351 2.939 4.003 3268 
320 2.91985 1805.94 1.9406 663.256 987.&62 9.84135 2.929 3.982 3373 

340 3.10270 1916.39 1. 8163 722.237 1066.959 10.08136 2.902 3.947 3H7 
360 3. 28 .89 2030.12 1.7110 780.46b 1145.449 10 .30576 2.865 3.903 3579 
380 3.46.52 2141.24 1.6159 837.871 1223.014 10 . 51546 2.823 3.854 3680 
400 3.64767 2251.84 1.5311 694.344 1299.614 10 . 71200 2.781 3.80 7 3779 
420 3.82843 2361.99 1.4550 949.921 1375.274 10.8965& 2.739 3. 761 3876 
~40 4.00884 2471 .76 1.3861 1004.664 1450.062 11.07055 2.701 3.719 3971 
460 4.18&95 2581.20 1.3237 1058.639 1524.047 11.23501 2. &6& 3.681 4063 
480 4.36880 2690.35 1.2667 1111.938 1597.328 11.39074 2.636 3.648 4153 
500 4.54843 2799.25 1.2H5 1164. &42 1669.990 11.53920 2 .610 3.61 q 42~1 

520 4.12785 2907.93 1.1664 1216.837 1742 .119 11.68076 2.5 as 3.595 4326 

540 ~.90791 3017.9& 1.1217 1266.874 161~.161 11.81662 2.568 3 .572 4410 
560 5 . 08689 3126.12 1.0607 1320.180 1885.352 11.94558 2.553 3.555 4~91 

580 5.2&573 323~.13 1.0426 1371.250 1956.291 12. a 69 91 2.540 3.541 4570 
600 5.44445 3342 . 01 1 . 00 72 1422.104 2027.003 12.16983 2.5 29 3.529 46~8 

650 5.69060 3611.20 0 . 9284 1548.302 2202 .793 12 .4 7153 2 .510 3.507 4835 
700 &.33666 3&79.62 0.8612 1673.755 2377.761 12.73114 2.498 3.493 5013 
800 7.227Z8 441 5 . 87 o • 7525 1923.328 2726 . 306 13.1 9685 2.490 3.482 53~9 

1000 9.00592 5485. 07 0.&010 2421 . 501 3422.092 13.97265 2.490 3.479 5959 
2000 17.88415 10814.74 0.3001 ~969. 38'l 6956.385 16 .4148~ 2.644 3.631 6294 
3 a 00 26.75762 16139.16 0.2000 1755.465 10728.357 17.93077 2.924 3.910 9999 

.000 35.64764 21462.75 0.1500 10852.397 14812.'164 19.29911 3 . 28& ~.284 11386 
5000 44.76593 2&786.10 0.1200 14615.638 19589 . 300 21.19503 4.373 5.480 12~67 

TWO-PHASE BOUMORY 
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THE~MOOYNAHIC PROP ERTIES OF PARAHYO RO GEN C-Zb 

600 PSIA ISOBAR 

TE"PERATURE OENSITY V (OH/OVlp V (OP/OUI
V 

-V (DP/DVI
T (DV/DTlp'V cON~~g~~iTY VISCOSITY THERMAL DIELECTRIC PRA NOTL 

DIFFUSIVITY CONSTANT NUH BER 

~EG. R LB/CU FT BTU/LB PSIA-CU FT/BTU PSIA lIDEG. R BTU/FT-HR-R LB~F1~~ E C SQ FTlHR 

27.220 4.94526 324.63 13.393 16315.14 0.00470 8 0 0.05104 1.885 0.00675 1.25933 2.0314 

28 4.92678 327.35 13.272 16091.51 O. 00479 ~ 1 0.05295 1.787 0.00684 1.25828 1.9077 

30 4.87804 327.11 12.942 15070.04 0.0051515 0.05674 1.576 0.00690 1.25553 1.6854 

32 4.82645 326.34 12.598 14064.82 0.0055 0 2 7 0.05943 1.409 0.00686 1.25262 1.5333 

34 4.77200 326.44 12.244 13168.17 0.005817 2 0.06124 1.274 0.0067& 1.24955 1.4222 

36 4.71525 324.25 11.892 12202.79 0.0061808 0.06281 1.1& 3 0.006[,5 1.24&36 1.3355 

38 4.65570 321.73 11.573 11299.96 0.00&5579 0.06457 1.069 0.00657 1.24301 1.2573 

40 4.59333 318.87 11.278 10449.08 0.00695 32 0.06582 0.989 0.00646 1.23952 1.1994 

42 4.52802 314.98 11.008 9616.23 0.0073901 0.066&4 o .no 0.00632 1.23586 1.15&9 
44 4.45952 310.29 10.745 8800.68 0.00787 5 1 0.06708 0.859 0.00616 1.23204 1.1270 
4& 4.36752 304.60 10.490 7997.99 0.0084251 0.06718 0.605 0.00597 1.22603 1.1077 

48 4.31107 298.33 10.233 7225.48 0.0090345 0.0&&98 o .757 0.0057& 1.22381 1.0965 

50 4.231:;8 291. 62 9.969 6467.56 0.0097105 0.06652 0.713 0.00555 1.21937 1.0921 

52 4.14703 284.09 9.702 5773.66 0.0104868 0.0&584 0.&72 0.00533 1.214&9 1.0945 

54 4.05764 276.40 9.432 5113.32 0.0113321 0.06496 0.634 0.00511 1.2097& 1.1008 

5& 3.96302 268.09 9.150 4481.89 0.0123211 0.063 &3 0.599 0.00486 1.20455 1. 1191 

58 3.86235 259.77 8.856 3904.22 0.0134131 0.0&215 0.565 0.00462 1.19903 1.1411 

&0 3.75529 250.37 8.550 3346.39 0.0147615 0.06055 0.534 0.00436 1.19317 1.1727 

62 3.64084 240.92 8.230 2841.72 0.01630 2 8 0.05884 0.503 0.00411 1.18693 1.2097 

64 3.51821 231.46 7.900 2391.44 0.0180525 0.05701 0.474 0.00388 1.18027 1.2515 

66 3.38709 222.13 7.560 1994.84 0.0200365 0.05508 0.446 0.00365 1.17318 1.2987 

68 3.24716 213.16 7.218 1654.58 0.022221 2 0.05338 0.420 0.00347 1.16564 1.3411 

70 3.0967 3 204.77 6.883 1368.80 0.0245537 0.05179 0.395 0.00332 1.15768 1.3788 

75 2.70133 188.28 & .102 873.90 0.0301054 0.04768 0.339 0.00311 1.13655 1.4517 

80 2.30894 181.95 5.500 640.75 0.0319881 0.04379 0.299 0.00326 1.11595 1.4293 

85 1.97771 185.21 5.072 555.03 0.0294045 0.04066 0.273 0.0037~ 1.09876 1.3178 

90 1.72520 194.58 4.803 534.55 0.0251886 0.03858 0.259 0.00456 1.08578 1.1840 

95 1. 53577 207.28 4.608 535.48 0.0214572 0.03738 0.251 0.00547 1.07612 1. 0742 

100 1.39004 221.81 4.450 542.97 0.0185299 0.03682 0.247 0.00644 1.06872 0.9916 

105 1.27444 237. ZO 4.32Z 551.49 0.0162912 o • 0 36 &6 0.245 0.00744 1.0&288 0.9312 

110 1.18011 253.39 4.201 559.58 0.0145480 0.03689 0.246 0.00848 1.05813 0.8844 

115 1.10133 270.40 4.083 5&7. 27 0.01315 2 0 0.03736 0.248 0.00954 1.05418 O. 8486 

120 1.03427 288.09 3.967 573.82 0.0120228 0.0379& 0.250 0.01060 1.05082 0.8223 

125 O.9760?8 306.60 3.850 579.81 0.01108 2 0 0.038&5 o .25~ 0.0116 5 1.04792 O. 8027 

130 0.92487 326.04 3.734 585.16 0.0102811 0.03941 0.257 0.01271 1.04536 O. 7881 

140 0.84001 366.97 3.502 593.40 0.0090249 0.04076 0.266 0.01465 1.04114 0.7778 

150 0.77136 411.30 3.278 599.57 0.0080682 0.04320 0.275 0.01&68 1.03773 0.7607 

160 0.71435 459.00 3.068 60~.25 0.0073143 0.04602 0.285 0.01919 1.03491 0.7476 

170 0.66607 509.77 2.877 607.83 0.0067031 0.04888 0.294 0.02148 1.03252 0.7408 

180 0.62451 563.09 2.707 610.60 0.0061961 0.05377 0.315 0.OZ468 1.03047 0.7347 

190 0.58844 620.40 2.541 612.47 0.0057579 0.05823 0.331 0.02770 1.02869 0.7319 

200 0.55656 676.98 2.416 614.0& 0.0053908 0.06239 0.346 0.03072 1.02712 0.7288 

220 0.50280 790.94 2.222 616.24 0.0047922 0.06979 0.370 0.03662 1.02446 0.7242 

240 0.45908 901.66 2.090 617.51 0.00432 28 0.0759& 0.390 0.04244 1.02233 0.7207 

260 0.42271 1006.40 2.007 618.21 0.0039433 0.08094 0.406 0.04825 1.02055 0.7175 

280 0.39192 1102.34 1.960 618.53 0.0036292 0.08463 0.421 0.05410 1.01904 0.7145 

300 0.36547 1189.78 1.938 618.60 0.0033643 0.08783 0.434 0.06004 1.01775 0.7117 

320 0.34248 1269.16 1.935 618.50 0.0031375 0.09010 0.44& 0.06607 1.01663 O. 7090 

3"0 0.32Z30 1341.98 1.944 618.30 0.0029409 0.09187 0.457 0.07222 1.015&4 0.7064 

3&0 0.30442 1409.&1 1.962 618.02 0.0027&85 0.0932& 0.467 0.07850 1.01477 0.7040 

380 0.28847 1473.29 1.984 617.69 0.002&161 0.09441 0.477 0.08491 1.01399 O. 7018 

400 0.27415 1534.76 2.009 617. 33 0.0024802 0.0954~ 0.487 0.09145 1.01329 0.&997 

420 0.2&120 1594.7Z 2.034 616.96 0.0023583 0.09640 0.497 0.09814 1.01266 0.6979 

4"0 0.24945 1654.06 2.058 616.58 0.0022481 0.09736 0.506 0.10496 1.01209 0.&963 

460 0.23872 1713.60 2.079 616.19 0.0021481 0.09835 0.516 0.11192 1.01157 0.6949 

460 0.22890 1773.42 2.099 615.61 0.0020569 0.09938 0.525 0.11902 1.01109 0.693& 

500 0.21986 1834.01 2.117 615.43 0.0019734 0.10047 0.534 0.12627 1.010&5 0.6925 

520 0.21151 18 95.43 2.131 615.06 0.00189&5 0.10163 0.543 0.13361 1.01025 0.&916 

540 0.20375 1958.48 2.143 614.92 0.0018241 0.10283 0.552 0.14126 1.00987 0.6905 

560 0.19658 2021.82 2.153 614.54 0.0017585 0.10411 0.561 0.14695 1.00952 0.6898 

560 0.18991 2085.76 Z.162 614.19 0.0016976 0.10543 0.570 0.15679 1.00920 0.6891 

600 0.18367 2150.55 2.168 613.84 0.0016406 0.10679 0.579 0.16477 1.00889 0.688& 

650 0.16976 2315.39 2.179 613.02 0.0015145 0.11036 0.601 0.18539 1.00822 0.6874 

700 0.15781 2483.56 2.164 612.28 0.0014065 0.11409 0.623 0.20696 1.00764 0.686& 

800 0.13636 2827.38 2.184 611.00 0.0012315 0.12187 0.666 0.25Z95 1.00669 0.6855 

1000 0.11104 3525.11 2.174 609.05 0.0009869 0.13764 0.752 0.35632 1.00537 0.6843 

2000 0.05592 7316.52 2.029 604.71 0.0004962 0.27727 1.149 1.36584 1.00270 O. 541~ 

3000 0.03737 11791.55 1.830 603.16 0.0003316 0.39315 1.501 2.69041 1.00160 0.5375 

4000 0.02805 17195.78 1.627 602.08 0.0002491 0.53554 1.824 4.45621 1.00135 0.5252 

5000 0.02234 27325.70 1.229 598.36 0.0002005 0.89949 2.131 7.34780 1.00108 0.4673 

TWO-PHASE BOUMDRY 
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C-Zb THERMO D'NAMIe PROP ERTIES OF PA RAHYDROGEN 

&50 PSIA ISOBAR 

TEMPERATURE VOLUME ISOTHFRH ISOCHORE INTERNAL ENTHALPY ENTROPY cv CP VELOC ITV 
DER I VA TI VE DERIVAT IVE ENERGY OF SOUNO 

OEG. R CU FT ILB cu FT-PSIAILO PSIAIR BTUILB BTU/L9 BTU/LB-R BTU LB -R FT/SEC 

27 . 406 0.20178 3350.20 7&.9849 -131.693 -107.605 1.21164 1.163 1.528 4517 
26 0.20235 3326.49 77.3028 -131.044 -106.689 1.24471 1.179 1.560 4517 
30 0.20433 3155.7& 77.8423 -128.048 -103 .455 1.35&24 1.228 1.&14 44&3 
32 0.20646 2981.03 77.7400 -124.849 -99.9'18 1.46776 1.27Z 1.784 4401 
34 0.20877 2816.67 77 • 05&4 -121.452 -9&.323 1.57915 1.310 1.688 4338 
3& 0.21124 26&&.80 75.9276 -117.870 - 92.445 1.&8'1'17 1.344 1.987 4274 
38 0.21387 2504.62 74.6567 -114.112 -88.370 1.60010 1.374 2.091 4201 
40 0.21669 2349.39 73.2519 -1100167 -84.085 1.90997 1." 02 2.19& .. 130 

.. 2 0.21973 2196.96 71.7070 -106.03" -79.587 2.0196'1 1." 25 2 . 303 .. 056 
44 0.22300 2049.97 70.0025 -101.711 -74.870 2.12940 1.446 2.41" 3982 
46 0.22654 1901.09 66 .1416 -97.191 -69.924 2.23931 1 ... 64 2.531 3903 
48 0.23037 1749."1 66.1071 -92.469 -64.741 2 .34960 1.479 2.656 3816 
50 0.23455 H.06.38 63.9035 -87.532 -59.301 2.4&063 1.494 2 .787 3729 
52 0.23913 1472.96 61.5383 -82.375 -53.593 2.5725& 1.505 2 .921 3639 
54 0.24413 1341.29 59.03&& -7&.995 -47. &10 2 . 68544 1. 515 3.0&" 35 .. 5 
5& 0.24965 1214.09 56 . 4070 -71.377 -41.328 2.79966 1.524 3.218 3 .... 6 
58 0.2557& 1093.50 53.&831 -65.507 -34.723 2.91554 1.532 3.383 3345 
60 0.26255 975 . 80 50.8580 -5'1.378 -27.777 3.03327 1.539 3.5&9 323ft 

&2 0.2701& 8 &6.30 47.9317 -52.963 -20.44& 3.153 .. 6 1.546 3.768 3128 
64 0.27875 765.52 44.9411 -4&.247 -12.&96 3.27&46 1.553 3 . 982 3016 
6& 0.26849 673 .45 41.8982 -39.221 -4.498 3.4025'1 1.560 4. 211 2902 
&8 0.29956 590. '11 38.6529 -31.88& 4.170 3.53196 1.566 4 . 453 2790 
70 0.31219 517.33 35.8453 -24.250 13.326 3.&64&5 1.571 4.709 2680 
75 0.35186 388.33 28.7759 -4.049 38.302 4.00907 1.587 5.253 2440 
80 0.40390 323.62 22.8888 1&.785 65.400 4.35877 1. 604 5.516 2271 
85 0.46557 309.24 18.4256 36.514 92.552 4.&8788 1. &23 5.3& 9 2177 
90 0.53117 326.12 15.2111 54.503 118.436 4.98390 1.627 4.963 2H7 
95 0.59619 358.73 12.9378 70.407 142.166 5.240&1 1.628 4. 5"5 215 .. 

1 00 0.&5912 397.15 11.2835 8".796 1&".132 5."&605 1.631 4.210 2179 
105 0.71971 437.44 10.0362 97.894 184.520 5.6&505 1.63& 3.955 2214 
110 0.77810 477.85 9.0649 110.1"3 203.797 5.84444 1.6"& 3.767 2251 
115 0.83461 518 . 20 8 . 2824 121.80" 222.260 6.00860 1. &&3 3 . 62& 2286 
120 0 .88954 557 .43 7 . &402 133.060 240.128 6.16071 1.665 3.526 2325 
125 0.94310 595.98 7.101 .. 1"4.049 257.563 6.30307 1.713 3 . 455 2360 
130 0.99552 634.48 6.6U2 154.876 274.699 6."3750 1.7"5 3.404 239 .. 
140 1.09812 709."9 5.8934 176.380 308 .55 2 6.68838 1.823 3.35" 2459 
150 1.19684 7 80.97 5.3105 197.993 3"2.047 6.919"6 1.916 3 .352 2516 
160 1.29313 850.16 4.8"34 220.073 375 .717 7.13675 2.019 3.386 2570 

170 1.38751 917 ."4 4 ."587 242.836 409.840 7.34360 2.128 3 .441 2622 
160 1 .48037 983.15 4.1354 266.410 444.591 7.54221 2.239 3.510 2&72 
190 1 .57146 1046.66 3.8500 291.196 480.345 7 .73529 2.361 3.591 2716 
200 1.66182 1109.59 3.6110 316.59" 516 . 615 7.92119 2.464 3 . 666 27&5 
220 1.83998 1232.&8 3 .2173 3&9 . 862 591.327 8 .27715 2.6"6 3.80 .. 2865 
240 2.015 54 1352.67 2.9053 425.'118 &&8.513 6.&1270 2.763 3.910 29&7 
2&0 2.18914 1470.64 2. &513 483.937 747.427 8.928&& 2. 675 3.976 3070 
260 2.36121 1567.08 2.4399 543.163 827.3&4 9 .2 2475 2.9 24 ".006 3115 
300 2.53209 17 01.9" 2.2&11 602.799 907.5&1 9.50155 2.940 ... 010 3279 
320 2.70200 1815.67 2.1015 662.342 967.562 9.15979 2.930 3.968 3384 

3 .. 0 2.87113 H28.48 1.9742 721.393 1066.969 10.00014 2.903 3.952 3487 
360 3.039&0 20"0.53 1.6571 779.103 1145.557 10.22"82 2.866 3.907 3590 
380 3.20752 2151.93 1.7536 831.143 1223.208 10.43415 2.624 3.858 3691 
4 00 3.37498 2262.79 1.6&12 893 . 664 1299.686 10.63149 2.781 3.810 3790 
420 3 .54205 2373.17 1.5783 949.26& 1375.615 10.61622 2.7"0 3.7&4 3886 
.. 40 3 .70878 2483.15 1.5035 100".069 1450.466 10.99036 2.701 3.722 3981 
460 3.87521 2592.76 1.4355 1056.080 1524.510 11.15495 2 . 667 3.684 .. 073 
480 4.04138 2702.11 1.3736 1111 ... 12 1597.843 11.31078 2. &37 3.&50 4163 
500 4.20133 2611.16 1.3166 1164.148 1670.553 11.4593" 2 . 610 3.621 4251 
520 4.37309 2919.98 1.2&47 1216.371 1742.726 11.60101 2.588 3.597 433& 

540 4.53955 3030.36 1.21 &0 12&6 ... 55 1814.6"5 11.73696 2 .5 69 3.514 .... 20 
5&0 4.70486 3138.&5 1.1715 1319.764 1886.012 11.86601 2.553 3.557 45 01 
580 4.87003 32 "0. 7& 101302 1370.676 1957.0"5 11.99039 2.540 3.542 4580 
600 5.03509 3354.72 1.0917 1"21.752 2027.767 12.11037 2. 529 3.530 4657 
650 5.44730 362".11 1.0062 1541.994 2203.&"4 12.39217 2.510 3.508 48 .... 
700 5.85900 3892.89 0.9333 1673."84 2378.688 12.&5187 2.499 3."94 5 022 
800 6.68134 "429.16 0.8154 1923.114 2127.296 13. 11769 2.490 3.483 5357 

1000 8.32345 5498.64 0.6512 2421.358 3"23.188 13.69361 2." 90 3 . "79 5966 
2000 16 .51915 10828.67 0.3251 49&9.356 6957.641 16.33592 2.6"4 3.631 82 99 
3000 24.71013 16153.14 0.2167 7755.445 10129.616 17.85185 2.924 3.910 10004 

4000 32.9tHl 21416.74 0.1625 10850.573 14612.387 19.21969 3.261 4.276 11391 
5000 41.32360 26800 . 09 0.1300 14594.077 195&7.906 21.11113 4.332 5.435 12 .. 16 

TWO- PHASE BOUNDRV 
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THERMODYNAMIC PROP ER TIES OF PARAHYOROGEN C-Z b 

650 PSIA ISOBAR 

TEHPERATURE DENSITY V (OH/OVlp V(OP/DUl
y 

-V(OP/OVl
T (OV/OTlp'V CON~~g~~~ TY 

VISCOSITY THERMAL DIELECTRIC PRANOTL 
OIFFUS IV lTY CON STANT NUHBER 

OEG. R LB/CU FT BTUILB PSI A- CU FT/ BTU PSIA 11 OEG. R BTU /FT-HR-R LB~F~~?EC SO FT/HR 

27.408 4.95583 329 . 61 13.359 16603.04 0.004&3&8 0.0517 2 1.899 0.00&83 1.25993 2 .0 202 

28 4 .94204 3 31 .95 1 3 .2&9 1&449.52 0.004&994 0.05316 1.824 0.00&90 1.25915 1.92&4 

30 4.89415 332.0& 12.949 15444.75 0 .0 050400 0.05701 1.&08 0.00696 1.25644 1.6993 

32 4.843 45 331.32 12.620 14438.48 0.0053842 0.05975 1 .4 37 0.00692 1.25358 1.5443 

34 4.78989 330 . 85 12.279 13502.07 0 .0 05 70 70 0 .0 &1&1 1.298 0.00681 1 .2505 6 1.4322 

3& 4.73394 330.40 11.933 12624.47 0.0060143 0.06322 1.184 0.0067 2 1 .24741 1. 339& 

38 4.&7579 327.93 11.&16 11711.09 0.00&3750 0.0&504 1.089 0 . 00&65 1.24414 1.2597 

40 4.61486 325.01 11.326 10842. 11 0 .0 0&75&2 0.0&635 1.007 0.00&55 1.24072 1.2003 

42 4 .5 5 110 321.39 11.058 10007.&7 0. 0071&52 0.0&721 0.937 0.00641 1.23715 1 . 15&0 

44 4 .48431 317.04 10.798 9192.71 0.007&150 0.0&771 0.87& 0.00625 1.23342 1 .1241 

46 4.41429 311.74 10.547 8391.95 0.0081199 0.0&786 0.821 0.00607 1.22952 1.1027 

48 4.3 4 082 305.29 10.295 75'l3.87 0.0087053 0.0&772 0.772 0.00587 1.22543 1.0'310 

50 4.26342 299.04 10.036 &857. 18 0.00931 92 0.0673 2 o .728 0.005& 7 1.22113 1.0843 

52 4.16188 2 9 2 .38 9.775 6159.73 0.0099904 0 .0&&71 0.&87 0.0054& 1.21&62 1.0825 

54 4.0'l&12 265.10 9.514 5494.09 0.0107455 0.0&590 0.&49 0 .0052 5 1.21166 1. 06&0 

5& 4.00556 277.40 9. 241 4863.12 0.0115989 0.06465 0. &14 0.00502 1.20&69 1. 099& 

56 3 .90966 269.47 8.9&3 4275.47 0.01255 &1 0.0&32& 0.561 0.00478 1.201&3 1.1178 

60 3.60681 260.62 8.676 3716.63 0.013&839 0.06176 0.549 0.00454 1.19610 1.1427 

62 3.70147 2 5 2 .10 8.375 3206.59 0.0149479 0.06016 0.519 0.00431 1.19024 1.1 713 

&4 3.58H2 243.34 6.068 2746.23 0.0163647 0.0 5646 0.491 0.00409 1.16403 1 .2040 

6& 3.46632 23 4. 61 7.751 2334.37 0.0179464 0 . 05667 0.464 0.00368 1.17746 1.2406 

68 3.33816 226.05 7.433 1972.57 0.019&967 0.05461 0.438 0.00369 1.17054 1.2806 

70 3.20319 217.70 7.121 1657.12 0.021&310 0.05334 0 . 413 0.00354 1.16326 1.3136 

75 2.64202 201.46 6.360 1103.65 0.02&07 33 0.04949 0.359 0.00331 1.14400 1.3718 

80 2.47584 193.10 5.763 801.24 0.0 285667 0.045 60 0.317 0.00335 1.124&6 1.3752 

65 2.14789 1 9 3.53 5.285 664.21 0. 027740 8 0.0 4270 0.269 0.00370 1.10757 1.3077 

90 1.68263 200.31 4.9&7 613.97 0.0 247752 0.0 4044 0.272 0.00433 1.09386 1.2005 

95 1.&7731 211.38 4.739 601.71 0.021 5 017 0.03901 0.262 0.00512 1.08333 1.0979 

100 1.51717 224.82 4.559 602.54 0.01672&& 0.03624 0.256 0.00599 1.07517 1.0155 

105 1.36945 239.50 4.416 &07.80 0.0165123 0.0 3790 0.254 0.00690 1 .066&9 0.9523 

110 1.26519 255.20 4.284 614.13 0.0147 60& 0.03800 0.253 0.00785 1 .0 6342 0.9024 

115 1.1981& 271.85 4.157 620.68 0.0133397 0.03636 0.254 0.00863 1.05904 0.8636 

120 1.12417 289.22 4.033 62&.65 0.01 21922 0.03888 0.25 6 0.00981 1.05532 0.8350 

125 1.06033 307.42 3.911 &31.93 0.011 237& 0.03950 0.258 0.01078 1.05212 0.6136 

130 1.00450 326.63 3.769 637 .34 0.0104 202 0.04021 0.262 0.01176 1.04933 0.7975 

140 0.91065 367.67 3.549 646.09 0.00912 15 0.04143 0.269 0.01357 1.0446 5 0.7852 

150 0.83554 411.94 3.316 &52.53 0.00 61382 0.04361 0.278 0.01564 1.04091 0.7660 

160 0.77H2 459.59 3.102 657.44 0.0073&70 0.04&59 0.287 0.01779 1.03783 0.7516 

170 0.72071 510.35 2.907 661.21 0.0067432 0.04941 0.297 0.01992 1.03522 0.7439 

160 0.67551 563.69 2.734 664.13 0.00622 69 0.05404 0.31& 0.02279 1.03299 0.7384 

190 0.&3&34 &21. Z7 2.563 &&&.04 0.0057805 0.05845 0.332 0.02556 1.0310 5 0.7354 

2 DO 0.&0175 67 7.92 2.435 667.70 0.005408 2 0.0&257 0.347 0.0283& 1 .0 2935 0.7320 

220 0.54348 792.08 2.237 &&9.94 0.0046023 0.0&993 0.371 0.03383 1.02646 0.7266 

240 0.49&14 903.26 2.104 &71.22 0.00"3 284 0.07&07 0.391 0.03922 1.0241 5 0.7229 

260 0."5680 1006.04 2.019 &71.88 0.0039"&0 0.08103 0."07 ~ 04"59 1.0222 2 0.7194 

280 0."2351 110".25 1.970 672.15 0.0 036301 0.08491 0.421 IJl. 05002 1.02059 0.7162 

300 0.39493 1191.93 1.946 &72.15 0.0033639 0.08790 0 ... 3 .. 0.05551 1 .01919 0.7131 

320 0.37010 1271.55 1.9"4 &71.97 0.0031363 0.09018 0.44 6 0.06110 1.01798 0.7102 

3 .. 0 0.34830 13 .. 4.55 1.952 &71.68 0.0 029391 0.09194 0.457 0.06660 1.01&91 O. 7075 

360 0 .32 899 1"1 2 .35 1.970 &71. 32 0.00276&" 0.09334 0."&8 0.07261 1.01597 0.70"9 

380 0.31177 1 " 76.19 1.992 &70.90 0.002&138 0.09 .... 9 0.478 0.07855 1.01513 0.70 26 

400 0.29&30 1537.79 2.01& &70.46 0.002"777 0.09552 0.46 8 0.06461 1.01437 0.7005 

.. 20 0.28232 1597.8& 2.040 670.00 0.0 023557 0.096"9 0.497 0.09080 1 . 01369 0.696& 

"40 0.269&3 1&57.31 2.0&4 &&9.53 0.0022 .. 56 0.09745 0.50 7 0.09711 1.01307 O. &9&9 

460 0.25805 1716.94 2.086 669.07 0.0021 .. 5& 0.09844 0.51& 0. 10355 1.01251 0.695" 

.. 60 0.2474" 1776.83 2.105 666. 61 0.00205"4 0.09947 0.525 0.11013 1.01199 0.&9"1 

500 0.237&6 1837.50 2.122 &&8.16 0.001970 9 0.10057 0.535 0.11 &84 1.01152 O. &929 

520 0.22807 1898.99 2.137 6&7.72 0.001 8940 0.10172 0.544 0.123&6 1.0110 6 0.& 919 

540 0.22029 1962.23 2.1"9 667.55 0.001821& 0.10293 0.553 0.13072 1.010&7 0.6908 

560 0.21255 2025.62 2.159 &&7.11 0.0017561 0.104 2 1 0.5&2 0.13763 1.01030 0.&901 

580 0.2053" 2089.60 2.167 &6&.68 0.001&95 2 0.10553 0.570 0.14509 1.00995 0.6894 

600 0.198&1 215".43 2.173 6&6.27 0.001638S- 0.10&90 0.579 0.15247 1.009&2 0.6668 

650 0.16358 2319.35 2.18" &65.30 0.00151 2" 0.11047 0.&01 0.17155 1 .00 889 O. &676 

700 0.170&8 2487.62 2.188 664."3 0.0014047 0.11"22 0.&23 0.19151 1.0 062 6 O. &867 

600 0.149&7 2831.5" 2.188 &62.91 0.001 2300 0.1 2200 0.&&7 0. 23"06 1.0072" O. &855 

1000 0.1201" 3529.43 2.177 &&0.&2 0.0009856 0.1 3781 0.753 0. 32968 1.00581 0.6643 

2000 0.06054 7321.25 2.031 &55.52 0.000"959 0.27727 1.150 1.26157 1.00292 0.5422 

3000 0.04047 11796.16 1.831 &53.71 0.0003315 0.39312 1.504 2.48"47 1.00195 0.536" 

4000 0.03038 17178.20 1.630 652.48 0.0002"91 0.53"35 1.827 4.11119 1.001"7 0.52&& 

5000 0.02"20 27113.57 1.240 6"8.54 0.0002004 0.888"3 2.134 &.75513 1.00117 O ... 700 
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THERHODYN AHI C PROPERTIES OF PARAHYOROGEN C-Zb 

700 PSIA ISOBAR 

TEHPERATURE OEN SI TV V ( OH / OV'p V ( OP/OU' V -V (QP/OV1r (OV/OT \lVCONb~~~~~~TY VISCOS[lY THE RMA L DI ELECTR I C PRANOTL 
DIFFUS IV ITY CONSTANT NUHBER 

DEG. R lB/CU FT BTU/L B PS IA-CU FT / B TU PSlA VOEG. R BTU/FT-HR-R LB/F T-SEC SQ FT/HR 
X 10 5 

27.59~ ~.96626 3 34.54 13. 329 16666.56 0.0045692 0.05236 1.91 3 0 .00 690 1.26052 2.0096 

28 ~.95699 33 6 . ~~ 13. 267 1&602.31 0. 0 0~&0&2 0.05337 1 .6&1 0. 0 0 69 5 1.25999 1. 9~5~ 

30 ~.909&3 33& .51 12.957 15769.06 0.00~9~2 7 0.05727 1 .& 3 9 0.0 0 701 1.25731 1. 7136 

32 ~.8596& 33 6 . 27 12 . 632 1~604 . 21 0.0052693 0 .06007 1 .464 0 .00 69 8 1.25450 1.5549 

3~ ~.80n6 33 5 .75 12 . 302 13859 . 47 0.0055868 0 . 06198 1 . 323 0 . 006 87 1.25155 1.4410 

3& 4.75256 335.90 11.97 2 13012 . 59 0.0058727 0. 0 6364 1 . 2 0& 0 . 00 67 9 1. 248~6 1.3457 

36 4.69555 33 3 .42 11 . 662 12066.66 0.0062220 0. 0 6551 1 . 109 0. 00 673 1. 24 525 1.2639 

40 4.63587 33 0.61 11 . 371 11209.84 0.006586& 0 . 0 6686 1.026 0.0 06&2 1.2~190 1.2028 

.. 2 4.57350 327.26 11 . 1 06 10375.20 0.0069713 0.067 78 0.95~ 0 . 0 0650 1.23641 1.1566 

4~ 4.50832 3 23 . 27 1 0 .64 8 9563.77 0.0073696 0.06632 0.A92 0. 0 0 634 1. 2347 6 1.1229 

46 4.4401~ 3 16.39 10 . 600 6766 . 91 0.0076552 0.066 52 0 . 637 0.0 0 617 1 . 2 30 96 1. 0 9 94 

~8 ~.36672 31 2 . 80 10.352 7991.19 0.008371~ 0 . 0 &8~3 o . 787 0 . 0059 8 1.22698 1. 0644 

50 ~.29374 30 6 .75 1 0.0 9 6 7245.05 0.0089392 0.06610 0 . 742 0 . 00 5 7 6 1. 2226 2 1. 0761 

52 4.21503 299. 90 9. 8 4 3 &520.51 0.0095822 0.0& 7 54 0 . 701 0.0055 8 1.21845 1.0741 

5~ 4.13239 29 3.21 9 .569 5859.36 0.01 02507 0.06680 0 . &63 0 . 0 0 536 1. 2136 8 1. OH5 

56 4.04552 ? 6 6 .11 9 . 325 5230.84 0.0109972 0 .0 6562 0 . &26 0.0 051 6 1. 209 09 1.0643 

56 3.95~20 2 76.~2 9 . 056 ~630 . 60 0.0118575 0.0&431 0 . 595 0.00493 1.20~0 7 1.1000 

&0 3.65791 2 7 0 .77 6 .7 8& 4062.85 O. 01278~5 0 . 06289 0 . 564 O. 0 0~71 1.19878 1.1175 

6Z 3.756&1 2 &2 .38 6 . 5 0 2 3557 . 65 0.01386&2 0.0&139 0 .535 0.0 0 4~ 9 1.1932 ~ 1. 1~24 

6ft 3.64959 253.90 6 . 21~ 30 79.67 O. 01511~~ 0. 05980 0.50 7 0 . 0 0~2 7 1.187~1 1.1707 

66 3.53653 2 ~ 6 . 06 7.916 26&5.63 0. 0 1&3730 0.05612 0. 460 O. 00~08 1. 18127 1.1978 

68 3.~17&9 237.99 7 . 617 2266 . 51 0 . 0176003 0 . 05&39 o . ~55 0 . 0 038 9 1.174 6 3 1.2297 

70 3.29311 230. 2~ 7. 3 25 1959.92 0.0193130 0 . 0 547 4 0 .43 1 0 .0037~ 1.1&811 1.2593 

75 2.9611~ 213.97 6.621 13~~ .23 0.0230630 0.05114 0 .3 7 7 0. 00 350 1. 1503~ 1.3100 

80 2.6195& 20~.33 6 .0 05 960 .1~ 0.0256233 0.04763 0.335 0 . 0 03~ 7 1. 1 322 4 1.3241 

85 2.3011& 20 2.&8 5.~96 792 . 7~ 0.0258191 0.0~~59 0.30~ 0 . 00 370 1.1155 ~ 1 . 2855 

90 2.03096 207.35 5 .1 39 710.18 0.0239058 0.0~223 0 . 285 O. 0 0~ 1 9 1.1015 1 1.2027 

95 1.61393 2 1&. 5 1 ~.877 676.10 0.0212676 0.0~0&2 0.273 0 . 00486 1.09033 1.1128 

100 1.641>6 22 8 .75 4 . &H 669 .50 O. 01673~9 0 . 039&5 0 .26& 0 . 0 05& ~ 1.08151 1.033& 

105 1.50289 2 42 .~5 4. 5 14 666 . 55 0.016&381 0.03916 0.26 2 0 . 0 0 6 4 & 1.07444 0.9709 

110 1.36917 257.68 ~. 3 70 &72 . 69 0.OH8900 0.03913 0 . 2&0 0. 0 073~ 1.0&6&8 0.9185 

115 1.29423 273 .80 ~ .2 34 677 . 12 0.0134858 0.03939 0 . 2& 0 0.00824 1.0&368 0.8761 

120 1.21371 290.98 4 . 1 03 682.44 0.0123155 0 . 03981 0 .261 0 .0091 & 1.05961 0.8470 

125 1.14391 30 9 .0 1 3 .973 687. 37 0. 0113426 0. 04037 0. 2&3 0. 01007 t.05&31 0.6236 

130 1.08312 327. 90 3 . 8 4 & 6 91.64 0. 0105231 0 .0 ~ 102 0. 2&& 0.010 97 1.05327 0.8064 

140 0.96163 368. 44 3. 59 7 &99.76 0 . 0092132 0 . 0 4 212 0. 27 3 0 . 0 1 264 1. 0~819 0.792& 

150 0.69938 412.63 3. 358 706.~3 0.0082026 0.04~~3 0 . 281 0 . Og 59 1 . 0~~0 9 0.771& 

160 0.83196 !t &0 .44 3.137 711. ~5 0.0074135 0 . 0~716 0.290 0. 0 1 661 1.0407~ 0.7557 

170 0.77505 5 1 1.17 2. 937 715.32 0.0067786 0.0~995 0.299 0. 01860 1.03791 O. 7 ~ 70 

180 0.72621 564 .52 2 .760 718 . 31 0.00625~1 0.05~32 0.3 17 0. 0 2 119 1.035~ 9 O. 7~21 

190 0.68397 6 2 2.35 2 . 584 720.20 0.0058003 0.05869 o . 33~ 0.02377 1. 033~1 0.7388 

200 0.6~668 679.0 6 2.~ 5~ 721.88 O. 0 05~233 0.06278 0.3~8 0. 02 63 6 1.03156 0.7350 

ZZO 0.58392 793.39 2.253 72~ . 13 O. 00~6110 0 . 0 7008 0 .37 2 0.03144 1.028~7 O. 729~ 

240 0.53299 90~. 6 0 2.117 725.37 O. 00~3331 0.07619 0 . 391 0 . 0 36~ 6 1.02596 0.7251 

l60 0.~9010 1009.62 2 .031 725.96 O.OO3q~61 0 . 06113 0.~0 8 O. 0~14 7 1.02369 0.7213 

Z60 0.45493 110 6 .27 1 . 9 61 726.14 0.003&304 0.08500 0 . 422 0.0~65 2 1.02213 0.7178 

300 0.42~23 119~.19 1.957 726 . 05 0.0033632 0.08796 o .~3 5 O. 0 516~ 1.02063 0.7145 

320 0.39756 12 7~. 01 1. 953 725.77 0.0031349 0.09026 0.~~7 0.05685 1.01932 0.711~ 

340 0.37~15 13"7.20 1. 961 725.36 0.0029372 0.09202 0 .~58 0.06216 1.01818 0.7085 

360 0.35343 1415.16 1 . 9 77 72~.ql 0.0027641 0 . 0 93~2 0 ."68 0. 06757 1.01716 0.70 58 

380 0.33~9~ 1'79.1~ 1.999 724.40 0.0026113 0 .09457 0 . 478 0 . 0731 0 1.01626 0.7 0 3~ 

~OO 0.3183~ 1 5 40.87 2 .0 23 723.86 0.0024752 0. 0 956 0 0 .~ 88 0.0787 ~ 1.015~5 0.7012 

~20 0.3033~ 16 01.0~ 2. 0 ~7 723 . 30 0.0023531 0. 0 9658 0.~98 0.08 ~51 1.0147 2 0.6992 

""0 0.28972 166 0 . 59 2.071 722 . 7~ 0.002242Q 0.09754 0 . 5 0 7 0. 0903 9 1.01~05 O. 697~ 

4&0 0.277Z9 1720.30 2.0 92 722.19 0 . 0021~30 0.09853 0 . 517 0.0 9639 1.01345 0.6959 

460 0.26590 1760.26 2.111 721.6~ 0.0020518 0.09957 0 . 526 0. 10 251 1.01289 O. 69~5 

500 0.25543 18~1.02 2.1 28 721.11 0.0019683 0.1 0067 0 .535 0 .10876 1.01238 0.6933 

~20 0.24576 130 2 .58 2.1 43 720.59 0.001891& 0.10182 0.54 4 0.1151 3 1.01191 0.6923 

S~O 0.23675 19& 6 .00 2.154 720.~1 0.0018190 0.1 0 303 0 . 55 3 0 . 1 2168 1.011~7 0.6911 

560 0.2284~ 20 2 9 . ~~ 2.164 719.89 0.0017536 0.10~31 0. 562 0.1283 1 1.01107 0.6903 

580 0.22071 209 3 .~6 2.1 7 2 719 . 38 0.0016928 0. 1 0 56~ 0 . 5 7 1 0. 1350 6 1.01069 0.6896 

600 0.213~8 2156.33 2 . 178 718.90 0.0016362 0.10701 0 . 580 0 . 1 ~19 3 1.01034 0.6890 

650 0.19735 2 323.3 ~ 2.186 717.77 O. 00 1510~ 0 .11 0 59 0. 6 0 2 0.15969 1.00956 0.6677 

700 0.18350 2~91.68 2.193 716.75 0.001~ 0 28 O . 11~3~ 0 . 62~ 0.17827 1.00866 0.6668 

aDo 0.16094 263 5 .71 2.191 714.98 0.001228~ 0. 12214 0.668 0.21786 1.00779 0.6856 

1000 0.12922 353 3 . 75 2 .180 712.31 0.00098~7 0 . 137 97 0.754 0. 3 0 685 1.00625 0.68~3 

2000 0.06515 732 5 .98 2.0 32 706.~0 0.000~956 0.2 77 27 1 . 15 2 1.17 22 0 1.00315 O. 5~31 

3000 O. 0 ~356 11800.86 1. 832 704.29 0.0003313 0 .39310 1.5 06 2.30795 1 .00210 0.5393 

4000 0.03271 1716 3. 12 1.633 702.91 0.0002~90 0.53329 1.8'30 3 . 6 1 5 81 1.00158 0.5279 

5000 0.02606 269 2 5. 16 1.250 698.75 0.0002004 0.87856 2.138 6.2 ~969 1.00126 0.4725 

TWO-PHASE BOUNDRY 
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C - l b THERMODYNAMIC PROPERTIES OF PARAHYDROGEN 

750 PSIA ISOBAR 

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

DEG. R CU FT/LB CU 'T-PSIA/LB PSIAIR BTU/LB BTU/LB BTU/LB-R BTU I LB -R FT ISEC 

27.780 0.20094 3450.52 77.3&40 -131.&82 -103.776 1.21531 1.169 1.529. 4513 
28 0.20114 3452.42 17 .4864 -131.372 -103.438 1.22142 1.175 1.540 4518 
30 0.20304 3278.02 78.2135 -128.439 -100.241 1.33768 1.225 1.653 4526 
32 0.20508 3110.60 78.2&53 -125.310 -9&.828 1.4477& 1.270 1.7&0 4410 
34 0.20727 2945.47 77.7952 -121.990 -93.205 1.55757 1.308 1.8&4 4409 
36 0.20961 2807.4& 7&.8983 -118.488 -89.378 1.&&&93 1.342 1.959 4351 
38 0.21210 2&41.70 75.7331 -114.818 -85.3&2 1.17547 1.372 2.0& 0 4286 
40 0.2147& 2484.80 74.4010 -110.971 -81.145 1.883&1 1.400 2.1&1 4215 

42 0.21762 2340.20 72.9257 -106.945 -76.721 1.99152 1.423 2.260 4 lit 9 
44 0.22068 2193.5& 71.3207 -102.745 -12.097 2.09907 1.445 2.3&5 4079 
4& 0.2239& 2045.20 &9.5&40 -98.3&7 -67.2&4 2.20&48 1.463 2.474 4003 
48 0.22750 1901.20 &7.&570 -93.802 -62.206 2.31409 1.479 2.587 3925 
50 0.23133 1760.55 &5.588& -89.045 -56.918 2.42203 1.494 2.705 3843 
52 0.23549 H25.34 63.37&2 -84.092 -51.388 2.53046 1.507 2.82& 3158 
54 0.24000 1495.93 &1.0353 -78.943 -45.&12 2.63944 1.517 2.951 3672 
5& 0.24491 13 &&. 52 58.583& -73.589 -39.57& 2.14920 1.526 3.088 3579 
58 0.25029 1250.48 56.0434 -68.025 -33.265 2.85991 1.53" 3.224 3489 
60 0.25&18 1137.22 53.4382 -&2.243 -26.&65 2.97178 1.541 3.372 3395 

&2 0.2&2&& 1027.5& 50.7&53 -5&.242 -19.7&4 3.08491 1.548 3.534 3297 
64 0.2&983 325.17 48.0200 -50.005 -12.531 3.19973 1.554 3.704 3197 
&& 0.21780 832.22 45.2455 -43.528 -4.947 3.31&41 1.560 3 .880 3097 
68 0.28&67 746.87 42.4498 -36.816 2.99& 3.43497 1.5&5 4.061 2997 
70 0.29&53 6&9.78 39. &742 -29.879 11.303 3.55536 1.568 4.247 2899 
75 0.32635 519.36 33.0331 -11.&76 33. &47 3.8&351 1.578 4.68& 2673 
80 0.36.37 428.38 27.1829 7.292 57.896 4.17&42 1.591 4.984 2493 
85 0.41010 384.98 22 .4184 25.946 82.900 ..... 7942 1.61 .. 5.010 2361 
90 0.46114 378.32 18.7208 43.874 107.917 4.7&5 .. 5 1.626 4.909 2300 
95 0.51435 393.98 15.9241 60.340 131.172 5.02348 1.632 4.&27 2215 

100 0.5&750 422.59 13.8295 75."&6 15".280 5.25447 1. &38 4.337 2217 
105 0.&19&2 456.25 12.2388 89.282 175.335 5.45998 1.643 4.094 2295 
110 0.&7042 492.82 10.9958 102.185 195.293 5.64570 1.653 3.899 2320 
115 0.71989 530.99 10.0000 11".417 214.394 5.81555 1.669 3.748 2350 
120 0.76808 5&8.68 9.1875 126.166 232.838 5.97255 1.6'U 3.637 2380 
125 0.81518 & 0&.83 8.5089 137.586 250.798 &.11920 1.718 3.553 2411 
130 0.86128 &4 ... 45 7.9332 148.790 268."04 &.25732 1.750 3.494 2 .... 1 
140 0.95099 717.79 7.0070 170.901 302.974 6.51354 1.828 3.432 2498 
150 1.03792 790.07 &.2924 193.038 337.185 &.74958 1.921 3.420 2553 
1&0 1.12329 8 & 0.81 5.7135 215.571 371.573 6.97150 2.023 3.4 .. 1 260 .. 

170 1.20&19 929.00 5.2447 238.683 "06.199 7.18141 2.132 3.488 2654 
180 1.28766 995.&1 4.8540 262.553 441.383 7.38250 2.243 3.551 2702 
190 1.3&741 1059.74 4.5085 287.&75 417.581 7.57802 2.366 3.628 27 .. 4 
200 1.44649 1123.42 4.2221 313.301 5140189 7.76566 2.469 3. &99 2792 
220 1.60226 1247.87 3.7525 36&.952 589.473 8.12435 2. &50 3.830 2891 
240 1.75555 1369.27 3.3825 423.31" 6&7.124 8 ... 6192 2.187 3.931 2991 
2&0 1.90.97 1!t88.30 3.0824 481.586 7"&.425 8.17943 2.818 3.996 309 .. 
280 2.05.93 1.05.48 2.8335 5"1.023 82&.&90 9.07674 2.927 4.024 3198 
300 2.20575 1721.16 2. &235 &00.840 907.115 9.35451 2.942 4.023 3302 
320 2.35365 1835.&3 2."435 6&0.5"0 987.413 9.&1354 2.932 4 .000 3 .. 06 

3 .. 0 2.50078 19"9.10 2.2875 719.727 1067.035 9.85"53 2.905 3.962 3509 
3&0 2.64728 20 &1. 74 2.1508 778.158 1145.812 10.0797& 2.868 3.916 3611 
380 2.7932& 2173.&7 2.0300 835.705 1223.&32 10.29015 2.826 3.866 3712 
400 2 .93879 2285.00 1.9224 892.323 1300.461 10.48727 2.783 3.818 3811 
420 3.08394 2395.81 1.8259 948.031 1376.327 10.67234 2.741 3.171 3907 
440 3.22875 250&.18 1.7389 1002.89" 1451.302 10.8"676 2.103 3.728 4002 
4&0 3.37329 2&1&.17 1.&599 1056.977 1525.458 11.01160 2.&&8 3. &89 4093 
.. 80 3.51757 2725.82 1.5880 1110.374 1598.893 11.1&765 2. &38 3. &55 4183 
500 3.&61&4 2835.17 1.5221 11&3.170 1& 71. &97 11.31641 2.612 3.&2& 4270 
520 3.80551 29 ..... 2& 1."616 1215 ..... 9 17"3.957 11.4582" 2.589 3.601 4355 

540 3.95023 3055.42 1.4050 1267.625 1816.231 11.59446 2.570 3.578 4439 
560 4.09367 31&3.90 1.3534 1319.003 1867.530 11.723&2 2.554 3.5&1 .. 520 
560 ... 23&97 3272.19 1.3055 1370.139 1956.5&9 11.64612 2.5"1 3.5"5 4599 
&00 4.38017 3380.32 1.2610 1421.055 2029 .371 11.96820 2.530 3.533 4&16 
&50 4.73772 3&50.0& 1.1&20 1547.38& 2205.359 12.25021 2.511 3.510 4662 
700 5.09H8 3919.12 1.077& 1672.948 2380.510 12.51007 2.499 3.49& 50"0 
800 5.80786 4455.82 0.9"12 1922.691 2729.28" 12 .97611 2."91 3 ... 84 537 .. 

1 0 00 7.231"9 5525.61 0.751& 2"21.077 3"25.385 13.75227 2 ... 90 3."80 5981 
2 0 00 14.33513 1085& ... 7 0.3751 49&9.29" 6960.152 16 .19"82 2. &44 3. &31 8310 
3000 21 ... 3 .. 11 16161.03 0.2500 7755.379 10732.1"2 17.71076 2.92 .. 3.910 10012 

4000 26.54474 2150".&4 0.1875 108 .. 7 ... 93 14811.178 19.0777& 3.271 ".266 11 .. 01 
5000 35.81889 26827.98 0.1500 1"557.619 19532.136 20.9&1&1 ".264 5.358 12 .. 94 

TWO-PHASE BOUND RY 
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THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN C -Zb 

750 PSIA ISOB AR 

TEMPERATURE OENSIT Y V ( OH/OVlp VIOP/OUI V -VIOP/OVI T IOV/OTptVCO~~~~~~~TY VISCOSITY THERMAL OIELECTRIC PRA NOTL 
OIFFUSIVITY CONSTANT NUM BER 

OEG. R LB/ CU FT BTU/LB PS I A-CU FT IB TU PSIA 1/0EG. R BTU/FT-HR-R LB/FT-SEC SQ FT IHR 
X 10 5 

27.780 ~ .97&& 1 339.38 13.301 17171.91 0.00~5053 0.0530~ 1.928 0.00 &97 1.2&110 2.0005 

28 ~ .971&8 34 1. 03 13.2&7 171&~. 35 0.00~51~~ 0.05357 1.899 0.00700 1.2&082 1. 9&~& 

30 ~. 9 2511 3U.13 12.9&1 1&1~~.&3 0.00~8~~& 0.0575~ 1.&72 0.00707 1.25819 1.7285 

32 4. 8 7&1& 341.15 12.&~3 151&7 . 7& 0.0051&00 0.0 &0 38 1.~92 0.00703 1. 255~2 1.5&&0 

3~ ~ . 8 24&7 3~0.52 12.32~ 14210.92 0.005~743 0.0&234 1.347 0.00&93 1.2525Z 1. ~502 

3& 4 .77071 3 ~1. 25 12.008 13393.5& 0.0057~1~ O.O&~O~ 1.228 0.00&85 1.2~9~8 1.3523 

38 ... 71~ 7 9 338.75 11.703 12~55. O~ 0.00&0805 0.0&597 1.129 0.00679 1. 2~&33 1.2687 

~ O ~.&5630 33&.03 11. ~15 115&9.99 0.00&~305 0.0&73& 1.0~~ 0.00&70 1.24305 1.2059 

~2 4 . 5 9509 333.30 11.150 10753.~0 0.00&781& 0.06832 0.971 0.00658 1.239&2 1.1571 

.... ~.53H2 329 . 56 10.896 9939.95 0.0071752 0.06891 0.908 0.006"3 1.23&05 1.1218 

.. 6 ..... &5 05 324.75 10.&50 9131.90 0.0076177 0.0&917 0.852 0.00&2& 1.23235 1.0912 

.. 8 4 .395 5 3 319.50 10. ~ 07 8356.79 o • 008 09&1 0.06913 0.802 0.00&08 1.22847 1. 0805 

50 4.3 227& 313.82 10.156 7&10.~2 O. 008&183 0.0688~ 0 . 757 0.00589 1.224"3 1. 0 70~ 

52 ~ . 2~ & 52 307 . 7S 9.906 &902.05 0.0091822 0.0&835 0.715 0.00570 1.22020 1.0&50 

5 .. ~ .1&&7 5 301.35 9.&59 &233.15 0.0097921 0.0&7&7 0.&77 0.00550 1.21578 1.0&3& 

5& ~.0 8312 2 9" . 11 9.~03 5579.&& o. 01O~995 0.0&&54 a .&~2 0.00528 1.2111& 1.0729 

58 3.9954 ~ 287. ~2 9.143 ~99&.21 0.0112172 0.0&530 0.609 0.00507 1.20633 1.0830 

&0 3 .9 035 0 280.12 8.883 "~39 .1~ 0.0120380 O. a &395 0.578 0.0048& 1.20128 1. 0978 

&2 3 . 80 7 2 2 272.3& 8.615 3912.12 0.012976" 0.0625" 0.549 0.004&5 1.19601 1.1175 

6 .. 3 .7 0&00 26".~9 8.3"0 3~28.&8 0.01~005~ 0.0&10~ 0.522 0.00~~5 1.190~8 1.139& 

&& 3. 5 99&9 25&.87 8.059 2995.75 0.0151032 0.059~& 0.~95 0.00~2& 1.18~70 1.1&3" 

&8 3 ... 8839 2~9.25 7.778 2&05.37 0.01&2932 0.05783 0."70 O. OO~Oft 1.178&& 1.1891 

7 0 3 . 372 29 2~1.78 7.501 2258.70 0.0175&51 0.05&17 0 ..... 7 0.003'lZ 1.17238 1.2162 

75 3. 0 &~18 225. 7~ &.831 1591.42 0.0207570 0.052&6 a .39~ 0.00367 1.15583 1.2619 

80 2. 7~""3 215.56 6.22~ 1175. &5 0.0231217 o. 0 .. 930 0.351 0.00 3&0 1.13883 1.277& 

85 2 . ~3 8 "5 212.30 5.&95 938.75 0.0238812 0.0~&33 0.319 0.00375 1.12272 1.2573 

90 2. 1 & 8 5~ 215.11 5.310 820.41 0.0228187 0.04393 0.297 0.00413 1.108&4 1. 19&3 

95 1 .9 ~~2 2 222.58 5.019 7&5.99 0.0207889 0.0"219 0.28" 0.00~&9 1. 09703 1.119& 

100 1.7&213 233.52 4.792 74".&& 0.0185715 0.0~10& 0.275 0.00537 1.087&7 1. 0~60 

105 1 .6 139 0 2"&.30 ~.&15 73&.35 0.01&&209 0.0~0"2 0.270 0.00&12 1.08010 0.9850 

110 1 . .. 91&0 2& 0 . &9 ~.~59 735. 09 0.01~9583 0.0~027 0.2& 8 0.00&92 1.07387 0.9330 

115 1. 3 8UO 27 6 ..... ... 312 737.60 0.0135575 0,0"0~2 0.2&7 0.0077& 1.0&867 0.890& 

120 1 .301 9~ 293.10 ~.173 7"0.39 0.012~090 0.0 .. 07& 0.2&7 0.008&1 1.06~27 0.858& 

125 1. 2 2&73 310 . 88 4.037 7~~.~2 O. OU~303 0.0~12~ 0.269 0.009~6 1.060"8 0.8337 

130 1.1&10 & 329 . 58 3.903 7~8.25 0.010&023 0.0~1S3 0.271 0.01031 1. 05718 O. 8150 

140 1 .0 515 " 369 . &8 3.6~5 75~.78 O. 0092835 0.0"281 0.277 0.0118& 1.051&8 0.7997 

1 50 0. 9 6 3 "& "13. 7~ 3.~01 761.20 0.0082&&~ 0.0~506 0.285 0.01368 1. 0~728 0.7775 

160 0.8 90 2 ~ ~&1.51 3.172 7&6.33 O. 007 .. 557 0.0~77~ 0.293 0.01558 1. 043&~ 0.7599 

170 0.829 05 512.22 2.9&7 770 .19 0.00&8095 0.0 50 ~9 0.302 0.017"& 1. 0~059 0.7502 

180 0 . 77&&0 5&5.5& 2.787 773.19 0.00&2779 0.05~&2 0.319 0.01981 1.03799 0.7457 

190 0.7 313 1 &23.&3 2.&0& 775.00 0.005817~ 0.0589~ 0.335 O. 02221 1.03575 0.7422 

200 0. &9 1 33 & 80.38 2."73 77&. &5 0.00543&3 0.0&299 0.3~9 o. 02~&3 1. 03377 0.7381 

220 0.& 2~12 79~ . 87 2.269 778.82 o • 00~8182 0.0702" 0.373 0.02939 1. 030~5 0.7319 

2 .. 0 0. 5& 9 ;2 90& . ~8 l.131 779.97 0.00~3367 0.07&32 0.392 0.03~08 1.02777 0. 7272 

2&8 0.5 24 39 1011.73 l.0~2 780. ~6 0.0039~95 0.0812~ o .~O 8 0.03877 1.0255~ 0.7232 

280 0." 8&1 & 1108.40 1.991 180.52 0.003&303 0.08509 0 ... 23 O. 0~350 1. Ol3&& O. 719~ 

3 00 0 . ~5 3 36 1196.5~ 1.967 780.31 O. 00 33&21 0.08807 0.~35 O. 0~829 1.02205 O. 71~9 

320 0 . ~2~8 7 127&.56 1.962 779.91 0.0031331 0.090 35 0.~~7 O. 05317 1.0206& 0.712& 

3~0 0. 39988 13~9.92 1.969 779 .~o o • 0029350 0.09211 0.~58 0.0581" 1.019"3 0.709& 

3&0 0.3 77 7 5 1418.0~ 1.985 778.81 0.0027617 0.09350 0.~&9 0.06321 1.01835 0.70&8 

380 0 .35800 1482.15 2.0 07 778.18 0.002&087 0.094&& o .~79 0.0&838 1.01739 0.70~2 

.. 00 0. 3~028 15~3.99 2.030 777.53 a .002~7Z5 0.095&9 0.~89 0.073&7 1.01652 0.7019 

.. 20 0.32" 2& 1&0 ... 27 2.05" 77&.87 0.002350~ 0.09&&7 0.~98 0.0790& 1. 01574 0.&998 

.... 0 0 .309 72 1&&3 . 91 2.077 776.21 0.0022"02 0.097&3 0.508 o. 08~5& 1.01503 0.&980 

"60 0 .296" , 1723.71 2.098 775.55 O. 0021~03 0.098&3 0.517 O. 09018 1.01~38 0.&9&3 

480 0 . 2 8"Z 9 1783.7& 2.118 77~. 91 O. 0020~92 0.0996& 0.526 0.09591 1.01379 O. &9~9 

500 0.27310 18~~.57 2.13~ 77".29 0.0019658 0.10076 0.535 0.10 175 1. 01324 O. &937 

520 0 .2&2 78 190&.18 2.1~8 773. &8 0.0018891 0.10192 0.5"5 0.10771 1. 0127~ 0.6926 

5 .. 0 0 . 2 5 3 15 1969. 80 2.160 773 .~8 0.00181&5 0.10313 a .55~ 0.11385 1. 01227 0.&9H 

560 0.2~"28 2033.28 2.169 772.88 0.0017511 0.10~~2 0.5&3 0.12005 1.01184 O. &90& 

580 0.236 02 2097.3~ 2.177 772.29 0.001&905 0.1057~ 0.571 0.12637 1.011~4 O. & 898 

600 0 . 2 28 30 21&2.25 2.183 771.73 O. 001&339 0.10712 0.580 0.13280 1.0110& 0.6892 

&50 0.2 11 07 2327 .3~ 2.193 770 .~3 0.0015083 0.11070 0.&03 0.1~9~1 1. 0102l O. &879 

700 0. 1 9&2 8 2"95 . 75 2.197 769.24 0.001~009 0.11~~6 0.&25 0.1&&79 1.00951 0.&8&9 

800 0.17218 2839.89 2.195 7&7.21 0.0012268 0.12227 0.6&8 0.20 383 1.0083l O. &857 

1000 0. 1 382 8 3538.07 2.183 7& ... 13 0.000983& 0.1381~ 0.755 0.2870& 1.00&69 o. 6 8~3 

2 000 0 . 0&97& 7 330.71 2.033 757.33 0.000~953 0.27727 1.15~ 1. 09~7~ 1. 003J7 0.5439 

30 00 0.0 ~6&5 11805.58 1.833 75~.92 0.0003312 0.39307 1.509 2.15"97 1.00225 0.5402 

4 000 0 . 0350 3 17150.1" 1.&3& 753.37 0.0002~89 0.5323~ 1.833 3.5&009 1.001&9 0.5292 

50 00 0.02792 2 &75&.48 1.260 7~8.99 0.0002003 0.8&970 Z.l~l 5.813&7 1.00135 0.4749 

• TM O-PHASE ~OUNORY 
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C - l b THERMODYNAMIC PROPERTIES OF PARAHYDROGEN 

600 PSIA ISOBAR 

TEMPERA TURE VOLUME ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC lTY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

DEG. R CU FT/LB CU FT-PSIA/LB PSIA/ R BTU/LB BTU/LB B TUILB-R BTU I LB -R FTISEC 

27.964 0.20053 3499.42 77.5733 -131.572 -101.866 1.21713 1.172 1.530 4601 
26 0.20056 3512.49 77.5944 -131.522 -101.b12 1.21909 1.173 1.530 4606 
30 0.20242 3338.93 76.3634 -126. 62 1 -96.635 1.32863 1.224 1.642 4557 
32 0.20441 3173.68 76.5160 -125.525 -95.244 1.43604 1.266 1.749 4503 
34 0. 20655 3006.67 78 . 1523 -1 22.240 -91.642 1.54718 1.307 1.853 4443 
36 0.20863 2661.76 77.3415 -116.777 -87.841 1.65561 1.342 1. 949 4389 
36 0.21128 2116.23 16.2032 -115.138 -63.840 1.76396 1.372 2.043 4329 
40 0.21386 2559.55 74.9229 -111. 340 -79.659 1.87116 1.399 2 . 142 4261 

42 0.21663 2408.70 73.4970 -107.369 -75.278 1.97803 1.423 2.241 H93 
44 0.21959 2262 .66 71.9340 -103.225 -70.695 2.08461 1.444 2.342 4124 
46 0.22277 2119.46 70.2252 -98.906 -65. 905 2 . 19106 1.463 2.446 4052 
48 0 . 226 16 1976.83 66 .37 63 -94.411 -60.905 2.29744 1.479 2.554 39 7 7 
50 0.22986 1836.80 66.3733 -89.734 -55.683 2.40403 1.494 2.667 3898 
52 0.23383 1096.47 64.2319 -84.873 -50.234 2.51088 1.507 2 .78 7 3813 
54 0 . 23813 1566.76 61 . 9598 -79.822 -44.545 2.61821 1.517 2.905 3730 
56 0.24280 1445.33 59.5837 -74.580 -38.613 2.72608 1 .527 3.029 3644 
58 0.24787 1326 .87 57.1155 -69.144 -32.424 2 .834 66 1.535 3.158 3556 
60 0.25341 1211.97 54 .6 030 -63.510 - 25.970 2.94405 1.542 3.297 3465 

62 0.25347 1105.93 52 .0250 -57.668 -19.231 3.05453 1.549 3.441 3373 
64 0.26&11 1002.23 49.3875 -51.620 -12 . 199 3.16616 1.555 3.597 3Z78 
66 0.27344 909.53 46.7136 -45.354 -4.847 3.27926 1.560 3.753 3183 
68 0 . 28152 822.31 44.0252 -38.880 2.823 3.39375 1 . 565 3.917 3088 
70 0.29044 743.54 41.3444 - 32.205 10.820 3.50964 1.568 4.082 2994 
75 0.31700 587.58 34.8863 -14.742 32.218 3 .80476 1.576 4.467 2777 
80 0.35037 485.00 29.1066 3.467 55.370 4.10351 1.588 4.765 2596 
85 0 . 39043 429.75 24 .2712 21.547 79.384 4.39449 1.611 4 .900 2461 
90 0.43568 411 . 80 20 . 4199 39.231 103 .77 2 4.67330 1.624 4.828 2381 
95 0.46372 418.62 17.4266 55.760 127. 417 4.92904 1.633 4.619 23 42 

100 0.53246 440.62 15.1346 71.107 149.965 5.16065 1.640 4.368 2332 
105 0.58079 470.98 13.3737 65.196 171.234 5.36604 1.646 4 .137 2342 
110 0.62820 504.79 11.9943 98.367 191.427 5.55595 1.657 3.947 2361 
115 0 . 67454 540 . 56 10.8906 110.646 210.771 5.72795 1.672 3.798 2385 
120 0.71985 577 . 69 9 .96 63 122.621 229.458 5.66703 1.694 3.662 2412 
125 0.76416 614.29 9 .23 50 134.439 247.641 6 .0 3549 1.721 3.598 2439 
130 0.80760 651.52 6.5968 145.620 265.457 6.17526 1.753 3.535 2 .. 67 
140 0.89216 724.60 7 .5771 168.230 300 . 396 6 .434 22 1 .830 3 .465 25 21 
150 0.97416 796.36 6 .7923 190.609 33".919 6.67241 1.923 3.450 2573 
160 1.05409 866.42 6.1660 213.330 369."81 6.69548 2.025 3.470 2622 

170 1.13291 935.66 5.6461 236.641 404.468 7.10757 2.13 .. 3 . 510 2670 
160 1.20971 1002.62 5.2200 260 .656 "39.859 7.30985 2.2 .... 3.570 2716 
190 1.28460 1066.97 4.8430 265 . 943 476.271 7.50655 2.369 3 . 6"5 2758 
2 00 1.35927 1130.95 4.5321 311 . 681 513.042 7.69502 2."72 3.714 2806 
220 1.50589 1255.96 ".0235 365.520 588 . 601 8.05502 2 . 652 3.6"2 290 4 
240 1.65010 13 77.90 3.6236 422.033 666.475 8.39357 2.788 3.942 30 0" 
260 1.79248 1"97.40 3 . 2999 .. 80.426 7"5.963 8.71183 2. 880 ".005 3106 
280 1.93344 1&14.99 3.0318 5 39.969 626.386 9.00973 2.928 ... 031 3209 
300 2.07328 1731.05 2 .6059 599.675 907.007 9 . 26796 2.943 ".029 3313 
320 2.21221 1645.65 2.6125 659.651 967.365 9 . 54738 2 .9 33 ".005 3417 

litO 2.35040 1959.62 2 ..... 50 718.906 1067.090 9.76869 2.906 3 . 967 3520 
360 2 .46 7 9 7 2072.53 2.2984 777.396 11"5.960 10.01418 2.869 3.921 3622 
380 2.62502 2164.70 2 .1669 6 34.996 1 223.662 10.22" 79 2.826 3.670 3723 
400 2.16163 2296.25 2 .0535 891.661 1300 .765 10.42210 2.784 3 . 821 3821 
.. 20 2.89 787 2407.27 1.9502 9 .. 7.412 1376.697 10.60733 2.7"2 3.77 .. 3918 
44 0 3.03378 2517.62 1.8569 1002.313 1"51.732 10.76190 2.703 3.730 4012 
~60 3.169"1 2627 .97 1.7724 1056.431 1525.943 10.9"686 2.669 3.692 .. 104 
480 3.30480 2737 .77 1.695~ 1109.862 1599.~29 11.10302 2.639 3.658 H93 
500 3.43997 2547.26 1.62 "9 1162.687 1672.279 11.25186 2.612 3 .628 4280 
520 3.57~95 2356.48 1.5602 121".994 17 ..... 582 11.39378 2 .590 3.603 4365 

540 3.71084 3068.05 1."997 1267.214 1816.932 11.53012 2.571 3.580 4 .... 9 
560 3.8"539 3176.61 1 ..... 45 1318.616 1888.266 11.65935 Z.555 3.562 .. 530 
580 3.97381 3264.99 1.3933 1369.774 1959.337 11.78390 2 .5"2 3.5" 7 "609 
6 00 4.11H2 3393.20 1.3457 1420.710 2030.170 11.90403 Z. 5 31 3.534 "686 
650 4.4 .. 947 3663.10 1.2400 1547.085 2206.222 12.18615 2 .511 3.511 .. S71 
700 ... 78433 3332.30 1.1496 1672.684 2381.426 12 ..... 6 08 2 . 500 3.497 50 .. 9 
800 5."5301 ".69.19 1.0042 1922."82 2730 . 282 12.91223 2."91 3 . 485 5382 

10 00 6 . 76 788 5539.41 0.6016 2420.940 3"26.~85 13.66851 2."90 3."80 5989 
2000 13.4"786 10870.35 0."001 "969.265 6961."08 16.13118 2 . 6"4 3.631 8315 
3000 20.10321 161 94.93 0.2667 7755.352 10733."07 17.64713 2. 923 3.910 10017 

4000 26 .76908 21518.54 0.2000 108"6.176 14811.703 19.01377 3.268 ".26" 11 .. 0 6 
5000 33 . 583"4 266 .. 1.87 0.1600 145 .. 2.01 .. 19517.007 20.89"38 ".235 5.326 12502 

TWJ-PHASE eOUNORY 
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THERMOOYNAHIC PROPERTIES OF PARAHY OROGEN C-2b 

800 PSIA IS08~R 

TEMPERATURE DEN SI TY V ( DH/DVlp V(DP/DUly -V (OP/DVI
T (OVIDTVV CON~~g~~~TY VISCOSITY THERMAL DIELECTRIC PRA NDTL 

DIFFUS IV lTV CONSTANT NUM8ER 

DEG. R L8/CU FT 8TU/L B PS lA-CU FT 18 TU PSIA I/DEG. R BTU IF T -HR-R LB~Fr~~ EC sa FT/HR 

27.96~ ~.98683 3~~.11 13.277 17~51.01 0.00~~~52 0.05368 1.942 0.0070~ 1.26168 1.9920 

28 ~.98607 3 ~5. 3~ 13.272 17513.55 0.004~305 0.05377 1.937 0.00705 1.2616~ 1. 98~5 

30 4.94030 3~5. 65 12.966 16~95.31 0.0047519 0.05779 1.704 0. 00712 1.2590<; 1.7435 

32 ~.89213 3"5.91 12.65~ 15526.08 0.0050572 0.06069 1.520 0.00709 1.25632 1.5775 

3~ ~. 84H8 3~5.17 12.346 1~556. 75 0.0053688 0.06270 1.372 0.0069 9 1.25346 1.4598 

36 ~.78850 345.38 12.039 13703.56 0.0056~39 0.064~5 1 .250 0.00690 1.25048 1.3612 

38 ~.73305 344.71 11 . 737 12856.07 0.0059274 0.066~0 1.1"8 0.00687 1.24736 1.2719 

"0 ". 6 75 90 3"2.17 11 . ~53 11968.20 0.0062602 0.06785 1.06 2 0.00677 1.2~~15 1. 2075 

42 ~.61619 339.05 11.191 11119.02 0.0066100 0.06886 0. 9 89 O. 0066~ 1.24080 1. 158~ 

~ .. ~.55391 335.56 10.939 10304.85 0.0069806 0.069~9 0.9 2 ~ 0. 00 651 1.23731 1.1215 

46 ~."889" 331. ~1 10.696 9514.11 0.0073812 0.06979 0.867 0.00636 1.23368 1. 0 9~5 

.. 8 ~.~2122 326.51 10.457 8739.99 0.0078234 0.06980 0.817 0.00618 1.22990 1 . 0761 

50 ~.350~7 321.1~ 10.211 7990.96 0.0083061 0.06957 0.771 0.00599 1.22597 1.064~ 

52 ~ . 2 76&3 314 . 85 9.966 7255.17 0.0088533 0.06913 0.730 0.00580 1.22187 1.0590 

5 .. ~.19937 308.87 9.724 6587.88 0.0094051 0.06850 0.691 0.00562 1.21759 1.0554 

56 ".11865 302.57 9."74 5952.82 0.0100093 0.067~3 0.656 0.00541 1.21312 1. 0606 

58 ~.03"30 295.95 9 .221 5352.98 0.0106699 0.06625 0.623 0.00520 1.20847 1 . 0691 

60 3.9"621 288.83 8 . 971 ~782.69 0.0114168 0.06497 0.592 0.00"99 1.20363 1.0821 

62 3.85"06 281.89 8. 71~ 4262.32 0.0122058 0.06362 0.563 0.00480 1 . 19857 1.0966 

6" 3.75785 274 .32 8."53 3766.23 0.0131132 0.06220 0.536 0.00460 1.19331 1.1156 

66 3.65713 Z 67.22 8 . 1&6 3326.27 0.0140439 0.06071 0.510 0.00442 1.18782 1. 13~6 

68 3.55220 259 . 90 7.919 2921.00 0.0150720 0.05916 0.485 0.00425 1.18212 1.1565 

70 3.44308 252.76 7.656 2560.06 0.01&1498 0.05759 0.462 0.00410 1.17621 1.1787 

75 3.15453 237.34 7 .0 15 1853.53 0.0188216 0.0540~ 0.410 0.00384 1016067 1.2188 

80 2.854l0 226 . 60 6.421 1384.23 0.0210272 0.05083 0.367 0.00374 1.14~64 1.2368 

85 2 .561 29 222.21 5.882 1100.72 0.0220503 0.04794 o .333 0.0038 2 1.12917 1.2271 

90 2.29527 223.45 5.477 945.19 0.02160~1 0.0~553 0.310 O. 00~11 1.11524 1.1833 

95 2 .0673 1 229.38 5.162 865.41 0.0 2 01368 0.04370 0.294 0.00458 1010339 1.1201 

100 1.87&07 238 .9~ 4.913 827.88 0.0182811 0.04245 o .28~ 0.00517 1.09363 1.0540 

105 1.72179 250.83 ~.719 810 . 93 0.016"917 0.0"167 0.278 0.00585 1.08561 0.9951 

110 1.59185 264.45 4.549 803.56 0.014n65 0.04140 0. 275 0.00659 1.07897 0.9"40 

115 1.~82~9 279.50 4 . 392 801.37 0.0135900 0.041~5 0.273 0.00736 1.07341 O. 9021 

120 1.38918 295 . 88 ~.243 802.52 0.0124437 0.04171 0.273 0.00815 1.06868 0.8685 

1Z5 1.30862 313.15 ~.101 803.87 0.011~882 0.04212 0.274 0.00895 1. 06~61 0.8431 

130 1.23&23 331.63 3 . 962 806.73 0.0106588 0.04264 0.276 ~.00974 1.06106 0. 8233 

litO 1.12085 3 71.~5 3.693 812.17 0 . 0093295 0.04351 0.281 0.01120 1.05516 0.8062 

150 1.02653 4l5.18 3.~~2 817. ~9 0.00830H 0.0~570 0.288 0.01290 1.05043 0.7826 

160 0.9 .. 8.8 462.53 3.209 821.96 0.0075016 0.04832 0.296 0.01468 1.0~655 0.76~6 

170 0.88269 513.~7 2.998 825.90 0.0068363 0.05103 0.304 0.01647 1.0~326 0.7533 

1&0 0.82665 566 .80 2 . 8H 828.81 0.0062982 0.05~93 o .3Z0 0.01861 1. 040~ 7 O. 7~93 

190 0.77833 625.10 2.627 830.46 0.0058318 0.05920 0.336 0.02087 1.03808 0. 7455 

200 0.73569 681.90 2.~92 832.03 0.005~471 0.06322 0.350 0.023H 1.03596 0.7411 

220 0.66"06 796.52 2.285 834.0" 0.00"82~1 0.070~2 0.3H 0.02760 1.032~2 O. 73~" 

2 .. 0 0.60602 908.31 2.1~4 835.0" O. 00 4339~ 0.07646 0.393 0.03201 1.02956 0.7294 

260 0.557&9 1013.77 2.054 835.38 0.0039501 0.08135 0.409 0.03642 1.02719 0.7250 

280 0 . 517Z! 111 0.65 2.002 835.29 0.0036297 0.08520 0."23 O. 0~086 1.02519 0.7210 

300 0."8233 1198.98 1.976 834.93 0.0033606 0.08817 0."36 0.04531 1.023"7 0. 7173 

320 0.45204 1279.1& 1.971 834.39 0.0031311 0.09044 0.448 0.04995 1.02199 0. 7138 

340 0.42546 1352.71 1 .9 78 833.74 0.0029326 0.09220 0.459 0.05463 1.02069 0.7106 

360 0 ... OU3 1"20 . 97 1 . 993 833.02 0.0027591 0.09359 0.469 0.05939 1.01953 0.7077 

3&0 0.38095 1<85.21 2.0llt 832.26 0.0026060 0.0947" 0."79 0.06426 1 .01 851 0.7050 

400 0.36210 1547.16 2.037 831.48 0.0024697 0.09578 0.489 0.06923 1.01759 O. 7026 

.. 20 0.34508 1607.5" 2.061 830.70 0.0023"76 0.09676 0."99 0.07430 1.01675 0.700" 

.... 0 0.32962 1667.26 2 .084 829.93 0.0022375 0.09772 0.508 0.07947 1.01600 0.6985 

.. 60 0.31552 1727.14 2.105 829.17 0.0021376 0.09872 0.518 0.08475 1.01531 0.6968 

.. 80 0.30259 17 87.26 2.12" 828."2 0.002~466 0.09976 0.527 0.09013 1.01"68 0.6953 

500 0.29070 18"8.13 2.1"0 827.70 0.0019632 0.10086 0.536 0.09563 1.01410 0.6941 

520 0.27972 1909.81 2.15" 827.00 0.0018866 0.10202 0.545 0.10123 1.01357 0.6929 

540 0.269"8 1973 .62 2.165 826.78 0.0018139 0.10323 0.554 0.10701 1.01307 0.6917 

560 0.26005 2037.14 2.174 826.08 0.0017"86 0.10"52 0.563 0.11283 1.01261 0.6908 

5&0 0.25127 2101.24 2.182 825."1 0.0016880 0.10585 0.572 0.11877 1.01218 0.6900 

600 0.24307 2166.1 9 2.18& 82".77 0.0016316 0.10723 0.581 0.12481 1.01178 0 .689" 

650 0.22"75 2331.36 2 . 197 823.27 0.0015062 0.11082 0.603 0.140"2 1 . 01089 0.6 880 

700 0.20902 2~99 . 83 2.201 821.91 0.0013990 0.11"58 0.625 0.15675 1.01012 0.6870 

aDo 0.1&338 2844.08 2.198 819.58 0.0012253 0.122"1 0.669 0.19155 1 . 00888 0.6857 

1000 0.1"732 3542 .40 2.186 816.07 0.0009825 0.13831 0.755 0.26'l75 1.00713 0.6843 

2000 0.07436 73 35.43 Z.035 808.33 0.00049<;0 0.27727 1.155 1.02697 1.00359 0.54"7 

3000 0.0 .. 97 .. 11810.3" 1.834 805.59 0.0003310 0.39306 1.511 2.02111 1. 00Z4 0 0.5411 

.. 000 0.03736 17138.91 1.638 803.86 0.0002488 0.531"8 1.836 3.33655 1.00180 0.5304 

5000 0.02978 26604.38 1.269 799.26 0.0002002 0.86168 2.1"5 5 ... 3377 1 . 00144 0.4772 

• TWO-PHASE BOU~DRY 
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C-2b THERHODrNAHIC PROPERTIES OF PARAHrDROGEN 

850 PSIA ISOBAR 

TEHPERATURE VOLUI1E ISOTHERM ISOCHORE INTERNAL ENTHALPr ENTROPY CV CP VELOC lTY 
DERIVATIVE DERIVATIVE ENERGY OF SOUNO 

OEG. R CU FT/LB CU FT-PSIA/LB PSIA/R BTU/L8 BTU/L8 8TU/LB-R BTU I LB -R FT/SEC 

28. 1 ~ 7 0.20012 35~7.~9 77.7666 -131.~60 -99.961 1.21893 1. 1 7~ 1.530 ~628 
30 0.20161 3396.71 7 8 . 5502 -128.793 -97.029 1.31978 1.222 1.633 ~587 
32 0.20376 3235.55 78.7657 -125.729 -93.658 1.~285~ 1.267 1.739 ~535 
3~ 0.20585 307~.72 78.~613 -122.~78 -90.077 1.53706 1.307 1. 8~1 ~~80 
36 0.20808 2921.6~ 77. 72~1 -119.051 -86.300 1.6~501 1. 3 ~1 1.93e ~~23 
38 0.210~7 278~.81 76.6633 -115.~52 -82.325 1.752~3 1.371 2.029 43&9 
~O 0.21298 2626.90 75.438~ -111.697 -78.1H 1.85888 1.398 2.126 43 02 

42 0.21567 2475.31 74. a s a.<. -107.772 -73.826 1.96493 1.422 2.223 ~2 3~ 
~4 0.2185~ 2330.07 72.5290 -103.681 -69.282 2 . 07062 1.444 2.322 4167 
~6 0.22162 2168.39 70.6684 - 99.~21 -6~.538 2.17605 1.462 2.422 4098 
~8 0.22491 20~7.15 69.0691 -94.992 -59.591 2.28132 1.479 2.527 4025 
50 0.228~6 1908.5~ 67.1281 -90.387 -54.~29 2.38666 1. 49~ 2 . &35 3949 
52 0.23227 177 3.51 65 .0474 -85.607 -49.049 2.49217 1.508 2.747 3869 
54 0.23638 164~.35 62.8432 -80.648 -43.443 2.59795 1.518 2.860 3788 
56 0.24082 1516. 59 60.5337 -75.508 -37 .603 2.70~13 1.528 2.981 37 0 2 
58 0.24564 1399.13 58.1421 -70.186 -31.524 2.81080 1.537 3.102 3618 
60 0. 2508& 128 8 .04 55.6933 -64.679 -25.19~ 2.91808 1.5~4 3.228 3532 

62 0.25&55 1179.31 53.2018 -58.986 -18.606 3.02609 1.550 3.364 3443 
64 0. 26Z75 1078.96 50.6612 -53.097 -11.7~1 3.13505 1.556 3.502 335~ 
66 0.26954 982.69 48.07~0 -47.018 -4.59~ 3.24502 1.562 3.650 3262 
68 0.27697 896.56 ~5. 4835 -40.745 2.850 3.35612 1.5&6 3.795 3173 
70 0.28513 816.60 42.8882 -3~. 291 10.587 3.46826 1.569 3. 9~3 3083 
75 0.309 10 65~.23 36.6053 -17.~60 31.191 3.7524~ 1.576 4.294 2874 
80 0.33&79 541. ~2 30.901~ 0.089 53. 4 13 4.03918 1.586 4.585 2693 
85 0.37431 477.61 26.0282 17.632 76.547 4.31949 1.609 4.737 2552 
90 0.41466 449.17 22.0608 35.008 100.275 4.59074 1. &23 4.728 24&2 
95 0.45812 447.17 18.9101 51.494 123.600 4.84300 1.634 4.586 2412 

100 0.50284 463 . 21 16.4450 66.978 146.123 5.07414 1.642 4.376 2 391 
105 0.5H64 4a8.67 14.5201 81.277 167.474 5.28252 1.649 4.164 2391 
110 0.591 85 518.80 13.0090 94 . 670 187.825 5.47190 1.659 3.987 2403 
115 0.63536 552.95 11.7931 107.374 207.377 5.64574 1.675 3.837 2422 
120 0.6779 6 588.09 10.8 025 119.551 226.261 5.80650 1.697 3.723 2445 
125 0.71975 OZ4. 3~ 9 .97~6 131.356 244.6~3 5.95659 1.724 3 .634 2470 
130 0.76076 659.97 9 . 2758 142.90~ 262.646 6.09782 1.755 3.572 2494 
140 0.8~071 73 2. 43 8.1568 165.602 291.927 6.35932 1.833 3.497 2545 
150 0.918 24 8 03.90 7.2998 188.214 H2.743 6.59954 1.925 3.477 2594 
160 0.99398 813.62 6.6161 211.135 167.584 6.82439 2.027 3. ~9~ 2641 

170 1.06847 9~2.89 6.0574 234.618 402.791 7.03781 2.135 3.534 2689 
180 1.14112 1010.1 3 5.5903 258.780 438.388 7.24125 2.2~6 3.588 2135 
190 1.21208 10 7".65 5 .1 809 284.231 475.009 7.43911 2.371 3.662 2773 
200 1.28247 1138.88 4.8450 310.081 511.938 1.62839 2.474 J.130 28 20 
220 1. 42099 126~.42 ~. 2965 36~.104 587.763 7.98967 2.65~ 3.855 2917 
240 1.55116 1386.80 3 . 8662 420.764 665.856 8.32916 2.790 3.952 3016 
260 1.69155 150 6.73 3.5186 479.282 745.527 8.64815 2.881 ".013 3118 
280 1.82455 162" .70 3.2311 538.926 826.105 8.9~663 2.929 4.039 3221 
300 1. 956~6 1741.11 2.9891 598.919 906.859 9.22532 2.9~" 4. 036 3325 
320 2.08147 1856.23 2.7822 658.771 987.333 9.48511 2.934 ".011 3 429 

3"0 2.21776 1910.28 2.6030 118.092 1067.160 9.72674 2.907 3.912 3532 
360 2.34744 2083."4 2.4"64 776.640 1146.120 9.95248 2.870 3.925 3633 
380 2.41&&1 2195.84 2.3080 834.292 1224.103 10.16331 2.817 3.874 3734 
4 00 2.60535 2307.60 2 . 1849 891.004 1301.078 10.36081 2. 78~ J.825 3832 
~20 2.73372 2~18.81 2.07~7 9~6.197 1377.077 10 .5~620 2.743 3.777 3928 
~~o 2.86177 2529. 5~ 1.9752 1001.737 1452.171 10.72091 2. 70~ 3.733 ~022 
~60 2.98H5 2639.85 1. 8851 1055.891 1526.~36 10.88599 2.670 3.695 ~ 11~ 
480 3.11708 27~9. 79 1.8030 1109.353 1599.972 11.0~225 2.639 3.660 4203 
500 3.2~~~0 2859.~2 1.7279 1162.208 1672.867 11.19119 2.613 3.630 ~290 
520 3.37153 2968.76 1.6590 121~.5~2 1745.211 11.33319 2.590 3.605 4375 

5~0 3.~9963 3080.73 1. 59~5 1266.807 1817.639 11.~6965 2.511 3.582 ~~59 
560 3.6263~ 318 9 . 39 1.5351 1315.233 1889.008 11.5989~ 2.555 3 .56 4 ~539 

580 3.75292 J2q].84 1.~812 1369.413 1960.111 11.72355 2.542 3.549 "(,1 e 
600 3.87939 3~06.12 1.~305 1420.369 2030.973 11. 8 ~3 73 2.531 3.536 ~695 

650 ~.19513 3616.18 1.3180 15~6.187 2207.088 12.12595 2.512 3.513 ~880 

700 ~.51040 39~5. 51 1.2221 1612.~22 2382.345 12.38596 2.500 3. ~98 5057 
8 00 5.1 3991 4482.59 1.0672 1922.275 2731.282 12.85222 2.491 3. ~85 5390 

1000 6.396~6 5553.02 0.8520 2~20.80~ 3421.587 13.62861 2.~90 3.481 5996 
2000 12.6&~9& 10 884.21 O. ~251 ~969.237 6962.663 16.07140 2. 6~~ 3.631 8320 
3000 18.92887 16208.81 0.2833 7755.328 10 73~. 675 17 .58736 2.923 3.909 10021 

40 00 25.2023~ 21532.~1 0.2125 1 084~. 979 1~811.150 18.95366 3. 26~ ".260 11411 
5000 31. 61l~3 26855. 7~ 0.1700 14527.808 19503.351 20.83132 ~. 208 5.296 12509 

TWO-PHASE BOUNORY 
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T~ERHOOYNAHIC PROPERTIES OF PARAHYOROGEN C -Zb 

850 PSIA ISOBAR 

TEHPERATURE OENSITY V(OH/OVlp V (OP/OUl y -V (OP/OVI
T (OV/OT\lVCON6~~~~~~TY VISCOSITY THERHAL o IEL ECTRIC PRANOTL 

OIFFUSIVITY CONSTA NT NUH BER 

OEG. R LB/CU FT BTU/L8 PSIA-CU FT/8TU PSIA 1/0EG. R 8TU/F T-HR-R LB/FT-SEC SQ FT/HR 
X 10 5 

28 .147 4.99694 348.75 13.256 17726.61 0.0043881 0.05432 1.956 0.00710 1.26225 1.9841 

30 4.95520 350.05 12.973 16841.32 0.0046641 0.05805 1.737 0.00717 1.25989 1.7590 

32 4.90780 350.55 12.666 15879.42 0.0049602 0.06100 1.549 0.00715 1.25721 1. 5894 

34 4.85789 J 50.42 12.362 14936.64 0.0052529 0.06304 1.397 0.00705 1.25439 1. 4682 

36 4.80581 350.04 12.061 14040.88 0.0055356 0.06484 1.272 0.00696 1.25145 1.3688 

38 4.75136 350.17 11.768 13231.66 0.0057939 0.06684 1.168 0.00693 1 . 24839 1.2767 

40 4.695Z7 347.64 11.490 12333.99 0.0061163 0.06833 1.081 0.00684 1.24523 1.2109 

42 4.63672 344.62 11.231 11477.29 0.0064521 0.06938 1.006 0.00673 1.24195 1.1603 

44 4.57572 341.35 10.980 10661.76 0.0068027 0.07006 0.940 0.00659 1.23853 1.1220 

46 4.51222 337.54 10.740 9874.48 0.0071769 0.07041 0.883 0.00644 1.23498 1. 0933 

48 ....... &13 332.98 10.50 .. 9101_90 0.007588" 0.070"6 0.831 0.00627 1 . 23129 1.0734 

50 4.37722 327.96 10.262 8354.12 0.0080353 0.07027 0.785 0. 00609 1. 22746 1.0601 

52 4.3051t1 322.45 10.022 7635.70 0.0085189 0.06988 0.743 0.00591 1.22346 1.0519 

54 4.23053 316.60 9.78" 6956 ... 5 0.0090338 0.06930 0.705 0.00573 1 .21931 1. 0472 

56 4.15241 310.14 9.540 6297.50 0.0096123 0.06829 0.669 0.00552 1.21499 1.0520 

58 4.07103 303.93 9.294 5695.88 0.0102077 0.06715 0.636 0.00532 1.21050 1.0585 

60 3.98622 297.55 9.050 5134.39 0.0108471 0.06593 0.606 0.00512 1.20583 1.0673 

62 3.89793 290.66 8.803 4596.87 0.0115735 0.06465 0.577 0.00493 1.20098 1.0804 

64 3.80586 283.89 8.554 4106.39 0.0123372 0.06329 0.550 0.00475 1.19594 1.0947 

66 3 .7100 9 276.80 8.297 3645.87 0.0131859 0.06187 0.524 0.00457 1.19071 1.1122 

68 3.61044 270 .0 9 8.044 3236.97 0.0140513 0.06041 0.499 0.00441 1 .1852 8 1.1293 

70 3.50717 263.29 7.793 2863.94 0.0149753 0.05891 0.476 0.00426 1.17967 1.1476 

75 3.23524 248.26 7.180 2116.58 0.0172946 0.05535 0.424 0.00398 1.16500 1. ta52 

80 2.95170 237.13 6.600 1598.12 0.0193361 0.05228 0.381 0.00386 1.14983 1.2039 

85 2.67159 232.21 6.056 1275.99 0.0203'185 0.04944 0.347 0.003qt 1.13498 1.1'180 

90 2 .41159 232.16 5.635 1083.21 0.0203662 0.04704 0.322 0.00413 1.12131 1.1666 

95 2.18285 236.72 5.303 976.10 0.01 '13732 0.04515 0.305 0.00451 1.10938 1.1158 

100 1.98871 245.11 5.035 921.18 0.0178520 0.04360 0.294 0.00503 1.09933 1.0569 

105 1.82602 255.92 4.823 892.33 0.0162722 0.04290 0.287 0.00564 1.09095 1.0018 

110 1.689&3 268.64 4.640 876.57 0.0148408 0.04253 0.282 0.00631 1.08396 0.9531 

115 1.57392 283.19 4.472 870.31 0.0135505 0.04249 0.280 0.00703 1.07806 0.9109 

120 1.47501 298.99 4.316 867.43 0.0124535 0.04266 0. 279 0.00777 1.07303 0.8777 

125 1.38937 316.06 4.165 867.44 o .0 11<t989 0.04300 0.280 0.00852 1.06869 0.8511 

130 1.31447 334.04 4.020 867.51 0.0106924 0.04346 0.281 0.00926 1.06490 0.8310 

140 1.18947 373.51 3.742 871.20 0.0093628 0.04421 0.285 0.01063 1.05860 0.8125 

150 1.08904 417.00 3.483 875.48 0.0083380 0.04633 0.292 0.01224 1.05356 0.7876 

160 1.00606 464.12 3.244 878.91 0.0075277 0.04891 0.299 0.01392 1.04941 0.7685 

170 0.93592 514.84 3.031 882.47 0.0068641 0.05157 0.307 0.01559 1.04591 0.7570 

180 0.87&33 568.23 2.841 885.21 0.0063152 0.05525 0.322 0.01757 1.04294 O. 7527 

190 0.82503 626.76 2.648 886.61 0.0058435 0.05948 0.338 0.01968 1.04039 0.7487 

200 0.77974 683.58 2.511 888.04 0.0054558 0.06346 0.352 0.02182 1.03815 0.7440 

220 0.70374 796.32 2.301 689.82 0.0048285 0.07061 0.375 0.02603 1.03438 0.7369 

240 0.64220 HO.Z1 2.158 890.60 0.0043412 0.07661 0.394 0.03019 1.03134 0.7315 

260 0.59117 1015.92 2.066 890.74 0.0039502 0.08148 0.410 0.03435 1.02883 0.7268 

280 0.54808 1113.00 2.012 890.47 0.0036286 0.08531 0.424 0.03854 1.02671 0.7226 

300 0.51113 1201.51 1.966 889.93 0.0033588 0.08827 0.437 0.04279 1.02469 0.7187 

320 0.47905 1281.89 1.979 889.22 0.0031286 0.09053 0.448 0.04712 1.02331 0.7150 

340 0 •• 5091 1355.57 1.986 888.41 0.0029300 0.09229 0.459 0.05153 1.02193 0.7117 

360 0.42600 1423.97 2.001 887.54 o • 0027563 0.09368 0.470 0.05603 1.02071 0.7086 

380 0.40378 1488.32 2.022 886.63 0.0026031 0.09484 0.480 0.06062 1.01962 0.7058 

400 0.38383 1550.38 2.044 885.72 0.0024669 0.09587 0.490 0.06531 1.01865 0.7033 

420 0.36580 1610.85 2.068 884.81 0.0023448 0.09685 0.499 0.07010 1.01777 0.7010 

440 0.34943 1670.65 2.090 883.91 0.0022347 0.09762 0.509 0.07496 1.01697 0.6990 

460 0.33450 1730.60 2.111 883.03 0.0021348 0.09882 0.518 0.07996 1.01624 0.6973 

480 0.32081 1790.79 2.130 882.17 0.0020439 0.09986 0.527 0.08504 1.01557 0.6958 

500 0.30822 1851.73 2.146 861.34 0.0019606 0.10096 0.536 0.09022 1.01496 0.6944 

520 0.296&0 1913.46 2.159 880.54 0.0016841 0.10213 0.546 0.09551 1.01439 0.6933 

540 0.28574 1977 •• 7 2.170 880.30 0.0018113 0.10333 0.555 0.10096 1.01386 0.6920 

560 0.27576 2041.03 2.179 879.50 0.0017461 0.10463 0.564 0.10 646 1.01337 0.6911 

580 0.26646 2105.17 2.187 876.74 0.0016856 0.10596 0.573 0.11206 1.01292 0.6903 

600 0.25777 2170.15 2.192 878.01 0.0016293 0.10734 0.581 0.11776 1.01250 0.6896 

650 0.23831 2335.39 2.201 876.30 0.0015041 0.11093 0.60. 0.13249 1.01155 0.6682 

700 0.22171 2503.93 2.205 874.76 0.0013971 0.11470 0.626 0.14769 1.01074 0.6871 

800 0.19456 2848.28 2.202 872.11 0.0012237 0.12255 0.670 0.18072 1.00942 0.6856 

1000 0.1563. 3546.73 2.188 868.14 0.0009814 0.13847 0.756 0.25447 1.00757 0.6644 

2000 0.07896 7340.15 2.036 859.40 0.0004946 0.27727 1.157 0.96716 1.00382 0.5455 

3000 0.05283 11815.12 1.835 856.30 0.0003309 0.39304 1.514 1.90301 1.00255 0.5420 

4000 0.039&8 17129.17 1.641 854.38 0.0002487 0.53070 1.840 3.13948 1.00192 0.5316 

5000 0.031&3 26466.40 1.277 849.56 0.0002001 0.85438 2.14.9 5.09990 1.00153 0.4794 

TNO-PHASE BOUMORY 

445 



C- Zb THE~HOOYNAHIC PROP ERTIES OF PARA~YOROGEN 

900 PSIA ISOBAR 

TEHPERATURE VOLUME ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OERI VATI VE DERIVATIVE ENERGY OF SOUND 

DEG. R CU FT/lB CU FT-PSIA/LB PSIA/R BTU/LB BTU/LB BTU/LB-R BTU I LB -R FTISEC 

28.328 0.19972 3594.&7 76.003& -131.344 -98.059 1.22073 1.177 1.531 4&54 
30 0.20121 3457.43 78.7140 -128.95& -95 ... 23 1.31113 1.220 1.&23 4616 
32 0.20313 329&.22 78.9918 -125.920 -92.067 1."1940 1.266 1.729 .. 5&7 
34 0.20517 313&.44 78.7533 -122.70" -88.511 1 .52715 1 .30& 1.830 .. 513 
36 0.20735 2980.20 76.0982 -119.312 -8".756 1.63 .... 8 1.3"0 1.927 .... 55 
38 0.20968 2851.79 77 .1127 -115.751 -80.807 1.7"119 1.370 2.015 .... 08 
.. 0 0.21213 2692.56 75.9"10 -112.037 -76.68" 1.8 .. 693 1.398 2.112 .. 3 .. 1 

.. 2 0.21"76 25"5.36 7".58 .. 8 -108.151 -72.360 1.952"0 1."22 2.205 .. 277 .... 0.21755 2399.86 73.1007 -10".112 -67.857 2.0571" 1 ..... 3 2.302 ..211 

.. 6 0.ZZ053 2258 . 17 71."843 -99 .907 -630155 2.16163 1."62 2."00 .. 1 .... 

.. 8 0.22371 2118.76 69.7322 -95.538 -58.255 2.26589 1."79 2.500 .. 073 
50 0.22712 1977.65 67.8552 -91.006 -53.156 2.36995 1."95 2.606 3997 
52 0.23078 18"3.17 65.8307 -86.301 -"7.839 2 ... 7 .. 21 1.508 2.71" 3920 
5" 0.23 .. 73 1714.66 63.6873 -81."25 -"2.306 2.57861 1.519 2.82 2 38 .. 2 
56 0.23897 1592.2" 61 ..... 09 -76.378 -36.551 2.68325 1.529 2.933 J762 
58 0.2"356 1lt74.39 59.1155 -71.160 -30.570 2.78820 1.538 3.0"8 3679 
60 0.2"851 1358.51 56.7238 -65.769 -2".35" 2.89355 1.5 .. 5 3.170 3593 

62 0.25387 1253.59 5".3089 -60.203 -17 .89" 2.999"7 1.552 3.293 3510 
64 0.25969 1153.65 51.8510 -5 ..... 59 -11.180 3.1060 .. 1.558 3.420 3 .. Z6 
66 0.26602 1056.69 "9.3511 -"8.540 - ... 205 3.2133 .. 1.563 3.557 3337 
68 0.27292 970.0" "6.8378 - .. 2 ....... 3.0"1 3.321"9 1.567 3.689 3252 
70 0.280 .... 888.16 ..... 3256 -36.182 10.55" 3 ... 30 39 1.570 3.825 31&6 
75 0.30229 720.83 38.2012 -19.891 30."88 3.70533 1.576 ".1 .. 6 2'&" 
80 0.32905 601.82 32.5792 -2.912 51.925 3.98195 1.58& ..... 1 .. 2786 
85 0.36086 527.70 27.6900 1".128 7".2&7 4.252&5 1.&07 4.58& 26 .. 1 
90 0.39710 "89.61 23.6373 31.169 97.3"8 ... 516 .. 9 1 .623 4.621 25 .. 2 
95 O ... 3&52 479.26 20.3623 "7.537 120.285 ... 76 .. 5 .. 1.63" ".53" 2 .. 82 

1 00 0.47759 488.60 17.7475 63.082 1"2.675 ... 99 .. 30 1.6 .... ... 367 2 .. 52 
105 0.51Hl 509.12 15.6793 77.528 16".0"0 5.20282 1.651 ".181 2 ...... 
110 0.560 .... 536.32 1".0355 91.113 18".513 5.39333 1.662 ... 012 2 .... 9 
115 0.60123 567.3" 12.7128 10".00" 20 ... 202 5.56839 1.678 3.871 2 .. 62 
120 0.6HJ7 :. 00."2 11.6291 116.366 223.253 5.73057 1.699 3.758 2 .. 80 
125 0.6808" 635."3 10.7275 128.3"2 241.808 5.88207 1.726 3.669 2502 
130 0.7B63 670.92 9.96"1 1 .. 0.0 .. 8 259.978 6.02 .. 61 1.758 3.602 252 .. 
1 .. 0 0.79536 7"1.35 8.7"52 163.018 295.568 6.288"0 1.835 3.526 2569 
150 0.86887 812.49 7.8143 185 .856 330.659 6.53051 1.927 3.502 2&16 
160 0.94069 881.28 7.0Hl 208.965 365.136 6.75690 2.029 J.51 8 2661 

170 1.01095 950.26 6."733 232.595 "01.075 &.97113 2.137 J.55 & 2706 
180 1.08033 1018.12 5.9692 256.922 "36.965 7.17625 2.2 .. 7 3.609 2752 
190 1.14760 1082.15 5.5220 282.5 .. 1 "73.795 7.37526 2.314 3 .679 2788 
200 1.21"35 11"'.20 5.1605 308 ... 98 510.876 7.56532 2."76 J.7 .... 2835 
220 1.3"563 1273.17 4.5715 362.103 586.961 7.92763 2.656 3.867 2'130 
240 1 ... 746 .. 1395.97 4.110" 419.510 665.267 8.26826 2. 792 3.962 3029 
260 1.60191 1516.29 3.738" .. 78.1 .. 8 7"5.115 8.58796 2 .883 ... 021 3130 
280 1.72783 163".62 3 ... 313 537.892 825.8 .... 8.88700 2.931 ".0 .. 6 3233 
JOO 1.85267 1751.3 .. 3.1730 597.912 90&.729 9.1&&15 2.9"& ".0 .. 2 3337 
320 1.97&6 .. 1866.75 2.952" 657.898 987.317 9 ... 26 30 2.935 .. . 016 3 .... 0 

3 .. 0 2.09990 1981.07 2.7616 717.285 10&7.2"5 9.66823 2.908 3.977 35 .. 3 
360 2.22256 209 ..... 7 2.59 .. 7 775.891 11"6.293 9.89"23 2.871 3.929 36 .... 
380 2.3"472 2207.09 2."476 833.595 H2".356 10.10527 2.828 3.878 37 .... 
.. 00 2 ... 66 .. & 2319.05 2.3166 890.353 1301."02 10.30296 2.785 3.828 38 .. 3 
.. 20 2.58783 2 .. 30 ..... 2.199 .. 9"6.188 1377."65 10."8850 2.74" 3.780 3939 
.. ~O 2.70889 25~1.33 2.0937 1001.166 1~52.618 10.6633" 2.705 3.736 ~O33 

.. 60 2.82968 2651.80 1.9980 1055.35" 1526.936 10.8285" 2 .610 3.697 .. 12 .. 
~80 2.95023 2761.88 1.9108 1108.S"8 1600.521 10.98"91 2.6"0 3.663 .. 213 
500 3.07057 2871.63 1.8311 1161.733 1673."61 11.1339" 2.613 3.633 .. 300 
520 3.19073 2981.09 1.7579 121".09~ 17 .. 5.8 .. 6 11.27602 2.591 3.607 .. 315 

5 .. 0 3.31191 3093.48 1.689" 1266."03 1818.351 11.~1261 2.572 3. 58~ .... 69 
560 3 ... J16 .. 3202.22 1.6270 1317.852 18 89. 755 11.5 .. 196 2.556 3.566 .. 5 .. 9 
580 3.55125 3310.75 1.5692 1369.05" 1960.890 11.66663 2.5"3 3.550 ~&28 

600 3.67075 3"19.10 1.515" 1420.030 2031.780 11.78685 2.532 3.537 470 .. 
650 3.96907 3.89.31 1.3961 15 .. 6 ... 91 2207.959 12.06917 2.512 3.514 .. 890 
700 ... 26692 3958.75 1.29 .... 1672.162 2383.268 12.32926 2.500 3. ~99 5066 
800 ".86160 ~"96.01 1.1302 19ZZ.071 2732.28" 12.79563 2."91 3."86 5399 

1000 6.0"852 5566.65 0.9022 2"20.669 3"28.690 13.57213 2 ... 91 3 . .. 81 600 .. 
2000 11.9690~ 10898.06 0."501 "969.211 6963.918 16.0150" 2.6"5 3 .631 8326 
3 0 00 17.88500 16222.66 0.3000 7755.307 10735.9ft3 17.53100 2.921 3.909 10025 

.. 000 23.80969 215"6.25 0.2250 108"3.885 1"811.903 18.89701 3.261 ft.257 11 .. 15 
5000 29.85890 26869.57 0.1800 1451 ... 80~ 19~90.958 20.77196 ".18" 5.269 12517 

TNO-PHASE BOUNORY 
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THERHOOYNAHIC PROPERTIES OF PARAHYDROGEN C-Zb 

900 PSIA ISOB'R 

TE"PE RAT URE DENSITY VI OH/OVlp V IDP/DUly -v IDP/DVIT I DV/DTlJ"V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL 
CONDUCTI VlTY DIFFUSIVITY CONSTANT NUHBER 

OEG. R LB/ CU F T BTUILS PSIA-CU FT ISTU PSIA I/DEG. R BTU/FT-HR-R LB~Fi~~EC SQ FT IHR 

28.3 28 5.00695 3 5 3.31 13.236 11998.29 O. 00~3339 0.05~9~ 1.971 0.00717 1.26282 1.9770 

30 ~. 9698~ 35~ . 35 12.980 17182.90 O. 00~5810 0.05830 1.770 0.00723 1.2&072 1. 77~7 

32 4 .92292 355.11 12.676 16227.01 0.0048679 0.06129 1.577 0.00720 1.25806 1.6013 

34 ~ .87 ~ 0 1 355.16 12.376 15287.01 0.0051516 0.06339 1.~22 0.00711 1.25530 1.4776 

36 ~ . 8 2274 354 . 59 12.083 14372.73 O. 0054338 0.06522 1.295 O. 00702 1.25241 1.3768 

38 ~ .7 6 925 355.48 11.798 13600.88 O. 0056697 0.06727 1.189 0.00700 1.24939 1.2820 

4 0 4.71415 352.95 11.525 12693.14 0.0059828 0.06881 1.099 0.00691 1.24630 1.2147 

42 4.65638 350.47 11.268 11852.17 0.0062929 0.06989 1.023 O. 00681 1.24305 1.1617 

4~ ~.596 7 5 347.36 11.019 11031.53 0.0066265 0.07061 0.956 0.00667 1.23971 1.1221 

46 4 . 534 5 9 343.7Z 10.782 10239.90 0.0069810 0.07100 0.898 O. 00653 1.23623 1. 0923 

48 ~.46999 339.53 10 . 548 9470.82 0.0073628 0.07109 0.846 0.00636 1.23262 1. 0707 

50 ~.4 0300 33~.48 10.311 87 07.58 0.0077927 0.07095 0.799 0.00618 1.22889 1.0570 

52 4 .3 33 0 7 329.25 10. a 74 7986.56 0.0082427 0.07061 0.757 O. 00600 1.22500 1.0~74 

54 ~.26 0 29 323.71 9.642 7304.95 0.0067184 0.07008 0.718 O. 00583 1.22096 1. 0413 

56 4.1 8454 318 . 07 9.602 6662.79 O. 0092215 0.06911 0.683 0.00563 1.21677 1.0429 

58 ~ . 1 058 3 312.12 9 . 362 6053 . 59 O. 0097654 0.06803 0.650 0.00544 1.212'+2 1. 0477 

60 4 .0 2 40 3 3 0 5.53 9 . 123 5466.70 0.0103762 0.06686 0.619 0.00524 1.20791 1. 0562 

62 3 .9 38 9 9 299.40 8.884 4937.88 0.0109984 0.06563 0.590 0.00506 1.20323 1. 0655 

6 4 3.85 068 293.03 8 .645 4442.32 0.0116720 0.06433 0 .563 0.00488 1.19839 1.0770 

66 3. 759 07 286.26 8 . 399 3972.19 O. 0124242 0.06298 0.537 0.00471 1.19336 1.0no 

68 3 .66'+0~ Z79.91 8.155 3554.28 0.0131779 0.06158 0.513 0.00456 1.18820 1.1060 

70 3 . 5 6 583 273 . 32 7.916 3167.01 0.0139960 0.06014 0.490 0.00441 1.18286 1.1219 

75 3. 30 805 256.77 7 . 326 2384.53 O. 0160204 0.05657 0.436 0.00413 1.16692 1.1567 

80 3 .0 391 0 247.82 6.761 1828.99 0.0118127 0.05361 0.395 0.00400 1.154'+9 1.1718 

85 2 . 77115 242.17 6.216 1462.33 O. 0189355 0.05085 0.361 0.00400 1.14024 1.17 09 

90 2 .5 18 2 6 241 . 06 5 . 785 1232.95 0.0191713 0.04847 0.335 0.00416 1.12691 1.1463 

95 2 . 29 086 244.~8 5.439 1097.93 O. 0185~61 0.0~655 0.316 O. OO~~ 8 1.11501 1.1077 

100 2. 0 9383 251.72 5.156 1023.05 0.0173~76 0.04511 0.303 O. DO ~93 1.10477 1. 0566 

105 1. 926 39 261.52 4.930 980.76 O. 0159869 0.04412 0.295 0.00548 1.096L1 1.0062 

110 1.78'+32 273.54 4.733 956.97 0.0146666 0.0~365 0.290 0.00610 1.06681 0.9589 

115 1 . 6 6 3 2 6 2a7 .31 ~.555 9~3.63 O. 01J~723 0.04352 0.287 0.00676 1.08261 0.9184 

120 1 .55917 302.54 4.389 936.16 O. 0124222 0.04361 0.285 O. 00744 1. 07731 0.885~ 

125 1.4687 6 319.22 4.231 933 . 31 0.01149~1 0.0~388 0.285 O. 00814 1.07271 0.8586 

130 1 .389 &1 331.08 ~.079 932.32 0.010&87~ 0.04429 0.286 O. 00885 1.06670 0.6376 

1~0 1.2573 0 375. 86 3.791 932.09 a • 00 93823 0.0~49Z 0.290 0.01013 1. 0620 2 0.6165 

150 1 . 1 50 92 419.13 3.524 935.11 O. 00 83566 0.04697 0.295 O. 01165 1.05667 0.7923 

160 1 . 0 6 305 465 . 6~ 3.280 936.84 O. 0075510 0.0~950 0.302 0.01324 1.05226 0.7726 

170 0 .989 1 7 516.34 3.062 939.97 0.0068867 0.05212 0.310 O. OH82 1.04857 0.7604 

180 0.9 25 6 4 569.7~ 2.870 942.42 0.0063340 0.05559 0.324 O. 0166'+ 1.04540 0.7565 

190 0 . 8 7138 &28.60 2.669 9~3.49 O. 0058527 0.05977 0.339 O. 01865 1. 0~27 a 0.7518 

2 DO 0 . 6 23 ~9 &85 . 44 2.530 944.71 0.005~626 0.06372 0.353 O. 02067 1.0~032 0.7~69 

220 0. 7431 4 800.26 2.316 946.15 0.0048317 0.07081 0.376 0.0246~ 1.03633 O. 7 39~ 

2~0 0 . 67 613 912.37 2 . 171 9~6.65 O. 0043~20 O. a 76 77 0.395 0.02856 1.03312 0.7336 

2&0 0 .624 2 5 1 0 18 . 19 2. 077 946.55 O. 00 39495 0.08162 0.'+11 O. 03251 1. 03046 0.7287 

280 0.5 78 76 1115.45 2.023 9~6. as 0.0~36270 0.085'+3 a .~25 0.03646 1.02822 0.7242 

300 0.5 3976 1204.14 1.996 9'+5.31 0.0033566 0.08838 o .~37 0.0~051 1.02630 0.7201 

320 0 . 50 591 1284.&7 1.986 94~.H 0.0031262 0.09063 0.449 0.04461 1.02'+63 0.71&2 

3~0 0 .~762 1 1358 . 50 1.99~ 943.41 0.0029272 0.09239 0.460 0.04879 1.02317 0.7127 

360 0. ~499 3 1427.02 2.009 942.37 O. 0027534 0.09378 0.470 0.05305 1. 02189 0.7095 

380 0. 42 6'+ 9 1~91.48 2. 0 29 9 41.30 0.0026002 0.09493 0.480 0.05740 1. 0207~ 0.7066 

400 0.405~ ~ 1553 . 64 2.052 940.23 0.0024639 0.09597 0.490 O. 06184 1.01971 O. 70~0 

420 0.3 8 6~ 2 1&14 . 19 2 . 075 939.18 0.0023416 0.09&95 0.500 O. 06637 1.01876 0.7016 

440 0. 3691 5 1 6 7~ . 07 2. 0 97 938.1~ 0.0022318 0.09791 0.509 0.07099 1.01793 0.6996 

HO 0 .353~0 1 7 34 .0 9 2.117 937.14 O. 00 21320 0.09892 0.519 0.07571 1.01716 0.6976 

480 0 . 3 3 896 1794 . 3~ 2.136 936.16 O. 0020411 0.09996 0.526 0.08052 1.01646 0.6962 

500 0.32 5&7 1855.34 Z .151 935.21 0.0019579 0.10106 0.537 O. 065~2 1.01581 0.6946 

520 0 .313 41 1917.13 2.165 93~.30 0.0018815 0.10223 0.546 0.09043 1.01521 0.6936 

540 O. 30 19 ~ 1981.34 2.176 934.05 0.0018087 0.103~4 0.555 O. 0956 a 1.01~65 0.6923 

560 0 . 29 H l 2 0 44.9~ 2 .184 933 . 14 0.0017436 0.10~73 0.564 0.10080 1. 01H~ 0.6913 

580 0.2 8159 2109.11 2.192 932.28 O. 0016832 0.10607 0.573 0.10 610 1. 01366 0.6905 

&00 0. 2 7 2 42 2174.13 2.197 931.45 0.0016270 0.10H5 0.582 0.11150 1.01321 0.6898 

650 0.251 95 2339 . 4~ 2.206 929.52 0.0015019 0.11105 0.604 0.125~4 1.01221 0.6883 

700 0. 2 3436 25 08 . 04 2.209 927.78 0.0013952 0.11~82 0.626 0.1~002 1.01136 0.6872 

800 0. 2 05&9 2852.49 2.2 06 9Z~. so 0.0012221 0.12268 0.670 0.17109 1.00996 0.6858 

10 00 0 . 165 33 3551 . 07 2.191 920.33 O. 0009803 0.13864 0.757 0.24089 1.00800 0.6844 

2000 0.0835 5 7H4 . 87 2. a 37 910.52 0.0004943 0.27727 1.159 0.91400 1.00'+04 0.5463 

3D 00 0.0 5 5 91 11819.92 1.835 907.05 0.0003307 0.39302 1.516 1.79803 1.00270 0.5429 

~OOO 0.04 200 17120.71 1 . 643 904.94 0.0002~86 0.52998 1.843 2.96444 1.00203 0.5328 

50 00 0 .0 3349 2 6 340.55 1.285 899.88 0.0002000 0.8~7f>9 2.152 ~. 80 420 1.00162 O. ~816 

TWO-PHASE BOU NORY 

447 



C - 2b THERMOOYNAMIC PROP ERT I ES OF PARAMYOROGEN 

950 PSIA ISOBAR 

TEMPE RATURE ~OLUHE ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC lTY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

JEG. R CU FT/LB CU FT - PSIA/LB PSIA/R BTUIL B BTU/LB BTU/LB-R BTU / LB -R F TlSEC 

28.508 0.19933 3&40.8& 78.2239 -131.22& -9&.161 1.22251 1.180 1.532 4681 
30 0.20065 3522.24 7 8 . 8771 -129.108 -93.811 1.30285 1.218 1. &13 4648 
32 0 . 20251 335&.14 79.2172 -12&.105 -90."80 1."1030 1.2&4 1.719 .. 597 
34 0.20451 319~.93 7 9 .0395 -122.920 -8&.944 1.51747 1.305 1.819 4544 
3& 0.20&&4 3037.50 78.4&43 -119.5&0 -83.209 1. &2 .. 19 1.339 1.91& 4487 
38 0 . 20891 2903.33 77.5418 -11&.037 -79.28& 1.73024 1.370 2.00 & 4438 
40 0.21l32 2763.52 7& . 3909 -11 2 . 353 -75.178 1.83558 1.397 2.096 4382 

42 0.21386 2&12.43 75.0924 -108.519 -70.897 1.94000 1.421 2.189 4318 
"4 0.21&57 2.&&.32 73.&50 3 -10 ... 526 -6&.427 2.04395 1.443 2.283 .. 252 
.. & 0.219"7 2325 . 16 72.075& -100. 373 -61.7&5 2.1"755 1 ... 62 2.379 .. Ie 6 
.. 8 0.22255 2187 ... 5 70.3708 -9&.062 -56 . 911 2.25084 1." 79 2.<t76 .. 119 
50 0.22585 2050.72 68.5398 -91.589 -51.859 2 .3 5395 1."95 2.577 .. OH 
52 0.22938 1917 .71 &&.578& -86.955 -46.605 2 ... 56 98 1.509 2.680 3973 
5 .. 0.2331& 1788."3 6".4963 -82.159 -41.1"2 2.56006 1.520 2.784 3896 
56 0.23723 1660.93 62 .308& -77.197 - 35 ... 65 2.6&329 1.530 2.894 3815 
58 0.24161 1544.39 &0 .0437 -72.074 -29.572 2.766&8 1.539 3.003 3736 
60 0.2"&31 1432.8& 57.71&4 -6&.788 -23.457 2.87032 1.5 .. 7 3.114 3656 

&2 0 . 25 1.0 132&.58 55.35&0 -&1.337 -17.113 2.97"33 1.554 3.230 3574 
&4 0.25688 1223.98 52 . 9&73 -55.723 -10.533 3.07877 1.559 3.352 3491 
&& 0.2&283 1130.08 50.5"92 -49.9"3 -3.708 3.18378 1.565 3.<t7 .. 3 .. 09 
&8 0.2&927 10"1.95 "8 .100& -44.003 3.365 3.28936 1.569 3.596 3326 
70 0 . 27&2 . 958 . 9& .5 . 6&96 -37.911 10.&85 3.3954" 1.572 3.723 32 .. 4 
75 0.29&35 78&.91 39 . &926 -22.088 30.0"4 3.66246 1.577 •• 019 3048 
80 0.320&8 &61.21 3".1555 -5.&14 50.798 3 .930 27 1.586 ... 273 2873 
85 0.343 .... 578.79 29.2759 10.9&5 72."37 4 .192 .... 1. & 07 ... "53 2726 
90 0.38222 532 . 09 25.1569 27.&70 9".908 4.4 .. 931 1.622 ".518 2620 
95 0.H812 51" .0 5 21.7721 43.874 117.427 4.69283 1.635 ".471 2552 

100 0.45589 515.7& 19.03"7 59."12 139.&09 ".92045 1.64& ".3"9 2513 
105 0."9447 532 .48 16.8327 73.966 160.951 5 .1 2874 1.653 4.183 2498 
110 0.53305 555.68 15 .0 684 87. 691 181."62 5.31960 1.664 ".029 2496 
115 0.57137 58".07 13. &391 100.7"6 201.258 5 ... 9562 1. & 81 3.895 250 .. 
120 o.&on' &15 . 48 12.4645 113.274 220.451 5.65900 1.702 3.784 2518 
125 0.&"&54 &"8.29 11.4891 125."03 239.139 5.81158 1.728 3.69'1 2535 
130 0.68326 .82.61 10.&&27 137.254 257."54 5.95526 1.760 3. &32 2555 
litO 0.75512 752.2 .. 9 . 3"25 160." 79 293.315 &.22106 1.837 3.552 2596 
150 0.82500 821.98 8 .3354 183.536 328.66& &.4&497 1.928 3.526 263'1 
160 0.89327 890.72 7.5374 206.827 363.96& 6.69280 2.031 3.538 2682 

170 0.96007 958.85 6 . 8902 230.614 399.503 6.90823 2.139 3.576 2725 
180 1. 02573 102&.20 &.3520 255 .0&5 435.505 7.11400 2.249 3.628 2769 
190 1.0900& 1091.27 5 .8870 280.857 "72.&15 7.31"55 2.377 3.704 2807 
200 1.15352 1155.90 5 .478& 306 . 935 509.85& 7.505"4 2.479 3.759 2849 
220 1.27832 1282.2" ".8 .. 8 .. 3&1.319 586.193 7.8&916 2.&58 3.878 2944 
2"0 1."0090 1 .. 05 ... 0 4.3560 .. 18.2&9 &64.70& 8.210"8 2.79" 3.971 30 .. 2 
2&0 1.52178 152&.07 3.959" "77.025 74".728 8.53088 2.884 ".030 31"3 
280 1.&"135 1&44.72 3.&324 53&.8&9 825 .60 6 8.83047 2.932 4.053 3245 
300 1.7598& 1761.74 3.3577 597 .034 90'&.618 9 .1100 6 2.'147 ".0 .. 8 3348 
320 1.87752 1877.42 3.1232 &57.034 987.317 9.37057 2.93& 4.021 3451 

340 1.99 .... 8 1991.99 2.920& 716.485 1067.343 9.61280 2.909 3.981 355" 
3&0 2 .1108& 2105.61 2 .743& 775.14'1 1146,"79 9.83905 2.872 3.933 3&55 
380 2.22&7 .. 2218 ..... 2.587" 832.904 1 22".&20 10.05030 2.829 1.882 3755 
400 2.3"221 2330.59 2.4"86 889. 708 1301.736 10.24817 2.786 3.831 3853 
420 2 ."573 2 2 .... 2 .15 2.3244 9"5 .584 1377.8&2 10.43387 2.744 3.783 39 .. 9 
"40 2.57213 2553.20 2.2125 1000.59<) 1"53.073 10.6088" 2.706 3.739 4043 
.. 60 2.6866& 2663.81 2.1111 105".822 1527."44 10.77416 2.671 3.700 4134 
480 2.8009& 277".03 2.0188 1108.347 1&01.076 10.930&3 2. &40 3.6&5 .. 223 
500 2.91505 2883.90 1.9344 1161.261 1674.060 11.07975 2.614 3.635 .. 310 
520 3.02896 2993."7 1.85&9 1213. &49 174&.487 11.22191 2.591 3.609 4395 

540 3.1"396 3106.29 1.78 .... 1266.002 1819.069 11.35861 2.572 3.585 "479 
560 3.25745 3215.11 1.7184 1317.47 .. 1890.507 11 ."880 3 2.557 3.5&7 4559 
580 3.37082 3323.71 1.6573 13&8.&98 1961.673 11 •• 1275 2.5"3 3.552 .. 637 
&00 3."8" 08 3432.13 1.&00" 1"19.693 2032.592 11.73303 2.532 3.539 "71" 
650 3.76681 3702."8 1.<t742 1546.198 2208.833 12.01545 2.512 3.515 .. 899 
7 00 4.04907 3972.03 1.3667 1671.904 2384.19 .. 12.27561 2.501 3.50 0 5075 
8 00 ... 6 1 259 "509 ... 5 1.1933 1921.868 2733.288 12.7"208 2.492 3."87 5407 

1000 5 .73721 5580.28 0 . 952" 2420.53& 3429.794 13.51870 2.491 3. "81 6011 
2000 11.3"636 10911.89 0.4151 "969.186 6965.172 15.96173 2.6"5 3.&31 8331 
3 0 00 16.95100 16236.49 0.3167 7755.289 10737.212 17 •• 7769 2.923 3.909 10030 

.. 0 00 22.5&36 .. 215&0.07 0.2375 108"2.880 14812.1"7 18.843"3 3.258 4.253 lH2 a 
5000 28.2911& 26883.37 0.1900 14502.8"3 19"79.6&1 20.71589 ".162 5.2"3 1252" 
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THERHOO f NAH I C PROPER T IES OF PARAHYOROGEN G-2b 

950 PSIA ISOBAR 

TEMPE RAT URE DENSITY V ( OH/OV )p V (OP/ OU I
V 

- V (OP/ OV)T ( Ov/or~vCON~~~~~!~TY V ISC OSlT Y THERHAL DIELECTRIC PRA NO TL 
OIFFUSIVITY CONSTANT NUH BER 

OEG. R LB/CU FT BTU/ LB PS IA- CU FT/BTU PSIA 1/0EG. R BTU/FT-HR-R LB~Fi~5EC SQ FT/HR 

28.508 5. 0 168~ 357 . 79 13 . 217 18265.63 o. 00~2826 0.05556 1.985 0.00723 1.26338 1 . 9706 

30 ~. 98390 359 . 08 12.989 1755~.~8 O.00~~933 0.0585~ 1.803 0.00726 1.26151 1. 7895 

32 ~. 93801 359 . 59 12 . 687 16572.6~ 0.00H800 0.06158 1.606 0.00726 1.25892 1 . 6137 

3~ ~.88980 359 .79 12 . 390 15632.36 0.00505~1 0.06372 1.~~7 0.00716 1.25619 1. 4&7~ 

36 ~. 83930 3 5 9 .01 12 . 105 1~699.~0 0.0053379 0.06560 1.317 0.00707 1.2533~ 1.3851 

38 ~.78671 359.50 11.826 13897. ~4 0.0055796 0.06769 1.209 0.00705 1.25038 1. 2895 

40 4.7 3210 356.76 11 . 55~ 13077.26 0.0058415 0.06926 1.118 0.00698 1.2~730 1.2173 

42 4.67586 3 5 6.07 11.301 12215.36 0.0061474 0.07040 1.040 0.00688 1.24~1~ 1.1639 

~4 ~. 6 1735 353 . 05 11 . 055 11387.85 O. 006~67~ 0.07116 0.972 0. 00675 1.24086 1 . 1231 

46 4.556'8 349 . 63 1 0.8 20 10594.54 0.0068031 0.07158 0.913 0.00661 1.23746 1. 092 0 

48 4.4932 9 3 4 5 . 77 10. 589 9828.86 0.0071596 0.07172 0.860 0.00645 1.23392 1 .0690 

50 ~.42769 3 ~1. 3 5 10. 356 9079.97 0.0075485 0.07161 0.613 0.00628 1 . 230Z7 1 . 0531 

52 4.35960 336.48 1 0. 124 8360 .47 0.0079635 0.07131 0.770 0.00610 1.22648 1. 0 4 21 

5~ Ct.2IUI8C. 331. 10 9.695 7670.30 0.0064086 0.07063 0.731 0.00593 1.22254 1.0 349 

5& 4.21528 32 5 . 21 9. 6 61 7001.29 0.0088996 0.06990 0.696 0.00573 1.21847 1. 03 67 

58 4.13897 319 . 66 9 .425 6392 . 17 0.0093933 0.06887 0.662 0.00554 1.21425 1.0396 

60 4.05985 31 3 .83 9.192 5817.18 0.0099217 0.06775 0.631 0.00536 1.20988 1.0449 

62 3.97778 3 0 7 . 86 8.958 5276.65 0.0104903 0.06657 0.603 0.00518 1.20536 1 . 0525 

64 3.89280 301 . 52 8.726 4764.70 0.0111166 0.06532 0.576 0.00501 1.20070 1.0631 

66 3.80478 295 .47 8 . 491 4299.70 0.0117564 0.06402 0.550 0.00484 1.19588 1 . 0H3 

68 3.71379 289 . 31 8 . 255 3869.58 0.0124305 0.06268 0.526 0.00469 1.19091 1.0862 

70 3. 6 19~8 283 . 00 8.027 3471.41 0.0131559 0.06131 0.503 0.00455 1.18580 1 . 0999 

75 3.37~42 26 8 . 87 7 . 458 2655.37 0.0149481 0.05782 0.452 0.00426 1.17Z5~ 1.1308 

80 3.11839 2 5 7 . 98 6 . 907 2061.91 0 . 0165650 0.05487 0.409 0.00412 1 . 15873 1.1458 

85 2 .86172 2 5 1 . 9 4 6 . 366 1656.35 0 . 0176750 0.05218 0.374 0.00410 1.14505 1.1475 

90 2.61628 250.02 5 . 927 1392.09 0.0180713 0.04983 0.346 0.00422 1.13206 1 . 1308 

95 2 .39166 2 5 2 . 46 5 . 568 1229.44 0.0177089 0.04788 0.326 0.00448 1.12027 1. 09 75 

100 2.19352 258 . 49 5 . 273 1131.33 0 . 0168250 0.04639 0.313 0.00486 1.10994 1.0549 

105 2.02236 2 6 7 . 6 0 5 . 035 1076.86 0.0156313 0.04530 o .303 0.00536 1.10107 1 . 0 077 

110 1.87600 2 78 .76 4 . 826 1042.46 0.0144547 0.04475 0.297 0.00592 1.09352 0. 9632 

115 1.75017 2 91.90 4 .637 1022.21 0.0133427 0.04454 0.293 0.00653 1.08706 0.9238 

120 1.64135 30 6 . 68 4 .4 62 1010.21 0.0123385 0 . 04456 0.292 0.00717 1.08150 0.8911 

125 1.54670 3 2 2 .78 4. 298 1 002.70 0.01145A1 0.04477 0.291 0.007&3 1.07667 0 .865 0 

130 1.~6352 340. 2 8 4.140 999.01 0.0106732 0.04511 o .291 0.00849 1.07245 0. 8 4 39 

140 1.32~30 3 78. 7 ~ 3.8 ~ 1 996.18 0.0093783 0.045&3 0.294 0.00970 1.06540 0. 8238 

150 1 .21212 421.51 3 . 566 996.33 0.0083661 0.04762 0.299 0.01114 1.05974 0.7969 

160 1.11948 ~ 6 & . 12 3.316 997.15 0.0075590 0.05009 0.305 0.01265 1.05509 0.7762 

170 1.04159 518.27 3 . 093 99&.73 0.0068990 0.05267 0.3t2 0.01414 1.05119 0. 7636 

180 0.97~92 >7 1 .38 2 . 897 1000.46 0.0063491 0.05593 0.326 0.01582 1.04786 0.7601 

190 0.91738 6 29. 92 2 .70 0 1001.11 0 . 0058805 0.06008 0.341 0.01768 1.04499 0 . 7568 

200 0.86691 & 87 . 45 2 . 5 49 1002.06 0.0054674 0.06399 0.355 0.01964 1.04247 0.7497 

22Q 0.78228 8 0l .35 2 . 332 1003.06 0.0048336 0.07102 0.377 0.02341 1.03827 O. 7 4 18 

240 0.7 1 383 9 1 4.59 2 . 184 1003.22 0.0043420 0.07694 0.396 0.02714 1.03488 0.7357 

260 0.65712 1 020 . 5 7 2 . 089 1002.82 0.0039483 0.08176 0.412 0.03088 1.03208 0. 7305 

2&0 0.&0926 1117 .99 2. 033 10 02.05 0.0036250 0.08555 o .~26 0.03465 1.02972 0. 7258 

300 0.56823 1 2 0 6.84 2 .0 05 1001.07 0.0033541 0.08849 0.438 0.03847 1.02770 0. 7214 

320 0.5326 2 12 87. 53 1.997 999.95 0.0031234 0.09074 0.450 0.04236 1.02594 0.7174 

340 0.50138 13 61.48 2. 003 998.75 0.0029243 0.09249 0.461 0.04633 1.02441 0. 71 37 

360 0.4 7 374 14 30.12 2.017 997.51 0.0027504 0.09388 0.471 0.05038 1.02305 0 . 710 4 

380 0.44909 1 494. 69 2. 037 996.27 0.0025971 0.09503 0 . 481 0.05451 1.02134 0.7073 

~ 00 0.42695 1 556 . 94 2.059 995.04 0.0024609 0.09607 0.491 0.05873 1.02076 0.7046 

~20 0.406 95 1 & 17 . 57 2 . 081 993.83 0.0023388 0.09704 0.500 0.06303 1.01978 0.7022 

440 0.38&78 1677. 53 2 .1 03 992.64 0.0022289 0.09801 0.510 0.06742 1.01889 0.7001 

460 0.37221 17 37. 61 2 . 123 991.50 0.0021292 0.09901 0.519 0.07190 1.01808 0.6982 

480 0.35702 17 97. 92 2 . 142 990.38 0.0020384 0.10006 0.528 0.07647 1.01734 0.6966 

500 0 . 34305 1858 . 98 2 . 157 989.31 0.0019553 0.10116 0.537 0.08113 1.01666 0.6 9 52 

520 0.33015 1920 . 82 2.170 988.28 0.0018789 0.10233 0.547 0.08588 1.01603 0.6 9 39 

51,0 0 .31807 1985.23 2.181 988.02 0.0018060 0.10354 0.556 0.09080 1.01544 0. 6 9 25 

560 0.30699 2048 . 87 2.190 987.00 0.0017411 0.10484 0.565 0.09514 1.01490 0.6916 

5&0 0.29666 211 3 . 07 2.197 986.03 0.0016807 0.10617 0.514 0.10077 1.01439 0 . 6907 

600 0.28702 21 7 8 . 12 2.202 985 . 09 0.0016246 0.10756 0.583 0.10590 1.01392 0. 69 00 

650 0.265~8 23 4 3 . 50 2 . 210 982 . 92 0.0014998 0.11116 0.605 0.11913 1.01287 0.6884 

700 0.246H 2512 . 16 2.213 980.97 0.0013932 0.11494 0.627 0.13298 1.011'l7 0.687 4 

800 0.21680 2856 . 70 2.2 09 977 .64 0.0012206 0.12282 0.671 0.16247 1.01050 G. 685 9 

1000 0.17430 3 555 .42 2.194 972 .65 0.0009792 0.13881 o .758 0.22874 1.00844 0.6 8 44 

2000 0.08 8 13 7 3 4 9.58 2.038 961.71 0.0004940 0.27727 1.161 0.&6644 1.00426 0.5472 

3000 0.05899 11 824 . 75 1 . 836 957.85 0.0003306 0.39301 1.519 1.70410 1.00285 0.5438 

4000 0.04432 17 11 3.35 1.645 955.52 0.0002485 0.52932 1.84& 2.80795 1.00214 0. 5 340 

5000 0 . 035 3 5 2 6225 . 22 1 . 292 950.24 0.0001999 0.84154 2.156 4.54054 1.00171 0.4836 
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C-Zb THERMODYNAMIC PROPERTIES OF PARAHYOROGEN 

1000 PSIA ISOBAR 

TEMPERAT URE VOLUHE ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC ITY 
DE~IVATIVE OERIVAT lYE ENERGY OF SOUND 

OEG. R CU FT IL ~ CU or-PSI A/LB PSI AIR BTU/LB BTU/LQ B TUI L B-R BTU LB -R FTISEC 

28 . &88 0.19894 3&8&.01 78.4473 -131.105 -94.2&7 1.22428 1.182 1.533 470& 
30 0.20008 3581.&9 79.0419 -129.254 -92.205 1.29454 1.217 1. &0 4 4678 
32 0.20190 3414.99 79 .4 386 -126.280 -88.893 1.40140 1.203 1.709 4627 
34 0.2038& 325&.26 79.3201 -123.125 -85.37& 1.50800 1.304 1.809 4576 
36 0.20594 310~.46 78.8fl58 -119.801 -81.66& 1.61399 1.339 1.904 4524 
38 0.20817 2960.7& 77.9334 -11&.309 -77.7&2 1.71953 1.3&9 1.995 4470 
40 0.21052 2829.64 7&.8309 -112.663 -73.680 1. 824 21 1.397 2.082 4420 

42 0.21300 2677.85 75.5874 -108.869 -69.428 1.92793 1.421 2.173 4357 
44 0.21564 2531 . 02 74.1854 -104.921 -64.991 2.03112 1.443 2 .266 4292 
46 0.21845 2390.24 72.6500 -100.817 -60.366 2 . 13389 1.462 2.35'l 4228 
48 0.22144 2254.04 70.9898 -96.560 -55.555 2.23627 1.479 2.453 4162 
50 0.22463 2118.26 69 .20 59 -92.147 -50.552 2.33839 1.495 2.551 4092 
52 0.22804 1986.32 67.2998 -87.578 -45.351 2.44036 1. 509 2.651 4021 
54 0.23168 1857.43 65.2717 -82.852 -39.951 2.54226 1.520 2 . 752 3946 
56 0.23559 1734.48 63.1410 -77.970 -34.345 2.64419 1.531 2.854 3870 
58 0.2H77 1617.39 60.9316 -72.933 -28.533 2.74616 1.540 2.958 3793 
60 0.24426 1505.05 58.6625 -67.743 -22.512 2.84823 1.548 3.064 3715 

62 0.24909 1395.12 56.3496 -62.398 -16.272 2.95052 1.555 3.176 3633 
64 0.25429 1295.86 54.0259 -5&.898 -9.810 3.05310 1.5&1 3.287 355& 
&& 0.25990 1201.45 51.67&6 -51.245 -3.120 3.15603 1.5&6 3.401 34 76 
68 0.26593 1110.64 49.3013 -45.444 3.800 3.25931 1.571 3.52 0 3395 
70 0.27246 1029.13 46.9280 -39.500 10.952 3.36297 1.573 3.632 3318 
75 0.29109 853.09 41.0931 -24.089 29.813 3.62312 1.578 3.908 3128 
80 0.31340 720.85 35.6386 -8.061 49.972 3.88326 1.586 4.150 2956 
85 0.33962 630.44 30.7780 8.097 70.985 4.13784 1.607 4.335 2807 
90 0.36949 ; 77.31 26.6096 24.478 92.89& 4.38831 1.&22 4.413 2&97 
95 0.40230 550.8& 23.1472 40.482 114.978 4.62709 1.636 4.405 2622 

100 0.43714 546.78 20.3008 55.971 136.91& 4.85220 1. &47 4.314 2576 
105 0.47298 557.57 17.9837 70.575 158.158 5.05951 1. &55 4.178 2553 
110 0.50914 577.86 16.1014 84.422 178.701 5.25067 1. &67 4.036 2546 
115 0.54518 603.15 14.5693 97.610 198.562 5.42725 1.683 3.910 2548 
120 0.58088 632.13 13.3099 110.275 217.837 5.59133 1.704 3.806 2557 
125 0.61&15 662.95 12.2579 122.543 236.638 5.74484 1.731 3.722 2570 
1 30 0.65101 695.89 11.3684 134.527 255.076 5.88948 1.762 3.657 2587 
140 0.7B29 763.89 9 . 9463 157.993 2'l1.186 6.15712 1.839 3.576 2623 
150 0.78580 832.42 8.8625 181.255 326 .764 6.40260 1.930 3.549 2663 
160 0.85084 900.78 8.0056 204.722 362.274 6.63178 2.032 3.558 2 703 

170 0.9H49 968.64 7.3111 228.660 397.998 6.84835 2.141 3.593 2H5 
180 0.97707 1035.54 6.7342 253.243 434.169 7.05509 2.251 3.644 2787 
190 1.03872 1101.58 6.2475 279.169 471.512 7.25689 2.378 3.723 2827 
200 1.09590 1164.95 5.8177 305.382 508.869 7.~4839 2.481 3.181 28 68 
220 1.21783 1!':91.60 5.1271 359.950 585.459 7.81332 2.660 3 . 890 2958 
240 1.33~61 1415.09 4.b030 '+17 .041 664.174 8 .1 5552 2.7'05 3.'0&1 3055 
260 1.44'073 1536.06 4.1815 475.914 744.365 8 .47660 2.8 86 4.038 3155 
280 1.56357 1655.01 3.8344 535.856 825.387 8.77672 2 .933 4.060 3257 
300 1.67638 1772.31 3.5431 596.105 906.525 9.05675 2.948 4.054 3360 
320 1.78836 1888.24 3 . 2946 656.179 987.333 9.31161 2.937 4.027 3463 

340 1.8996~ 2003.03 3.0801 715.693 1067.456 9.56013 2.910 3.986 3565 
360 2.01036 2116.87 2 . 8928 774.414 1146.677 9.18662 2.87J 3.938 3666 
380 2.12059 2229.90 2.7276 832.219 1224.895 9.99809 2.830 3.886 3766 
400 2.23041 23~2.22 2.5809 889.068 1302.080 10.19613 2.787 3.835 3864 
~20 2.33989 2"53.95 2.4496 944.985 1378.269 10.38198 2.145 3.786 3960 
440 2.44905 2565.15 2.3314 1000.037 1453.536 10.55709 2 .106 3.742 4053 
460 2.55796 2575.89 2.2243 1054.294 1527.958 10.72252 2.672 3.702 4145 
480 2.6&&63 2786 . 24 2.1269 1107.851 1601.638 10.87909 2.641 3.667 4234 
500 2.71510 2896.23 2.0378 1160.793 1674 . 666 11.02830 2.615 3.637 4320 
520 2.863B 3005.90 1.9560 1213.207 1747.132 11.17054 2.592 3.611 44 05 

540 2.99282 3119 . 16 1.8795 1265.604 1819.792 11.30737 2.573 3.587 ~489 
560 3.10069 3228.06 1 .8099 1317.100 1891.264 11.4368 .. 2.557 3 .569 4569 
5 80 3.20844 3336.73 1.7454 1368.344 1962.461 11.56162 2 .544 3.553 4647 
600 3.31608 3445.21 1.6854 1419.3&0 2033.408 11.68194 2 .533 3 . 540 4723 
650 3.58478 3715.69 1.5524 1545.907 2209.711 11.96446 2.513 3.516 4908 
700 3.85301 3985.35 1.4391 1671.649 2385.122 12.22070 2.50 1 3.501 5084 
800 ".38848 4522.92 1.2563 1921.667 2134 . 295 12.69128 2.492 3."87 5415 

1000 5.45703 5593 . 92 1.0026 2420 .4 05 3430.699 13."6800 2.491 3.482 6019 
2000 10.78595 10325.70 0.5001 49&9.162 6966.426 15.91114 2.645 3.631 8336 
3000 16.1103'1 16250.2'0 0.3333 7155.273 10738.482 11.42712 2.923 3.90'l 10034 

4000 21.44221 21573.85 0.2500 10841.954 14812.470 18.79260 3.255 4.250 11424 
5 000 26.88043 26697.14 0.2000 14491. 793 19469.320 20.66276 4.141 5.220 12531 

TW)-PHASE BOUNORY 
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THERHODYNAMIC PROPERTIES Or PARAHYOROGEN C-Zb 

1000 PSIA I SJBA R 

TEHPERATURE DENSITY V C OH / DV ' p V CD P/DU ' y -v CDP/DV'T (DV/DTlp'V CON~~g~~~TY VISCOSITY THERMAL DIEL ECTRIC PRAN DTL 
DIFFUSIVITY CONSTANT NUMBER 

DEG. R LB/CU F T B TU/L B PSIA-CU FT/BTU PSI4 l/DEG. R BTU/FT - HR-R LA~F~~?EC SQ FT/HR 

28.688 5.020&4 36 2 . 18 13 . 198 18528.25 0.0042339 0.05617 1.999 0.00729 1 . 26394 1.9& <0 9 

30 4.99805 36 3 . 38 12.999 17901 . 4& 0.004 .. 15 .. 0.05878 1.'3 7 0 . 00733 1 . 26 232 1. 8 057 

32 4.9 5 284 36 3 . 96 12 . 699 16913.89 0.00"6966 0.06186 1.635 0.00731 1.259 7& 1 . 626 5 

34 4.90530 3 6<0 .31 1 2 .4 05 15972.91 0.00"9659 0.0&"06 1.473 0.00722 1 . 257 0 7 1.4974 

36 4.85576 3&<0 .42 12 .1 23 15084 . 22 0.005224" 0.06598 1.3 .. 0 0 . 0071" 1 . 25427 1.3920 

38 ".8 0 38 2 3 6 <0 . os 11 . 8"8 14222.9" 0.005 .. 79 .. 0.06811 1 . 229 0 . 00711 1 . 25134 1. 2961 

40 4.7 5 011 3&" .1 5 11.580 13 .... 1.08 0.0057161 0.0&972 1.13& 0 . 00705 1 . 24832 1.2212 

.. 2 4.6948 5 3 61 . 51 1 1.333 12572.12 0.0060123 0.0 70 89 1.057 0.00695 1 . 24 521 1.1&65 

.... 4.637H 356 . 57 11 . 090 11737.39 0.0063204 0 . 07169 0 . 988 0.00682 1 . 2 <01 99 1. 1 246 

<06 ...57774 355 . 3<0 10 . 657 1 0941. 91 0 . 0066396 0.07216 0.928 0. 00666 1.2386 5 1 . 0 'l23 

48 4.51568 351. 79 10 .629 10178.97 0.0069742 0.07233 0.875 0.00653 1 . 23519 1 . 0680 

so 4.4517 5 347 . 64 10.398 9429.98 0.0073389 0.07226 0.827 0.00636 1 . 231 61 1. 05 09 

52 4.3852 5 3 4 3 . 08 10 . 170 8710.51 0.0077263 0.07200 0.764 0.00619 1 . 22790 1.0 3 86 

54 4.31627 3 37 .96 9 . 946 8017.16 0.0081 .. 15 0.07156 0. 7 .... 0.00603 1 . 22 407 1.0303 

56 ... 2 .... &9 332 . 77 9.716 7362.32 0.0085762 0.070 67 0 . 708 0 . 00563 1. 22010 1.0296 

58 4.17060 3 27 . "3 9 ."85 67 .. 5 ... 7 0.0090330 0 . 06968 0 . &75 0.00565 1 . 2 1599 1.0 31" 

60 ... 0939 2 3 2 1 . 79 9.257 6161.5& 0.0095207 0.06860 0 . 6 .... 0.005 .. 7 1.2117 6 1. 0354 

62 ... 01 .. 55 3 15 .71 'l. 026 5600 . 76 0.0100611 0. 0 67"7 0.615 0. 00 529 1 . 20 738 1.0"25 

6 .. 3.932 48 3 1 0. 05 8 .8 01 5 095.% 0 . 0106017 0. 06627 0.588 O. DO 513 1. 2 0287 1 . 0"99 

66 3.84770 3 0<0. 2 7 8 . 57" "622.83 0.0111786 0 .065 0 2 0.562 0.00497 1 . 19823 1.059 3 

68 3. 76032 2 9 8 . 15 8 . 347 4 176.35 0.0118 0 "9 0 . 06373 0 . 538 0 . 00<082 1 .193"5 1. 070 6 

70 3.67030 2 9 2 . 37 8 . 126 3777.24 0.0124239 0.06241 0 . 516 0 . 00468 1 . 1 6654 1. 0806 

75 3."3541 27e .7 0 7 . 578 2930 . 73 0.0140215 0. 0 5905 0 . 465 0.004"0 1 . 1 75 7 9 1 .1 072 

80 3.19080 2 67. 84 7.0 4 1 23 0 0.07 0.015494& 0 . 05606 0.421 0.00423 1 . 1626 1 1.1233 

85 2.9"451 2 6 1.46 6. 50 4 1 856.32 0.01&5801 0.05345 0 . 386 0 . 00419 1 .1 4945 1 . 1269 

90 2.706"6 259 .12 6. 060 1562.47 0.0170305 0. 0 5111 0 . 358 0.00"28 1.13682 1 .1127 

95 2."8568 2 6 0 . 5 7 5 . 69" 1369.27 0.0169048 0 . 0"'316 0.337 0.00"49 1 . 12520 1.0670 

100 2.28762 2 65.61 5 . 388 1250.63 0.0162298 0.0"761 0.322 0. 00"62 1 . 11 .. 6 .. t. 0498 

105 2.11"2 6 273 . 90 5 .138 1178.85 0.0152552 0.0~647 0.311 0.00526 1.1 0562 1.0080 

110 1.96408 2 8 " .48 4 . 91 6 113".96 0.01 .. 1867 0.04583 0.3 0 4 0 . 00578 1 . 0980 6 0.9652 

115 1.83427 296 . 95 4.719 1106.35 0. 0131688 0.04555 0.300 0.00635 1 . 09137 0.9275 

120 1.72154 3 11.15 .. . 536 1086 . 2" 0.0122307 0.04550 0.298 0.00695 1.0855 9 0 . 8 959 

125 1.62297 326 .74 4.364 1075 . 9" 0.0113927 0.0456" 0.296 0.00756 1.08056 0.8702 

130 1.53608 3 4 3 . 66 4.2 00 1068 . 9" 0.0106352 0.0"593 0.296 0.00816 1 . 076 1 3 0. 8 "92 

140 1.39026 381 . 80 3.6 91 1062 . 01 0.0093656 0. 0 4635 0 . 298 0.00932 1 . 06873 0.8288 

150 1.27258 " 2" .1 6 3 .6 08 1059.32 0.0083661 0.04827 0.303 0 . 01069 1. 062 7 9 0.8013 

160 1.17531 47 0 . 58 3.3 51 1056.70 0.0075618 0.05069 0.309 0.01212 1 . 057 89 0.7798 

170 1.09351 520 . 59 3 .123 1059.22 0.0069023 0.05323 0 . 315 0.01355 1 . 05379 0.7665 

180 1.023 .. 7 573.51 2 .92" 1 059.85 0. 00635"0 0.05629 0.327 0.01509 1 . 05028 0.7632 

190 0.96Z72 63 2 .03 2. 7 29 1060.51 0.0056910 0 . 06040 0.34 3 0.01665 1 . 04 725 0.7605 

200 0.91000 688.90 2 . 5 77 1060.11 0.005 .. 879 0 .06427 0 . 356 0.01866 1 .04462 0.7541 

220 0.82113 8 04.58 2 . 347 1060.57 0.00 .. 83 .. 3 0.07124 0.379 0.02231 1 . 04 020 0. 7 "41 

240 0.7"928 9 16.93 2 .1 98 1060 . 30 0.0043412 0 . 07712 0 . 397 0 . 02586 1. 0366" 0.7377 

260 0.68978 102 3 . 05 2.101 1059 . 55 0.0039465 0 . 08191 0 . 413 0.029"1 1.0336 9 0.7323 

260 0.63956 1120.63 2. 0 .. .. 1058 . "8 0.0036226 0.08568 0 . 426 0.03300 1.031 2 1 0.7273 

300 0.59652 1 2 09 . 6 3 2 .0 15 1057.22 0. 0033513 0.08861 0."39 0.0366~ 1 . 02909 0.7228 

320 0.55917 129 0 . 46 2.0 06 1055.85 0. 0031204 0 . 09 0 85 0.450 0.04035 1 . 02725 0.7186 

340 0.52641 1364.5" 2. 0 11 1054.43 0.0029211 0.09259 0."61 0. 04"13 1 . 025 6" 0.7148 

360 0 ... 97 .. 2 1433. 2 8 2.0 25 1052.98 0 . 0027472 0 . 09398 0 . "72 0.0" 798 1.02 "22 0.7113 

380 0.471H 1 4 97 .95 2. 04" 1 051 . 54 0. 0025939 0.09513 0.482 0.05192 1.02295 0.7081 

400 0.44835 1560. 2 8 2 . 066 1050.13 0.002"577 0.09617 0.491 0.05593 1. 02181 0.7053 

420 O. "27 37 16 2 0 . 99 2 . 088 1048.75 0.0023358 0. 0 971" 0 . 501 0 . 06003 1 . 02078 0.7 02a 

440 0."0832 16 81. 01 2.110 1047.40 0.0022259 0.09811 0.510 0.06422 1 . 01985 0.7006 

460 0.39094 17 .. 1. 1 6 2 .1 3 0 10"6.11 0.0021263 0.09912 0 . 520 0.068"8 1 . 019 0 0 0.6987 

480 0.37501 18 01 . 53 2.1"8 104" . 85 0.0020356 0 . 10016 0 . 529 0.07283 1. 01822 0.6970 

500 0.36035 1 8 6 2 . 63 2.163 1 0 43 . 65 0.0019526 0.10127 0 . 538 0 . 0 7 727 1 .01750 0. 6 955 

520 0.3 4 681 1924.53 2.176 1042.49 0.0018763 0.102 .... 0 . 5"7 0.08179 1.0166" 0.6942 

5 .. 0 0.33413 19 89 .1 5 2.186 10"2 . 22 0.0018034 0.10365 0.556 0.086"8 1 . 016 2 2 0.6928 

560 0.32251 20 5 2 . 82 2.195 10 "1 .08 0.0017385 0 . 1 0~95 0. 565 0.0911 6 1 . 01565 0. 6 918 

580 0.311&8 2 117.06 2 . 2 0 2 1039.98 0.0016783 0.10628 0 . 57" 0.09596 1.01512 0. 6 909 

600 0.30156 Z 1 8 2 .13 2. 2 0 7 1038 . 94 0.0016222 0.10 7 67 0 . 583 0.10086 1 . 01463 0.69 01 

650 0.27896 23"7. 5 8 2.215 1036.52 0 . 001"977 0.11128 0 . 6 0 5 0.113"6 1 . 013 5 3 0. 6886 

700 0.25954 2 5 1 6 . 29 2 . 217 103".35 0.0013913 0.11507 0.628 0.12664 1.01256 0. 6 87 5 

800 0.22787 2160.93 2. 213 1030.64 0 . 00121QO 0.12295 0 . 672 0.15<0 7 2 1. 011 0 4 0.6860 

1000 0.16325 3559.76 2 . 197 1025.09 0 . 0009781 0.13697 0.759 0.21761 1 .00887 0.6 8 44 

2000 0.09271 735 " . 29 2. 040 1 012.96 0 . 0004937 0.27727 1.162 0. 82363 1 . 00 .... 8 0 . 5"80 

3000 0.06207 11 829 . 59 1 .8 37 1008.68 0.0003305 0 . 39299 1.521 1 . 61957 1.0030 0 0.54"7 

4000 0.0466" 171 06 . 96 1. 647 1006 . 14 0 . 0002485 0.52871 1.849 2 . 66720 1. 00 225 0. 5 3 5 2 

5000 0.03720 26 119 . 06 1 . 296 1000.62 0.0001999 0.63585 2 . 160 " . 30 4 01 1 .0 0160 0. 4 856 

TWO-PHASE BOUMO ~Y 
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C-2b THERHOOYNAHIC PROPERTIES OF PA RAHY OROGEN 

1200 PSIA ISOBAR 

TEM PERATURE VOLU~E ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTRO PY CV CP VElOC ITY 
OERIVATIVE DERIVATIVE ENERGY OF SOUNO 

OEG. R CU FTIlS CU FT-PSIA/LB PS IA/R BTUIlB BTU/LB BTU/LB-R BTU LB -R FT ISEC 

29 . 393 0.19741 36~9.5~ 61.513~ -130.620 -86.755 1.23025 1.196 1.562 ~826 
30 0.19791 3803.80 81.~350 -129.776 -85.799 1.26245 1.211 1.590 ~811 
32 0.19963 3655.75 80.2787 -126.695 -a2.536 1.36772 1.257 1.673 47~a 
3~ 0.20l~3 3~93.60 60.3737 -123.653 -79.09~ 1.~7203 1.299 1.771 ~698 
36 0.20334 33~7.0~ 60.0450 -120.648 -75.463 1.57578 1.335 1.863 4651 
38 0.20538 3197.79 79.3918 -117.284 -71.646 1.67898 1.367 1.952 4600 
40 0.20754 3055.82 78.468~ -113.711 -67.654 1.78135 1.395 2.038 ~548 

42 0.20981 2935.66 77.3537 -110.116 -63.494 1.88283 1.419 2.117 450" 
44 0.21220 2790.00 76.1400 -106.328 -59.176 1.98324 1.442 2.204 4~"5 
~& 0.21474 2652.0~ 74.7530 -102.393 -54 . 677 2.0832~ 1. ~61 2.269 ~387 
~8 0.21741 2516.09 73.2469 -96.325 -50.016 2.162H 1.479 2.375 4326 
50 0.22024 2364.58 71.6295 -9~.111 -~5.178 2 . 2611" 1. ~96 2.~62 ~26" 
52 0.22324 2256.61 69.9086 -89.773 -40.168 2.37938 1.511 2.550 4201 
5~ 0.22&42 2130.67 68 .0854 -85.292 -34 .980 2.~7728 1.523 2.638 ~135 
56 0.22980 2008.81 66.1579 -80.674 -29.610 2.57~91 1.5 35 2 .728 4067 
58 0.23336 1591.27 6~.1501 -75.927 -2~.067 2.67217 1 . 5~5 2.818 3998 
60 o..n719 1775.27 62.07~0 -71.048 -18. 342 2.76920 1 .553 2.910 3925 

62 0.2H24 1669.16 59.9547 -66.0~3 -12.~37 2.86602 1.561 3.000 3855 
64 0.24555 1568.71 57.8059 -60.n3 -6.350 2.96264 1.567 3.090 3785 
6& 0.25013 1471.41 55.&481 -55. 662 -0.061 3.05910 1.573 3.183 3713 
68 0.25502 1382.05 53.4911 -50.290 6 . 376 3.15548 1.578 3.274 3644 
70 0.26022 1297.59 51 .3355 -44 . 806 13.016 3.25171 1.581 3.363 3576 
75 O. 27~71 1108.79 ~5. 9776 -30.656 30.387 3.49134 1.586 3. 58~ 3"07 
80 0.29154 961. 84 40.8401 -15.988 48.794 3.72887 1.593 3.716 3250 
85 0.31085 848.98 36.1055 -1.16'! 67 . 903 3.9&0 37 1.612 3.947 3103 
90 0.332 61 768.12 31.8865 14.051 87.961 4.18964 1.627 4.067 2983 
95 0.35664 717.12 28.2142 29.213 108. 460 4.41129 1.641 4.124 2890 

100 0.38251 688.14 25.0752 ~~. 226 129.222 4.62432 1.654 4.129 2821 
105 0.40976 677 .66 22.4172 58.720 149.772 4.82~86 1.664 4.085 2716 
110 0.43789 681.66 20.1778 72.718 1 70. 020 5.01326 1.671 4.009 2748 
115 0.46.45 695.08 18.2929 86.218 189 . 866 5.18971 1.693 3.924 2732 
120 0.49513 714.84 16.7096 99 . 266 209.288 5.35504 1. 71~ 3.842 2724 
125 0.52373 738.17 15.3751 111.937 228.315 5.51038 1.740 3.713 2723 
130 0.55219 763.54 14.2381 124.325 247.026 5.65716 1.771 3.720 2726 
HO 0.60860 821.90 12.411~ 1~8. 580 2113.816 5.92983 1.847 3. 6~7 2742 
150 0.66402 883.~8 11.0165 172.553 320.102 6.18020 1.938 3.620 2765 
160 0.71843 948.99 9.9180 196.64S 356.285 6.~1372 2. 0 39 3. 62~ 2795 

170 0.77193 1013.88 9.0295 221.139 392.668 6.63428 2.1 ~7 3.656 2828 
180 0.82455 1079.46 8.29~8 2~6.209 429.430 6 .8~~40 2 .257 3.701 286~ 
190 0.87&41 11~4.5~ 7.6766 272.569 467.315 7.0~913 2.385 3.776 2898 
2 00 0.92762 1208.98 7.1491 299.203 505.326 7.24398 2.488 3.835 2938 
220 1.02835 1336.12 &. 2953 35~.581 583.088 7.&I~SO 2.667 3. 9~5 3026 
240 1.12532 145&.21 5.6095 H2.26S 662 . 320 7.95900 2. 802 4.019 3110 
260 1. ZZ211 1578.09 5.0799 471.587 743.1~9 8.28263 2.892 4.068 3207 
280 1.31773 1&97.94 4.6503 531.908 824.716 8.58~78 2 .939 4.086 3307 
300 1.~12~1 1816.11 4.2910 5gz.~80 9 06.328 8 .8 66~3 2.953 ~.076 3408 
320 1.50&32 1932.86 3.9856 652.835 987.551 9 .1 2864 2. 9~2 4. O~ 7 3510 

3~0 1.59960 20~8.~3 3.7225 712.598 1068.0~1 9.37227 2.914 4. 0 O~ 3611 
360 1.69235 2162.98 3.4933 771.537 11~7.589 9.59970 2 . 876 3.953 3711 
380 1.7846S 2276.67 3.2916 829.537 1226.100 9 . 81196 2.833 3.900 3810 
~OO 1.87657 2389.61 3.1127 886.562 1303.550 10.01068 2.790 3. 8~8 3907 
420 1.96816 2501.91 2.9528 9~2. 639 1379.978 10.19711 2. 7~8 3.798 4002 
~~O 2.059~6 2013. 6~ 2.8091 997.836 1~55. ~63 10.37273 2.709 3.752 4095 
460 2.15051 272~ .87 2.6790 1052.225 1530.085 10.53861 2. 6 7~ 3.712 4186 
.. 80 2.210135 2835.66 2.5608 1105.903 1603. 9~8 10.69557 2. 6~3 3.676 .. 274 
500 2.33200 2946.07 2. ~528 1158.957 1677.1~~ 10.8~512 2.617 3. 6~5 ~360 

520 2."2247 3056.13 2.3537 1211 ... 75 1749.766 10.98766 2.594 3.619 ~444 

5~0 2.51430 3171.24 2.2608 1264.0~1 1822.736 11.12496 2.575 3.594 ~528 
560 2.60437 3280.40 2.1766 1315.629 189~.339 11.25468 2.559 3.575 4608 
580 2.69432 3389.31 2.0986 13&&.957 1965.656 11 .379 &7 2 . 5~6 3.559 ~£085 

600 2.78~17 3~98.00 2 .0 262 1~18.051 2036 . 715 11.50018 2. 5 3~ 3. 5~5 4761 
650 3.00841 3768.93 1.8656 15~~.767 2213.258 11 .7 8308 2. 51~ 3.520 ~944 

700 3.23220 ~038.95 1.7289 1670.6~9 2388.867 12.04362 2.502 3 .505 5119 
800 3.67882 4577.03 1.5088 1920.88~ 2 738.345 12.51060 2.4 93 3. ~90 5~~8 

1000 4.56977 5648.59 1.203& 2~19.897 3435.33~ 13.28776 2. ~91 3.483 6049 
2000 9.01123 10980.79 0.6001 ~9&9 . 07'l 6971.~~1 15.73135 2. 6~5 3 . &3 1 8357 
3000 13.~48J9 16305.26 O.~OOO 7755.233 107~3.566 17 . 2~736 2 .923 3.909 10051 

4000 17.89102 21628.70 0.3000 10838.86~ 1~81".38~ 18.61198 3.2 46 ~ . 2 ~ 0 11~41 

5000 22.~1473 26~51.90 O. 2~ 0 0 14~S4.751 19435.411 20.4 744~ ".071 5 . 1~2 12556 

TWO-PHASE BOUMORY 
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T~ERHOOYNAHIC PROPERTIES OF PARAHYOROGEN C-Zb 

1200 PSIA ISOBAR 

TEHPERATURE OENSITY V (OH/OVlp V (OP/OUI
V 

-V (OP/OVI
T (OV/OT~VCONri~~~~~~TY VISC OSIT Y THER~AL OIELECTRIC PRA NOTL 

OIFFUSIVITY CONSTANT NUHBER 

OEG. R LB/CU FT BTU/LB PS IA -CU FT /B TU PSIA 1/0EG. R BTU/FT-HR-R LB~F ~~?EC SQ FTlHR 

29.393 5.0&571 373.76 ll.~51 19500.&7 0.00~1800 0.05853 2.059 O. 007~0 1.26&15 1.978" 

30 5.05279 375.25 13.313 19219.8~ 0.0042370 0.05972 1.979 0.001'3 1. 2&5~2 1.8970 

32 5.00933 381.70 12.7~9 18312.86 0.0043837 0.06299 1.755 0.00752 1.26296 1.6783 

34 4.9&~54 382.25 12.4&3 17345.11 0 . 0046338 0.06534 1.577 0.00743 1.26042 1.5392 

36 4.91779 383.08 12.190 16460.06 0.0048630 0.06742 1."32 0.00736 1.25717 1.4249 

38 4.8&893 382.80 11.929 15569.81 0.0050991 0.0&H2 1.312 0.00734 1.25501 1.322& 

40 4.81833 382.38 11.&74 14723.95 0 . 0053293 0.07147 1.211 0.00728 1.2521& 1.2433 

42 4.7&&11 382.95 11.~3& ll992.71 0.0055281 0.07278 1.12& 0.00721 1.24922 1. 178& 

44 4.71259 380 _ 5& 11.208 131'<8.13 0.0057909 0.07373 1 .05 2 a.00710 1.24&21 1.1321 

4& 4. &5&87 378.16 10.985 12350.20 0.0060528 O.07tt33 0.988 0.00&97 1.24308 1.0950 

.. 8 4.59966 375.25 10.766 11573.15 0.0063290 0.07464 0.931 0.00683 1.23987 1.0&&8 

50 4.54051 372.18 10.54& 10827.22 0.00&&157 0.07471 0.881 0.006&8 1.23656 1.0452 

52 ... 47955 368.72 10.330 10108.&2 0.00&n57 0.07459 0.63& 0.00653 1.23316 1.0286 

54 ".416.0 364.65 10.122 9410.31 0.0072352 0.07429 0.795 0.00638 1.22965 1. 0163 

5& 4.351.1 3&0.H 9.907 8741.54 0.0075&82 0.07354 0.758 0.00&20 1.22&03 1.011& 

58 4.28481 355.93 9.&92 8103. 7 .. 0.00791&1 0.072&9 0.723 0.00&02 1.22232 1. 0095 

&0 4.21598 350.8& 9." 79 7 .. 8 ... 53 0.008293& 0.07175 0.&92 0.00585 1.21851 1.0100 

&2 ".1 .. 519 34&.20 9.26& 6918 .99 0.0086652 0.07077 0.&&2 0.00569 1.21"59 1.0110 

64 4.072H 341.45 9.05& &388.53 0.0090"84 0.06972 0.&35 0.0055" 1.21058 1.0131 

&& 3.9918& 336.~5 8.84& 5882.~8 0 .00 94&00 0.0&8&3 0.&09 0.00539 1.20& .. 7 1.017& 

&8 3.92130 331.65 8.6 .... 5419."2 0 .00 98703 0.06750 0.585 0 .00526 1.2022& 1. 0221 

70 3. 8~297 32 &. 72 8.4"9 498&.&1 0.0102947 0.0&&34 0.5&3 0.00513 1.19797 1.0273 

75 3.&4017 31 ... &3 7.965 4036.17 0.0113914 0.0&338 0.512 0.00"86 1.18690 1.0422 

80 3."3007 305.03 7.476 3299.17 0.0123789 0.06045 0."&8 0 . 004&7 1.17550 1.0533 

85 3.21703 298.60 6.962 2731.20 0.0132197 0.05790 0."32 0.0045& 1.16"02 1.0595 

90 3.006"8 2 9~. 57 6.520 2309.35 0.0138076 0.05570 0."01 0.0045& 1 .15275 1.0552 

95 2.80398 293.93 6.13" 2010.78 0.01"0315 0.05376 0.377 0.00~65 1.1"198 1. 0~18 

100 2.&1434 296.26 5.799 1799.05 0.0139381 0.05213 0.358 0.00483 1.13196 1.0220 

105 2.4~043 301.36 5.520 1&53.79 0.0135550 0.05082 0.3"~ 0.00510 1.12282 0.9962 

110 2.28369 309.32 5.270 1556.70 0.0129619 0.0~997 o .33~ 0.005"& 1.11~63 0.9646 

115 2.1"356 319.62 5.0~0 1490.15 0.0122759 0.0~945 0.327 0.00588 1.10736 0.9330 

120 2.01965 331.95 ~.827 1443.72 0.01157~0 0.04916 0.322 0.00&34 1.10093 O. 90~9 

125 1.90937 3 ~5. 91 ~.&27 1409.4~ 0.0109087 0.0~908 0.319 0.00&81 1.0952" 0.881& 

130 1.81097 361.27 ~.~39 1382.75 0.01029&9 0.0"917 0.317 0.00730 1.09018 0.8627 

1 .. 0 1.&~311 396.77 4.090 1350." 7 0.009190" 0.0"922 0.31& 0.00821 1.08159 0.8 .. 3 .. 

150 1.50598 "37.20 3.775 1330.51 0.0082799 0.05087 0.318 0.00933 1. 07~&0 0.8155 

160 1.39193 "82.71 3."94 1320.92 0.007508" 0.05309 0.322 0.01052 1.0&882 0.7921 

170 1.29545 531.7" 3.2~& 1313."3 O. 00&87~7 0.055"5 0.328 0.01171 1. 0639~ 0.7773 

180 1.21279 58~.17 3.030 1309.15 0.00 &33&0 0.0578~ 0.33& 0.01289 1.05978 0.77"2 

190 1.1~101 &"2.36 2.821 1305.9~ 0.0058782 0.06178 0.350 0.01~3" 1.05617 0.7710 

200 1.07803 &99.09 2.666 1303.31 0.005"853 0.0&551 0.3&3 0.01585 1.05301 0.7652 

220 0.97243 81".21 2.427 1299.29 0.00"8452 0.0722~ 0.38" 0 . 01883 1.0"773 0.7558 

HO 0.88&&3 927.02 2.253 129".04 0.00~3349 0.0779" 0."02 0.02183 1.0~35& 0.7~&2 

2&0 0.8182& 1033.98 2.147 1291.29 0.00393~0 0.082&0 0 . "17 0.02~82 1.0"006 0.7392 

zeo 0.75888 1132.05 2.085 1288.5" 0 . 003&090 0.08&28 0.430 0.02783 1.03711 0.733" 

300 0.70801 1221.54 2.052 1285.83 0.0033372 0.08915 0 ..... 2 0.03089 1.03 .. 59 0.7281 

320 0.&0387 1302.82 2.041 1283.17 0.00310&1 o .0913~ 0.~53 0.03~00 1.032"1 0.7232 

3 .. 0 0.6251& 1377.31 2.0"3 1280.59 0.00290&9 0.09306 O."&~ 0.03718 1.03050 0.7188 

360 0.59089 11+1+6.42 2.055 1278.10 0.0027332 0.09~42 0.474 0.0"042 1.02881 O. 7148 

380 0.5&033 1511 ... 0 2.073 1275.70 0.0025802 0.0955& 0.~8~ O. 0~373 1.02731 0.711<' 

.. 00 0.53289 157".02 2 .094 1273." 0 0.002 .... ~~ 0.09&59 0.~9~ 0.0"711 1.0259& 0 .7080 

420 0.50809 1634.99 2.115 1271.19 O. DO 23229 0.0975& 0.503 0.05056 1.02"74 0.7052 

440 0 ... 855& 1&95.2 .. 2.136 12&9.09 0.0022135 0.09853 0.513 0.05"08 1.023&3 0.7027 

4&0 0.4&501 1755. &0 2.15~ 12&7.08 0.00211"3 0.09953 0.522 0.057&7 1.022&2 0.7005 

480 0,"~&1& 181&.17 2.171 1 265 .1& 0 .0 0202"1 0.10058 0.531 0.0 &132 1.02170 O. &986 

500 O ... 2882 1877.~& 2.18& 12&3.32 0.0019 .. 15 0.101&9 o . 5~ 0 0.0 650& 1 .0208 5 O. &970 

520 0.~1280 1939.53 2.198 1261.57 0.0018&57 0.1028& 0.5"9 0.0&886 1.02007 0.6955 

5 .. 0 0.39773 2005.03 2.207 1261.28 0.0017925 0.10~08 0.558 0.07281 1.01933 0.&939 

560 0.38397 2068.82 2.215 1259.57 0.0017281 0.10538 0 .5&7 0.07677 1.018&& o. &928 

580 0.37115 2133.17 2.221 1257 .9~ 0.001&&83 0.10&73 0.57& 0.0 8080 1.01803 O. &918 

600 0.35917 2198.35 2.226 125&.39 0.001&127 0.10812 0 . 585 O. 08~91 1 .017~ ~ 0.6909 

&50 0.332~0 236".03 2.232 1252.RO 0.001"891 0.11175 0.&08 0. 09550 1 . 01&1 .. O. &892 

700 0.30939 2532.9" 2.233 12 .. 9.&0 0.001383& 0.1155& 0.&30 0.10&58 1.01501 O. &879 

800 0.27183 2H7.91 2.227 124~.16 0.0012127 0.123"9 0.&75 0.13018 1.01316 0.&8&2 

1000 0.21883 3577.20 2.208 123&.08 0.0009737 0.139&4 0.762 0.18319 1.010&0 O. &8 .. 5 

2 000 0.11097 7373.11 2.045 1218.57 0.000"925 0.27727 1.1&9 0.&8807 1.00537 0.5513 

3000 0.07 .. 3& 118 .. 9.0& 1.8"0 1212.43 0.0003299 0.39295 1.531 1.35187 1.00359 0.5"83 

4000 0.05589 17088.99 1.&53 1208.91 0.0002"81 0.52&67 1.862 2.22212 1.00270 0.5397 

5000 0.0~"'1 2576&.& .. 1.321 1202."2 0.0001996 o .81& 7& 2.175 3.5&00& 1.00215 O. ~929 

TWO-PHASE BOUNORY 

453 



C-Zb THERM OO YNAMI C PROPERTIES OF PARA~YOROGEN 

1'00 PSIA ISOBA R 

TEMPERATURE VOLUME ISOTHERM lS0CHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DERIVATIVE DERHATIVE ENERGY OF SOUNO 

OEG. R CU FTILB CU FT -PSI All B PSlA/R BTU/LB BTU/LB B TU/l B-R BTU lB -R FT ISEC 

30.083 0.19599 4021.09 82.3088 -130 . 088 -79.278 1.23674 1.210 1.570 4917 
32 0.19754 3881.09 82.0930 -127.397 -76.187 1.33633 1.252 1.654 4873 
34 0.19921 3732.08 81.3356 -124.449 -72.805 1.43880 1.294 1.737 4817 
36 0.20099 3582.84 81.1919 -121 . 347 -69.242 1.54062 1.331 1.827 4772 
38 0.20287 3434.10 80.6932 -118.095 -65.503 1.64169 1.364 1.913 4724 
40 0.20486 3288.21 79.9293 -114.700 -61.593 1.74198 1.393 1.997 4673 

42 0.20695 3148.90 78.9511 -111.167 -57.516 1.84142 1.418 2. 077 4623 
44 0.20H5 303&.78 77.8036 -107.506 -53.285 1.93983 1.441 2.151 4583 
46 0.21146 2900.68 76.5889 -103.716 -48.896 2.03737 1.461 2.231 4530 
48 0.21388 2766.56 75.2341 -99.804 -44.356 2.13397 1.479 2.311 4475 
50 0.21644 2634.90 73.7606 -95.764 - 39. 654 2.22992 1.497 2.392 4417 
52 0.21913 2508.17 72.1847 -91.598 -34.791 2.32529 1.512 2.473 4359 
54 0.22196 2386.09 70.5158 -87.308 -29.766 2.42011 1.525 2.552 4300 
56 0.22.96 2265.39 68.7628 -82.899 -24.581 2.51'39 1.535 2.633 4239 
58 0.22811 2150.53 66.9296 -78.372 -19.236 2.60816 1.549 2.713 4178 
60 0.23143 2038.06 65.0239 -73.730 -13.733 2.70145 1.558 2.792 4114 

62 0.23494 1931.20 63.0619 -68.977 -8.070 2.79429 1.566 2.871 4050 
64 0.23865 1829.45 61.0643 -64.117 -2.251 2.88667 1.573 2.949 3986 
66 0.24255 17 32.34 59.0473 -59.154 3.725 2.97860 1.580 3.027 3'lZ 1 
68 0.24667 1 6 40.39 57.0205 -54.091 9.856 3.07011 1.585 J. 104 3857 
70 0.25101 1551.20 55.0059 -48.935 16.138 3.16117 1.589 3.182 3794 
75 0.26297 1358.43 50.0153 -35.660 32.513 3.38706 1.594 3.363 3643 
80 0.27.55 1197.45 45.1663 -21.931 49.762 3.60966 1.601 3.531 3498 
85 0.29184 1069.92 40.5954 -8. 064 67.593 3.82568 1.620 3.685 3358 
90 0.30887 971.12 J6.4147 6.261 8&. JJ3 4.03987 1.634 3.80 5 3237 
95 0.32757 899.57 32.6721 20.6&2 105.582 4.24801 1.648 3.888 3136 

100 0.34776 851.08 29. J7 72 35.101 125.256 4.44986 1.662 J.933 3055 
105 0.36920 822.74 26.5098 49.225 144 .936 4.64190 1.673 3.936 2995 
110 0.39161 808.14 24.0350 63.065 164.586 4.82473 1.686 3.919 2950 
115 0.41410 807.68 21.9000 76.580 184.087 4.<;19812 1.703 3.878 2919 
120 0.43820 815.98 20.0631 89 .7 67 203.367 5.16223 1.724 3.829 2897 
125 0.46189 830.90 18.4837 102.&52 222.392 5.31756 1.750 3.781 2884 
130 0."8561 850.57 17 .122" 115.28& 241.178 5.46493 1.781 1.737 2876 
140 0.53296 897.07 14.9160 140.0&0 278.225 5.73950 1.855 3.681 2872 
150 0.57996 351.29 13.2182 164.561 314.912 5.99262 1.945 J.661 2880 
160 0. 6 2640 1009.48 11.8766 189.151 J51.539 6.22900 2. a 46 3.670 2896 

170 0.67225 1069.98 10.7903 214.103 388.377 6.45233 2.154 J. 70 2 2919 
180 0.71749 1132. 9 1 9.8934 239.592 425.594 6.66504 2.263 J.746 2947 
190 0.76219 1195.24 9.1401 266.333 46J .925 6.87218 2.391 3.819 2974 
200 0.80633 1258.43 8.4991 293.313 502.347 7.06913 2.493 3.876 3010 
Zt!O 0.89322 1384.01 7.4626 349.29& 580.857 7.44322 2.673 3.981 3090 
240 0.91853 1508.5 3 6.b604 407.587 661.2b2 7.79278 2.808 ".ObO 3tH 
2 60 1.06018 1623.1 2 6. a 347 467.393 742.236 8.11710 2.898 4.112 3266 
280 1.14~68 1743.48 5.4175 528.119 824.350 8.42136 2.944 4.10 9 3358 
300 1.22433 186 2 .19 5.0482 588.997 906.395 8.70451 2.958 4.097 3"57 
320 1.30527 1979.51 4.6842 649.619 988.001 8.96796 2.946 4.065 3557 

340 1.38563 2095.62 4.3712 709.615 1068.830 9.21262 2.918 It. 020 3657 
360 1.46550 2210.70 4.0991 768.762 1148.682 9.44091 2.880 3.968 3757 
380 1.54495 2324.89 3.8601 826.949 1227.466 9.65391 2.837 3.913 3855 
400 1.62405 2438.30 3.6484 884.142 1305.163 9.85326 2.793 3.860 3951 
420 1.70283 2551.04 3.4594 940.370 1381.816 10.04025 2.751 3.80'l 40"5 
440 1.78135 2663.18 3.2896 995.706 1457.506 10.21634 2.712 3.762 .. 137 
460 1.85963 2774.81 3.1362 1050.221 1532.316 10.3&263 2.677 3.721 4227 
480 1.93771 288 5 .96 2.996'l 1104.016 1&06.352 10.53996 2.646 3.685 4315 
5 00 2.01560 2996.71 2.8697 1157.178 1679.707 10.68984 2.619 3.653 4 .. 00 
520 2.0933" 3107.09 2.7531 1209.79S 1752.477 10.83268 2.597 3.626 4 .. 83 

540 2.17263 3224.24 2.6436 1262.524 1825.761 10.97044 2.577 3.601 4568 
560 2.24997 3333.59 2.5 .... 6 1314.202 1897.489 11.10038 2. S 61 3.581 .. 6 .. 7 
580 2.32720 Hlt2.68 2.4530 1365.613 1968.921 11.22557 2.548 3.564 H24 
600 2.40"33 3551.53 2 .3678 1416.782 2040.086 11.34627 2.536 3.550 1t79'l 
650 2.59&78 3'22.79 2d 794 1543.664 2216.859 11.62954 2.516 3.524 4981 
7 00 2.78880 4093.06 2.0193 1669.683 2J92.6S6 11.89035 2.504 3.50 8 5154 
800 3. 171'l3 4631. 5 1 1.7615 1920.130 27"2.429 12.35773 2.494 3.492 5"S2 

10 00 3.93599 5703.42 1.4047 2419.414 3439.788 13.13531 2. "'l2 3.485 6078 
2000 7.7434S 11035.61 0.7001 "969.018 6976.453 15.57933 2.645 3.631 sns 
30 00 11.54684 16359.83 0.4666 7755.226 10748.652 17.09537 2.923 3.909 10068 

It a 00 15.35445 21683.09 0.3500 10836.495 14817. 013 18.4593" 3.239 4.233 11"5S 
5 a 00 19.22649 27006.15 0.2800 1 .. 425.99 .. 19410.308 20 .31580 4. a 17 5.082 12578 

T~O-PHASE BOUNORY 

454 



THERMOOYNAMIC PROPERTIES OF PA RAHYOROGEN C-2b 

1~0 0 PSIA ISOBAR 

TEH~ERATURE OENSITY V(OH/OV) p V (OPI OU) y -V (OP/OV) T (OV/OT~VCON6~~~~~~TY VISCOSITY THERMAL OIELECTRIC PRANOTL 
OIFFUSIVITV CONSTANT NUMBER 

OEG. R LB/CU FT BTU/LS PSIA-CU FT/BTU PSIA 1/0EG. R BTU/FT-HR-R LB/FT-SEC S~ FTlHR 
X 10 5 

30.033 5.10218 3 91. ~O 13.335 20516.31 0.00~0119 0.06076 2.115 0.00758 1.26823 1.9680 

3Z 5.06229 395.8~ 12.9~8 196~7 .17 0.00~178~ 0.06~05 1.880 0.00765 1.26596 1.7~76 

3~ 5.0198~ ~00.02 12.523 1873~.45 0.00~3~1 5 0.06656 1.686 0.00763 1.26355 1.5834 

36 ~.975"3 It 01. 09 12.257 17826.17 0.00~5546 0.06878 1.528 0.00757 1.26103 1.~606 

38 1t.92931 ~ 0 1. 32 12.002 16927.73 0.00H6&9 0.07123 1.397 0.00755 1.258~2 1.3509 

~O ~.881~6 401.02 11.755 16051.29 0.0049796 0.07313 1.288 0.00750 1.25572 1.2662 

~2 ~ .8320 2 400 .3" 11.523 15215.55 0.0051888 0.07~57 1.195 0.00 743 1.25293 1.1989 

.. ~ 4.78123 40 1.~" 11.295 1~519.5" 0.0053585 0.07563 1.116 0.00735 1.25007 1.1,,30 

.. 6 ... 72895 399.61 11. 08& 13717.19 0.005583 .. 0.07635 1 .0~8 0.0072" 1.2~713 1.1021 

"8 ... 675 .... 397.37 10.877 1293~.88 0.005816" 0.07678 0.988 0.00711 1. 2~"1 2 1.0702 

50 ... &2032 39~.86 10.665 1217".09 0.0060588 o • 0 7698 0.93" 0.006% 1.24103 1.045" 

52 ... 56360 392.11 10."59 11 .... 6.28 0.006306 .. 0.07697 0.887 0.00682 1.23785 1.0257 

5~ ... 50525 389.05 10.261 107"9.94 0.0065596 0.07679 0.8~~ 0.00668 1.23"59 1.0098 

56 ....... 533 385.60 10.060 10070.39 0.0068282 0.07615 0.605 0.00651 1.23125 1.0023 

58 ~.38389 382.11 9.859 9~27. 70 0.0070993 0.075~0 0.770 0.0063" 1.22783 0.9969 

60 ".32090 376.17 9.660 8806.2~ 0.0073838 0.07~57 0.737 0.00618 1.22 .. 32 0.9936 

&2 ... 25&35 3H . 26 9."59 8219.8& 0.0076719 0.07370 o .707 0.00603 1.2207" 0. 9916 

6 .. ~.19032 370.22 9.262 7&65.99 0.0079&5& 0.07277 0.&79 0.00589 1.21708 0.9907 

66 ~.1228& 36&.15 9.065 71"2.22 0.008267~ 0.07179 0.&53 0.00575 1.2133& 0.9912 

&8 ".05~01 3 &1. 98 8.873 6650.15 0.00857 .. 3 0.07077 0.&29 0.00562 1.20956 O. 992~ 

70 3.98383 357 .~4 8.692 6179.71 0.0089010 0.0 697~ 0.606 0.00550 1.20570 0. 9950 

75 3.80275 3"7.32 8.250 5165.77 0.0096821 0.06705 o .55~ 0.0052" 1.19577 1.0010 

80 3.61602 338.5" 7.801 "330.01 0.010 .. 310 0.06~37 0.510 0.0050" 1.18556 1.0078 

a5 3.~2£05~ 332.60 7.312 3&66.12 0.0110731 0.0&181 o .~73 0.00"89 1.17531 1. 01~5 

90 3.23763 328.56 6.882 314 ... 110 0.0115818 0.05961 0 ..... 1 0.00"8~ 1.1&513 1.013" 

95 3.05278 326.79 6.~9" 27"6.17 0.0118973 0.05772 0."15 0.00 .. 8& 1.15522 1.0055 

100 2.87553 327.61 6.148 2 .... 7.29 0.0120039 0.05608 0.393 0.00~96 1.14578 0.9930 

105 2.70859 330.90 5.851 2228."6 0.0118960 0.05"69 0.376 0.00513 1.13&9 .. 0.975" 

110 2.55359 336 ."9 5.582 2063.&5 0.0116 .. 68 0.05373 0.363 0.00537 1.12876 0.9538 

115 2.~1139 3~" .87 5.332 19"7.62 0.0112445 0.05307 0.353 0.00566 1.12130 0.9293 

120 2.28206 355."0 5.096 1862.11 0.01077"4 0.05263 0.3"6 0.00602 1.11 .. 55 0.90&3 

125 2.1650~ 3 &7.95 ".878 1798.92 0.01027~9 0.05237 0.341 0.00 & .. 0 1.108~6 0.8855 

130 2.05925 382.31 ~.&70 1751.5" 0.0097756 0.05229 0.337 0.00679 1 . 10297 0.8677 

1~0 1.87632 "15.43 ~.265 1&83.19 0.0088618 0.05205 0.334 0.00753 1.0935" 0.8502 

150 1.72 .. 25 45 ... 30 3.9~1 1&"0.26 0.008058& 0.05345 0.33" 0.00847 1.08573 O. 8235 

160 1.596"4 498.06 3.636 1&11.56 0.007369& 0.05548 0.336 0.00947 1.07920 0.8009 

170 1 ... 8755 5H.02 3.368 1591.&5 0.0067793 0.05768 0.3"0 0.010~7 1.07367 0.7858 

180 1.39375 597.79 3.137 1579.00 0.0062656 0.05953 0.3~6 0.011"0 1.06891 0.7831 

190 1.31201 655.25 2.9110 1568.17 0.0058285 0.06332 0.359 0.0126" 1.06"78 0.7801 

200 1.24019 711.68 2.748 1560.70 0.005"~57 0.06690 0.371 0.01392 1.06116 0.7741 

220 1.11954 &26.55 2.~9" 15~9,"6 0.00~8163 0.07340 0.391 0.016~1 1.05509 0.7641 

Z~O 1.0219~ ~39.69 2.321 15~1.63 0.004320" 0.07890 o .~08 0.01902 1.05020 0.7555 

260 0.9432" 10"3.22 2.208 1530.98 0.0039~17 0.083~2 0."22 0.02151 1.04&28 0.7~90 

zao 0.87513 11 ~~. 69 2.126 1525.78 0.0035900 0.08699 0.435 0.02 .. 19 1.0"288 0.7393 

300 0.81677 123 ... 52 2.090 1520.99 0.0033190 0.08977 o .~46 0.02682 1.03996 0.7332 

320 0.76612 1316.12 2.075 1516.5~ 0.00308 8 7 0.09191 0.~57 0.02951 1.031~7 0.7277 

3~0 0.721b9 1390.90 2.076 1512.39 0.0028903 0.09358 0.~67 0.03225 1 .03527 0.7227 

360 0.68236 1460.27 2.086 1508.49 0.002717~ 0.09492 o .~77 0.03506 1.03333 0.7182 

380 0.6~727 1525."9 2.102 150~.83 0.0025651 0.09604 0.~87 0.03792 1.03159 0.7H2 

400 0.61575 1586.31 2.121 1501.37 O.002~300 0.09705 0.496 0.0"084 1.0300~ 0.7106 

420 0.58726 16~9.~7 2.141 1"98.12 0.0023092 0.09802 0.506 O. O~ 382 1.02863 0.7075 

440 0.56137 17 09. 90 2.1&1 H95.0~ 0.002200~ 0.09898 0.515 0.04666 1.02136 0.7047 

460 0.537H 1770.~2 2.179 1"92.13 0.0021018 0.09998 o .52~ 0.0~996 1.02&20 0.7023 

.. 80 0.51&07 1831.1~ 2.195 H89.37 0.0020122 0.10102 0.533 0.05313 1.02513 0.7002 

500 0.~9613 1892.59 2.208 1~86.75 0.0019302 0.10213 0.5~2 0.05635 1.02 .. 15 0.698~ 

520 0.~7771 195~.80 2.220 1 ~8" .27 O. 00 185~9 0.10330 0.551 0.05964 1.02325 0.6968 

540 0.~6027 2021.23 2.228 148~.03 O. 001781~ 0.10~52 0.560 0.06307 1.02239 0.6950 

560 0.~44" 5 2085 .12 2.235 1481.62 0.0017175 0.10583 0.570 0.066~9 1.02162 0.&93& 

580 0 . ~2970 2149.55 2.2~1 1479.32 0.001658 2 0.10718 0.579 a.06996 1.02089 0.6927 

600 0."1592 2214 .82 2. 2~5 1~77.1" 0.0016030 0.10857 0.588 0.07353 1.02022 0.6917 

650 0.38509 2380.69 2.249 1~72.13 O. 001480~ o .112ZZ 0.610 0.06266 1.01871 0.6897 

700 0.358S8 2549.77 2.2~9 1~67.&& 0.0013158 0.11605 0.633 0.09226 1.011~1 0.6883 

800 0.31527 2&95.03 2.2~0 1"60.15 0.001206~ 0.12~0~ 0.677 0.11265 1.01530 0.6865 

1000 0.25~07 359~.70 2.218 1"~9.0~ 0.000969" 0.1~029 0.766 0.158~7 1.01232 O. 6 8~6 

2000 0.12914 7391.88 2.050 1"25.15 0.000 .. 913 0.27727 1.176 0.5912" 1.00625 O. 55~6 

3000 0.086&0 11868.64 1.8~3 1416.82 0.000329] 0.39291 1.5H 1.16067 1.00419 0.5520 

~OOO 0 . 06513 17079.76 1.659 1"12.17 0.000 2 ~78 0.52508 1.875 1.90 "83 1.00315 O. 5~~1 

5000 0.05201 25~97.7Z 1. 3~0 140~ .63 0.0001993 0.60192 2.190 3.03385 1.00251 0.~996 

TWO-PHASE BOUNORV 

455 



C - 2b THERHODINAMIC PROPfRT IES Of PARAHYOROGEN 

1600 PSI A ISJBAR 

TEMPERAT URE VOLUHE ISOTHERM ISOCHDRE INTERNAL ENTHALPY ENTROPY CV CP VELOC lTV 
DERIVATIVE DERIVATIVE ENERGY Of SOUND 

lEG. R CU fT IL B CU F T-PSlAILB PS lAI R 8TU/LB BTU/La a TU IL B-R BTU La -R FT /SEC 

30.757 o .19~ 65 4188.10 83.1021 -129.520 -71.648 1.2~317 1.222 1.576 5 00 5 
32 0.19560 40'l'l.'l3 63.0149 -127.807 -6'l.654 1.30672 1.249 1.631 ~979 
34 0 . 19719 3956.13 82.7525 -124.932 -66.510 1.40809 1.290 1.714 ~935 

36 0.1988 3 3808.93 82.2369 -121.924 -63.016 1.50792 1.327 1.7'l5 ~885 

38 0. 20058 36&6.24 81.9018 -118.770 -59.3~~ 1.60718 1.361 1.879 4843 
40 0.202~2 3521.82 81.2735 -115 • .,8 -55.506 1.70562 1. 3QJ 1.960 4795 

42 0.20~3& 3377.83 80 . 4176 -112.054 -51.507 1.80317 1.416 2 . 038 ~745 

44 0.20640 3241.46 79.3887 -108.505 -47.354 1.89975 1.440 2.115 4696 
46 0.20852 3127 . 14 76.2169 -104.636 -43.057 1.99526 1.461 2.165 4656 
46 0. 21076 3005.02 76.9640 -101.052 -3& . 610 2.08969 1.480 2.256 4610 
50 0 . 2 1309 2676.75 75.6563 -97.151 -3".019 2 .1 6359 1.496 2.334 4556 
52 0.21553 2749.24 74.2126 -93.134 -29.277 2.27657 1.5H 2.410 4503 
5" 0.21810 2626.50 7 2 . 6727 -89.003 -2".385 2.36888 1.527 2 ."84 4"48 
56 0.22079 2509.75 71 . 0519 -64.761 -19.3"6 2.46051 1.5"0 2.55 7 4393 
58 0.22362 23 98.36 69.3598 - 60.411 -14.156 2 .55154 1.552 2 . 629 "339 
60 0. 22.56 2287.86 67 . 6029 - 75 .957 -8.826 2 .64192 1 . 562 2 . 701 "282 

62 0.22969 21 82.05 65.7865 -71.404 - 3.352 2.73166 1 . 571 2.772 4224 
61t 0.23295 2079.54 63.9238 -66.755 2 . 26" 2.82080 1 . 579 2.842 4165 
66 0. 2 3.37 1981.93 62. 0302 -62.012 8.018 2.90934 1.586 2 .911 4106 
68 0.23995 1888. 6~ 60.1225 -57.182 13.910 2.99727 1 . 592 2.97'l 4047 
70 0.2~370 179<J.<J5 58.2112 -52.270 19 . 934 3.08458 1.595 3 . 045 3 <J8<J 
75 0. 25 3<J0 1595.42 53.4789 -39 •• 5<J 35.566 3.30024 1 . 602 3.207 3846 
80 0. 2 .533 1427.06 46.86<J8 -26.626 51.984 3.51211 1.610 3.355 3712 
65 0 .2760 4 1269 . 05 44. "672 -13.471 68 . 9 05 3.71710 1 . 629 3.496 35 79 
90 0.29202 1177.46 40.3642 0.164 66.682 3.92030 1.643 3.610 3462 
95 0.30726 1089.61 36.6162 13.931 104.965 4 . 11798 1.657 3.701 33 56 

100 0.32369 1026.41 33. 24<Jft 27.639 123.741 4.31062 1.670 3 .760 3272 
105 0.34117 961 . 49 30.2599 41 . 556 142.635 4."9496 1.682 3.793 3202 
110 0.35951 953.32 27.6220 55.115 1.1.630 4.67171 1 .696 3 .603 31., 
115 0. 37657 936.16 25 . 3061 68."ao 180.643 ".ft"O 75 1.713 3 . 601 3102 
1 20 0. 39616 931.91 23.2616 61 . 633 199.597 5.00209 1.735 3.783 3069 
125 0.41809 936.19 21 .5067 9".576 218.445 5.15597 1.760 3 .755 3045 
130 0.43623 H9.52 1 9 . 9602 107.332 231.168 5.30284 1.791 3.730 3027 
140 0.47872 965.56 17.4086 132.436 274.270 5.57761 1.864 3.691 3 007 
150 0.51911 1030 . 79 15.4279 157.2<J4 311.095 5.83188 1.953 3.681 30 00 
160 0. 55931 1081.70 13.8525 162 . 255 347.966 6. 06983 2.053 3 . 697 3004 

170 0.59919 1136.71 12.5740 207.566 385.094 6.29490 2.1 60 3.732 3016 
180 0.63869 1194.61 11.5156 233.402 422.630 6.50944 2.269 3.77 <J 3036 
190 0.67778 1254.59 10.6262 260.464 461.274 6.71626 2 . 3<J7 3.852 3056 
200 0 .7164 7 1315 . 70 9 . 6710 287.744 500 .0 17 6.91667 2.499 3 . 907 3 067 
220 0. 79279 1438.31 6.6485 3"4.26<J 579.154 7.29395 2.679 ~. 010 3156 
240 0 . 66761 1560.76 7.7056 ~03.029 660.141 7.64605 2. 61~ 4.087 32ftl 
260 0.94160 1;81.90 6.9539 463.316 742.290 7.97496 2.90" 4.131 3329 
280 1 . 01445 1601. <J6 6 .3411 524.456 625.015 6.26141 2 .950 4 .141 3423 
300 1 . 08364 Bl0.32 5.836" 565 •• 34 90 ••• 91 8.56339 2 .963 4.127 3511 
320 1 . 15480 2027.<J5 5.3 8 93 646.524 988.665 6.62807 2 . 951 4 .08 2 3605 

340 1.225"3 2144 .42 5.0255 706.742 1069.806 9.07368 2.922 4. 035 3704 
360 1.29560 2259 .85 4 .7096 766.086 1149 . 943 9.30zr<J 2. 684 3 . 982 3802 
380 1.36536 2374.40 4 .4325 624.450 1226.982 9.51647 2.640 3 . 926 3699 
400 1.43463 2 46 8 . 16 4.1674 661.603 1306.910 9. 716" 2 2.796 3 . 671 3995 
420 1.50399 2;01 . 23 3.9689 938.176 1383.77" 9.9 039 2 2.754 3.819 "088 
440 1.57290 2713 . 70 3 .77 27 993.644 1"59 . 657 10.08046 2.715 3.77 2 "179 
460 1 . 64158 2825 . 63 3 . 5956 1048 . 261 1534 . 645 10.24715 2 . 680 3 .730 426 9 
480 1.71008 2937.07 3 .4 349 1102.188 1608.844 10.40482 2.649 3.693 4356 
500 1. 77840 3048.09 3 . 2883 1155 . 453 1662.350 10.55501 2.622 3 .66 0 4440 
520 1.64.56 3158.72 3.1540 1206.166 1755.260 10.696 12 2 .599 3 .633 4523 

540 1.916"7 3278.10 3 .0 276 1261.054 1626.660 10.63635 2.580 3 . 6 0 7 4606 
560 1.96" 2 6 3367.58 2 .9136 1312.619 1900 . 709 10.96651 2.564 3 .567 "666 
580 2.05194 349&.79 2.8062 1364.311 1972.251 11.09189 2 .550 3 .570 4762 
600 2.11952 3; 05.75 2 . 7103 1415 . 554 20"3.517 11.21276 2 .53S 3.555 4837 
650 2 . 268 11 3H7.23 2.4936 1542.596 2220.511 11.49638 2 .5 18 3.528 50 17 
700 2 .45630 4147.67 2.3100 1668.751 239&.493 11.75747 2.505 3.511 5190 
6 DO 2.79178 4666.33 2 . 0144 1919.406 2746.545 12.22522 2.495 3.49 5 5515 

10 DO 3 .4.0.3 5756.39 1.6056 2416.956 3444.260 13.00320 2. "93 3."86 6 106 
200 0 6 . 79258 11090 . 19 0.8001 4966.976 6961 . 460 15.44763 2 .645 3.632 8399 
3000 10 . 12056 16414. 01 0 . 5332 7755.246 10753 . 736 16.96371 2.923 3.90 9 10084 

4000 13.45197 21737.01 0.3<J99 10834.618 14620.123 16.32715 1.233 4 . 226 11474 
5 000 1 6 . 8H19 21059 . 90 0 .31 99 14402.649 19391 . 016 20.17679 3.974 5 . 033 12 599 

TWO-P HASE 80UNORY 

456 



THERHOOYNAHIC PROPERTIES OF PARAHYO~OGEN C-Zb 

1 &00 PSIA ISOBAR 

TEHPERAT URE OENSIfY V (OH/OVlp VIOP/OUI
V 

-VIOP/OV'T IOV/OT\fVCON6~~~~eiTY VISCOSITY THERHAL DI ELE CTRI C PRANOTL 
OIFFUSIVlTY CONS TAN T NUHBER 

JEG. R LB/CU FT BTU/LS PSlA-CU FT/BTU PSIA 1/0EG. R BTU/FT-HR-R La~F ~~~E C SQ FT I HR 

30. 157 5.13 7 32 406.5& 13.23& 21515.&4 0.0036624 0.06290 2.112 0 . 00776 1. 21022 1.9613 

32 5 . 112 4 1 411.10 12.996 209&0.50 0.0039&05 0.0650& 2.011 0. 00160 1. 2&6 6 1 1.8144 

34 5 . 01126 415.10 12.641 20072.&8 0.004122& 0.0&710 1.797 0.00779 1. 26&47 1.&31& 

36 5 . 02951 416.12 12.322 19157.0& 0.0042926 0.01006 1.&26 0.00176 1 . 2&410 1.4994 

36 4 . 965&5 419.26 12.073 18276.&1 0.0044607 0.07267 1.465 0. 0077& 1. 2&1&1 1.3617 

40 4 .9 4022 419.53 11.631 17398.56 0.0046713 0.01470 1.367 0. 00772 1 . 259 0 4 1.2906 

42 4 . 69331 416.92 11.& 03 1&526.75 0.0048&53 0.07&27 1 . 2&7 0 . 007&5 1. 25&39 1.2169 

44 4 . 64 5 02 416.32 11.381 15704.95 0.0050550 0.07744 1.162 0. 0015& 1. 253&6 1.1617 

4& 4 . 79559 418.96 11.161 1499&.51 0.0052151 0.07627 1 . 106 0 . 00141 1. 250 66 1.1138 

48 4.74481 418.2" 10.966 1 .. 258.25 0.005399] 0.07880 1.0,.4 0 . 007]~ 1. 24 80 2 1.0771 

50 4 . 69 2 ~4 41&.49 10.765 13500.44 0.0056040 0.01910 0.986 0 . 00122 1. 24510 1. 0491 

5 2 4.&39 1 1 414.16 10.561 12155. &1 0.0056160 0.07919 0.931 0.00108 1 . 2 4212 1.0269 

54 4. 565 0 9 411.59 10.377 12042.12 O. 006034& 0.07911 0.692 0 . 00695 1 .239 0 6 1. 0066 

56 4.52914 409.10 10.165 113&&.99 0.00&2507 0.07855 0.652 O. ao &18 1. 2 3593 0.9961 

56 4.41166 40&.56 9.994 10725.12 0.0064&70 0.07769 0 . 815 0.00&&2 1 . 23213 0.9699 

&0 4. 4 133& 403.47 9.801 10097.14 0.0066953 0.07715 0.781 0.0 0 641 1.22947 0.9641 

&2 4.35365 400.34 9.619 9499.66 0.00&9250 0.01&36 0 . 150 0 . 00633 1.226 1 4 0.9797 

64 4 . 292 1 4 396.94 9.433 692&. '11 0.0071608 0.01552 0 . 721 0 . 00619 1. 222 1 6 0.9767 

66 4 . 23068 393.56 9.24& 6384.89 0.0073919 0.074&3 0.&94 0 . 00606 1.219 3 2 0.9748 

&8 4 . 16152 390.01 9.064 1670.92 0.007&36& 0.07370 0.669 0 . 00594 1 . 2 156 2 0.9736 

70 4.10333 386.30 6.692 7365.19 0.0016815 0.01275 0 . 646 0 . 00562 1.2122 6 0.9131 

75 3 . 93853 376.84 8.414 6263.60 0.0065109 0.01026 o . 594 0 . 0055& 1. 2 032 1 0.9154 

60 3 . 76664 369.26 6.054 5316.31 O. 0090663 0.06176 0.549 O. 00536 1.19391 0.9781 

65 3 . 59665 364.46 7.566 4636.27 0.0095912 0.0&531 0.510 0 . 00520 1.18453 0.9623 

90 3.424 4 2 360.60 7.113 4032.12 0.0100101 0.06313 0 . 477 0 . 00511 1.17520 0.9627 

95 3.25455 356.38 6.191 354&.20 0.0103260 0.06120 0.450 0 . 00506 1.166 04 0.9161 

100 3.069 3 7 358.60 6.443 3170.95 0.0104858 o . 05951 0.426 0 . 00513 1.15116 0.9689 

105 2 .93113 360.60 &.139 2616.61 0.0105163 0.05616 0.401 0 . 00523 1.14514 0.9565 

110 2 . 16154 3&5.04 5.657 2&51.70 0.01041&1 0.05715 0 . 392 O. 00540 1.1407 9 0.93 9 2 

115 2 .6 41 4 9 371.41 5.593 2472.92 0.0102333 0.05641 0 . 360 0. 00 5&2 1.1333 9 0.9214 

120 2 .5 11 56 380.36 5.344 2340.56 0.0099470 0.0556& 0.31 0 0 . 00 568 1.12 &5& 0.9032 

125 2. 3 9165 391.60 5.106 2244.01 0.0095650 0.05548 0.3&3 0.00 &1 6 1 . 120 26 0.6651 

1 30 2 . 26193 404.94 4.865 216&.74 0.0092121 0.05527 o .356 0 . 0 0 &4 9 1.1145" 0.6697 

140 2 . 06B a 436.50 ... 471 2056.1 .. 0.008 .. 5&0 0.05"60 0.352 0. 00 711 1.10"51 0.6529 

150 1 . 92636 H3.82 ... 101 1985. &8 0.007769& 0.05599 0 . 35 0 0 . 0 0189 1.09&11 0.627& 

1&0 1.167 91 516.21 3.773 1933.99 0.0071627 0.05764 0 . 350 0 . 00 815 1 .06699 0.8060 

170 1 . 66692 5&3.08 3.,,66 1691.01 0.006&261 0.05966 0 .353 0.0 0961 1.08290 0.791" 

160 1 . 56571 613.H 3.2 .. 1 1670.41 0.00&1561 0.06131 0.35& 0. 0103& 1 .077&4 0.1902 

1 9 0 1 . 415~1 & 70.63 3.006 1651.0~ 0.0057"16 0.0&"91 0.3&9 0. 01143 1 .0130 5 O. 1815 

200 1 . 395 13 72&.86 2.830 163&.3& 0.0053153 0.066"3 0.380 0 . 01255 1.069 01 0.781& 

2 Z0 1 . 26136 641.25 2.560 1814.23 0.0041&10 0.01"&8 0.399 0.01 .. ,& 1.0&222 0.7115 

240 1 . 15233 954.00 2.31& 1196.51 0.00428 .. 5 0.07998 0.415 0 . 01&98 1 .05&7 .. 0.7&2& 

2 60 1 .0&202 10&1.07 2.Z55 178&.22 0.0036931 0.06 .. 34 0.426 0. 0 1 922 1.05Z21 0.154 .. 

280 0. 96516 1159.88 2.181 111&.31 0.0035&96 0.06716 0 ..... 0 0.02151 1.0"6 4 0 0.14&1 

300 0 . 92262 1246.08 2.135 1762.66 0.0033119 0.09041 0 . 451 0. 02376 1.0 .. 52& 0.7401 

3 2 0 0 .6&595 1330.22 2.109 1156.10 0.0030689 0.09254 0 . 4&1 0.02616 1.04243 0.1321 

340 0.81604 1405.20 2.106 17 .. 9.93 0.0028716 0.09416 0 . 41 1 0.0285Q 1.03995 0.7 2&6 

3 &0 0.7718" n 14.74 2.11& 1744.25 0.0027001 0.095"& 0 . 461 0.0310& 1 .0 3 77 5 O. 1216 

380 0 .13239 15 .. 0.11 2.131 1139.00 0.0025"69 0.09655 o ... 90 0 . 03358 1.0 356 0 0.7171 

400 0.&9&~5 1&03.06 2.1"9 173 ... 11 0.00241 .. 7 0.09155 0."99 0.03&1& 1 .03 4 05 O. 11 32 

420 0.&6490 1&64.3& 2.161 1729.55 0.00229'" 0.09650 0.506 0.03619 1.032 " & 0.1097 

4 4 0 0 . 63571 1724.91 2.186 1725.29 0.00216&7 0.09945 0 . 518 O. 04141 1 . 031 0 2 O. 70& 7 

460 0.60911 17 65. 5& 2.203 1721.28 0.0020869 0.100 .... 0.521 0.0"421 1.0291 1 0.10"1 

480 0.56417 1646.40 2.218 1711.51 0.0019999 o.t OH6 0.53& 0.04&99 1. 026 5 1 0.1018 

500 0 . 56230 1907.9& 2.231 1113.95 0.0019165 0.10259 0.545 0.0 .. 98 .. 1.0 274 0 O. &998 

5 20 0.54155 H 10. 29 2.2"1 1710.&0 0.0016"36 0.10376 0.55 .. O. 05214 1 .02 &36 0. 6 960 

540 0.52179 2031.12 2.2"9 1110."8 0.0017700 0.10498 0.5&3 0.05516 1 . 025 41 O. &9&1 

5 &0 0.50331 2101.&6 2.255 1701.23 0.00170&1 0.10&29 0.572 0 . 05660 1.02 .. 5 .. 0.69 .. , 

580 0 ... 611 .. 21&&.16 2.2&0 110".14 0.001&"'9 0.107&4 0 . 561 0 . 0&181 1.02372 0.&935 

600 0.47181 2231.51 2.263 1101.21 0.0015932 0.10904 0.590 0 . 0&500 1.0229 6 O. &92 .. 

6 5 0 0. 43104 2391.5" 2.2&& 1694.51 0.001"711 0.11270 0 . &12 0 . 0 7 306 1.02 125 0.&903 

7 00 0 . .. 0712 256&.1& 2.2&5 1666.5'1 0.0013&80 0.11&5 .. 0 . &35 0 . 06153 1.0197 9 0.6666 

600 0.35619 2312.26 2.254 1616.&2 0.0012000 0.12458 0.660 0. 09952 1. 01740 0.&667 

1000 0. 2889& ];12.2& 2.229 1&&3.97 0.0009&50 0.14095 0.769 0. 13993 1.01"0 2 0.&6 4 & 

2 000 0 . 1 .. 722 '''10.61 2. 055 1&32.&9 0.000"901 0.21127 1.163 0. 5 186 1 1.0071 2 0.5519 

3 000 0 .09861 11666.21 1.64& 1621.65 0.0003266 0.39266 1.551 1 . 0172& 1.00"16 0.5557 

4 000 0.07"34 11076.39 1.664 1615.90 0.0002475 0.52360 1.668 1.6&722 1 .0035 9 0.5484 

5000 0.05940 25265.2& 1.355 1&07.25 0.0001991 0.7699" 2.206 2 . &423" 1.00267 0.5059 

TWO-PHASE BOUNDRY 

4,7 



C-2b THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN 

1800 PSI A ISOBAR 

TEMPERA TURE VOLUME IS OTHERH ISOCHORE INTERNAL ENT HALPY ENTROPY CV CP VELOC ITY 
DERIVATIVE OERIVATIVE ENERGY OF SOUNO 

OEG. R CU FTILS CU FT-PSIA/LB PSIA/R BTU/LB BTU/LB BTU/LB-R BTU I LB -R FTISEC 

31.418 0.19338 4351.08 83.8912 -128.921 -&4.4&& 1 . 24953 1.234 1.58& 5090 
32 0.19 380 4310.85 83.8715 -128.131 -&3.536 1. 2 7887 1.246 1. &1 0 5078 
34 0.19530 4172.71 83.7055 -125.329 -60 . 235 1.37889 1.287 1. &90 5038 
36 0 . 19OS£> 4034.74 83.3840 -122.391 -5£>.775 1.4777& 1.324 1.7£>9 .. 998 
38 0019850 3397.2 .. 82.9083 -1 19.322 -53.1&0 1.57549 1. 357 1.8,,6 "956 
"0 0.20019 37 49.45 82 . 518 .. -116.129 -49 . "03 1.67181 1.388 1.927 4911 

.. 2 0.20200 3009.66 81 . 7888 -112.801 -45."73 1.7676'1 1."14 2.002 .. 86& .... 0 . 20389 3"67.10 80.8603 -109.353 -41.393 1.86257 1 . .. 38 2.077 .. 816 
"6 0.20586 33"6.85 79.7912 -105.791 -37.17" 1.9563 .. 1 ... 60 2.147 4715 
.. 8 0.20193 3223.83 18.595& -102.115 -32 . 808 2.0"925 1."19 2.216 4130 
50 0.21009 3105.82 77.3395 -98.331 -28.305 2 .14115 1 ... 98 2.285 .. &85 
52 0.2123" 2983.28 76.031'1 -94."3'1 - 23.6£>" 2 . 23216 1.515 2.35£> .. 636 
5 .. 0.21"69 286".70 14.61"5 -90 . .... 2 -18.88" 2.32236 1.529 2 ... 25 .. 588 
56 0.21715 27"6.'19 73.10"8 -86.3"0 -13.%3 2."118 .. 1.5"3 2 ... 9 .. .. 536 
58 0.21971 2633.67 71. 5213 - 82.1"0 -8 . 908 2 .5 00 5" 1.555 2.562 .... 8 .. 
60 0.222H 252".49 69.8'101 -77.8"2 -3.117 2 . 58853 1.565 2.629 .... 32 

62 0.22519 2"17 . 80 68.2003 - 73."52 1.607 2 .6 7580 1 .515 2.69 5 .. 318 
6 .. 0.22811 2317.22 66 ... &17 -68.'171 7.061 2.7623'1 1.583 2.75'1 .. 325 
66 0.23116 2218.64 6".686" -6 ..... 07 12 . 6"2 2.8 .. 825 1.591 2.823 4270 
68 0.23 .. 3 .. 2124. 89 62 . 8840 -59.761 18.3"8 2.933"2 1.591 2.88" .. 216 
70 0.23766 2035.00 61.0691 -55.0"2 2".173 3.01785 1.602 2.943 .. 162 
75 0.2"658 1831.5 .. 56 . 5 .. 7 .. -42.9"9 39 . 239 3.2256 '1 1.610 3.084 .. 032 
80 0.256"7 1646.13 52 . 1257 -30 . 469 55.016 3.4293 0 1.618 3.227 3899 
85 0.26736 1504.27 47.8801 -17.872 71.242 3 . 62586 1.638 3.353 3777 
90 0.27925 1381.02 43.8632 -4.781 88.294 3 .8 2078 1.653 3.4&3 3662 
95 0.29211 128".46 40.1473 8,"70 105.83" ".010"2 1.666 3.550 3561 

100 0 . 30590 1205 ..... 36.7536 21 . 913 123.81" ".19551 1.680 3.621 3410 
105 0.32057 11"8.50 33.693" 35.2"1 1" 2 . 092 " .3 7328 1.691 3.666 3397 
110 0.33.00 1107.68 30 . 9501 .. 8 ... 99 1&0. "92 ... 5 ...... 7 1. 105 3.693 333 .. 
115 0 . 35207 1080.56 28.5068 61.649 179.000 ".10901 1.122 3.108 3283 
1 20 0 . 36867 1064.63 26.3392 74.613 197 . 554 ... 86695 1.7 .... 3.712 32 .. 0 
1 25 0.38567 1058.01 24 . .. 189 81.566 216.115 5.01849 1.110 3 .111 3205 
130 0 . "0298 1059.81 22.7166 100 . 3"1 234.658 5 .1 6395 1.800 3.104 3178 
1 .. 0 0.43806 1082 . 20 19.8688 125.610 2 7 1 . 621 5,"3788 1.873 3.688 3142 
150 0."7335 1118.85 17.6220 150.718 308 . 489 5 .692 24 1.961 3.689 3122 
1 60 0.50860 1163.52 15 . 8237 175.9"9 3 .. 5 ... 71 5.93091 2 .0 61 3.710 3115 

170 0.5"371 12 12."1 1".3603 201.537 382.760 6.15695 2.167 3.150 3118 
180 0 . 57858 1265 . 39 13.1482 227.642 .. 20 ... 87 6.37258 2.216 3.800 3129 
1 90 0.61321 1320.£>2 12.1259 25 ... 970 "59.358 6.5826" 2 ... 03 3.816 31 .. 1 
200 0.6"756 1378.86 11.2560 282 .5 05 .. 98 . 3 .. 5 6.782"8 2 .505 3.932 3166 
220 0.715"6 1"97.35 9.8"87 339.500 577.971 7.16188 2.68 .. ...035 3229 
2 .. 0 0.78232 1517.39 8 .7621 398.682 659."38 7.51608 2.820 ".111 3305 
260 0.8,,816 1737.03 7 . 8979 "59.3H 742 . 048 7.84685 2.909 4.153 3389 
28 0 0 . 91318 1856.66 7 01934 520 . 827 825.201 8.15487 2.956 " . 1£> 1 3480 
3 00 0.977"6 1975.03 6 .6072 582.393 9 08.191 8 .4 "128 2 .968 " .142 3513 
320 1.0"109 2092.07 6.1123 6"3. 590 990 . 599 8. 70731 2.95£> 4.102 3668 

3 .. 0 101010 .. 219".66 5.6962 703.972 1070.960 8.95061 2.926 ".055 3753 
360 1.1636" 2310.31 5 .32"1 763.50& 1151.360 9.18050 2.8 87 3.995 3& .. 8 
380 1. 22588 2"25 .09 5.008" 822.038 1230.636 9.39"83 2.84" 3.931 39~" 
.. 00 1. 28 780 2539.08 ".7294 H9.5"3 1308 . 782 9.59533 2 .800 3 . 88 2 .. 039 
.. 20 1 .3"945 2&52."0 .. . .. 809 936 . 055 1385.844 9.78331 2.757 3.829 4131 
.... 0 1 . "1087 27 65.09 ... 2580 9'11.650 1"61 . 9 09 9 . 96 0 28 2. T 17 3.781 .. 222 
.. 60 1.47208 2877.25 ".0570 1046."03 1537.0£>4 10.1273" 2 . 682 3.138 4310 
.. 80 1 . 53310 2988.91 3 . 87"& 1100 ... 11 1611.418 10.28 534 2 .651 3.700 439& 
500 1 . 59396 3100.1 .. 3 .7083 1153.781 1685.068 10.43582 2.62" 3.668 4 .. 80 
5 20 1.65"68 3210.98 3.5562 120 6 .587 1758.110 10.57919 2. & 01 3.639 4562 

540 1.71133 3332.78 3. .. 127 1259.£>27 1832.031 10.71788 2 . 582 3.613 4&"8 
560 1.77767 3 .... 2 .3 .. 3 .28 36 1311."78 1903.995 10.848 25 2 . 566 3.592 4125 
580 1.83791 3551.61 3.1643 1363.0"8 1975.6" 3 10.91382 2.552 3 .515 4801 
600 1.89805 3&&0.&3 3.0536 141 ... 364 2047 . 00& 11.09 .. 85 2 . 5 "0 3.5&0 .. 575 
650 2 . 0"808 3932.23 2 . 8087 15"1 . 5&6 222".213 11.37881 2 .519 3.532 5 05 .. 
700 2 . 19770 .. 202.75 2 . 6011 1667.850 2400.370 11.6"016 2.501 3.515 5225 
800 2 . "9611 .. 7 .. 1 . .. 8 2 .2675 1918.709 2750.&93 12 . 10828 2 ... 9& 3 ... 97 5541 

1000 3 . 09089 5813.50 1 . 8069 2"18.522 3"48.750 12.8866" 2 . "9" 3."87 &137 
2000 6.05293 111 ..... 52 0.9000 .. 9&8.955 6986 ... 6 .. 15.331 "1 2.6"5 3.632 8 .. 19 
3 0 00 9.01117 16"67.82 0.5998 7755.291 10758.811 16 . 8"1 58 2. 923 3. 9 09 1 0101 

.. 000 11.97222 21790 . 49 0 ..... 99 10833.099 1"823.573 18.21058 3.228 ... 221 11 .. 89 
5 000 1".9775 9 27113.16 0.3599 1"383 . 715 19375.915 20 .0 5822 3.9 38 .. . 99 3 1 2618 

TWO-PHAS E BOUNORY 
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THERMODYNAMIC PROPERTIES OF PARAHYOROGEN C- Zb 

1800 PSIA ISOBAR 

TEHPERATURE OENSITY V, OH/OVlp V, OP/OUly -V'OP/OVIT '0 V 10 T lp'V C ON~ ~~ i~ ~~ TV 
VISCOSITY THER~Al OIELECTRIC PRA NOTl 

OIFFUS IVITY CONSTANT NUHBER 

OEG. R lB/CU F T BTU/lB PSIA-CU FT IBTU PSIA 1/0EG. R BTU/FT-HR-R lB/FT-SEC SQ FT/HR 
X 10 5 

31. ~ 18 5.17125 ~25. 32 13.H8 22500.51 0.003728~ 0.06503 2 . 228 0.00793 1.27216 1.9559 

32 5 .15997 ~26.66 13.041 222~3.88 0.0037705 0.06603 2.149 0.00795 1.27151 1.8856 

3~ 5.120~6 ~31.50 12.699 21366.16 0.0039177 0.06861 1.914 0.00795 1.26926 1.6933 

36 5.07973 ~34.88 12.397 20~95.39 0.0040664 0.07130 1.727 0.0079~ 1.26695 1.5~27 

38 5.03779 ~37.19 12.126 lq633.~9 0.00~2ZZ6 0.0740Z 1.574 0.00796 1.26457 1.4129 

~O ~.9952~ ~3 7. 3~ 11.903 187Z9.~0 O. 00~4058 0.07620 1.~41 0.007n 1.26216 1.3176 

~Z ~.95054 437.50 11.661 17869.77 0.0045769 0.07788 1.3~0 0.00786 1.25963 1.2403 

~~ ~.90~56 ~36. 64 11.461 17004.63 0.0047552 0.07916 1.248 0.00777 1.25703 1.1793 

46 4.85756 437.38 11.251 16257.59 0.0049079 0.08009 1.170 0.00768 1.25437 1.1286 
~8 ~.80'l21 437.10 11.046 15504.11 0.0050693 0.08071 1.101 0.00757 1.25165 1.0882 

50 ~.75'186 ~3 6.78 10.6~7 14783.28 0.005231£> 0.08110 1.0~1 O. 00 7~6 1.2~667 1.0559 

52 4.70947 ~35.35 10.659 1404'1.£>9 0.005411£> 0.08128 0.988 0.00733 1.24£>03 1.0307 

5~ 4.£>5795 433.£>1 10.477 133~3. 61 0.0055916 0.08126 0.940 0.00720 1.24314 1.0097 

5£> 4.£>0522 431.55 10.291 12650.~7 0.0057766 0.08060 0.897 0.00704 1.24018 0.9972 

58 4.55145 ~29.36 10.107 11987.0~ 0.0059£>71 0.06021 0.859 0.00068 1.23717 0.9674 

£>0 ~. 49£>60 ~26.9~ 9.929 11351.£>1 0.00£>15£>8 0.0795~ 0.823 0.00673 1.23~11 0.9795 

62 •• 44071 42~. 29 9.750 10736.73 0.0063521 0.07883 0.791 0.00659 1.23099 0.9736 

6~ 4.38379 421.&8 9.575 10158.22 0.0065427 0.07805 0.761 0.00645 1.22HZ 0.9686 

66 ~.32598 H8.82 9.398 9597.77 0.0067397 0.07723 o .734 0.00£>32 1.22461 0.9652 

68 ~.2£>726 ~15.87 9.226 9067.~£> 0.0069351 0.07638 o .708 0.00621 1. 22135 O. 962~ 

70 ~.20770 ~12. 68 9.062 8562. £>5 0.0071320 0.07549 o . 68~ 0.00610 1.21805 0.9601 

75 ~.05547 ~ 0 5.07 8.663 7427.76 0.0076130 0.07319 0.631 0.00585 1.20964 0.9568 

80 3.89904 397.31 8.261 6~16. 32 0.006121~ 0.07064 0.585 0.00563 1.20104 0.9592 

85 3.7~031 394.00 7 .81~ 5626.~3 0.0065096 0.06855 0.545 0.00547 1.19235 0.9605 

90 3.58108 390.45 7 .~12 ~9~5.54 0.0066692 0.06639 0.511 0.00535 1.18368 O. 960~ 

95 3.42338 366.77 7.039 4397.21 0.0091302 0.064~1 0.482 0.00530 1.17514 0.9571 

100 3.26900 388.27 6.694 39~0.56 0.0093270 0.06272 0.~58 0.00530 1.16682 0.9516 

105 3.119.2 389.78 6.389 3582.66 0.0094046 0.06130 0.437 0.00536 1.15879 0.9412 

110 2.97618 393.41 6.100 3296.66 0.0093883 o • 06026 0.420 0.00548 1.15114 0.9268 

115 2.8~031 399.17 5.827 3069.11 0.0092883 0.05947 0.406 0 .00 565 1.14391 0.9112 

120 2.712.5 .. 0 7. DO 5.567 2887.77 0.0091210 0.05885 0.395 0.00584 1.13714 0.896~ 

125 2.59287 416.85 5.320 2743.28 0.0089014 0.05840 0.386 0.00607 1.13083 0.8826 

130 2.~8153 ~2 8.80 5.085 2629.95 0.008&376 0.05809 o .n9 0.00£>32 1.12498 0.8£>97 

140 2.28278 456.58 4.646 2470.43 0.0080~27 o • 0 5745 0.370 0.00£>82 1 . 11~58 0.85~£> 

150 2.112;2 .9~.78 4.253 23£>3.70 0.0074553 0.05845 0.3£>5 0.00750 1.10574 0.8301 

160 1.9&018 53&.37 3.905 2287.£>9 0.00691£>9 0.0£>014 0.3£>4 0.00825 1.09817 0.8089 

170 1.83923 582.28 3.603 2229.91 O. 006~396 0.06205 o .3£> 5 0.00900 1.09163 0.7949 

180 1.72838 632.09 3.343 2187.08 0.00&0118 0.0£>316 0.367 0.00962 1.0859~ O. 795~ 

190 1.63077 & 68. 32 3.095 2153.£>3 0.005&305 0.0£>&70 0.379 0.01055 1.08096 0.7935 

200 1.54425 743.64 2.910 2129.30 0 . 00528£>2 0.07004 0.390 0.01154 1.07&55 0.7880 

220 1.39770 857.46 2.£>25 20'12.85 0.00~7059 0.07606 0.407 0.0 1349 1.06911 0.7752 

240 1 .27625 969.94 2 .4 31 2067.43 0 .0042382 0.08117 0.422 0.01545 1.0£>307 0.7£>91 

200 1.17902 1076.87 2.303 20~7.99 0.00H5&4 0.08535 0.~34 0.01743 1.05806 0.7&05 

280 1.09507 1175.9£> 2.223 2033.18 0.0035380 0.06866 0.~45 0. 0194£> 1 .05387 0. 7522 

300 1.02306 1266.5~ 2.176 2020.57 0.0032700 0.09125 0.45£> 0.02154 1.0502£> O. 7~44 

320 0.9£>0;3 1348.73 2.153 2009.49 0.0030417 0.09324 0.465 0.023£>6 1.04714 0.7371 

340 0.90823 1418.82 2.143 1993.27 0.0028577 0.09480 0.475 0.02574 1.0~~53 0.7312 

3&0 0.85937 H69.74 2.14£> 1985.42 0.002£>61£> 0.09606 0.~8~ 0.02798 1. 0~210 0.72~9 

380 0.81574 1555.20 2.159 1976.25 0.0025317 0.09711 0.493 0.03024 1.03993 0.7200 

~OO 0.77&52 1£>16.25 2.175 1971.&4 0.0023987 0.09808 0.502 0.03254 1.03799 0.7157 

420 0.7H04 1679.&2 2.193 19£>5.53 0.0022797 0.09901 0.511 0.03469 1.03£>23 0.7120 

4~0 0.70878 17~0.25 2.211 1959.85 0.0021726 0.09994 0.520 0.03729 1.034£>3 0.7087 

~£>O 0.67931 1600.98 2.227 195~.55 0.OOZ0757 0.10092 0.529 0.03974 1.03317 O. 7058 

.. 80 0.65227 1861.90 2.241 19~9.58 0.0019874 0.10196 0.538 0.04224 1.03184 0.7033 

500 O. £>2737 1923.55 2 . 253 1944.93 0.00190&7 0.1030& 0.547 0.0447 9 1.03001 0.7011 

520 0.£>0~35 1985.97 2.2£>2 19~0.54 0.001632£> 0.10423 o . 55£> 0.04739 1.02948 0.£>993 

540 0.56230 205~.~8 2.Z70 1940.£>8 0.0017585 0.10545 0.5£>5 0.05012 1.02839 0.6972 

560 0.5&253 2118.49 2.275 193&.43 0.001£>957 0.10075 0.574 0. 05283 1.02742 0.6957 

580 0.54410 2183.04 2 . 279 1932.42 0.001&375 0.10810 0.583 0 . 05558 1.02£>51 O. &943 

& 00 0.52&86 2246.42 2.282 1928 . £>2 0.0015833 0.10951 0.592 0.05639 1.0256£> 0.6932 

£>50 0.4882£> 2414.5£> 2.283 1919.9£> 0.001.£>29 0.11318 0.615 0 .0£>5& 2 1.02377 O. £>909 

700 0.45502 2;83.89 2.281 1912.33 0.0013602 0.1170. 0.&38 0.07319 1.02213 0 . 6892 

800 0 •• 00&2 2929.59 2.267 1899.54 0.0011937 0.12512 0.£>83 0.08930 1.019" O. £>870 

1000 0.32353 3629.67 2 . 240 1880.85 0.0009£>07 0.141£>0 0.772 0.12551 1.01570 0.6847 

20 00 0.1 6521 7~29.30 2.059 1841.18 0.0004868 0.27727 1.190 0.4£>211 1. 00600 0.5£>11 

3000 0.11097 11907.92 1.849 1827.49 0.0003282 0.3928£> 1.5£>2 0.90571 1.00537 0.5593 

.0 00 0.083>3 17077.19 1.£>£>8 1820.09 0.0002472 0.52273 1.901 1 . 482£>5 1.00404 0. 5527 

5000 0.06677 25113.08 1.369 1810.25 0.0001988 0.78002 2.221 2.33988 1.00323 0.5118 

TWO-PHASE BOUHDRY 
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C-2b T~ERMODYNAMIC PROPERTIES OF PARAHYOROGEN 

2200 PSI A ISOBAR 

TEMPERA TURE ~OLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTRO PY CV CP VELOCITY 
DERIVATI VE OERIVATIVE ENERGY OF SO UND 

JEG . R CU nlLB CU "T-PSIA/LB PSIA/R BTU/LB BTU/LB BTU/LB-R BTU / LB -R FTIS EC 

32.702 0.19099 4666.46 85.4522 -127.6"0 -"9.834 1.26196 1 . 255 1 .6 00 5 251 
34 0.19187 4580.94 85.4328 -125.887 -47 . 723 1 . 32525 1 . 281 1.650 5229 
36 0.19327 4449.10 85.2746 -123.082 -44.347 1.42172 1. 3 18 1. 725 5194 
38 0 . 19473 4317.55 84.9648 -120.154 -40.824 1.51696 1. 352 1 .798 5158 
40 0 . 19Ho 4186.40 84.5107 -117.108 -37.156 1.61101 1. 383 1 .86 9 5 121 

42 0.19785 4056.08 83.9206 -113.946 -33.348 1.70390 1.410 1 . 9 38 5083 
44 0.19949 3914. er 83.5199 -110.675 -29.409 1.79551 1 . 435 2.013 5044 
46 0.20122 3785.04 82.6478 -107.288 -25.316 1 . 88649 1.4 5 8 2 .080 5 002 
48 0.20302 36&1.98 81.6228 -103.799 -21.094 1.H633 1 . 478 2 .14 5 4 9& 1 
50 0.20489 3534.&" 80."883 -100.207 -1&.739 2 . 0&522 1 . "98 2 .210 4916 
52 0.20084 3"1&.78 79.2591 -9&.516 -12.251 2 . 15321 1.51& 2. 27 3 4 872 
54 0.2088& 3306."0 77.9728 -92.735 -7.649 2.24005 1.531 2 . 33 3 4831 
56 0.21096 3191.11 76.6722 -88.859 -2.918 2.32609 1.546 2. 396 4787 
58 0.21314 3081.38 75.2984 -84.892 1.938 2 . 41130 1.5 59 2.45 7 47 .. 3 
60 0.215"1 2371.35 73.8569 -80.840 6.913 2. 4 9561 1. 5 71 2.51 7 4&97 

62 0.2177& 28&4.&2 72 . 3550 -7&.704 12.005 2.5791 0 1.582 2. 57 7 4&50 
64 0.22019 27&7.74 70.80&7 -72.490 17 .213 2.&6177 1.591 2 .63 2 4605 
&6 0.22Z72 26&9.92 69.22"1 -68.198 22.534 2.743(,4 1. 6 00 2. (,8 8 4559 
(,8 0.22534 2575.27 67.6111 -63.83" 27.9&5 2.82'071 1.607 2.742 4512 
70 0.22805 248&.41 &5.9746 -59.405 33.500 2 . 9 0493 1.612 2. 79 2 4 .. &7 
75 0.2352& 2278.51 61.835& -"8.07& .. 7.7&3 3.1 0170 1. 6 22 2.912 4 353 
80 0.24309 2091.81 57.7247 -3&.41& 62.613 3.29335 1.6 32 3.0 2 7 4239 
85 0.25157 1924.36 53.7253 -2". &&0 77.826 3 . H763 1. &5 .. 3 . 1'0 8 4119 
90 0.2(,07& 17 8".06 49.880& -12.389 93.839 3 . &&067 1.&70 3. 25 0 4011 
95 0.27058 1666.60 46.2588 0.072 110.299 3 . 83865 1 .6 84 3 .337 3912 

100 0.28103 1574.92 .. 2.87 .. 8 12.783 127.270 " . 01277 1. 698 3.40 5 3825 
105 0.29208 1497.1" 39.7595 25.451 1 ....... 38 ... 180 28 1.709 3. 4& 0 37" 8 
110 0.30368 1"35.07 3&.9079 38. lit 5 1&1.857 ".3 .. 234 1.723 3. 5 0 6 3678 
115 0.31578 1386.94 3".3113 50.839 179.482 4.49903 1.7 .. 0 3. 54 3 3617 
120 0.32833 1351.79 31.9556 63.519 197.273 4.65046 1 . 7&2 3.57 2 3563 
1 25 0.34125 1327.12 29.8263 76.175 215.193 4 . 79677 1.788 3.59 5 3516 
130 0.35448 1311. Z2 27.9029 88.811 233.220 4. 9 3818 1.819 3. 6 1 5 3 .. 75 
140 0.38164 1301.74 24.&0&3 11".055 269.529 5.2072" 1 . 892 3. 6 4 8 34 1 0 
150 0.40940 1316.17 21.9157 139.375 306.155 5 . 45993 1 . 979 3 . 6 78 3366 
1 60 0."3740 1344.99 19.7167 16".927 343.113 5.69844 2 .077 3 . 7 1 5 3339 

170 0.46548 1382.&9 17.9024 190.880 380.507 5 . 92512 2 . 181 3 .76 2 332 .. 
18 0 0.49351 142&.01 1&.3940 217.3&2 418.408 6 . 14173 2 . 289 3.819 3320 
1 90 0.52144 1472.&3 15.1221 245.069 457.492 6.35294 2 . 415 3. 9 0 0 3319 
200 0 . 54929 1522.28 lit. 0311 272.986 49&.757 &.55420 2. 517 3.9&2 3332 
220 0.60.60 1&29.76 12.2&52 330.727 577.031 & .93669 2.6 95 4 .07 0 3376 
240 0.65932 1742.52 10.8949 390.&10 &59.204 7.29396 2. 8 31 4 . 147 3439 
260 0.71338 1857."& 9.80"9 451.924 7"2.541 7 . 6276" 2 .9 2 0 " . 188 3513 
2 80 0.76&79 1373.69 8.9164 514.001 826.375 7.93819 2. 966 4.194 359& 
300 0.81965 2089.73 8.1781 576.119 910.029 8.22689 2 . 9 79 4017 .. 368 3 
320 0.87203 2205.66 7.55"5 637.827 993.Q73 8.49498 2.967 .. . 133 3773 

340 0.92383 2320.93 7.0222 698.763 1075.115 8.74331 2.937 4 . 07 9 386 .. 
360 0.97528 2"35.09 6.5615 758.718 1156.028 8.97464 2. 897 4 . 018 3956 
380 1.02&34 2548.21 6.1589 817.586 1235.697 9.19004 2. 852 3. 95 5 4 04& 
400 1.07422 2643.72 5.8215 875.277 1312.892 9.38818 2.80 7 3. 9 02 .. 127 
420 1 . 12491 2757.2& 5.5106 932.021 1390.289 9.57704 2.763 3 . 8,, 7 4 217 
440 1.17540 2870.21 5.2342 987.851 146&.687 9.75479 2. 723 3 . 798 430 & 
460 1.22570 2982.&2 ".9845 1042.823 15 .. 2.150 9.92253 2 . 688 3 . 754 .. 393 
480 1.275S4 309 ... 55 ".7583 1097.038 1&16.790 10.0811" 2 . 656 3 . 71 5 .... 78 
500 1.32583 3206.0" 4.5523 1150.589 1690.706 10.23217 2.629 3 .681 4560 
520 1.37568 3317.13 ".3638 1203.568 17&3.995 10.37&02 2.606 3 . 6 5 2 .. 6 .. 1 

540 1.42783 3444.42 4.1856 125&.903 1838.574 10.51561 2.587 3 . 6 24 4728 
560 1.47733 3553.97 4.0259 1308.918 1910.752 10.64637 2. 570 3.60 3 4804 
580 1.52673 3663.23 3.8784 U&0.6"0 1982.599 10 . 77229 2.556 3 . 5 84 .. 878 
600 1.57.05 3772.23 3.7417 1412.095 2054.145 10 . 89363 2 . 5~4 3. 5 &9 4951 
650 1.69902 .. 0 "3. 77 3.4398 1539.603 2231.750 11 . 1782~ 2.523 3. 5 40 5127 
7 00 1.82163 431~.21 3.1842 1666.143 2408.239 11.44008 2 . 510 3 . 521 5295 
800 2.0600& 4852.70 2.7741 1917.399 2759.073 11.90888 2 . 499 3 . 501 5613 

1000 2.55303 592".11 2.2092 2417.723 3457.779 12.68798 2.4 95 3.49 0 6 195 
2000 4.97690 11252.4& 1.0998 4968.971 &996.461 15.13355 2.6 46 3 . 6 32 8 .. 59 
3 0 00 7.39729 1657".29 0.7330 7755.453 10768.962 16.0~973 2 . 923 3 . 9 08 1 0133 

4000 9.81968 21896.09 0.5498 10830.814 14831.158 18.01204 3.221 4. 213 11519 
5000 12.27499 27218.20 0.4398 14353.711 1935".304 19 . 85339 3 . 881 " . 92 9 1 2 653 

THO-PHASE BOUMDRY 
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THE RMODYNAMIC PROPERTIES OF PARAHYDROGEN C - l b 

2200 PSIA ISOBAR 

TEMPERATURE OENSITY ~ (DH/OVl p 
V(OP/OUI

V 
-V(OP/OVI

T (DV/OT~VCON6~~~~~~TY VISCOSITY THERMAL OIELECTRIC PRANOTL 
DIFFUSIVITY CONSTANT NUHBER 

DEG. R LB/CU FT BTU/LB PS IA -CU FT IB ru PSIA l/DEG. R BTU 1FT -H R-R LB/FT-SEC SQ FT/HR 
X 10 5 

32 . 702 5.23586 ~57. 62 13.006 2~~32 .93 O. 003~974 0.06904 2.340 0.00824 1.2758~ 1.9531 

34 5.21157 ~ 61.22 12.795 23875.23 0 . 0035783 0.07090 2.1&& 0.00824 1.27447 1.8154 

3& 5.17405 465.75 12.502 23020.20 0.0037043 0 . 07363 1.944 0.00825 1.27231 1.6391 

38 5 . 13520 469.19 12.239 22111 . 51 0 . 0038322 0.016&1 1.764 0.00830 1.27010 1.4902 

~O 5.09534 1071.63 11.996 21331.14 0.0039618 0 . 01900 1.615 0.00829 1.26784 1.3759 

42 5.05~46 473.53 11.777 20501.31 0.0040934 o .0808'1 1.491 0. 00826 1.26552 1.2862 

44 5.01290 472.95 11.610 19624.81 O. 00~2558 0.08239 1.386 0.00811 1.2631& 1.2193 

~6 4.96911 473.44 11.408 18810.58 0.0043931 0.08349 1.296 0.00608 1.26071 1.1622 

48 4.92569 414. DO 11.206 18037.78 0.0045251 0.08429 1.218 0.00798 1.25822 1. 1156 

50 4 . 88063 473.11 11.009 17251.28 0.0046656 0.08483 1.150 O. 00786 1 . 25567 1 . 0784 

52 ~.83455 ~ 13. 16 10.816 16516.60 O. 00~7962 0.06515 1.089 0.00715 1.25307 1.0HO 

54 ~ . 78790 ~73.71 10.636 15830.70 0.0049254 0.08530 1.036 0 . 00764 1.25044 1. 0 20~ 

56 4.1~020 472.71 10.463 15126 . 50 0.0050667 0.08494 0.989 0. 00748 1.24776 1.0039 

58 4.691.6 471.74 10 .293 14456.76 0.0052085 0.08447 0.946 0.00733 1.24503 0.9904 

60 4 . 64237 47 0 .16 10.127 13794.08 0.0053542 0.08391 0 . 907 0.00718 1.24227 0.9795 

62 4.59226 468.48 9.961 13155.13 0.0055001 0.08331 0.812 0.00704 1 . 239~6 0.9105 

6~ 4.541H 467.24 9.798 12569.62 0.0056332 0.0626~ o .8Jq 0.00691 1.23662 0.9623 

66 4.48993 465.49 9.637 11987.7~ 0.0051"6 0.08193 0 . 810 0 . 00679 1 . 233H 0. 9561 

68 4 . 43712 463.48 9.480 11428 . 34 0.0059161 0.08117 0.182 0. 00667 1.23082 0.9510 

70 4 . 38432 ~61.45 9.333 10902.69 0 . 0060512 0.08038 0.756 0.00651 1.22788 0.94&0 

75 4.25066 456.06 6.969 9685018 0.0063846 0.07831 o .700 0.00633 1.22043 0.9370 

80 4.11374 451.23 8.596 8605017 0.0067081 0.01619 0.652 0.00612 1.21285 0.9325 

85 3 . 97499 448.26 8.170 7649.33 0.0070235 0.07409 0 . 611 0.00592 1 . 20521 0 . 9341 

90 3.83499 445.79 7.790 6841.85 0 . 0072905 0.07207 0.575 0.00578 1.19753 0.'1329 

95 3 . 69583 444.38 7.434 6159.46 0.0075102 0.07018 0.543 0.00569 1.16993 0.9304 

1 DO 3 . 55832 445. DO 7.098 5604.09 0 . 0016506 0.068~4 0 . 516 0.00565 1.182~5 O. 92~8 

105 3.42375 ~~6.07 6.797 5125. 8~ 0.0071561 0 . 06689 0.~93 0.00565 1.17516 O. 9186 

11 0 3.29297 448.87 6.506 4125.65 0.0078101 0 . 06516 0.473 0.00510 1 . 16311 0.9085 

115 3.166 76 453.51 6.225 4392.1 0 0.0078120 o .0649~ 0 . 457 0.00579 1.16133 0. 8967 

12 0 3.04575 460.19 5.954 4117.23 0.0071614 0 . 0642~ 0.442 0.00591 1.15485 O. 8854 

125 2.93042 468.77 5.691 3889.00 O. 00 1669~ 0 . 06368 0.431 0.00604 1.14870 0.875 1 

130 2.82100 479.20 5.439 3698.96 0.0015435 0.06325 0.421 0.00620 1 . 14289 0.6656 

140 2.62025 505.66 4.964 3~10.88 0 . 00721~1 0.062~3 0.407 0.00653 1.13227 0 . 8551 

150 2.4~262 539.48 4.534 321~.91 0.0068169 o .0631~ 0.398 0.00103 1.12294 0. 8339 

160 2.286Z6 519.38 4.153 3014.99 0.0064120 0.06458 0.393 0.00760 1.11477 0.8136 

170 2.14832 624.29 3.620 2910.46 0.0060268 0.06624 0.391 0.00819 1.10759 0.1996 

180 2.02631 :; 73.11 3.535 2889.55 0.0056735 0.06690 0.390 0.00865 1.10127 0 . 8015 

1 9 0 1.91778 128.44 3.265 2824.17 0 . 0053545 0.07029 0.401 0.00940 1.09561 0.8015 

200 1.82052 182.56 3.062 2171.35 0.0050629 0.0734~ 0.411 0.01018 1.09061 0. 1976 

220 1.65397 894.50 2.751 2695.58 0 . 0045501 0.07905 0.426 0.01114 1.08214 0.7893 

Z40 1 . 51671 1005.88 2.538 2642.91 0.0041223 0.08316 0.438 0.01332 1.07515 0.7804 

260 1.40178 1112.11 2.395 2&03. 7~ 0.0031657 0.08760 0.448 0.01492 1.06932 0.7715 

Z80 1 . 30414 1210.84 2.305 2513.98 0 . 0034640 0.09063 0.458 0.01657 1.06436 0.7625 

3 00 1 . 22003 1301.19 2.250 2549.53 0.0032017 0.09299 0.~67 0.01826 1.06014 0. 1539 

32 0 1.14676 1383.62 2.221 2529.35 0.0029&67 0.09~80 0.475 0.02000 1.05646 0.7457 

340 1.08245 1459.20 2.209 2512.28 0.0027952 0 . 09622 0.48~ 0.02119 1 . 05323 0.1381 

360 1.02535 1529.09 2.209 2496.81 0.0026280 0 . 09136 0.492 0.02363 1.05037 0.1312 

38 0 0.91434 1594.56 2.216 2482.81 0.0024806 0.09833 a.501 0.02551 1.04783 0. 7250 

4 00 0.930H 16~9. 76 2.228 2461.07 O. 002365~ 0.09924 0.509 0.02132 1.04566 0.7208 

~20 0.88896 1111.11 2.2~3 2451.06 0 . 0022482 0.10011 0.516 0.02921 1.04357 0 . 7102 

4"0 0.85077 1711.69 2.259 2441.89 0.0021435 0.10101 0.526 0.03126 1 . 04161 0.7125 

460 0.81586 1832.50 2.273 2433.39 0.002048~ 0.10196 0.535 0.03329 1.0399~ 0.1092 

480 0.18380 1893.52 2.286 2425.50 0 . 0019618 0.10296 0.544 0.03536 1.03835 0. 7063 

5 00 0.75425 1955.21 2.296 2418.14 0.0018825 0.10405 0.553 0.03748 1 . 03668 0.1038 

520 0.72691 2017.81 2.304 2411.26 0 . 0018098 0.10520 0.561 0.03963 1.03553 0.7011 

540 0 . 70036 2086.69 2.310 2412.34 0.0011351 0.10641 0 . 510 0.04192 1.03422 0.6993 

560 0.67690 2152.75 2.314 2~05 . 67 0.0010135 0.10771 0.579 0.0~~11 1.03306 0.6975 

580 0.65500 2217.35 2.316 2399.40 0.0016164 0.10906 0.588 0.04646 1.03197 0.6960 

6 00 0.63450 2282.78 2.318 2393.48 0.0015633 0.11047 0.597 0. 04879 1.03096 0. 6941 

650 0 . 58857 2449.07 2.311 2360.06 0.001~453 0.lH15 0.620 0.05 H9 1.02810 0.6920 

700 0.54896 2618.55 2.311 2368.32 0.0013445 0.11804 0.643 0.06108 1.02615 0.6900 

800 0.48401 2964.55 2.29~ 2348 . 16 0.0011811 0.12619 0.688 0.07~46 1.02356 0.6815 

1 0 00 0.39169 3665.25 2.260 2320.42 0.0009521 0.14290 0.779 0.10454 1.01903 0.6849 

20 00 0.20093 7H6.51 2.069 2260.94 0.000~864 0.21727 1 . 204 0.37992 1.00973 0.5617 

3 000 0.13518 11947.17 1.855 22~0. 59 0.0003271 0.39282 1.582 0.14346 1.0065~ 0.56&1 

4000 0.1018~ 17087.24 1.&76 2229.82 0.0002465 0.52106 1.928 1.21455 1.00492 0.5611 

5000 0.08147 24851.44 1.391 2211.37 0.0001984 0.16~39 2.253 1.90341 1.00394 0.5231 

TWO-PHASE BOUNORY 
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C-Zb T~ERMOOYNAMIC PROPERTIES OF PARA~YOROGEN 

2~00 PSIA ISOBA R 

TEMPERATU RE VOLU~E ISOTHERM I SOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

OEG . R CU FT fLB CU FT-PSIA/LB PSIA/R BTU/LB BTU/LB BTU/LB-R BTU / LB - R FTlSEe 

3J.327 0018~67 ~ug . 51 8&.222& -12&.9&3 -~2.5&1 1.2&802 1.2&5 1.&08 5328 
3~ 0.19031 ~77&.11 8&.2278 -12&.0&& -~1.~90 1.300~4 1.278 1.&33 5317 
J& 0.191&4 ~&~7 . 12 8&.1388 -123.320 -38.150 1.39587 1.315 1.706 52&5 
38 0.19303 ~518.15 85.8983 -120.~53 -34.&&7 1.4900~ 1.349 1.777 5251 
40 0.19448 4389 .~8 85.5147 -117.471 -31.0~2 1.58298 1.380 1. 8~ 7 5216 

~2 0.19598 ~ 2&1 . 43 84.9970 -114.377 -27.281 1.&7474 1 . ~ 08 1.914 5181 
~4 o 01975~ ~134.39 84.3545 -111.177 -23.38& 1.7&532 1. ~ 33 1.980 5H5 
4& 0.19916 3997.0 1 83.9248 -107.873 -19.364 1.85471 1.456 2.052 5108 
~8 0.20085 3875.71 83.0009 -10~.~&1 -15.200 1.9~331 1. ~ 78 2.115 5070 
50 0. 2 02&1 3753.52 81.94~0 -100.951 -10.90& 2 .0 3095 1.496 2.178 5028 
52 0. 2 0444 3027 .40 80.7892 -97.344 -&.487 2.117&2 1.516 2.240 ~983 

5~ 0 . 20&33 3518.1~ 79.555& -93.650 -1.954 2.20315 1.532 2.298 ~944 

5& 0.20829 3~05.92 78.2658 -89.8&6 2.704 2.28785 1.547 2.356 4902 
58 0.21033 3290 . 93 7&.9549 -85.99& 7.47& 2 .371 58 1.5&1 2.416 ~858 

60 0.212~3 3185.84 75.&007 -82.042 12.367 2.454~8 1.573 2. ~73 4817 

62 0. 2 1461 3084.04 74 01895 -78.012 17.3&4 2.53&~2 1.584 2.528 4775 
&4 0.21&87 2982.50 72.7187 -73.902 22.478 2.&1759 1.594 2.583 4731 
66 0 . 21920 2884.09 71.209~ -&9.720 27.&97 2.69790 1. & O~ 2.636 4&87 
&8 0.22162 278 9.16 &9.6699 -65.468 33 . 021 2.77737 1.611 2.687 4643 
70 0. 22 411 2696.&6 68.1092 -61.154 38.444 2.85597 1.617 2.737 4599 
75 0. 23 070 2489.67 64.1~31 -50.122 52.40& 3.0~859 1 . &27 2 .849 ~493 

80 0.23782 2301.60 &0.1719 -38.773 &&.918 3.23588 1.639 2.957 43B& 
85 0. 245~9 2134.88 56.2855 -27.338 81.7&1 3.415&7 1.6&1 3.0&9 4275 
90 0. 25 37 2 1984.11 52.5298 -15.397 97.360 3.59398 1.677 3.169 4168 
95 0.26252 18&1 . 74 48.9501 -3.2~3 113.42& 3.7&7&9 I. &92 3.252 ~072 

100 0.27185 175& . 43 ~5. 5915 9.172 129.98~ 3 .9 3757 1.70& 3.325 3983 
lGS 0.2811> 6 11>73.19 42.4&38 21.569 146.753 4.10120 1.717 3.380 390& 
110 0. 29199 1602.64 H.586& 34.016 163.779 4.259&0 1.731 3.429 3835 
115 0.30273 154 &.4 5 3&.9467 46.497 181.033 4.41299 1.149 3.472 3771 
120 0.31386 1502.25 34.5327 58.997 198.484 4.5&153 1.771 3.508 3713 
125 0.32535 H&9.72 32.3301 71.513 21& . 104 4.70538 1.797 3.539 3662 
130 0.33713 1447.1 3 30 .3290 84.041 233.6&4 4.844&9 1 . 827 3.5&6 3&17 
140 0.3&lH 142 2 .43 26.8577 109.174 269.781 5.11085 1 .900 3.&17 3542 
150 0.38&29 1425.44 23 . 9955 134 . 489 30&.1&0 5.3&182 1.987 3.6&1 3488 
160 0.41155 144 4 . 72 21.&245 1&0.114 343.0H 5.599&& 2 .0 85 3.709 3451 

170 0.43097 1 , 7 5.09 19. &522 18&.178 380.375 5.82615 2.189 3.7&3 3427 
180 0.~&2~1 1513.00 18.0017 212.789 418.293 &.0428& 2 . 29& 3.822 3U6 
190 0.48782 155 5 .73 16.60&3 240.&32 4'>7 . ~27 6.25434 2.421 3.905 3UO 
200 0.51318 1;01.12 15.4102 2&8.&87 "96 . 752 6.45591 2.523 3.9& 9 3 .. 16 
220 0.56367 1702.47 13 . ~721 326.711 577.213 &.83929 2.701 ~. 081 3452 
240 0. 6 1374 1809.60 11.9651 38&.877 &59.632 7.197&2 2.836 4.160 3507 
260 0. 6&327 B21.53 10.7629 448.464 743.231 7.53235 2.925 4.202 357& 
280 0.71229 2036.01 9.7834 510.803 827.357 7.84398 2.972 4.208 3&55 
JOO 0.76079 2150.71 8.9685 573.164 911.27 2 8.13359 2.985 40187 3739 
320 0.80886 2~65 . 01 8.281& &35.101 994.572 8.40251 2 . 972 4.H6 382& 

340 0.85&47 2379 .49 7 . 6942 69&.256 1076.885 8.65167 2.942 ".092 3915 
360 0.90372 2493.39 7.1858 75&.41& 1158.044 8.88370 2.903 4.030 4005 
380 0.950&1 260&.20 &.741& 815.477 1237 . 945 9.09972 2 .85 8 3.967 4094 
400 0.99720 2717.49 &.3497 873.416 131&.58& 9.30150 2.812 3.905 4181 
420 1.04355 2830.4& &.0022 930.270 1394.041 9.49045 2.7&8 3.84& 42&9 
.,40 1.08718 2923.78 5.7135 98& . 080 14&9.238 9.&&544 2 .727 3.802 4l4& 
4&0 1.13338 3036.24 5.5583 1041.11& 1544.806 9.83343 2.&90 3.804 44&0 
480 1.11342 3148.22 5.2019 1095 . 42& 1619.578 9.99234 2. &59 3.721 4518 
500 1. 22 532 3259.78 4.9758 1149.0&5 1693 . &17 10.143&2 2. & 31 3. &87 4600 
520 1.27110 3370.94 4 . 7691 1202.126 17&7.022 10.28770 2 . & 08 J. &58 4680 

540 1.31934 3501.31 4 . 5731 1255.&03 1841.938 10.42775 2.590 3. &29 4768 
5&0 1.3&47& 3,10.78 4.3960 1307.&97 1914.218 10 .5 58&9 2.573 3. &08 4843 
580 1.~1009 3719.9& 4.23&3 1359.492 198&.158 10.&8477 2.558 3.589 4917 
& 00 1.45534 3828.90 4.08&5 1411.015 2057 . 789 10.80&26 2 . 54& 3.573 4989 
&50 1.5&81& 4100. 27 3.7558 1538.&71 2235 . 583 11 .0911& 2 .5 25 3.543 51&3 
700 1.&8062 4370.55 3.47&0 1&&5.334 2'>12.227 11.35323 2 . 511 3.523 5330 
800 1.90.,80 4908 . 75 3 . 0275 191&.783 27&3 . 303 11.8223& 2.5 00 3.503 5& .. 5 

1000 2 . 35131 5979.&0 2 .4 104 2417 . 358 3"&2.31& 12.&0180 2 .49& 3.491 &224 
2000 ". 5 7331 11306.08 1.1997 49&9.008 7001 . 455 15 . 04773 2 . & ~& 3. &32 8479 
3000 6.79198 1&&2 6.97 0.7995 7755 . 5&7 10774 . 02& 16 .5 &394 2 . 923 3.908 10149 

4000 9 .01 239 2194 8 . 23 0 . 5997 10829.948 14835 . 191 17 .9 2598 3.218 4.210 11533 
5000 11.2&175 272 &9.99 0.4798 14341 . &67 19346.5&0 19.76478 3.858 4.904 12670 

THO-PHASE BOUNORY 

462 



THERHOOYNAHIC PROPERTIES OF PAPAHYOROGEN C -Zb 

2~00 PSIA I SOBAR 

TEHPERATURE DEN SITY V IO H/OV ' p V( OP/ OU'V - V(DP/DV'T (OVIOT~VCONb~~~~:~TY VISCOSITY THERMAL DIELECTRIC PRANDTL 
DIFFUS IVITY CONSTANT NUH BER 

JEG. R LB/CU FT B TUI LB PS I A-CU FT I B TU PSIA 11 DEG. R BTU/FT-HR-R LB~F~~~EC Sa. FT/HR 

33.3 27 5 .2 6 67 2 473.33 12 . 945 25383 . 02 0.0033969 0.07094 2.396 0.00838 1.27160 1.955~ 

3~ 5 . 254&2 ~ 75 . 27 12 . 8'<1 25096.63 0.0034358 0.07189 2.302 0.00836 1.27691 1.6621 

36 5 . 2 1803 "80 . 33 12 . 550 24246.60 0.0035523 0.07474 2.060 0.00839 1.27482 1.6928 

38 5 .1 8 046 484 . 30 12.290 23406.18 0.0036699 0.07783 1.864 0.00845 1.27268 1.5326 

40 5.1419 6 4 87 . H 12.050 22570.62 0.0037888 0.06033 1.704 0.0084~ 1.27049 1.4103 

42 5 .1025 6 489.67 11.833 21744.18 0.0039090 0.08232 1.570 0.00843 1.26825 1. 3143 

44 5 .06221 4 91. 37 11 . 626 20929.13 0.0040305 0.08389 1.457 0.00837 1.26596 1.2384 

46 5.0 2113 "90 . 64 11 . 477 20069.53 0.0041817 0.08510 1.361 0.00826 1.26362 1.1813 

48 4. 9 7880 491 . 68 11.263 19Z90.39 0.0043014 0.06596 1.278 O. DO 61& 1.26121 1. 1316 

50 4.93552 492 . 30 11 . 086 18525.56 0.0044233 0.08657 1.205 0.00&06 1.25818 1.0911 

52 4.69135 " 91 . 95 10.896 17 742 . 89 0.0045533 0.06697 1.141 0.00794 1.25626 1.0581 

54 4.64661 " 9 2 ." 3 10 . 717 17051.07 0.0046657 0.06718 1.085 0.00783 1.25375 1. 0 291 

56 4.80069 49 2 . 23 10 . 539 1635 1.41 0.0041865 0.08687 1.034 0.00766 1.25116 1.0100 

58 4.7 5450 "9 1 . 19 1 0. 370 15646 .71 0.0049183 0.08644 0.989 O. 00753 1.24856 0 . 9952 

60 4.70732 49 0 . H 10 . 210 14996 . 80 0.0050411 0.06593 0.948 0.00136 1.24591 0.9624 

62 4.65961 4 6 9. 69 10 . 049 14370 . 41 0.0051627 0.08538 0.911 0.00725 1.24323 0.9716 

64 4.61110 "66 . 41 9 . 892 13752 . 60 0.0052876 0.08475 0.878 0.00712 1.24051 0.9627 

66 4.56200 . 8 7 . 04 9 . 734 13157.21 0.0054122 0.08408 0.847 0.00699 1.23716 0.9555 

68 4.51231 4 6 5. 46 9.583 12565.55 0 . 0055357 0.08336 0.618 0.00687 1.23499 0.9493 

70 4 .46210 .83.47 9.441 12032 . 74 0.0056603 0.08261 0.791 0.00677 1.23216 0.9439 

75 4.33458 479 . 32 9 . 093 10791 . 68 0.0059438 0.08063 0.733 0.00653 1.22508 0 . 9325 

80 4.20483 475.54 8 . 7J3 9671. 83 0.0062175 0.07858 0.684 0.00632 1.21789 0. 926 0 

85 4.07352 ItT •• 12 8 . 319 8696 . 46 0.0064722 0.07655 0.641 0.00612 1.21063 0.9253 

90 3.94134 4 7 1 . 81 7.946 7820 . 03 0.0067173 0.07~59 0.604 0.00597 1.20336 0.9243 

95 3.80921 4 7 1 . 17 7 . 595 7091 . 77 0 . 0069024 0.07274 0.572 0.00581 1.1%12 0.9209 

100 3.67857 471.27 7.265 6461.15 0.0070563 0.07102 0.544 0.00581 1.18899 0.9172 

105 3.55010 1072 . 77 6.966 5939 . 98 0.0071466 0.06941 0.520 0.00579 1.18200 0.9105 

110 3.42482 475.51 6 . 677 5489.44 0.0072114 0.06830 0.499 0.00582 1.17522 0.9017 

115 3.30330 . 80 . 00 6.395 5108 . 40 0.0072325 0.06740 0.481 0.00588 1.16866 0.8917 

120 3.18609 '+8 6 . 28 6.121 4786.29 0.0072149 0.06668 0.466 0.00591 1.16236 0.8618 

125 3.07360 . 9 4 . 54 5.854 4517.35 0.0071569 0.06609 0.452 0.00608 1.15634 0.8 7 24 

130 2.96626 5 0 4 .7 4 5.596 429Z . 56 0.0070655 0.06561 0.442 0.00620 1.15061 0. 8640 

140 2.76710 530. 07 5.108 3935.99 0.0068236 0.06476 0.425 0.00647 1.14003 0.8546 

150 2.56875 5 6 3. 02 4 . 665 3690 . 11 0.0065027 0.06536 0.414 0.00690 1.13061 0.8351 

160 2.429S3 :' 0 2 . 06 4.269 3510.43 0.0061601 0.06669 0.408 0.00740 1.12227 0.8158 

170 2.288.7 646 . 32 3 . 923 3375 . 70 0.0056217 0.06825 0.404 0.00793 1.11488 0.8021 

180 2.16256 694. 74 3.626 3271.96 0.0055018 0.06877 0.402 0.00832 1.10833 O. 8036 

190 2.04933 7 5 0.02 3 . 346 3189.13 0.0052072 0.07210 0.412 0.0090t 1.10249 0.8042 

ZOO 1.94863 80 3.68 3.135 3119.99 0.0049392 0.07518 0 •• 21 0.0097 2 1.09726 0.8010 

Z20 1.77409 3 14. 90 2.811 3020.34 0.0044604 0.08062 0.436 0.01114 1.08829 0.7937 

240 1.62936 1 025 .1 9 2.589 2948.49 O. 00405~1 0.08514 0.447 0.01256 1.08088 0.7855 

260 1.50768 1131. 08 2 . 440 2897.06 0.0037151 0.08881 0 •• 56 0.01402 1.07469 0.7764 

280 1.40391 1 229 . 56 2 . 3~5 28 58.38 0.003~227 0.09170 0.464 0.01552 1.06942 0.7672 

JOO 1.3110.2 131 9 . 83 2.286 2826 . 92 0.0031725 0.09393 0.472 0.01707 1.06490 0.7582 

320 1.23630 HO 1. 85 2 . 251t 2800.24 0.0029575 0.09564 0.480 0.01866 1.06096 0.7496 

HO 1.1675 8 1 4 77. 37 2 . 240 2776.24 0.0027695 0.09699 0.488 0.02030 1.05750 0.7418 

360 1.10653 1 5 47.45 2 . 237 2 759.02 0.0026045 0.09807 0.497 0.02199 1.05444 0.7345 

l80 1.0519 5 1613 . 08 2 . 2 4 3 2741.60 0.0024590 0.09899 0.505 0.02372 1.05171 0.7279 

~OO 1.00251 1 675 . 68 2.252 U25.12 0.0023301 0.09986 0.513 0.02550 1.04925 0.722 0 

.. 20 0.95826 1737 . 81 2.263 2712.33 0.0022129 0.10070 0.521 0.02733 1.04702 0.71 66 

.... 0 0.91951 17 8 9. 45 2.278 26 89.33 0.0021245 0.10157 0.530 0.02905 1.04511 0. 71 37 

.. 60 0.88232 te3 3 . 26 2.342 2678.93 0.0 020748 0.10250 0.538 0.Ol054 1.04324 0 . 7189 

.. 80 0.84787 19 0 9 . 56 2.308 2669.30 0. 0 019488 0 . 10349 0.547 0.03280 1.04153 0.7 0 78 

SOO 0.81611 13 7 1. 34 2 . 317 2660.34 0.0018704 0.10456 0.555 0.03475 1.03995 0.7051 

520 0.7867 2 2 03 3.92 2 . 324 2651.99 0.0017963 0.10571 0.564 0.03673 1.03849 0.7029 

5 .. 0 0.75795 2106.11 2 . 330 2653 . 83 0.0017232 0.10691 0.513 0.03886 1.03707 O. 7003 

560 0.73273 2170 . 17 2 . 333 2645.72 0.0016623 0.10821 0.582 0.04094 1.03582 0.6985 

580 0.70917 22 3 4 . 77 2 . 335 2638.10 0.0016058 0.10955 0.591 O. 0430~ 1. 03~65 0.6968 

600 0.68713 2 3 0 0 . 21 2 . 336 2630 . 93 0.0015532 0.11096 0.600 0.04520 1.03356 0.6954 

650 0.637& 9 2 . 6 6 . 53 2 . 333 2614.71 0.0014364 0.11464 0.622 0.05074 1.03112 0.6925 

700 0.59502 26 3 6.06 2 . 326 2600 . 55 0.0013366 0.11854 0.645 0.05654 1.02902 0.6904 

800 0.52~99 2 98 2 . 16 2 . 307 2577 . 04 0.0011748 0.12673 0.691 0.06890 1.02557 0.6877 

1000 0.42529 3:' 8 3 . 02 2 . 271 2543 . 09 0.0009478 0.14354 0.782 0.09669 1.02068 0.6849 

2000 0.218.6 7108 5 . 15 2 . 073 2472.19 0.0004653 0.27727 1.211 0.3491 0 1.01059 0.5710 

3000 0.14723 11 9 6 6. 75 1 . 858 2448 . 03 0.0003266 0.39280 1.593 0.68260 1.00712 0. 5705 

.. 0 00 0.110 9. 17 0 9 5 . 25 1.679 2435.34 0.0002"62 0.52039 1.941 1.1141 3 1.00537 0.5654 

5000 0.0 88 80 2 47 50 . 10 1. 4 00 2421 . 47 0.0001981 0.75609 2.269 1.7409Q 1.00429 0.5285 

TWO-PHASE BOUMORY 
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C - 2b THERHOOrNAHIC PROPERTIES OF PARAHYOROGEN 

2600 PSlA ISOBAR 

TEHPERATURE VOLUME I50THERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC In 
OER IVA TIVE OERIVATIVE ENERGY OF S O UN~ 

OEG. R CU FT/LB CU FT-PSIA/LB PS lAIR BTU/LB BTU/L8 8TU/L8-R 8TU LB -R FTISEC 

33.941 0.18880 4969.83 86.9857 -126.265 -35.369 1.27398 1.274 1.615 5403 
34 0.18883 4966.12 86 . 9873 -126.188 -35.274 1.27678 1.275 1.617 5402 
36 0.19011 4839.75 86.9610 -123.495 -31.968 1.37125 1.312 1.689 53 7 1 
38 0.19143 4713.28 86.7829 -120.685 - 28.520 1 .4 6444 1.346 1 . 758 53 .. 0 
40 0.19281 4586.94 86.4621 -117.762 -24 . 935 1 . 55638 1 .3 78 1.826 5308 

42 0.19423 4461.05 86.0086 -114.730 -21.216 1.64710 1.406 1.892 5275 
44 0.19572 4335.95 85.4321 -111.595 -17.367 1.73662 1.431 1.957 5240 
46 0.19725 4212.02 84.7418 -108.358 -13.390 1.82499 1.455 2. 020 5205 
48 0.19885 4078.61 84.2756 -105.023 - 9 . 288 1 . 91228 1.477 2.089 517 0 
50 0.20050 3962.18 83.3084 -101.588 -5.055 1.99869 1 . 497 2.149 5133 
52 0.20223 3843.77 82.2269 -98.056 -0.692 2.08424 1.516 2.208 5094 
54 0.20401 3719.95 81.0641 -94.439 3.781 2.16866 1.532 2.267 5 050 
56 0.20585 3614.44 79.8250 -90 .739 8 .367 2.25204 1.548 2.322 5013 
58 0.20776 3505.21 78.5361 -86.953 13.071 2.33457 1.562 2.378 4972 
60 0.20972 3389.14 77.2197 -83 .090 17.881 2.41611 1.575 2.434 4927 

62 0.2il75 3~90.90 75.8862 -79.151 22.797 2.~9672 1.581 2.487 4889 
64 0.2138& 3191.49 74.4920 -75.133 21.830 2.57660 1.597 2.539 4849 
66 0.21&03 3093 . 27 73.0554 -71.047 32.961 2.65556 1.607 2. 591 4807 
68 0.21827 2997.49 71.5819 -66.S94 38.193 2.73364 1 . 615 2.640 4765 
70 0.22058 2909.52 70.0828 -62.681 43.517 2.81081 1. & 21 2. &85 4726 
75 0.22&&7 2&98.2& &&.2&87 -51.908 57.222 2.99989 1.632 2.794 4625 
80 0 . 23321 2509.51 62.4309 -40.82& 71.453 3.18355 1.644 2.89& 4525 
85 0.24021 2338.54 58.&500 -29.&&8 85.983 3.35956 1.667 J. DO 3 4418 
90 0.247&9 2185.70 54.9867 -18.010 101.238 3.53393 1.684 3 . 098 4316 
95 0.25565 2051.72 51.4590 -6.133 116.948 3.70379 1.699 3.183 4220 

100 0.26407 1942.41 48.1195 6.027 133.165 3.87018 1.714 3.253 4133 
105 0.27293 1548.02 44.9969 18 .181 149.586 4.030 41 1.725 3.312 4054 
110 0.28221 1772.06 42.0969 30.409 166.277 4.18570 1.739 3.362 3983 
115 0.2918& 1108.11 39.42&3 42.&90 1.&3.204 4.33&18 1.757 3.408 391& 
120 0 . 30186 1656.55 36.9687 55.018 200.348 4.48210 1.779 3 . 449 3858 
125 0.31217 1015.&4 34.7117 &7.390 217 .687 4.&2366 1.805 3.487 3803 
130 0.32276 1587.01 32.6477 79.805 235.200 4.76104 1.835 3.520 3755 
140 0.34462 1551.44 29.0329 104.792 270.711 5.02418 1.908 3 . 581 3673 
150 0.36714 1540.88 26.0188 130.058 306.818 5.27327 1.995 3. &40 3609 
160 0.39008 1549.24 23.496& 155.708 343.513 5.51007 2.092 3.699 3562 

170 0.41325 1572.89 21.3797 181.844 380 . 803 5.73613 2.196 3.759 3531 
180 0.43&50 1&04.46 19.5950 208 . 555 418.707 5.95276 2 . 303 3.822 3513 
190 0.45976 1642.38 18.0806 236.50& 457.855 6.16432 2 .4 28 3.908 3500 
200 0.48300 1&84.33 1&.7808 264.674 497.214 6.36607 2 . 529 3.973 3501 
220 0.52935 1778.36 14.6737 322.930 577 .785 6.74997 2 .707 4.089 3528 
240 0.57544 1880.57 13.0347 383.339 660.386 7.10909 2.841 4.171 3576 
2&0 0 . &2113 1989.51 11.7235 .... 5.169 1 ..... 212 7.44474 2.930 4.214 3&40 
280 0.66638 2100.58 10.6518 507.741 828.568 7.75722 2 . 977 4. 221 3714 
300 0.71121 2213.5& 9.7617 570.329 912.740 8.04771 2.990 4.200 3795 
320 0.75567 2327.32 9.0083 632.483 996 . 299 8.31746 2.977 4.157 3880 

340 0.79962 2439.&0 8.3670 693.838 1078.812 8.56723 2.948 4.103 39&6 
3&0 0.84330 2552.57 1 .811 3 754 . 191 1160.196 8 . 79991 2.908 4.041 4054 
380 0.88&65 2665.31 7.3256 813.438 1240.317 9.01652 2. 863 3.977 41 .. 1 
4 DO 0.92974 2777 .74 6.8977 871.554 1319.177 9.21886 2.818 3.914 4228 
420 0.97255 2888.56 &.5187 928.576 139&.811 9.40824 2.773 3.855 4313 
440 1.01511 2998.76 6 .1795 984.581 1473.305 9.58620 2.732 3 . 801 4397 
460 1.05747 3109.60 5.8730 1039.649 1548.7&5 9.75394 2.694 3.751 4"78 
480 1.09786 3202.40 5.6280 1093 . 900 1622.465 9.91058 2. 662 3.721 4554 
5 DO 1.14030 3313.98 5.4002 1147.587 1696.585 10.0&203 2.&34 3.693 4&40 
520 1.18262 3425.17 5.1751 1200.727 1770.100 10.20633 2.610 3. &&3 4719 

540 1.22758 3558.86 4.9612 1254.344 1845.361 10.34683 2.592 3.634 4808 
560 1 . 26955 366~.20 4.7706 1306 . 515 1917.737 10 . 47795 2.575 3 . &12 4882 
580 1.31143 3777.27 4.5946 1358.380 1989.766 10.60419 2.561 3.593 4955 
&00 1.35323 3886.09 4.4316 1409.969 2061.480 10.72581 2.549 3.577 5027 
650 1.45744 4157.22 4.0720 1537.769 2239.454 11.01101 2. 52& 3.546 5199 
700 1.56132 4427.27 3.7680 1664.553 2416 . 249 11.27330 2.513 3.526 5365 
800 1.76634 49&5.0& 3.2810 1916.192 2767.559 11.74274 2.501 3.50 5 5678 

1000 2.18061 6035.20 2.6114 2417.014 346&.869 12 . 52252 2 .4 97 3.492 6253 
2000 4.23177 11359.46 1.2994 4969.063 7006.445 14.96879 2.647 3 . 632 8499 
3000 6.27974 16&79.28 0.8661 7755.702 10779 . 082 16.48502 2.923 3 . 908 10165 

4000 8.32~25 21999 .94 0.6496 10829 . 224 14839.339 17.84682 3.216 4.207 11547 
5000 10.40"49 27321.30 0.5197 14331.0 82 19340.317 19.68338 3.838 4 . 881 12686 

TWO-PH~SE 80UNORY 
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THERMOOYNAMIC PROPERTIES OF PARA HYDROGEN C - 2b 

2 600 PSIA ISOBAR 

TE"PERAT URE DENSITY V(DH/DV)p V(DP/DU) y -V(DP/DV~ 
(DV/OT\lV cONb~g~~~ TY 

VISCOSITY THERMAL DIELECTRIC PRANDTl 
DIFFUSIVtTY CONSTANT NUM BER 

JEG. R LB/CU FT BTU/LB PSIA-CU FT IB TU PSIA lIDEG. R BTU/FT-HR-R LB/FT-SEC SQ FT/HR 
X 10 5 

33.9"1 5.29671 "88.65 12.89" 26323.76 0.00330"5 0.07277 2."53 0.00651 1.27931 1.959 1 
3 .. 5.29566 .66.63 12.665 26298.96 0.0033076 0.07266 2.4"4 0.00651 1 . 27925 1.9526 
36 5.26019 "94.41 12.597 25456.04 0.0034159 0.07562 2 .151 0.00653 1.27723 1.7"89 

38 5.22351 .. 98.90 12.336 24621.27 0.0035247 0.07902 1.969 0.00660 1.27515 1.5776 

40 5.16655 502.57 12.100 23790.39 0.0036343 0.06162 1.796 0.00662 1.27303 1 ... 469 

"2 5.1"842 505.25 11.866 22967.3" 0.0037"48 0.08370 1.652 0.00859 1 . 27086 1.34"3 
.... 5.109"3 507.42 11.661 2215 ... 2 .. 0.0036562 0.06536 1.531 0.0085" 1.26864 1.2632 

46 5.06961 506.96 11 •• 90 21353.32 0.0039666 0.06663 1."27 0.00646 1.2663 6 1.1981 

48 5.02898 508.31 11.350 20511_24 0.0041088 0.08756 1.339 0.00634 1.26407 1.1"92 
50 ... 967 .. 3 509.77 11.157 19761.06 0.00"2156 0.06826 1.261 0.00623 1.26171 1. 1057 

52 ... 94 .. 85 510."8 10.971 19006.87 0.00"3262 0.08871 1.193 0.00612 1.25930 1.0695 

5 .. 4.90172 509.97 10.795 18234 . 13 0.0044457 0.08696 1.134 0.00601 1.2566 7 1.0398 

56 ... 8579 .. 510.82 10.617 17558.7" 0.00 .. 5 .. 62 0.06872 1.060 0.00766 1.25 .. 39 1.0162 

58 " .8133" 510.80 10.4"6 16871.78 0.00 .. &5 .. 9 0.0883" 1.033 0.00772 1 . 251 88 1.0006 

60 ... 76819 509."6 10.285 16160.08 0.0047764 0 . 06787 0.990 0.00757 1.2" 934 0.9874 

62 ... 722 .. 9 ; 09."0 10.126 15541.22 0.0048629 0.08736 0. 951 0.00744 1.24676 0.9750 

6 4 4.6759" 508.71 9.976 1"923.22 0.0049917 0.08677 0.916 0.00731 1.24"15 0.9646 

66 4.&269. 507.77 9.823 14318.56 0.0051021 0.08613 0.883 0.00718 1.24151 0.9565 

68 ".581'+3 ;06.51 9.676 13732.81 0.0052125 0.06545 o .853 0.00706 1.23885 0.9494 

70 ".53350 ,05.101 9.536 13190.29 0.0053132 0.06"73 0.626 0.00696 1.2361 7 0.9424 
75 4."1171 501.85 9.202 11903.94 0.0055670 0.06262 o .765 0.00672 1.22937 0.9296 

6 0 4.28n6 .99.10 6.854 10760.68 0.0058018 0.0808 .. 0.714 0.00651 1.22250 0.9214 

85 ".16297 .. 98.50 6.450 9735.28 0.00&0245 0.07866 0.671 0.00631 1.21557 0.9196 

90 4.03736 497.25 8.067 8824."5 0.0062312 0.07695 0.633 0.00615 1.20864 0.917" 
95 3.91167 496."6 7.7 .. 1 6025.66 0.006.116 0.07513 0.600 0.00603 1.20173 0.91109 

100 3.78680 "97.26 7.4110 7355.5" 0.0065419 0.0734" 0.571 0.00596 1.19489 0.9104 

105 3.66388 498."1 7.118 6770.92 0.0066"56 0.07169 0.5"6 0.00592 1.18619 0.9051 
110 3.54349 501 ... 5 6.830 6279.29 0.0067041 0.07072 0.52" 0.0059" 1.1616" 0.8962 

115 3."2634 505.66 6.549 5652.56 0.0067366 0.06978 0.505 0.00598 1017530 0.6873 

120 3.31282 512.05 6.273 5467.67 0.006736" 0.06698 0."88 0.0060" 1.16917 0.8789 

125 3.20333 519.94 6.003 5175 ..... 0.0067070 0.06636 0.47" 0.00612 1.16329 0.8707 

130 3.09823 530.07 5.7"2 4916.93 0.0066399 0.06766 0.462 0.00622 1.1576 5 0.8629 

1 .. 0 2.90172 555.25 5.2 .... 4501.8" 0.006 .... 91 0.06697 0.443 0.006"5 101 .. 717 0.8536 

150 2.72374 567.12 ".766 41%.94 0.0061995 0.067"9 0."31 0.00661 1.1377" 0.8361 

160 2.56356 625.21 ".361 3971.57 0.0059162 0.0667" 0."22 0.00725 1 .1 2929 0.8161 

170 2."1985 669.12 4.023 3606.17 0.0056171 0.07021 0."17 0.00772 1.12175 0.8045 

160 2.29096 717.05 3.7110 3675.75 0.0053309 0.07062 0."13 0.00606 1 .115 01 0.8051 

190 2.17507 772.14 3.424 3572.30 0.0050613 0.07391 0 ... 2 .. 0.00869 1.10896 O. 8065 

2 DO 2.07039 825.72 3.205 3"87.21 0.00"6121 0.07692 0."32 0.00935 1.10355 0.6038 

220 1.66911 936.10 2.670 3359.53 0.0043678 0.06221 0."45 0.0106" 1.09"19 0.7976 

240 1.73779 1045.68 2.6"0 3268.03 0.0039865 0.06656 0."55 0.0119" 1.086"3 0.7899 

260 1.60997 1151.23 2."85 3203.05 0.0036601 0.09007 0.46" 0.01326 1.07989 0.7810 

280 1.50065 1249.00 2.36" 3152.2" 0.0033791 0.09281 0.471 0.01465 1.07433 0.7717 

300 1.40606 1336.97 2.322 3112.39 0.003136" 0.09"92 0."79 0.01606 1 .06953 0.7625 

320 1.32333 1421.26 2.286 3079.81 0.0029249 0.09653 0 . "66 0.01755 1 .06535 0.7535 

340 1.25060 1496.12 2.270 3050.9!'> 0.0027 .. 2 .. 0.09779 0.493 Q.0190 6 1.06168 O. H5 .. 

360 1.18582 1566.06 2.265 3026.90 0.0025806 0.09861 0.501 0.02062 1.056"2 0.7378 

380 1.12784 1631.93 2.269 3006.04 0.002"370 0.09966 0.509 0.02222 1 . 05551 0.7308 

400 1.07557 1;95."3 2.276 2987.65 0.0023087 0.10050 0.517 0.02387 1.05269 0.72"5 

~20 1.02822 1756.60 2.266 2970.07 0.0021948 0.10131 0.525 0.02556 1.05052 0.7190 

440 0.96512 1617.02 2.296 2954.12 0.0020918 0.10215 0.533 0.02728 1.04636 0. 7140 

460 0.94566 1878.13 2.305 2940.62 0.0019972 0.1030!'> 0.5"1 0.02905 1 . 0 .. 6 .. 0 0.7093 

480 0.91086 1926.63 2.322 2916.95 0.0019294 0.10403 0.550 0.03069 1.0 .... 66 0.7080 

500 0.87696 1987.53 2.338 2906.23 0.0016581 0.10509 0.556 0.032"5 1.04297 O. 7065 

520 0.64558 2050.13 2.345 2896.26 0.0017866 0.10622 0.567 0.03"29 1.041101 0.7040 

5 .. 0 0.61"61 2123.72 2.350 2699.09 0.0017113 0.10742 0.576 0.03628 1.03986 0.7013 

560 0.78768 2167.75 2.352 2889.38 0.0016511 0.10871 0.585 0.03621 1.03854 0.6994 

580 0.76253 2252.3" 2.353 2880.28 0.0015952 0.11005 0.59" 0.04017 1.03729 0.6976 

600 0.73897 2317.76 2.353 2671.72 0.0015432 0.11145 0.603 0.0"217 1.03613 0.6961 

650 0.68&13 2 .. 8".11 2.349 2652."1 0.0014276 0.11514 0.625 0.04732 1.03351 0.6931 

700 0.&"048 2653.67 2.3"1 2835.60 0.0013266 0.11905 0.&" 6 0.05271 1.03126 0.6909 

800 0.56550 2999.64 Z.320 2607.75 0.0011685 0.12727 0.69" 0.06420 1.02756 0.6880 

1000 0.45859 3700.62 2.281 2767.67 0.0009"35 0.1 .... 16 0.766 0.0900" 1.02231 0.6850 

2000 0.23631 7,03.69 2.078 266".33 0.000"841 0.27727 1.216 0.32302 1.011"5 0.57 .... 

3000 0.15924 11966.30 1.661 2656.0" 0.0003261 0.39279 1.603 0.63111 1.00771 0.574 2 

.. 0 00 0.12006 1710".69 1.663 ,2641.29 0.0002"59 0.51979 1.955 1.02922 1.00561 0.5696 

5000 0.09611 2"663.21 1."09 2625.92 0.0001979 0.75252 2.286 1.60405 1.00465 0.5338 
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C-2b THERMOOfNAMIC PROPERTIES OF PARAHYOROGEN 

2800 PSlA ISJBAR 

TEM'ERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENT HALPY ENTROPY CV CP VELDC lTY 
OEH VATIV E DERIVATIVE ENERGY OF SOUND 

JEG. R CU FT ILB CU = T-PSI A/LB PSI AI R BTU/LB BTU/La BTU/LB-R BTU I LB -R FT/SEC 

3~.5~6 0.18776 5117.66 87 . 7415 -125.548 -28.197 1.27982 1.282 1.622 5476 
36 0.188 65 5027.57 87.7482 -173.615 -25.801 1.34773 1.309 1.673 5455 
38 0.18992 4903.46 87.6264 -120.857 - 22.387 1.44002 1.344 1.741 5~25 
40 0.19123 4779.35 87.3621 -117.989 -18.838 1.53103 1.3 75 1.808 5395 

42 O.t 9259 4655.52 86.9658 -115.014 -15.158 1.62081 1.403 1.872 5364 
44 0.19400 4532.28 86.4480 -111.9 38 -11.350 1.70936 1.430 1.935 5331 
46 0.19546 4410.00 85.8181 -108.76~ -7.418 1.79675 1.453 1.997 5298 
48 0.19698 4289.04 85.0849 -105.494 -3.364 1.88301 1.475 2.057 5264 
50 0.19854 4169.83 84.2561 -102.131 0 .811 1.96823 1.496 2.118 5229 
52 0.20018 4041.33 83.5746 -98.66'1 5.119 2.05271 1.515 2.181 5195 
54 0.20180 3933.55 82.4805 -95.123 9 . 538 2.13610 1.532 2.237 5158 
56 0.20359 3821.45 81.3126 -91.495 14.065 2 .21 841 1.548 2.292 5119 
58 0.20539 3709.69 60.0706 -87.766 18.705 2.29982 1.563 2.346 5079 
60 0.20724 3604.28 78.7857 -84.001 23.450 2.38025 1.576 2.398 5040 

62 0.20915 3486.08 77.4682 -80.142 28.297 2.45972 1.588 2.453 4994 
64 0.21111 3392.47 76.1470 -76.213 33.246 2.53828 1.599 2.502 4959 
66 0.21315 3296.83 74.7753 -72. 211 38.303 2.61609 1.609 2.551 4no 
68 0.21524 3201.66 73.3688 -68.145 43.454 2.69297 1.618 2.599 4881 
70 0.21739 3113.48 71.9297 -64.022 48.693 2.76891 1.624 2.642 4844 
75 0. 22 305 2899 . 56 68.2497 -53.478 62.171 2.95486 1.637 2.747 4748 
80 0.22911 2708.80 64.5306 -42.633 76.157 3.13535 1.650 2.845 4&52 
85 0.23557 2536.87 60 . 8507 -31.715 90.422 3.30816 1.673 2.948 ~551 
90 0.24243 2381.23 57.2668 - 20.302 105.393 3.47927 1.690 3.039 4454 
95 0.24970 2240.68 53.8112 -8.667 120 .7 97 3.64583 1.706 3.124 4359 

100 0.25738 2120.14 50.4970 3.261 136 . 708 3.80908 1.721 3.197 4271 
105 0.26545 2024.00 47.3781 15.200 152.830 3.96639 1.733 3.252 4195 
110 0.273 8 7 1940.96 44.4650 27.226 169 . 223 4.11890 1.747 3. 30 ~ ~123 
115 0.28263 1871.39 ~1.7674 39 . 326 185.865 4.26685 1.765 3.351 ~057 

120 0.2917 0 1812.97 39.2772 51 .~ 92 202 . 733 ~.~1042 1.787 3.396 3995 
125 0.30105 1765.53 36.9782 63.724 219 . 815 ~.54988 1.813 3.438 3938 
130 0.31066 1730.C4 34.8625 76.022 237 .094 4.685~2 1. 8 ~3 3.475 3887 
140 0.33052 1682.23 31.1270 100.8~6 272.214 ~.94566 1.916 3.547 3798 
150 0.35103 1660.84 27.9820 126.032 308.033 5.19277 2.003 3.616 3727 
160 0.37198 1659.91 25.3273 151.670 344 . 536 5.428 33 2.100 3.684 3673 

170 0.39321 15H.67 23.0810 177.845 381 .717 5.65372 2.203 3.752 3635 
180 0.41458 1700.67 21.1719 204.626 419.579 5.87012 2.310 3.820 3610 
190 0.~3599 1733.11 19.5~35 2lZ.665 458.721 6.0&16~ 2. 43~ 3.908 3590 
200 0.45742 177 0.89 18.1434 260.925 498 . 089 6.28343 2.535 3.97? 3587 
220 0.50 n3 B57.60 15.8685 319.378 578.737 6.66770 2 .712 4.094 360~ 
240 0.54284 1955.04 14.0996 379.989 661.~45 7.02729 2.8~6 4.178 3646 
260 0.58;[9 2059.37 12.6814 442.030 7~5.4~1 7.36361 2.936 4.223 3705 
280 0.62720 2168.20 11.5213 50~ .81 5 830.010 7.67688 2.9 82 4.231 3775 
300 0.66883 2278.51 10 . 555~ 567.608 914 . 387 7 . 96809 2.995 4.210 3852 
320 0.71012 2390.13 9.7397 629.959 998.147 8.238~9 2.982 ~.166 3934 

3~0 0.75103 2502 . 80 9 .0~ 18 691.508 1080.905 8.~8900 2.953 ~.113 ~019 
360 0.79164 2614.81 8.4379 752.0~5 1162.500 8.72228 2.913 4.051 ~10~ 
380 0.83194 2726.18 7.9112 811.467 1242.816 8.93942 2.866 3.987 4190 
400 0.87197 2837.H 7.4477 869.751 1321.855 9.14222 2.823 3.924 4275 
420 0.9U78 2~48.31 7. 0 358 926.935 1399.676 9.33206 2.779 3.664 4358 
440 0.95133 3057.60 6 . 6677 983.095 1476.343 9.510~2 2 .737 3.809 ~4~0 

460 0.99069 3167.69 6.3362 1038.J1~ 1551.972 9.61853 2.700 3.760 4520 
~80 1.02984 3276.87 6.0378 1092.695 1626.652 9.83724 2 .667 3.715 4599 
500 1.06744 3368.60 5 .77 91 11~6.311 1&99 .76 2 9.98665 2 .637 3.683 4668 
520 1.10679 3479.60 5.5597 1199.401 1773.256 10.13093 2.613 3.660 ~752 

540 1.1~895 3617.05 5 . 3496 1253.124 18~8.838 10 .271 6~ 2.595 3.639 ~8~8 

560 1.18796 3726.22 5 .1435 1305.369 1921.307 10.40313 2 .578 3.617 4922 
580 1.22.88 3835.13 4.9532 1357.304 1993.421 10.52951 2.563 3.597 4994 
600 1 . 26572 3H3.80 4.7770 H08.957 2065 . 215 10.65127 2 .551 l.581 506" 
650 1.36256 4214.60 4.3884 1536. 898 2243.363 10.93675 2.528 3.549 5236 
700 1.45906 4484.36 4 .0 600 1663.801 2420 . 303 11.19926 2 .515 3.529 5400 
800 1.65138 5021.64 3 .53 4~ 1915 . 626 2771 .838 11.66900 2.502 3.507 5710 

1000 2.03 428 6090.92 2 .81 24 2416.692 3471 . 435 12 .44910 2. ~98 3.493 6282 
2000 3.93&97 11412.62 1.3992 49&9.137 7011 . 432 14.895&9 2.647 3.&33 851& 
3000 5.84063 16731.24 0.9325 7755.858 10784.132 16 .41196 2.923 3.908 10180 

4000 7.74365 22051.21 0 . 6995 10828.618 14843.580 17.77353 3.213 4.204 11561 
5000 'l.66H4 27372 .1 3 0.5596 14321.693 19335.300 19 .60811 3.820 4.861 12701 

THJ-PH4SE BOU NDRY 

466 



THERMODYNAMIC PROPERTIES OF PARA~~DROG EN C-Zb 

2800 PSIA ISOBAR 

TEMPERATURE DENSITY V (DH/DVl p V (DP/DUly -V (DP/DVl
T wVlDTyv CON~~g~~~TY VISCOSITY THER~AL DIELECTRIC PRANDTL 

OIFFUS IVlTY CONSTANT NUMBER 

lEG. R LB/CU FT BTU/LB PSIA-CU FT/BTU PSIA 1/0EG. R BTU/FT-HR-R LB/FT-SEC SQ FT/HR 
X 10 5 

34.546 5.32589 503.73 12.847 27256.06 0.0032192 0.OH56 2 . 509 0.00863 1.28098 1.9646 

36 5.30073 508.04 12.642 26&49.80 0.0032926 0.07&8& 2.308 0.00867 1.27954 1. 8082 

38 5.2&541 513.02 12.385 25818.72 0.0033939 0.08018 2.079 0.00875 1.27752 1.6251 

40 5.22926 517.18 12.148 24992 .45 0.0034955 0.08287 1.892 0.00877 1.2754& 1.485& 

42 5.19230 520.34 11.935 24172.84 0.0035977 0.08504 1.737 0.00875 1.27335 1.3761 

44 5.15454 522.9& 11.732 23361.85 0.0037004 0.08678 1.606 0 .0087 0 1.27120 I. Z 896 

4& 5.11&01 524.95 11 .542 225&1.58 0.0038037 0.08813 1.496 0.00863 1.2&901 1.2202 

48 5.07&71 52&.51 11.361 21774.22 0.003907& 0.08914 1."01 0.00853 1.26676 1.1641 

50 5.03666 527.87 11.180 21002.04 0.00"011 8 0.08988 1.319 0.008" 3 1.2&451 1. 1186 

52 ".99558 527.71 11.040 20218_77 0.0041335 0.09039 1.2 .. 7 0.00830 1.26218 1.0830 

54 4.9539" 528."6 10.867 19"86.54 0.0042327 0.09071 1.183 0.00819 I.Z598Z 1. 0503 

56 4.91173 529.03 10.693 18769.94 0.0043321 0.09050 1.127 0.00804 1.25743 1.0275 

58 4.86881 529.19 10.5Z3 1806Z.72 0.0044329 0.09016 1.077 0.0 0769 1.25501 1.0066 

&0 4.82534 529.29 10.361 17391.85 0.0045300 0.08973 1.032 0.0077& 1.25255 0.9924 

62 4.78133 527.75 10.201 166&8.10 0.004&477 0.08925 0.991 0.007bl 1.25007 0.9803 

&4 4.73&80 527.98 10.053 1&0&9 ... 7 0.00 .. 738& 0.08870 0.954 0.007" 8 1.24757 0.9&85 

6& 4.&9157 527 .&& 9.904 154&7.32 0.004834" 0.08809 0.920 0.00736 1.24503 0.9590 

68 ... 64595 526.84 9.7&2 14874.75 0.0049324 0.08744 0.889 0.0072" 1.24247 0.9509 

70 ... 59996 526.09 9.627 14321.90 0.0050224 0.08&75 o .860 0.0071" 1.23989 0.9431 

75 ... 48324 523.20 9.300 12999.41 0.0052502 0.08"91 0.797 0.00&89 1.23336 0.9287 

80 4.3&471 521.2& 8.9&2 11823.12 0.005"580 0.08297 o .7 .. 5 0 .00&68 1.22676 0.9191 

85 ".24508 521. 7J 8.567 10769.2" 0.0056504 0.08105 o .700 0.00648 1.22012 0.91&0 

90 4.12497 521.31 8.213 9822.51 0.0058302 0.07917 0.661 0.00632 1.21347 0.9130 

95 4.00 .. 8& 520.90 7.875 8973.58 0.00599&6 0.07738 0.627 0.00&19 1.20&85 0.910& 

100 3.88531 521.4" 7.551 8237."1 0.00&1302 0.07571 0.597 0.00&10 1. 20029 0.9072 

105 3.76723 523.42 7.257 7624.67 0.0062136 0.0741& 0.571 0.00605 1.19382 0.9010 

110 3.65138 526.5" 6.9&9 7067.16 0.00627"0 0.07299 0.5"6 0.00 &05 1.18751 0.8925 

115 3.53821 531.19 &.&88 &621.36 0.00&3080 0.07205 0.528 0.00b06 1.18136 0.8838 

120 3." 28 2 a 537.33 b .412 &215.21 0.00b3195 0.07122 0.510 0.00 &12 1.17540 0.8762 

125 3.321&8 545.19 6.141 58&4.52 0.00b3054 0.07052 0.495 O. 00&18 1.16965 0.8694 

130 3.21896 555.13 5.876 5568.94 0.0062602 0.0&998 0.482 0.00626 1.16"13 0.8624 

1 .. 0 3.02557 579.97 5.370 5089.69 0.0061157 0.06909 0.462 0.00&44 1.15377 0.8535 

150 2.8"879 611 ... 3 ".905 "731.37 0.0059141 0.06953 0.4"7 0.00675 1.1 .... 36 0.8372 

HO 2.68830 &49.08 4.487 .. 4&2.35 0.005&758 o .07072 0.437 0.00714 1.1358& 0.8200 

170 2.54318 692.28 4.119 ~258.99 0.0054194 0.07211 0.431 0.00 75& 1.12822 0.8071 

180 2.~1208 740.05 3.800 ~102.1& 0.0051612 0.072~4 0.425 0.00786 1.12134 0.8060 

190 2.29361 794.91 3.500 3975.07 0.00491&5 0.075&9 o .~35 0.00844 1.11515 0.806~ 

200 2.18&18 848.29 3.274 3871.48 0.00~&8&4 0.078&6 O. "~3 0.00905 1.1095& 0.60&3 

220 1.99909 958.0~ 2.927 3713.52 0.0042732 0.06381 0.~55 0.0102~ 1.0998& 0.8010 

2~0 1.84215 1067.21 2.&89 3601.48 0.00391~9 0.08801 0.4&4 0.01143 1.0917 8 0.7938 

260 1.70885 1171.92 2.528 3519.1& 0.003&035 0.0913& 0.472 0.0126& 1.08495 0.7852 

280 1.59436 12&9.42 2.423 3456.94 0.0033328 0.09395 0.479 0.01393 1.07910 0.7756 

300 1.~9514 1358.81 2.357 340&.70 0.0030984 0.09595 0.485 0.01524 1.07405 0.766" 

320 1.40821 1"40.49 2.319 33&5.60 0.0028937 0.09746 0.492 0.01660 1.06964 0.7573 

340 1.33151 1515.92 2.300 3332.49 0.0027132 0.098&3 0.499 0.01801 1.0&57& 0.7487 

3&0 1.26319 1585.78 2.293 3303.02 0.002554& 0.09958 0.506 0.01946 1.06231 0.7408 

380 1.20201 1&51.27 2.29~ 3276.88 0.0024143 0.10039 0.513 0.02095 1.05923 0.7336 

400 1.14682 1714.47 2.300 3254.07 0.0022887 0.10117 0.521 O .O ZZ~~ 1.056~& 0.7271 

~20 1.09676 1775.97 2.309 3233.58 0.0021759 0.10194 0.529 0.02~05 1.05395 0.7213 

440 1.0511& 1836.27 2.317 3214.03 0.002074& 0.10275 0.537 0.02566 1.05167 0.7161 

4 &0 1.00940 1897.22 2.325 3197.45 0.001981& 0.103&3 0.545 0.02731 1.04958 0.7113 

480 0.97102 1957.95 2.332 3181.92 0 .001 8975 0.10459 0.553 0 .02 899 1.0476& 0.7072 

500 0.93&82 2011.39 2.339 3155.78 0.0018313 0.10563 0.561 0.03061 1.0459& 0.7048 

520 0.903;1 2070.03 2.355 3144.03 0.00176 63 0.10&75 0.570 0.03228 1.04430 O. 703& 

540 0.8703& 2141.49 2.369 3148.12 0.001&993 0.10793 o . 579 0.03408 1.04265 0.7024 

560 0.84178 2205.49 2.371 3136.66 0.001&398 0.10922 0.587 0.03586 1.04123 0.7003 

580 0.81508 2270.0& 2.371 3125.92 0.001584& 0.11056 0.59& 0.03771 1.03990 0.6984 

600 0.7900& 2J35.~8 2.371 3115 .85 0.0015331 0.11195 0.&05 0.03957 1.038&6 0.6968 

650 0.73391 2501.80 2 .365 3093.1& 0.0014188 0.1156~ o . 628 J.04"39 1.03588 O. &93& 

700 0.&8537 2671.37 2.35& 3073.45 0.0013210 0.1195& 0.651 0.0~943 1.03347 0.6913 

800 0.60556 3017.60 2.332 3040.88 0.0011623 0.12781 0.&97 0.06016 1.02954 0.&882 

1000 0.49157 3718.66 2.290 299~ . H 0.0009393 0.14482 0.789 0.0843" 1.02393 0.6851 

2000 0.25387 7522.20 2.082 2897.3& 0.0004829 0.27727 1.225 0.30065 1.01231 0.5 777 

3000 0.17121 12005.80 1.863 2864.63 0.0003255 0.39278 1.614 0.58697 1.00629 0.5780 

4000 0.12914 17115.29 1.68& 2847.&5 0.000245& 0.51926 1.9&9 O. 956~8 1.00&25 0.5738 

5000 0.10342 24588.12 1.416 2630.70 0.0001977 0.74757 2.303 1.48709 1.00500 0. 5390 

TWO-PHASE BOUNORY 
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C-2b THERMODYNAMIC PROPERT IES OF PARA HYDROGEN 

30 0 0 PSI A ISlBAR 

TEMPE RATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DEU VATI VE DERIVATIVE ENERGY OF S OUND 

l EG. R CU FT/LB CU FT-PSIA/LB PSIA/R BTUI LB BTU/LB BTU/LB-R BTU I LB -R FT/SEC 

35 .142 0.18& 77 5263 .18 88.4898 -124 . 813 - 21.0&2 1.2855& 1.291 1.6 28 55 4 & 
3. 0.18727 5211.00 88 . 50&1 -1 23.&85 -19.&51 1.3 2521 1.3 0& 1.658 55 35 
38 0.1 8849 5089.15 88.4355 -120.975 -1&.2&8 1.416&6 1.341 1 .72 5 5507 
4 0 0.18974 4967.18 88.2221 -118.158 -12.752 1.50682 1.373 1.791 5479 

42 0.1910. 4845.32 87 . 8773 -115.23& -9.107 1.59573 1.401 1.854 5449 
44 0.19239 4723 . 89 87.4118 -112.215 - 5 .338 1.68340 1. 428 1.915 5419 
46 0 . 19378 4;03.21 86.8358 - 109.097 -1 . .... 7 1.16987 1."52 1.97 6 53&7 
48 0.19522 4.83.62 86.1581 -105.887 2.564 1.85521 1.474 2.035 5355 
50 0019571 4365.51 85.3869 -102.586 6.692 1.93948 1.495 2 . 094 5321 
52 0.198 25 4249.27 84.5293 - 99.195 10.938 2.02272 1.515 2. 151 5287 
54 0.199 8 . 4132.22 83.8101 -95.712 15.313 2.10528 1.532 2.211 5256 
5& 0.20 15 0 4022 . 26 82 .7041 -92.150 19.789 2.18667 1.5<,8 2.264 5220 
58 0. 2 03 20 3914 . 01 81.5297 - 88. 510 24.372 2 . 2&708 1.564 2.317 5183 
60 0.20.95 3804 . 84 80 . 2959 -84.796 29.05& 2.34641 1.571 2.368 5145 

6 2 0 . 20674 3702.88 79.0151 - 81 . 010 33.840 2.42492 1.590 2 .417 5107 
6 4 0.208&0 359 9 .4& 77.1101 -71.155 38.725 2.50245 1.601 2 .466 506 8 
6& 0 . 21050 3.92.7& 1 &.393& -73.235 43 . 703 2.57905 1. &11 2 . 516 5027 
&8 0.21247 3.00.22 7 5 .0402 -&9.247 48.785 2.65490 1. & 20 2.5& 2 4990 
70 0.21<,49 3312.28 73. &&31 -&5.203 53.949 2.72975 1. &27 2. &04 4955 
15 0 . 21978 3098.08 7 0.1 0 59 -54.865 67.228 2.91295 1.6"1 2.705 4864 
80 0.22543 29 02. 80 66 . 4951 -44.231 80 . 997 3.090&6 1. &54 2.801 4772 
85 0 . 2 3142 2729.33 &2 .90&4 - 33.526 95.034 3.2&069 1.679 2 . 901 46 7 4 
90 0.23777 2571.79 59.3978 -22.328 109.758 3.42899 1.69& 2.989 4582 
95 0.24448 2433.41 56 .00 2& -10.907 124. 904 3.59275 1.7 13 3.0&8 4494 

100 0. 25153 2307.34 52.7418 0 . 810 140.53 9 3.75317 1.728 3 . 140 4408 
105 0. 25 8 93 2199.21 49.6323 12 .554 15&.394 3.90788 1.740 3 . 200 432 9 
110 0 . 26605 2110.19 4 6 . 7173 24.400 172.530 ".05800 1.755 3.253 4257 
115 0.274&7 2033.40 43.9914 3&.333 188.918 4 . 20369 1 .773 3.302 4189 
120 0.2829& 1971.02 41.4696 48.347 205 . 539 4 . 3451& 1.794 3.347 4127 
125 0. 29152 1917.41 39.1383 &0 . 444 222.38& 4 .4 8270 1.820 3.392 4 068 
130 0.30030 187 3."9 3 &. 9 783 72.629 239."52 4.61657 1 .851 3.435 4014 
1 4 0 0.31847 181 3 . 91 33 . 1456 97 . 281 274 . 1 9 9 4.87404 1 . 923 3.516 3919 
150 0.33 727 1784.37 29.8848 122.365 309.722 5.11910 2.010 3.591 3843 
160 0.35.52 1774.4 0 27 .1138 147.964 346.019 5.35333 2.107 3.607 3783 

170 0.37.07 1781.10 24. 7 509 174.149 383.063 5.51789 2.210 3.742 3737 
180 0. 39 581 1800 .0 3 22.7280 200 . 976 420.855 5.79388 2.316 3.815 3706 
190 0.415&3 18 28 .0 2 20.9931 229 . 083 45 9 .971 6.00527 2.441 3.906 3681 
2 00 0 . 43548 1861.04 19. 4963 257.419 499.334 6.20703 2.541 3 . 976 3673 
2 20 0.4151 8 1941 . 04 17.0568 316.035 580.008 &. 59143 2 .718 4.096 3682 
240 0.51481 2031.04 15.1571 376 . 823 &62.810 6.95142 2.852 4.184 3716 
260 0 . 55424 213 2 .10 13.6364 439.048 746.938 7.28826 2.941 4 .230 3770 
280 0 . 593"0 223 6 . 69 12.3888 502 .0 20 831.&65 7.&0212 2.987 4.240 3835 
300 0.63225 2345.7& 11.3487 5&5.000 916.225 1.89396 3. 000 4. 2 19 3909 
3 20 0 . 6 7078 2 .55 . 38 10."702 62 7. 534 1000.165 8 . 16494 2 .988 4.178 3 988 

3 .. 0 0 . 7089 9 25&5 . 83 9.7183 689.262 1083.119 8."1605 2.9~8 4.123 4070 
3 60 0 . 74& 93 2&77.32 9. DOlO 749.972 1164.907 8 . 64988 2.919 '+.061 4154 
380 0 . 78<,59 2786.32 8.4985 809.561 1245.414 8.8&754 2.874 3.996 4238 
400 0 . 82 198 2898 . 35 7 . 9981 6&8.005 1324.630 9.07079 2 . 826 3.933 4321 
420 0.65316 3008.2& 7.5536 925.345 1402 . 626 9.26105 2.784 3.673 4403 
'+40 0 . 89&12 3118.24 7.1566 98 1 .656 1479.465 9.43982 2. 743 3.817 4484 
.. 6 0 0. 9 3268 3227 ... 0 &.19 89 1037 . 021 1555.25& 9.&0829 2.706 J . 767 4563 
4 80 0 . 90943 3335.32 6 ."'79 1091.542 1&30.079 9.7&730 2.672 3.1 23 4640 
500 1 . 00 58& 344 3 . 55 6.1847 1145.316 17 04.088 9.91852 2.643 3.683 H15 
5 20 1.04 2 05 3551.99 5 . 9 177 1198.431 1777.306 10.06224 2.618 3.648 4 7 89 

540 1.0608. 307 5.84 5 . 1366 1251.941 1852.366 10.20196 2.597 3.644 4888 
560 1. 11727 3784.79 5.5167 1304.260 1924.92& 10.33341 2.580 3. &21 4961 
580 1.153&2 3893.50 5.3120 1356.2&2 1997.122 10.45995 2.565 3.601 5032 
&00 1.18990 4002.00 5.1225 1407.977 2068.992 10 . 58183 2.553 3.584 5102 
&5 0 1.28033 4272.39 4. 704 9 1536.057 2247 . 307 10 . 86758 2 .530 3.552 5272 
7 DO 1 . 37045 4541.80 " .3521 16&3.076 2"24.387 11.13029 2.516 3.531 5434 
800 1.55000 5078.46 3 .7876 1915.084 2770.140 11 . &0033 2.504 3.509 57 .. 3 

100D 1 . 9 0 745 &14 6 . 74 3.0133 241&.390 347&.014 12.38074 2.499 3."94 6310 
2 000 3 . 68518 11465.56 l.4986 4969.230 7016.416 14.82765 2 . &"7 3.&33 85311 
30 00 5 .4&002 16182.8 .. 0.9990 7756.033 10789 . 175 16.34394 2.923 3.908 10195 

. 000 1.23&08 22102.05 0 .7493 10828.115 14~47.895 11.70532 3.211 4.202 11515 
5000 9.03299 274 22 .49 0.5995 14313.302 19331 . 299 19.53810 3. 804 4 . 843 12716 
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THERHOOYNA~IC PROPERTIES Of PARAHYOROGEN C -Zb 

3000 PSIA ISOBAR 

TEHPERHURE OENSITY V(gH/OV)p V (OP/OU)V -V (OP/OV)T 
( OV /O T\fV CON~~g~e~ TV 

VISCOSITY THERMAL OIELECTRIC PRANOTL 
OIffUSIVITY CONSTAN T NUHBER 

OEG. R LB/CU fT BTU/LB PSIA-CU fT/BTU PSIA 1/0EG. R BTU/fT-HR-R LB/fT-SEC sa fT /HR 
x 105 

35.HZ 5.35430 518. &0 12.804 2 8180. &9 0.00Jl401 0.07&28 2 . 5&5 0.00875 1.282&1 1.971& 

36 5.33980 521. 23 12 .&87 27825.&9 0.0031807 0.07788 2.441 O.OOASO 1 . 28178 1.8707 

38 5.30544 526.71 12 .430 27000.19 0.0032754 0.08130 2.193 0.00AS8 1 . 27981 1.6752 

40 5.27030 531.35 12 .194 26178.50 0.0033700 0.08409 1 . 991 eO.00891 1.27780 1.5264 

42 5.23440 534.96 11.982 25362.3& 0.0034649 0.08634 1.824 " 0.00890 1.27575 1 . 4098 

44 5.19776 538.04 11.780 24553 . &4 0.0 035&00 0.0881& 1 . &85 0.00885 1.273&7 1.3177 

46 5.16039 54 0 .45 11.592 23754.33 0 . 0036556 0.08958 1.566 O. DO 879 1.27154 1.2437 

48 5.1 22 31 542.41 11.411 2296&.47 0 . 0037515 0.09065 1.465 0 . 00870 1.26937 1 . 1839 

50 5.08353 544.17 11.232 22192.18 0.003847& 0.0914& 1.378 0.00859 1.2&717 1.1353 

52 5.04408 545.50 11.0&2 21433.63 0.0039438 0.09203 1.301 0.00846 1.26493 1. 0950 

54 5.00355 545.45 10.933 2 0&75 .7& 0.0040535 0.09240 1.234 0.00835 1.26263 1.0&28 

56 4.96268 546.54 1 0.763 19961.16 0.00414 33 0.09221 1.174 0.00821 1.26031 1.03eo 

58 4.92125 547.32 10.596 192&1.80 0.0042327 0.09191 1.121 0.00806 1.25797 1.0173 

60 4.87933 547.44 10.435 185&5.04 0.0043251 0.091 52 1.074 0.00792 1.255&0 0.9999 

&2 4.83&88 547.88 10.27& 17910.39 0.0044117 0.0910 7 1.031 0.00779 1.25321 0. 9848 

&4 4.79392 547.58 10.12& 17255.53 0.0045035 0.09055 0.992 0.007&& 1.25078 0.9724 

66 4.75056 546.55 9.979 16592.54 0.0046041 0.089 98 0.956 0.00753 1.24834 0.9629 

65 4.70653 546 .34 9.839 16003.24 0.004&891 0.08935 0.924 0.00741 1.24587 0.9536 

70 4.&&227 545.95 9.709 15442.75 0.0047701 0. 08869 0.894 0.00730 1.24338 0.9451 

75 4.54997 543.93 9.390 14096.18 0.0049734 0.08690 0.829 0.00706 1.23709 0.9288 

80 4.43&06 542.45 9.060 12876 .98 0.0051639 0.08501 0.774 O. DO &84 1.23073 0.9183 

85 4.32109 54 3 . 84 8.&73 11793.&& 0.0053339 0.08312 0.728 0.00&&3 1.22433 0.9143 

90 4.20574 544.27 8.32& 1081&.28 0.00 54915 0.08128 0.&88 0 . 00&47 1.21794 0.9103 

95 4.09039 545.22 7.995 9953.61 0.005&264 0.07952 0.&53 0.00634 1 . 21156 0.9065 

100 3.97568 546.19 7.677 917 3 .25 0.0057495 0.07786 0.&22 0.00&24 1. 20525 0.9033 

105 3.8&205 547. && 7.385 8493.45 0.0058436 0.07&32 0.595 0.00&17 1.19901 0.8984 

110 3.75020 550.98 7.099 7913.&3 0.005 9034 0 .07515 0.571 0 . 0061& 1.19289 0.8903 

115 3.64071 555.&0 &.817 7403.01 0.0059424 0.074 20 0.551 0 . 00&17 1.18&93 0.8819 

120 3.53401 5&2.15 &.539 &965 . &3 0.0059535 0.0733& 0 . 532 0.00 &2 0 1.18113 0.8742 

125 3.43035 570.02 &.2&8 &577 .40 0.0059504 0.072&3 0 . 51& 0 . 00&24 1.17552 0.8&80 

130 3.32998 579. 54 &.000 &238.70 0.00 59272 0.0 7202 0.502 0.00&30 1 .1 7010 0.8&27 

140 3.13998 604.14 5.489 5695.64 0.00 58195 0.07112 0.480 0.00644 1.15989 0.8544 

150 2.96502 635.77 5.015 5290.70 0.0056486 0.07150 0.464 O. DO 672 1.15054 0.8386 

160 2.80487 &73.14 4.588 4976.97 0.0 054479 0.07263 0.452 0 . 00706 1.14203 0.8221 

170 2.65907 715.97 4.211 473&.08 0.005ZZ60 0.07396 0.445 O. DO 743 1.13432 0. 8 097 

180 2.52&48 7&3.31 3.884 4547.75 0.0049976 0.07422 0.103& o.oono 1.127310 0.80&& 

190 2.40600 818.31 3.575 4398.21 0.0047731 0.07746 0.446 O. DO 824 1 .12102 0.8097 

2 DO 2.29634 871.44 3.341 4273.58 0.0045620 0.08038 0.454 0.00881 1.11529 0.8084 

220 2.10445 980.99 2.983 4084.82 0.0041757 0.08541 0.466 0.00991 1.10532 0.8039 

240 1.94246 1089.00 2.736 3945.20 0.0038419 0.08946 0.474 0. 01101 1.09694 0.79H 

260 1.801028 1193.42 2.570 38106.90 0.0035104 8 0.09267 0.480 0.01214 1.08983 0.7891 

280 1.68520 1289.96 2.461 3769.28 0.0032868 0.09513 0.486 0.01331 1.08374 0.7798 

3 DO 1.58166 1379.39 2.392 3710.20 0.00 30588 0.09700 0.492 0. 01454 1.07845 0.7702 

320 1.109080 11060.62 2.351 3660.49 0.002860 3 0.09841 0.498 0.01580 1.07363 0.7609 

340 1.41046 1535.39 2. J29 3618.99 0.00268510 0 .09950 0.504 0.01711 1.06976 O. 7521 

360 1.33881 1605.30 2.320 3584.42 0.0 025296 0.1003 8 0. 511 0.01846 1.06613 0.7438 

380 1.27456 1670.92 2.320 3553.87 0.0023n3 0.10 113 0.518 0.01986 1.06289 0.7363 

1000 1.21658 1733.87 2.J24 3526.07 0.00 22683 0.10186 0 . 525 0.02129 1.05997 0.7296 

420 1.16392 1795.23 2.331 3501.38 0.0021574 0.10259 0.532 0.02276 1.05732 0.7236 

440 1.11593 1856.10 2.338 3479.7J 0.00 20567 0.10337 0.540 0.0 2427 1 .05491 0.7181 

460 1.071910 ln 6 .96 2.344 3459.59 0.0019652 0.101022 0.548 0.0 25&1 1.05271 0.7132 

480 1.03153 1977.37 2.350 3440.49 0.001 8828 0.10515 0.556 0.02738 1.05068 O. 7090 

500 0.991018 2038.95 2.3510 3423.50 0.0018065 0.10618 0.565 0 . 02899 1.04882 O. 7050 

520 0.95965 2101.52 2.356 3408.67 0.0017361 0.10729 0.573 0.03064 1.04709 0.7015 

540 0.92521 2159.41 2.388 3400.91 0.0016874 0.10846 0.582 0.03217 1 .010538 0.70J4 

560 0.895010 2223.37 2.389 3387.53 0.0 016285 0.10974 0.590 0.03386 1.04387 0.7011 

580 0.86683 2287.90 2.389 3375.02 0.0015739 0.11107 0 . 599 0.03558 1.04247 0.6992 

600 0.840"0 2353.30 2.388 3363. 29 0.0015231 0.11246 0.608 0 .0 3733 1.04116 0.6975 

650 0.78105 2519.58 2.381 3336.94 0.00140 99 0.11614 0.630 0.04186 1.03821 0.6942 

7 DO 0.72969 2689.15 2.370 3314.09 0.0013132 0.12006 0.653 0.04659 1.03567 0.6917 

8 DO 0.610516 3D 35.41 2.345 3276 .102 0.0011561 0.12834 0.699 0.05669 1.031109 0.6885 

1000 0.52426 3736.53 2.300 3222.109 0.0009 351 0.1 45105 0.792 0.07941 1.02553 0.6852 

2000 0.27136 7540.&8 2.087 3111.26 0.0004817 0.27727 1.232 0.28127 1.01316 0.5810 

3000 0.18315 12025.26 1.866 3073.77 0.0003250 0.392 77 1.624 0.54870 1.00887 0.5818 

100 DO 0.13820 171 26. 84 1.688 3054.42 0.0002453 o .5 1879 1.983 0.89346 1.00669 0.5781 

50 DO 0.11071 24522.82 1.424 3035.81 0.0001975 0.7 4311 2.319 1.38605 1 . 00535 0.5442 

TWO-PHASE BOUNORV 
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C-2b THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN 

3500 PSIA ISOBAR 

TEHoERATURE VOLUHE I50THERH I SOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OERIVATIVE OERIVATIVE ENERGY OF SOUND 

OEG. R CU FT/L8 CU FT-PSIA/L8 PSIA/R BTU/LB BTU/LB BTU/LB-R BTU I LB -R FT ISEC 

36.594 0.18442 5&18.07 90.3291 -122.907 -3.382 1.29943 1.310 1.644 5717 
38 0.18520 5536.11 90.3409 -121.068 -1.039 1.36227 1.334 1.690 5700 
40 0.18&34 5419.14 90.2357 -118.362 2.404 1.45057 1.367 1.753 5675 

42 0.18151 5301.96 89.9988 -115.556 5.971 1.53758 1.396 1.813 5649 
44 0.18873 5184.83 89.6425 -112.&56 9.658 1.62331 1.423 1.873 5623 
46 0.18998 5068.02 89.1777 -109.664 13.460 1.70782 1.448 1.930 5595 
48 0.19127 4951.81 88.6143 -10&.584 11.31& 1.79115 1.471 1.98& 5566 
50 0.19259 483&.54 87.9609 -103.417 21.405 1.87337 1.493 2.042 5537 
52 0.19396 4722.51 87.2252 -100.165 25.544 1.95454 1.513 2.097 5506 
54 0.19537 4010.08 8&.4140 -96.833 29.790 2.0346& 1.531 2.149 5476 
5. 0.19683 4499.&0 85.5331 -93.423 34.141 2.11377 1.548 2.202 544" 
58 0.19832 4391.44 84.5879 -89.93. 38.59. 2.19193 1.5.5 2.253 5412 
.0 0.19989 4291.60 83.7151 -86.307 43.180 2.26964 1.579 2.304 5386 

62 0.2014& 4190.31 82.5689 -82.736 47.834 2.34593 1.592 2.350 5353 
64 0.20309 4091.58 81.3780 -79.039 52.583 2.42132 1.604 2.395 5320 
6& 0.20H5 3992.88 80.1462 -75.281 57.H7 2."9569 1.616 2.440 5285 
68 0.20&45 3899.07 78.8779 -71.464 62.337 2.56913 1. &26 2.482 5252 
70 0.20820 3802.06 77.5953 -67.590 67.346 2.6417" 1.&33 2.523 521& 
75 0.21277 3573.76 74.3144 -57. &67 80.206 2.81917 1.649 2.621 5129 
80 0.21760 3360.05 70.9474 -47.496 93.532 2.99113 1.665 2.709 5048 
65 0.22271 3197.43 67.5520 -37.239 107.099' 3.15548 1.691 2.605 4957 
90 0.22808 3033.67 64.1983 -26.486 121.335 3.31821 1.710 2.887 4872 
95 0.23372 2887.17 60.9397 -15.510 135.9&3 3.47637 1.727 2.963 4791 

100 0.23961 2757.74 57.7971 -4.230 151.061 3.63127 1.743 3.031 4713 
105 0.24575 2639.17 54.7786 7.096 166.366 3.78063 1.756 3.091 4639 
110 0.25214 253&.61 51.8776 18.552 t81.9&4 3.92573 1.771 3.1"5 .. 568 
115 0.25575 2 .... 4.51 49.1292 30.121 197.820 4.0&669 1.790 3.198 .. 498 
120 0.26559 2365.50 46.5508 41.804 213.931 ... 20382 1.812 3.248 .... 32 
125 0.27262 2302.18 "4.H17 53.599 230.286 ".33734 1.838 3.29" .. 372 
130 0.27984 2244.23 4 1.6975 65.511 246.675 4.46746 1.868 3.343 4313 
140 0.29,,78 2157.63 37.8739 89.727 280.775 4 .71865 1.941 3.438 4208 
150 0.31027 2104.62 3".3939 11".517 315.607 4.95894 2.027 3.530 H21 
160 0.32621 2073.60 31.3784 139.951 351.370 5.18972 2.124 3.621 4047 

170 0.34245 2060.76 28.7718 166.074 388.018 5."1187 2.227 3.710 3988 
180 0.35892 2063.04 26.5104 192.927 '+25.547 5.&2636 2.332 3.795 3944 
190 0.37555 2076.47 24.5433 221.122 464.515 5.83695 2.45& 3.896 3906 
200 0.39226 2099.14 22.825" 249.588 503.812 6.03837 2.55& 3.970 3887 
220 0.42578 2161.08 19.9951 308.515 584.464 &.42266 2.731 4.097 3876 
240 0.45932 2236.50 17.7807 3&9.637 667.32& 6.78291 2.864 4.190 3893 
260 0.49261 2323.22 16.0056 432.218 751.&08 7.12037 2.953 4.242 3932 
280 0.52021 2417.8& 14.5481 495.571 83 •• &07 7.43524 2.999 4.256 3987 
300 0.55945 2519.86 13.3286 558.9"8 921.532 7.72834 3.012 ... 238 4053 
320 0.59248 2623.78 12.2939 621.881 1005.870 8.00061 3.000 4.198 4124 

3 .. 0 0.62525 2731.20 11."079 684.004 1089.231 8.25295 2.971 4.143 4201 
3&0 0.&5760 2639.23 10.6390 745.102 1171.425 8.48795 2.931 4.081 '+219 
380 0.69013 2947.36 9.9&65 805.072 1252.3"7 8.70673 2.886 4.016 4359 
400 0.72223 3055.62 9.3746 863.887 1331.969 8.91102 2.841 3.952 4438 
420 0.75417 3164.29 8.8492 921.588 1'+10.367 9.10226 2.797 3.892 4516 
440 0.78589 3272.32 8.3806 978.251 1487.588 9.28192 2.756 3.836 4594 
460 0.817"1 3379.46 7.9595 1033.957 1563.726 9.45116 2.719 3.786 46&9 
480 0.84879 31086.07 7.5783 1068.813 1&38.920 9.61096 2.686 3.741 4H3 
500 0.87999 3594.04 7.2322 1142.911 1713.238 9.76281 2.657 3.700 4816 
520 0.91109 3700.67 6.9174 1196.347 1780.832 9.90726 2.631 3.665 4887 

540 0.9".09 3825.27 6.7115 1249.147 1861.40. 10.045&5 2.604 3.654 4987 
560 0.97597 3933.51 6.4504 1301.639 1934.168 10.17747 2.58. 3.631 5058 
580 1.00717 4041.57 6.2096 1353.802 2006.556 10.30434 2.571 3.610 5128 
000 1.03831 4149.47 5.9866 1405.667 Z078.603 10."2653 2.558 3.593 5196 
650 1.11,92 4418.54 5.4962 1534.079 2257.310 10.71290 2.535 3.560 5361 
700 1.19323 4&86.61 5.0822 1661.378 Z'+34.719 10.97611 2.520 3.537 5520 
800 1.34724 5221.53 4.4210 1913.830 2786.986 11.44683 2.507 3.514 5623 

1000 1.65373 6286.73 3.5151 2415.723 3487.516 12.22798 2.501 3.496 6381 
2000 3.17745 11596.96 1.7477 4969.540 7028.862 14.67562 2.648 3.633 6585 
3000 4.698&1 1&910.31 1.1650 7756.556 10801.750 16.19197 2.92 .. 3.908 10233 

4000 6.2207& 22227.31 0.8739 10827.220 14858.928 17 .55294 3.207 4.197 11608 
5000 7.75955 27546.33 O. &992 14295.744 1932 ... 750 19.38193 3.770 4.805 12751 

TNO-P HASE BOU~ORY 
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THERMOOYNAHIC PROPERTIES Of PARAHYOROGF.N C-Zb 

3500 PSIA ISOBAR 

TEMPE RA TURE OENSITY V (OH/OVlp V(OP/OUl y -V(OP/OV~ 
(OVlOTlp' V CON~~~i~~~TY VISCOSITY THERHAL OIE L EC TRIC PRA NOTL 

OIffUS IVITY CON STAN T NUH BER 

OEG. R LB/CU fT BTUILB PSIA-CU fT IBTU PSIA 1I0EG. R BTU/fT-HR-R LB/fT-SEC SQ f T/ HR 
X 105 

36.59" 5.42234 554 .58 12 .719 30463.14 0.0029652 0.08149 2.707 0.00914 1. 28651 1.96&7 

38 5.39957 559.17 12.541 29892.64 0.0030222 0.08399 2.502 0.00920 1.28520 1. 8125 

4' 5.366&0 5&4.98 12.304 29082.36 0.0031028 0.08701 2.259 0.00925 1.28331 1.6383 

.. 2 5.33298 569.72 12.092 28275.23 0.0031830 0.08947 2.059 0.00925 1.28139 1.5023 

44 5.29871 513.88 11.891 27472.91 0.0032629 0.09146 1.893 0.00922 1.2794 3 1.3949 

4& 5.26352 577.34 11.704 26677 .14 0.0033429 0.09305 1.753 0.00916 1.27143 1.3087 

41 5.228n 580.30 11.525 25889.73 0.0034228 0.09427 1.633 0 .0090 8 1.27541 1.2390 

50 5.19225 583.02 11.349 25112.50 0.0035027 0.09521 1.531 0.0 0898 1. 27335 1.1822 

52 5.15559 585.25 11.182 24347.33 0.0035825 0.09591 1.442 0. 00887 1.27126 1.1350 

54 5.11837 586.90 11.027 23596.10 0.0036622 0.09640 1.364 0.00876 1 . 26915 1.0'!52 

56 5.080&2 588 ..... 10.872 22860.73 0.0037415 0.09631 1.296 0.00861 1.26700 1.0665 

58 5.0"234 589.74 10.722 22143.13 0.0036201 0.09609 1.235 0.008"6 1.26483 1. 0425 

60 5.00286 590.84 10.59'! 21470.27 0.0038991 0.09575 1.180 0.00831 1.26259 1.0223 

62 4.96365 592.06 10.4"7 20799.26 0.0039698 0.09537 1.132 0.00617 1.26037 1.0040 

64 4.92397 593.04 10.302 20146.8" 0.0040392 0.09492 1.088 0.00805 1 .25612 0.9882 

66 4.88 .. 05 593.68 10.157 19501."3 0.0041098 0.09"U 1.048 0.00792 1.25587 0.9751 

68 .. . 6 .. 380 59".26 10.018 18666.32 0.00 .. 1765 0.0938" 1.012 0.00781 1.25360 0.9633 

70 4.80305 593.79 9.891 18261.52 0.0042"91 0.09323 0.979 0.00769 1.25130 0.9533 

75 4 .70001 592.35 9.587 16796.79 0.0044243 0.09156 0.906 0.007 .. 3 1.2"550 0.9341 

80 4.59558 593.18 9.273 15533.30 0.00 .. 567 .. 0.08977 0.6"7 0.00721 1.23964 0.9200 

85 4.49019 596.10 8.899 1 .. 357.06 0.0047051 0.0879" 0.796 0.00698 1.23375 0.9142 

90 ".38438 598.22 8.565 13300.76 0.0048267 0.08615 0.753 0.00681 1.22765 0.9086 

95 4.27868 &00.56 8.2 .. 8 12353.28 0.00"9331 0.064"3 0.715 0.00666 1.22198 0.9039 

100 ... 17350 503.5" 7.9"5 11509.43 0.0050217 0.0827'! 0.683 0.00655 1.21615 0.89'!6 

105 4.06918 606.01 7.666 10739.26 0.0051008 0.08126 0.654 0.00646 1.21039 0.8951 

110 3.96608 &09.94 7.384 10060.39 0.0051566 0.08010 0.628 0.00642 1.20472 0.8876 

115 3.86470 614.87 7.103 94"7.30 0.0052003 0.07915 0.&05 0.00640 1.19916 0.8801 

120 3.76525 621. 39 6.823 8906.70 0.0052265 0.07829 0.585 0.00640 1.19372 0.8737 

125 3.6&810 630.16 6.5"7 844".64 0.0052272 0.07752 0.567 0.00642 1.18842 0.8675 

130 3.57351 639.83 6.276 8019.77 0.0052243 0.07686 0.551 0.00643 1.18327 0.8632 

140 3.39237 664.50 5.753 7320.14 0.0051739 0.07584 0.525 0.00650 1.17346 0.8570 

150 3.22296 696.17 5.265 6783.12 0.0050705 0.07611 0.505 0.00669 1.16434 0.8 .. 32 

1&0 3.06551 733."9 ".820 6356.6" 0.00"9363 0.07713 0."90 0.00695 1.15590 0.8280 

170 2.92013 775.91 ..... 25 6017 .69 0.00 .. 7812 0.0783" 0,"79 0.00723 1.1"815 0.8166 

180 2.78611 822.82 ".080 57,,7.86 0.0046122 0.07855 0.464 0.007"3 1.1410" 0.806" 

190 2.6&279 8 77.60 3.753 5529.20 0.004"368 0.0817" 0."73 0.00768 1.13"52 0.8122 

ZOO 2.5"935 930.63 3.503 5351."5 0.0042653 0.06"60 0.481 0.00636 1.12854 0.812" 

220 2.3"864 10"0.09 3.117 5075.61 0.0039395 0.08939 0.491 0.00929 1.11802 0.8100 

2~0 2.17712 1"'7.29 2.851 4869.1" 0.0036511 0.09313 0.497 0.01021 1.10909 0.8048 

260 2.02920 1249.43 2.671 471".27 0.0033951 0.09600 0.501 0.01115 1.10142 0.797" 

2eo 1.900~0 1l~4.1Z 2.553 4594.90 0.0031661 0.09814 0.505 0.01214 1.09 .. 78 0.7886 

300 1.7874& 1432.11 2." 76 "50".15 0.0029592 0.09973 0 .5 09 0.01317 1.08897 0.7789 

320 1.68753 1512.1" 2.428 .... 28 ... 9 0.0027761 0.10088 0.513 0.0142" 1.08387 0.7692 

3 .. 0 1.59936 1586.50 2.401 4368.19 0.0026116 0.10176 0.518 0.01536 1.07935 0.7598 

360 1.52022 1655.7Z 2.388 4316.26 0.002 .. 6 .. 9 0.102"5 o .52~ 0.01&51 1.07533 0.7510 

38. 1 ..... 901 1720.87 2.383 4270.78 0.0023336 0.10305 0.530 0.01771 1.07171 0.7"29 

400 1.38"60 1783.75 2.383 4230.80 0.0022158 0.10365 0.536 0.01894 1.06845 0.7356 

420 1.32597 18"5.25 2.386 4195.74 0.0021091 0.10428 0.5"3 0.02021 1.065 .. 8 0.7290 

4 .. 0 1.27245 1905.89 2.390 U63.86 0.0020127 0.10"97 0.550 0.02151 1.06278 0.7231 

460 1.22337 1966."5 2.393 "13".36 0.0019252 0.10575 0.557 0.02283 1.06031 0.7179 

480 1.17814 2027.20 2.395 .. 107. 09 0.0018452 0.10662 0.565 0.02419 1.05803 0.7132 

500 1.13637 2089."6 2.396 "08".17 0.0017708 0.10760 0.573 0.02559 1 .0559" 0.7089 

520 1.09758 2151.90 2.395 4061.78 0.0017030 0.10867 0.581 0.02702 1.05399 0.7052 

540 1.05855 220".79 2.435 40"9.23 0.0016575 0.10981 0.589 0.02839 1 .0520 " 0.7058 

560 1.02~&2 2268.59 2.~34 "030.36 0.0016004 0.11106 0.598 0.02985 1.0503" 0.7033 

580 0.99288 233 2. 99 2."33 4012.79 0.0015 .. 7 .. 0.11237 0.606 0.03135 1.0 .. 875 0.7012 

~OO 0.96310 2398.29 2.430 3996.36 0.0014981 0.11375 0.615 0.03287 1.04727 0.6993 

650 0.89612 25& ..... 3 2.420 3959 . 57 0.0013881 0.11742 0.637 0.03681 1.0"393 0.6955 

7 00 0.83806 2733.93 2.406 3927.82 0.0012939 0.12134 0.660 0.04093 1.0410 .. 0.6927 

800 0.74226 3080.19 2.376 3875.71 0.0011"07 0.12968 0.707 0.0"913 1.03629 0.6891 

1000 0.60"&9 3781.36 2.32" 3801.5" 0.00092"6 0 .... 703 0.801 0 .06954 1.02949 0.6854 

2000 0.31472 7586.7" 2.097 3&"9.77 0.000"789 0.27727 1.249 0.24250 1.015 2 7 0.5893 

3000 0.21283 12073.70 1 . 872 3599.01 0.0003237 0.39274 1.651 0.47217 1.01031 0.591" 

4000 0.16075 17158.87 1.695 3573.09 0.0002 .... 6 0.51778 2.018 0.76751 1.00778 0.5888 

5000 0.1 2&87 2 .. 392.8 .. 1 ." 39 3549.99 0.0001970 0.73369 2.362 1.18"91 1.0 062 3 0.5569 

TWO-PHASE BOUMORY 
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C-Zb THERI100Y N~MIC PROP ERHES Of PARAHYOI{OGEN 

~OOO PSlA ISOBA R 

TEMPERA TURE ~OLU"E ISOTHERM ISOCHORE INTERNAL ENTHALPY ENT ROPY CV CP VELOC IlY 
OER I VA TI VE OERIVAT IV E ENERGY OF SOUNO 

DEG. R CU FULB CU FT-PSIA/LB PSIA/ R BTU/LB BT U/L B BTU/LB-R BTU / LB -R FT/SEC 

38.000 0.18226 5961.98 92.125~ -1 20.917 1~.084 1.31265 1.327 1.660 5877 
38 0.18226 5961.95 9 2 .1254 -120.916 14.085 1.31267 1.327 1.660 5877 
40 0.18331 5549.64 92.1071 -118.306 17.467 1.39939 1. 360 1.721 5856 

42 0.18438 5736. 84 91.9559 -115. 600 20.968 1.48481 1.3 9 0 I.HO 5833 
44 0.185~9 562 3 .79 91. 6851 -112. 8 02 24.585 1.56893 1.418 1.837 5810 
4& 00186&2 5510.70 91.30&& -109.916 28.314 1.65181 1.443 1.892 5785 
48 0.18779 5397.85 90.8310 -106.945 32.153 1.73348 1. ~ 67 1.946 5760 
50 0.18900 528 5 .49 90.2676 -103.890 36.099 1.81402 1.490 2.000 5733 
52 0.19023 5173.91 89.6245 -100.754 40.151 1.89347 1.511 2.052 5705 
5~ 0.19151 506 3 .39 88.9088 -97.542 44.305 1.97185 1.530 2.10 2 5678 
56 0.19281 4954.24 88.1266 -94.2 5 4 48.55 9 2.0~920 1.548 2.152 5649 
58 0.19!t15 4846.75 87.2834 -90.894 52.912 2.12558 1.5 64 2.201 5620 
60 0.19553 4741.25 86.3842 -87.463 57.361 2.20099 1.580 2.248 5591 

62 0.19694 4638. 06 85.4332 -83.966 61. 904 2 . 27547 1.594 2.295 5562 
64 0.19838 4537.51 84 . 4346 -80.403 66.538 2.34904 1.607 2.340 5532 
66 0.19990 4~55.41 63.4600 -76.766 71.299 2.42230 1.619 2.382 5511 
68 0.20141 4360.73 8 2 .3056 -73.083 7 6 .103 2.49399 1.6 29 2.423 5481 
70 0 . 20297 4271.16 81.1206 - 69 .345 80.992 2.5 6486 1.638 2.460 5452 
75 0.20698 4051. 51 78.0470 -59.796 93.514 2.73760 1 . 655 2.550 5377 
80 0.2U22 3833 .41 74.88 29 -49.964 106.484 2.90499 1.673 2.640 5294 
85 0.21569 36~9. 95 71.6644 -40.062 119.69 5 3.06503 1.700 2.131 5211 
90 0.22035 348 2 .73 68 .4497 -29.6 69 133.544 3.2 2333 1.721 2. 8 09 5132 
95 0.22523 3327.32 65.2884 -19. 046 147.782 3.37727 1 .1 39 2.882 5054 

100 0.23031 3 18 9 . 81 62.2248 -8.115 162.471 3. 52 800 1.156 2.948 4981 
105 0.23558 306 5 .24 59 .2790 2.874 177.369 3 . 67336 1 .170 3.007 4912 
110 0.24105 2951.37 56.4499 14.006 192.546 3.81456 1.786 3.064 48"3 
115 0.24669 2854.17 53 . 7476 25.276 201.996 3.95191 1.805 3.116 4778 
120 0.25250 2766.52 51.1510 36.679 223.102 4.08559 1.827 3.167 4713 
125 0.25847 2:'89.97 48.6932 48.216 239.663 4.21590 1.854 3.217 4650 
130 0.26459 2621.48 "6.3857 59.891 255.8 10 4.34302 1.884 3.267 4589 
140 0.27724 2513.13 42.2013 83.696 289.046 4.58884 1.951 3.369 44 78 
150 0.29038 2433.33 38.5591 108.174 323 .258 4.82484 2 .043 3.414 4318 
160 0.30391 2384.15 35.3684 133.388 358.493 5.05222 2.139 3.575 4296 

170 0.31174 2355.11 3 2 .5685 159.381 394.731 5.27189 2.2"2 3.674 4228 
180 0.33183 2339.35 30.1096 186.182 431.967 5.48470 2.347 3.770 4172 
190 0.34607 2339.20 27 .9518 214 . 379 410.713 5.69408 2 .411 3. 8 18 4124 
200 0.36042 2350.71 26.0523 242.892 509.850 5.89469 2.510 3.959 4096 
220 0.38934 2394.10 22 . 8791 302 .012 590.392 6.27844 2.744 ~. 094 ~068 

240 0.41834 2456.20 20.3645 363 .377 613.239 6.63862 2.876 4.190 ~071 

260 0.44135 2530.80 18 .34 34 426.218 157.566 6.97626 2.964 4. 2 45 4098 
280 0.47633 2613.06 16.6825 489.846 842 . 662 7.29148 3.010 4.263 H"1 
3 00 0.50526 2703.56 15.2924 553 . 520 927.765 7.58520 3.0 23 4.250 4196 
320 0.53410 2800.16 14.1095 616.772 1012.374 7.85834 3.011 4.213 4260 

3"0 0.5&274 2903.51 13 .0 929 679 . 222 1096.041 8.11161 2. 962 4.159 4331 
360 0. 5H24 3006.69 12.2089 74 0. 653 1178.577 6.34758 2 .943 4.098 4"04 
380 0.61953 3112.57 11.4363 8 00.953 1259.835 8.56721 2.698 4.033 44 79 
400 0.64765 3218.39 10.7544 860 . 091 1339. 8 03 8 . 77245 2.653 3.970 4555 
420 0.67560 332 5 .29 10.1483 918 .122 1418.533 8.96451 2.810 3.909 4630 
440 0.70337 3430.37 9 .60 66 915.105 1496.088 9.14494 2 .7 69 3.853 4703 
460 0.73100 3536 . 62 9.1195 1031.126 1512. 568 9.31495 2.732 3.802 4775 
480 0.75847 364 2 .50 8.6789 1086.291 1648.085 9.47543 2.699 3.756 4846 
500 0.78579 3748.62 8 . 2807 1140.6n 1722.721 9.62793 2 .6 70 3.715 4916 
520 0.81301 3553.17 7 . 9170 1194.426 1796.613 9.77297 2 .6 45 3.680 4984 

540 0.84265 3977.88 7 . 6843 1246.571 1870.719 9.91006 2.610 J.664 5086 
560 0.87005 4085.18 7.3839 1299.224 1943 . 666 10.04221 2 .592 3.640 5155 
580 0.89139 4192.40 7.1069 1351.536 2016.225 10.16938 2 .576 3.619 5223 
600 0. 92466 4299.51 6 . 8508 1403.544 2088.433 10.29185 2.564 3 .601 5289 
650 0.99262 4566.88 6 . 2871 1532.269 2267.498 10.57879 2.540 3.566 5451 
700 1.06033 4833.67 5.8116 1659.834 2 .. 45.209 10.64244 2 .525 3.543 56 06 
600 1.19515 5365.93 5.0534 1912.712 2797.950 11.31380 2 .511 3.518 5902 

1000 1.46338 6427.29 4.0160 24150174 3"99 .08 7 12.09564 2. 5 04 3.499 6451 
20 00 2.79648 11727.05 1. 99 62 4969.960 7041. 291 14.54395 2.649 3.633 8632 
3000 4.12733 17035. 65 1.3307 7757.201 10814.280 16.06034 2.924 3.908 10270 

4000 5.45904 22349.97 0 . 9983 10826.741 14870.205 17.42097 3.204 4.193 11641 
5000 6.8044& 27667 . 28 0.7989 14261.842 19321.846 19.24691 3.7"3 4.774 12785 

TWO-PHASE BOUNORY 
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THERMODYNAMIC PROPERTIES Of PARAHyoROGEN C- Zb 

.000 PSIA ISOBAR 

TEM'ERATURE DENSITY V loH/DV' p VIDP/ DU'V -VIDP/DV'T IDV/DT\lV THERMAL V IS C DSn Y THERMAL DIELEC TRIC PRANDTL 
CONDUC TI VITY DIFFUSIVITY CONSTANT NUMBER 

oEG. R LB/Cli FT BTU/LB PS IA- CU FT/BTU PSIA 1I0EG. 1\ BTU/F T-HR-I\ LB/FT-SEC SQ FT/HR 
X 10 5 

38.000 5 •• 8&57 589.~3 12.&51 32710.80 O. 00 281&~ 0.08&55 2.850 0.00950 1.29019 1.9&80 

38 5.~8&56 589. ~3 12.&51 3 2710.&2 0.O02816~ 0.08&55 2.850 0.00950 1.29019 1.9&80 

.. 0 5.45536 59&.38 12 .~11 31911.90 0.00288&3 0.08977 2.557 0.0095& 1.288"0 1.7& .. 9 

"2 5."2359 ,,02.20 12 .191 31114.21 0.002955 .. 0.092 .. 2 2.H8 !I).00957 1.28&58 1.&0&9 

.... 5.39125 & 0 7."3 11.994 30319.25 0 . 0030240 0.0%59 2.120 (1).00955 1.28472 1 .482 .. 

46 5.3583 8 511.91 11.80& 29528.43 0.0030922 0.09&32 1.955 ~. 00950 1.2828" 1.3826 

"8 5.32.98 &15.85 11. &27 287~3.~5 0.0031&01 0.097&8 1.815 .0.00943 1.28093 1.3019 

50 5.29107 ;, 19 . 52 11.451 2 79&5.9~ O.OO3227a 0.0987" 1.&9& 0.00933 1.27899 1.23&1 

52 5.25&67 &22. &5 11.285 27197. 56 0.0032953 0.09955 1.592 0.00923 1.27703 1.181" 

5 .. 5.22179 &25.13 11.131 2&"39.98 0.0033&27 0.10015 1 .502 0.00912 1.2750" 1.1352 

5& 5.18& .... &27. .. 5 10.919 25&94. 87 0.003"297 0.10014 1 ... 23 0.00897 1.2730 2 1.1013 

58 5.1506. &29.4& 10.832 24963.90 O. 00 3"9&~ 0.09999 1.35 .. 0.00882 1.27098 1.0728 

&0 5.11 .... 1 &31.0& 1 0. & 93 2~ 2 ~ 8 .73 O. 00 35&2~ 0.0997~ 1.292 0.00867 1 .26592 I . 0 ~84 

62 5.07717 &3 2.5& 10.555 23551.02 0.0036276 0.09942 1.237 0.0085l 1.2&&8~ 1.0276 

& .. 5.0~07" &33.78 1 0 • 4 25 22872.40 0.003&915 0.09901 1.187 0.008~0 1.2647 4 1.009& 

&6 5.00245 &36 . 21 10.30& 22287.95 0.0037 .... & 0.09851 1.1"1 0.00827 1.2&257 0.9935 

&8 ".9& .. 89 637.33 10.175 21650.55 0 . 0038015 0.09799 1.100 0.00815 1.2&0 .... 0.9795 

70 ... 92&88 638.2& 10.05~ 210~3."9 0.0038,.9 0.09"'2 1.0&3 0.0080 .. 1.25829 0.9668 

75 ... 83135 &39.52 9.759 1957~.27 0.0039872 0.09585 0.98" 0.00778 1.25289 0.9421 

80 ~. 73 ...... &39.75 9."55 181"9.33 0.00"1259 0.09412 0.918 0.00753 1.2 .. 7 .... O. n&9 

85 4.&3636 & ..... 80 9.091 16922."6 0.00"2349 0.09235 0.863 0.00729 1.24193 0.9186 

90 4.53819 648.70 8.765 15805.27 0.0043308 0.09059 0.816 0.00711 1.23643 0.9112 

95 ... 43986 652.19 8 ... 5& 1~772.81 0.00"4195 0.08888 0.776 0.00&9S 1.2309" 0.9056 

100 " .3 ~204 65&.29 8.1&0 13850.30 O. 00~"927 0.08726 0.7~0 O. DO &82 1. 22550 0.9007 

105 ... 24~78 6&0.02 7.890 13011. 2~ 0.00~5560 0.08572 0.709 0.00&72 1.22010 0.8958 

110 ~.1~859 6&4.52 7.619 122~~.01 0.0046104 0.08"57 0 . 682 0.00&&5 1.21478 0.8892 

115 ... 05369 & 70.86 7.3~& 11569.9" 0.00"&~55 0.08361 0.657 0.00&&2 1.2095" 0.8820 

120 3.960.2 67 8. ~2 7.0 68 1095&.5& 0.00~&&85 0.08273 0.635 0.00&60 1.20"41 0.8757 

125 3.86891 687.53 6.789 10~07.26 0.0046188 0.0819. 0 .616 0.00658 1.19939 0.8704 

130 3.779~5 697.89 &.51~ 9907.73 0.00 .. 6818 0.08125 0.598 0.00658 1.19"~ 9 0.866. 

140 3.60698 123.67 5.981 90&6.95 0. 00 .. 6551 0.08013 0.569 0.00659 1.18509 0.8612 

150 J. ~~J7~ 154 . 95 5 ... 81 8319.1& 0.00"601~ 0.0803~ o .s..& 0.00672 1.1 762~ O. 8~96 

160 3.290 .. 3 7 92 .97 5.02" 78 ..... 89 0.00"5065 0.06129 0.528 0.00691 1.16797 O. 6 35~ 

170 3 .1"'19 836.05 ~.615 "'12.16 0.00~3939 0.062 .. 0 0 . 51~ 0.00713 1.16026 0.82~" 

180 3.013>7 8 8 2.60 ~.257 70 .. 9.81 0.0042110 0.08266 0.~90 0.00726 1.15313 0.8 0~9 

190 2.88956 9J7.79 3.915 6759. 25 O. QO .. 1H3 o .0858~ 0.500 0.00766 1.1~653 0.8130 

200 2.77 .. 56 991.18 3.653 6522.3~ 0.0039943 0.08865 0.507 0.00807 1.1"O~3 0.8151 

220 2 .568.6 11 0 O. ~6 3.2 .. 6 61~9.16 0.0037207 0.09327 0.516 0.00867 1 . 12955 0.8150 

2~0 2.39039 1207 .92 2.962 5871.28 0.003"665 0.09676 0.520 0.009&6 1.12020 O. 8108 

260 2.23539 1309. 30 2.768 5657.31 0.0032 .. 24 0.09936 0.523 0.010~7 1. 11212 0 .60~0 

280 2.09937 1~01.90 2.6 .. 0 5~85. 79 0.0030~10 0.10122 0.525 0.01131 1.10505 0.795 7 

300 1.91916 H 87.09 2.556 5350.78 0.0026580 0.10253 0.527 0.01219 1.0988~ 0.766~ 

320 1.81231 1565.38 2.503 5242.77 0.0026912 0.103" 0.530 0.01311 1.09333 0.7766 

3"0 1.77701 1639.06 2 • ..,1 5159.67 0.0025375 O.tO~l1 0.533 0.01~09 1. 0864~ 0.76&8 

360 1.69131 1707.06 2.453 5085.43 0.002~008 0.10~62 0.537 0.01509 1.08405 0.7576 

380 1.61"12 17 71.87 2.~~~ 502~.07 0.0022763 0.10507 0.542 0.0161~ 1.0~011 O. 7~91 

~OO 1.5"405 183~.~1 2 . 4~1 4969 . 36 0.00216"1 0.10554 0.5'" 0.01722 1. 0765~ 0 .7 ~13 

.20 1 ... 8017 1695.86 2 .~~O ~921.99 0.0020618 0.10&06 o .553 0.0183J 1.07329 0.73 .. 2 

4~0 1.42112 1956.06 2 ... 41 4817.02 0.0019696 0.10665 0.560 0.019~7 1.07033 0.7280 

460 1.36800 2017.06 2.440 4838.09 0.00188~9 0.10735 0.567 0.0206~ 1.06761 0. 7223 

~80 1.318"~ 2078.33 2.4 39 "8 0 2.~1 0.0018072 0.1081& 0.5'" 0.02184 1.06510 0.7172 

500 1.27260 21 .. 0 •• 5 2 •• 37 4170.50 0.0017356 0.10908 0.581 0.02307 1.06279 0.7128 

520 1.23000 2202.91 2."3~ • 739. ~o 0.0016105 0.11010 0.589 0.02~32 1.06064 0.7088 

5~0 1.18673 2250.83 2.481 4720.65 0 .0 016278 0.11120 0.597 0.02557 1 .058"7 0.7082 

560 1.1 .. 935 231~.~2 2.~79 "695.32 0.00 15726 0.11242 0.605 0.02667 1.05659 0.7055 

580 1.11 .. 35 2378.65 2 • ..,5 "671.1 8 0.0015212 0.11371 0.614 0.02820 1.05483 0.7031 

600 1.08H8 2"~3.81 2.471 .. 6 .. 9.82 O. 001~733 0.11506 0.622 0.02955 1.05316 0.7 010 

650 1.00"'3 260 9 .71 2.~57 4600.81 0.0013665 0.11871 0.6~" 0.03304 1.0~9"8 0.6969 

700 0.94311 2779.08 2 .~ 41 .558.67 0.0012"'9 0.12263 0.&&7 0.03670 1.04627 0 . 6938 

800 0.83671 3125.25 2.~06 4"89.75 0.0011255 0 .131 02 0.11~ O. 04~52 1.0 .. 097 0.6898 

10 00 0.68335 3826.35 2.3"7 4392.08 0.000914" 0.1"858 0.809 0.06215 1.03337 0.6857 

2000 0.35759 7&32.6 .. 2 .10 7 4193.50 0.000..,60 0.27727 1.267 0.21341 1.01737 0.5976 

3000 0.2 ~229 12121.83 1.818 4127.~2 0.000322 .. 0.39272 1.618 0 ... 1 "'5 1.0117~ 0.6011 

.. 000 0.18318 1119~.13 1.701 409 ... 12 O. 0002~38 0.51697 2.0" 0.67312 1.00887 0.5996 

5 000 0.1 .. 696 2~297.99 1.~52 "066.05 0.0001965 0.72610 2,"06 1. 03~95 1 .00111 0.5695 
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C - 2b THERHOOYNAMIC PROPERTIES OF PARAHYOROGEN 

~500 PSIA ISlBAR 

TEMPERATURE VOLU HE IS OTHERM ISOCHO~E INTERNAL ENTHALPY ENTROPY CV CP VELOC ITY 
OEUVATIVE OERIV ATIVE ENERGY OF SOUNO 

)EG . R CU HILS CU FT-PSIA/LS PSIA/R STU/LS BTUILS B TUILS-R STU I LS - R FT I SEC 

39.363 0.18026 6296.66 93.8822 -118 . 855 31.353 1.32527 1.344 1 . 675 6031 
40 0 . 18057 6262 . 18 93.8837 -118.0~0 32.~27 1 . 35233 1.3 54 1 . 694 6024 

42 0 . 18156 6153.56 93.8015 -115 . 470 35.873 1.43638 1.384 1.751 6005 
44 0 . 18258 6044 . 40 9~ . 5988 -112.711 39.431 1.51913 1 . 413 1 . 807 5984 
46 0.18363 5334.9~ 93.2885 -109.916 43.098 1 . 60063 1. 439 1 . 860 5962 
48 0 . 18470 5825.40 92 . 8617 - 107.036 46.670 1 . 68090 1. 463 1.912 5939 
50 0.16560 5716.01 92 . 3864 -104.060 50.747 1.76002 1.487 1 . 964 5915 
52 0.18693 5507.02 91.8170 -101.043 54.726 1.83804 1.508 2 . 014 5890 
54 0.18809 5~98.67 91 . 1750 -97.931 58.803 1 . 91498 1.528 2.063 5864 
56 0.18328 5391.24 90 . 4668 -94.748 62.976 1.99086 1.547 2 . 111 5838 
58 0.19050 5284.97 89.7040 - 91.494 67.244 2.06574 1. 5 64 2 . 157 5812 
60 0.19175 5180.14 88.8856 -88.173 71.605 2.13965 1.580 2. 203 5785 

62 0 . 19302 5077.03 88.0180 -84 . 786 76.055 2.21261 1.595 2 . 247 5757 
64 0.19~33 4H5 . 92 87 . 1050 - 81.337 80.593 2 . 28465 1.608 2.291 5730 
66 0.19567 4877 . 07 66.1504 -77.627 85.217 2 . 35579 1.621 2.333 5703 
68 0 . 19703 4760.79 85.1575 -74.260 89 . 925 2.42605 1.632 2. 374 5675 
70 0 . 19843 4&67.34 84 . 1294 -70.639 94.711 2.49542 1.641 2. 412 5649 
75 0.20209 4492 . 47 81 . 3778 -61 . 367 107.027 2 . 66536 1 . 660 2 . 496 5594 
80 0 . 20587 4293 . 51 76.4063 -51 . 831 119.719 2.82916 1 . 679 2. 578 5526 
85 0 . 20963 4064 . 97 75 . 3713 -42.234 132.612 2.96533 1.706 2.672 5441 
90 0.21397 3913 . 50 72 . 2831 -32.136 146 . 161 3 . 14020 1.730 2 . 149 5367 
95 0.21829 3756 . 32 69.2199 - 21 . 803 160 . 090 3.29080 1 . 150 2 . 619 5295 

100 0 . 22275 3610 . 65 66.2236 -11.158 114.456 3.43821 1 . 768 2.8ft4 5224 
105 0 . 22739 3~74.52 63 . 3123 -0.451 189 . 024 3.58036 1. 782 2.942 5155 
110 0.23217 3359 . 15 60 . 5292 10.408 203.867 3.71845 1.799 2.996 5091 
115 0 . 23709 32 53 . 64 57 . 8588 21.418 215.983 3.85283 1.818 3.050 5028 
120 0 . 2~217 3156 . 99 55 . 3030 32.581 234.374 3.98363 1.841 3.104 4965 
125 0 . 24 7 37 3074.38 52.8629 43 . 898 250.026 4 . 111&1 1.868 3.156 4905 
130 0 . 25268 3000 . 60 50 . 5225 55 . 369 265.924 4 . 23632 1 . 899 3.206 4845 
140 0 . 26365 2672.05 46 . 2250 76 . 609 298.502 4.47770 1 . 971 3.312 4728 
150 0.27503 2774.62 42 . 4306 102.984 332.158 4.70987 2.057 3 . 421 4623 
160 0 . 28&75 2703.67 39 . 0953 127.963 366 . 908 4.93410 2.154 3 . 531 4532 

170 0.29677 2657 . 23 36.1469 153.792 ~02.750 5.15137 2 . 257 3 . 638 ~455 
1 80 0 . 31102 2&29 . 36 33 . 5340 180 . 486 439.651 5.36227 2.361 3.140 4393 
190 O. 3234~ 2616 . 29 31.2152 208 . 637 478.157 5.57035 2.485 3.855 4337 
200 0 . 33599 2613 . 35 29 . 1576 237.148 517.121 5.77007 2.584 3.944 4299 
220 0.36134 2635.56 25.6878 296 . 354 597 . 448 6.15279 2.757 4.089 4255 
240 0.38684 2585 . 48 22 . 9070 357 .686 680.228 6.51268 2 . 888 4.188 4241 
260 0.41238 2747.99 20.6497 420.926 764.552 &.85030 2.976 4.246 4262 
280 0.43792 2820.79 18 . 7898 484.766 849.675 7.16562 3.021 4 . 266 4295 
300 0 . 46344 2901 . 22 17.2338 548.665 934.842 7.45955 3.034 4.255 4342 
320 0.48893 2988.07 15.9102 &12.160 1019 . 578 7 . 73311 3.022 4.222 4398 

340 0.51436 3080.79 14 . 7672 674.880 11 03.488 1 . 98712 2.993 4 . 172 4460 
360 0 . 539&4 3181.54 13 . 7747 73&.587 118& . 259 8.22376 2 . 954 4.112 4529 
380 0 . 5&479 3283.74 12.9014 797.175 1267 . 803 8.44422 2.910 4.047 4600 
400 0.58F9 3385.76 12 . 1296 856.609 134~.071 8.65016 2. 865 3 . 985 4671 
420 0.61464 3~90.23 11.4444 914.925 1427.091 8.84294 2.821 3.924 4742 
440 0 . 63934 3593.30 10.8310 972.196 1504.946 9.02407 2 . 761 3.868 4812 
460 0 . &6391 3,99.35 10 . 2794 1028 . 508 1581 . 726 9.19474 2. 744 3 . 616 4862 
480 0 . 68634 3803.6& 9 . 7807 1083 . 959 1657.534 9 . 35565 2. 711 3 . 770 4950 
5 DO 0.71263 3906 . 97 9.3267 1138 . 644 1732.459 9.50693 2 . 682 3 . 730 5 017 
520 0.73582 4010 . 55 8 . 9159 it92.656 1806 . 632 9 . 65452 2 . 657 3.694 5062 

540 0.76334 4133.32 8 . 6557 1244.201 1880.275 9.79034 2.616 3.672 5184 
5&0 0 . 76771 ~239.50 8 . 3161 1297 . 004 1953.381 9.92280 2. 598 3 . 648 5251 
580 0 . H203 4345.69 8.0031 1349.459 2026 . 103 10.05024 2.582 3.626 5311 
600 0.83629 4451.86 7.7136 1401.596 2096.456 10.17295 2.569 3.608 5382 
650 0 . 89074 4717.16 7.0768 1530.617 2277 . 847 10 . 46042 2.545 3.572 5539 
700 0 . 95&94 4982.20 6.5402 1658.436 2455.837 10.72448 2 . 529 3 . 548 5691 
800 1. 07683 5511 . 52 5 . 6846 1911 . 722 2809.017 11.19643 2 . 514 3 . 521 5980 

1000 1 . 31527 6568.36 4 . 5157 2414.737 3510 . 720 11.97691 2 . 506 3 . 501 6520 
2 000 2 . 50003 11855.88 2 . 2441 4970.485 7053.703 14.42762 2.650 3 . 633 8678 
3000 3 . 68281 17158.92 1.4962 7757 . 959 10626.767 15.94425 2 . 925 3 . 908 10306 

4000 4 . 80;36 22470.10 1.1226 10826.591 14881.639 17.304&0 3 . 201 4 . 169 11612 
5 0 DO 6 . 06153 277 85.39 o • 6984 14270 . 583 19121.522 19.12800 3.721 4.748 12 8 16 
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THERMOOYNAHIC PROPERTIES OF PARA~YOROGEN C-Zb 

~500 PSIA ISOBAR 

TEMPERATU RE DE NSITY V IOH/OV' p V IOP/DUIy -V I DP/O V'T 
I oVIOTYv CONb~~~~~iTY V ISCOS IT Y THER~AL DIE LEC TR IC PRANDTL 

DIFFUSI VITY CONST ANT NUM BER 

DEG. R LB/CU FT STU/LB PSIA-CU FT I BTU PSlA 11 DEG. R OTU /FT- HR - R LB~F~~?EC Sa. FT/HR 

39.363 5.5HH 623. 28 12.595 34930.49 0.0026877 0.09139 2.994 0.0098 3 1 . 29370 1.9 759 

40 5.53794 625 . 80 12 . 519 34679.58 0.0027072 0.09241 2.890 0.00985 1 . 2n15 1.9075 

42 5.50770 632 . 69 12.301 33891.95 0.0027677 0 . 09524 2 . 605 0.0098~ 1.29141 1.7245 

44 5.47697 638.98 12.095 33105.03 0 . 0028273 0.09757 2.371 0. 00986 1.28964 1 .580 8 

46 5.44577 644 . 46 11.904 32320.32 0.0028864 0.09944 2.177 0.00982 1. 28785 1.4658 

48 5.41410 649.38 11. 724 31539.32 0 . 0029449 0 .1 0093 2.013 0.00975 1. 28603 1.3729 

50 5.38199 654.00 11. 546 30763.54 0 .0 030032 0.10210 1.873 0. 00966 1.28419 1 . 2971 

52 5.34945 658.04 11.379 29994 . 48 0.0030611 0.10302 1.753 0 . 00956 1. 28233 1.2341 

54 5.31650 661.34 11 . 225 29233 . 68 0.0031188 0 . 10370 1.649 0 . 00946 1. 280 44 1.1810 

56 5.28313 664.46 11.073 28482.62 0.0031763 0.10376 1.559 0.00931 1.27854 1.1413 

58 5.24938 667.22 10.926 27742.81 0.0032334 0.10367 I.H9 0. 00915 1.27661 1 .10 79 

60 5.21524 669.50 10 . 789 27015 .7 2 0.0032901 0.10348 1.408 0.00901 1 . 27466 1.0792 

62 5 .18075 671.61 10.653 26302.83 0.0033463 0.10321 1.345 0.00886 1. 272 70 1.0547 

64 5 .14 590 673 . 37 10.525 25605.59 0.0034018 0 . 10265 1.289 0 . 00873 1. 270 71 1.0336 

66 5.11073 675.03 10.398 24925 .42 0 .00 34563 0.10242 1.238 0.00859 1. 26671 1.0155 

68 5. 07525 676.36 10 . 279 24263.70 0 . 0035097 0.10193 1 . 193 0 . 00846 1 . 26&70 0 . 9997 

70 5.03949 677.26 10_171 23621. 79 0.0035615 0.10139 1 .151 0 . 00834 1.26467 0. 9856 

75 4.94837 681 . 97 9.905 22230 . 3& 0 . 0036&07 0 . 09984 1.0&1 0. 00808 1.25950 0. 9552 

80 4.65734 685 .77 9 . 613 20855.05 0 . 0037596 0.09816 0.989 0.00784 1.25436 0. 9350 

85 4.76577 690 . 17 9 . 258 19468.03 0 .00 38715 0.09643 0.929 0.00757 1.24920 0.9265 

90 4.67355 695.54 6 . 939 18289.95 0.0039521 0.09470 0 . 878 0.00737 1.2"402 0. 9 175 

95 4.58115 700.76 8.636 17206.28 0.0040225 0.09300 0.834 0.0072 0 1.23884 0. 9104 

100 4.48929 705. 89 8.344 16210.13 0.004085 3 0.09137 0.79 6 0.00706 1 . 23370 0.9049 

105 4.39782 710.06 8 .0 77 15280.29 0.0041434 0.08983 0.763 0 . 00 694 1.22860 0.8998 

110 4.30726 716.25 7.812 14468 . 74 0.0041834 0.08867 0.734 0.00687 1.22357 0.8926 

115 4.21774 723.41 7.544 13723.02 0 .0 042162 0 . 08770 o .70 7 0 . 0068? 1 . 21860 0.8857 

120 4.12938 731. 65 7.273 13036.40 0 .0 0424Z2 0.08681 0.684 0. 00677 1. 21372 0 . 6604 

125 4.04253 741.88 7 .0 00 12428.28 0 .004 2534 0.08599 0.66 3 0.00 674 1.20893 0 .8757 

130 3.95752 753.59 6.724 11874.94 0.0042545 0.08527 0 . 64" 0.0067 2 1.20425 O. 8718 

140 3.79292 780.52 6.182 10893.45 0 .0 042 4 34 0.08408 0.612 0.00669 1.1952 3 0.8676 

150 3.63601 813.37 5.672 10089 . 27 0.00"2055 0.08424 0 . 586 0.00 677 1.18667 0 . 6563 

100 3.48732 851 . 59 5 .205 9428.56 0.0041465 0.08515 0.565 0. 00 691 1.17860 O. 8434 

170 3.34707 895.18 4.786 8893. 93 0.0040642 0.08620 0.546 0.0070 8 1.1710 2 0.8333 

180 3.21525 942.94 4.417 8454 . 06 0 .0 0 3966~ 0 . 08658 0.516 0 . 00720 1.16393 O. 8024 

190 3.09172 999.03 4.064 8088.83 0.0038590 0.08976 0.525 0 . 00753 1.15731 0 . 8125 

200 2.97628 1 05 2 .02 3.792 7778.07 0 .0 037487 0.09254 0.532 0.00788 1.15114 0 .81&6 

220 2.76750 1161.01 3 . 367 7293. 96 0.003521~ 0.09702 0 . 540 0.00657 1 . 14005 0 . 8193 

240 2.58506 l Z69.19 3.068 6942.17 0 .0 032997 0.10032 0.543 0 . 00927 1.13 04 2 0 . 8162 

260 2.42495 1370.22 2.862 6663.75 0.003098B 0.10267 0.544 0. 00997 1 .1 2201 0.8100 

280 2.28352 146 2 . 29 2.724 6441.33 0.0029171 0.10429 0.544 0.01071 1.1146 2 0 . 8017 

300 2.15776 154 5 .75 2 .6 33 6260.14 0.0027529 0.10537 0.545 0.01148 1.10808 0. 7926 

320 2 .04527 1021.62 2 .574 6111.39 0.0026034 0.10606 0.54 6 0.01226 1 . 10225 0 . 7830 

340 1. 94415 1592.11 2 . 538 5989.51 0.0024655 0 .10 652 0.548 0.01313 1.09703 0 .77 33 

360 1.65308 1759.86 2.516 5895 . 65 0 .00 23364 0.10686 0.551 0.0140 2 1.09234 0.7638 

360 1.77056 1824.02 2.504 5814.08 0 .0 022190 0.10715 o .5 55 0.0149 5 1.088 11 0.7548 

400 1.69551 1885.81 2.497 5740.59 0 .0 021130 0.10749 0.55 9 0.01591 1.08426 0.74 67 

420 1.626H 194 6 .96 2.493 5678.49 0 .0 020154 0.10789 0.565 0.01690 1 . 08076 0.7392 

440 1.56"11 2007 . 06 2 .490 5620.32 0.0019271 0 .108 39 0.570 O.017qz 1.0775~ 0.7326 

460 1.50624 2068.69 2.487 5572 .09 0.0018448 0.10901 0.576 0.0189 6 1.01461 0.7266 

460 1.45278 213 0 .05 2 .483 5525 . 88 0.0017700 0 .10974 0.583 0.02004 1.07190 0.7212 

500 1.40326 2191.89 2.478 5482.50 0 .001 7015 0.11060 0 . 590 0.0211 3 1.06939 0.7165 

520 1.35718 2254.85 2.472 5443 . 06 0.001&380 0.11157 0.5 98 0.02226 1.06706 0.7122 

540 1.31003 2297 .39 2.525 5414 .79 0.0015985 0.11263 0.605 0.0 2341 1 . 0646 8 0.7105 

560 1.269,0 2360.72 2.521 5382.04 0.0015452 0.11381 0.613 0.02458 1 .06263 O. 70 76 

580 1.23149 2424.74 2 . 517 5351.66 0.0014954 0.11507 o . 621 0.02577 1.06072 0.7 050 

600 1.19576 248 9 .73 2.511 5323.36 0 . 0014490 0.11640 0.630 0.0269 8 1.05892 0 .70 27 

650 1.11515 2;55 . 33 2.494 5260.36 0.0013453 0.12001 0.652 0. 03013 1.05487 0. 6982 

700 1.04499 28 24 . 52 2.475 5206.36 0.001256 2 0.12393 0 .674 0.0334 2 1.05136 0 .6 948 

600 0.92866 Jt 7 0.53 2.435 5118.30 0.0011106 0.13235 0.721 0. 04047 1 .04555 0 . 6904 

1000 0.7 6030 3871.48 2.370 4993.93 0 .0 009042 0.15012 0.817 0 . 05640 1.0371 8 0 . 6859 

2000 0.40000 7678.40 2.117 4742.30 0.0004732 0 _27727 1.284 0.19077 1.01944 0.6 059 

3000 0.27153 12169 . 67 1 . 884 4659.19 0.0003211 0.39271 1.705 0.37007 1.01 317 0.610 9 

4000 0.20549 17231. 56 1.706 4617.42 0.0002411 0.5 1630 2 . 090 0.59974 1.0099 5 0.6106 

5000 0.16497 24228.03 1.464 4583.89 0.00 01960 0.71981 2 .451 0.91888 1 .0 0798 0.5822 
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C- Zb THE RHO DYNAMI C PROPERTIES OF PARAHYDROGEN 

5000 PSIA ISO BAR 

TEHPERAT URE VOLUHE ISO THERM I SOCHO RE I NTERN AL ENTHALPY ENTROPY CV CP VEL OCITY 
DER rVATI VE DERIVATIV E ENERGY OF SOUND 

JEG. R CU FTILa CU FT-PSIA/LB PS lAI R BTUIL B BTU/LB BTUILB-R BTU I L B -R FT/ SEC 

~0.6 88 0.1 7 84 0 6;23.4 8 95 . 6 0 33 -116 . 734 ~ 8.439 1 .337 J3 1 . 359 1.690 6177 
42 0 .1 7 90 1 6554.76 9 5 .5716 - 115 . 056 50.680 1.39154 1. 379 1. 726 61&6 
44 0. ln95 644 9 .39 9 5 .4 2 38 -112 . 4 25 54.187 1.47311 1.408 1. 7 81 614 7 
46 0 .18 092 6343.4 6 9 5 . 1678 - 109 . 710 57.800 1.55341 1 . 435 1. 8 33 6127 
48 0.18 192 623 7 .19 9 4 . 8155 -106.914 61.517 1.63249 1 . 460 1 . 8 8 4 6106 
50 0 . 18 2 9 4 6 1 30.H 94. 3773 - 104. 039 65. H4 1.71041 1. 4 84 1. 9 34 6084 
52 0.1 8398 6024.47 9 3. 8 6 21 -1 01. 088 69.251 1.78721 1 . 506 1. 9 8 2 6 062 
5 4 0.1 8504 5 91 8 . 47 9 3.2778 - 98.064 7J . 2 6 2 1.86291 1.526 2.0 29 6039 
56 0 .18&14 5813 .01 92. &3 08 -94.97 0 77 .367 1.93754 1.545 2 .075 6014 
58 0 .18725 57 oe. 32 91. 9 271 -91.808 81.563 2.01116 1.563 2 . 1 21 5990 
60 0. 18839 5604 .64 91.1718 - 88.580 85.849 2.08380 1.579 2 . 164 5965 

6 2 0.1895& 550 2 . 22 90 .3691 - 85.289 90 . 220 2.15547 1.595 2.207 5939 
64 0. 19076 5401. 29 89 .5231 - 81.937 94.677 2.22622 1.609 2 . 2 49 5914 
66 0.19 198 530 2.1 0 8 8. 6 373 - 78.526 99.216 2.29606 1.623 Z.29 0 5888 
68 0.19322 5204.89 87 . 7149 -75.0 6 0 103.836 2.36501 1.634 2 .3 2 9 5 862 
7 0 0 . 19449 5109.90 86. 7588 -71. 541 108.532 2.43307 1.644 2. 366 5 837 
75 0 . 19778 488 3 .76 84. 2392 -62.536 120.585 2.59936 1.665 2. 45 4 5775 
80 0. 2 01 27 4706. 37 8 1 . 5553 - 53.243 133.102 2.76091 1.685 2 . 53 3 5 725 
85 0. 20485 4529.95 78 . 6 9 1 3 -43.898 145.761 2.91424 1 . 715 2 . 618 5660 
90 0. 2 08 56 4341.97 75.77 57 - 34.055 159.04& 3.0&&09 1.738 2 . &97 5587 
95 0. 21243 4166 . 24 72. 8 0 &2 -23.972 172.710 3.21384 1.759 2 .769 5512 

100 0 . 2 1 &43 4024.57 69.88&5 - 13.5&7 18&.821 3.35862 1.778 2.831 54 .. 8 
105 0 . 22 05& 3887.63 67 . 0 2 7& -3.099 201.114 3.49808 1 . 793 2.887 5384 
110 0. 22483 3759 . 99 &4.2594 7 .531 215 . &90 3.633&9 1.811 2.941 5319 
115 0. 22920 3&43 . 48 &1 .60 3 0 18. 3 17 230.528 3.7&560 1.831 2.99 & 5256 
120 0.23371 3537.7 0 59.0572 29.268 245.651 3.89432 1.8 54 3.051 5193 
125 0 .238 32 3448.07 56.&307 4 0 .384 261.034 4.01991 1 . 881 3.1 04 5134 
130 0 . 24 30 3 3367.17 5~ .30 86 51.673 276.687 4.14269 1.912 3.158 5075 
140 0. 2 5 273 3234.59 4 9 .9682 7 4 . 795 308 . 792 4.3805 7 1.9 85 3.263 49&3 
150 0 . 26 27 6 3119.38 46.06 26 98.&93 341.971 4.60944 2.071 3. 3 7& 4853 
160 0 . 27 31 0 3037.41 ~2 . 5qzO 123.446 376.297 4.83094 2.1&8 3 . 487 4758 

170 0. 28368 2 9 61 . 77 39.5185 149 . 091 411.736 5.04576 2.270 3.603 4671 
180 0.2945 1 2921. 73 36.7743 175. 663 448 . 343 5.25497 2.375 3.713 4600 
190 0. 3 0 5 4 9 2596.85 34.3284 20 3. 729 48&.5 7 4 5.46156 2. 498 3 . 833 4538 
200 0. 3 1 6& 2 2884.33 3 2 . 1 373 232.20 1 525.349 5.66031 2.5 97 3.926 44 9 5 
220 0 . 339 13 2885 . 09 28.4093 291.418 6 05.404 6.04173 2.770 4 .080 4437 
240 0. 36 184 2919 . 82 25 .3901 353.05 0 688. 067 6.4011 0 2.90 0 4. 18 5 4418 
2 60 0.3846~ 297 2 .70 22. 9 171 4 16. 24 0 772.369 6 .73863 2.9 8 7 4.245 4424 
280 0. 4 0 145 3036 . 78 20 .8657 480 . 249 857 . 496 7.05397 3.032 4.266 4449 
300 0.4302 6 3106.49 1 9.1481 544.326 942.690 7.34799 3 . 0 4~ ~ . 258 448 7 
320 0 . 4530 3 3187 . 52 17. 68 83 608.010 1027 .456 7.62163 3 . 032 ~ . 2 25 4537 

340 0.47 581 3271.97 16. 4 286 67 0 .938 1111.473 7.87597 3.003 4 .179 4593 
360 0.4985 2 3362.29 15.3284 732 . 8 76 1194 . 438 8.11316 2 .9 &4 4.12 2 4654 
380 0.52112 3458.87 14.3623 793.70 7 1276.19J 8.33420 2. 9 20 4. 060 4 7 20 
400 0. 5 4 361 3559.72 1 3 .5 0 4 0 853 . 396 1356 . 7 0 8 8.54078 2.876 3 .997 4788 
420 0.56 598 3660.76 12.7394 911. 972 1435.993 8.73419 2 . 832 3.937 4855 
440 0. 58822 376 2 . 5 9 12 .0540 969.509 1514.119 8.91595 2 . 792 3. 88 1 492 2 
460 0. 6103 2 3865.16 11.438 3 10 26 .0 83 1591 . 161 9.08721 2.756 3.830 498 9 
480 0. 6 3231 3967 . 44 10.881& 10 8 1 .7 9 8 1667.231 9.24881 2.123 3.78 3 5054 
500 0. 65417 4069.21 10.3766 1136 .146 17 42.422 9.40250 2. 694 3. 74 3 5117 
520 0. 67595 4172.73 9 . 91 51 1191 . 023 1816.858 9.5486 0 2.6 10 3 . 70 6 5180 

540 0 .69991 4291.29 9.6247 1242.024 1890.047 9.68318 2.623 3.68 0 5282 
5&0 0 .72 1 86 4396 . 17 9.24&1 1294.96& 1 9&3.308 9.81591 2. &04 3.655 5346 
580 0.74 37 5 4501.18 8. 8 972 1 347 . 552 20 36.164 9.94360 2.588 J . 6 33 5410 
600 0.765 59 ~6 0 & . 27 8.5 7 45 1 3 99. 813 21 08.650 10.06&53 2. 575 3.&14 5473 
650 0. 8 2 0 0 2 4869.19 7.86 48 1529.113 228S.3~0 10. 354~8 2.550 J. 5 7 8 5626 
700 0. 87422 5132.21 7.2670 1657. 173 2~6&.586 10.61893 2.53J J . 553 5 774 
800 0. 982 14 5658 . 18 6 . 3144 1 9 10. 852 2820.176 11.091~2 2.518 3. 525 6058 

1000 1 . 19 .72 6709.89 5 . 0143 2414.~05 35Z2.~07 11.87~50 2.509 3. 5 0 3 6588 
2000 2 . 26273 1198 3.51 2.4914 49 71 . 112 706& . 098 14.32397 2.651 3. 634 8723 
3000 3 . 32703 17280.18 1.6614 77 58.828 10839.210 15.84042 2.926 J .908 10341 

~OOO 4.3920 7 22587 . 74 1. 2 4 67 10826.712 1"893.175 17.20052 3.199 4.18 7 1 170 2 
5000 5 . 4 &7 08 27900.71 0.9917 14261.317 19323.097 19.02177 3.702 4.727 1 2 846 
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THERHOOTNAHIC PROPERTIES OF PARAHYOROGEN C-Zb 

5 000 P SIA IS OBAR 

TEHPERA TU RE OENSITY V( OH/OVlp V (OP/OUI
V 

-V (OP/OVI
T (OV/OT\lVCON~~~~~:~TY VISCOSITY THERHAL OIELECTRIC PRANOTL 

OIFFUS IVITY CON STAN T NUHBER 

OEG. R LB/CU F T BTU/LB PS I A-CU FT /B TU PSIA 1/0EG. R BTU/FT-HR-R LB/F T-SEC SQ FT/HR 
X 105 

4 0.688 5.605~3 656.40 12.547 37127.51 0.0025750 0.09604 3.140 0.01014 1 . 297 0 3 1.9892 

42 5 . 58640 6&1.40 12.40& 3&&17.53 0.002&100 0.09795 2.926 0.01016 1 . 295 94 1 .85&2 

44 5 . 557 02 && 8 . 73 12.19& 35839.41 0.0026625 0.10043 2.649 0.01015 1 . 29425 1.&907 

46 5.5272 2 &75.22 12 . 001 350&1.75 0.0027143 0.10244 2.420 0.01011 1. 29253 1.5586 

48 5.497 0 2 &81.11 11.817 34285.97 0.0027&54 0.10404 2.228 0.01005 1 . 29079 1 .45 2 1 

5 0 5 . H&~2 686.68 11.637 33513.48 0.0028161 0.10532 2.066 0.00996 1 . 28904 1.3653 

52 5.435 " 5 691.62 11.468 32745.70 0.0028664 0.10633 1.927 0.00987 1 . 28726 1 . 2 932 

5 .. 5 . 40411 695 . 77 11.312 31984.02 0.0029164 0.10710 1.807 0.00971 1 . 28 5 4 6 1. 2324 

56 5 .372H 699.71 11.159 31229.84 0.0029661 0.10722 1.703 0.00962 1. 28364 1 .1865 

58 5 . 34037 703 . 24 11.012 30484.52 0.0030155 0.10719 1.611 0.00946 1.28181 1.1H7 

6 0 5.308 00 706.23 10.875 297.,9.43 0.0030647 0.10704 1.531 0.00932 1 . 2 7996 1.1 1 44 

62 5 . 275 3 0 70 9.00 10.740 29025.88 0.0031134 0.10681 1.460 0.00917 1. 2 76 09 1.0859 

64 5.2425 0 711. 35 10.&12 28315.21 0.0031617 0.10650 1.396 0.00903 1 . 2762 1 1 .0 6 12 

66 5.20901 71 3.56 10.487 27618.69 0.0032093 0.10611 1.339 0.00889 1 . 27431 1.0401 

66 5 . 17544 7 1 5.36 10 .369 26937.58 0.0032562 0.10565 1.287 0.00876 1 . 27239 1.0 217 

70 5.14161 716.62 10.263 26273.11 0 . 0033022 0.10514 1.240 0. 00864 1. 2 704 7 1. 0051 

75 5 .0560 1 719 . 36 10.008 24692.33 0.0034116 0.10366 1.141 0. 00835 1 . 26560 0.9725 

ao 4. 968 5 6 7 26 . 21 9.743 23383.89 0.0034877 0.10197 1.060 0.00810 1. 26065 O. 9480 

85 4 . 8617 3 735 . 65 <J.400 22113.97 0.0035584 0.10026 0.994 0.0 07 65 1. 25574 0.9346 

90 4 . 7 9 H3 7"0.90 9.093 20816.57 0.0036398 0.09854 0 . 939 0.00762 1 . 25083 0.9253 

95 .. . 707 .. 1 745.85 8.794 19612.21 0.0037123 0.09684 0.892 0.00743 1 . 2 4592 0.9180 

100 4 .6 2 0l" 753.17 8.507 18594.90 0.0037584 0.09521 0.851 0.00728 1 . 2 .. 103 0.9110 

105 4. 5 3382 759 . 05 8.243 17625.61 0.0038028 0.09366 0.816 0.00716 1 . 236 1 9 0.90"8 

110 " . 44 788 765 . 51 7.979 16723.97 0.003842" 0.092"9 0.784 0.00707 1. 23139 0.8976 

115 4 . 3629 4 773. 09 7.713 15896.31 0.0038753 0.09151 0.756 0.00700 1. 22666 0.8911 

120 ... zr 8 8 3 761.95 7.4"4 15137.21 0.0039015 0.09060 0.731 0.00694 1 . 22199 0.8861 

125 ... 19607 7 9 3 . 05 7.174 14468.32 0.0039141 0 . 08976 o . 706 0.0 0 689 1. 21740 O. 8820 

130 ".11 .. 69 805 . 57 6 . 902 1385".88 0.0039198 0.08900 0.688 0. 00 685 1. 2 1 291 0.8789 

140 3 .9 5 67 4 835 . 86 6 . 361 12798.42 0.0039042 0.0877" 0.653 0. 00 679 1. 2 0421 0.8747 

150 3. 8 05 79 870.03 5.843 11871.70 0.0038800 0.08787 0 . 625 0.0 0 684 1. 1959 3 0.8643 

160 3 .66170 910.64 5.366 11122.09 0.0038295 0.08675 0.602 0.00695 1.1 880 7 0.8511 

170 3 .5 2515 9 5 3 . 87 4.938 10461.83 0.0037774 0.08976 0.583 0.00707 1.1806 5 0.8"24 

160 3 . 3 954 3 1001.62 4 . 561 9920.51 0.0037069 0.09032 0 . 541 0.00716 1 .1736 3 0.8002 

190 3.27 3 3 9 1 058 . 91 4 . 199 9"82.52 0.0036202 0.09351 0.550 0.00745 1.167 05 0.8119 

200 3 . 1583 5 1112.88 3.919 9109.71 0.0035278 0.09627 0.557 0.0077£> 1. 1 6087 0.8174 

220 2 . 9 4 674 1221.85 3.479 8507.38 0.0033394 0.10064 0.564 0.00837 1.14968 0.8227 

240 2 . 763 6 3 1 33 0 . 05 3 . 168 8069.30 0.0031465 0.10378 0.566 0.0 0 897 1 . 1 39 8 5 0.8212 

260 2 .59961 1 .. 31.6 .. 2.951 7728.46 0.0029653 0.10593 0.565 0.00960 1.131 20 O. 8154 

260 2 . 45" 2 6 1523 . 69 2.80" 7"53.07 0.0027996 0.10733 0.564 0.01025 1 . 12355 0.8072 

300 2 .3 24 17 1605 . 48 2.706 7220.00 0.0026521 0.10819 0.563 0.01093 1. 116 7 4 0.7981 

320 2. 2 0735 1 680.74 2.6"3 7035.96 0.0025140 0.10868 0.563 0.01165 1 .11 06& 0.7883 

3 .. 0 2.10168 1749.08 2 . 603 6876.64 0.0023890 0.1089& 0.56" 0 . 01241 1. 1 0517 0.7787 

360 2 .0 05 9 4 1813.67 2.578 6744.54 0.0022727 0.10913 0.56& 0. 01320 1.100 22 0.7693 

360 1 . 918 95 1876 . 20 2.563 6637.38 0.0021638 0.10927 0.5&8 0.01403 1. 0957 3 0.76 0 2 

.. 00 1. 8 3'1,4 1938.24 2.553 6546.27 0.0020622 0 . 109~S 0.572 0.01489 1.09165 0.7517 

.. 20 1 . 766 S5 1'198 . 81 2 . 5~6 6468.00 0.0019696 0.10977 0.576 0.01578 1 .0879 1 0.7"40 

.... 0 1 . 7 000 5 2059.25 2.540 6396.&0 0.0018844 0.11016 0.581 0.01670 1 .0 84 5 0 0.73&9 

.. 60 1 . &3 8 .. 7 21 2 0 . 26 Z.53~ &332.95 0.0018062 0.11070 0.587 0. 017&" 1.08135 0.7307 

.. SO 1 . 5 81 50 2 1 81 . 59 2.527 6274 . 52 0.0017342 0.11136 0.593 0.01861 1.07844 0.7251 

500 1 . 5 2665 22 .. 3. 6 .. 2.519 6220.39 0.001&682 0.11215 0.599 0.01960 1.07575 0.7201 

520 1 . 479" 1 2 3 0 7."3 2 . 511 6173.16 0.0016062 0.11307 0.606 0. 02062 1 .07325 0.7156 

5 .. 0 1 ... 287 5 23 " 4 . 32 2.5&9 6131.1'1 0.0015698 0.11"08 0.614 0.02170 1.0706 8 0.7127 

560 1 . 3853 2 2407.37 2.563 6090.08 0.0015182 0.11523 0.621 0.0227 & 1 .06848 0.709& 

5S0 1. 3 .... 5 .. 2471.14 2.557 6052.00 0.0014701 0.11645 0.629 0.02384 1.0664 2 0.7068 

600 1.3 0617 2535.9" 2.550 601&.59 0.0014251 0.1177& 0.638 0.02 .. 95 1.0&"48 0.70"4 

650 1 .219" S 2701.19 2 . 530 5937.89 0.0013245 0.12133 0.659 0.02781 1 .06011 0.6995 

700 1 . 1 .. 38 7 2870 . 17 2 . 508 5870.59 0.0012379 0.12523 0.681 0.03081 1.05631 0.6959 

800 1 . 01 81 9 32 1 5.97 2.463 5761.10 0.0010960 0 . 13368 0.728 0.03725 1.05002 0.6911 

1000 0. 8356 2 3916.71 2.392 560&.89 0.0008943 0.15164 0.825 0.05181 1.040 92 0.68&2 

2000 0.4"19" 77 2".02 2.126 5296.03 0.000H04 0.27727 1.302 0.17266 1.02149 0.6142 

3000 0 . 3 00 57 12217.23 1 . 889 5193.87 0.0003199 0.39270 1.733 0.33432 1 .01458 0.6209 

"000 0. 227&8 17270 . 50 1.711 51 .. 2.8 .. 0.0002"2" 0.51573 2.128 0.5"105 1 .011 0 3 0.621'1 

5000 0 . 182 9 1 2"176.42 1.474 5103.40 0.00019~5 0.714"8 2.498 0.82640 1 . 008 86 0.5949 
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C- 2b THE RHOOYNAHIC PROPERTIES OF PARAHYOROGEN 

5500 PSIA ISOBAR 

TEH'ERATURE VOLUHE I SOTHERM ISOCHORE INTERNAL ENT HALPY ENTROPY CV CP VELOCITY 
OERIVATIVE OER IVATIVE ENERGY OF SOUNO 

OEG . R CU H /L B CU FT-PSIA/LB PSIA/R BTU/LB BTU/LB BTU/LB-R BTU LB -R FTlSEe 

~1.979 0 .17& &5 £03~3.5£0 97 . 2920 -11~.5&2 &5.351 1.3~88& 1.373 1.70~ &318 
~2 0.17&&& &9~2 . 51 'l7.291& -11~.53& &5 . 38& 1.3~970 1. 37~ 1. 70 ~ &318 
~~ 0.17755 &8~0 . 82 'l7.1881 -111 . 975 &8.8~9 1.~3023 1. ~ 03 1.758 &301 
~& 0.175~5 &738.3& 9&.975& -10'l.331 72 . ~15 1.50950 1. ~ 30 1.80'l &283 
48 0.17938 &&35.32 9&. &&&& -10&.&08 7& . 083 1.58754 1.45& 1.859 &265 
50 0.18033 &531.91 9&.2720 -103.807 79.8~9 1.6&442 1. 480 1.908 £02~4 

52 0.18130 &428.32 95.8011 -100.931 83.712 1.7~017 1.503 1.955 &224 
54 0.18229 &324.7& 95 . 2&19 -97.984 87.&&8 1.81481 1.524 2.000 &202 
5& 0.18330 &221.45 94.&&15 -94.9&9 91.714 1.88837 1.5 43 2 .045 &180 
58 0.18433 &118 . 58 94.0057 -91.886 95.849 1.9b092 1.5&2 2.089 &151 
&0 0.18;39 &01&.38 93.2998 -88.740 100.0&9 2.03246 1.579 2.131 &13~ 

&2 0.18;41 5315.06 92.5483 -85 . 532 104.314 2.10303 1.595 2 .173 &110 
&4 0.1875& 5814 . 84 91.7551 -82.2&5 108.7&1 2.172&7 1. &10 2.213 &08& 
&& 0.188&9 5715.92 90 . 923& -78.940 113.227 2.24139 1. & 24 2 . 253 &062 
&8 0.18983 5&18.53 90.0571 -75.5 &1 117.772 2.30922 1.63& 2.291 &037 
70 0. 19 100 5522.88 89.158~ -72.131 122.390 2.37& 15 1.64& 2.327 &0 1 ~ 
75 0.19401 5292.79 8& .7870 -&3.352 134.240 2.53963 1.668 2 .412 5954 
80 0 .1 9717 5078.19 84.2&&& -54.29& 1~&.51O 2 . 69798 1. &90 2 .~95 589~ 

85 0. 20050 ~928.17 81 . &bb& -~5.1&3 159.032 2 .849 &6 1.721 2.577 58H 
90 0 . 20389 47&0.25 78.9027 -35.538 172.114 2.99919 1.145 2.651 5788 
95 0.20740 4583.57 7&.0941 -25.&75 U5.5~8 3.14444 1.7&7 2.723 5720 

100 0.21102 ~~2£0. 96 73.2&19 -15.~82 199 . 435 3.28&93 1.787 2.787 5655 
105 0.21477 4281.3& 70.4529 -5.215 213.517 3 .4 2433 1.803 2. 843 5592 
110 0.218&1 4154 . 9& 67.7241 5.216 227.861 3.55778 1 .821 2.89& 5532 
115 0.2225& 403 3 .41 &5.0810 15.810 242 . 472 3.68767 1.842 2.950 5470 
120 0.22.&0 3923.41 &2.5338 2&.572 257.354 3.81434 1.866 3.003 5409 
125 0.23075 3817 . 40 &0 . 1001 37.511 272 . 514 3 .93811 1.894 3.0&0 53,.6 
130 0.23498 3729.44 57.7784 48.632 287 .945 4.05914 1.925 3.115 5287 
140 0.24369 3580.37 53.4342 71.4&0 319. &43 4.29401 1.998 3.226 5175 
150 0.252&8 3467.41 49 . 4701 95.11& 352 .458 4 . 52037 2. 085 3.ll6 5070 
1&0 0.2&191 3363.35 45.8979 119.&51 38& . 389 4.73932 2.181 3.454 49&8 

170 0. 2 7138 3292.9& 42 .70 81 145.127 421.509 4 .9 5220 2.283 3.5&7 4882 
180 0.28103 3224.87 39.85&9 171.548 457.763 5.15939 2.388 3.684 4801 
190 0.29087 3181.87 37.2962 199.518 495 . 75& 5.364&9 2.510 3.812 4731 
200 0. 3 0085 3156.&0 34 .9912 227.927 534.32~ 5.56238 2 .609 3 . 9 09 4&81 
220 0.32107 3144.95 31.039& 287.105 614.097 5.94244 2.782 4 . 068 4616 
240 0.34151 31 &0 . DO 27 .8071 348.782 &9&.592 &.30108 2.912 4 . 180 ~58~ 

2&0 0.3& 20 7 3201.31 25.1371 412.07~ 780.823 &.63833 2.998 4 .2~4 ~582 

2 80 0.382&7 325&.25 22.9123 47&.218 865 . 951 &.95366 3 . 0~2 4.266 4599 
300 0.40327 3321 . 51 21.0380 5~0.~~2 951 . 150 7 .2~770 3.054 4. 25 8 4&32 
320 0.4238& 3393.(;9 19.4430 &04.282 10 35 . 'l58 7.52148 3.041 4.227 "675 

3~0 0.444~~ 34&9.80 18 .0 &68 &&7.375 1120.015 7.77593 3 .012 4 .182 4724 
3&0 0 .~&~98 3553.80 1& . 8&80 729.494 1203.052 8 .013 33 2.974 4.128 4780 
380 0.485~8 3&~1 . &8 15.8112 790.527 1 2 84. 9&8 8.23480 2 .930 ~. 0&8 ~8"0 
~ 00 0. 5 0;90 373&.82 1~ . 8725 850.434 13&5.&70 8.~"186 2.886 4.008 ~9 03 

420 0.52&22 3834.57 14.0325 909.240 1445.174 8.63581 2.843 3.949 4967 
440 0.5,.&,." 3934.93 13 . 2772 967.015 1523.542 8.81813 2.802 3.892 5032 
4&0 0.5& .54 4034.85 12.5979 1023.831 1 &00.828 8. 98993 2. 76& 3 . 842 5 095 
480 0. 5 8&5 3 H3 5 .59 11.9819 1079.792 1&77.1~8 9.15212 2 .734 3 .795 5157 
500 O. &0.41 4236 .07 11.4232 1134.987 1752.584 9.3 06 25 2 .70& 3 .755 5 218 
520 0.&2&19 4ll6.85 10.9131 1189.509 1827.253 9.45281 2 .681 3.718 5278 

540 0.&4803 4451.50 10.5903 12~0.027 1900.008 9.58621 2.629 3. &8 7 5378 
560 0.&6798 4554.94 10.1731 1293.098 1973.404 9.7191 8 2.610 3 . 6&1 5,. .. 1 
580 0.68789 4&58.64 9.7885 1345.806 20"&.387 9.84710 2 .594 3.63 9 5503 
600 0 .70775 4762.52 9.4329 1398 . 184 2118.995 9.97024 2 .580 3.620 5564 
&50 0.75724 502 2 . 80 8.6506 1527.747 2298.959 10.25862 2 .555 3.583 5713 
700 0.80'>52 5283.57 7.9918 1656.037 2477.443 10.52342 2 .538 3 . 55 7 5857 
8 DO 0.904&3 5805.82 &.9425 1910 . 094 2831.414 10.99643 2.522 3 . 5 28 &134 

10 DO 1.099&8 &851.84 5.5113 2414.172 3534.141 11.78006 2.5 12 3.505 &655 
2 000 2.068~7 12109.99 2.7382 4971.839 7078 .47 8 14.23005 2.653 3 . 634 8766 
3000 3.03579 17399.48 1.8262 7759.806 10851 .&1 2 15.74651 2 .92& 3 . 908 10375 

4000 4.00384 22702.95 1.3706 10827.067 14904 . 777 17.10639 3.198 4.184 11731 
5000 4.980&1 28013.29 1.0970 14253 . 60& 1932&.115 18.92579 3.686 4.708 12875 

TWO-PHASE BOUNORY 
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THERHOOYNAHIC PROP ERTIES OF PARAHYOROGEN C-Zb 

5500 PSIA ISOBAR 

TEKPERATURE OENSITY V (OH/OVl p V COP/OU ly -V COP/OVl
T (OV/OT\:IV cON6~g~~i TV 

V ISCOStT Y THERHAL OIELECTRIC PRANOTL 
OIFFUSIVITY CONSTANT NUHBER 

OEG. R LB/CU FT B TUILB PSIA-CU FT/BTU PSIA I/OEG. R BTU/FT-HP-R LB/FT-SEC SQ FT/HR 
X 10 5 

41.979 5.&&079 &88.39 12.51& 3930&.02 0.0024752 0.10053 3.287 0.01042 1.30023 2 .00 57 

42 5.&&050 688.48 12.513 39298.09 0.00247 57 0.1005& 3.283 0.01042 1.30021 2.0035 

44 5.&3228 &9&.85 12.298 38529. 3 8 0.0025224 0.10318 2.957 0.01042 1.29858 1.8133 

4& 5.&0368 704.34 12.099 37759.57 0.002 5&82 0.10532 2 . &88 0.01039 1.29&93 1.&&19 

48 5.57472 711.20 11.911 3&990.0 2 0.002&133 0.10703 2.4&4 0.01033 1.2952& 1.5402 

50 5.54541 717.73 11.727 3 &222 .08 0.002&578 0.10841 2.275 0.01025 1.29358 1 .4411 

52 5.5157& 723.58 11.555 35457.10 0.002701 9 0.10951 2.U4 0.0101& 1.29187 1.3589 

54 5."8580 728.59 11.397 34&9&.3 8 0.002H5& 0.1103& 1.97& 0.0100& 1.29015 1.2897 

5& 5.45552 733.35 11.242 33941.24 0.0027890 0.11054 1.857 0.00991 1.28841 1.23&9 

58 5.42494 7J7. &7 11.093 33192.96 0.0028321 0.11055 1.753 0.00975 1.28&&5 1.1923 

60 5.39&t07 1ttl.39 10.95" 32452 .. 79 0.0028149 0.11045 1.&61 0.00961 1.28488 1_ 1539 

6Z 5.36291 744.87 10.819 31721.97 0 .0029175 0. 11027 1.580 0.00946 1.28310 1.1210 

64 5.33149 747.85 10.691 31001.73 0.0029597 0. 1 0999 1.508 0.0093Z 1 . Z8130 1.09Z5 

66 5 . 29980 750.66 10.5&& 30293 . 23 0.0030015 0.10963 1 ....... 0.00918 1.27949 1 .0681 

68 5.26786 752.98 to.449 29597.65 0.0030427 0.10920 1.386 0.00905 1.277&& 1.04&7 

70 5.23569 754.69 10.343 28916.11 0.00308 33 0.10871 1.333 0.00892 1.27583 1.0275 

75 5.15432 758.28 10.092 27280.73 0.0031813 0.10727 1.223 0.008&3 1.27119 0.9898 

80 5.07181 7&2.58 9.833 25755.62 0.0032718 0.10564 1.13" 0.00835 1 . 2&&50 0.9&40 

85 ... 987&5 775. &6 9.515 2"579.98 0.0033225 0.10389 1.0&0 0.00808 1.26173 0.9"&9 

90 ... 904&0 784."5 9.219 23347.1" 0.0033795 0.10216 1.000 0.00786 1.25703 0.9342 

95 4.82169 790.76 8.932 22100.5 3 0.0034431 0.100"7 0.949 0.00765 1.25235 0.9258 

100 4.73882 797.98 8.651 20978.5& 0.0034922 0.09882 0.905 0.00748 1 . 24768 0.9188 

105 4.65617 804.43 8.391 19934.74 0.0035342 0.09725 0.8&7 0.00735 1.24304 O. <Ji2Z 

110 4.5H32 812. &8 8.129 19006.10 0.0035&33 0.09607 0.833 0.00725 1.23845 0.9041 

115 4 ... 9325 821.36 7.864 18123.12 0.0035910 0.09508 0.803 0.00717 1.23392 0.8971 

120 4.41305 831.52 7.59" 17314.21 0.00 36 117 0.09415 0.777 0.00710 1.22945 0.8919 

125 4.33378 842.24 7.324 16543.76 0.003 6328 0.09329 0.753 0.00704 1.22504 0.8887 

130 4.25574 855.58 7.053 15871.53 0.0036404 0.09251 0.731 0.00698 1.22071 0.8862 

1 .. 0 4.10352 887.0" 6 .516 1 .. &92 ... 8 0.003&3 68 0.09118 0.69" 0.00&89 1.21229 0.8837 

150 3.95758 925.44 5.996 13722.56 0.003&0 50 0.09127 0.&&3 0.00&91 1.20425 0.87 2& 

160 3.81818 966.30 5.512 12841.87 0.0035741 0.09213 0.638 0.00699 1.19661 0.8607 

170 3.68494 1013.50 5.077 12134.34 0.00 35196 0.09310 0.617 0.00708 1.18933 0.8509 

180 3.55835 1060.74 4.691 11"75. 20 0.0034733 0.09391 0.565 0.00716 1.18245 0.7974 

190 3.43795 1117.98 ... 321 10939.13 0.0034094 0.09711 0.574 0.00741 1.17593 0.8111 

ZOO 3.32396 1172.21 4.035 10492.39 0.0033349 0.0 9985 0.580 0.00768 1.16977 0.8181 

UO 3.11~&1 1283.79 3.583 9795.30 0.0031688 0.10414 0.587 0.00822 1.15853 0.8251 

240 2.92819 1390.99 3.261 9253.08 0.00300 52 0.10713 0.588 0.00875 1.14858 0.8255 

260 2.76191 1492.65 3.036 8841.74 0.00 28430 0.10911 0.586 0.00931 1.13976 0.8205 

280 2.61320 1584.42 2.882 8509.25 0.00 2&926 0.11032 0.584 0.00990 1.13190 0.8125 

300 2 ... 7974 1667.00 2.778 8236.4Q 0.0025542 0.11099 0.581 0.01051 1.12489 0.8031 

320 2.35930 1740.75 2.710 8006.70 0.0024283 0.11130 0.580 0.01116 1.11858 0.7932 

340 2.25002 1807.27 2.666 7807.13 0.0023141 0.111 .. 0 0.580 0.01184 1.11288 0.7835 

360 2.15064 1870.27 Z.&37 7642.93 0.002 2070 0. 11141 0.580 0.01255 1.10771 0.7740 

380 2.05980 1930.15 2.620 7501.14 0.0021078 0.11142 0. 582 0.01330 1.10300 0.7650 

400 1.976&7 1990.51 Z.607 7386.46 0.OOZ0135 0.11149 0.585 0.01407 1.09871 0.7565 

\20 1.90033 2050.48 2.598 7286.95 0.0019257 0.11167 0.588 0.01488 1.09477 0.74 85 

440 1.83001 2111.08 2.589 7200.97 0.0018438 0.111 97 0.592 0.01572 1.09116 0.7"12 

.. &0 1.7&509 2171.85 2.580 7121.88 0 . 0017689 0.1124 2 0.597 0.01658 1.08782 0.7347 

480 1.70493 2233.50 2.571 7050.90 0.001&993 0.11300 0.&03 0.01746 1 .0847 4 0.7288 

500 1.64905 2295.97 2.560 6985.50 0.0016353 0.11373 0.609 0.01837 1.08189 0.7236 

520 1.59696 2359.61 2.549 &925.7& 0.0015757 0.1 1459 0.&15 0.01930 1.07923 0.7189 

540 1.54315 2391.52 2. &10 &869.33 0.0 015417 0.11556 0.622 0.02031 1.07649 0.7149 

560 1 ... 9705 2454.25 2.603 6818.97 0.001 4 91 9 0.11666 0.630 0.02128 1.07"15 0.7116 

580 1.45372 2517.77 2.596 6772.37 0.0014454 0.11786 0.638 0.02228 1.07195 0.7087 

600 1.41292 2;82.35 2.588 6729.08 0.0014018 0.11914 0.6"6 0.02329 1.06988 0.7061 

650 1.3Z058 2747.22 2.564 &633.03 0.0013042 0.122&6 0.666 0.02592 1.0&521 0.7009 

700 1.23959 2H5.97 2.540 6551.03 0.0012199 0.12653 0.689 0.02869 1.0&114 0.&970 

800 1.10543 3261.54 2.491 6417.90 0.0010817 0.13500 0.735 0.03461 1.05438 0.6918 

1000 0.90936 3962.03 2.413 6230.76 0.00088 45 0.15315 0.~33 0.04806 1.04"59 0.6865 

2000 0.48345 7769.53 2.135 5854.55 0.000"677 0.27727 1.320 0.15783 1.02353 0.6226 

3000 0.32940 122&4.51 1.89" 5731."5 0.00031 86 0.39269 1.762 0.30505 1.01599 O. &311 

4000 0.2497& 17310.50 1.71& 5&70.30 0.0002417 0.51524 2.1&6 0.49305 1.01211 0.6333 

5000 0.20078 24138.76 1.482 5624.47 0.0001950 0.70990 2 . 54& 0.75100 1.00972 0.6078 

TNO-PHASE BOUNORY 
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C-2b THERMOOYNAMIC PROPERTIES OF PARAHYDROGEN 

6000 PSIA ISOBAR 

TEKPERATURE VOLUKE ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOC ITY 
OERIVATIVE OERIVATIVE ENERGY OF SOUNO 

DEG. R CU FT/L8 CU FT-PSIA/L8 PSI AIR BTU/L8 BTU/LB 8TU/LB-R BTU I L8 -R FTISEC 

~3. 2~0 0.17501 7257.7b 98.951& -112. 3~8 82.101 1.35991 1.387 1.718 &~53 

4~ 0.17533 7220.33 98.9121 -111.388 83.H5 1.3900~ 1.398 1.738 6~~7 

~6 0.17&19 7121.27 98.7342 -108.808 8&.9~0 1.~&8~0 1. ~ 2& 1.788 6432 
48 0.17706 7021.43 98.4595 -106.150 90.565 1.54553 1.452 1.837 6~15 

50 0.17794 6921.00 98.0991 -103.415 94.287 1.62H9 1.477 1.885 6396 
52 0.17885 6820.17 97.6630 -100.606 98.103 1.69632 1.500 1.931 &377 
54 0.17978 6719.14 97.1593 -97.728 102.010 1.77004 1.521 1.975 6357 
56 0.18072 6618.09 9&.5953 -94.782 106.005 1.842&8 1.542 2.019 &337 
58 0.1&168 &517.2Z 95.9771 -91.770 110.086 1.91429 1.561 2.062 &315 
&0 0.1826& 6416.72 95.3101 -88.695 114.252 1.98~89 1.578 2.103 629~ 

62 0.18367 6316.79 94.5988 -85.561 118.498 2.05451 1.595 2.144 6271 

64 0.18469 6217.63 93.8'+72 -8Z.368 122.825 2.12319 1.610 2.183 6249 
66 0.18572 6119.43 93.0589 -79.119 127.228 2.19094 1.62~ 2.221 6226 
&8 0.18&78 6022.39 92.23&9 -75.816 131.708 2.25780 1.637 2.258 6203 
70 0.18786 5926.70 91.38~0 -72. ~63 136.259 2.32376 1. 6~8 2.293 &180 
75 0.19064 5694.&5 89.1323 -&3.883 147.931 2 .48~ 78 1.671 2.376 &123 
80 0.19355 5475.20 86.7365 -55.029 160.013 2.64071 1.694 2.457 6065 
85 0.19&58 5271.11 84.2264 -46.109 172.296 2.78949 1.726 2.545 6000 
90 0.19977 5139.38 81.7227 -36.670 185.278 2.93787 1.751 2.616 5963 
95 0.20299 4970.5~ 79. 0~38 -27.000 198.529 3.08114 1.774 2.685 5904 

100 0.20632 4622.43 76.3429 -16.994 212.230 3.22173 1.795 2.748 58~8 

105 0.20973 4&76.18 73.6434 -6.909 226.114 3.35719 1.812 2.804 5190 
110 0.21324 ~533. 72 70.9437 3.347 240 .268 3.48888 1.831 2.859 5727 
115 0.21684 4415.99 68.3238 13.775 254.696 3.61714 1.852 2.911 5670 
120 0.22052 4301.57 65.7901 24.375 269.385 3.74216 1.817 2.964 5610 
125 0.22428 4194.61 63.3515 35.155 28~.3~2 J.86~27 1.905 3.019 5550 
130 0.22812 4091.54 61.0152 4&.125 299.57~ 3.98375 1.937 3.076 5~87 

1~0 0.23602 3926.37 56.6~71 68.679 330.902 4.21587 2.011 3. I'll 5313 
150 0.2~418 3795.15 52.6527 92.106 363.396 4.~4002 2.097 3.301 5265 
160 0.25254 3698.25 49.0149 11&.453 397.040 4.65711 2.194 3.~21 5169 
170 0.26108 3603.85 45.7305 Hl.755 431.828 4.86798 2.296 3.541 5075 

180 0.26982 3543.8& 42.7800 168.0~3 467.821 5.07368 2. ~ 00 3.653 4999 
190 0.27870 3479.17 40.1224 195.898 505.542 5.21751 2.523 3.787 4919 
200 0.28772 3439.82 31.1245 22~.225 543.889 5.~7406 2. &21 3.890 4863 
220 0.30605 3403.82 33.5753 283.329 623.364 5.85270 2.793 4.057 4186 
240 0.32462 3407.01 30.1508 345.014 105.679 6.21055 2.923 4.173 ~7~1 

260 0.34333 3433.50 27.3042 408.371 789.821 6.54146 3.009 4.241 4135 
280 0.36209 3419.88 24.9163 472.613 874.901 6.86262 3.053 4.265 4746 
300 0.38087 353&.20 22.8958 536.960 960.121 7.15670 3.064 4.259 4772 
320 0.39364 3602.39 21.1703 600.930 10~4.942 1.43052 3.051 4.228 4809 
340 0.41840 3674.20 19.6811 664.160 1129.020 7.68504 3.022 4.1&4 ~855 

360 0.43715 3750.23 18.3857 726.427 1212.115 7.92260 2.983 ~.131 4905 
380 0.~5587 3831.70 17. 2~31 787.621 1294.107 8.H427 2.939 4. 07~ ~960 

400 0.~n54 3920.36 16.2283 847.708 1374.9~0 8.35161 2.895 4.016 5019 
~20 0.4931~ 4013013 15.3183 906.710 1454.612 8.54603 2.852 3.958 5079 
~~O 0.51167 ~109.33 14. ~979 96~.696 1533.180 8.72882 2.812 3.903 5 lit 0 
~60 0.53009 ~207.95 13.7562 1021.733 1610.687 8.90111 2.177 3.853 5201 
480 O.548~1 ~3 05.15 13.0828 1077.920 1&87. 227 9.0&377 Z. 74~ 3.807 5260 
500 0.5&665 ~406.11 12.~709 1133.346 1762.920 9.218~2 2.717 3.766 5320 
520 0.58479 4505.75 11.9111 1188.102 1831.822 9.365~~ 2.692 3.729 5371 
540 0.&0479 ~613. 71 11.5519 1238.199 1910.139 9.~9761 2.635 3.693 5~13 

560 0.62308 4715.59 11.0965 1291.390 1983.655 9.63081 2.616 3.661 553~ 

580 0.64133 ~817.8& 10. &766 134~. 213 2056.75~ 9.15898 2.600 3. &~5 5594 
600 0.6595~ ~920.~3 10.2882 1396.700 2129.412 9.88231 2.586 3.625 5&53 
&50 0.10~91 5171.83 9.~339 1526.512 2309.690 10.17110 2.560 3.588 5798 
700 0.75008 5~36.15 8.71~~ 1055.022 2488.394 10.~3623 2.543 3.561 5939 
8 DO 0.8~001 595~ .3~ 7.568& 1909.~41 2842.723 10 .90971 2.52& 3.531 6210 

1000 1.01876 699~.17 6.0069 2~1~.033 3545.918 11.&9387 2.515 3.50& 6121 
2000 1.90&49 12235.35 2.9842 ~972.661 7090.8~~ 1~.1~433 2.65~ 3.63~ 8810 
3000 2.7929& 17516.88 1.9907 7160.889 10863.973 15 .6 6079 2.927 3.908 10~08 

4000 3.6801& 22815.71 1.4942 10827.627 14916 .~21 17.02048 3.197 ~.182 11760 

5 000 ~.57510 28123.16 1.1961 1~247 .1~1 19330.254 18.83821 3.672 ~. 692 12902 

TWO-PHASE BOUNORY 
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THERHOD YNAHIC PROPERTIES OF PARAHYDROGEN C-Zb 

6 0 0 0 PSIA ISOBA R 

TEIIPERATURE DEN S ITY V ( OH/DV lp V (O P/ OU ly -V ( OP/OVIT (OV/DT~V THERHAl VISCOSITY TH ERHAL DIELECTRIC PRANDTl 
CONOUC TI VI TV OIFFUSHITY CO NSTANT NUll BER 

OEG . R lB/CU FT BTUIL B PSIA - CU FT/BTU PSIA 1/0EG. R BTU/FT-HR-R LB~F ~~~E C Sa. FT/HR 

43 .240 5 . 71380 7 2 0. 01 12.484 41469.34 0.0023861 0.10486 3.436 0.01068 1.30329 2.0267 

44 5.7 0340 723 .47 1 2 . 403 41180.44 0.0024019 0.10585 3.299 0.01068 1.30269 1.9497 

46 5.6758 4 73 1 . 96 12 . 198 40419.15 0.0024428 0.10811 2.984 0.01065 1.30110 1.7766 

4 8 5.6H95 7 39 .79 12 . 006 39656.67 0.0024828 0.10993 2.723 0.01060 1.29949 1.6378 

50 5.61 9 75 747 . 28 11 . 817 38894.31 0.0025222 0.11140 2.504 0.01052 1.29786 1.5249 

52 5 . 59126 7 5 4 . 05 11.641 38133.34 0.0025611 0.11258 2.318 0.01043 1.29622 1.4315 

5 4 5 . 56248 759 . 92 11.481 37375.05 0.002 5996 0.11351 2.160 0.01033 1.29456 1.3530 

56 5.53342 76 5.52 11 . 323 36&20.&5 0.0026377 0.11374 2.023 0.01018 1.29289 1.2927 

58 5 . 50410 77 0. 64 11 . 172 35871.38 0.0026756 0.11380 1.904 0.01003 1.29120 1.2417 

60 5.4745 2 77 5 . 12 11.031 35128.42 0.0027132 0.11374 1.799 0.00988 1.28950 1.1978 

6 2 5 . 444. 9 779.31 10 . 894 34392.93 0.0027505 0.11359 1.708 0.00973 1.28779 1.1601 

64 5 . 41462 782 .96 1 0.7 65 33666.06 0.0027876 0.11334 1.626 0.00959 1.28606 1.1275 

66 5.38431 7 86 . 40 1 0 .639 32948.92 0.0028243 0.lt301 1.554 0.00945 1.28433 1.0994 

68 5.35379 78 9 . 2 9 1 0 .522 32242.60 0.0028607 0.11260 1.489 0.00931 1.28258 1.0748 

70 5.32305 7 9 1. 5 0 1 0 .416 31548.13 0.0028?67 0.11214 1.430 0.00919 1.28082 1.0528 

75 5.24536 79 6.13 10 .167 29870.50 0.0029840 0.11074 1.307 0.00889 1.27635 1.00% 

80 5.16661 80 1.19 9 .910 28288.20 0.0030662 0.10913 1.209 0.008& 0 1.27189 0.9795 

85 5. 0 87 0 3 810 . 24 9 .5 9 0 26614.31 0.0031411 0.10741 1.129 0.00830 1.26736 0.9626 

90 5.00555 8 23 . 4 0 9 . 322 2572&.93 0.0031765 0.10563 1.061 0.00807 1.26276 0.9462 

95 4 .9 2637 8 3 1 . 82 9. 045 24486.73 0.0032280 0.10392 1.006 0.00786 1.25826 0.9357 

100 4 . 84694 84 1 .26 8 . 774 23374 . 05 0.0032661 0.10225 0.958 0.00766 1.25377 0.9272 

105 4.76792 8 4 8 . 95 8 . 523 22295.&6 0.0033030 0.10066 0.917 0.00753 1.24932 0.9201 

110 4.68948 85 6 . 8 4 8.263 21260 . 75 0.0033366 0.09946 0.861 0.00742 1.24491 0.9122 

115 4 . 6116 2 86 7 .57 7. 9 99 203&4.88 0.0033550 0.0984& 0.850 0.00734 1.24054 0 . 9 043 

120 4.53466 87 8 . 83 7.730 19506.14 0.0033728 0.09751 0.821 0.00 725 1.23624 0.8988 

1 25 4 .4586& 8 9 1.23 7 . 4 59 18702.31 0.0033874 0.096&3 0.796 O. 00718 1.23199 O. 8952 

130 4.36366 904. 3 4 7. 187 17935.99 0.0034016 0.09563 0.773 0.00711 1.22761 0.8935 

140 4.23&99 9 37. 12 6 . &49 16636.00 0.0034051 0.09444 0.733 0.00698 1.21967 0.6922 

150 4.09536 9 7 6 . 25 6.130 15542.56 0.003387& 0.09449 0.70 1 0.00698 1.21184 0.8827 

160 3. 95969 10 22 . 09 5.643 14&43.93 0.0033471 0.09533 0.673 0.00704 1.20437 0.8698 

170 3 . 63020 10&6.77 5 . 201 13803.45 0.0033130 0.09&28 0.651 0.00710 1.19727 0.8614 

180 3.70&20 1121. 55 4.810 13134.26 0.0032571 0.09735 0.566 0.00719 1.19049 0.7938 

190 3 . 58812 117 8 . 28 4.433 1 2 483.67 0.0032140 0.10057 0.597 0.00740 1.18407 0.8095 

200 3.47565 1 2 3 2 . &6 4 . 141 1l955.61 0.0031554 0.10330 0.603 0.00764 1.17797 O. 8160 

220 3 . 267ft 2 1343. 91 3.679 11l21.71 0.0030189 0.10752 0.&09 0.00811 1.16673 0.8275 

240 3.08052 1452.55 3.3 46 10495.39 0.0028728 0.11038 0.609 0.00859 1.15671 0.8290 

Z60 2.912. 3 155 3 . 33 3. 116 10000 . 51 0.0027303 0.11221 0.606 0.00908 1.14775 0.8251 

280 2. 7 6176 1645. 23 2.955 9610.58 0.0025926 0.11325 0.603 0.00961 1.13975 0.8174 

300 2 . 62 5 57 17 2 6.97 2 . 846 9284.52 0.0024660 0.11375 0.599 0.01017 1.13255 0 .6080 

320 2.5 02 27 1500.38 2.773 9014.15 0.002348& 0.11388 0.597 0.01076 1.12&07 0.7978 

340 2.39005 1866. 6 9 2.725 6761.50 0.0022412 0.11383 0.595 0.01138 1.12019 0.7 8 77 

360 2.287,5 1927.62 2.69 4 8578.65 0.0021431 0.11370 0.595 0.01203 1.11483 0.7 762 

380 2.1 9 362 1985.80 2 . 674 8405.30 0.0020514 0.11357 0.596 0.01271 1.10994 0.76 92 

400 2.10730 2 0 44 . 19 2 . 660 8261.39 0.0019644 0.11352 0.597 0.01342 1.10546 0. 7 60 7 

420 2 .0 2780 21 0 2. 7 5 2.648 8137.84 0.0016823 0.11359 0.600 0.01415 1.10135 0. 75 27 

.... 0 1 . 95439 21 62 . 32 2 . 636 8031.22 0.0018052 0.11380 0.604 0.01492 1.09756 0.7454 

"60 1. 8 8646 2223 . 3 8 2.&26 7938.13 0.0017329 0.1141& 0.&08 0.01571 1.09406 0.7386 

480 1 . 823 44 228 4 . 51 2 . 614 7850.19 0.001&666 0.11467 0.613 0.01652 1.09082 0.7326 

500 1.76474 23 4 8. 05 2.6 0 1 7775.&7 0.001&038 0.11533 0.619 0.01735 1.08781 0.7 271 

520 1.7100 2 2 41 2 . 26 2 . 587 7704 . 93 0.0015459 0.11614 0.625 0.01821 1.08501 O. 7222 

540 1.65348 243 8.87 2 . 651 7628.66 0.0015143 0.11706 0.631 0.01917 1.06211 0.7171 

,60 1.6049 3 25 0 1 .29 2 . 6 43 7566 . 21 0.0014662 0.11812 0.&38 0.02007 1.07964 0.7136 

580 1 . 55926 25 &4 . 5 4 2 . 634 7512.31 0.0014212 0.11927 0.646 0.02099 1.07731 0.7105 

600 1.5 1 6 21 2028.90 2.6Z4 7460.42 0.0013790 0.12053 0.654 0.02193 1.07512 0.7077 

650 1.41863 279 3 . 37 2. 598 7345.41 0.00128 43 0.12399 0.674 0.02436 1.07017 0.7022 

700 1.33318 2 9 6 1 . 87 2. 5 71 7247.37 0.0012024 0.12784 0.&96 0.02693 1.06585 0.6961 

800 1.19046 33 0 7. 1 6 2.517 7088.43 0.0010677 0.13632 0.743 0.0324 3 1.05865 0.6 9 25 

1000 0.98156 4007 .41 2.433 6665.35 0.000&750 0.15464 0.841 0.04493 1.04819 0.6868 

2000 0 .5245 2 78 1 4 . 95 2 . 144 6417.73 0.0004650 0.27727 1.337 0.14547 1.02555 0.6310 

3000 0 . 35804 12 311 . 53 1 . 899 6271.80 0.0003174 0.39268 1.790 0. 28065 1.01739 0.6414 

4 000 0.27173 17351 . 27 1 . 720 6199.67 0.0002410 0.51482 2.206 0.45305 1.01318 0.6450 

5000 0.21857 24111 . 96 1 . 490 6H7.00 0.0001946 0.70590 2.595 0.66835 1.01059 0.6209 

TW O-PHASE BOUNORY 
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C-Zb THERMOOYNAMIC PROPERTIES OF PAR4HYDROGEN 

6500 PSIA ISJBAR 

TEMPERATURE VO LU~E ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VEL OCITY 
OERIVATIVE OERIVHIVE ENERGY OF SOUNO 

OEG. R CU FTILO CU FT-PSIA/LB PSIA/R BTU/LB BTU/LS BTU/LB-R BTU I LB -R FT / SEC 

~~ . ~ 71 0.173~7 7566.79 100.58~7 -110.095 98.697 1.37052 1. ~ 00 1.732 &584 
4& 0.171t09 7493.53 100.4&02 -108.1&1 101.3H 1.429&9 1.422 1.7&9 &573 
48 0.17491 739&.85 100.2122 -105.5&2 104.9&1 1.50&02 1. ~48 1.817 6558 
50 o .1757~ 7299.40 99.8785 -102.887 108.&~4 1.58118 1. 4 7~ 1.8&5 6541 
52 0.176&0 7201.35 99.~&n -100.138 112.419 1.&5521 1.498 1.910 &523 
5~ 0.17747 7102.88 98.9931 -97.321 116.283 1.72812 1.519 1.954 &5 0 5 
56 0.17835 7004.17 98.~573 -94.~38 120.233 1.79995 1.540 1.99& &486 
58 0.1792& 6305.41 97.868~ -91.~89 12~. 2&8 1.87074 1.559 2.038 64&& 
&0 0.18018 &80&.77 97.2317 -88.479 128.385 1.9~052 1.577 2.078 & .... & 
&2 0.18111 &708.45 9&.5519 -85.~09 132.581 2 .00931 1. 59~ 2.118 &425 
&~ 0.1820& &010.&1 95.8332 -82.282 136.854 2.07715 1. & 10 2.15& &4 04 

&6 0.18303 &513.44 95.0789 -79.100 141.203 2.1440& 1. &25 2.193 6382 
&8 0.18~02 ,417.13 94.2923 -75.8&5 145.&2& 2.21007 1. &38 2.229 6360 
70 0.18502 6321.84 9J. 47&0 -72.581 150.118 2.27518 1.650 2.263 6339 
75 0.18761 6089.29 91.3210 -& .. 017& 1&1.635 2.43~06 1. 6 7~ 2.343 &28~ 

80 0019030 586&.95 89.0274 -55.501 173.551 2.58735 1.&98 2.423 6228 
85 0.19310 5&57.39 8&.&223 -4&.762 185.&62 2.73453 1.731 2.510 &164 
90 0.19&01 54&2.93 8~.1305 -37.516 198.407 2.88021 1.758 2.587 &104 
95 0.19907 5347.15 81.7305 -28.007 211.&03 3.02287 1.781 2. &52 &0 7 4 

100 0.20214 5181.05 79.1277 -18.174 225.133 3.1&1&9 1.803 2 . 711 &015 
105 0.20530 5053.00 7&.52&& -8.253 238.857 3.295&1 1.820 2.770 5 9 &'3 '-

110 0.20854 4911.&1 73. 9~52 1.8~& 252.847 3.4257& 1.8~0 2.82& 5912 
115 0.21185 4787.89 71.3504 12.125 2&7.115 3.552&0 1.862 2.878 585& 
120 0.21523 ~667.53 68.8367 22.580 281.636 3.&7620 1.887 2.932 5796 
125 0.218&8 4561.02 6&. ~O 72 33.222 2'l&.430 3.79&97 1.'ll5 2.986 573'3 
130 0.22219 ~~ 57.81 &~. 0&70 44.0&0 311 . ~97 3.91515 1. 9~8 3.0 .. 2 5&7'3 
1~0 0.229H ~2 7 3.88 59.6&54 0&.3&1 342.~83 ".1 ~~ 7~ 2.022 3.159 55&1 
150 0.23687 ~12&.81 55.&33& 89.570 37~.6&9 ... 3667& 2.110 3.279 5451 
160 0.24~53 3999. 98 51.9~4& 113. 7~0 ~08.0&7 4.58227 2.20& 3.401 5345 
170 0.25234 392 6. 4& ~8.5924 138.891 ~42.619 ~.79170 2.308 3.514 52&2 
180 0.26031 38~7.97 45.5528 1&5.04& 475.363 ~.99598 2.412 3. &30 5 180 

190 0.26840 3778.97 42.81&8 192.788 515.8~0 5.198~7 2. 53~ 3.7&4 5099 
200 0.27.&1 3727.2& ~0.3372 221.022 553.955 5.39383 2. &33 3.870 5038 
220 0.29335 3&08.70 3&.0205 280.022 633.110 5.77094 2.805 ".045 ~951 
240 0.310n 3&5&. &8 32.~241 3~1.&88 715.2~8 &.12802 2.934 4.1&5 4904 
2&0 0.32750 3&71.58 29.4158 405.076 799.265 &.4&~"0 3.020 4.237 4 885 
280 0.3~472 3705.1& 2&.87&0 ~69. 39~ 88~.311 6.77942 3.063 4.264 4888 
3 DO 0.3&19& 3755.36 24. 719~ 533.835 969.~93 7.07339 3. 07~ 4.258 ~909 
320 0.37920 3812.55 22.8&9& 597.917 1054.335 7.3~728 3.0&1 4.229 ~940 
340 0.39&4& 3881.35 21.2701 661. 267 1138.~56 7.60192 3.031 ~.18~ 4982 
360 0.~1367 3950.80 19.8797 723.655 1221.557 7.83950 2.992 ... 133 5026 

380 0.43081 4026.13 18.&540 784.982 1303.587 8.06128 2.948 ... 077 5079 
.. DO O ... \80 6 .. 108.90 17.5651 8"5.214 1384.505 8.2688'1 2.90" ... 021 5134 
~20 0.46519 "19&.15 16.5900 904.379 14G~.296 8.46353 2.861 3.965 51'10 
440 0.~8227 428&.23 15.7095 962.544 1543.017 8.64668 2.822 3.913 5247 
460 0.49928 ~38 2 .28 14.9113 1019.175 1620.718 8.81940 2.766 3.863 5306 
.. 80 0.51620 4478. 88 1~.1844 1076.168 1697."76 8.98252 2.75" 3.818 5363 
500 0.53302 4579.98 13.5200 1131.808 1773.369 9.13758 2.727 3.776 5421 
520 0.54975 "674.12 12.9116 1186.780 1848.472 9.28500 2.703 3.7"1 5"74 
5 .. 0 0.56819 4717.70 12.5088 1236.529 1920.417 9 ... 1623 2.6"1 3.699 55&7 
560 0.58,08 4877.92 12.0156 1289.833 1994.043 9.54962 2.622 3.673 5626 

580 0.60192 "978.67 11.5&08 1342.7&2 2067.248 9.& 77 92 2.605 3.650 568 .. 
600 0.61873 5079.84 11.1"00 1395.351 2140.0&7 9.80142 2. 591 3 . 630 51 .. 2 
650 0.66060 5334.15 10. 21~2 1525.399 2320.518 10.09059 2.565 3.592 5883 
700 0.70230 5589.83 9.4344 165".118 24'39.428 10.35&02 2.547 3.5&5 6020 
800 0.78530 6103.&1 8.1925 1908.889 285".093 10.82996 2.530 3.534 6285 

1000 0.95025 7136.85 6.5007 2413.983 3557.730 11.&14&2 2.518 3.508 6787 
2000 1.76934 12359.65 3.2295 4973.576 7103.19& 1".06550 2. &56 3. 63~ 8852 
3000 2.58737 17632.42 2.1548 7162.076 10876.29& 15.58195 2.928 3.908 10 .... 1 
.000 3.40&14 2292&.26 1.&177 10828.372 14928.087 16.9"1~7 3.196 4.180 11787 
5000 ".23187 28230.37 1.2950 H241.699 19335.282 18.75782 3.660 ... 677 12929 

TWO-PH4SE BOU~DRY 
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THERHODYNAMIC PROPERTIES OF PARAHYDROGEN C -2b 

&500 PSIA IS08AR 

TEHPERATURE DENSITY V IOH/DVlp V (OP/OUl
V 

-V (OP/DVl
T (oV/OTlp'V cONb~g~~iTY VISCOSIT Y THERMAL DIELECTRIC PRANOTl 

DIFFUSIVITY CONSTANT NUM 8ER 

DEG. R l8/CU FT 8TU/l8 PSIA-CU FT/8TU PSIA 1/0EG. R 8TU/FT-HR-R l8/FT-SEC SQ FT/HR 
X 105 

~~. 471 5 . 7&~.8 750.97 12.~&0 43.20.1~ 0.0023059 0.10904 3.587 0.01092 1.30.24 2.0505 

~. 5.7~~27 758.19 12.300 4304~.82 0.0023J39 0.11081 3.312 0.01090 1.30505 1.9037 

48 5.71731 76&.99 12.102 42290 . 11 0.0023&9& 0.11274 3.008 0.01085 1.30350 1.745. 

50 5 •• 9008 775 .44 11.909 41534.17 0.0024047 0.11430 2.754 0.01077 1.30192 1. &175 

52 5.&&258 783.12 11.729 ~0778.23 a.aa24393 a.11556 2.540 a.Ol0&8 1.3a033 1.5116 

5~ 5.63~83 789.8& 11. 565 40023.53 0.0024734 0.11656 2.358 0.01059 1.29873 1.4228 

56 5 .&0 &84 796.32 11.403 39271.25 0 . 0025071 0.11&83 2.201 0.01044 1.29712 1. 35~2 

58 5.578&1 802.25 11 . 250 38522 . 57 0.0025405 0.11694 2.0&6 0.01028 1.295~9 1.29&1 

&0 5.55015 807.49 11.107 37778.61 0.0025737 0.11&92 1.947 0.01014 1.29385 1. 2~&2 

&2 5.52H 7 81 2. ~2 10.968 37040.50 0.002&0&7 0.11680 1.843 0.00999 1 . 29220 1.2033 

64 5.49258 8 1 6.77 10.837 3&309.32 0.002639~ 0.11658 1.752 0.00985 1.29054 1.1661 

6& 5 .4 &349 820.87 10.710 35586.13 0.002&718 0.11627 1.670 0.00'l70 1.28887 1.1341 

68 5.4342a 824.37 10.591 34871.94 a.0027040 0.11589 1.597 0.00957 1 . 28719 1.10&0 

70 5.40412 827.12 10.485 341&7.77 0.0027358 0.11544 1.532 O. 009~4 1.28550 1.0810 

75 5.33024 832.90 10.235 32457.40 0.0028136 0.11408 1.395 0.00913 1.28123 1.0313 

80 5.25480 836.93 'l.979 3082'l.&8 0.0028877 0 . 11248 1.286 O. 0088~ 1.27692 0.99&9 

85 5.17857 8~ 8. 89 9.&61 29297.19 0.0029567 0.11078 1.198 0.00852 1 . 27257 0.977 0 

90 5 .1 0177 857.04 9.383 27870.61 0.003018& 0.10902 1.125 0.00826 1.2&820 0.9&11 

95 5.02326 811.41 9.137 26860.13 0.0030428 0.10722 1.063 0.00805 1.26375 0.946& 

100 ~.94&94 880.05 8.874 25&30.35 0.0030873 0.10553 1.012 0.00185 1.25'l42 0.9379 

105 ~.87080 890. 9~ 8.&31 2~612.1& 0.0031093 0.10391 0.9&8 0.00770 1 . 25512 0.9288 

110 4.79531 900.11 8.381 23552.67 0.003139& 0.10210 0.929 0.00758 1.25086 0.9205 

115 ~.72028 911. &0 8.119 22600.17 0.0031571 0.101&7 0.895 0.00748 1. 2~&&4 0.9123 

120 ".64&19 923.65 7.652 21&6&.24 0.0031742 0.10011 0.865 0.00139 1.24248 0.90&8 

125 4.57291 937.72 7 . 582 20857.12 0.0031839 0.09981 0.838 0.00731 1.23837 0 .90 28 

130 ~.50059 952.56 7.309 20062.77 0.0031933 0.09897 0.81~ 0.00723 1.23~33 0.9007 

140 4.35903 986.34 6.768 18629.97 0.0032027 0.09753 0.772 0.00708 1.22&~~ O. 9 00~ 

150 4.22177 102&.7Z &.24& 11422.45 0.0031932 0.09756 0.137 0.00105 1.21883 0.8'l20 

1&0 4 .08941 1071.05 5.758 16357.56 0.0031756 0.09837 0.108 0.00107 1.21151 0.8813 

170 3.9628~ 1125.08 5.313 15559.92 0.0031229 0.09929 0.&8~ 0.00113 1 . 20~5~ 0.8709 

180 3 .8~1> 5 1177.97 4.91& 14782.17 0.003081& 0.100&7 0.&10 0.00722 1.19789 0.7918 

190 3.1257 9 1237.7~ 4.53~ 14079.65 0.0030410 0.10390 0.620 0.00741 1.19156 O. 8080 

200 3.61522 12 9 2 .73 4.238 134H.86 0.0029935 0.10663 0.&26 0.001&2 1 . 18554 0.8176 

220 3.~0885 140~.28 3.761 12506.06 0.0028802 0.11079 0.631 0.00804 1.17435 0.8293 

2~0 3.22204 1513.50 3.429 11181.96 0.0021520 0.11354 0.&30 0.0084& 1.1&429 0.8322 

260 3.053~2 1614. 63 3.190 11210.91 0.002&239 0.11523 0.&2& 0.00891 1.1552& 0.8291 

280 2.90088 1705.35 3.025 10748.22 0.0025005 0.11611 0.622 0.00939 1.14713 0.8220 

300 2.7&2 77 1187.33 2.910 10375.21 0.0023825 0.11646 0.&11 0.00990 1.13980 0.812& 

320 2.63711 1859.38 2.834 10054.12 0.0022747 0.11644 a.&14 0.01044 1.1331 & 0.8024 

340 2.52232 192 5 . 98 2 . 782 9790.02 0.002172& 0.11624 0.611 0.01101 1.12712 0.7918 

360 2. ~1739 1985.58 2.749 9550. &4 0.0020815 0.11597 0.610 0.011&1 1.121&2 0.7821 

380 2.32088 2042.24 2 .7 26 9344.18 0.0019963 0.11571 0.&09 0.01l23 1.11&51 0.7729 

~OO 2.23186 2098.98 2 .710 9170.51 0.0019155 0.11555 0.610 0.01288 1.11193 O. 7&4~ 

~20 2.149&5 2155.88 2.&97 9020.24 0.0018392 0.11552 0.&12 0.01355 1.10766 0 .7565 

~~O 2.07352 2213.54 2.685 8887.60 0.0017&76 0.115&3 0.&15 0.01425 1.10371 0.7492 

460 2.00289 2274.08 l.&72 8777.24 0.001&989 0.11591 0.&19 0.01498 1.10006 0.7425 

480 1.937l4 2335.58 2.658 867&.68 0.001&348 0.11635 0.623 0.01573 1.09&&7 0.73& 3 

500 1.87609 2400.07 2.&43 8592.44 0.0015735 0.11&95 0.&28 0.01651 1.09352 0.7305 

520 1.81901 2.63.19 2.626 8502.28 0.0015186 0.11769 0.&34 0.01730 1.09059 0.7256 

540 1.75997 248 6.32 2.&91 8408 . 61 0.0014816 0.11856 0.&40 0.01821 1.08756 0.7192 

560 1.70918 254 8.41 2.681 8337.2& 0.0014412 0.11958 0.647 0.01905 1.08~9& 0.7155 

580 1.66135 2&11.39 2 .&71 8l71.32 0.0013977 0.12070 0.&54 0.01991 1 . 08252 0.7122 

&00 1.61622 2675.52 2.660 8210.14 0.001356<) 0.12192 0.&62 0.02078 1.08021 O. 7 a 94 

650 1.51317 283 9 . 58 2 . &31 8074.&5 0.0012650 0.12533 0.&82 0.02305 1.07500 0.7035 

700 1.42388 3007.82 Z.601 7959.28 0.0011853 0.12915 0.104 0.02544 1.07044 0.&991 

800 1.27340 3352. 88 2.543 1172.42 0.0010541 0.137&3 0.750 0.03058 1.06283 0 . 6932 

100 0 1 .0 5235 405 2.83 2 .453 7510.~7 0.0008656 0.15611 0.849 0.04229 1.05173 0.6871 

2000 0.5&518 78& 0.28 2.152 6985.46 0.0004&23 0.27727 1.355 0.13500 1.02755 0.&394 

3000 0.38&lt9 12358.32 1.904 6814.81 0.0003162 0.39267 1.620 0.2599Q 1.01878 0. 6519 

ItO 00 0.29359 17392.58 1 .7 24 6130.8& 0.0002403 0.51444 2.24& 0.41920 1.01424 0.6570 

iOOO 0.23&30 24093.81 1.498 &&70.89 0.0001941 0.70237 2.646 0.63547 1.011~5 0.6342 

TWO-PHASE BOUNORY 
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C-Zb THERMODYNAMIC PROPERTIES OF PARA~YDROGEN 

700 0 PSU ISOBAR 

TEMPERATURE VOlUHE ISOTHERM ISOCHORE INTERNAL ENTHA LPY ENTROPY CV CP VElOC lTY 
OERIVATIVE OERIVAT lVE ENERGY OF SOUNO 

JEG. R CU FT IlB CU F T-PSIA/lB PSI AIR BTU/lB BTU/LB B TU/l B-R BTU lB -R FT/SEC 

45. & 7& 0017201 7871.27 102.1937 -107 . 611 115 .15 0 1 .38071 1.413 1.745 &711 
4& 0.17213 785&.23 10 2 .1656 -107.40& 115.71& 1.39307 1.416 1.753 &709 
48 0.17291 77&2. &6 101 . 9362 -104.8&1 119 . 269 1.46668 1.445 1.600 &695 
50 0 . 17370 7&66.19 101.&247 -102.241 122.917 1.54313 1.471 1.647 6679 
52 0.17451 7572.91 101.2356 -99.546 12&.656 1.61645 1.495 1.692 &663 
54 0.17533 n77.04 100.7605 -90.766 130.482 1.68665 1.517 1.934 6646 
56 0.17&17 7360.73 100.2662 -93.959 134.393 1.75976 1.538 1.976 6629 
58 0.17702 7284.16 99.&996 -91. 066 136.387 1.62983 1.556 2.017 6610 
60 0.177 86 7167 . 50 99.0862 -68.115 142.461 1 .8 9669 1.576 2.057 6591 
62 0.17676 7090.93 96.4308 -65.104 146.613 1. 96695 1.594 2.095 6571 
64 0.ln66 6994.61 97.7375 -82.036 150.640 2.03406 1.610 2.132 6551 

66 0.18057 6696.71 97.0100 -76.914 155.141 2.10023 1.625 2.169 6531 
66 0.16149 .'03.40 90.2513 -75.139 159.514 Z .1&550 1.039 2 .204 6510 
70 0.16243 6706.85 95.4641 -72 .517 103.955 2.22966 1.651 2.2J7 6490 
75 0.16485 6476.64 93.3868 -&4.266 175.335 2.36666 1.676 2.315 &438 
SO 0.16736 6253.09 91.1769 -55.753 167.105 2.53676 1.701 2.392 6383 
65 0.18997 6039.94 66.8594 -47.176 199.061 2.66357 1.736 2.476 6321 
90 0.19267 5639.60 66 .4562 - 38.092 211.647 2.62742 1.763 2.555 6261 
95 0.1954& 5653.99 63.9882 -26 . 756 224 . 601 2 .96749 1.767 2.626 6203 

100 0.19634 5464.71 61.4766 -19 . 062 236 .0 lD 3.1 0506 1.610 2 .691 6147 
105 0.20135 5386.32 79.1666 -9.299 251.687 3.23654 1 .626 2.745 6121 

110 0.20435 5276.66 76.6536 0.656 265.542 3.36744 1.646 2.795 6081 
115 0.20742 5136.12 74.1700 10.795 279.656 3.49292 1.871 2.652 6024 
120 0.2105& 5035.03 71.69&3 21.123 294.051 3.&1543 1.69& 2.9 02 5975 
1 25 0.21375 4H3.99 69.2739 31.&39 306 . 699 3.73501 1.925 2.956 5914 
130 0.21700 4613.76 6&.9335 42.356 323 . &31 3.65213 1 .956 3.013 5858 
140 0.22365 4626.34 62.5194 64.436 354.333 4.07961 2. 033 3.129 5743 
150 0.23051 4456.00 56.4507 67.441 366 . 230 4.29963 2.121 3. 253 5626 
160 0.23756 4326.62 54.7165 111.436 419.368 4.51345 2.216 3.375 5523 
170 0.24477 4216.37 51.2995 136.447 453.721 4.72168 2.320 3.498 5426 
180 0.25212 4155.95 46.1666 162.481 469 .277 4.92486 2.424 3.606 5353 

190 0.25954 4083.36 45.3784 190 . 112 526.532 5.12618 2.546 3 .741 5272 
200 0.26708 4014.85 42.6272 218.254 564.443 5.32048 2.644 3.651 52 05 
220 0.26246 3936.21 38.3737 277.127 643 . 252 5.69593 2.816 4.031 5111 
240 0.29812 3907.43 34.6284 338.747 725 .17 6 6.05207 2.945 4.158 5055 
260 0.31394 3910.05 31.4696 402.148 609 .0 75 6.38798 3.030 4.232 5030 
260 0.32964 H35.20 28.7913 466.515 694.056 6.70277 3. 073 4.262 5028 
300 0.34576 3H5017 26.5069 531.032 979.207 6.99663 3. 064 4.258 5042 
320 0.36171 4027 . 63 24.5402 595.209 1064.055 7.27054 3.070 4 .229 5070 
340 0.37766 4067.21 22.6347 656.662 1146.193 7.52523 3.040 4.186 5106 
360 0.39359 4155.52 21.3494 721.159 1231 . 329 7.76291 3.001 4.134 5150 

380 0.40949 4223.41 20.042 0 762.597 1313.380 7.98473 2.957 4 .079 5195 
400 0.42;39 4301.70 18.6615 642.951 1394.351 6.19249 2 .913 4.023 5247 
420 0.44126 4362.40 17.8418 902.248 1474.215 6.38 730 2.870 3.970 5299 
440 0.45709 4467.91 16.9061 960.560 1553.044 6.57070 2 .830 3 .919 5354 
460 0.47267 4559.31 16.0555 1017.956 1630 . 697 8.74376 2.795 3.672 5409 
480 0.46859 4&54.27 15.2767 1074.529 1707 . 842 6 .90728 2 .763 3.828 5405 
500 0.50422 4751.35 14.5671 1130.361 1763.942 9.002 76 2.736 3.767 5520 
5 20 0.51976 4846.90 13.9136 1185.537 1'59.275 9.21063 2.712 3.751 5574 
540 0.53661 4943.28 13.4606 1235.006 1930.627 9.3 4064 2. 646 3.704 5660 
560 0.55249 5041.76 12.9301 1286.415 2004.552 9.47441 2.628 3.678 5717 

560 0.56812 5140.91 12.4408 1341.445 2077 .8 53 9 . 6 0269 2.611 3.655 5774 
600 0.56373 5240.60 11.9679 1394.130 2150.765 9. 72654 2 .597 3.635 5630 
65 0 0.62261 5491 . 64 10.9912 1524.401 2331.433 10.01005 2 .570 3.596 5967 
7 DO 0.6602 5744 . 53 10.1515 1&53.320 2510.535 10 .28177 2 .552 3.569 6101 
600 0.73637 6253.74 8.8142 1908.429 2865 . 516 10.75613 2.534 3.537 6360 

1000 0.69149 72 79. 85 6.9927 2414.016 35&9.575 11.54126 2 .521 3.509 6852 
2 0 00 1.65170 12.62.93 3.4741 4974.582 7115.535 13 .99255 2 . 657 3 . 634 6893 
3000 2.41104 17 740.16 2.3185 7763.364 10866.583 15.50898 2.929 3.908 10472 
4000 3.17115 23034.45 1.7408 10829.267 14939 . 764 16.66633 3.195 4.176 11U~ 
5000 3.93757 26334.96 1.3938 14237.114 19341 . 0ZT 16.663 4 1 3.649 4.665 12954 
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THERHODYNAHIC PROPERTIES OF PARAHYDROGEN C -Zb 

7000 PSIA IS~BAR 

TEHPERATURE DENSITY V (OH/DVl p V (OP/DUly -V (DP/DVI
T (OV/OT\fVCONb~~~~e~TY V ISC OS IT Y THERHAL OIELECTRIC PRl NOTL 

DIFFUS IVITY CONSTANT NUH BER 

OEG. R LB/CU FT BTUILB PSIA-CU FT/BTU PSIA 1/0EG. R BTU/FT-HR-R LB/FT-SEC SQ FT/HR 
X 105 

~5. & 7& 5.513.3 7 81. ~5 12.~39 .. 57&0.&1 0.0022332 0.11308 3.739 0.01115 1.30907 2.077 .. 

~& 5.809~2 783.11 12. ~ 05 "5640.13 0.0022385 0.11345 3.&75 0.01114 1.30883 2.0444 

48 5.78328 792.89 12.201 4"893.78 0.0022707 0.115"7 3.322 0.01109 1.30731 1.86"6 

50 5.75&gO 802 . 29 12.003 .... 1 ..... 9& 0.0023021 0.11712 3.029 0.01102 1.30579 1.7193 

52 5.73028 610.90 11.818 .. 3394.89 0.0023329 0.118"& 2.782 0.01093 1.30"25 1.5995 

5 .. 5.703 .. 3 818.52 11.650 .. 26 ..... 75 0.00Z3633 0.1195Z 2.573 0.01083 1.30269 1 ... 993 

56 5. & 7&37 825.83 11.485 41895.70 0.0023932 0.11964 2.394 0.01068 1.30113 1 ... 215 

58 5.&"909 832.59 11.328 411"8.88 0.002"229 0.11999 2.2"0 O. 01053 1.29955 1.3557 

&0 5.&21.2 838 . 60 11.182 40405.39 0.002"523 0.12000 2.106 0.01038 1.29797 1.29<j2 

62 5.59395 8 ..... 29 11.0,,0 39&&6.30 0.002"815 0.11991 1.988 O. 01023 1.29637 1.2506 

6" 5.56610 8 .. 9.3 .. 10.908 38932.65 0.002510" 0.11972 1.885 0.01009 1.29"77 1. 2 a 85 

66 5.53806 85 ... 12 10.779 38205."5 0.0025392 0.119"3 1.793 0.0099" 1.29315 1.1723 

68 5.5 09S 5 858.25 10. &59 37"85.70 0.0025677 0.11906 1.712 0.00981 1.29153 1.1 .. 0 .. 

70 5,"8H7 8 61. 57 10.551 36774.35 0.0025959 0.11863 1.638 0.009&8 1.28990 1.1120 

75 5.409S" 868.62 10.299 35038.70 0.00 26&52 0.11729 1,"86 0.00937 1.28579 1.055& 

80 5.33733 575.73 10.042 3337".7B 0.0027319 o .1157Z 1.365 " 0.00906 1.28164 1.01&3 

85 5.2&408 886.79 9.725 31794.75 0.00Z7948 0.11401 1.269 0.0087" 1.27745 0.9928 

90 5.19027 895.&8 9."48 30309.11 0.0028525 0.11225 1.189 0.00847 1.2732" 0.974" 

95 5.11&10 904.38 9.185 28926.38 0.0029035 0.110"9 1.123 O. 00822 1.2&902 0.9&08 

100 5.0"181 913."3 &.930 27652.85 0.0029 .. 6 .. 0.10875 1.067 O. 00801 1.26480 0.9505 

105 ... 96&59 927.&7 8.719 2&751.&4 0.0029593 0.10704 1.018 0.00785 1.2&053 0.'1400 

110 ".8931,7 941.&8 8.475 25822.24 0.0029685 0.10580 a .977 0.00773 1.25640 0.9290 

115 ... 82109 952.42 8.223 2,,771.33 0.0029942 0.10476 0.941 0.00762 1.25231 0.9217 

120 ".7 .. 927 967.95 7.960 23912.73 0.0029982 0.10376 0.908 0.00753 1.2"827 0.9147 

125 ... &78 .. 6 981.71 7.690 22989.88 0.0030132 0.10284 0.880 0.007"3 1 . 24429 0.9112 

130 ... 60837 998.5" 7."18 22183.71 0.0030172 0.10198 0.854 0.0073" 1.2 .. 03& O. 9 a 8& 

140 ..... 7128 1035.29 6.876 20&85.63 O. 0030224 0.100 .. 8 0.810 a.00718 1.23270 0.9 a 82 

150 4.33821 1075.82 6.351 19331.04 0.0030237 0.10049 0.773 0.00712 1.22529 0.9012 

160 ... 209"0 1l23.51 5.860 18213.30 0.00300"2 0.10129 a .742 O. 00713 1.21814 0.890& 

170 4.085~6 1174.47 5."11 17225.82 0.0029781 0.10218 0.716 0.00715 1.21129 0.8826 

180 3.966"3 1234.2" 5.011 1&~8". 28 0.0029232 0.10386 0.&32 0.00726 1.201,7~ 0.7898 

190 3.85295 1297.19 ... 625 15732.98 0.0028S43 0.10712 0.&"1 0.007"3 1.19851 0.8063 

200 3.74423 1351.81 ... 325 15032.56 0.0028490 0.10985 0.&48 0.007&2 1 . 19257 0.8172 

220 3.5"035 1 .. 64.72 3.849 13942.67 0.0027522 0.11395 0.&52 0.00798 1.18147 0.8307 

240 3.35433 1573.62 3.505 1310&.82 0.002&420 0.11&61 0.651 0.0083& 1.171"1 0.8352 

260 3.18537 1&74.96 3.2&0 12454.96 0.0025267 0.11817 0.646 0.00877 1.1&232 0.8330 

280 3.03177 1765.97 3 .090 11930.62 0.002"132 0.11892 0.640 0.00920 1.15'+10 0.8262 

300 2.89220 18 .. &.87 2.972 11"97.00 0.0023056 0.11912 0.&35 0.009&7 1.14667 0.8170 

320 2 .7&".8 1919.10 2.891 11135.11 0.0022039 0.11896 0.630 0.01017 1.13990 0.8 a 66 

340 2.6 .. 78& 1983.89 2.83& 10822.36 0.0021100 0.11862 0.627 0.01070 1.13373 0.79&0 

360 2.5 .. 07 .. 20 ..... 23 2.800 10558.10 0.0020221 0.11822 0.&24 0.0112& 1.12809 0.7857 

JeD 2 ..... 207 2099 .05 2.776 10313.87 0.0019432 0.11785 0 . 623 0.01183 1.12291 0.7764 

.. 00 2.35076 215 ... 77 2.758 10112 . Z8 O. 0016672 0.11758 0.623 0.012"3 1.11813 0.7677 

.. 20 2.26623 2209.73 2.743 9931.5" 0.0017965 0.11745 0.&24 0.01305 1.11372 0.7598 

.... 0 2.18776 2265.95 2.730 9774.69 0.0017Z96 0.11747 0.&27 0.01370 1.10964 0.7526 

.. 60 2.11 .. 7 .. 2325.08 2.71& 9& .. 1.75 0.0016652 0.117&7 0.&30 0.01"37 1.10585 0.7460 

.. 80 2.0"671 238&.38 2.701 9525.96 0.0016039 0.11803 0.63" 0.01507 1.10233 0.7398 

500 1.9832" 2"49.90 2.685 9"23.10 0.0015"59 0.11857 0.638 0.01579 1.09905 0.7340 

520 1.92391 2514.97 2.&&& 9328.83 0.001 .. 915 0.11926 0.6 .... 0.01653 1.09599 0.7288 

540 1.86286 2533.77 2.729 9208.61 0.001"617 0.12008 0.650 0.01740 1 .0 9284 O. 7212 

560 1.81000 2595.55 2.718 9125.61 0.0014169 0.12105 0.656 O. 0181Q 1.09013 0.717" 

580 1.7&018 2&58.25 2.707 90 .. 8. 'l2 0.0013748 0.1221" 0.663 O. 01899 1.08757 0.71"0 

600 1.71312 2722.16 2.695 8977.80 0.0013353 0.12333 0.670 0.01981 1. 0851& 0.7110 

650 1.60615 2885.81 2.663 8820.37 0.00124&1 0.126&8 0.&90 0.02193 1.07970 0.70"8 

700 1.51212 3053.80 2.&31 8&8& .41 0.0011&67 0.130"6 0.711 0.02418 1.07"91 0.7002 

800 1.35 .. 33 J398.&0 2.569 8 .. &9.&Z 0.0010407 0.13893 0.757 0.02900 1.0&&92 O. &9 .. 0 

1000 1.12172 .. 098.29 2 ... 7] 8165.9] 0.000856] 0.15757 0.857 O. 0 .. 00] 1.05520 0.6874 

2000 0.6054" 7905.5& 2.160 7557.61 0.0004597 0.27727 1.373 0.12602 1.02953 0.6"78 

]000 0.41476 1240".89 1.908 7360.37 0.0003150 0.392&& 1.8"9 0.2"228 1.02016 O. &625 

.. 000 0.3153" 17 .. 3 ... 30 1.728 7263.75 O. 0002397 0.51"11 2.287 0.]9019 1.015]0 0.6692 

5000 0.25396 24082.&" 1.50 .. 719&.06 0.0001937 0.69923 2.698 0.59025 1.01231 O. & .. 79 

TWO-PHASE BOUNDRY 
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C-2b THERMODYNAHIC PROPERTIES OF PARAHYDROGEN 

7500 PSIA ISOBAR 

T EHPE RA T URE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENT ROPY CV CP VELOCITY 
DERI VA TI VE DERIVATIVE ENERGY OF SOUND 

DEG. R CU FT ILa CU ~T-PSIAILS PSIA/R STU /LB BTU/LS STU/LS-R BTU / LS -R FT/SEC 

46.857 0.17063 8171.66 103.7806 -105.499 131.4&5 1.39053 1.425 1.758 &834 
48 0.17105 8119.83 103.&477 -104.0&3 133.490 1.43323 1.441 1.785 &82& 
50 0.17180 8028.27 103.3489 -101.493 137.10& 1.50704 1.4&8 1.831 &812 
52 0.17257 1335.77 102.9748 -98.851 140.813 1.57973 1.492 1.875 &797 
54 0.17335 7842.51 102.534& -96.140 144.&0& 1.&5130 1.514 1.917 &782 
56 0.17414 7748.&3 102.03&1 -93 . 3&5 148.482 1.72178 1.53& 1.959 &7&5 
58 0.1H95 7&54.31 101.4859 -90.525 152.440 1.79121 1.55& 1.999 &748 
&0 0.1757& 7559.72 100.8899 -87.&25 15&.470 1.859&3 1.575 2.037 0730 
&2 0.17&&0 74&5.00 100.2528 -84.&&7 1&0.589 1.92705 1.593 2.075 &712 
&4 0.17744 7370.34 99.5790 -81.&52 1&4.775 1.99351 1. & 09 2.111 &&93 
&& 0.17830 7275.68 98.8720 -78.584 1&9.034 2.05904 1. &25 2.147 &&73 

&8 0.17917 7181.76 96.1349 -75.4&5 173.3&3 2.123&5 1. &39 2.181 &&54 
70 0.16005 7088.21 97.3706 -72.297 177.758 2.18735 1. &51 2.213 &&34 
75 0.18232 &857.5& 95.3551 -&4.188 169.018 2.342&9 1. &78 2.290 &585 
80 0.18407 6&33.47 93.2132 -55.617 200.&56 2.49291 1.704 2.3&& &532 
85 0.16711 &418.17 90.9&85 -47.385 212.47& 2.63&0& 1.740 2.450 &471 
90 0.169&4 &213.73 88.&407 -38.447 224.919 2.77827 1.7&8 2.52& &413 
95 0.19224 &022.00 86.247& -29 .258 237.727 2.91675 1.793 2.596 &355 

100 0.19493 5844.5& 83.8071 -19.72& 250 . 989 3.05283 1.817 2. &&2 &299 
105 0.197&9 5&8-2.&4 81.3379 -10.102 2&4.447 3.18414 1.836 2.720 [,24& 
110 0.20058 5&11.58 79.1720 -0.2&'1 278.291 3.31294 1.85& 2.772 6230 

115 0.20344 5482.72 7&.73&3 9.742 292.285 3.43735 1.879 2.82& &180 
120 0.20637 5366.&3 74.3391 19.948 30&.5&0 3.5588& 1.90& 2.880 &131 
125 0.20935 5275.51 71.9736 30.353 321.099 3.&7755 1.935 2.931 &085 
130 0.21237 5152.80 &9.&421 40.961 335.897 3.79362 1.9&8 2.990 6022 
140 0.21855 49&7.13 65.2200 &2.83& 3&&.3&0 4.01933 2.044 3.104 5912 
150 0.22491 4800.19 &1.1329 85.&5& 398.010 4.237&4 2.132 3.22& 5801 
1&0 0.23144 4&48.50 57.3580 109.48& 430.903 4.44989 2.230 3.353 5&91 
170 0.23811 4532.1& 53.883& 134.3&1 4&5.052 4.&5&88 2.333 3.47& 5594 
180 O.24!t91 4432.10 50.7024 160.27& 500.4 05 4.85892 2.437 3.59& 5505 
190 0.25182 4377.95 47.8079 187.815 537.542 5.05958 2.558 3.723 5433 

200 0.25878 4314.17 45.1980 215.8&& 575.2&3 5.25291 2.65& 3.830 5369 
220 0.27300 4215.78 40.&212 274.603 653.148 5.62&81 2.821 4.015 52&1 
240 0.28750 41&1.43 36.7599 33&.154 735.427 5.98188 2.956 4.149 5202 
260 0.30216 4149.81 33.4681 399.549 819.193 6.31725 3.041 4.227 5170 
280 0.31694 4165.65 30.6575 463.949 904.109 6.63179 3.084 4.259 5163 
300 0.33172 4197.78 28.256& 528.523 969 . 212 6.92549 3.094 4.257 5172 
320 0.34.54 4241.93 26.1798 592.779 1074.056 7.19938 3.080 4.230 5195 
340 0.3&136 4296.54 24.3744 &56.319 1158.1n 7.45403 3.050 4.187 5227 
360 0.37619 4356.97 22.7957 718.915 1241.3&3 7.69185 3.010 4.135 526& 
360 0.39098 4425.54 21.40&9 780.453 1323.448 7.91377 2.966 4.079 5311 

400 0.40577 4495.49 20.1743 840.910 1404.444 8.12158 2.921 4.025 5357 
420 0.42053 4571.13 19.0740 900.318 1484.346 8.31649 2.878 3.973 5407 
440 0.43527 4651.95 18.082& 958.752 15&3.254 8.50007 2.839 3.924 5458 
4&0 0.44998 4737.88 17.1820 1016.283 1641.214 8.&7337 2.803 3.878 5510 
480 0.46.&5 4828.85 16.3595 1073.007 1716.30& 8.83720 2.772 3.835 55&4 
500 0.47925 4923.47 15.6046 1129.00& 1794.590 8.99306 2.745 3.797 5617 
520 0.49379 5020.73 H.9091 1184.363 1870.140 9.14134 2 .721 3.761 5&70 
540 0.509&0 5110.28 H.4069 1233.626 1941.353 9.27068 2.654 3.708 5752 
560 0.52422 520&.9& 13.8397 1287.130 2015.1&8 9.40442 2. &34 3.&82 5807 
580 0.538&1 5304.44 13.31&2 1340.253 2088.557 9.53304 2.&17 3. &59 5862 

600 0.55338 5402.58 12.8317 1393.028 2161.555 9.65&84 2.&02 3.&39 5916 
&50 0.589&6 5650.19 11.7648 1523.511 2342.423 9.94&61 2.575 3.600 6050 
700 0.62578 5900.15 10.865& 1652.622 2521.705 10.212 && 2 .557 3.512 &180 
800 0.&9767 6404.49 9.4334 1908.058 2876.98& 10.687 42 2.538 3.539 6433 

1000 0.64052 7423.14 7.4829 2414.129 3581.447 11.47301 2.524 3.511 6916 
2000 1.54968 12605.22 3.7178 4915.075 7127.862 13.92467 2.659 3.&34 8934 
3000 2.25813 11858.15 2.4818 71&4.752 10900.833 15.44107 2.930 3.907 10503 
4000 2.9&138 23140.40 1.8637 10630.360 14951.443 16.8002& 3.194 4.177 11839 
5000 3.68240 28436.97 1.4924 110233.257 19347.358 18.61418 3.639 4.653 12978 

TWO-PHASE BOUNDRY 
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THERMODYNAMIC PROPERTIES OF PARAHYDROGEN C-Zb 

7500 PSIA ISOBAR 

TEIfPERATURE DENSITY VCDHIOV \:> V C DPIDU Iy -V COP/OVI
T (OV/DT\fVCO~~~~~:~TY VISCOSITY THERMAL OIEL ECTR IC PRANDTL 

DIFFUSIV ITY CO NSTANT HUH BER 

OEG. R LB/CU FT BTU/LB PSIA-CU FT/BTU PSIA 11 OEG. R BTU/FT-HR-R LB/FT-SEC sa FT/HR 
x 105 

~6.857 5.86080 811. ~~ 12.423 ~7892.52 0.0021669 0.11698 3.89~ 0. 01135 1.31181 2 .1070 

~8 5.8~625 817.56 12.303 ~7~70.5~ 0.0021834 0.11814 3.669 0.0113 2 1 . 31097 1. 9960 

50 5.820&1 827.93 12.099 ~6729.45 O. 0022116 0.11987 3.330 0.01125 1.30948 1.8314 

52 5.79475 837. ~ 6 11.909 ~5985.93 0.0022393 0.12128 3.0~7 0.01116 1.30798 1.6961 

5~ 5.76871 84 5 .96 11.736 ~5241.15 0.0022664 0.12241 2.808 0.01107 1 . 30647 1 . 5831 

56 5.742H 85~.13 11.567 44496.26 O. 0022931 0.12277 2.603 0.0109 2 1.30495 1.4952 

58 5.71604 861.72 11.407 ~3752.36 0.0023196 0.12295 2 .428 0.01076 1.303~2 1.~209 

60 5.689~4 868.52 11.258 ~3010.52 0.0023457 0.12299 2 . 276 0.01061 1.30188 1.3571 

62 5.66266 87~.97 11.113 ~2271.78 0.0023716 0.12294 2.143 0.01046 1.30034 1.3024 

64 5 .6357 2 88 0.75 10.978 U537.15 0.0023973 0.12276 2 .027 0.01032 1.29878 1.25~9 

66 5.606&2 68 6 .22 10.847 40807.63 0.0024229 0.12250 1.924 0.01017 1.29722 1.2140 

66 5 .58137 891.00 10.725 40084.15 0.0024482 0.12215 1.832 0 .. 01003 1.29565 1 . 1780 

70 5.55H6 89~ . 92 10.616 39367.64 0.0024734 0.12173 1.751 0.00990 1.29407 1.1460 

7S 5.48485 903.30 10 . 361 37612.68 0.002535 2 0.12041 1.581 0.00959 1.29009 1. 08 23 

80 5.41495 911.60 10.103 35919.90 0.0025950 0.11884 1 . 448 0.00928 1.28608 1 . 0376 

85 5.3~437 923 . 89 9.784 34301.11 0.0026521 0.11714 1. 342 0.00695 1.26204 1 .010 3 

90 5.27326 933.69 9.508 32766.63 0.0027052 0.11538 1.255 0.00866 1.27797 0.9890 

95 5.20178 943.04 9.2~5 31325.10 0.0027533 0.11360 1.183 0.00841 1.27389 0 .9733 

100 5.13011 952.~9 6.992 29983 . 20 0.0027951 0.11184 1.122 0.00819 1.26981 0.9615 

105 5.05846 961.39 6.759 26745.39 0.0028296 0.11014 1. 07 a 0.00800 1.26574 0.9515 

110 4.98563 979.38 8.555 27977 . 24 0.0028299 0.10880 1 . 024 0.00787 1.26161 0.9394 

115 4.91534 992.46 8.307 26949.45 0.0028474 0.10773 0.986 0.00776 1.25764 0 . 9308 

120 4.845,6 1007.73 8.051 26014.02 O. 0028577 0.10671 0.951 0.00765 1.253&9 0.9243 

125 4.77667 102&.24 7.787 25199.36 0.0028562 0.10575 0.921 O. 00 755 1.24981 O. 9191 

130 4.70&81 1041.64 7.516 24263 . 54 O. 0028702 0.10~87 0.89~ 0.0074 5 1.2~600 0.9175 

HO ~.57557 1081.81 6.97~ 22727.49 0.0028697 0.10332 0 . 847 0.00727 1.23852 0.9166 

150 4.~4&23 1126.36 6.~~8 21342.71 0.0028643 0.10330 0.809 0.00720 1.23130 0.9093 

160 4.32086 11H.15 5.953 20085 . 51 0.0028557 0.10~09 0.776 0.00718 1.22432 0.9000 

170 4.19968 1 227.8 4 5 . 501 19 033.62 O. 0028310 0.10~96 0.748 0.00719 1.21760 0.8923 

180 4.08315 1283.55 5.096 18096.93 0.0026017 0.10694 0.653 0.00726 1.21116 0 .7 899 

190 3.97109 1353.88 ~.706 17385.23 0.0027499 0.11023 0.662 O. 007~6 1. 20~99 0. 8 0 5~ 

200 3.86~24 1412.83 4.~0~ 16670.97 0 .0 027112 0.11297 0.669 0.00763 1.19913 0. 8162 

220 3.66297 1526.49 3.923 15442.28 0.0026305 0.11703 0.673 0.00796 1.1881~ 0. 8314 

240 3.~ 7632 1633.71 3.575 1~~7~. 76 O. 0025396 0.11959 0.671 0.00829 1.17811 0.8378 

260 3.309~& 1734.71 3.326 13733.65 0.002~369 0.1210~ 0.665 0.00865 1.16899 0.8365 

280 3.15521 1625.93 3.151 111~~.13 0.002332~ 0.12166 0.659 0.00905 1.16071 0.8301 

300 3.01~61 1906.46 3.0 29 12654.67 0.0022329 0.12172 0.652 3.009~9 1 . 15319 0.8211 

320 2.88565 1377.69 2 .9~6 122~0 .7J 0.0021387 0.12143 0.6~7 0.00995 1.14632 0.8107 

3~0 2.76730 20~2. 22 2.688 11889.80 O. 0020500 0.12097 0.642 0.01044 1.14004 0.7999 

3&0 2.65825 2101.00 2.849 11581.92 0.0019682 0.120~5 0.639 0.0109& 1.13428 0.7 895 

360 2 .557&6 2157.00 2.822 11319.0~ 0.0018912 0 .119 97 0.637 0.01150 1.12898 0.7796 

~OO 2.~6'4~ 2210. ~9 2.802 11078.87 0.0018210 0.11960 0.636 0. 01206 1.1240 8 0.7708 

UO 2.37196 2Z&~.08 2.787 108&9.98 0.0017547 0.11937 0.&37 0.01264 1.11955 0.7629 

.. ~o 2.29742 2318.99 2.773 10667.50 0.0016919 0.11931 0.638 0.01324 1.11535 0.7556 

~&O 2.22232 237&.~2 2.756 10529.08 0.0016319 0.11943 0.6~1 0.01386 1.11144 0.7"91 

460 2.15217 2~3&. 51 2.742 10392.53 0.0015742 0.11972 0.6~~ 0.01~50 1.10779 0.7429 

500 2.08&56 2499."2 2.725 10273.24 0.0015190 0.12019 0.6~8 0.01517 1.10~39 0.7373 

520 2.025H 25&~.85 2.705 101&7.69 0.001~&63 0.12083 0.653 0.01586 1.10121 0. 7320 

540 1.9623 3 2581.19 2.767 10028.08 0.00 14367 0.12160 0.&59 o. 01671 1.097'37 0.7233 

5&0 1.90759 26~2.65 2.755 9932.73 0.0013933 0 .1 2253 0.665 O.01 7~4 1.09515 O. 7193 

580 1.85593 2705.09 2.7~2 98~~.&~ 0.0013526 0.12358 0.671 0.01820 1. 09249 0.7157 

600 1.80709 2768.76 2.729 9762.95 0.00131~3 0.12473 0.678 0. 01897 1.08998 0.712& 

650 1 .69591 2932.03 2 .69~ 9582.19 0.0012278 0.12802 0.698 0.02097 1.08428 0.7062 

700 1.59800 3099.76 2.660 9~26. ~5 0.0011524 0.13177 0.719 0.02308 1.07928 0.7013 

600 1.~3333 3~~~.32 2.59~ 9179.77 0.0010276 0.1~023 0 .765 0.02 7 64 1.07091 0. 6 947 

1000 1.18973 ~1~3.77 2.~92 8831.56 0.0008"73 0.15902 0 . 865 0.03807 1.05662 0. 6878 

2000 0.64530 7950.78 2 .167 813~.09 0.0004571 0.27727 1 .3 91 0.1182~ 1.03150 0.&563 

3000 0.44264 12451.26 1.912 7908.38 0.0003138 0.39265 1.88 0 0 . 22692 1.02154 0.6733 

40 00 0.3 37 00 17476.30 1.731 7798.27 0.0002390 0.51381 2.330 0.36504 1. 01636 0.6817 

5000 0.27156 2~077.21 1. 510 7722.U 0.0001933 0.69641 2.752 0.55113 1.01317 0.6618 

TWO-PHASE BOUNDRY 
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C-Zb T HERMODVNAMIC PROPERTIES OF PARAHYDRDGEN 

8000 PS IA ISOBA R 

TEMPER AT URE VOLUM E I SOT HER H I SOC HDRE INTERNAL ENTHALoy EN TROP Y CV CP VE L OC lTY 
DER I VA TI VE DERI VATIVE ENERGY OF SOUND 

~EG . R CU FT IL B CU FT-PSIA/LB PSIA/R BTUILB BTU/La B TU/ LB - R a TU I LB - R FT / SEC 

~8. 015 0.1&931 8 ~ &8.~0 105.34&8 -103.1&2 1~7 . &50 1 .4 000 1 1. ~ 38 1 . 77 2 &953 
5 0 0 . 17002 8380 . 42 105 . 0598 -10 0. 6S7 151.212 1.4 7269 1. ~ 6~ 1.817 6 9 ~0 
52 0 . 1707 5 82 9 0 . 69 104 . &95& -98.0&1 154.890 1. 54 ~ 81 1.489 1. 8 & 1 &92 7 
5 4 0 . 17150 8 2 0 0 . 0 ~ 104 . 2&50 -95.398 158 . 653 1. &1582 1.512 1 . 9 0 2 &913 
5& 0. 17225 810e . &2 1 03 . 7778 - 92 . &&9 162 . ~98 1. &85 73 1. 53~ 1 . 9~3 6897 
58 0 . 17301 8 0 16.59 1 03 . 2 391 -89 . 8 7 8 1&6.~23 1. 7 5~& 0 1 . 5 55 1. 9 8 2 6881 
&0 0 . 17379 n 2" . 11 1 02 . 6553 - 87 . 025 170 . .. 2& 1 .822"5 1.57" 2 .020 686 .. 
62 0.1,..58 7 8 31. 3 .. 1 0 2 .0 315 - 8" . 116 17" . 50" 1. 8893 0 1. 5 92 2 . 057 &84 7 
6 .. 0 . 17538 773 8 .~~ 1 01 .3719 - 81 . 150 178.655 1 . 955 19 1.609 2 . 093 &829 
&& 0 . 17.19 7&4 5 . 55 100 . 6801 - 78 . 131 182 . 876 2 .0 2 0 14 1. 6 25 2 .128 &81 1 
68 0 . 17701 7 552 . 82 99 . 959~ - 75 . 061 187 . 16& 2 . 084 17 1 . 6 ~o 2 . 162 6 792 

70 0 . 177 85 7~ 60 .~ 1 99 . 2125 -71.94~ 191.521 2 .1 4729 1. 652 2.193 6773 
75 0 . 179 9 9 7231.72 97 . 2 4 54 -&3 . 962 2 0 2 . 673 2 . 3 0115 1 . &7 9 2 .268 672 6 
80 0.18221 70 08 .t ~ 95 . 1582 - 55 . 720 21~.l98 2 . ~4989 1. 7 06 2 . 342 &6 7 5 
85 0 . 18lt50 &79 1 .7 8 92 . 9735 -47.419 225.89 .. 2 . 59 1 5 4 1 .743 2 . "25 &616 
9 0 0 . 18&87 &58 .. _6 1 90 . 7091 -38 . 613 238 . 208 2 .7 3229 1. 7 7 2 2 . 500 &559 
95 0 . 18931 &388 . 42 88 . 3809 -29.556 25 0. 883 2.8&9 33 1.7 99 2 . 570 6 5 02 

1 00 0 . 19182 &20 4. 76 86 . 0039 - 20.153 26~ . 011 3 . 00~03 1 . 823 2 . &36 &4 ~ 6 

1 05 0 . 19"~1 &0 34 . 88 63 . 5935 - 10 . &5& 277 . 336 3 .13"04 1. 8 ~3 2. &9 ~ 6393 
11 0 0.1970& 58 79 .73 81 . 1&61 -0.909 290.9~ 9 3 . 260 &8 h8 &" 2 .750 6 33 9 
1 15 0 . 19985 5619 . 2 1 79 .1 367 8 . 933 3 04.984 3.3 8545 1. 887 2 . 803 6327 

120 0 . 20259 50 89 . ~5 76 . 7722 19 . 02~ 319 . 1 3 6 3 . 5 059 1 1.9H 2 . 85 9 &2 7 ~ 

1 25 0. 2 0538 55 89 . 35 7~ . ~490 29 . 321 333 . 572 3 . 623 76 1. 9 4~ 2 . 912 6228 
130 0 . 2 0822 548 3 . 06 72 .1 7~8 39.831 3~8. 283 3 .7 39 15 1.978 2 . 969 61 7 6 
1 4 0 0 . 2HOO 5 2 97 . 99 67 . 7627 61.521 378.539 3 .96332 2. 0 5~ 3.083 6069 
1 5 0 0 . 21993 5 1 28 . 08 6 3 . 6655 84.169 ~09.9 7 ~ 4 .1801~ 2.143 3.205 5961 
160 0 . 22 &01 " 9 77.~ 5 5 9 . 8737 107 . 8"6 "~2.6~8 4 . 39 097 2. 2 41 3.331 5 8 5~ 
170 0 . 23222 4 843 . 1 8 56 . 3586 132 . 589 "'6.589 ~ . 596 70 2. 3~~ 3. 457 5 75 3 
1 80 0 . 23854 "'3 8 .11 53 .11 6~ 158.396 511 . 771 ~. 79776 2 . ~~9 3.578 5663 
1 90 0.2 ... 97 "6~ 6 . 75 50 .1~~~ 185 . 83 9 5~8 . 726 ~.9 9744 2 . 570 3.713 55 7 6 
2 00 0 . 2 51~8 ~596 . 05 ~ 7 . ~ ~ ~6 213 . 81~ 586 . 35 3 5 . 1903 0 2 .668 3 . 8 15 5 518 

220 0 . 2 &"&9 .... 8 1. 0 1 " 2 .71 03 272 . 40') &&" . 513 5 . 5 &2&4 2.838 " . 003 5411 
2 ~ 0 0 . 27 81 7 4U 7 . 00 3 8 . 81 08 333 . 875 7 4 5 . 953 5.91667 2.967 4 . 1~0 53 4 3 
2&0 0 . 29184 4 39 2 . 63 35 . .. 0 85 397 . 245 829 . 574 6.25146 3.051 4. 2 22 5306 
2 80 0. 30563 ~ 3 97 .10 32 .4775 ~61 . &&5 914.~15 6 .565 71 3.0')4 4. 25& 529 3 
300 0 .31942 4~2 0 .17 29 . 9&~1 526.28~ 999 . ~73 &.8 5925 3.1 O~ ~. 25& 5298 
320 0.33327 ~~58 . 09 27.78&2 590 . 603 108~.299 7.1 330 9 3.0 90 ~ . 230 5317 
3~0 0 . 3~711 4505.75 25 . 88&2 &5 4. 221 1 1&8 . .. 2 .. 7 .3 877" 3.059 4 . 18 7 5345 
3 60 0 . 360 9 6 "5 6 1. 53 24.2180 7 16.90 .. 1 25 1. 6 2 3 7 . 625& 0 3.019 ".136 5380 
380 0 . 37479 ~6 23 .11 22 . 7502 778.53 ~ 1]J3 . 73~ 7.8~759 2 . 9 75 ~. 081 5421 
"00 0 . 3885 9 ~ & 9 1. ~1 21 . ~~63 839.082 1"1~ . 738 8 . 055 43 2 . 93 0 4 . 02& 5 ~6 5 

~ 20 0 . 40240 ~76 1 . 98 20 . 28~0 898 . 587 1~9~.690 8 . 25046 2 . 8 87 3. 9 7 5 5511 
~40 0.41618 .. 837 . 42 19.2366 957.124 1573 . 6~3 8. " 3 ~ 14 2 . 8 ~7 3 . 926 5560 
~&O 0 . 4299" " 917 . 42 18 . 2885 101~.767 1651.6 7 2 8 . 607 5 9 2 . 8 12 3.883 56 0 9 
.. 8 0 0.4~3 6 7 500 2 . 82 17."231 1071.616 1728.859 8 . 771&3 2. 780 3 . 8 4 2 5 659 
500 0 . "573 5 5094.1 2 1 6 . 6292 1127 . 754 1 805.271 8 .9 277 5 2.753 3. 80~ 5 71 1 
520 0 . 47098 51 88 . 89 1 5 . 8970 1183 . 265 1880 . 973 9. 0 7&33 2 .7 3 0 3 . 77 0 5762 
5 40 0.48577 5278 . 58 1 5 . 3474 1232.374 1951 . 981 9 . 20507 2 . 660 3 . 71 2 58 ~ 3 

% 0 0. 4 9947 5373 . 39 1 4 . 7440 1285 . 968 2025 . 878 9 . 33 8 96 2 . 6 40 3 . 686 5896 
580 0 . 51315 5'+ 69 . 14 1 4 . H&9 1339.179 2099 . 348 9 .4 &77 2 2. &22 3. &&3 5949 
6 00 0 . 52 .80 5565 . 67 13 . 6 7 10 1 392 . 039 2172 . 425 9 . 5916& 2 . & 08 3 . 643 6 0 02 

6 50 0.5608 0 5 8 0 9 . 72 12 . 5347 1522.723 2353 . 480 9 . 88179 2 . 5 80 3. 6 03 613 2 
700 0 . 59 4 6 6 &056 . 62 11 . 57&& 1652.017 2532.932 10.1 48 03 2 . 5 &1 3 . 575 6259 
8 00 0 . &6203 6 555 . 87 10 . 0500 1907.771 2888 . 497 10.62317 2.542 3 . 542 6506 

1000 0 . 79589 7 5 6 6 .71 7 . 9 711 2 4 14 . 317 3593 . 3 4 2 11 .409 19 2 .527 3 . 512 6980 
2 000 1 . 46034 1 2726 . 56 3 . 9607 4976.854 7140.178 13 .8 6119 2 . 6 &0 3 . 634 89 7 4 
3 0 00 2 . 12 424 17 968 .42 2 . &44& 776& . 237 10913.050 15 . 3775& 2 . 931 3 . 907 10533 
4 00 0 2 . 78897 2 3 2 44. 14 1 . 98&4 10831.581 14963.116 16 . 73661 3 .194 4 . 175 118&5 
5 000 3 . 45Q0 3 285 3 6 .45 1 . 5908 14230. 0 ~O 19354.173 18 . 54948 3 . &31 4.643 13002 

THJ-PHA SE a OU~ ORY 
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THERMOO~NAMIC PROPEPTIfS OF PA RA ~y JROGEN C-Zb 

8000 PSIA ISOBA R 

TEMPE RA TURE OEN S ITV V ( OH/O Vlp V (oP/OUl y -V (OP/OV' T 
- (OV 10 T VV CON~ ~~~~~~ TV 

VISC OSI TV THERMAL DI ELECTRIC FRANOTL 
o IFF US IV lTV CON STANT NUH BER 

OEG . R LB/CU FT BTU/LB PSIA-CU FT/BTU PSIA 1I0 EG. R BTU/FT-HR-R LB/FT-SEC SQ FTlHR 
X 10 5 

~8.015 5 . 90635 6 ~1.1 6 12.~06 50017.33 0.0021062 0.12076 4.050 0. 01154 1.314~6 2 .13 92 

50 5.88156 652.41 12.196 49289.94 0.0021315 0.12256 3.662 0 . 011'07 1.3130 2 1.9545 

52 5 . 656~0 862.87 12.003 48553.57 0.0021563 0.12404 3 .337 0.011B 1.3115 5 1.6019 

5 .. 5 . 63105 672.25 11.825 47614.64 0 .0~ 21806 0.12522 3.063 0.0112 9 1 .31 006 1. 6746 

56 5.60554 661 . 26 11.652 47014.66 0.002204, 0.12563 2 .630 0.01114 1.30660 1.5751 

56 5.7796& 669.11 11 . 487 4&334.77 0 .0 022261 0.12565 2.631 0.01096 1.3071 2 1.4920 

60 5.15403 897 . 31 11.335 45595.56 0.002251" 0.12592 2 . 459 0.01063 1.3056 2 1 ... 202 

62 5.12804 904 . 53 11.181 44~58.28 0.0022145 0.125~ft 2.309 0.0IC6~ 1.3041 2 1.3581 

6" 5.70191 q 11. 04 11.049 .... 123.90 0.0022974 0 . 12573 2.118 0.01 054 1.30260 1.305 4 

66 5.675&5 917.22 10.916 43393 . 40 0.0023202 0.12546 2.063 0.0103Q 1.3010 9 1. 2594 

68 5.64924 qz2.67 10.792 42667 . 70 0 .0 023427 0.12515 1.960 0.01025 1.29956 1.2190 

70 5. 62271 927.20 10.681 41947 . 70 0.0023651 0.12474 1.869 0.01012 1.29803 1 .1631 

75 5.55584 936.97 10.422 ~0178.26 0.0024203 0.12344 1.661 0.0 0960 1. 2 941 6 1 .1115 

80 5.488 2 7 q Itt. 54 10.161 38462.53 0.0024741 0.12188 1.534 O.OOq~, 1. 29 02 9 1 .0 610 

85 5.~2009 360.15 9.6~1 36812.05 0 .0 025256 0.12016 1.417 0.00914 1.28&3 6 1.0294 

90 5.35142 970.99 9 . 564 35237.00 0.0025743 0.11640 1 . 322 0.00665 1. 28244 1. 0049 

95 5.28238 981.17 9.301 33746.05 0.0026190 0.11661 1.244 0. 0065Q 1.2764 9 0.9666 

100 5.21312 991. 22 9.046 32346.16 0.002&569 0.11463 1 .17 6 0 .00 83& 1 . 27 45 4 0.9733 

10 5 5.14383 1000.45 8 . 617 31042.40 0.002&979 0.11310 1.122 0.0061 & 1.27059 0 . 9 6 22 

110 5.07~&7 1011.11 8.580 29637 . 69 0.0027203 0.1117 9 1.074 0.00601 1.2&6&& 0.9511 

115 5 .0038 1 1031.26 8.379 29118.23 O.OJ2717' 0.110&1 1.031 0.007 69 1. 2&26 4 0 . 9 403 

120 ~.93609 1045.67 8.125 28083.&& 0.0027337 0.10957 0. 994 0.00776 1. 2566 1 0.9341 

125 4 .8 &895 1064.63 7.665 27214.26 0.0027357 0.10856 0.9&2 0 . 0 076 6 1. 255 01 0.9290 

130 4.802&3 1083.27 7.599 26333.13 0.002 74 06 0.10765 0.933 0 .0075 5 1. 25127 0.926& 

1 .. 0 ... &728& 112&. "4 7.059 2"756.74 0.0021371 0.10604 0.884 0.00736 1. 24396 0.9253 

1 5 0 4 . 54685 1173.78 6 . 534 23316.61 0.0027305 0.10600 0.843 0.00127 1.23&92 0.9160 

1&0 4.42466 1 225 . 21 6. 0 3~ 22023 .53 0 . 0021166 0.10&16 0.60 q 0.00725 1.23010 0.9067 

170 4.30&34 1279.47 5.563 20856.42 0 . 0027022 0.10764 o .780 0 . 00723 1.2235 2 0 . 9021 

180 4.19210 1337. 94 5.175 19862.63 0.0026142 0.10992 0.613 0.00733 1.2171 8 0.1884 

190 .. . 06221 140 4.5& 4.779 169&6 . 99 0.0026435 0.11325 0.&83 0.001 47 1.21111 0.80&1 

200 3.976 ~ 4 1469 .56 4 . 472 16275.95 0.0025960 0.115 99 0.669 0. 00 7&5 1.20529 0.6161 

220 3.71803 1584. &2 3.989 1&929.42 0.0025264 0.12002 0.693 0 . 00794 1.19441 0.6326 

240 3.59"91 169 3 . 62 3.639 15678.69 0.0024442 0.12 250 0.691 0.00823 1.18444 0.8401 

260 3 . ~2652 1194. 56 3.387 15051.45 0.0023525 0.12363 0.&84 0.00856 1.17531 0.6396 

280 3 . 27191 1 865.29 3.208 14387.16 0.0022514 0.12434 0.677 0.0069 3 1.16&98 0.63 39 

300 3.13064 196 5 . 32 3.083 13837.94 0.0021654 0.12426 0.669 0.00933 1.15939 0.8251 

320 3.000;0 2036.21 2.997 13376.95 0.0020772 0.12367 0.663 0 . 009n 1. 1524~ 0.8146 

litO 2 .8 8094 2099.80 2.931 12980.78 0.0019942 0.12329 0.&57 0.01022 1.14607 O. 6037 

3&0 2.77039 2158 . 26 2.895 12637 . 25 0.00191&4 0.12266 0 . 653 0.0101 0 1.14020 0.1930 

380 2 . 66819 2212 .78 2.666 12335.35 0.0018443 0.12201 0.&51 0. 01121 1.13480 0.7830 

.. 00 2.57339 2266.57 2.845 12072.~0 0.0017764 0.12160 0.649 0.01114 1.12981 0.7738 

~20 2.~8512 2318.96 2.828 1183".08 0.0017140 0.12128 0.&49 0.01228 1012517 0.7651 

440 2 .4 0282 23 7 2.49 2.812 11623.44 0 . 0016550 0.12113 0.650 0 . 01284 1.12085 0 .7 583 

460 2 .3 2591 242e.09 2.797 11437.47 0.0015990 0.12118 0 . &52 0.01342 1.11&63 0.1518 

480 2.25J93 2486.38 2.780 11276.~2 0 . 0015451 0.12141 0.65 5 0.01402 1.1130 8 0.7459 

500 2.18&~9 2548 . 23 2.762 11136.22 0.0014930 0.12182 0.&58 0 . 0146~ 1 .10957 0 .1403 

520 2.12321 2&12.91 2.743 11017 .13 0.0014429 0.1 22 40 0.&63 0.01529 1010629 0.735Z 

540 2.05860 2628.52 Z . 803 10866.48 0.0014124 0.1231Z 0.&68 0. 01611 1.10294 0.7252 

5&0 2 .0 0211 2689.&8 2.790 10758.12 0.0013705 0.1 Z4 01 0.674 0.01660 1.10002 0.7211 

580 1.9487 5 2151.86 2.776 10658.00 0.0013311 0.12502 0.680 3.0 175 1 1.09727 0.7174 

600 1.89827 28 15.33 2 . 7&2 10565.15 0.0012940 0.12&1 .. 0.687 0.01824 1.09467 0.7142 

650 1.7 8 317 2978.19 2.725 10359.74 0.0012099 0.12937 o .7 06 0.02013 1 . 08875 0.7075 

700 1 . 68164 3145.69 2.&88 10185.06 0.00113&& 0.13308 0.726 0. 02213 1.08355 0.7024 

800 1. 51050 3~90.02 2.618 9902.61 0 . 0010149 0 .141 53 0 . 772 0 .02 645 1.07483 0.6955 

1000 1.25&45 4189.2& 2.510 9507.17 0.0008384 0.16045 0 . 8 73 0.0363 6 1.0&197 0.6881 

2 000 0.&8477 7995.9& 2 . 114 8714.79 0.0004545 0.27721 1 . 4 09 0.1114 2 1.03344 0.6648 

3000 0.47016 12497.45 1.916 6458.15 0.0003126 0 . 39265 1.910 0.21347 1.02291 0 . 6843 

400 0 0.358 ,6 17 51~ . 50 1.134 8334.31 0.0002383 0.51353 2 . 313 0 . 34303 1 .01141 0.6<;46 

5000 0.2891 0 2407&.54 1.516 8249.85 0.0001928 0.69385 Z .801 0.51696 1 .0140 2 0. 67&1 
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C-2b THERMOOfNAHIC PROPERTIES OF PARAHYOROGEN 

8500 PSIA ISOBAR 

TEMPERATURE ~OLU~E ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OER I VA TI VE OERIVATIVE ENERGY OF SOUND 

JEG. R CU FT ILB CU FT-PSIA/LB PSI AIR BTU/LB BTU/L B BTU/LB-R BTU LB -R FTISEC 

~9 .152 0.1&806 8761.82 106.8939 -100.803 163.712 1.~0916 1. ~ 50 1.785 7069 
50 0.16835 8725.29 106.7639 -99.7~2 165.235 1.~J988 1. ~ 61 1. 80 ~ 706~ 

52 0.16905 8638.32 106.~05~ -97.190 168.887 1.511~9 1. ~ 87 1. 8~7 7052 
5~ 0.16976 8550.28 105.9813 -9~.570 172.623 1.58198 1.510 1.888 7039 
56 00170~8 8~61.33 105.~999 -91.886 176. ~~O 1.65139 1.532 1.929 702~ 
58 0.17121 8371.62 10~.9683 -89.138 180.337 1.71976 1.553 1.968 7009 
60 0.17195 8281.30 10~.39Z3 -86.330 184.310 1.78710 1.573 2.005 699~ 

62 0.17270 8190.5~ 103.7772 -83.~65 186.356 1.85345 1.591 2. 0~2 6977 
64 0.17346 8099.46 103.1273 -80.5~~ 192.475 1.91882 1.608 2.077 6960 
66 0.17423 8008.24 102.4462 -77.570 196.663 1.98326 1.625 2.111 69~3 

68 0.17,01 7917.00 101.7373 -74.546 200.918 2.04677 1. 6~0 2.144 6925 

70 0.17580 7825.89 101.0032 -71.474 205.237 2.10937 1.652 2.175 6907 
75 0.17783 7599.&3 99.0728 -63.608 216.295 2.26192 1.681 2.248 6862 
80 0.17993 7377.20 97.0288 -55.484 227.717 2.40933 1.708 2.321 6813 
85 0.18209 7160.&3 94.8928 -47 .J02 239.303 2.54966 1.746 2.402 6756 
90 0.18~32 6351. 80 92.6814 -38.616 251.501 2.68908 1.776 2.476 6700 
95 0.18662 6752.45 90.4087 -29.678 264.056 2.82482 1. 80~ 2. 5~5 664~ 

100 0.18898 6564.09 88.0876 -20.39~ 277.0&1 2.95826 1.829 2.611 6588 
105 0.191~1 6388.00 85.7311 -11.013 290.263 3.08707 1.850 2.670 6535 
110 0.19390 6225.18 83.3524 -1.437 303.755 3.21259 1.872 2.727 6481 
115 0.1964~ 607& .28 80 .9&60 8.332 317.529 3.3350~ 1.89& 2.7&3 &~27 

120 0.19915 6023.31 79.0701 18.321 331.773 3 .~5625 1.923 2.837 6417 
125 0.20177 5893. ~O 76. 77~4 28.516 3~6.101 3.57322 1.953 2.896 6362 
130 0.204~~ 5803.05 7~.5107 38.930 360.719 3.68789 1.987 2.950 6317 
140 0.20989 5632.91 70.1684 60.447 390.805 3.91079 2. 0 6~ 3.063 6222 
150 0.215~5 5447.19 66.0592 82.938 ~22.044 ~.12627 2.154 3.186 6111 
160 0.22114 5293.25 62.2590 106.473 45~.533 4.33590 2.252 3.313 6006 
170 0.22695 5158.19 58.7250 131.094 488.312 4.54065 2.355 3.439 5907 
180 0.23287 5039.53 55.4387 156.795 523.319 4.74070 2.460 3.562 5814 
190 0.23887 4944.12 52.~040 18~.153 560.129 ~.93960 2.582 3.698 5727 
200 0.24495 4860.12 49.6184 212.051 597.596 5.13163 2.&80 3.806 5654 

220 0.25731 4759.00 ~4.8126 270.512 675.503 5.50278 2.850 3.988 5555 
2~0 0.26990 "678.~4 40.7589 331.883 756.704 5.85578 2.978 ".127 5 .. 81 
260 0.28270 4636.01 37.2852 395.211 840.177 6.18997 3.062 4.216 5438 
280 0.29560 ~628.43 34.2584 459.631 924.889 6.50376 3. 1 O~ ~.253 5420 
300 0.30856 4644.14 31.6329 524.291 1009.953 6.79732 3.11~ ... 254 5421 
320 0.3215" 4673.71 29.35~8 588.663 1094.75& 7.07107 3.100 4.229 5~35 

340 o .3H51 ~716.08 Z7.3690 652.346 1178.859 7.32566 3.069 4.188 5460 
360 0.3"750 ~766.~~ 25.6188 7150106 1262.060 7.56352 3.029 ~.137 5~92 

380 0.360~8 4823.66 2~.0714 776.821 13~4.205 7.78561 2.984 4.082 5529 
~ 00 O. 373~~ 4885. &6 22.6992 837.~57 1~25.2"0 7.99352 2.939 ~.028 5570 

~20 0.38639 ~953.97 21.~709 897.0~9 1505.221 8.18863 2.895 3.976 561~ 
~~O 0.39932 502~.22 20.3710 955.675 1584.196 8.37236 2.855 3.928 5659 
~60 0.~122~ 5099.25 19.37~3 1013.~15 1662.273 8 .5~59Z 2.820 3.885 5705 
480 0.~251~ 5180.23 18.~667 1070.367 1739.532 8.71011 2.788 3. 8~6 5753 
500 0.~3802 5266.66 17.63~3 1126.621 1816.0~6 8.866~3 2.761 3.810 5802 
520 0.~5085 5356.58 16.8667 1182.262 1891.891 9.01530 2.738 3.778 5851 
5~0 0.~6472 5~~8. 03 16.2820 1231. 2~3 1962.697 9.1 ~347 2.665 3.716 5932 
560 0.47761 5540.92 15.6429 1284.921 2036.671 9.27749 2.645 3.690 5984 
580 0.~9048 563~.90 15.0526 1338.215 2110.216 9.~0639 2.628 3.667 6035 
600 0.50332 5729.78 1~.5058 1391.156 2183 .366 9.53045 2.613 3. 6~7 6087 

650 0.53531 5970.15 13.3008 1522.031 2364.596 9.82086 2.585 3.607 6213 
700 0.56717 6213.87 12.28~2 1651.500 25~4.207 10.08733 2.566 3.578 6336 
800 0.63056 6707.83 10.66~0 1907. 562 2900.0~3 10.5628~ 2.546 J. 5~~ 6578 

1000 0.75648 7710.5~ 8 .~573 2~1~. 5 76 3605.258 11.3~928 2.531 3.514 70~2 

2000 1.38145 128~6. 99 4.2027 ~978.115 7152.483 13 .80160 2.662 3. 63~ 9013 
300D 2.00.02 18077.02 2.8069 7767.818 10925.234 15.31792 2.933 3.907 10563 
4000 2.63146 23345.72 2.1087 10832.9~2 1~97~. 779 16.67682 3. 19~ ~.17~ 11889 
500D 3. 2618~ 28633.~1 1.6890 14227.354 19361.392 18. 4887~ 3.623 4.633 13024 
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THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN C-2b 

8500 PSIA ISOBAR 

TEH~ERATURE OENSITY V (OH/OVl p V (OP/OUl y -v (OP/OVIT (OV/OT\lV THERMAL VISCOSITY THERMAL DIELECTRIC PRA NOTL 
CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER 

DEG. R LB/CU FT BTU/LB PSIA -CU FT/BTU PSIA 1/0EG. R BTU/FT-HR-R LB/FT-SEC SQ FT/HR 
X 10 5 

49.152 5.95039 870.70 12.390 52136.25 0.0020503 0.12443 4.209 0.01171 1.31702 2.1738 

50 5.94002 875.80 12.300 51828.43 0.0020599 0.12519 4.028 0.01168 1.316"2 2.0898 

52 5.915,,7 887.19 1 2.099 51099.71 0.0020823 0.12674 3.655 0.01160 1.31"99 1.9178 

54 5.89076 897.45 11.916 50367.61 0.00210"2 0.12798 3.342 0.01150 1.31355 1.7750 

56 5.86589 907.36 11.738 49633.23 0.0021256 0.128"3 3.077 0.01135 1.31211 1.6634 

58 5.8 .. 088 916.62 11.569 "8897.65 0.0021467 0.12868 2.851 0.01120 1.31065 1.5693 

60 5.81574 925.02 11.413 48161.90 0.0021675 0.12877 2.656 0.01104 1.30920 1.4888 

62 5.790,,6 933.02 11.262 .. 7 .. 27.00 0.0021881 0.12876 2,"87 0.01089 1.30773 1.4198 

6 .. 5.76506 940.27 11.121 "6693.90 0.0022086 0.12863 2.340 0.01074 1.30626 1.3601 

66 5 .73953 947.18 10.985 "5963.55 0.0022289 0.128"0 2.211 0.01060 1.30"78 1.3086 

68 5.71389 953.30 10.859 "5236.87 0.0022"90 0.12807 2.097 0.010"5 1.30330 1.2635 

70 5.68813 958."6 10.746 .... 51 ... 7 .. 0.0022690 0.12767 1.995 0.01032 1.30181 1.2233 

75 5.62327 969.67 10 ... 82 .. 273 ... 78 0.0023183 0.12639 1.786 0.01000 1.29806 1.1"33 

80 5.55779 980.57 10.218 .. 1000.95 0.0023665 0.12"83 1.62 .. 0.00968 1.29 .. 29 1.0865 

85 5,"9177 995.58 9.896 3932 ... 5 .. 0.002"131 0.12312 1 ... 95 0.0093l 1.29049 1.0503 

90 5.42530 1007.5 .. 9.617 37715.6" 0.0024574 0.12134 1.392 0.00903 1.28668 1.0222 

95 5.35849 1018.67 9.354 36182.93 0.002"987 0.11953 1.306 0.00876 1.28285 1.0014 

100 5.29146 1029."8 9.101 34733 .59 0.0025361 0.11773 1.235 0.00852 1.27901 0.9860 

105 5.2243" 1039.24 8.870 33373.12 0.0025689 0.11597 1.175 0.00832 1.27518 0.973 .. 

110 5 .15731 1050.28 8.633 32105.15 O. DO 25962 0.11465 1.123 0.00815 1.27136 0.9614 

115 5.09051 1063.06 8.388 30931.32 0.0026116 0.11351 1.078 0.00801 1.26756 0.9513 

120 5.02141 1085.30 8.191 30245.48 0.0026143 0.11233 1.037 0.0078 8 1.26364 0.9"32 

125 ".95&07 1101.62 7 .931 29208.12 0.0026285 0.11132 1.003 0.00776 1.2599 .. 0.9392 

130 4.89131 1123.62 7.667 28384 ... 9 0.0026251 0.11036 0.972 0.00765 1.25628 0.9355 

140 4.764 .... 1171.3" 7.134 2683 7.66 0.0026146 0.10868 0.920 0.00745 1.2"912 0.9336 

LSD ... 6 .. 152 1219.5" 6.609 25283 . 27 0.0026128 0.10862 0.878 0.0073" 1.2 .. 222 0.9268 

160 4.52H2 1273.61 6.114 23936.73 0.0026010 0.10939 0.842 0.00730 1.23553 0.9177 

170 4.40Ol9 1331.08 5.659 22727.9" 0.0025838 0.11022 0.811 0.00727 1.22907 0.9113 

180 ... 29 .. 32 1390.6 .. 5.248 21641.3& 0.0025617 0.11280 0.693 0.00737 1.22285 0.7874 

190 4.18636 1"60.39 4.8,,7 20697.87 0.0025319 0.11617 0.703 0.00750 1.21687 0.8054 

200 ".082.6 1521.80 4.535 19841.24 0.0025008 0.11893 0.709 0.00765 1.21113 0.8171 

Z20 3.88644 16"5.86 4.046 18495.53 0.002"229 0.12293 o .713 0.00793 1.20035 0.8330 

240 3.70502 1755.20 3.695 17333.70 0.002351" 0.1253 .. o .710 0.00820 1.190 .. 3 0.8415 

260 3.53729 185".09 3 .443 16398.88 0.0022736 0.12657 0.703 0.00849 1.18131 0.8427 

Z80 3.38300 1943.89 3.262 15657.98 0.0021879 0.12696 0.69" 0.00882 1.17296 0.8375 

300 3.24087 202".03 3.13 .. 15051.07 0.0021017 0.12679 0.686 0.00920 1.16530 0.8288 

320 3.11004 2094.09 3.045 1"535.43 0.0020195 0.12626 0.679 0.00960 1.15829 0.818 .. 

340 2.989 .. 3 2157.23 2.983 14098.37 0.0019413 0.12557 0.672 0.01003 1.1518 .. 0.8074 

360 2.87770 2215.00 2.939 13716.37 0.0018678 0.1248" 0.668 0.010"9 1.14590 0.7965 

380 2.77408 2269.16 2.908 13381.21 0.0011989 0.12414 0.664 0.01096 1.1"0" 0 0.7861 

400 2.67781 2321.59 2 .885 13082.85 O. DO 11350 0.12358 0.662 0 .0114 6 1.13531 0.7768 

420 2.58803 2374.11 2.865 12821.03 0.0016747 0.12318 0.661 0.01197 1.13058 0.7683 

.... 0 2.5042" 2"26.31 2.8"9 12581.86 0.001Oln 0.12295 0.662 0.01250 1.12617 0.7609 

460 2.42575 2480.62 2.832 12369.51 0.0015663 0.12293 0.663 0.0130" 1.12206 0.7543 

480 2.3521" 2537.62 2 .816 12184.65 0.0015156 0.12309 0 .665 0.01361 1.11820 0.7"84 

500 2.28302 2597 .95 2.797 12023.89 0.001"666 0.123 .. 4 0.669 0.01419 1.11460 0.7430 

520 2.21802 2661.03 2.777 11880.97 0.0014196 0.12397 0.673 0.01"80 1.11121 0.7380 

540 2.1518" 2675.73 2.839 11723.27 0.0013859 0.12464 0.677 0.01559 1.10777 0.7272 

560 2.09374 2736 .60 2.82" 11601.27 0.0013"8" 0.125 .. 9 0.683 0.0162" 1.10476 0.7229 

580 2.03882 2798.53 2 .810 11488.54 0.001310 2 0.12646 0.689 0.01692 1.10192 0.7191 

600 1.98651 2861.80 2.79 .. 11383.98 0.00127 .. 2 0.12755 0.695 0.01760 1.09923 0.7157 

650 1.56807 3024.29 2.755 11152.65 0.0011926 0.13071 0.714 0.01940 1.09311 0.7088 

700 1. 76314 3191.56 2.715 10955.9" 0.0011212 0.1343 9 o .73" 0 .0213 0 1.08773 O. 7035 

800 1.58589 3535.69 2.641 10637.90 0.0010025 0.14281 0.779 0.02541 1.07867 0.6962 

1000 1.32191 4234.75 2.528 10192.61 0.0008298 0.16186 0.881 0.03"85 1.06528 0.6885 

2000 0.72387 8041.13 2.181 9299.61 0.0004519 0.27727 1.427 0.10540 1.03538 0.6733 

3000 0.49850 12543.47 1.920 9011 .38 0.0003115 0.39264 1.942 0.20159 1.02"27 0.6955 

4000 0.38002 17560.85 1.737 8871.78 0.0002377 0.51329 2."18 0.32360 1.018" 6 0.7077 

5000 0.30658 24079.86 1.521 8778.30 0.0001924 0.69153 2.86 .. O ... 8 685 1.01488 0.6908 
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C-2b T"EPMOOYNA"IC rROP ERTJ ES OF PA RAHYQROGEN 

9000 PSIA ISD8AR 

TEH?ERATURE vOLU"E ISOTHE~'" ISOCHORE INTE~NAL ENTHALPY ENTROPY C V CP VELOC lTY 
O£HVA TI V[ OERlJATlVF ENE"RGY OF SOUND 

JEG. R CU FT/LS CU FT-PSlA/LB PSI AIR BTU/LB BTU/lg BTU/L~-R BTU I LB -R FTISEC 

50 . 2b~ 0 . 16;86 9J52.?1 108.4229 -98.425 179.&57 1.41803 1 . 462 1.798 7183 
52 0.16744 897~ . 27 108.1099 -9& . 247 182.804 1.47958 1.484 1 . 836 717 3 
54 0 .1 6~12 ~~93.79 107.&878 -93.668 186.516 1.549&2 1.508 1. 876 7161 
56 0.16~81 8807 . 31 107.2090 -91 . 024 193.30' 1.61857 1.530 1.916 7147 
58 0.\<;951 8719.94 106.68C5 -88.317 194.179 1.68649 1.552 1.955 7133 
60 0.17022 8631.~1 106.1085 -85 . 550 198.125 1 .7 5338 1.572 1.991 7119 
62 0.17093 654~.O~ 10~ . 49~2 -~2. 726 202.144 1.81n6 1.590 2. 027 7103 
64 0.17166 845~.91 104 .8 540 -79.847 206.234 1 . 88418 1.6 OS 2 . 062 7087 
66 0 . 17240 8364.42 104.1797 -76.915 210.3n 1.94816 1.625 2 . 096 70 7 0 
68 0.17314 6274.76 103.4784 -73.932 214 . 616 2.01121 1.640 2 .1 28 705 4 
70 O. 17B9 818~ . 07 102 . 7531 -70.903 218.903 2.07335 1. 653 2 . 158 7037 

75 0.175H nol.5Q 100.8493 -63.143 229.876 2.22473 1 . 682 2.230 6994 
80 0.\7781 774C.~2 98 . ~383 -55.1?6 241.206 2.37095 1.710 2 . 30 I 6947 
85 0 .\798 6 7524.69 96.7410 -47.053 252.694 2.51008 1.749 2. 382 6 891 
90 O. la 19 7 7315.04 94 . 5733 -38.476 264.787 2.64831 1 .78 0 2.455 &636 
95 0.18414 7113. ,5 92.3476 -29.648 277 .234 2 .7 8288 1.808 2.523 6 78 2 

100 0.18&37 6921.7 0 90.0753 -20.472 290.127 2 . 91517 1.834 2.588 0727 
1 05 O. 18~oo 6740.79 87 .767 0 -11.197 303.216 3 . 04288 1 .8 5<; ~ . 647 6 673 
110 O.IHOO 6571.65 85.4340 -1.725 316.596 3 . 16736 1 .879 2 .70 5 6&19 
115 0.19340 641<.b2 83.0879 7.946 330.261 3 . 28884 1.904 2 .7 6 1 6565 
1 20 0.19585 6272 . 53 80.7416 17.817 344.209 3 . 40755 1.932 2 .818 6510 

125 0.1'1634 6142.67 76.4089 27. a95 356.436 3.52370 1.962 2 . 8 73 6456 
130 0.20099 610° . 59 76.7445 38.237 373.201 3.63954 1.996 2 .933 6450 
140 0.20614 5H 5 . 36 72.4165 59.590 403.131 3.86129 2 .074 3.051 6 3 49 
150 0.21140 5764.39 68.3256 81.939 434.244 4 . 07589 2.104 3.169 6254 
160 0.21&74 5&02.35 64.5009 105.339 466.554 4.28436 2 .262 3 . 296 6149 
170 0.22220 54&4.94 &0 . 9&71 129.838 500 . 147 4 .4 8798 2 . J66 3.423 6052 
180 0.22775 5342.33 57. 6763 155.438 534.998 4.68715 2.471 3.548 5961 
190 0.23340 5237.11 54 . 5867 182.718 571.691 4.88542 2.594 1.684 58 70 
200 0 . 23311 5149.86 51.7380 210.550 <;09 .03 3 5.07680 2 . 692 3.793 5798 
220 0.25070 5018.5& ~6.7452 268.894 ;; R6. 706 5.44684 2 . 861 3.970 5684 

240 0.26252 4n5.54 42.6346 330.102 767.611 5 .7 9880 2 . 989 4 .119 5608 
260 0.27453 4872.41 39.0873 393.425 850.944 6.13220 3.072 ~ . 21 0 55 62 
260 0.28&67 4860.96 35.9B2 457.836 935.595 6.44575 3 .114 4 . 249 5543 
300 0.29886 4667.92 33.Z626 522.523 1020.618 6.73917 3 .1 24 4.252 5540 
320 0 . 31110 4890.98 30 . 8661 586.941 1105.403 7.01286 3.109 4 . 2Z6 5551 
340 0.32329 4925.68 28.8191 &50 . &78 1189.452 7.26728 3.0 78 4 .166 5572 
360 0.33552 4H1.Z9 26.9929 713.506 1272.669 7.50519 3.038 4.138 5601 
360 0.34774 5023 . 86 Z5.3727 775.300 1354.830 7.72732 2.993 4 .08 3 5635 
4 DO 0.359'15 5082 .33 23.9309 836.017 1435.691 7.93530 2 . 946 4.029 5 67 3 
420 0.37215 5144.56 22.6427 895.693 1515.896 6.13047 2.904 3 . 977 5 71 3 

440 0.38433 5212.47 21 .4842 954.402 1594 . 909 8 . 31429 2.864 3 . 930 5756 
460 0 . 39050 5263 . 40 20.4392 1012.22& 1673 • • 13 8.46790 2.628 3 . 887 5 80 0 
480 0 .4086 5 5357.07 19.4886 1069.269 1750.H5 6.65219 2.797 3 . 8 4 9 5 844 
5 DO 0 . 42079 5437.04 18.0189 1125.620 1826.892 8.80864 2. 7 69 3 . 815 5890 
520 0.43290 5525.02 17.81 90 1181.368 1902.826 8.95769 2 . 746 J . 783 5936 
540 0 . 44599 5&18.55 17.2105 1230.226 lq73.~92 9.06541 2.671 3 . 720 6021 
560 0.453\6 5709.48 16.5363 1283.983 Z047.535 9.21956 2.651 3.693 &071 
560 0.47031 5601.63 15.9133 1337.355 2121.150 9.34858 2 . 633 3 . 670 6121 
&00 0.4H43 5394.82 15.3359 1390.372 2194.366 9 . 47276 2 . 618 3 . 650 &170 
650 0.51263 6131.40 14.0629 1521.429 2375 .7&2 9.76343 2 .5 90 3.610 6293 

700 0 . 54271 6371 . 65 12 . 9884 1051 . 067 2555.525 10.03013 2.571 3.58 I 6413 
600 0 . 60256 6360.33 11.2753 1907.426 2911.620 10.50596 2 . 550 3 . 547 (,649 

1000 0.72142 7354.61 8 . 9415 2414.903 3?17 .190 11.29282 2.534 3.515 7105 
2000 1.31128 12960 . 55 4.4438 4979.457 7164.777 13.74545 2 . 664 3.634 9 052 
JD 00 1.90066 16183.99 2.9667 7769.493 10937.387 15.26171 2.934 J. 90 7 10591 
4000 2 .491 36 23445 . 17 2.2307 10R34.4 37 14966.427 16.62048 3.194 ~. 173 1\912 
5000 3.08&48 28727.91 1.7670 14225.165 19368.951 16.43151 3 . 616 4 . 624 130 4 6 
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THEPHODYNAMIC PROP ERT I ES OF PARAHYDROC;EN C-Zb 

9000 PSIA ISOBAR 

TEH PE RAT URE DENSITY V (OH/OVlp 
V (OP/OUI

V 
-V (OP/OVI

T (0 V/OT 1:1\ oN~~g~~i TY 
VISCOSI n THER~AL o IEL ECTR I C PRANOTL 

OIFFUSIVITY GON S TANT NCH BER 

~ EG. R LB/CU FT BTUILB PSI A-CU FT I B TU PSIA 1/0EC; . R ATU / FT - HR-R LB~Fi~~EC SQ FT/HR 

50. 2&8 5.99303 699.85 12.37& 5~250.30 0.001998& 0.12801 ~ . 370 0.011S8 1 . 31950 2. 2102 

52 5 . 97Z2~ 910 . ~7 12 . 197 53&2&.01 0.00201&0 0 . 12938 ~. 0 O~ 0.01180 1 . 31629 2 . 0~~8 

5~ 5 . 9~809 9Z 1. &2 12.009 52901.03 0 . 002035& 0.130&8 3 . &~& 0.01171 1 . 31&89 1 . 8845 

5& 5.92380 93 2 .40 11.82& 52172.79 0 . 0020549 0 . 13117 3.J~5 0.0115& 1 . 31547 1 . 7590 

55 5 . 899.0 942 . 50 11.&53 514~2.36 0 . 00Z0738 0.13145 3.089 0.0114 0 1 . 31405 1 . 6534 

60 5 . 87467 951.71 11. 493 50710.78 0.0020924 0.13157 2.869 0.0112 5 1.312&3 1 . 5633 

62 5 . 85023 960.50 11 . 338 49979.02 0.0021108 0 . 13158 2 . 079 0.01109 1.31120 1.4661 

6~ 5.825~8 968 . 50 11 . 19~ 49248.06 0 . 0021291 0 . 13147 2.514 ~. 0109 ~ 1 . 3097 & 1 . 41% 

66 5.600.2 97& .13 11 . 055 48518.82 0 . 0021472 0 . 13124 2.3&9 0. 01060 1 . 30832 1.3&19 

68 5.77566 962.94 10.92& 47792.20 0 . 0021&52 0 . 13093 2 . 241 0 . 010&~ 1 . 30&87 1. 311& 

70 5.750&0 988 . 74 10 . 811 470&9.0& 0 . 0021830 0 . 13054 2.128 0.0105 2 1.30542 1. 2&&8 

75 5 . &875~ 1001.42 10.543 45261 . 89 0.OOZ227t 0 . 12927 1 . 89& 0 . 0101 9 1 . 30177 1.177& 

8 0 5 . &2395 1013.70 10 . 275 43533.94 0.0022704 0 . 12771 1 . 7 1 7 0. 00967 1 . 298 1 0 1. 1141 

85 5. 55988 1030.15 9 . 950 4183& . 37 0.0023124 0 . 12599 1 . 57& 0 . 00951 1.2Q441 1 . 0730 

90 5.49541 1043 . 33 9.6&9 40199.15 0 . 0023526 0 . 12419 1 . 4&3 0.00921 1 . 29070 1. 0 ~ 10 

95 5.430&2 1055.50 9 . 405 38631.00 0 . 0023905 o • 1 22 36 1 . 370 0.00893 1 . 28&98 1 . 0173 

1 00 5.365&3 1067.19 9.152 37139.2& 0 . 0024253 0 . 12054 1 . 293 0.00~6~ 1 . 2832& 0.999& 

105 5 . 30053 1077 . &2 8 . 920 35729 . 76 0.00245&4 0 .1 1877 1 . 228 1.0084 & 1.27953 0. 9854 

110 5 . 23547 1089.21 8 . 663 34406 . 70 0 . 0024631 0 . 117~2 1 . 172 0.00829 1 . 27582 O. 9722 

115 5 . 17056 1102.44 8.439 33172.47 0 . 0025047 0 . 11627 1 . 124 0 . 00814 1 . 27212 0.9&13 

120 5.10601 1117.&3 6.16& 32027 . &2 O. 0025210 0 . 11515 1.062 0.00600 1 . 2&64~ 0.9535 

125 5.04190 1134.94 7.926 30970.75 O. 0025317 0.11409 1.04& 0 . 00788 1 . 2&460 0 . 9480 

1 3 0 4.97533 1161.68 7.726 30397.23 0.0025247 0.11300 1 . 011 0 . 00774 1 . 2&103 0 . 9452 

140 4.85112 1206.93 7.197 2669& . 12 0.002523& 0 . 11125 0.95& 0.0075 2 1 . 25401 0 . 9441 

150 4 . 73043 12&4.75 6. &75 272&8.05 0.0025057 0 . 11114 o . Hl 0. 00741 1 . 24721 0 . 9354 

160 4 . 61375 1320.76 6 . 180 25847.88 0 . 002495" o • 111 90 o . 874 O. 00 73 ~ 1 . 2 .. 06& 0 . 9265 

170 ~.50045 1380.94 5 . 726 2459".66 0 . 002"789 0.11272 0.642 0.0073 2 1.23432 0.9204 

180 4 . 390 7 & 1"42.69 5.315 23'456.89 0.0024588 0 . 115&0 o . 712 0.00742 1 . 72621 0 . 78&4 

190 4 . 28~48 1514 . 54 4.912 22438.33 0 . 0024327 0.1190 1 o .722 0 . 0075" 1 . 22230 0.8052 

200 4. 16225 1576. 76 4.595 21536.01 0.0024022 0 . 12179 o . 729 0.007&8 1 . 21&&" 0 . 8172 

2 20 3 . 98877 1702.77 4.09& 20017.86 0.00233 52 0.12576 o . 733 0 . 00791 1 . 20597 0 . 8340 

240 3 . 80919 1812.62 3.745 18762 . 33 0 . 0022724 0.12610 o . 729 0 . 0081& 1. 19&12 0 .8 .. 36 

2 6 0 3 . 64259 1911.58 3.493 177~8 .18 0 . 0022023 0 . 12925 0.721 0 . 0064J 1 .18703 0 . 6455 

280 3 . ~8829 2002.47 3.312 1&95& ... 4 0 . 0021221 0 . 12953 0 . 712 0.0087" 1 . 178&5 0 . 8"08 

3 00 3.3458& 2082.12 3.182 1&287.37 0.0020~22 0.12925 o . 703 0 . 00908 1 . 1709& 0 . 8324 

3 20 3.21442 2152.04 3.090 15721 . &6 0 . 0019&47 0 . 128&2 0 . &95 0.0094 0 1 . 1&388 0 . 6220 

340 3.09324 221" .13 3 . 02& 1523& . 33 0.001891 5 0 .1 2782 0.&68 0 . 00987 1 . 15739 0 . 8109 

3 &0 2 . 980~& 2271.3& 2.981 14816.72 0 . 0018218 0.12698 0.682 0.0103 0 1 . 1513& O. 7999 

3 8 0 2.87570 2324.93 2.948 1 .... 47.11 0.00175&2 0 . 12&20 0 . &7& 0.0107 5 1 . 145]q 0. 7693 

~OO 2.77617 2377.17 2 . 922 14119 . 59 0.001&9 .. 9 0 . 12555 0.&75 0 . 01122 1 . 11,0&2 0 . 779& 

4 2 0 2.&8711 2428.35 2.902 13824.02 0.001&379 0.1250& 0 . &73 0.01170 1 . 13580 0. 7710 

4 40 2.&0193 2480.&2 2.883 135&2.50 0.0015641 0 . 1247& 0.&73 0 . 0122 0 1.13131 0.7&32 

460 2.52208 2534.08 2.86& 13325 . 1& 0.0015339 0.12467 0;& 74 0 . 012 7 2 1.12711 0.7565 

480 2.44705 2586.95 2.646 13109 . 05 0 . 0014667 0 . 12476 0 . 676 0. 01325 1 . 12317 0 . 7507 

500 2 . 37&48 2&47.27 2.829 12920.99 0 . 0014410 0 . 12506 0 . 679 0.0138 0 1 . 11948 0.7454 

5 2 0 2 . 30998 2709 . 76 2 . 809 12762 . 69 0 . 0013962 0 . 12553 0 . &62 O. 01 ~3 6 1 . 11600 0.7405 

540 2.24221 2722.80 2.874 12597 . 95 0 . 00136& 1 0 . 12616 0.&87 0 . 01511 1 . 11247 0.72% 

560 2 . 18264 2783.38 2.858 12461 . 72 0.0013270 0.1269& 0 . &92 0.0157 5 1 . 10937 0.724 7 

560 2 . 12627 2845.08 2.842 12335 . 81 0.001 2900 0 . 12nO 0 . 698 0.0163 9 1 . 10645 0 . 7208 

600 2.07284 2908.15 2.626 12219 . 02 0 . 0012551 0 . 12895 0 . 704 0.0170~ 1.103&6 0. 7173 

650 1 . 95071 3070.29 2 . 764 11960 . 58 0.0011758 0 .1 3205 0.722 0.0187 5 1 . 09737 O. 710 1 

700 1.84260 3237.36 2.742 11740.79 0.00110&3 0 . 135&9 o • 7~ 2 0. 0205 & 1 . 09160 0.704& 

600 1 . &59,0 3581.31 2.664 11365 . ~0 0 . 000990J 0.14409 o .767 0 . 02446 1.08243 0. 6970 

1000 1.38&15 4280.24 2 . 545 10887 . 70 0 . 0006212 0 . 1&326 0.889 0.03351 1.0&853 O. &889 

2 000 0 . 76261 8086.26 2.167 9888 . ~7 0 . 0004~q4 0 . 27727 1.4~5 0. 1000 5 1.03730 O. &818 

3 000 0.52&06 12569.34 1.923 9566.18 0.0003103 0 . 39264 1.973 0.1910 3 1 . 0256 2 O. 70&9 

4 0 0 0 0.40139 1760 3 .29 1.740 9410. &0 0.0002370 0 . 51306 2 .~&3 0. 1063 1 1 . 01951 0 . 7212 

;; 0 00 0.32399 2408 6 .57 1.525 9307.67 0.0001920 0 . 68940 2.923 0.~&01 3 1.01573 O. 7059 

TW O-P HASE BOUND RY 
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C-Zb THERMODYNAMIC PROPERTIES OF PARAHYDROGEN 

9 500 PSIA ISOBAR 

TEMP ERAT URE VOLU 1 E ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY C V CP VELOCITY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

J EG. R CU FT / LB CU FT-PSIA/LB PSIA/R BTU/LB BTU/LB BTU/LB-R BTU I LB -R FT ISEC 

51.3 66 0.16572 9339.87 109.9348 -96.031 195.490 1.42663 1.474 1.812 7293 
52 0 . 16,92 9313.89 109.8136 -95.239 196.642 1.44894 1 . 482 1. 825 7 290 
5 4 0 . 16658 9231 . 06 109.3902 -92.699 200.332 1 . 51856 1 . 505 1.86 5 7 27 9 
56 0.16724 9147 . 05 108.9104 -90.093 204.102 1.58711 1 . 528 1 . 9 0 5 7267 
58 0.16 7 91 9062.02 108 . 3816 -87.425 207.950 1 . 65461 1 . 550 1 . 943 7253 
60 0.16859 8976.11 107.8101 -84.696 211.872 1.72110 1 . 570 1. 97 9 7240 
6 2 0 . 16327 8889.46 107.2010 -81.910 215.866 1 . 78658 1. 590 2. 0 1 5 7225 
6 4 0 . 16997 8802.22 106.5590 -79.070 219.930 1.85109 1 . 6 07 2 . 04 9 7210 
66 0.1 70 67 8714.52 105.8878 -76.176 224.061 1.91465 1. 624 2. 082 719 4 
6 8 0. 17 1 38 8626.51 105.1907 -73.232 228.258 1.97729 1 . 640 2.11 4 7178 
70 0 .1 72 11 8538.32 104 . 4706 -70.241 232.516 2.03901 1.653 2 . 14 4 7 162 

75 0 . 17394 8317.90 102.5844 -62.580 243.413 2.18934 1.683 2.21 4 712 1 
80 0 . 1758 4 8099 . 17 100.5974 - 54.662 254.661 2.33450 1. 712 2 . 28 4 7076 
85 0 . 17778 7884.02 98 . 5301 -46.688 266.060 2.47256 1 . 751 2 . 364 7021 
9 0 0. 1797 9 76 7 4 . 21 96.3975 -38.212 278.060 2 . 60972 1. 7 8 3 2.435 6968 
95 0 . 1 81 84 7471.39 94.2110 - 29.483 290.407 2.74322 1 . 812 2 .50 3 6915 

100 0 .18 396 7277.02 91.9806 -20.407 303.199 2.87447 1.839 2 . 56 8 6 8&1 
105 0 . 18;'12 7092.39 89.7152 -11.230 316.184 3.00117 1.862 2 .62 6 6 80 8 
110 0 . 18834 6918.58 87.4239 -1.853 329.460 3.12467 1.886 2.684 6754 
115 0 . 19060 6756.39 85.1165 7.726 343.023 3.24525 1.912 2 . 741 6 700 
1 20 0 .19291 6606.36 82.8034 17.510 356.872 3.36312 1.940 2.798 66104 

1 25 0 .19,27 6468.72 80.4961 27.506 371 . 007 3.47851 1 . 9 71 2.855 6588 
130 0 .19 766 6343 . 37 78 . 2068 37.719 385.426 3.59161 2 . 005 2. 912 6 533 
140 0 . 23269 6214 . 20 74 . 5369 58.927 "15.489 3 . 81"39 2 . 084 3. 036 6 476 
1 50 0 . 20767 6042 . 38 70. "597 81.137 .... 6.457 4 . 02800 2. 174 3. 15 8 6377 
16 0 0 . 21273 5906 . 45 66.6429 104.415 478.6"1 4 . 23567 2. 2 73 3. 28 1 6285 
170 0 . 217 88 5757.95 63 . 0809 128.800 512.084 4.43838 2.377 3.410 6 186 
1 8 0 0 . 22313 5638.32 59 . 7800 154.306 546.826 4.63692 2.482 3. 534 6098 
1 9 0 0 . 22844 5531.28 56.6990 181.502 583.365 4 . 83435 2 . 605 3 . 67 2 6 010 
20 0 0 . 23382 5432.73 53.7993 209.272 620.589 5.02514 2.704 3.782 5934 
22 0 0 . 24 474 5283.05 48.6396 267 . 523 698.061 5.39422 2.873 3.966 5 812 

240 0 . 25587 5176 . 80 44.3912 328.687 778.792 5.74516 3 . 000 4.107 5730 
26 0 0 . 2& 7 18 5117 . 45 40.7850 391.882 861.897 6.07789 3 . 083 4.20 0 568 3 
2 80 0.2 7864 5087.89 37.6455 456.262 946.437 6 . 39104 3.1 25 4. 246 5659 
300 0.29015 5093.33 34.8572 520.956 1031.372 6.68415 3 . 134 4. 25 0 5656 
320 0 . 3 0169 5109.12 32.3983 585.412 1116.130 6.95776 3 . 119 4. 227 5664 
3 40 0 . 31322 5136 . 80 30.2398 649.206 1200.207 7.21227 3 . 088 4.18 8 568 1 
360 0.32.78 5171.92 28.3362 712.096 1283 . 422 7.45017 3.048 4. 13 9 5705 
3 80 0 . 33&31 5223 . 76 26.6511 773.957 1365.582 7.&723 0 3.0 02 4.0 84 5 738 
lo GO 0 . 347 86 5277.87 25.143& 834.751 1446 . 684 7.88039 2.957 4 . 03 0 5773 
4 20 0 . 35938 5337.34 23.7942 894.506 152&.714 8.07562 2. 913 3 . 97& 5 811 

440 0 . 3 7 089 5399 . 84 22.5814 953.296 1605.753 8 . 25950 2.873 3 . 931 5851 
460 0 . 38239 5467 . 08 21 . 4853 1011 . 200 1683.883 8.43317 2 .8 37 3 .88 8 5892 
4 8 0 0 . 39388 5537.32 20.4920 1068.323 1761.208 8 . 59750 2.805 3 . 85 1 593 .. 
500 0 .4 0535 5613.23 19 . 5846 1124.759 1837.825 8.75 .. 0 .. 2 . 775 3.817 5978 
52 0 0 . 41&81 5&92.92 18.7494 1180.598 1913.822 8.90321 2. 754 3.787 6022 
540 0 . 42921 5790 . C5 18.1329 1229.316 1984.356 9.03052 2.677 3 .72 3 61 08 
560 0 . "4074 5878.98 17.4241 1283.147 2058.463 9.16479 2. 656 3.697 6156 
5 8 0 0 . "5224 5969.27 16.7687 133&.592 2132.1"2 9.29393 2.639 3 . 6 73 6 205 
600 0 . 46372 6060.7Z 16.1612 1389.681 2205.425 9.41821 2 . 624 3 . 65 3 &2 5 3 
650 0 . 49232 6293.42 14 . 8210 1520.911 2386.973 9.70913 2. 595 3 . &13 6372 

700 0 . 5208 0 6530.50 13 . 6892 1650.713 2566.879 9.97604 2. 575 3 . 584 &48 9 
800 0.57747 7013.34 11.8837 1907.363 2923.221 10.45222 2. 554 3 . 549 6 719 

1 0 00 0 . 69002 7998.90 9 . 4235 2415.29" 3629.137 11.23945 2 . 538 3 . 5 1 6 7166 
2 0 00 1 . 24844 13085.2& 4.6839 4980 . 876 7177.062 13.69237 2.666 3 .634 9 090 
3 0 DO 1 . 80&70 18289.37 J .13 00 7771.260 10949.510 15 . 20857 2 . 935 3. 907 10619 
. 000 2.3&592 23542.53 2.3523 10836.060 14'l9~. 057 16.56720 3 . 194 4.171 11935 
5 0 DO 2 . 92949 28819.97 1.8847 1~223.412 19376.798 18.37741 3.610 4 . 6 1 6 13066 

TWO - PHASE ROU~ORY 
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THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN C- Zb 

9500 PSIA ISJBA R 

TEM PERATURE DENSITY V (OH/ OVlp V (OP/OU IV -V <DP/OVI
T (OVIDT\lVCON6~~~~~iTY V ISC OSI TV THERMAL DIELECTRIC PRANOTL 

OIFFUSIVITY CONSTANT NUM BER 

OEG . R LB/CU FT BTU/L S PSIA-CU FT IBTU PSIA 1/0EG. R B TU/FT - HR-R LB~F~~~ EC SQ FT/HR 

51 . 366 6.03~37 928.72 12.363 56360.2'1 0.001'1506 0.131~9 4.533 0.01203 1.32191 2 . 2484 

5 2 6.02690 932.77 12.298 56133.90 0 .0019563 0.13198 4.387 0.01200 1.32148 2. 1838 

5 ~ 6.00326 944.81 12.105 55416.46 0.0019740 0.13334 3.980 0.011'11 1.32010 2. 0039 

56 5.97951 956.4& 11. 917 54&94.84 0.0019912 0.1338& 3.637 0.01175 1.31872 1.8&31 

56 5 . 95564 967.41 11.739 53970.11 0.00 20082 0.13417 3.347 0.011&0 1.31733 1.1448 

60 5.931&7 977 .43 11.575 53243.28 0.0020249 0.13431 3.099 0.01144 1 . 31593 1.6440 

6 2 5 . 907;0 987.00 11.41& 52515 .34 0.0020413 0.13434 2.886 0.01129 1.31453 1.5579 

&4 5 . 88343 995.7& 11. 269 51787.24 0.0020576 0.13424 2.700 0.01114 1.31313 1.483& 

66 5 . 85917 1004.12 11.126 51059.90 0.0020738 0.13403 2.538 0.01099 1.3117 2 1.41'15 

68 5.83483 1011.&3 10.9'14 50334.22 0.0020898 0.13373 2.3'16 0.01084 1.31030 1.3635 

7 0 5 . 810~0 1018_07 10.877 49611.04 0.0021058 0.13335 2.270 0.01070 1.3088'1 1.3138 

75 5.74897 103 2 .26 10.604 47819.42 0.0021452 0.13208 2.012 0.01037 1 . 30533 1.2146 

8 0 5.68709 1045 .95 10.332 4&060.70 0.0 021840 0.13052 1.815 0.01005 1.30175 1.1438 

85 5.624 79 10&3.90 10.003 4~345. 92 0.0022219 0.12879 1.661 0.0096'1 1.29815 1.0974 

90 5.5&213 1078. 35 9.720 42&84.99 0.0022583 0.12697 1.537 0.00937 1.2'1454 1.0613 

95 5.49920 10'11.&3 9.454 41086. &5 0 .0 022930 0.12513 1.436 0.00909 1.2909 2 1.0344 

10 0 5.43&07 1104.30 9.200 39558 .37 0.0023252 0.12329 1.353 0.00683 1.2872'1 1.0142 

105 5 . 372 8 3 1115.49 8.9&6 38106.27 0.0023543 0.12148 1.283 0.006&1 1.28367 0.9981 

11 0 5.30961 112 7 .77 8.731 3& 734.9& 0.0023799 0.12012 1.223 0.00843 1.28005 0.9835 

115 5.24&52 11 ~1. &0 8.~87 35447.50 O. 002~012 0.11895 1.171 0.00827 1. 27&~5 0.9717 

1 2 0 5 . 18367 1157.32 8.234 34245 . 23 0.0024180 0.11781 1.127 0.00812 1.2728& 0.9&33 

125 5.12122 1175.09 7.974 33127.74 0.0024299 0.11&72 1.087 0 . 00798 1.26931 0. 9575 

130 5.05928 1195.04 7. 708 32092.89 0.0024369 0.11570 1.053 0.00785 1.2&579 0 . 9537 

1 40 4.933&3 H48.80 7.250 30658.53 0.0024312 0.11375 0.'192 0.00759 1.25867 O. '1533 

150 4.81535 1304.25 6.730 290'1&.17 0.0024216 0.11361 0.9~5 0 . 00747 1.25199 0.9455 

1 6 0 4.70075 1366.96 & .237 2 7764. 72 0.0024003 0.11435 0.905 0.00741 1 .24554 0.9353 

170 4.58966 1428.39 5 . 783 26427 .05 0. 00 23870 0.11 51& 0.872 0 . 0073& 1.23931 0.929& 

180 4.48166 1493.79 5.374 252&9.0& 0.0023657 0.11831 0.730 0.00747 1.23328 0.7855 

190 4.371H 15&8.25 4.972 24213.03 0.0023417 0.12176 0.141 0.00757 1.22747 0.8050 

2 00 4 . 27685 1633.49 4.653 23234.99 0.0023154 0.12456 0.748 0.00770 1 . 22188 0.8171 

22 0 4.08592 1160.19 4.143 21586.12 0.0022533 0.12853 0.752 0.00793 1.2113 2 0.835 1 

2 40 3.90830 1872.08 3.78& 20232.49 0.0021941 0.13081 0.747 0.00815 1 . 20155 0.8449 

2 &0 3 . 14274 1972. 37 3.535 19 15 3.25 0.0021294 0.13187 0.739 0.00839 1.19249 0.8474 

2 8 0 3.58880 2059.43 3.357 18259.44 0.0020&17 0.13205 0.729 0.00867 1.18410 O. 8440 

3 00 3.446~9 2140.29 3.227 17554.13 0.0019857 0.13167 o .719 0.00899 1.17&39 0.8358 

3 20 3 . J1~65 2209.65 3.134 16934.94 0.0019131 0.13093 0.710 0. 00934 1.1&927 O. 8254 

3~0 3 . 19263 2271.13 3.0&7 1&399.89 0.0018439 0.13004 0.102 0.00913 1.1&271 0.8143 

360 3.07905 2326.16 3.020 15924. 62 0.0011794 0.12910 0.696 0.01013 1.15663 0.8033 

3 8 0 2. 973~1 2380.32 2 .986 15532.36 0 .0017158 0.12823 0.691 0.01056 1.15099 0.7924 

400 2 . 87H3 243Z.01 2.958 15 172.4& 0.0016572 0.12750 0.688 0.0110 0 1.14574 0.7825 

4 20 2.78254 2483.18 2.936 14851.33 0.001&022 0.12693 0.686 0.01147 1.14085 0.7735 

~~O 2.69618 2534.38 2.916 14558.94 0 .001 5510 0.12&56 0.685 0.01194 1.13628 0.7657 

4 60 2.61511 2587.39 2.896 14297.05 0.0015028 0.12639 0.685 0.01241 1.13200 0.7587 

480 2.53886 2641.64 2.878 14058.50 0 .001 4 51 6 0.1 2&43 0.&87 0.01293 1.12799 0.7527 

5 00 2.H701 2698.96 2 .858 13847.89 0.0014143 0.12&67 0.689 0.01340 1.12422 0.7H4 

520 2.39919 2758.93 2.837 13658.40 0.0013727 0.12709 0.692 0.01399 1.1206& 0.7426 

5 ~O 2.329 87 27&9.69 2.907 13490.05 0.0013442 0.127&7 0.&96 0.01472 1.11704 0.7309 

5&0 2.26894 2830.01 2.891 13339.03 0.0013062 0.12844 0.701 0.01531 1 .11 386 O. 7264 

560 2 . 21123 2891 . 48 2.874 13199.42 0.0012704 0_12933 0.706 0.01592 1.110 8& 0.7224 

60 0 2.15649 2954.38 2.857 130&9.88 0.0012365 0.13036 0.712 0.0165~ 1.10801 0.7188 

6 5 0 2.03120 3116.19 2.812 12783018 0.0011594 0.13339 0.730 0.018H 1.10152 0.7114 

700 1 . 92011 3283.06 2.768 12539.29 0 . 0010917 0.13699 0.149 0.019Ql 1.09519 0.7057 

8 00 1.13168 3626.87 2.687 12144.87 0.000 9 785 0.14537 0.794 0.02365 1.08611 0.6978 

1 000 1.44923 4325.72 2.5&2 11592.28 0.0008129 0.164&5 0.891 0.03231 1.0717Z 0.6893 

2 000 0.80100 8131.43 2.193 10481.28 0.0004469 0.27727 1.463 0.09526 1.03920 0.6904 

3 000 0 . 55349 12&35.08 1.927 10 123. 0& 0.0003092 0.39263 2.006 0018158 1.02697 0.7185 

4 000 0.422.7 1764 5 .79 1.742 9950.67 0.0002364 0.51285 2.510 0.29087 1.02055 0.7351 

5 000 0.3413& 24096.17 1.529 9837 . 89 0.0001916 0.68744 2.984 0.43624 1.01657 0.7215 

TW O- PHASE BOUNORY 
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C-2b T~E RHOO YNAMIC PROP ER T IES OF PA RA HYDROGEN 

10 000 PSIA ISOBA R 

TEMP ERATU RE V OLU ~ E ISOTHERM ISOCHORE INTE RNAL EN THALPY ENTROPY CV CP VELOCITY 
DERIVAlIVE DFRIV ATlV E ENE RG Y OF SOUND 

DEG _ R CU FT /L B eu "T - PSIA/LO PS lA/ R BTU /LO BTlI/ L a B TU/L O- R BTU / LB -R FT/SEC 

S2 .lt 40 0.IS~&2 9&2" . 98 111 .~ 301 - 93 . &22 211 . 2 1 5 1.~3~97 1 . ~ 85 1. 82~ 7~02 

5~ 0 . 1&51 1 95&2 . 51 111.0923 - 91 . &70 21~ . 073 1.~88&9 1.503 1.855 7 39~ 
5& 0 . 1&575 9~ 8G . 98 110.&08~ -89.101 2 17.d23 l.55&8& 1.527 1.89~ 7382 
5 8 0.16639 9398 . 29 110 . 07&1 -86 . ~&8 22t . o ~ 9 1.62~00 1 . 5~9 1.932 7370 
&0 0 . 16705 9J1~ . &0 109 . 50 18 -83. 77& 225 . 550 1 . &9 012 1.569 1.968 7357 
&2 0 .1 &771 9230.05 108.8909 -81 . 02& 229 . 522 1.75523 1.589 2.003 73~3 
6~ 0.16837 9 1~4.77 1O~ . 2~ 79 -78. 22 1 2 33 . 562 1.81937 1. & 07 2.037 7329 
&& 0.16905 9058 . 91 107.57&& -75. 363 23 7.6B 1.88257 1. & 24 2.070 7314 
68 Ool6H3 897 2 . 60 10 6 . 8805 - 72 .~~5 2 41. 8 ~ 2 1.9~~84 1. 6 ~O 2.101 7299 
70 0 . 17042 8885 . 97 10& . lb2~ - &9 . 501 2~6 .07 ~ 2 .00 618 1.653 2.131 7284 
75 0.1721' 8&68 . 8~ 1 0 ~. 2857 -bl. 910 2 56 . 9 0 2 2 .15557 1. 6 8~ 2 . 2 00 7244 

8 0 0.17399 8452 .4 7 102.J1~& - 54.103 268 . 076 2.29978 1.714 2.269 7201 
85 0 . 175d5 8238.70 100 . 269~ - ~&. 222 279 . 39& 2.~3687 1.753 2 . 3~ 7 71~8 

90 0.17775 802 0 .27 98.1&43 -37. 838 19 1.311 2.5730& 1.786 2. ~18 7096 
95 0 . 17971 7625.7& 96 . 0099 - 29 . 202 103.569 2.70560 1.816 2.485 7044 

100 0.181 71 7&29 . &5 93 . 8 14 9 - 20 . 2 17 31&. 2 &6 2 .8 3589 1.844 2.549 &991 
105 0.18377 7~~ 2 . 21 91 . ~869 -11.130 329 .15 8 2.9&16& 1.867 2 . 607 6939 
110 0.18587 72&4.53 89 . 3334 -1. 84 1 H2 . 335 3.08~28 1.892 2.665 &885 
115 0.18802 7097.49 87 . 0&22 7. 65 3 355 . 8 0 & 3.20~ 0 0 1.918 2 .722 &831 
1 20 0.19020 &94 1. 71 8" . 7820 17. 35& 3&9.5&3 3.32109 1.948 2.760 &775 
125 o . 192~3 &797.54 82 . 5019 27 . 275 383 . &09 3.~357& 1.980 2 . 838 &719 

130 Ool9~70 6665.03 6 0 . 2323 37 . 417 397 . 9 ~ 5 3.54820 2.015 2.89& 6&62 
140 0 .19 95 1 6515. 0 7 7& . 5952 58 .~ 37 ~27.d81 3.7&993 2.093 3.02 2 &&02 
150 0 . 2042~ 6325.3 1 72 .~ &99 80. 518 ~58 . 71l 3.982 58 2 .18~ 3. 1~ & 6"97 
160 O. 20~06 6186 . n &6 . &352 103.&83 ~90.79 8 ~.1 89&3 2.283 3.2&9 &~07 

170 0.2139~ &05 5 . fl &5 . 0813 127.9&4 52 ~.12 0 ~.391 & 0 2 .3 88 3.395 6 316 
180 0.218 90 5919 . 61 61 . 7692 153 . 370 558 .71 0 4 . 58928 2 .4 93 3.522 6225 
1 90 0 . 22393 5811 .77 58.691 2 180 . 486 595 .13 7 ~.78611 2.616 3 . 662 6139 
200 0 . 22902 5721 . 42 55 . 7897 208.197 632 . 287 4.97651 2.715 3.772 6 068 
220 0.239 34 5~59 . 25 50 .51 b& 2&6.3&5 709 . 5&1 5.3~~&4 2.885 3 . 957 59~3 
2~0 O. 2~H3 5419 .77 4 ~ .059& 327.451 790 . 070 5. b 9~63 3.012 ~.098 58~5 

260 0.2&053 5345 . 8 0 42.4238 390. 5&5 H3.001 &.02&&6 3.094 ~.19~ 5794 
280 0. 2 7135 5300 . 99 39 . 2 139 454.892 957. 3&5 &. 33915 3.1 35 4 .. 242 5 765 
300 0. 2 82 29 5309 .82 3& . 3922 519 . 588 104 2 .31 2 &.&3231 3.14~ ~. 2~8 57&5 
320 0.2932~ 532 5 . 08 33.8&28 56~.075 1127.0& 8 6.90591 3.129 ~ . 22& 5772 
HO 0.30412 5350 .17 31 . 6H6 6 ~7. 911 1 2 11. 0 66 7.16017 3.098 4. 187 5788 
360 0.31507 5381.32 2 9 . &555 710.8~8 1294 . 281 7.3 98 08 3.057 4.139 5809 
380 0. 3260 1 5~19 . 50 27.9011 772 . 7 8~ 1376 .47 5 7 .6 2030 3.011 4.08& 583& 
~OO 0.33693 5473.22 26 . 3371 833.&~7 1457.55' 7.8283~ 2.9&6 ~. 032 5&71 
~ 2 0 0.347&8 552 8 . 25 24 . 9279 893 .~7 9 1537. & ~ 9 8.02 3 72 2.922 3.980 590& 
4 ~O 0. 358 78 5588.80 23 . &6 11 952 . 34& 1&16.71~ 8.20766 2 . 881 3.932 5944 

460 0 .369 &6 5&51 .~ & 22 . 5158 1010. 32 7 1& 9~ . 8 71 8 . 361~0 2 . 8~5 3.889 5 983 
~80 0.38056 5717.83 21 . ~759 1067. 527 1772 . 2 20 8.54578 2.813 3.852 &022 
500 0 . 391~3 5786.5& 20 . 5297 11 2 ~.039 13~8 . ~&1 8.70 2 36 2.78& J .81 9 60b2 
520 0 . 40229 58 &3 .1 9 19.&&24 1179 . 959 1 92~. 898 8.8 5 1 6 1 2 .7 &2 3.790 6105 
5~0 0.~H08 59&2 .4 5 1 9 . 0 4 91 1228.506 lQ9 5 . 2Jq 8.978~8 2.&82 3.72& 619~ 

5bO 0.42503 bO 49. 35 1~.30&1 1282 . 407 2069.447 9.11285 2.6&2 3.700 &2~ 1 
580 0.~J 595 &137.75 17. &189 1335.9 2 1 2 1~ 3 .18 6 9 . 2~209 2. &4~ 3.67& 6288 
&00 0.4~&85 b227 . ~3 1&. 981& 1389 . 078 2216.528 9 .3 &b48 2.&29 3 . &5& 6 33~ 

650 0.47~02 &.56.15 15.5750 1520.475 2398 . 222 9.&5764 2 .6 00 3. &1 & 6450 
700 0.50LO& 6,,89 .78 14.36&3 1650. 4 33 2 576 . 265 9.92475 2 . 580 3.587 6564 

800 0.55~88 71H . 8 3 12 . ~892 1907 . 3&6 29J~ .84 5 10.~01 25 2 .558 3.551 &789 
1000 0.6&173 81~3 . ~1 9 . 9033 2415 .7 ~& 3641 . 095 11.1 8885 2. 541 3 . 518 7227 
2 000 1.19184 13203.15 ~ . 923 1 4982.372 718 9 . 337 13.&4204 2. &&8 3. &34 9 127 
3000 1 . 721 9 0 18393 .1 9 3.2907 7773 .11 8 10961. 6 05 15 . 15817 2 .937 3 . 90 & 10&47 
!tooa 2 . 25295 23637 . 84 2 . ~ 737 10837. ij 07 15009.&&9 16.51&&7 3. 19~ ~. 170 11957 
5 000 2 .78812 289 09.&2 1. 9823 14222.053 1938~. 891 18.32&12 3. b O~ ~ . &09 1308& 
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THERM OO YNAMIC PROPERTI ES OF PARAHYOROGEN C-lb 

10000 PSIA ISOBAR 

TEHPERA TURE DENSITY V (OH/OV'p V(OP/OU'y -v (OP/OVI
T (OV I OTl,tV C ON68~ i~ ~i TV 

VISCOSITY THERMA L DIEL ECTRIC PRANOTL 
OIFFUSIVITY CO NSTAN T NUH BER 

lEG. R LB/ CU FT BTU/LB P5 I A-CU FT 19 TU PSIA 1/0EG . R BTU IF T - HR-R LB~ F ~~5EC So. FT/HR 

52.44& 6.07450 957 . 10 12.356 56466 . 93 0 . 0019059 0.13467 4.&99 0 . 012 17 1.32426 2.2676 

54 6.05646 967.07 12.202 57915 .11 0 .0019 1 62 0 . 1359 4 4.345 0.01210 1.nno 2.13 44 

56 6.03319 H9.59 12.009 57200.53 0.0019337 0 .1 3650 3 . 950 0.01194 1.32165 1.9764 

58 6.00981 991 . 39 11.627 56481.95 0.00194 59 0 .1 3664 3.626 0.0117 8 1 . 32046 1.6441 

60 5 .9 6634 100 2 . 22 11.656 55760 . 39 0 . 0019636 0.13700 3.346 0. 01163 1.31 911 1.731 6 

62 5 . 96279 1012.58 11.49& 55036 . 84 0 . 00B7 85 0 .1 3705 3.108 0.01147 1.31774 1.6356 

64 5 . 93915 1022.09 11 . 345 5 4312.23 0 . 0019931 0.136 9 7 2 . 900 0 . 01132 1.31637 1.5526 

66 5.91544 1031.19 11. 199 5 3567.48 0 .00 2007 5 0.13677 2 . 719 0 . 0 111 7 1.3H99 1.4817 

68 5.891&5 1039.40 11.064 52663 . 46 0.002021 6 0 .13646 2 .561 0 . 0 110 2 1. 3136 0 1 .41 94 

70 5.66760 1046.50 1 0. 9 43 52141.07 0.002 0361 0.13610 2.421 0.01089 1 .31222 1.3 643 

75 5 .6 0765 1062.22 10 . 665 50347. 34 0.002 071 3 0.13484 2 .13 5 0.01055 1 . 30874 1.2544 

80 5.74751 1077.35 10. 366 48560.67 0.00210&1 0.133 27 1.916 0. 01022 1.30524 1.1758 

85 5 . 66662 1096.83 10.056 4665 2.0 1 0.0021401 0.13152 1.74 9 0.00 985 1.30173 1.1 237 

90 5.62582 111 2 . 59 9.770 4 51 71. 23 0.0 02 1 732 0.1 2969 1. 6 14 0 . 00953 1.29621 1.0 632 

95 5.56456 112 7 .0 5 9.503 43547.09 0.0022047 0.1 2762 1.504 0.00 924 1 .29468 1.05 27 

100 5.5011& 1140.75 9.247 41967.20 0 . 0022344 0.1 2596 1.414 0.0089 ~ 1. 29 11 5 1 . 02 99 

105 5.441&5 115 2 . 62 9.0 15 40497.66 0 . 002 26 15 0.12413 1.136 0 . 00875 1.26761 1.0117 

110 5 .3 8013 1165.87 8.777 39064 . 14 0.0022857 0.12 275 1.274 0.00656 1.2840 9 0.9956 

115 5.31871 1160.41 8.532 377 49. 53 0.0023063 0.1 2 1 56 1.219 0 . 0084 0 1.28057 0.98 26 

120 5.2 575 0 11 96. 79 6 .279 36496 . 07 0.0023230 0.12040 1.171 0. 00824 1. 27707 0. 9734 

125 5.196&2 1 215.16 8 _ 0 19 35324 .19 0 . 0023356 0 .1 1929 1.1 29 0 . 00 609 1. 2 7360 0.9671 

130 5.13617 1235.71 7.753 34232.72 0.00 23 437 0.116 24 1.092 0.00795 1.27016 0.963 2 

140 5.01220 128 6 .51 7.301 32654.63 0 .0 023 4 56 0.11620 1.028 0.00767 1.26312 0.9626 

150 4.69626 1344. 60 6.776 30970.40 0.0023400 0.11603 0.976 0.00753 1.25656 0.9549 

160 4.78340 1409. 95 6.284 29601 . 5 7 0 .0 021166 0.11674 0.937 0.00747 1.25019 0.9444 

170 4.67424 1476.74 5 . 632 26306 . 27 0 . 002 299 2 0.11752 0.902 0.00741 1.24405 0.9361 

160 4.5 6 634 1542.11 5 . 424 27042 . 80 0.0022641 0 .1 2094 o . 749 0.0075 2 1.2361 2 0 .7 650 

190 4.4 65 75 1619 . 29 5 .0 24 25953 . 92 0.0022614 0.1 2 444 0.760 0 . 00761 1. 23239 0.6050 

200 4.36636 1686.63 4.707 24961 .75 0 .0 022332 0 .1 2727 0.767 0 . 00773 1.2266 5 0.617 9 

220 4.17613 1 6 19.24 4.190 23227.23 0.00 21749 0.13124 0.770 0 . 00794 1.21&41 0.636 2 

240 4.00271 1929.91 3 . 621 21693.77 0.0021232 0 .1 3346 o .76 6 0 . 00614 1. 20673 0.8 4 63 

260 3.63629 2026.46 3.573 20518 .71 0.00 2 067 6 0.1 3444 o .757 0 . 00835 1.19771 0 . 8 49 9 

280 3. 68524 2113.48 3 . 394 19535 .4 0 0 . 0020073 0.13453 0.74 6 0.006&0 1.16935 0. 6 4 71 

300 3.54247 2195.86 3.267 186 09 .8 5 0 .0 019347 0.13405 0.73 5 0 . 00691 1.1615 9 0.8392 

320 3.41022 226&.43 3.17 3 16159 . 72 0.001 6647 0.13321 0.726 0.00924 1.17443 0.6286 

340 3.26613 2328 .4& 3.10& 17592.07 0 .0 017962 0 .1 3222 0 .717 0 . 009&0 1.16765 0.6175 

360 3.17390 2363.57 3 . 056 17079 . 77 0.00173 &3 0.131 20 o .71 0 0.00999 1.1&171 0.6062 

360 3.06734 2 434. 28 3.021 16623.47 0.001 6 7 84 0 . 13024 o .704 0.01039 1.15600 0.7955 

400 2.96793 2466.59 2 . 992 162 44.1 6 0 . 0016213 0.12942 o .700 0.01062 1. 1507 0 0.7853 

420 2.87459 2537.16 2.968 15691.47 O. 0015666 0 .1 2678 0.696 0. 01126 1.14573 0.7762 

440 2.78720 2566.56 2 . 946 15577.12 0 . 0015190 0 .1 28 34 0.696 O. H 171 1.14109 O. 7660 

460 2.7050& 264 0 .63 2.925 15267 . 52 0 . 0014728 0 .1 2611 0.696 0 . 01216 1.13675 0.76 09 

~80 2 . 62771 2,94.61 2.905 1502~. 61 0.0014294 0.12609 0 . 697 0 . 0126 6 1.13267 O. 7 5~7 

500 2.55474 2750.04 2.885 14763.15 0.0013687 0.1 2827 0.699 0.01315 1.1288 2 0.749 3 

520 2.48575 2609.26 2 . 863 14574.39 0 . 0013491 0 .1 286~ o .70 2 0 . 01 366 1.12520 0.7446 

5~0 2 .41496 2616. ~0 2 . 9 41 1~399 . 11 0.0013229 0.12918 0.70 6 0.0143 0 1.12149 0.7326 

560 2.35276 2676.46 2 . 923 14232 .78 0.0012662 0.1 2 9 90 0.710 0.01492 1.1182 4 O. 7262 

560 2.29363 2337.73 2 . 905 14076.95 0.0012514 0 .1 3076 0.715 0 .01 551 1.1151 6 0.7240 

600 2.23767 3000.4 5 2.667 13936.20 0.00121 65 0.13176 o .721 0 . 01610 1.1122 5 0.7 203 

&50 2 . 10964 3161.97 2.640 13620.13 0 .0 011435 0 .1 3473 o . 736 0.0176 6 1.10556 O. 71 27 

TOO 1 . 99576 332 6 .67 2 .7 94 13351 . 19 0 . 0010775 0.13628 o .757 0.0193 2 1.099& 9 0.706 6 

600 1.60221 3572.37 2.709 12916.10 0.00096 70 0.14 66 3 0. 6 01 0 . 02291 1.0897 3 0.69 66 

1000 1.5111 6 4371.19 2 . 5 79 12306.20 0.000 6 047 0.16602 0 . 9 04 0.0312 3 1.07487 0.6697 

2000 0.83904 8176.59 2 .199 11077. 96 0 . 0004 4 44 0.27727 1.462 0.0909~ 1.0410 9 0.6990 

3D 00 0.58075 12580.70 1.929 10 681.94 0.0003081 0.39263 2 .03 9 0.17306 1.02831 0.73 03 

4000 0.44366 17666.32 1.7~5 10491. 93 0.0002358 0.512 66 2.559 0. 27695 1.02159 0.7493 

5000 0 .356&6 24108 . 26 1 .5 33 10368.87 0 .0 001912 0.66563 3.048 0.41477 1.0174 2 0 . 7375 
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C-Zb THERHO OINAMIC PROPERTIES OF PAR4HYDROGEN 

11000 PSlA ISOBAR 

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL EN TH ALPY ENTROPY CV CP VELOC ITY 
DE HVATIVE DERIVATIVE ENERGY OF SOUND 

DEG . R cu FT/LB CU F T-PSIA/LB PSI AIR BTU/LB BTUILQ B TU/L B-R BTU I LB -R FT I SEC 

5~.55& 0.1&25& 10188 . 30 11~ .37 36 -88 . 7&9 2~2 . 359 1.~5093 1.50& 1. 8~ 9 7612 
5& 0 . 1&299 10132.8~ 114.0071 -8&.95& 245.04~ 1.4 9958 1.523 1. 87& 7&05 
58 0.163&0 1 0054 . 85 113 .4595 -84.389 248 . ~38 1.5&608 1.54& 1. qt4 7594 
&0 0.16420 9375 . 62 112.8713 -81.7&3 252 .7 02 1.&3157 1.5&7 1.949 7583 
&2 0.1&482 9895 . 29 112.2481 -79.078 25& . &35 1.&%05 1.587 1.984 7571 
64 0.16543 9814.01 111.5947 -76 . 339 260 .63& 1.7595& 1. & 05 2.01 7 7558 
6& 0.1&&0& 9731. 90 11 O. 9H9 -73 . 547 2&4.702 1.82212 1. & 23 2.049 7544 
&8 0.1&&&9 9&49 .1 0 110.2123 -70 . 704 268 . 331 1.88376 1. &39 2 .080 7531 
70 0.1&733 9565.74 109.~697 - 67 . 815 273.020 1.94~~6 1.653 2 .106 7517 
75 0.1&895 9355.6& 107.6108 - &0 .4 08 283 .731 2. 0 9224 1 . 685 2.176 7481 
60 0.170&1 qt44.70 105.6505 - 52.7~5 294.778 2.23481 1.71& 2. 243 7440 

85 0.17232 8934.64 103.&285 -45.029 305 . 961 2.37024 1.757 2.319 7391 
90 0.1740& 6727.14 101.5560 -36.809 317.729 2 .50 47& 1.791 2.386 7342 
95 0.1758~ 6523.76 99.4485 -26.337 329.833 2.63562 1.8 22 2.453 7292 

100 0.177&& 8325.92 97.3066 -19.516 342.370 2.7642& 1 .851 2 . 516 7240 
105 0.17953 8134.90 95.1378 -10.591 355.094 2 .8 88 ~0 1.87& 2 . 573 7190 
110 0.16143 7951.64 92 . 9471 -1.459 368 . 104 3.00944 1 . 902 2 . &3 1 7138 
115 0.18338 7 777. 67 90 . 7394 7.882 H1.403 3.127&6 1.931 2 .689 7084 
120 0.18536 76 13.16 86.5201 17.439 394 . 992 3.24333 1.961 2.747 7028 
1 25 0.18737 7~5 6 . 62 66.2953 27.220 408. 87& 3.356&7 1.995 2 . 6 0 6 69 7 2 
130 0.18942 7314. 97 8~.0717 37 . 233 423.057 3.46790 2 . 032 2.866 &914 

140 0.193&0 7058.6~ 79 . 6591 5 7.9 87 452 . 323 3.68473 2 .113 2.98 7 6 798 
1 50 0 . 19787 6841 .52 75 .3 509 79.7 57 482.79& 3 . 89493 2 . 205 3.107 &683 
1&0 0.202 5 0 &753.02 72.4291 102.720 515.18& ~.10400 2. 304 1.248 &6H 
170 0. 2 0&93 6590.27 68.7774 126.813 54S.H2 4.30478 2 .409 3.377 6542 
180 0.21142 6~70.95 65 . 4358 152.044 582 . &83 4.50122 2 . 515 3.501 &4 60 
190 0. 215 97 &352 .1 7 &2 . 3146 179 . 003 618.909 4.69696 2 .638 3. &41 &373 
200 0.2205& &249.42 59.4~16 206.577 f>55 . S40 4 .88 625 2.737 3.755 63 03 
220 0.22990 6104.10 54 . 1396 2&4.584 732.867 5.25322 2 .9 08 J . 9 /+2 &191 
240 0.2HJ3 59&3.96 49 . 403& 325.590 813.082 5.&0192 3 . 03& 4.078 &0 92 
260 0.24866 579 6 . 93 45.37 16 388.575 695 . 518 5 . 93198 3 .117 4 .17 & 5998 

280 0. 25863 5728.18 4 2 .1300 452.777 979 . 584 6 . 24337 3 .157 4.231 5 964 
300 0.2&8 5 1 5723.67 39.2263 517.~05 10&4.343 6 . 53569 3.165 ~. 242 5 961 
320 0.278~6 5730.05 36 . 6694 561 . 901 1149.086 6.809~5 3.149 4.227 5 970 
340 0. 2 6630 57&2.38 34.3361 &45.608 1233.057 7.06363 3.117 4.168 5989 
360 0.29~ 22 5789.33 32 . 2215 706.861 131& . 309 7.301 6& 3.076 ~.140 6 007 
360 0.30612 5622.47 30.3324 770.905 1398 . 521 7 . 52393 3.030 4.086 6031 
~ 00 0.31303 5857.41 26 . 6428 831. 898 1479.695 7.73221 2 . 985 4.034 6 05 6 
4 2 0 0.32790 5H5.19 27 .1 349 891. 864 1559 . 770 7.92755 2 .9 40 3.983 6 088 
440 0. 33 778 5961.82 25 . 769& 95 0.877 1638.896 8.11163 2 .899 3.935 6122 
460 0.347&5 6017.81 24.5281 1009 . 006 1717.12 8 6 . 28554 2.8&3 3 . 692 6156 

~ 80 0.35749 6080 . 88 23.4018 10&6.358 1794.527 8.~5002 2 . 831 3.854 6193 
500 0.36731 &1~2.65 22 . 37~6 1123. H8 1871 . 202 8 . 606&8 2.80 3 3 . 821 6229 
520 0.377H 6210.42 21 .~ 32~ 1179.085 1947 . 274 8 .7 5600 2 .779 3.792 6266 
5~0 0.38790 6309.79 20 . 6629 1227.160 2017 . 275 8 . 8818~ 2 . 693 3.731 &364 
5 60 0 .39784 6392 . 52 20.0531 1281.189 2091 .551 9.01642 2 .6 73 3 .705 6407 
580 0 .4077 6 6~77.02 19 . 3035 1334.631 2165 . 399 9 .1 4585 2. 655 3.662 6451 
600 0.417 &6 &5&3 . 06 18 . 6078 1388.116 2236 .85 Z 9 . 27042 2. 639 3 . 662 &49 5 
650 0.44233 &783.59 17.0704 1519 . 823 2420 . 815 9 .5 6201 2 . 609 3.621 6604 
700 0.46.90 7010.10 15.7696 1650 . 079 2&01 .11 1 9.82950 2 .589 3.592 6712 
800 0 . 5 1578 747 5 . 14 13.&91 6 1907. 557 2<)58 .144 10.30660 2 . 567 3.555 6926 

1000 0 . 61280 6433.05 10.8564 2416.622 3665.037 11.09493 2.548 J. 520 7346 
2 000 1.09395 1343 6 . 63 5 . 3983 4985.584 7211 . 862 13.54863 2 . 672 3 . 6 33 9200 
3 000 1.5752~ 1 6;96 . 3~ 3 . 6105 7777.101 10985.71~ 15 . 06459 2 . 9 ~0 l.Q06 1069 9 
4 000 2 .05762 23822 . 42 2 . 71 52 10841.&57 15032.827 16 .4 2282 3.1 95 4 .168 11999 
5000 2 . 5 4372 29081.83 2 .1765 14220 . 377 19401.681 18.23090 3 . 59~ ~ .5Q5 13124 
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THERMOOYNAMIC PROP ERTI ES OF PA RAH YOROGEN C -Zb 

11000 PSI A IS~B_R 

TEMPERATURE DENSITY V CDH/DVl p V C DP/DU1
V 

-v COP/DV1
T CDUOTW cON6~g~~~TY VISCOSITY THERMAL OIELEC TRI C PRA NDTL 

DIFFUSIVITY CONSTANT NUMBER 

JEG. R LB/ CU n BTU/L8 PSIA-CU FT/BTU PSIA 11 OEG. R BTU/FT-HR-R LB/FT-SEC sa FT/HR 
x 10 5 

5~.550 6.15Hl 1012.96 1Z.3~8 62072.37 O. 00182~9 0.1412. 5.037 0.0124 2 1.32875 2.3732 

56 &.13518 1023.22 12.201 62166 . 80 0.0018339 0.14106 4.065 0.01230 1.32780 2 . 2 3~ 0 

56 6.112&4 1036.70 12.008 61461. &9 0.00184&0 0.14205 4.2&5 0.01214 1.32&49 2 .0 &88 

60 &.09004 1049.1& 11.830 & 0 751. 95 0.0018579 0.1~220 3.911 0.011 98 1.3251& 1. 9290 

62 6.06739 1061.11 11.659 60038.56 0.00156% 0.14234 3.&08 0.01183 1.32384 1.8102 

64 6.044&7 1072.15 11.500 59322.46 0.0018812 0.14228 3.347 0.01167 1.32252 1.7082 

60 &.02190 1082.74 11.347 58&04.58 0.001892& 0.1~21o 3.122 0.01152 1.3211 9 1.6207 

&8 5.99908 1092.37 11.206 57885.78 0.0019040 0 .1~18 2 2.925 0.01137 1.3198& 1. 5443 

70 5.97622 1100.80 11.080 57 1&6. 91 0.00191 53 0.14145 2 .7 53 0 . 01123 1.31852 1.4770 

75 5.91884 1119.64 10 .7 89 55374.&6 0.0019433 0.14019 2.404 0.01069 1.31516 1.3430 

80 5.8&120 1137.72 10.503 53598_95 0.001<)711 0.138&0 Z.it.l O.OlO5t. 1.31183 1.2469 

85 5.80332 1160_33 10 .1 &1 51850 . 58 0 . 001998& 0.13&83 1.937 0 . 01017 1.30848 1 .1621 

90 5.7~523 1178.82 9.870 50 13'3. ~2 0.0020255 0.13~9S 1.777 0.0098" 1.30511 1.1J17 

95 5.66&9& 1195.75 9.597 48~74.31 0.0020516 0.13304 1.647 0.00954 1.30174 1.0935 

100 5.&2857 1211 .&9 9 . 339 4&863.04 0.00207&4 0.13112 1.541 0.0092& 1.29837 1.0647 

105 5.57011 1225.&7 9.104 45312.31 0.002099& 0.12924 1.453 0.00902 1.29500 1. 0417 

110 5.511&5 12~0 .50 8.8&5 43827.72 0.0021207 0.12781 1.379 0.00861 1.291&3 1.0218 

115 5.45325 125&.71 8.&19 42413.&0 0.0021394 0.12659 1.31& 0.008& 3 1.2682 8 1.0060 

120 5.39501 1274.&8 8.365 41073.05 0.0021552 0.12539 1.261 0.0084& 1.28494 0.9946 

125 5.33701 1294.60 8.104 39607.80 0.0021678 0.12423 1.214 0.00829 1.28162 0.9872 

130 5.27934 131&.&2 7.838 38&18.23 0.0021770 0.12314 1.172 0.00614 1.27832 0.9625 

140 5.1&539 1367.15 7.297 3&460.67 0.0021848 0.12115 1.103 0.00785 1.27182 0.9791 

150 5.05385 1425.65 6.762 34576.04 0.0021793 0.12091 1.047 0.00770 1.26546 0.9691 

1&0 4.9383& 1495.58 &.365 33348.84 0.0021719 0.12137 0 .999 0.00757 1.25894 0.9625 

170 4.83252 1563.67 5 .907 31847.62 0.00215% 0.12211 0.9&1 0 . 00748 1.2529& 0.95&7 

180 4.72995 1&37.~5 5.501 30&07.30 0.0021379 0.12598 0.784 0.00761 1.24718 0.7839 

190 4.63031 1718.70 5.101 29412.53 0.0021186 0.12959 0.796 0.00709 1.24159 0.6048 

200 4.53367 1790.11 4.790 28334.03 0.0020979 0.13248 0.803 0.00778 1.23&19 0.8193 

220 4.34973 1333.37 ... 260 26551.16 0 .0 020391 0.13646 0.807 0.0079& 1.22593 0.8389 

240 4.17833 2056.74 3.895 24919.37 0.0019825 0.13850 0.801 0.00814 1.21542 0.8467 

2&0 4.01601 2143.91 3.&22 23292.12 0.0019479 0.13943 0.791 0.00831 1.20758 0.6532 

280 3.86&50 2224.49 3.452 22146.05 0.0019022 0.13935 0.779 0.00852 1.1992& 0.8520 

300 3.72419 2305.00 3.328 2131&.78 0.001840 2 0.136&8 0.7&7 0.00878 1.19147 0.8449 

320 3.59124 2372.13 3.243 20577.98 0.0017820 0.13756 0.756 0.00907 1.18424 0.6357 

340 3.4&6.5 2437.91 3.175 19987.12 0.0017179 0.13650 0.746 0.00940 1.1775 6 0.8241 

360 3.35321 2494.04 3.123 19412.81 0.001&598 0.13530 o .738 0.00975 1.17135 0.8124 

380 3.24546 2545.59 3.084 1689&.&0 0.0016052 0.13418 o .731 0.01012 1.16555 0.8011 

400 3.14435 2593.84 3.052 18417.7& 0.0015552 0.13321 0.725 0.01050 1.16012 0.7906 

420 3.049&8 2643.41 3.02& 18008.96 0.00150&7 0.13243 0.722 0.01090 1.1550& 0.7614 

440 2.96053 2&95.02 3.002 17&50.16 0.0014600 0.13186 0.719 0.01132 1.15030 0.7727 

460 2.67&49 2746.77 2.976 17310.16 0.0014170 0.13150 0.718 0.01175 1.14583 0.7652 

480 2.79 729 2801.0& 2.956 17010.01 0.0013756 0.13137 0.718 0.01219 1.141&3 0.7585 

500 2.72246 2655.87 2.932 16723.68 0.001337 9 0.13145 0 .71 9 0.012&4 1. 13767 0.7528 

520 2.6515& 2913.61 2.908 16467.32 0.0013015 0.13173 0.722 0.01310 1.13392 0.74 78 

540 2.57n8 2909.23 3.005 1626&.54 0.0012826 0.13217 0.725 0.01374 1.13005 0.7364 

560 2.51357 2966.65 2.965 1&068.05 0.0012480 0.13262 0.728 a .0142& 1.12&&6 0.7316 

560 2.45242 3029.73 2.965 15884.37 0.0012153 0.13361 o .733 0.01460 1.12345 0.7272 

600 2.39428 3092.14 2.945 15713.61 0.0011842 0.13454 0.738 0.01535 1.12041 0.7233 

650 2.26073 3253.13 2.694 15335.90 0.0011131 0.13738 0.754 0.01676 1.11344 0.7153 

700 2.14176 3419.56 2.844 15014.06 0.0010503 0.14085 0.772 0.01831 1.10725 0.7090 

600 1.93662 3763.14 2.751 14492.98 O. 00094~7 0.14914 0.61& 0.02164 1.09675 0.7003 

1000 1.&3165 4462.07 2.&11 137&1.48 0.0007689 0.1 &8 73 0.919 0.0 2937 1.08101 0.6905 

2000 0.91412 6267.00 2.210 12282.63 0.0004395 0.27127 1.516 0.08348 1.04482 0.7163 

3000 0.&3482 12771.6& 1.935 11805.39 0.00030 58 0.39262 2.107 ~.15834 1.03098 0.7546 

4000 0.46600 17773."2 1.749 11577.66 0.0002345 0.51231 2.&60 0.25290 1. 02365 0.7790 

5000 0.39313 24138.&3 1.540 11432.80 0.0001904 0.68239 3.181 0.37772 1 .01910 0.7712 

TWO-PHASE BDUNORY 
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C - Zb THERHOOYNAMIC PROPERTIES OF PARAHYOROGEN 

12000 PSIA IS OBA R 

TEM.ERAT JRE VOlU ~ E I SOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VEl OC lTV 
DER I VATIVE DERIVATIVE ENERGY OF SOUND 

OEG. R CU FT / lS CU FT - PSIA/lB PS lAIR BTU/lB BTU/lB BTU/lB-R BTU / lB -R FTlSEe 

5&.&0& 0.1 &0& & 107 ~ 3.~3 117 . 25&& -83.879 273 . 122 1.~&&03 1.527 1.873 781~ 
58 0 .1&105 10&92 . 14 116.8526 -82.12~ 275.752 1.511 93 1. 5 ~3 1.899 78 0 7 
60 0.1 &1 62 10017.37 116 . 2~07 -79.557 279.585 1.57690 1. 56~ 1. 93~ 7797 
62 0.16 220 105~1 . 29 115.5955 -76 . 932 283.~87 1.6~087 1.585 1.968 7787 
6~ 0.16 2 78 10~6~.0~ 11~.9218 -7~.251 287.~55 1.7038& 1. 6 O~ 2. 000 7775 
66 0.16 3 36 10385 . 75 lH.2238 -71.517 291.~88 1.76591 1.622 2.032 7763 
68 0.1 63 9 5 10306.55 113.50~8 -68.732 295.582 1.82703 1 . 639 2.062 7751 
70 0.1 6 455 10226 . 57 112 . 7679 -65.901 299.735 1.88721 1.654 2.090 7738 
75 0.16 &0& 10023.97 110 . 862~ -58.638 310.351 2.03367 1.686 2.156 7705 
80 0.16 7&0 9819 . 07 108.8885 -51.119 321.294 2.17490 1.719 2.221 7667 
85 0.16917 9613 . 59 106 . 8655 -~3.5~6 332.365 2.30898 1.761 2.296 7&21 

90 0.1 707 8 9409.17 104 . 8062 -35 . 469 344.013 2.44212 1.795 2.363 7574 
95 0. 17242 9207 . 32 102 . 7187 -27 . 1~1 355.989 2.57160 1.828 2. ~Z7 7526 

100 0 . 17410 9009 . 45 100.6086 -18 . ~61 368.391 2.69885 1.858 2.488 7477 
105 0 . 17580 8816 . 85 98.4796 -9.675 380.975 2.82164 1.884 2.545 7428 
110 0.1 7755 8630 . &5 9&.3349 -0.681 393.842 2.9~134 1.9!! 2. 602 7377 
115 0. 17932 845 1. 88 94.1773 8.527 40&.995 3.05826 1.941 2.659 7325 
120 0.18113 8281.35 92 . 0097 17 . 955 420.439 3.172 &9 1.973 2.718 7270 
125 0.1 8 297 8119.75 89.8357 27.&1~ 434.180 3.28487 2.008 2.778 721 .. 
130 0. 1848 3 796 7.52 87 . 6594 37.512 448.224 3.39503 2. 046 2.839 7157 
140 0 .18864 7&92. O~ 83.3195 58. O&~ 477.238 3.60999 2 . 131 2.96~ 7040 

150 0.1925~ 7454 . ~4 79.0371 79.671 507. 499 3.81871 2.225 3 . 088 6923 
160 0.19. 5 0 7250 . 72 74.8&81 102.370 538.998 4.02196 2.32& 3. 211 &809 
170 0 . 2 00 85 7152 . &8 72 . 322& 126.258 572.5&2 4.22541 2. 431 3.359 &7&7 
180 0 . 20.9 6 69&6.82 68.7509 151.351 606.793 4.~2105 2.537 3.~87 &&60 
190 0.2 09H &833 . 37 &5 . 5089 178.172 &~2.887 ~.&1&08 2. &61 3. &27 65&9 
200 0. 2133 2 &775 . 2& 62.6~85 205. &17 &79.&~1 4.8 0~~7 2.759 3.736 &519 
220 0.2 218~ 6583 . 52 57 . 3924 263.420 75&.37& 5.17004 2.931 3.93~ &398 
240 0.2 3047 &487.84 52 . &575 324.355 83&.478 5.5182& 3.0S9 4 . 0&8 &3 22 
2&0 0.2Hl1 &3&3 . 50 ~8.3703 387.331 918.&5& 5.8~728 3.141 4. 15~ &243 
280 0 .2~78& 621& . 32 ~~ . &8~5 ~51.~&0 1002.23~ & .15&87 3.181 4.204 &170 

300 0.2 5&84 60&7 . 51 41.7593 515 . 9&9 108&.&78 &.44829 3.187 4.240 &115 
320 0 .2&5 9 1 &1 37.75 39.1647 58 0 .406 1171.273 6.72138 3.170 4.2 1 7 6150 
340 0.2 7499 &120 . 33 3&.8303 644.318 1255.370 6.97594 3.137 4.192 615& 
3&0 0. 284Q9 6168 . 70 3~ . 655" 7 07 ."40 1338.707 7.21420 3.0'l6 ".143 &a~ 
380 0.29308 6221 . 37 32.6781 7&9.585 1420.825 7."3623 3.0 SO 4 . 087 6215 
400 0 .30213 &258 . 08 30.8776 830.702 1502.065 7.644&8 3.004 4.034 62"0 
420 0. 31113 &288 . 93 29 . 2575 890.795 1582.153 7.8~006 2.9S9 3.984 &2&3 
440 0. 3201 7 6325.3~ 27.7933 9~9.940 16&1.378 8.Q2~38 2.918 3.938 &289 
4&0 0 . 32H6 6376 . 94 26 . 4722 1008.208 1739.633 8.19833 2.881 3 . 895 632Q 
~80 Q.33817 6439.02 25.2646 10&5.702 1817.1~5 8.36306 2. 8~9 3.856 6355 

50Q 0. 3471 4 6491 . 53 2~ . 1588 1122.508 1893.870 8.51982 2.820 3 . 824 6385 
520 0. 3560 9 6558.33 23.147& 1178.719 1969.988 8.66923 2.79& 3.79" 6~20 
540 0.36&00 6660 . 26 22.6522 122&.14~ 2039.~Z7 8.79371 2.704 3 . 736 &529 
56Q 0.37; I Q &738.67 21 . 7775 1280.288 2113.799 8.92845 2.683 3 . 71 Q 65 7 Q 
58Q 0.38"19 &819.15 2Q . 9671 133~ . 046 2187.7~6 9.Q5806 2.665 3.687 6611 
600 0.39326 6901 . 42 20 . 2143 1387.447 2261.296 9.18280 2.649 3.&67 6652 
650 0.41586 7113.47 18.5492 1519 . 4~2 24~3.505 9.~7478 2.619 3.62& &755 
70Q 0.~383 6 7332 . 57 17 . 1386 16~9. 977 2624.039 9.7~262 2.598 3.596 6857 
800 0. ~8311 7785.10 14.8821 1907.975 2981.492 10.22029 2.575 3.559 7060 

1000 O. 5 71 9 ~ 8723 . ~6 11.8006 2418.108 3689.001 11.00931 2.5S6 3.522 7"6~ 

2000 1.0 122 4 13667 . 20 5.8693 ~989.077 7 2 38.355 13.46348 2.677 3. &33 9271 
3000 1.~528 3 18793.70 3.9278 7781.430 11009.724 14.97924 2 .943 3.905 10749 
4000 1.89 ~ 60 23999.19 2 . 9553 10845.959 15055.695 16.33721 3.196 ~.166 12039 
;000 2.339 79 292~4. 77 2.3696 1~219.915 19419.103 18.14407 3.566 ~. 584 13158 

TWO-PHASE BOU NDRY 
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THERHOOfNAHIC PROPERTIES OF P4RAHYOROGEN C -2b 

12000 PSI4 ISOBaR 

TEHPERATURE DENSITY V (JH/OVlp V(OP/OUI
V 

-V(OP/OV'T (OV/OT\fVCON~~~~~~iTY VISCOSITY TH ERHAL OIELECTRIC PRANOTL 
OIFFUSIVITY CONSTANT NU HBER 

OEG. R LB/CU FT BTUILB PSI4-CU FT IB TU PSI4 1/0EG. R BTU/FT-HR-R LB/FT-SEC 
x 105 

SQ FT/HR 

56.606 6.22429 1068.36 12.336 66870.21 0.0017535 0.14682 5.385 O. 01259 1.33302 2.4733 

58 6.20906 1078.77 12.197 66388.15 0.0017601 0.14711 5.022 0.01248 1.33213 2.3337 

60 6.18718 1092.86 12.009 65691.59 O. 00 17695 0.14736 4.573 0.01232 1.33085 2.1&05 

62 6.1&527 1106.40 11.829 64989.86 0.0017787 0.14747 4.192 0.01215 1.32957 2.0141 

6" 6.14332 1118.97 11.662 64283.93 0.0017877 0.14743 3.867 0.01200 1.32828 1.8889 

66 6.12134 1131.06 11.501 63574.69 0.0017967 0.14727 3.587 0.01184 1.32699 1.7817 

68 6.09933 1142.12 11.353 62863.03 0.001800;6 0.14700 3 .3 44 0.01169 1.32571 1.6886 

70 6.07729 1151.90 11.221 62149.79 0.0018145 0.14663 3.131 0.0 1154 1.32442 1.6068 

75 6.02207 1173.91 10.916 60365.06 0.0018365 0.14536 2.705 0.01120 1.32120 1.4445 

80 5.96670 1195.02 10.619 58587.40 0.0018586 0.14374 2.388 0.01085 1.31797 1.3282 

85 5.91118 1220.82 10.268 56827.68 0.0018805 0.14193 2.1!ttt 0.01046 1.31474 1.2487 

90 5.85554 1242.14 9 .969 55095.79 0.0019023 0.14001 1.954 0.0101 2 1.31151 1.1870 

95 5.79980 1261. 66 9.691 534 00. 63 0.0019235 0.13804 1.801 0 . 00981 1.30827 1.1400 

100 5.74399 1279.99 9.428 51750.20 0.0019441 0.13607 1.677 0.00952 1.30504 1. 1042 

105 5.&8814 1296.05 9.190 50151.50 0.001963& 0.13413 1.575 0.00927 1 .30181 1.0757 

110 5.&3231 1312.86 8.949 48610.54 0.0019818 0.132&6 1.489 0.00905 1.29858 1.0513 

115 5.57654 1330.97 8.701 47132.28 0.0019981 0.13140 1.41& 0.0088& 1.29537 1.0321 

120 5.52091 1350.77 8.447 45720.58 0.0020124 0.13016 1.354 0.00867 1 .29217 1.0183 

125 5.465"6 1372.49 8.185 44378.18 0.0020243 0.1289& 1.301 0.00849 1.28898 1. 0088 

130 5.41029 1396.28 7.918 4310&.60 0.0020335 0.12781 1.254 0.00832 1.28581 1.0027 

140 5.30107 1450.37 7.376 40776.08 0.0020433 0.12572 1.176 0.00800 1.27956 0.9981 

150 5.19385 1512.85 &.838 38717 .27 0.0020414 0.12544 1.114 0.0078 2 1.27344 0.9878 

1&0 5.08918 1582.50 6.323 36900.19 0.Oaz02~9 0.12609 1.064 0.00772 1.26749 0.9758 

170 4.97883 1&54.14 5.97& 35&11 .95 0.0020309 0.12654 1.019 0 . 00757 1.2&123 0.9742 

180 4.87895 1724.15 5.554 33990.74 0.002022& 0.13075 0.817 0.007&8 1.25558 0.7843 

190 4.78159 1809.12 5.149 32674.35 0.0020049 0.13448 0.830 0.00775 1.25009 0.8055 

2 DO 4.&87&8 1893.83 4.843 317&0.28 0.0019725 0.13744 0.837 0.00785 1.24481 0.8193 

220 4.507&5 2034.09 4.344 29&7&.24 0.001 9340 0.14146 0.841 0.00798 1.23473 0.8424 

240 4.33895 2174.&5 3.9&7 28150.39 0.0018706 0.14354 0.83& 0.00813 1.22533 0.8527 

2&0 4.18214 2285.23 3. &82 2&613.03 0.0018175 0.14425 0.825 O. DO 830 1.21&63 0.8550 

280 4.0344& 2359.42 3.482 25079.45 0.0017817 0.14401 0.812 0.00849 1.20848 0.8531 

300 3.89354 2398.79 3.3&5 23&24.09 0.0017677 0.14318 o .798 0.00867 1.20074 0.8512 

320 3.76070 2485.25 3.285 23082.27 0.001&9&7 0.14199 0.786 0.00895 1.19347 0.8401 

340 3.63647 2533.49 3.228 2225&.42 0.001&5"8 0.100&6 0.775 0.00923 1.18670 0.8311 

360 3.52003 2596.05 3.180 21713.99 0.00159&0 0.13931 0.7&5 0.00955 1.18037 0.8189 

380 3.41207 2&55.05 3.140 21227.74 0.0015394 0.13803 0.757 0.00990 1.17453 0.8066 

4 DO 3.30979 ZT05.ae 3.106 20712.97 0.0014907 0.13693 0.750 0.01026 1.16901 0.7957 

420 3.21407 2752.32 ~.07& 20213.06 0.0014475 0.13&01 0.745 0.010&2 1.1&386 0.7860 

440 3.1233& 2799.10 3.050 19756.30 0.00140&8 0.13531 0.742 0.01100 1.15900 0.7774 

4&0 3.03801 2850.73 3.024 19373.20 0.0013664 0.13485 0.740 0.01139 1.15444 0.7695 

"80 2.957D8 290&.17 2.999 19040.70 0.0013269 0.13460 0.739 0.01180 1.15012 0.7624 

500 2.88072 2959.65 2.973 18700.26 0.0012919 0.13458 o .740 0.01222 1.14&06 0.7565 

520 2.80824 3018.68 2.948 18417.37 0.0012568 0.13477 0.741 0.01265 1.14221 0.7510 

540 2.73223 3001.2& 3.06& 18197.35 0.0012448 0.13513 0.743 0.01324 1.13818 0.7399 

S60 2.66592 JO&0.48 3.045 179&4.78 0.0012122 0.13570 0.747 0.01372 1.134&8 0.7349 

S80 2.&0288 3121. 01 3.023 17749.41 0.0011813 0.13642 o .751 0.01422 1.13136 0.7303 

600 2.5428& 3183.16 3.001 17549.32 0.0011519 0.13729 0.755 0.01473 1.12820 0.7263 

650 2.40468 3343.7Z 2.945 17105.62 0.0010844 0.14002 0.770 0.0160& 1.12095 0.7178 

700 2.28125 3509.97 2.891 1&727.40 0.001024& 0.14340 0.788 0.01748 1.11450 0.7112 

800 2.06990 3853.59 2.792 1&114.40 0.0009235 0.15161 0.831 0.02058 1.10353 0.7019 

1000 1.74844 4552.85 2.641 15252.42 0.0007737 0.17139 0.935 0.02783 1.08&97 0.6914 

2000 0.98791 8357.59 2.220 13501.91 0.0004347 0.27727 1 .555 0.07725 1.04850 0.7337 

3000 0.&8831 128 &2.34 1.939 12935.94 0.000303& 0.39261 2.178 0.14&05 1.033&2 0.7799 

4000 0.52782 17858.49 1.752 12667.18 0.0002333 0.51201 2.767 0.23283 1.02571 0.8105 

5000 0.42739 24175.64 1.546 12498.89 0.00018 9& 0.&7956 3.324 0.34&89 1.02078 0.8072 

TNO'PHASE BOUNORY 
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C-2b THEPMOOYNAHIC PROPERTIES OF PARAHYOROGEN 

ilOOO pSIA ISOBAR 

TEH'ERATU RE VOLU~E ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DERIVATIVE OERIVATIH ENfRGY OF SOUNO 

JEG. R CU FTILS CU FT-PSIA/LS PSIA/R BTU/LB BTU/LR BTU/LB-R BTU I LB -R FT /SEC 

58.600 0.15889 11291.32 120.0809 -78.960 303.533 1.~8038 1.547 1.897 800'l 
60 0015~27 112~1.90 119.6261 -17.1 'l~ 306.206 1.525H 1.562 1.921 8'002 
62 0.15~81 11170.06 118.9503 -7~.622 310.082 1.58902 1. 5 8~ 1.955 7993 
6~ 0.16036 11096.85 118.2479 -71. 99~ 314.024 1.65159 1.603 1.987 7983 
66 0016091 11022.41 117.5231 -69.313 318 . 030 1.71322 1.622 2.018 7972 
68 0.1&l~. 10946.65 116.7793 -66.580 322.096 1.77391 1.639 2.046 7960 
70 0.16202 10870.32 116.0191 -63.801 326.219 1.83366 1. 65~ 2.015 19~9 
75 0.16343 10615.47 11~. 0666 -56.667 336.756 1.97906 1.668 2. 1~ 0 7919 
80 0.16~87 10H7.03 112.0582 -49.275 3~7 .&16 2.11920 1.721 2.203 7884 
85 0.16.3~ 10276.72 110.0137 -41.82'l 358.594 2.25216 1.16~ 2.277 7839 
90 0.1678~ 1007&.1~ 107.9~51 -33.879 310.1~3 2.38~16 1.799 2.342 7795 

95 0.16936 9876.78 105.8596 -25.675 382.013 2.51250 1.832 2.405 7749 
100 0.17091 9680.04 103.7625 -17.120 394.303 2.63860 1.864 2.465 7702 
105 0.17249 9.87.22 101.6556 -8.457 406.769 2.7&023 1.891 2.521 1655 
110 0.17410 9299.46 99.5408 0.417 419.514 2.87880 1.919 2.517 7606 
115 0.11'>73 9117.82 91.4194 9.507 432.542 2.99461 1.950 2.634 1554 
120 0.17740 8943.20 95.2924 18.822 445.861 3.10797 1.983 2.693 7501 
125 0.11909 8776.35 93.1613 28.372 459.478 3.21914 2.020 2.154 74 .. 6 
130 0018080 8617.87 91.0282 38. 167 473.400 3.32834 2.059 2.815 7389 
140 0.181t30 8327.50 86.7668 58.535 502.187 3.5~161 2.1~6 2.9~2 7272 
150 0.18187 8073.23 82.5370 19.99~ 532.253 3.74900 2.24~ 3.071 1155 

1&0 0.19151 7S53.20 n.3175 102.586 563.597 3.9512~ 2.347 3.197 70~0 

170 0.19519 1662.51 1~.33~6 1260316 596 .18~ ~.14811 2.454 3.319 6929 
180 0.19935 7525.02 72.0710 151.1&8 631.055 4.3H92 2.559 3.473 6879 
1 90 0.20315 7426.07 68.6239 177.898 666.921 4.54173 2.684 3.604 6798 
200 0.20701 7216.56 65.5211 205.243 103.572 4.12959 2.783 3.119 6712 
220 0.21485 1035.58 60.1892 262.845 780.035 5.09385 2.954 3.922 6579 
240 0.22270 6~09.50 55.5774 323.6~3 859.890 5.44101 3.082 4.068 6500 
260 0.23078 6870.70 51.3024 366.619 942.169 5.17045 3.165 4.1H 6456 
280 0.23876 6755.26 47.3811 450.798 1025.557 6.07933 3.205 4.187 639~ 
300 0.24;81 6.16.68 ~4.0033 515.266 1109.410 6.36811 3.211 ~. 202 6333 

320 0.25503 6429.46 ~1. 3372 579.610 1193. 521 6.6~023 3.193 ~. 217 6272 
3~0 0.26336 6411.83 39.033~ 6~3.463 1277.~31 6.89~27 3.159 4.187 6304 
360 0.27176 6422.10 36.66~5 706.565 1360.155 7.13253 3.116 ~. 158 6301 
380 0.28n .. 6565.05 34.8175 1&8.718 1"~3.393 7.35598 3.0&9 4.093 &3&9 
.00 0.28549 6.19.99 33.0331 829.992 1524.~6~ 7.56~01 3.023 ~.039 6401 
~20 0.29688 6656.66 31.3054 890.21~ 160~.861 1.16017 2.978 3.987 642& 
~~O 0.30515 6107.~1 29.1~82 9~9.491 168~.063 1.9~~~3 2.937 3.938 6 .. 55 
~60 0.313~3 6742.73 28.335~ 1007.691 1762.~00 8.11856 2.900 3.896 6~79 

~80 0.32168 6779.15 27.0547 1065.518 1839.810 8.28321 2.8&1 3.860 6503 
500 0.32~92 6833.72 25.86~4 1122 .~ 62 1916.658 8.~~010 2.839 3.827 6533 

520 0.33820 6902.25 2~.8052 1176.8H 1992.93~ 8.589&1 2. 81~ 3.796 6567 
5~0 0.3~7~0 7013.70 2~. ~175 1225.~20 2061.697 8.11211 2.7H 3. 7~0 6691 
560 0.35579 1087.&5 23.4196 1279.668 2136.154 8.8~761 2.693 3. 71~ &729 
580 0.36Hl 7163.97 22.6098 1333.532 2210.189 8.977 37 2.615 3.691 &768 
600 0.3725~ 72~2.33 21.801~ 1387.0~0 2283.829 9.10226 2.659 3.671 6606 
650 0.39338 1~~5.60 20.0112 1519.303 2466.263 9.39460 2.629 3.630 6902 
7 DO 0.41413 7657.04 18.4927 1&50.101 2641.017 9.66217 2.606 3.601 6999 
800 0.~5540 8096.59 16.0608 1908.598 3004.869 10.14091 2.584 3.563 1192 

1000 0.53129 901~.62 12.7351 2~19.586 3712.972 10.93066 2 .563 3.525 1579 
2000 0.94298 13895.08 6.3359 ~'l'l2.837 7262.820 13.38528 2.681 3.633 9339 

300 0 1.34~07 18985.53 ~. 2~25 7786.096 11033.6~~ H.90083 2.9~6 J.905 10797 
~o 00 1.750~3 2~168.38 3. 1936 10650.69~ 15018.868 16.25853 3.198 ~.165 12076 
5000 2 .16700 29398.66 2.5b18 1~ZZO.50~ 19~37.002 18 .06~29 3.5&0 ~.573 13190 

TWO-PHASE BOUNDRY 

502 



THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN C-Zb 

13000 PSIA ISOBAR 

TE"PERATURE DENSITY V (OH /DV'p V (DP/DU'y -V (DP/DVl
T (OV/DT\lVCON~~~~~~~TY VISCOSITY THERMAL DIELECTRI C PRA NOTL 

DIFF USIVITY CON S TAN T NU"BER 

DEG. R LB/CU FT BTU/L B PSIA-CU FT /BTU PSIA UOEG. R BTU/FT-HR - R LB/fT-SEC SQ FT/HR 
X 105 

• 58.600 6.29359 112 2.75 12.111 71062.90 0.0016898 o .152H 5.743 0.01274 1.13709 2.5781 

60 6.27869 1133.59 12.194 70584.43 0.0016948 0 . 15232 5.356 0.OH63 1.3362 2 2 .4321 

62 6.25740 1148.72 12.005 69895.53 0.0017018 0.15246 4.879 0 .01 24 6 1.33497 2.2519 

64 6.23609 1162 .82 11.829 69201.01 0.0017088 0.15245 4.473 0.01230 1.33372 2.0987 

66 6.21478 1176.41 11.660 66501.79 0.0017156 0 . 15230 4 . 125 0.01214 1.3324 7 1. 9680 

68 6.19345 1188.90 11.505 67798.75 0.0017224 0 . 15203 3.825 0 . 01199 1.33122 1.8550 

70 6.17211 1200.05 11.366 67092.75 0.0017292 0.15166 3.565 0.01164 1.32997 1.7560 

75 6.11871 122 5.28 11.047 65320.08 0.0017463 0.15038 3.046 0.01149 1.32684 1.5604 

80 6.06526 1249.46 10.737 63545.90 0.0017634 0.14873 2.664 0.01113 1.32372 1.4205 

85 6.01176 1 2 7 8 .50 10 . 376 61781 . 14 0.0017807 0.14687 2.373 0.01073 1.32059 1.3242 

90 5.95521 1302.71 1 0.0 68 60035 . 74 0.00179BO 0.14489 2 .14 7 0.01038 1.31747 1.2495 

95 5.90463 1324.91 9.784 58318.74 0 . 0016152 0.14287 1.9&8 0.01006 1.31436 1.1925 

100 5.65104 1345.7Z 9.515 56638.28 0.0018320 0.14084 1.823 0.00976 1.31124 1.1467 

105 5.79H5 1363.99 9.273 55001 . 63 0.0018482 0.13884 1.704 0.00950 1.30814 1.1139 

110 5.74390 138 2 .90 9.029 53415.14 0.0018635 0.13732 1.605 0.00928 1.30503 1.0844 

115 5.69042 140 3 .05 8.780 51884.25 0.0018776 0.13602 1.522 0.00907 1.30194 1.0611 

120 5.63707 1424.85 8.524 50413.44 0.0018902 0.13473 1.451 0.00887 1.29886 1.0441 

125 5.58389 1448.53 8.2&1 490 06. 17 0.0019010 0.1334 9 1.390 0.00868 1.29579 1.0322 

130 5.53094 1474.26 7.994 47664.90 0.0019098 0.1 3230 1.337 0 . 00850 1 .29274 1.0243 

140 5.42598 1532.25 7.451 45184.87 0.0019203 0.13011 1.250 0.00815 1.28671 1.0176 

150 5.32273 1598.75 6.912 42971.62 0.0019207 0.12978 1.182 0.00794 1.28080 1.0 064 

160 5.22167 1672.85 6.394 41006.82 0.0019113 0.13041 1 .1 26 0 . 00781 1 . 27503 0.9942 

170 5.12324 1752.85 5.912 39256.89 0.0018935 0.13109 1 .061 0.00771 1.26942 0.9854 

180 5.01628 1819.03 5.615 37747.61 0.0019093 0.13530 0.849 0.00777 1.26335 0.7841 

190 4.92257 192 0.05 5.195 36555.33 0.0018773 0.13914 0.862 0.00784 1.25804 0.8040 

200 4 .83064 1995 .19 4.874 35150.44 0.0018640 0.14219 0.871 0.00791 1 . 25285 0.8197 

220 4.65441 2133 .83 4.378 32746.92 0.0018380 0.14627 0.875 0.00801 1.24294 0.8447 

240 4.48906 2270.11 4.017 31017.14 0.0017918 0.14830 0.869 0.00812 1.23369 0.8582 

260 4.313D9 2406.5~ 3.741 29771.37 0.0017232 0.14890 0.857 0.00829 1.22500 0.8596 

280 4.18827 2,00.19 3. 530 28292.96 0.0016747 0.14653 0. 8 4 3 0.00847 1.21697 0.8559 

300 4.05176 2559. 96 3.382 26&10.01 0.0016413 0.14755 0.82 9 0.00867 1.20943 0.8496 

320 3.92117 2571.84 3.302 25210.97 0.0016397 0.14620 0.815 0.00884 1.20225 0.8462 

340 3.79712 2635.91 3.254 24574.30 0,0015884 0.14472 0.802 0.0091 0 1.19546 0.8357 

360 3.67973 2665.46 3.215 23631.64 0.0015600 0.14322 0. 791 0.00936 1.18905 0.8273 

380 3.56833 2749.34 3.1 84 23 426.24 0.0014888 0.14180 0.78 2 0.00971 1.18299 0.8129 

400 3.46630 2805.89 3.152 22946.90 0.0014395 0.14056 0.775 0.01004 1.17746 0.8015 

.. 20 3.36641 2655.95 3.121 22422.37 0.0013962 0.13952 0.769 0.01039 1.17217 0.7910 

.. 40 3.27707 2909.59 3.091 21980.67 0.0013534 0.13871 0.765 0.01075 1.16725 0.7814 

~60 3.190.8 2958.09 3.063 21512.59 0 .0013172 0.13813 0 .762 0.01111 1.16260 0.7734 

.80 3.10872 3006.79 3.036 21074.52 0.0012838 0 .1 3778 o . 760 0.01148 1.15822 0.7665 

500 3.03105 3062 . 22 3.008 20713 . 37 0.0012496 0.13767 0.760 0.01187 1.15406 0.7602 

520 2.95687 3123.35 2.981 20409 .09 0.00t2154 0 .13777 o .760 0.01227 1.15011 0.7543 

540 2.87853 3092.51 3.125 20189.15 0.0012094 0.13806 0.762 0.01282 1.14594 0.7433 

560 2.810&1 3151.36 3.102 19920.62 0 . 0011787 0.13855 0.76 5 0.01327 1.14234 0.7381 

580 2.745~4 3211.60 3.078 19671 . 82 0.0011494 0.13921 o .768 0.01373 1.13891 0.7334 

600 2.66429 3273.52 3.054 19440.55 0.0011214 0.14002 0.773 0.0 1421 1.13565 0.7292 

&50 2.54208 3433.74 2.995 18927.31 0.0010573 0.14262 0.786 0.0154 5 1 .12616 0.7204 

701 2.41470 3599.88 2.937 18489.42 0.0010002 0.14592 0.603 0.01&76 1.12148 0.71 35 

800 2.19565 3943. 69 2.831 17778.92 0 .0 009034 0.15406 0.845 0.01969 1.11006 O. 7036 

1000 1. 86120 4643. 54 2 .670 16778.00 0.0007591 0.17400 0.949 0.02652 1.09276 0.6924 

2000 1.06047 8448.43 2.226 14735.31 0.0004300 0.27727 1 . 593 0.07197 1 .05213 0.7512 

3000 0.74125 1295 2 .87 1.943 14073 . 04 0.0003015 0.39261 2.251 0.13564 1.03624 0.8061 

.000 0.56934 17943.49 1.754 13759.91 0.0002321 0.51174 2.881 0.21583 1.02775 0.8439 

5000 0.46147 24217.82 1.551 13566.55 0 . 0001868 0.67706 3.479 0.32082 1.02245 0.8460 

TNO-PHASE BOUNORY 
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C-Zb THERMODYNAMIC PROPERTIES OF PARAHYOROGEN 

1~000 PSIA ISOBAR 

TEH'ERATU RE VOLUHE ISOTHERM ISOCHORE I NTERNA L ENTHALPY ENTROPY CV CP VELOC lTV 
OERIVATI~E DERIVATIVE ENERGY OF SOUND 

OEG. R CU FTILB CU FT-PSIA/LB PSI A/R BTU/LB BTU/LB B TUILB-R BTU LB -R FT /SEC 

60.5~3 0.1572~ 11832.71 122.8~73 -7~.020 333.614 1.~9~05 1.567 1.920 8197 
62 0.15762 11783 . 29 122.3245 -72.177 336.~29 1.53999 1.582 1.9~4 8191 
6~ 0.15813 117H.11 121.5858 -69.596 3~0.350 1.60223 1.602 1.976 6182 
66 0.15665 11643.51 120.8267 - 66 .965 34~.333 1.66351 1.621 2.007 8172 
68 0.15918 11571.~2 120 . 0508 -64.280 348.377 1.72366 1.639 2.036 6161 
70 0.15971 11~98.56 119 . 2610 -61.546 352.416 1.76328 1.654 2.063 8151 
75 O. H)lO~ 11311.60 117.2~19 -54.529 362.951 1.92779 1.6a9 2.126 8123 
80 0.16239 11119.90 115.1808 -47.253 373.740 2.00703 1.723 2.189 8090 
85 0 . 16377 10~25.14 113.0966 -39.920 384.642 2.19907 1.767 2.261 8046 
90 0.16517 10728.91 111.0008 -32.082 39&.109 2.33014 1.603 2.325 8006 
95 0.16:;59 10532.71 108.9003 -23.989 ~07.890 2.~5752 1.837 2.387 7962 

100 0.1650~ 10337.92 106.7986 -15.544 420.086 2.58205 1.869 2.446 7917 
105 0.16951 1014 5 . 82 104.6978 - 6.990 '.32.453 2.70332 1.697 2.501 7671 
110 0 .1710 0 9957.&1 102 . 5979 1.777 4"5.094 2 . 82092 1.926 2.556 7824 
115 0.17252 9774.35 100.4990 10.763 458.016 2.93579 1.958 2.613 7774 
120 0.17407 9597.00 98.~008 19.976 471.226 3.04823 1.992 2.672 7721 
125 0.17563 9426.38 96.3031 29.428 484.734 3.15850 2.030 2.732 7667 
130 0.17722 9263.17 94 . 2064 39.131 498.549 3.26686 2 .070 2.794 7611 
140 0.16045 8961.00 90.0192 59.331 527.132 3.~7863 2.160 2.923 7496 
150 0.18375 8692.91 85.8532 80 . 653 557.020 3.68478 2.259 3.055 7379 
160 0.18711 8~58.69 81 . 7321 103 . 143 588.221 3.88610 2.366 3.185 7263 

170 0.19051 8255.44 77.6887 126 . 811 620.705 4.06299 2.475 3.311 7152 
180 0.19394 8077.72 73 .7612 151.633 654 .40 8 ".27561 2.584 3.428 70 46 
190 0.19738 7917.88 69.990 7 178.157 689.850 4.46711 2.709 3.557 6940 
200 0.20148 7906.28 68.4825 205.350 727.665 4.66100 2.806 3.697 6948 
220 0.20859 7512.76 62.6419 262.624 803.576 5.02267 2.978 3.904 6755 
240 0.21598 7308.66 58 . 0227 323.469 883.374 5 . 36961 3.105 ".060 6654 
260 0 . 22337 7227.70 53.9393 386 . 360 9&5.435 5.69822 3.188 ".155 66 06 
280 0.23089 7248.06 50.0377 450.588 10"9.155 6.00836 3.229 4.184 6596 
300 0 . 23627 7141.74 46.4329 515.176 1132.860 6.29725 3.236 4.166 &5 .. 4 
320 0.24568 7034.05 .. 3.3153 579.540 1216."36 6.56704 3.218 4.172 6500 

340 0.25326 6745.92 40.8469 643 .30 2 1299.848 6.81952 3.162 4.181 &408 
360 0 . 26114 6781.29 38.7775 70&.336 1383.322 7.05819 3.136 4.146 6 .... 3 
360 0.26873 6819.65 36.7966 768.515 1~65.179 7.27954 3.091 4.099 6474 
400 0.27:;67 6893.77 35.0007 829.762 1547.016 7.48956 3.043 4.051 6520 
~20 0.26453 6918.15 33.2477 890.075 1627.669 7.68639 2.998 3.995 6564 
440 0.29219 7067.62 31.6323 949.475 1706.953 7.67081 2.956 3.941 6607 
.. 60 0.29987 7118.50 30.1412 1008.010 1785.393 6.04517 2.919 3.896 6635 
~80 0.30747 7136.97 28.7764 1065.776 16&2.871 8.20983 2.686 3.861 6651 
500 0.31508 7181.09 27.5335 1122.856 1939.667 8.36673 2.857 3.828 6676 
520 0.32267 7217.74 26.3973 1179.344 2015 .846 8.51626 2.833 3.801 6698 

540 0 . 33139 7370.07 26 .1594 122".953 2084.051 a.63779 2.724 3.744 6850 
560 0 . 33918 7439.39 25.1598 1279.297 2158.586 6.77263 2.703 3.718 6885 
580 0.34,,95 7511.38 24.2322 1333.259 2232.701 8.90273 2 .665 3.695 6921 
600 0.35471 7585.71 23.3694 1386.866 2306.424 9.02776 2.669 3.675 6957 
650 0.37405 7779.90 21.4567 1519.380 2489 .067 9.32043 2.638 3.635 7047 
700 0.39330 7983.40 19.8323 1650 . 428 2670.027 9.58891 2.617 3.605 7136 
800 0.43159 8409.54 17.2276 1909.406 3028.259 10.00762 2.592 3.566 7321 

1000 0.50752 9306.50 13.6617 2421.239 3736 . 939 10.85796 2.570 3.527 7692 
2000 0.88350 14120.46 6 .7980 499&.851 7267.261 13.31301 2.686 3.632 9 .. 05 
3000 1.25996 19172.06 4.5545 7791.089 11057.483 14.62832 2.950 3.90" 10842 

4 0 00 1.63781 24330 . 22 3 .4302 10855.845 15101.747 16.18575 3.200 4.163 12110 
50 00 2.01667 29543.70 2 .7527 14222.021 19455.266 17 .99051 3 .574 4 . 564 13219 

TWO-PHASE BOUNORY 
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THERMOOYNAMI C PROPERTIES OF PARAHYOROGEN C-Zb 

14000 PSIA ISOB AR 

TEMPERATURE OENSITY V (OH/DV'p V (OP/OUIy -V tDP/OV' T (OVlOTYV cON~8g~!i TY 
VISCOSITY THERMAL OIE LECTRIC PRA NOTL 

DIF'US IVI TY CONSTANT NUMBER 

OEG. R LB/ CU FT BTU/L B PSI A-CU FT /BTU PSIA 11 OEG. R BTU/F T-HR-R LB/FT-SEC SQ FT/HR 
X 10 5 

60.543 6. 359 67 1176.18 12.331 75252.14 0.0016325 0.15724 6.112 0.01288 1.34098 2.6868 

62 6.34454 1188 .31 12.186 74759.60 0.0016362 0.15734 5.686 0.0127<; 1.34009 2.5296 

&4 6.32378 1203.95 12.001 74077.49 0.0016413 o • 15734 5.181 0.01259 1.33887 2.3424 

66 6.30303 1219.03 11.824 73389.36 0.0016464 0.15720 4.751 0.01243 1.337&5 2.1835 

68 6.28U8 1232.9& 11.661 7269& . 11 0.0016514 0.15694 4.382 0.01227 1.33643 2.0465 

70 6.26153 1245.48 11.515 71998.60 0.0016564 0.15657 4.0& 3 0.01212 1.33521 1 . 9272 

75 6.209&9 1273.96 11 . 180 70241.53 0.0016691 0.15526 3.433 0.01176 1.33217 1.6924 

80 6.15788 1301.24 10.858 68475.01 0.001&821 0.15357 2.973 0.01139 1.32913 1.5252 

85 &.10611 1333.55 10.485 66710.05 0.0016953 0.151&6 2.0;26 0.01099 1.32610 1.4095 

90 6.05436 1360.70 10 . 168 64956.71 0.00170~8 0.14963 2.359 0.01063 1.32308 1. 3199 

95 6.00265 1385 . 64 9.876 63224.14 0.0017224 0.14755 2.149 0.01030 1.32006 1.2514 

100 5.95097 1409.01 9.602 61520.65 0.0017360 0.14545 1.980 0.00999 1.31705 1.1987 

105 5.899H 142g.58 9.355 59853.71 0.0017492 O.t 4338 1.842 0.00972 1.31405 1. 1566 

110 5.84779 1450.68 9.108 58229.98 0.0017619 0.14182 1.728 0.00949 1.31106 1.1213 

115 5 .79632 1472.97 8.856 56655.28 0.0017719 0.14047 1.633 0.00927 1.30807 1.0933 

120 5.74498 1496.86 8.597 55134.56 0.0017847 0.13914 1.552 0.00907 1.30510 1. 0726 

125 5.69380 1522.61 8.334 53671.90 0.0017943 0.13785 1.483 0.00886 1.30214 1.0578 

130 5.64283 1550.40 8.065 52270.48 0.0018023 0.13661 1.423 0.00866 1.29919 1.0477 

140 5.54172 1612.49 7.522 49659.30 0.0018127 0.13433 1.325 0.0082 9 1.29336 1.0381 

150 5 .442 07 1683.15 6 . 982 47307.43 0.0018148 0.13396 1.249 0.0080 6 1.28764 1. 0 253 

160 5.34434 1761.64 6.464 45206 . 12 0.0018080 0.13457 1.188 0.00791 1.28204 1. 0125 

170 5. 2 4895 1846.59 5.979 43332.33 0.0017929 0.13522 1.139 0.00778 1 . 27658 1. 0036 

180 5.1562 2 1935.96 5 . 536 41650.49 0.0017710 0.13962 0.H9 0.0079U 1.27130 0.7769 

190 5.0663 6 2038.41 5.101 40114.80 0.0017448 0.14359 0.893 0.00797 1.26619 0.7966 

200 4.96332 2119.16 4.918 39251.38 0.0017447 0.14673 0.902 0.00800 1.26035 0.8186 

220 4.7 9410 2244.71 4.387 36017.03 0.0017392 0.15088 0.908 0.00806 1.25079 0.8453 

240 4.63012 2368.05 4.035 33839.95 0.0017146 0.15290 0.901 0.00813 1.24158 0.8617 

260 4.47683 2492.60 3.779 32357.17 0.0016670 0.15341 0.889 0.00825 1.23301 0.8669 

280 4.33104 2624.58 3.578 31391.66 0.0015940 0.15292 0.874 0.00844 1.22489 0.8609 

300 4.19700 2703.60 3.419 29973.85 0.0015491 0.15180 0.858 0.00864 1.21745 0.8527 

320 4.07040 2757.41 3.307 28631.37 0.0015129 0.15031 0.843 0.0088<; 1.21046 0.8427 

340 3.94858 2726 . 51 3.251 26636.81 0.0015336 0.14868 0.830 0.00901 1.20376 0.840 1 

360 3.82935 2776.50 3 . 227 25967.96 0.0014933 0.14704 0.818 0 .00926 1.19722 0.8301 

380 3.7 2119 2827. 22 3.200 25377.24 0.0014500 0.14550 0.807 0.00954 1.19131 O. 8190 

400 3.61436 2883.54 3.182 24916.55 0.0014047 0.14413 0.799 0.00984 1.18549 0.8083 

420 3.51460 2946.97 3.156 24525.39 0.0013556 0.14297 0.792 0.01018 1.1800~ O. 7968 

440 3.42243 3013 .49 3.127 24188 . 46 0.0013077 0.14204 0.787 0.01051 1.17509 0.7859 

460 3.33480 3068.79 3 .0 96 23738.80 0.0012697 0.14136 0.783 0.01088 1.17036 0.7770 

480 3.25234 3114.28 3.066 23211.83 0.0012397 0.14092 o .781 0.01122 1.1659 2 0.7700 

500 3.17383 3168.47 3.036 22791.57 0.0012081 0.14072 0.780 0.01158 1.16170 0.7634 

520 3.09912 3220.71 3.007 22368.66 0.0011801 0.14074 0.780 0.01195 1.15770 0.7580 

540 3.01761 3183.02 3 . 182 22239.98 0.0011762 0.14094 0.781 0.01248 1.15335 0.7466 

560 2.94831 3241.53 3.157 21933.65 0.0011471 0.14137 0.783 0.01290 1.14965 0.7413 

580 2.88225 3301.51 3.132 21649.70 0.0011193 0.14196 0.786 0.01333 1.14614 0.7364 

600 2.61920 3363.23 3.106 21385.65 0.0010n8 0.14271 0.790 0.01377 1.14279 0.7321 

650 2.67346 3523.19 3.042 20799.26 0.0010316 0.14519 0.80 Z 0.01494 1.13508 0.7229 

700 2.54259 3689.31 2.981 20298.52 0.0009770 0.14841 0.818 0.01619 1.12819 0.715 7 

800 2.31703 4033.43 2.868 19485.19 0.0008641 0.15647 0.860 0.01894 1.11637 O. 7053 

1000 1.97037 4734.12 2.697 18337.28 0.0007450 0.17656 0.964 0.02541 1.09836 0.6933 

2000 1.13186 8539.60 2.236 15982.37 0.0004253 0.27727 1.630 0.06744 1.05571 0.7689 

3000 0.793&& 13043.35 1.945 1521&.18 0.0002993 0.39260 2.328 0.12670 1.03884 O. 8336 

4000 0.61057 16028 .44 1.756 14655.30 0.0002309 0.51151 3.002 0.20124 1.02978 0.8796 

5000 0.49538 24264.13 1.555 14635.22 O. 0001681 0.67483 3.647 0.29850 1.02411 0.8879 

TWO-PHASE BOUNDRY 
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C-2b THfRMOOVNAHIC PROPERTIFS OF PA RAH Y O~OGEN 

150 00 PSIA I SJ B AI{ 

TEM'ERATU RE VOLU~E ISOTHERM ISOCHORE I NTF RNAL <eN THA LP Y ENTROPY C V CP VELOCITY 
OER IVATIV E O~RIVATIVF ENERGY OF SOUND 

JEG. R CU FTILB CU :T-PSIA/LB PSI AI R BTUILB BTU/L 1 BTU/LB-R B TU L9 -R FT/SEC 

&2 . 440 0.155&9 123&6.20 125 . 55&0 - &9 .0 && 3&3.36Q 1.~0710 1.56& 1.943 6 379 
&4 0.15&08 1 2317 . 2 1 1 24 . 9445 - &7 . 065 3 &&.439 1. 555 35 1. &0 1 1.9&7 83 73 
&& 0 .1 5&5 7 12250 . 45 1 24 .1444 - &4.49& 370.404 1.&1&3& 1. &21 1. 996 6 3&4 
&8 0 .15707 1 2162 . 22 123.329& - &1 . 655 374. 429 1.&7&43 1. & 39 2 . 02 7 ~354 
7 0 0 . 15757 1 2112 . &5 122.5032 - 59 .1 &6 376.509 1.73557 1.655 2 . 053 83 45 
75 0.15884 11333. && 120.401& - 52 . 25 4 388.93 2 1.67937 1.690 2 .11 & 8319 
60 0.1&012 1174 6 . 64 11 6 . 2715 -45 . 081 399.&&5 2 .017 8 8 1.725 2.177 8289 
85 0 . 1&142 11 559 . 89 11&.1315 -37.850 410.505 2 .14917 1.7&9 2 . 246 8246 
9 0 0.1&274 113& 8 . 3 7 113.9927 -30.113 421.904 2 . 2794& 1.607 2.311 8 206 
95 0 .1&40 7 1117 5 .78 111.6&14 -22.120 433.&1 2 2.40&05 1.841 2 . 371 81&& 

100 0.1&543 10983.51 109.7404 -13.773 445.729 2 . 53 037 1.874 2.430 8122 

105 0 . 1&581 107 92 . 83 107.&30& -5.31& 456.012 2.&5022 1.903 2 .48 3 8 07 8 
110 0.1&821 10504 . 9& 10 5 .531 5 3 . 35& 470 . 5&5 2 .7&7 00 1.933 2 . 538 6032 
115 0.1&9&2 10420.98 103 . 41020 12.248 483.39& 2 . 68106 1. 9&5 2 . 59 10 798 3 
120 0 . 17 10 & 10241.89 101 . 3&07 21 . 370 49& . 5 1 2 2.99270 2 . 000 2 . &53 7932 
125 0.17 252 10 0&8 . 5& 99.28&2 30.735 509.92& 3.10220 2 .039 2 . 713 7879 
130 0.17400 9301 .74 97.2173 40.353 523.&47 3.20982 2 . 060 2 .77 5 78210 
1100 0.17700 9590.08 9 3 .0945 &0 . 400 552 . 0 107 3 . 4202 4 2 .1 72 2.90 & 771 0 
150 0.16006 93 1 0 .31 8~.993& 61.592 5 8 1.771 3.&2526 2.273 3. 0100 7594 
160 0.18320 90&3.~3 84 . 925& 103.984 &12.6 3 8 3 .8 25 71 2 . 382 3 . 173 7479 
170 0.16&3 & 6846.45 80 .910 9 127.590 &45 .22& 4.02202 2 .494 3.303 73&8 

180 0 . 18355 8&&1 .47 7&.97&9 152.3~8 &78 . HI 4 . 2 143 0 2 . & 05 3.425 72&3 
190 0.19274 649& . 8& 73.1558 178. 927 714.289 4 . 405&8 2 .7 32 3. 555 7157 
200 0.19594 8347.0& &9 .4615 20&.0&& 750.311 4.59030 2 .833 3. &55 7 064 
220 0.2031& 8 1 21.94 &5.1787 2&3 .274 827.559 4.95840 3.003 3.682 &9 75 
240 0.20992 7582 .1 9 &0 .0 829 323 . 62& 90& . 887 5.30328 3 .130 4 . 0&3 ~752 
2&0 0.21&76 7 566 . &2 5& .0&75 38& .& 08 966 .731 5 . &3 1 0 4 3.212 4.152 &732 
280 0.22390 74 92 .61 52 .3739 450.777 107 2 . &74 5 .94203 3.2 52 4.204 &&98 
300 0.23082 7&1 9 .00 4 6 . 6444 515 . 105 10 115&. 574 &.231 58 3.2&0 4.187 &733 
3 20 0.237&4 7 523 . 92 45 . 5144 579.9&2 1240.020 &. 5009& 3.243 4.1&4 && 90 
340 0.24449 7477.3& 102.&121 &43 . 62 7 1322.920 &.75189 3.208 4.122 &672 

3&0 0.25126 7 002 . 37 4 0 .3 2 04 70&.826 1404.77 5 &.96595 3.164 4.1 41 65 1 6 
380 0.2566& &943 .5& 33 . 4452 766 . 901 1487 . 3 4 0 7.20928 3.114 4.116 &52 1 
400 0. 2&& 14 7 209 . 91 36. &357 830.100 1569 . 337 7.41973 3.065 4 . 041 563 7 
1020 0.27 32& 7104.77 35.0231 890 . 417 1649 .41 9 7.&1513 3.0 19 4.02 1 &&22 
440 0.28077 733 3 . 2& 33 .390& 949.87& 1729.734 7.80204 2.97& 3 . 952 &717 
4&0 0.28790 7411.41 31.8775 1108.530 1308.19 2 7.97&4& 2 .939 J. 9 0 7 &75 & 
460 0. 2950 7 745 9 . 67 30.4399 106&.427 138& . u05 6 .14184 2 .905 3.86& 67 8 2 
500 0 . 30214 7542.51 29.1313 1123.&51 19& 2 . 674 8 .29890 2 .877 3 . 826 &819 
520 0.30318 75 61. 100 27 .92103 1160.263 2039 . 047 8 .448102 2.852 3.801 &8 33 
540 0.317105 772 9 .37 2 7.8785 1224. 716 2106 . 4&& 8.5&610 2.7 34 3.710 7 7006 

5&0 0.32.71 779 3 . 8 7 2& . 8188 1279.148 2181 . 072 8.70 327 2 .71 3 3.722 7038 
580 0.3319& 76&1.3 6 25 . 83 4& 1333 . 201 2255 . 260 8.83330 2 .694 3. &99 7071 
& 00 0. 33 920 7931. 52 24 . 9 16& 138&.900 2329 . 059 8.95810& 2 .676 3. &79 7105 
650 0.35723 8116.30 22 .6659 1519.&52 2511 . 8 9 8 9 . 25145 2 . 647 3. &38 7189 
700 0 . 3751 9 63 11. &1 21 .1 575 1 65 0. 939 2693 . 052 9 . 52021 2 .6 26 3. &0 8 72 710 
800 0 . 41088 6723 . 89 18 .3825 1910. 382 3051 . 6 4 9 9.999 40 2 .601 3.570 71048 

1000 0 .481&6 9599 .1 0 14 . 5787 21023. 050 37&0. 895 10 .7 9036 2 . 578 3. 529 78 0 2 
2000 0. 83186 14343.53 7.2553 5 001.107 7311 . 679 13.2458& 2. & 91 3.632 9 470 
3000 1.18262 19353 . 53 4.8&37 77 96 . 399 11081.249 14.76091 2 .954 3.903 10685 
4000 1 . 53483 24484 . 9 1 3. &649 108&1.399 15124.534 16.11807 3 . 202 4 .161 12142 

5 000 1 . 88992 29680.08 2 . 9422 14224.374 19473. 81 0 17.921 91 3.5&9 4.555 13246 

TW O -P~ AS E BOUNORY 
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THERHOOYN~HIC PROP ER TIES OF P~ RAHYOROGE~ C-2b 

15000 PSH IS1BA R 

TEH'ERATURE DEN S ITY V (OH/OV)p V(OP/OU)V -v (OP/OV) T 
(OV/ OTW CON~~g~~~ TY 

VISCOSITY THERMAL DI ELE CTRIC PRA NOT L 
DIFfUSI Vrry CON S TANT NU H BER 

OEG. R LB / CU FT B TUlL e PSIA - CU FT IB TU PSIA 1/0EG . R ATU /FT-HP-R LO~Fi~~EC SQ FT/HR 

62.440 6 .4228 5 1229. 24 12.328 79439.05 0.0015805 0.16213 6.492 0.0129 Q 1. 34470 2 . 8005 

64 6.40702 1 242.56 12.178 78916.62 0.0015832 0.16213 6.011 0. 01286 1. 343 77 2 .6258 

66 6.38674 1259 . 14 11. 992 78240 . 44 0.0015867 0.16 200 5.479 0. 01270 1.34257 2 .4 328 

68 6.366 .8 1274.52 11.821 77557.89 0 . 0015902 0.16173 5 . 026 0 . 01253 1.34138 2.2673 

70 6.34625 128 8 .H 11.667 76869.86 0 . 0015936 0.16136 4. 6 36 0 . 0123~ 1.3401 9 2.1 236 

75 6.2957<+ 1320.15 11. 316 7513 1 . 2 0 0.0016026 0.16003 3.872 0 . 01Z02 1.3372 2 1.8427 

80 6 .2453 5 1350. 57 10. 9 80 73375.62 0 . 0016119 0.1 583 0 3 • .120 0 . 0 11 64 1.33426 1. 6435 

85 6.19507 1386.16 10.595 71614 . 29 0.0016216 0.15633 2 .90 8 0 . 01123 1.33131 1 .505 3 

90 6.14489 IU6. 29 10 . 268 69857.36 0.0016318 0.154 24 2 . 593 0.01086 1. 32837 1. 3988 

95 6.09480 1444.02 9.968 6U14.12 0.001642J 0.1 5209 2.347 0. 01052 1.32544 1.3173 

100 6.04479 1470.00 9 . 687 66393.04 0 .0 01~529 0.14993 2 . 150 0.01021 1. 32252 1. 25 44 

105 5 . 99488 1492.92 9 .436 6 4701.79 0.0016635 0.14779 1.991 0 . 00993 1.31961 1. 20 42 

110 5.94507 1516.31 9.184 6304 7. 2 7 0 . 0016 7 38 0.14618 1 . 859 0 . 00969 1.31671 1. 1623 

115 5 .8 9538 1540.81 8 .9 28 61435.63 0.0016837 0.14478 1.750 0.00 9 47 1. 3138 2 1.1290 

120 5.84582 1566 .87 8 . 668 59872.21 0.0 0 16910 0.1"3"0 1.658 0.00925 1.31094 1. 1 040 

125 5 .7 9642 1594 . 76 8 . 402 58361.59 0 . 0017012 0.14206 1.579 0 . 00903 1.30808 1. 0858 

130 5.747Z2 1624. 6 8 8.133 56907.50 O.00170 ~3 0.14078 1 . 5 1 2 0.0088 3 1.30523 1.0731 

140 5 .64 956 1690 .98 7 . 588 54179 .76 0.0017183 0 . 13841 1.402 0. 00843 1.29958 1 .0598 

150 5.55320 1765 . 8 7 7.049 5 17 02 . 00 0.0 0 17213 0.13799 1.318 0.008B 1.29403 1.0448 

1&0 5 .45852 184 8 .67 6 . 531 49473.48 0 . 0017166 0 .138 57 1 . 250 0 . 00800 1. 28858 1.0308 

170 5 . 36592 1938. 24 6 . 046 4748 0 .12 0 . 0017 041 0.139 20 1.196 0. 00 785 1 . 28327 1. 0217 

180 5.27575 2032. 9 1 5 . 600 45695.72 0.00168"6 0 .1 4376 o . 9 0 8 0 . 00796 1. n81 1 0 . 7786 

190 5.1 8825 2142.54 5.1&1 44083.83 0.001 6595 0.14786 o . n3 0.0080 2 1. 27312 O. 7993 

200 5.10358 22"0 . 95 4.806 42599 . 88 0 .001 5310 0.15108 0 . 933 0 . 00810 1.26831 0.8126 

220 4.92233 2381.20 4.410 39978.83 0 .OH 0303 0.1 5533 0. 939 0 . 0081.1 1.25803 0.8447 

240 4. 7 6 3 81 244 2 .43 4 .0 29 36120.15 0 . 0016634 0 .1 5734 0.933 0.00813 1.2490 9 0.8670 

260 4.61300 2585. 63 3 .7 83 3 4 914.04 0.001 6 0 59 0.1577& 0.920 O. 00 ~Z4 1.24062 0.8715 

280 4.46633 2686 . 04 3.606 33465 . 34 0 . 0015650 0 .1 5718 0. 9 04 0 .00837 1.23 2 4 2 0.8705 

300 4.33241 2829 . 43 3 .4 58 33008 . 6 3 0 .0 014 7Q7 0.15594 0.888 0. 00860 1.22496 0.8579 

320 4.20811 289 6 . 56 3.336 31061.47 0.0014375 o .1 5432 0.871 0.00881 1.21807 0.8465 

340 4.09015 2958 . 31 3.248 30583 . 52 0 . 0013913 0.15256 0.857 0 . 0 0Q0 5 1.21155 0.833 3 

360 3.97965 2~61 . 86 3 . 203 27866.99 0 . 0014469 0 .1 5079 o . 844 0.00 915 1. 2 054 7 0.8340 

380 3.86615 2873 .77 3.194 26844.83 0.0014321 0 .1 4911 o . ~32 0. 00937 1.19924 0.8270 

400 3 .75738 2988 . 27 3 .1 82 27090.35 0.0013524 0 .147 63 0.823 0.0097 2 1.19329 0. 8 10 8 

420 3.65953 2985 . 25 3 .170 26000 .13 o .0013470 0.14636 0.615 0.0099 5 1.18795 0. 8 061 

440 3.56107 3091.60 3 . 150 26118 . 61 0.0 012784 0.14532 o . 809 0.0103 2 1.18263 0.791 9 

460 3.47346 3154.80 3.123 2 5743. 24 0 .0 0 1 2383 0.14454 o . 80 4 0 . 0 1 065 1.17785 0.7825 

480 3.38905 3211.20 3 .0 92 25281 . 23 0 .0 012041 0.14401 0 . 801 0 . 0 1099 1.17329 0.7743 

5 DO 3.3 0972 327 9 . 94 3.060 24963.61 0.0011669 0.14372 0.799 0.01135 1.1690 1 0.7664 

520 3.23441 3329.10 3 .0 27 24456 . 66 0 . 0011 41 8 0 . 14366 0 .79 9 0.0 1168 1.16496 0.1609 

540 3.1 5 00 9 3 2 7 2 .87 3.237 24348.22 0.0011450 0.14379 0.799 0.0121 8 1.1604 3 0.7499 

560 3.079.3 3331.06 3.21 0 24002.26 0.0011173 0.14415 0. 8 01 0 . 01258 1.15666 0.1444 

580 3.01238 3390.79 3.183 23681 .47 0.001090Q 0.144 68 0.803 0.0129 8 1.1 5307 0.7394 

600 2.94H2 3452.34 3 .156 2 3 383 .04 0.0010657 0.1 "537 0.807 0.01 3 4 0 1.1496 4 0.7349 

650 2 .79930 36 1 2 .1 0 3 . 088 22 719. 9 7 0 . 0010 0 73 0.147H 0 . 8 18 0 .0145 1 1.1417 .. 0.7254 

700 2.66535 3778.25 3 . 023 22153.33 0.00095,1 0.15087 0 . 834 0 .01 569 1.1346 5 0.7179 

800 2 .43378 4122.83 2 . 904 21232.04 0.0008658 0.1 5884 0.874 0.0182 8 1.12248 0.7070 

1000 2 .07617 4824.60 2.724 19929.38 0 . 0007J15 0.17907 0. 9 79 0 . 02 44 4 1.10385 0.6943 

20 DO 1.20212 8631.17 2 . 2 4 3 17242 . 70 0.0004208 0. 2772 7 1.668 0.06351 1.05924 0.7867 

JDOO 0.84558 131 33 . 89 1.947 16364. 9 0 0.0002972 0 .3 9260 2 . 409 0.11894 1.04141 0.8622 

4000 0 .65154 1811 3 . 35 1.757 15952. 84 0.0002297 0 . 51129 3.132 0.18858 1. OH8 0 0.9178 

5000 0.52912 24313 .79 1. 558 15704. 39 0 . 0001873 0.67284 3 . 829 0. 279 1 ~ 1.02577 0.9333 

TWO-PHASE BOUNORY 
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Tables C-5a, C-5c, C-2a, C-2c 

for normal hydrogen are located on microfiche in 
an envelope inside the back cover 
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Microfiche supplement property 
tables C-Sa, C-Sc, C-2a, C-2c for normal hydrogen 

Thermodynamic Properties of Normal Hydrogen (Isobars SI units) 
Table C-2a • • • • • • • • • • • • • • • • • • • • • • • 4 

Thermodynamic Properties of Normal Hydrogen (Isobars, English Units) 
Table C-2c • • • • • • • • • • • • • • • • • • • • • .110 

Thermodynamic Properties of Coexisting .GaseouS and Liquid 
Normal Hydrogen (SI Units), Table C-Sa ••••••••••••• 2 

Thermodynamic Properties of Coexisting .Gaseous and Liquid 
Normal Hydrogen (English units), Table C-Sc •••••• 108 
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C-5a 

TEI1PERATURE 

DEC.. K 

• 13.950 
• 13.950 

14 
14 

15 
1S 

16 
16 

17 
17 

16 
16 

19 
19 

20 
20 

• 20.390 
.. 20.390 

21 
21 

22 
22 

23 
23 

24 
24 

25 
25 

26 
2& 

27 
27 

26 
26 

29 
29 

30 
30 

31 
31 

32 
32 

• 33.180 

PRESSURE 

HPA 

0.0072 
0.0072 

0.0074 
0.0074 

0.0127 
o .D1Z7 

0.0204 
0.0204 

0.0314 
0.031'+ 

0.0461 
0.04&1 

0.0&54 
0.0&54 

0.0901 
0.0901 

0.1013 
0.1013 

0.1206 
0.1206 

0.1565 
0.1585 

0.2039 
0.2039 

0.2579 
0.2579 

0.3213 
0.3213 

0.3950 
0.3950 

0.1t 600 
0.4800 

0.5770 
0.5770 

0.6672 
0.6872 

0.8110 
0.811& 

0.9510 
0.9510 

1.1066 
1.10&6 

1.3130 

T tiEI<HODVN AMIC PROP£RT IES OF cor x I STING GA SEOUS AND LIQUID NORMAL H l'DROGEN 

ISOTHI:RH 
DE~ IVATIVE 
CU H-HPA/KG 

1.1729 
0.0552 

1.1492 
0.0558 . 
1. Q 73& 
0.0566 

1.0027 
0.0&15 

0.917& 
0.0637 

0.6441 
0.0&54 

0.7693 
0.0&67 

0.7364 
0.0671t 

0.7093 
0.0675 

o .6&19 
o • 0675 

0.5993 
o • 0670 

0.5261, 
0.0658 

o .4675 
0.0639 

0.4108 
0.0613 

o • 3410 
O. 0578 

0.2858 
0.0533 

o .2225 
0.0479 

0.1624 
0.0414 

0.1163 
o • 0334 

o .0697 
0.0237 

o • 0302 
O. 0129 

ISO CHORE 
DERIVATIVE 

HPA/K 

0.9234 
0.0005 

0.9234 
0.000& 

0.9064 
0.0009 

0.8893 
0.0014 

0.8750 
0.0021 

0.8612 
0.0029 

0.6465 
0.0040 

0.8300 
0.0054 

0.6253 
0.0058 

0.8119 
0.0071 

0.7913 
0.0092 

0.7673 
0.0117 

0.7389 
0.0148 

0.70&0 
0.0186 

0.6676 
0.0231 

0.6251 
0.0288 

0.5794 
0.0359 

0.5300 
0.0449 

0.4759 
0.05&':1 

0.4j49 
0.0736 

0.341& 
C.-0987 

0.1898 

INTERNAL 
I:.NERGV 
KJ/KG-K 

218.2 
611.4 

219.5 
612.5 

22&.3 
617.9 

233.5 
623.0 

21tl.1 
627.8 

249.2 
632.2 

257_,8 
636.3 

266.9 
639.8 

269.5 
640.7 

276.6 
643.0 

286.6 
645.5 

297.7 
&47.4 

309.3 
648.5 

321.6 
646.9 

334.6 
648.2 

349.0 
646.5 

364.4 
643.2 

381.2 
638.1 

400.2 
630.4 

422.3 
618.6 

450.4 
599.2 

524.3 

ENTHAlPV 

KJ/KG 

216.3 
667.4 

219.6 
6&9.3 

226.4 
678.2 

233.11 
&8&.7 

241.6 
&94.7 

249.9 
702.1 

258.8 
706.8 

268.3 
714.8 

270.9 
71&.5 

218.4 
120.2 

289.2 
124.4 

300.8 
727.6 

313.3 
729.8 

326.7 
730.7 

341.2 
730.2 

351.0 
128.0 

374.3 
723.7 

393.6 
116.& 

441.3 
689.7 

474.1 
&63.2 

ENTROPY 

KJ/KG-K 

14.019 
46.635 

14.113 
46.301 

15.104 
43.418 

15.5&8 
42.227 

16.032 
41.158 

16.498 
40.188 

1&.966 
39.2'19 

17.093 
39.083 

17.440 
38.485 

11.919 
37.710 

18.405 
36.973 

18.901 
36.266 

19.408 
35.579 

19.929 
34.900 

20.473 
34.221 

21.041 
33.524 

21.650 
32.795 

22.315 
32.002 

23.015 
31.091 

24.032 
29.926 

26.680 

CV 

KJ 

4.&7 
£>.21 

4.72 
6.21 

4.92 
£>.24 

5.12 
£>.27 

5.30 
6.32 

5.47 
£>.37 

5.62 
6.43 

5.75 
6.49 

5.78 
6.50 

5.86 
£>.55 

5.95 
£>.£>1 

&.03 
£>.&8 

£>.09 
6.74 

6.14 
6.81 

£>.20 
6.89 

£>.26 
£>.99 

6.33 
7.11 

£>.41 
7.28 

6.51 
7.50 

6.£>6 
7.82 

£>.91 
6.11 

I 

CP 

£>.36 
10.52 

£>.47 
10.54 

6.91 
10.67 

7.36 
10.85 

7.86 
11.07 

8.42 
11.34 

8.93 
11.6£> 

9.45 
12.04 

9.£>6 
12.15 

10.1 J 
12.49 

10.82 
13.03 

11.69 
13.£>9 

12.52 
14.49 

13.44 
15.52 

14.80 
16.85 

16.17 
18.6£> 

1.8.48 
21.24 

22.05 
25.19 

2£>.59 
31.99 

36.55 
46.5£> 

65.37 
87.02 

VELOCITY 
OF SOUND 

HIS 

1261t 
306 

1256 
30 II 

1228 
317 

1200 
326 

11£>8 
334 

1140 
341 

1120 
348 

1100 
354 

1069 
355 

1070 
359 

1044 
3£>3 

101C 
367 

960 
371 

948 
373 

903 
376 

860 
377 

806 
378 

747 
378 

689 
318" 

£>19 
375 

534 
372 

SURFACE 
TENSION 

NIH X 10 1 

3.0033 

2.9950 

2.8Z90 

2.6635 

2.4987 

2.334£> 

2.1712 

2.0085 

1.9453 

1.8466 

1.5255 

1.3664 

1.2085 

1.0518 

1i.89£>5 

0.1429 

0.5912 

- 0.4418 

0.2955 

0.1537 

0.0000 



TE"PERATURE 

DEG. I( 

DENSITY 

KG/CU " 

• 13.950 77.0235 
• 13.950 0.1254 

1,. 7&.8554 
14 0.1388 

15 75.99&3 
15 0.22211 

16 75.1030 
16 0.33a5 

17 74.1710 
17 0.4922 

18 7301950 
18 0.&902 

19 12.1&93 
19 0.9395 

20 71.0810 
20 1.2474 

~ ~~:::: 7~:~:~: 
21 &9.9403 
21 1.&189 

22 ~5.7200 
22 2.0711 

23 &7.4149 
23 2.&119 

24 &&,0112 
24 3.2548 

25 &4.4917 
25 4.0171 

26 &2.8337 
26 4.9215 

27 &1.00&5 
27 5.9999 

28 58.9&&5 
211 7.2979' 

29 5&.&4&0 
29 8.811&& 

30 53.9303 
30 U! .8872 

31 50.5892 
31 13.5411 

32 45.9927 
32 17.4983 

• 33.180 31.4285 

ThER"OOYNAMIC PROPERTIES OF COE~ISTING ~A$EOUS AND LI~UID NORMAL HYO~O$EN 

VCDH/OV'p 

1(.I/1(G 

&ZZ.& 
139.8 

619.2 
141.& 

&21.9 
150.5 

&23.0 
159.1 

&13.1 
167.1 

604.3 
174.6 

&01.0 
~,81.4 

59&.1 
187.& 

587.9 
189.1 

5f>3.1 
t97.5 

540.5 
201.2 

523.0 
20~.9 

504.2 
205.8 

475.1 
20&.9 

451.1 
207.3 

418.4 
207.1 

382.& 
20&.2 

350.& 
204.7 

310.8 
20Z.& 

265.5 
199.1 

V COP/DUtv -v (OP/O~tT 

"PA-CU "/1(.1 "PI 
I( 10 Z 

0.25654 
0.0&&84 

0.25480 
0.0&&84 

0.24237 
0.06&83 

0.23130 
0.06&80 

0.22244 
1).0&&74 

0.21509 
0.0&&69 

0.20814 
0.0/;&65 

0.20314 
0.0&&6& 

0.2017& 
0.0&&&7 

0.19814 
0.0&&72 

0.19347 
0.0&&8& 

0.18882 
0.0&708 

0.18378 
0.0&739 

0.17820 
0.0&777 

0.17151 
0.0&822 

0.1&381 
0.0&868 

0.15535 
0.0&912 

0.14600 
0.06947 

0.13555 
0.06965 

0.12321 
0.06952 

0.10745 
0.0&953 

90.3401 
0.0069 

811.3211 
0.0077 

81.58110 
0.0131 

75.3083 
0.OZ08 

68.061Z 
0.0313 

61.7874 
0.0452 

5&.9619 
0.0626 

52.3516 
0.08,,0 

50.2079 
0.0903 

4&.2935 
0.1093 

41.1835 
0.1388 

30.8574 
0.2081 

2&.4945 
0.Z4&0 

21.4244 
0.2842 

17.4346 
0.3201 

13.1188 
0.3498 

9.1967 
0.3676 

6.2743 
0.3635 

3.5Z82 
0.3205 

1.3886 
0.2258 

(OV/OT\lV THERMAL 
CONOUCnllUY 

1/'OEG. I( , 11/1(-" 
)( 10 3 

0.01022 
0.07523 

0.01046 
0.07,.41 

0.01111 
0.07089 

0.01181 
0.0&820 

0.0128& 
0.06624 

0.01.594 
0.06495 

0.01486 
0.06427 

0.01585 
O.0642n 

0.01644 
0.0&424 

0.01754 
0.0&471 

0.01921, 
0.06597 

0.021&2 
0.06804 

0.02394 
0.07108 

0.02665 
0.07540 

0.03116 
0.0814,. 

0.03585 
0.09002 

0.04417 
0.10259 

0.05763 
0.lZ220 

0.07555 
0.15631 

0.11759 
0.22979 

0.24599 
0.,.371D 

3 

72.59 
12.43 

74.62 
12.54 

83.02 
13.08 

88.86 
13.66 

92.71 
14.27 

95.43 
14.97 

97.00 
15.72 

98.40 
16.&4 

98.92 
16.94 

100.05 
17.79 

100.95 
19.02 

lnl.20 
20.36 

100.84 
21.81 

99.93 
23.43 

98.43 
25.24 

96.38 
27.36 

93.78 
29.91 

90.55 
33.18 

86.57 
37.87 

1)5.85 
'+6.48 

91.46 
66.77 

IIISCOSITY THER~AL OIEL£CTRIC 
OIFFUSIVITV CONSTANT 

KG/I1-S SQ H/HR 
I( 10 7 

255.05 0.00053 
7.36 0.03395 

2~8.01 C.00054 
7.48 O. 0308~ 

217.114 0.00057 
8.08 0.01981 

194.1~ 0.00058 
8.68 0.01339 

175.07 0.00057 
9.28 0.00943 

159.34 0.00056 
9.88 0.00660;; 

146.10 0.0005~ 
10.~9 (l.00517 

134.76 0.00053 
11.11 0.00399 

131.98 0.C0052 
11.28 0.00375 

124.87 0.00051 
11.74 0.00317 

116.11 OoOOO~9 
12.36 0.00254 

10Bo~Z 0.00046 
13.04 0.00205 

101.01 0.00044 
13.73 0.00166 

9~.32 0.00042 
14.44 0.00135 

88.03 0.00038 
15.19 0.00110 

82.02 0.00035 
16.00 0.00068 

76.19 0.00031 
16.89 0.00069 

70.42 0.0002& 
17.91 0.00053 

64.57 0.00022 
19.17 0.00039 

58.40 0.00017 
20.89 0.00027 

51.31 0.00011 
23.79 0.00016 

35.~3 

1.,25160 
1.00038 

1.25101 
1.00042. 

1.24799 
1.000&7 

, 1.24486 
1.00102 

1.24159 
1.001,.8 

1.23813 
1.00208 

1.234&0 
1.0U283 

1.23083 
1.0037& 

1.22978 
1. 00~04 

1.22&8,. 
lv00489 

1.22261 
I.D0625 

1.21810 
i.00789 

1.21325 
1.00984 

1.20802 
1.0121& ' 

1.20233 
1.014~1 

1.1960 II 
1.01820 

1.18913 
1.02216 

1.18125 
1.02703 

1.17208 
1.03319 

1.16087 
1.0~140 

1.14555 
1.05373 

1.09795 

PRA NOTL 
NUI1BER 

2.2359 
O. &230 

2.1517 
O. &Z91 

1.81211 
0.65'31 

1.&074 
0.68'31 

1.4884 
0.7197 

1.,.0&3 
0.7484 

1.3451 
n.7783 

1.2942 
Ii. 8042 

1.28'33 
0.8091 

1.2648 
0.8Z"1 

1.24,.4 
0.6461 

1.24'39 
0.8769 

1.2543 
0.9123 

1.2682 
0.9567 

1.3240 
1.0145 

1.37&4 
1.091& 

1.5012 
1.19'37 

1.71,.6 
1.3601 

1.9834 
1.6195 

2.4864 
2.0930 

3.6672 
3. 1004 



C.Za THERMODYNAMIC PROP£~rIES OF NORMAL HYOROGEN 

D.al "PA ISOaAR 

TEttPERATURE ~OLU"E ISOTHER" . ISOCHORE INTERNU ENTHALPY ENTROPY CV CP VELOCITY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

DEG. It CU It/KG CU "-HPA/KG MPA/I( I(J/KG-K KJ/I(G KJ/KG-K KJ I I(G-K "'S 
• 13.80" 0.01298 1.1628 0.9233 218.2 218.4 1".081 ".67 6.38 1260 

1 .. 0.01301 1.1302 0.9233 219.5 219.7 1".175 ".72 6.50 1248 

• 1".1.30 0.01307 1.1173 0.9196 222." 222.5 1 ... 37 .. ".80 &.&7 12 .. 5 

• 1 ..... 30 5.8338& 0.0571 0.0007 &1 ... 8 &73.2 .. 5.&13 &.22 10.59 312 
15 &.0755" 0.059& !I.OD07 &18." &79.2 .. &.023 &"22 10.5& 318 
16 &.4979& 0.0&"0 0.000& &2 ... 8 &89.7 .. 6.703 6.21 10.52 329 
17 &.91887 0.0&83 0.000& &31.0 700.2 "7.33e; 6.20 10 .... 9 3 .. 0 
18 7.338&1 0.0725 0.000& 637.3 710.7 47.938 &.20 10."6 350 
19 7.757"3 0.07&8 0.0005 6"~.& 721.2 .. 8.503 &.20 10 ..... 360 
20 8"17550 0.0810 0.0005 6"9.8 731.6 49.038 6.20 10.43 369 
21 8.59295 0.0852 0.0005 656.1 742.0 .. 9.5 .. 8 &.20 10.42 379 
22 9.00988 0.01195 0.0005 &62.3 752.4 50.033 6.20 10 .41 3l1li 
23 9 ... 2&3& 0.0937 0.0004 668.& 7&2.11 50."96 6.20 10.40 396 

2 .. 9.11,.2,.5 0.0979 0.0004 674.11 773.2 50.9311 &.19 10.39 405 
25 10.251122 0.1021 0.0004 681.0 7113.& 51.3&2 &.19 10 .38 414 
2& 10.&73&9 0.10&2 0.0001t 6117.3 79".0 51.767 6.19 10.311 .. 22 
27 11.0111191 0.110 .. 0.0004 693.5 1104.4 52.159 &.19 10.37 430 
28 11.50391 2.11"6 0.000" &99.7 81".7 52.535 6.19 10 .37 438 
29 11.911170 0.11811 0.0003 705.9 1125.1 52.1199 &.19 10.36 4 .. 6 
30 12.33332 0.1229 0.0003 712.1 835.5 53.250 6.19 10.3& 453 
31 12.7"778 0.1271 0.0003 718.3 8 .. 5.8 53.590 6.19 10"35 .. &1 
32 13.16210 0.1313 0.0003 724.5 115&.2 53.919 &.19 10.35 4&11 
33 13.57&29 0.135 .. 0.0003 730.7 8&&.5 5".237 &.19 10.35 476 

3 .. 13.9903& 0.139& 0.0003 737.0 117&.9 54.5 .. 6 &.19 10.35 .. 83 
35 1 ..... 0 .. 32 0.1 .. 37 0.0003 743.2 1187.2 5 ... 11 .. & &.19 10.34 490 
3& 14.811119 0.1479 0.0003 749.4 1197.& 55.138 &.19 10.34 497 

.37 15.23198 0.1520 0.00.03 755.6 907.9 55."21 6.19 10.3 .. 504 
38 15.& .. 5&11 0.15&2 0.0003 7&1.8 918.2 55.&97 &.19 10 .'~" 511 
39 '16.05931 0.1&03 O. a003 7611.0 928.& 55.9&6 &.1.9 10.34 517 
Ita 16.472811 0.1645 0.0003 774.2 938.9 5&.227 6.19 10.34 524 

.. 2 17 .'299113 0.17211 0.0002 786.6 959.& 56.732 &.19 10.34 537 
4 .. 18.12&57 0.1811 0.0002 799.0 980.3 . 57.212 6.20 10.34 550 
.. 6 18.95313 0.1893 0.0002 811.4 1001.0 57.672 6.20 10.34 562 
48 19.77953 0.1976 0.llO02 1123.9 1021.& 511.112 &.20 10.3 .. 574 
50 20.&0580 0.2059 0.01H12 83&.3 10"2.3 58.53 .. &.21 10.35 511& 
52 21 ... 319& 0.21"2 0.0002 848.7 10&3.0 58.940 6.22 10.35 597 
5 .. 22.25800 0.222 .. 0.0002 8&1.2 1083.7 59.331 &.23 10.36 608 
5& 23.0839& 0.2307 0.0002 873.& 110".5 59.709 6.2" 10.37 619 
58 23.90983 0.2390 0.0002 88&.1 1125.2 60.073 6.25 10.38 630 
60 2 ... 7356 .. 0.2472 0.0002 89a.6 1146.0 60.425 6.27 10.40 6 .. 1 

65 2&.79987 0.2&79 0.0002 9::;0.1 1198.1 61.2511 6.31 10,"5 666 
70 28.8&380 0.288& 0.0001 961.8 1250.5 62.035 6.38 10.51 689 
75 30.927"7 0.3092 0.0001 994.0 1303.2 &2.7&3 &.4& 10.59 712 
liD 32.99095 0.3299 0.0001 !!!26.5 135& ... 63 ..... 9 6.56 10.&9 733 
liS 35.05"27 0.3505 0.0001 1059.6 1 .. 10.2 6 ... 101 &.67 10.110 753 
90 37.117"6 0.3711 0.0001 1093.3 110& .. .;5 6 ... 722 &'.80 10.92 772 
95 39.18054 0.3918 0.0001 1127.6 1519." 65.31& 6.93 11.0& 791 

100 41.2"353 o ... 12 .. 0.0001 1162.6 1575.0 65.886 7.07 11.20 808 
120 49.49 .. 110 0."950 0.0001 1309.8 1110 ... 8 67.976 7.66 11.78 813 
140 57.7 .. 53 .. 0.5775 0.0001 14&8.7 204&.2 69.113& 11.22 12.34 931 

160 65.9954" 0.6600 0.0001 16311.0 2298.0 71.51& 8.70 12.82 9116 
1110 7 ... 2 .. 525 0.7 .. 25 0.0001 1816.0 2558 ... 73.049 9.09 13.21 1039 
200 82."9487 0.8250 0.0001 2001.0 2112&.0 7 ..... 59 9.40 13.53 10119 
220 90.74435 0.9075 0.0000 2191.7 3099.1 75.76-0 9.65 13.78 1138 
2ltO 98.99373 0.9900 0.0000 2311&.7 337&.7 76.9&11 9.115 13.97 11115 
260 107.24303 1.0725 0.0000 2585.2 3657.& 711.093 9.99 14.12 1231 
2110 115."9227 1.1550 0.0000 2786.3 39 .. 1.2' 79.1"3 10.10 1 ... 23 1215 
300 123.73215 i.237 .. 0.0000 2989.2 .. 22&.6 110.127 10.18 110.31 1319 
350 1 ..... 353 .. 0 2 ...... 3& 0.0000 3501.8 49"5.3 112.3"3 10.30 1 ... 42 1 .. 22 
400 1& ... 97 .. 52 1.6498 0.0000 4018.3 5668.0 114.273 10.35 14.47 1519 

450 185.5955& 1.8560 0.0000 .. 53&.5 6392.5 115.9110 10.37 1 ..... 9 1611 
500 206.21&5 .. 2.0622 0.0000 5055.6 7117.11 87.507 10.39 14.51 1697 
550 22&.1137 .. 9 2.26115 0.0000 5575.3 78 .. 3.7 tllI.891 10.40 1".53 17110 
600 247 ... 58 .. 1 2 ... 7 .. 7 0.0000 &09&.1 11570.7 90.153 10."2 14.55 111511 
700 2118.70020 2.8871 0.0000 71"1.0 10028.0 92."03 10.48 14.60 2006 
liDO 329.9"195 3.2995 0.0000 8193.5 11 .. 92.9 94.3&1 10.57 14.69 2142 
900 371.183&7 3.7119 0.0000 9256.9 129&8.7 9&.097 10.70 14.112 22611 

1000 .. 12 ... 25311 ".12 .. 3 0.0000 1033".0 1 .... S/h2 97.66" 10.11& 1 ... 911 2386 
1200 494.90891 ".9 .. 92 0.0000 125 ..... 2 17"93.3 100.412 11.2" 15.3& 2601 
1 .. 00 577.J9658 5.77"0 0.0000 1 .. 838.4 20612.3 102.1122 11.70 1~.82 2795 

1600 659.93251 &.59811 0.0000 .\7233.3 23832.7 10".978 12.30 16.4" 2969 
1110·0 7 .. 2.7111 .... 7."237 0.0000 19799.6 27227.4 106.971 13.52 17.71 311C) 
2000 82&.97 .. 8& 8.2"85 0.0000 22778 ... 310 .. 8.1 1011.991 16.5& 20.99 3232 
2500 1072.23171 10.310& 0.0000 3749&.2 10112111.6 l1&.4Q5 "9.17 57.67 347 .. 
3000 1538.&0332 12.3127 0.0000 1111315.11 1037&1.9 136.42 .. 145.32 179.51 3911 .. 

• THO-PHASE BOUNDARY 4 



a.Ol "PA ISOBAR 

TE"PERATURE DENSUY' 

DEG. I( 

• 13.804 
lit 

• 1 ... 1t30 
• 1 ..... 30 

15 
16 
17 
18 
19 
20 
21 
22 
23 

2 .. 
25 
26 
27 
2S 
29 
30 
31 
32 
33 

31t 
35 

.,36 
37 
38 
39 
"0 

.. 2 ,.4 
46 
1t8 
50 
5:! 
54 
56 
58 
60 

65 
70 
75 
80 
85 
90 
95 

100 
120 
140 

160 
180 
200 
220 
2 .. 0 
260 
280 
300 
350 
.. 00 

.. 50 
500 
550 
601J 
700 
aDo 
900 

1000 
1200 
11&00 

l((i/CU " 

77.0167 
7&.8"35 
7& ... 900 
0.171" 
0.lft"6 
0.1539 
0.1 .... 5 
0.13&3 
0.12119 
0.1223 
O.11ft .. 
0.1110 
0.1061 

0.1016 
0.0975 
0.0937 
0.0902 
0.01lft9 
0.01139 
0.01111 
0.0711 .. 
0.0760 
0.0737 

0.0715 
0.0&9 .. 
0.Oft75 
D.O&H 
0.Oft39 
0.0623 
0.~607 

0.05711 
0.0552 
0.0528 
0.050& 
0.01t85 
0.0 .. 67 
0.04"9 
0.0 .. 33 
0.010111 
0.0 .. 0 .. 

0.0373 
0.031t6 
0.0323 
0.0303. 
o. 0285 
0.02&9 
iI.0255 
0.0242 
0.0202 
0.0173 

0.0152 
0.OU5 
0.0121 
0.0110 
0.0101 
0.~!I93 
0.0087 
0.0081 
0.0069 
0.0061 

0.005 .. 
0.00 .. 8 
0.0044 
0.0040 
0.0035 
0.0030 
0.0027 
0.0024 
0.0020 
!I.0017 

160d 0.0015 
11100 0.0013 

I 

2000 0.0012 
2500 0.0009 L _ · ":: .. ,",,, '~:::A" 

V COH/OV'p 

KJ/KG 

6111.11 
611.8 
620.0 
1"5.5 
151.5 
162.1 
172.6 
lIS3.1 
193.6 
20".1 
21 ... 6 
225.0 
235.4 

245.9 
256.3 
26&.7 
277.1 
287.4 
297.11 
308.2 
318.& 
328.9 
339.3 

349.6 
360.0 
370.4 
380.8 
391.1 
ItOl.5 
411.9 

"32.6 
.. 53.4 
.. 74.2 
"95.1 
516.1 
537.2 
558.4 
579.7 
601.3 
&23.0 

678.2 
735.0 
793.7 
85 ... 4 
917.4 
982.7 

1049.9 
1119.3 
1"13.9 
1728.1 

2051.4 
2378.4 
2705.4 
3031.2 
3353.1 
3670.9 
3984.0 
4292.7 
50411.8 
5790.0 

6522.9 
7257.1 
7990.6 
8728.4 

10222.3 
11754.6 
13338.& 
14983.1 
18437.5 
22150.2 

2&303.1 
318b9.2 
41867.6 

136643.2 
433046.8 

THER"ODYNA"lt PROPE~TIES OF NOR"AL H~OROGEN 

VCOP/OU'V -VCOP/OV'T 

"PA-CU "/KJ "PA 
It 10 2 

0.25&50 
0.254711 
0.25021 
0.0&&11'" 
0.0&&8 .. 
0.06&8 .. 
0.0&683 
0.06681 
0.06680 
0.06679 
0.066711 
0.06677 
0.06676 

0.06675 
0.06675 
0.0667" 
0.0&67 .. 
0.06673 
0.06673 
0.06672 
0.06672 
0.06672 
0.06672 

0.06672 
0.06672 
0.06670 
0.06669 
0.06669 
0.06668 
0.06667 

0.0666" 
0.06602 
0.06659 
0.Q6655 
0.066 .. 9 
0.066"0 
0.06630 
0.06618 
0.06603 
0.06587 

0.06535 
0.06"67 
0.06385 
0.06291 
0.06185 
0.06070 
0.05955 
0.05835 
0.05387 
0.05019 

0.0 .. 7 .. 3 
0.0"539 
0.0"387 
0.0"273 
0.0"189 
0.0"127 
0.0"062 
0.0"050 
0.0 .. 00 .. 
0.03985 

0.03977 
0.03970 
0.0396 .. 
0.03957 
0.0393& 
0.03902 
0.03856 
0.03798 
0.03&69 
0.03526 

0.03352 
0.03053 
0.02 .. 97 
0.00872 
0.00353 

89.5531 
66.8501 
85."586 
0.0098 
0.00911 
0.0098 
Q.0099 
0.0099 
0.0099 
0.00~9 
0.0099 
0.0099 
0.0099 

0.0099 
0.0099 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
o,.~;.~o 

0 .• 0100 

o. :,)100 
0,0100 
O. 0100 
0.0100 
0.0100 
0.0100 
0.0100 

0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0 .. 0100 
0.0100 

0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 

0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 

0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 

0.0100 
0.0100 
0.0100 
0.00% 
0.0080 

CDV/OT\/V THER"AL 
CONDUCTIVITY 

1/0(G. K W/K-" 
I( 103 

0.01031 
0.01063 
0.0107& 
0.07279 
0.06968 
0.06 .. 88 
0.0607 .. 
0.05713 
0.0539" 
0.05109 
0.01t855 
0.0 .. 625 
0.0 .... 16 

0.0"226 
0.0"051 
0.03891 
0.037"3 
0.03&06 
0.03"79 
0.03361 
0.03251 
0.031"7 
0.03050 

0.02959 
0.02873 
0.02793 
0.02716 
0.026 .... 
0.02575 
0.02510 

0.02390 
0.02260 
0.02180 
0.02(!89 
0.02005 
0.01927 
0.01855 
0.01789 
0.01727 
0.016&9 

0.01540 
0.01"30 
0.0133" 
0.01251 
0.01177 
0.01112 
0.01053 
0.01000 
0.00633 
0.0071" 

0.00&25 
0.00556 
0.00500 
0.00"55 
0.00 .. 17 
0.00385 
0.00357 
0.00333 
0.00286 
0.00250 

0.00222 
0.00200 
0.00182 
0.00167 
0.001"3 
0.00125 
0.00111 
0.00100 
0.00083 
0.00071 

0.00063 
0.0005& 
O.OO(JSO 
0.000 .. 2 
0·9°0 .. 1 

5 

72.63 
7".61 
78.59 
12.77 
13.01 
13 ... 5 
13.89 
1 ..... 0 
1 ... 90 
15.53 
16.32 
17.11 
17.91 

18.70 
19.49 
20.28 
21.07 
21.85 
22.64 
23 ... 2 
2 ... 12 
2".82 
25.51 

26.22 
26.92 
27.&3 
28.33 
29.03 
29.7 .. 
30 ..... 

31.83 
33.22 
3 ... 61 
35.99 
37.36 
38.73 
.. 0.09 
.. 1.43 
.. 2.75 
.. 4.11 

"7.57 
50.&8 
53.66 
55.99 
58.96 
61.6 .. 
6 ... 09 
76.11 
9".27 

107.65 

118.63 
128.13 
136.58 
1 ..... 29 
151.36 
157.9ft 
16 ... 11 
169.97 
163.62 
196.4 .. 

208.61 
221.06 
233.1" 
2"5.19 
269.26 
293.59 
318."1 
.... 0.56 
511.07 
58 ..... 7 

668.83 
602.9/0 

1102.50 
.. 540.27 

15311.58 

VISCOSITY TH£R~AL DIELECTRIC 
. DIFFUSIVITY CONSTANT 

KG/H-S sa "/HR 
x 107 

25 ... 83 
2"7.76 
23".09 

7.7" 
8.07 
8.6 .. 
9.21 
9.77 

10.32 
10.87 
11 ... 1 
11.95 
12 ... 8 

13.01 
13.52 
1 ... 0 .. 
1 ... 5 .. 
15.0" 
15.54 
16.03 
16.51 
16.99 
17,"7 

17.93 
18."0 
18.86 
19.31 
19_76 
20.21 
20.65 

21.53 
22.38 
23.22 
2 ... 05 
2 ... 86 
25.66 
26."5 
27.22 
27.99 
28.7 .. 

30.58 
32.36 
3 ... 09 
35.77 
37."1 
39.01 
40.57 
45.7" 
54.09 
59.20 

63.00 
66.17 
69.01 
71.65 
7/0.18 
76.63 
79.03 
81.39 
87.21 
92.95 

911.62 
10".23 
109.79 
115.28 
126.07 
136.61 
146.90 
lS6.95 
176."2 
195.11 

213.14 
~30.62 
2"'7.7" 
:;;92.93 
34 &. 27 

0.00053 
0.0005/0 
0.00055 
0.02532 
0.02696 
0.02992 
0.03300 
0.03635 
0.03985 
0.0"382 
0.0 .. 8 .. 6 
0.0533 .. 
0.056 .... 

0.06378 
0.0693 .. 
0.07510 
0.08109 
0.08730 
0.0937 .. 
0.100 .. 0 
0.10690 
0.11360 
0.120"9 

0.12762 
0.13496 
0.1"~"8 
0.15021 
0.15815 
0.16627 
0.17"60 

0.19177 
0.20971 
0.22639 
0.2 .. 780 
0.26190 
0.2686" 
0.31003 
0.33197 
0.35 .... 0 
0.37776 

O ... 393 .. 
0.50105 
0.56406 
0.62219 
0.68903 
0.75391 
O.6177? 
1.00922 
1."2536 
1.81286 

2.19111" 
2.59175 
2.99867 
3 ... 2120 
3.66109 
".3te96 
".7958/0 
5.29127 
6.6153 .. 
6.060"6 

9.&2527 
11.30736 
13.10500 
1';' 01522 
19.16391 
23.73 .... 1 
20.70892 
.. 3.65775 
59.26 .. 23 
76.78772 

9&.64986 
121.20117 
15&.38992 
303.88519 
47Z ... 6613 

1.25158 
1.25097 
1.2"972 
1.00052 
1.000S0 
1.000 .. 6 
1.000 .... 
1.000"1 
1.00039 
1.00037 
1.00035 
1.00033 
1.00032 

1.00031 
1.00029 
1.00028 
1.00027 
1.00026 
1.00025 
1.0002 .. 
1.0002" 
1.00023 
1.00022 

1.00022 
1.00021 
1.!l0020 
1.00020 
1.00019 
1.00019 
1.00018 

1.00017 
1.00017 
1.0001& 
1.00015 
1.00015 
1.00011t 
1.0001" 
1.00013 
1.00013 
1.00012 

1.00011 
1.00010 
1.00010 
1.00009 
1.000J9 
1.00008 
1.00008 
1.00G07 
1.00006 
1.00005 

1.00005 
1.0000 .. 
1.0000 .. 

'1.00003 
1.00003 
1.00003 
1.00003 
1.00002 
1.00002 
1.00002 

1.00002 
1.00001 
1.00001 
1. DODO 1 
1.00001 
1. DODO 1 
1.00001 
1.00001 
1.00001 
1.00001 

1.00000 
1.00000 
1.00000 
1.00000 
1.00000 

C.Za 

PRANDTL 
NUHBER 

2.2385 
2.1598 
1.9873 
0.6"20 
0.65/06 
0.6756 
0.69"9 
0.7099 
0.7235 
0.7303 
0.728& 
0.72&7 
0.72"7 

0.7225 
0.7202 
0.7181 
0.7159 
0.713& 
0.7112 
0.7088 
0.7089 
0.7087 
0.7065 

0.7078 
0.7070 
0.7061 
0.7051 
0.7039 
0.7027 
0.7015 

0.6990 
0.69&" 
0.69311 
0.6910 
0.6&64 
0.6859 
0.683& 
0.6815 
0.6798 
0.6775 

0.6716 
0.6712 
0.6729 
0.6829 
0.61152 
0.6914 
0.69911 
O. £.729 
0.6761 
0.67811 

0.61109 
0.682" 
0.663" 
0.&842 
0.&847 
0.6850 
0.6851 
0.6e52 
0.6851 
0.6849 

o. &8106 
0.6843 
0.6641 
0.&839 
0.6837 
0.6837 
0.6837 
0.5J3~ 
0.5304 
0.5282 

0.5239 
0.508S 
0.471& 
0.3721 
0 ... 059 



C-Za THERltOOYNAl1lC PPOPEqTIES OF NORltAL tlYOROr.EIt 

0.02 I1PIi l!:iDitAR 

TE"PERATURE ~OLUKE ISOTHER" ISOCH,ORE U4TERNAL ENTHALPY ENTROPY ev ep "ELDeUY 
DEiUVATIliE DERIVATIIIE ' ENERGY OF SOUND 

DEG. I( CU "' KG eu "-I1PA/KG "PA/K KJ/KG-K KJ/I(G KJ/KG-K KJ I KG-K "'S ,I 
r 

• 13.807 0.01298 1.163 .. 0.923 .. 218.2 218.5 1 ... 082 ... 67 6.38 1260 
lit 0.01301 1.1318 0.923 .. 219.,5 219.8 1 ... 173 ... 72 6.50 12 .. 9 
15 0.01315 1.0325 0.9076 226.2 226.'5 1 ... 636 ... 92 6.99 1..211 • ~.j 

• 15.&32 0.01329 1.015 .. 0.8919 232.2 232.5 15.026 5.09 7.28 1205 
I" 

• 15.832 3.15931 0.0610 0.0.013 622.2 685 ... 43.633 6.27 10.81 325 
1& 3.195711 0.0618 0.11013 623.3 687.2 .. 3.7 .. 7 6.26 10.80 326 ;,1 
17 3,"1127 11.0663 0.0012 629.7 697.9 ..... 399 6.2" 10.71 337 ;I1 
18 3.62529 0.0708 0.0011 636.1 708.6 "5.009 6.23 10.6" l .. 8 ,I 

19 3.83822 0.0752 0.0011 6 .. 2 ... 719.2 "5.583 6.22 10.59 358 
20 .... 05030 0.0795 0.0010 6"8.8 729.8 "6.126 6.21 10.56 368 
21 ... 26168 0.0839 0.0010 655.1 7"0.3 .. 6.6 .. 1 6.21. 10.53 377 
22 ..... 7250 0.0882 0.0009 661 ... 750.8 .. 7.131 6.21 10.51 386 
U ... 68285 0.0925 0.0009 667.7 7'61.,) .. 74598 6.21 10 ... 9 395 

2 .. ".89279 0.0967 0.0008 67".0 771.8 .. 8.0 .... 6.20 10."7 .. 0 .. 
25 5.10238 0.1010 0.0008 680.2 782.3 .. 8 ... 71 6.20 10 ... 6 ..13 
26 5.31167 0.1052 0.0008 686.5 792.7 48.879 6.20 10 ..... .. 21 
27 5.52070 0.1095 0.0008 692.8 803.2 .. 9.27 .. 6.20 10."3 ..29 
za 5.72950 0.1137 0.0007 699.0 81,).6 .. 9.652 6.20 10,"2 .. 37 
29 5.93809 0.1179 0.0007 705.3 82".0 50.018 6.20 10 ... 1 .... 5 
30 & .1 .. 651 0.1221 0.0007 711.5 83 ..... 50.371 6.20 10."1 .. 53 
31 6. 351t76 0.1263 1].0007 717.7 8 ..... 11 50.712 6.20 10."0 .. 60 
32 6.5&286 0.1305 0.11006 72 ... 0 855.2 51.0"2 6.20 10.39 .. 68 
33 &.7708 .. 0.13 .. 7 0.0006 730.2 865.6 51.3&1 6.20 10.39 .. 75 

3 .. 6.97869 0.1389 0.0006 736 ... 876.0 51.672 6.19 10.38 .. 53 
35 7.18& .... 0.1431 0.0006 742.6 88&.4 51.973 6.19 10.38 .. 90 
36 7.39410 0.1473 0.0006 748.9 896.8 52.265 6.19 10.37 .. 97 

.37 7.60166 0.1515 0.00,05 755.1 907.1 52.5"9 6.20 10 .37 50 .. 
3a 7.80915 0.1556 0.0005 761.3 917.5 52.826 6.19 10.37 510 
39 8.01656 0.1598 0.0005 767.5 927.9 53.095 6.20 10.37 517 

"0 8.22390 0.1640 0.0005 173.8 938.2 53.358 6.20 10.36 52 .. 

"2 a.'638 .. 1 0.1723 0.0005 786.2 959.0 53.863 6.20 10.36 537 .... 9.05271 0.1806 0.0005 798.6 979.7 ' 5 ... 345 6.20 10.36 5 .. 9 
.. 6 9 ... 6683 0.1889 0.000 .. 811.1 1000.4 5 ... 805 6.20 10.36 562 
.. 8 9.88078 0.1973 0.000" 823.5 1021.1 55.2"6 6.20 10.36 57 .. 
50 10.29"61 0.2056 0.000" 835.9 1041.8 55.669 6.21 10.36 586 
52 10.701131 0.2139 0.0004 8lt8." 1062.5 56.075 6.22 10.37 597 
5 .. 11.12192 0.2222 0.000" 860.9 1083.3 56."61 6.23 10.37 608 
56 11.535 .. 2 0.230" 0.000" 873.3 110".0 56.8 .. 5 6.2 .. 10.38 619 
58 11.9 .. 885 0.2387 0.0003 885.8 112 ... 8 57.209 6.25 10.39 630 
60 12.36221 0.2 .. 70 0.0003 898 ... 1145.6 570562 6.27 10 ... 1 641 

65 13.39533 0.2677 0.0003 929.9 1197.8 58.395 6.32 10.45 666 
70 14.421113 0.288 .. 0.0003 961.6 1250.2 59.173 6.38 10 .52 689 
75 15.46069 0.3091 0.0003 993.8 1303.0 59.901 6."6 10.60 712 
80 16.49305 0.3298 0.0003 1026.4 135&.2 60.588 6.5& 10.69 733 
85 17.52525 0.350 .. 0.0002 1059.4 1"09.9 61.2 .. 0 6.67 10.80 753 
90 18.5573;! 0.3711 0.0002 1093.1 146".3 61.8&2 6.80 10.93 772 
95 19.58928 0.3917 0.0002 1127.5 1519.2 62.456 6.93 11.06 191 

100 20.&2115 0.4124 0.0002 1162.5 157 ... 9 63.026 7.07 11.20 80a 
120 24.14793 0.4950 0.0002 1309.7 1804.7 65.117 7.6& 11.79 873 
140 2a .81400 0.5775 0.0001 1468.6 204&.1 &6.977 a.22 12.35 931 

160 32.99962 0.6&01 0.0001 1&37.9 2297.9 &8.656 8.70 12.82 987 
180 37.12"9& 0.742& 0.0001 1815.9 2558.4 70.190 9.09 13.21 1039 
200 41.25010 0.8251 0.0001 2001.0 282&.11 71.600 9.40 13.53 10'3:0 
220 45.37510 0.9076 0.0001 2191.6 3099.1 72.901- 9.65 13.78 1138 
240 49.50000 0.9901 0.0001 2386.1 337&.7 14.109 9.85 13.97 1185 
260 53.&2 .. 82 1.0726 0.0001 2585.2 3657.7 75.23 .. 9.99 1 ... 12 1231 
280 57.7 .. 958 1.1551 0.0001 278&.2 3941.2 76.284 10.10 1 ... 23 1275 ~ 

300 &1.8&9&& 1.2375 0.0001 2989.2 422&.6 71.2&8 10.18 14.31 1319 
350 72.18050 1.,4438 0.0001 3501.8 4945.4 79.4154 10.30 14.42 1 .. 22 
400 82.49121 1.6500 0.0001 4018.2 5&&8.1 81.415 10.35 14.47 1519 

4511 92.80183 1.8562 0.0000 453&.5 6392.& 83.121 10.37 1 ..... 9 1611 
500 103.112 .. 0 2.0624 0.0000 5055.6 7117.8 8".&48 10.39 14.51 1697 
550 113.42293 2.268& 0.0000 5575.3 7643.8 86.033 10.40 1 ... 53 1780 
600 123.73343 2.4748 0.0000 609&.1 8570.8 87.295 10 ... 2 14.55 1859 
700 1 ..... 35 .. 40 2.8873 0.0000 7141.0 10028.1 89.544 10."8 14.60 2006 
aDD 164.97531 3.2997 0.0000 8193.5 11"93.0 91.,02 10.57 1 ... &9 2142 
900 185.59&21 3.7121 0.0000 925&.9 129&6.8 93.238 10.70 1 ... 82 2268 

1000 20&.21708 4.12 .. 5 0.0000 10333.9 14"58.3 94.806 10.8& 14.98 2386 
1200 247.4588& 4.949 .. 0.0000 1254 ... 2 17493.4 97.553 11.2" 15.36 2601 
1 .. 00 288.70208 5.77"2 0.0000 1"837.9 20&11.9 99.9&3 11.69 15.81 2795 

1600 329.96236 6.5990 0.0000 17227.8 23827.1 1 02 .116 12.25 16.38 2971 
180'0 371.33330 7.4239 0.0000 19763.5 27190.1 104.090 13.22 17.40 3125 
2000 413.17959 8.2487 O. DO 0 0 22614.2 30871.7 106.041 \5.49 19.82 32 .. 9 
2500 530.09558 10.31015 0.0000 34967.0 45568.9 112."80 38.93 46.02 3488 
3000 72&.79296 12.3729 0.0000 73552.5 a80811.4 127.7 .. 7 113.04 157.57 3875 

• TKO-PHASE BOUNDARY 6 



THER"OilYNA"lC PROPERTIES OF NOR"AL HYDROGEN C-"!.t 

0.02 "PA I:'OBAR 

TE"PERATURE DENSUY VCDH/OV'p V (DP/DU'V -V (DPiDV'T CDV/DT\/V THEK"AL V~SCOSITY THERMAL DIELfCTRIC PRANOTL 
CONDUC TI H TV DIFFUSIVITY CONSTANT NUMBER 

DEli. K KGlCU " KJ/KG ItPA-CU ~/KJ "PA, lIDEG. K II/K-"3 KG/"7'S SQ "/HR 
)( 10 X 10 X 10 

• U.1ID7 77.022 .. 619.1 0.256 .. 9 89.6087 0.01031 72.67 2510.89 0.00053 1.25160 2.2378 

1" 7&.8522 612." 0.25"79 ef..9799 0.01062 7".&2 21t7.91t 0.00051t 1.25100 2.1&02 
15 7&.021t7 &OIt.6 0.21t263 78.10985 0.01156 83.06 218.31 1J.00056 1.2 .. 809 1.8373 

• 15.832 75.25&0 623." 0.23300 76.rtl1t7 0.01167 aa.03 197.78 Q. DO 058 1.21t539 1.63"9 

• 15.832 o • .n65 157.7 0.0&&80 0.0193 0.0&8&0 13.56 8.58 0.011t26 1.00095 0.&81tl 
16 0.3129 159.1t 0.0&682 0.0193 0.06771 13.&3 8.67 0.01 .. 52 1.00891t o. £1870 
17 0.2931 170.1 0.06&87 '0.019 .. 0.0&293 1".01t 9.2 .. 0.01611 1.00088 0.701t3 
U 0.2758 180.8 0.06689 0.0195 0.05887 1 ... 52 9.80 0.01781 1.1l0083 0.7178 
19 0.2605 191.4 0.06689 0.0196 0.05535 15.02 10.35 0.01958 1.00079 0.7301t 
20 0.l .. 69 202.0 0.0&689 0.0196 0.05227 15.63 10.90 0.02158 1.00071t 0.7363 
21 0.23"6 212.6 0.06688 0.0197 0.01t953 16.41 11.41t 0.02391 1.00071 0.7339 
22 0.223& 223.2 0.0&68& 0.0197 0.01t708 17.20 11.98 0.02636 1.00067 0.7315 
23 0.2135 233.7 0.06&85 0.0197 0.01t1t87 17.99 12.50 0.02892 1.00061t 0.;290 

2 .. 0.20 .... 21t1t.2 0.06681t 0.0198 0.01t287 18.78 13.03 0.03159 1.00062 0.7264 
25 0.1960 251t.7 0.06683 0.0198 0.01tl05 19.57 13.55 0.031t38 1.00059 0.7238 
26 0.1883 265.2 0.06682 0.0198 0.03938 20.35 llt.06 0.03726 1.00057 0.7211t 
27 0.1811 275.7 0.06681 0.0198 o .03781t 21.13' llt.56 0.01t02& 1.00055 0.7189 
26 0.171t5 286.2 0.0&680 0.0198 0.03&1t2 21.91 15.06 0.01t337 1.00053 0.7161t 
29 o • 1681t 296.& 0.06&79 0.0199 1J.03511 22.70 15.56 IJ.01t659 1.00051 0.7138 
30 0.1627 307.0 0.0&679 0.0199 0.03389 23.1t8 16.05 0.01t992 1.00049 0.7112 
31 0.1571t 317.5 0.06678 0.0199 0.03276 21t.18 16.53 0.05318 1.0001t7 0.7111 
32 o • 1521t 327.9 0.0&678 0.0199 0.03170 21t.87 17.01 0.05651t 1.00046 0.7108 
33 0.1 .. 77 338.3 0.06677 0.0199 0.03071 25.57 17."8 0.05999 1.0001t5 0.7103 

3 .. 0.1433 3 .. 8.7 0.06677 0.0199 0.02978 26.;!7 17.95 0.06357 1. 0001t 3 0.7095 
35 0.1392 359.1 0.06677 0.11199 0.02890 26.97 18.1t2 0.06721t 1.0001t2 0.7086 

.. 36 0.1352 369.5 0.06675 0.0199 0.02808 27.&8 18.88 0.07101 1.0001tl 0.7076 
37 0.1316 379.9 0.066i .. 0.0199 0.02730 28.38 19.33 0.071t88 1. 00040 0.7064 
3a 0.1281 390.3 0.06671t 0.0199 0.02656 29.08 19~78 0.07885 1.00039 0.7052 
39 0.121t7 1t00.7 0.06673 0.0199 0.02587 29.78 20.23 0.08292 1.00038 0.701t0 
100 0.1216 .. 11.1 0.06671 0.0199 0.02521 30."9 20.67 0.08709 1.00037 0.7026 

102 0.1158 431.9 0.06669 0.0199 0.02398 ' 31.88 21.51t 0.09569 1.00035 0.7000 .... 0.1105 452.8 0.0&666 0.0200 0.02288 33.27 22."0 0.10"67 1.00033 0.6973 
46 0.1056 .. 73.6 0.06663 0.0200 0.02187 3 ... &5 23.2 .. 0.11402 1.00032 0.69"5 
108 0.1012 .. 9 ... 5 0.06658 0.0200 0.02094 36.03 24.06 0.12373 1.00030 o. &917 
50 0.0971 515.6 0.05652 0.0200 0.02010 37.1t0 21t.87 0.13379 1.00029 0.6890 
52 0.0931t 536.7 0.066"3 0.0200 0.01931 38.77 25.67 0.14"17 1.00028 0.6865 
5 .. 0.0899 557.9 0.06633 0.0200 0.01859 .. 0.12 26 ... 6 0.15 .. 87 1.00027 0.681tl 
56 0.01l67 579.3 0.06621 0.0200 0.01792 .. 1.46 27.2" 0.16585 1.00026 0.6820 
sa 0.0837 600.9 0.06606 0.0200 0.01730 42.79 28.00 0.17707 1.00025 0.6802 
60 0.0809 622.6 0.0{'590 0.0200 0.01672 ..... 15 28.75 0.18871 1.00021t 0.6779 

{'5 0.07"7 677.9 0.06538 0.0200 0.015"2 .. 7.60 30.59 0.21957 1.00022 0.6719 
70 0.0693 731t.8 0.06470 0.0200 0.011t31 50.71 32.37 0.250 .... 1.00021 0.671" 
75 0.0647 793.5 0.06387 0.0200 0.01336 53.69 3 ... 10 0.28196 1.00019 0.6731 
80 O.OGOG 85".2 0.06293 0.0200 0.01252 56.01 35.78 0.31101t 1.00018 0.6830 
as 0.0571 917.2 0.06187 0.0200 0.01178 58.99 37."2 0.3 .... 1t8 1.00017 0.6853 
90 0.0539 982.6 O. 06 072 0.0200 0.01112 61.66 39.02 0.37693 1.00016 0.6915 
95 o • 051 0 10109.7 0.05957 0.0200 0.0105" &".12 "0.58 0.100886 1.00015 0.6999 

100 0.01t85 1119.2 0.05837 0.0200 0.01001 76.12 "5.71t 0.50451 1.00015 0.6730 
120 0.0 .. 0 .. 1"13.9 0.05388 0.0200 0.008310 9".21l 5 ... 09 0.71261 1.00012 0.6762 
1 .. 0 0.0346 1728.1 0.05020 0.0200 0.007110 107.66 59.20 0.90640 1.00010 0.6789 

160 0.0303 2051.1t 0.0 .. 7 .. 4 0.0200 0.00625 118.63 63.00 1.09907 1.00009 0.6809 
180 0.0269 2378.5 0.0 .. 539 0.0200 0.00556 128.13 66.17 1.29591 1.00008 0.&821t 
2i10 0.02"2 2705.5 0.0"388 0.0200 0.00500 13&.5B 69.01 1.1t99100 1.00007 0.6835 
220 0.0220 3031.10 0.01t274 0.0200 0.001t55 1 ..... 29 71.65 1.710&9 1.00007 0.681t2 
2 .. 0 0.0202 3353.3 0.010190 0.0200 0.00 .. 17 151.37 7 ... 18 1.93066 1.00006 0.681t7 
260 0.0186 3671.1 0.010128 0.0200 0.00385' 157.91t 7{,.63 2.15962 1.0000& 0.6850 
zao 0.0173 398".3 0.01t01l3 0.0200 0.00357 161t.12 79.03 2.39807 1. 0000 5 0.&851 
300 0.01&2 1t292.9 0.01t050 0.0200 0.00333 169.97 81.39 2.6"581 1.00005 0.6852 
350 11.0139 50 .. 9.0 0.04005 0.0200 0.00286 183.63 87.21 3.30790 1.00301t 0.6851 
.. 00 0.0121 5790.2 0.03985 0.0200 0.00250 196.1t5 92.95 1t.03052 1.00004 0.681t:! 

.. 50 0.0108 6523.2 0.03977 0.0200 0.00222 208.82 91l.62 1t.81297 1.00003 0.681t6 
500 0.0097 72~7." 0.03970 0.0200 0.00200 221.07 10 ... 210 5.651t08 1.00003 0.681t3 
550 0.0088 7990.9 0.039&4 0.0200 0.00182 233.15 109.79 6.55295 1.00003 0.&81t1 
600 0.0061 8728.7 0.03957 0.0200 0.00167 2"5.20 115.28 7.50813 1.00002 O. &839 
100 0.0069 10222.6 0.03936 0.0200 0.0011t3 269.27 126.07 9.58260 1.00002 0.6837 
800 0.00 &1 11754.9 0.03902 0.0200 0.00125 293.61 136.61 11.86800 1.00002 0.&837 
900 0.0051t 13338.9 0.0385& 0.0200 0.00111 318.1t2 146.90 llt.35538 1.00002 O. &837 

1000 0.00 1t8 l1t963.4 0.03798 0.0200 0.00100 1t .. 0.5& 156.96 21.82932 1.00001 0.533~ 

1200 0.00"0 18"37.3 0.03669 0.0200 0.00083 511.05 176.1t3 2'h63226 1.00001 0.53010 
1 .. 00 0.0035 221 .. 0.8 0.03528 0.0200 0.00071 581t.08 195.12 38.385511 1.00001 0.5283 

160'0 0.0030 2& 208.2 0.03368 0."200 0.00il63 665.06 213.15 1o~.227&9 1.00001 0.5250 
laoo 0.0027 31308.9 0.03120 0.0200 0.0005& 781.06 230.62 60.0051tl 1.00001 0.5138 
2000 0.0021t 39512 .9 0.02&611 0.0200 0.00050 1013.92 "Z .. 7.&8 7&.08398 1.00001 0.1t&1t2 
2500 0.0019 111902.3 0.01089 0.0195 0.000"1 3527.69 291.61t IIt&.26990 1.00001 0.3ea5 
3000 0.001 .. 351285.0 0.001t29 11.0170 0.00039 122 .. 5.90 31t5.55 232.91357 1.00000 0.38/12 

7 
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C-Za THERltOJYNAltIC PROPE~TIES OF NORltAL HYDROGEN 

o.olt ItPA ISDdAR 

TalPER"TURE 1I0LUME ISOTHERIt ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DERIVAlIVE DERIVATIVE ENERGY OF SOUND 

DEC.. K CU H/KG CU It-HPA/KG ItPA/t< t<J/KG-K t<J/I(G t<J/KC.-K I(J I K~-K "IS 

• 13.81" 0.012911 1.1&/07 0.9237 218.2 . 218./5 " ·1,..0112 /0.&11 &.:Sll 1261 ! 
1,. 0.01301 1.13lt9 0.923& 219.5 220.0 1,..171 ".72 &.50 1250 
15 0.01315 ·1.03 .. & 0.90113 22&.2 22&.7 1 ... &33 /0.92 &.99 1212 
1& 0.01331 0.9&119 0.8905 233." 233.9 lS.099 5.12 7./0 .. 11117 
17 0.013/011 0.9053 0.875" 2/01.1 2 .. 1.& 15.5&& 5.311 7.92 11&3 

• 17."97 0.01357 0.880& 0.6682 2/05.1 2 .. 5.& 15.799 5.39 8.15 115/0 

• 17."97 1.71035 0.0& .. & 0.0025 &30.1 696.5 .. 1.&111 &.3" 11.20 338 
111 1.7&& .. 11 0.0&70 0.002" &33 ... 70 ... 1 "1.997 6.32 11.10 3 .. 3 . " 
19 1.117105 0.07111 0.0022 &/00.0 715.1 "2.593 6.28 10.9& 35/0 : 

20 1.98&52 0.076 .. 0.0021 & .. &.& 72& •. 0 /03.153 &.2& 10.116 3&/0 ! ~ 

21 2.0951" 0.0810 0.0020 &53.0 73&.8 .. 3.&82 . 6.25 10.79 37ft i. 

22 2.20310 0.0855 0.0019 659.5 7 .. 7.& /0 ... 18/0 &.2/0 10.73 ]8,. 

23 2.31052 0.0900 0.00111 &&5.9 758.3 /0/0.&&0 &.23 10.&11 393 

2 .. 2./017/09 0.09/0 .. 0.0017 &72.3 7&9.0 /05.11 .. &.22 \0.&/0 /002 
25 2.52/009 0.09811 0.0017 &78.& 779.6 /05.5 .. 7 &.22 10.61 .. 11 
2& 2.&3035 0.1032 0.001& &85.0 790.2 /05.9&1 &.22 10.58 /019 
27 2.73&3/0 0.107& 0.0015 &91.3 800.8 /0&.3&1 &.21 10.5& /027 
28 2.11/02011 0.1119 0.0015 &97.6 1111.3 /0&.7/03 &.21 10.5/0 /03& 
29 2.9/07&1 0.11&2 0.001/0 703.9 821.8 /07.113 6.21 10.52 /0/0/0 
30 3.05295 0.1205 0.001/0 710.2 832./0 /07./069 6.21 10.51 /052 
31 3.151112 0.12"8 0.0013 716.5 8/02.8 .. 7.81/0 &.21 10./09 .. 59 
32 3.2631/0 0.1·291 0.0013 722.8 853.3 /08.1106 6.21 10 ./08 /067 
33 3.3&1102 0.1333 0.0012 729.1 8&308 1011./069 6.20 100/07 /07/0 

310 3./07278 0.1376 0.0012 735.3 151/0.3 108.781 6.20 10."6 ""2 
35 3.57710/0 0.1/018 0.0012 7/tl.6 884.7 ',9.08" 6.20 10.45 /089 
3& 3.&8199 0.1/061 0.0011 7"7.9 895.2 /09.379 6.20 111./0/0 /096 

.,37 3.78&"& 0.1503 0.0011 75/0.1 905.& 109.665 6.20 10 ./0.3 503 
311 3.1190114 0.1545 !I.OOll 7&0 ... 916.0 49.943 6.20 10./t2 510 
39 ·3.99515 0.1588 0.0010 16&.6 92&." 50.213 &.20 10./02 51& 
/00 /0.09939 0.1&30 0.0010 772.9 93&.9 50./077 &.20 10./01 523 

.. 2 ... :'s07&1I 0.17110 0.0010 785." 957.1 50.985 &.20 10./00 53& 
"4 /0.5157& 0.1798 0.0009 797.9 978.5 51./0&8 &.20 10./00 5/09 
.. & ,..723&6 0.1882 0.0009 &10.3 999.3 51.930 &.20 10.39 561 
.. a 1t.9U/o0 0.1965 0.0008 822.8 1020.1 52.313 &.21 10.39 57/0 
50 5.13901 0.20109 0.0008 835.3 1040.8 52.797 6.21 10.39 5115 
52 5.346109 0.2132 0.0008 8/07.11 1061.& 53.20/0 &.22 10.39 597 
51t 5.55381 0.2216 0.0007 6&0.3 1082.4 53.597 5.23 10./00 608 
5& 5.76116 0.2299 0.0007 1172.3 1103.2 53.976 &.2/0 10./01 &19 
58 5.9&1137 0.2383 0.0007 885.3 1124.0 5/0.3/01 &.25 10./01 &30 
60 &.17550 0.2/06& 0.0007 897.11 114/009 5/0.&9/0 6.27 10./03 6/00 

65 6.&930& 0.267/0 0.0006 929." 1197.1 55.529 &.32 10 ... 7 6&& 
70 7.21030 0.2881 0.0006 9&1.2 12/0'30& 56.308 6.38 10.53 689 
75 7.72730 0.3088 0.0005 993./0 1302.5 57.037 6./0& 10.&1 712 
80 11.24410 0.3296 0.0005 1026.0 1355.7 57.725 &.56 10.70 733 
85 8.7607./0 0.3503 0.0005 1059.1 1409.5 58.378 &.&7 10.81 753 
90 9.27725 0.3710 0.000/0 1092.11 1/063.9 58.999 &.80 10 .94 773 
95 9.793&5 0.3917 0.000/0 1127.2 1518.9 59.59/0 6.93 11.07 791 

100 10.3099& 0.4123 0.000/0 1162.2 1574.6 60.165 7.07 11.21 808 
120 12.37/051 0.4950 0.0003 1309.5 180 ... /0 62.256 7.66 11.79 1173 
1/00 1/0.43333 0.577& 0.0003 1/068./0 2046.0 6/0.117 11.22 12.35 932 

160 16.50171 006602 0.0003 1637.11 2297.9 &5.79& 3.70 12.112 9117 
1110 18.56481 0.71023 0.0002 1815.8 2553.4 67.331 9.09 13.22 1039 
200 20.62771 0.8253 0.0002 2DOO.8 282&.0 &8.7/00 9./00 13.53 1090 
220 22.&9048 0.9079 0.0002 2191.5 3099.1 70.0/02 9.65 13.73 1138 
2 .. 0 2/0.75314 0.9904 0.0002 238&.6 337&.7 71.250 9.115 13.97 1185 
2&0 2&.81572 1.0129 0.0002 2585.1 3657.7 72.375 9.99 1/0.12 1231 
280 25.87824 1.1554 0.0001 278&.2 39/01.3 73./025 10 .10 1/0.23 1276 
300 30.938/.2 1.2378 0.0001 2989.2 /022&.7 7/0./009 10.18 14.31 1319 
350 3&.09405 1. /04101 0.0001 3501.7 /09/05.5 76.626 10.30 1/0.43 1 .. 22 
400 Itl. 24 9"S5 1.6503 0.0001 /0018.2 5&&8.2 711.55& 10.35 1/0.47 1519 

/050 /0&.40/096 1.85&5 0.0001 4536.5 6392.7 80.262 10.37 14.50 1611 
500 51.56032 2.0627 0.0001 5055.& 7118.0 81.790 10.39 1/0.51 1698 
550 56.11565 2.2690 0.0001 5575.3 71143.9 83.114 10. /00 1/0.53 1780 
600 61.87095 2.4152 0.0001 6096.1 11510.9 5/0./03& 10. /02 l/o.S5 11159 
700 72.181109 2.8876 0.0001 71/01.0 10028.2 86.&86 10.48 1!t.60 2006 
300 52.49200 3.3000 0.0001 8193.5 11493.2 118.6/03 10.57 1/0.69 21 .. 2 
900 92.802411 3.7124 tl.oooo 9256.'i 129&9.0 90.380 10.70 1/0.82 22&8 

1000 103.11294 4~ 1249 G.liil!.HI 10333.9 14458.5 91.947 10.8& 14.98 235& 
1200 123.73385 ",r.:; ~4S;1 ii.OOOO 1251,4.2 17493.6 9/0.695 11.24 15.36 2&01 
1/000 1/0/0.3552& 5.n/05 0.0000 1/t1l37.5 20&11.7 97.104 11.68 15.31 2795 

1600 1&4.982&9 &.5994 0.0000 17223.9 23823.3 99.25/0 12.21 16.3/0 2972 
1800 185.&,.924 7.42"2 0.0000 19737.9 271&3.9 101.215 13.02 17.18 3130 
2000 20&.48311& 8.2490 0.0000 22498.0 30751." 103.118 11g" 72 19.00 3262 
2500 2&2.92037 10.3111 0.0000 33116.9 43&93.8 108.803 31.&1 37.71 3507 
3tHI0 341.85821 12.3732 0.0000 &2113.5 7&&27.9 120.&4/0 8&.9 .. U/o.&2 3853 

• TWO-PH'SE BOUNDARV 8 .-



T HERHODYN AHIC PROPERTIES OF NORMAL H~OROGEN C -2 .. 

O.DIt "PA ISOBAR 

TEI'IPERATURE OENSITY VlOH/OV'p V lDP/DU'V -V lDP/OVJT 
lOV/Or\fV THER"AL VISCOSITY THERt!AL DIELECTRIC PRANOTL 

CONDUCTIVITY OIFFUSIVITY CONSTANT NUHBER 
DEG. I( ICG/CU " ICJ/ICG HPA-CU H/ICJ ItPI! tlDEG. I( II/K-It KG/It-S SQ H/HR 

X 10l X 103 X 107 

• 13.8110 77.031t0 619.8 0..256 .. & 89.7200 0.01029 72.76 255.02 0.00053 1.25161t 2.236" 

lit 76.8&96 &13.& o .251t83 87.23'U 0.01059 7 ... &3 21t8.30 0.000510 1.25106 2.1611 

15 76.0 .. 33 &05.3 o .. 21t280 711.6773 0.01151t 83.08 2111.&2 0.0005& 1.2 .. 81& 1.83117 
,16 75.1381t &08.0 0.23158 72.80-113 0~01223' 88.91 19 ... 63 0.00057 1.2"1t98 1.6280 
11 7 ... 18 .. 9 607 ... 0.22251t 67.1585 0.0130" 92.73 175.22 0.00057 1.2101610 1.109&1 

• 17.1t97 73.6915 6011.9 0.21861 61t.81191t 0.013311 91t.22 166.89 0.0005& 1.23991 1.1t .. 31 

• 17.1t97 o .581t 7 170.9 0.0&672 0.0378 0.06552 l1t.61 9.58 0.00803 1.0017& 0.73311 

18 0.5661 176.3 0.0&682 0.0379 0.06297 l1t.83 9.86 0.008"9 1.00171 0.7381 

19 0.53211 187.1 0.06&910 0.0382 0.05858 15.27 10.ltl O.OO'lltl 1.00161 0.71t70 

20 0.503" 197.9 0.06700 0.0385 0.051087 15.86 10.95 O.Ololt .. 1.00152 0.7503 

21 0."773 208.7 0.06702 0.0387 0.05167 16.62 11.lt9 0.01162 1.0011t .. 0.7"60 

22 0 ... 539 219.5 0.06702 0.0388 0.01t887 17.39 12.03 O.0128'i 1.00137 0.7"20 
23 0 ... 328 230.3 0.06701 0.0389 0.0"639 18.16 12.55 0.01 .. 1 .. 1.00130 0.7383 

Zit O.ltl37 2 .. 1.0 0.06700 0.0391 o .01t416 18.91t 13.07 0.01SIo9 ~ .00125 0.73"8 

25 0.3962 251.7 0.06698 0.0392 0.04216 19.72 13.59 0.016119 1.00119 0.7313 

26 0.3802 262.4 0.06697 0.0392 0.0403" 20."9 14.10 0.0183 .. 1.00115 0.7282 

27 0.3655 273.0 0.06695 0.0393 o .OJlJ69 21.27 "".61 0.019114 1.00110 0.7252 

28 0.3519 283.6 0.0669 .. 0.0391t 0.03717 22.04 15.10 0.02140 1.00106 0.7222 

29 0.3393 29".2 0.06692 0.039 .. 0.03577 22.82 15.60 0.02301 1.00102 0.7192 

30 0.327& 304.7 0.06691 0.0395 0.03447 23.59 16.09 0.02468 1.00099 0.7163 

31 0.3166 315.3 0.06690 0.0395 0.03328 24.29 16.57 0.02632 1.00095 0.7157 
32 0.30 65 325.8 0.06689 0.0396 0.03216 24.98 17.05 O. 02801 1.00092 0.7150 

33 0.2969 336.3 0.06688 0.0396 0.03112 25.68 17.52 0.02974 1.000119 0.7142 

31t 0.2880 346.8 0.06687 0.039& 0.03015 26.38 17.99 0.03154 1.00087 0.7131 
35 0.2795 357.3 0.0&687 0.0396 0.02924 27.08 18.45 0.03338 1.0008 .. 0.7118 

.36 0.271& 3&7.8 0.0&685 0.0397 0.028l8 27.78 18.91 0.03,527 1.00082 0.7106 
37 0.26"" 378.3 0.0&684 0.0397 0.02758 28."8 19.36 0.03722 1.00080 0.7092 

38 0.2570 388.7 0.06683 0.0397 0.02682 29.18 19.81 0.03921 1.00077 0.7078 

39 0.2503 399.2 0.06682 0.0397 0.02610 29.88 20.26 11.04125 1.00075 0.7064 
40 0·11"39 1t09.7 0.06680 0.0398 0.025102 30.58 20.70 0.0103310 1.000710 0.7049 

102 0.2321 1030.6 0.06678 0.0398 0.02416 31.97 21.57 0.010765 1.00070 0.7020 
1010 0.22110 1t51.5 0.0&675 0.0398 0.02303 33.35 22.102 0.05215 1.00067 0.6991 
106 0.2117 1t72.5 0.116611 0.03911 0.02200 310.73 23.26 0.05683 1.00064 0.6961 
1t8 0.2028 1093.5 0.06&66 0.0399 0.02106 36.11 210.03 0.06170 1.00061 0.6931 
50 0.19"6 51".6 0.06659 0.0399 0.02019 37.108 24.90 0.06673 1.00059 0.6903 
52 0.11170 535.8 0.06650 0.0399 0.019100 38.810 25.70 0.07193 1.00056 0.6876 
54 0.1801 557.1 0.066100 0.0399 0.01866 100.19 26.,.8 0.07729 1.00054 0.6651 
56 0.1736 578.5 0.06627 0.0399 0.01799 101.53 27.26 0.08279 1.00052 0.6829 

58 D .1&7& 600.1 0.06613 0.0399 0.01.735 102.85 28.02 0.08841 1.00050 0.6811 
60 0.1619 621.9 0.06;$96 0.0399 il.C:'677 10,..21 28.78 0.0942& 1.000109 0.&767 

65 o .1109lo 677.3 0.06543 0.0399 0.015106 107.66 30.61 0.10968 1.000105 0.6725 
70 0.1387 734.2 0.06475 0.0400 0.01434 50.77 32.39 0.12514 1.00042 0.6719 
75 0.12910 793.0 0.06392 0.01000 0.01338 53.74 34.12 0.110091 1.00039 0.&73& 
80 0.1213 853.8 0.0& 297 0.01000 0.01253 56.06 35.80 0.155 .. 6 1.00037 0.663Ct 
85 o .1tH 916.9 0.0&191 0.01000 0.01179 59.03 37.43 0.17220 1.0003 .. 0.6856 
90 0.1078 982.3 0.06076 0.0400 0.01113 61.71 39.03 0.18845 1.00032 0.6917 
95 0.1021 101t9.5 0.05960 0.0400 0.01054 61t.16 "0.59 0.20442 1.00031 0.7001 

100 0.0970 1119.0 0.058"0 0.0400 0.01001 7&.13 45.74 0.25215 1.00029 0.6732 
120 0.0808 1413.8 0.05390 0.0400 0.00834 94.29 54.08 0.35622 1.00024 0.671':3 
140 0.0&93 1728.1 0.05022 0.01t00 0.00715 107.66 59.20 0.45316 1.00021 0.£>790 

f.60 0.0606 2051.5 0.04746 0.0400 0.00625 118.64 63.00 0.54954 1.00018 0.6810 
1.ao 0.0539 2378.7 0.04541 0.0400 0.00556 128.14 66.17 0.64799 ',.00016 0.6825 
lOO 0.0"85 2705.8 0.04389 0.01000 0.00500 136.59 69.01 0.74976 1.00015 0.6835 
220 0.010"" 3031.7 0.010275 0.0400 0.00 .. 55 1104.30 71.66 0.8551t3 1.00013 0.&842 

2100 0.0100" 3353.6 0.04191 0.0400 0.00417 151.37 7 ... 18 0.965"4 1.00012 ~.6847 

260 0.0373 3671 ... Ll.010129 0.0400 0.00385 157.95 76.63 1.07995 1.00011 0.6650 
280 0.031t6 398".7 0.0"0810 0.01000 0.00357 1& ... 13 79.03 1.19919 1.00010 0.&852 

300 0.0323 42<;3.4 0.04051 0.0400 0.00333' 1&9.98 81.40 1.32308 1.00010 0.6852 
350 0.0277 50 .. 9.5 0.04005 0.0400 0.00286 183.6" 87.22 1.65418 1.00008 0.6851 
1t00 0.02"2 5790.7 0.03966 0.01000 0.00250 196.46 92.96 2.01554 1.00007 0.6849 

1t50 0.0215 &523.7 0.03978 0.0400 0.00222 208.83 98.63 2.40&82 1.00006 0.684& 

500 lI.ll!91t ?2S!.!! GIJu3910 0.0400 0.00200 221.09 10 ... 2 .. 2.827 .. 3 1.00006 0.68103 
550 0.0176 7991.5 0.03965 0.0" 00 0.00182 233.17 109.80 3.27693 1.00005 0.&641 
60D 0.0162 8729.3 0.03958 0.0400 0.00167 245.Z2 115.29 3.75456 1.00005 0.6839 
700 1' .• 0139 10223.2 0.0393& 0.0 .. 00 0.0011t3 269.29 12&.08 4.79195 1.00004 0.6837 
aDo 0.0121 11755.5 0.03903 0.0400 0.00125 293.63 13&.62 5. 931t79 1.00004 0.&1537 
gOO 0.0108 13339.5 0.03856 0.0400 0.00111 318.45 ""6.92 7.17862 1.00003 0.&1\37 

1000 0.0097 14984.0 0.03798 0.0 .. 00 0.00100 .... 0.56 15&.97 lQ.91511 1.00003 0.5338 
1200 0.0081 18437.7 0.03&70 0.0400 0.00083 511.03 176.44 110.81&53 1.00002 0.5305 

lltOO 0.0069 2213".7 0.03530 0.0400 o .00071 583.60 195.14 l'h 1902Ct 1.00002 0.5284 

1600 0.0061 261"1.5 0.03379 0.0"00 0.00062 662.39 213.17 24.07967 1.00002 0.5258 
!BOO 0.005" 30913.0 0.031&9 0.0"00 0.0005& 7&5.58 130.63 23.78615 1.00002 0.5115 
2000 0.0048 379"8.7 0.02805 0.01t00 0.OG050 951.20 2"7.66 37.21792 1.00001 O.Iog .. & 

2500 0.0038 92571.8 0.01331 0.0392 0.00041 2795.55 290.67 70.06111 1.00001 0.39~7 

30011 0.0029 279107.0 0.00 533 0.03!>6 0.00037 9541.08 342.92 lh. Z0189 1.00001 O.37f>J 

9 
• TWO-PHASE BOUNDARY 



C-Za THERMODYNAMIC PROp~~rlES OF ND~HAL HYDP'OG~N 

0.0& "PA I:.OaU 

TE"PERAlUKE II0LU"E !SOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DEfUVATI\lE DERIIIAlIVE ENERGY OF SOUIIJ 

OEG. I( CO "'I(I> Cu H-I1PA/I(I> "PAIl( I(J/KG-K KJ/KG KJ/KG-K KJ I K';-K HIS 

• 13.821 0.01298 1.1&&0 0.9239 218.2 219.0 llt.083 1t.68 6.311 1261 
lit 0.01301 1.1380 0.9239 219." 220.2 llt.164 1t.71 6."9 1252 

15 0.01315 1.0367 0.9090 226.1 226.9 llt.&30 1t.92 &.99 1213 
16 0.111331 0.9709 0.8912 233.3 231t .1 15.09& 5.12 7."3 1188 
11 0.0131t8 0.91113 0.41&1 2/01.0 21tl.8 15.5&2 5.30 1.91 ll1i,. 

18 0.013&& 0.8 .. &0 0.861& 2"9.2 250.0 ~"'.030 5 ... , 4."2 11101 

• 18.&21 0.01314 0.81'" 0.1152 .. 25 ... 5 255.3 16.321 5.5& 11.72 1130 

• 18.&21 1.19270 0.0&&3 0.003& &3 ... 6 70&.3 .. 0.5105 & ... 1 11.53 3105 
19 1.22174 0.0682 0.0035 637.4 710.7 1t0.771 &.38 11.lt3 350 
20 1.297"3 0.0732 0.0033 &/0 ... 2 722.0 /01.358 &.33 11.23 3&0 
Z1 1.37208 0.0780 0.0031 &50.9 733.2 /01.901t &.29 11.09 371 
22 1./olt595 0.0828 0.0029 &57.5 141t.2 ,.2.1014 &.21 10.94 381 
23 1.51921 0.0875 0.00211 &6 ... 0 755.2 .. 2.9010 &.26 10.90 390 

2'+ 1.5919& 0.0921 0.002& &70.5 7&&.0 1t3.3&7 &.25 10.83 .. DO 

25 1.&&1t30 0.096& 0.0025 &77.0 776.8 .. 3.808 6.21t 10.78 .. 09 

2& 1.73&29 0.1011 0.0021t &83." 787.& 1t1o.228 6.23 10.73 It 17 
27 1.80798 0.105& 0.0023 &89.8 79el.3 1t ... &33 &.23 10.70 1t26 
24 1.8,19 .. 1 0.1101 0.0022 &96.2 809.0 1t5.020 &.23 10.&& .. 3 It 

29 1.950&2 0.111t5 0.0021 702.& 8B.& .. 5.391t &.22 10.63 .. It 2 
3D 2.021&2 0.1189 0.0021 709.0 830.2 105.7510 &.22 10.61 1t50 
31 2.092 .. 5 0.1232 0.0020 715.3 81oJ.8 10&.101 6.22 10.59 1t58 

32 2.16313 0.127& 0.0019 721.& 651 ... 10&.1037 &.22 10.57 46& 
33 2.23367 0.1319 0.0019 727.9 8&2.0 10&.7&2 &.21 10.55 1t73 

310 2.30/008 0.13&3 0.0018 731t.3 872.5 1t7.077 &.21 10.53 1t41 
35 2.371t37 0.11t0& 0.0018 7/00.& 663.0 .. 7.362 &.21 10.52 488 
3& 2./010 .. 57 o .11t1t9 0.0017 7 .. &.9 893.5 .. 7.&78 &.21 10.59 .. 95 

.37 2.5110&6 0.1 .. 92 0.00,17 753.2 9010.0 1t7.9&& &.21 10.109 502 
3D 2.581070 o • 1531t 0.001& 759.5 911t~5 "S.2"& &.21 10 .... 8 509 
39 2.&51t&5 0.1577 0.0016 7&5.7 925.0 .. 8.518 &.21 10 ... 7 51& 
/00 2.72452 0.1620 0.0015 112.0' 'U5.5 1t8.783 6.21 10 ... & 523 

/02 2.8&"09 0.1105 0.001/0 78 ... & 95& ... 49.293 &.21 10 ... 5 53& 
It .. 3.003 .... 0.1789 0.001" 797.1 977.3 1t9.719 6.21 10 ..... 5109 
.. & 3.142&0 0.18710 0.0013 809.6 998.2 50.21t2 6.21 10./03 561 
108 3.281&1 D .1956 0.0013 622.1 1019.0 59.&8& &.21 10 .102 573 
50 3.420 .. 7 0.20 .. 2 0.0012 431t.& 1039.6 51.111 &.22 10.42 585 
52 3.55922 0.212& 0.0012 6 .. 7.1 10&0.7 51.520 &.22 10 ... 2 591' 
5 .. 3.&976& 0.2210 0.0011 859.7 1061.5 51.9110 6.23 10. "O! 608 
5& 3.836 .. 1 0.229" 0.0011 872.2 1102 ... 52.293 &.24 10.43 &19 
58 3.97487 0.2376 0.0010 884.7 1123.2 52.6&0 &.2& 111.,. .. EiJO 
&0 4.11327 0.2"61 0.0010 897.3 11 ..... 1 53.013 &.27 10."5 G~O 

&5 ... 1t5897 0.2670 0.0009 928.9 119&.10 53.8'9 &.32 10 ... 9 &&6 
70 ".801037 0.2878 0.0009 960.8 1249.0 5 ... &29 &.38 10.55 690 
75 5.110951 0.308& 0.0008 993.0 1301.9 55.359 & ... 6 10.&2 712 
80 5 ... 9 .... & 0.32910 0.0008 1025.6 1355.3 56.048 &.5& 10.71 733 
85 5.839210 0.3501 0.0007 1056.6 1"09.1 56.701 6.&7 10.62 75 .. 
90 &.18390 0.3709 0.0007 1092.5 1 .. &3.5 57.32' &.80 10.9" 773 
95 &.528105 0.391& 0.000& 1126.8 1518.6 57.918 6.93 11.07 791 

100 &.67291 0 ... 123 0.000& 11&1.9 157 ... 3 58 ... 89 7.07 11.21 809 
120 8.25003 0 ... 951 0'.0005 1309.2 1804.2 60.582 7.&G 11.80 873 
litO 9.62&10 .. 0.5777 0.000 .. 1 .. 68.3 2045.6 &2 ... '3 8.22 12.35 932 

160 11.0t'2'ol 0.660" 0.0004 1&37.& 2297.8 &".lll 8.70 12.83 987 
180 12.37810 0.7430 0.0003 1815.7 2558.3 65.&58 9.09 13.22 1039 
200 13.75359 0.8255 0.0003 2000.7 2625.9 &7.067 9.1t0 13.53 1090 
220 15.12893 0.9081 0.0003 2191.1t 3099.1 68.369 9.&5 13.78 1139 

2"0 1&.501016 0.990& 0.0003 2386.5 3376.6 &9.517 9.85 13.'37 118& 
260 17.87935 1.0732 0.0002 2585.0 3&57.8 70.712 9.99 1 ... 12 1231 
280 B.2544& 1.1557 0.0002 278&.1 3'1"1.3 71.753 10 .10 1 ... 23 1276 
300 20.62801 1.2361 O. DO 02 2969.1 .. 226.8 72.736 10 .18 1 ... 31 1319 
350 24.06523 1 ....... 1t 0.Q002 3501.7 .. 945.6 7".953 10.30 14 ... 3 llt22 
400 27.50233 1.650& 0.0002 4016.2 5&&8.3 7&.8" 10.35 1 ..... 8 1519 

.. 50 .50.93931t 1.8568 0.0001 1t53&.5 6392.8 78.590 10.37 1,..50 1611 
5011 3 ... .57630 2.0631 0.0001 5055.5 7116.1 60.117 10.39 1 ... 51 1&98 
550 37.61322 2.2693 0.0001 5575.3 764'+.1 81.512 10 ... 0 1 ... 53 1780 
600 "1.250lZ 2 .4755 0.0001 &09&.1 6571.1 62.763 10 ... 2 llt.55 1859 
100 .. 8.1236& 2.8879 0.0001 71 .. 0.9 10028.1t 85.113 10 ... 6 110.60 200& 
BOO 54.9975& 3.3001t 0.0001 8193.5 11493.1t 8&.911 10.57 1 ... 69 21 .. 2 
900 61.87123 3.7128 0.0001 9256.8 12969.1 88.7117 10.70 14.82 2268 

1000 &8.71t489 10 .1~52 0.0001 10333.9 1"458.6 90.215 10.8& 1 ... 98 2386 

1200 62 ... 9218 ... 9501 0.0001 125 ..... 2 171t93.7 93.122 11.24 15.3& 26Dl 
11000 9&.23973 5.77"9 0.0000 lIt837." 206U.7 95 ... 31 11.68 15.61 2795 

1&00 109.9905& &.5997 0.0000 17222.2 23621.7 97.SIl ,12.19 16.32 2972 
1800 123.7&2&8 7."2"6 0.0000 19726.& 27152.3 99.5J& 12.93 17.06 3132 
2000 137.b2&26 8.21t91t 0.0000 2210 .. £;..6 30701t.2 101 ... 11 IIt.39 18.63 32&8 
2500 17 ... 65331 10.3115 O. DODO 32383.& 1t2862.8 106.1&8 28.35 31t.l0 3519 
3000 221.210916 12.373& 0.0000 57839.5 71 .. 74.1t 117.,&5 7 ... 57 89.35 34 .. 5 

• TWO-PHASE 80UNOA~f 10 



THE~~OOYHAHIC PROPE~TIES OF NCilHlL "YOROGEN C-!a 

0.0& "PA ISOaAlt 

T~Pt;RATURE DENSITY VCOH/OV'p V COP/OUI
V 

-VCOP/OI/I
T 

COI//D'\I" THERHAL vISCOSrTY THfltton DIELECTRIC PRAN:' '(l 

CONDUCTII/ITY DIFFUSrvITV CONSTANT NUHBER 
OEIO. K KG/CU " KJ/KG HPA-CU "/I(J "PI lIDEG. I( N/K-" I(G/"::S sa "/Hit 

x 10Z X 10 3 X 10 ' 

• 13.421 71.0 .. 55 &20 ... 0.256104 89.831" 0.01028 72.4" 255.1/0 0.00053 1.25168 2.2350 

1,. 7&.88&9 61 ... 7 0.25"86 87."981 a.Ol05& 7 ... 65 2 .. 8.65 iI.0005 .. 1.25112 Z. HZO 

15 76.0&18 606.0 0.2 .. 29& 78.8559 0.01153 83.11 214.92 0.0005b 1.21082Z 1.8"01 

16 75.1582 608.7 0.23173 72.9692 0.01221 88.95 19/0.90 0.00057 1.2/0505 1.&289 

17 7".2067 608.1 0.222&9 67.32"3 0.01301 92.77 175."7 0.00057 1.2 .. 172 1."968 

11 13.2096 605.0 0.21517 61.9320 0.01391 95./0& 159 ... 7 0.0005& 1.23823 1./00&2 

• 11.&21 72.5&/05 60 ... 7 0.21108 59.1157 0.0110102 'lb. 52 150.87 0.00055 1.23598 1.3&28 

• 18.&21 o • III 8" 178.9 0.0&6&& 0.0556 0.061010& 15."3 10.26 0.0057" 1.00253 0.76a7 

19 0.8185 183.1 0.06678 0.0558 !l.0621o& 15.58 10."7 0.00599 1.002"7 0.76111 

2D 0.7708 1910.0 0.0&&99 0.056/0 0.05790 16.11 11.01 0.00670 1.00232 0.7&73 

21 0.7288 205.0 0.0&709 0.05&9 !].05/O10 16.8/0 11.55 0.00750 1.00220 0.76DO 

22 0.6916 215.9 0.0671/0 0.0573 0 .. 0508& 17.59 12.08 0.008310 1.00209 0.7539 

23 11.&582 2~6.9 0.0&715 0.0576 0.0/080/0 18.35 12.&0 0.00921 1.00198 0.7/08& 

2" 0.&282 237.8 0.0&71/0 0.0578 0.0/055& 19.11 13.12 0.01011 1.00189 0.7/038 

25 0.6009 2/08.6 0.0&713 0.0581 iI.Olo335 19.88 13.610 0.01105 1.00181 11.73910 

26 0.5759 259.5 0.06711 0.U582 0.0"137 20.&5 1".15 0.01202 1.0017 .. 0.7355 

27 0.5531 270.3 0.06709 0.058" 0.03958 21.41 1 ... 65 a.01303 1.00167 0.1318 

28 0.5321 281.0 0.06707 0.0586 !l.03791o 22.18 15.15 a.Ol"07 1.001&0 0.7283 

29 0.5127 291.7 0.0&705 0.0587 0.il3&105 22.9" 15.610 0.01515 1.00155 0.72/09 

30 0 ... 9 .. 7 302./0 0.0&703 0.0588 0.03508 23.71 16.13 0.OUi27 le001 .. 9 0.7215 

31 0./0779 313.1 0.0&702 0.0589 0.03381 2 ..... 0 16.61 0.01737 1.001 .. 10 0.72010 

32 0."&23 323.7 0.0&701 0.0590 0.032610 25.10 17.08 0.01850 1.00139 0.7193 

3.J 0 ... /077 3310.3 0.0&&99 0.0591 0.03155 25.79 17.56 0.019&& 1.00135 0.711)1 

3,. 0."3"0 3"10.9 0.06&98 0.0591 0.03053 2&.1011 18.02 0.0208& 1.001~1 0.71&7 

35 0 ... 212 355.5 0.0&&97 0.0592 0.02958 27.18 18.109 0.02209 1.00127 0.7152 

3& 0.10091 3&b.0 0.0&&95 0.0593 0.02nO 27.88 18.9 .. iI.0233& 1.00123 0.7137 
-37 0.3977 37&.& 0.06&93 0.0593 0.il278& 28.58 19./00 0.02/06& 1.00120 G.7121 

38 0.3869 387.1 0.0&692 0.0594 0.02707 29.28 19.85 0.02599 1.00117 0.7105 

39 0.37&7 397.7 0.0&b91 0.05910 0.1'12",33 29.98 20.29 iI.0273& 1.0011" 0.7089 
.. 0 0.3670 408.2 0.0&689 0.059 .. 0.02563 30.&7 20.73 0.02875 1.00111 0.7072 

.. 2 0.31092 42'1.2 0.0&&8& 0.0595 0.0210310 32.06 21.&0 0.03163 1.00lD5 0.70100 .... 0.3330 1050.3 0.0&&63 0.059& 0.02318 33.10" 22.105 0.03 .. 6 .. 1.0010il 0.7009 

.. & 0.3182 1071.3 0.0&&76 0.0596 O. 02213 3 ... 82 23.29 0.03777 1.0009& O. &977 

108 0.30/07 "92.10 0.0&&73 0.0597 0.02117 3&.19 2 ... 12 0.010102 1.00092 3.6910& 
50 0.29210 513.& 0.0&&&& 0.0597 0.02029 37.56 2 ... 93 :).0/01038 1.00il88 0.&915 
52 0.2810 53".6 0.0&657 0.0597 0.019108 36.92 25.72 0.0/0785 1.00085 O. &8a8 
Sit 0.27010 55&.2 0.0&&10& 0.0598 0.018710 100.27 2&.51 0,051/03 1.00381 O. &862 
56 0.2607 571.7 0.06&33 0.0598 0.ilB05 /01.&0 27.28 3.05510 1.00079 0.6d35 

58 0.2516 599." 0.0&619 0.0598 0.017101 Io2.~2 28.05 a.05885 1.00il7& 0.6819 
60 0.2431 621.2 11.0&602 0.0598 0.01&82 1010.28 28.40 iI.0627& 1.00073 0.67'310 

&5 0.22 .. 3 67&.& 0.0&5109 0.0599 0.01550 .. 7.72 30.63 0.07305 1.000&11 o. &731 
70 0.20111 733.7 0.0&1080 0.0599 G.Ol1037 50.83 32./01 0.08337 1.000&3 o. &7210 
75 0.19/02 792.6 0.0&397 0.0599 11.013100 53.79 34.110 0.09389 1.001159 0.&7100 

80 0.1820, 853.10 0.0&302 0.0599 0.01255 5&.11 35.82 0.103&1 1.00055 o. &838 
85 0.1713 91&.5 0.0&195 0.0&00 0.01181 59.08 37.105 0.11"77 1.00052 0.&859 
90 0.1617 982.0 0.06'080 0.0&00 0.011110 &1.75 39.05 0.125&2 1.00049 0.6920 
95 0.1532 101t9.2 0.059&4 0.0600 0.01055 &10.21 40.61 0.13&211 1.00010& 0.70J3 

100 0.1"55 1118.8 0.058 .... 0.0600 0.01002 76.15 "5.710 0.16803 1.0001010 0.6735 
120 0.1212 11013.7 0.05392 0.0&00 0.0083,. 910.29 5".08 0.237103 1.00037 0.6765 
1/00 0.1039 1728.1 0.050210 0.0&00 0.00715 107.&7 59.20 iI.30208 1.00031 iI. & 791 

1&0 0.0909 2051.7 0.0107/07 0.0600 0.00625 118.6 .. 63.00 0.3663& 1.00027 0.&811 
lIID 0.0808 2378.9 0.0105102 0.0600 0.0055& 128.15 &6.17 0.103202 1.000210 0.&825 
200 0.0727 270&.0 0.04390 0.0600 0.00500 13&.&11' 69.01 0."9988 1.00022 0.683& 
220 0.0661 3032.0 0.010275 0.0600 0.001055 144.31 71.6& 0.57035 1.00020 a.&e .. 3 

2 .. 0 0.0&0& 335/0.0 0.01t191 0.0&00 0.001017 151.38 7".18 0.&"370 1.00018 iI.6847 
2&0 0.0559 3&71.8 0.04129 0.0600 0.00385 157.9& 76.63 iI.72005 1.00il17 0.6850 

280 0.0519 3985.1 0.0100810 0.0600 0.00357 16".1" 79.0" 0.7995& 1.DOtll& 0.6652 
300 0.0/085 10293.8 0.010052 0.0&00 0.00333 1&9.99 81.100 0~88218 1.00015 o. &852 
350 0.01016 5050.0 0.0/000& 0.0&00 0.0028& 183.&5 87.22 1.102910 1.00~1l 0.&651 
'oDD 0.a36" 5 791.3 0.0398& 0.0600 0.00250 19b.Io8 92.96 1.3 .. 388 1.00011 0.&8 .. 9 

450 0.0323 &5210.3 0.03978 0.0600 0.00222 208.85 98.63 1.60 .. 77 1.00010 0.&8"& 
500 0.0291 72511.5 0.03971 0.0&00 D.OOzOa 221.10 10".25 1.88522 1.CJJO'l 0.&843 

550 0.02,,10 7992.1 0.039&5 0.0600 0.00182 233.19 109.S0 2.18/092 1.00006 O.be"l 
&00 0.02.Z 8729.9 0.03958 O.ObOO 0.001&7 ZIo5.23 115.30 2.503100 1.(;OJ07 o. &039 
700 0.a208 10223.8 0.03937 0.0600 0.001/03 269.32 126.09 3.1950& 1.000:10 o. bbJ7 

800 0.OU2 11 756.1 0.039Q3 0.0600 0.001Z5 293.65 136.&" 3.95705 1.00l05 a. &8,17 

900 0.01&2 133 .. 0 .2 0.0365& 0.0&00 0.00111 318.108 1/0&.93 ... 78&38 1.GJJ05 0.&a37 

1000 0.Jl105 1109610.& 0.03799 0.0&00 0.00100 "100.56 15&.99 7.277010 1.0000 .. 0.5339 

1200 0.0121 161038.2 0.03&70 0.0&00 0.00all3 511.03 17&.10& ~.8779~ 1.000010 O.5~J5 

1/000 0.01010 Z2132.3 0.03531 O.ObOO 0.00071 583.b8 195.1b 12.79295 1. OililO 3 0.52~5 

1&00' 0.11091 2&112.J 0.033810 0.0600 0.000&2 0&1.21 Z13.19 1&.010321 1.00003 0.52{'2 

1800 0.0081 30736.0 0.03192 O.ObOO 0.0005& 758.72 2.30.&5 H.79253 1.000il2 O.5UZ 

20011 o • 0073 37229.0 0.Ol870 0.0599 O.00C50 923.100 2/0 7.&& 210.5533) 1.00l02 a.r,c;J7 

2500 0.U057 83897.9 0.011079 0.0590 0.000 .. 1 210&&.9& 2':10.23 105.1080 .. 0 1.0aD02 D. ,-Oll 

3000 0.001010 ZIo321o".,. 0.00&10 0.05/0 .. 0.000:57 819&.95 3"1.07 T5. 051,26 1.0~OOl 0.37111 

11 
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C-Za T"ER"O~'NA"IC PRCPE~TIES OF NO~AL "tO~GE"' 

O.OS "PI ISOaAi{ 

'E"PERATURE "OLUNE ISOTHERM ISOCHORE INTERNAL ENTH.\LPT ENTROPY CV CP VELOCITt 
DElUvATIVE DERIIIATUE ENERGY OF SOUND 

OEG. It ::u ",ItG cu "-HPAlItG "PA/It K.l/KG-K KJ/tC.G ItJ/KG-1t ItJ I lCi-1t .. ,S 

.. 13.52a 0.0129a 1.1&72 0.92"1 211.3 21i.3 1".083 ... 65 6.38 1262 
1 .. 0.01300 1.1 .. 11 0.92 .. 1 219 ... 220 ... 1 ... 165 10.71 &.109 1253 
15 0.,0131" 1.0355 '1.9097 22&.1 227.1 110.621 ".92 6.911 121 .. 
16 11.011330 0.9729 0.8919 2l3.3 2310.3 15.093 5.12 7."3 1189 
11 0.013", 0.9092 0.117&11 2 .. 1.0 2"2.0 15.559 5.30 7.91 1165 
18 a.Oll66 0.11 .. 80 0.11&23 2"9.1 250.2 16.026 5 ... 7 11."1 11 .. 2 
19 iI.u1385 0.7833 0.11 .. 70 257.8 255.9 16."95 5.62 11.96 1117 

• 19."96 0.01391> 0.7& .. 3 0.8311" 262.3 263 ... 16.729 5.69 9.18 1111 

• 19 ... 96 0.92223 0.0&71 0.00.,7 &311.1 711.9 39.7311 6."6 11.8" 351 
20 0.951119 0.(06911 0.00"5 6 .. 1.7 717.8 .. 0.039 6."1 11.&11 35& 
21 1.00981 0.0750 0.00"2 &"8.& 729 ... "0.60" 6.35 11 ..... 3&7 
22 1.Ol>l>a2 0.0800 O.GO"O &55 ... 7"0.7 .. 1.133 6.32 11.27 378 
23 1.12311 0.011 .. 9 0.11038 &&2.1 751.9 .. 1.&31 &.29 11.1" 388 

2 .. 1.1711115 0.01197 0.0036 6&8.7 763.0 .. 2.103 &.21 11.0" 397 
25 1.23"13 0.09 .... 0.003,. 675.3 77,..0 42.552 6.2& 10.96 ,.D6 
2& 1.211903 0.0990 0.0033 &81.8 18,..9 ,.2.979 6.25 10.89 U5 
27 1 • .1,.3&1 0.1036 O. DO 31 688.3 7'35.8 "3.389 6.25 10.11" .. 2 .. 
28 1 • .59792 U .1082 0.0030 &9,..8 80&.& "3.781 6.2" 10.79 .. 33 
29 1.,.5199 0.1127 0.0029 701.2 811.4 ,./0.1&0 6.24 10.75 .... 1 
30 1.50585 0.1172 0.0028 707.7 82a.l ..... 52 .. 6.23 to.72 .... 9 
31 1.55953 0.1217 0.0027 714.1 838.8 ..... 87 .. 6.23 10.&8 .. 57 
32 1.6U05 0.1261 0.002& 720." II .. i.5 "5.213 6.23 10.66 465 
33 . 1.6&&"2 0.1305 0.0025 72&.8 860.1 .. 5.5101 6.22 10.&3 .. 72 

3 .. 1.719&7 0.1349 0.0024 73l.2 010.7 45.858 6.22 10.61 .. aD 
35 1.772110 o .ll93 0.002" 739.5 1I111.l 46.1&5 &.22 10.59 It II 7 
36 1.82582 o .14l7 0.0023 7/05.9 1191.9 46,,,&3 &.22 10.57 "'lit 

.37 1.117875 0.1,.80 0.0022 752.2 902.5 46.753 6.22 10.5.5 501 
38 1.93160 u.1523 0.11022 7511.5 913.0 47.0l" 6.21 10.5" 508 
39 1.98 .. 37 0.15&7 0.0021 7& ... 8 923.& 47.308 6.21 10.53 515 
.. 0 2.03707 0.1610 0.0020 771.1 9310.1 107.57" &.21 10.52 522 

ItZ 2.1102211 0.1&95 0.0019 183.7 955.1 "8.087 6.21 10.50 535 .... 2.Z,.72& 0.1781 o.OOta 79&.3 976.1 411.57,. 6.21 10.,.11 5 .. 8 
.. 6 2.35206 0.18&& 0.0018 808.9 997.0 .. 9.0,., 6.21 10. It7 561 
Its 2 ... 5&70 11.1951 0.0017 821./0 1015.0 ,.9 ... 85 6.21 10.46 573 
50 2.5&120 0.203& 0.01l16 834.0 1038.9 "9.912 &.22 10.lt5 585 
52 2.&&558 0.2120 0.001& 8"6.~ 1059.7 50.321 &.23 10.105 59& 
510 2.7&965 0.2205 0.0015 859.1 1080.6 50.716 6.23 111.45 6011 
56 2.117"Ol 0.22119 0.001" 871.6 1101.5 51.096 b.21o 10."5 619 
58 2.971113 0.2373 0.0014 1184.2 11z.?o" 51 ... 6 .. 6.26 10.46 630 
60 3.08215 0.2457 0.0013 1196.8 11103 .. ·10 51.1118 ~.27 10.47 6 .. 0 

65 3.31019,. 0.26&& 0.0012 9211./0 1195.11 52.656 6.32 10.50 666 
70 3.60140 0.2875 0.0011 960.3 12"8.1t 53."37 6.311 10.5& &90 
75 3.4r.062 0.308/0 0.0011 Q92.6 ll01./o 54.1611 6./07 10.&3 712 
80 10.119& .. 0.3292 0.0010 1025.2 135,..8 54.1157 6.56 10.72 733 
85 10.3785.0 0.3500 0.0009 1058.4 1408.7 55.511 6.67 10.113 75/0 
90 10.63723 1I .3708 0.0009 1092.Z 1106l.1 5&.ll .. 6.80 10.95 773 
95 10 .89585 0.3915 0.0008 1126.5 1518.2 5&.729 6.93 11.011 791 

100 5.15/038 0.4123 0.0008 11&1.6 15710.11 57.300 7.07 11.22 1109 
120 !>.111780 11./0951 0.0007 1309.0 111010.0 59.393 7.6& 11.80 1173 
1 .. 0 7.22050 0.5779 0.0006 1/068.1 20105.7 &1.255 11.22 12.35 932 

160 11.25271> 0.6&05 0.0005 1637.5 2297.7 62.936 8.70 12.113 987 
140 9.21147/0 O.7~2 0.00010 1815.5 2558.3 & ..... 70 9.09 13.22 10100 
ZOO 10.31052 0.8257 0.00010 2000.& 21125.9 65.81111 9."0 13.53 1090 
220 11.l .. 817 0.9083 0.00010 2191.3 3099.2 1)7.182 9.&5 13.78 1139 
2100 12.37971 0.9909 0.0003 2l86 ... 337&.8 68.390 9.115 13.97 11116 
Zr.O 13.101117 1.073 .. 0.0003 2584.9 3657.6 &9.516 9.99 1 ... 12 1232 
2110 110.,.10251 1.15&0 0.0003 278&.0 3941.4 70.5&& 10.10 14.23 127& 
300 15."7240 1.2llllt 0.0003 2989.0 4226.9 71.550 10.111 1/0.31 1319 
350 111.05"113 1.410 .. 7 0.0002 3501.6 4945.7 73.7&7 10.30 1/0.,.3 14Z2 
.. DO 20.&21172 1.6509 0.0002 "U8.1 5668 ... 75.697 10.35 1 ..... 11 1519 

,.50 23.20653 1.8572 0.0002 453& ... 6393.0 77.403 10.37 1 ... 50 1611 
500 25.78429 2.0&3 .. 0.0002 5055.5 7118.3 78.931 10.39 14.51 1&911 
550 211.36201 2.269& O. 0001 5575.2 78",..2 80.315 10.40 14.53 1780 
600 3D. <)3970 2./0759 0.0001 &09&.0 8571.2 81.577 10.42 110.55 1859 
700 36.0950 .. 2.8883 0.0001 71100.9 10026.5 83.821 10.48 1 ... &0 200& 
800 101.25034 3.3007 O.OOill 11193.5 11,.93.5 115.1115 10.57 1".6'3 2142 
900 106.405&1 J.71l1 0.0001 925&.8 12969.3 87.521 10.70 14.152 22&8 

1000 51.560 8& ... 125& 0.0001 10333.9 14458.11 89. a 88 10. e& 1/0 .98 238& 
lZ00 &i.87135 4.9504 0.0001 125 .. 4.2 17493.~ 91.53& 11.2" 15.ll) 2bOl 
1400 12.1819'J 5.775l 0.0001 110837.3 20611.5 94.2105 11.&4 15.81 27'15 

1600 02.4947& &.bOOl 0.0001 17221.2 23&20.e 'II) .l9/o 12.te 1& .31 2'173 
1800 92.82135 7 ... 2 .. 9 0.0000 1'1719.11 271"5.5 98.34b 12.81 17.02 3133 
2000 1U3.Z0717 8.2,.98 Ii. 0000 22415.9 30&72.5 100.213 1't. B 18 ./02 3272 
2500 130.71063 10.3U9 0.0000 31910.6 42l&7.5 105.3&5 2b."0 31.92 3529 
3000 1&8.l .... 01 12.3739 0.0000 54917.2 &8l8,..7 11 ... 73& &&.91 '0.08 311 .. 1 

.. TWO-PHASE ~OUNOA~' 12 
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T '1EfI"OJT",,,,,,IC Pt:lO"E~fI£S OF NOR'Ul H'C~OG£III ·C .. ~ .. 

1.4111 ft"A l~Oi"lt 

lEltPERAlUItE D£NSnT Vll)",Olilp 1/ lDP/DUI
V 

-II lOP/OIII
T 

UViIHf/; htER"AL I/ISCOSITf T~ER!'tll Dl£lECtRIC P~ANCTL 

COllltlUCTIIIlTY OIffuSUIlV CONSUNT Nl,;~tlt.o( 

OE6. It ItG/W " It.ll''(O MPA-CU "''''J "PI. 11 DEl>. It 11I'1t-It It(;,,,,-S sa ""M'! 
)( 102 lC 11 3 X 111' 

• 13.828 77.051l1 6Z1.0 0.256e.l 89.91tZe 0.ill.JZ1 72.92 25'5.Z6 D.OOOs3 1.25112 Z.Z33e 
lit 7fo.<jOe.3 &15.9 D.25e.49 117.7567 0.0105,3 7e..67 2e.9.01 0.0005 .. 1.2511 5 Z.163~ 

15 76~'IIDS 60c.6 0.2 .. .313 79.0l"2 0.01151 13.ll 219.23 o. 'DO 056 1. 2 .. 'SZ '" I.S"'15 
16 75.17111 bD9.1t a .2.31S9 73.13711 O.II1Z19 1111.98 195.11 J.'nO'051 1.2 .. 512 ~.6·:e., 

17 71>.2211l &1l5.8 0.22Z8l &7 ... e'98 0.ll1299 92.111 175.71 0.00057 1.2"'11'-3 1. ",,"7 .. 

18 7l.2ll2 &05.11 0.21531 62.10l1 G.Ula! 95.51 159.70 .:I. 1)(1 Os£, 1.23831 1. "'ilf5 
19 72.U79 59S.0 0.ZU8'" 56.5"''''1 0.01"'915 'H.DIt 1"'6.25 J. ODDS", 1.23"'66 1.3SJC 

• 1'). .. 96 71.&10112 599.5 0.2il583 ; ... 75"08 0.01531 97.U 11oD.27 0.0'0'053 1.2.32H, 1.321'6 

• 19 ... 96 I.U"'3 16 ... & 0.06&&5 11.0727 a .06 .. H. 16.U, 111. GO U.'DllltSZ 1.00327 D. ,..36 

21 1.0505 1913.1 0.066&" 0.0733 O.Obl .... lb.'Io1 11.07 ~.:Do .. al 1.~.:J317 0.7 S7'3 
21 O.'9'iD3 201.2 0.D.,71111 O.071o<! 0.05&8& 17.18 11.&0 J. ~D5"3 t.llOZ99 0.770<. 
ZZ lI.93h 212 ... 0.G0720 0.0750 D.05l117 17.51 12.13 0,00607 1.0n83 0.167S 

23 1l.890" ZZl.5 iI.Go726 iI.D75& D.iI"'98;; 18.55 12.65 0.00&73 1.00Z69 0.7601 

2 .. Q.lllolll 2310.& 0.06727 Q.D761 0.010787 19.11 13.17 1I.'OO7"Z 1.D025b 0.7538 

t5 0.8ID3 2 .. 5.& 0.06726 o .D765 0.0",,,,63 20.05 13.69 3.00S13 1.Il.n .... 0.7 .. Sl 
26 ilI.7758 256.6 0.06725 I). 0768 0.04210& 20.811 110.19 0.00&86 1.002l .. O. :7,,,,33 

27 D .7"10] 267.5 0.116722 0.0771 0.0",051 21.56 1"'.&9 0.01)962 1.002Z'" Oq l' 3 S B 

28 0.7153 278." D.D67Z0 0.07710 0.0357& 2Z.,51 15.19 3.010"'1 1.DilZ16 D.?3"'7 
2'l lI.bSSf' l89.3 0.06718 ° .Dn6 0.03116 23.07 15.6& 0.0112Z 1.00205 0.7:307 
30 0.66101 3DO.l 0.llo715 0.0778 0.03570 23.&3 1&.17 a.0120f> 1.00200 D.727il 

31 o .6101Z lUI.9 O.D';713 0.07110 D.Ol"'3& 2 ... 52 l6.e5 O.OlZ!9 1.00193 0.7253 
32 0.6199 321.6 0.0&712 D.Q"!Z 0.03313 ZS.Zl 17.12 0.013710 1.!Il!187 !I.7237 
33 0.&001 332.3 0.0&710 0.0783 0.03199 25."0 17.59 O. 01lt62 1.D01S1 11.7222 

3e. 0.51115 3 .. 3.0 0.Ob7o" D.07!l5 0.lI3093 26.00 le.1I6 J.D1S52 1.00175 0.7:20'" 
35 0.51>1tl 353.7 0.00707 D.D7!!6 0.0299 .. 27.29 18.52 3.01b't5 1.0017 0 11.7166 

.36 0.5"77 3c ... 3 0.0670.5 0.0787 0.02'>01 27.99 1!.98 0.017",o 1.00165 ll.71M 
31 0.5323 375.0 o .!lo 703 O.C78S 0.02515 28.68 19.:"3 J. DlaH 1.001£.0 0.71'.50 
311 0.5177 385.6 D.067D2 D.07&9 0.11273", 29.38 1'hSt! 0.01'338 1.0015& 0.71'>2 
39 0.5039 3'0&.2 0.06700 O.D7!9 0.02&57 311.0S 20.32 0.020"-1 1. :J1l152 0.711'-
100 0.10 .. 09 406.8 0.06&98 0.0790 0.02585 30.77 20.7& J.02l1t'; 1.[;"1 .. 8 0.7,095 

4tZ 0.1t6&11 .. 27.9 0.0£0695 0.0791 D.lJZ/OS3 32.15 21.63 0.02303 1. !lOl"'~ 0.70';1 
e.1o ...... 50 .. 109.0 O.1l6691 0.1l792 0.02334 33.53 2Z ... 8 0.02588 1.D013'" 0.70Z7 
106 0.10252 470.2 o .06611b 0.0793 lI.llZ2Z6 3 ... 90 23.·3Z 0.IIZ82'" 1.00128 0.£0<393 
Ita 0.10070 .. 91.3 0.06681 0.07910 0.DZ12S 36.27 210.14 0.030eS 1.00123 D. 6~oJ 
50 a .390e. 512.6 0.D6e7'" 0.0795 lI.lIZ039 :H.61o 2 ..... 5 0.03321 1.00118 0.6'3Z5 
Sl 0.3752 533.9 0.0666'" OaD795 lI.01957 36.9 .. 25.75 J.035S1 1.0il113 0.689'3 
5 .. lI.361O 555.3 0.0&653 D.07"& O.oHat 40.l" 26.53 J.03850 1.001'09 C.6il72 
56 003~79 576.9 0.066"0 0.07'>;; 11.011112 Iol.6l1 21.31 J.Olt126 1.001'05 D. 6 8 .. 6 
58 0.3354 598.£0 0.06625 0.0797 0.01747 "2.99 Ze.lI7 iI. 0", .. 0 8 1.0ill01 D. 682i1 
61 1I.3lltlo 620.5 O.D&eOS 0.0797 0.016117 .. It.35 28.SZ 0.0 .. 701 1.0009S Q.6l102 

65 o .Z99Z 676.0 0.06551t 0.0193 1l.01551o 1t7.79 30.65 il.05 .. 7/o 1.00090 0.6737 
70 0.2777 733.2 0.D6 .. !!5 D.O'r':!! 0.011040 50.11" 32 ... 3 J.06l"'S 1.0008;' O. b 72., 
75 0.2590 7S2.1 0.06 .. 02 D.1l199 0.013102 53.SIo 3 ... 1£. 0.0703e 1.DOO?8 0.67,,5 
ao 0.21ol7 1153.1 Q.0&306 0.0799 0.01257 5&.16 35.&3 a.0776! 1. D !Ill 7 3 0.6B"'1 
85 o .2281t 91&.2 0.061'3" 0.0799 0.011112 59.13 37.47 D. DS606 1.00069 0.6662 
911 0.2156 981.7 0.06083 O.OllOD 0.111116 61.SD 39.06 D.D9"'20 1.D006S 0.6922 
95 0.20103 10 .. 9.0 0.OS967 O.DSDD (I.Olil5fo 610.25 .. 0.&2 i). 10;:21 1.00062 O. 7n 05 

100 0.19/00 1118.& 0.05!47 D.0800 0.01003 76.16 105.710 J.12597 1.00058 0.6737 
121l 0.161& 1""3.7 0.il5395 o.oeO;) 0.00635 9",.311 Sit. liB a.17803 1. !lOO"9 0.M67 
HO 0.13&5 1726.2 0.05026 0.06DD 0.00715 107.68 5'3.20 J.2265'" 1.00illt2 0.67'>2 

160 0.1212 2051.8 o .il .. 71o'3 0.11800 0.00625 11S.&5 63.00 0.27"'77 I.D0037 0.6812 
150 0.1077 237'3.1 0.0 .. 5103 0.01100 O.DDS56 1211.15 6&.17 0.3Z"'Ol 1.0<)032 0.6 e2& 

zoo 0.0969 270&.3 0.0/0391 O.DIlOD 0.00500 llb. &'1 &".1l1 J.l7lo'3", 1.0ilOZ'3 a.f>e3;; 
Z20 O. 08111 3032.3 D.O/o276 Il.D8DO 0.00 .. 55 110",.32 71.66 0.1t2781 1.00027 0.e.d43 
2ltO 0.l1li18 33"' ... 3 0.0"'1 .. 2 0.1l1I00 0.110 .. 17 151.39 74.19 ~ ... 8283 1.0002'" O.68"! 
260 O. 07106 3672.2 D.010130 ll.OeCO 0.00lS5 157.97 76.&" ~. 5 .. 011 1.0ilO22 0.6851 
Z80 0.Ob9l 39115.5 O.D"'ilIl5 0.01100 0.00357 16 ... 15 19.0" 0.5"'375 1.00021 0.6~5Z 

3110 0.06106 "'2'3 ... 2 0.D",05Z 0.0800 0.00333 110.111 81.4>D 0.6&172 1.0001" 0.6852 
350 0.055", 5050.5 0.o",o06 000800 !I.OO2S'; 183.&& H.?3 a.!273Z 1.0GOl1 O.be;::. 
1000 0.1l10115 5791.11 C.039a7 0.0800 0.01l25D 196."'9 92.97 1.00505 1.00015 0.6il .. 9 

e.50 G .1I1031 65210.11 0.03978 0.01500 0.B0222 20tl.86 98.610 loZ037<; 1.001113 0.6 e:.6 
SOD 0.0388 7 Z59.1 Q.t3971 II.OSOO ,).OOZDil 221.12 104.26 1.101"'11 1."JillZ 0.65 .. 3 
550 0.0353 7"'3Z.6 0.03965 O.DIlOO O.OOlI1Z 233.2' 10 ".111 1.63892 1.00011 0.68 .. 1 
6DII 0.0323 8730.5 G.OHS!! iI.DIIOO 0.00167 21tS. ZS 115.31 1.57781 i.COulD O.6eB 
700 G. al77 102210.", G.OH37 0.01100 J.OOF.] 269.3 .. 126.ill Z.39662 1.0JJJS O.6e3~ 

aoo 0.u2102 1175&.11 0.03903 0.0800 0.00125 29].&11 136.65 l. '3661!1 1.00)07 0.;;537 
gOO 0.0215 133100.8 0.Ol657 0.01l00 0.00111 318. S. 1"6.9'" 3.5'3025 i.OaC06 O.eB37 

1000 O. 019", 110985.3 0.OH99 0.080D 0.00100 "'1t0.5& 157.ilO 5.",S!luJ 1.0 ... JJ6 J.S3.H 
1200 0.01&2 16 .. 38.8 0.03670 0.01100 0.000113 511.03 176.",7 7."'067,. 1.(10005 0.53 J" 
1 .. 00 0.0139 22131.2 0.03531 1I.01l00 J.QQil71 583.(,1 195.15 ~. :;;,"",5 q 1. oo~a .. o.S.?~b 

160'0 O. CIH 2& QQS.2 0.OJ387 0.0600 11.000&2 660.51 213.21 1Z.D2611 1. noool.. D.S ~ .. 
lIDO o .0108 30&310.0 0.03205 o.oeoo 0.0005& 75",.63 .230.67 1",.6152:5 1.00003 O.S C3 
ZOOO o • 00 97 366uO.l 0.02<nO 0.0799 ~.aC.5J 90b. Sl 2"'7.67 13.2"582 I.DQaal D. S j: 

250D 0.0077 78b':l5.3 0.015115 0.07119 a.OOu"'l Z2b9.&E> 28'3.97 H'''60H 1.DOJaZ 0." 7~ 

3000 C.0059 Z21l7 Jl. 0 0.00b70 0.0735 iI.OOQ3& 7352.97 33".76 ;5. 6"'D~ a 1.0QOO2 o. l ;.~ 
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C-Za T HERI'IOOY NAI'IIC PROPERTIES OF NO~I'IAl HYOROGE~ 

0.10 I1PA lSOoAR 
I 

,I 
TEI1PERATURE '10lUI1E lSOTHERI'I ISO CHORE INTERNAL ENTHALPY ENTROPY CII CP 'IElOCITY 

DERIVATlIIE, DERIVATIIIE ENERGY OF SOUND 
DEli. K CU I1/I(G CU H-HPA/KG I'IPA/K KJ/KG-K KJ/KG KJ/KG-K KJ I KG-I< 1'115 

• 13.83 .. 0.01298 1.1&115 0.92 .... 218.3 219.& 1 ... 08 .. ".&8 &.38 12&2 
tit 0.01300 1.1 .... 2 0.92"3 21':1." 22~.7 1".162 ".71 6."8 125 .. 
15 000131 .. 1.0 .. 09 0.910" 22&.0 227.3 1 ... 62 .. ".92 6.96 121& 
16 Q.01330 0.97 .. 11 0.89l!5 233.2 23".6 15.090 5.12 7."3 1190 
11 0.013"7 0.9112 0.877 .. 2 .. 0.9 2"2.2 15.556 5.30 7.91 116& 
18 0.01365 o. 8 ~01 0.11&30 2 .. 9.0 250." 16.022 5 ... 7 8."1 11 .. 3 
19 0.01385 0.7853 0.8"76 257.7 259.1 16 ... 90 5.62 6.95 1119 
20 0.01 .. 06 0.7221 0.83010 2&&.9 266.3 16.963 5.75 9.53 109 .. : ~ 

• 20.22" 0.gl"12 0.7122 0.8261 2&9.1 270.5 1,'.072 5.77 9.6" 1090 

• 20.22 .. 0.';,'5105" 0.0&75 0.0057 & .. 0.6 71&.0 39.109 6.50 12.1" 355 
21 0.791715 0.0717 0.005" 6"&.2 725.3 39.562 6 • .,3 11.86 364 
22 0.83883 0.0770 0.0051 &53.2 737.1 "0.1011 6.37 11.&0 375 
23 0.811507 0.0822 0.00"8 660.1 7 .. 8.& .. 0.&20 6.33 11 ... 1 385 

24 0.930&15 0.0872 0.00"6 66&.15 759.9 "1.102 6.30 11.27 395 
25 0.97579 0.0921 0.001t3 &73.5 771.1 Itl.560 6.29 11.1& .. 0 .. 
26 1.020"8 0.09&9 O.OOltl 680.2 782.2 "1.99" 6.27 11.07 .. 13 
27 1.0&1t8" 0.101& O.GO"O 68&.8 793.3 .. 2 ... 11 6.26 10.99 .. 22 
28 1.10890 0.10&3 0.0038 &93.3 80".2 "2.B015 ' 6.2& 10.93 .,31 
29 1.15271 0.1110 0.003& &99.8 815.1 .. 3.191 &.25 10.87 .. 39 
30 1.19&30 0.115& 0.0035 70&.3 82&.0 "3.559 &.25 10.83 .... 8 
31 1.23970 0.1201 0.003" 712.8 83&.8 "3.913 6.21t 10.79 .. 5& 
32 1.2829 .. 0.12 .. & 0.0033 719.2 8"7.5 ..... 255 &.21t 10.75 1t&3 
33 1.32&03 0.1291 0.il032 725.7 1558.3 ..... 585 &.23 10.72 471 

3 .. 1.36898 0.13!!; 0.0031 732.1 8&9.0 1t4.905 6.23 10.&9 479 
35 1.41181 0.13L; 0.0030 738.4 879.& 45.211t 6.23 10.&& 1t8& 
36 1.4545 .. 0.1 .. 25 0.0029 74".8 890.3 "5.515 6.22 10.6 .. 493 

.37 1 ... 9717 0.1"&9 O. 00~6 751.2 900.9 45.80& 6.22 10.&2 501 
38 1.53972 0.1512 0.0027 757.6 911.5 .. &.089 &.22 10. &'0 508 
39 1.58218 0.155& 0.0026 763.9 922.1 .. &.3&4 6.22 10.58 515 
40 1.&24511 0.1&00 0.002& 770.2 932.7 46.632 &.22 10.57 521 

.. 2 1.709111 0.1&8& 0.01124 782.9 953.8 "7.1"& &.22 10 .5" 535 

.. 4 1.79355 0.1772 0.0023 795.5 97".9 "7.63& &.22 10.52 Sit II 
46 1.87774 0.1858 0.0022 808.1 995.9 "8.103 6.22 10.50 560 
.. 8 1.9&176 0.19 .... 0.0021 820.7 101&.9 .. 8.550 6.22 10.49 573 
50 2.0 .. 56 .. 0.2029 0.0020 833.3 1037.9 48.978 6.22 10."8 585 
52 2.129"0 0.211" 0.0020 3 .. 5.9 10511.8 .. 9.389 &.23 10 ... 8 59& 
5 .. 2.21305 0.2199 0.0019 856.5 1079.8 "9.784 6.2 .. 10.47 &08 
56 2.29661 0.2284 0.0018 871.0 1100.7 50.1&& &.25 10.47 &19 
58 2.38009 0.23&8 0.0017 883.6 1121.& 50.53" &.2& 10."8 &30 
60 2.1t&31t9 0.2"52 0.0017 896.3 111t2.6 50.889 6.27 10.1t9 640 

65 2.67172 0.26&3 0.0016 927.9 1195.1 51.728 6.32 10.52 666 
70 2.87963 0.2872 0.0011t 959.9 121t7.9 52.510 6.39 10.57 690 
75 3.08729 0.3081 0.0013 992.2 130~.9 53.242 6.1t7 10.64 712 
110 3.29475 0.3290 0.0013 102".9 1354.3 53.932 6.56 10.73 731t 
115 3.!:0206 0.34'18 0.0012 1058.1 l1t08.3 51t.586 6.67 10.81t 75 .. 
90 3.70923 0.370& 0.0011 1091.8 l1t62.8 55.210 6.110 10.9& 773 
95 3.91630 0.391" 0.0011 1126.2 1517 .9 55.805 6.93 11. 09 791 

100 ... 12 327 0 ... 122 0.0010 11&1.3 1573.6 56.377 7.07 11.22 809 
UO ".9501t& 0."952 0.0008 1308.8 1803.8 58." 71 7.66 11.80 1173 
lIYO 5.7769" 0.5780 0.0007 1"67.9 2045.6 60.33 .. 8.22 12.3& 932 

160 &.60298 0.6&07 0.000& 1637.3 2297.6 62.01" 8.70 12.83 9117 
180 7.1t2873 0.7 .. 33 0.0006 1815." 2558.3 63.5 .. 9 9.09 13.22 101t0 
200 8.251t29 0.8260 0.0005 2000.5 2825.9 6".959 9."0 13.53 1090 
220 9.07970 0.9086 0.0005 2191.2 3099.2 66.261 9.65 13.78 1139 
21t0 9.90502 0.9911 0.0001t 2386.3 3376.8 67."70 9.155 13.97 11116 
260 10.73026 1.0737 0.0001t 258".9 3657.9 611.595 9.99 llt.12 1232 
280 11.555"4 1.15&2 0.0004 2785.9 391tl.5 ' 69.61t5 10.10 14.23 127& 
300 12.37968 1.2387 0.0003 2989.0 4226.9 70.629 10.18 1".31 1319 
350 1 ....... 218 1 ..... 50 0.0003 3501.6 491t5.8 72.846 10.30 14.1t3 1 .. 23 
.. 00 1&.50 .. 55 1. &512 0.0003 4018.1 5&68.5 7".777 10.35 1".1t1l 1520 

450 18.5&68 .. 1.8575 0.0002 "536." 6393.1 76.483 10.37 14.50 1611 
SOD 20.629011 2.0637 0.0002 5055.5 7118.1t 78.010 10.39 lit .51 169& 
550 22.&9128 2.2700 0.0002 5575.2 78 ..... 3 79.395 10 ... 0 1".53 1780 
60il 2".75345 2 ... 762 0.0002 &09&.0 8571." 80.657 10."2 1 ... 55 1859 
700 211.87775 2.8886 0.0001 7140.9 10028.7 82.90& 10 ... a 14.60 2006 
1100 .53.00201 3.3011 0.0001 8193.5 11"93.7 8".8"6" 10.57 14.69 21 .. 2 
900 37.12&2" 3.7135 0.0001 9256.8 1296'3." 86.&01 10.70 14.82 2268 

1000 "1.25045 1t.1259 0.0001 10333.9 1 .. 1t59.0 88.168 10.116 11t.98 2386 
1200 .. 9 ... 9885 4.950 6 0.0001 12544.2 17 .. 9 ... 1 90.916 11.2" 15.36 2601 
lltOO 57.7 .. 73& 5.775& 0.0001 1"837.2 20611.9 93.32" 11.68 15.81 27% 

1600 65.997311 b. 60 0 .. 0.0001 17220.5 231:120.2 95."73 12.17 16.30 2973 
1II0b 74.25729 7.4253 O. 0001 19715.2 2711t0.9 97.422 12.83 16.98 313 .. 
2000 82.55973 8.2501 0.0001 22395.0 30651.0 99.281 lit. 05 18.27 3275 
2500 10 ..... 1653 10.3122 0.0000 31587.8 .. 2029.5 104.298 2';.06 30 ... 3 353& 
3000 133.!>2968 12.3743 0.0000 52916.7 .6&269.7 113.0.s4 61.69 73.70 3839 
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. rHERptilOYNAptiC pPOPE~rIES OF NORptAL HYDROGEN C .. Za 

0.10 HPA hOBU 
~ 

~i 

TE"PERA TUitE DENSITY VCOH/OV'p V CoP/OUlv -v COP/OII'-r 'Oll/Dr~II THER"AL IIISCOSITY THERHAL OIELECTRIC PRANOTL 
CONOUCTUITY OIFFUSIV ITY CONSTANT NUI1ilER 

OEG. K ","/CU " KJ/KG "PA-CU r/KJ "PA 1/0EG. I( W/K-" KG/pt1 S iQ "/HR 
X 10 X 103 X !O 

• 13.U" 77.0&85 &2107 0.25639 90.05 .. 3 3.0102& 73.01 255.39 0.00053 1.2517& 2.2323 
1 .. 7&.921& &17.1 0.25 .. 92 88.0151 0.01050 7".&8 2 .. 9.37 0.0005" 1.25124 2.1&39 

15 7&.0988 &07.3 0.24330 79.212" 0.011"9 83.15 219.5 .. 0.0005& 1.24835 1.8428 

1& 76.1978 &10.0 0.23204 73.3062 0.01218 89.01 195."4 iI.00057 1.2 .. 519 1.6308 

17 74.2500 &09.5 0.22298 67.6550 ~.01297 92.85 175.96 0.00057 1.Z .. 187 1.4981 

18 73.25&8 606.& 0.21545 62.2739 0.0138& 95.55 159.92 11.0005& 1.23840 1.40&9 
. 19 72.2131 598.8 0.20897 5&.7088 0.01"95 97.09 1 .. 6 ... & 11.0005" 1.23475 1.3501 

20 71.1039 588.9 0.20322 51.3422 0.01&17 9G ..... 13 ... 88 iI.00052 1.23089 1.3051 

• 20.224 711.8360 588.4 0.20198 50 ..... &3 0.01&38 98.84 132.43 0.00052 1.2299& 1.2911 

• 20.22" 1.3253 188.9 0.0&&&6 0.089 .. 1l.0&"27 16.89 11.25 0.00378 1.00400 0.80115 
21 1.2&30 197.5 0.0&698 0.0906 0.0&004 17.38 11.6& 0.00"18 1.00381 0.795& 

22 101921 208 8 0.0&722 0.0918 0.0555& 18.06 12.19 0.00470 1.003&0 0.7829 
23 1.1299 220.1 0.0&733 0.0929 iI.0518& 18.76 12.71 iI.OO52" 1.003 .. 1 0.7729 

2 .. 1. 07 .. 5 231.3 0.06738 0.0937 0.0"872 19."9 13.22 0.00579 1.00324 0.7&4& 
25 1.02 .. 8 2 .. 2.5 0.06739 0.09410 0.04&00 20.23 13.73 0.00&37 1.00309 0.757& 
26 0.9799 253.7 0.06738 0.0950 0.04362 20.97 1".24 iI.0069& 1.0029& 0.751& 
27 0.9391 264.8 0.06736 0.0955 0.04151 21.71 14.74 0.00757 1.00283 0.74&3 

28 0.9018 275.9 0.0&733 0.0959 0.03961 22."6 15.23 0.00820 1.00272 0.7"14 
29 0.8675 286.9 0.00730 0.09&3 0.03791 23.20 15.72 a.00885 1.00262 0.73&9 
30 0.8359 297.8 0.0&727 0.0966 O. 03&3& 23.95 1&.21 0.00953 1.00252 0.732& 

31 0.80&& 308.7 0.0&725 0.0969 0.03494 24.&4 16.69 0.01OZ0 1.00243 0.7304 
3Z 0.7795 319.5 0.0&723 0.0971 0.03364 25.33 17.1& 0.01088 1.00235 0.7283 
33 0.7541 330.4 0.0&720 0.0974 0.03244 26.02 17.63 iJ.01159 1.00227 0.72&3 

310 0.7305 3"1.1 0.0&719 0.0976 0.03133 2&.71 18.10 0.01232 1.00220 0.724Z 
35 0.7083 351.9 0.0&718 0.0978 0.03030 27.40 18.56 0.0130& 1.00214 0.722.l 

.36 0.6875 362.& 0.06715 0.0979 0.02934 28.09 19.01 0.01.383 1.00207 0.720d 
37 0.6&79 373.3 0.0&713 0.0981 iI.02S .. ,. 18.79 19.47 0.01461 1.00201 0.7180 
38 0.64;)5 384.0 0.0&711 0.0982 0.02760 29.48 19.91 0.01542 1.0019& 0.7159 
39 0.6320 394.6 0.0&709 0.0983 0.02&82 30.17 20.3& 0.01624 1.00191 0.7139 
40 0.?155 "05.3 0.06707 0.0985 0.02&07 30.87 20.79 iI.01108 1.0018& 0.7119 

42 0.5851 .. 26.6 0.06704 0.0987 0.02471 32.24 21.66 0.01882 1.0017& 0.7082 
41t 0.5576 1t"7.8 0.06&99 0.0988 0.02349 33.&2 22.51 0.02063 1.00168 0.7045 
.. 6 0.5326 1t&9.0 0.0&&94 0.0990 0.02239 34.99 23.35 0.02252 1.001& 1 0.7009 
48 0.5097 490.3 0.06688 0.0991 0.02140 36.35 24.17 0.02447 1.00154 O. &974 
50 0.4888 511.& 0.06&81 0.0992 0.02049 37.71 24.98 0.02650 1.00147 O. &941 
52 0.469& 533.0 0.0&&71 0.0993 0.01965 39.07 25.77 0.02859 1.00142 O. &911 
5 .. 0 ... 519 5510.5 0.0&6&0 0.099" 0.01S89 40.41 26.56 0.03074 1.0013& O. & 882 
56 0.4354 57&.1 0.06&4& 0.0994 0.011118 41.75 27.33 0.03295 1.00131 0.&857 
58 0.4202 597.9 0.06&31 0.0995 0.01753 43.06 28.09 iI.03521 1.00127 0.683& 
60 0.4059 619.8 0.06&110 0.0995 0.0 U,CJ2 44.41 28.8 .. 0.0375& 1.00122 0.&810 

65 0.3743 675.4 0.06560 0.0997 0.01557 47.as 30.67 0.04375 1.00113 0.&743 
70 0.3473 732.7 0.06490 0.0997 O. D1/t .. 3 50.95 32.45 0.04995 1.00105 0.&731t 
75 0.3239 791.7 0.06406 0.0998 0.01345 53.90 34.17 0.05&27 1.00098 o. &749 
80 0.3035 852.7 0.0&310 0.0999 0.01259 56.21 35.85 0.06212 1.00091 0.6845 
85 0.2855 915.9 0.06203 0.0999 0.01183 59.18 37.48 iI.06884 1.0008& O. &8&5 
90 0.269& 981.4 0.06087 0.0999 0.01117 61.85 39.08 .:1.07535 1.00081 O. &925 
95 0.2553 1048.7 0.05971 0.1000 0.01057 &4.30 40.&3 iI.08176 1.00077 0.7007 

100 0.2425 1118.3 0.05850 0.1000 0.01004 76.18 45.7" 0.10074 1.00073 O. &739 
120 0.2020 1413.& 0.05397 0.1000 0.00635 94.31 54.08 0.1423CJ 1.000&1 0.6768 
1 .. 0 0.1731 1728.2 0.05028 0.1000 0.00715 107.&9 59.19 0.18122 1.00052 0.&793 

160 0.1511. 2051.9 0.04750 0.1001 0.00625 118.&6 63.00 0.21982 1.0004& 0.6812 
180 0.13 .. & 2379.3 0.0"544 0.1001 0.0055& 128.16 &6.17 0.25924 1.00041 0.&82& 
zoo 0.1211 270&.5 0.04392 0.1001 0.00500 13&.&2 69.01 0.29998 1.00037 O. &83& 
220 0.1101 3032.5 0.04277 0.1001 0.00454 144.33 71.6& 0.34223 1.00033 0.&843 
240 0.1010 3354.& 0.04193 0.1001 0.00417 151.40 74.19 0.38631 1.00030 O. &843 
260 0.0932 3672.& 0.04131 0.1001 0.00385 157.97 76.64 iI.43214 1.00028 0.6851 
280 0.0865 3985.9 0.04086 0.1001 0.00357 164.16 79.04 iI.47986 1.0002& 0.6852 
300 O. U8 08 4294.7 0.04053 0.1001 0.00333 170.01 81.41 0.52945 1.00024 0.6853 
350 0.0&92 5051.0 0.04007 0.1001 0.0028& 183.&7 87.23 0.&&195 1.00021 0.&851 
400 0.0606 5792.3 0.03987 0.1000 0.00250 196.50 92.97 0.8065& 1.00018 O. &849 

450 0.0539 6525.3 0.03979 0.1000 0.00222 208.87 911.65 0.96314 1.0001& 0.&114& 
500 0.0485 7259.& 0.03971 0.1000 0.00200 221.13 104.2& 1.13145 1.00015 0.6843 
5'50 0.0441 7993.2 D.0396& 0.1000 0.00182 233.22 109.82 1.31132 1.00013 0.6841 
600 0.0404 8731.0 0.03958 0.1000 0.001&7 245.27 115.31 1.50245 1.00012 0.6839 
700 0.034& 10225.0 0.03937 0.1000 0.00143 2&9.36 12&.11 1.91755 1.00010 0.&837 
000 0.0303 11757.4 0.03903 0.1000 0.00125 293.70 13&.&& 2.3748& 1.00009 o. &837 
900 0.02&9 13341." 0.03857 0.1000 0.00111 318.53 146.95 2.87258 1.00008 0.&&31 

1000 0.U242 149115.9 0.OJ799 0.1000 J.OD100 440.5& 157.01 4.3&658 1.00007 0.5340 
1200 0.020Z 18439.4 0.03&70 0.1000 0.00083 511.02 176.49 5.92719 1.0000& 0.530b 
1 .. 00 0.0173 2213U.6 0.03531 0.1000 0.00071 583.5& 195.19 7.&75&8 1.00005 0.5267 

l&oil 0.0152 2&(183.11 0.03389 0.1000 0.00062 660.02 213.23 ·~.&2022 1.00005 0.526& 
1800 0.0135 305&3.2 0.OJ215 0.1000 0.0005& 751.8 1, ~30.&9 11.83628 1.00004 0.5210 
2000 0.0121 3&507.& 0.02938 0.099CJ 0.00050 895.49 247.&9 14.57039 1.(WOIl4 O. S05Z 
2500 0.009& 75131.5 0.01&&7 0.09118 0.00041 2134.82 289.81 20. 371JIt 1.00003 0.10131 
3000 0.0075 204885." 0.00721 0.0927 0 •. 0003& 6758.73 338.77 4:'.08577 1.00002 0.3691, 

15 ~ 
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C-Za THEI1:1100\,NAHIC PROPEiH IES OF NORHA~ HYCROGE. .. 

I 

0.101325 I1PA I:;OdU 

TE"PERATURE "O~U"E ISOTHERM ISOCHO~E INTERNAL ENTHALPY ENTROPY CV CP "ELoe In 
CER IIIATlIIE OERlvATlIIE ENERGY OF SOUNil 

QEG. K CU "/KG' eu M-MPA/KG "PA/K KJ/KG-K KJ/t<G KJ/KG-K KJ I K"-K "'S 
I 

• 13.835 0.111298 1.1686 0.9244 218.3 219.& 14.084 4.68 6.38 12&3 ' ; 

1/t 11.013110 1.1 ...... ' 0.92"3 219.3 220.7 1".162 ... 71 6.48 125 .. 
~ 

15 0.0131" 1.0 .. 11 0.ill05 226.0 227.4 1 ... &2 .. 4.92 &.98 121& 
16 0.01330' 0.9750 0.8926 233.2 234.& 15.089 5.12 7.lt3 1190 
11 0.013'" 0.9113 0.8775 240.9 242.3 15.555 5.30 7.90 1166 
18 0.01365 0.8502 0.8630 249.0 250 ... 16.022 5,"7 8 ... 1 1143 
19 . 0.01385 0.785 .. 0.8477 257.7 259.1 16."90 5.62 11.95 1119 
20 0.(11 .. 0& 0.7222 0.8305 266.9 268.3 16.963 5.75 9.52 109/t 

• 20.268 0.01 .. 13 0.7093 0.11253 269.5 270.9 17.093 5.78 9.66 1089 

• 20.268 0.7"739 0.0675 0.0058 6"0.7 716.S 39.082 6.50 12.15 355 
21 0.78035 0.0715 0.0055 6 .. 6.0 725.1 39.499 6.44 11.89 363 
22 0.112&89 0.0768 0.0052 653.0 73&.8 40.047 6.37 U.62 37 .. 
23 0.872&0 0.0820 0.00"9 f?59.9 7"8.3 .. 0.559 6.33 11~43 385 

24 0.91769 0.0870 0.00"6 666.7 759.7 .. 1.0 .. 3 6.31 11.29 395 
25 0.9&22& 0.0919 0.00"4 673.4 770.9 41.501 6.29 11.17 .. 04 
26 1.00 &43 0.0968 0.0042 680.1 782.0 .. 1.935 6.27 11.08 413 
27 1.il5025 0.1015 0.;)040 686.7 79J.1 42.352 6.26 11.00 422 
28 1.09378 0.1062 0.0039 693.2 80 ... 1 .. 2.750 ' 6.2& 10.94 431 
29 1.13705 0.1109 0.0037 &99.7 815.0 "3.134 6.25 10.88 .. 39 
30 1.15011 0.115" 0.003& 706.2 825.8 .. 3.501 6.25 10.83 .... 8 
31 1.22297 0.1200 0.003" 712.7 83&.& .. 3.856 6.24 10.79 .. 56 
32 1.26567 0.12 .. 5 0.0033 719.2 8 .. 7 ... ..... 198 6.2" 10.76 463 
33 1.30822 0.1290 0.0032 725.6 858.1 4 ... 529 6.23 10.72 .. 71 

3 .. 1.3506l 0.1335 0.0031 732.0 868.8 44.8"8 6.23 10.69 .. 79 
35 1.39293 0.1379 0.0030 738." 879.5 45.158 6.23 10.67 .. 86 
36 1.43512 0.1 .. 2 .. 0.0029 7 .. 4.8 890.2 .. 5.458 6.22 10.6" .. 93 

.. 37 1.47721 0.1468 0.00,28 751.1 900.8 "5.750 6.22 10.62 501 
38 1.51922 0.1512 0.0027 757.5 911 ... 46.033 6.22 10.6'0 508 
39 1.56115 0.1555 0.0027 763.8 922.0 "6.308 6.22 10.59 515 
/to 1.&0300 0.1599 0.002& 770.2 932.& "6.576 6.22 10.57 521 

42 1.68652 0.168& 0.0025 782.8 953.7 47.091 6.22 10.5" 535 
44 1.76982 0.1772 0.0024 795.5 974.8 47.581 6.22 10.52 548 
46 1.'85292 0.1858 0.0022 608.1 995.8 .. 8.0 .. 11 6.22 10.51 560 
48 1.93;J87 0.1943 0.0021 820.7 101&.8 48.495 6.22 10.49 573 
50 2.011167 0.2029 0.0021 833.2 1037.8 48.923 6.22 10.48 585 
52 2.10135 0.2114 0.0020 845.8 1058.7 49.33" 6.23 10 .48 596 
54 2.18393 0.2199 0.0019 858.4 1079.7 "9.729 6.24 10.47 608 
56 2.266 .. 1 0.2283 0.0018 871.0 1100.6 50.111 6.25 10.48 619 
58 2.34880 0.2368 0.0018 883.6 1121.6 50."79 6.26 10."8 630 
60 2.43113 0.2452 0.0017 896.2 11 .. 2.6 50.834 6.27 10.49 &40 

&5 2.63666 0.2662 0.0016 927.9 1195.1 51.673 6.32 10.52 666 
70 2.810187 0.2872 0.0015 959.9 1247.8 52."55 &.39 10.57 690 
75 3.illt&8,. 0.3081 0.001" 992.1 1300.9 53.187 6.47 10.&5 712 
80 3.25161 0.3290 0.0013 1024.8 1354.3 53.877 6.5& 10.73 734 
85 3.45621 0.3"98 0.0012 1058.0 1 .. 08.2 54.532 6.67 10.84 754 
90 3.66069 0.3706 0.0011 1091.8 1"62.7 55.155 6.80 10.96 773 
95 3.8&50& 0.391 .. 0.0011 1126.2 1517.9 55.751 &.93 11.09 791 

100 4.06933 0.1,122 0.0010 1161.3 1573.6 56.322 7.07 11.23 809 
120 10.88574 0.4952 0.0008 1308.8 1803.8 58.417 7.66 11.80 873 
140 5.70143 0.5780 0.0007 1467.9 20 .. 5.6 &0.279 8.22 12.36 932 

160 6.51&68 0.6607 0.0006 1637.3 2297.6 61.960 8.70 12.83 987 
180 7.33165 0.7 .. 3 .. 0.0006 1815.4 2558.3 63.495 9.09 13.22 1040 
200 a.14& .. 2 0.8260 0.0005 2000.5 2825.9 6".905 9.40 13.53 1090 
220 8.96105 0.9086 0.0005 2191.2 3099.2 66.201 9.65 13.78 1139 
240 9.77558 0.9911 0.0004 2386.3 337&.8 67.415 9.85 13.97 1186 
260 1D.59003 1.0737 0.0004 258".8 3657.9 &8.541 9.99 14.12 1232 
280 11.4041,2 1.1563 0.000" 2785.9 3941.5 " 69.591 10.10 14.23 1276 
300 12.21788 1.2387 0.0003 2989.0 4226.9 70.575 10.18 14.31 1319 
350 1 ... 253 .. 2 1.4450 0.0003 3501.6 49 .. 5.8 72.792 10.30 1 ..... 3 1423 
400 1&.28883 1.6513 0.0003 4018.1 56&8.6 7 ... 722 10.35 14."8 1520 

450 18.32"16 1.8575 0.0002 4536.4 6393.1 7& ... 28 10.37 14.50 1611 
500 20.35943 2.0638 0.0002 5055.5 7118.4 77 .95& 10.39 14.51 1698 
550 22 • .19 .. 6& 2.2700 0.0002 5575.2 78 .. 4.4 79.3"0 10.40 14.53 1780 
600 2 ... 42987 2.47El2 0.0002 6096.0 8571.4 80.&02 10 ... 2 1".55 1859 
700 28.5002,. 2.8887 0.0001 7140.9 10028.7 62.852 10.48 14.60 2006 
aDD 32.57056 3.3011 0.0001 8193.5 11 .. 93.7 8 ... 810 10.57 14.69 2142 
900 3&.6,.08& J.7135 0.0001 9Z56.8 129&9.5 8&.5 .. & 10.70 14.82 2268 

1000 "0.71114 ... 1259 o.oooi 10333.9 14 .. 59.0 88.111, 10.8& 1".98 2386 
1200 48.85168 ".9508 0.0001 12541,.2 17494.1 90.8&1 11.24 15.3& 2&01 
1400 5&.99233 5.7756 0.0001 14837.2 20611.9 93.270 11.68 15.81 2796 

1600 &5.13 .. 1,5 6.oG1l5 0.0001 17220.5 23820.2 95."19 12.17 16.30 2973 
180"0 73.28&28 7.4253 0.0001 19714.9 271 .. 0.7 97.368 12.83 16.98 313 .. 
2000 81.47980 8.2501 0.0001 22393.8 30649.8 99.226 1 ... 0 .. 18.26 3275 
2500 103.01t-279 10.3122 0.0000 31569.<) .. 2010.7 104.235 t ... 99 30.35 3536 
3000 131.7206& 12.3743 0.0000 52805.1, 66152.0 112.93& &1 ... 0 73.3" 3839 

• TWO-PHASE ~OUNDARY 16 



THEIlHOOYNAHIC PROPEI<TIES OF NORHAL HYOROGEN C-'!a 

\" 
0.10132~ HPA ISOaA~ 

TEHPERUUItE IlENSITY V COH/OV,p V COP/!lU'V -V COP/OV'T COV/OT\fV THERHAl VISCOSITY THERHAl OIElECTR I C PRAtlOTL 
CONOUCTI VI TY OIFFUSIVITY CONSTANT NUI16ER 

OEG. K K:i/CU H KJ/KG HPA-CU H/KJ HPA 1I0EG. K W/K-H KG/H-S sa H!HIl 
l! i.o Z X 10 3 X 10 7 

" 13.1135 77 .0693 621·.7 0.2,638 90.0617 0.0102& 1.~ .01 255.40 0.00053 1.2517& 2.2322 
14 7&.9227 617.2 0.25493 88.0322 0.OU50 ;);~.611 249.39 0.00054 1.25125 2.1&"0 
15 7&.1000 607.3 0.24331 79.2241 0.011"9 C3.16 219.56 0.00056 1.241135 1.11429 
1& 75.1991 610.1 0.23205 73.3114 0.01217 89.01 195.46 0.00057 1.21t519 1.6309 
17 71t .2514 609.6 0.22299 &7.6&&0 0.01297 92.85 175.98 0.00057 1.24187 1.49S1 
111 73.2583 6"&.7 0.21546 62.21152 0.01386 95.56 159.94 0.0005& 1.23840 1.1t0&9· 
19 72.2148 598.9 0.20898 5&.7197 0.0149" 97.10 146.47 0.00051t 1.231t7& 1.3501 
20 71.1057 569.0 0.2u322 51.3532 0.01617 98 ..... 134.119 o. 00052 1.23118~ 1.3051 

• 20.2&11 70.71159 587.9 0.20175 50.2056 0.01&"4 911.92 131.911 0.00052 1.22978 1.2693 

• 20.2&8 1.33110 189.1 0.0&&&7 0.0903 0.0&42 .. 16.91. 11.28 0.00375 1.00404 0.8091 
21 1.21115 197.3 0.0&&97 0.091& 0.0&1127 17.40 11.&7 0.00411 1.00387 0.7970 
22 1.2094 208.& 0.0&721 0.0929 0.05573 150011 12.19 0.004&3 1.003&5 0.7840 
23 1.1460 219.8 0.0&734 0.0940 0.05200 18.711 12.71 0.00516 1.0034& 0.7738 

24 1.01197 231.1 0.Ob739 0.09411 0.048113 19.50 13.23 0.00571 1.00329 0.7654 
25 1.0392 242.3 0.0&740 0.0955 0.04610 20.24 13.74 0.00628 1.00313 0.7582 
2& 0.9936 253.5 0.0&739 0.0961 0.04370 20.98 14.24 0.00686 1.00300 !I.7522 
27 0.9522 264.6 0.06736 1'.09&7 0.04157 21.72 14.7 .. 0.00746 1.00287 0.7468 
211 0.9143 275.7 0.0673" 0.0971 0.03967 22.47 15.24 0.00609 1.0027& 0.7418 
29 0.8795 286.7 0.06731 0.0975 0.0379& 23.21 15.73 0.00873 1.002&5 0.7373 
30 0.0 .. 74 297.7 0.06728 0.0978 0.03&40 23.96 16.21 0.00940 1.0025& 0.7330 
31 0.8177 308.6 0.0&726 0.09111 0.03498 24.&5 16.69 0.01006 1.00247 0.730 7 

i 
32 0.7901 319.4 0.0&724 0.0984 0.03367 25.34 17.16 0.01073 1.G0238 0.7286 
J3 0.7644 330.2 0.0&721 0.0986 0.03247 26.02 17.63 11.01143 1.00230 0.72&6 .1 ., 
31t 0.7404 341.0 0.06720 0.0988 0.0313& 26.72 111.10 0.01215 1.00223 0.7245 
35 0.7179 351.7 0.0&718 0.0990 0.03032 27.41 18.56 0.01289 1.00216 0.7223 

.36 0.&9&8 3&2.5 0.0&71& 0.0992 0.02936 28.10 19.02 0.01.364 1.00210 0.7202 
37 0.&770 373.2 0.06714 0.0994 0.0284& 28.79 19.47 0.01 .... 2 1.0020 .. · 0.7182 
38 0.&582 383.9 D.0&712 0.0995 0.02762 29."9 19.91 0.01521 1.00198 0.71&1 
39 0.& .. 0& 394.5 0.0&710 0.099& 0.02&83 30.111 20.36 11. 01602 1.00193 0.71ltl 
.. 0 0.~2311 itO 5.2 0.0&708 0.0997 0.02&09 30.87 20.80 0.01685 leOO188 0.7121 

"Z O. !>929 "2&.5 0.0670lt 0.0«;199 0.02 .. 72 32.25 21.66 0.01857 1.00179 0.7083 
.. 4 0.5&50 4lt7.7 0.06700 0.1001 0.02351) 33.62 22.51 11.02036 1.00170 0.70lt6 
.. 6 0.5397 "69.0 0.0&&95 0.1003 0.02240 3".99 23.35 0.02222 1.001& 3 0.7010 
4& 0.51&6 "90.2 0.06&89 0.100" 0.021ltO 36.36 2 ... 17 0.02 .. 15 1.00156 0.6975 
50 0.lt951t 511.5 0.0&&81 0.1005 0.020"9 37.72 2".98 11.02&15 1.001 .. 9 0.&942 
5Z 0."759 532.9 0.0&671 0.100& 0.0196& 39.07 25.78 0.02821 1.001lt3 0.6911 
54 0.4579 55 ..... 0.0&&60 0.1007 0.01889 40.42 26.56 0.03034 1.00138 0.6883 
56 0.41012 576.0 0.0&&47 0.1007 0.01819 .. 1.75 27.33 0.03252 1.00133 0.6858 
58 0 ... 257 597.6 0.0&&31 0.1008 0.01753 "3.06 28.09 0.03 .. 75 1.00128 0.&837 
60 0 ... 113 &19.7 0.0&&14 0.1009 0.01692 4 ... 42 28.84 0.03707 1.00124 0.6810 

65 0.3793 &75.4 0.0&560 0.1010 0.01558 "7.85 30.68 0.0"318 1.00111t 0.67 .... 
70 0.3519 732.6 0.0&490 0.1011 0.014 .. 3 50.95 32."5 0.0 .. 930 1.00106 0.673 .. 
75 0.3282 791.7 0.0&407 0.1011 0.01345 53.90 3 ... 17 0.05554 1.00099 0.6750 
110 0.3075 852.6 0.06311 0.1012 0.01259 56.22 35.115 0.0&131 1.00093 0.6845 
85 0.Z893 915.8 0.0&204 0.1012 0.01184 59.18 37.48 0.06793 1.00087 O. &865 
90 0.2732 981.4 0.0&088 0.1012 0.01117 61.85 39.08 0.07437 1.00082 0.&925 
95 0.2567 1048.7 0.05971 0.1013 0.01057 &".30 "0.64 0.011 070 1.00078 0.7007 

100 0.2"57 1118.3 0.05850 0.1013 0.01004 76.18 45.7" 0.0991t2 1.00074 0.6740 
120 0.20 .. 7 lIt13.6 0.05397 0.1013 0.00835 94.31 54.08 0.1"053 1.000&2 0.&768 
1 .. 0 0.1754 1728.2 0.05028 0.101" 0.00715 107.69 59.19 0.17885 1.00053 0.6793 

160 0.1535 2051.9 0.04750 0.101" 0.00&25 118.&& 63.00 0.21694 1.000 .. & 0.61112 
UO 0.13&" 2379.3 0.04544 0.101" 0.00556 128.16 66.17 0.25585 1.00041 0.682&· 
ZOO 0.1228 270&.5 0.04392 0.101" 0.00500 136.62 69.01 0.29606 1.00037 0.6836 
220 0.1116 3032.& 0.0"277 0.1014 0.00454 1 ..... 33 71.66 0.33781 1.00034 0.6843 

Z"O 0.1023 3354.7 0.04193 0.101" 0.00417 151.40 74.19 0.3812& 1.00031 0.6848 
2&0 0.09"4 3&72.6 0.04131 0.101" 0.003115 157.911 76.6 .. 0.42649 1.00028 0.&851 
ZIIO 0.0877 3965.9 11.0408& 0.10l i ) 0.00357 1& ... 16 79.0 .. 0.47359 1.0002& 0.&852 
300 0.0818 4294.7 0.04053 0.1011, 0.00333 170.01 81.41 0.52253 1.00025 0.&853 
350 0.0702 5051.0 0.04007 0.::'014 iI.00286 183.&7 87.23 0.65330 1.00021 0.&851 
'tOO 0.0&14 5792.3 0.03987 0.101 .. D.00250 196.50 92.97 0.7960Z 1.00018 0.&849 

.. 50 0.05"& 6 525.4 0.03979 0.101" 0.00222 208.88 911.65 D.95055 1.0001& 0.684& 
500 0.0491 7259.7 0.03971 0.101 .. 0.00200 221.13 10".26 1.1166& 1.0G015 0.&8,.3 
550 0.0r."7 7993.2 0.03966 0.101" 0.00182 233.ZZ 109.82 1.29418 1.00013 0.&8lt1 
600 0.0409 B731.1 0.03958 0.101 .. 0.00167 245.27 115.31 1.411282 1.00012 0.&839 
700 0.0351 10 225.1 0.03937 0.1014 0.00143 269.36 126.11 1.89250 1.00011 0.&837 
lIDO O. 0307 11757." 0.03903 0.101" 0.00125 293.70 13&.&& 2.3lt383 1.00009 0.&837 
900 o • 0273 13341.4 0.03657 0.1013 0.00111 318.53 1"&.95 2.8350 .. 1.00001\ 0.&837 

1000 0.02"& 149115.9 0.03799 0.1013 0.00100 4"0.;6 157.01 ".30949 1.00007 0.5340 
1200 0.0205 18439.,. 0.03&70 0.1013 0.000113 511.02 17&.49 5.84'3&'1 1.0000& 0.530& 
1 .. 00 0.0175 22130.6 0.03531 0.1013 O.OOHl 583.55 195.19 7.57531 1.001105 0.5Z&7 

1&00 0.0154 20083.1 0.03389 0.1013 0.00062 660.00 213.23 ~."9429 1.00005 0.52&& 
1 lID 0 0.013& 30559.3 0.03215 0.1013 0.0005& 751.&9 j!30.69 11.&80&05 1.00004 0.5211 
2000 0.0123 31>491." 0.02940 0.1013 0.001150 89".86 247.69 14.37&ZO 1.00004 0.5054 
2500 O. 0097 74933.1 0.01b71 0.1001 0.000 .. 0 2127.30 289.80 2&.0035& 1.00001 0.4134 
3000 O. DO 7& Z03993.2 0.00725 0.0939 0 •. 0003& &725. Z7 338.71 43.41133Z 1.00002 0.1&Y4 
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n.ERHOOYNAMIC PROPEIU IES OF NORMAL HYDROGEN C-Za 

0.15 HPA hDSAIt 

TEMPERATURE DENSITY VCDH/DV'p VCDP/OU'V -VCOP/DV'T COV/OT\lV THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL 
CONDUCTIVITY OIFFUSIVllY CONSTANT NUHSER 

DEC .. K K!O/CU M I(J/KG "PA-CU H/KJ 
X lO Z 

"PA l/DEG. I( W/K-H . KG/M-S ~Q "/HR 
X 103 X 107 

" 13.851 77 .0972 623.3 0.25632 90.3332 0.010210 73.22 255.70 0.000510 1.2518& 2.2289 
14 76.9&108 620.0 0.25501 88.6598 o .OlD103 710.72 250.26 oJ.00054 1.25139 2.1663 
15 76.11048 609.0 0.24371 79.656& 0.01145 83.21 220.31 0.00056 1.210851 1.81063 
16 75.21072 611.7 0.23242 73.7262 0.01213 89.09 196.11 0.00057 1.21053& 1.6332 
17 710.3038 611.3 0.223310 68.06&8 0.01292 92.95 17&.57 a • .oo 057 1.21020& 1.4998 
1& 73.31510 608.6 0.21579 62.6992 0.t!1379 95.&7 160.49 0.00056 1.238&0 1.10078 
19 72.2760 600.8 0.20930 57.1192 0.01487 97.23 146.98 0.0005,. 1.231097 1.3505 
20 71.17110 591.1 0.20352 51.7551 0.01008 98.59 135.36 0.00052 1.23112 1.30108 
21 69.9823 577.2 0.19830 46.21070 0.01758 100.14 125.13 0.00051 1.22699 1.2675 

• 21.672 69.1286 568.10 0.191099 42.8767 0.011S62 10 O. 73 118.87 0.00050 1.22403 1.2490 

• 21.&72 1.9137 19&.1 0.06&80 0.1287 0.06547 18.61 12.17 0.00273 1.0u578 0.8398 
22 1.8757 199.9 0.0&&99 0.1299 0.06337 18.79 12.31t 0.00285 1.005&6 0.8319 
23 1.765& 211.6 0.06737 0.U26 0.05790 19.39 12.85 0.00323 1.00533 0.8119 

24 1.6700 223.2 0.06757 0.13108 0.05353 20.010 13.;5(. 0, 003&1 1.00504 0.79&7 
25 1.5859 234.9 0.067&5 0.13&6 0.010993 20.72 13.8& 0.001001 1.00479 0.78107 
2& 1.5110 246.5 0.0&768 0.1381 0.04088 21.41 14.36 3.00442 1.0045& 0.775:' 
2i' 1.41038 258.0 0.0&767 0.1394 0.0442& 22.12 llt.8& 0.00483 1.0043& 0.76&9 
28 1.3829 2&9.10 0.0&764 0.1404 0.0419& 22.83 15.35 0.0052& 1.00417 0.7598 
29 1.J274 280.8 0.06760 0.1413 0.03992 23.55 15.83 0.00570 1.0040 1 0.7535 
30 1.27&7 292.0 0.06757 0.1421 0.03810 24.28 16.31 0.00615 1.00385 0."11078 
J1 1.2300 303.2 0.0&753 0.1428 0.03&47 24.9& 16.79 0.006&1 1.00371 0.7439 
32 1.18&8 314.4 0.0&750 0.1434 0.031098 25.&4 17.2& a.00707 1.00358 0.7405 
33 1.14&8 325.4 0.0&747 0.1440 0.03363 2&.31 17.73 . 0.00755 1.0034& 0.7373 

34 1.109& 336.4 0.06745 0·.1445 0.03239 27.00 18.19 0.00804 1.00335 0.7342 
35 1.0748 347.4 0.0&743 0.1449 0.03124 27.&8 18.&5 0.00854 1.00324 0.7312 
36 1.il423 358.3 0.0&740 0.1453 0.03019 28.37 19.10 0.0090& 1.00314 0.7284· 

.37 1.0118 3f19.2 0.06738 0.'1056 0.OZ'J21 29.05 19.55 0.00959 1.00305 0.7257 
38 0.9831 380.0 0.0&735 0.1460 0.02829 29.74 20.00 0.01013 1.00297 0.7Z30 
39 0.95&1 390.9 0.OHl3 0.14f12 0.02744 30.43 20.44 0.01068 1;00288 0.7205 
Ita 0.930& 401.7 0.06730 0.14&5 0.026&4 31.11 20.88 D.01125 1.00281 D.7180 

42 0.8836 423.2 0.06725 0.1470 0.02519 32.48 21.74 0.01241 1.002&& 0.7135 
44 0.8413 444.7 0.06720 0".1473 0.02389 33.84 22.58 0.01363 1.00254 0.7091 
46 0.8030 4f16.2 0.0&714 0.11077 0.02273 35.20 23.42 0.01489 1.00242 0.705lJ 
48 0.7&82 48'7.6 0.06707 0.11079 0.02169 3f1.5& 24.24 0001&20 1.00232 0.7010 
50 0.73&3 509.1 0.0&699 0.1482 0.02074 37.91 25'.010 0.01756 1.00222 0.fl973 
52 0.7070 530.7 0.0&&88 . 0.11084 0.01987 39.2& 25.84 0.0189& 1.00213 0.6940 
54 O. &800 552.3 0.06676 0.1486 0.01908 40.60 2&.62 0.02040 1.00205 O. &908 
56 0.6550 574.1 o .066f12 0.1487 0.01835 41.93 27.39 0.02188 1. 00197 0.6881 
58 0.6318 59&.0 0.0&6107 0.1489 0.017f17 43.23 28.15 0.02339 1.00190 0.6858 
60 0.6103 618.0 0.0&629 0.1490 0.01705 44.58 28.90 0.·0249f1 1.00184 0.6829 

65 o ~5r.24 673.9 0.Ofl574 0.1492 0.015&7 48.01 30.73 0.02910 1.00170 0.6759 
70 0.5216 731.4 0.06503 0.1494 0.01450 51.10 32.50 O. 03325 1.00157 0.&747 
75 0.48&3 790.fI 0.064'18 0.149f1 0.01350 54.03 34.22 0.03747 1.00147 O. fl7f11 
80 0.4556 851.7 0.06321 0.1497 0.0126'3 5f1.31o 35.89 0.04138 1.00137 0.6854 
85 0.4285 915.0 0.06213 0.11098 0.01187 59.30 37.52 0.04587 1.00129 0.fl873 
90 0.4045 980.7 0.Ofl097 0.1498 0.01120 61.9& 39.12 oJ.05022 1.00122 0.6931 
95 0.3631 1048.1 0.05979 0.1499 0.01059 64.41 40.67 0.05451 1.00115 0.7012 

100 o .Jfl38 1117.8 0.05858 0.1499 0.0100r. 7f1.21 45.74 0.0&709 1.00110 0.fl745 
120 0.3030 1413.4 0.05403 0.1501 0.0083& 94.33 54.07 0.09488 1.'00091 O. fl772 
140 0.259& 1728.3 0.05032 0.1501 0.00715 107.70 59.19 0.12079 1.00076 0.fl79& 

160 0.2271 2052.2 0.04754 0.1501 0.00&2& 118. &8 63.00 0.14655 1.00068 0.6814 
180 0.2019 2379.7 0.04548 0.1501 0.0055& 128.18 66.17 0.17285 1.000&1 0.6828 
20D 0.1817 2707.1 0.04395 0.1501 0.00500 136.fllo 69.02 1).20003 1.00055 0.6638 
220 0.1&52 3D 33. 3 0.GIoZ80 0.1501 0.00454 1104.35 71.67 0.22825 1.00050 0.6844 
240 0.1514 3355.5 0.04195 0.1501 0.00417 151.42 7"4.20 0.25762 1.00046 0.6849 
260 0.1391 3f173.5 0.04133 0.1501 0.00384 158.0e 7f1.65 0.28818 1.00042 0.6851 
280 0.1298 398&.9 0.04087 0.1501 0.00357 164.18 79.05 0.32001 1.00039 0.&853 
300 0.1211 4295.8 0.04054 0.1501 0.00333 170.0" 81.42 D.35308 1.00036 0.&853 
350 0.1038 5U~2.2 0.04008 0.1501 0.0028& 183.70 87.24 0.44145 1.00031 O.fl852 
400 0.0909 5793.& 0.03988 0.1501 0.0025D 196.53 92.98 0.53789 1.00027 0.fl849 

1t50 0.0808 fl52f1.7 0.03980 0.1501 0.~0222 208.91 98.6& 0.64232 1.000210 0.684& 
500 0.0727 72U.0 0.03972 0.1501 0,,00200 221.17 1010.28 0.751056 1.00022 0.fl843 
550 O.Oflfll 7994.& 0.039&7 0.1501 0.00182 233.26 109.84 0.87451 1.00020 0.6841 
600 0.0& Ofl 11732.5 0.03959 0.1501 0.OOlf17 245.32 115.33 1.00198 1.00018 0.&839 
700 0.0519 1022&.5 0.03938 0.1501 0.00H3 2&9.41 126.14 1.27880 1..00016 0.6837 
1100 0.0454 U 758.9 0.03904 0.1501 0.00125 Z93.76 13f1.fl8 1.58377 1.0C014 0.6837 
900 o. 0404 13342.9 0.03857 0.1501 0.00111 318.&. 1 .. fI.98 1.915f18 1.00012 O. fI 837 

1000 0.03&4 1 .. 987.5 0.03799 0.1500 0.00100 440.56 157.05 2.91135 1. 00011 . 0.53"1 
1200 0.0303 184 .. 0.9 0.03&71 0.1500 0.00083 511.02 17f1.53 J.95179 1.00009 0.5307 
1400 0.02&0 22130.10 0.03532 0.1500 0.00071 583.1t8 195.24 5.11727 1.00006 0.5288 

1600 0.0227 2&D&fI.& 0.03392 0.1500 0.00Q62 &59.28 213.28 &.411211 1.00007 0.52&9 
1800 0.0202 301o!>3.8 0.03229 0.1500 0.00056 747.50 230.74 7.87443 1.0000& 0.5222 
2000 O. OUl2 3&053.5 0.02984 0.1499 0.00050 877.89 247.74 'J.fl43f1& 1.00005 0.5 U 90 
2500 0.011t4 &95f19.8 0.01813 0.11085 0.00040 192".113 289.57 17 •. 11322 1.00004 0.4231 
3000 0.0114 179472.fI 0.00823 0.1409 0.00035 5805.59 337.08 28.82253 1.00003 0.3698 
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C-Za THERI10JYHA,UC PROP~~TIES OF NORMAL "YOROG~N 

0.20 "PA'I:;0841{ 

TEHPERATURE ~OLUItE ISOThERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY , 
DERIVAn~E DERIVATIVE ENERGY OF SOUND I 

OEG. K CU "/KIO CU "-HPA/ItG HPA/I( KJ/KG-K KJII(G KJ/KG-K KJ I (i-K "'S ,. 
• 13.8b8 0.01297 1.1749 11.9255 218.3 220.9 1".086 ,..68 6.38 1265 

1,. 0.iii299 1.1597 0.9255 219.2 221.6 14.149 4.71 6.46 1260 L .15 0.01312 1.0513 0.9140 225.8 228.4 14.609 1t.91 6.97 1221 
16 O. 01328 0.9847 0.8959 233.0 235.6 15.07" 5.U 7.ltl i195 I 17 0.01345 D. <;;209 0.8807 2,.0.6 2"3.3 15.538 5.29 7.88 1171 
18 0.01363 0.8&03 0.8662 2 .. 8.7 251." 16.003 5."6 8.38 U"9 I. 
19 0.01382 0.7953 0.8509 257.3 260.1 16.,.70 5.61 8.92 112" f 
20 o .01{JG'. 0.7323 0.8337 266.,. 269.3 16.9 .. 1 5.8'1t 9."8 1110 ! 

21 0.01427 o • &&1'>1 0.81"6 276.2 219.0 17.,.21 5.85 10.12 1013 
22 0.011t51t 0.5995 0.7928 28&.6 289.5 17.908 5.95 10.82 10 "It 

• 22.805 0.01478 0.5396 0.7723 295.6 298.5 18.310 6.01 11.52 1011 .. 22.805 0 ... 1101 .. 0.06bl 0.0112 6"7.0 721.1 37. 11 It 6.66 13.55 367 
U 0 ... 0532 0.067 .. 0.011.0 6"8.6 729.7 37.228 &.63 13."1 369 

i· 

21t 0 ... 3157 0.0738 0.11102 &56.5 7"2.8 37.785 &.52 12.8" 381 
25 0.45&96 0.0799 0.0096 664.0 755.4 38.301 6.45 12.1t1t 392 
26 0.48170 0.0856 0.0090 f.11.4 761.7 38.781 6.1t0 12.15 403 
27 0.50594 0.0912 0.0086 (,,70.5 779.7 39.236 6.37 11.92 It 13 
28 0.,2976 0.0966 0.0081 685.6 791.6 39.664 6.35 11.74 ItZl 
29 0.55326 0.1018 0.0078 692.6 8O.J.2 40.071t 6.33 11.59 "32 
30 0.57647 0.1070 0.0071t 699.4 814.7 1t0.1t65 6.32 11.1t6 It" 1 
31 o .59941t 0.1121 0.0071 706.3 826.1 100.839 6.30 11.36 449 
32 0.62222 (j.117o 0.0069 713.0 837.5 1tl.198 6.29 11.27 1t58 
33 0.6 .. 481 0.1219 0.0066 71~.7 848.7 Itl.543 6.29 11.19 1t66 

34 0.66725 0.1268 0.0061t 726.4 859.8 41.877 6.28 11.12 1t71t 
35 0.68955 0.1316 0.0062 733.0 870.9 .. 2.198 6.27 11.06 .. 82 
36 0.71173 0.1363 0.001&0 139.6 882.0 42.509 6.26 11.00 "89 
37 0.73380· 0.1410 0.0058 7"6.2 892.9 102.810 .6.26 10.96 .. 97 
38 0.75578 0.1"57 0.0056 752.7 9O.J.9 "3.102 6.25 10.91 50" 
'39 0.77766 0.1503 0.0054 7'59.2 914.8 "3.385 6.25 10.88 511 
.. 0 0.799"8 0.1549 0.0053 765.7 925.6 103.660 6.25 10.81t 518 

1t2 0.84289 0.1640 0.0050 778.7 9"7.3 ..... 187 6.24 10.78 532 
.. 4 0.88607 0.1730 0.0047 791.6 968.8 1t1t.687 6.21t 10.73 5 .. 6 
46 0.92904 0.1819 0.00"5 au ..... 990.2 45.163 6.24 10.69 559 
48 0.97185 0.1908 0.0043 817.2 1011.6 45.618 6. ;~4 10.66 571 I ,. 
50 1.01,.50 0.1996 0.00"1 830.0 1032.9 46.052 6.C!4 10.6" 583 
52 1. 0570 .. 0.2084 0.0040 842.7 1054.1 46.469 6.24 10.62 595 
54 1.099 .. 6 0.2171 0.0038 855.4 1075.3 46.870 6.25 10.60 607 
56 1.1 .. 178 0.2258 0.0037 868.1 1096.5 47.256 6.26 10.59 618 
58 1.18402 0.2344 0.0035 880.9 1117.7 47.627 6.27 10.59 629 
60 1.22618 0.2430 0.0034 893.6 1138.9 47.986 6.28 10.59 6"0 

65 1.33130 0.2645 0.0031 925.6 1191.8 48.833 6.33 10.60 666 
70 1.43&10 0.2858 0.0029 957.7 1244.9 49.620 6.39 10.6 .. 690 
75 1.54066 0.3069 0.0027 990.2 1298.3 50.357 6.47 10.70 712 
1\10 1.6"501 0.3281 0.0025 1023.0 1352. I! 51.050 6.57 10.78 n .. 
05 1.74920 0.3 .. 91 0.0024 1056.3 1"06.2 51.707 6.68 10.88 75 .. 
90 1.85326 0.3701 0.0022 1090.2 1460 .. 9 52.333 6.80 11.00 77 .. 
95 1.95721 0.3911 0.0021 1124.7 1516.2 52.930 6.93 11.12 792 

100 2.06107 0.4120 0.0020 1159.9 1572.1 53.504 7.07 11.26 810 
120 2."7580 0."954 0.0017 n07.7 1802.8 55.603 7.66 11.82 874 
140 2.88982 0.5785 0.0014 1466.9 2044.9 57."68 8.22 12.37 933 

~60 3.303"1 0.6615 0.0013 1636.5 2297.2 59.151 8.70 12.8" 9sa 
lao 3.71671 0.7443 0.0011 1814.7 2558.1 60.687 9.09 13.23 101tl 
200 .4.12982 0.8270 0.0010 1999.9 2825.9 62.098 9.40 13.5" 1091 
220 . ".54279 0.9097 0.0009 2190.7 3099.3 63."00 9.65 13.79 1140 
240. .. .4.95565 0.9924 0.0008 2385.9 3377.0 64.609 9.85 13.98 1187 
260 5.3684,. 1.0750 0.0008 2584 ... · 3658.1 65.735 9.99 1 ... 13 1233 
280 5.78117 1.157& 0.0007 2785.6 3941.8 6&.785 10.10 1 ... 23 1277 
300 & .19343 1.2401 0.0007 2988.7 4227.3 67.769 10.19 14.31 1320 
350 7.22489 1 ... 4&5 0.000& 3501.3 49"&.3 &9.987 10.30 1 ... 43 1423 
.. DO 8.25622 1.6528 0.0005 4017.9 5669.1 71.917 10.35 1 ..... 8 1520 

.. 50 9.287"7 1.8591 0.0004 4536.2 6393.7 73.624 10.37 1 ... 50 1612 
SOD 10.31867 2.0654 0.000" 5055 ... 7119.1 75.151 10.39 1".52 1699 
550 11.34982 2.2716 0.0004 5575.1 7845.1 76.536 10."0 1 ... 53 1781 
600 12.38096 2 ... 779 0 .• 0003 6095.9 8572.1 77.798 10.42 14.55 1860 
700 14.4 .. 317 2.8904 0.0003 71 .. 0.8 10029.5 80.048 10.48 1 ... 60 2007 
800 16.50534 3.3028 0.0003 8193.4 11494.5 82.00& 10.57 14.69 21 .. 3 
900 18.56749 3.7152 O. ~002 . 9256.8 1297().3 83.7 .. 2 10.70 14.82 2269 

.1000 20.&2962 4.1277 0.0002 10333.9 1 .... 59.8 85.309 10.86 1 ... 98 2386 
1200 2".75385 4.9525 0.0002 125 .. 4.1 17494.9 88.057 11.24 15.3& 2602 
1400 28.87810 5.7774 o.OOC· 11,837.0 20612.6 90.466 11.68 15.80 2796 

1600 33.00288 &.6022 0.0001 17218.7 238'9.3 92.613 12.15 16.28 297,. 
1800 37.13116 7 ... 271 0.0001 19703.7 27130.0 9 ... 557 12.74 16.88 .1137 
2000 .. 1.27 .. 47 8.2519 0.0001 2231,3.1 l0598.0 96.393 13.71 17.90 3202 
2500 52.02197 10.31 .. 0 0.0001 30786.7 41191.1 101.073 21.74 26.73 3559 
3000 65.3 .. 074 12.3761 0.0001 47934.6 61002.7 108.228 48.29 57.68 3840 

, TWO-PHAS£ BOUNDARY ZO 



THERHOIlYHAHIC PROPE~TIES OF NORMAL HYOIlOGEN C-.!a 

0.20 "PA lS06A~ 

Tt::HPERATUItE DENSITY V'OH/OV'p V(OP/DU'V -V'OP/OV'T lilV/Drt/V THERMAL . VISCOSITY THERHAL DIELECTI{IC PRANOTL 
CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER 

OEG.l( (:i/CU " KJ/KG HPA-CU ~/(J "PA 1I0EG. I( W/K-H1 
(G/H-S SQ H/HR 

X 10 X 10 It 107 

- ll.8&8 77 .1259 &2;'.9 0.25&2& 90.&12" 0.OU21 73."3 256.01 0.0005" 1.2519& 2.2255 
lit 11.11018 &22.9 0.25509 89.3027 0.0103& 7 ... 16 251.1& 0.0005" 1.25155 2.16111 
15 1&.1901 &10.& 0.2 .... 12 80.0995 0.011 .. 1 83.27 221.08 0.0005& 1.2 .. 8&7 1.8499 
16 15.29&2 &13." 0.23280 7".1448 0.01208 119.11 19&.19 0.00058 1.2"553 1.6356 
11 74.3514 613.0 0.22370 611 ... 766 0.012116 cJJ.05 177.19 0.00057 1.2422" 1.5014 
18 13.313& 610.5 0.21&13 . &3.1221 0.01$72 95.79 161.05 0.0005& 1.23880 1 ... 087 
19 72.o$3111t &02.9 0.20963 57.5276 0.01'+79 97.3& 1107."9 0.00054 1.23519 1.3510 
20 71.Z311& 593.3 0.203113 52.1&&2 11.01598 911.11t 135.1I1t 0.00053 1.2313& 1.3046 
21 70.0511 579.& 0.19860 .. 6.6&55 0.01746 100.31 125.59 0.00051 1.22725 1.266& 
22 &8.71173 5&3.1 0.19370 .. 1.238 .. 0.01923 101.11 11& ... 7 0.000"9 1.22284 1.24&9 

• 22.805 &1.&7&2 5 ..... & 0.111973 3&.5158 0.02115 101.20 109.&9 0.000 .. 7 1.21900 1.2"8& 

- 22.805 2.4991 200.5 0.0&703 0.1&52 0.0&756 20.09 12.91 0.0021" 1.00755 0.8709 
23 2 ... 612 202.9 0.0&715 0.1&&3 iJ.0&&10 20.111 13.01 0.00220 :.00745 0.86"& 

2 .. 2.3111 215.0 0.0&761 0.1710 0.05973 20.10 13.51 0.·00250 1.00700 0.11380 
25 2.188 .. 221.1 0.0& 711 .. 0.17 .. 7 0.05 .. 78 21.29 1 ... 00 0.00282 1.00&&1 0.8183 
2& 2.01&0 239.1 0.0&193 0.1778 0.05079 21.92 1 ... 50 0.00313 1.00&21 0.8032 
27 1.91&5 251.1 0.0&795 0.1802 0.0 .. 7 .. 7 22.58 1 ... 911 0.003 .. 5 1.00597 0.7910 
28 1.481& 2&2.9 0.0&793 0.1823 0.0 .... & .. 23.25 15."7 0.003711 1.00570 0.7808 
29 1.11075 27".6 0.0&790 0.18 .. 1 0.0 .. 219 23.9 .. 15.95 0.00"11 1.005 .. & 0.7722 
30 1.13"7 211&.3 0.0&785 0.185& 0.0 .. 1105 2 ... &3 16 ... 3 O.DO .... & 1.0052" 0.7&4& 
31 1.&&112 291.11 0.0&781 0.18&9 0.03815 25.30 16.90 0.00 .. 111 1.0050" 0.7588 
32 1.6012 309.2 0.0& 777 0.1881 0.03&"5 25.96 11.37 0.0051& 1.00"85 0.7537 
33 1&5508 320.5 0.0& 773 0.1891 0.03"91 2&.&3 17.113 0.00552 1.004&11 0.7 .. 92 

3 .. 1,"981 33i.7 0.0&771 0.1900 0.03352 21.30 111.29 0.00590 1.00452 0.14 .. 8 
35 1."502 3"2.9 0.0&7&9 0.1908 0.03225 27.911 111.7 .. oJ.00628 1.00"38 0.7 .. 011 
36 1 ... 050 35 ... 0 0.0&1&& 0.1915 0.03108 211.&5 19.19 0.00667 1.00 .. 2 .. 0.1372 
37 1.3&28 365.1 0.0&162 0.1922 0.03001 29.33 19.&" 0.00107 1.00"11 0.7337 
38 1.3231 376.1 0.0&1&0 0.1927 0.02902 30.01 20.08 0.007"8 1.00399 0.130 .. 
39 1.21159 3117.1 0.0&757 0.1933 0.02809 30.&9 20.52 0.00190 1.003811 0.7273 
.. 0 1.25011 398.1 0.0& 753 0.1937 0.02723 31.37 20.9& 0.001133 1.00377 0.7243 

1t2 1.111& .. "19.9 0.0&7 .. 8 0.19"& 0.02568 32.n 21.112 0.00921 1.00358 0.7189 .... 1.1211& .... 1.7 0.'0&7 .. 1 0'.1953 0.02430 3".07 22.6& 0.01012 1.003"0 0.7139 
46 1.07& .. "63." 0.0&73 .. 0.19511 0.020$0& 35.42 23."9 0.01108 1.00325 0.1092 
.. a 1.0290 .. 85.0 0.0&127 0.19&3 0.02198 3&.77 2".31 iI.01207 1.00310 0.7048 
50 0.9857 50&.7 0.0&717 0.19&8 0.02099 38.12 25.11 0.01309 1.00297 0.7007 
52 0.9"&0 528 ... 0.0&70& 0.1971 0.02009 39."& 25.90 0.0141" 1.00285 0.&9&9 
51t 0.9095 550.2 0.0&&93 0.1915 0.01927 40.79 2&.&8 0.01523 1.0027" 0.&935 
56 0.117511 572.1 0.0&&79 0.1971 0.01851 "2.11 27."5 0.0163 .. 1.0026 .. O. &905 
sa 0.8 .... 6 59".1 0.0&&&2 0.1980 0.01782 .. 3 ... 1 211.21 0.017 .. 8 1.00255 o. &879 
60 0.8155 &1&.3 0.0&& .... 0.1982 0.01718 4".75 211.95 11.018&& 1.002"& 0.&849 

65 0.7511 &72.5 0.0&5117 0.198& 0.01577 "&.17 30.78 0.02177 1. 00~2& 0.6775 
70 0.&963 730.1 0.0&515 0.1990 0.01 .. 58 51.2 .. 32.55 0.02"89 1.00210 O. &759 
75 0.&"91 789.5 0.0& .. "30 0.1992 0.0135& 5".1& 3 ... 2& tl.0280& 1.01119& o. &772 
110 0.&079 850.11 0.0&332 0.199 .. O. 0126'~ 5& ... & 35.93 0.03101 1.00183 o. &8& .. 
115 0.5111 91".2 0.0&22 .. 0.1996 0.01190 59 ... 2 37.56 0.03 .. 311 1.00172 0.&880 
90 0.539& 9110.0 0.0&10& 0.1997 0.01122 62.011 39.15 0.037&& 1.001& 3 0.6937 
95 0.5109 10"7.5 0.05988 0.1998 0.010&2 6".52 .. 0.71 0.0"088 1.0015 .. 0.701& 

100 0 ... 1152 1117.3 0.0511&7 0.1999 0.01007 7&.25 "5.7" 0.05027 1.0014& 0.&751 
120 0.4039 1"13.2 0.05"09 0.2001 0.00837 9 ... 35 5 ... 0& 0.07112 1.00122 0.677& 
litO 0.3"&0 1728." 0.05037 0.2002 0.0071& 107.72 59.19 0.09058 1.00104 0.&198 

1&0 0.3027 2052." 0.047511 0.2002 0.00&2& 118.70 &3.00 0.10991 1.00091 0.6111& 
1110 0.2&91 23110.2 0.0 .. 551 0.2003 0.0055& 128.20 66.111 0.129&& 1.00081 0.61129 
200 0.2 .. 21 2707.7 0.0 .. 398 0.2003 0.00500 13&.&6 &9.02 0.1500& 1.00073 O. &839 
220 0.2201 303 ... 0 0.0 .. 282 0.2003 0.00454 1 ..... 37 71.&7 0.17123 1.000&& O. &845 
2 .. 0 0,2.'.)18 335&." 0.0 .. 197 0.2003 0.00"17 151 ..... 7· ... 20 0.19327 1.000&1 O. &849 
260 0.111&3 3614.5 0.0"135 0.2002 0.00311 .. 158.02 7&.&5 0.21620 1.0005& 0.&852 
2110 0.17 30 3981.9 0.04089 0.2002 0.00l57 1& ... 20 79.0& 0.2"009 1.00052 0.&853 
300 0.1&15 .. 29&.9 0.0 .. 05& 0.2002 0.00333 170.0& 111."2 0.2&490 1.000"9 0.&853 
350 0.131110 50~3.5 0.0 .. 009 0.2002 0.0028& 1&3.73 87.25 0.33121 1.000"2 o. &852 
.. 00 0.1211 519".9 0.039119 0.2002 0.00250 19&.5& 93.00 0 ... 035& 1.0003& O. &849 

.. 50 0.1077 &5211.1 0.039111 0.2002 0.00222 208.9 .. 911.67 0 ... 8191 1.00032 0.&8 .. 6 
500 0.0969 7262." 0.03973 0.2002 0.00200 221.21 104.29 0.56&12 1.00029 O. &8410 
550 0.0881 799&.1 0.039&7 0.2001 0.001112 233.30 109.8& 0.&5611 1.00027 0.&8101 
600 0.08011 8733.9 0.039&0 0.2001 0.00167 2 .. 5.3& 115.:15 0.7517" 1.0002 .. 0.6839 
700 0.0&92 10228.0 0.03938 0.2001 0.00143 269 ... 7 12&.1& 0.95942 1.00021 O. &837 
800 0.0&0& 11760 ... 0.0390 .. 0.2001 0.00125 293.112 136.71 1.18822 1.00018 0.6837 
900 0.0539 133 .. 4.5 0.03858 0.2001 0.00111 318.&7 1"7.01 1 ... 3723 1.0001& O. &8J7 

1000 0.0 .. 115 1 .. 969.1 0.03800 0.2001 0.00100 .... 0.56 157.08 2.1837 .. 1.00015 0.53 .. 2 
1200 O.OltO" 18 .. 42.5 0.03&71 0.2001 0.000113 511.02 176.57 2.96"10 1.00012 0.5306 
1ltOO 0.03 .. & 22130.9 0.03533 0.2001 0.00011 5113,"3 195.211 3.8381,. 1.00010 0.5290 

1&00 0.0303 26057.1 0.0339 .. 0.2001 0.00062 &511.83 213.33 ... 80761 1.00009 0.5272 
11100 0.02&9 3D 389." 0.OJ2311 0.2000 0.0005& 7 ..... 92 230.80 5.89858 1.00008 0.5230 
2000 0.02 .. 2 35783 ... 0.03011 0.1999 0.00050 867.40 247.79 7.20098 1.00007 0.5113 
2500 0.0192 &&2 .. 2 ... 0.01914 0.1983 0.000 .. 0 1797.89 2119 ... 6 12.59&95 1.CQOO& o ... 303 
3000 0.0153 1&3878.2 0.00902 0.189 .. 0.00035 5220.51 336.01 21.289&7 1.00005 0.3713 

ZI .- THO-PHASE BOUNDARY 



C-Za 'HERltOOYNAIHC PROPER'IES OF NORItAL "YOROGE'" 

0.25 ItPA I .. OdAR 

T.£ItPERl TURE VOLUIt£ ISOTHER" ISOCHORE INTERNAL EN'HALPY ENT~OPY CV CP IIELOCITY 
DERIVATIVE DERI \lATIIIE ENERGY OF SOUNO 

:1 DEli. I( CU "/I(G CU "-"PA/KG "PAIl( K.J/KG-K KJ/KG 1<J/KG-K KJ I KG-K ItIS 

• 13.1185 0.0129& 1.1781 0.92&1 218.3 221.& 14.087 4.&9 &.38 12&7 
14 0.01298 1.1&73 0.92&1 219.1 222.3 14.142 4.71 &.44 . 12&4 

15 0.UU12 1.05&5 0.9158 225.7 229.0 14.&02 4.91 &.9& 122/0 
1& 0.01327 U.989& 0.8975 232.9 23&.2 15.0&& 5.11 7.40 1197 
17 0.01344 0.9257 0.8824 240.5 243.8 15.530 5.29 7.87 1174 
18 0.013&2 0.8&53 0.8&78 248.5 251.9 15.994 5.4& 8.37 1151 
19 0.01381 0.8002 0.852& 257.1 2&0.& 1& .4&0 5.&1 8.90 1127 
20 0001402 0.7373 0.8354 2&&.2 2&9.7 ,1&.930 5.74 9./0& 1103 
21 0.011026 0.&713 0.81&3 275.9 279.5 17.408 5.85 10.09 107& 
~2 0.01452 0.E>051 0.794& 28&.3 289.9 17.894 5.95 10.79 10/08 
23 0.01,.82 0.5340 0.7&90 297.4 301.1 18.392 &.03 11.&2 1015 

• 23.751 0.01507 0.483& 0.74&4 30&.3 31a .1 18.77& &.08 12.29 989 

• 23.751 0.32422 0.06/05 0.0140 &48.3 72~.4 3&.1040 &.73 14.28 370 
24 0.32992 0.0&&3 0.0137 &50.4 732.9 3&.588 &.&9 14.05 373 
25 0.35185 0.0731 0.0127 658.& 740.& 37.1/07 &.5& 13.3& 38& 
2& 0037292 0.0795 0.0119 &&&.5 759.7 37.&59 &.49 12.87 397 
27 0.3933& 0.085& 0.0112 &74.1 772.4 38.139 &./04 12.52 408 
28 0./01331 0.0914 0.010& &81.4 784.8 38.587 &.40 12.24 418 
29 0.4328& 0.0971 0.0100 &88.7 79&.9 39.014 &.38 12.02 428 
30 ' 0./05210 0.102& 0.009& 695.8 808.8 39.418 &.3& 11.84 437 
31 0.4710& 0.1079 0.0092 702.8 820.& 39.80/0 &.34 11.&9 44& 
32 0.48980 0.1131 0.0088 709.8 832.2 40.173 &.33 11.57 455 
33 0.50834 0.1183 0.0084 11&.& 843.7 40.527 &.31 11.4& 4&3 

34 0.52&71 0.1233 0.0081 723.4 855.1 40.8&8 &.30 11.3& 471 
35 0.54494 0.1283 0.0078 730.2 8&&.4 41.19& &.29 11.28, 479 
3& 0.5&303 0.1332 0.007& 73&.9 877.7 41.513 &.28 11.20 487 
37 0.58101 0.1380 0.0073 743.& 888.9 41.819 &.28 11.14 495 
38 0.59889 0.1429 0.0071 750.2 0300.0 42.115 &.27 11.08 502 
39 0.&1&&8 0.147& O.OO&~ 75&.9 911.0 42.403 &.2& 11.03 510 
40 0.&3/039 0.1523 0.00&7 7&3.4 922.0 42. &81 &.2& 10.99 517 

42 0.&&959 a .1&17 0.00&3 77&.5 943.9 43.215 &.25 10.91 531 
41t O.711lt54 0.1709 0.00&0 789.6 9&5.7 43.721 &.25 10.85 545 
4& 0.73928 0.1800 0.0057 802.5 987.3 44.202 &.25 10.79 558 
48 0.77385 D .1890 0.0054 815.4 1008.9 44.&&0 &.24 10.75 570 
50 0.80827 0.1980 0.0052 828.3 1030.3 45.098 &.25 10.72 583 
52 0.8.,25& 0.20&9 0.0050 841.1 1051.7 45.518 &.25 10.&9 595 
54 0.87674 0.2157 0.0048 853.9 1073.1 .,5.921 &.2& 10.&7 &0& 
5& 0.91082 0.2245 0.004& 8&&.7 1094.4 4&.309 &.2& 10.&5 &18 
58 0.94481 0.2332 0.0044 879.5 1115.7 4&.&83 &.28 10.&4 &29 
&0 0.97873 0.2419 0.0043 892.3 1137.0 47.044 6.29 10.64 &40 

&5 1.0&323 0.2&3& 0.0039 924.4 1190.2 47.89/0 6.33 100&4 &&& 
70 1.14741 0.2850 0.003& 95&.& 1243.5 48.&84 &.40 10.&8 &90 
75 1.23134 0.30&4 0.0034 989.1 1297.0 49.423 &.47 10.73 713 
80 1.31507 0.327& 0:0032 1022.1 1350.9 50.118 &.57 10.81 734 
85 1.398&4 0.3488 0.00::'0 1055.5 1405'.1 50.777 &.&8 10.91 755 
90 1.48207 0.3&99 0.0028 1089.4 1459.9 51.404 &.80 11.02 774 
95 1.5&540 0.3909 0.0027 1124.0 1515.3 52.002 &.93 11.1/0 792 

100 1.&,.8&4 0./0119 0.0025 1159.2 1571.3 52.577 7.08 11.27 810 
120 1.98088 0.4955 0.0021 1307.1 1802.3 5/0.&78 7.&& 11.84 875 
140 2.31241 0.5788 0.0018 146&.5 2044.6 5&.545 8.22 12.38 933 

1&0 2.&/0350 O. &618 0.001& 1&3&.1 2297.0 58.228 8.70 12.85 989 
180 2.97431 0.7/048 0.0014 1814.4 2558.0 59.7&5 9.09 13.23 1041 
200 3.30493 0.827& 0.0013 1999.& 2825.8 &1.17& 9.40 13.54 1092 
220 3.&3540 0.9103 0.0011 2190./0 3099.3 &2./079 9.&& 13.79 1140 
240 3.96578 0.9930 0.0010 2385.7 3377.1 &3.&88 9.85 13.98 1187 
2&0 10.29&08 1.0757 0.0010 2584.2 3&58.3 64.813 to'. 00 14.13 1233 
280 4.&2&32 1.1583 0.0009 2785.4 394Z.0 &5.8&4 10.11 1/0.24 1277 
300 4.95&18 1.2/008 0.0008 2988.5 4227.5 66.849 10.19 1/0.31 1321 
350 5.78144 1.4473 0.0007 3501.2 494&.& &9.06& 10.30 14.43 1/024 
400 &.&0&5& 1:&53& 0.000& 4017 .8 5&&9.4 70.997 10.35 14.48 1521 

450 7.431&0 1.8599 0.0006 453&.2 &394.1 72.103 10.37 14.50 1&12 
500 8.25&58 2.0&62 0.0005 5055.3 7119.4 74.231 10.39 14.52 169q 
550 9.08153 2.2725 O. 0005 5575.0 7845./0 75.&15 10.40 1/0.53 1781 
&00 9. ~0&4& 2./0787 ' 0.0004 &095.9 8572.5 7&.877 10 .42 1/0.55 18&0 
700 11.55&25 2.8912 0.0004 7140.8 1002~.9 79.127 10. /08 1/0.&0 Z007 
800 13.20601 3.3037 O. 000,3 8193./0 11494.9 81.085 10.57 14.&9 2143 
900 1/0 .85574 3.71&1 0.0003 925&.8 12970.7 82.821 10.70 14.82 22&9 

1000 1&.50545 It.128& 0.01103 10333.9 144&U.Z 84.389 10.8& 14.98 2387 
1200 19.80/085 /0.953/0 0.0002 12544.1 17495.3 87.13& 11.24 15.3& 2&02 
1400 23.1042& 5.7783 0.0002 14831.0 20&13.0 89.5/05 11.&8 15.80 279& 

1600 2&.40/004 &.&031 0.0002 17218.3 23819.3 91.&93 12.15 1&.28 2974 
1800 29.706J2 7.4280 0.0001 19700.8 27127.4 93.&35 12.72 16.8& .H38 
20UO 3J.U19JS 8.2528 0.0001 22329.8 30581t.7 95.4&& 13.62 17.80 l28/o 
2500 41.58048 10.314<) 0.0001 30582.5 40<)77.& 100.059 20.8<) 25.79 35&& 
3000 51.98234 12.3770 0.0001 4&6&1.3 59&5&.9 10&.810 44.80 53.57 3842 

• TWO-PHASE UOUNOARY ZZ 



ThERHOJYHAHIC PROPE~TIES OF NOP.HAL "'O;(O(;EN C-.!a 

0.25 HPA 1:;03AR .. 

TE"PERATURE O~NSlT' 'I lOH/OV'p V lDP/DU'V -VlOP/OV'T (OV/O'\!~ THERHAL vISCOSITY THERMAL DIELECTRIC PRANOTL 
COHOUC TI ~ IT, OIFFUSHIT'f CONSTANT HUHBER 

OE(;. K K:i/CU H 1(.I/K(; "PA-CU H/I<J HPA 1/0E(;. I< 14/1<-" I<G/:1-S SO H/HR 
X lOl X li1 ~ X 107 

• 13.1185 77.15105 &26.5 0.25619 90.11919 0.01019 73.&3 256.32 0.000510 1.2520& 2.2222 
lit 77.050& 625.7 0.25517 89.9 .. 38 0.01030 710.79 252.05 0.000510 1.25170 2.1711 
15 7&.23&3 &12.3 0.2 .. 452 80.51009 0.01137 83.33 221.85 O. DO 057 1.2,.88.1 1.853" 
16 75. "1051 &15.0 0.23317 7 ... 5&20 0.0120" 89.2" 197.106 0.00058 1.24571 1.&381 
17 7 ..... 1.07 &1 ... 8 0.22 .. 06 &8.88 .. 7 0.01281 93.1" 177.80 0.00057 1.2,.2,.3 1.5032 
18 73.,.31 .. &12.5 0.21&"6 &3.5428 iI.OU6& 95.90 161.&1 0.00056 1.23901 1."0'J7 
19 72.4005 &0 ... 9 0.20995 57.9339 0.01472 97,"9 1"8.01 0.00054 1.235101 1.351" 
20 71 • .1054 595.5 0.20"13 52.5755 0.01589 98.89 13&.31 0.00053 1.23I5,) 1.3010" 
21 711.131 .. 582.0 0.19889 47.081" 0.01734 100 ... 9 126.05 0.00051 1.22751 1.2&57 
22 &8.8698 565.8 0.19399 41.6725 0.01907 101.30 116.92 0.000 .. 9 1.22313 1.2451 
23 &7.1c908 5 ..... 5 0.18907 3&.0382 0.0213" 101.38 108.58 i).000 .. 7 1.2183& 1.2"43 

• 23.751 && • .170 8 528.3 0.18510 32.0967 0.02325 100.99 102.75 0.000 .. 5 1.21449 1.2500 

• 23.751 3.08 .. 3 203.3 0.0&730 0.1988 0.07022 21 ..... 13.5& 0.00175 1.00932 0.9028 
24 3.0310 20&.5 0.067107 0.2009 0.0&80& 21.53 13. &8 0.001112 1.0091& 0.8928 
25 2.8422 219.1 0.0&792 0.2078 0.0&097 21.98 1 ... 1& 0.00208 1.00859 0.8&07 
2& 2.&81& 231.& 0.0&813 0.2132 0.05558 22.51 1 ... & .. 0.00235 1.00810 0.8374 
27 2.5 .. 22 2 ..... 1 0.0&820 0.2176 0.05129 23.09 15.12 0.002&1 1.007&8 0.8195 
28 2 ... 195 256.3 0.0&821 0.22.12 0.01077& 23.71 15.60 0.00288 1. 007~ 1 0.8051 
29 2.3102 268.5 0.06818 0.22103 0.04478 2".35 16.!!7 0.00316 1.00&9d 0.7<:134 
30 2.2119 280 ... 0.06813 0.22&8 0.0"223 25.01 16.54 0.003,. .. 1.00&&8 0.7831t 
31 2.1229 292.3 0.0&808 0.2290 o.o .. aoo 25.66 17.01 0.00372 1.00641 0.7752 
32 2.0"17 30 ... 0 0.06804 0.2310 0.03801t 26.31 17.47 0.00 .. 01 1.0061& 0.7&81 
33 1.9672 :315.6 0.06798 0.232& 0.03&30 2&.9& 17.93 0.00 .. 31 1.00591t 0.7620 

34 1.898& 327.0 0.0& 79& 0.2341 0.031t73 27.&2 18.39 0.00 .. &1 1. 00573 0.7563 
35 1.8351 338.10 0.0&794 0.2354 0.03332 28.28 18.84 0.00492 1.005510 0.7512 
36 1.7761 349.7 0.0&791 0.23&6 0.03203 28.95 19.29 0.00524 1.0053& 0.74&5 
37 1.7211 361.0 0.0&787 0.2376 0.03018& 29.&2 19.73 0.00556 1.00520 0.7"22 
38 1.6&97 372.2 0~0678" 0.2385 0.02978 30.28 20.17 0.00589 1.00501t 0.7382 
39 1.621& 383.4 0.0&781 0.2394 0.02878 30.9& 20.61 0.00&23 1.001t89 0.731t5 
40 1.57&3 3910.5 0.0& 777 0.2"01 0.02785 31.63 21.0" 1).00657 1.00476 0.7309 

1t2 1.4935 .. 1&.& 0.0&770 0.2"15 0.02618 32.97 21.90 0.00728 1.00451 0.7210& 
1t4 1.419 .. .. 38.& 0.0&762 0~2"26 0.02 .. 73 34.31 22.74 0.00802 1.001t28 0.7188 
46 1.3527 460.6 0.067510 0.2 .. 35 0.02341t 35.65 23.56 0.00879 1.00408 0.7135 
48 1.2922 .. 112.10 0.067 .. 6 0.21043 0.02228 3&.98 24.38 1).00958 1.00390 0.708& 
50 1.2372 50 ... 3 0.0&73& 0.2450 0.02125 38.32 25.18 0.0101tl 1.00373 0.70100 
52 1.18&9 52&.2 0.0&7210 0.2"55 0.02031 39.65 25.97 0.01125 1.00358 0.6999 
5,. 1.1"06 5108.2 0.06710 0.2460 0.019"& 40.98 26.74 0.01212 1.003101t O. &9&2 
56 1.0979 570.2 0.06&95 0.210&5 0.018&8 .. 2.29 27.51 0.01302 1.00331 (1.&929 
58 1.0584 592.3 0.06&78 0.2"69 0.01797 43.59 28.2& 0.01393 1.00319 U.6901 
&0 1.0217 61 ... 6 0.06659 0.2"72 0.01731 44.92 29.01 0.01"88 1.00308 0.&8&9 

&5 0.9405 &71.0 0.0&&01 0.21079 0.01586 .. 8.33 30.83 0.01738 1.00281t 0.&790 
70 0.8715 728.9 0.0&528 0.2 .. 84 0.0110&5 51.39 32.59 0.01988 1.002&3 0.&772 
75 0.8121 788.4 0.0& .. 42 0.2"86 0.013&1 5".29 3".31 0.02242 1.0021t5 0.&783 
aD 0.7&04 849.8 0.063103 0.21t91 0.01272 5&.59 35.98 0.02,.78 1.00229 o. &873 
85 0.7150 913.10 0.0&2310 0.21094 0.011910 59.54 37.60 I). o 271o'J 1.0021& 0.&887 
90 0.&747 979.3 0.0&11& 0.2"9& 0.01125 62.20 39.19 a.03012 1.00203 0.69103 
95 0.6388 1010&.9 0.05997 0.2"97 0.011l61t &10.&4 40.710 0.03270 1.00193 0.7021 

100 O. &066 111&.8 0.05875 0.21098 0.01009 7&.29 "5.710 0.041117 1.00183 0.&757 
120 0.5048 1413.1 0.05 .. 15 0.2502 0.00838 91t.37 5".0& 0.0568& 1.00152 0.&779 
1"0 0.432 .. 1728.4 0.050102 0.2503 0.0071& 107.71t 59.19 iI.072 .. 5 1.00130 0.6801 

160 0.3783 2052.7 0.047&2 0.250" 0.00&2& 118.72 &3.00 0.08793 1.001110 0.&818 
180 0.33&2 2380.& 0.0 .. 5510 0.25010 0.0055& 128.22 &6.18 0.1037~ 1.00101 0.&831 
200 0.302& 27 (,8.3 0.041t00 a.250" 0.00500 13&. &8 69.03 0.12007 1.00091 0.681t0 
220 0.2751 3D 34.8 0.04285 0.25010 0.001t51t 1104.39 71.68 0.13702 1.00083 0.&81t6 
240 0.2522 3357.2 0.04199 0.250 .. 0.001t1& 151."& 74.21 3.15 .. &6 1.0007& O. &850 
2&0 0.2328 3&75.10 0.01t137 1).2501t 0.0038" 158.010 76.&& 11.17302 1.00070 0.&853 
280 0.2162 3989.0 0.04091 0.2504 0.00357 16 ... 22 79.07 0.19213 1.000&5 O. &851t 
300 o .lO 18 .. 298.0 0.010057 0.2504 0.00333 170.08 81.103 0.21199 1.000&! o. &651t 
350 0.1730 5054.7 0.01t0l0 0.2503 0.00285 183.75 87.2& 0.2&50 & 1.00052 0.&852 
400 0.1514 5796.2 0.03990 0.2503 0.00250 19&.59 93.01 0.3229& 1.000"& o. &81t9 

450 0.134& &529.10 0.03982 0.2503 0.00222 208.911 98.&9 0.3856& 1.000H 0.&846 
500 0.1211 72&3.8 0.0397 .. 0.2503 0.00200 221.25 104.31 0).45305 1.0003& 0.6844 
550 0.1101 7997.5 0.039&8 0.2502 0.00182 233.35 109.87 0.52507 1.00033 0.6841 
&00 0.1009 8735 ... 0.039&1 0.2502 0.001&7 21t5.1t1 115.37 0.&0160 1.00030 O. &839 
700 0.08&5 10229.5 0.03939 0.2502 0.00143 2&9.52 12&.18 0.7&780 1.00026 0.&831 
800 0.0757 11761.9 0.03905 0.2502 0.00125 293.89 13&.7,. 0.95089 1.00023 0.663& 
900 0.0&73 1331t&.0 0.03858 0.2501 0.00111 318.73 147.04 1.1501& 1.00020 0.6637 

1000 0.060& 1109CjO .& 0.03800 0.2501 0.00100 1040.5& 157.11 1.7 .. 717 1.00016 O.53leJ 
1200 0.0505 18 ....... 1 0.03671 0.2501 0.00083 511.02 17&.&1 Z.3 7 148 1.00015 0.5310 
1400 0.0 .. 33 22131.9 0.03533 0.2501 0.00071 583.1t0 195.33 3.070&9 1.00013 0.5291 

1&00 0.0379 26D51.2 .0.0339& 0.2501 0.000&2 658.53 213.38 3.8 .. 570 1.00011 0.5274 
1800 0.0337 30310&.0 0.032104 0.2500 0.0005& 71t3.15 230.85 It. 711t911 1.00010 0.,23& 
2000 0.0303 35599.7 0.03030 0.2"99 0.00050 860.23 2"7.84 5.71t331 1.00009 0.5130 
2500 0.0240 6391>7.0 0~01990 0.2 .. 61 0.000"0 1711.&0 28<:1.100 '1.93600 1.00007 0.43bU 
3000 0.0192 153010&.9 0.009&7 0.2381 0.00035 1t811t.0 .. 335.2& 1&.11183& 1.0000& 0.3730 

Z3 
• TWO-PHASE BOUNOAKr 



C.2a fHER"OJYNAHIC PROPERfIE~ OF NO~"AL HYO"O&EN 

11.30 nPA I~OaAR 

TE"PERATURE IIOLUnE ISOThER" ISO CHORE INTERNAL ENfHAlPY EhTROPY CV CP VELOCITY 
OEUliATIliE OERIliATUE ENERGY OF SOUND 

OEG. ic :U "/K" CU "-HPA/KG HPA/I( K.l/KG-K KJ/I<:G 1(.I/KG-K 1(.1 I I(.i-K HIS 

• 13.901 11.0129& 1.1812 0.92&7 218.3 222.2 1/0.088 /0.&9 &.38 1268 
1/0 0.01297 1.1750 0.926& 219.0 22Z.9 l/O.1J& /0.71 6./03 12&7 
15 0.01311 1.0&1& 0.9176 225.6 229.5 1/0.595 /0.91 6.9& 122& 
16 0.01326" D .99/05 0.8992 232.7 23&.7 15.059 5.11 7./0 0 1200 
17 0.013"3 0.9305 0.88"0 21t0.3 2 ....... 15.521 5.29 7.86 1176 
18 0.1113&1 0.870 .. 0.8&9/0 2 .. 8./0 252.5 15.985 5./0& 8.35 11510 
19 0.01380 0.8051 0.85/o? 25&.9 2&1.1 16 ... 50 5.61 8.89 U30 
211 o .0HOl 0.7"2" 0.8370 26b.0 270.2 16.919 5.7/0 9 ..... 1105 
21 0.01 .. 2/0 0.b7b5 0.8180 275.7 280.0 17.396 5.85 10.06 1079 
22 o .011t50 11.6106 0.7961t 286.0 29J ... 17.860 5.95 10.75 1051 
23 0.011t80 0.51tllt 0.7710 297.1 301.5 18.377 6.02 U.55 1019 

21t 0.01513 0.4708 0.7406 309.0 313.5 18.888 6.09 12.49 983 

• 24.571 0.01535 0.4345 0.7207 316.2 320.8 19.188 &.12 13.04 962 

• 2/0.571 0.27220 0.0&25 0.0168 648.8 730.5 35.872 6.78 15.05 372 
25 0.Z80710 0.11&58 0.01&2 652.7 73&.9 36.1JO 6.71 14.59 378 
2& 0.29965 0.0730 0.0150 661.2 751.1 36.684 6.59 13.80 391 
27 0.31775 0.0797 0.0140 669.2 1E' .... & J7 .195 6.52 13.25 It 03 
28 0.33525 0.0861 0.0132 677.0 777.6 37.&67 6.107 12.84 1tl3 
29 0.35227 0.0921 0.0125 &8 ... 6 790.3 38.113 6.1t3 12.52 424 
30 0.3&892 0.0980 0.0119 692.0 802.7 38.533 6.40 12.27 433 
31 0.3852& 0.1036 0.0113 &99.2 8110.8 38.931 &.38 12.06 1043 
32 0.100135 0.1091 0.0108 70&.1t 82&.8 39.312 6.3& 11.89 452 
33 0.41722 0.111t5 0.01010 713.5 83d.& 39.67& 6.35 11.75 .. 60 

34 0.103291 0.1198 0.0100 720.4 850.3 100.02" 6.33 11.62 469 
35 0.101o81o1t 0.1250 0.009& 727.3 8&1.9 40.3&0 6.31 11.51 471 
3& 0.10&382 0.1300 0.0093 731t.2 873.3 40.683 6.30 11.ltl /085 
37 0."7909" 0.1351 0.0090 741.0 88".7 .. 0.995 &.29 11.33 493 
38 0 ... 9 .. 25 0.1"00 0.0087 71t7.7 89&.0 41.29& &.29 11.2& 501 

"39 0.50932 0.1449 0.00810 7510.4 907.2 41.588 &.2d 11.20 508 
40 0.52429 0.1498 0.008:1. 761.1 918.10 41.870 &.27 11.14 51& 

42 0.551003 0.1593 0.0077 774.4 940.& 42.411 &.27 11.04 530 
41t 0.58350 0.1688 0.0073 787.5 9&2.& 42.922 6.2& 10.96 544 
.. 6 0.61277 0.1781 0.0069 800.6 984.4 43.408 6.2& 10.90 557 
1t8 0.610185 0.1873 0.006& 813.6 100&.2 103.871 6.25 10.810 510 
50 0.67078 0.19610 0.0063 826.6 1027.8 1010.312 6.25 10.80 582 
52 0.&9958 0.20510 0.0060 839.5 10109.10 1010.735 &.2& 10.76 594 
54 0.72827 iI.2143 0.0058 852.4 1070.9 45.11tl 6.2& 10.73 606 
56 0.75&85 0.2232 0.0056 865.2 1092.3 45.531 6.27 10.71 618 
58 0.78535 0.2321 0.0054 878.1 1113.7 1t5.907 &.28 10.70 &29 
60 0.81376 0.2409 0.il052 891.0 1135.1 46.270 6.29 10.69 640 

65 o .881t53 0.2627 0.0047 923.2 1186.5 .. 7.123 6.3 .. 10.69 &66 
70 0.95109& 0.28 .. 3 0.00 .... 955.5 12"2.0 "7.917 & ... 0 10.71 &90 
75 1.02511t 0.3058 0.00"1 988.1 1295.7 /08.658 & ... 8 10.76 713 
80 1.09512 0.3272 0.Otl38 1021.2 13/09.7 49.355 6.51 10.84 73 .. 
85 1.1& .. 910 0.3481t 0.0036 1054.& 140".1 50.015 6.68 10.93 755 
90 1.234&3 0.369& 0.0034 1088.6 1459.0 50.&43 &.81 11.04 714 
95 1.30420 0.3907 0.0032 1123.2 1514.5 51.242 &.94 11.16 193 

100 1.373&9 0.4118 0.0030 1158.5 1570.6 51.818 7~08 11.29 810 
120 1.&5091t 0.495& 0.0025 1306.5 1601.8 53.9Z1 7.67 11.85 875 
140 1.92747 0.5791 0.0P'22 1466.0 2044.3 55.7d9 8.22 12.39 934 

!60 2.20356 0.6622 0.1)019 1635.7 229&.8 57.1t7 .. 8.70 12.85 989 
180 2.47938 0.71t52 0.0017 181".0 2557.9 59.011 9.09 13.24 1042 
200 2.75500 0.8281 0.0015 1999.3 2825.8 60.422 9./00 13.55 1092 
220 3.03048 0.9109 0.0014 2190.2 3099.3 &1.72& 9.&& 13.79 1141 
240 3.,i0587 0.9937 0.0013 2385 ... 3377.2 62.935 9.85 13.98 1188 
260 3.58117 1.0763 0.0012 2584.0 3658.4 64.0&1 10.00 14.13 1233 
280 3.85& .. 2 1.1590 0.0011 2785.2 39/02.1 65.112 10.11 1/0.2 .. 1278 
300 10.13135 1.2/01& 0.0010 2988.3 4227.6 6&.096 10.19 1/0.32 1321 
350 4.81913 1.4480 0.0009 3501.1 49 .. 6.8 68.31" 10.30 14 ... 3 1424 
/ODD 5.50678 1. '.I5 .. 1t 0.0008 4017.7 56&9.7 70.245 10.35 14.48 1521 

1050 ... 191035 1.8607 0.00'l7 453&.1 6394." 71.951 10.37 14.50 1613 
500 6.8818& 2.0&70 0.000& 5055.2 7119.8 73."79 10.39 14.52 1699 
550 7.5&9310 2.2733 0.0005 5575.0 78"5.8 74.8&3 10.40 1/0.53 1782 
600 8.25&79 2. /07'.16 0.0005 &095.8 8572.9 76.125 10."2 1".55 18&0 
700 9.631&10 2.8921 0.0004 7140.8 10030.3 78.375 10."8 1".60 2008 
800 11.00&1t5 3.30105 0.000" 8193." ll1t95.3 80.333 10.57 1".69 21/03 
900 12.3812" 3.7170 0.0003 925&.7 12971.1 82.0&9 10.70 1 ... 82 2269 

:'000 13.75&01 It .1291t 0.0003 10333.8 141t6J.& 83.&.37 10.8& 110.98 2387 
1200 1& .50551 4.9543 0.0003 1251t".1 '17/095.8 86.384 11.24 15.36 2&02 
1400 19.25502 5.7792 0.0002 1 .. 83&.9 20&13.1t 88.793 11.68 15.80 279& 

1600 22.00"82 &.6040 0.0002 17217.9 23819 ... 90.9"0 12.15 1&.27 2971t 
1800 210.75051 7.10289 0.0002 19&96.7 27125.& 92.8dl 12.70 1&.8 .. 3138 
ZOOO 27.51&38 8.<:537 0.0002 22320.1 30575.0 9".708 13.5& 17 .73 J206 
2500 JIt.&2797 10.3158 0.0001 30 .. 31.8 "0820.2 ':19.2311 20.26 25.09 3572 
3000 43.1 .. 03/0 12.3779 0.0001 .. 5720.7 58&&2.8 105.&90 1t2.Z1 50.52 38 .... 

• THO-PHASE aOUNDARf H 



THERltODVNAltlC PROP(qTIES OF NORltAl HYOPOG~~ C-.!a 

0.30 "PA ISOaAIt 

TEHPERATUItE DENSITY 1/ (OH/OV'p V'OP/OU'V -v COP/Ol/J
T 

(OV/DTt/" THERHAl VISCOSITY rHER~Al DIELECT~IC PRANOTL 
CONDUCTIVITY OIFFUS II/ITY CONSTANT NUlt6Ett 

OEG. K KG/CU H KJ/ltG HPA-CU H/KJ HPA lIDEG. !( W/K-It 1«('/"-5 5Q H/HR 
X lO Z X 10 3 X ta' 

• 13.901 71.1830 &211.1 0.25612 91.1717 0.0101& 73.8" 256.63 0.0005,. 1.25211> 2.2189 
1,. 77.0933 6211.& 0.25,'25 90.51132 0.01~23 7,..83 252.95 ;).0005,. 1.2,111, 2.1737 
15 7&.l817 613.9 0.2,.,.92 110.',809 0.01133 113.39 222.62 0.00L57 1.2"'19<;< 1.8,70 
16 75 • .59311 616.7 0.233,/0 7,..9777 0.0119~ 119.32 198.1" 0.000511 1.2,.,1111 1.6 .. 0, 
17 7 ..... 636 &16.5 0.22 .... 1 69.2910 0.01Z7& 93.2" 1711."1 J.000,1 1.2/02&2 1.,0/09 
18 13,"111111 61 ..... 0.21&110 63.9613 0.013,9 96.02 162.17 1).000,6 1.23921 1 ... 101 
19 72."&21 &0&.9 0.210211 ,11.3362 0.01106" 97.62 1 .. 8.,2 0.000,5 1.235&2 1.3519 
20 71.3718 597.7 0.20 .... 3 ,2.9831 0.01580 99.03 13&.79 oJ.000,3 1.23182 1.30"2 
21 70.20,1 511".3 0.19917 41 ... 9 .. 7 0.01722 100.&& 12&.,1 0.00051 1.2271& 1.2&"9 
22 611.9515 5&8 ... 0.19,.26 ,.2.103& 0.01692 101.50 117.36 0.000"9 1.223 .. 1 1.2"34 
23 67.511211 5 .. 11.3 0.111937 36.5865 0.02107 101.&0 109.02 0.000"7 1.218&8 1.2398 

2,. 66.01182 52".11 0.18,.03 31.1119 0.023111) 101.03 101.33 0.000 .... 1.213,2 1.2529 

• 24.571 65.1597 512.3 0.18067 28.3136 0.025"5 100.39 97.1 .. 0.000"3 1.21032 1.2616 

• 2".571 3.&738 205.1 0.0 ;·.C 0.2296 0.07336 22.71 1,..13 1).001 .. 11 1.01111 0.9363 
25 3.5&21 210.8 OO~ il7 0.23"" 1).0&-:121 2Z.83 1".33 1).00158 1.01077 0.91&1 
2& 3.3372 22".0 o • I ") 0.2"37 0.06162 23.20 1 ... 80 0.00181 1.01Oa9 0.8801 
27 3.1 .. 71 236.9 U .06 b . 0.2509 0.05592 23.&9 15.27 0.0020, 1.00951 0.8537 
28 2.91129 2,.9.7 o • 06 8 .. , 0.25&8 O.O,l .. Z 2 ... 23 15.7" 0.00228 1.0091)2 0.833& 
29 2.83111 262.2 0.0&8 .. 10 0.2&16 0.0"775 2",Ql 16.20 iI.00251 1.00858 0.8177 
30 2.710& 274.6 0.068/00 0.2656 0.04,.6c, 25. /02 16.67 0.0027, 1.00619 0.80105 
31 2.5956 286.8 0.06834 0.2690 0.0,.201 26.05 17.13 0.il0299 1.0076 .. 0.793 .. 
32 2.,.916 298.6 0.06829 0.2719 0.039110 26.&8 17.59 0.0032 .. 1.00753 0.7839 
33 2.3968 310.1 0.0& 822 0.27,.5 i1.~3781 27.31 18.0'+ 0.003,.9 1.0072" 0.77,9 

34 2.3100 322." 0.06822 0.2767 0.0360" 27.95 18.,.9 0.00375 1.t106~8 0.7686 
35 2.2300 333.9 0.06620 0.2786 0.03,. .. 6 28.&D 18.9,. 0.00401 1.00673 0.7&21 
3& 2.15&0 3~'.5 0.06816 0.280'+ o .OHO" 29.26 . 19.39 0.00,.26 1.00&51 0.756 .. 
37 2.0813, 356.9 0.06813 0.2819 0.03175 29.91 19.83 iI.00 .. 55 1.00630 0.7512 
38 2.0233 368.3 0.06609 0.2833 0.03057 30.57 20.26 0.00,.83 1.00611 0.7,.6 .. 
39 1.9634 379.6 0.06805 0.26 .. 6 0.02949 31.23 20.70 0.00512 1.00,93 0.7"19 
,.0 1.9073 390.9 0.06801 0.2657 0.02649 31.90 21.13 0.005"1 1.00576 0.7376 

102 1.6050 ,.13.3 0.06793 0,2876 0.02671 33.22 21.911 0.00600 1. !I 05 .. , 0.730 .. 
10 .. 1.7136 "35.6 0.0&7810 0.2892 0.02,16 3,..5,. 22.81 1).00662 1.00,17 0.7239 
4& 1.6319 457.8 0.0&775 0.2906 0.023110 35.67 23.6" 0.00726 1-00,.93 0.7179 
108 1.55110 ,+79.6 0.067&6 0.2917 0.02259 37.20 2 ..... 5 0.00793 1.00,.70 0.712" 
50 1 ... 908 501.9 0.06755 0.2927 0.02151 36.53 2,.25 0.00862 1.00,.50 0.707, 
52 1.4294 524.0 0.06742 0.2936 0.020,10 39.6, 26.03 0.00933 1.00431 0.7030 
5,. 1.3731 5"6.1 0.0& 726 0.29"3 0.01966 ,.1.17 2&.81 0.01006 1.00 .. 1 .. O.69!i9 
56 1.3213 566.3 0.0& 711 i1.29 .. 9 0.01685 .. 2 ... 8 27.57 il.Ol060 1.00399 0.69,4 
58 1.2733 590.5 0.0669'+ 0.2955 0.01812 43.77 26.32 0.01157 1.0U364 0.6923 
60 1.2289 &12.9 0.06674 0.2960 0.017,.10 45.10 29.07 0.01236 1.00371 0.6689 

65 1.1305 6&9.6 0.06615 0.2970 0.0159& 411.,.9 30.811 0.01"45 1.00341 0.6806 
70 1.0,.1i 727.7 0.065'tl 0.2977 0.01"72 51.54 32.64 0.0165,. 1.00316 0.676" 
75 0.9755 787.10 0.06 .. ,4 0.2963 0.01367 54.,.2 34.36 0.01866 1.0029" 0.6794 
80 0.9131 8,.6.9 0.0&354 0.2987 D.01276 56. 7~ 36.02 D.0206" 1.00275 0.6882 
115 0.85810 912.6 0.06244 0.2991 0.01197 59.&1 37.6" D.02290 1.00259 0.&695 
90 0.8100 978.6 0.0612, 0.2994 0.01128 62.32 39.23 0.02509 1.002 .... 0.69 .. 9 
95 0.7666 10,.6.3 0.06006 0.2996 0.01066 64.15 40.78 0.02725 1.00231 O. H26 

100 0.72110 1116.3 0.05683 0.29911 0.01011 76.33 /0,.74 0.033"5 1.00219 0.6763 
120 0.6057 1412.9 0.05421 0.3002 0.00636 910 ... 0 5,..05 0.0"73& 1.00163 0.6783 
1,.0 0.5188 1726.5 0.05046 0.3004 0.00717 107.76 ,9.111 0~06036 1.0015& 0.6803 

160 0.,.5311 2053.0 0.04766 0.3005 0.00626 118.7 .. 63.00 0.07328 1.001.37 0.6620 
180 0,"033 2381.1 0.04557 0.3006 0.00556 1211.2 .. 66.18 0.08646 1.00122 0.6632 
200 0.3630 2709.0 0.04403 0.3006 0.00500 136.70 69.03 a.l0006 1.00109 0.6641 
220 0.3300 3035.5 0.010267 0.3006 0.0010,10 1 ..... 41 71.&8 0.11421 1.00099 0.66 .. 7 
2'+0 0.3025 3358.1 0.0,.202 0.3006 O.OOltl& 151.,.8 74.21 0.12892 1.01lil91 0.&651 
260 0.2792 3676." 0.04136 0.3006 0.0031110 158.06 16.67 0.1"423 1.0DiJ6,. 0.6853 
Z80 0.Z593 3990.0 0.010092 0.3005 0.00357 1& ... 25 79.07 0.1&01& 1.00076 0.6851t 
300 0.2"21 .. 299.1 0.010059 0.3005 0.00333 170.11 61.4" 3.17672 1.00il73 0.&6510 
350 0.Z015 5055.9 0.0 .. 012 0.3005 0.00265 183.78 87.27 0.22096 1.00063 0.6852 
,.00 0.1816 5797.5 0.03991 0.3004 0.00250 196.&2 93.02 0.26923 1.00055 O. &!!It'l 

,.50 0.1&14 6530.11 0.03963 0.3004 0.00222 209.01 98.70 J.321'0 1.0aO .. 9 0.68,,6 
500 0.1'+53 1265.2 0.03975 0.300" 0.00200 221.29 10".33 0.37766 1.000 .... 0.68"4 
550 o .1l21 7998.9 0.039&9 0.3003 0.00162 233.39 109.89 il ... 3771 1.00~"0 0.6641 
600 0.1211 11736.9 0.0.5961 0.3003 0.001&7 24,.,.5 115.39 0.50151 1.00il3E> 0.&839 
700 0.10311 10 ~31.0 0.039100 0.3003 0.001103 269.57 12&.21 0.610005 1.00Hl 0.6837 
liDO O. U909 11763.5 0.03906 0.3002 0.00125 293.95 13&.77 l.79267 1.00a27 0.&636 
900 0.0806 133 .. 7.& 0.036,9 0.3002 0.00111 3111. dO lIt7.07 0.95673 1.00J2 .. 0.61137 

1000 0.11721 110992.2 0.03601 0.3002 0.00100 "40.56 157.15 1.:'5613 1.00022 0.53 .... 
1200 0.0&0& 18"45.7 0.03&72 0.3002 0.001183 511. 01 17&.6, 1.91&101 1.00Jl. 0.5311 
1400 0.11519 221J3.0 0.03533 0.3001 0.00071 583.38 195.38 2.55906 1.00011> 0.,292 

1600 0.0 .. 510 26047.2 0.03397 0.3001 0"OO~&2 &,8.30 213 ... 3 3.20"51 1.000110 0.5276 
11100 0.0404 30 Jllo ... 0.032"9 0.3001 iI.00ll5& 741."5 230.91 3.926112 1.00J12 0.52"1 
2000 0.03&3 354tlo.f.t 0.030'+5 0.3000 0.00050 8,".9 .. 2"7.90 ... 77531 1.00011 0.51102 
2500 0.UZ89 &aB5.1 0.02051 0.2979 0.OilJ40 1&47.7<) 289.38 ".18129 1.00009 0 ..... 01, 

3000 0.0232 11010 953.9 0.01022 0.28&9 0.00~35 10510.21 3310.70 13.8&50 j 1.0u~01 il.31 .. 9 

Z'i 

• TWO-PHASE aOUNDA~Y 

------



C-Za T t1ERItOOYMAlHC PRCPE·n IES OF N()~l1AL t1YCROGE~ 

O.lS ItPA I:>(lISAR 

TErtPERATURE "OLUIt£ ISOTHE.RIt ISOCHOR£ INnRNAL ENTHALPY ENTROPY CV CP ~ELOCITY 

OERIVATIVIo OERIlIATIVE ENERGY OF SOUND 
OEG. K CU "/K:O CU "-HfA/KG "Pl./K KJ/KG-K KJ/IC.G KJ/KG-K KJ I - KG-K "'S 

• 13 .9U 0.01295 1.18 .... 0.9273 218.3 ZZ2.9 110.090 1t.69 6.39 1210 
lit 0.01296 1.182& 0.9272 218.9 221.10 110.129 10.71 6.102 1270 
15 0.01310 1.0667 0.91910 Z25.5 230.1 110.588 10.91 &.95 1229 
lfI 0.01326 0.9993 0.9009 232.6 237.3 15.051 5.10 7.39 1203 
17 o .1ll31oZ Q.9353 0.8856 2100.Z 210 ... 9 15.513 5.29 7.86 1179 
18 0.01360 0.6753 0.8710 2"8.2 253.0 15.976 5.105 8.3" 1157 
19 0.01379 0.8100 0.8559 256.7 2&1.6 1& ..... 0 5.&0 8.87 1132 
ZO 0 • .111000 0.7 .. 73 O. t138& 2&5.8 27i1.7 16.909 5.73 9 ... Z U08 
Zl 0.011023 0.&817 0.8197 275.10 2110 ... 17.3810 5.85 10.0" 1082 
Z2 0.0110109 0.6161 0.7982 285.7 Z90.8 17.8&7 5.910 10.72 105 .. 
23 0.01 .. 78 0.5473 0.7730 29b.7 J01.'i 18.3&1 &.02 11.51 1023 

210 0.01511 0.10770 0.71030 308.6 113.9 18.870 6.0~ 12."3 987 
25 0.015"9 0.1005& 0.7075 321.10 326.13 19.397 6.110 13.55 9106 

• 25.299 0.<115&2 0.3858 0.(910) 325.5 UO .9 19.5&2 &.1& 13.89 933 

• 25.~99 0.23"110 0.0&03 0.0198 & .. 8.8 730.7 35.376 6.810 15.88 3710 
2& D.21o&51 O.Ob&O 0.018& &55.3 7101.& 35.797 &.72 15.02 381t 
27 0.Z&317 O. 11735 0.0172 &610.0 750.2 36.3"8 &.&1 1 ... 1& 397 
28 0.2790& 0.0805 0.01&1 &7Z.3 770.0 3&.850 6.5" 13.56 .. 08 
29 0.29"38 Q.0870 0.0151 &80.3 7113.3 37.318 &."9 13.11 1019 
30 0.30925 0.11933 0.ill103 &88.0 79&.Z 37.756 &.105 lZ.76 ItZ9 
31 0.32378 0.0993 0.013& &95.5 808.9 38.170 &.102 12.108 1039 
32 0.33801 0.1051 0.0130 702.9 821.2 38.562 &.100 lZ.26 10 .. 9 
33 0.35201 0.1107 0.01210 710.2 831.10 38.937 &.38 12.06 1058 

31t 0.36580 0.1162 0.0119 717.3 8105.10 39.2'310 &.3& 11.90 106& 
35 0.379102 0.121& 0.011" 72 ... 10 857.2 39.&37 &.310 11.7& 1075 
3& 0.39289 0.12&9 0.0110 731.10 8&8.9 39.9&7 &.33 11.&10 1083 
37 0.100&23 0.1321 0.010& 738.3 880.5 100.285 &.31 11.54 491 
38 0.41<Jit& 0.1372 0.0103 7105.2 892.0 100.591 "&.30 11.105 1099 
39 0.103259 0.11022 0.0099 752.0 903.10 100.888 &.30 11.37 507 
.. 0 0.4105&2 0.11072 0.009& 758.7 9110.7 101.1710 &.29 11.30 51 .. 

IoZ 0.107110& 0.1570 0.0091 77Z.Z 937.2 101.722 &.28 11.18 529 .... 0 ... 97010 0.1&&& 0.008& 785.5 959 ... 42.2100 &.27 11.08 5103 
10& 0.52239 0.17&1 0.0082 '798.7 981.5 102.730 &.26 11.00 556 
108 0.5475& 0.1655 0.0078 811.8 1003.5 103.197 &.2& 10 .93 5&9 
50 0.51257 0.1947 0.0074 8210.9 1025.3 103.6102 &.2& 10.88 582 
52 0.597105 0.2039 0.0071 831.9 101t7.0 410.0&8 &.2& 10.810 5~4 

5 .. 0.&2222 0.2130 0.00&8 850.8 10&8.& IoIt.Io77 &.27 10.80 &06 
5& 0.&4&88 0.2220 0.0065 8&3.8 1090.2 .. 10.870 6.28 10.78 &17 
58 0.&71105 0.2309 0.00&3 87&.7 1111.7 105.248 &.29 10.75 &29 
&0 0.&95SIo 0.2398 0.00&1 8&9.6 1133.2 105.612 6.30 10.710 639 

&5 0.75&89 0.2&111 0.005& 921.9 118&.9 10&.10&9 &.310 10.73 &&6 
70 0.81750 0.283& 0.0051 954.4 12100.5 107.2&& 6.40 10.75 &90 
75 0.6778& 0.3052 0.00108 987.1 12910.4 108.0il~ &.C.8 10.79 713 
80 0.93802 0.3267 0.110105 1020.2 13106.5 108.707 &.57 10.66 735 
85 0.99602 0.3481 0.00102 1053.8 11003.1 109.3&9 &.&8 10.95 755 
90 1.05788 0.3&94 0.0039 1087.8 11056.1 109.9'38 &.81 11.06 775 
95 1.117&1t 0.390& 0.0037 1122.5 1513.& 50.599 6.910 11.17 793 

100 1.17730 0.10117 0.0035 1157.8 15&9.8 51.115 7,,08 11.30 811 
120 1.10152" 0.4958 0.a029 130&.0 1801.3 53.281 7.&7 11.8& 87& 
1100 1.&5251 0.57910 0.0025 llt65.& 20103.9 55.150 8.22 12.100 9310 

160 1.88933 0.6&2& 0.0022 1&35.10 229&.& 5&.835 8.70 12.86 990 
180 2.1258& 0.71057 0.0020 1813.7 2557.8 58.373 9.09 13.210 10102 
200 2.3&220 0.8281 0.0018 1999.0 2825.8 59.785 9.101 13.55 ltl93 
l:ZC 2.598100 0.9115 0.001& 2189.9 3099.10 61.089 9.&& 13.80 11 .. 1 
2 .. 0 2.831050 0.9943 0.0015 2385.2 3377.3 62.298 9.85 13.99 1188 
,~O 3.07053 1.0770 0.0013 2583.8 3&58.5 &3.10210 10. DO 110.13 12310 
28b 3.30&109 1.1597 0.0013 2785.0 391oZ.3 61o.1t75 10.11 14.210 1278 
300 3.510219 1.2423 O.OOlZ 2988.2 10226.0 &5.10&0 10.19 110.32 1321 
350 ... .1.3177 1.101088 0.0010 3501.0 109107.1 67.678 10.30 110.43 1 .. 25 
1000 10.72123 1;6552 0.0009 10017 .& 5&70.0 &9.&09 10.35 110.48 15Z2 

1050 5.310&0 1.8615 0.0008 10536.0 639 ... 7 71.315 10.37 110.50 1&13 
500 5.89992 2.0&79 0.0007 5055.2 71211.1 72.8103 10.39 14.52 1700 
550 &.108920 2.27102 0.000& 55710.9 7840.2 71o.2Z7 10.loil 110 .53 1782 
600 7.il781o& 2.108C'' 0.000& &095.8 8573.2 75.1089 10.102 110.55 18&1 
700 8.25&92 2.8929 0.0005 71100.7 10030.7 77.739 10.1013 14.60 2008 
800 9.1035110 3.30510 0.00010 6193.3 111095.7 79.&97 10.57 110.69 211010 
900 10.&13710 3.7179 0.00010 925&.7 12~71.5 61.10310 10.70 110.82 2210 

1000 11.79212 10.1.503 0.00010 10333.8 11010&1.1 83.001 10.86 14.98 Z187 
lZ00 110 .11t885 10.9552 0.0003 1251010.1 1749&.2 85.749 11.2 .. 15.3& Z&03 
lltOO 1&.50557 5.7801 O. DO 0 3 11083&.9 20&13.11 811.157 11.611 15.80 2797 

1600 18.8&252 &. &04':1 0.0002 17217.7 23811.& 90.3010 12.110 1&.27 2975 
1800 21.22097 7.10298 0.0002 19b97.0 27124.3 92.2410 12.&9 1&.82 3139 
2000 23.58592 13.2510& . 0.0002 22312.5 305&7.5 910.0&8 13.51 17.68 Jl8T 
2500 29.6&&10& 10.31b7 0.0001 303110.& 40&97.9 ':18.549 19.76 21t.55 3577 
3000 3&.85890 12.3788 0.0001 4"':169.2 5788h9 104.7b<) "0.19 48.15 .5810& 
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T"ER"OJYNA"IC PROPE~TI£S or ~OR~AL "YO~OGf~ L ... .!Jt 

0 • .55 ","'ISOBAR 

TEMPERATURE OE~SITY VlalH/OVlp VIOP/DUIV -VIOP/OV'T lOV/DT\{i T~E~"Al vISCOSITy THER~l DIELECTRIC PIiA NDll 
CONJUCTtl/ITY DIFFUSUIU CONSTANT NUI1BER 

DEG. r.: K~/CU " K,J/KG "PA-CU "/KJ "Pi 1I0EG. It !ur:-~ KG/"I-S iQ I'IIHK 

x lOl x 10' It 10 7 

• 13.91& 77.Z115 b29.7 0.256(;:; 'n.'.5J.8 O.DlGl. 7 ... 05 256.9" 0.0005 .. 1.2522f> :!.215& 
lit 77.13511 631.5 G.2!,';33 91.2~G9 II .01016 7 ... 57 253.85 iI.OOO5. 1.25200 2.1762 
15 7: •• ,s270 &15.5 0.2 .. 531 111 ... 195 o. J 1129 113 •• 5 223.39 iI.llOO57 1.2 .. 915 1.8606 
16 75 ..... 22 6111.3 0.23391 75.3921 Q .111195 lI'h4D 198.82 iI.ODD58 1.2 .. 605 1.643G 
17 710.5103 &111.2 0.22.76 69.6955 1I.01Zll 93.llo 179.Q2 1I.D0057 1,,210211J 1. SOM. 
11 1'3.5 .. 511 &16.3 1l.21712 &1t.3776 0.01353 96.13 1&2.73 11.00056 1.239"1 1 ... 117 
19 72.5233 61i8.8 0.21059 58.7lt05 Il.H.57 97.75 1 .. 9.0] II.Q0055 1.2358l 1.352. 
20 71 •• 3711 599.11 0.20"72 53.3890 11.01571 99.111 137.27 1I. OliOS] 1.2l205 1.]0101 
21 70.27f12 586.7 0.199.':" .7.905. 0.:11711 lG'l.!2 126.97 1I. 00051 1.2280.? 1.26101 
22 09.t.i32 .. 571.1 0.1<j .. 5 .. "2.5317 0.01377 101.69 117.111 0.000'9 1.2236~ 1.2'1017 
23 67.&752 551.3 0.149&6 37.0390 a.020117 101.112 109.107 O. aGO .. 7 1.211199 1.2370 

21t 6:'.1935 528.1 0.1810]8 .J1.5729 il.02153 1111.28 101.78 ,).00010. 1. 213!!I 1.2'89 
25 6 ... 5558 5&1.3 Ii. 17 8.2 2&.181011 il.il7.,702 100.011 9 ... 56 0.000101 1.201124 1.2799 

• 25.299 01t.0123 "93.5 0.17&27 2 •• 6<;&& o .712U. ~9.5. 92 •• 1 a.lloo"o 1.20&.51 1.2&'31 

• 25.299 10.2710 206.2 0.06790 0.2575 ;).07,,9" 23.~1o 110.&6 O. 00127 1.01293 0.97210 
2& ".1150& 216.0 ii.O&1I30 iI.2678 ~ .,}6QSJ 21o.a6 1 ... 911 0.001102 1.01228 D.93"9 
27 3.7998 229.& 0.06858 Q.2793 0.0&1&5 24.39 15.103 0.00103 1.01150 0.8958 
21S 3.511310 2102.9 0.008611 ;).2683 0.05581 210.83 15.8S J.OOlll .. 1.0108. 0.86710 
2') 3.3970 255.9 0.0&8&9 ::.2956 0.05122 25.33 16.]10 0.00205 1.01027 0.81057 
30 3.Z33& 268.7 0.0&8&5 O.3ill£> 0.0.7 .. ., 25.88 16.110 il.00226 1.009711 0.112610 
31 3.011115 21!1.3 0.0~8&O 0.3066 il.0 .... 3!! 26.107 17.25 J.OO'''7 1.00'33'0 O. Sl36 
32 2.9585 293.6 0.0&11510 0.31011 0.010174 27.il7 17.70 0.00269 1.00S94 o. a014 
3l 2.11"011 305.8 0.068106 !I.3145 0.033.5 27.69 1/1.15 J. DO 291 1.00659 0.7911 

3 .. Z.7337 317.7 0.0&6107 0.3177 0.037'05 28.31 111.60 il.00313 1.001126 O.7S19 
35 2.&356 329.5 0.0611105 0.3205 0.1135&9 28.910 19.tl5 D.1JO 33& 1.00796 0.7739 
3& 2.51052 3101.2 0.0611.2 0.3229 II .03411 29.58 19.109 11.003'59 1.00769 0.7669 
37 2 •• &16 352.9 0.061136 0.3251 6.03269 30.22 19.92 iI.OD383 1. Oil 7104 0.760& 
311 2.311"0 36,. ... 0.0& 8310 0.3270 0.031101 30.47 20.3& a.On407 1.00720 0.1549 
39 2.l117 375.9 0.06830 0.3288 0.03023 31.52 20.79 il.001032 1.130&98 0.1:'97 
itO 2.21oltl 387.10 0.06825 0.3303 0.0291& 32.17 21.22 0.00"57 1.00&76 0.71t49 

1t2 2.1211 1010.1 0.D6111& 0.3330 0.02725 ll.48 22.06 iI.00S06 1.00&101 0.73&5 
It It Z.0119 1032.& 0.0&806 0'.3353 0.025&1 310.79 22.89 0.00562 1.00607 0.7291 
106 1.91 .. 3 455.0 0.06796 0.3372 0.02417 3;;.11 23.71 iJ. 00617 1.0uSH 1l.7221o 
loll 1.112&3 !o77.3 0.0&786 0.3357 Q.D2291 37.,.2 210.52 J.00615 1.00551 G.7161o 
50 1.7ft&5 "99.5 0.0&n4 0.3,.01 0.02178 36.710 25.31 0.00734 1.00527 0.7109 
52 1.67311 521.11 0.0&760 0.3 .. 13 il.D2H7 100.05 2&.10 0.00795 1.00505 0.7061 
51t 1.6072 5"10.1 0.0& 7105 0.3423 0.01986 101.36 26.87 0.00858 1.001tSS 0.7017 
56 1.5.59 5&6 ... 0.0&7211 0.3 .. 31 il.D1902 102.6& 27.63 0.00922 1.00401 0.6979 
511 1.10893 5118.8 0.0&710 0.31039 0.OU27 103.95 28.311 0.009811 1.00.109 0.&9106 
60 1.103&9 611.2 0.0&690 0.310 .. & 0.01757 "5.27 29.12 0.01056 1.001034 0.6909 

65 1.3212 &66.2 0.11&629 0.31059 0.01&0& 4S.65 30.94 0.1l1236 1.00399 O. &1122 
70 1.2232 726.5 0.0&55 .. 0.3,.69 0.0148l 51.70 32.69 ~. 01 .. 1& 1.003&'3 0.6197 
75 1.13~1 786.3 0.0610"6& 0.3.17 0.01373 54.56 31t.1t0 0.01597 1. 0031010 0.68D6 
110 1.01i&l 11108.0 0.0&366 0.31083 0.012111 56.810 36.06 0.01767 1.00322 0.&891 
115 1.0020 911.9 0.0&2510 0.3488 ".01201 59.79 ]7.&9 J.019&2 1. :J3D2 0.69ll2 
90 0.9 .. 53 977.9 0.0&135 0.31092 !I. 01131 62.103 39.27 !l.02150 1.00285 0.6<:;55 
95 0.89"7 101,5.6 0.06015 0.3"95 o .0106a & ... 87 100.82 a.D2336 1. 1270 0.7031 

100 0.8.910 1115.8 0.05892 0.3.97 0.01013 76.37 "5.710 J.02864 1.Cil256 0.6769 
120 0.7066 1412.8 0.051027 0.3503 0.DOU9 910.'2 'S ... 05 0.010058 1. C0213 0.6787 
1100 0.6051 1726.6 0.05051 0.350& 0.00717 107.711 59.111 (1.05173 1.00152 0.680£> 

160 0.5293 2053.3 0.0.769 0.3507 il.i10£>2& 118.7& 63.00 ~.a6281 1.00160 0.6622 
1110 0.lt70 .. 2381.& 0.0"560 0.35011 1l.00556 120.26 &6.111 0.071012 1.001102 0.6633 
2110 0.10233 27C9.£1 0.010 .. 0& 0.3508 0.00500 136.72 69.03 a.01l5110 1.C01211 0.68102 
220 0.36"9 3036.3 0.04269 0.3508 0.00,,5 .. 11010.43 H.&9 J.09792 1.Gu1l6 D.6846 

2100 0.3528 3358.9 0.010204 0.35011 0.00416 151.50 71,.22 0.11054 1.00106 0.6652 
260 iI.3257 3677.3 0.0101100 11.3508 0.003810 158.08 76.&7 0.1236& 1.00096 0.665 .. 
28Q O. ,s024 3991.0 0.0"0910 0.3507 0.OOJ57 16".27 79.08 J.13733 1.GOil91 0.6855 
300 0.2623 103!lO .3 0.04061 0.3507 a.00l33 170.13 81 ... 5 ;).1515.3 1.000115 0.6655 
350 0.2"20 50S7.2 0.04013 0.350& 0.002115 1113.81 117.28 J.t8946 1.ceil13 0.6853 
1t00 0.2118 5798.11 0.03993 0.3506 0.00250 19&.&6 93.03 Q.23065 1.00064 O. £>850 

1050 0.1883 &532.1 0.03911" 0.3505 0.00222 209.05 98.n 0.27567 1.00057 0.6 B .. & 
SOD 0.1&95 72(,6.6 0.03976 0.3505 o .0020l 221.JZ 1010.3 .. iI.32364 1.0iJJljl 0.68"" 
550 0.15ftl 8000.3 0.03970 0.3505 0.001112 233.43 109.91 J.37531 1.0Ji:i .. " 0.68,,1 
&00 0.11013 11738.3 0.03962 0.350" 0.00160 245.50 115.101 J.43001 1.000 .. 3 0.6 e 3" 
700 0.1211 10232.5 0.039"0 D.350" 0.001,.3 269.&3 126.23 iI.5.880 1.00il36 J. t: ~ 37 
1100 0.10,,0 111£:5.0 0.03906 0.3503 0.00125 29,..01 136.79 J. &1966 1.000J2 ~. 6:'.36 

900 0.09"2 133,.9.1 0.03859 0.3503 0.00111 3111 •. \7 1107.11 ~.1I220~ 1.000211 O. f,37 
1000 0.01148 1"993.6 0.03601 0.350] 0.00100 I,ItO.5f> 157.1tl 1.210824 1.0un!> J.53~'" 

1200 11. 0707 U447.3 0.03672 0.3502 0.00il1l3 511.01 176.&9 1.69"21 1.00021 o. 53~: 
' .. 00 0.0&0& 2213 ... 2 0.03534 0.3502 O.OOHl 583.36 195.102 Z.193f>2 1.00016 0.1),'33 

1&00 0.0530 2,,0"10.6 0.033'.18 0.3502 O.OOIl62 658.13 213 ... 11 Z.710669 1.0001& il.S,H 
11100 11.0"'1 l0290.2 0.03253 0.3501 0.0005& 710 0.510 230.97 J.3&1011 1.000110 0.52100; 
2000 0.0 .. 2 .. 35.559.9 0.OJU5f> 0.3S00 o.~Dilsa 8S0.dl 2 .. 7.9& ". 08S'I. 1.00013 O.o;l:d 

2500 0.Ol37 60'.l7b.l 0.02100 D.347e 0.000"0 1598.13 269.35 0.95285 1.00010 O ....... :; 
3000 a.il271 13111)07.2 0.01070 0.3358 o • 00 il 35 Ct271. ~'.I 3310.27 11.77275 1.00005 O.37ti1 
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C.Za THERHOOYNAHIC PROPERTIES Or NORMAL HYDROGEN 

D.ItO HPA 1"03AR 

TEHPERA TU~E ~OlUHE ISOTHE~H ISOCHORE INt:ERNAl ENTHALPY ENTROPY CII CP ~ELOCITY 

DERIVATIVE DERIIiATIVE ENERGY OF SOUNO 
DEG. K CU HIKG CU H-HPA/l<G HPA/I( KJ/KG-K t<J/I(G I(J/I(G-K I(J I 1(';-1( "IS 

• 13.935 0.01295 1.187& 0.9279 218.1t 223.5 14.091 4.&9 &.39 1271 
lit 0.U129& 1.1902 0.9278 218.8 224.0 llt.122 4.71 &.41 1273 
15 D.01309 1.0718 0.9211 225.1t 2311.& 1' •• 581 1t.91 &.91t 1231 
1& 0.01325 1.001t2 0.9025 232.5 237.8 15.043 5.10 7.38 1205 
17 . 0 .0131tl 0.9401 0.11872 240.0 21tS.4 15.505 5.29 7.85 1181 
14 0.01358 0.882& 0.8729 248.0 253.5 15.9&5 5.45 8.32 11&0 
19 0.01378 0.8191 0.1157& 25&.5 2&2.0 16.429 5.60 8.84 1137 
20 0.01399 0.7523 0.8402 265.6 271.2 16.8-:18 5.73 9.40 1111 
21 0.01,.21 0.61168 0.8213 275.2 280.9 17.372 5.84 10.01 1085 
22 0.01447 0.6215 0.8D00 285.4 29:'.2 17.853 5.9" 10.68 1057 
23 0.01,.7& 0.5532 0.7751 29&.4 302.3 18.346 6.02 11.46 1026 

21t 0.,Q1.508 0.4831 0.745" 308.2 314.2 18.852 6.09 12.37 991 
25 0.11154& 0.4122 0.7103 320.9 327.0 19.377 6.14 13.lt6 950 

• 25.957 0.OIL590 0.3437 0.6694 334.2 340.& 19.906 6.19 14.71t 905 

• 25.957 o .2/J,.9& 0.0579 0.0229 &48.3 730.3 34.929 &.89 1&.79 37& 
2& 0.20572 0.0583 0.0226 &48.7 731.0 34.958 6.88 16.71 376 
27 0.22!61 0.0668 0.0208 &58.4 747.0 35.561 6.72 15.34 390 
28 0.23&48 0.0745 0.0193 6&7.3 7&1.9 3&.100 &.&2 14.44 1t03 
29 0.25063 0.0817 0.0180 &75.7 77&.0 3&.596 &.5& 13.80 . 415 
30 0.2&426 0.0884 0.0170 &83.8 789.5 37.055 &.51 13.33 425 
31 0.27747 0.0948 0.01&0 &91.7 802.& 37.486 6.47 12.9& 43& 
32 0.2903& 0.1009 0.0153 699.3 819.4 37.893 6.44 12.&& 445 
33 0.30298 0.1068 0.0145 706.8 828.0 38.279 6.42 12.41 455 

31t 0.31537 0.112& 0.0139 714.1 840.3 38.&46 &.39 12.20 464 
35 0.32758 0.1182 0.0133 721.4 852.4 38.997 &.3& 12.03 . 473 

36 0.339&3 0.1237 0.0128 728.5 864.4 39.334 6.35 11.88 481 
37 0.35154' 0.1290 D.0124 735.(; 87&.2 39.658 ·&.33 11.75 489 
38 0.36332 iI.1343 0.0119 742.6 887.9 39.970 6.32 11.64 497 
39 0.37500 0.1395 0.0115 749.5 899.5 40.271 6.31 11.55 505 
40 0.3865'.1 0.144& 0.0112 756.4 911.0 40.5&3 6.30 11.46 513 

42 0.40952 0.1547 0.0105 770.0 933.8 41.118 6.29 11.32 528 
44 0.43217 0.1645 0.0099 783.4 95&.3 41.&41 &.26 11.20 542 
46 0.45460 0.1742 0.0094 796.7 978.6 42.137 6.27 11.11 555 
1t8 0.47&84 0.1837 0.0089 810.0 1000.7 42.608 6.27 11.03 568 
50 0.49892 0.1931 0.0065 623.1 1022.7 43.057 &.27 10.96 581 
52 0.5208& 0.2024 0.0082 836.2 1044.6 43.486 6.27 10.91 593 
Sit 0.51t21)8 0.2116 0.0078 849.3 106&.4 43.897 6.28 10.81 605 
56 0.561t40 0.2207 0.0075 862.3 1088.1 44.293 6.28 10.84 617 
58 0.58&03 0.2297 0.0072 875.3 1109.7 44.673 6.29 10.81 628 
60 0.60758 0.2387 0.0070 888.3 1131.3 45.039 6.30 10.79 639 

65 0.6611& 0.2610 0.0064 920.7 1185.2 45.900 6.35 10.77 66& 
70 0.71441 0.2829 0.0059 953.3 1239.1 46.699 6.41 10.78 &90 
75 0.76741 0.3047 0.0055 986.1 1293.1 47.444 6.48 10.82 713 
80 0.82020 0.3263 0.0'051 1019.3 1347.4 411.145 6.58 10.89 735 
85 0.87283 0.3478 0.004d 1052.9 1402.0 48.808 6.69 10.97 755 
90 0.92533 0.3691 0.0045 1087.0 1457.1 49.439 6.81 H.08 775 
95 0.97772 o • 3904 0.G043 1121.7 1512.8 50.040 &.94 11.19 793 

100 1.03002 0.4116 0.0041 1157.1 15&9.1 50.617 7.08 11.32 811 
120 1.23851 0.4959 0.0034 1305.4 18110.13 52.72& 7.67 11.87 876 
140 1.44630 0.5796 0.0029 1465.1 2043.6 54.596 8.23 12.40 935 

160 1.65365 0.6630 0.0025 1635.0 229&.4 56.282 8.70 12.86 990 
180 1.116072 0.74&2 0.0022 1813.4 2557.7 57.821 9.09 13.25 1043 
200 2.06760 0.8292 0.0020 1998.7 2825.6 59.233 9.41 13.55 1093 
220 2.27434 0.9121 0.0018 2189.7 3099.4 &0.537 9.6& 13.80 1142 
240 2.48098 0.9949 0.0017 2385.0 3377.4 61.746 9.85 13.99 1189 
2&0 2.611754 1.0777 0.0015 2583.6 3658.7 62.873 10.00 14.13 1234 
280 2.89405 1.1&04 0.0014 2784.9 3942.5 63.924 10.11 14.24 1279 
300 3.10031 1.2430 0.0013 2988.0 4226.2 64.909 10.19 14.32 1322 
350 3.61&25 1.4496 0.0011 3500.9 4947.4 67.127 10.30 14.43 1425 
1t0O 4.13206 1.&5&0 0.0010 4017.5 5&70.3 69.058 10.35 14.48 1522 

450 4.64779 1.8624 0.0009 4535.9 6395.0 70.764 10.37 14.50 1613 
500 5.16346 2.0687 0.ilO08 5055" 7120.5 72.292 10.39 14.52 1700 
550 5.&7910 2.2750 0.0007 5574 ... 784&.5 73.677 10.40 14.53 1782 
600 &.19471 2.4613 0.0007 6095.7 8573.6 74.939 10.42 14.55 18&1 
700 7.22588 2.8938 0.0006 7140.7 10031.0 77.169 10.46 14.60 2008 
800 8.25701 3.3063 0.0005 6193.3 1149&.1 79.147 10.57 14.&9 214" 
900 9.28611 3.7167 0.0004 925&.7 12971.9 80.863 10.70 14.82 2270 

1000 lD.JB20 li01312 O.00il4 1033J.8 14461.5 82.450 10.6& 14.98 2388 
1200 12.3'H35 4.95&1 0.0003 12544.1 1749&.& 85.196 11.24 15.3!) 2603 
1400 1,. .44349 5.7809 0.0003 14836.9 20&14.2 87.607 11.68 15.6Q 2797 

1&00 1&.50580 6.6058 0.0003 17217.5 23619.8 89.754 12.14 16.27 2975 
1800 18.5&935 7 .430& 0.0002 19&95.6 27123.4 91.&93 12.68 16.111 3139 
2000 20.&3822 5.2555 0.0002 22306.3 305&1.& 93.514 13.47 17.&4 3288 
2500 25.9480J lD.3176 0.0002 30220.2 40599.4 97.955 19.36 24.11 3581 
3000 32.1&812 12.3797 0.0001 44399.4 572&6.7 103.967 38.56 4&.2" 3648 

l 
• TWO-PHASE UOUNOA~V ZB 



T"~RHOJYNAKIC PROPE~'IES OF NO~HAL "tOROGE~ C-.! .. 

0.101l HPA I:.08AR 

TEltPERATURE OENSITY oJ IDH/OVIp oJ lOP/DU'V -VIOP/OoJ'r I~V/O'\!oJ THERHAL IIISCOSITY THERHAL DIELECTRIC PRAtlDTL 
CONOUCTIoJITY OIFFUS III ITY CONSTA~T NUHB~R 

DEG. K K:O/CU H I(",/I(G HPA-CUH/KJ HPA 1/0EG. I( II'K-11 KG/H-S .iQ H/H~ 

X 102 . I( 111 3 I( 1117 

• 13.935 77.2399 6:il.3 0.25599 91.1322 o .01a11 11o.Z5 251.26 0.00054 1.2523& 2.21210 
1 .. 77 .1182 63/0.3 0.255101 91.8568 0.01Dl0 110.91 25 ... 15 0.00055 1.25Z15 ·2.1189 

15 1&.l720 &11.1 0.210510 81.8567 0.01125 83.51 2210.16 0.00057 1.210931 1.8642 

1& 15.1090 .. &19.9 0.2.11021 15.8051 0.01191 89.48 199 ... 9 iI.00058 1.2 .. &21 1.61055 

11 1 ... 5&8b 619.9 0.22511 10.0983 0.01266 93.103 ~79.63 0.00057 1.210298 1.5064 

18 73.b116 619.2 0.21750 610.9&61 0.013104 96.26 1&3.38 fl.00057 1.2.1964 1.10120 

19 12.5911 612.11 0.21094 59.10563 0.01"102 9T.69 149.60 .1.00055 1.23607 1.3508 

20 11.5035 602.0 0.20502 53.1931 0.01562 99.33 131.15 0.0005.1 1.23228 1.3 a 40 

21 70 .l501 589.0 G.19971o 106.3137 0.01700 100.99 127.43 0.00052 1.22827 1.2634 '. 

22 &9.1127 573.7 0.19481 42.9569 0.01a&2 101.86 118.25 0.00050 1.22397 1.2401 

Z3 &7.1&65 5510.3 0.18995 37."812 0.02066 102.04 109.91 0.00047 1.21931 1.23410 

2 .. &&.2974 531.4 0.18472 32.0293 0.02321 101.53 102.22 0.00045 1.21424 1.21050 

25 61t.6739 505.0 0.17863 26.6581 0.02064 100 • .11 95.02 0.00042 1.208&5 1.2739 

• 25.957 &2.9088 10 76.2 0.11182 21.6193 D,Ol(J9& 98.50 88.30 0.000.!!.d 1.20259 1.321& 

• 25.951 1t.8190 20b.9 0.0&820 0.2826 11.08113 25.1& 15.16 0.00111 1.011078 1.011& 

26 4.8&10 207.6 0.0& 623 0.2835 0.08050 25.15 15.16 0.00111 1.01107l 1.0083 

27 4.51210 222.0 0.0&6&9 0.3016 0.0&910 25.23 15.&1 0.00131 1.013&& 0.9489 

28 4.2287 235.9 0.0&886 0.3152 0.0&120 25.51 1 &.05 iJ.00150 1.01260 0.9063 

29 3.~899 2109.5 0.0&892 0.3258 0.05532 25.')1 1&.49 0.001&9 1.01207 0.8767 

30 3.7842 262.8 o .O&Il.89 0.331010 0.05072 26.38 16.94 fl.00188 1.01145 0.6557 

31 3.60"0 275.7 0.06884 0.31015 0.04&99 2&.93 17.36 0.00206 1.01090 0.63&4 
32 3.44 .. 0 286.4 0.06878 0.31075 0.04389 27.50 11.83 0.00227 1.01042 0.8207 

33 3.l005 300.9 0.0&870 0.3526 0.04125 28.08 18.21 O. 00247 1.00998 0.8077 

34 3.1708 313.0 0.0&871 0.3570 0.03698 28.&8 18.71 0.002&7 1.00959 0.79&3 
35 3.0527 325.1 0.0&871 0.3608 0.03700 29.29 19.15 0.00287 1.00923 0.78&5 
36 2.91044 337.0 0.0&6&8 0.361,1 0.03525 29.91 19.59 0.00308 1.00890 0.7781 
37 2.810107 348.8 0.0&8&4 0.3&70 fl.03J&9 30.54 20.02 ;).00329 1.008&0 0.770& 
38 2.7524 360.& 0.0&8&0 0.3&97 0.03229 31.11 20.45 0.00350 1.00832 0.7&39 
39 2.&&&& 372.2 0.0&855 0.3720 0.03102 31.81 20.88 0.00372 1.0080& 0.7579 

100 2.58&7 383.8 O.O&P~O 0.3741 0.0298& 32.4& 21.31 0.003910 1.00782 0.7523 

.. 2 2.4419 406.6 0.0&8100 0.3771 0.02781 33.110 22.15 0.00440 1.00738 0.1427 
104 2.3139 429.7 0.0&828 0'.3807 0.02607 35.04 22.97 0.00487 1.00&99 0.7344 
44 2.1997 1052.3 0.0&811 0.3832 0.0245& 3&.34 23.79 fl.il053& 1.00&&10 0.7270 
~,8 2.0971 414.8 0.0&60& 0.3853 0.02323 37.&5 24.59 0.0058& 1.00&33 0.7204 
50 2.00103 497.2 0.0&793 0.3871 0.02205 38.96 25.38 0.00638 1.00"'05 0.7145 
5" 1.9199 519.& 0.0&778 0.388& 0.02100 100.2& 2&.1& 0.00&92 1.00580 0.7093 ... 
54 1.8427 542.0 0.0&7&2 0.3899 0.0200& 101.5& 2&.93 0.00147 1.0055& 0.7045 
56 1.7118 5&4.5 a .0& 7~5 0.3910 0.01920 42.85 27.&9 0.00803 1.00535 0.7004 
58 1.10&4 587.0 0.0&72& 0.3920 0.01842 104.13 28.410 0.008&1 1.00515 0.&9&9 
60 1.6459 609.& 0.06105 0.3929 0.01770 45.45 29.18 0.00921 1.00497 0.6930 

65 1.5125 6&6.8 0.0&&44 0.3947 0.01615 48.81 30.99 0.01019 1.0045& 0.&838 
70 1.3998 725.3 0.0&5&7 0.39&0 Q .01487 51.85 32.14 ;).01237 1.00422 0.&810 
75 1.3031 765.3 0.0&1078 0.3970 0.01316 54.&9 310.45 0.01396 1.00393 0.&817 
80 1.2192 847.1 0.0&377 0.3978 0.01285 56.97 36.11 0.01545 1.00368 0.&900 
85 1.1457 911.1 0.0&2&5 0.3984 0.012010 59.91 37.7!. 0.0171& 1.0034& 0.&910 
90 1.0807 977.3 0.0&144 0.3989 0.01133 62.55 39.31 0.01881 1.0032& 0.&9&1 
95 1.0228 1045.2 0.0&0210 0.3993 0.01071 64.98 40.85 0.020104 1.00308 0.703& 

100 0.9109 1115.4 0.05900 0.3996 0.01015 7&.41 45.15 0.02504 1.00293 O. &775 
120 0.8074 1412.7 0.05433 0.10004 0.006100 910.44 54.05 0.03549 1.00243 0.&791 
140 0.&914 1728.1 0.0505& 0.10008 0.00717 107.80 59.18 0.01052(" 1.00208 0.&808 

160 0.&041 2053.& 0.010773 0.10010 0.00&2& 118.18 63.00 0.05496 1.00182 O. &823 
1110 0.5314 2382.1 0.0105610 0.4010 0.0055& 128.28 &6.19 0.0&/087 1.001&2 0.&835 
200 0.4837 2710.2 0.04409 0.4010 0.00500 13&.110 69.04 0.07509 1.0014& 0.&843 
220 0.10397 3037.Q 0.04292 0.10010 0.0010510 1440105 11.69 0.06571 1.00133 0.6849 
240 0.4031 3359.8 0.0420& 0.10010 0.00101& 151.53 7·4.23 0.09&75 1.00121 0.&852 

260 0.3721 3& 78.3 0.041102 0.10010 0.00384 158.11 76.68 0.101124 1.00112 0.&854 

280 0.3455 3992.1 0.0409& 0.4010 0.00351 1&4.29 79.09 0.12020 1.00104 0.&855 
300 0.3225 4301.4 0.0100&2 0.10009 0.00333 170.1& 81.4& 0.13263 1.00097 0.&855 

350 0.21&5 50$8.10 0.0401" 0.4008 0.00285 183.84 81.29 iI.l&583 1.00083 0.&653 

400 0.2"20 5800.1 0.03994 0.4008 0.00250 19&.&9 93.05 i).20207 1.00073 O. &650 

450 0.2152 &533.5 0.03905 C./o007 0.00222 209.08 98.73 0.2412Q 1.000&5 0.&84& 

500 0.1937 72&8.0 0.03977 0.1000& 0.00200 221.3& 104.3& 0.28345 1.00056 0.&6"4 
550 0.17&1 8001.8 0.0.1971 0.1000& 0.00182 233.101 10Q.93 iI • .12851 1.00053 O. &e",. 
600 0.1&110 6739.8 0.039&3 0.10005 0.0016& 245.55 115.43 fl.31639 1.0004'1 0.6t1B 
700 0.1384 10234.0 0.03941 0.4005 0.00143 2&9.08 12&.25 0.101103& 1.000"2 O. &837 
800 0.1211 1116&.5 0.03907 0.4004 1i.00125 294.il7 13&.82 J.5949a 1.evJ,3& 0.b1l36 

900 0.1071 13350.7 0.036&0 0.10004 0.00111 318. ')4 141.14 0.71955 1.0aOl2 0.6 e 37 
1000 0.09&9 14995." 0.03801 0.10003 0.00100 440.56 157.21 1.09232 1.Gil029 0.531,7 

1200 0.0808 161048.9 0.03&7Z 0.10003 a.001l1l3 511.01 17&.13 1.411256 1.00024 0.5313 
11000 0.Ob92 22135.5 0.03534 0.4002 0.00071 583.35 195.41 1.9195; 1.00il21 0.52'!<; 

1600 0.0(,0& 26042.8 0.03399 0.4002 0.000&2 657.99 213.53 Z.40333 1.00018 0.5279 
1800 0.0539 J0271.1 0.OU5& 0.10002 0.0005& 740.02 231.02 2.9/0215 1.00016 0.5248 
2000 0.04155 .5521&.0 0.030&5 0.4000 0.00050 841.52 21011.02 3.57011 1.00015 0.5161 
2500 0.0385 59921.'5 0.02142 0.391& 0.0001t0 1558.07 289.39 &.03611 1.00012 0." .. 78 

3000 0.0311 13345!>.3 0.01112 0.3848 0.001l35 4018.54 333.93 10.21'507 1.00DOQ O • .37 M, 

2<) 

• T~O-PHASE BOUNOA~W 



C-Za rHER"OOYNA"IC PROPE~rIES OF NOR"AL HYDRO&E~ 

0.50 "PI IS03AR 

TEHPERATURE "OLU"E. ISOTHER" ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP ~ELOCIn 

DERIVATIVE DERIVATIVE ENERGY OF SOUND 
DEG. K CU "/KG CU "-HPA/KG HPA/K KJ/KG-K KJ/KG KJ/KG-K KJ I K"-K "'S .. 13.9&8 0.1)12<)~ 1.1940 0.9290 218.4 224.9 1:0.093 4.70 &.39 1214 

lit 0.01.2910 1.2053 0.9289 218.6 225.1 14.109 1t.70 6.38 1279 
15 0.U13D8 1.0819 0.9246 225.2 231.7 14.5&1 4.91 6.93 1237 
1& 0.01323 1.0138 0.9058 232.3 238.9 15.028 5.10 7.37 1210 
17 0.1I13H 0.9559 0.8908 239.7 2 .. "' ... 15."86 5.28 7.81 1189 
18 0.0135& 0.8927 0.8759 2"7.7 254.5 15.9 .. 7 5."5 8~29 116& 
19 0.01375 0.8295 0.8607 25&.2 2&3.1 16.409 5.&0 8.81 11 .. 2 
20 0.0139& 0.7&53 0.8436 265.1 272.1 16.875 5.73 9.35 1118 
21 0.01""9 o .&9b8 0.8246 274.7 281.8 17.348 5.8 .. 9.96 1090 
22 0.01 ...... o. &323 0.8035 284.9 292.1 17.827 5.9" 10.62 1063 
23 0.111 .. 72 0.5b47 0.7790 295.7 303.1 18.316 6.02 U.:57 1033 

21t 0.0150 .. 0 ... 952 0.750jl 307.3 31lt.9 111.818 &.08 12.25 998 
25 0.015 .. 1 O ... 251 0.7158 319.9 327.& 19.337 6.1" 13.29 959 

'26 0.0158 .. 0.3527 0.&7411 333.6 341.5 19.882 6.19 14.&1 912 
27 0.01&38 0.2793 0.&2&3 3 .. 8.0 357.0 20."&4 6.25 1&.43 85& 

• 21.116 0.01645 0.2724 0.&200 350.7 358.9 20.537 6.26 16.&2 850 

• 27.11& 0.1&290 0.0528 0.029& &4&.2 727.& 34.141 7. DO 18.92 378 
28 il.17542 1l.0&14 0.0270 &55.7 743.4 34.71 .. 6.84 17.03 391 
29 0.18839 0.0701 0.0247 &&5.6 759.8 35.288 6.72 15.69 405 
3D 0.2005" 0.0780 0.0229 &74.7 775.0 35.803 &.64 14.78 417 
31 0.21210 0.C854 0.0215 683.3 789.4 3&.276 6.58 14.12 428 
32 0.22323 0.0923 0.0203 691.& 80.3.2 3&.717 . 6.53 13.62 439 
33 0.2JftOl 0.0988 0.0192 699.7 81&.7 37.130 &.50 13.23 449 

34 0.24ft52 0.1051 0.0183 707.5 829.7 37.520 6.45 12.90 458 
35 0.25480 0.1112 0.0174 715.1 8ft2.5 37.890 6.42 12.63 468 
36 0.2&ft89 0.1171 0.01&7 722.& 855.0 38.243 6.39. 12.41 477 
37 o .27ft82 . 0.1229 0.0160 729.9 867.4 38.581 fi.37 12.23 485 
38 0.28462 0.1285 0.0154 737.2 879.5 38.905 &.36 12.07 494 
39 0.2943'0 0.1340 0.01:49 744.4 891.5 39.21& 6.34 11.93 502 
itO 0.30387 0.1394 0.0144 751.4 90.3.4 39.517 &.33 11.81 510 

1t2 0.32275 0.1500 0.0135 7&5.1t 926.8 40.088 &.32 11.&1 5?5 
It It 0.34133 0.1&03 0.0127 779.2 949.9 40.624 6.30 11.46 5411 
46 0.359&7 0.1703 0.0120 792.8 972.7 41.131 '6.29 11.33 554 
1t8 0.37782 0.1802 0.0114 806.3 995.2 41.611 6.29 11.22 567 
50 0.39579 0.1899 0.0108 819.7 1017 .6 42.0&7 6.28 11.14 580 
52 0.41363 0.1994 0.0104 832.9 1039.8 42.503 6.29 11.07 593 
Sit 0.43134 0.2089 0.0099 846.2 1061.8 42.919 &.29 11.01 60S 
56 0.44894 O. Z 182 0.0095 859.3 1083.8 43.320 6.29 10.97 617 
58 0.46&45 0.2275 0.0091 872.5 1105.7 43.704 6.30 10.93 &28 
60 0.48388 D.23&& 0.0088 885.6 1127.5 44.074 6.31 10.90 639 

65 0.5271& 0.2593 0.0080 918.3 1181.9 44.943 6.35 10.86 666 
70 0.57010 0.2816 0.0074 951.1 123&.2 45.748 6.41 10.86 690 
75 0.61279 0.3036 0.0069 984.1 1290.5 46.498 6.49 10.88 714 
80 0.65527 0.3254 0.OOt.4 1017.4 131t5.1 47.202 &.58 10.94 73& 
85 0.69759 0.3471 0.0060 1051.2 1400.0 47.868 &.69 11.02 756 
90 0.73977 0.3687 0.0057 1085.4 1455.3 48.501 6.81 11.12 77& 
95 0.78185 0.3901 0.0054 1120.2 1511.1 49.104 6.94 11.22 794 

100 0.82383 0.4115 0.0051 1155.6 1567.& 49.683 7.08 11.35 812 
120 0.99107 0.49&2 0.0042 1304.3 1799.8 51.79& 7.&7 11.89 877 
litO 1.157&0 0.5802 0.003& 1464.2 2043.0 53.&&9 8.23 12.42 936 

150 1.32371 0.6638 0.0031 1&34.2 229&.0 55.357 8.70 12.88 991 
180 1.48953 0.7472 0.0028 1812.7 2557.5 56.897 9.09 13.26 1041t 
200 1.65:;1& 0.8303 0.0025 1<398.2 2825.7 58.310 9.41 13.56 1094 
220 1.82065 0.9133 0.0023 2189.2 3099.5 59.614 9.66 13.80 1143 
240 1.98&05 0.99&2 0.0021 2384.5 3377.5 60.824 9.85 13.99 1190 
260 2.15136 1.0790 0.0019 2583.2 3658.9 61.951 10. oil 14.11t 1235 
280 2.316&2 1.1&18 0.00l8 2784.5 3942.8 &3.002 '. 10.11 14.24 1280 
JOO 2.1t81&9 1.2445 0.0017 2987.7 4228.6 63.987 : 10.19 14.32 1323 
350 2.89453 1.4511 0.0014 3500.6 4947.9 &&.206 10.30 14.43 142& 
400 3.30723 1. &97& 0.0013 4017.3 5&70.9 &8.!37 10.35 14.48 1523 

450 3.71985 1.8640 0.0011 4535.8 &395.7 69.844 10.37 llt.50 1614 
SOD 4.13242 2.0703 0.0010 5055.0 7121.2 71.371 10.39 14.52 1701 
550 ft.54495 2.27&7 0.0009 5574.8 7847.2 72.756 10.40 14.53 1783 
600 4.9574& 2.4830 0.0008 6095.& 8574.4 74.018 10.42 14.55 18&2 
700 5.78242 Z.6955 0.0007 7140.& 10031.8 7&.2&8 10.4.8 14.60 2009 
800 6.b0734 3.3080 0.000& 8193.2 1149b.9 78.22& 10.57 14.&9 2145 
900 7.43224 3.7205 0.0006 925&.6 12972.8 79.9&3 10.70 14.82 2270 

1:100 8.25712 4.1JJO 0.0005 10333.8 144&2.3 81.530 10.8& 14.98 2388 
1200 C). 90 &85 4.9578 0.0004 12544.0 17497.5 84.278 11.24 15.3& 2&03 
1400 11.55&5& $.7827 0.0004 1483&.8 20&15.1 6&.&8& 11.68 15.80 2797 

1600 13.20&41 &.607& 0.0003 17217.1 Z382~.3 88.833 12.14 16.26 2975 
1800 14.85714 7.4324 0.0003 19&93.5 27122.1 90.771 12.6& lb.79 3140 
2000 1&.511b5 8.2573 0.0003 22297.0 30552.8 92.569 13.40 17.57 .3290 
2500· 20.74047 10.319ft 0.0002 30075.8 40449.0 96.9,,9 18.78 23.44 3587 
3000 25.b328& 12.3815 0.0002 43497.1 5&31.3.& 102.715 3&.04 43.31 3853 

• TWO-PHASE BOUNDARY 30 



THER1400YNAIUC PROPERTIES OF NORHAL HtORO&EN C-la 

0.50 HPl ISOBAR 

TEHPERl T URE DENSITY V (JH/OV'p V (DP/DUi
V -V (OP/O\llr lOV/Olf/1I ~HERHAL VISCOSITY THERHAL OIELECTRIC PRANOTL 

. " CONOUCTl\lITY OlFFUSIIIUY CONSTANT NUMBER 
OE&. K 1(:iICU " KJ/KG "PA-CU r/KJ HPA 1/0EG. I( W/I(-H 1«(;/I1-S sa "/HR 

x 10 X 10i X u 7 

• 13.9&11 77.29&5 63 ... 5 0.255116 92.29 .. 1 0.01007 7 ... 66 257.811 0.0005 .. 1.2525& 2.2061 
I,. 77 .Z625 639.9 0.25557 93.1235 0.009911 7".911 25&.56 0.00U55 1.257. .... 2.18 .. 2 
IS 7& ... &16 620." 0.2"&"7 82.7270 0.01118 113.&2 225.71 0.00057 1.2 .. 9&2 1.871& 
1& 75.511&2 623.1 0.23"99 7&.6271 0.01182 119.&3 200.115 0.00058 1.2"055 1.650& 
17 710 .687& 62&.0 0.22585 71.3910 0.012"8 93.65 1151.0 .. J.00058 1.2 .. 340 1.5099 
18 73.7238 &23.1 0.21812 65.8110 0.01331 96 ... 9. 1& ... ·50 0.0005, 1.2 .. 003 1."140 
19 72.711& &17.0 0.21153 &0.3138 0.01427 98.15 150.&3 0.00055 1.23&"9 1.351" 
20 71.&1012 &07.7 0.20563 54.8242 0.01539 9Cj.&JI 138.76 0.000510 1.23276 1.3022 
21 70."9ftl 593.& 0.20030 "9.1229 0.01&79 101.32 128.35 0.00052 1.22877 1.2621 
22 69.2711 578.8 0.19535 "3.7989 0.018310 102.25 119.1 .. 0.00050 1.22452 1.2372 
23 &7.910&0 560.1 0.19052 38.3717 0.02030 102 ... 7 110.79 0.000 .. 8 1.21993 1.22910 

2,. &&.5013 537.8 0.18538 32.928& 0.02278 102.02 103.11 0.000105 1.214910 1.2379 
25 &4.9112 512.3 0.179&3 27.5905 0.02594 100.93 95.91 0.000"2 1.20910& 1.2629 
2& &3.115& 482.2 0.U2&3 22.2&2" 0.031lJQ 99.09 88.98 0.00039 1.20ll0 1.3120 
27 61.0558 ""7.2 0.1&"02 17.0512 0.03673 9&.50 82.17 0.00035 1.19&25 1.3968 

• 27.11& &0.7811 .... 3.9 0.1&287 1&.559& 0.0371010 96.11 81.33 0.00034 1.19531 1.100610 

• 27.116 &.1386 207.3 0.0687" 0.32100 0.09124 27.&3 16.10 0.00086 1.01862 1.10210 
28 5.7006 221.3 0.06912 0.3503 0.07&95 27.33 16.104 0.00101 1.111728 1.0239 
29 5.3082 236.3 0.0&929 0.3723 0.06639 27.35 1&.810 0.00118 1.01609 0.9656 
30 4.98&& 250.& 0.0&931 0.3891 0.05697 27.58 17.25 0.00135 1.01511 0.92"6 
31 !t.7147 26".5 0.06928 0 ... 02 .. 0.053"0 27.99 17.&7 0.00151 1.011028 0.8918 
32 4.4797 278.0 0.0&923 0 ... 133 0.04901 28 ... & 18.10 0.001&8 1.01356 0.8663 
33 10.2733 291.1 0.06913 0."223 0.04544 28.97 18.53 0.00184 1.01293 0.8"01 

34 1t.0897 303.1 0.0&919 0 ... 300 0.042"7 29.50 18.9& 0.00201 1.01238 0.8290 
35 3.9247 316.2 0.0&922 0.4365 0.03995 30.05 19.38 0.(10218 1.01188 0.81107 
36 3.7752 328.6 0.06920 0.10422 D.03778 30.&3 19.81 0.00235 1.011102 0.802B 
37 3.6387 3"0.8 0.0&91& 0.10471 0.03588 31.22 20.23 0.00253 1.01101 0.79210 
"38 3.5135" 352.9 0.06912 0.4515 0.03"20 31.82 20.6& 0.00270 1.010&3 0.7834 
~9 3.3979 3610.9 0.0&90& 0."5510 0.03270 32.43 21.08 0.00288 1.01028 0.77510 
I;-~ 3.2909 376.9 0.0&900 0.4588 0.03134 33.05 21.49 0.0030& 1.00995 0.7682 

,.2 3.091110 400.5 0.0&888 0.4&47 0.02900 34.29 22.32 0.003103 1.00937 0.7559 
44 2.9297 423.8 0.0687" 0;4696 0.02703 35.5& 23.110 0.00381 1.00885 0.745& 
46 2.7803 446.9 " 0.06661 0.473& 0.02535 3&.83 23.95 0.00421 1.00840 0.736& 
48 2.61068 469.8 0.0&8 .. 7 0.4769 0.02389 38.11 210.7 .. 0.004&2 1.00800 0.7268 
50 2.52&6 492.& 0.0&832 0.4797 0.022&1 39.39 25.53 0.005010 1.007&3 0.7218 
52 2.4176 515.4 0.0&815 0.4822 0.02148 "0.68 26.30 0.00547 1.00730 0.7157 
54 2.3184 538.1 0.0& 798 0.4843 0.020"6 "1.96 27.07 0.00592 1.00700 0.7103 
56 2.2275 5&0.8 0.06779 0.48&1 0.01955 ~3.24 27.82 0.00 &37 1.00&73 0.7055 
58 2.1,.38 583.& 0.06758 0.487& 0.01872 44.50 28.56 0.00684 1.00647 0.7015 
&0 2.06&& &0&.4" 0.06737 0.4890 0.01797 45.80 29.30 0.00732 1.00&24 O. &971 

65 1.8970 664.1 0.06&72 0.4918 0.01&35 49.14 31.10 0.00859 1.00573 0.&870 
70 1.7541 722.9 0.0&593 0.4939 0.01502 52.16 32.8 .. 0.0098& 1.00529 0.&835 
75 1.6319 783.3 0.06502 0.49510 0.01389 54.9& 34.54 0.01114 1.001093 O. &840 
80 1.52&1 8 .. 5.4 0.0&399 0 ... 9&7 0.01294 57.23 36.19 0.01234 1.0010&1 0.6919 
85 1.4335 909.& 0.0&285 0."976 0.01211 60.16 37.81 0.01371 1.001033 0.&924 
90 1.3518 976.0 0.0&164 0.4984 0.01139 62.79 39.39 0.01504 1.001008 0.6972 
95 1.2790 10 .. 4.1 0.06042 0.4990 0.01075 65.21 40.93 0.01635 1.00386 0.70105 

100 1.2138 111 ... 4 0.05917 0.4995 0.01018 7&.49 45.t5 0.01999 1.0036& 0.6781 
120 1. DO 90 1412.4 0.05"45 0.5007 0.00842 910.109 54.0 .. 0.0283& 1.003010 0.6798 
140 0.8639 1729.0 0.05065 0.5012 0.00718 107.84 59.17 0.03619 1.002& 1 0.68110 

160 007555 205 ... 3 0.010781 0.5015 0.00&27 118.82 63.00 0.04397 1.00228 0.6827 
180 0.&7110 2383.0 0.04570 0.5016 0.0055& 128.32 &6.19 0.05191 1.00202 0.6838 
200 0.60102 2711.5 0.041014 0.5016 0.00500 13&.78 69.05 0.06010 1.00182 0.6845 
220 0.5493 3038.5 0.04296 0.501& 0.00454 1410 ... 9 71.70 0.0&8&0 1.001&6 0.6850 
240 0.5035 3361.5 0.010210 0.5016 0.00416 151.57 74.2 .. 0.07744 1.00152 0.&854 
260 0.10&48 3680.2 0.04146 0.5016 0.003810 158.1.5 76.69 0.086&4 1.001 .. 0 0.6855 
280 0.10317 3994.1 0.04099 0.5015 0.00357 1&4.34 79.10 0.09622 1.00130 O. &856 
300 0.4030 10303.6 0.04065 0.5015 0.00333 170.20 81."8 0.10618 1.00121 0.6856 
350 0.31055 50611.9 0.010017 0.5013 0.00285 183.89 87.32 0.13276 1.00104 0.6853 
.. 00 0.30210 5802.8 0.0.1996 0.5012 0.00250 19&.75 93.07 0.16177 1.00091 0.68S0 

450 0.2688 &536.2 0.03987 0.5011 0.00222 209.15 98.76 0.19317 1000051 0.6841 
500 0.2"20 7270.8 0.03978 0.5010 0.00200 221.4" 104.39 0.22&92 1.00073 0.66,+4 
550 0.2200 8004.6 0.03972 0.5009 0.00182 233.56 109.96 0.26299 1.000&6 0.6841 
600 0.2017 57"2.7 0.039610 ... 5009 0.00166 245.64 115.47 0.30132 1.0001;1 0.6840 
700 0.1729 10237.0 0.03942 0.5007 0.00143 269.79 126.30 a.38455 1.00052 0.6837 
800 0.1513 11769.5 0.03908 0.5007 0.00125 294.19 136.87 0.47 b2 3 1.0004& 0.b63& 
900 0.1345 133S3.8 0.03660 0.500& 0.00111 319.07 147.20 0.57602 1.00041 0.6837 

UOO 0.1211 14998.5 0.03802 0.5005 0.00100 440.5& 157.28 0.67403 1.00036 0.5349 
1200 0.1009 18452.1 0.03673 0.5004 0.00083 511.01 176.81 1.18626 1.00030 0.5316 
11000 0.08&5 22138.4 0.03535 0.5004 0.00071 583.32 195.56 1.53585 1.00026 0.5237 

1600 0.0757 26040.8 0.03400 0.5003 0.00062 657.77 213.6" 1.92269 1.00023 0.5263 
1800 0.0673 30242.7 0.03260 0.5003 0.00056 738.77 231.13 2.35300 1.00020 0.5254 
2000 0.0606 35148.4 0.03079 0.5001 o.ooosa 842.105 248.110 /..8,.995 1.00018 0.5175 
2500 0.111082 58307.1 0.02209 0.4974 0.00040 11096.73 289.10 .. 't.76613 1.00015 0.4514 
3000 0.0390 12551&.5 0.01185 0.10630 0.00035 3780.3& 333.103 5.05411& 1.00012 0.31120 

31 
• TWO-PHASE BOU~DARV 



C-Za THERMODYNAMIC PROPERTIES OF NORMAL HYUDOGEN 

O.bO "PA ISObAR 

TEHPERATURE "OlU"E IS OTHER" ISOCHORE INTERNAL' ENTHALPY ENTROPY CV CP VELOCITY 
DERIVATI"t. DERIIIATIIIE ENERGY OF SOUND 

DEli. K CU "/KG CU "-"PA/KG "PAIl( KJ/KG-k KJ/KG I(J/KG-K KJ I KG-I( HIS 

• lft.OOl 0.01293 1.2073 0.9302 218.4 22&.2 14.096 ft.70 6.38 1280 
'15 0.111306 1."920 0.9281 225.0 232.8 14.553 4.90 6.92 1242 
16 0.01321 1.0321 0.9095 232.0 239.9 15.010 5.10 7.33 1219 
17 0.01337 o .9b60 0.8938 23~.5 247.5 15."&9 5.28 7.79 119 .. 
18 0.01354 0.9027 0.8790 247.4 255.5 15.929 5 ..... 8.27 1171 
19 0.01373 0.8398 0.8638 255.8 26".1 16.390 5.5~ 8.77 11 .. 8 
20 0.01393 0.7755 0.8 .. 68 26".7 273.1 16.85 .. 5.72 9.31 1123 
21 O.Ol .. l& 0.7107 0.8280 27".2 28Z.7 17.32" 5.8 .. 9.90 1098 
22 0.01440 O. t428 0.80&9 28"+.3 292.9 17.801 5.93 10.56, 1069 
23 0.01 .. &8 0.5760 0.7829 295.0 303.9 18.211& 6.01 U.29 10 .. 0 
24 0.01499 0.5082 0.75"5 306.5 315.5 111.783 6.08 12.12 1007 

25 0.01535 0.4376 0.721'1 318.9 328.2 19.298 6.1" 13.1" 968 
26 0.01577 0.3665 0.6813 332 ... 3"1.9 19.835 6.19 1".38 923 
27 0.01&29 0.2933 0.63"6 3"7.3 357.0 20.407 6.25 16.08 869 
28 0.0169 .. 0.22Hi 0.51110 364.1 37".2 21.031 6.32 18.56 807 

• 26.123 0.01704 0.2189 0.5735 36&.3 37&.& 21.U" 6.3 .. 18.&0 802 
• 28.123 0.13376 0.0"72 0.03&9 &"2.7 722.9 33."37 7.13 21~6" 378 

29 0.110530 0.0570 0.0332 653.5 740.& 3 ... 057 6.95 18.80 393 
30 0.15&99 0.0&&& 0.0302 66".2 758 ... 34.&&0 6.81 16.93 .. 07 
31 0.1&77& 0.0752 0.,0279 &7".0 77".7 35.194 6.71 15.73 .. 20 
32 0.17792 0.0831 0.02&0 &83.2 790.0 35.679 6.&4 110.88 431 
33 0.18761 0.0905 0.0244 &92.0 804.& 36.128 6.59 14.25 4 .. 2 
34 0.19695 0.0974 0.0231 700.4 818.5 3&.546 &.53 13.74 453 

35 0.20602 0.1041 0.0219 708.5 832.1 36.938 6.48 13.35 463 
36 0.2148& 0.1104 0.0209 716.4 845.3 37.310 6.45 13.03 1072 
37 0.22352 0.11&& 0.0200 724.1 858.2 37.6&3 6.42 12.77 482 
38 0.23202' 0.122& 0.0192 731.6 870.8 38.001 ·6.40 12.55 490 

,39 0.24038 0.1285 0.0185 739.0 883.3 38.324 &.38 12.3& 499 
40 0.248&4 0.1342 0.0178 746.4 895.& 38.635 6.3& 12.20 507 

42 0.26485 0.1453 0.0166 760.8 919.7 39.223 6.34 11.93 523 
4ft 0.28074 0.15&0 0.0156 774.9 943.3 39.773 6.32 11.73 538 
46 0.29637 0.1665 0.0147 788.8 9&&.& 40.291 6.31 11.56 552 
48 0.31179 0.17&7 0.0139 802.5 989.& ftO.780 6.30 11.43 566 
50 0.32704 0.18&7 0.0132 816.1 1012.4 41.245 6.30 11.32 579 
52 0.3421" 0.1965 0.012& 829.6 103".9 41.&87 6.30 11.23 592 
54 0.35712 0.20&2 0.0121 843.0 1057.3 42.109 6.30 11.16 &0" 
56 0.37198 0.2158 0.0115 856." 1079.5 "2.515 6.31 11.10 616 
58 0.38675 0.2252 0.0111 869.6 1101.7 42.903 6.31 11.05 628 
60 0.40143 0.2346 0.0107 882.9 1123.7 43.277 6.32 11.01 639 

65 0.4378 .. 0.2576 0.0097 915.9 1178.6 44.154 6.3& 10 .9" 666 
70 0.47391 0.2802 0.0090 948.9 1233.3 44.9&5 6.42 10.93 &91 
75 0.50972 0.3025 0.0083 982.1 1287.9 45.719 6.49 10.94 714 
80 0.54533 0.324& 0.OQ78 1015.6 13 .. 2.8 46.427 6.58 10.99 736 
85 0.58077 0.3"65 0.0073 1049.4 1397.9 "7.096 6.69 11.06 757 
90 0.61608 0.3682 0.0068 1083.8 1 .. 53 ... .. 7.731 6.82 11.16 776 
95 0.&5128 0.3899 0.0065 1118.7 1509.5 48.337 6.94 11.26 795 

100 0.68639 1J.4113 0.0061 1154.2 15&&.1 48.917 7.08 11.38 813 
120 0.82612 0."965 0.0051 1303.2 1798.8 51.035 7.67 11.91 878 
140 0.96515 0.5808 0.0043 1463.2 20"2.3 52.911 8.23 12.43 937 

160 1.10375 0.6646 0.0038 1633.4 2295.7 5 ... 600 8.70 12.89 992 
180 1.2 .. 207 0.7 .. 81 0.0034 1812.0 2557.3 56.141 9.10 13.26 10 .. 4 
200 1.38020 0.8314 0.0030 1997.6 2825.7 57.555 9.41 13.57 1095 
220 1.51820 0.9145 0.0027 2188.7 3099.& 58.860 9.6& 13 .81 11 .. 3 
240 1.65609 0.9975 0.0025 2384.1 3377.7 60.070 9.85 14.00 1190 
260 1.79391 1.0804 0.0023 2582.8 3659.2 61.197 10.00 14.14 1236 
280 1.93167 1.1&32 0.0021 2784.1 3943.1 62.2"9 10.11 1".25 1280 
300 2.06928 1.2459 0.0020 2987.4 4229.0 63.23" 10.19 14.32 132 .. 
350 2.41338 1.4526 0.0017 3500." 4948 ... 65.453 ' 10.30 14.4" 1 .. 27 
400 2.7573 .. 1.6?92 0.0015 4017.1 5671.5 67.311" 10.35 14.48 1523 

4S0 3.10122 1.8656 0.0013 4535.6 639&.3 69.091 10.37 14.50 1615 
500 3 ..... 506 2.0720 0.0012 505 ... 8 7121.9 70.619 10.39 14.52 1701 
550 3.78885 2.2783 0.0011 5574.7 711"8.0 72.004 10.40 1".53 1784 
600 ... 13262 2.4847 0.0010 6095.5 8575.1 73.2&6 10.42 14.55 1862 
700 4.82011 2.8972 0.0009 7140.6 10032.& 75.516 10."8 14.60 Z009 
800 5.50756 3.3097 0.0008 8193.2 11"97.7 77.474 10.57 14.69 2145 
900 &.19499 3.7222 0.0007 925&.6 12973.6 79.211 10.70 14.82 2271 

1000 &.88239 4.1347 0.0006 10333.7 14463.2 80.778 10.8& 14.98 2389 
1200 5.25718 4.959& 0.0005 1254".0 17498.3 83.526 11.24 15.36 2604 
1 .. 00 9.63195 5.7845 0.0004 14836.8 20&15.9 85.934 11.&8 15.60 2796 

1600 11.00681 &. &0 94 0.000 .. 17216.9 23621.0 88. DIU 12.1" 16.2& 297& 
1800 12.J8234 7.1,342 0.0003 19692.0 2 71Z1 ... 90.018 12.65 16.78 3141 
2000 13.76076 8.2591 0.0003 22290.0 3054 ... 5 91.633 13.3& 17.52 3291 
2500 17.2617& 10.3212 0.0002 29969.2 .. 0336.2 96.1&8 18.3" 22.95 3593 
3000 21.29856 12.3833 0.0002 "2830.8 55&10.0 101.702 3 ... 18 41.14 3857 

• TWD-PHAS~ BOUNDAR' 
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THERMOJYNA"IC PROPE~TIES OF NORMAL HYDROGEN C; -2d 

0.60·MPA ISOaA~ 

TEMPERATURE.OENSITY V (1)1'1/0'1'1" V (OP/OU'V -v (OP/OV'T (0 UOT \tV THERMAL VISCOSITY THERMAL OIELECTRIC PRAtloTL 
CONOUCTHITY OIFFUSlIIITY CONSTANT NUMBER 

DEG. K K:i/CU H KJ/K(i MPA-CU H/KJ MPA 1/oEG. K W/K-H KGlH-S .iQ H/HR 
IC lOZ IC 103 IC 107 

• llt.OO1 71.3529 640.& 0.25573 93.4243 0.00·~9& 75.07 258.50 0.00055 1.2527& 2.1'1&3 
15 7&.5504 &23.6 0.24723 83.5919 0.01110 83.73 227.2& 0.00057 1.24994 1.87QO 
16 75.7022 630.0 0.2.5579 78.1349 0.011&4 89.81 202·.51 0.00058 1.24&Q& 1.&534 
17 74.7902 C"~9. 7 0.22&49 72.2485 0.01237 93.84 182.2& 0.00058 1.2437& 1. ~130 
15 73.8345 '~i!1.0 0.21673 &&.&472 0.013B 9&.71 1&5.&1 0.00057 1.24041 1.41&0 

19 72.830& €i<'l1.3 0.21212 &1.1&33 0.01412 98.41 151.&5 o. DO 055 1..23&91 1.3522 
20 71.7&97 fllZ.l O.2~&21 55.&&07 0.01521 99.92 139.71 1l.00054 1.Z3321 1.3020 
21 70.&402 &00.0 0.20087 50.2035 0.01&49 101.&& 129.Z9 0.00052 1.ZZ9Z8 1.Z565 
22 &9.42&8 5&3.9 0.19588 44.&299 0.01808 102.&2 120.02 0.00050 1.2250& 1.2345 
23 &8.121& 5F.5.8 0.19108 39.2410 11.01995 102.B9 111.&& 0.000"8 1.22054 1.2249 
21t &&.7023 5 ..... 7 0.18&01 33.897& 0.022Z& 10Z.51 103.99 O. DO 04& 1.215&3 1.2298 

25 &5.1405 519.3 0.180"0 28.5044 0.02530 101."8 9&.80 0.000 .. 3 1.21025 1.2531 
2& &].39(~1 "90." 0.17372 23.2325 0.02933 99.75 89.9] 11.00039 1.20"24 1.29&7 
27 61.39!:& 45&.4 0.1654& 18.0098 0.03524 97.28 83.19 0.00035 1.19741 1.3751 
28 59.03!.:8 417.9 0.155&4 13.0801 0.04442 93.9Z 7&.36 0.00031 1.18935 1.5092 

• Z8.123 58.&975 "1&.7 0.15422 12.8515 J .044&2 93.42 75.48 O. DO 031 1.18821 1.5024 

• 28.123 7 ... 7&1 207.0 0.0&917 0.3528 0.10454 30.27 17.01 0.000&7 1.02271 1.21&0 
29 &.8825 222.0 0.0&951 0.3925 0.084&7 29.4& 17.28 0.00082 1.02089 1.1027 
3D & • .5700 238.0 0.0&9& .. 0.4245 0.07115 29.18 17.&4 0.00097 1.01933 1.0232 
31 5.9&08 253.0 0.0&9&5 0 ..... 8 .. 0.0&21& 29.32 18.02 0.00113 1.01808 0.9&&2 
32 5.&207 Z&7." 0.0&9&2 0."&71 0.055&5 29.&2 18 ... 1 0.00128 1.0170 .. 0.9249 
33 5.3301 281.3 0.0&952 0."822 Q.050&4 30.00 18.81 0.00142 1.01&15 0.8935 
34 5.0773 29 ..... 0.0&9&& 0."946 0.0 .. &67 30.43 l'Je22 O. DO 157 1.01538 0.8&82 

35 4.8539 307 ... Q .0&972 0.5051 0.043"2 30.91 19.63 0.00172 1.01470 0.8478 
36 4.&542 320.2 0.0&972 0.5140 0.040&9 31 ... 2 20.05 0.00187 1.01"09 0.8312 
37 ... 4739 332.8 0.0&970 0.5217 0.0383& 31.9& 20.4& 0.00201 1.01355 0.8172 
38 ".3100 345.3 0.0&966 0.5285 0.03&33 32.52 20.87 0.00217 1.01305 0.8052 
39 ... 1&00 357.7 0~O&9&0 . 0.53"4 0.03455 33.10 21.28 0.00232 1.01259 0.7947 
40 ... 0220 370.0 0.06953 0.5397 0.03291 33.&9 21.69 0.00247 1.01217 0.7855 

42 3.7758 394.2 0.06938 0.548& O. il30 28 3 ... 88 22.51 0.00279 1.01142 0.7701 
44 3.5&21 .. 18.0 0.0&922 0.5558 0.0280& 3&.10 23.31 0.00311 1.01077 0.7575 
4& 3.37"2 441.& 0.0&906 0".5&17 0.02619 37.33 2 ... 11 0.00344 1.01020 0.7 .. &7 
1t8 3.Z072 .. & ... 9 0.0& 889 0.5&&7 0.02458 38.59 2 ... 90 0.00379 1.0097 a 0.7375 
50 3.0577 "88.1 0.0&872 0.5708 0.02319 39.85 25.&7 0.00"14 1.00924 0.7294 
52 2.9228 511.2 0.0&853 0.57/t4 0.02197 41.11 2&~44 0.00451 1.00883 0.7224 
51t 2.8002 534.3 0.0&834 0.577 .. 0.02088 42.37 27.20 0.00488 1.0084& 0.71&2 
56 2.&883 557.3 0.0&813 0.5800 0.01991 43.&3 27.95 0.00527 1.00812 0.7107 
58 2.5857 580.3 0~O&791 0.5823 i1.01904 ..... 87 28.69 0.0056& 1.00781 0.70&1 
60 2.4911 &03.3 0.0&7&8 0.58"3 0.01824 .. 6.17 29.42 0.00&0& 1.00753 0.7013 

65 2.2839 661.5 0.0&701 0.5883 0.01&55 49."8 31.21 0.00713 1.00690 0.&903 
70 2.1101 720.7 0.06&20 0.5913 0.01516 52.47 32.94 0.00819 1.00&37 0.&8&1 
75 1.9&18 781.,+ 0.0&52& 0.5935 0.01401 55.24 3,+.&3 0.0092& 1.00592 0.&8&3 
80 1.8338 8"3.8 0.064~1 0.5953 0.01303 57.48 3&.28 0.01027 1.00554 0.&937 
85 1.7219 908.2 0.0&30& 0.59&& 0.01211S 60.41 37.89 0.011"2 1.00520 0.&939 
90 1.&232 974.8 0.0&183 0.5971 0.0114" 63.03 39.,+& 0.01253 1.00490 O. &964 
95 1.5354 1043.1 0.0&0&0 0.598& 0.01079 &5.4'+ .. 1.00 0.013&3 1.004&3 0.7055 

100 1 ... 5&9 1113.& 0.05933 0.5993 0.01022 7&.58 "5.7& 0.016&3 1.00440 O. & 799 
120 1.2105 1 .. 12.2 0.05457 0.&010 0.006"3 9 ... 54 5".03 0.02361 1.003&5 0.&80& 
140 1.03&1 1729.2 D.05074 0.6018 0.00719 107.89 59.17 0.03015 1.00313 0.&819 

160 0.90 &0 205 ... 9 0.04788 Q.6022 0.00627 118.86 &3.00 0.03665 1.00273 0.&831 
180 0.8051 238 ... 0 0.0457& 0.&023 0.0055& 128.36 &&.20 0.04327 1.00243 O. &840 
200 0.7245 2712.8 0.04420 0.&02'+ 0.00500 13&.82 &9.05 0.05011 1.00218 0.&847 
220 0.6587 3040.1 0.04301 0.&02 .. 0.00454 1 ..... 53 71.71 0.05720 1.00199 0.&852 
240 0.&0311 33&3.3 0.0 .. 21 .. 0.6023 0.00"16 151.&1 7 ... 25 0.06 .. 58 1.00182 O. &855 
2&0 0.5574 3&82.1 0.04150 O. &022 0.00384 158.19 76.-71 0.07225 1.001& 8 0.&857 
280 0.5177 399&.2 0.04103 0.6022 0.00357 16".39 79.12 0.08024 1.0015& 0.&857 
300 0.4833 4305.9 0.04068 0.6021 0.00333 170.25 81.49 0.08854 1.001 .. & O. &85& 
350 0."144 5 0 (,3.3 0.04020 (1.&019 0.00285 163.95 87.34 0.11 071 1.00125 O. &854 
.. 00 0.3&27 5805.4 0.03998 0.&017 11.002"9 19&. S1 93.10 0.13"90 1.00109 0.&850 

450 0.32Z5 &539.0 0.03989 0.6016 0.00222 Z09.22 98.79 0.1&109 1.00097 0.6647 
500 0.2903 7273.& 0.03980 0.&014 0.00200 221.52 10 ..... 3 0.18923 1.00087 0.&844 
550 0.2&39 8007.5 0.03974 0.&013 0.00181 233. &4 110.00 0.21931 1.00080 0.&841 
&00 0.2"20 8 7 .. 5.& 0.039&& 0.&012 0.001&& 21&5.73 115.51 11.25127 1.00073 0.6840 
700 o .ZO 75 10239.9 0.03943 O. &011 0.001"3 269.89 12&.35 11.320&7 1.000&3 0.6837 
aoo 0.181& 11772.& 0.03909 0.6009 0.00125 294.31 13&.93 0.39712 1.00055 o. & 6 3& 
900 0.1&14 13356.9 0.03861 0.&008 0.00111 319.21 1 .. 7.26 0.48033 1.00049 0.6837 

1000 0.1 .. 53 15001.7 0.0J803 0.6008 0.00100 4"0.56 157.35 0.72851 1.00044 0.5351 
1200 0.1211 18455 ... 0.03&74 0.600& 0.00083 511.01 17&.89 0.98872 1.0003.& 0.5318 
1400 0.10 38 221 .. 1.3 0.03535 0.6006 0.00071 583.31 195.&5 1.28006 1.00031 0.5300 

1&00 0.0909 2&040.3 0.03401 0.6005 0.000&2 657.&1 213.74 1.(,0232 1.00027 0.5286 
1800 0.0808 30222.7 0.0326 .. 0.&004 . 0.00056 737.85 231.25 1.9&015 1.00024 0.525'1 
2000 0.0727 35055.2 0.03090 0.6002 0.00050 838.71 '248.2& 2.37121 1.00022 0.5187 
2500 0.0579 57115.1 0.022&2 0.5972 0.00040 1451 ... 1 289.52 J.93"20 1.00017 0.4578 
3000 0.0470 119&09.2 0.0124& 0.S611t 0.00034 3558.'+2 333.10 &.&313D 1.00.01 .. D. 3651 

• TWO-PHASE BOU~DA~r 33 



c-z. THERrtDO'i.NAItIC PROPE~rIES OF NO~ItAL It'fOROGEN 

0.70 ItPA I:i08AR 

TE"PERATURE ~OLUltE IiOTHERIt ISDCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCny 
OE~ivATlIIE DERIVATIIIE ENER .. ' OF SOUNO 

DE... I( Cu It/I(G CU It-HPA/IUi ItPAII( KJ/I(G-I( KJ/t<G KJ/KG-K I(J I KIi-K ItIS 

• llt.O.11t 0.01292 1.21 .. 5 0.9.11.1 218.5 227.5 110.098 10.71 &.38 1.23:.1 
15 0.OU05 1.1212 0.9307 22 ... 8 233.9 110.539 10.90 &.88 1254 
1& 0.0131·9 1.0 .. 2& 0.9125 231.8 21t1;0 110.995 5.09 7.32 12210 
i7 0 .• 01335 0.97&1 0.89&8 239.2 21t8.5 15.1053 5.27 7.77 1199 
18 0.111352 0.9125 0.8820 2"7.1 25&.& 15.911 5. 10 It 8.2" 1176 
19 0.01.171 0.8500 0.8&&8 255.5 2&5.1 1&.371 5.59 8.7 .. 1153 
20 0.01.191 0.7857 0.8500 2&".3 27".1 1&.833 5.72 9.28 1129 
21 0.111"13 0.7213 0.8313 273.7 283.& 17.301 5.83 9.85 11010 
22 0.011t37 o. &!:>5" 0.810" 283.7 29J.8 17.7110 5.9J 10 ... 8 107& 
23 0.01 .. & .. 0.5871 0.78&& 29 ..... 30".7 18 .. 257 &.01 11.21 101t6 
2 .. 0.01"95 0.5200 0.7588 305.8 31&.2 18.751 ·&.08 12.02 101 .. 

25 0.01530 1I ... 1t98 0.72E12 318.0 328.7 19.2&0 &.13 13.00 97& 
2& 0.OL571 0.381& 0.&878 331.3 31t2.3 19.789 6.18 1 ... 1 .. 93 .. 
27 0.01620 0.3102 0.&"29 3"5.8 357.1 20.350 6.21t 15.&8 883 
28 0.OL&82 O.236/t 0.5913 362.1 373.9 20.959 &.3L 18.03 822 
29 0.017&5 0.1&&0 0.5302 381.2 39J.& 21.& .. 9 6.1t1 21.71 750 

• 29.019 0.017&7 0.1&59 0.5291 381.6 39J.9 21.6&2 6.ltl 21.70 7 .. 9 

• 29.019 0.11211 0.0 .. 12 0.0 .. 51 &38.0 71&.5 32.7&1 7.28 25.29 378 
30 0.12 .... 8 0.0537 0.0395 651.7 734.8 .13.5 .. 0 7. 0 .. 20.53 396 
31 0.13H9 O.O&ltl 0.035& 663 ... 758.0 3 ... 170 &.89 18.10 .. 11 
32 o • lit .. 93 0.0733 0.0327 &73.9 775.3 3".719 6.78 16.59 .. 2 .. 
33 o .15/t02 0.0817 0.03010 683.6 791.1t 35.215 6.70 15.56 .. 35 
3 .. 0.162&5 O.089/t 0.0285 692.7 80&.& 35.6&7 6.61 14.79 10107 

35 0.17092 0.09&7 0.0269 701." 821.1 36.087 6.55 llt.20 1058 
36 0.17893 0.103& 0.0255 709.8 835.0 36."81 6.50 13.75 1068 
37 0.18&72 0.1102 0.02".1 717.9 8 .. 8.& 36.853 6.1t& 13.38 .. 78 
38 0.19 .. 32, 0.11&& 0.0232 725.8 861.8 37.206 6 ... 3 13.08 ItS 7 
39 0.20178 0.1229 0.0223 733.5 87".8 37.5 .. 2 '6 ... 1 12.83 .. 96 
.. 0 0.20:111 0.1289 . 0.021 .. 7101.1 887.5 37.86 .. 6.39 12.62 50 .. 

.. 2 0.223 .... 0.1 .. 06 0.0199 756.0 912.1t 38 ... 71 6.37 12.28 521 .... 0.237102 0.1518 0.0186 770.5 93&.7 39.036 &.35 12.02 536 

.. & 0.2511" 0.162& 0.0175 7810.7 9&0.5 39.5&6 6.33 11.81 551 

.. 8 0.26/t63 0.1732 0.01&6 798.7 984.0 .. 0.065 6.32 11.6" 565 
50 0.27793 0.1835 0.0157 812.6 1007.1 .. 0.537 6.32 11.51 578 
52 0.29109 0.193& 0.01"9 82&.2 1030.0 1+0.986 6.31 11."0 591 
510 0.30411 0.2036 0.0143 839.8 1052.7 .. 1 ... 15 6.31 11.31 , 60 .. 
56 0.051701 0.2133 0.0136 853.3 1075.2 .. 1.825 6.32 11.23 616 
58 0.32982 0.2230 0.0131 86&.8 1097.& 42.219 6.32 11.17 628 
60 0.3"255 0.2325 0.012~ 880.1 1119.9 42.596 &.33 11.12 '&39 

65 0.37"06 0.2560 0.0115 913." 1175.3 .. 3.1081 6.37 11.03 666 
70 0.40522 0.2789 0.0105 946.7 1230.4 44.298 6.42 11.00 691 
75 0."3&12 0.3015 0.0098 980.1 1285.4 "5.057 6.50 11.01 715 
80 0.46:'81 0.3238 0.0091 1013.7 1340.5 .. 5.768 6.59 11.0" 737 
85 0.49734 0.3459 0.0'085 1047.7 1395.9 46.440 6.70 11.11 757 
90 0.52774 0.3678 0.0080 1082.2 ' 1451.& 1t7.078 6.82 11.19 777 
95 0.55802 0.389& 0.0076 1117.2 1507.8 "7.685 6.95 11.29 796 

100 0.58822 0 ... 112 0.0072 1152.8 156/t.& 48.267 7.09 11 ... 1 d14 
120 0.70831 0."968 0.0059 1302.1 1797.9 50.390 7.67 11.93 879 
litO 0.82769 0.58110 0.005! 1462.3 20 .. 1.7 52.269 8.23 12.45 938 

160 0.94664 0.6&55 0.0044 1632.6 2295.3 53.960 8.71 12.90 993 
180 1.0&532 0.7491 0.0039 1811." 2557.1 55.502 9.10 13.27 1045 
200 1.18381 0.11325 0.0035 1997.0 2825.7 56.916 9 ... 1 13.57 109& 
220 1.3021& 0.9157 0.0032 2188.1 3099.7 58.222 9.66 13.82 11 .... 
2 .. 0 1.42041 0.9988 0.D029 2383.6 3377.9 59.433 9.85 1".00 1191 
260 1.53859 1.0817 0.0027 25112 ... 3659.5 60.560 10.00 1 ... 14 1237 
280 1.&5&71 1.16 .. & 0.0025 27113 .8 3943.5 61.612 10 .. 11 14.25 1281 
300 1.711070 1.2474 0.0023 2987.1 4229." &2.598 10.19 1 ... 33 132 .. 
350 2.0&970 1.4541 0.0020 3500.1 .. 9108.9 6".817 10.30 1 ... 4 .. 1427 
.. 00 2.36456 1.6607 0.0018 4016.9 5672.1 66.748 10.35 1 ..... 8 152 .. 

.. 50 2.65935 1.11672 0.0016 4535.5 6397.0 68.455 10.37 14.50 1616 
500 2.95 .. 08 2.0737 0.001" 50510.7 7122.& 69.983 10.39 14.52 1702 
550 3.l4878 2.2800 0.0013 5574.5 781t8.7 71.3&8 10 ... 0 1,..53 178,. 
600 3.5/t3/t6 2.4863 0.0012 &095.5 8575.9 72.630 10.42 1 ... 55 1863 
700 ... 13275 2.8989 0.0010 7140.5 10033." 7 ... 860 10.48 110.60 2010 
800 4.72201 3.3115 0.0009 8193.1 11498.5 76.838 10.57 1,..69 21 .. 6 
900 5.051123 3.7240 0.0008 925&.5 12974.4 78.575 10.70 1 ... 82 2Z12 

1000 5.90045 4.13&5 0.0007 10333.7 1104&/t.O 80.1 .. 2 10.8& 14.98 2389 
1200 7.07884 4.9&1/t 0.ilO1l6 125410.0 17499.2 82.8'n 11.24 15.3& 26010 
1 .. 00 8.25122 5.78&3 0.0005 1,.836.7 20&10.8 115.2~9 11.68 15.80 2798 

1600 9.,.3;&7 &.6111 0.00010 17216.7 23621.7 117.,.1t5 12.13 1&.26 297& 
1800 10 .&14&5 7. "3&0 0.0004 19690.8 27121.1 89.382 12.64 16.77 31,.1 
2000 11.79592 8.2&08 0.0004 22284.7 30541.8 91.1'},. 13.32 17 .48 3292 
2500 '/t.1I0859 10.3230 0.0003 2988&.3 40252.3 95.4Q .. 17.99 22.57 l!:97 
3000 16.21/t79 12.3851 0.0002 102312.9 55063.2 100.8&" J2.705 19 ... 6 3860 

• THO-PHASE BUUNDARY 
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TI1ERltOIlYNAltlC PROPE~TIES OF NO~ltAL HYOROGEN C-a!.t. 

0.70 "PA I:iO:tAR 

'E"PERATURE ilENSlT1 V (OH/OII)p II (DP/DU'V -II (OP/OII'T (DII/Or\/~ THERHAL IIISCOSITY THERHAL DIELECTRIC PRANDTL 
CONOUCnollTY OIFFUSIIIITY CONSTANT NUltOf.R 

I,JEG. I( K~/CU " KJ/KIi HPA-CU H/KJ "PA lIDEG. K II/K-It KG/It-S 'iQ H/HR 
X 102 X 1O~ X 10 7 

• lit. OJ It 77 .ltnl &1010.0 0.255&0 910.0105 0.00991 75.108 259.12 0.00055 1.2529& 2.1901 
15 7&.&375 6310.7 0.2107710 85.9210& 0.01,)83 83.65 228.80 0.00057 1.2502 .. 1.8761 
16 75.79&2 &33.& 0.2,5&1t3 79.0Z .. 7 0.01155 89.9& 203.88 0.00058 1.210729 1.&580 
17 71t .89111 &33.3 0.Z2711 73.09'ill 0.012Z7 9 ... 03 183.49 0.00058 1.21olo1Z 1.51&3 
18 73.9,.100 &30.7 0.21933 &7.1075& 0.Q1307 9&.93 1&&.73 0.00057 1. ZIo08 0 1.101112 
19 72.9,.IIZ &25." 0.212&9 6Z.0050 0.01,598 98.66 152.&8 0.00056, 1.23732 1. 3~30 
20 71.89&7 616.10 0.20&78 5&.10899 0.01505 100.21 1100.66 0.000510 1.233&5 1.30Z0 
21' 70.7792 &lilo.8 0.2011oZ 51.05105 0.01&28 101.99 130.19 0.00053 1.ZZ97& 1.2571 
22 69.5856 589.9 0.19&102 105.6088 0.01777 103.00 lZ0.92 0.00051 1.225&1 1.2306 
n &11.2935 571.3 0.191&Z .. 0.0958 0.019&Z 103.31 112.52 0.000109 1.Z2113 1.2208 
2,. 6&.89&6 550.9 0.18&&2 310.7861 0.02181 lOZ.98 10,..85 0.00010& 1.21&30 1.2235 

25 &5 • .sU8 52&.1 0.181110 29.100010 0.OZIo70 102.02 97.&8 O. DO 0103 1.21102 1.2,.IoZ 
26 &3.&599 1099.3 0.171071 ZIo.2906 0.OZ63Z 100.38 90.8& 0.0001t0 1.2051& 1.Z796 
27 &1.7337 1t&7.0 0.16&88 19.11079 0.03357 98.07 810.23 0.0003& 1.19857 1.310&7 
28 59.10&0,. 1028.5 0.15755 llt.0551 0.01oZ07 910.89 77.51 0.00032 1.19081 1.1072_ 
29 5&. &553 385.1 0.1106010 9 ... 055 0.05038 90.57 70.1010 0.00027 1.18129 1.68115 

• 29.019 5&.5997 385.0 0.1,.582 9.3871 0.05&3& 90.49 70.31 0.00027 1.18110 1.68&2 

• 29.019 8.9195 206.1 0.0&948 0.3&78 0.122&7 33.25 17.94 0.00053 1.027110 1.3&38 
30 8.033& 2210.4 0.0&982 0.10315 0.09151 31.56 18.1 .. 0.000&9 1.0210102 1.1802 
31 7.39&9 241.0 0.06993 0 ... 7 .... 0.07508 31.10 18."10 0.000810 1.022,,7 1.07211 
32 &.8999 256.5 0.0&995 0.5059 0.0&"&8 31.0& 18.78 0.00098 1.0Z095 1. DOlt 
33 &.10925 271.10 0.0698& 0.5302 0.05733 31.23 19.15 0.00111 1.01970 0.9539 
310 &.11083 285.1 0.07009 0.5109& 0.0518& 31.51 19.53 0.00125 1.018&5 0.91&3 

35 5.850& 298.& 0.07022 0.5&55 0.010757 31.88 19.91 0.00138 1.017710 0.8673 
36 5.588& 311.9 0.0702& 0.5789 0.010 .. 09 32.31 20.31 0.00151 1.01&910 0.8&103 
37 5.3557 3210.9 0.07025 0.590 .. 0.010119 32.78 20.71 0.001&5 1.01623 0.810510 

,38 5.110&1 337.8 0.07021' 0.6002 0.03873 33.28 21.10 1).00178 1.01559 1).8296 
39 10.9559 350.& 0.07015 0.6088 0.1)3&61 33.81 21.50 0.00191 1.01501 0.81&2 
100 4.7823 363.2 0.07007 0.61& .. 0.0347& 3 ... 36 21.90 0.00205 1.014108 0.804& 

1t2 10 .10755 388.0 0.0&990 0.6291 0.03165 35.1t9 22.70 0.00232 1.01355 0.7855 
It 10 4.2119 1012." 0.0&971 0.6393 0.D291" 3&.&6 23.49 0.002&1 1.01275 0.7701 
It& 309819 .. 3&.4 0.0&952 0'.61076 0.0270& 37.86 2".28 0.00290 1.01205 0.7574 
Its 3.7789 1060.2 0.06933 0.65105 0.02530 39.08 25.06 0.00320 1.011103 0.710&& 
50 3.5980 1083.8 0.0&913 0.6603 0.02379 40.31 25.82 0.00350 1.01088 0.7373 
52 3.1035" 507.2 0.0&892 0.6&52 0.022107 "1.55 26.58 0.00382 1.01039 0.7293 
510 3.2883 530.5 0.061171 0.6&9 .. 0.02131 "2.79 27.310 1).0010110 1.009910 0.7223 
5& 3.154 .. 553.8 0.0&8 .. 8 0.6730 0.02028 "4.03 28.08 0.0010107 1.009510 0.71&1 
58 3.0319 577.0 0.0&825 0.6761 0.01935 45.26 28.81 1).001081 1.0091& 0.7109 
60 2.9193 600.3 0.0&800 0.6788 1).01852 10&.510 29.510 0.0051& 1.00882 0.705& 

65 2.67310 &58.9 0.06730 0.68103 0.01&74 109.82 31.32 0.00608 1.00808 o. &93& 
70 2.10678 718.5 0.0&&"7 0.&883 0.01531 52.78 33.05 0.00700 1.0074& O. &887 
75 2.2929 779.& 0.0&551 0.69110 0.01412 55.51 310.73 0.00792 1.00&93 O. &88& 
80 2.11022 8102.2 O.O&IoIt .. 0.6937 0.01311 57.7" 36.37 0.00879 1.00&107 0.&95& 
85 2.0107 901).9 0.0&327 0.&95& 0.01225 &0.&& 37.97 J. 00978 1.00&07 O. &954 
90 1089 .. 9 973.7 0.0&202 0.6970 0.01150 &3.27 39.';10 0.01074 1.00572 O. &99& 
95 1.7920 10102.1 0.0&078 0.6982 0.010810 &5.&7 101.0a 0.011&8 1.005101 0.70&10 

100 1.7000 1112.8 0.05950 0.6991 0.01025 7&.&& 105.76 D.Ol1023 1.00513 o. &811 
120 1.10118 1412.1 0.05"1)9 0.70110 0.008105 94.59 5".03 D.02022 1.00 .. 2& 0.6813 
140 1.2082 1729.5 0.050810 0.7025 0.00720 107.93 59.17 0.0258 .. 1.003&10 O. &8210 

160 1.05& .. 2055.& 0.010796 0.7030 0.00&27 118.90 &3.00 0.031102 1.00319 0.&8310 
180 0.9387 2385.0 0.010583 0.7032 0.0055& 128.40 &&.20 0.0371D 1.00283 0.66103 
200 0.8"107 27110.1 0.0101025 0.7032 0.00500 13&.8& &9.06 0.010297 1.00255 O. &8109 
220 0.7&80 30101.6 0.01030& 0.7032 0.0010510 144.57 71.72 0.0 .. 906 1.00232 O. &654 
240 0.70100 3365.0 0.01t218 0.7031 0.0041& 151. &5 710.2& 0.05538 1.00212 0.&657 
260 0.61099 36810.0 0.01015" 0.7030 0.003810 158.24 7&.72 0.06197 1.0019& 0.6858 
2ao 0.603& 3998.3 0.01010& 0.7029 0.0035& 1&4.43 79.110 1).0&8112 1.01)U2 0.&858 
300 0.5&35 10308.1 0.04071 0.7029 1).00333 170.30 81.51 0.075910 1.00170 0.1)857 
350 0."832 5065.8 0.0 .. 022 0.702& 1).1)0285 1810.00 87.36 1).09 .. 9& 1.00110& O. &854 
1000 0.10229 5808.0 0.04000 0.7023 0.002109 19&.87 93.12 ~.11571 1.00127 0.6851 

1050 0.37&0 65101.7 0.03991 0.7021 0.00222 209.29 98.82 0.13817 1.0011.5 0.68107 
500 0.3385 7276.4 0.03982 0.7020 0.00200 221.59 104.106 0.16231 1.00102 0.68410 
550 0.3078 aOl0." 0.03975 0.7018 0.00181 233.73 110.010 0.18811 1.00093 1).66102 
600 0.2822 8 7 .. 8.5 0.03967 0.7017 0.00166 245.82 115.55 0.21552 1.000115 0.6840 
700 0.21020 102102.9 0.0394" 0.7015 0.001103 270.00 12& ... 0 0.27505 1.00073 0.6831 
800 0.2118 11775.6 0.03910 0.7013 D.D0125 2910.43 136.98 0.3100£>2 1.000&10 0.683& 
900 0.18113 13360.0 0.03862 0.7012 0.00111 319.35 1107.32 1).411911 1.00057 0.6837 

1000 o .1&~5 15004.8 0.038010 0.7010 0.00100 10100.5& 157.102 ].621057 1.00051 0.5354 
1200 0.11013 18458.6 0.03&74 0.7009 0.OO~83 511.H 176.97 0.8107&2 1.00043 0.5321 
1/000 0.1211 22110".10 0.03536 0.700e 0.00071 583 • .50 195.74 1.09735 1.0003& 0.530Z 

1&00 0.1060 2&040.7 0.0~Io02 0.7007 0.00062 &57.49 213.810 1.37350 1.00032 0.5289 
1800 0.09"2 30Z08.0 0.03267 0.7005 0.00115& 737.13 231.3& 1.&7972 1.00028 0.5263 
2000 0.08108 3"9I!J.& 0.03099 0.7003 0.00050 835.81 2108.36 2.03000 1.0U02& 0.51 q& 

2500 0.0&75 5:'188.8 0.02305 0.&971 0.000100 1101&.15 289.&2 3.310507 1.00020 0.10&1& 
3000 0.05"9 1110990.9 0.01299 0.'.1799 0.00034 331110.84 332.87 5.&210&7 1.00017 0.36111 
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C-Za THER"OOYNAHIC PROPE~TIES OF NORHAL HYDROGEN 

0.150 "Pi ·IS03AR 

TE"PERAfURE 1I0LUHE ISOTHER" ISO CHORE INfERNAL ENTHALPY ENTROPY til CP ~ELOCITY 

DERIVATIIiE DERIVATIIiE ENERGY OF SOUNO 
DEG. I( CU "' KG CU H-HPA/KG "PA/K KJ/Kr.-K KJ/KG KJ/KG-K KJ I KG-I( "'S 

• llt.Ob7 0.111291 1.2211 0.9325 218.5 228.8 14.100 ... 71 6.38 1286 
15 0.01303 1.13 .. 2 0.9319 22".6 235.0 1".525 10.90 6.85 1259 
16 0.01318 1.0530 0.9155 231.5 2102.1 110.980 5.09 7.30 1229 
17 0.111333 0.9860 0.8998 238.9 2109.6 15."37 5.27 7.75 12010 
18 0.01350 0.9223 0.8850 210&.15 257.6 15.89" 5."3 15.22 1181 
19 0.01369 0.8&01 0.8&98 255.1 26&.1 1&.352 5.58 8.71 1159 
20 0.01388 0.7958 0.8531 2&3.9 275.1 16.812 5.71 9.210 11310 
21 0.111,.10 0.7318 0.83106 273.3 2810.6 17.278 5.83 9.80 1109 
22 0.01 .. 3,. 0.6662 0.8139 283.2 2910.7 17.7 .. 9 5.93 10."2 1082 
23 0.01"61 0.5980 0.791H 293.8 305.5 18.229 6.01 11.13 1053 
2 .. 0.01,.91 0.5315 o. (bU 305.0 317.0 18.718 6.08 11.92 1021 

25 0.01525 0.10638 0.7313 317.1 3:Z9.3 19.223 6.13 12.83 985 
26 0.01565 0.3950 0.6939 ~30.2 ~"2.7 19.746 6.18 13.9" 9 .... 
27 0.01612 0.32102 0.6505 3,,10 ... 357.3 20.298 6.2" 15.39 895 
28 0.01670 0.25105 0.6010 3&1}.3 373.7 20.890 6.30 17.39 838 
29 0.01747 0.1831 0.51032 378.6 392.5 21.553 6.39 20.66 769 

• 29.828 0.01837 0.1248 0.10856 396.8 411.5 22.196 6."9 25.51 700 

• 29.828 0.09519 0.03109 0.05105 631.9 708.1 32.1 .. 5 7."6 30."9 378 
30 0.09783 0.0379 0.0526 635.3 713.6 32.330 7.38 26.36 382 
31 0.10956 0.0516 0.0455 650.7 738.3 33.141 7.12 22.06 .. 00 
32 0.119105 0.0627 0.01008 663.2 758.7 33.790 6.95 19.10 US 
33 0.12833 0.0723 0.0:57,. 67".3 777.0 310.350 6.8" 17 .33 1028 
3 .. 0.1365& 0.0810 0.03"7 &810.4 793.6 34.8 .. 9 &.71 16.11 .... 1 

35 0.1 .. 4310 0.0890 0.0325 693.8 809.3 35.303 6.&2 15.25 .. 53 
36 0.15178 0.0966 0.0306 702.8 824.2 35.723 6.56 1 ... 60 .. 64 
37 0.15896 0.1037 0.0290 711.4 838.6 36.116 6.51 1 ... 10 47ft 
3& 0.16594· 0.1106 0.0276 719.7 &52.5 36."87 .6.48 13.70 484 
39 0.17273 0.1172 0.026 .. 727.8 8&6.0 3&.838 6.45 13.37 .. 93 
40 0.17939 0.1236 0.0253 735.7 879.2 37.173 6.42 13.09 502 

42 0.19234 0.1358 0.0234 751.1 905.0 :)7.801 &.39 12.6& 519 
4 .. 0.20"91 0.1475 0.0218 766.il 929.9 38.381 6.37 12.33 534 
46 0.21720 0.1588 0.0205 780.6 954.3 38.923 6.35 12.07 549 
48 0.22925 0.1697 0.0193 794.9 978.3 39.433 6.34 11.87 564 
50 0.24110 0.1804 0.0183 808.9 1001.8 39.914 6.33 11.71 577 
52 0.25280 0.1900 0.0173 822.8 1025.1 .. 0.370 6.33 11.57 591 
54 0.26436 0.2010 0.0165 836.6 ta40.1 40.8D5 6.33 11.46 603 
56 0.27580 0.2110 0.0158 850.3 1070.9 41.221 6.33 11.37 616 
58 0.28715 0.2208 0.0151 863.9 1093.6 41.619 6.33 11.29 627 
60 0.29840 0.2305 0.0145 877.4 1116.1 42.000 6.34 11.23 639 

65 0.32623 0.25104 0.0132 911.0 1172.0 102.893 6.38 11.12 666 
10 0.35372 0.2777 0.0121 91010.5 1221.5 103.716 6.103 11.07 691 
75 0.38093 0.3005 0.0112 978.0 1282.8 44.1079 6.50 11.07 715 
80 0.40794 0.3231 0.0105 1011.9 1338.2 105.195 6.59 11.10 737 
85 0.43478 0.310510 0.0098 10106.0 1393.8 45.8&9 6.70 11.15 758 
90 0.4&1109 11.3&75 0.0092 1080.6 1449.8 106.510 6.32 11.23 778 
95 0.48810 O. 389~ 0.0087 1115.7 1506.2 107.119 6.95 11.33 797 

100 0.51/t61 0.4112 [1.0082 1151.10 1563.1 "7.702 1.09 11.410 815 
120 0.61995 0.4972 0.0068 1300.9 1796.9 49.830 7.68 11.95 880 
140 0.72,.59 0.5821 0.0058 1461.4 2041.1 51.711 8.23 12.46 939 

160 0.82881 O. &663 0.0050 1631.9 2294.9 53 ... 0 .. 8.71 12.91 994 
180 0.93Z76 0.7501 0.0045 1810.7 2556.9 54.947 9.10 13.28 1046 
200 1.03651 0.8336 0.0040 1996.4 2825.6 56.363 9.101 13.58 1097 
220 1.14013 0.9169 0.0037 2187.6 3099.7 51.669 9.66 13.82 1145 
240 1.2103&6 2 .• 0000 0.0033 2383.2 3378.1 58.880 9.85 110.01 1192 
260 1.34110 1. 0831 0.0031 2582.0 3659.7 60.008 10.00 110.15 1238 
280 1.450109 1.1660 0.0029 2783.4 39103.8 61.060 10.11 110.25 1282 
30D 1.55377 1.21088 O. 0027 2986.8 4229.8 62.0106 10.19 14.33 1325 
350 1.81194 1.10557 0.0023 3499.9 109109.5 610.265 10.30 110.1010 11028 
1000 2.06998 1.6&23 0.0020 10016.7 5&12.7 66.197 10.35 110.48 1525 

450 2.327910 1.8689 0.0018 10535.3 6397.7 67.9010 10.37 110.50 1616 
500 2.58586 2.0753 0.0016 5054.6 7123.2 69.'+32 10.39 14.52 1703 
550 2.84373 2.2817 0.0015 5574.4 78109.4 70.817 10.100 14.53 1785 
600 3.10158 2.10880 O. 0013 6095.4 8576.6 72.079 10.42 110.55 1864 
700 3.&1723 2.9007 0.0011 7t100.1o 100310.2 710.330 10.108 110.61 2011 
800 4.1328,. 3.3132 0.0010 8193.1 11499.3 76.288 10.57 110.69 21'+6 
900 10.&48'+2 3.7257 0.0009 9256.5 12975.2 78.024 10.70 110.82 2212 

1000 5.16399 4.1382 0.0003 10333.6 110'+610.8 79.5'H 10.86 110.98 239C 
1200 &.19509 10.9&31 0.0007 1251010.0 17500.0 82.339 11.210 15.3& 2&05 
11000 7.22&18 5.78110 0.0006 1101)36.7 20617.& 810.7108 11.68 1.5.80 2799 

1600 8.25732 6.6129 0.0005 17216.5 23822.4 86.8910 12.13 16.26 2977 
1800 9.28889 7.10378 0.00010 19689.8 27121.0 88.1131 12.63 16.76 31102 
2000 10.32234 8.2b2& 0.0004 22280.3 30538.2 90.6101 13.30 17.105 3293 
2500 .\2.9510&& 10.3247 0.0003 29819.5 40183.3 94.913 17.71 22.26 36:11 
3000 15.90915 12.38&9 0.0003 41895.2 54622.5 100.150 31.55 l8.10 3863 
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THERMODYNAMIC PROPEUIES OF NORMAL HYDROGEN C.~a 

0.8u I'IPA I:oG8U 

TEHPERATURE OEN".UY II (OH/OV'p V (OP/OU'V -V (OP/OV'T (OV/Onl~v THERMAL VISCOSITY THt::RI'AL DIELECTRIC PRANOTL 
CONOUCTllIITY ·OIFFUSlvITY CONSTANT NUH8t.R 

DEG. K e<Ci/CU M KJ/KG HPA-CU H/KJ HPA 1/0EG. I( W/K-H KG/H-S ;Q H/HR 
X 10Z X 10 3 X 10 7 

• llt.067 17 .lt651 & .. 7.3 0.255 .. 8 9,..595 .. 0.0098& 75.88 259.710 0.00055 1.25315 2.18100 
15 7&.721t8 639.7 0.24789 87.0229 0.01071 83.9& 230.3& 0.00058 1.25055 1. 87oj/l 

16 75.8894 &37.2 0.2370& 79.9090 0.011106 90.11 205.210 11.00059 1.2107&1 1.6&Z7 

17 71t.9923 &37.0 0.22772 7l.91030 0.01217 910.21 18 ... 71 0.00058 1.2101010 7 1.51'!& 
18 71t.0521 &310.5 0.21992 &8.29&3 0.0129& 97.15 1&7.810 11.00057 1.210118 1.102114 
19 73.iI&101t &29.5 0.21325 62.8392 0.013810 98.91 153.70 0.0005& 1.2l772 1.35100 

20 72.0222 620.7 0.207310 57.3120 0.01108'1 100.49 110 1.61 0.000510 1.23100'1 1.3021 
21 70.'11&.1 609.5 0.2019& 51.89&2 0.01&08 '102.31 131.10 0.00053 1.23024 1.2559 

22 69.73&2 595.0 0.19&95 106.105109 0.01752 103.37 121.79 0.00051 1.22&13 1.2242 

23 68.10619 57&.7 0.19215 100.9370 0.01'131 103.72 113.38 0.000109 1.22172 1.2171 
21t 67 .08&5 55&.9 0.18721 35.6589 0.021100 103. It It 105.70 11.000107 1.21&96 1.2177 

25 65.5817 533.8 0.18185 30.lt154 0.024010 102.55 98.55 0.0001t1o 1.21177 1.2332 

26 63.9171 507.2 0.175610 25.25010 0.0271t8 101.00 91.76 0.000101 1.20605 1.2&&10 

27 62.01050 1075.9 0.16816 20.1166 0.03234 98.80 85.20 1).00037 1.199&3 1.3271 

28 59.8722 10100.8 0.15929 15.2350 0.039105 95.82 78.61t 0.00033 1.19221 1.10271 
29 57.2336 398.5 0.110856 10.10781 0.051810 91.83 71.81 0.00028 1.1113210 1.6155 

• 29.828 51t.10335 356.9 0.1371010 &.7925 0.071108 87.32 65.59 0.00023 1.17378 1.916'+ 

• 29.828 10.5055 205.0 0.06963 0.3666 0.110877 3&.90 18.93 0.000101 i.. 03202 1.56:'2 

30 10.2218 208.9 0.069710 0.3871 0.13577 3&.00 18.91 0.000105 1.03114 1.48 .. 5 

31 9.1271 228.2 0.07006 0.10710 0.09&64 33.73 19.00 O.OOO&Q 1.02777 1.2102& 
32 8.3720 245.It 0.07019 0.52106 0.077810 32.98 19.210 0.000710 1.025105 1.11105 

33 7.79l!3 261.3 0.07012 0.5&34 0.0&&30 32.75 19.510 0.00087 1.023&8 1.0339 
310 7.3227 275.8 0.07050 0.5930 0.0581010 32.79 19.88 0.00100 1.0222" 0.9770 

35 &.9280 289.8 0.07071 0.6167 0.052&2 32.99 20.23 0.00112 1.02103 0.9353 
36 &.5883 303.& 0.07080 0.6361 0.010810 33.30 20.60 0.00125 1.01999 0.90310 
37 ;).2907 317.1 0.07081 0.6525 0.0"1047 33.&8 20.98 0.00137 1.01908 0.87H 
38 &.02&It 330." 0.07078 0.6&610 0.0414& 34.12 21.36 0.001 .. 9 1.01828 0.8574 
39 5.1893 3103.5 0.07072 0.67810 0.03891 34.59 21.710 0.001&1 1..01755 0.8402 
100 5.5710& 356.5 0.010&3 0.6889 0.03&12 35.09 22.13 0.00173 1.01&90 0.8256 

102 5.1992 361.9 0.0701010 0.7062 0.03314 36.14 22.91 0.00198 1.01575 0.8021 
10 .. 4.8801 40&.9 0.07022 0.7200 0.03030 37.26 23.&8 0.00223 1.01478 0.783& 
10& ... 6041 431.10 0.116999 O~ 7312 0.02799 38."1 21t.105 0.00249 1.0139" 0.7&87 
108 ... 3&21 1055.& 0.06978 0.1'1005 0.02605 39.59 25.22 0.00275 1.01320 0.7551 
50 ".1107& 479.5 0.0&955 0.7482 0.0210101 40.79 25.98 0.00302 1.01255 0.7455 
52 3.9557 '503.3 0.06932 0.7547 0.02299 102.00 26.73 0.00330 1.01197 0.73&10 
Sit 3.7827 52&.9 0.06908 0.7602 0.D2175 103.22 27 ... 8 0.00359 1.011104 0.7285 
56 ~.6258 550.5 0.0&883 0.7&49 0.020&5 .. 4.44 28.21 1).00388 1.01097 0.721& 
58 3.10826 513.9 0.0&859 0.7690 0.01967 45.&5 28.9" 0.001018 1.01053 0.7158 
60 3.3512 591." 0.06833 0.1726 0.01880 10&.91 29.6& 0.0010109 1.01013 0.7100 

65 3.0&53 65&.5 0.06760 0.7797 0.01&94 50.16 31.103 (J.00530 1.00927 0.&9&9 
70 2.8271 716.5 0.0&673 0.7850 0.015106 53.10 33.15 0.00611 1.00854 0.&913 
75 2.6251 177.8 0.0&515 0.7889 0.01 .. 23 55.79 ·310.82 0.00691 1.00793 0.&909 
8D 2.4513 8100.1 o .06 .. t.7 0.7920 0.01320 58. 01 36.106 0.007&8 1.00741 0.6974 
85 2.3000 905.6 0.06348 0.7944 0.01232 60.91 38.06 0.00855 1.00695 0.&9"'! 
90 2.1669 972.6 0.0&222 0.79&2 0.01155 63.51 39.62 0.00939 1.00&54 D.7008 
95 2.D"88 1041.2 D. 0& 0'3& 0.7978 0.01088 65.91 101.15 0.01022 1.00&19 0.7073 

100 1 .• 9 .. 32 1112.0 0.D5967 0.7990 D.Ol029 1&.75 105.71 0.012 .. 3 1.00587 0.&823 
120 1.~130 1"12.0 0.05481 0.8019 0.0084& 910.&" 510.02 0.017&8 1.001087 O. &821 
140 1.3801 1129.9 0.05093 0.8033 0.00720 lD7.98 59.17 11.02260 1.0041& 0.&829 

.160 1.20&5 2056.3 0.0 .. 80 .. 0.8039 0.00&28 .1.18.95 &3.01 0.027109 1.0036 .. 0.6838 
180 1.0721 2386.1 0.0 .. 589 0.80102 0.00557 128.4S 66.21 0.03248 1.00323 0.68"& 
20D 0.9&108 2715.4 0.0 .. 1030 0.80102 0.00500 136.90 69.07 O. 031&2 1.00291 0.6852 
220 0.8771 30103.2 0.04311 0.80102 0.00454 1 ..... 62 71.73 0.04295 1.00265 O. &85& 
210D 0.80"1 336&.8 0.04223 0.80101 0.00 .. 1& 151.71 710.28 0.04849 1.002'+2 0.&858 
2&0 0.7423 3686.0 0.0"157 0.8040 0.0038'+ 158.28 76.71t 0.05102& 1.00224 0.6859 
280 0.68~4 It 0 00.4 0.04110 0.8039 0.0035& 1610.108 79.15 1).0602& 1.00208 0.&8,9 

30D 0.&103& 10310 ... 0.010 075 0.8037 • 0.00332 170.35 81.53 0.0&&50 1.00194 O. &858 
350 0.5519 5068.3 0.010025 0.80310 0.00285 1810.05 87.38 0.08315 1.001&& O. &855 

.. 00 0.4831 58io.& 0.04003 0.8031 0.002"9 19&.93 93.15 0.10132 1. 00110& 0.6851 

1050 0.429& &51010.10 0.03993 0.8028 0.00222 209.3& 98.85 0.12099 1.00129 0.68 .. 7 

500 0.3861 7279.3 0.0398'+ 0.8026 0.00199 221.&7 1010.109 0.14212 1.00117 £I 0 &81,4 
550 0.3517 8013.2 o .Ol977 0.8024 0.00181 233.U 110.07 0.16471 1.0010& 0.6842 
&OD 0.322" 8 751.4 0.039&9 0.8022 0.001&6 245.91 115.59 J. 18871 j "DOG97 O.&S:'O 
100 0.27&5 102105.9 0.0394& 0.8019 0.001103 270.11 126.1010 0.24083 1.00()83 0.&637 
8DO 0.2420 11778.7 0.03911 0.8017 a.00125 294. ,5 137.04 0.298210 1.00073 0.6856 
'JDD D.2151 13363.1 0.038&3 0.8015 0.00111 319.108 1107.38 J.3&071 1.00065 0.6817 

iDOD 0.1936 15008.0 0.03805 0.8014 O.OOlDO 4100. ,& 157.108 0.510&&1 1.00058 0.5350 
120D 0.1&1 .. 184b! .9 0.03&75 0.8011 0.00083 511.01 177.05 0.710180 1.00010'1 0.5323 
1 .. 1.1 D 0.1384 221107.5 0.03537 D.801D 0.00071 583.29 195.83 0.9&032 1.000102 0.53J5 

1600 0.1211 2&0101.6 0.031003 0.8009 0.000&2 657.39 213.94 1.20191 1.0003& 0.5211 
1800 0.1077 30196.8 0.032&9 0.8007 0.0005& 73&. ,& 231.47 1.46950 1.00032 D.52!:>7 
2000 0.09&9 J~926.& 0.Ol105 0.8005 0.00050 833.~& 2108.50 1.774510 1.000Z9 O. 521~ 
2500 0.0772 554102.10 0.02340 0.7970 0.00~100 1387.111 289.72 2.9072& 1.0UOZJ 0.1o!:.,,'" 
3001 0.0&29 1112~1.3 0.013105 D.778& 0.000310 321010.210 332.71 10. 87&'+J 1.00019 O. 3Yl~ 

• TNO-PHASE UOUNOARf 37 

l ___ 



C-Za THl~OJYNA"IC PHO~lqTIES OF NORltAL HYDROGEN 

0.90 Itl'i' I:.OaU 

TE"PERATURE ~OLU"E HOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DEiHl/AlIVE DERIVATIVE ENERGY OF SOUND 

DEG. i( CU HI." CU H-HPA/KG HPA/K KJ/KG-k KJ/o<G KJ/KG-K KJ I 0<';-1( It/S 

• llt.100 o .01Z90 1.2278 0.9336 218.6 Z30.2 llt.l03 It. 72 6.38 1289 
15 0.01302 1.11t 72 0.9331 221t ... 236.1 1".511 1t.90 6.83 1265 
1& 0.01316 1.0b.33 0.":'85 231.3 2103.2 llt.965 5.09 7.28 1231t 
17 0.01332 0.9959 0.9027 238.7 250.7 15."Zl 5.27 7.73 1209 
18 1I.0131t8 0.9319 0.8879 2"6.5 256.6 15.877 5 ... 3 8.20 11116 
19 0.01367 0.8700 0.87211 25".8 267.1 16.333 5.58 8.68 116 .. 
20 0.01386 0.11057 0.8562 263.6 276.0 16.7~2 5.71 9.20 11 .. 0 
21 0.011t07 0.7421 0.8377 272.11 285.5 17.256 5.82 9.76 1115 
22 0.01"31 o. t>7b7 0.8172 282.7 295.& 17.72" 5.92 10.37 1088 
23 0.01"57 0.6109 0.79 .. 1 2CJ3.1 ]06.3 18.200 6. 00 11.01t 1060 
21t 0.011t86 0.51t28 0.7672 301t.] 317.7 18.6'T 6.07 11.112 10211 

25 0.01520 0."762 0.7360 316.3 3]0.0 19.187 6.13 12.70 993 
26 0.01558 0 ... 081 0.6998 329.1 31tJ.2 19.703 6.18 13.76 953 
27 0.01!:»01t (! .3377 0.6579 3"3.1 357.6 20.21t7 6.23 15.13 906 
28 0.016&0 0.2691 0.6099 358.6 373.5 20.826 6.29 16.96 851 
29 0.01731 0.2011 0.5551 376.2 391.7 21.1<&5 6.37 19.69 788 
30 0.01833 0.1312 0.4891 397.3 Itl.3.8 22 .• 211 6.1t8 2".86 709 

• 30.5&7 0.01918 0.0889 0.4 .. 24 "12.2 429.5 22.7.30 6.58 31.3 .. 650 

• 30.567 0.08139 0.02Gl 0.0656 621t.3 697.6 31.506- 7.67 38.60 376 
31 O. 08768 0.0365 0.0595 634.0 713.0 32.005 7.46 lO.60 3117 
32 0.09864 0.0507 0.0511 650.5 739 • .3 32.81tl 7.18 ?o3.21 .. 05 
33 0.10775 0.0622 0.04!>7 663.7 760.7 33.502 7.00 19.86 420 
3,. 0.U588 0.0721 0.0418 675.2 779.5 31t.D63 6.83 17.87 43 .. 

35 0.12339 O. 0811 0.0387 685.6 796.7 3".561 6.71 16.56 .... 7 
36 0.130 .. 7 0.0893 0.0362 695." 812.8 35.014 6.6.3 15.6 .. 459 
37 0.13723 o. 0971 0.0342 704.5 828.1 35.433 6.57 14.94 470 
311 0.1437 .. 0.10 .... 0.032 .. 713.3 8 .. 2.7 35.82" 6.52 1 ..... 0 .. 80 
39 0.15006 0.111" 0.0308 721.8 856.9 36.192 '6 ... 8 13.97 .. 90 

' .. 0 0.15620 0.1182 0.029" 730.1 870.7 36.5"1 6."6 13.61 .. 99 

"2 0.16811 0.1311 0.0271 7 .. 6.0 897.3 37.191 6.1t2 13.06 517 .... 0.17961 o .11t33 0.0252 761." 923.0 37.789 6.39 12.66 533 
.. 6 0.19079 0.1550 0.0235 776.3 91t8.0 38.31t1t 6.37 12.35 5 .. 11 
"8 0.20173 0.1663 0.0221 '90.9 972.5 38.865 6.;)6 12.11 563 
50 0.212"6 0.1773 0.0209 805.3 996.5 39.355 &.35 11.91 577 

5" 0.22303 0.1880 0.0198 819.1t 1020.1 39.818 6.34 11.75 590 
Sit 0.2331t5 0.198 .. 0.0189 833.1t 101t.3.5 40.260 6.31t 11.62 603 
56 0.2"376 0.2086 0.0180 81t7.2 1066.6 1t0.681 6.31t 11.51 615 
58 0.25396 0.2187 0.0172 861.0 1D89.5 1t1,.063 6.31t 11.1t2 627. 
60 o .261t08 0.2286 0.0165 871t.6 1112.3 Itl.469 6.35 11.31t 639 

65 0.28905 0.2528 0.0150 908.5 1168.7 1t2.370 6.38 11.21 666 
70 0.31367 0.27610 0.0138 91t2.3 1224.6 103.199 6. It It 11.15 692 
75 0.33802 0.2996 0.0127 976.0 128~.2 "3.967 6.51 11.13 716 
80 0.36216 0.32210 0.0118 1010.0 1335.9 1t1t.686 6.60 11.15 738 
85 0.386110 0.31t1t8 0.0111 1O .. 1t.3 1391.8 1t5.361o 6.70 11.20 759 
90 0.1t0998 D.3&71 0.0101t 1079.0 I1t1t6.0 46.006 6.82 11.27 779 
95 o .1t3371 0.3892 0.0098 l11It.2 1501t.5 1t6.618 6.95 11.36 798 

100 0.45736 0.10111 0.0093 1150.0 1561.6 1t7.203 7.09 11.47 815 
120 0.55121t o .1t975 0.11077 1299.8 1795.9 1t9.335 7.68 11.97 881 
1/t" o .6 .. 1o/t2 0.5827 0.0065 1460.5 20ltO.5 51.219 8.23 12.1t! 'litO 

160 0.73717 0.6&71 0.0057 1631.1 229"'.5 52.911t 8.71 12.92 995 
l80 0.82966 0.7511 0.0050 1810.0 2556.7 51t.Io58 9.10 13.29 101t7 
200 0.92195 0.831t7 0.001t5 1995.8 2825.6 55.871t 9.ltl 13.59 1098 
220 1.011t11 0.9181 0.0041 2187.1 3099.8 57.181 9.66 13.83 111t6 
21t0 1.10618 1.0013 0.0038 2382.7 3378.3 '58.393 9.!!5 1".01 1193 
260 1.19&17 1.081t1t 0.0035 2581.6 3660.0 59.!>20 10.00 llt.15 1239 
280 1.29010 1.1& 7'+ 0.0032 2783.1 391t4.2 60.573 1(1.11 llt.26 1283 
300 1.38193 1.2503 0.0030 2986.5 1t23~.2 61.55>9 10 .19 llt.33 1326 
350 1.6111t6 1.1t572 0.0026 31t99.7 1t95n.0 63.779 10.30 14.1t1t Ilt29 
/tOO 1.81t086 1.6639 0.0023 1t016.6 5673.3 65.711 10.35 IIt.1t9 1526 

/t50 2.07019 1.8705 0.0020 1t535.1 639i1.3 67.1t18 10.37 llt.50 1617 
SOD 2.Z991t5 2.0770 0.0018 5051t.~ 712.3.9 68.9'+6 10.39 14.52 170 It 
550 2.52869 2.283'+ 0.001& 55710.3 7850.1 70.331 10.1t0 IIt.53 1786 
600 2.15790 2.1t897 0.0015 &095.3 8577.1t n.593 10.1t2 IIt.55 186 .. 
700 3.21627 2.90210 0.0013 711t0.3 10035.0 73.84" 10.1t8 1".61 2011 
800 3.&7'+60 3.311t9 0.0011 8193.0 11500.1 75.802 10.57 110.&9 211t1 
900 4.13290 3. 727~ 0.0010 925&." 1297&.1 77.538 10.70 llt.82 2273 

1000 1t.59118 10.1400 0.0009 10333.6 I1t465.7 79.10& 10.86 llt.98 2390 
1200 5.50773 10.9& .. 9 0.0008 12543.9 17500.9 81.853 11.21t 15.36 2605 
11.00 &.42425 5.7898 O.ilOO& l1t836.7 2061d.5 84.2&2 11.68 15.80 2799 

1600 7.3/0082 6.61'+7 0.0006 1721&.1t 23823.1 8&.1008 12.13 1&.2& 2977 
1800 8.<:5175 7.IoJ9& 0.0005 19689.0 27121.D 68.3'+'+ 12.62 1&.75 311t2 
20~Q 9.17625 8.2&101t 0.0005 22276.7 30535.1t 90.153 13.27 17.1t3 32910 
2500 11.51332 10.32&5 0.0001t 297&10.2 1t0121>.2 91t.lt02 17.lt8 22.01 36010 
30DO 1'+.12010'+ 12.3666 0.0003 1t151t9.2 51t257.& 99.529 30.58 J6.98 3867 

• TIIO-PIIASE 60UNDAR~ 
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T I1ERI10ilY.,.A" 1 I"; PRCPEU IES OF NOR"AL tt1D~OGEN <."-.2 •• 

11.90 "PA l!.O"AR 

TE"PERATUI(E DENSITt V (3H/OVlp V(eP/DUl
v 

-V(DP/DV'T (OV/Dr~{V TI1ERI1AL VISCD3ITY . rHER"AL OIELEcrRIC PRANO·TL 
CONDUCTIVITY DIFFUSIVITY CONSTANr Nu"BER 

DEG. I( "CO/CU " KJ/KG "PA-CU I1/KJ "PA l/DEG. 0( 11/1<-11 I<G/I'I-S SQ I1/H~ 

X 102 X 10 3 X 107 

• 1".100 77 .,208 &,0.& 0.25535 95.1791 G.00,)81 7&.29 2&0.36 a.00056 1.25335 2.17s1 
15 7&.8115 64 ... 7 0.2 .. 60 .. 68.1110& 0.011159 8 ... 07 231.93 0.00058 1.25J85 1.8113& 
16 1:;.9518 6"0.5 0.23161 80.1577 0.01137 90.26 206.61 0.00059 1.2 .. 79 .. 1.6&75 

17 15.0917 640.5 0.22831 7 ... 7603 0.01207 910.19 185.910 O. DO 059 1.21010112 1.5231 

18 110 .1591 6311.2 0.22049 69.1097 0.01l85 97.16 1&5.95 0.000'i8 1.2"155 1 ... 227 

19 13.1793 &33.5 0.21350 63.6&61 0.01371 99.15 15 ... 72 iJ. 00056 1.23S12 1.3551 

20 72 .110&2 &210.9 0.20788 58.1271 0.01 .. 73 100.77 1102.56 0.00055 1.23 .. 52 1.302l 

21 71.05110 &110.1 0.202109 52.7287 0.01589 102.&2 132.00 0.00053 1.2l011 1.2550 
22 &9.8510" 599.9 0.197107 47.2907 0.01728 103.72 122.&6 0.00052 1.22&&5 1.22bO 
23 G5.6311 583.2 0.19269 .. 1.9288 0.0189" 10 ... 13 1110.25 0.00049 1.22230 1.2118 
2 .. &1.2723 562.8 0.18778 36.51&9 0.02101 103.90 106.55 a.000"7 1.217& a 1.2125 

25 65.7941 540.6 0.18251 31.3292 0.02349 10 3.07 99."0 0.000"4 1.21250 1.22109 
26 &1t.l!i:i9 5110.5 0.17651 26.1854 0.02&73 101.&0 92.65 0.00041 1.20690 1.25 .. 6 
27 &2.31t39 484.3 0.10936 21.0554 0.03124 99.51 86.15 0.00038 1.200&5 1.3101 
Z8 60.2507 450.5 0.1&085 1&.2152 Q.03761 96.&9 79.70 0.00034 1.19350 1.3975 
29 :.>7.1&15 412.0 0.15082 11.6174 0.04778 92.98 73.!0 0.00029 1.18504 1.5477 
JC 510 .5&50 363.7 0.13827 7.1562 0.0&6310 87.88 65.89 0.00023 1.17"22 1.8639 

• 30.5&7 52. i365 328.3 0.12886 ".63102 0.D954& 85.&7 &1.14 0.00019 1.1&&05 2.2367 

• 30.5&7 12.28E>~ 203.& 0.0&9&3 0.31055 0.189&3 41.99 20.06 0.00032 1.03752 1.8"47 
31 11.40 !it 213.9 0.0&993 0.4158 0.14310 38.&2 19.89 0.00040 1.03479 1.5758 

32 1O.13fJ2 233.6 0.07028 0.5141t o .0'H38 35.16 19.87 0.00055 1.03088 1.28% 
33 9.28U4 251.0 0.07028 0.5773 0.07913 34.73 20.01t 11. 0(1068 1.02824 1.1 .. 59 
3 .. a .&2:'18 2&&.3 0.0708& 0.6224 0.0&711 34.35 20.30 0.00080 1.02625 1.0562 

35 5.10:.5 281.1 0.07119 0.&5&9 0.056910 34.30 20.60 0.00092 1.024&3 0.9950 
36 7.&6'+7 295.4 0.07134 0.&846 0.05293 34.44 20.93 D.00103 1.02329 0.9501t 
37 7.2871 309.1t 0.07139 0.7073 0.04829 34.69 21.28 0.00115 1.02213 0.9163 
38 &.95&9 323.1 0.07138 0.726 .. 0.0 .. 457 35.03 21.64 0.0012& 1.02112 0.8893 
39 &.&&1t2 33&.6 0.07131 0.7427 0.04149 35.43 22.00 0.00137 1.02022 0.8673 
.. 0 & ... 019 349.9 0.07122 0.7568 0.03890 35.87 22.37 0.001"8 1.019 .. 2 0.81t89 

.. 2 5.91t55 37&.0 0.07100 0.7799 0.03 .. 71t 36.83 23.12 0.00171 1.01804 0.8201 .... 5.5&77 4Ul.5 0.07074 0.7980 0.03153 37.88 23.88 iI.00193 1.01&88 0.1";161 

.. 6 ; .21t14 426.5 0.07049 0.8126 0.02896 38.98 24.&4 0.00217 1.01588 0.7806 

.. 8 1t.9'J72 451.1 0.07024 0.8245 0.02681t .. 0.12 25.39 iI.D021tl 1.01502 0.7&01 
50 1t.7008 475.1t 0.0&998 0.831t4 0.02505 Itl.29 2&.14 i).002&5 1.01425 0.7540 
52 1t.4'38 499.5 0.0&972 0.8428 0.02352 42.47 2&.85 0.00290 1.01358 0.7438 
Sit ".2835 523.1t 0.069"6 0.8499 0.02220 1t3.&6 27.62 0.00316 1.01297 0.7349 
56 4.1025 547.2 0.0&919 0.8559 0.02103 44.86 28.35 0.00342 1.01242 0.7272 
58 3.9316 570.9 0.06893 0.8&11 0.02000 4&.05 29.07 iI. 00 3&9 1.01191 0.7208 
60 3.1568 591t.& 0.068&5 0.8656 0.01908 "7.29 29.79 0.0039& 1.01140 0.7144 

65 3.459& &54.1 0.0&789 0.87"6 0.01714 50.51 31.54 0.00"69 1.010"& 0.7003 
70 3.1581 714.5 0.06701 0.8813 0.015&0 53.42 33.25 0.005"1 1.009&4 0.&91t0 
75 2.9584 776.1 0.0&&00 0.8863 0.011t34 56.1l7 34.92 0.00613 1.00891t 0.6932 
80 2.7&12 839.3 0.061190 0.8901 0.01328 58.27 36.55 0.00&8:' 1.00634 0.6993 

85 2.589& 904.1t 0.0&369 0.8931 0.01238 &1.1& 38.14 0.007,9 1.00762 0.6983 
90 2.4391 971.6 0.0&241 0.8954 0.011&0 &3.76 39.70 0.00835 1.00737 0.7019 
95 2.3057 1040.4 0.06114 0.8973 0.01092 &&.14 Itl.23 0.00909 1.0069& 0.7083 

100 2.1865 1111.3 0.05981t 0.8988 0.01032 7&.84 1t5.75 0.01103 1.006&0 0.&831t 
120 1.8l1tl 1101.1.9 0.05493 0.9025 0.008"8 94.69 54.02 ~. 01570 1.005"6 0.6828 
1 .. 0 1.5518 1730.2 0.05102 0.9042 0.00721 108.02 59.17 0.02009 1.004&8 0.&833 

160 1.35&5 2057.0 0.04811 0.9050 0.00628 118.99 63.01 1).024 .. 4 1.001t09 0.&8'+1 
180 1.2053 2387.1 0.01t595 0.9053 0.00557 128.49 66.22 a.0288!! 1.00361t 0.68ltS 
200 1.0847 271&.7 0.0 .. 43& 0.9054 0.00500 136.95 &9.05 iI. 0331t5 1.0u327 0.685" 
220 0.9501 3041t.7 . 0.04315 0.9053 0.01l45" 144.66 71.75 0.03820 1.00297 0.6857 
2 .. 0 0.9040 3368.5 0.04227 0.9052 0.00416 151.74 74.29 0.04313 1.00273 O. &859 
260 0.83"& 3&87.9 0.041&1 0.9051 0.00381t 158.33 76.75 0.01t82& 1.00252 0.&850 
280 0.1751 4002.5 O. Olt 113 R.9049 0.0035& 1&4.53 79.17 0.053&0 1.00234 0.&860 
300 0.723& It 312.7 0.0"078 (l.9047 0.00332 170.40 81.55 iI.05915 1.00218 0.&859 
350 0.1;20& 5070.8 0.04027 .1.9043 0.00255 184.11 87.1t0 0.07396 1.00167 0.6855 

.. 00 0.51t32 5813.3 0.04005 0.9039 0.00249 197.00 93.17 0.09012 1.00164 0.&651 

450 0.4830 &547.2 0.03995 0.9035 0.00222 209.1t3 98.88 0.107&2 1.001106 0.&847 

500 0.1t31t9 7282.1 0.03985 0.9032 0.00199 221.75 101t.52 1.12&42 1.00131 0.681t .. 
550 0.3955 801& .1 0.03979 0.9030 0.00181 233.69 110.11 0.14651 1.00119 0.b642 

600 O.J&2& 6754.3 0.03970 0.9028 0.00t66 24&.01 115. &3 0.1& 786 1.0at09 0.&8 .. 0 

700 O. Jl 09 102'+8.9 O. 0391t 7 0.9021t 0.Q0143 27il.21 12£>.49 J.21421 1.00094 0.6631 
800 0.2721 11761.7 0.OJ912 0.9021 0.00125 29".68 137.09 a.2£>527 1.000112 0.&8.l6 

900 0.21020 1.1.1f,&.2 0.0J8&4 0.90 19 0.00111 319.&2 147.44 J.32081t 1.0uJ73 0.&6.l7 

1000 o .<!115 15011.1 0.0360& 0.9011 0.00100 4100.5& 157.55 0.41\597 1.000&& 0.53:;S 

1200 0.181& 1~ It (,5.1 0.03&7& 0.9011t 0.000113 511.01 177.13 0.&5<)4'1 1.0005S 0.5325 

lltOO 0.1557 22150.7 0.03537 0.9012 D.OOO71 553.28 195.92 a.8537" 1.000lt7 0.5307 

1600 0.13&2 2:'01t.3.0 0.0.3404 0.90 11 0.000&2 &57.31 214.01t 1.0&846 1.0001tl 0.S29" 
1800 0.1211 30188.1 0.03271 0.90 09 0.00055 73&.08 231.55 1.30&0& 1.000.36 0.5271 

2000 D.l090 34850.0 0.03111 0.900£> 0.OOJ5~ 831.52 245.&2 1.5761 .. 1.00033 0.5211 
2500 0.08&9 51t824.5 0.02371 0.89&9 0.00040 13&4.13 289.83 l.5&9101 1.0002b O. 4~ 1~ 

3000 0.0108 108142.4 0.01365 0.5774 0.00034 3127.32 332.&1 ... 29912 1.00021 0.39.l3 
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C-Za THERHOJYNAHIC PROPE~TIES OF NO~HAL H,uP.O~EN 

1.011 HPA I~OdAR 

TE"PERATURE ~OLU"E I:iOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DERIVATIVE OER1VATIVE ENERGY OF SOUN;) 

OEG. I( CU ""((. CU H-HPA/KG HPA/I( K..I/KG-K I(JII(G I(J/I(G-I( 1(..1 I 1(;-1( HIS 

• 1 ... 1U 0.01259 1.23410 0.93107 215.6 231.5 110.105 10.72 &.35 1292 
15 0.IU300 1.1&00 0.93103 2210.2 237.2 110.10 ~5 10.90 &.50 1270 

16 0.01315 1.07J5 0.92110 231.1 2104.2 14.951 5.05 7.27 1239 
17 0.01330 1.005& 0.9056 238.4 251.7 15.1005 ,1.2& 7.71 121,. 

15 0.01347 0.94110 0.5905 2,.&.2 25-).7 15.5&0 5.103 5.15 1191 
19 0.013&10 0.8798 0.8757 254.5 268.1 16.315 5.57 8.66 11&9 

20 0.013810 0.8155 0.8593 2&3.2 277.0 1&.772 5.70 9.17 11,.5 

21 0.011005 0.7523 0.81009 27Z.4 256.4 17.214 5.82 9.71 1121 

22 0.01428 O. El87! 0.8205 282.2 296.5 17.700 5.92 10.31 109 .. 

23 0.0110510 0.&219 0.797& 292.& 107.1 18.173 6.00 10.97 10&6 

210 11.01,.82 0.5539 0.7713 303.6 118.10 15.656 &.07 11.7" 1035 

25 0.01515 0.4883 0.7"07 315.4 330.6 19.151 6.13 12.55 1001 
26 0.01553 o ... Z07 0.7056 328.1 341.7 19.&&2 6.18 13.59 962 
27 0.01597 0.3531 0.G&48 341.9 357.9 20.198 &.23 110.810 917 
25 0.01650 0.2850 0.&185 357.0 373.5 20.7&5 6.29 1&.52 e65 

29 0.01117 0.2166 0.5558 3110.0 391.2 21.386 r,.3& 19.00 80 .. 
30 0.01BO~ o • 1485 0.50101 394.0 412.1 22.094 6.!;5 23.26 731 
31 0.OB57 0.0784 0."243 "19.9 439.5 22.9'33 6.63 33.89 633 

• 31.248 0.0201.& 0.0594 0.3982 428.5 446.& 23.2S7 &.70 '00.59 &00 

• 31.248 0.0&9&5 0.0213 0.0788 &14.7 b64.'o 30.834 7.93 52.16 374 
32 0.080"3 0.03&7 0.0&5 .. &34.1 714.0 31.no 7.50 31.66 393' 
33 0.09052 0.0511 0.0561 651." 741.9 32.631 7.22 23.8& 411 
34 0.09887 0.0627 0.0502 &6 ... 9 7&3.8 33.265 6.97 20.32 .. 27 

35 0.10632 0.0727 0.0459 &76.7 783.0 .13.842 &.81 18.27 4 .. 2 
36 0.11320 0.0816 0.0426 687.3 800.5 3".337 G.7 fJ 16.91 .. 5 .. 

37 0.lB69 0.0903 0.0398 697.3 817.0 310.18& &.1>2 15.9 .. 4&6 
35 0.12587 !l.0982 0.0375 70&.6 932.5 35.2G2 &.5& 1" .21 477 
39 0.13183 J.l057 0.0356 715.& 8 .. 7.4 35.569 6.52 1 ... 65 .. 87 

.. 0 0.13759 0,,1128 0.0339 12 ... 3 861.8 35.95" &.49 14.19 ,.97 

.. 2 0.148&9 0.12& .. 0.0310 7"0.8 889.5 3&.629 6 ..... 13.51 515 

.... 0.15934 o .lt391 0.0287 75&.7 91&.0 37.245 6.41 13.01 531 

4& 0.169&5 0.j.513 0.0267 772.0 9 .. 1.& 37.815 6.39 12.6" 5 .. 7 
~5 0.17911 0.1&29 0.0251 '786.9 966.6 38.3106 6.37 12.35 562 
50 0.189510 0.1742 0.023& 801.5 991.1 38.846 6.36 12.12 57& 
52 0.19921 0.1852 0.022" 815.9 1015.1 39.317 6.36 11.93 590 
5,. 0.20873 0.1959 0.0213 830.1 1036.8 39.755 &.35 11.78 603 
56 0.21813 0.20&3 0.0203 8 ..... 2 1062.3 "0.192 6.35 11.65 615 
58 0.227 .. 2 0.2166 0.01910 858.0 1085.5 100.599 &.30 11.55 627 
60 0.23&&3 0.2267 0.0185 &71.9 1108.5 "0.989 6.3& 11.106 639 

65 0.25931 0.2513 0.0168 906.0 1165.4 41.898 6.39 11.31 667 
70 0.2816" 0.2152 0.015" 9 .. 0.0 1221.7 "2.733 6."4 11.22 &92 
15 0.30370 0.29d6 0.01"2 97".0 1277.7 43.506 6.51 11.19 716 
80 0.325510 0.3217 0.0132 1008.1 1333.7 ..... 229 6.60 11.20 739 
85 0.310723 0.34410 0.0123 1042.5 138'3.9 410.909 &.11 11.24 760 
90 0.l&878 0.36&8 0.011& 1071.4 1446.i "5.55" 6.8l 11.31 780 
95 0.39022 0.3890 0.0109 1112.7 1502.9 4f-.168 6.96 11.40 798 

100 0.41157 0.4111 0.0103 11"8.6 15&J.1 4&.75" 1.09 11.50 81& 
120 0."9627 0."979 0.0085 1298.7 1795.0 "8.892 7.68 11.99 882 
1 .. 0 0.58028 0.5833 0.0073 11059.6 2039.9 50.778 8.210 12 ... 9 9 .. 1 

1&0 0.&&386 J .6E180 0.il063 1630.3 2294.2 52." 7 .. 8.71 12.93 996 
180 0.710718 0.7521 0.0056 1809." 2550.6 54.1]20· 9.10 13 .30 1048 
200 0.83031 0.8358 0.0050 1995.3 2825.6 55.437 9.101 13.59 1099 
220 0.91330 1).9193 0.00"5 2186.6 3099.9 56.7104 9.66 13.83 1147 
2 .. 0 0.99&20 1.0026 0.00"2 2382.3 3378.5 57.956 9.85 1 ... 02 119 .. 
260 1.01902 1.0858 0.0039 2581.2 3660.3 59.0S" 10.00 110 .16 12 .. 0 
280 1.16119 1.1688 0.003& 2182.7 3910".5 60.137 10.11 1".26 128 .. 
300 1.2,.104& 1.2517 0.0033 2986.2 "230.7 61.12 .. 1Q .19 1 ... 33 1327 
350 1."5108 1.4588 0.0029 3499.4 4950.5 63.31t" 10.,0 14.44 1 .. 30 
400 1.65157 1.6655 0.0025 .. 01& ... 5673.9 65.276 10.35 1 ..... 9 1527 

.. 50 1.8&398 1.8721 0.0022 4535.0 6399.0 66.983 10.37 14.50 1&18 
500 2.07033 2.078& 0.0020 5054.3 7124.& &8.511 10.39 1".52 17010 
550 2.27&&& 2.2851 0.0018 55110.2 7850.9 &9.8i16 10.1t! 110.53 1786 
600 2.48295 2."9110 0.0017 6095.2 8578.1 71.159 10.42 110.55 18&5 
100 2.89550 2 • 90101 0.001" 71100.3 lil035.~ 73.409 10.108 110.61 2012 
800 3.30800 3.31b7 0.0013 8193.0 11501.0 15.3b7 10.57 14.69 2110 7 
900 3.72048 3.1292 0.0011 925&.4 1297&.9 71.1010 10.70 110.82 2273 

1000 ',.132910 10 .1417 0.0010 10333.6 14106&.5 18.&71 10.8& 1".98 2391 
1200 ': .951810 10.9&&7 0.0008 12543.9 17501.7 81.419 11.24 15.36 2&06 
1 ... 00 ;;'.111271 :;.791& 0.0007 1 .. 836.6 20619.3 83.828 11.68 15.80 2800 

1&00 6.&07&3 6.Ell&5 0.0006 1721&.3 23821.9 85.974 12.13 1&.26 2978 
1800 1 ... 32810 7.101013 0.0006 19&88.4 27121.2 91.909 12. &2 16.75 31 .. 3 
2000 8.2591tl 8.26&2 0.0005 22213.7 10533.1 89.711 13.25 17.ltl 3295 
2500 1O.3&Ob& 10.3283 0.000" 29117.4 40076.1 93.94E1 17. Z9 21.19 3607 
3000 12.&9252 12.39010 0.0003 10125&.5 539109.0 98.980 29.75 3&.03 38&9 

• TWO-PHASE 60U~OA~Y 
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T"ER"O~YNA"lC PRCPE~TIES OF NO~HAL H1G~OGEN l -..:.~. 

1.00 "PA X:;03AR 

TE"PE RA TUI(E U:oNSl TV V (OH'OVl p V iOP'OU'V -V IOP'OUIT (!)VlOTl~V T .. ER".\L vISCOSITY T"ERI1AL O[ELECTQ[C PRANUTL 
CONDUC THITY OIFFuSIVITY CONSTANT NU!16E~ 

OE6. K K:l/CU " K"/KG "PA-CU "/KJ "PA 1I0EG. I( 11/1<-11 K(,/H-S iQ H/HR 
X tO l X 10~ X 107 

• 110.1.53 17.,7:.3 6510.0 0.25522 '35.76110 O.DO'H& 76.&'3 200.99 '3.0005& 1.25350; 2.17Z3 

15 7&.8'315 &49.7 0.210618 89.1999 ~.Q1olIo7 810.18 233.50 J.~OD58 1.20;11 .. 1.8875 

16 7&.07310 &1010.3 0.23827 81.6&12 0.01128 90.101 207.95 l.00u59 1.2 .. 82 .. 1.672" 

17 7;; .1902 6 ..... 1 0.22590 75.&113 0,01195 94.58 187.17 0.000,9 1.2 .. 51& 1.52&& 

18 710.2&108 &101.8 O.UlO& &9.91&1 0.01274 97.58 170.06 J.00D58 1.210192 1.1,251 

19 73.2929 637.5 0.21 .. 33 &10.10858 0.0135!! 99.IoD 155.710 0.0005& 1. 23d5 2 1.35,,4 

ZQ 7Z .Z689 &29.1 0,,208IoZ 56.935Z 0.01 .. 56 101.010 1103.51 0.00055 1.231,9, 1.3021 

21 71.18lob 618.& 0.211301 53.5525 0.01,70 102.910 132.'30 0.00054 1.23117 1.2541 

ZZ 70.0303 60 ... 8 0.19798 48.1167 0.01705 104.07 123.52 0.00052 1.2271& 1.22 .. 1 

Z:; &8.7')31 588.& 0.19320 102.7839 0.018&10 1010.53 115.09 a.0005i! 1.2l28& 1.20g3 

Zit &7.lt5101 568.5 0.1d831o 37.3&08 0.0206" 1010.35 107.38 0.000107 1.21823 1.2077 

25 &0.0015 5107.2 0.18315 32.2261 0.02295 103.58 10 0.25 0.000105 1.21322 1.2173 

2& blo ... 0&9 522.0 0.17735 27.Q971o D.OlbOIo 102.18 93.53 il.OOOlol 1.20773 1.210102 

Z7 62.b325 1093.8 0.17010& 22.11111 0.0311013 100.19 87.011 0.00039 1.201&10 1.2900 

25 &1I.&l57 Iobl.3 0.1&232 17.27&Z 0.03580 97.53 tlO.71o 0.OD035 1.1'3475 1.3&71 

Z9 55.23&2 1023.5 0.15281 12.&128 II .010486 910."10 710.28 a.00u31 1.166&5 1.5007 

30 55.277 0 378.& 0.h128 6.20&3 0.0&1102 89.37 &7.101 0.00025 1.17&02 1.751010 

31 51. 090& 320.0 0.12530 10.00&7 0.105119 115.&9 59.29 0.00018 1.1&2510 2.3450 

• 31.2108 109.6094 300.4 0.11970 2.910&5 ~ .13513 8&.22 5&.77 0.00015 1.15759 2.&729 

• 31.2105 110.35&7 202.2 0.0&92 .. 0.3054 0.25798 "9.56 21.105 0.000210 1.0,>393 2.2578 

3Z 12.10337 220.& 0.07011 0.4557 II .110350 1t0.71 20.1110 J.00037 1.03N7 1.&Z02 

33 11.01078 Z .. O .2 0.07028 0.5&10& 0.09932 37.5" 20.72 J. 00051 1.033&9 1.31&9 

310 10.11 .. 7 256.11 0.07117 0.63100 0.0791& 3&.310 20.53 0.000&4 1.03081 1.1650 

35 9.1005& 272.3 0.071&& 0.681,2 0.06708 35.!17 21.05 D.00075 1.02863 1.0718 

3& 5.8336 287.3 0.07190 0.7230 D."5d86 35.75 21.32 3.00011& 1.02&57 1. 0082 
37 5.3550 301.8 0.07199 0.7541 0.05232 35.113 21.&2 D.00097 1.025100 0.9&18 
38 7.9101010 315.9 0.07200 0.77911 0.010815 3&.05 21.95 0.00107 1.0210110 0.92&3 

39 7.585& 329.8 0.07193 0.80110 0.0410100 36.35 22.29 (l.00111l 1.02304 0.8981 

100 7.2&77 3 .. 3.5 0.07183 0.8199 0.04132 3&.72 22.&10 0.00123 1.02207 i1.8751 

4Z Q.7251o 370.2 0.07158 0.3499 0.03&45 37.57 23.3& 0.0011t9 1.020101 0.83'18 

1010 &.2759 39&.2 0.07129 0.8731 0.032810 38.53 210.09 0.00170 1.019010 0.813& 
46 5.89103 1021.7 0.07099 It. 8917 0.02998 39.58 21o.d3 0.00191 1.0178', 0.7931 
105 5.5& .. 7 1010&.7 0.07071 0.90&7 0.027&5 100.67 25.57 l.00213 1. 01&8 7 0.77&" 

50 5.2758 10 71.10 0.070402 0.9192 ,'.02571 101.80 26.31 0.00235 1.0159'3 0.7&29 

52 5.0198 1095.8 0.07013 0.929& 0.021007 102.95 27.0" 0.00258 1.01521 0.75110 

510 10.7905 520.0 0.0&965 11.938 .. 0.022&5 1010.11 27.77 J.002111 1.011t51 0.71t15 

56 ... 58 .. 10 5410.1 0.0&955 0.91059 0.021101 105.29 28.109 0.00305 1.01388 0.7330 

55 10.3971 568.0 0.0&928 0.95210 0.02033 10&.106 29.21 0.00329 1.01331 0.7259 

60 10.22&1 591.9 0.0&899 0.9580 0.0193& 1t7."11 29.91 0.003510 1.01279 0.7189 

65 3.85010 651.8 0.0&819 0.9691 0.01734 50.66 31.&6 0.00,.20 1.011&7 0.7037 

70 3.550& 712.5 0.06728 0.9772 0.01575 53.71, 33.3& a.0048& 1.01074 0.&9&& 

75 3.29211 7710.10 0.0&&25 0.9834 0.0110105 5&.35 35.02 0.005S1 1.0099& 0.&9S5 

80 3.0716 837.9 0.0&513 0.9681 0.01337 58.51t 3&.&10 0.00&12 1.00929 0.7011 
85 2.8800 903.2 0.0& 391 0.9917 0.012105 &1.102 38.23 o. 00 &83 1.00870 0.6998 
90 2.7117 970.& 0.0&2&1 0.99106 0.011&& &10.00 39.78 0.00751 1.00619 0.7031 
95 2.5627 1039.5 0.0&132 0.99&9 0.01090 &&.38 41.30 a.00e18 1.00774 0.7092 

100 2.10297 1110.& 0.0&001 0.9988 o .OU35 7&.93 1,5.80 0.00991 1.007310 0.&84& 

120 2.0150 11011.8 0.05505 1.0032 0.008109 910.75 54.01 0.011012 1.00&08 0.6835 

1100 1.7233 1730.& 0.05112 1.0053 0.00722 108.07 59.17 0.01807 1.00520 0.6833 

160 1.5063 2057.8 0.010819 1.00&2 0.00&211 119.03 &3.01 0.02200 1.001t55 0.&8105 

180 1.3384 2388.2 0.010602 1.00&6 0.00557 128.53 6&.22 11.02600 1.00101110 0.6851 

ZOO 1.201010 2718.0 0.010441 1.0067 0.00500 13&.99 &9.09 0.03012 1.003&3 0.&65& 

Z20 1.09109 30 1,&.3 0.04320 1.00&6 0.0010510 1410.70 71.7& 0.03 1,40 1.00330 O. & 859 
2100 1.0038 3370.3 0.04231 1.00610 0.00<t1& 151.79 71o.~0 0.036810 1.00303 0.&851 

260 0.92&8 3689.9 0.010165 1.0062 0.00J84 158.37 76.77 0.010310& 1.00280 0.&6,,1 

Z50 " .8&07 40010.6 0.01t11& 1.0060 0.0035& 1&4.57 79.18 l.010827 1.Gil2&0 0.&61>1 

JOO 0.803& 10315.0 0.010081 1.0059 0.GD332 170.45 81.5& 0.05327 1.00242 0.&8 .. 0 

350 O. &591 ;;073.3 0.010030 1.0053 0.00285 181t.l& 87.42 0.0&&& 1 1.00208 O. &8S" 
1000 0.&033 5815.9 0.010007 1.00108 11.002109 197.06 93.20 0.08117 1.00182 O. &652 

1050 0.5365 6549.9 0.03997 1.001010 0.00221 209.50 98.91 11.09&92 1.00162 0.68:,3 

500 0.101130 72810 .9 0.03987 1.00100 0.00199 221.82 101t.5& 11.11386 1.00110& O.&d .... 

550 0.10392 8019.0 0.03980 1.0037 0.001111 233.98 110.15 0.13195 1.00132 0.6e .. ;! 

600 0.10027 !l757.2 0.03972 1.0034 0.001&6 21t6.10 115.&7 i).15H7 1.00121 0.68~O 

700 0.J"51t 10251.9 0.0391,8 1.0030 0.00142 270.32 126.510 0.19292 1.0010 .. 0.&637 
800 D. ';023 11181,.7 0.C1913 1.0026 0.110125 2910.60 137.11, 0.23890 1.00091 0.&83b 
900 0.2&88 133b9.3 0.038&5 1.0023 0.00111 319.75 1107.50 J.2669S 1.00081 0.&6!7 

1000 0.21020 1501 ... 3 0.0380& 1.0021 0.00100 4100.5& 157. ,,2 ~.103747 1.00073 0.53-'1 
1200 Q. 20 11 181t&8 ... 0.03&7& 1.0018 0.DOu83 511.01 177.21 J.59361o 1.000&1 o. 532~ 

lltOO 001129 22153.9 0.03536 1.0015 0.001171 583.27 19&.01 J.7&6108 1.00052 G.5JtJ 

1600 0.1513 2&01,4.8 0.034010 1.0013 0.00l62 &57.24 2110.15 J.9&17J 1.0J046 il.5Z·H 

1800 0.13105 30181.3 0.03273 1.0011 0.00J55 735.&7 231.10 1.1753<; 1.00JI,1 0.527'; 

ZOOO 0.1211 310 81tl.2 (I.0Jll& 1.0008 0.00050 829.83 2108.71, 1.1,17&0 1.00036 0.0;21 7 

2500 o • 01) 65 54302.1 0.02397 0.9909 0.000100 1310".16 2S'}.95 !. JOO,}" 1.CJ029 J.41;'v 

3000 0.07811 1055010.7 0.01"22 0.9762 0.000310 3028.QII 332.510 1.1S100&~ 1.0UOllo O. 3 ~'j6 
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C.Za THERMOOYNAMIC PROPE~rIES OF NORMAL HYOROGEN 

1.292800 MPA 1:'03AR 

TEHPERATURE II0LUKE HOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CPO IIElOCIfY 
DERIVATIIIE OERIIIATIVE ENERGY OF SOUND 

OEIi. I( ::U H/KG CU "-"PA/KG "PAIl( ":J/KG-K KJ/I(G KJ/KG-K KJ I KG-I( HIS 

• llt.229 0.0128& 1.2537 0.9367 218.7 235.10 lit. 112 4.73 &.38 1300 
15 0.0129& 1.1970 0.9378 223.7 2 .. u." 1 ..... 59 ... 8,} 6.710 1285 
1& 0.01310 1.1028 0.9299 230.5 2 .. 7 ... 1".909 5.08 7.23 1253 
H 0.01325 1.033& 0.9139 237.7 25 ... 8 15.3&0 5.25 7.6& 1228 
18 0.1113 .. 1 0.9&88 0.8991 2 .. 5.4 262.7 15.811 5."2 8.12 1205 
19 0.01358 0.9102 0.88 .. 2 253.5 271.1 1&.2&1 5.5& 8.57 118 .. 
20 0.01377 0.8 .. 67 0.11&80 262.1 279.9 1&.71 .. 5.69 9.07 11&1 
21 0.01397 C.7813 0.e:'99 271.2 289.2 17.110 5.81 9.60 1136 
22 0.01"20 0.7166 0.8300 280.7 ' 299.1 17.&30 5.-)i 10.17 1111 
23 0.0110 .... 0.&530 0.8077 290.9 309.& 18.09& 5.99 10.79 108 .. 
21t 0.01 .. 71 0.5882 0.782& 301.7 320.7 18.5&9 6.06 11.47 1055 

25 0.01502 0.5232 0.7537 313.1 332.& 19.053 6.12 12.25 1023 
2& 0.01537 0.10570 0.7209 325." 3 .. 5.2 19.5"9 6.17 13.16 967 
27 0.01577 0.391& 0.6835 338.5 358.9 20.0&5 6.22 1 ... 23 91t& 

28 0.01&2 .. 0.32&9 O. & .. 11 352.8 373.8 20.&0 .. &.27 15.56 901 
29 0.01&82 0.2603 0.59"1 368.5 390.2 21.181 6.33 17 ... 5 8lt7 
30 0.01755 0.197& 0.5"09 38&.1 .. 08.8 21.812 & ... 0 20.08 787 
31 0.0185& 0.13 .. 9 0."787 407.0 430.9 22.538 6.50 24.&4 715 

32 0.G2020 D.0718 0.399& .. 34.0 .. &0.1 23.4&4 &.&8 35.71 620 

• 32.976 0.03128 -0.0001 0.1927 521.& 5&2.0 2&.57& 9.88 -14&58.08 3lt8 

• 32.97& 0.032"1 -0.0001 0.18&8 527.0 5&d.9 26.78& 9.80 -13201.810 351 
33 0.039310 0.0(,25 0.1548 557.10 &08.3 27.9110 9.44 501.lIt 3&3 
34 0.0&012 0.0298 0.0915 &21.0 &98.7 30.&94 7.72 42.28 1t04 

35 0.0&941 0.045& 0.07&0 &103.1 732.8 31.&810 7.23 28.&1 425 
36 0.07&72 0.05810 0.0&&9 &59.2 758.4 32.1005 &.98 23.22 10101 
37 0.08307 0.0&94 0.0&07 &72.7 780.1 32.999 6.82 20.35 1055 
38 0.0888& 0.0793 0.0559 6810.6 799.5 33.51& 6.71 18.54 10&8 
39 0.091025 0.0884 0.0521 695.5 817.3 33.980 .&.& .. 17.27 .. 80 

'itO 0.09935 0.09&9 ' 0.0"89 705.7 8310.1 310.405 &.59 1& .34 490 

42 0.1089 .. 0.112& 0.0"39 724.6 8613.4 35.1&9 6.51 15.06 510 
.. 4 0.11795 0.1270 0.0401 742.2 894.& 35.8108 &.47 14.20 528 
46 0.12654 0.1405 0.0369 758.8 922.4 36.4&5 6.1t4 13.60 51t5 
1t8 0.13lt82 0.1533 0.0344 ·774.8 949.1 37.034 6.1t2 13.11t 560 
50 0.llt28& 0.1655 0.0322 790.3 975.0 37.563 6,.40 12.79 575 
52 0.15070 0.1773 0.0303 805.5 1000.3 38.059 6.40 12.51 589 
54 0.15839 0.1888 0.0267 820.3 1025.1 38.527 6.39 1.2.28 602 
56 0.16594 0.1999 0.0272 835.0 1049.5 38.971 6.39 12.09 615 
58 0.17338 0.2107 0.0259 849.4 1073.5 39.393 &.39 11.94 628 
6u 0.18072 0.2214 0.0247 863.6 1097.3 39.795 6.39 11.81 640 

65 0.19875 0.2471 0.0223 898.8 115~i.7 40.729 6.41 11.58 &&8 
70 0.21640 0.2720 0.0203 933.5 1213.2 41.583 6.46 11.44 694 
75 0.23379 0.2961 0.0187 968.0 1270.3 42.370 &.53 11.38 718 
80 11.2509& 0.3198 0.0173 1002.7 1327.1 43.103 6.61 11.35 741 
85 0.2&79& 0.3431 0.0'162 1037.5 1383.9 43.793 6.72 11.37 762 
90 0.28483 0.36&0 0.0152 1072.7 1440.3 44.l;.45 &.84 11e4J 782 
95 0.30159 0.388& 0.0143 1108.3 1498.2 45.064 6.96 11.50 801 

100 0.3182& 0.4111 0.0135 11104.4 1555.9 45.61l5 7.10 11.59 819 
120 0.38425 0.4990 0.0111 1295.5 1792.2 47.806 7.69 12.05 884 
140 0.44956 0.5853 0.0094 1456.9 2038.1 49.701 8.24 12.53 943 

160 0.51445 0.5705 0.0082 1628.1 2293.1 51.402 8.71 12.96 999 
180 0.57907 o. 75~1 0.0073 1807.5 255&.1 52.950 9.10 13.32 1051 
200 0.610351 0.8392 0.00&5 1993.6 2825.5 54.369 9.42 13.61 1101 
220 0.70781 0.9229 0.0059 2185.2 3100.2 55.&78 9.6& 13.85 1150 
240 0.77202 1.0064 0.0054 2381.0 3379.1 5&.892 9.8& 14.03 1197 
2&0 0.8361& 1.0897 0.0050 2580.1 3&61.1 58.021 10.00 14.17 1242 
280 0.90024 1.1729 0.004& 2781.7 3945.5 59.074 10.'11 14.27 128& 
300 0.9&425 1.2560 0.0043 2985.3 4231.9 60.061 ... 0.19 14.34 1329 
350 1.1241& 1.4&33 0.0037 3498.7 4952.1 62.2&2 10.31 lCt.45 1432 
400 1.28395 1.6702 0.0032 4015.8 5675.7 64.215 10.35 14.49 1529 

1t50 1.443&5 1.87&9 0.002':1 4534.5 6400.9 65.923 10.37 14.1)1 1620 
500 1.&0330 2.0835 0.0026 5053.9 7121i>.7 67.452 10.39 14.52 170& 
550 1.76292 2.2900 0.0024 5573.9 7853.0 ,,8.837 10.41 14.53 1788 
600 1.92252 2.49&4 0.0022 &094.9 8580.3 70.0')9 10.42 14.55 18&7 
700 2.241&5 2.9091 0.0018 7140.1 100313.1 72.350 10.48 14.61 2014 
800 2.5&075 3.3218 0.li016 8192.8 11503.3 74.308 10.57 14.70 21lt9 
900 2.87982 3.7343 0.IlO14 925&.3 1297Q.3 76.044 10.70 14.82 2275 

1000 3.19888 10 .14&9 0.li013' 10333.5 141t69.0 77.&12 10.86 14.98 2392 
1200 3. d3&9& It .9716 0.0011 12543.8 17504.2 80.3&0 11.24 15.3& 2&07 
1400 1t.47502 5.79£.8 0.0009 lIt83&.& 20&21.<: 82.708 11.&8 15.80 2801 

1600 5.11310 &. &217 0.0008 1721& .0 2362&.2 84.914 12.13 1&.25 2979 
1800 5.751J9 7.441>5 0.0007 19&8&.8 27122.2 8&.849 12.&0 1&.710 31lt4 
2000 &.39059 6.2714 0.000& 222&&.9 30528.7 68.654 13.21 17.3& 3297 
2500 8.01231 10.3335 0.0005 29&13.1 39971.5 92.1139 1&.85 21.31 3&14 
3000 9.79099 12.3957 0.0004 40&0 ... 3 532&2.1 97.6&& 27.91 33 .90 3877 
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THERI100YNAI1IC PROPE~TIES OF NORItAl HYDROC,EN Cola 

1.292800 I1PA 1:'08AR 

TEI1PERATURE DENSITY VlDH/OV'p VCOP/DU)V -1/ lOP/OViT lalVlDH~II THERMAL VISCOSITY THERflAL OIELECTiHC PRArlOTL 
CONOUCnllITY DIFFUSIIiITY CONSTANT hUI1BE~ 

OEG. K I(G/CU 11 I(J/KG HPA-CU H/KJ KPA lIDEG. I( 'UK-I'I I(G/I1-S SQ H/HR 
II 102 II 103 II 107 

• 1".229 77.717& &61t.l U.251t/o9 97.10607 0.00961 77.85 2&2.81 0.00056 1.25411 2.1545 
15 77 .11055 663.8 0.248bO 92.3420 0.0101& 84.50 238.11 3.00058 1.25203 1.8<;')6 

16 7&.3375 &54.5 0.2399& 84.1885 0.01105 90.83 212.01 ~.00059 1.24919 1.6873 
17 75.4732 654.2 0.23054 78.0093 0.01172 95.10 190.7& 0.00059 1.24&15 1.5374 
18 7/0.5&78 652.2 D.222blo 72.238& 0.01245 98.19 173.31 0.00058 1.2'+298 1.4327 
19 73.&240 &1t9.8 0.21587 &7.0094 0.Oll19 100.11 158.77 ~. 00Q5~ 1.239&8 1.3597 
20 72.&19& &42.4 0.20992 61./0904 0.01412 101.84 l1t6.28 0.0005& 1.23b17 1.30.25 
21 71.5&1t5 &31.5 0.20 .. 47 55.91&& 0.01520 103.S3 135.51 0.0005 .. 1.23249 1.252& 
22 70.4452 &18.& 0.19<31t2 SO .4817 0.0161t4 105.08 12&.02 iI.00053 1.228&0 1.2197 
23 6;1.2507 603.8 0.191062 45.2201 0.01786 105.66 117.53 O. DO 051 1.22445 1.1997 
11t &7.9&78 586.1 0.18<387 39.9775 O. 01'~58 105.&2 109.81 0.00049 1.22001 1~ 1929 

25 6&.5791t 566.0 0.ld1t90 31t.8312 Q.02164 105.01 102.&7 0.00046 1.21521 1. 1971t 
2& &5.0753 5102.6 0.1791t9 29.7379 0.02424 103.82 96.02 iI.0001t4 1.21003 1.21&7 
27 &3.1t185 517.0 0.17 329 21t.8318 il.02753 102.il8 89.&9 ~.00041 1.20434 1.2502 
28 61.5718 ,.88.4 0.16604 1.0.1288 0.03185 99.77 83.5& 0.00037 1.19801 1.3029 
29 59.4&Ob 1t54.& 0.15784 15.47&5 0.03838 9b.80 77.1t7 0.00034 1.19081 1.39&5 
30 5& .9770 418.0 0.14833 11.2605 0.04803 93.03 71.26 O.a0029 1.18237 1.5379 
31 53.8752 371t.2 0.13670 7.2&9& 0.0&585 87.7" &1t.&0 0.00024 1.17.\90 1.81'+0 
32 1t;l.5003 317.8 0.12084 3.55& .. 0.1123& 85.51 5&.75 0.00011 1.15123 2.3&99 

• 32.97& 31.97Itl 198.& 0.06098 -11.002& -73.80&53 -5850.18 35.91 0.00004 1.09911 8.99&9 

• 32.97& 30.8501t 199.5 0.0&181 -0.0028 -&&.1061t63 -5289.75 310.93 0.00005 1.09&0'3 8.7585 
33 25.4217 204.8 0.0&449 0.0&33 2.410&&1 241.&0 30.45 0.00007 1.07873 &.3152 
310 1&.&ll6 228.8 0.07130 0.4952 0.18481 50.08 21t.13 0.00026 1.0510 l 2.037& 

35 1,..4079 21t7.1 0.07298 0.6567 0.11577 43.73 23.27 0.00038 1.04409 1.5227 
3& 13.0352 264.2 0.07358 0.7&15 0.08789 ,.1.38 23.04 0.00049 1.03983 1.2928 
37 12.0376 280.4 0.07389 0.8358 0.01258 100.31 23.0 .. 0.00059 1.03675 1.1&33 
38 11.25102 29&.0 0.07399 0.8927 0.062&3 39.81 23.1& 0.000&9 1.03432 1.0784 
39 10.&1010 311.0 0.073910 0.9380 0.05554 39.63 23.3& iI.00078 1.03234 1.0182 
,.0 10.0&53 325.7 0.07381 0.9753 0.05017 39.6,. 23.&0 0.00087 1.030&& 0.9729 

1t2 9.1792 3510.2 0.07345 1.0334 0.04250 40.01 2".17 0.001010 1.02793 0.9093 
1t4 8.10784 381.8 0.07302 1.07&7 0.03720 1t0.66 21t.80 0.00122 1.02578 0.8&&2 
106 7.9028 408.6 0.07259 1·.1102 G.03328 101.1t7 25.4& 0.00139 1.02402 0.834& 
48 7.4174 431t.8 0.07218 1.1370 0.03023 42.39 2&.14 0.00157 1.02253 0.8104 
50 7. DO 01 1t&0 .5 0.07178 1.1588 0.02777 4:$.38 26.83 0.00174 1.02125 0.7910 
52 &.&357 It 85.8 0.0711t0 1.1768 0.02575 44.1t2 27.53 0.00193 1.02014 0.7752 
5,. &.3136 510.9 0.07103 1.1919 0.02404 45.50 28.23 P.00211 1.01915 0.7&20 
5& &.02&,. 535.& 0.07065 1.201t& 0.02258 "&.59 28.92 0.00230 1.01828 0.750& 
58 5.7&78 5&0.2 0.07032 1.21510 0.02131 It 7. &9 29.61 .0.00249 1.01749 0.7413 
60 5.53310 5810.6 0.06998 1.2248 0.D2020 48.8& lO.:JO 0.00269 1.01&77 0.7325 

&5 5.0315 &45.7 0.0&909 1.21t33 0.01793 51.92 32.01 0.00321 1.01524 0.7139 
70 4.&210 707.4 0.06809 1.2567 0.01&18 510.71 33.&8 0.00372 1.01399 0.70104 
75 4.2771t 770.1 0.0&&99 1.26&7 0.01477 57.20 35.31 0.00423 1.01295 0.7022 
80 3.98108 834.2 0.0&5111 1.27103 0.013&1 59.33 36.91 0.00472 1.0120& 0.70&5 
85 3.7319 900.1 0.0&1053 1.2802 0.01264 62.17 38.48 il.D0527 1.01129 0.7040 
90 3.5109 968.0 0.0&319 1.211109 0.01180 &1t.73 40.02 0.00581 1.01062 0.70&5 
95 3.3158 1037.10 0.0&18& 1.2886 0.01108 67.07 41.53 0.00&33 1.011)03 0.7119 

100 3.1/021 1109.0 0.0&1151 1.291& o .OlD45 77.21 45.81t 0.007&3 1.00950 0.&880 
120 2.6025 1,.11.9 0.05540 1.2987 0.00853 94.92 510.01 0.01090 1.0078& 0.&85& 
140 2.2241t 1731.8 0.05139 1.3020 o .OU724 108.22 59.17 0.01397 1.00&72 0.6853 

160 1.91038 2060.1 0.0481tl 1.30310 0.00&29 119.17 63.03 0.01703 1.00587 0.&855 
180 1.7269 2391.4 0.04620 1.3039 0.00557 120.&7 &6.25 0.02013 1.00521 0.6859 
200 1.55100 2722.0 0.041t57 1.3040 0.00500 137.12 69.12 0.02334 1.004&9 0.&802 
220 1.4128 3051.0 0.04334 1.3039 0.00454 1"1t.83 71.79 0.02&&5 1.00'+2& 0.&864 
21t0 1.2953 3:H5.6 0.01t21t3 1.303& 0.0041& 151.92 71t.31t 0.03010 1.00391 0.&8&5 
260 1.1959 3695.& o .01t176 1.3033 0.00383 158.51 76.81 0.03368 1.003&1 0.68&5 
280 1.1108 4010.8 0.010 12& 1.3029 0.0035& 164.71 79.23 0.03741 1.00335 0.68&4 
300 1.0371 ,. 321. 7 0.04090 1.3026 0.00332 170.59 81.62 0.04129 1.00313 0.&8&2 
350 0.889& SO 80.6 0.04038 1.3017 0.00284 184.33 87.49 0.051&3 1.002&8 O. &857 
400 0.7788 5823.& 0.04014 1.3008 0.002109 197.2,. 93.27 0.0&292 1.00235 0.6852 

450 U.&927 &557.9 0.04002 1.3001 0.00221 209.70 98.99 0.07513 1.00209 O. &848 
500 O. &237 7293.1 0.03992 1.2995 0.00199 222.il5 104.65 0.08825 1.0018!l 0.&8 .. 5 
550 0.5&72 5027.4 0.03985 1.2990 0.00181 231t.23 11 0.25 IJol.0 227 1.00171 O.b~"2 

600 0.5202 S 7&5.8 0.03976 1.2985 0.0016& 246.37 115.79 J.ll717 1.00157 O. &640 
TOO 0.410&1 10260.6 0.03952 1.2978 O. 001102 270.&3 126.68 0.14952 1.00134 0.&631 
800 O. 39D 5 11793.7 O.OHlo 1.2972 0.00125 295.15 137.30 0.16515 1.00lla o. &83b 

900 0.3'+ 72 13378.3 0.038&1\ 1.2967 0.00111 320.15 147.&8 0.22393 1.00105 0.&637 
1000 0 •. U2& 15023.5 0.03809 1.2963 0.00100 4ltO.5& 157.81 ~. 33~5q 1.00094 0.53&6 
1200 0.2&06 18477.9 0.03&78 1.2958 0.00083 511.01 177. '+4 il.45942 1.01lil79 0.53j5 
11000 0.2235 22163.3 0.03539 1.29510 0.00071 583.Z5 196.28 0.591t&\I 1.000&7 0.5317 

1&00 0.1956 2&051.0 0.0340& 1.2950 0.000&2 657.08 211o.1t5 0.74412 1.00059 0.5305 
1800 o .17l9 301b8.7 0.03277 1.2947 0.00055 734.77 232.03 0.90905 1.00052 0.52A5 
2000 0.15b5 31t7S7.2 0.03128 1.2943 0.00050 826.22 249.10 1.0'1501 1.000,+ 7 0.523" 
2500 0.1248 511100.5 0.02459 1.2897 O.OOOItO 1299.70 290.31 1.15944 1.0U031\ O. "7'd 
3000 0.1021 9H03.9 0.01512 1.2660 0.00034 2805.93 332.51 Z.91717 1.0U031 0.4Cid 
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C-Za THER!100YNAHIC PR.OPERTIES OF NORHAl HYDROGEN 

1.50 HPA lSOaAR. 

TE"PERATURE 1I0LU~E I:iOTHERH ISOCHORE INTf:RNAl ENTHALPY ENTROPY ev CP VELOCITy 
DERIVATIVE DERI VATII/E ENERGY OF SOUNO 

DEG. K CU H/K~ CU H-HPA/KG HPA/K KJ/KG-K KJ/KG KJ/KG-K KJ I (ii-I< HIS 

• 11t.296 0.01285 1.2672 0.9;578 218.8 238.1 1 ... 117 ".74 6.38 1306 
15 0.01293 1.2227 0.9402 223.3 2"Z.7 14 ... 32 4.e9 6.70 1295 
16 0.01307 1.1232 0.9358 230.0 249.6 1/0.879 5.07 7.20 1263 
17 0.01321 1.1l597 0.9197 237.2 257.D 15.327 5.25 7.62 12 .. 0 
18 0.01337 0.9938 0.9049 244.8 2&4.9 15.775 5.41 e.06 1211 
19 0.01354 0.9302 .0.88':18 252.9 273.2 1&.224 5.5& 8.52 1194 
20 0.01372 0.8675 0.8738 261.4 282.0 16.674 5.69 9.00 1172 
21 0.01392 0.8044 0.8561 270.3 291.2 17.127 5.80 9.51 11"8 
22 0.01414 0.7407 0.83&5 279.8 301.0 17.583 5.90 10.06 1123 
23 0.U1437 0.6765 0.8147 2'::"'.8 311.3 18.042 5.99 10.65 1097 
2 .. 0.0146 .. 0.6103 0.7902 300.4 322.3 18.511 &.0& 11.32 10&8 

25 0.01493 0.54&6 0.762." 311.6 33 ... 0 18.987 6.12 12.05 1037 
26 0.0152& 0.480& 0.7310 323.6 3,,&.5 19.1t74 &.17 12.91 1003 
27 0.015&4 o ... 190 0.&953 336.1t 359.8 19.978 6.22 13.81t 966 
28 0.01&08 0.3544 0.&555 350.1 374.2 20.501 &.2& 15.04 923 
29 0.016&1 O. ~909 O. &113 365.1 390.0 21.055 ·6.32 1&.59 87 .. 
30 0.0172& 0.2295 0.5622 381.7 407.& 21.&50 6.38 18.&8 820 
31 0.01810 0.168& 0.50&7 400.6 427.7 22.311 6.45 21.92 757 
32 0.01930 0.1106 0.4417 "23.2 452.2 23.086 6.57 27.61 682 
J3 0.021,.0 0.0534 0.3575 ,.53.8 485.9 24.12,. &.80 42.98 551 
31t 0.0301& 0.0078 0.2048 525.2 570.5 2&.&40 6.7& 171t.9& 395 

35 0.048810 0.0245 0.11&7 601 •• 2 &77.5 29.754 7.70 '''.06 .. 15 
36 0.05798 0.0408 0.0942 631.9 718.9 30.922 7.27 33.5& ,.31t 
37 0.06 .. 94 0.0542 0.0817 650.9 748.3 31.728 7.02 26.25 1t50 
38 0.07082 0.065& 0.0737 66&.0 772.2 32.3&6 6.84 22.59 1t66 
39 0.07&14 0.07&1 0.0&&8 679.1 793.3 32.914 &.73 20.00 ,.75 
,.0 0.08105· 0.0857 0.0620 &90.9 812.5 33.·399 &.6& 18 ... 4 ,.87 

1t2 0.0900& 0.1030 0.05,.& 712.1 847.2 31t.2 .. 6 6.57 1&.4,. 508 .... 0.0983& o .118b O.01t92 731.2 878.7 3".980 6.51 15.21 526 
,.6 0.10&18 0.1331 0.0 .. 50 7 .. 9.0 90el.3 35.636 6."8 1,..37 5 .... 
.. 8 0.113&5 0.14&7 0.041& 7&5.9 93&.4 3&.235 6 ... 5 13.77 5&0 
50 0.12085 0.1597 0.0388 782.2 9&3.4 36.787 &.43 13.31 575 
52 0.12785 0.1721 0.0363 797.9 989.7 37.301 6.42 12.95 589 
Sit 0.134&7 0.1840 0.0343 813.3 11115.3 37.785 &.42 12.66 603 
560 0.14135 0.195& 0.0324 828 ... 1040.4 38.242 6.41 12.42 61& 
sa 0.14792 0.20&8 0.0308 81t3.1 10&5.0 38.675 6.41 12.23 &28 
60 o .151t39 0.2178 0.0294 857.7 1089.3 39.086 &.41 12.07 &40 

65 0.17022 0.24 .. 3 0.0263 893.5 1148.9 40.039 6.43 11.78 669 
70 0.15567 0.2&98 0.0239 928.8 1207.3 40.905 6.47 11.60 695 
75 0.2008" 0.2945 0.0220 963.8 12&5.1 41.702 6.54 11.51 720 
80 0.21580 0.318& 0.0203 998.8 1322.5 "2.443 &. &2 11 ... 6 7 .. 3 
85 0.23060 0.3423 0.0190 1033.9 1379.8 43.139 6.73 11.47 76 .. 
90 m.2452& 0.3&55 0.0177 1069.3 1437.2 43.79& &.81t 11.51 784 
95 0.25981 0.3885 0.01&7 1105.2 l1t91t.9 41t.419 &.97 11.57 803 

100 0.27427 O ... 112 0.0158 11 .. 1.5 1552.9 1t5.014 7.10 11.65 821 
120 0 • .$3142 D .4999 0.0129 1293.2 1790.3 47.175 7.&9 12.09 886 
140 0.38790 0.58&8 0.0110 1455.0 2036.9 "9.075 8.25 12.56 945 

160 0.44397 0.6724 0.0095 1&2&.5 2292.4 50.779 8.72 12.98 1001 
180 0.49977 0.7572 0.0084 180&.1 2555.8 52.329 9.11 13.31t 1053 
200 0.55538 0.8415 0.007& 1992." 2825.5 53.751 9.42 13.63 1103 
220 0.61087 0.9255 O. 00&9 2181t.l 3100." 55.0&0 9.67 13.86 1152 
2 .. 0 0.&&&27 1.0091 0.00&3 2380.1 3379.5 5&.275 9.8& llt.04 1199 
260 0.72159 1.092& 0.0058 2579.3 3&Gl.7 57.,.05 10.00 14.17 12 .... 
280 0.77&85 1.1759 0.0054 2780.9 394&.2 58.459 10.11 14.28 1288 
300 0.8320& 1.2591 0.0050 2984.7 4232.8 59.44& 10.19 14.35 1331 
350 0.9&994 1.4665 0.001t3 3,.98.3 4953.2 &1.668 10.31 14.45 1434 
1t00 1.10769 1.6735 0.0038 4015 ... 5&77 .0 63.601 10.35 14.49 1530 

.. 50 1.24536 1.8803 0.0033 4534.2 &402.2 65.309 10.37 14.51 1&22 
500 1.311297 2.08£>9 0.0030 5053.7 7128.1 6&.838 10.39 lit .52 1708 
550 1.52056 2.2934 0.0027 5573.7 7854.5 &8.223 10.41 14.51t 1790 
600 1.&5812 2.4999 0.0025 &094.7 8581.9 69.48& iO .42 1 ... 55 1868 
700 1.93319 2.9127 0.0021 7139.9 10039.7 71.73& 10."8 llt.&l 2015 
800 2.20822 3.3253 0.0019 8192.7 11505.0 73.&95 10.57 lit .70 2150 
900 2.1t8322 3.7379 O.OG17 9256.2 12981.0 75.431 10.70 14.82 2276 

1000 2.75821 4.1505 0.0015 10333.4 1lt470.7 76.999 10.8& 14.98 2393 
1200 3.30816 4.9755 0.0013 12543.8 1750&.0 79.74& 11.24 15.36 2&08 
1400 3.85809 5.8004 0.0011 1483&.5 20&23.& 82.155 11.&8 15.80 Z802 

1600 4.401104 6.6253 0.0009 17215.9 23827.9 84.301 12.13 1& .25 2980 
1800 4.':15814 7.4502 0.0008 19&8&.0 27123.3 8&.23& 12.&0 16.73 314t;, 
ZOOU 5.50898 8.2751 0.0008 22263.3 3052&.8 88. a 39 13.18 17.33 3298 
2500 &.90505 10.3372 0.000& 29558.6 39'H&.2 92.201 16.62 21.0& 3b17 
3000 11.42675 12.3993 0.0005 1t02&3.2 52903.4 96.920 26.94 32.79 38111 

• TWO-PHASE BOUNDARY 
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THERHOJYNAHIC PROPE~TIES OF NORHAL HYDROGEN C-'!a 

1.50 HPA IS0c;At( 

TE"PERATURE DENSITY VCIlH/OV'p oW COP/OU'V -v COP/OV'T CDV/OT'~V THERHAL VISCOSITY oTHERMAL 0 DIELECTRIC PRANOTL 
CONOUCTIIIITY OIFFUSIVITY CONSTANT NUI1BEt{ 

DECO. K ;<:;/CU H I(J/KG I1PA-CU H/KJ HPA 1/0EG. K H/K-" KG/H-S :iQ H/HR 
It 10 2 It 103 It 107 

• llt.296 77.8506 671.3 0.25391 98.6543 0.00951 78.66 264.09 0.00057 1.25451 2.1424 
15 17.J176 &73.7 0.24889 94.5343 0.OO~95 84.72 241.40 0.00059 1.252&4 1.9091 
16 76.5207 661.5 0.24110 85.9509 0.01089 91.13 214.88 0.00060 1.24983 1.6C;!S3 

17 75.6762 6&4.0 0.23165 80.1912 0.01147 95.47 193.41 OcOO060 1.24&87 1.5429 

18 74.1a<:.4 662.0 0.22371 74.3219 0.01218 98.64 175.12 ~.00059 1.24375 1. 43c;,9 

19 7S.0"80 &57.9 0.21687 &8.69&0 0.01295 100. &0 l&0.87 0.00058 1.2404& 1.3&27 

20 72.8612 &51.2 0.21090 63.20&2 0.01382 102.39 148.24 0.0005& 1.23701 1.3034 

21 71.8281 641.8 0.20547 51.7812 0.01482 104.46 137.37 ~.00055 1.2H41 1.2505 

22 70.7307 &~9.8 0.20040 52.3925 0.01597 105.78 127.79 0.00054 1.22959 1.214S 

23 6'1.5672 615.2 0.1~561 47.0594 0.01731 10&.44 119.26 0.00052 1.22555 1.1933 

21t 68.31211 597.3 0.19089 41.6902 0.01895 106.48 111.1t8 11.00050 1.2212 a 1.1853 

25 66>.9&79 578.4 0.18604 36.6072 0.020113 105.98 104.35 IJ.00047 1.21655 1.1861 

26 65.5158 555.8 0.18085 31.4849 0.02322 104.91 97.72 0.00045 1.21154 1.2021 

27 63.9263 533.2 0.171t911 26.7817 0.02590 103.32 91.43 0.00042 1.20608 1.2247 

28 62.1792 505.8 0.1&830 22.0382 0.02974 101.22 85.1t2 0.00039 1.20009 1.2696 

29 60.2136 1t75.4 0.16072 17.5136 0.03491 98.55 79.52 0.0003& 1.19338 1.3391 

30 51.9,.78 441.9 0.15217 13.2993 0.04227 95.19 73.59 0.00032 1.18567 1.4 .. 41 

31 55.2427 403.0 0.11t212 9.3138 0.05440 90.61 &7.45 1J.00027 1.17&51 1.&321 

32 51.8031 358.1 0.129790 5.7282 0.07711 8&.4& 60.78 11.00022 1.1&493 1.9410 

33 4&.7258 300.0 0.11255 2.4954 0.11t328 85.30 52.63 0.00015 1.14799 2.&518 

31t 33.1607 221.1 0.07051 0.2588 0.79145 120.1& 37.3~ 0.00007 1.10354 5.4323 

35 20.1t7&6 232.5 0.07404 0.5017 0.23253 59.12 27.31 0.00019 1.0&308 2.1t976 
36 17.2459 251.0 0.07514 0.7044 0.13372 48.97 25.1t4 i).0003a 1.05294 1.7437 
37 15.3982 268.1 0.07559 0.8349 0.097119 45.37 24.75 0.0001t0 1.04717 1.4320 
311 14.1209 284.3 0.07625 0.9270 0.07946 43.71 24.50 0.00049 1.04320 1.2&63 
39 13.1343 299.1 0.07558 0.9995 0.06687 42.71 24.46 0.00059 1.04014 1.1456 

040 12.3383 311t.5 0.07542 1.0570 0.05862 42.26 21t.54 0.00067 1.03768 1.0704 

1+2 11.1031 344.1 0.07494 1.1436 0.04777 42.07 24.90 0.00083 1.03386 0.9728 
41t 10.1664 372.& 0~07lt37 1.2062 0.04081 42.38 25.1t0 0.00099 1.03097 0.9115 
46 9.1t180 1t00.3 0.07382 1.25311 0.03591 1t2.97 25.98 0.00114 1.02867 O. 86~0 

48 8.7991 427.2 0.07330 1.2912 0.03223 43.73 2&.60 0.00130 1.02677 0.8375 
50 8.2746 453.6 0.07280 1'.3213 0.02934 1t4.60 27.25 0.a0146 1.02516 0.8130 
52 7.8219 479.5 0.07231t 1.3460 0.02700 45.54 27.91 0.00162 1.02377 0.7936 
54 7.4254 505.1 0.07190 1.3665 0.02507 46.54 28.58 0.00178 1.02255 0.7775 
56 7.0744 530.3 0.07146 1.3836 0.02342 47.56 29

0
.25 0.00195 1.02148 0.7639 

58 &.7603 555.2 0.07108 1.3983 0.02202 411.61 29.92 0.00212 1.02052 0.75280 
60 6.4771 580.0 0.07071 1.4109 0.02081 1t9.73 30.60 0.00229 1.01965 0.7425 

65 5.8748 641.9 0.0&974 1.4355 0.01835 52.70 32.26 a.00274 1.01781 0.7212 
70 5.3859 704.2 0.068611 1.4533 0.01&48 55.41 33.91 0.00319 1.01632 0.7100 
75 4.9790 767.4 0.06753 1.4665 0.01499 57.81 35.52 0.00363 1.01508 0.7071 
80 4.6339 831·,9 0.06630 1.1t766 0.01378 59.89 37.11 0.00406 1.01403 0.7103 
115 4.33&6 898,,2 0.06498 1.4843 0.01277 62.71 38.66 0.00454 1.01313 0.7070 
90 4.0774 9E16.4 0.06J"ElO 1.4905 0.01191 65.24 40.19 0.00501 1.01234 0.7088 
95 3.8,.90 1036.2 0.06224 1.4953 0.01116 67.57 41.69 0.00546 1.011&5 C.7137 

100 3.&4&1 1108.0 0.06086 1.4992 0.01052 77.42 45.87 0.0065& 1.01103 0.6904 
120 3.0173 1412.1 0.05565 1.5085 0 0.0085& 95.05 54.01 0.00938 1.00912 0.6871 
140 2.5780 1732.9 0.05159 1.5126 0.00725 108.33 59.18 0.01204 1.00779 0.68&3 

160 2.2524 2061.8 0.04857 1.5145 0.00&30 119.27 &3.04 0.014&8 1.00&80 0.68&3 
1110 2.0009 2393.7 0.0"&33 1.5151 0.00557 128.76 66.27 0.01737 1.00&n~ 0.68&4 
200 1.800& 2724.9 0.04468 1.5152 0.00500 137.21 69.14 0.02013 1.0054 1• 0.&8&& 
220 1.&370 3054.3 0.04344 1.5150 0.00454 144.93 71.82 0.02:!!!!! 1.00494 0.El8&8 
240 1.5009 3379.3 0.01t252 1.514& 0.00415 152.01 74.37 0.02597 1.0045.J 0.6868 
260 1.3858 3699.6 0.04184 1.5141 0.00383 156.60 76.1I1t 0.02907 1.004111 0.El8&7 
280 1.2872 4015.2 0.04134 1.513& 0.0035& 164.81 79.27 ~.03229 i.00388 0.&8&& 
300 1.2016 4326.4 0.04096 1.5132 0.00332 170.69 801.65 0.03564 1. il!1.~&3 0.&8&3 
350 1.0310 5085.6 0.04043 1.5119 0.00284 184.44 87.53 O. 04457 1.00311 0.6858 
400 0.9028 :; 829.1 0.04018 1.5108 0.00249 197.37 93.32 0.05430 1.00272 0.&853 

450 0.8030 &5b3.6 0.0400& 1.5098 0.00221 209.84 99.05 0.06484 1.00242 0.6848 
500 0.7231 7298.9 0.0399& 1.5090 0.00199 222.21 104.72 Q.07617 1.00218 0.&845 

550 0.&577 8033.3 0.03988 1.5063 0.00181 234.40 110.33 0.06627 1.001911 0.&8 .. 2 

600 o. &0 31 8771.6 0.03979 1.5077 0.001&& 246.5& 115.87 0.10113 1.001!!2 0.6840 
700 0.5173 102E1&.8 0.03954 1.5067 0.00142 270.85 126.77 0.12g05 1.00156 0.6637 
800 0.4529 11800.0 0.03918 1.5059 0.00125 295.40 137.41 0.15g80 1.00137 0.&83& 

900 0.4027 13384.8 0.03870 1.5053 0.00111 320.43 147.80 0.1932& 1.00121 0.0837 
1000 0.3&2& 15030.0 0.OS811 1.5048 0.0010a 440.56 157.95 11.29194 1.0Ul0':l 0.5372 
1200 0.302J 18484.7 0.03080 1.5040 0.00083 511.01 177.60 0.39611 1.0U091 0.53100 
1400 0.2592 22170.1 0.03541 1.5034 0.00071 583.24 196.47 0.51270 l.OO07!! 0.5.!ZZ 

1&00 0.22 &9 26056.2 0.031008 1.5030 0.00062 657.00
0 

214.6& 0.64146 1.000&8 0.5310 
1800 0.2017 301&4.1 0.03280 1.5026 0.00055 734.30 232.2& 0.78348 1.000&1 0.52'H 
2000 0.1815 34715.3 0.03134 1.5021 0.GOn50 824.31 249.36 0.94314 1.00055 0.5243 
2500 0.1448 52535.0 0.02492 1.4g71 0.00040 127&.43 290.56 1.50695 1.00044 0.4793 
3000 0.11117 9&50&.1 0.01564 1.4714 0.00034 2689.20 332.58 Z.48770 1.00036 0.40')& 
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, C-Za THERMODYNAMIC PROPE~TIES OF NORMAL HYOROGEN 

2.0D ItPA !.;iOBAI( 

TEltPERATUotE ' ~OLUItE ISOTHERM ISOChORE INTERNAL ENTHALPY ENTROPY ell CP IIt::LOCny 
DEiHvAlIIIE DERIVAHVE ENERGY OF SDUNO 

OEG. K IOU M/.KG CU M-I1PAlI(G "P~/~ KJ/KG-K KJ/KG KJ/KG-K KJ I KIi-K "'S ,. 14.457 0.111230 1.299,. 0.9407 219.1 244.7 14.128 4.77 6.3'8 1319 
. 15 0.111287 1.2650 0.9449 222.5 248.2 14.3&9 4.8iS 6.63 1311 

1& 0.01300 1.1850 0.9435 229.1 255.1 14.811 5.0b 7.09 1288 
17 0.01313 1.1096 0.9322 236.1 262.4 15.254 5.23 7.53 1264 
18 0.111328 1.041,. 0.9177 243.6 2711.1 15.697 5.39 7.96 1240 

, 19 11.01345 0.9770 0.9029 251.4 278.3 16.139 5.54 8.41 1218 
20 ' 0.01362 0.9157 0.8873 259.7 28&.9 1&.582 5.&7 8.8& 119& 
21 0.01381 0.8527 0.8704 2&8.4 29&.0 17.027 5.79 9.34 1173 
22 0.01401 0.7906 0.8514 277.& 305.6 17.474 5.89 9.85 1150 
23 0.01423 0.7273 0.8307 287.3 315.7 17.923 5.97 10.39 1125 
24 0.01447 0.6&47 0.8075 297.5 32&.4 18.J18 &.05 10 .911 1098 

25 0.01,.7,. 0.6021 0.7817 3011.2 337.7 18.839 &.11 11.&3 1070 
2& 0.OH04 0.5392 0.75t9 319.6 349.7 19.3117 6.1& 12.35 1039 
27 0.01537 0.4780 11.7209 331.7 3&2.4 19.788 &.21 13.15 1006 
28 0.01575 0.4174 0.b85& 344.5 37&.0 20.281 6.2b 14.08 ~&9 

29 0.01619 0.3585 0.&4&7 356.2 390.& 20.794 &.30 15.17 929 
30 0.01671 0.2994 0.604& 373.1 40&.5 21.331 6.34 16.57 084 
31 0.01733 0.2429 0.5588 389.2 423.9 21.902 6.40 18.37 835 
32 0.01812 0.1881 0.5085 407.2 443.5 22.523 6.4& 20.89 780 
33 0.01915 0.1373 0.4528 427.7 4&&.0 23.218 6.54 24.&0 719 
34 0.02062 0.0915 0.3897 452.1 49.5.4 24.033 6.&7 30.&5 649 

35 0.02303 0.0526 0.316& 483.2 529.2 25.073 6.8i 42.21 568 
36 0.02752 0.0300 0.2395 525.1 580.1 26.505 7.30 59.51 494 
37 0.03460 0.0290 0.1764 571.0 640.2 28.152 7.32 54.116 466 
35 0.04137 0.03811 0.1415 604.2 687.0 29.401 7.23 40.85 468 
39 0.04711 0.0505 0.1203 628.7 722.9 30.335 7.0& 31.86 477 
40 0.05206 0.0&18 0.10&1 &47.8 752.0 31.071 6.91 2&.65 488 

'42 0.0&054 0.0824 0.01177 678.0 799.0 32.220 6.72 21.09 509 
44 0.0&776> 0.1002 0.07&2 702.1 837.7 33.119 6.60 111.32 527 
46 0.07446 0.1169 0.06110 723.6 872.5 33.893 &.55 16.63 545 
48 0.011071 0.1323 0.0617 743.1 904.& 34.576 &.52 15.51 561 
50 0.086&4 0.1468 0.05&7 761.5 934.7 35.192 6.50 1 ... 71 576 
52 11.09232 0.1606 0.0526 778.9 9&3.5 35.757 6."9 1 ... 11 591 
54 0.09781 0.1737 0.0"91 795.7 991.3 36.261 6."6 13.&5 &05 
56 11.10314 0.1663 0.0461 812.0 1018.3 36.772 &.47 13.27 &111 i' 

,58 0.101135 0.1984 0.0435 827.8 10 ..... 5 37.233 6.46 12.96 631 f 

60 0.113 .. 5 0.2102 0.0"13 843.3 1070.2 37.668 6 ... & 12.72 643 

65 0.12511 .. 0.2385 0.0367 880.9 1132.6 38.6&5 6.47 12.27 673 
70 0.1378 .. 0.2654 0.0331 917.5 1193.2 39.5&5 6.51 11.99 700 
75 0.1495& 0.2913 0.0302 953.6 1252.7 40.386 6.57 11.112 72 .. 
80 0.1&10& 0.3164 0.0278 989.4 1311.& .. 1.146 6.6" 11.73 7 .. 7 
115 0.17240 0.3409 0.0255 1025.3 1370.1 .. 1.856 6.74 11.69 7&9 
90 0.183&0 0.3&50 0.0241 1061.4 1 .. 28.& .. 2.525 6.8& 11.70 789 
95 0.19470 0.3686 0.0227 1097.8 14117.2 "3.158 6.96 11.74 808 

100 0.20571 0.4119 0.0214 113 ... 6 15 .. &.0 43.761 7.12 11.110 826 , 
120 0.2490& 0.5024 0.017" 1287.7 1785.9 45.945 7.70 12.19 892 0, 

I 

litO 0.Z917& 0.5905 0.0147 1450.6 203 ... 1 1t7.857 8.25 12.63 951 I 

160 0.33,.05 0.6770 0.0128 1622.7 2290.6 .. 9.570 11.72 13.0 .. 1006 
180 0.37009 0.7&25 0.0113 1802.9 2555.0 51.126 9.11 13.38 1058 
200 0.41794 0.847 .. D.01D! 1989.6 21125.5 52.550 9 ... 2 13.66 1108 
?o20 0.459&8 0.9317 0.0092 21111.7 3101.0 53.8&3 9.67 13.88 1157 
21t0 0.50131 1.0157 0.008" 2377.9 3380.5 55.079 9.86 1 ... 06 1203 
260 0.54268 1.0995 D.OO77 2577.3 3&&3.1 56.211 10.01 14.19 12 .. 9 
280 0.58439 1.1830 0.0072 2779.2 3948.0 57.266 10.12 1 ... 29 1293 
300 0.62581 1.2665 0.0067 2983.2 .. 234.9 58.255 10.20 1 ... 36 1336 
350 '.72937 1.4743 0.0057 31t97.1 4955.8 60.4711 10.31 1 ... 46 1438 
.. 00 0.83275 1.6815 0.0050 "014.5 5&80.0 62.412 10.3& 14.50 1534 

1t50 0.93&05 1.8885 0.00"5 4533.5 6"05.5 6 ... 121 ' 10.38 1 ... 51 1625 
SOD 1.03929 2.6952 0.001t0 5053.0 7131.& 65.650 10.39 1 ... 53 1711 
550 1.14251 2.3019 0.0036 5573.1 7858.2 6'7.036 10.41 14.54 179:' 
600 1.24570 2.5084 0.0033 6094.2 8585.& 68.298 10.43 14.5& 1671 
700 1.45203 2.9213 0.0029 7139.6 100 .. 3.& 70.549 10.48 14.61 2\118 
800 1.65832 3.331t0 0.0025 8192.4' 11509.1 72.508 10.57 14.70 2153 
900 1.8&459 3.7466 0.0022 9256.0 12965.1 74.244 10.70 14.62 2279 

1000 2.07084 4.1592 0.0020 10333.2 14474.9 75.812 10.8& 1 ... 98 2396 
1200 2.48332 1t.96 .. 3 0.0017 12543.6 1751D.3 711.5&0 11.24 15.36 2&10 
1400 2.89575 5.8092 0.0014 14636.4 20&27.9 80.9£09 11.68 15.110 2804 

1&00 3.30824 6.6342 0.0013 17215.6 23832.1 113.11" 12.1J 1&.25 2982 
1800 3.72080 7 ... 591 0.0011 19684.6 27126.2 85.048 12.59 1&.72 3147 
2000 It .13384 11.2840 0.0010 22257.2 30524.9 6&.1I1t9 13.14 17.29 3301 
2500 5.17877 10.3461 0.0008 29106".0 J9821.5 90.971 1&.2.5 20.&2 J625 
3000 &.J0535 12.4082 0.0007 .59671.0 522111.7 95.502 25.2& 30.87 .51190 

• TWO-PHASE aOUNDARY 
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.1 
THERMODYNA"IC PROPERTIES OF NOR"AL HfDROGEN C-Zt.t. 

2.00 "PA liOj;AR 

. TEMPERATURE DENSITY '1l0H/OV'p II lOP/OU'V -v lOP/O'lJT 
lOV/DU1!1I THER~AL VISCOSITY THERMAL DIELECTRIC PRAUOTL 

CONDUCTI IIITV IlIFFUSlIIITY CONSTANT NU"BER 
OEG. K K:;/CU " K,.IIKG HPA-CU M/":.I HPA 1/0EG. I( II/I(-H I(G/M-S SQ H/HR 

)( 102 )( lOi )( 107 . 

• 1,..1t57 7S.1U& &1111.5 0.252&2 101.5121 0.00927 110.511 267.20 0.00058 1.2551t& 2.1155 
15 17 .7130 689.7 0.21t935 98.30&3 0.009&1 115.23 21t9.22 0.000&0 1.251t0.5 1.93116 
16 7&.9It&1t 685.5 0.210215 91.18Dl 0.01035 91.81 221.79 0.ODO&1 102513.5 1.7135 
17 7&.1331t bB2.5 0.2.5391 81t.1t7711 0.0110/0 9&.32 199.58 0.000&0 1.2108107 1.5&D6 
111 75.2732 &80.3 0.22598 78.3875 0.01171 99.&1t 1111.27 0.000&0 1.21t51t5 1.1t1t89 
19 7It .J&95 &76.5 0.21912 72.6572 0.D121t3 101.7" 165.95 O.ODD59 1. 2ltZ2 9 1 • .5711t 
2D 73.10221t 671.1t 0.21311 67.22910 0.01320 103.67 152.9& 0.DD057 1.23897 1.3073 
21 72.10296 662.9 D.20771 &1.7&32 D.Dl1t09 105.90 1101.77 0.0005& 1.23551 1.2507 
22 71.31123 6!i2.7 0.20261 5&.101071 0.D1508 107.311 131.98 11.00055 1.2318& 1.2100 
23 70.2758 &39.5 0.19781t 51.10':l1t 0.01&25 108.22 123.28 0.00053 1.22801 1.18/00 
21t 69.097& &21t.6 0.19317 1t5.9266 0.017511 108.lt7 115.1t3 0.00 D51 1.22392 1.1&8& 

25 &7.6ltOO &D7.5 0.18853 1t0.81t&5 0.D1911t 108.19 108.27 0.DOO/o9 1.2195& 1. 1631t 
2& && ... 9;'5 588.0 0.183&7 35.1155D 0.02100 107.37. 101.&5 D.000/07 1.21/092 1.1689 
27 65~Ll1t3t 567.2 0.17 8lt2 31.0906 0.02319 106.09 95.lt6 0.000lt5 1.20992 1.1832 
za &3.1t7lt3 51t/O.2 0.17267 2&.lt928 0.02588 101t.311 89.&1 0.000/02 1.201053 1.2090 
2CJ &1.751t3 519./0 0.1&&25 22.1397 0.D2921 102.20 83.98 0.00039 1.198&1t 1.210&& 
30 59.8/o1t& 1t91.1 0.15926 17.9155 0.03375 99.51t 78.lt8 0.D003& 1.19212 1.30&6 
J1 57.&930 1t&0 .7 0.151lt3 llt.0151 D.03987 95.97 73.D3 O.OD033 1.16/080 1.3977 
32 55.200& 102&.7 0.1'+259 10.3835 0.D1t897 91.79 67.5D 3.00D2"9 1.17&37 1.53&5 
33 52.2285 389.7 0.13250 7.1711t 0.0&313 87.112 61.7& D. DO 025 1.1&&3& 1.7303 
31t 1t8.1t9&1 3lt9.1 0.12D51 1t.1t39D D.087711 1I1t.91 55.59 D.D0021 1.153811 2. DO&& . 

35 It3.1t2117 301t.9 0.10583 2.28&2 0.13810& 82.1t1t 1t8.&3 0.ODD1& 1.13707 2.1t902 
3& 3&.3370 270.5 D.09D27 1.08115 0.22002 80.21 It 0.9& D.00D13 1.113810 3.0388 
37 28.905& 2&0.5 D.08341 D.8378 D.2105& 70.15 3/0.7& 0.DOD1& 1.D8985 2.7180 
38 21t .1&93 270.3 0.08099 0.93&& 0.1511Q &0 .. 310 31.1t0 0.00D22 1.071075 2.1255 
39 21.22&& 283.9 D.08030 1.0722 o .1122D 5/0.&9 29.55 0.D0029 1.0&5/0/0 1.721& 
It~ 19.2072 298.3 0.07987 1.1871 0.08935 51.56 28.51 0.OD03& 1.05909 1.1t7/01 

,.2 1&.5111 327.3 0.07909 1.361 .. D.O&1t1t1t 1t8.51t 27.&2 0.DOD5D 1.050&6 1.2DOO 
.. It llt.7578 355.3 0.07821 1.1t781t 0.05155 It 7./08 27.1t8 0.000&3 1.0/0518 1.0599 
It& 13 ./0303 381t.l 0.07721 1.5&98 0.0/0329 1t7.22 27.&& 0.DOD7& 1.0/01D& 0.9739 
It II 12.3903 1t12 ... 0.07&31 1.&397 0.037&2 1t7./o2 28.01 0.00089 1.0378/0 0.91&5 
50 11.5lt2& 1t1t0.D 0.07551 r.691t9 0.0331t/o /07.811 28.1t7 0.OD1D1 1.03522 0.8751 
52 10 .8320 1t&7.0 0.071079 1.7393 0.D3022 /08.51 29.DO 0.00111t 1.03302 0.8 .. 38 
51t 10.2239 1t93.6 0.07/011t 1.7759 0.D27&5 1t9.26 29.5& 0.00127 1.03115 0.8191 
5& 9.&95& 519.7 0.07350 1.110&0 0.02553 50.08 3D.15 ~. DOlltO 1. D2952 0.7987 
58 9.2297 51t5.1t 0.07301 1.8315 0.D2377 5D.96 30.7& O. DD153 1.D28D9 0.7825 
&0 8.811t& 57D.9 0.07253 1.8533 0.02228 51.9" 31.37 Q.D01&7 1.02&81 D.7&81 

&5 7.91t&7 &31t.3 0.07135 1.8955 0.01935 5/0.&5 32.93 0.002D2 1.02 .. 15 0.739& 
70 7.25/08 &97.8 0.07013 1.925& 0.01719 57.17 31t.5D Q.00237 1.02203 D.72311 
75 &.&II&1t 762.1 0.0&881t 1.9/079 0.01551 59.32 3&.0& Il.D0270 1. D2029 0.7187 
110 &.20118 827.6 0.06750 1.9&1t7 0.011t17 &1.30 37.&0 O.DD3D3 1.Dl1183 D.7194 
85 5.80 D5 89 ... 7 0.0&&08 1.9776 0.01307 &1t.D5 39.12 0.D0340 1.01759 0.71/01 
90 5 ... ft&5 9&3.& 0.D&';&2 1.9877 0.01211t &&.52 100.&1 O. DO 37& 1.01&51 0.7110/0 
95 5.13&1 103/0.0 0.0&3111 1.9958 0.01135 &8.78 1t2.08 O.OOItH 1.D155& D.7181 

100 1t.8&12 11 D6.5 D.0&173 2.0021 0.Dl0&& 77.96 45.911 O.001t89 1.01/072 0.&9&0 
120 It .0150 l1t13.2 0.05&25 2.0171 0.008&3 95.39 54.01t D.007D2 1.01215 0.690& 
litO 3.1t275 1735.8 0.05205 2.0238 0.00728 1011.&1 59.21 D.009D3 1.01037 0.&88& 

160 2.9935 20&&.1t 0.0/0895 2.02&6 0.00&31 119.53 &3.09 0.0110:i" 1.00905 0.&879 
1110 2.&590 2399.7 o .D/o&&5 2.D275 0.00558 129.01 &&.32 0.0130& i.00803 D. &877 
200 2.3927 2732.1 0.04 .. 9& 2.0275 D.00500 137. itS &9.20 0.01514 1.00723 D. &1177 
220 2.175/0 30&2.6 0.0/03&7 2.0270 0.001t53 1 .. 5.16 71.88 0.01730 1.00&57 0.&87& 
2 .. 0 1.991t8 3388.& 0.04273 2.02&2 0.D01t15 152.2" 7/0 ... /0 0.0195/0 1.DO&02 D. &875 
2&0 1.81t20 3709.8 0.0/0 203 2.0253 0.00383 158.11" 7&.92 0.02187 1.0055& D.6873 
2110 1.7112 ItO 26.0 0.010151 2.021t3 0.OD355 1&5.05 79.35 0.02/030 1.0D517 O. &871 
300 1.5978 /0338.1 0.Olt112 2.023& 0.D0331 170.911! 11'1.75 0.02&112 1.001t82 O. &8&7 
350 1.3710 5098.1t 0.0/005& 2.0213 0.00284 181t.72 87.&1t 0.03351t 1.00/011t O. &8&0 
1000 1.2008 :; 81t2.1t 0.0/0029 2.0192 0.0021t8 197.61 93 ... 5 D.01t01l7 1.003&2 o. &85/0 

1t50 1.0&83 &577." 0.0/001& 2.0175 0.OD221 210.1'1 99.20 O. D488D 1.00322 0.&81t9 
500 0.9&22 7313.1 0.01t005 2.01&0 0.00199 222.59 10/0.88 0.D5733 1.00290 0.&845 
550 0.8153 1I01t7.7 0.0399& 2.011t7 0.D0181 231t.1I2 110.51 0.0&6/03 1.002&1t D.681t2 
600 0.8028 878&./0 0.0398& 2.013& 0.OD1&& 21t7;11 11 &. 0 7 0.07&10 1.00242 D. & 8" 0 
700 0.&887 10281.7 0.039&0 2.0119 0.DDl1t2 271.JI 127.01 0.09711 1.00206 D.&837 
1100 0.&030 11815.2 0.039210 2.0105 0.0012/0 29&.01 137.&11 0.12D2/o 1.00182 D. &63& 
900 0.53&3 131t00.2 0;03871t 2.0D91t 0.00111 321.11 1/08.11 0.1/05/01 1.001&2 0.&831 

1000 0.""29 1501t5.8 0.03815 2.0085 0.00100 1t1t0.56 158.29 0.219l!! 1.D01/O& 0.53/i/o 
1200 0.1t027 U500.9 0.03&83 . 2. D071 0.OD083 511.11 178.0D 0.2973/0 1.00121 0.5352 
lltOO 0.3 .. 53 2218&.& 0.035/03 2.0061 0.00D71 5113.l3 19&.92 0.381t81 1.D01D4 0.5335 

1600 0.3023 21>070.0 0.03/011 2.0053 0.ODO&2 &5&.aft . 215.17 0./08139 1.00091 O.53l3 
1800 0.2&88 J01&1.0 0.03284 2.D01t7 0.DOu55 733.,. .. 232.83 0.511771 1.00081 0.530b 
2000 0.2lt19 31t&1t 7.& 0.031/05 2.D039 o .0005D 112 O. 98 21t9.97 0.70&&3 1.00073 0.52&4 
2500 0.1931 511t88.5 0.02553 1.9978 O.OODItO 1235.li9 291.2& 1.117&1 1.D0056 o. It 659 
3000 0.158& 91109.1 0.01&6/0 1.9&79 0.DOIl3/o 21t85.57 332.9/0 1.82 79& 1.000"8 D.1t lJlt 

• TMO-PHASE aDUNOA~Y 
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C-Za TH£P.MOOYNAMIC PROPERTIES OF MORltAL HYDROGEN 

2.50 "PA ISOBAR 

TE"PERATURE ~OLU"E ISOTHER" ISOCHORE INTERNAL EMT.HALPY ENJROPY ev CP VELOCITY 
DERIVATI\lE DERIVATIVE ENERGY OF SOUND 

OEG. K CU "/KG CU "-tlPAlI(G "PA/K KJ/KG-K KJ/(G KJ/K(,-K KJ I (;-( "'S 

• llt.615 0.0127& 1.3311 0.91t38 219.3 25102 1,.. litO ".79 6.38 U32 
15 0.01.280 1.3125 0.91t71 221.7 25J.7 11;;.3119 ".87 6.55 1.129 
16 o .01Z93 1.2382 0.9 .. 95 228.2 260.5 14.745 5.05 7.00 1310 
17 0.&)130& 1.1575 0.9 .... 2 235.1 267.7 15.183 5.23 7.,.6 1285 
18 0.01.120 1.0930 0.929& 242 ... 275." 15.621 5.38 7.86 126 .. 
19 0.0133& 1.0271 0.9152 250.1 28l.5 16.058 5.53 8.29 12,.1 
20 0.01352 0.9&41 0.8999 258.2 292.0 16."95 5.66 8.73 1220 
21 0.01370 0.9029 0.883& 26&.7 300.9 16.932 5.77 9.18 1198 
22 0.01.389 0.8411 0.8&55 275.6 310.3 17.371 5.87 9.65 11i'& 
23 0.011tl0 iI.7795 0.845& 285.0 320.2 17.811 5.96 10.16 1152 
2 .. 0.011t32 0.7170 0.823& 291t.9 330.7 18.255 &.Olt 10.70 1127 

25 0.011t57 0.6554 0.7993 305.2 31tl.7 18.70 .. 6.11 11.28 1100 
26 0.0148 .. 0.5935 0.7725 31&.2 353.3 19.157 6.16 11.92 1072 
27 0.0151 .. 0.531t8 0.71t31 327.7 365.5 19.620 &.21 12.60 11 .. 2 
28 1S.0151t8 0 ... 7&8 0.7109 339.8 378.5 20.091 &.25 13.37 1009 
zg 0.0158& 0."193 0.&7&1 352.6 392.3 20.57& &.29 llt.25 97,. 
3D 0.01&30 0.3&19 0.&38& 36&.3 .. 07.0 21.075 6.33 15.31 935 
31 0.01&80 0.3088 0.598 .. 380.9 1t22.9 21.5g& &.37 t.6.52 895 
32 0.017 .. 0 0.25&& 0.5555 39&.7 4"0.2 22.1 .... & ... 2 18.07 850 
J3 0.011113 0.2071 0.5095 "13.9 "5g.2 22.730 6."7 20.06 802 
3 .. 0.01g04 0.1628 0 ... 605 .. 32.9 480.5 23.3&1t 6.53 22.59 750 

35 0.02022 0.122& 0.4081 .. 5 ... 2 50".8 2".0&8 6.61 26.06 695 
3& 0.0218 .. 0.0888 0.3529 .. 78.5 533.1 2 ... 867 6.73 30,.79 &38 
37 0.02410 0.0& .. 5 0.2985 50&.5 56&.7 25.788 &.88 l6.57 586 
38 0.02724 0.0509 0.2"53 537.2 &05.3 26.1l16 7.05 .. 0.38 5,.0 
39 0.0311" 0.0 .. 77 0.203& 5&8.1 6"5.9 27.1l72 7.1,. 39.98 517 
.. 0 0.03530· 0.0523 0.1728 595.1 683." 28.820 .7.05 35.51 513 

1t2 I) .04305 0.0&90 0.1338 637.8 7 .. 5 ... 30.3.56 &.90 27.09 521 .... 0.01t977 0.0872 0.1111 669.8 79".3 31 ... 72 6.7& 22.111 535 
.. & 0.0557& 0.101t8 0.09&2 696.1 835.5 32.389 6.66 19.28 551 
48 0.06125 0.1213 0.0855 719.0 872.1 33.168 6.60 17 ..... 566 
50 0.0&&31 0.13&5 0.077 .. 739.6 905.1t 33.8"9 6.57 16.22 581 
52 0.07120 0.1512 0.0713 759.0 937.0 3 ..... 69 6.55 15.ltl 597 
5 .. 0.07589 0.1653 0.0660 777 ... 9&7.1 35.037 6.5 .. 1".72 610 
56 0.0801t0 0.1787 0.0611t 795.2 996.2 35.566 &.53 1 ... 17 623 
58 0.08478 0.191& 0.057& 812.1 102 ... 1 36.056 6.51 13.7" &36 
60 0.08905 0.20"2 0.051t1t 828.6 1051.2 36.515 6.50 13.39 6 .. 8 

65 0.0993& 0.2339 0.0478 868.1 111&.5 37.5&0 &.51 12.78 678 
70 0.10928 0.2&21 0.0428 906.1 1:1.79.3 38.1t92 6.51t 12.39 705 
75 0.111191 0.2890 0.0389 9 .. 3.3 1240.& 39.338 &.59 12.11t 730 

.- 80 0.12832 0.3151 0.0357 980.1 1300.9 .. 0.116 6.67 11.99 753 
85 0.13758 0.3403 0.0330 !'J!6.7 13(1).7 40.8/01 &.7& 11.92 77 It 
90 0.14670 0.3&50 0.0308 1053.4 1420.2 Itl.522 &.87 11.89 795 
95 0.15572 0.3893 0.0~88 10<;!0.1t 1479.7 1t2.1&5 6.99 11.90 814 

100 0.16 .. &5 O. /01.51 0.0271 1127.6 1539.3 1t2.776 7.13 11.95 832 
120 0.19970 0.5052 0.0220 1282.3 1781.6 .. 1t.982 7.72 12.29 897 .. 

1/00 0.231t11 0.59 .... 0.0185 1 .... &.1 21)31.1t /06.91)7 8.26 12.10 956 

160 0.2&813 0.6818 0.01&1 1619.0 2289.3 /08.627 8.73 13.09 1011 
180 0.J0190 0.7680 0.0142 1799.7 2554.1t 50.188 9.12 13 .1t2 1063 
200 0.33550 0.8533 0.0127 198&.8 2825.& 51.617 9.1t3 13.69 1113 
220 0.3&897 0.9361 0.0115 2179.2 3101.6 52.932 9.68 13.91 11&1 
2"0 0."0235 1.0225 0.0105 2375.7 33111.& 51t.150 9.87 llt.08 1208 
260 0.435&& 1.1065 0.0097 2575.1t 3&&4.& 55.283 10.01 1/0.21 1253 
280 0.1t&892 1.1902 0.0090 2777.5 391t9.8 56.31t0 10.12 1".31 1297 
300 0.50216 1.271t0 0.0084 2981.7 1t237.1 57.330 10.20 14.37 131t0 
350 0.58503 1./0821 0.0072 3"95.9 /0958.5 59.555 10.31 lit.,., 1 .. 1t2 
.. 00 o .&&77g 1.689& 0.00&3 4013.6 5&83.0 &1.1t90 10.36 llt.51 1538 

.. 50 0.7504& 1.8967 0.005& 4532.7 6/o08.g 63.199 10.38 llt.52 1629 
500 0.83309 2.103& 0.0051) 5052.1t 7135.1 &1t.729 10.39 14.53 1715 
550 0.915&8 2.3103 0.004& 5572.6 78&1.8 &6.11/0 10.ltl 1 ... 51t 1797 
600 0.99825 2.5169 0.0042 6093.8 8589.1t 67.377 10. /03 llt.56 1875 
700 1.1&33 .. 2.9299 0.003& 7139.2 1001t7.& 69.628 10 ... 8 11t.61 2021 
800 1 • .5211J9 3.3427 0.0031 6192.1 11513.,. 71.587 10.57 1/0.70 2156 
900 1.4931tl 3.7553 0.0028 g255.7 12989 •. ) 73.32" 10.70 llt.82 2281 

1000 1.&58 .. 2 ... 1680 0.0025 10333.0 llt/079~1 71t.891 10 .8& 1".99 2398 
1200 1.98641 ... 9931 0.0021 125/03.5 17514.& 77.639 11.21t 15.3& 2&13 
lltOO 2.311138 5.8180 0.0018' l1t836.3 20&32.3 80.0108 11.68 15.80 2806 

160n 2.6,.113& &.6430 0.001& 17215.1t 23113&.3 82.191t 12.12 1&.25 2984 
1800 2.978"0 7."679 0.0014 19683.7 27129.7 84.128 12.51l 16.71 Ji .. '" 
2000 3.301178 8.2928 0.0013 22253.0 3052 ... 9 85.926 13.12 17.26 3303 
2500 4.11t356 10.3550 0.0010 29399.1t 39751l.3 90.022 15.9& 20.32 3630 
3000 5.03682 12.4171 0.0008 392&6.7 51858.8 9/o.1t2/O 21t.ll Z9.55 31198 
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HtERP'lOJYNA"IC PP'OPE~TIES OF NO~"AL HYDROGEN C-Za 

2.50 "Pi .I!>OaAR 

TE"PERATURE OENSITY 'I COH/UII'p 'I (DP/OUJy -V WP/OV1T COV/OT~/~ THERMAL VISCOSITY THERMAL ·DIELECTRIC PRANOTL 
. CONDUCTIVITY OIFFUSI\lITY CONSTANT NUMBER 

DEli. I( I(G/CU .. KJ/KG HPA-CU H/I(J 
)( 102 

HPA 1/0EG. I( II/K:-M 
)( 10 3 

I(G/I1-S 
X 10 7 

SQ H/HR 

• llt.&15 78.J83& 705.3 0.251"8 10 ... 3378 0.00905 82 ... & 270.30 0.00059 1.25639 2.0913 
15 78.10 .. 1 708.& 0.21t920 102.51"1 O. 0'0~24 85.73 257.35 O. 00060 1.25541 1.9&52 
16 77.3611t 106.3 0.2"281 95.1904 0.00991 92."8 228.86 o. 000&1 1.25279 1.732& 
17 7&.5720 700.2 0.23596 88.6329 0.01365 97.1" 205.81 0.00061 1.25001 1.5803 
18 75.7"02 700.3 0.22800 82.7863 0.01123 100.&0 186.86 0.00061 1.210709 1."608 
19 7,..8&8,. 69&.8 0.22111 7&.9010 0.01190 102.83 171.05 0.00060 1.2440.5 1.3793 
20 73.9536 691.6 0.215011 71.296 .. 0.01262 104.90 157.65 tl.00055 1.2 .. 053 1.3118 
21 72.9991 68,..8 0.20968 65.9100 0.013"1 107.28 1"6.15 0.00058 1.23750 1.2507 
22 71.99 .. 9 &75.5 0.201062 60.5553 0.01429 108.91 136.11 0.00056 1.23399 1.206& 
23 70.9 .. 03 66 ... 1 0.19987 55.2969 0.01529 109.91 121.25 0.00055 1.23032 1.1758 
21t &9.8221 &50.3 0.19526 50.0652 0.01645 110.33 119.28 O. 00 053 1.22643 1.1565 

25 &8.&372 &34.8 0.19013 44.9873 0.01177 110.24 112.05 0.00051 1.22232 1.1464 
2& 67.37&9 617.1 0.18610 39.9903 0.01932 109.6 .. 105.41 0~000"9 1.21796 1.1460 
27 &&.0317 599.0 0.18121 35.31"2 0.0210" 108.61 99.2" 0.00047 1.21332 1.1516 
28 &,..5913 519.1 0.17599 30.7942 0.02J09 107.17 93 ... 6 0.000 .. 5 1.2083& 1.1&55 
29 63.0 .. 01 557.1 0.17040 2& ... 313 0.02553 105.35 81.98 0.0'00 .. 2 1.203a .. 1.1900 
30 61.3589 532 ... 0.16439 22.205& 0.021J7& 10 3.15 82.72 0.000"0 1.19728 1.2278 
31 59.5118 507." ·0 .15180 18.318& a.0325& 100.15 71.61 0.00037- 1.19098 1.2803 
32 57.4&35 479.7 0.15062 1 ... 7479 0.03767 9&.76 12.58 0.0003" 1.18402 1.3554 
33 55.1554 449.9 0.14281 11.42 .. 6 0.04460 92.91 67.56 0.00030 1.17621 1 ... 590 
34 52.5200 419.4 0.13426 8.5493 0.0538& 89.17 62.51 0.00021 1.16134 1.5835 

35 49.4 .. 39 387.1 0.12483 6.0624 0.06732 86.23 57.37 0.0002 .. 1.157.04 1.1338 
3& .. 5.19&5 355.0 0.11454 4.0682 0.08675 83.05 52.11 0.00021 1.11t"9Q 1.9320 
37 .. 1.1t871 327.9 0.10459 2.6760 0.11151t 79.63 .. 6.8 .. 0.00019 1.13068 2.151& 
38 3&.7123 307.6 0.09419 1.8&88 0.13127 15.29 .. 2.00 0.00018 1.11506 2.252& 

.39 32.1093 301.0 0.08888 1.5331 0.13282 70.08 .38.12 0.00020 1.1001" 2.17/t8 
40 28.3214 30 ..... 0.086"6 1."810 0.11&65 6".70 35.39 0.00023 1.08800 1.9 .. 29 

42 23.2312 32".5 0.08350 1.6025 0.083"9 57.50 32.25 0.00033 1.01177 1.519/t 
4 .. 20.0928 3"9.8 0.08183 1.7516 0.063"2 5 ... 04 30.18 0.000/t1o 1.06187 1.263& 
46 17.9350 376.8 0.080 .. 8 1.8787 0'.05118 52."1 30.17 0.00055 1.05510 1.1099 
48 1&.327 .. "0".2 0.0792& 1.9804 0.0"315 51.7" 30.01 0.00065 1.05001 1.0119 
50 15.0802 "31.2 0.07819 2:0578 0.03762 51.6 .. 30.1" 0.00016 1.0"618 0.9470 
52 lit .0 .... 3 459.1 . 0.07751 2.12 .. 1 0.0335& 51.81 30 ... 2 0.0008& 1.0"296 0.9035 
54 13.177 .. "86.2 0.07659 2.1185 0.03028 52.29 30 •. 80 D. DO 097 1.0 .. 027 0.8672 
56 12.4383 512.7 0.07569 2.2229 0.02764 52.85 31.25 0.00108 1.03799 0.8378 
58 11.7954 538.8 0.01506 2.2606 0.02550 53.51 31.75 0.00119 1.03600 0.8152 
60 11.2294 5& ... 7 0.07 .... 6 2.2926 0.02372 5".32 32.28 D.OOiJO 1.03 .. 25 0.7959 

65 10.0& .. 2 &29.1 0.07303 2.3545 0.02031 5&.71 33.69 0.00159 1.030&6 0.7589 
10 9.1511 693.6 0.07.162 2.3985 0.01786 59.01 35.15 0.00181 1.02785 0.7379 
15 8./t099 758.7 0.07019 2."308 0.01&00 60.89 36.63 0.00215 1.02557 0.730" 
80 7.7921 82 ... 9 0.06872 2."551 0.01454 62.75 38.12 0.002 .. 2 1.02368 0.7285 
85 7.2686 892.6 0.0&720 2."738 0.01335 65."2 39.59 0.00272 1.02207 0.1211 
90 &.8166 962.1 0.0656"5 2."883 0.0123&. 67.82 41.05 0.00301 1.02069 0.7198 
95 & ... 219 1033.1 0.06 .. 13 2.4998 0.01152 10.02 42."9 0.00330 1.019"8 0.7223 

100 &.0135 11 06.0 0.06261 2.5089 0.01080 18.55 .. 6.12 0.00390 1.0181t2 0.1011t 
120 5.0075 1"15.1 0.05685 2.5300 0.00868 95.71 5".10 0.00560 1.01517 0.6940 
1 .. 0 4.2115 1739 ... 0.05252 2.5391 0.00730 108.93 59.2& 0.00123 1.01293 0.6909 

liD 3.1295 2011 ... 0.0"932 2.5428 0.00&32 119.82 63.14 0.0088 .. 1.01128 0.689& 
180 3.312 .. 2 .. 0&.1 0.0"691 2.5"38 0.00558 129.21 66.38 0.0101t? 1.0100 2 0.6890 
200 2.9807 Z739.7 0.0"522 2.5"35 0.00500 137.70 69.21 0.01215 1.00901 0.6887 
220 2.1103 3011.2 0.04391 2.5"25 O. i..J453 1 .. 5 ... 0 11.96 0.01388 1.00819 0.6881t 
240 2 ... 85 .. 3398.0 0.0 .. 29 .. 2.5"12 0.00 .. 1 .. 152 ... 8 1 ... 52 0.01569 1.00751 0.6881 
260 2.295 .. 3120.0 0.0 .. 221 2.5391 0.00382 159.08 77.00 0.01156 1.00693 0.6878 
280 2.132& .. 0 36.9 0.01t168 2.5382 0.0035" 165.29 19 ...... 0.01951 1.00644 0.6875 
300 1.991 .. .. 3 .. 9.8 0.0"121 2.5371 0.00330 171.19 81.8" 0.02153 1.00&01 0.6871 
350 1.7093 5111.2 0.04069 2.5333 0.00283 185.00 81.75. 0.02693 1.00516 0.6863 
400 1 ... 975 5855.8 0.040"0 2.5301 0.002 .. 8 197.99 93.58 0.03281 1.001t52 0.6856 

.. 50 1.3325 6591.2 0.0 .. 026 2.521" 0.00220 210.5" 99.3" 0.03918 1.00"02 0.685D 
500 1.200 .. 1327.2 0.0"013 2.5250 0.00198 222.97 105.05 ~. Olt 602 1.003&2 0.68/t" 
550 1.0921 9 0 62.1 0.0"004 2.5230 O.OOlM 235.2" 110.69 0.05333 1.00329 0.681t2 
600 1.0018 88111.0 0.03993 2.5213 0.00165 2 .. 7.47 116.27 0.06109 1.00302 0.6840 
700 0.8596 102':16.7 0.039&& 2.5185 0.001/t2 271.91 127.2" 0.07795 1.00279 0.&837 
800 0.1528 11830.1t 0.03929 2.5163 0.0012 .. 296.61 137.95 0.09651 1.00227 0.683& 
900 0.&&96 13"15.7 0.03879 2.51"6 0.00110 321.79 148.101 D.11671 1.00202 0.6837 

1000 0.6030 15061.5 0.03819 2.5132 0.00099 4/t0.56 158.63 0.17552 1.00182 0.5396 
1200 0.5029 18517.1 0.0368& 2.5111 0.00083 511.01 178 ... 0 ~.23807 1.00152 0.53&4 
1400 0.4313 22203.1 0.035"& 2.5095 0.00071 583.22 197.38 0.30807 1.0013J 0.53/t7 

1600 0.3776 2&084.9 0.03"13 2.5083 0.00062 656.71 215.68 a.3853/t 1.0011 .. 0.53313 
UOO 0.3358 3D 16/t.5 0.03288 2.507/t 0.00055 732.93 233.39 0./t7031 1.00101 0.5321 
2000 0.J022 31t6~7.2 0.03153 2.5063 0.00a50 818.72 250.59 a.56500 1.00091 0.5253 
2500 0.2 .. 13 50780.1 0.02591 2 ... 990 0.000/t0 1208.37 291.96 0.88707 1.00073 O ... 910 
3000 0.1985 87 .. 15.3 0.017 .. 1 2.4653 0.0003" 23/t5.90 333 ... 5 1.43955 1.00060 0.4200 
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C-Za THER"OOYNAHIC PROPE~TIES OF NOR"Al HYOR.OGEH 

J.OO "PA I:'OilU 
;.; 

TE"PERATURE "OLU"E ISOTHER" ISOCHORE !NTERNAL ENTHAt,PY ENTROPY CV CP VELOCITY 
OERlVATIIIE OERIIIATIIIE ENERGY OF SOUND 

DEG. " :U "/KG CU "-"PA/KG' "PA/K KJ/KG-K KJ/KG KJ/I(G-K KJ I I(~-K It/S 

• 110.772 0.01272 1.3&23 0.9"70 219.6 - 257.8 1 ... 151 ".81 6.38 13 .. 5 
15 0.OtZ7" 1.3565 0.91092 221.0 259.2 1".250 ".6& 6."7 13 .. 5 
16 0.0126& 1.2794 0.9544 227.10 266.0 110.66 .. 5.05 6.93 1326 
17 0.01299 1.2075 0.9510 23 ... 1 273.1 15.116 5.22 7.37 1306 
U 0.01313 1.1406 0.94010 2 .. 1.3 280.7 15.5"9 5.37 7.78 1285 
19 0.01321 1.0731 0.92&6 246.8 286.& 15.960 5.52 8.20 12&2 
20 0.013"" 1.0093 0.9118 25&.8 297.0 16.1011 5.65 8.62 12 .. 1 
21 0.01360 0.9"86 0.69&0 265.1 305.9 16.643 5.76 9.05 1221 
22 0.01318 0.6875 0.6181 213.6 315.1 17.275 5.86 9.50 1199 
U 0.01391 0.8271 0.8595 282.9 324.9 11.701 5.95 9.91 1111 
210 0.01419 1i.7&55 0.6386 292.5 335.1 18.142 6.03 10.101 1153 

25 o .01lt42 0.1053 0.815; 302.5 3"5.6 18.519 6.10 11.00 1128 
26 0.0110&1 0.64&1 0.7904 313.1 357.1 19.019 6.1& 11.51 1102 
21 0.0149" 0.5884 0.1629 3210.1 3&6.9 19."68 6.21 12.11 10110 
2a 0.015.25 0.5315 0.1331 335.1 381.4 19.921 6.25 12.8" 10 .... 
29 0.01559 0 ... 7&2 0.7011 3"7.9 394.7 20.385 &.29 13.51 1013 
3D 0.01591 0 ... 222 0.&&10 3&0.1 1008.& 20.859 6.33 1 ... 39 960 
31 0.01& .. 0 0.3&66 0.&309 37 ... 3 .. 23.5 21.345 6.36 15.3& 9 .. 3 
32 0.01689 0 .. 318 .. D.5926 388.7 433.4 21.850 - & ... 0 1& ... 7 905 
33 0.01, .. , 0.2&98 0.55210 10010.1 456.5 22.377 6.1010 11.82 8610 
310 0.OU15 0.2258 0.5101 1020.6 475.0 22.931 &.48 19.38 822 

35 0.0189& 0.1858 0.4&61 438.4 495.3 23.519 6.53 21.25 118 
36 0.01,997 0.11098 0.4207 1051.8 511.7 210.149 6.59 23.55 132 
31 0.02123 0.1196 0.37107 478.8 5102.5 24.830 6.&6 26.23 686 
U 0.02281 0.09&7 0.3293 501.1 570.1 25.5&5 &.74 28.92 6104 
39 0.02 .. ,9 0.0609 0.2866 525.9 &00.3 26.3109 &.83 31.19 607 
100 0.02711- 0.0718 0.21090 550.1 6~2.Z- 21.151 .&.91 32.1.3 580 

102 0.03273 0.0711 0.191& 591.0 &95.2 28.693 &.91 30.15 551 
1010 0.03841 0.0630 0.15106 &35.6 750.9 29.990 6.610 25.55 551 
106 0.0"369 0.0984 0.1306 667.1 798.1 31.0101 6.76 21.97 5&6 
108 0.010856 0.1144 0.1138 693.8 839.5 31.921 6.69 19.52 518 
50 0.05311 0.1299 0.1015 717.10 816.7 32.682 6.64 17.83 590 
52 0.05740 0.1449 0.0920 738.9 911.1 33.356 6.61 16.62 6010 
Sit 0.0&150 0.1593 0.0844 758.9 9"3.4 33.966 6.59 15.12 617 
56 0.06543 0.1732 0.0782 778.1 9710.4 310.530 6.58 15.010 629 
58 0.0&925 0.1867 0.0131 796.2 1004.0 35.050 6.5& 110.52 &103 
60 0.07295 0.1998 0.068& 813.1 1032.5 35,.534 6.55 14.08 655 

65 0.08185 0.2307 0.0598 855.2 1100.8 3&.626 6.54 13.28 6810 
10 0.09035 0.2599 0.0532 8910.8 1165.9 31.591 6.56 12.78 111 
15 0.09858 0.2617 0.01080 933.1 1228.9 38.4&0 6.61 12.46 13& 
80 0.10659 0.3145 0.0439 970.9 1290.6 39.258 6.&9 12.25 159 
85 0.11445 iI.3405 0.0405 1008.2 1351.& 39.997 6.16 12.13 181 
90 0.12217 0.3&58 0.0376 1045.6 1412.1 40.689 6.89 12.08 801 
95 0.12980 0.3905 0.0351 1083.0 1412.4 41.341 7.01 12.07 820 

100 0.13733 0.41 .. 9 0.0330 1120.8 1532.& 41.9&0 7.14 12.09 838 
tZO 0.1&&63 0.5085 0.02&& 1277.0 1777.5 104.188 7.13 12.38 902 
1100 0.19571 0.5987 0.02210 1441.8 2028.9 46.125 8.21 12.11 9&1 

160 o .22~21 0.6868 0.0194 1615.3 2287.9 47.853 8.74 13.13 1016 
180 0.252 .. & 0.173& 0.0171 179&.5 2553.9 49.419 9.13 13.46 10&6 
zoo .0.2805" 0.8595 0.0153 19810.1 2825.7 50.851 9.103 13.72 1116 
220 0.30851 0.944& 0.0139 2176.8 3102.3 52.1&9 9.68 il.93 1166 
2100 0.33638 1.0293 0.0127 2373.6 3382.7 53.390 9.67 14.10 1213 
260 0.3&419 1.1135 0.0117 2573.5 3&&&.1 510.5210 10.02 14.23 1258 
280 0.39195 1.1975 0.0108 2715.8 3951.& 55.582 10.12 14.32 1301 
300 0.419&9 1.281& 0.0101 2980.3 10239.3 5&.573 10.20 14.38 13410 
350 0.48881 1.4900 0.0086 31094.8 4961.2 58.800 10.31 110.48 1446 
.. 00 0.55781 1.6977 0.0075 4012.7 568&.1 60.736 10.3& 1 ... 51 15 .. 2 

1050 0.&2&74 1.90109 0.0067 4532.0 &412.2 &2.445 10.38 14.52 1633 
500 0.&95&1 2. !t19 0.00&0 5051.8 7138.& &3.975 10 ... 0 1 ... 53 1118 
550 0.7644& 2.3187 0.1Hl55 5512.1 78&5.5 &5.3&2 10 ... 1 14.54 1800 
600 0.83326 2.525" 0.0050 6093.4 8593.2 66.625 10.103 14.56 1878 
700 0.97087 2.9365 0.0043 1136.9 10051.5 &8.87& 10 ... 8 14.&1 202 .. 
800 1.10642 3.3513 0.0038 8191.9 11517.2 70.635 10.57 14.70 2159 
900 1.2"595 3.7&40 Q.0033 9255.5 12993 ... 72.572 10.70 14.82 22810 

1000 1.38347 4.17&7 0.0030 10332.9 14 .. 83.3 7 ... 139 10.8& 14.99 2 .. 01 
1200 1.&58 .. 7 5.0018 0.&)025 12543 ... 17518.8 7&.867 11.24 15.3& 2&15 
1400 1.93345 5.82&8 0.0021 1483&.2 2063& .& 79.29& 11.&8 15.60 2808 

1600 2.20843 &.&518 0.0019 17215.2 23840.5 81.4"2 12012 16.25 298& 
1800 2.4834& 7 ... 7&7 0.0017 19682.9 27133.3 83.375 12.57 1&.70 3151 
2000 2.75875 8.3016 0.0015 222109.8 3052&.1 85.173 13.10 17.24 3305 
2500 3.453&9 10.3bJ6 0.0012 29351.7 39712.7 89.248 15.7& 20.10 3&35 
3000 It .19314 12.4259 0.0010 38968.3 51547.7 93.555 23.2& 26.58 3904 
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THERHODYNAHIC PROPERTIES OF NORHAl HYDROGEN , . ., 
.. ~ - .. .l 

l.OO "PA lSOdAR 

TE"PERATUII.E ()~NS1TY "COH/D"'p "(DP/DU'V -V (OP/D"'T (O"/OTl~" THERMAL 1I1SCOSITY THERI!AL DIELECTl{lC PRANDTL 
CONDUCTIHTY DIFFUS I" ITY CONSTANT NUHdER 

DEli. K KG/CU " K..I/KIi HPA-CU "/1(..1 "PA 1/0EG. I( W/K-H KG/H-S . .iQ "/HR 
X tOl X 10 3 X 107 

• 1'+.772 78.&'+28 721.9 0.250'+3 107.13l8 0.00S8,+ 84.29 273.40 0.000&0 1.25731 2.0&96 
15 78.4822 72b.8 0.2'+911 10&.&179 0.00890 80.21 265.60 J.00061 1.25674 1.9':133 
1& 77.7515 722.'+ 0.2'+323 99./t 716 0.00959 93.11 235.8'+ 0.00062 1.2541& 1.7554 
17 7&.992& 720.1 0.23670 92.9&94 0.01023 97.93 212.07 0.00062 1.2S149 1.5952 
18 7& .16&8 718.9 0.229&7 8&.9158 0.01J82 101.52 192./t7 1).000&2 1.2480& 1.474& 
19 7i .J4J8 715.1 0.22288 80.8/t95 o .011/t6 103.89 17&.15 0.0 a 061 1.2/t5711 1.38'16 
20 74.,+&11 710.3 0.21687 75.1511 0.01213 106.09 lb2.34 0.00060 1.242&1 1.3188 
21 73.5386 704.5 0.21146 &9.7716 0.01284 108.&0 150.50 a.00059 1.23'138 1.2539 
22 72.5731 &96.3 0.20 &/t& 64./t117 0.01364 110.37 140.21 0.00058 1.23&01 1.20&& 
23 71.5&04 686.3 0.20172 59.1907 0.01452 111.51 131.1/t 0.00056 1.23248 1.1719 
2'+ 70.'+955 673.7 0.19717 53.9&63 0.0155'+ 112.09 123.0'+ 0.00055 1.22877 1.1'+92 

25 69.3718 659.9 0.19271 '+8.9308 0.01&67 112.17 115.72 0.00053 1.22487 1.1347 
2& 68.1839 6 ..... 6 0.18824 .. 4.0539 0.01794 111.75 ... 09.03 0.00051 1.22075 1.128,+ 
i7 6&.923 .. &28.3 0.18359 39.3788 0.01937 110.92 102.85 i).000'+9 1.21640 1.128& 
28 &5.58 .. 9 610." 0.17873 3/t.8590 a.02103 109.72 97.09 0.000"7 1.21178 1.13&1 
29 &1t.1571 

/ 
591.2 0.17362 30.5/t92 0.02295 108.16 91.68 0.000/t5 1.20&87 1.1"99 

3D &2.&303 570." 0.1& 832 26 ..... 35 0.02523 10&.27 8&.54 0.000/t2 1.201&3 1.1717 
31 60.990/t 5/t7.& 0.1&255 22./t936 0.02605 103.&7 81.&3 0.000/t0 1.19&03 1.20'13 
32 59.2057 523.9 0.15637 18.8 .. 88 0.031/t4 100.76 76.87 iJ.00037 1.18994 1.2564 
33 57.2569 .. 98./t 0.1'+982 15 ..... 71 iI.0357& 97.5/t 72.21 0.00034 1.18332 1.3195 
3/t 55.1099 /t72.8 0.1'+282 12.'+'+3" 0.0 .. 099 9 ... 03 67.6/t 0.00032 1.1760& 1.3942 

35 52.7287 .... 6.& 0.135!>1 9.796/t 0.0 .. 758 90.55 63.12 0.00029 1.1680" 1 ... 813 
36 50.0718 /t20.0 0.12756 7.502" 0.05608 87.76 58.66 0.00027 1.15913 1.5741 
37 "7.10 64 394.4 0.11943 5.&338 0.0&&51 84.75 54.27 0.00025 1.14925 1. &801 
38 43.8311 372.3 0.11138 4.2386 0.077&'1 ·81 ... 6 50.05 iI.00023 1.13840 1.7771 
39 40.3347 354.9 0.10399 3.2613 0.08789 77.97 46.15 0.(10022 1.12689 1.8/t&2 
itO 3&.80,.!! 3 .. 3.9 0.09794 2.6409 0.09429 74.35 102.76 D.00022 1.1153& 1.8649 

'+2 30.5512 3 .. 1.7 0.090&9 2.1711 0.08623 67.11 37.90 0.00026 1.09513 1.702& 
44 2&.0341 356.9 0.08678 2.1601 0.D7158 61.71 35.12 0.00033 1.080&7 1./t541 
46 22.8887 376.9 0.08/t/t2 2.2517 0.D5799 58.52 33.56 0.000 .. 2 1.07D69 1.2601 
48 20.5912 403.7 0.08265 2.35/t9 D.D .. 83,. 5&.76 32.72 iI.00051 1.0634/t 1.1249 
50 1-8.8289 429.5 0.06118 2:'1o/t49 0.04152 55.89 32.34 0.00060 1.05790 1.0318 
52 17.4203 456.0 0.07989 2.52 .. 8 0.03&410 55.55 32.25 11.00069 1.1153109 0.96109 
54 1&.260<) 1082.& 0.07876 2.5911 0.03258 55.58 32.37 D.00078 1.0498& 0.9157 
56 15.28;;5 509.2 0.07778 2.6476 0.02953 55.6" 32.62 D.00087 1.04&82 O. 8783 
58 14.4407 535.6 0.07715 2.6965 D.l12711 56.2& 32.95 D.00097 1.04420 0.8503 
60 13.7071 561.7 0.076108 2.7380 D.D2507 56.87 33.36 J.0010& 1.04192 0.8259 

65 12.2174 &26.5 0.07 .. 78 2.8188 0.02120 58.89 3/t.55 D.00131 1.0373D 0.7791 
70 11.0676 691.4 0.07317 2. 876/t 0.018/t8 60.92 35.87 D.OD155 1.03375 0.7524 
75 10.1/t43 757.0 0.07157 2.9187 0.Dl&/t5 &2.53 37.26 D.00178 1.03D90 0.7/t23 
ao 9.3815 823.7 0.06997 2.9505 0.01487 6/t.25 38.67 D.00201 1.0285& 0.7375 
85 8.7377 891.9 0.0&834 2.9749 0.0136D &&.83 /to.09 0.00227 1.02&56 0.7280 
90 8.1851 961.9 0.0&669 2.9939 0.01256 69.15 /tl.51 IJ. 00252 1.02488 D.7251 
95 7.7044 1033.2 0.0&509 3.0069 0.011&5 71.28 1+2.92 0.D027& 1.023,.1 0.72&4 

100 7.2815 1106.& 0.06350 3.0208 0.01092 79.19 46.29 0.00324 1.02211 0.706& 
'20 5.99,.1 1417.8 0.057/t5 3.0/t77 0.00873 96.20 54.18 D.00/t67 1.01818 D. &972 
140 5.1097 17/t3.& 0.05299 3.0591 0.00732 109.28 59.33 0.00603 1.01548 0.6931 

1&0 4.4602 2076.9 0.04970 3.0635 0.00&32 120.12 63.21 D.00736 1.0135D 0.&912 
180 3.9610 2 .. 12.8 0.04728 3.0643 0.00558 129.54 66."5 0.00875 1.01199 0.6902 
200 3.5645 27"7.5 0.04549 3.0&35 0.00499 137.95 &9.35 D.Ol01& 1.01D76 O. &8'3& 
220 3.2,.1/t 3050.0 0.0441,. 3.0&18 D.OO452 1/t5.6 .. 72.03 0.01161 1.00980 0.6892 
2 .. 0 2.9728 3407.7 0.04314 3.0598 0.00414 152.72 74.&D D.01312 1.00899 0.6808 
260 2.7458 3730.4 0.0/t240 3.0575 0.00381 159.32 77.09 D.Ol .. 68 1.0083D D.6884 
280 2.5514 40107.9 0.04184 3.0552 0.OD354 165.54 79.53 IJ.D1631 1.00771 0.&88D 
300 2.3827 ,.361.7 D.04142 3.0536 0.00330 171./t5 81.94 0.01801 1.00720 0.&87tt 
350 2.0456 5124.0 0.0,.081 3.0481 0.00283 185.28 87·.86 (1.02252 1.00618 0.&8&5 
400 1.7927 58&9.3 0.04051 3.0434 0.002/t7 198.30 93.70 0.027/t4 1.00541 0.6857 

450 1.595& 6605.1 0.04036 3.0394 0.00220 210.88 99."9 D.0327& 1.00482 0.6851 
500 1./t376 7341.4 0.04022 3.0360 D.00198 223.35 105.21 0.03848 1.00434 0.684& 
550 1.3081 807&.5 0.04012 3.0331 D .00180 235.66 110.87 il.0/t/t59 1.00395 0.&81,3 
600 1.2001 8815.6 0.0'->000 3.0307 D.00165 247.93 116.47 0.05108 1.00362 O. &8,+0 
700 1.0300 10311.6 0.03973 3.02&6 D,(lOl,.2 272./t4 127.48 a.06517 1.00311 0.6637 
aDO 0.9022 118/t5.& 0.0393" 3.0235 0.00124 297.22 138.22 01.080&9 1.00272 0.683& 
900 0.802& 13431.2 0.03884 3.0210 0.00110 322.47 1/t8.71 0.09757 1.00242 0.6837 

1000 0.7228 15077.2 0.03823 3.0190 0.00099 440.5& 158.96 0.146/t2 1.00218 0.54J7 
1200 0.6030 18 533.4 0.03689 3.0159 0.00083 511.01 178.80 0.19857 1.00162 0.537& 
1 .. 00 0.5172 22219.7 0.03549 3.0137 0.00071 583.21 197.84 0.25692 1.00156 0.53&0 

1600 0.4528 2& 100.4 0.03416 3.0120 0.00062 65&.&9 216.20 0.32132 1.0013& 0.534'1 
1800 0.4027 30171.7 :1.03292 3.0106 0.00055 732.51 233.9& 0.39207 1.00121 0.5335 
2000 O. J&25 34582.2 0.031&0 3.0092 0.00050 817.0,. 251.21 0.47072 1.00109 0.5300 
2500 o .28;J5 50262.1 0.02&30 3.0008 0.00040 1167.98 292.67 0.73,.86 1.000a? 0.4972 
3000 0.2385 84&65.3 0.01803 2.9&34 0.0003,. 2242.45 33/t.06 1. 18/t53 1.00072 0.4257 
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TEItPERATURE VOLUItE IiOThERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OEUVAlIVE OERI VATlvE ' ENERGY OF SOUND 

DEG. K CU "/KIO CU i'i~i'tPA/KIO HPA/I( KJ/KG-K KJ/KG KJ/KG-K KJ I I(~-K HIS 

• 14.927 0.012&7 1.J929 0.91t9& 219.9 2610.3 110.163 10.83 6.38 1357 
15 0.01268 ~ < 3951 0.9505 220.10 2&4.8 110.194 4.810 6.10 1 1358 
1& 0.111280 1.3237 0.9576 22&.6 271.4 110.623 5.01t &.85 1342 
17 0.01292 1.2538 0.9572 233.2 278.5 15.051 5.21 7.28 13210 
18 0.01305 !.1850 0.950& 21t0.3 28&.0 15.1079 5.37 7.71 13010 
19 0.U1319 1.1221t 0.9370 21t7.7 293.9 15.906 ~.51 8.10 12810 
20 0.1113310 1. OS 77 0.9228 255.5 302.2 16.332 5.64 8.50 12&3 
21 0.01350 0.9958 0.9075 263.6 310.9 16.75! 5.7!l 8.92 121t3 
22 0.01.366 0.9357 0.8908 272.1 320.0 17.181t 5. a6 9.35 1222 
23 0.01336 0.8759 0.872& 281.0 329.6 17.&09 S.95 9.79 1201 
24 0.0140& 0.81&1 0.8525 290.4 339.& 18.035 6.03 10 .25 1178 

25 0.01427 \ 0.7561 0.8307 300.1 350.1 18.1t&3 6.10 10.74 1151t 
2& 0.01,.51 0.6973 0.8068 310.3 361.1 18.893 6.1& 11.26 1130 
27 0.011t76 0.6399 0.7809 320.9 372.6 19.329 6.21 11.82 1104 
28 0.015010 0.~828 0.7530 332.1 381t.7 19.768 6.26 12.1t2 1076 
29 0.01535 0.5285 0.7232 3103.7 397.5 20.216 6.30 13.06 1047 
30 0.01569 0.10773 0.6917 355.9 410.9 20.669 6.33 13.73 1017 
31 0.01006 o .1t258 0.6585 368.7 10210.9 21.132 6.36 14.51 985 
32 0.016,.9 0.3763 0.6236 382.2 1039.9 21.606 6.100 15.39 951 
33 0.01697 0.32910 0.5872 39&.10 1055.8 22.095 &.103 16.37 916 
34 0.01752 0.28107 0.51094 ,411.4 1072.7 22.&00 6.4& 17.53 879 

35 0.01516 0.2442 0.5103 427.3 490.8 23.12& &.50 18.81 841 
3& a.,OB91 0.2077 0.4703 44,..2 510.4 23.61S 6.53 20.21t 802 
37 OQ01979 0.175& 0.10300 462.1 531." 21t.253 6.58 21.83 763 
38 0.02084 0.1481 0.3899 1t81.2 551t.l 21t.858 &.62 23.56 72& 
39 0.02209 0.1257 0.3508 501.2 578.5 25.1t93 &.&7 25.31 690 
40 0.0235& , 0.1099 0.3140 522.1 6010.5 26.151 y:..73 26.64 660 

'42 0.0271'7 0.092& 0.2509 561t.1t 659.5 27.491 6.81 27.89 616 
41t 0.031100 O. G917 0.2035 601t.3 711t.2 28.763 &.82 2&.41 59& 
1t6 Q.03578 0.1007 0.1699 638.6 763.8 29.866 6.80 23.69 '592 
48 0.04000 0.1135 0.11t62 668.6 808.6 30.819 6.75 21.20 597 
50 0.1141t0l 0.1278 0.1288 691t.9 81t8.9 31.643 6.70 19.27 606 
52 0.04782 0.1421 0.1156 718.6 885.9 32.369 6.66 17 .81t &17 
54 0.051105 0.1564 0.1052 740.4 920.5 33.021 6.64 16.75 628 
56 0.05,.95 0.1703 0.0967 761.1 953.1t 33.620 6.62 15.91 640 
58 0.05832 0.1839 0.0897 180.4 984.5 34.167 6.60 15.24 652 
60 O.0615ii 0.1970 0.0838 798.8 1014.4 34.674 6.58 14.71 663 

65 0.06947 0.2289 0.0725 842.4 1055.6 35.812 6.58 13.77 692 
70 0.07695 0.2588 0.0640 883.5 1152.8 36.809 6.59 13.1& 719 
75 0 .. 08415 0.2871t 0.0576 923.0 1217.6 37.703 6.610 12.71', 71t3 
80 0.09115 0.3148 0.05210 961.7 1280.7 38.518 6.70 12.50 766 
85 D.09799 0.3413 0.01t82 999.8 1342.8 39.271 6.79 12.35 788 
90 0.10472 0.3672 0.D41t7 1037.8 1404.3 39.975 6.90 It?~n 808 
95 0.1113,. 0.3921t 0.0lf16 1075.8 l1t65.5 40.636 7.02 12.22 827 

100 0.11788 o .1t172 0.0390 1114.0 152&.6 Itl.2&2 7.15 12.23 845 
120 0.1'+339 0.5120 0.0313 1271.8 1773.6 1t3.512 7.74 12.47 908 
1,.0 0.1&830 0.&032 0.0263 l1t37.5 2026.5 45.1t61 8.28 12.8:3 967 

160 0.19285 0.6921 0.0227 1611.7 228&.& 47.196 8.75 13.18 1021 
180 0.21716 0.77910 0.0200 1793.1t 2553.1t 48.767 9.13 13.1t9 1073 
200 0.2,.130 0.8657 0.0179 1981.,. 2825.9 50.203 9. It It 13.75 1123 
220 0.26533 0.9512 0.0162 2174.4 3103.1 51.523 9.69 13.96 1171 
21t0 0.2892;' 1.0361 0.011t8 2371.5 3383.9 52.7105 9.811 14.12 1217 
260 0.ll3!" 1.1206 0.0136 2571.6 36&7.6 53.881 10.02 14.24 12&2 
280 0.33&97 1.2048 0.0126 2771t .1 3953.5 54.9100 10.13 14.;::13 1306 
300 0.36079 1.2892 0.0118 2978.8 ,.2Itl.& 55.933 10.21 1,..40 1349 
350 o .1t2009 1.1t979 0.0101 31t93.7 1t96,..0 58.1&1 10.3'2 14.4& llt50 
400 0.47926 1.7058 0.0088 4011.8 5&89.2 &0.098 10.36 t4 •. 52 1546 

ItSO 0.53837 1.9132 0.0078 4531.2 &415.5 61.808 10.38 14.53 1636 
500 0.59742 2.1203 0.0070 5051.2 711t2.2 &3.338 10.1t0 14.SIo 1722 
550 0.&5641t 2.3272 0.0064 5571.6 7869.1 &1t.725 10.ltl 14.55 1803 
600 0.7154" 2.5339 0.0058 6092.9 8597.0 65.9118 10.4::1 1,..5& 1881 
700 0.83339 2.91070 0.0050 7138.6 10055.1t 68.2100 10.'+8 14.&1 2027 
800 0.95131 3.3&00 0.0044 8191.6 11521.2 70.199 10.57 1,..70 21&2 
900 1.0&920 3.7727 0.0039 9255.3 12997.5 71.936 10.70 14.83 2287 

1000 1.18707 1o.1851t 0~0035 10332.7 110487.5 73.503 10.8& llt.99 21003 
1200 1.1t2280 5.010& 0.0029 12543.3 17523.1 76.251 11.21t 15.37 2617 
lltOO 1.&5850 5.8356 0.0025 1483&.1 2061t0.9 78.&60 11.&8 15.80 2610 

1600 1.891020 &.&&06 0.0022 17215.1 23844.8 80.80& 12.12 16.25 2988 
1800 2.1299,. 7.4855 0.0019 19&82.4 27137.2 82.739 12.57 1&.70 3153 
2000 2.3&588 8.3104 0.0018 2221t7.4 30526.0 1110.536 13.08 iT .22 3308 
2500 2.9&107 10.372& 0.00110 29311t.6 39&7S.3 88.595 15. &0 19.93 3&39 
3000 3.591&0 12.1t347 0.0012 3673&.3 5130&.9 92.!l29 22.59 27.82 3910 
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.).50 "PA I$OdAR 

lE"P~RA TUitE OEN!>' TY 'I (OHIO '111' V(OP/OUI V -V(OP/OVIT (Q'I/OT~!'I THERHAL 'IISC051 TY THERHAL OIELECPHC PRANOTL 
~ONOUCTI" ITY OIFFUSI'IITY CONSTANT NUltBER 

OEG. I( I(:;/CU " I(J/KG ItPA-CU r"(J HPA 1/0£G. I( \11K-Ii KG/Ii-S 3Q I1/HR 
X 10 X 10 3 X 1Q7 

• 14.927 78.8975 738.4 0.210927 109.8930 0.008610 86.07 276.50 iI.00062 1.25a20 2.0"'1'1 
15 78.8440 7101.3 0.210690 109.9949 0.006610 86.68 273.88 D. 00062 1.25602 2.0Z42 
16 78.13;11t 7100.2 0.21t329 103.10356 0.00'126 93.710 2103.10 0.00063 1.25553 1.7771 
17 77.3<J<J7 738.& 0.23732 97.0 .. 66 0.00<J86 98.70 218.102 11.00063 1.252'12 1.6121 
18 7&.&1109 73&.0 0.23117 90.7901 0.011147 102.102 1<)8.10 D.ilOO&2 1.25016 1 ... 905 
19 , 75. 791t3 735.1 0.221039 85.0704 0.01101 1010.90 181.21 0.00062 1.210728 1.39~7 

20 74.9428 730.5 0.216 .. 2 79.2&610 0.0116 .. 107.22 167.01 0.00061 1.210429 1.32"& 
21 74.05210 7210.8 0.21303 73.7 .. 26 0.01231 109.66 15 ... 84 iI.OOO&O 1.210116 1.2571 
22 73.120& 717.8 0.20606 66.4215 0.01302 111.77 1 .. 10.21 0.00059 1.23792 1.2063 
23 72 .1477 708.8 0.20339 &3.1958 11.01381 113.04 134.99 0.00058 1.231052 1.1&87 
24 71.12&9 &97.9 0.19890 56.0 .. 101 0.01 .. 69 113.7& 126.73 0.00 05& 1.23097 1.1420 

25 70.05&2 685.1 0.19~53 52.9&93 0.01568 113.99 119.30 0.00055 1.22725 1.12"10 
26 68.928& 671.0 0.19016 48.0&22 o. a 1& 79 113.73 112.54 0.00053 1.22333 1.1110& 
21 &7.1393 &55.9 0.18568 103.31071 iI.01802 113.08 10&.33 J.00051 1.21922 1.1111 
28 60.1t831 639.0 0.18105 38.710105 0,,019 .. 10 112.07 100.56 iI.000109 1.21 .. 68 1.11105 
29 65.1537 &21.7 0.17&29 3 ..... 3 .. 3 ::.02100 110.73 95.18 iI.000 .. 7 1.21030 1.12Z3 
30 63.1101t1t 60 ... 0 0.171103 30.10265 0.02273 109.09 90 •• 0 0.OGOIo5 1.2051t5 1.13 .. 0 
31 62.21092 58 ... 0 0.1&&26 26.5052 0.02485 106.77 85.30 0.000103 1.20033 1.1593 
32 60.610&8 563.1 0.1&:177 22.8203 0.02733 1010.19 80.&9 iI.OOOIoO 1.191085 1.191& 
33 58.92&& 541.10 0.15501 19."131 0.03025 101.38 76.21t 0.00036 1.18699 1.2313 
34 57.0138 518.4 0.14900 1&.21075 0.03382 98.37 71.93 0.00035 1.18270 1.2818 

35 55.06&1 495.5 0.142&7 13.4449 o. a 3795 95.11 67.73 O.ilO033 1.17591 1.3392 
36 52.8898 1072.7 0.13&11 10.9834 0.010282 91.89 &3.65 0.00031 1.1&858 1.40Z2 
31 50.5307 450.6 0.12936 8.8738 0.04845 89.25 59.69 0.00029 1.1&0&7 1.45~9 

3a 1t7.9855 1029.5 0.122&5 7.1055 0.05487 8&.47 55.87 ~.00028 1.15217 1.522& 
39 45.2729 410.4 0.11611 5.6889 0.06167 83.58 52.26 0.00026 1.110317 1.5827 
100 42.41030, 395.9 0.11001 4.6658 0.06730 80.510 108.93 0.00026 1.13382 1.6190 

102 3&.80510 378.8 0.10013 3.4086 0.07362 74.54 43.104 iI.00026 1.1153& 1.&255 
41t 31.81037 379.1 0.09373 2.9211 0.06968 69.09 39.67 0.00030 1.09929 1.5165 
46 27.9523 392.2 0.089410 2.8134 0,.0&040 64.94 37.31 0.00035 1.08&80 1.3608 
108 25.0017 1011.6 0.08668 2.8385 0.0515Q 62.20 35.85 0.000102 1.07739 1.2218 
50 22.7238 10310.4 0.084&1 2~9033 0.04437 &0.53 34.97 G.00050 1.07017 1.1133 
52 20.9139 458.7 0.08292 2.9720 0.0386'3 59.&0 34.108 0.00058 1.06445 1.0321 
54 19.1t351 484.1 0.08149 3.0397 0.034&0 59.15 34.27 0.00065 1.05980 0.9703 
56 18.1994 509.8 0.08021 3.0991 0.03120 59.05 31+.26 0.00073 1.05593 0.9228 
58 17.110&9 535.4 0.07930 3.152& 0.02846 59.18 310.100 0.00082 1.0!'>,&3 0.8857 
60 1&.23&1 561.1 0.078103 3.1993 0.02621 59.56 34.610 0.00090 1.04979 0.8553 

65 llt.3943 62&.2 0.07&55 3.2950 0.02199 61.16 35.51t 3.00111 1.041oil5 0.8000 
70 12.9961 691.2 0.071075 3.3&100 0.01904 62.91 3&.&8 0.00132 1.03971 0.7674 
15 11.883& 757.1 0.07299 3.10150 0.01&8& &10.21 37.95 0.00152 1.03&27 0.7542 
80 10.9709 824.0 0.07125 3.4537 a.01517 65.78 39.27 0.00173 1.03345 0.7455 
as 10.2010& 892.5 0.0&950 3.4833 0.01383 68.26 40.&3 0.00195 1.03109 0.73lt8 
90 9.5497 962.8 0.0&775 3.50 &4 0.01273 70.50 41.99 D.00217 1.02907 0.7303 
95 8.9818 1034.5 0.0&&0& 3.52105 0.01182 72.57 103.36 0.00236 1.02733 0.7303 

100 8.10835 1108.1 0.0&439 3.5390 0.01103 79.88 4&.50 iI.00277 1.02580 0.7117 
120 &.9740 1421.3 0.05304 3.5710 0.00877 9&.67 54.29 0.001000 1.02117 0.70a4 
1100 5.91017 1748.3 0.053105 3.58102 0.007310 109.65 59.42 0.00518 1.01802 0.6952 

160 5.1854 2082.9 0.05008 3.5888 0.00&33 120.105 63.30 0.00634 1.01571 0.&928 
U!! 4.6050 2419.9 0.010759 3.5892 0.00558 129.810 &6.53 0.00752 1.01394 0.6914 
0:00 4.11042 2755.6 0.0457& 3.5876 0.00499 138.23 &9.103 0.00873 1.0125'+ 0.&90& 
220 3.7&89 3069.0 0.010438 3.5850 0.00'+52 1105.90 72.12 0.00998 1. 011~ 0 0.&900 
240 3.10570 3417.5 0.010335 3.5819 0.00413 15;:.97 710.69 0.01128 1.01045 O. &694 
260 3.19310 37101.0 0.010258 3.5787 0.00381 159.57 77.18 0.012&3 1.00965 0.&8:19 
2ao 2.9& 7& 4059.1 0.0 .. 201 3.57510 0.00353 1&5.79 19.&3 0.01403 1.00897 0.&8~lt 

300 2.7717 4373.8 0.01t158 3.5733 0.00329 171.71 82.03 0.01549 1.00836 0.&878 
350 2.3805 513&.9 0.010094 3.5&57 0.00282 185.56 87.97 (1.01937 1.00719 0.&8&7 
1t00 2.0865 5882.6 0.040&2 3.5592 0.00247 198.&1 93.83 0.02360 1.00&30 0.&859 

1050 1.8575 &61"9.0 0.0'+045 3.5537 0.00219 211.23 99.&3 0.02818 1.005&1 0.6852 
500 1.6739 7355.7 0.04031 3.51090 0.00198 223.73 105.37 iI.03310 1.00505 0.&8 .. 7 
550 1.5234 8091.0 0.04019 3.5lt51 0.00180 23&.08 111.05 iI.03835 1.0046~ O. &6lt3 
600 1.3977 8830.3 0.04007 3.5417 0.00165 248.38 116.&7 0.04393 1.00422 O. &8 .. 0 
700 1·.1999 10326.6 0.03979 3.53&2 0.00H2 272.97 127.71 0.05605 1.003&2 0.&837 
800 1.0512 116&0.8 0.03939 3.5319 0.0012 .. 297.62 135.49 0.06939 1.00317 0.683& 
900 0.93H 13446.6 0.03888 3.5285 0.00110 323.15 149.02 0.06390 1.00282 0.'&837 

1000 O.8lt24 15092.9 0.03827 3.5258 0.001J99 440.56 159.30 ~.12563 1.00254 0.51+19 
1200 0.7028 18549.& 0.03&93 3.5216 'I.00il83 511.01 179.20 0.17035 1.00212 0.53dS 
J.400 o • &0 3 0 2223b.3 0.03552 3.518& 0.001171 583.21 198.30 a.22038 1.001az 0.5372 

1600 0.5279 2&116.2 0.03418 3.51&3 0.000&2 656. &4 216.71 0.27559 1.001.59 0.5362 
1800 0.4695 30181.3 0.03295 3.51410 0.00055 7;J2.19 234.53 0.33620 1.0.1:llt2 0.53lt9 
2000 0.4227 3 .. 566.7 0.03165 3.5126 0.00J50 515.74 251.83 iI.ltO 3410 1.00127 0.5317 
25011 o .J377 49863.7 o .OZ6'57 3.5030 0.00040 1172.12 293.40 a.62697 1.00102 0.4936 
3000 0.27810 82563.1 0.01855 3.4&22 0.00034 2161.83 334.72 1. CO 469 1.000!!4 0.103ild 

• TWO-PHASE aOU~OARY 
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C-2a T"ER~OOYNAHIC PRCPE~rIES OF NORHAL HYDROGEN 

4.00 IIPA IS03AR 

Tt:HPERATURE oIOLUHE LSOTHI:.RH ISOeHORE INTERNAL ENTHALPY ENTROPY ev CP "ELOeITY 
OEUVATIvE DERIVATIVE ENERGY OF SOUND 

DEG. K :;U H/K[; eu H-I1PA/KG I1PA/K K..J/KG-K KJ/KG KJ/KG-K KJ I K';-K PUS 

• 15.080 0.012&3 1.4112 0.9524 220.2 270.8 14.174 4.115 &.39 13&4 
1& 0.01274 1.3&&7 0.9&08 225.9 270.8 14.564 5.0l &.78 1358 
17 0.0128& 1.2950 0.9&24 232.4 . 211l.8 14.9811 5.20 7.21 1340 
18 0.012911 1.2281 0.9572 239.3 291.3 15.412 5.3& 7.&2 1322 
19 0.01312 1.1&84 0.94&6 24&.& 299.1 15.lIl5 5.50 11.01 1304 
20 0.01326 1.1021 0.9333 254.2 307.3 16.256 5.&3 8.41 1283 
21 0.01341 1.0393 0.9185 2&2.2 315.'1 1&.&77 5.74 11.111 12&3 
22 ' 0.01358 0.9817 0.9023 270.& 324.9 17.097 5.115 9.21 1244 
23 0.01375 0.9227 0.8848 279.3 334.3 17.51& 5.94 9.&3 1223 
21t 0.0139,. 0.8&38 0.8&5& 2118.4 344.2 17.935 &.02 10.07 1202 
25 0.01414 0.8051 0.8448 297.9 354.5 18.355 &.09 1(1.52 1179 

2& 0.0143& o • 74&7 0.8221 307.8 3&5.2 18.77& & .15 11.01 11% 
27 0.014&0 0.6877 0.7975 318.1 37&.5 19.201 &.21 11.53 1130 
28 0.0148& o. &334 0.1712 328.9 388.3 19.&28 &.2& 12.0& 1105 
29 0.0151" 0.580" 0.7431 340.1 400.& 20.0&2 &.30 12.&2 1078 
30 D.Oi545 0.5290 0.7135 351.8 413.5 20.500 &.33 13.22 1051 
31 o .01!;78 0.4784 0.&827 3&3.9 427.1 20.944 &.37 13.89 1022 
32 O.OlIH& 0.4311 0.&504 37&.7 441.3 21.39& 6.40 14.&0 992 
33 0.U1&57 0.3833 O. &1&9 390.0 (15& .3 21.857 &.43 15.43 959 
31t 0.01704 0.3410 0.5822 404.0 '.72.1 22.330 &.45 1&.27 927 
35 0.01757 0.2997 0.54&& 418.& 488.9 22.816 6.48 17.25 893 

3& 0.01817 0.2&23 0.5102 434.0 50&.7 23.317 6.51 111.31 859 
37 0.0188& 0.2287 0.4736 450.1 525.& 23.834 6.54 19.45 825 
38 0.019&5 0.1993 0.4371 4&7.0 545.& 24.3&8 6.57 20.&4 791 
39 0.0205& 0.1742 0.4012 484.6 5&6.8 24.920 &.60 21.83 759 
itO 0.02161 0.1532 0.36&& 502.8 589.3 25.488 &.&3 23.01 729 

42 0.02413 0.1259 0.303& 540.6 &37.1 2&.&53 £'.70 24.&1 &80 
'It 4 0.0271"9 0.1135 0.2519 578.1 &8&.9 27.811 6.75 24.94 &ltll 
46 0.030&0 0.1131 0.2117 &12.9 735.3 28.867 &.78 23.85 &31 
Iv8 0.03412 0.1204 0.1813 644.7 781.2 29.8&4 &.7& 22.02 626 
50 0.03759 0.1314 0.158& &73.1 823.5 30.728 6.73 20.27 &29 
52 0.04095 0.1439 0.1413 &98.7 8&2.5 31.4'13 6.70 111.110 635 
54 0.04418 o .1~71 0.1277 722.2 898.9 32.180 6.68 17.&2 &44 
5& 0.04730 0.1702 0.11&8 744.2 933.4 32.809 6.&& 1&.&9 &53 
511 0.05032 0.183& 0.1078 764.7 '1&&.0 33.381 &.63 15.93 &64 
60 0.05325 0.1967 0.1003 784.2 997.2 33.910 6.62 15.31 &75 

&5 0.0&027 0.2283 0.0859 829.7 1070.6 35.067 6.&0 14.22 701 
70 0.06699 0.2590 0.0754 872.3 1140.3 36.118 6.62 13.51 727 
75 0.07341 0.2660 0.0675 913.0 1206.7 37.034 6.6& 13.06 751 
80 0.079&4 0.3159 0.0&12 952.& 1271.1 37.8&6 &.72 12.75 77 .. 
85 0.08572 0.3430 0.05&1 991.5 1331t.3 36.&33 &.81 12.55 1',15 
90 0.091&8 0.3692 0.0519 1030.1 139&.8 39.348 6.92 12.44, ',15 
95 0.09754 0.3949 0.0483 1068.6 1458.6 40.018 7.03 12.37 334 

100 0.10333 0.4200 0.01152 1107.3 1520.& 40.&51 7.1& 12.3& 852 
120 o .12581t 0.5160 0.03&1 126&.& 17&9.9 42.922 7.75 12.56 914 
140 D .14777 0.6080 0.0303 1433.2 2024.3 44.882 6.29 12.89 972 

160 0.1&935 o .6975 0.02&1 1608.1 2285.5 40.624 8.75 13.23 1027 
180 0.190&9 0.7654 0.0230 1790.3 2553.1 48.200 9.11t 13.53 1078 
200 0.21186 0.8721 0.0205 1978.7 282&.2 49.639 9.44 13.78 1128 
220 0.23295 0.9579 0.0186 2172.1 3103.9 50.9&2 9.&9 13.98 1176 
240 0.25394 1.01t31 0.01&9 2369.4 3365.1 52.166 9.88 14.14 1222 
2&0 0.2748& 1.1278 0.015& 2569.7 3&&9.2 53.321t 10.02 14.26 12&7 
280 0.29574 1.2122 0.0144 2772.4 3955.4 54.364 10.13 14.35 1310 
300 0.31&&2 1.29&9 0.0135 2977.4 4243.9 55.377 10.21 14.41 1353 
350 0.3&854 1.5058 0.0115 3492.& 49&6.7 57.&07 10.32 14.4'3 1454 
itO!' 0.42035 1.7139 0.0100 4010.9 5&92.3 59.545 10.3'& 14.52 1550 

1t50 0.47209 1.9215 0.0089 4530.5 6416.9 &1.256 10.36 14.53 1640 
500 0.52378 2.1287 0.0060 5050.& 7145.7 &2.767 10.40 14.54 1;'25 
550 0.57543 2.335& 0.0073 5571.1 7872.8 64.173 10.41 14.55 1807 
600 0.62706 2.5424 0.0067 &092.5 8&00.7 &5.437 10.43 14.5& 1684 
700 0.73029 2.955& 0.0057 7136.2 '.0059.4 &7.&89 I 10.46 14.61 2030 
800 0.63347 3.3&86 0.0050 8191.4 11525.3 69.648 10.57 14.70 21&4 
900 0.93&&3 3.7614 0.0044 9255.2 13001.7 71.385 10.70 lit. 8 3 2289 

1000 1.03977 4.1941 0.001t0 10332.& 144'11.& 72.952 10.8& 14.99 2406 
1200 1.24&04 5.0193 0.0033 12543.2 17527.4 75.701 11.2" 15.37 2&19 
1400 1.45228 5.6443 0.0029 14836.1 20&45.2 78.110 11.68 15.80 2812 

1600 t.05852 &.6693 0.0025 17215.0 23849.1 110.255 12.12 16.25 2'190 
1800 1.8&479 7.491,2 0.0022 19&8i.9 2714101 82.186 12.57 1&.7C 3155 
2000 2.07123 5.3192 0.0020 22245.5 30530.4 83.964 13.07 17 .21 3310 
2500 2.591&9 10.3613 0.0016 2'1284.7 39&51.5 88.031 15.48 19.7'1 3&43 
3000 3.14109 12.4435 0.0013 36549.3 51113.7 92.205 22.0& H.21 3915 

• TWO-PHASE BOUIIDAiH 
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TI'IERl'tO)YNAr1IC PROPE'U IES OF NO~"AL HYOPOGEN <.: -.!Iil 

4.00 "PA I~OaA;{ 

TE"PERATURE OEN~ITY VIOr1/0Vlp . V lOP/OUIV -V lOP/OVIT 
(c1\l/Of)~V Tt1EI{MAL vISCOSITY THERI1AL OIELECT"!IC PRAtICtL 

CONOUC n 111 TV OIFFUSIHTV CONSTANT NUr1bl~ 

DECO. K K .. /CU " KJ/KCo "PA-CU "/KJ "PA 11 OEG. K W/K-M KG/r1-S ~Q "/HR 
X 10 2 X 1D 3 X U7 

• 15.060 n.llo77 750.0 0.24825 111.6'1&7 a.00lS53 67.61 279.60 0.00062 1.25'lO'l 2. 03,,3 

1& 76.5151 757.J 0.2"J39 li11.J060 ~.00a95 94.35 250."8 l.00064 1.25&6& 1.1I0H 

17 11.7f1'iIJ 155.0 0.23174 100.1 .. 00 0.00':155 99.ItJ 22 ... 76 G.0006" 1'.25"30 1.6305 

18 11.0291 753.5 0.23119 91t.59% o .OU12 103.29 203.60 0.00063 1.25162 1.50 .. 1t 

19 7&.2330 753.7 0.22567 69.06'l9 0.01u63 105.68 186.3& l.00062 1.2 .. 362 1."0')7 

20 75 .ltO 72 748.8 0.2198/0 83.1052 0.01123 106.33 171.72 0.00061 1.245'l2 1.3330 

21 1ft .51t39 743.3 0.21 .... 'l 77.1t730 0.01111& 111.09 15'1.18 1.CiJ061 1.2"2'lO 1.2627 

22 73.61t12 736.1 0.20952 72.2903 0.012,.6 113.11 1,.8.31 U.U0060 1.23'l7" 1.2UdO 

23 72.7031 130.2 0.20492 &7.0801 O.Ol31'l 111t.51 136.61 0.00059 1.23646 1.1676 

24 71.7214 120.& 0.20047 61.9556 0.01397 115.35 130.37 0.00056 1.23.30,. 1.1378 

25 70.&'1&5 709.1 11.1'1&1'1 56.'115'1 0.01464 115.72 122.82 0.0005& 1.2291t7 1.1170 

2& 6'1.&206 69('.1 0.191'10 51.9673 0.01561 115.60 115.9& 0.0005" 1.22573 1.10,.1 

27 &6.4916 (,81.1 0.1675& 47.1047 0.016'13 115.10 109.&9 0.00052 1.22182 1.0'189 

28 &7.3048 &(,&.6 0.1631U 42.6332 0.0160'l 11,..2& 103.90 ~.00051 1.21771 1.0%8 

29 6&.055J 651.3 0.11657 38.3,.05 0.01936 113.10 '16.51 0.00049 1.2131t0 1.0'l~5 

3D &1t.7413 (,34.6 0.17400 31t.2491 0.02063 111.67 93.47 Q.0001t7 1.20M8 1.1061 

31 &3.3553 61&.7 0.16925 30.3107 0.02252 10'1.56 88.72 0.0001t5 1.201t12 1. 121t7 

32 61.68&7 596.7 0.16427 26.6805 0.021t38 107.24 84.19 0.0001t3 1.1'1909 1.1459 

33 60.3319 576.3 0.15910 23.1272 0.02&&7 10 It. 7 3 79.88 J. 00 041 1.19378 1.176& 

34 58.&740 559.2 0.15372 20.0072 0.02910 102.05 75.72 0.00038 1.16813 1.2073 

35 5&.9093 536.5 0.14815 17.0574 0.03201t '19.19 71.72 o.OOOJ& 1.18215 1.2475 

36 55.0254 518.0 0.11t238 11t.4332 0.03535 9&.17 67.65 0.00034 1.17577 1.2919 

37 53.0180 1t98.0 0.13&51 12.1255 0.03906 93.18 64.12 0.00 033 1.1&90! 1.338& 

3& 50.6651t 478.9 0.13066 10.1427 0.04309 90.71 60.55 0.00031 1.16:1.86 1.3775 

39 46.&348 4&1.2 0.12493 8.4737 0.0:'735 88.15 57.15 0.00030 1. 151t31t 1.4157 

40 4&.2651 1t45.1 0.11937 7.0906 0.05170 65.53 53.96 0.00029 1.11t&52 1.1t518 

42 41.41t30 1t22.6 0.10935 5.2174 0.05819 60.20 46.39 0.00026 1.13053 1.484& 

44 36.7771 413.2 0.10154 4.1750 0.06u31t 75.23 44.10 0.00030 1.11527 1.4616 
46 32.&741 416.1t 0.09553 3.1;962 0.05727 70.95 1t1.07 0.00033 1.10197 1.3804 
48 29.,5046 426.7 0.09147 3.529& 0.05137 67.(,3 39.07 ~.00038 1.09113 1.2720 
50 26.6002 44&.5 0.0885& 3.491t0 0.0451t0 65.33 37.7& 0.00044 1.0821t8 1.1715 
52 21t.4207 4&7.& 0.06&31 3~5143 0.04020 63.62 36.91 0.00050 1.07551t 1.0873 
54 22.6331 490.6 0.061t49 3.5550 0.03592 &2.91 3&.40 0.00057 1.06988 1.11196 
56 21.1407 514.5 0.08297 3.5988 0.03244 62.44 3&.13 0.00064 1.06517 0.9&59 
58 19.8723 539.1 0.08179 3.&482 0.02955 62.25 36.05 O. 00071 1.06118 0.9223 
60 18.7786 561t.0 0.D8072 3.&932 0.02715 &2.38 3&.10 0.00078 1.05771t 0.68&4 

&5 1f» .5932 627.6 0.07839 3.7686 0.022&& 63.53 36.67 0.00097 1.05090 0.6206 
7D IIt.9260 692.9 11.07&32 3.8&61 0.01950 64.95 37.59 0.00116 1.04571 0.7821 
75 13.&221 158.7 0.071t42 3.9234 0.01721 65.95 38.70 0.00133 1.04165 0.7662 
80 12.5567 825.7 0.07254 3.9&72 0.01541t 67.35 39.92 0.00151 1. 03835 0.7556 
85 11 .&&53 894.4 0.07061 It.0010 0.01403 69.73 41.20 D. 00171 1.03560 0.7416 
'10 10.9079 961t.8 0.0&682 4.0274 0.01289 71.88 1t2.51 0.00191 1.03326 D.7354 
95 10.2521 1036.7 0.0&704 4.01t61 O. a 1194 13.87 43.63 0.00210 1. 03123 0.131t2 

100 9.&782 1110.6 0.06530 4.0646 O. 01113 80.&2 4&.7ft 0.00243 1.02'l47 0.71&5 
120 7.94&9 1425.1t 0.05864 4.1004 0.00861 97.18 54.43 D.00351 1.02415 0.7034 
140 G.7673 1753.6 0.05391 It. 1147 0.00735 110.06 59.53 O. 00454 1.02051t O. &972 

1&0 5.9050 2089.3 0.0501t5 4.1190 D.00033 120.79 &3.39 0.00557 1.01791 0.6943 
180 ~.2440 2427.1t 0.04790 It .1185 0.00557 130.14 &6.&3 0.00660 1.01569 0.6926 

200 1t.7191 2 761t.0 0.04&03 4.1158 0.001t98 138.51 69.52 D.00T67 1.01429 0.6915 

l20 1t.2921 3098.3 0.01t1t61 It. 1120 0.001t51 146.17 12.21 D.00677 1.01299 0.6907 
240 3.9,579 3427.6 0.0435& 4.10n 0.00413 153.23 74.78 0.00991 1.01192 0.6901 
260 3.6382 3151.7 0.01t277 It.l033 0.00380 159.62 17.27 0.011C9 1.01100 0.6 8 ~4 

280 3.3614 It 070.4 0.01t216 4.0989 0.00353 166.05 19.72 0.01232 1.01023 O. & 8 39 
300 3.1581t 4385.9 0.01t113 4.0961 0.00329 171.97 62.13 1l.01360 1.00955 0.6882 
350 2.1134 ~149.9 0.01tl07 1t.0659 0.00261 185.64 88.09 0.01701 1.00820 0.666'l 
1t00 2.3790 5696.4 0.04073 1t.0714 0.00246 196.92 93.96 O. 02073 1.00719 0.68&0 

450 2.11 83 6633.0 0.04055 4.0702 0.00219 211.57 99.76 u.02475 1.00640 0.6853 

500 1.9092 73&9.9 0.01t039 4.06101 0.00197 221t.ll 105.54 0.02906 1.00576 0.6 ~7 

550 1.7378 6105.5 0.01t027 4.0589 0.D0179 23&.1t9 111.24 O. 033&7 1.00525 O. 68~3 

600 1.5947 8845.0 0.04014 4.0544 0.00165 246.83 11 &. 61 (l.03857 1.00481 0.6640 

700 1.3&93 10341.5 0.03985 4.0472 0.00141 273.50 127.95 O. 04920 1.001t13 0.&837 
800 1.1996 11676.0 0.OJ944 4.0417 0.00124 298.1t2 138.76 0.06091 1.00362 0.663& 

900 1. 0& 77 13462.1 0.03893 4.0372 0.00110 323.83 149.32 0.07365 1.00322 O. &83& 

1000 0.9& 17 15108.& 0.03831 4.033& 0.000'l9 440.56 159.63 0.11004 1.00290 0.5'030 
1200 0.8025 18565.8 0.03696 1t.0282 0.00083 511.01 179.59 l.149111 1. 00242 0.5400 

IItOO 0.&886 22252.9 0.03554 4.0242 0.00071 563.20 198.76 0.19297 1.00208 0.5H5 

1600 0.0029 2&132.4 0.03421 4.0212 0.000&2 (,56.59 217.23 0.2412'l 1.00182 0.5375 
1600 0.53:'3 301'32.4 0.03298 4.0188 0.00u55 731.94 235.10 0.29431 1.001&2 0.53&3 

2000 0."828 34557.6 0.03170 4.01(,5 0.00050 814.&9 252.1t5 0.35302 1.001106 0.5332 
2500 0.3656 1t354('.3 0.02679 4.0056 O.OOOltO 1159.33 291t.12 0.546% 1.00110 0.5021 
3000 0.3184 80653.3 0.01899 3.9615 0.00031t 2096.71 335."2 u.87127 1.000'l6 0.4353 

• TWO-PHASE SQUNQARY 
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C-Za THERMODYNAMIC PROPE~TIES OF NORMAL "YO~OG~N 

5.00 I'IPA 1:';08A;( 

TE"p~RATURa ~OLIJME ISOTt1!:.RH ISOCHDRE INT~RNAL ENTHALPY ENTROPY CV CP VELOCITy 
OE~IVA TI II~ OERIliATIliE ENERliY DF SOUND 

OEG. K CU I'I/KG CU H-HPAI,," HPA/K KJ/KG-K KJ/t<G KJ/KG-ro: KJ I I(G-;( HIS 

• 15.382 (\.0125& 1.471t6 0.9589 220.9 283.7 14.196 1t.88 6.40 1390 
1& 0.012&2 1./t1t19 0.9£>56 221t.& 287.8 l/t.1t51o 5.01 6.6& 1381t 
17 0.U1273 1.3771 0.9705 231.0 29 ... & llt.870 5.19 7.07 1370 
18 0.01285 1..310a 0.9690 237.& 301.9 15.2a& 5.35 7.108 13510 
19 0.0129a 1.21orO 0.9&23 21010.7 309.& 15.700 5.109 7.87 1337 
20 0.111311 1.1937 0.9511t 252.1 117.6 1&.113 5.&2 a.22 1322 
21 0.01325 1.1291 0.9383 259.8 32&.0 16.525 5.73 8.61 1302 
22 0.013 .. 0 1.0703 0.9233 2&7.8 331t.8 1&.935 5.81t 8.98 1281t 
23 0.0135& 1.011& 0.9071 27&.2 3 ..... 0 17.3103 5.9.5 9.37 126 .. 
24 0.01373 0.95"2 0.8895 28 ... 9 353.6 17.750 &.01 9.7& 12 .. 5 
Z5 0.01391 0.897& 0.8703 29 ... 0 3&3.5 18.157 &.08 10.17 1225 

2& 0.01411 11.8 .. 09 0.8"97 303." 373.9 18.5&2 &.15 10.59 120 .. 
27 O.Ol"32 0.7852 0.8271t 313.1 38 ... 7 18.970 &.21 11.03 1181 
28 0.011t51t 0.7307 0.8035 323.3 39&.0 19.379 &.2& 11 ... 9 1158 
29 0.011t78 O. &782 0.7782 333.8 1t07.7 19.791 &.31 11.97 1131t 
30 0.01501t O. b2&2 0.751& 31t1t.7 419.9 20.205 &.3 .. 12.1t 7 1109 
31 0.01533 0.577b 0.7238 35b.0 1t32.& 20.&21 &.38 12.98 1081t 
32 0.015&3 0.5319 o. &951 3&7.7 1t1t5.9 21.01t2 6."1 13.51 1059 
33 0.01597 0 ... 873 0.&657 379.9 "59.7 Zi.It&7 & ... It 1 ... 09 1033 
34 0.01:';J3 o .1t .. 31t 0.&355 392.1t 1t7 ... 1 21.89& &.It& 1/*.72 1005 
35 0.01673 o ... 031t 0.&045 .. 05 ... "89.1 22.332 & ... 8 15.36 977 

3& 0.01717 0.3& .. 5 0.5731 1t19.0 50 ... 8 22.775 &.51 1&.07 949 
37 0.017&& 0.3303 0.5413 432.9 521.2 23.225 6.53 1&.76 921 
38 0.01820 0.2981 0.5095 447.4 538.4 23.662 &.55 17.50 893 
39 0.01679 0.2690 0.4779 462.3 55&.2 24.1 .. 6 6.5& 18.25 8&5 
40 o • 01') It 5 0.2 .... 3 0 ..... 70 "77.6 57 ... 9 2 ... 617 6.57 18.95 839 

42 0.02098 0.20"1 0.3883 509.2 611.t.2 25.575 -6.60 20.27 791 
.. 4 0.02281 0.1711 0.3356 541.7 &55.7 2&.542 6.64 21.20 752 
46 0.02491 a .1&i5 D.2903 573.5 &96.1 27.483 &.70 21.60 721 
.. 8 0.0272" 0.1555 0.2525 &04.Q 741.1 28.398 6.73 21.3 .. 102 
50 0.02'310 0.15&5 0.2217 &34.& 783.1 29.25& &.74 20.&0 &91 
52 0.03222 0.1620 0.1967 662.2 823.3 30.045 &.74 19.63 681 
Sit 0.03 .. 73 0.170& 0.17&& -&67.9 861.& 30.7&7 6.72 18.64 &88 
5& 0.03121 0.1808 0.1604 712.1 898.2 31.433 6.71 17.7" 691 
58 0.039&4 0.1920 0.1470 73 ... 6 932.8 32.042 6.68 2&.94 &97 
&0 0.04202 0.2035 0.1356 15509 9&6.0 32.&04 &.6& 1.&.21 705 

&5 0.0 .. 77& 0.2333 0.1147 805.1 1043.9 33.851 &.&4 15.00 726 
70 0.05325 0.2&31 0.0997 850.5 111&.7 34.930 &.&5 14.16 748 
75 0.05853 0.2916 0.086& 893.3 118&.0 35.867 &.69 13.&0 710 
80 0.0&3&5 0.3204 0.0799 934.7 1252.9 36.751 6.7& 13.21 791 
85 0.068&7 0.3483 0.0726 975.2 1318.5 37.547 6.84 12.94 812 
90 0.07355 0.3752 0.0670 1015.0 1382.7 38.261 &.94 12.77 831 
95 0.07834 0.4014 0.0621 1054.& 1446.3 38.9&8 7.05 12.66 84'3 

100 0.08306 0.1,271 0.8580 1094.2 1509." 39.61& 7.18 12.61 86& 
120 11.10133 0.521,9 0.0459 1256.4 1763 ;,t 41.926 1.76 12.73 927 
.1,.0 0.11907 0.6164 0.0363 1424.9 2020.2 43.906 8.31 13.01 984 

1&0 0.13&48 0.7090 0.0329 1601.1 2283.5 45.&64 1;.77 13.32 1038 
180 0.153&7 0.7977 0.0289 1784.3 2552.6 47.249 9.15 13.00 1089 
200 0.1707.t 0.6851 0.0256 1973.4 2627.0 48.694 9.4& 13.83 1138 
220 0.18761, o .971& 0.0233 2167.4 3105.6 50.022 9.70 11,.03 1165 
240 0.20449 1.0573 0.0213 2365.3 3387.7 51.250 9.89 14.18 1231 
260 0.22126 1.1424 0.0196 2566.1 3672.5 52.390 10.03 14.29 127& 
280 0.23002 1.2271 0.0161 27&9.1 3959.2 53."52 10d.1, 14.38 1319 
300 G.2S"76 1.3124 0.11169 297 ... 6 "246.5 54.448 10.22 14.43 1362 
350 0.29639 1.5219 O. 0144 3490.4 "972.3 5&.681 10.32 14.:;1 14&2 
,.00 Q.33788 1.7303 0.0126 .. 009.2 5696.& 58.620 10.37 14.53 1557 

1t5o 0 • .57930 1.9381 0.0112 4529.1 &425.& &0.332 10.36 14.54 1647 
500 0 ... 20&7 2.1 .. 55 0.0100 5049.4 7152.6 61.6&4 10.40 14.55 1732 
550 0.1,&201 2;, 3525 0.0091 5570.1 7680.2 &3.251 10.41 1 ... 55 1813 
600 D.50333 2.5594 0.0063 &091.7 8606.3 &4.515 10.43 14.57 1891 
700 0.58593 2.9728 0.0072 7137.6 10067.3 66.767 10.46 14.62 2036 
800 0.6&849 3.3656 0.0063 8190.9 11533.4 68.727 10.57 14.70 2170 
900 0.75103 3.7987 0.005& 925 ... 8 13009.9 70.464 10.70 14.63 2291, 

1000 0.83355 4.2111, 0.0050 10332.3 11,500.0 72.032 10.8& 14.99 2411 
1200 0.99657 5.0367 0.0042 12543.0 17535.9 74.780 11.2 .. 15.37 2624 
1/000 1.16357 5.8616 0.0036 14835.9 20653.6 17.189 11.68 15.80 2816 

1600 1.32856 &.66&7 0.0031 17211t.8 23657.6 79.335 12.12 16.25 2994 
1800 1.49356 7.5117 0.0028 19&81.2 271"9.1 61.2&7 12.5& 16.69 3159 
2000 1.&5871 5.3366 0.0025 2221,2.5 30536.1 83.0&2 13. os 17.19 3314 
2500 2.07 .. &7 10. S'l66 0.0020 29239.1 39612 ... 87.089 15.29 19.56 3649 
3000 2.51137 12.1,&09 0.0017 382&3.4 50820.3 91.173 21.2 .. 26.28 392 .. 

• TWO-PHASE 80UNOA~Y 
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THERHOJYNAHIC PROPE~TIES OF NO~AL HYOROGEN C-2 .. 

5.00 HPA ISOBAR 

lEMPERATURE ilENSl.fY V(OH/UVlp V (DP/OU\t -V (OP/O"lr (DV/DT\!" THERHAL VISCOSITY THERHAL. DIELECTRIC P~ANOTL 

CONDUC T III ITY DIFFUSIVITY CONSTANT NUI1BER 
DEG. K K~/CU H ·KJ/KG HPA-CU H/ICJ HPi l/DEG. I( .. /K-11 KGlH-S ':iQ H/HR 

X 10l X lO i X 10 7 

• 15.382 79.6358 783.3 0.2 .. 65 .. 111 .... 329 0.00817 91.17 285.79 0.0006" 1.26081 ·2.0050 
1& 79.226 .. 781.3 0.2 .. 3 .. 3 11 ... 2398 0.1)06"5 95.52 265'''2 0.000&5 1.25937 1.8"93 
17 78.5"08 788.2 0.2.3818 108.1565 0.00d97 100.8& ~37.88 0.000&5 1.25695 1.6660 
18 77.8155 787.1 0.23283 lil1.9981 0.00~50 1010.95 215.35 0.00065 1.25 .. 39 1.53 .. 5 
19 77.0&22 78b.l 0.227"0 9&.1733 0.01001 107.77 196.75 0.0006" 1.25174 1 ... 359 
20 7&.2761 787.1 0.22203 91.0 .. 77 0.0111 .. 5 110,"2 181.10 0.00063 1.24897 1.3 .. 90 
21 75 ... 64& 781.7 0.21&90 85.209& 0.01101 113."2 167.8" a~00063 1.2"&12 1.2738 
22 71t.&1 .. & 771.0 0.2120" 19.8570 0.01156 115.66 156.35 0.00062 1.2 .. 31 .. 1.2145 
Z3 73.736" 770.4 0.20750 71t.588 .. 0.01216 117.28 1 .. 6.37 0.00061 1.2 .. 007 1.169" 
2 .. 72.8222 762.8 0.20319 69 ... 8&8 0.01280 118.35 137.55 ~.00060 1.23&88 1.13"8 
25 71.8715 753.7 0.1990" & ... 5099 0.013"9 118.95 129.&9 0.00059 1.2335& 1.1067 

26 70.8805 7 .. 3.0 0.19"95 59.6058 0.011t25 119.08 122.61 1].00057 1.23011 1.090& 
27 69.8lt9& 731.3 0.19081 5 ... 81t7 .. 0.01509 118.8" 116.19 1].00056 1.22&53 1.078& 
za &8.7720 718.7 0.18&61 50.2511 0.0159<) 118.27 110.29 0. 0005 .. 1.22279 1.0717 
29 &7.6lt76 705." 0.18239 "5.879& l].ill&96 117."1 10 ... 8 .. J.00052 1.21890 1.0&84 
3D 60.4 .. 52 690.& 0.17822 Itl.6295 0.01605 116.30 99.78 0.00051 1.21lt65 1.0697 
31 65.2503 676.0 0.17392 37.6892 0.01920 11 ... 51 95.05 O. 00 0 .. 9 1.21063 1.0775 
32 &3.9&97 6&1.5 0.1&95 .. 3".0273 O. 020 .. 3 112.55 90.59 0.000 .. 7 1.20&23 1.0876 
33 62.6318 & .. 5.8 0.1651" 30.5213 O. 02181 110,,,3 86.38 0.000"5 1.2016 .. 1.1016 
3 .. &1.23 .. 9 628.9 0.160&3 27.1527 0.023 .. 1 108.22 82.39 0.000 .. 3 1.19&8& 1.1207 
35 59.7&90 &12.6 0.15598 2 ... 1108 0.02507 105.87 78.58 0.000"2 1.1916& 1.1"00 

36 58.2355 595.3 0.1512" 21.2278 0.02700 103 ... 1 7 ... 91t 0.0001t0 1.18&& .. 1.16"7 
31' 5&.6288 579.2 0.1 .. &100 18.702 .. 0.02694 100.85 71 ... & 0.00038 1.16120 1.1877 
38 Sit .95 .... 5&2.8 0.1"161 1&.3795 0.03110 98.22 &8.1" J.00037 1.17554 1.2143 
39 53.2122 5 .. &.8 0.13&91 1 ... 3153 0.03339 95.&1 & ... 97 0.00035 1.169& 7 1.2/00& 
ItO 51.4071 532.5 0.13227 12.559 .. 0.03559 93 ..... 61.98 0.00035 1.163&0 1.2570 

42 "7.&583 507.& 0.12338 9.7251 0.03993 89. 04 5&.55 0.00033 1.15109 1.2872 .... 1t3 .842 0 · .. 90.4 0.11527 7.7&29 0.0 .. 323 8".71t 51.94 0.00033 1.13844 1.2995 
106 ItO .1370 "82.1t 0.10789 &.4812 0.04479 80.80 48.24 0.00034 1.12&25 1.2898 
1t8 3&.7078 482.5 0.10215 5.7089 0.041t24 77.32 "5.39 0.00036 1.11Sil4 1.2530 
50 33.&6 .. 7 489.5 0.09763 5.2&80 0.04208 7 ... 45 "3.31 0.00039 1.10517 1.1983 
52 31.03&8 501.8 0.0940& ;.0278 0.03912 72.20 .. 1.84 0.00043 1.09&&9 1.1375 
5 .. 28.793" 518.3 0.09122 4.9125 0.0359& 70.55 40.81 0.00047 1.089"9 1.0781 
56 20.87&3 537.3 0.0889& 1t.8583 0.03301 69.39 .. 0.11 0.00 !I52 1.0833& 1.0252 
58 25.2271 558.1 0.08717 It. 8 .. 32 0.03034 68.&1 39.&4 0.00058 1.07811 0.978& 
60 23.7978 580.1 0.085&5 ... 8 .. 35 0.02804 68.24 39.37 0.000&3 1.07357 0.9385 

&5 20.93&7 638.9 0.08246 4.8841 0.023 .. 8 &8 ... 1t 39.2" 0.00078 1.0&453 0.8603 
70 18.7801 701 ... 0.07981 ".9"02 0.021119 69.20 39.&7 0.00094 1.05775 0.8118 
75 17.085& 7&5.6 0.077"3 1t.98&0 0.0177& 69.5& 40.103 0.00108 1.05244 0.7904 
80 1:;.7118 832.& 0.07524 5.0342 0.01587 70.&1 41.3iJ 0.00122 1.0 .. 815 0.7743 
85 14.51)1& 901.5 0.07309 5.0718 0.01435 72.71t 1t2."7 0.00139 1.04 .. 57 O. ~"555 
90 13.59&1 972.0 0.07098 5.1010 0.01313 7".&9 1t3.63 0.00155 1.04157 0.745& 
95 12.7&50 1044.0 0.0&'102 5.1242 0.01213 7&.52 4".83 0.00170 1.03900 0.7419 

100 12.0401 1118.1 0.0&712 5.1 .. 2& 0.01128 82.25 "7.31 J.00195 1.03675 0.7255 
120 9.8&88 1435.7 0.05983 5.1798 0.00887 98.33 5 ... 78 0.00282 1.03005 0.7091 
litO 5.398" 1765.6 0.05"83 5.1932 0.00737 110.97 !i9.BO 0.003&6 1.02554 0.7012 

1&" 7.3272 2103.3 0.05119 5.1949 0.00&33 121.55 &3.&3 (1.00 .. "8 1.02225 0.&972 
180 &.5075 2 .... 3.2 0.0"852 5.1912 0.00557 130.81 66.84 0.00532 1.01975 O. &949 
200 5.8579 2761.& 0.01t65& 5.1850 0.00497 139.10 69.72 0.00&18 1.0177& 11.&933 
220 5.3293 3117.4 11.04507 5.1778 0.00"50 1"&.72 72."0 i).00707 1.01&15 0.&922 
21t0 4.8902 3 .. 48.1 1].0 .. 397 5.1703 C.00411 153.76 74.97 0.00798 1.01 .. 81 O. &913 
2&0 1t.5191 3773.5 0.04314 5.1628 0.00379 160.35 77,"7 D.00894 1.013&8 0.6905 
280 4.2013 1+ 093.3 0.04251 5.155& 0.00351 16&.57 79.92 0.00993 1.01272 0.&898 
300 3.92"9 4 .. 10.& 0.04203 5.1512 0.00327 172.50 82.34 0.0109& 1.01188 0.&889 
350 3.3740 517&.2 0.0"132 5.1348 0.00280 186."1 8"8.32 0.01371 1.01020 0.&874 
400 2.959& 5923.7 0.04095 5.1212 0.00245 199.55 94.22 0.01&70 1.00895 0.&8&3 

.. 50 2.&3&5 &&&1.1 0.0 .. 074 5.1097 0.00218 212.26 100.07 J.01994 1.00797 0.&854 
500 2.3772 7396.& 0.0405& 5.1001 0.00197 22".87 105.8& 0.023"1 1.00718 0.&846 
550 2.1&44 8134.& 0.0 .. 0 .. 2 5.0919 0.00179 237.32 111.&0 0.02712 1.00&5 .. 0.&844 
600 1.9868 8871t.4 0.04028 5.08 .. 9 0.001& .. 2"9.71t 117.27 0.03106 1.00600 0.&840 
700 1.70& 7 10371.5 0.03996 5.073& 0.001 .. 1 27 ... 5& 128 ... 2 !I.03%2 1.00515 0.&837 
800 1."959 1190&.4 0.03955 5.0&49 0.00123 299.&3 139.30 J.0 .. 9O .. 1.00451 0.&835 
900 1.3315 131t92.9 0.03902 5.0580 O.OOHO 325.18 149.93 0.05930 1.00402 0.68.5& 

1000 1.1997 1:;140.0 0.03839 5.052" 0.00099 4 .. 0.56 160.30 a.08621 1.003&2 0.5454 
1200 1.0014 18598.1 0.03702 5.0439 0.00083 511.01 180.39 0.11955 1.o03il2 0.5/025 
1 .. 00 0.859" 2228&.1 0.035&0 " 5.0377 0.00071 583.28 199.&8 0.154&1 1.00259 0.5"10 

1600 0.7527 25165.0 0.03 .. 25 5.0331 0.000&2 &5&.53 218.2& 0.19328 1.00227 0.51001 
1800 0.&&95 30217 .& 0.03303 5.0293 0.00(155 731.5" 236.25 J.235&6 1.00202 0.5390 
2000 0.&029 34552.6 0.03178 5.0259 0.00050 813.09 253.70 0.28249 1.00182 0.53"J 
2500 0.4820 490&9.9 0.0271" 5.0123 0.000 .. 0 1139.77 295.&0 0."3478 1.00145 0.5078 
300e 0.3982 782 .. 3.2 0.01970 4.9618 0.00031t 199&. CJ1 336.92 1l.68695 1.00120 o.""Jr. 
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C-Za TI1ERHOJYNAHIC PROPE~TIES OF NORHAl HYOROGE~ 

&.00 HPA lSOBU 

TEHPERATUH.E ~OlUHE ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP ~EL.OCITY 

DERIvATioiE OERIVATiltE ENERGY OF SOUND 
OEG. It CU H/KG CU H-HPA/KG HPA/K KJ/KG-K KJ/KG KJ/I(G-K I(J I I(';-K HIS 

• ·15.&78 O.Olhll 1.5352 0.9&&5 221.7 29&.& ',10.21& 10 .92 &.100 110110 
1& 0.01252 1.51810 0.9702 223.& 298.7 110.350 10.98 &.510 1It11 
17 0.012&2 1.10521 0.9773 229.7 305.10 110.759 5.17 &.95 1397 
11 0.1:.·.273 1.3891 0.9781t 23&.2 312.& 15.1&7 5.33 7.310 . 1383 
19 0.01285 1.3275 0.9710& 2103.0 320.1 15.575 5.108 7.72 13&11 
20 0.01297 1.2&78 0.9&&5 250.2 328.0 15.980 5.&1 8.09 1352 
21 0.01310 1.2171 0.9551 257.6 33&.3 1&.385 5.72 8.103 1339 
22 0.U13210 1.1548 0.9421 2&5.4 3410.9 1&.78& 5.83 8.79 1320 
z.s 0.01339 1. 0975 0.9270 273.5 353.9 17.185 5.92 9.15 1302 
24 0.01355 1.04010 0.9107 281.9 3&3.2 17.582 6. 00 9.52 12810 
25 0.01371 0.98107 0.6930 290.6 372.9 17.978 &. 08 9.89 12&5 

26 0.013119 0.9301 0.87100 299.6 381.0 111.371 &.15 10.2& 121t6 
27 0.011007 0.8757 0.853& 309.0 393.10 18.7&& &.21 10 .&& 122& 
28 0.011027 0.8223 0.8318 318.6 10010.3 19.1&0 6.2& 11.06 1205 
29 0.0110109 0.7702 0.8086 328.6 415.5 19.556 &.31 11.48 1183 
30 0.011071 0.7202 0.78102 338.9 1027.2 19.952 6.35 11.90 1161 
31 0.01109& 0.6722 0.7588 349.6 IoH.3 20.349 &.39 12.33 1139 
32 0.01522 0.6260 0.7325 360.6 451.9 20.748 6.102 12.78 1116 
33 0.0155D 0.5802 0.7055 311.9 464.9 21.148 6.45 13.25 1092 
31t 0.01580 0.5386 0.6782 383.6 478.4 21.551 &.48 13.73 10&8 
35 0.01613 0.10990 0.6504 395.6 1092.4 21.956 &.50 14.22 101t5 

3& 0.01&48 0.10609 0.6222 401.9 50&.8 22.3&4 6.52 14.710 1021 
37 0.01687 0.4244 0.5936 420.7 521.8 22.775 6.54 15.28 996 
38 0.01128 11.3915 0.5651 1033.7 537.4 23.190 6.55 15.81 972 
39 0.01773 0.36010 0.5364 441.1 553.5 23.608 6.56 16.35 948 
40 0.01822 0.3333 0.5082 460.8 570.1 24.028 &.57 16.86 925 

42 0.111931 0.2862 0.1053& 488.9 604.8 24.875 &.59 17.85 881 
41t 0.02058 0.2504 0.'.021 511.9 641.4 25.125 &.&1 18.69 841 
4& 0.022010 0.2252 0.3568 546.7 618.9 26.558 6.&7 19.30 801 
48 0.02366 0.2085 0.31&5 515.9 717.8 27.387 6.70 19.61 781 
50 0.02542 0.2003 0.2818 604.5 757.0 28.187 6.73 19.54 7&3 
52 0.02728 0.1977 0.2523 &32.1 195.8 28.9108 6.14 19.20 750 
510 0.02921 0.1995 0.2273 &58.5 833.7 29.6&3 6.71t 18.&7 71t3 
5& 0.0311& 0.2049 0.20&3 683.7 810.7 30.336 6.710 18.03 7101 
58 0.03311 O •• ,122 0.1887 107.4 90&.0 30.951 6.72 17.38 741 
60 0.03505 0.2211 0.1738 729.9 940.2 31.536 6.70 16.78 744 

65 0.03981 0.2460 0.145£) 782.0 1020.8 32.826 6.68 15.55 757 
70 0.041042 0.2737 0.1256 829.7 109&.2 33.9104 6.69 14.65 774 
75 0.048117 0.3015 0.1109 1174.5 1167.8 34.932 6.72 110.03 793 
110 0.05321 0.3291 0.0994 911.5 123&.8 35.1122 6.18 13.59 812 
85 0.05743 0.35&5 0.0903 959.3 1303.8 36.637 6.86 13.211 831 
90 0.0&15& 0.3834 0.0829 1000.3 13&9.7 37.390 6.9& 13.08 1148 
95 0.065&2 0.10098 0.0766 1040.9 1434.7 38.092 7.01 12.94 8&6 

100 0.069&5 0.4362 0.0713 1081.4 1499.3 38.755 1.20 12.115 882 
120 0.0850& 0.5350 0.0560 1246.6 1757.G 41.103 7.80 12.89 940 
140 0.09999 O. &296 Q.0464 141&.8 201&.1 43.105 8.33 13.12 996 

160 0.114&0 0.1212 0.0398 15~4.2 2281.9 44.873 8.79 13.40 1049 
180 0.12901 0.8101 0.0349 17i'8.4 2552.5 46.4&7 9.16 13.6& 1099 
200 0.14328 0.8987 0.0311 1968.3 2828.0 47.919 9.47 13.89 1148 
220 0.15145 0.9856 0.0281 2162.9 3107.& 49.251 9.11 14·.01 1195 
Z40 0.17154 1.0718 0.0256 23£>1.3 3390.5 50.482 9.90 14.21 1241 
260 0.18551 1.1513 0.0235 2562.5 3&75.9 51.625 10.04 14.32 12115 
280 0.19955 1.2423 0.0218 2765.9 39&3.2 52.689 10.15 14.40 1328 
300 1).21357 1.3282 0.0203 2911.8 4253.2 53.6811 10.22 14.45 1370 
350 0.210829 1.5381 0.0113 3488.3 4978.0 55.923 10.33 14.52 1411 
1t0O 0.28290 1.7469 0.0151 4007.5 5704.9 57.8&4 10.31 14.54 1565 

1t50 0.31744 1.9548 0.0134 4527.7 6432.4 59.577 10.39 14.55 1655 
500 0.3519'+ 2.1623 0.0120 50'+8.3 1159.9 61.110 10.40 14.55 1739 
550 0.38&40 2.3695 0.0109 5569.2 1887.& 62.491 10.41 14.56 1820 
600 0.4Z085 2.5765 0.0100 6090.9 8615.9 63.162 10.43 14.51 1897 
700 0.489&9 2.9900 0.0086 1137.1 10075.2 &6.015 10.48 14.62 2042 
1100 0.55850 3.4031 0.0075 8190.5 11541.5 &7.974 10.57 14.70 Z175 
900 0.62729 3.8160 0.0067 9254.5 13018.2 69.111 10.70 14.83 2300 

1000 0.69&0& 10.2287 0.0060 10332.0 14508.4 71.279 10.8& 14.99 2416 
1200 0.83359 5.0540 0.00.50 125102.9 175104.4 74.028 11.24 15.31 2628 
hOO 0.97109 5.8791 0.0043 14835.11 20&&Z.1o 76.437 11.68 15.80 ZII21 

1600 1.10859 6.7041 0.0038 17214.1 2386&.2 78.583 12.12 16.25 2998 
1800 1.2'+:'10 7.5Z90 0.0033 19&80.8 27157.10 80.515 12.5& 1&.69 3163 
2000 1.38370 8.3539 0.0030 222100.3 305102.5 112.309 13.0'+ 17.17 3317 
2500 1.73009 10.4161 0.0024 29205.4 39585.9 86.322 15.15 19.42 3&510 
3000 2.09221 12.4783 0.0020 38052.4 50&0&.0 90.339 ZO.64 25.59 3932 
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'THERHOOYNAHIC PROPER.TIES OF NORHAL HYDROGEN C-2a 

&.00 I1PA lSCUU 

TE"PERATURE OE~SIfY 'I (JH/DVlp oJ (OP/.OUly -'I (OP/DlII
T 

(;:aV/OUt" . TttERHAL VISCOSITY THERMAL DIELECT~ I C PRANOTL 
CONOUCTI "ITY OIFFUSIlIITY CONSTANT NUHBER 

DE~. K· 1<:i/CU H KJ/KG HPA-CU H/I<J HPA 1/DEG. I( W/K-H KG/H-S SQ I1/HR 
X 10l X 103 X 107 

• 15.678 80.1I111t &15.0 o .21t531 122.9816 0.00786 91t.38 291.98 0.00066 1.2621t6 1.9813 
16 7'J .902& 817.1t 0.21t368 121.3251t 0.00600 96.62 280.92 0.00067 1.2&17& 1.9001t 
17 79.21t611 818 •. 3 0.2.J857 115.071t1t 0.0081t9 102.22 251.31 il.D0067 1.259 .... 1.1081 
18 711.5592 819.2 0.2331t7 109.1289 0.00897 106.51t 227.21t 0.000&& 1.25701 1.5&&& 
19 77.8398 819.0 0.2284& 103.331t6 0.0091t3 109.56 201.31t 0.0006& 1.25 .... 7 1.4619 
20 17 .0922 8111.0 0.22351 97.1382 0.00989 112.41 190.68 0.00065 1.25184 1.31Z1 

21 7&.3141t 819.4 0.21868 92.8849 0.OU26 115.60 176.53 0.00065 1.24911 1.28&1 
22 75.5110 813.9 0.21lt07 87.2041 0.01080 118 .. 06 164.45 0.00064 1.24&31. 1.22lt1 
23 11t.6827 809.0 0.20~61t 81.9628 0.01131 119.87 153.88 0.00063 1.21t338 1.1746 
21t 73.8252 802.5 0.20543 7&.8050 0.0118& 121.15 141t.&5 J. 00 062 1.24038 1.1361 
25 72.931t6 795.0 0.20141 71.8~15 0.01243 121.95 136.1t5 0.00061 1.23721 1.1061 

26 12.0101 186.6 0.1971t& 66. 91ltl 0.01305 122.28 129.09 0.00060 1.231t04 1. Oft36 
27 11.0541 11&.9 0.19351 62.2237 0.01372 122.2& 122.1t5 0.00058 1.23012 1.0&15 
28 10.0&01 1&&.3 0.18952 51.6121 0.011t44 121.91 116.1t0 0.00051 1.2212& 1.05&1t 
29 69.0310 154.8 0.18553 53.1&12 0.01521 121.28 110.84 0.00055 1.22369 1.0492 
30 61.9619 11t2.1 0.18162 48.9lt41 0.01602 120.ltl 105.10 0.00051t 1.21999 1.0lt1t1 
31 6 ... 8519 130.3 0.11160 41t.9390 0.01688 118.86 100.92 0.00052 1.21615 1.0410 
32 &5.1011t 117.1t 0.11355 Itl.1262 0.01181 111.16 96.1t6 0.00050 1.21218 1.0520 
33 61t .50 91 703.2 0.1691t9 31.4312 0.01885 115.32 92.21 0.0001t9 1.20808 1.0601t 
31t 63.2132 689.9 0.1651t9 31t.0776 0.01990 113.39 88.31 11.0001t1 1.20384 1.0691t 
35 61.9922 616.1t 0.1611t3 30.9365 0.02103 111.36 84.51 0.0001t5 1.1991t5 1.0800 

36 60.&61t3 662.3 0.15128 21.9606 0.02225 109.25 . 81.02 0.0001t1t 1.191t91 1.0930 
37 59.2908 61t1.1 0.15309 25.1656 iI.02359 107.05 17.65 il. 00043 1.19023 1.1082 
38 '>7.8698 633.8 0.11t897 22.651t6 0.0249 .. 101t.80 11t.1t3 O.OOOltl 1.185 .. 0 1.1229 
39 5b.401t1 619.6 0.14490 20.3267 0.02639 102.50 71.38 0.0001t0 1.1801t,. 1.1388 
40 51t.8979 606.9 0.14089 18.2961t 0.02778 100.18 68.1t9 0.00039 1.17531t 1.1523 

4Z 51.7818 583.1 0~13298 llt.8206 0.03061 95.95 63.18 0.00037 1.16lt86 1.1152 
44 1t8.5797 561t.1t 0.1251t2 12.1657 0.03310 92.15 58.53 0.00031 1.15 .. 15 1.1869 
46 1t5.3152 552.6 0.11193 10.2169 0.031t92 88.53 51t.51 0.00036 1.11t351 1.1896 
1t8 1t2.2681 546.1 0.11168 8.8143 0.03591 85.23 51.32 0.00031 1.13325 1.1808 
50 39.3388 51t6.3 o .1061t3 7.8182 0.03571 82.29 48.71 0.00039 1.12363 1.151>8 
52 36.6521 551.5 0.10201 7". 241t1> 0.031t82 79.79 1t1>.10 O.OOOltl 1.11 .. 86 1.1240 
54 31t.2378 51>1.2 0.09842 1>.8315 0.03327 77.16 1t5.19 0.0001t4 1.10102 1.081t9 
56 32.0953 571t.7 0.09542 6.5165 0.03137 16.15 1(1t.08 J.0001t7 1.10ill0 1.0 It 34 
58 30.2035 590.5 0.09300 6.4089 0.02941t 11t.92 1t3~21 0.00051 1.09401 1.0040 
60 28.5293 608.7 0.09091t 6.3073 0.02751> 14.12 42.11 0.00051> 1.08861t 0.9666 

65 25.119/t 660.2 0.08618 6.1803 0.02355 13.1t5 1t2.01 0.00068 1.07716 0.8892 
70 22. 51 It It 718.5 0.08347 6.1615 0.02039 73.55 It 1.98 0.00080 1.06951 0.8363 
75 20.41>09 780.1t 0.08i160 6.1681 0.01197 13.31 1t2.37 0.00092 1.01>303 0.8108 
80 18.19 .. 8 81t5.2 0.01801 1>.1862 0.01608 73.97 1t3.05 iI.00101t 1.05719 0.19i17 
85 17.lt128 912.1 0.01558 1>.2018 0.011t55 15.85 43.91 0.00118 1.0531t6 0.7668 
90 1&.21t35 982.6 0.07326 &.2279 0001331 11.59 1t1t.89 0.00132 1.04981 0.1565 
95 15.2381 1051t.3 0.07110 6.21t51t 0.01227 79.23 1t5.96 iI.00l1t5 1.01t6&8 0.7505 

100 llt.3578 1128.7 0.06898 6.2622 0.Oll3B 84.07 48. 01 0.00161t 1.04394 0.7331 
120 11.75&2 141t8.3 0.06100 6.2901 0.00890 99.64 55.21t 0.00231 1.03588 0.111t3 
140 10.0012 1179.5 0.05515 6.2970 0.00731 111.99 60.15 0.00307 1.03046 0.7048 

160 8.1257 2118.7 0.05193 6.2927 0.00633 122.1t0 63.92 0.00317 1.02651t 0.6999 
180 7.7511 21t60.2 0.01t911t 6.2834 0.00555 131.53 61.09 0.00lt1t7 1.02355 0.6910 
ZOO &.9192 2800.1 0.01t708 6.2120 0.00496 139.75 69.95 a. 00519 1.02119 0.6951 
l20 6.3512 3131.1t 0.01t553 6.2600 0.001t1t9 l1t1.31 12.62 0.00593 1.01927 O. &931 
ZItO 5.8296 31t69.3 0.01t1t37 6.2480 0.001t1O 151t.32 15.18 0.00610 1.01168 0.&925 
260 5.3888 3195.9 0.01t350 &.23&1t 0.00371 160.89 71.68 0.il0150 1.01&33 0.6915 
280 5.0112 4116.7 0.01t284 6.2255 0.00350 161.11 80.13 0.00831t 1.01518 0.6901> 
300 4.6823 Itlt35.8 0.01t231t 1>.2192 0.00326 173.04 82.56 0.00920 1.011t18 D.6896 
350 1t.0215 5202.9 0.01t157 6.1949 0.00279 18&.98 88.55 0.01151 1.01219 0.6818 
400 3.53/t8 5951.3 0.0411& 6.1748 0.00241t 200.17 94.1t8 O.011t02 1.010&9 0.6865 

1t50 3.1502 6689.4 0.01t093 6.1581 0.00211 212.95 100.36 0.01613 1.00952 0.6851> 
500 2.81tllt 11t27.3 0.01t013 6.141t1 0.00196 225.63 106.19 iI.0196/t 1.00859 0.6849 
550 2.5880 81&3.1 0.04058 6.1323 0.00178 238.15 111.96 0.0221& 1.00782 O.681t4 
600 2.3762 8903.8 0.01t01t2 1>.1222 0.00164 250.61t 111.1>7 (1.0260& 1.00718 o. &81tl 
700 2.0lt21 10 1t0l.1t 0.01t008 6.1058 O.OOlltl 275.61 128.88 0.03321t 1.00&17 0.&83& 
800 1.7905 1193&.8 0.039&5 6.0932 0.00123 300.83 139.81t 0.01t113 1. 0051t 1 0.6835 
900 1.59/t2 13523.8 0.03911 6.0833 0.00110 326.53 150.53 0.Olt913 1.001tdl 0.6836 

1000 1.1t367 15111.3 0.0381t7 6.0152 0.00099 1t1t0.51> 160.98 O. 07365 1.00 .. 31t 0.5 I, 77 
1200 1.1996 1!I1>30.1t 0.03109 6.0&30 0.00082 511.01 181.19 11.09919 1.003&2 0.5449 
lltOO 1. 0298 22319.3 0.03565 &.051t1 O.OOil11 583.19 200.60 J.12903 1.00311 0.5435 

1600 0.9020 2&198.0 0.031t30 &.01t14 0.00062 656."8 219.30 301&121 1.00272 0.5427 
1800 0.8025 3021t5.1t 0.03301 6.0lt21 0.D005S 731.25 231.40 0.19659 1.00242 0.5417 
2000 0.7227 31t558.1 0.0318,. 6.0371t 0.00050 811.91 251t.96 0.23SS3 1.00218 0.5392 
2500 0.5780 1t8128.1 0.0271tl 6.0206 0.0001t0 1125.33 291.09 0.3608" 1.00174 0.5128 
3000 0.1t780 7&323.3 0.02028 5.961t0 0.00031t 1923.06 338.1t8 0.56595 1.001 .... 0.450S 
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THERMOQYNAMIC PROPERTIES OF' NORMAL HYDROGEN C-Z4 

7.00 ItPA lS03AR 

TEMPERATURE DENSITY. V(OH/DV'p V COP/DUly -II (DP/OV'T COV/DT»t(1I THERMAL VISCOSITY THERHAL OIELECTRIC PRANOTL 
CONOUCTIIIITY DIF'F'US III ITY CONSTANT NUMBER 

DEli. K KG/CU It K.JlKG MPA-CU H/KJ HP' 1/0EG. K W/K-tt KG/P'I-S 3Q H/HR 
I( lO Z I( 103 I( 107 

'" 15.9oa, 80.5&&& 844.9 0.24430 128.2933 0.00760 97~46 298.16 0.00068 1.2&411 1.9&33 
1& 8'0.5,.75 845.3 0.24413 128.:'504 11.00761 97.&8 297.03 0.00068 1.2&404 1.9553 
17 79.914,5 8,.8.5 0.23909 122v1251 0.0080& 103.51 265.12 0.000&8 1.26180 1.7507 
18 79.2588 849.& 0.23/010 11b.0489 0.008511 108.05 239 •. 40 0.00068 1.259/011 1.&008 
19 78.572/0 850.1 0.2292" 110.2150 o .0089~ 111.26 218.17 0.U0067 1.2570& 1.4898 
2Q 77 .8&01 850.4 0.22459 104.7199 0.00935 114.31 200.45 0.000&& 1.25455 1.39.,5 

21 77.11&0 849.3 O.UOOl 99.2809 0.00977 117.69 185.39 0.000&& 1.251':),5 1.3069 
22 76>.3500 851.1 0.21557 94.6381 0.01012 120 • .52 172.5,5 D.00066 1.2,.92,5 1.2354 
U 75.5&55 845.5 0.211,.1 89.1232 0.01060 122.,53 161.4& 0.00065 1.2.,648 1.1831 
24 71t.7481 8,.0.7 0.20730 84.01,.9 0.01107 123.78 151.72 0.00064 1.2,.,561 1.1404 
25 7,5.908& 834.2 0.20338 78.9&02 0.01157 124.76 1,.3.1,. 0.00063 1.240&7 1.1072 

2& 73.0392 827.1 0.19956 7,..0861 0.01209 125.27 135.,.7 0.00062 1.23764 1.081,. 
27 72.1426 819.5 0.19575 69.3888 0.01264 125.42 128.58 0.00060 1.23451 1.0&17 
28 71.21&1 810.7 0.19194 &4.7&.,1 0.01323 125.26 122.32 0.00059 1.2,5128 1.'0,.73 

29 70.259& 801.1 0.1881& 60.3127 0.01385 12,..82 116.61 0.00058 1.22795 1.036& 
30 &~.2709 790.3 0.184,45 55.9937 0.01.,52 12,..1., 111.3& 0.0005& 1.221t52 1.0292 
31 &8.2493 779.4 0.18065 51.8953 0.01521 122.79 10&.49 0.00055 1.22098 1.0283 
32 &7.1955 7&8.5 0.11'683 48.02.,9 0.01593 121.28 101.97 0.00053 1.2173,. 1.0292 
33 6&.1095 757.0 0.11304 44.3,.51 0.01&&9 119.&5 97.75 0.00052 1.21359 1.0320 
34 &,..9888 71t5.2 0.169,5 40.8590 0.01749 117.93 93.78 D. 00050 1.20973 1.0362 
35 63.83&0 733.2 0.16551 37.5682 0.01833 11&.13 90.04 0.00049 1.20577 1.0422 

3& &2.&474 721.3 0.1&175 34.4949 0.01921 114.25 86.51 0.Q0047 1.20169 1.0,.94 
37 &1.,.259 708.10 0.15802 31.5377 0.02019 112.30 83.17 0.000"& 1.19751 1.0593 
38 60.1709 696.5 0.15431 28.8802 0.02113 110.30 80.00 0.00045 1.19323 1.0676 
39 58.8836 &8 ... 5 0.15071 26."106 0.02212 108.27 77.00 11.000 .... 1.18885 1.07&5 

"0 57.5659 672.8 0.14712 2 ... 1 .... 8 0.02311 106.21 7 ... 1 .. 0.000 .. 3· 1.18 .. 37 1.0852 

.. 2 5".8551 650.9 0.13999 20.1923 0.02509 102.05 68.90 D. 000"1 1.17520 1.1027 .... 52.0711 632.3 0.13299 16.9828 0.02697 98.29 6 ... 2 .. 0.000"0 1.16583 1.1148 

.. 6 1t9.258 .. 619.0 0.12577 1 ... /t590 0.02856 9 ... 97 60.18 0.00039 1.15& .. 2 1.1204 

.. 8 .. & ... 718 610.8 0.119"7 12.5758 0.02958 91.83 56.70 11.00039 1.11t714 1.1157 
50 43.7729 606.7 0.11 397 11.1370 0.0301" 88.97 53.79 0.00040 1.13821 1.105 .. 
52 Itl.20H 60&.8 0.10920 10~O635 0.03017 8&.4 .. 5,1.41 0.00041 1.1297& 1.0890 
5 .. 38.8156 &12.0 0.1051 .. 9.3166 0.02960 84.24 (.;9.51 0.000"3 1.12192 1.06.,6 
56 3&.6163 620.6 0.10169 8.7809 0.02d65 82.40 .. 8.02 0.00046 1.11 .. 75 1.0363 
58 3,. .&1&6 632.2 0.09883 8.4036 0.02145 80.88 "6.88 0.000"8 1.10825 1.0058 
60 32.8099 6 .. 6.4 0.09&32 8.1382 0.02613 79.79 "6.02 0.00052 1.102.,1 0.97.,4 

65 29.0283 690.1 0.09122 7.7"21 0.02294 78 ... 1 ..... 77 0.00061 1.0902 .. 0.9041 
70 2&.0&92 742.6 0.087:.:0 7.5635 0.02018 77.90 ..... 3'·. 0.00072 1.08079 0.8531 
75 23.70&0 800.9 0.08303 7."838 0.01792 77.12 ....... 2 0.00082 1.07328 0.8267 
80 21.7779 8&3.3 0.0808" 7."491 0.01&09 77.39 "4.62 0.00092 1.06718 0.8044 
a5 20.1741 929.2 0.07807 7./t365 0.01.,59 79.01 "5."& O. 0010 .. 1.0&212 0.7799 
90 18.8139 997.8 0.07550 7 ... 30 .. 0.0133& 80.52 "6.26 0.00116 1.05785 0.7656 
95 17.6"64 1068.8 G.07312 7./t312 0.01232 81.98 "7.17 0.00127 1.05419 0.7576 

100 16.6298 1142.1 0.07086 7./t325 0.01144 86.D5 48.83 iI.001 .. 3 1.05102 0.741., 
120 13.60&0 1 .. 63./l 0.0&216 7 ... 3 .. 3 0.00891 101.10 55.79 0.00205 1.0 .. 160 0.7191 
1 .. 0 11.57lt5 1795.0 0.05665 7 ... 281 0.00737 113.13 60.57 0.0026& 1.03531 0.7082 

160 10.1e03 2135.4 0.05266 7.4137 0.00631 123.32 6".26 0.00326 1.03077 0.7025 
180 8.97 .. 6 21t78.3 0.0"975 7.3960 0.00551t 132.31 67.38 0.00387 1.02730 0.6991 
200 8.083" 2819.5 0.0"760 7.3773 0.0049" 1"0.43 70.21 0.004"9 1.021t57 0.6968 
220 7.3585 3158.0 0.04598 7.3588 0.004,,7 1 .. 7.9 .. 72.86 0.005H 1.02235 0.6950 
21t0 &.7563 3491.1 0.04"77 7.3"10 0.00408 15/t.91 75."1 0.00579 1.02051 0.6937 
260 &.2474 3818.7 0.04386 7.32.,3 0.00376 161."5 77.90 0.00 &.,8 1.01695 0.6925 
280 ;.8112 41"0./t 0.04317 7.3087 0.003"8 167.66 80.35 0.00720 1.01762 0.6915 
300 5."307 .... 61./t 0.0426" 7.3002 '0.00324 173.59 82.78 0.00795 1.01646 0.6903 
350 1t.67 .. 3 5229.8 0.04182 7.2663 0.00278 187.56 88.79 0.0099" 1.01.,15 0.6883 
.. 00 4.104& 5979.2 0.0"138 7.2384 0.00243 200.80 9".75 0.01210 1.01242 O. &868 

.. 50 3.659(, 6717.8 0.0"111 7.215" 0.00217 213.64 100.66 0.01 .... 4 1.01107 0.61158 
500 3 .3021 7456.3 0.04090 7.1961 0.00195 226.39 106.52 3.01&95 1.00996 0.&850 
550 3.00115 8193.0 0.04073 7.1799 0.00178 238.98 112.32 0.0196 .. 1.00909 0.68.,5 
600 Z.7&30 8933." 0.04056 7.16&1 0.00163 251.54 118.06 0.022lt9 1.00835 0.681t1 
700 2.3756 10431." 0.04020 7.1437 0.00140 276.65 129.35 0.02867 1.00718 0.683& 
800 2. 0836 11967.2 0.03975 7.12&6 0.00123 302.02 IltO.37 O. 03546 1.DO&29 0.6635 
900 1.8556 13 554. 6 0.03919 7.1130 0.00109 327.88 151.1" 0.0/t289 1.005&0 0.6836 

1000 1.672& 15202.5 0.03854 7.1020 0.00099 "40.56 161.65 0.0632& 1.00505 0.5500 
1200 1.3972 18662.6 0.03715 7.065 .. 0.00082 511.01 181.99 0.08568 1.00422 0.5.,73 
IltOO 1.1996 22352.4 0.03570 7.0733 0.00071 583.19 201.52 0.11076 1.00362 0.5.,&0 

1600 1.0510 2&231.2 0.03"34 7.0&43 0.00062 656.44 220.,54 11.138"1 1.00317 0.5.,S3 
1800 0.9352 3D 27 ... 7 0.03312 7.0570 0.00055 731.02 238.55 0.168&6 1.00282 0.5., .. " 
2000 0.8423 3.,570.3 0.03190 7.0508 0.00050 810.99 25&.23 0.20200 1.0025., 0.5422 
2500 0.b739 48470.9 0.027&3 7.0306 0.00040 111/t.l0 298.60 J.30835 1.00203 0.511., 
3000 0.5576 71t837.9 0.02075 6.9679 0.0003.5 1865.56 3 .. 0.11 0 ... 8061 1.001&6 0 • .,5b8 
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C.Za THERItOOYNAMIC PROPEUIES OF NORItAL HYDROGEN 

8.00 "PA 1:iDSAI{ 

TE"PERATURE JDLUltE ISOTHERIt ISOCHDRE INTERNAL ENTHALPY ENTROllY CV CP VELOCITy 
OEUVATIVE DERIVATIVE ENERGY OF SOUND 

DEG. It CU "/Kii CU It-HPA/KG HPA/K KJ/KG-K KJI"G KJ/I(G-K I(J I K"-I( "'S 
• . 1&.253 0.0123 .. 1.6420 1.010 223.3 322.0 1/0.257 /0.99 6.5.! .1/065 

17 0.01:2"1 1.6009 0.9901 227.7 327.0 1/0.557 5.13 6.73 1/050 
18 0.01251 1.5400 0.9949 233.11 333.9 1/0.953 5.30 7.11 1/037 
19 0.01262 1.4780 0.9947 240.3 341.2 15.347 5.10& 7.411 110210 
20 0.01273 1.10176 0.9904 247.1 348.9 15.740 5.59 7.83 1409 
21 0.012114 1.3626 0.9829 254.1 35&.9 16.131 5.71 8.16 1396 
22 0.01296 1.3071t 0.9726 261.5 365.2 16.519 5.112 11.109 13112 
Z3 0.01309 1.2612 0.9&03 269.1 373.9 16.9010 5.91 11.79 1370 
ilt 0.111323 1.2048 0.91t69 277.0 3112.11 17.286 6.oa 9.12 135/0 
25 0.01337 1.1497 0.9317 285.2 392.1 17.6&1t 6.07 9.45 1337 
26 0.01352 1.0957 0.9153 293.& ItOl.7 111.039 6.14 9.711 1320 

27 0.01367 1.0434 0.8978 302.3 /011.7 111./015 6.21 10.11 1303 
28 0.013114 0.9928 0.11791 311.2 421.9 111.7117 6.27 10 .41t 12116 
29 O.OlItOl 0.91t23 0.8593 320.1t 1t32.5 19.1&0 6.33 10.79 1268 
30 0.01420 0.8935 0.8385 329.9 1t1t3.5 19.531 6.37 11.13 12/09 
31 0.01439 0.8453 0.816& 339.7 454.8 19.902 6.101 11.10 II 1230 
32 0.014&0 0.7993 0.7939 31t9.7 1t&&.4 20.271 6.45 11.83 1210 
U 0.01481 0.7555 0.770" 359.9 478." 20.640 6.4& 12.17 1191 
3 .. 0.0150,. 0.7134 0.7"65 370 ... ,.90.7 21,,009 6.51 12.52 1171 
35 0.01529 O. &734 0.7222 381.1 50].4 21.376 6.54 12.87 1151 
3& 0.01554 0.&345 0.&978 392.1 51&.5 21.741t 6.56 13.2" 1131 

• 
37 0.01582 0.598& 0.6734 403.4 529.9 22.112 6.5& 13.59 1112 
38 0.01611 0.5&44 0.&489 414.8 543.7 22.479 6.60 13.95 1093 
39 0.01641 0.532& 0.&244 .. 2&.5 557.& 22.8"6 6.60 1 ... 29 107 .. 
40 0.0167 .. 0.502 .. 0.5998 438.3 572.3 23.212 6.61 14.61t 1055 

, .. 2 0.01745, 0.1t474 0.5516 "62.6 602.2 23.943 j.62 15.31 1017 .... 0.0182!1 0.4026 0.5050 487.5 633.5 24.669 6.63 15.91 983 
;'6 0.01912 0.3&47 0.4611 512.4 665.3 25.376 6.6& 16.49 9lt9 
Its 0.02009 0.3360 0."206 538.0 &98.7 26.087 6.71 16.91 920 
50. 0.0211" 0.3135 0.3835 563.7 732.8 26.784 6.74 17.22 895 
52 0.02227 0.2983 0.3503 589.3 7&7.4 27.462 6.7& 17.36 875 
54 0.023"6 0.2882 0.320& &1 ... 5 802.2 28.11& 6.77 17.38 860 
5& 0.02471 0.2824 0.2943 &39.4 837.1 211.754 6.78 17.27 8 .. 8 
511 0.D':600 0.2806 0.2712 663.4 1171.5 29.357 6.77 17.05 1141 
60 0.0:Z132 0.2819 0.2508 &8&.7 905.3 29.930 6.76 16.75 1136 

65 0.03068 0.2941 0.2100 741.6 987.0 31.237 6.7" 15.91 1133 
70 0.03403 0.3128 0.11102 792.It 1064.6 32.31111 6.74 15.16 839 
75 0.0373" 0.3348 0.j.580 1140.1 1138.8 33.413 6.77 14.57 1149 
80 0.04059 0.3590 0.1408 885.7 1210 ... 34.337 6.83 1".11 1161 
85 0.04380 0.3840 0.1271 929.7 12110.1 35.182 b.91 13.77 875 
90 0.04694 0.4096 D.11&O 972.7 1348.3 35.9&2 7 .. 01 13.53 889 
95 0.0500" 0.4349 0.10611 1015.1 1415.5 36.6119 7.11 13.36 904 

100 0.05309 0.4605 0.0991 1057.1 1481.9 37.371 7.24 13 .24 918 
120 0.06494 0.56il4 0.0171 1227.8 1747.3, 39.789 7.115 13.22 971 
litO 0.07623 0.6547 0.0632 1401.3 2011.2 41.1123 S.37 13.33 1021 , .1 

160 0.O'H33 0.7475 0.0539 15S,t..2 2279.8 43.615 8.112 13.56 1072 i I 

S.8~ 0.09825 0.8380 0.0471 1767.1 2553.2 45.225 9.19 13.79 1121 
200 0.10904 0.9270 0.0419 1958.5 2830.& 46.688 9.49 13.99 1169 
220 0.11974 1.0148 0.0377 2154.2 3112.2 411.02a 9.73 14.15 1215 
240 0.13037 1.1016 0.0343 2353.6 339&.5 49.2&& 9.91 14.211 1260 
260 0.14095 1.1877 0.0315 2555.6 !S83.2 50.413 10.05 l1t.38 1303 
2110 0.151 .. 8 1.2733 0.0292 2759.7 3971.6 51.482 10.16 14.45 13 .. 6 
JOO 0.16207 1.3&05 0.0271 2966.5 42&3.0 52.485 10.2" l1t.50 1388 
350 0.111818 1.5711 0.0231 3411".2 4989.& 54.725 10.34 14.55 14117 
400 0.21 .. 18 1.7803 0.0202 413114.2 5717.7 56.671 10.3,8 14.57 1581 

450 0.2"012 1.9885 0.0179 4525.1 6446.1 511.385 10.39 110.56 1669 
SUO 0.26602 2.1963 0.0161 501t6.2 7174.3 59.911) lD.41 14.56 1753 
550 0.29188 2.403& 0.0146 5567.4 7902.4 61.301 10.42 14.57 1833 
600 0.31773 2.61,07 0.0134 60119.4 8631.2 62.573 10.43 1 ... 511 1910 
700 0.36939 3.0243 0.011" 7136.0 10091.1 64.82& 10.49 14.62 2054 
800 0.42101 3.4375 0.0100 11189.7 11557.7 66.78& 10.57 14.71 21116 
900 0.472&1 3.8504 0.0089 9253.9 13034.7 68.52" 10.70 1' •• 113 2310 

1000 0.52 .. 19 4.2632 0.01:J!!!1 10331.6 14525.1 70.0iZ 10.116 J.4.99 2426 
1200 0.62735 5.0885 0.0067 12542.6 175&1.4 72.841 11.2 .. 15.37 2637 
1400 0.730 .. 8 5.9135 0.0051 141135.7 t: D679.6 75.25. 11.68 15.80 2829 

1600 0.1133&1 0.7385 0.0050 17214.6 23883.4 77.396 12.12 16.25 3005 
1800 0.93674 7.5&34 0.0044 19680.1 2717 ... 1 79.ll!! 12.55 16.68 3UO 
2000 1.U3993 8.3883 0.0040 22237.3 30556.8 81.12' 13.02 17.15 33~5 

2500 1.2994& 10.4505 0.D032 291511.2 39553.9 115.11" 14.95 19.21 36&4 
JOOO 1.56927 12.5126 D.0027 37756.2 50310.4 89.0J7 19.79 24.63 3944 

• TWO-PHASE BOUNOARt 
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THERHOOYNAHIC PROPERTIES OF NOR"AL HYDROGEN C-:!a 

8.00 "PA ISOBAR 

TE"PERATUItE UEHSUY II (OH/OII'p \I (OP/OU'V -\I (OP/OI/'T ·(OIl/OT\M THERHAL "ISCOSnY THERMAL '0 IELECTR IC PR.\r;;::TL 
COHOUCTI1iITY DIFFUSIII I TV CONSTANT NUHBE~ 

QE'. I( I(~/CU H I(JII(G "Pil-CU H/I(J "PA 1/0EG. I( W/K-H I(GlI1-S SQ H/HR 
X 10l X 10 3 X 107 

• 16.253 81.02&2· 860.5 0.2 .. 95& 133.0 .. 7 .. 0.00759 100 ..... 30 ... 73 0.00068 1.26573 1.9811 
17 80.5578 87&.8 0.23972 128.9& .. 9 0.00768 10".76 279.55 0.00070 1.2&"07 1.7<;b3 
18 7'h9223 879.9 0.23"80 123.081 .. 0.00808 109 ... 9 251.89 0.000&9 1.2&183 1.&303 
19 79.2&&9 880.9 0.230D" 117.1587 0.00li .. 9 112.90 229.28 01.000&9 1.25951 ·1.51'10 
2Q 711.5812 880.8 0.225"7 111.39"2 a .00d89 11&.11 210.37 0.000&8 1.2570') 1 ... 1:18 
21 77 .8729 881 ... 0.22110 10&.1125 0.0092& 119.69 19 ..... 2 0.00068 1.25 .. 59 1.32&2 
22 77 .1386 880 ... 0.21&81 100.8 .. 83 11.009& .. 122 ... 9 180.78 01.00067 1.25201 1.2531 
23 7&.382& 88Z.0 0.21211 96.3300 0.00997 12 ... 65 169.02 0.000b7 102 .. 935 1.1<;Z2 
21t 75.&01t9 871." 0.2088& 91.0901 0.010"0 12&.2& 158.77 0.000&& 1.2 .. &&2 1.11070 
25 71t.1I090 812.1 0.2050& 8&.0101 0.01083 127 ... 0 149.79 0.00065 1.24383 1.11Jl 
26 73.9871 8&5.9 0.20 13 It 81.0&15 0.01129 128.01 141.79 0.000& .. 1.2 .. 095 1.0823 

21 1.1.11t0" 859.3 0.191&5 1&.3171 0.0117& 128.30 13 ... 61 0.00063 1.23799 1.05')9 
28 72.2&15 852." 0.19391 71., .. , .. 0.01225 128.38 128.13 0.00061 1.23 .. 9 .. 1.0102 .. 
zg 11.3103 ·8 ..... 2 0.19035 &7.2521 0.01218 128.11 U!2.23 0.000&0 1.23182 1.02'12 
3D 10 ... 1t57 835.3 0.18&8 .. &2.9 .. 2 .. 0.01332 127.59 116.83 O. DO 059 1.228&0 1.0159 
J1 &9 ... 9 .. & 825.& 0.1832ft 58.1"36 0.01390 126.39 111.85 0.00051 1.2253 a 1.015& 
32 68.51& .. 815.8 0.119&0 5 ... 16 .. 1 0.01"50 125.0 .. 101.23 0.0005& 1.22191 1.01 .. 1 
33 61.5111t 805.9 0.17&00 51.0066 0.01510 123.57 102.9" i).0005 .. 1.218 .. 3 1. D 140 
3 .. 6& ... ,98 195.& 0.17 2 .. 2 .. 7 ... 290 0.01574 122.03 98.93 0.00053 1.21 .. 87 1. 0151 
35 65.4218 185.2 0.1&88& ..... 0561 0.01639 120."0 95.16 0.00051 1.21122 1. 017 .. 
36 & ... 3313 11 ... 3 0.16529 "0.8199 0.01709 118.70 91.62 O. 00050 1.207"9 1.021& 

31 63.2256 16".0 0.16182 37.8,,75 0.01779 11&.93 88.21 0.000"9 1.20361 1.0201 
38 62.0881 153." 0.158 .... 35.0"56 0.01852 115.11 85.10 0.000"8 1.19978 1.0312 
39 60.92&9 '''Z.9 0.1551& 32 ..... 75 0.0192" 113.26 82.10 0.000"7 1.19581 1.03,,2 
itO 59.11t29 132 ... 0.15188 30.0121 0.01999 111.39 19.26 0.0001t6 1.19117 1.01015 

1t2 57 • .11"0 112.0 o .11t531 25.6 .. 29 0.02151 101.60 7 ... 03 0.0004"· 1.18352 1.0536 
.... 54.821tl &95.3 0.13886 22.0737 0.02288 103.86 69.35 0.000"3 1.11510 1.0622 
1t6 52.3052 &82.0 0.1319" 19.075" 0.02418 100.50 65.22 0.000"2 1.166&2 1.0700 
48 "9.1865 672.5 0.12581 16.1280 0.0251" 97.5" 61.&1 0.000"2 1.15818 1.0680 
50 "'.3102 666.0 0.12021 1".8314 0.02586 9 ... 79 58.5"1 0.000"2 1.1 .. 993 1. ~ 631 
52 1t1t.9111 66".2 0.11 535 13.3917 0.0261" .92.26 55.88 0.000"3 1.1 .. 197 1.0516 
Sit "2.6222 665.7 0.1110" 12.2818 0.02&10 90.03 53.10 0.000 .... 1.134 .. 1 1.030:' 
56 .. 0 ... 657 610.5 0.10132 11 ... 2&9 0.0251& 88.08 51.91 iI.000'+5 1.12732 1.0178 
58 38.4552 &18." 0.10"18 10.1920 0.01.513 86,"0 50.'" 11.000 .. 7 1.12014 11.9<;511 
60 36.5979 &119.2 0.101"" 10.3163 0.02'+31 85.11 "9.3" i).0005IJ 1.11 .. &9 0.9712 

65 32.5995 126 ... 0.09559 9.5815 0.02190 83.19 Itl.52 0.000511 1.10173 0.9GS7 
10 29.3891 113.2 0.0909" 9.193" 0.019611 82.18 "6.69 11.00066 1.09140 0.8613 
15 2:'.1843 826.9 0.08107 8.9679 0.01762 811.9" .. 6 ... 8 11.00075 1.08311 7 0.83&5 
80 2".6339 886.2 0.08368 8.8430 11.01592 80.83 "6.6" 11.0008" 1.01622 0.8142 
85 22.8321 9"9.8 0.08060 8.1&88 0.01 .. 50 82.18 "'.08 D.0009" 1.01051 0.7889 
90 21.3028 1017.1 0.017710 8.72"8 0.01330 83."8 1,")'.70 0.0010" 1.0&5&8 0.7130 
95 19.9830 1086.& 0.07513 8.6903 0.01229 8 ... lit 48.1t6 0.0011" 1.06152 0.7639 

100 18.83 .... 1159." 0.01268 8.6126 D.011"2 88.11 "9.15 0.00127 1.05792 0.71.,71 
120 15.3981 lIt19.6 0.06318 8.6301 0.00893 102.&9 56.4" 0.00182 1.0"718 11.72&6 
1 .. 0 13.117" 1812.0 0.0515" 8.5880 0.00735 11 ... 31 61.06 0.0023& 1.0 .. 009 O.lU" 

160 11 ... 50 .. 2153.3 0.05338 8.5589 0.00&311 12".32 61t.65 0.00288 1.03 .. 93 0.1050 
180 10.1719 2 .. 91.3 0.05035 8.5295 0.00552 133.15 61.71 11.00342 1.03101 0.1011 
200 9.170& 2839.7 0.04812 8.5012 0.00"92 1 .. 1.16 10."9 0.0039& 1.02791 O. &9d'+ 
220 8 • .5512 3119.3 0.04643 8.41'+5 0.00"'+5 148.&0 13.12 0.00453 1.02539 0.69&" 
240 1.6103 3513.5 0.0 .. 517 8 ... 1t96 0.00"07 155.52 15.65 O. 00511 1.02330 0.69411 
260 7.0g,,8 3842.0 0.0 .... 22 8.1;266 0.0031" 162.03 18.13 0.01l512 1.0215" 0.6935 
280 6.6015 .. 164.6 0.0 .. 350 8,"053 0.003 .. 7 168.23 80.58 0.00635 1.02003 0.6923 
UO 6.1701 .... 87 ... 0.0"293 8.39 .... 0.00323 17".15 83.01 11.00101 1.01812 0.6910 
350 5.311tl 5251.0 0.0"207 8.3"90 0.00211 11111.1 .. 89.03 0.0081& 1.01&10 II.6aS7 
1t00 4.6&90 6001.2 0.0"159 8.3119 0.002 .. 2 201 ... 3 95.02 0.0106& 1.01 .. 14 0.6871 

.. 50 It. 1& .. 6 6146." 0.0"130 8.21115 0.0021& 21 ... 32 100.95 0.01212 1.01260 0.6859 
500 3.1592 7485.3 0.0410& 8.2561 o .00l9!'· 221.1'+ 106.85 0.01493 1.01137 0.6851 
550 3 ... 2&0 8222.3 0.0"088 8.231t8 0.00111 239.80 112.68 0.01130 i.Ol036 o. & 8:.5 
600 J .1" 73 8963.0 0.0"010 8.2166 0.00163 252."3 118 ... & 11.01981 1.00951 0.6841 
700 2.1012 10 .. 61.5 0.0 .. 031 8. i813 0.0111 .. 0 271.10 129.82 0.02525 1.00818 0.683& 
800 2.3753 11997.6 0.03985 8.16 .. 9 11.00123 303.22 140.91 0.03125 1.00717 O. &835 
900 2.1159 13585.4 0.03928 8.1 .. ,1 0.00109 329.22 151.7 .. 0.03717 1.00639 0.6836 

1000 1.9017 1:;233.8 0.038&2 8.1328 0.00098 .... 0.56 162.32 0.055"6 1.0057& 0.5523 
1200 1.5940 18b9 ... 1 0.03721 8.1111 0.00082 511.01 182.80 0.07510 1.00'+61 0.510'37 
1 .. 00 1.3690 22385." 0.03515 8.095 .. 0.00071 583.18 202."5 0.09705 1.001013 0.5455 

1600 1.199& 2&2& ... 5 0.03"39 8.0836 0.001162 656."1 221.39 0.1212& 1.003&2 0.51079 
1800 1.0675 30·305.0 0.0331& 8.01'+2 0.00055 730.1110 239.71 0.110 115 1.00322 II. 'j 10 71 
2000 0.9&16 34567.0 0.03196 8.0662 0.00050 810.25 25'.50 11.11&87 1.011290 0.510:;11 
2500 0.1696 "11270.9 0.027111 8.0 .. 22 0.00040 1105.05 300.12 1).2&917 1.00232 0.521& 
3000 0.6372 73 &47.0 0.02115 1.9735 0.00033 1819.1" 341.71 a.lt1728 1.00192 0.10627 

• TWO-PHASE BOUNDARr 
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C-Za THERMOJYNAHIC PROPf~TIES OF NORMAL "YDROGEN-

10.00 MPA ISOaAR 

TEHPERATURE II0LUIIE ISOTHERM ISOCHORt: INTERNAL ENTHAlP.Y ENTROPY CV CP VELOCITY 
DERIVATIVE DERIVATI"E ENERGY OF SOUND 

DEG. K ~U "' KG CU M-HPA/KG IIPA/K KJ/KG-K I(J/KG KJ/I(G-K KJ I I«(i-I( illS 

• l&.aOa 0.01221 1.71t91 1.021t 225.1 31t7.Z llt.297 5.07 &.58 1506 
11 0.01223 1.7383 1.024 22&.2 31t6.5 llt.372 5.11 6.61t 1503 
U 0.01232 1.6821 1.021 ':32.1 355.3 ilt.7b1 5.27 6.97 llt91 
19 0.0121tl 1. &21t3 1.012 238.3 362.1t 15.141t 5.1t2 7.21 1476 
20 0.01251 1.5672 1.011 .241t.7 369.8 15.526 5.57 7.61 14&1t 
21 0.012&2 1.50 88 1.006 251.5 377.& 15.906 5.69 7.93 1450 
22 0.01272 1.4503 0.9983 258.5 385.7 1l).281t 5.80 8.25 llt36 
23 0.u1281t 1.3999 0.9884 265.7 391t.l 16.657 5.90 8.55 llt21t 
24 0.0129& 1.31t81 0.9761t 273.2 1t02.8 17.027 5.99 8.81t 1 It 10 
25 0.01308 1.3031t 0.9&32 281.0 1t11.8 17.391t 6.07 9.12 1399 
2& 0.01321 1.2515 0.91t95 288.9 1t21.1 17.756 &.11t 9.ltl 1385 

21 0.01335 1.2002 0.931t2 297.1 1t30.6 18.117 6.21 9.71 1370 
2a 0.0131t9 1. 1491t 0.9179 305.6 1t1t0.5 18.1t71t 6.28 10.01 1351t 
29 0.Q13&1t 1.1003 0.9005 311t.3 1t50.& 18.831 &.34 10.31 1338 
30 0.01379 1. 0532 0.6822 323.1 1t61.1 19.185 &.38 10.60 1322 
31 0.0139& 1.0079 0.8630 332.3 1t71.8 19.538 6.1t3 10.89 1307 
32 0.01U3 0.9630 0.81t31 -31t1.6 482.9 19.888 6.1t7 11.19 1290 
33 0.01431 0.919& 0.8225 351.1 1t91t.2 20.237 &.51 11.1t8 1273 
34 0.01lt1t9 0.8772 0.8012 360.9 505.8 20.581t 6.54 11.77 1256 
35 0.011t&9 0.8367 0.7791t 370.8 517.7 20.929 6.57 12.0 6 , 1239 
3& 0.011t90 0.1978 0.7571t 381.0 529.9 21.273 6.60 12.31t 1222 

37 0.01511 0.7606 0.7352 391.3 542.4 21.615 &.62 12.63 1201t 
3a 0.01534 0.7251t 0.7129 ItOl.8 555.2 21.956 6.61t 12.90 11a7 
39 0.01557 0.6901 0.690& 1t12.5 568.2 22.291t 6.65 13.19 1170 
Ita 0.01582 0.6588 0.668& 423.3 581.5 22.631 6.6& 13.1t5 1151t 

1t2 0.01&35 0.6014 0.621t9 1t1t5.1t &09.0 23.300 6.67 13.96 1122 
Itlt 0.01&93 0.5501 0.5821 1t68.0 &37.4 23.9&1 &.&9 llt.lt6 1091 
It& 0.01757 0.5076 0.5408 1t90.6 6&&.2 21t.601 6.73 llt.91 10&0 
1t8 0.01825 o .1t709 0.501& 513.9 69&.1t 25.21t1t 6.76 15.30 1032 
50 0.01899 o .1t405 0.461t9 537.5 727.4 25.876 6.79 15.63 1001 
52 0.01977 0.1t159 0.1t308 561.2 758.9 26.491t 6.81- 15.88 985 
5,. 0.020&1 0.3968 0.3996 581t.8 790.9 27.097 6.82 16.05 966 
5& 0.0211t8 0.3825 0.3711 608.5 823.3 27.688 6.83 1&.13 951 
58 0.02239 0.3723 0.31t52 &31.6 855.6 28.255 &.82 16. :~3 938 
60 0.02331t 0.3655 0.3218 &51t.1t 887.8 28.801 6.81 1&.1.17 929 

&5 0.02580 0.3615 0.2729 709.3 • 9&7.1t 30.071t 6.80 15.1'2 911t 
70 0.02835 0.3702 0.2352 761.3 101t1t.8 31.222 6.80 15.21 910 
75 0.03090 0.3855 0.2062 810.6 1119.6 ~,~.255 6.83 llt.73 912 
80 0.0331t5 0.4039 0.1835 857.8 1192.2 3:1.192 6.88 llt.31t 918 
85 0.03598 0.1t21t7 0.1653 90~.3 1263.1 31t.052 6.95 llt.03 926 
90 0.0381t8 0.1t1t68 0.1505 91t7.8 1332.7 31t.81t7 7.05 13.81 935 
95 0.01t096 0.1t702 0.1382 991.6 lltOl.2 35.588 7.15 13.63 91t6 

100 0.01t31t2 0.1t938 0.1278 10310.9 l1t69.0 36.281t 7.27 13.51 958 
120 0.05297 0.5907 0.0987 1209.6 1739.4 38.71t8 7.89 13.1t1t 1003 
litO 0.0&221 0.68&1 0.0807 1386.7 2008.7 1t0.824 8.ltl 13 .. 55 1052 

160 0.07101t 0.7761 0.0682 1568.8 2279.2 1t2.629 8.85 13.69 1096 
180 0.07935 0.8673 0.0595 1756.5 2551t.9 1t1t.253 9.22 13.90 11 It It 
200 0.08854 0.9568 0.0528 1949.1 2831t.5 1t5.726 9.51 lit .07 1190 
220 0.09715 1.01t51 0.01t75 2146.0 3117.5 1t7.074 9.75 llt.23 1235 
240 0.10570 1.1324 0.01t32 2346.2 31t03.2 1t8.317 9.93 llt.35 1279 
260 o .111t19 1.2190 0.0396 251t9.0 3&91.0 1t9.1t 70 10.07 11t.1t1t 1322 
280 0.12265 1.301t9 0.0366 2753.8 3980.3 50.51t2 10.17 llt.50 1361t 
;no 0.13119 1.3936 0.031t0 2961.1t 1t273.2 51.51t9 10.25 llt.51t llt06 
350 0.15212 1.6046 0.0290 31t80.2 500l.4 53.794 10.35 llt.58 1503 
400 0.11295 1.811tl 0.01'52 4001.1 5730.7 55.71t2 10.39 llt.59 1596 

450 0.19373 2.0226 0.0221t 1t522.6 6459.9 57.460 10.1t0 14.58 1684 
500 0.211t1t& 2.2304 0.0201 501t4.1 7188.8 58.995 10.41 14.58 17&7 
550 0.23517 2.1t378 0.0182 5565.7 7917.4 60.381t 10.1t2 llt.58 181t6 
&00 0.25586 2.fl1t1t9 0.0167 6088.0 861t6.6 61.650 10. It It llt.59 1922 
700 0.29720 3.058& 0.011t3 7135.0 10107.0 63.901t 10.49 llt.63 20&5 
800 0.33850 3.1t718 0.0125 8t89.0 11571t.0 65.8&5 10.58 14.71 2197 
900 0.37979 3.8847 0.0111 9253.1t 13051.3 67.61)3 10.70 llt.83 2320 

1000 0.1t210& 4.2974 0.0100 10331.2 l1t51tl.9 &9.171 10.86 llt.99 2435 
1200 0.50359 5.1227 0.0083 125102.5 17578.4 71.920 11.21t 15.37 2646 
lltOO 0.58610 5.91t77 0.0071 14835.7 20696.7 71t.330 11.68 15.80 2837 

1&00 0.66860 6.7726 0.0062 17211t.6 23900.6 76.1t76 12.12 1& .21t 3013 
1800 0.75111 7.5975 0.0056 19679.8 27190.9 78.1t07 12.55 16.68 3177 
2000 0.833&& -8.1t223 0.0050 22235.5 30572.0 80.199 13.00 17.14 3132 
2500 1.01t113 10.1t844 0.0040 2912&.2 39537.5 64.179 llt.81 lS.06 3672 
3000 1.25599 12.546" 0.0033 37551t.2 5011It.l 88.037 19.21 23.97 3955 

• TWO-PHASE BDUNOA~Y 
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T HERI100YHAI11 C PROPE~T tES OF NORI1AL HYDROGEN . C-2a 

10.00 "PA I:'08U 

TE"PERAiURE 0;: NSITY II (ilH/O.II'p II (DP/DU'V -II (oP/DII'T (DV/D'\!~ . THERI1AL ~ISCOSITY THER"AL OIELECTiUC PRA NOTL 
CONOUCTHITV DIFFUSIIIITY CONSTANT HUHIlER 

DECO. K KIi/CU 11 KJ/KG I1P~-CU H/KJ HPA 1/DEG. K II/K-H KG/H-S SQ H/HR 
X lal )( 103 )( 107 

• 1&.808 81.8729 . 919.9 0.24&45 143.2003 0.00715 10&.03 316.91 0.00071 1.26874 1.9661 
17 81.7&00 922.0 0.24510 142.1202 0.00720 107.12 309.94 0.00071 1.2&834 1.921& 
18 81.1&21 931.5 0.23860 13&.5241 0.00748 112.22 278.08 0.00071 1.2&&21 1.7262 
19 80.5558 939.9 0.231&7 130.84&3 0.00774 115.98 252.38 0.00071 1.2&407 1.5825 
20 n.9218 942.& 0.22727 125.2542 0.00607 119.53 230.97 0.00071 1.2&182 1.4701 
21 79.2&&4 943.0 0.22304 119.594& 0.00641 123.45 212.99 0.00071 1.25951 1.3667 
22 78.5887 941.9 0.21893 113.9783 0.0087& 12&.57 197.&8 J.OO07U 1.25711 1.2884 
23 77 .893& 942.9 0.21502 109.01.,37 0.00906 129.04 184.56 0.00070 1.254&& 1.2223 
24 77 .17&7 941.9 0.21121 104.0384 0.00939 130.93 173.15 0.00069 1.25214 1.1691 
25 7&.4428 942.9 0.20758 99.&355 0.009&7 132.34 163.18 0.000&8 1.24956 1.1240 
2& 75.&908 939.1 0.20418 94.7233 0.01002 133.27 15/0.38 0.00067 1.24692 1.0904 

27 74.9239 934.7 0.20070 89.9250 0.01039 133.85 146.57 0.0006& 1.24423 1.0633 
28 7,..13&6 929.4 0.19723 85.2159 O.OU77 134.11 139.55 0.00065 1.24147 1.0417 
29 73.3292 923.7 0.19384 8U.6838 0.0111& 134.10 133.20 0.000"'4 1.23805 1.0241 

30 72.5015 917.& 0.19059 7&.3574 0.01155 133.85 127.43 0.000&3 1.2357& 1.0093 
31 71.&523 911.& 0.18729 72.2213 0.01195 132.88 122.13 0.000&1 1.23280 1.0011 
32 70.787& 904.5 0.18399 68.1673 0.01237 131.78 117.27 0.00060 1.22979 0.9956 
33 69.9029 897.1 0.18072 64.2854 0.0127'3 130.55 112.77 1).00059 1.22&71 0.9915 
34 68.9988 889.1 o .1771G7 &0.5267 0.01324 129.2& 108.59 0.00057 1.22358 0.9887 
35 &5.0704 881.0 0.17421 5&.9585 0.013&6 127.89 104.70 0.0005& 1.22038 0.9870 
3& &7.1359 872.8 0.1709& 53.5&28 0.01414 126.44 101.05 0.00055 1.21713 0.98&3 

37 6&.1783 864.4 0.1&775 50.3323 0.014&1 124.93 97.&2 0.00054 1.21383 0.98&& 
38 &:;.2037 85&.0 0.1&46& 47.29£>7 0.01507 123.38 94.40 0.00053 1.21047 0.9871 
39 &4.2133 84&.2 0.1&172 44.31&0 0.01558 121.79 91.3& 0.00052 1.2070& 0.9892 
40 &3.205& 837.8 0.1588& 41.6392 0.01&0& 120.17 88.48 0.00051 1.203&0 0.9904 

42 &1.1498 821.8 0.15317 3&.7751 (l.01&99 11&.67 83.17 0.00049. 1.19&57 0.9938 
44 59.0530 806.9 0.14743 32.4879 0.01792 113.58 78.42 0.00048 1.18942 0.9980 
4& 5& .9271 796.7 0.14110 28.89/08 0.01872 110.38 74.1& 0.00047 1.18221 1.0018 
48 54.7942 787.3 0.1353& 25.8049 0.01944 107.32 70 .. 37 0.0004& 1.17499 1.0035 
50 52.&712 780.0 0.13004 23.2021 0.02004 104.5& &7.0'2 Q. 0004& 1.1&785 1.0018 
52 50.5770 775.3 0.12515 21.0339 0.02046 102.15 &4.09 0.0004& 1.1&082 0.99&2 
51t 48 • .,318 773.3 0.12071 19.2554 0.02075 99.95 &1.53 0.000/06 1.15399 0.9879 
5& ~6.552& 773.9 0.11&7& 17.8052 0.02084 97.94 59.34 0.00047 1.14741 0.9772 
58 44.&539 77&.8 0.11334 16.6230 0.02017 96.13 57.47 a.OD048 1.14112 0.9645 
60 42.8456 782.3 0.11023 15.6&10 0.02055 94.65 55.91 fl.OOD49 1.13515 0.9494 

&5 311.7532 80&.9 0.10355 14.0104 0.019/08 92.11 53.0& 0.00054 1.12172 0.9055 
70 35.2794 844.5 0.09801 13.0&14 0.01801 90.32 51.41 o. DO 0&1 1.11040 0.865& 
75 32.3603 891.0 0.09331 12.4759 0.01&53 88.42 50.57 0.000&7 1.10095 0.8423 
60 29.8978 943.& 0.08922 12.0748 0.01520 87.&3 50.28 o. DO 074 1.09303 0.62·27 
85 27.7951 1002.0 0.08555 11.804& 0.01401 88.51 50.34 0.00082 1.06&29 0.7981 
90 25.9853 10&5.0 0.08218 11.&098 0.01296 89.39 50.&5 0.00090 1.08052 0.7823 
95 24.4121 1132.0 0.07914 11.4780 0.01204 90.28 51.15 0.00098 1.07552 0.7721 

100 23.0330 1202.1 0.07&3D 11.3739 0.01124 92.74 51.83 0.00107 1.07115 0.7551 
120 18.8773 1518.3 a.0&&30 11.1500 0.00885 10&.22 57.97 0.00151 1.05805 0.733& 
140 1&.0154 1851.5 0.05974 11.0295 0.00732 117.12 &2.22 0.00194 1.04929 0.7198 

1&0 14.07&8 2192.i 0.05479 10.9245 0.00&25 12&.53 &5.5& 1l.0023& 1.0430 & 0.709& 
180 12.5242 2537.8 0.05153 10.861& 0.00548 134.99 &8.4& 0.00279 1.03625 0.7048 
200 11.2944 2e82.1 0.04913 10.80&& 0.00/088 142.74 71.14 0.00323 1.03445 0.7015 
220 10 .2934 3223.& 0.04732 10.7578 0.00441 150.00 73.&9 0.003&9 1.0313& O. &990 
240 9.4&10 3559.5 0.04596 10.7141 0.00403 15&.81 7&.18 0.0041& 1.02880 0.&970 
2&0 8.7570 3889.7 0.04492 10.&747 0.00371 1&3.25 78.&3 0.004&5 1.02&&4 0.&953 
280 8.1531 4213.8 0.0441/0 10.6392 0.00344 1&9.41 81.07 0.0051& 1.02478 0.6939 
300 7.&22& 4540.& 0.04352 10.&229 0.00320 175.31 83.49 0.00570 1.0231& 0.&923 
350 &.5738 :; 312.3 0.04255 10.548& 0.00274 189.32 89.53 0.00711 1.01995 O. &895 
400 5.7819 &063.9 0.04201 10.4889 0.00241 202.&9 95.5& 0.00865 1.01753 0.&876 

450 5.1&19 &804.1 0.04167 10.4403 0.00214 215.70 101.55 0.01032 1.015&4 0 •. &8&3 
500 4.&&28 7543.7 0.04139 10.4000 0.00193 228.&4 107.50 0.01211 1.01412 0.&853 
550 4.2523 8 28!.3 O. 04117 10.3&G2 0.0017& 241.44 113.40 0.01/002 1.01287 O. &1.14& 
600 3.9084 9022.4 0.0409& 10.3375 0.001&2 254.21 119.25 0.01&05 1.01183 0.£'842 

700 3.3&48 10521.& 0.04054 10.~915 0.00139 279.77 130.75 0.0204& 1.01017 o. &83& 

800 2.9542 12058./0 0.04004 li1.25&3 0.00122 305.60 141.98 0.02532 1.00693 O. &834 
900 2.6330 13&46.9 0.03945 10.228& 0.00109 331.91 152.95 0.03059 1.0079& O. &835 

10DO 2.3749 1;29&.1 0.03877 10.2062 0.00098 440.5& lG3.&& 0.04454 1.00717 0.55&9 
1200 1.9557 18758.8 0.03733 10.1723 0.00082 511.00 184.40 0.06028 1.00&00 0.554& 
1400 1.70 &2 22451.3 0.03585 10.1479 0.00070 583.18 204.31 0.07787 1.00515 0.553& 

1&00 1.4957 2&331.2 0.03447 10.1295 0.000&2 65&.3& 223.49 0.09725 1.00451 0.5531 
1800 1.3314 39367.5 0.03324 10.1150 0.00055 73.0.5& 242.05 0.11845 1.00402 0.5525 
2000 1.1995 31+&29.0 0.03205 10.1U29 0.00049 809.11 2&0.0& 0.14171 1.003&2 0.550B 
2500 0.9b05 47982.5 0.02811 10.0701 0.00040 1091.21 303.19 0.214&2 1.00290 0.5295 
3000 0.79&2 71842.& O. 02 179 9.9893 0.00033 1748.06 345.18 0.32975 1.00240 0.4733 
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.. , 
C.Za THERMODYNAMIC PROPERTIES OF NO~MAL HYOROGZN 

12.00 "PA I~O:tAR 

T["PERATURE IIOLU"E 150THERI1 IS0CHORE INTERNAL ENTHALP." ENTROP', CV CP VELocn" 
OERIVATIlIE DERIIIATlllE ENERGY OF SOUND 

OEG. I( :U "/I(G CU "-"PA/KG I1PA/I( KJ/KG-K' KJ/I<G ~...!/I(G-K KJ I KG-K HIS 

• 17.3"& 0.'01210 1.8521 1.038 227.1 372.2 1".336 5.15 6.63 151010 
15 0.01215 1.81b6 1.037 230.8 l7".& 110.565 5.25 6.8J 1537 
19 0.0122" 1.7b29 1.035 .23&.8 363.& 1/0.9&2 5./01 7.13 1525 
20 0.01233 1.7091 1.031 2/03.0 390.9 15.336 5.5/0 7./03 1514 
21 0.012102 1.6510 1.027 2/09.4 396./0 15.705 5.( 7 7.7/0 1501 
22 0.01252 1.5973 1.021 256.1 /00&.3 16.072 5.79 8.0/0 1/089 
23 0.01262 1.5/02& 1.013 263.1 414.5 1£ •• /036 5.89 8.33 1477 
2/0 0.01272 1. /08&2 1.003 270.2 1022.9 1&.797 5.9t. 8.&1 11063 
25 0.012810 1.4391 0.-)916 277.7 431.7 17.153 6.07 8.1l8 1/051 
26 0.01295 1.3900 0.9786 285.3 /0100.7 17.505 6.110 9.15 11039 
27 0.01307 1.31054 0.9&107 293.1 "5J.0 17.856 6.21 9.41 11027 

28 0.01320 1.2977 0.9507 301.2 459.5 UI.202 6.28 9.68 11014 
29 0.01333 1.2500 0.9353 309." 469.3 18.547 6.34 9.95 1400 
3D 0.013 .. 6 1.2023 0.9191 317.9 479.4 tll.888 6.40 10.22 1386 
31 0.01360 1.1560 0.9019 326.5 "89.8 19.227 &.45 10."8 1371 
32 0.01375 1.113& 0.6840 335.3 500.4 19.5&" 6.49 10.7" 1357 
33 o .u1391 1.0706 0.8655 3 ..... 4 511.2 19.8'39 6.53 11.00 13,.3 
310 0.01406 1.0266 0.6"65 353.6 522.4 20.231 6.57 11.25 1328 
35 0.Ollt23 0.9869 0.8269 363.0 533.7 20.5&1 6.&0 11.50 1313 
3& O.Ollt .. o 0.9 .. 95 0.60&9 372.5 545." 20.669 &.&3 11.75 1297 
37 0.011058 0.9134 0.78&& 382.2 557.2 21.2110 6.6& 11.99 1282 

38 O.ollt77 0.877& 0.76&0 392.1 5&9.3 21.537 6.&6 12.22 12&7 
39 0.01 .. 9& 0.8431 a.7"55 "02.1 581.7 21.857 &.&9 12.45 1252 
40 0.01H7 0.8101 0.72"9 "12.2 594.2 22.175 &.70 12.&7 1238 

42 0.01559 0.7"70 0.&841 432.9 &20.0 22.803 6.72 13.12 1208 
44 0.01&0& 0. &919 0.&441 1054.0 &4&.7 23.423 &.74 13.54 1179 
46 o. 01&55 0.&457 0.6052 475.0 673.& 2".022 6.79 13.94 1151 
48 0.01708 0.60 .. 2 0.5677 49&.8 701.8 24.622 6.82 1".29 1125 
50 0.017&5 0.5,,90 0.5319 518.9 730.7 25.212 6.84 1,..59 1101 
52 0.01825 o .5385 0.4982 5 .. 1.2 760.2 25.79U 6.8& 14.84 1079 
510 0.011188 0.5129 0."667 563.5 790.1 26.35" 6.87 . 15.05 1060 
56 0.01955 0.4916 0.4373 586.0 82i1.& 2&.910 6.88 15.20 1042 
58 0 •. 0202 .. 0.4753 0.4101 608.2 851.1 27."45 &.88 15.28 1028 
60 0.02096 0.4&23 0.3851 &30.2 881.7 27.9&4 \:t.87 15.33 1016 

65 0.02285 0.4435 0.3313 684.0 958.3 ~9.188 6.86 15.26 993 
70 0.02485 0 ... 390 0.2881 735.9 1034.0 30.312 &.8& 15.03 981 
75 0.026119 0.4 .. 58 0.2537 785.7 1108.4 31.338 6.89 14.71 97& 
110 0.02895 0.4593 0.2260 833.8 1181.2 32.277 6.93 14.39 97& 
85 0.03101 0.4755 0.2037 880.3 1252." 33.141 7.00 14.13 980 
90 0.03307 0.49"2 0.1853 925.8 1322.5 33.9"4 7.09 13.93 985 
95 0.03511 0.5142 0.1700 970.5 1391.8 34.692 7.19 13.78 992 

100 0.0371" 0.5351 0.1571 1014.7 1460.4 35.396 7.31 13.68 1000 
120 0.04511 0.6260 0.1208 1192.8 1734.1 37.891 7.92 1\3.61 1037 
140 0.05285 0.7197 0.0984 1372.5 200&.7 39.992 11.44 13.70 1081 

160 0.0£0040 0.8125 0.0832 1557.0 2281.8 41.827 8.88 13.85 1126 
180 0.0&7&1 o .8980 0.0723 174&.4 2557.7 43.453 9.24 14.03 1167 
200 0.07490 0.9879 0.0638 19100.3 2839.0 44.935 9.53 14.16 1211 
220 0.08211 1.07&5 0.0573 2138.1 3123.4 46.290 9.77 14.30 1255 
24G 0.0892& 1.1642 0.0521 2339.2 3410.3 47.539 9.95 14.40 1298 
260 0.09&37 1.2510 0.0477 2542.7 3699.2 48.696 10.09 14.49 1340 
280 0.10344 1.3372 0.0441 2748.1 3989.4 49.771 10.19 14.54 1382 
300 0.11061 1.4275 0.0409 2956.5 4283.8 50.782 10.27 14.57 1424 
350 0.12809 1. &388 0.0348 3476.5 5013.5 53.033 10.3& 1".&1 1520 

"DO 0.14547 1.8484 0.0303 3998.2 57~3.9 54.983 10.40 14.60 1611 

450 0.1&280 2.05&9 0.02&9 4520.3 &473.9 56.703 10.41 14.59 1&98 
500 0.18009 2.2648 0.0241 5042.2 7203." 58.239 10."2 1".59 1781 
550 0.1973& 2.4722 0.0219 5564.2 7932.5 59.629 10.43 1".58 18&0 
600 0.214&1 2.&793 0.0201 &086.7 86&2.0 &0.896 10.4" 14.59 1935 
700 0.2490& 3.0929 0.0172 713 ... 2 10122.9 &3.151 10.49 1".63 2077 
1100 0.283"9 3.5060 0.0150 81811.4 11590.3 &5.112 10.58 llt.71 2208 
900 0.31790 3.9188 0.0133 9293.0 130&7.8 66.850 10.70 14.84 2330 

1000 0.35230 4.3315 0.0120 10331.0 14558.& &8 ... 19 10.87 14.99 2445 
1200 0.42107 5.15&& 0.0100 125"2.5 17595." 71.168 11.24 15.37 2&55 
1 .. 00 0.48983 5.9815 0.008& 1"835.8 20713.8 73.578 11.&8 15.80 2845 

1&00 0.55859 &.80&3 0.0075 17214.8 23917.6 75.723 12.12 1&.24 3020 
1800 0.&273" 7.&Jl1 0.00&7 19&79.7 27207.8 77 .&55 12. S5 1&.& 7 3184 
2000 0.&9&13 8.1,559 0.00&0 22234.2 30587.7 79 ..... & 12.99 17.12 3338 
2500 0.8&1194 10 .• 5178 0.00"8 29102.7 J953J.0 83~416 14.72 18.95 J&80 
3000 1.04737 12.5796 0.0040 37405.3 49973.6 87.227 18.78 23.48 39&5 
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THERMOiJYNAMIC PRQPE~TIES OF NORHAL HYDROGEN C-la 

12.00 HPA I~OaAR 

TEMPERA TURE ilENSlTY II(DH/Dlilp II (OP/DUI
V 

-1/ (OP/olla
r (Oll/OT\~II THERMAL VISCOSITY THERMAL OIEL£CTRIC PRAt.oTL 

CONOUCTIIiITY OIFFUSIVITY CONSTANT NUMBER 
DEG. I(. KtO/CU M I(J/KG HPA-CU H/KJ HPA 1I0£G. K W/K-H KG/H-S SQ M/HR 

X 10l )( 103 X 107 

• 11.34& 82.&75& ' 977.1 0.24393 153.1232 0.00&78 111.38 329.05 0.00073 1.27159 1.9572 
18 82 • .1055 9810.2 0.23990 149.5JJ5 0.00&94 114.78 306.11 0.00074 1.27027 1.8211 
19 31.72610 993.1 0.23428 144.0750 0.00718 118.63 276.63 0.00073 1.2&822 1.6609 
20 81.1312 999.7 0.22926 138.6583 0.007104 122.&8 252.39 0.00073 1.26&11 1.~293 

21 80.5315 1001.9 0.22488 132.9&11 0.00772 126.91t 232.38 ~. 00073 1.26H8 1.4161 
22 n.9020 1004.2 0.22092 127.6311 0.00800 130.37 215.25 0.00073 1.2b175 1.32b7 
23 79.25310 1004.& 0.21711 122.2533 0.00'329 133.10 200.56 1l.00073 1.25910 & 1.25107 
24 76.5874 1002.8 0.21339 11&.7973 0.00859 135.25 187.90 0.00072 1.25711 1.19&& 
25 77 .9078 1004.0 0.209810 112.1188 (1.00884 13&.90 176.88 0.00071 1.251071 1.1472 
2& 77 .2094 1003.1 0.20b37 107.3243 (1.00'312 138.06 167.16 01.00070 1.25225 1.1075 
21 7&.1097& 1003.4 0.20295 102.918& 0.00937 138.85 158.57 0.00069 1.210975 1.0742 

28 75.11210 1001.0 0.19973 98.3287 0.009&7 139.32 150.91 0.00068 1.210720 1.01083 
29 75.0316 997.5 0.196510 93.7865 0.00~97 139.52 11010.03 0.00067 1.2410&1 1.02&9 
30 710.27&1 992.& 0.193108 89.30410 0.01029 139.48 137.80 0.000&& 1.2419& 1.0093 
:31 73.501tl 987.& 0.19037 810.9711 0.010&1 138.71 132.13 0.00065 1.2392& 0.998& 
32 72.7171 983.7 0.18727 80.9802 0.01092 137.78 126.910 0.000610 1.23&51 0.98910 
33 71.9154 978.3 0.181024 77.0050 Il. 0 11210 13&.73 122.16 0.00062 1.23371 0.9825 
310 71.1002 972.4 0.1812& 73.11053 0.01157 135.&2 117.75 01.000&1 1.23J88 0.9770 
35 7(1.2703 966.5 11.17828 &9.10894 0.01190 1310.42 113.66 0.00060 1.22799 0.9725 
3& &9.4279 9.l>0.1 0.17529 &5.9188 0.01224 133.15 109.84 0.00059 1.22507 0.9&95 
37 &8.5720 9510.5 0.17 232 &2.63&9 0.0125& 131.82 106.28 0.00058 1.22210 0.9&&3 

38 67.70105 9107.8 0.1&9105 59.1018/0 0.01289 130.410 102.93 0.00057 1.21310 0.9&103 
39 &&.82&1 9100.7 0.16673 5&.31041 0.01323 129.03 99.79 0.0005& 1.21&0& 0.9&2& 
40 6~.930& 933.5 0.1&/007 53.41&1 0.01357 127.59 96.83 a.00055 1.21299 0.9&15 

.. 2 &,..1275 918.5 0.15878 /07.9026 0.01428 1210.&2 91.39 0.00053 1.20&77 0.9620 .... 62.2808 905.8 0.15351 103.0902 0.011095 121.63 86.50 0.00052, 1.200104 0.9&29 
/0& &0./0123 898.3 0.110761 39.0098 0.01551 118. &9 82.11 0.00051 1.191005 0.9&100 
48 58.5352 890.3 0.1It225 35.3&75 0.01&05 115.S& 78.17 0.00050 1.187&& 0.96103 
50 5".6512 884.2 0.13721 32.21000 0.01&50 113.15 7".610 0.000109 1.18129 0.9b23 
52 54.7950 879.2 0.13251 29.5076 0.01688 11 o. &0 71.49 0.000109 1.175JO 0.959& 
54 52.9589 876.0 0.12817 27.1&06 0.01718 108.27 68.71 0.000109 1.1&681 0.9551 
5& 51.1592 87/0.10 0.121023 25.1500 0.01739 10&.28 &&.24 0.000109 1.1&277 0.91077 
58 49.10050 875.2 0.12073 23./08106 0.01710& 104.103 &4.09 01.0a05J 1.15&91 0.9380 
60 "7.709& 877.8 0.11751 22.0559 0.017"6 102.89 62.21 0.00051 1.1512& 0.92&8 

65 103.7550 8910.0 0.11037 19.1t053 0'.01707 100.07 58.59 0.000510 1.13815 0.893& 
70 40.2475 922.1 0.10430 17.6700 0.01&31 97.810 56.20 0.00058 1.12&&1 0.863& 
75 37.1910 961.7 0.09903 16.5807 0.01530 ~5.!i2 5/0.710 0.00063 1.11&&2 0.81030 
80 3,..51029 1010.0 0.09/039 15.8&51 0.01425 910.18 53.93 (1.00068 1.10801 0.8240 
85 32.2500 10&4.0 0.09021 15.3363 0.01328 910.&6 53.61 0.00075 1.100&0 O. 8002 
90 30.21033 11'23.4 0.08640 14.9467 0.012100 95.17 53.&1 (1.00081 1.0910110 0.784& 
95 28.4826 1186.7 0.06299 110.610/06 0.01161 95.710 53.85 0.00088 1.083"9 0.7751 

100 2&.92;'3 1254.0 0.07982 110.100810 0.0109! 97.57 510.15 0.00095 1.08352 0.7590 
120 22.1672 15 £lit. 0 0.0&878 13.8769 0.00670 110.11 59.77 0.00131 1.06841 0.7388 
1 .. 0 18.92110 189&.2 0.0&161 13.6180 0.00722 120.20 63.&0 0.00167 1.05819 0.7246 

160 1&.55&7 22100.4 0.05656 13.4531 0.00&16 129.00 66.&5 0.0020 3 1.05079 0.715& 
180 1,..7907 ~578.2 0.05287 13.2823 0.00510" 137.02 69.310 a.00238 1.010526 0.7100 
200 13.3517 2926.7 0.05012 13.1900 0.00481t 1104./07 7:,.88 (1.00275 1.0,,081 0.70"4 
220 12.1790 3269.7 0.010818 13.1110 0.001037 151.52 710.35 o. DO 313 1.03718 0.7014 
2100 11.2029 3607.1 0.010&73 13.0"22 0.00399 158.19 76.77 0.00353 1.031017 o. & 9 91 
260 10.37&& 3938.7 0.01t562 12.9814 0.00366 1&It.51o 79.19 O. DO 394 1.031&2 0.&971 
280 '3.&&72 42610.0 o.olo/on 12.9272 0.003/01, 170.&10 81.&0 0.001037 1.029103 0.&955 
300 9.0lt07 10595.0 0.010410 12.9053 0.003H 17&.51 84.01 Q.001082 1.02751 0.693& 
350 7.8071 5368.& 0.04303 12.79"0 0.00272 190.52 90.05 0.00&01 1.02372 O. &903 
/ODD &.871tt &121.3 11.042102 12.7058 0.00239 203.95 9&.11 0.00731 1.02087 0.6881 

450 &.1/0210 5862.3 0.04203 12.6343 0.00213 217.07 102.15 0.00872 1.018&3 0.&8&& 
500 5.5527 7602.5 0.04171 12.5755 0.00192 230.13 108.16 0.01023 1.01683 0.6855 
550 5.0&&9 83100.5 0.0101106 12.52&10 0.00175 243.06 1110.12 0.011810 1.01535 0.&8108 
600 ". &597 9 0 81.9 0.04123 12.108107 0.00161 255.9/1 120.03 0.01355 1.011011 0.&8102 
700 1t.0150 10581.8 0.01007& 12.10180 0.00138 ~81.61. 131.67 0.01727 1.01215 O. :>83& 
800 3.5275 12119.2 0.010023 12 ~'36 72 0.00121 307.9"7 1103.010 0.0213& 1.010&7 O. &8310 
900 3.145& 13708.4 0.039&2 12.3272 0.00108 334.59 1510.15 0.02581 1.00951 O. &835 

1000 2.6385 15358.3 0.03892 12.2950 0.00096 1t40.5& 1&5.01 0.03727 1. ODdS 8 0.561& 
1200 2.371t9 18822.& 0.03745 12.210&3 0.00062 511. DO 186.02 0.050100 1.00717 0.5595 
1 .. 00 2. Olt 15 2251&.8 0.03595 12.2113 O.DOO7C 583.17 20&.18 0.0&508 1.00&1& 0.5587 

1600 1.7902 2&397.8 0.03105& 12.1849 0.00062 &5&.32 225.61 0.08125 1.005100 0.55810 
1800 1.59"0 30431." 0.03332 12.1&42 0.00055 730.3& 21010.101 0.091192 1.00461 0.5580 
2000 1.103&5 34&78.1 0.03214 12.11071 O.OOJ"g 808.28 2&2.&4 0.11828 1.0u433 0.5505 
2500 1.1508 107768.9 0.02831t 12.10102 0.00040 1080.g18 39&.32 0.178106 1.003107 0.53b'1 
3000 o .9!>1t6 70!>29.5 0.02231 12.01D8 0.OD033 1&95.~·9 3108.70 0.27223 1.002S6 0.10830 
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C-Za THERMOOYNA~IC PROPf~TIES OF NOR.'UL HYOPOGEN 

14.00 HPA lSOdAR 

.I 

Tf"P~RA TUitE ~OLU"E I"OTHERI'l ISOCHORE INTERNAL ENTliALP1 ENTROPY CV CP VELOCITY 
OERlvATIltE Ot::RIVATIVE ENERGY OF SOUND 

DEG. K CU It/KG CU H-HPA/I(G HPA/K I(J/KG-K KJ/I(G KJ/KG-K KJ I KG-K I1IS 

• 11.8&g 0.011911 1.'1517 1.052 229.2 39&.9 1 ... 37 .. 5.21 &.&7 1580 
111 0.01199 1.9 .... 9 1.052 229.9 397.6 1 ..... 23 5.2" &.71 1579 
19 0.01207 1.8929 1.051 235.& .. 0 ... 7 1 ... 793 5.39 7.00 15&9 
20 0.0121& 1.8 .. 08 1.049 2 .. 1.6 411.8 15.1&0 5.53 7.2'1 1559 
21 0.0122 .. 1.7889 .t .01,5 21,7.9 1,19.3 15.521, 5.&5 7.57 15 .. 8 
22 0.01233 1.7372 1.039 251,.3 1,27.0 15.883 5.77 7.85 1537 
23 0.0121,2 1.&80 .. 1.03& 2&1.0 .. 31,.9 1&.237 5.87 8.14 152& 
24 0.01252 1.El297 1.027 267~9 1,1,3.2 16.589 5.97 8.41 1515 
25 0.01262 1.578 .. 1.017 275.0 .. 51.7 16.937 6.0& 11.67 1503 
26 0.01273 1.521,1, 1.00& 282.4 "60.5 17.281 6.11, 11.93 11,89 
27 0.01283 1.1,799 0.9933 289.9 4&9.& 17.&23 6.21 9.18 1,+79 

28 0.01295 1.1,333 0.9796 2'17.& 1,78.9 17.9&0 6.26 9.1,3 11,66 
29 0.0130& 1.3879 0.9652 305.6 "88 ... 18.296 &.35 9.67 11051, 
30 O. 01318 1.3 .. 39 0.95 09 313.7 1,98.2 18.&27 &.40 9.91 11,42 
31 0.01331 1.2995 0.9355 321.9 508.3 18.956 &.1,& 10.16 1 .. 30 
32 0.013 .... 1.251,8 0.919 .. 330.1, 518.5 19.283 &.51 10.1,0 1 .. 16 
33 0.01357 1.213 .. 0.9025 0339.0 529.1 19.606 6.55 10.&3 1 .. 03 
34 0.il1371 1.1721 0.8851 3"7.8 533.8 19.927 &.59 10.86 1390 
35 0.0138& 1.1320 0.8&72 356.8 550.8 20.24& &.&2 11.09 1377 
3& 0.01401 1.0925 0.81,90 365.9 562.0 20.561 6.66 11.32 13&3 
37 0.0141& 1.0568 0.8303 375.1 573 ... 20.871, 6.&9 11.53 1350 

38 0.01"32 1.0212 0.8114 384.5 585.1 21.185 6.71 11.71, 1336 
39 0.01449 0.98&4 0.7923 394.0 59&.9 21.1092 &.72 11.91, 1323 
40 0.01"&& 0.9529 0.7731 1,03.7 &08.9 21.791 6.71, 12.13 1310 

1t2 0.01502 0.8909 0.7347 423.3 633.6 22.398 6.76 12.50 12111, 
It I, 0.0151,1 0.8333 0.6969 1,43.3 &58.9 22.988 &.78 12.87 1257 
It& 0.01582 0.7799 0.6598 1t63.1 &84.5 23.55& 6.84 13.26 1230 
1t8 0.01&25 0.7351 0.&238 1t83.8 711 ... 2".127 6.87 13.58 12a5 
50 0.01&71 0.6957 0.5891 501,.8 738.8 21t.&88 6.90 13.8& 1183 
52 0.01720 0.660& 0.55&0 526.0 76&.8 25.237 6.92 IIt.11 1161 
54 0.01771 0.&313 0.52 .. 6 51,7.3 795.3 25.771, &.93 . 14.31 1142 
56 0.01824 a • &055 0.4951 5&8.9 821,.3 2&.303 E>.94 14.48 1124 
58 0 .. 01880 0.5831, 0.4674 590.2 853.4 2&.813 6.93 14.61 1109 
60 0.01937 0.5657 0.441& 611.5 682.7 27.310 6.92 14.69 1095 

65 0.02089 0.5344 0.3847 663.9 95&.4 28.4119 6.92 14.77 1068 
70 0.02250 0.5196 0.3378 715.1 1030.2 29.582 6.92 14.1'0 1051 
75 0.02418 0.5164 0.2992 7&4.8 1103.3 30.592 6.94 14.54 1040 
80 0.02589 0.5221 0.2676 813.2 1175.& 31.524 6.99 14.34 1035 
85 0.02761 0.5335 0.2415 860.3 124&.8 32.388 7.05 14.13 1034 
90 0.02933 0.51, 79 0.2199 90&.3 1317.0 33.192 7.14 13.97 1036 
95 0.0310& 0.561,8 0.2016 951.7 138&.5 33.943 7.24 13.61, 1039 

100 0.03278 O.563l 0.1665 996.6 1455.5 34.651 7.35 13.76 1045 
120 0.03958 0.&&&& 0.1431 1177.2 1731.3 37.164 7.9& 13.73 1073 
140 0.04&23 0.7567 0.11&3 1359.2 2006.4 39.264 8.47 13.82 1111 

160 0.05272 0.6476 0.0960 1545.6 2283.8 41.135 8.92 13.96 1152 
180 0.05909 0.9381 0.0849 173& .8 2561,.1 42.786 9.28 14.10 1194 
200 0.0&537 1.0274 0.0749 1932.1 2847.2 44.278 9.5& 14.23 1236 
220 0.07138 1.1089 0.0&72 2130.7 3130.0 45.625 9.79 14.36 1275 
21,0 0.07753 1.19&7 0.0610 2332.5 3418.0 46.679 9.97 14.46 1318 
260 0.08365 1.2837 0.0559 2536.7 3707.8 48.039 10.10 14.53 1359 
Z80 0.08973 1.3701 0.0516 2742.7 3998.9 1,9.117 10.20 14.58 1399 
300 O. 09592 1.1,620 0.0479 2951.8 4294.7 50.132 10.28 14.&1 11,41 
350 0.11093 1.6734 0.0407 3472.9 5025.9 52.386 10.37 14.63 153& 
400 0.12585 1.8830 0.0354 3995.4 5757.3 51,.341 10.40 14.62 1&27 

450 0.14071 2.0915 0.0314 4518.1 6488.1 56.0&2 10.41 14.60 1713 
500 0.15554 2.2993 0.0282 501,0.5 7218.1 57.600 10.42 1 ... &0 1794 
550 0.17035 1'.5067 0.025& 5562.8 7947.& 58.991 10.43 14.59 1873 
600 0.18514 2.7137 0.0234 6085.6 8677.5 &0.258 10.45 14.&0 1947 
700 0.21468 3.1271 0.0200 7133.4 10138.9 62.514 10.50 14.&1, 2086 
800 0.24419 3.5401 0.0175 8188.0 11606.& 61,.1, 75 10.58 14.72 2219 
900 0.273&9 3.9528 0.0156 9252.7 13084.4 &&.211, 10.71 14.81, 2340 

1000 0.30317 4.3&54 O. 014 a 10330.9 14575.3 &7.783 10.87 15.00 21,54 
1200 0.3&213 5.1903 0.0117 12542.6 17&12.3 70.532 11.25 15.37 26&3 
11,00 0.4210& &.0150 0.010 0 11,836.0 20730.9 72.942 11. &8 15.80 2853 

1600 o .4799~ &.8397 0.(lQ67 17215.0 23934.9 75.087 12.12 1& .24 3028 
1800 0.53693 7.&644 0.0078 19&79.8 27224.6 77.019 12.55 16.&7 3191 
2000 0.59766 8 .It 891 0.0070 22233.4 30&03.6 78.809 12.99 17.12 3345 
2500 0.7 .. 595 1'0.5509 0.005& 29084.7 39527.9 82.772 14. &4 111.86 3687 
3000 0.89849 12.6127 0.0047 37289.7 498&8.5 6&.54& 18.44 23.11 3973 
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rHERHO!l'l'NAHIC PROPfRTIES OF NORMAL H10ROGE~ C-la 

110.00 MPA IS06AR 

TEMPERATURE DENSITY II (OH/Olllp V COP/DUly -V (OP/UIII
T 

(,lII/f1rV'" THERHAL VISCOSITY THERHAL OIELECTRIC .,';14 NOTl 
CONOUCTI>lITY OIFFUSIIIIT'I' CONSTANT NUMIlER 

DEG. K K(i/CU It KJ/KG MPA-CU I1/KJ /1PA lIDEG. I( H/K-'1 KI>/'1-S iQ H/HR 
X 10l ' )( 10 3 II 107 

• 17.8&9 83.10399 . 1032.3 0.24187 162.8525 0.000101; 11&.52· 3101.17 0.00075 1.271031 1.9531 
18 83.3&89 1.033.9 0.210110 162.11039 0.00649 117.20 336.21 a.00075 1.271005 1.n50 
19 82.8207 101+4.& 0.235&1 156.7682 0.00671 121.54 302.68 0.00075 1.2721U 1.74105 
20 82.2581 1052.9 0.23071 151.424& 0.00693 125.67 275.2& 0.00075 1.27010 1.5972 
21 81.&813 1059.2 0.2l626 146.1222 0.00715 130.19 252.51 J.00076 1.2660 " 1.10667 
22 81.0903 10£:3.9 0.22214 140.8711+ 0.00738 133.69 233.37 a.00076 1.26596 1.3676 
23 60.1+940 10&3.1 0.21902 135.2&25 0.00766 136.91 217.21 0.00075 1.26365 1.2913 
210 79.8706 10&5.2 0.21544 130.1&61 0.00789 139.29 203.13 0).00075 1.26164 1. 2261 
25 79.2334 10&5.7 0.21197 125.0&410 0.00614 141.16 190.92 0.00074 1.25939 1.1725 
2& 78.5812 1063.8 0.20656 119.7910 0.00840 142.53 160.21 0.00073 1.25709 1.1295 
27 77.9182 11165.5 0.20516 i15.3118 G.OOS61 143.51 170.79 0.00072 1.25475 1.0922 

28 77 .2391+ 1065.2 0.20185 110.7064 0.00885 11+4.16 162.39 0.00071 1.25236 1.0&17 
29 76.5489 1064.3 0.19865, 106.2418 0.00'309 144.53 151+.88 0).00070 1.24993 1.0362 
30 75.8487 1062.5 0.19578 101.93&7 0.00'333 144.&6 146.11+ 0.00069 1.2471.7 1.0150 
31 75.1334 1059.9 0.19285 97.&38& 0.00358 14".03 1" 2.01 a.00066 1.24496 1. 0012 
32 74.4075 1056.1 0.18'392 93.3&70 0.00385 143.25 13&.44 0).00067 1.24242 0.9905 
33 73.&&84 1053.0 0.18705 89.3899 0.01010 11+2.31+ 131.33 0.000&5 1.23'363 0.9809 
31t 72.9202 1049.0 0.16422 :!5.4730 0.01036 141.37 126.&4 0.000&4 1.23722 0.9731 
35 72.1585 1044.& 0.1811+2 81.&823 0.01062 140.31 122.29 0.000&3 1.23456 0.9&67 
36 71.3871 1039.7 0.17861+ 77.9869 O.01J8'l 139.17 118.2& 0.000&2 1.23187 0.9618 
37 70.&056 103&.0 0.17589 74.&181 0.01113 137.97 114.51 0.00061 1.22916 0.9568 

18 &~.8145 1031.1 0.17321+ 71.2911 0.01138 136.71 111.01 0.00060 1.22&41 0.9529 
39 &9.0158 1025.5 0.17071 611.071+8 0.01164 135.43 107.73 0.00059 1.223&4 0.9495 
.. 0 611.2067 1019.8 0.1&823 &4.9973 0.01189 134.11 104.65 0.00058 1.220810 0.94&5 

42 66.5716 1009.1 0.16328 59.3071 0.01239 131.3& 99.00 J.00057 1.21518 0.9421 
.... &'+.9100 998.8 0.15830 54.0908 0.01268 128.62 93.96 0.00055. 1.20946 0.9400 
1+6 &3.2267 990.9 0.1526& 49.311& 0.01338 125.88 89.42 0).00054 1.203&8 0.9418 
.. 8 &1.532& 984.8 0.1475& 45.2351 0.01379 1<:3.21 85.33 0.00053 1.19788 0.9406 
50 59.8340 979.& 0.14277 41.&279 0.01415 120.&3 81.&1+ 0.00052 1.19206 0.9383 
52 58.1427 975.1 a .i3bJ6 38.1+099 0.01448 118.17 78.32 0.00052 1.18&33 0.9355 
51+ 5&.1+68& 972.& 0.1340!:i :;':;.&1t85 0.01472 115.86 75.35 0.00052 1.180&5 0.9307 
56 54.8188 910.8 0.13021 33.1922 0.01492 113.71 72.&9 0.00052 1.17508 0.9256 
58 53.1998 9&9.8 0.12&77 31.0358 0.01506 111.&8 70.31 0.00052 1.169&2 0.919& 
60 51.&176 971.2 0.12354 29.1990 0.01512 11 0 .12 68.21 0.00052 1.1&431 0.9098 

65 47.8&11 982.2 0.11&23 25.57&5 0'.01504 10 7.17 &3.98 0.00055 1.1517& 0.8820 
70 '+4.4354 1005.4 0.10983 23.0981 0.0141;2 104.&8 &0.99 0.00058 1.14040 0.85&6 
15 41.3625 1038.3 0.10419 21.3608 0.01401 102.18 58.97 0.000&1 1.13027 0.8394 
80 38.&321 1080.8 0.09913 20.1711 0.01327 100.39 57.67 0.000&5 1.12132 0.8237 
85 36.2217 1131.0 0.09454 19.3230 0.01250 100.55 56.93 a.00071 1.1134& O.80H 
90 34.0900 118&.9 0.0903& 18.6790 0.01177 100.75 56.60 0.00076 1.10655 0.78 /,9 

95 32.1975 121+7.5 0.08661 18. j.&47 o .ll1110 101.04 56.S? 0.00082 1.10043 0.7151 
100 30.5058 1312.8 O. 08315 17.7952 0.,111048 lG2.49 56.59 0.00088 1.09498 0.7595 
120 25.2655 1&16.0 0.07119 16.8"30 0.00850 114.24 61.75 0.00119 1.07823 0.7420 
140 21.&318 191+5.3 0.0&343 1&.3&78 0.00710 123.51 &5.14 0.00149 1.0&&72 n.,7287 

160 19.9674 2289.0 0.05796 1&.0775 0.00&10 131.67 67.87 0.00179 1.05833 0.1195 
180 16.9222 2637.9 0.05407 15.8753 0.00535 139.22 70.34 0.00210 1.05193 0.7125 
200 15.2983 2985.5 0.05120 15.1172 0.00476 146.34 72.72 0.00242 1.04&8& 0.7068 
220 1'+.0096 3317 .3 0.04903 15.534& 0.00433 153.15 75.07 0.00274 1.04286· 0.7038 
240 12.8974 3&5&.0 0.0471+8 15.4341 D.00395 159.65 77.42 0.00308 1.039',1 0.7011 
260 11.9548 3988.7 0.01+&30 15.34&& 0.00364 165.89 79.78 0.00344 1.03&1,9 O. &989 
280 11.1448 4315.2 0.04539 15.2&94 0.00338 171.92 82.1& 0.00361 1.033'B 0.&970 
300 10.4251 4 &50.6 0.01,4&7 15.2420 0.00314 177.75 84.55 0.00420 1.03l)·7 0.6949 
350 9. 0149 5425.6 0.04351 15.0854 0.00270 191.71+ 90.58 0.00523 1.027~ 3 O. &912 
400 7.9461 &179.4 0.04282 14.9&25 0.00237 205.23 9&.66 0.00636 1.02415 0.&887 

450 7.101i7 &921.0 0.01+238 11+.8&37 0.00211 218.43 102.75 0.00758 1.02158 O. &869 
500 6."291 7&61. & 0.04202 14.782& 0.00191 231.61 108.81 0.00869 1.01951 0.10857 
550 5.8704 81+00.0 0.04114 14.7150 0.00174 244.&8 114.8" 0.01028 1.01780 O. &81t9 
600 5.4014 9141.7 0.04148 11+.6579 0.00160 257.74 120.82 0.01177 1. 01637 0.681t3 
700 4. &581 10&42.0 0.04096 14.5&&7 0.00138 283.89 132.59 0.01499 1.01411 O. & 6 36 
800 1t.0951 12180.0 0.04042 14:4973 0.00121 310.32 144.11 a.018S4 1.01239 0.6834 
900 3. &538 13769.7 0.03978 14.4428 0.00108 337.2& 155.3& 0.02240 1.01105 0.6835 

1000 3.2984 15420.3 0.03906 14.3990 0.00097 440.56 1&&.35 0.03207 1.0~997 0.5&62 
1200 2.7615 18886.2 0.03156 14.3328 0.00081 511.00 167.&3 0.01t3.!4 1. 00831t O. 5 &44 
11+00 2.37 "9 22582.1 0.03&04 14.2853 0.0007e 583.17 208.0& 0.0559" 1.00717 0.5&38 

l&Oa 2.0834 264&4.2 0.034&4 14.249& 0.00061 &56.29 227.74 0.06981 1.00&29 fJ·5&37 
1800 1.8555 30496.1 0.03340 14.2216 0.00055 730.19 24&.78 0.08497 1.00560 '0.5635 
2000 1.6726 31t 731.7 0.03222 14.1986 0.0001t9 807.63 265.2& 0.1015& 1.00505 0.5622 
2500 1.3" 0 6 47&54.5 0.02853 lit. 141+3 0.0001t11 1073.01t J09.1t8 J.15278 1.001t04 0.5440 
3000 1.1130 69525.3 0.02273 14.0317 0.00033 1&54.59 352.30 0.231&3 1.00336 0.4920 
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CoZa T HER"OiJ'fHAHIC PROPE~TIES OF ND~"AL HYDROGEN 

16.00 "Pi ISOBAR 

TEltPERATURE ~ULU"E ISOTHE.RH ISOCHORE INTERNAL ENTHALP), ENTROPY CV CP VELOCITY 
DERIvATIVE DERIVATIVE ENERGY OF SOUND 

DEG. K :;U I'IIKG CU "-HPA/!,G I1PA/I( KJ/KG-K KJ/KG KJ/KG-I( KJ I "~-K HIS 

• 18.378 0.01188 2.0484 1.066 231.4 421.5 14.411 5.28 6.71 1615 
19 0.OU93 ~. 0171 1.06& 234.9 425.7 14.6J7 " 5.37 6.89 1609 
20 0.01200 1."96b7 1.06~ 240.7 432.8 llt.996 5.51 7.17 1600 
21 0.01208 1.9163 1.0&2 246.7 440.1 15.356 5.&4 7.44 1591 
22 0.01217 1.8&&1 1.058 253.0 447.& 15.709 5.75 7.70 1561 
23 0.01225 1.61bl 1.052 259.5 It55.5 1&.057 3.66 7.96 1571 
21t 0.012310 1.76&10 1.045 266.1 463.6 16.402 5.9& 6.22 1561 
25 0.0121t3 1.7119 1.041 273.0 471.9 1&.741 6.05 6.49 1550 
26 0.01253 1.b&42 1.0Jl 280.1 480.5 17.077 6.13 8.71t 151t0 
27 0.012&2 1.&158 1.020 287.1t 489.4 " 17.412 &.21 8.98 1528 
28 0.01273 1.5b44 1.007 294.8 498.5 17.742 &.28 9.22 1515 

29 0.01283 1.5218 0.9937 302.5 507.8 18.070 6.35 9.1t5 1505 
3D 0.01294 1.1t775 0.979& 310.3 517.3 18.3'34 6.41 9.67 1493 
31 0.01306 1.4313 0.9650 318.2 527.1 18.715 6.46 9.90 1481 
32 0.01317 1.390& 0.9504 326.4 537.1 19.032 6.52 10.12 11070 
33 0.01329 1.31t92 0.9351 334.7 547.4 19.347 6.5& 10.34 1458 
34 0.01342 1.3072 0.9192 343.1 557.8 19.659 6.&1 10.56 lltlt& 
35 0.01355 1.2&69 0.9026 351.7 568.5 19.969 6.&4 10.77 1431t 
3& 0.013&8 t.2299 0.8857 3&0.5 57'1.4 20.275 6.&8 10.97 1422 
37 0.01381 1.1921 0.8&84 369.4 59~.4 20.579 6.71 11.18 1409 
38 0.0139& 1.1571 0.8508 378.4 601.7 20.879 &.74 11.37 1397 

39 0.01410 1.1222 0.8330 387.5 613.2 21.177 &.75 11.55 1385 
40 0.011t25 1.0890 0.8151 39&.8 621t.8 21.472 &.77 11.73 1373 

1t2 0.01105& 1.0265 0.7789 415.& 648.& 22.052 6.79 12.06 1350 
44 0.01490 0.9676 0.7429 1t34.7 673.1 22.620 6.82 12.39 1326 
1t6 0.01525 0.9141t 0.7075 1t53.1 697.7 23.166 G.88 12.13 1301 
1t8 0.01562 0.8633 0.&129 413.6 123.4 23.715 6.92 13.05 1271 
50 0.01[)01 0.817& 0.&391 493.7 749.8 24.251t 6.95 13.31t 1253 
52 0.01&41 0.7624 0.60&8 511t.l 77&.1 21t.781 &.97 13.56 1234 
54 0.01&84 0.74&& 0.5758 531t.6 804.0 25.297 6.98 13.78 1214 
56 0.01729 0.7195 0.54&3 555.1t 832.0 25.806 6.99 " 13.93 1198 
58 0.01775 O. &931 0.5181t 576.0 86il.0 26.298 6.98 14.07 1182 
60 0.01823 0.b719 0.4922 596.6 886.2 26.716 6.96 14.17 11611 

65 0.01949 0.6301 0.1t336 61t7.7 959.5 27.916 6.97 llt.31t 1138" 
70 0.02063 0.605& 0.381t0 &98.0 1031.3 28.981 6.97 llt.37 1117 
15 0.02224 0.5943 0.3425 747.3 '1103.1 29.971 7. DO 14.31 1103 
80 0.02368 0.5913 0.307& 795.6 1174.4 30.892 1.04 llt.22 1093 
85 0.02515 0.59&8 0.2785 642.8 1245.2 31.750 1.10 14.09 1088 
90 0.026&3 o. G071 0.2539 889.3 1315.3 32.552 7.19 13.9& 1086 
95 II .02811 0.(;208 0.2332 935.1 1384.8 33.304 7028 13.86 1087 

100 0.02959 0.63&1 0.2155 980.4 l1t53.9 31t.012 7.39 13.79 1089 
120 0.03550 0.7105 0.1654 1163.0 1730.9 36.537 7.99 13.81 1108 
140 0.010131 0.79&6 0.1342 134&.8 2007.7 38.670 8.51 13.91 11 It 1 

160 0.04100 0.8856 0.1130 1534.9 2287.0 '.0.533 8.95 14 .. 05 1179 
180 0.05259 I] .971t4 0.0977 1727.5 2569.0 42.195 9.31 14.19 1219 
200 0.05810 1.0&33 0.0861 lS24.1 2653.7 43.695 9.59 llt.3o 1259 
220 0.OG353 1.1504 0.0770 2123.9 314o.1t 45.061 9.82 14.39 1299 
21t0 0.06875 1.2299 0.0700 2326.2 342&.1 46.305 9.99 14.50 1336 
260 0.07411 1.3170 0.oG41 2531.0 3716.8 47.468 10.12 14.58 1377 
280 0.0791t5 1.4035 0.0592 2737 ... 4008.7 48.550 10.22 llt.62 1417 
300 0.08491 1.1t973 0.051t8 2g47.3 4305.9 49.5G9 10.30 14.64 1459 
350 0.0980& 1.7085 0.04G6 3469.5 5038.5 51.828 10.38 llt.65 1553 
400 0.11113 1.9180 0.0405 3992.8 5770.8 53.164 lo.ltl 14.&1t 1&1t2 

450 0.121015 2.1264 0.0359 4516.0 6502.3 55.507 10.42 14.62 1721 
SOD 0.13713 2.3341 0.0322 5036.8 7232.9 57.045 10.43 14.61 1808 
550 0.15009 2.5413 0.0292 55E>1.4 7962.8 58.437 10.44 14.60 1885 

·600 0.16303 2.7462 o.aZE>& &084.5 8&93.0 59.705 10.45 14.&0 19&0 
700 0.18889 3.1&14 0.0229 7132.7 10154.9 61.9&2 10.50 14.f.1t 2100 
800 0.211071 .i.S74Z 0.0200 8187.6 11623.0 63.924 10.58 llt.12 2229 
900 0.24052 3.9667 0.0178 9252.5 13100.9 G5.6&3 10.71 14.84 2350 

1000 'l.26632 1t.3991 0.01& 0 10330.6 14592.0 G7.232 10.87 15.00 24&1t 
~2011 a .31791 5.2237 0.0133 12542.7 17629.2 &9.961 11.25 15.37 2&72 
1400 O. J6<}1t& ".0483 O~<l.~~1t 14836.3 207411.0 72.391 li.68 15.80 2861 

1600 0.'.2104 &.8728 0.0100 17215.3 23952.9 74.537 12.12 lG.24 3035 
1800 0.47261 7.6974 0.0089 19&80.0 27241..& 76.468 12.55 16.67 3198 
2000 0.52419 6.5219 0.0080 22232.9 30&20.0 78.256 12.98 11.11 3352 
2500 0.&5371 10.5835 0.00G4 29070.3 39529.6 82.214 lit. 511 18.79 3694 
3000 0.78689 1Z.6451 0.0053 3719&.6 49767.0 8?959 18.18 22.80 3981 
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THERIIO~YNAIIIC PROPERTIES OF NORHAL HYDROGEN C-2;t 
I 

1&.00 IIPA ISOBAR 

TE"PERATURE DENSITy V (DH/DII'p V(DP/DU'y -V(DP/OV'T (~V/Dr\(1 THERIIAL VISCOSITY THERtlAL DIELECT~IC jORANOTL 
CONDUC TI IIITY DIFFUS III ITY CONSTANT NUHI:lER 

DEG. I( "G/eu II KJ/KG HPA-CU H/KJ HPA I/DEG. K W/K-H KG/H-S SQ H/HR 
X 10 2 X 10 3 X 107 

• 18.378 81t.1703 1085.8 0.2100110 172.10170 0.00&18 121.39 353. :so 0.00017 1.27&91 1.9543 
19 83.81038 1093.2 0.23&8& 1&9.12010 0.00&30 1210.11 330.57 11.00077 1.275710 1.8357 
20 a.5. ,JQsa 1103.2 0.23204 1&3.810310 0.00&50. 128.51 299.59 0.00077 1.273810 1. & 71 it 
21 8Z.7&10 1111.2 0.227&7 158.5978 0.00&70 133.30 273.99 0.00078 1.27189 1.5293 
22 8Z.lo0& 1117.5 0.2l3&2 153.3933 0.00&89 137.21t 25'2.55 0.00078 1.,2&HO 1.10178 
23 81.&Z7& 1122.3 0.21989 I1t8.21t02 0.00710 I1t0.1t7 231t.38 0.00078 1.2&787 1.3267 
21t 81.01t22 1125.8 0.21637 IIt.3.1502 0.00730 I1t3.08 218.82 0.00077 1.2&579 1.25&7 
25 80.41089 1123.8 0.21388 137.7179 0.0075& . 1105.17 205.101 l.0007& 1.2&3&9 1.201& 
26 79.83&5 112&.0 0.21059 132.8&03 0.0077& I1t6.73 193.63 0.00076 1.2&152 1.1529 
27 79.2100 1127.0 0.20728 127.986& 0.00797 I1t7.88 183.25 0.00 075 1.25931 1.1125 
28 78.5728 1125.7 0.201001 122.9176 0.00619 IIt8.&9 171t.06 0.000710 1.25706 1.079& 

29 77 .9251t 1127.5 0.2008" 118.5882 0.00838 I1t9.22 165.88 11.00073 1.251078 1.0503 
30 77 .2670 1127.1 0.19786 1110.1641 0.00853 I1t9.50 158.5 .. 0.00072 1.252106 1.0257 
31 7& .5983 1125.0 0.19489 109.&379 0.00880 I1t8.99 151.91 0.00071 1.25011 1.0095 
32 75.9211 112 ..... 0.19212 105.5768 0.00900 I1t8.33 1"5.91 0.00069 1.24773 0.9957 
33 75.Z:UO 1122.6 0.18939 101.1t996 0.00921 147.53 IItO.ltl 0.00068 1.2453 a 0.9843 
31t 7'+.5331t 1119.4 0.18&71 97.10322 0.009103 110&.&7 135.39 0.00067 1.2 .. 28& 0.97108 
35 73.82&& 1117.4 0.18"0'+ 93.6801 0.009& .. 145.12 130.7& 0.000&& 1.24039 0.9&&2 
36 73.110'+ 111,+.2 0.18137 89.9185 0.00985 144.&8 12& ... 8 a.000&5 1.23788 0.959'+ 
37 72.38&1 1110.7 0.17876 86.2894 0.01006 1 .. 3.58 122.51 0.0006" 1.2353& 0.9537 
38 71.&51t2 1107.& 0.17&27 82.9097 0.0102& 1 .. 2.43 118.61 0.000&3 1.23280 0.9"82 

39 70.9152 1103.4 0.17391 79.5832 0.0101t7 1 .. 1.21t 115.36 0.000&2 1.23023 0.9,.3 .. 
itO 70.1694 1099.3 0.17160 7&.4173 0.01067 140.01 112.12 0.00061 1.227& .. 0.9390 

· .. 2 &8.&&0'+ 1091.3 0.1&&9& 70. ,.821t 0.01105 137.1t5 10&.22 0.000&0 1.222'+0 0.9321 
.. It &7.1339 1083.3 0.1&225 &".9599 i).ou .... 134.6.5 100.98 0.00056 1.21712 0.9277 
It& &5.591& 1079.2 0.15&83 59.9771 0.011110 132.27 96.27 0.00057. 1.21180 0.92&& 
1t8 &1t.0397 1072.& 0.15193 55.28"5 0.01217 129.73 92.03 0.0005& 1.20&'+7 0.92&2 
50 &Z.4792 10&&.& 0.1"729 51.0822 0.01251 127.25 88.19 il.00055 1.20112 0.92"9 
52 &0.9229 10b5.3 0.1"295 47.6&78 0.01273 124.67 84.72 0.0005" 1.19560 0.9200 
Sit 59.3772 10&1.2 0.13887 1t ... 3290 0.01299 122.&Z 111.59 0.00054 1.19053 0.9171 
56 57.8"&& 1061.3 0.13512 .. 1.&200 0.01313 120.49 7 8.75 0.00054 1.18532 0.9105 
S8 5&.'3397 1059.8 0.1317& 39. 0511 0.01326 118.50 76.21 0.0005" 1.16022 0.90,.8 
60 54.8590 10&0.9 0.12859 3&.8&25 0.01.335 11&.80 73.92 0.0005" 1.17521 0.89&& 

65 51.3040 10&8.9 0.12127 32.32&8 0.013"1 113.58 &9.21 0.0005& 1.1&32& 0.873" 
70 "7.998& 1087.9 0.11472 29. 0695 0°.01321 110.93 &5.71 0.00058 1.15222 0.851" 
75 1t'+.9729 1117.1 0.10883 2&.7252 0.01281 1011.3& &3.20 0.000&1 1.1 .. 217 0.831t9 
80 "2.2333 1154.1 0.10348 24.9716 0.01232 10&.25 &1 ... 7 0.000&4 1.13313 0.822& 
85 39.7&8& 1200.5 0.09859 23.7322 0.01173 10&.1& &0.33 0.000&8 1.12504 0.800& 
90 37.558& 1253.7 0.09"08 22.800& 0.0111" 10&.11 59.6& 1).00073 1.11782 0.7850 
95 35.573& 1312.3 0.09002 22.0838 0.0105& 10&.15 59.31t 0.00078 1.1113& 0.77,.& 

100 33.790& 1375.1 0.08&28 21.4951 0.Dla03 107.38 59.011 0.00083 1.10558 0.758& 
120 26.1711 1&71.3 0.07349 20.0154 0.0082& 118.51 63.85 0.00110 1. 08750 0.7 .. 1t2 
140 24.2091 1998.3 0.0&519 19.2857 0.00&9& 127.01 &&.82 0.0013& 1.1)7487 0.7318 

1&0 21.2755 23,.1.5 0.05937 18.8405 0.00&00 134.51 &9.21 0.001&2 1.1)&559 0.7228 
180 B.Ol"l 2690.3 0.05520 18.5275 0.00527 141.5& 71 ... 3 O. DO 189 1. 058,.8 0.7158 
200 17.2120 3039.8 0.05213 18.3010 0.00"70 1 .. 8.32 73.&3 o. a a 217 1.05283 0.7098 
220 15.7408 338".8 0.04983 18.1087 0.00'+25 154.87 75.85 0.002"& 1.0,.824 0.7050 
21t0 1 ... 51t&0 3707.4 0.0'+817 17.8896 0.00391 1&1.19 78.12 0.00275 1. 04 .. 52 0.7027 
260 13.4930 ItO 39.& 0.0"&97 17.770D 0.003&1 1&7.30 8 0."1 0.0030& 1.04125 0.700& 
280 12.5871 "3f.7.0 0.04&00 17.&&55 0.00335 173.21t 112.75 0.00339 1.03645 0.&965 
300 11.77&9 It j .7.3 0.04523 17 .&334 0.00311 179.02 85.12 0.0037,. 1.0359 .. 0.&9&1 
350 10.1977 51083.5 0.0"397 1.7.1t229 0.002&7 192.98 91.13 0.00"&5 1.03107 0.&920 
1t00 8.9985 &238. a 0.0"322 11.2590 o. 00235 20&.50 97.23 0.005& .. 1.02738 0.&892 

1t50 8.0551 &980.1 0.04273 17.1280 0.00209 219.79 103.35 0.00672 1. 024 .. 8 0.&872 
500 7.292" 7721.1 0.0"233 17.0209 0.00189 233.09 109.47 0.007116 1.02215 O. &859 

.550 &.&&28 6"59.7 0.04202 16.9319 0.00173 210&.211 115.55 0.00911 1.02022 0.&650 
600 &.1338 9201.7 0.04174 1&.85&8 0.00159 259."11 121.60 0.010103 1.018&0 0.&6'+3 
700 5.29"2 10702." 0.04119 1&.7372- 0.00137 285.92 133.51 0.01328 1.01&0,. 0.&83& 
1100 ... &57" 122"0.7 0.040&0 1&.6,.& .. 0.00120 312.&7 145.1& G.01&42 1.01"10 0.5634 
900 1t.157& 13831.0 0.0399" 1&:5752 0.00107 339.93 156.5& 0.0198" 1.01258 0.6834 

1000 3.75"8 15482.3 0.03920 10.5179 0.00097 4'+0.56 1& 7. &9 0.02817 1. 0113& 0.5708 
1200 3.1 .. 5& 189109.& 0.037&8 1&.,.31& 0.00081 511.00 169.25 0.03805 1.00951 0.5b93 
1 .. 00 2.70&5 22&1t7.1 0.03&14 16.3&98 0.00070 5113.17 209.95 0.0"908 1.00818 0.5&90 

1600 2.3751 2&530 ... 0.03472 1&.3233 0.000&1 &5&.27 229.89 0.0612 .. 1. 00717 0.5&91 
1000 2.11 59 305&1.1 0.U33 .. 7 1&.2870 0.00055 730.07 2109.18 o. 07,.'H 1.00&39 0.5&QO 
2000 1.9077 34788.0 0.0.1229 16.2573 0.000"9 807.10 267.90 O. 08902 1. 0057& 0.5&79 
2500 1.5297 ,.,.5&0.1 0.02869 16.1900 0.00040 10£1&. &3 312.&9 0.13358 1.0;)462 0.55a9 
3000 1.2706 &6730. a 0.02308 1&. 0&98 0.00033 1621.58 3S5.97 0.20147 1.00383 0.5005 
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,C-Za THERHOQVNAHIC PROPERTIES OF NORHAL HVD~OGEN 

18.00 HPA ISOdAR 

! 
TEMPERATURE ~OLU"E ISOTHERH ISOCHORE INTERNAL ENTH'A'LP1, ENTROPY tv CP VELOtIf'( 

DERIVATIVE OERI "ATIVE ENE.RGY OF SOUNO 
DEG. J( tu "/1«; CU HoHPA/KG HPA/K KJ/KG-K KJ/KG KJ/KG-K KJ I K~-K HIS 

• ,la.071t 0.01178 2.11t2& 1.0ao 233.7 1t1t5.8 1 ... It .. 7 5.3l &.7& 16 .. 8 
lS 0.01179 2.13b,. 1.080 231t.1t Itltb.7 1,..lt92 5.35 6.79 16"7 
20 0.0118& 2.0875 1.080 2"0.1 1t5J.& 1 ... 81t7 5.lt9 7.06 16J9 
21 0.01194 2.038& 1.078 2 .. 5.9 "60.8 15.200 5.62 7.32 1630 
22 0.01201 1.9897 1.075 252.0 "68.3 15.51t7 5.71t 7.58 1&21 
23 0.01209 1.9,.09 1.070 258.3 1t7&.0 15.890 5.85 7.83 1&12 
21t 0.01217 1.8923 1.0&" 261t.a 1t83.':) 16.228 5.95 11.07 1603 : ~ 

25 0.0122& 1.81t1tl 1.057 271.1t 1t92.1 16.5&3 &.Olt 8.31 1593 
26 0.01235 1.79&,. 1.o1t9 278.3 500.5 16.892 6.12 8.55 1581t 
27 0.012,.1t 1.71t51 1.043 285.3 509.2 17.219 6.20 8.81 157 .. 
2a 0.01,253 1.7 a 01 1.032 292.& 518.1 17.542 6.28 9.0 .. 15& .. 

29 [hIL2&3 1.&5 .. 2 1.020 300.0 527.3 17.8&4 6.35 9.26 1553 
30 0.01273 1.b057 1.007 307.5 53&.6 18.182 6.41 9.lt8 15 .. 1 
31 ' •• 01283 1.5&50 0.9933 315.3 54&.2 18.495 & ... 7 9.69 1531 
32 '0.01294 1.522& 0.9789 323.1 55&.0 18.807 &.52 9.89 1520 
33 0.01305 1.4807 0.9&42 331.2 5&&.0 19.114 &.57 10.10 15011 
;J1t 0.0131& 1."380 0.949& 339.3 57&.2 19.419 6.62 10.31 1 .. 97 
35 0.01328 1.3992 0.9343 3"7.7 58&.6 19.721 &.&& 10.51 14116 
3& 0.01339 1.3b17 0.9186 356.1 597.2 20.020 6.70 10.70 1475 
37 0.01352 1.321tl 0.9024 3&4.7 608.0 20.31& &.73 10 .89 146" 
3a 0.013&4 1.2873 0.8859 373." &19.0 20.&09 6.76 11.07 1452 

39 0.01377 1.2532 0.8692 382.2 630.2 20.898 &.78 11.2 .. l .. ltl 
.. 0 0.01391 1.2192 0,.8523 391.2 641.5 21.185 6.80 11,"1 1 .. 30 

.. 2 0.01419 1.1548 0.8181 .. 09.3 664.6 21.7lt9 &.113 11.72 1 .. 08 .... 0.01448 1.0969 0.7838 427.8 &88.4 22.301 6.8& 12.02 1387 

.. & 0.01lt78 1.0lt27 0.7 .. 99 .... &.1 712.2 22.830 &.91 12.3" 136 .. 

.. a 0.01511 0.9914 0.7165 "65.3 737.2 23.362 6.9& 12.63 1342 
50 0.01544 0.9454 0.6840 .. 84.7 762.7 23.882 6.99 12.89 1321 
52 0.01580 0.9019 0.6523 50 ..... 788.7 24.393 7.01 13.13 1300 
5 .. o. 01&17 0.8&lt8 0.6217 524.2 815.2 2".892 7.03 13.34 1281 
56 0.01&55 0.8327 0.5924 544.4 842.3 25.36fi> 7.04 ' 13.50 12&4 
58 0.01&94 0.8033 0.5&4& 564.1t 869.1t 25.8&3 7.03 13.61t 12lt8 
&0 0.-01735 0.7794 0.5381 584 ... 89&.8 2&.327 7. 03 13.71t 1231t 

65 0.01843 0.7289 0.4781t &31t.3 9&&.1 27.lt31t 7.02 .3.95 1201t 
70 0.019511 0.6962 0.4270 £183.? 103&.1 28.473 7. 02 llt.05 1180 
75 0.02078 0.6762 0.3832 73r~.1t '1106.4 29.4lt3 7.05 14.08 11&2 
80 0.02202 ,0. &677 0.3459 7811.4 j,17&.7 30.351 7.09 14.04 1150 
85 0.02329 0.6&63 0.3142 82i'.6 1246.8 31.201 7.15 13.98 1141 
90 0.02457 0.6711 0.2872 87~' .2 131~.& 31.998 7.23 13.91 113& 
95 0.02587 0.6606 0.2641 9211.3 136&.0 32.749 7.33 13.84 1134 

100 0.02717 0.6927 0.2442 96'S.9 1455.0 33.457 7.43 13.79 1134 
120 0.03237 0.7587 0.1876 lllt'9.9 1732.5 35.96& 8.02 13.8& 1145 
140 0.03751 0.8391 0.1523 1335.2 2010.5 38.128 8.54 13.98 1172 

1&0 0.04258 0.9252 0.1281 1~24.8 2291.2 40.001 8.98 14.12 1206 
180 0.0475& 1.0128 0.1106 ',718.8 2574.8 41.672 9.34 14.2& 1243 
200 0.0524& 1.1000 0.0974 1~16.6 2860.9 43.179 9.&3 14.37 1281 
220 0.05730 1.1874 0.0870 211i.S 3148.9 44.551 9.85 14.45 1320 
2ltO 0.0&208 1.2728 0.0786 2320.8 3438.3 1t5.811 10.02 14.51 1358 
260 0.06670 1.3507 0.0720 2525.8 372&.4 4&.9&5 10.14 14.58 1394 
280 0.07145 1.4373 0.0667 2732.& 40'18.7 48.048 10.23 14.&0 1435 
300 0.07&35 1.5332 0.0618 2943.1 4317.4 49.071 10.31 14.67 1477 
350 0.0880& 1.7441 0.0524 346&.3 5051.3 51.334 10.39 14.&7 15&9 
1t00 0.09968 1.9533 0.0456 3990.3 5784.& 53.292 10.42 14.&5 1657 

450 0.1112& 2.1&15 0.0404 4514.1 &51&.7 55.017 10 ... 3 14.&3 17 .. 1 
500 0.12281 2.3690 0.03&2 5037.3 7Z47.8 5&.556 10.44 1

" 
.&1 1821 

550 O.~3433 2.57&0 0.0329 55&0.2 7978.2 57.949 10.lt4 14.&1 1898 
600 0.14584 2.7627 0.0301 &083.6 8706.6 59.217 10.45 14.&1 1972 
700 0.1&882 3.195& 0.0258 7132.2 10171.0 61.475 10. SO 14.&4 2111 
800 D.19178 3. £:0 62 0.0225 8187.3 11&39.3 63.437 10.59 14.72 2240 
900 0.21472 1t.0205 0.0200 9252.5 13117.5 65.17& 10.71 14.84 23&0 

1000 0.2376& 4.4327 0.0180 10330.9 14608.7 &&.745 10.87 15.00 2473 
1200 0.20351 5.2570 0.0150 12543.0 17&46.1 &9.495 11.25 15.37 2680 
l/tllo 0.32935 &.0812 0.0128 14836.7 20765.0 71.905 11.68 15.80 28&6 

1&00 0.37518 ;:,.9056 0.0112 17215.8 23'169.', 74.051 12.12 16.24 3042 
1800 0.42102 7.7300 0.0100 19680.4 27258.7 75.962 12.55 1&.67 3205 
2000 0.4&&67 8.5544 0.0090 22232.7 30636.3 77.772 12.96 17.10 3358 
2500 0.5819& 10.(,157 0.0072 29056.5 39533.6 81.723 14.53 18.73 31'00 
3000 0.70014 1:2.&772 0.0060 37119.9 49722.4 8~.443 17 .95 22.55 3969 

• TWO-PHASE BOUNOA~r 
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THERMODYNAMIC PROPEUIES OF NORMAL HYDROGEN C-Za J 

18.00 HPA ISOBAR 

TE"PERA TURE IlENSl TV 'I (OH/DVl p 'I (OP/OUI
V 

'.VIOP/OV'T (OV/Orl
1
!1 THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL 

COHOUC TI VITV OIFFUSlllIfY CONSTANT NUMBER 
OEG. K KGlCU " KJ/KC, "PA-C U Mtr.J MPA 1I0EG. I( W/K-Ii KG/H-S SQ H/HR 

X lOl X 10 3 X 10' 

• 18.87" 8".870" , 1137.7 0.23871 181.8"03 0.0059 .. 12&.03 3&5."1; 0.00079 1.27940 1.9595 
19 8ft.8070 1139.4 U.2,5807 181.1834 0.005% 12&.57 3&0.52 D.00079 1.27918 1.9347 
20 8ft .2955 1151.0 0.23330 175.968" 0.00614 1'J1.23 325.55 0.00079 1.27735 1.7520 
21 83.7725 1160.5 0.22897 170.77&" 0.00631 13&.27 29&.78 0.00080 1.27549 1.5953 
22 1t3.2381 11611." 0.22"97 165.6158 0.006"9 1 .. 0 ... 5 272.79 0.00080 1.27359 1 ... 725 
23 82.&92 .. 1174.& 0.22129 1&0.4964 0.00067 143.68 252.54 0.00080 1.271&5 1.3744 
2 .. 82.1357 1179.& 0.21783 155.4285 0.00685 146.69 235.2& 0.00080 1.26967 1.2951 
25 81.5&60 1183.3 0.21456 150 ... 231 0.00703 148.95 220.37 0.00079 1.267&5 1.2300 
2& 80.91195 1186.2 0.21145 145.4c;117 0.00721 150.69 207."2 0.00078 1.2&5&0 1.1769 

27 80.4001 1184.7 0.20915 140.3040 0.00744 152.01 19&.07 0.00077 1.26352 1.13&2 
za 79.7998 1187.5 0.20598 135.6&47 0.007&1 152.98 186.0" 0.0007& 1.2&139 1.0988 

29 79.1848 1188.9 0.20288 130.98&7 0.00779 153.&4 177.07 0.00075 1.25922 1.0&70 
30 78.5&37 1187.5 0.19997 126.1"&7 0.00798 15 ... 05 1&9.09 0.0007 .. 1.25703 1.0405 
31 77 .9345 1189.4 0.19703 121.9&77 1).00814 153.&& 1&1.92 0.00073 1.25 .. 81 1.0207 
32 77 .29 .. 1 1189.5 0.19415 117.&904 0.00632 153.0'1 155.41 ,).00'072 1.25255 1.0044 
33 7&.&471 1188.7 0.19140 113.4883 0.00850 152.39 149.51 0.00071 1.25028 0.9908 
3 .. 75.992& 118&.4 0.18882 109.2804 0.008&9 151.&3 144.12 0.00070 1.24798 0.9796 
35 75.32&5 1185.2 0.18&21 105.3932 0.00886 150.7& 139.15 il.00069 1.245&4 0.9&98 
36 7ft.65"0 1184.1 0.18374 101.6578 0.00904 149.82 134.59 0.000&8 1.24329 0.9612 
37 73.9771 1182~0 0.18123 97.9564 0.00921 148.60 130.37 0.000&6 1.24091 0.9541 
38 73.2918 1179.1 0.17883 94.3467 0.00939 147.72 12&.45 0.0006& 1.23852 0.9478 

39 72.&014 1176.& 0.17658 90.9873 0.00955 1 .. 6.60 122.GO 0.00065 1.23&11 0.9415 
itO 71.9051 1173.2 0.17439 87.6&82 0.00972 1 .. 5.45 119.39 0.000&4 1.233&8 0.93&2 

It~ 70.4961 116&.7 0.17000 81.4092 0.011)05 143.02 113.19 0.000&2 1.22877 0.9279 
1t4 69.0729 1161.9 0.1&55 .. 75.7670 0.01035 140.5 .. 107.70 0.000&1 1.22363 0.9212 
,.6 67.6380 1160.3 0.16033 70.5258 0.010&3 138.0& 102~80 0.00060. 1.21667 0.918& 
1t8 &&.19&4 1156.6 0.15563 65.6252 0.01092 135.&2 98.39 IJ.00056 1.2136'1 0.91&2 
50 &ft.750 .. 1153.5 0.15117 &1.2150 0.H117 133.24 9".41 il.00057 1.20891 0.9133 
52 63.3il28 1149.& 0.14&93 57.09"& o .0111t2 130.93 90.79 0.00057 1.20394 0.9107 
5,. &1.8615 1147.& 0.1 .. 29& 53.5005 0.01162 128.72 87.51 0.00056 1.19900 0.90&7 
56 60.1t295 1146.8 0.1392'1 50.3192 0.01177 12&. &1 84.5} 0.0005& 1.19411 0.9013 
58 59.Q159 1145.5 0.13&02 47."072 0.01191 124.&3 81.83 0.00056 1.18930 0.8957 
60 57.&21 .. 1146.8 0.13287 ..... 9082 0.01198 122.93 79.38 0.0005& 1.18 .. 56 0.887" 

65 5".2514 1153.3 0.12563 39.5450 0.01210 119.63 7 ... 2& 0.00057 1.1731& 0.86&0 
70 51.07&2 1170.1 0.11904 35.5587 0;01201 116.&7 70.34 0.00059 1.1&250 0.8 .. 72 
75 .. 8.1267 1195.6 0.11299 32.5426 0.01177 114.10 67."1 0.000&1 1.152&4 0.8317 
80 ,.5.,.1&3 1230.7 0.10745 30.3250 O.011ltl 111.75 &5.28 0.00063 1.143&4 0.8201 
85 42.9"18 1273.1 0.10233 28.&114 0.01098 111.48 63.78 0.000&7 1.13547 0.7'1'19 
90 40.&944 1322.9 0.09758 27.3084 0.01052 111.23 62.78 J.OOO71 1.128il7 0.7853 
95 38.65 .. 0 1378.8 0.09326 2&.3060 0.0100" 111.0& 62.18 0.00075 1.1213'1 0.7749 

100 3&.80 .... 1 .. 39.& 0.08927 25 ... 928 0.00958 112.19 61.57 0.00080 1.1153& 0.7570 
120 30.8':155 1731.1 0.07569 23.4"07 0.00800 122.82 &&.03 0.00103 1.09&24 0.7449 
litO 2&.65&7 2053.8 0.06691 22.3681 0.00&81 130.&1 68.60 0.0012& 1.082&6 0.7343 

160 23."862 2395.9 0.0&07 .. 21.7295 0.00590 137."8 70.&4 0.001"9 1.07258 0.7257 
180 21.0273 27 .. 5.& 0.05630 21.2970 0.00519 144. r,z 72.60 0.00173 1.06"81 0.7187 
200 19.0621 3094.9 0.05305 20.9689 0.00 .. & .. 150 ... 0 7 ... &0 0.00198 1.058&3 0.7128 
220 17 ... 520 3"43.1 0.05060 20.7219 0.00420 156.&7 7&.&9 0.00224 1.0535'1 0.7075 
240 1&.1070 3182.9 0.0487" 20.5002 0.00384 162.7'1 78.8& 0.00251 1.04936 0.7030 
260 lft.9925 .. 100.5 0.0 .. 73& 20.2510 0.00355 168.77 81.09 0.00278 1.04591 0.7004 
280 13.9953 .... 19.3 0.0"660 20.11"7 0.003J2 17".61 8J.38 0.00306 1.04281 0.7000 
300 13.09&9 .. 7& ... 8 0.0457'1 20.0796 0.00308 180.33 85.71 0.00338 1.04002 0.6974 
350 11.35&3 55 .. 1.9 0.0"443 19.80&2 0.00265 19 ... 23 91.69 0.00"20 1.03464 O. &928 
400 10.0318 6297.0 0.04361 19.5952 0.00233 207.79 97.80 0.00509 1.03056 O. &897 

1t50 8.9880 7039.5 0.0"307 19.4272 0.00208 221.16 103.96 0.00606 1.02735 0.681& 
500 8.1430 7780.8 0.042&" 19.2904 0.00188 23".55 110.12 0.00710 1.02475 0.68&1 
550 7.44 .. 5 8519.1 0.04229 19.1769 0.00171 2"7.87 11&.27 0.00821 1.022&1 0.&851 
&00 &.8570 '12&1.8 0.04198 19.11812 0.00158 2&1.21 122.37 0.00939 1.02061 0.6844 
700 5.9234 107&2.8 0.0 .. 1 .. 0 18.9292 0.0013& 287.95 13 ..... 2 0.01195 1.0179& O. &63& 
aDo 5.21ft3 123Cl.5 0.04078 18.81"1 0.00120 315.00 1"&.22 0.01477 1.01580 O. & 8 33 
900 4.6572 138'12.2 0.04010 18.7239 0.00107 3 .. 2.58 157.7& 0.0178" 1.01 .. 10 0.6834 

lfJOO ... 2077 1554".1 0.0393" 18.6515 0.0009& "40.56 169.0" 0.02513 1.0127 .. 0.5754 
1200 3.5272 1'3012.8 0.03779 18.5425 0.00081 511.0D 190.88 0.03393 1.010&7 0.5742 
1 .. 00 3.03&3 22711.8 0.03&23 18 ... 645 0.00070 583.17 211.85 0.0"375 1.00918 0.51lt1 

1600 2.&&5" 2&59&.3 0.03479 18.,.059 0.000&1 656.25 232.0& 11.05 .. 5& 1.00805 0.5744 
1800 2.3752 3062&.3 0.03354 18.3&02 0.00054 729.9& 251.&1 0.0&637 1.00717 0.5741', 
2000 2.1419 3 .. 84&.2 0.0323& 18.3229 0.000"9 806.&7 270.57 0.07927 1.00&47 0.5737 
2500 1.7183 47491( ,0 0.02883 18.2 .. 13 0.00039 10&1.l2 315.9" i). 11868 1.0051'1 0.5577 
JOOO 1.4283 68083.8 0.02339 18.1067 0.00033 159".22 359.72 0017820 1.00431 0.5088 
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C.Za THER,.OOYNA"IC PROPEItT IES OF NORHAL HYDROGEN 

20.'"1 "PA ISOBAR 

TE"PERATUI(E 'IOLUNE !SOTHER" ISOCHORE INfERNAL ENTHALP1 ENTROPY C'I CP 'I.ELOCITY 
OERIIIATI'IE DERIIIUI'IE ENERGY OF SOUND 

DEG. It ::U It/KG CU "-tWA/KG "PA/K KJiKG-K KJ/KG KJ/KG-K I(J I KG-K I1IS 

• 19.360 0.01169 2.234" 1.09,. 236.2 "10.0 1,. ... 82 5.38 6.80 1680 
20 0.01113 Z. ZOI,O 1.09 .. Z39.1 .. 1 ..... 1,..106 5.,.1 6.91 1&15 
21 0.01180 2.15b .. 1.093 Z .. 5." .. 81.5 15.05" 5.&0 1.22 1&61 
22 0.01187 2.1087 1.090 251.3 .. 88.8 15.396 5.12 1.,.1 1&59 
23 0.01195 2.0&11 1.081 251." .. 9&." 15.13" 5.83 1.11 1&51 
2 .. 0.01203 2.013& '1.082 2&3.1 50 ... 2 16.0&8 5.93 1.95 1& .. 2 
25 0.01210 1.'3b&" 1.0:>'5 210.2 512.3 16.391 &.03 8.18 163 .. 
26 0.il121'.1 1.'31'35 1.068 21&.9 520.6 16.120 6.11 8."1 1625 
21 0.01221 1.8131 1.0&0 283.8 529.1 11.0 .. 2 6.20 8.&3 1615 
28 0.0123& 1.821 .. 1.051 2'30.8 531.9 11.359 &.28 8.86 1&06 
29 0.1112"5 1.1191 1.04 .. 2'38.0 54&.9 11.615 6.35 9.10 1591 

30 0.0125" 1.13&9 1.032 305.3 556.1 11.981 6.41 9.30 15811 
31 0.012&3 1. &937 1.019 312.8 565.5 18.295 6.41 9.51 1517 
32 0.01213 1.6 .. 80 1.00& 320.5 515.1 111.600 &.53 9.11 1566 
n 0.01283 1. &0 88 0.9921 328.3 584.9 18.9D2 6.511 9.90 1556 
3 .. 0.01293 1.5&85 0.9111 33&.2 59".9 19.201 6.63 10.09 15 .. 6 
35 0.0130" 1.5Z11 0.9630 3 .. 4.3 &05.1 19.49& &.&7 10.211 1535 
3& 0.01315 1.48&1 0.9"83 352.5 &15.4 19.789 &.71 10.48 1523 
31 0.0132& 1.44'34 0.9331 3&0.8 &2&.0 20.018 &.75 ~Q.&6 1513 
38 0.01337 1.414& 0.9171 3&9.3 &3&.8 20.3&5 &.78 10.112 1503 
39 0.0131t9 1.37'33 0.9019 311.8 &"1.1 20,&46 &.80 10.99 1493 

40 0.01361 1.3444 0.8859 38&.5 658.7 20.928 &.82 11.15 1482 

,.2 0.01386 1.2803 0.1'533 ,.0".1 &81.3 21."19 &.85 11.,." 1 .. 62 
4,. 0.01"12 1.ZZ10 0.d20& ,.22.0 101t.5 22.018 &.89 11.13 1,.,.2 
,.& 0.011t,.0 1.16,.9 0.1880 439.8 121.1 22.534 6.95 12.03 1420 
48 0.014&8 1.1145 0.7558 458." 752.1 23.051 6.99 12.30 1400 
50 0.01,.98 1.0671 0.7242 "71.2 776.9 23.558 1.03 12.54 1380 
52 0.01529 1.0229 0.6935 "'36.3 802.2 24.055 1.05 12.77 13&1 
5,. 0.015&2 D.9819 0.663& 515.& 828.0 24.541 7.07 12.98 13,.2 
56 0.01595 0.94&3 0.&346 535.3 854.3 25.021 7.08 13.15 1325 
58 0.01630 0.9139 0.&0&1 554.11 1180.8 25.48& 1.08 13.29 1310 
60 0.01&&& 0.8863 0.5803 574.3 907.5 25.938 7.01 13.,.0 129& 

65 0.011&0 0.8298 0.5197 &23.1 975.1 27.018 7.07 13.&2 1265 
10 0.011160 0.7893 0.,.671 &71.6 1043.6 28.034 1.01 13.7& 1239 
15 0.01964 0.7&26 0.421& 719.7 1112.& 28.987 7.09 13.84 1220 
80 0.02013 0.74&1 0.3823 761.3 1181.9 29.881 7.13 13.87 1204 
85 0.02181t 0.7398 0.3486 814.4 1251.1 30.721 7.20 13.85 1193 
90 0.022 en 0.739& 0.3195 8&0.9 1320.3 31.513 7.28 13.83 1186 
95 0.021t12 0.74,.1t 0.2'3"3 907.1 1389.4 32.260 7.37 13.80 1181 

100 0.02527 0.7532 0.2725 953.0 1458.3 32.966 7.48 13.77 1178 
120 0.02990 0.8101 0.2096 1138.0 1735.9 35.496 8.06 13.88 1181 
140 0.031t51 0.8842 0.1702 1324.5 2014.7 37.&"5 8.57 14.03 1203 

1&0 0.0390& 0.9&69 0.1432 1515." 2296.6 39.525 9.01 14.19 1234 
180 0.04355 t.0521 0.1235 1710 ~5 2581.4 41.203 9.37 14.32 1268 
200 0.0,.79& 1.1390 0.1087 1909.4 2868.7 42.717 9.&6 14.43 1304 
220 0.05233 1.2245 0.0970 2111.4 315709 44.095 9.88 14.51 1341 
240 0.05&64 1.3105 0.0876 2315.& 3448.5 45.359 10.05 14.5& 1378 
260 0.06091 1.3950 0.0800 2521.6 3739.8 46.52& 10.11 .' ',·.5'3 1415 
280 0.O&511t 1.4793 0.0735 2728.6 1t031.5 47.606 10.26 .:. ..•• & 0 1451 
300 0.0&951 1.5696 0.0688 2939.0 4329.2 48.&24 10.33 14.70 1495 
350 0.011005 1.7800 0.0583 3463.2 5064.3 50.892 10.41 14.&9 1585 
,.00 0.09053 1.9889 0.0501 39117.9 5798.1t 52.1152 10.43 14.&1 1612 

450 0.10095 2.19611 0.0449 4512.2 6531.3 5 ... 578 10.44 1,..64 1755 
500 0.11135 2.4040 0.0403 5035.9 1262.8 5&.119 10.44 1".&2 1835 
550 0.12112 2.6108 0.0365 5559.1 7993.5 57.512 10.45 14.61 1911 
&00 0.13208 2.8173 0.033 .. &082.8 8721t.3 58.781 10.46 14.&1 19114 
.700 0.15211 3.2299 0.028& 7131.7 10187.0 61.039 10.51 14.&5 2122 
000 0.17343 3.6420 0.0250 8187.1 11655.7 63.002 10.59 14.72 2Z50 
900 0.191t08 4.0501,1 0.0222 9252.5 13134.0 64.71tl 10.71 14.84 2370 

1000 0.21472 4 ... &&0 0.0200 10331.0 1 .. 625.4 66.310 10.87 15.00 24112 
1200 0.25599 5.2899 0.0167 125lt3.3 1766J.0 69.060 11.25 15.37 2689 
1400 0.2972 .. 6.1139 0.0143 110837.2 20782.0 71. It 70 11.&6 15.80 287& 

1&00 0.338 .. 9 6.9380 0.0125 17216.3 2398&.1 73.&16 12.12 16.24 301t9 
11100 0.J797" 7.7&22 0.0111 19680.9 27275.7 75.547 12.55 16.&7 3211 
2000 0.42100 8.5865 0.0100 22232.7 30652.7 11.337 12.97 17.10 3364 
2500 0.52,.5& 10. b .. 75 0.0080 29048.8 395"0.0 81.283 14 ... 8 111.69 3706 
3000 0.b307& 12.7087 0.0067 37055.1 1t9671l.3 84.983 17.77 22.33 3996 
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THERKODYNAKIC PRCP£~TIES 
."" , OF NORKAl HYOROGEN C-Za 

":0 •• 

20.00 KPA hOIjAR . ~'. 
.I I: 

TUPERATURE DENSITY II (DH/DII'p ~(DP/DU'V -II (DP/O~'T (DlllDTV"" THERKAl" VISCOSITY THERMAL DIElECTRIC PRA tHlTl 
" CONDUCTIliITY DIFFUSXllny CONSTANT NUKBER 

OEG. " KG/CU " KJ/KG HPA-C"U H/KJ HPA' lIDEG. K " IIlK":I1~ KG/I1-S SCl H/HR 
X 102 X 10 X 107 

• l'h3&0 n.54U" 1188." 0.231"8 191.1 .. 15 0.00572 130.46 377.62 0.00081 1.28181 1.9680 
20 &;.2277 1196.5 0.23452 187.8410 0.00582 133;83 353.32 0.00081 1.28068 1.8393 

21 8,..7262 1207.5 0.23021 182.7004 0.00598 139.12 321.04 0.00082 "1.27689 1.6668 

22 8,..2142 1216.9 0.22624 177.5827 0.00614 143.52 29 ... 22 0.00082 1.2770& 1.5318 
23 83.&921 122 .. ".6 0.22258 172.4970 0.00&30 147.16 271.67 0.00062 1.27520 1.4241 
2 .. 83.1599 1231.0 0.21916 167.4527 0.00&46 150.15 252.50 0.00082 1.27331 1.3370 
25 82.&179 1236.0 0.2159" 162.4598 0.00&62 152.58 236.03 0.00081 1.27136 1.2657 
26 82.0662 1240.2 0.21286 157.5289 0.00678 154.47 221.76 0.00061 1.26942 1.2072 
27 8L.50~0 1243.8 0.20984 152.6707 0.00694 155.91, 20Q.29 0.00080 1.26743 1.1589 
2a 80.93,.6 1246.8 0.20687 147.89&4 0.00710 157.0& 198.32 0.00079 1.26541 1.1185 
29 80.3501 12 .. 6.2 0.20469 142.999" 0.00730 157.8" 188.54 0.00078 1.2&334 1.0868 

30 79.76 D3 1248.6 0.20186 138.5345 0.007 .. 5 158.37 179.85 0.00077 1.26125 1.0564 
U 79.1617 1250 .3 0.19900 134.0749 0.00760 158.07 172.05 0.00076 1.25914 1.0347 
32 78.5555 1249.8 0.19620 129 ... 586 0.00777 157.59 165.02 0.00074 1.25700 1.01n 
33 77 .9419 1251.6 0.19346 125.3936 0.00791 156.98 158.65 0.00073 1.25483 1.0008 
3 .. 77 .3220 1251.9 0.19082 121.2815 0.00B06 156.30 152.86 0.00072 1.25265 0.9870 
35 76.&946 1251.0 0.18826 117.1663 0.00622 155.51 147.55 O. DO 071 1.25044 0.9756 
3v 76.0619 1248.7 0.18579 113.0376 0.00639 154.&4 142.&6 G.00070 1.24822 0.966& 
37 75.,.195 1248.2 0.16338 109.3153 0.00854 153.&8 138.17 0.000&9 1.24597 0.9579 
38 71t.7739 12 .. 7.5 0.18109 105.7719 0.00868 152.&8 134.00 lloOO068 1.24370 0.9500 
39 71t.1217 1245.4 0.17 893 102.2326 0.00882 151.&2 130.13 0.00067 1.241,.2 0.9430 

40 73.4&53 1242.7 0.17682 98.7&45 0.00891 150.52 126.52 0.0006& 1.23912 0.9369 

.. 2 72.1398 1238.5 0.17261 92.3512 0.00924 148.20 119.99 0.00065 1.23450 0.9266 .... 70.8011 1235.4 0.16832 86.4488 0.00949 145.81 11".23 Il. 00 063 1.22984 0.9186 

"v 69."518 1235.3 0.1&330 80.9077 0.00914 143.42 109.10 0.00062 1.22515 0.9152 
.. 8 68.0970 1234.8 0.15816 15.8910 0.0099& 141.05 10".50 0.00061. 1.22045 0.9110 
50 6&.7399 1233.4 0.15447 71.2198 0.01011 138.73 100.35 0.000&0 1.2157& 0.9073 
52 65.3829 1231.1 0.15040 &&.8821 0.01031 136.48 96.59 0.00059 1.21109 0.9039 
5 .. &1t.0296 1229.& 0.14&56 62.8&80 0.0105& 134.31 93.17 0.00058 1.20&43 0.9004 
56 62.&829 1228.9 0.14295 ,9.315 .. 0.01010 132.23 90.0& 0.00058 1.20181 0.8954 
sa &1.346& 1221.7 0.1"3911 56.0628 0.01082 130.25 87.22 0.00058 1.19124 0.8897 
60 60 .. 0282 1228.1 0.13&65 53.2057 0.01091 128.55 8".63 0.00058 1.19214 0.8823 

65 5&.8213 1235.5 0.12944 47.1485 0.01102 125.23 19.15 0.00058 1.18185 0.8&08 
70 53.7731t 1250.6 0.12286 42.4 .. 5 .. 0.01100 122.23 710.81 0.00059 1.11155 0.8430 
75 50.9103 1214.Z 0.11&15 38.8224 0'.0108& 119.46 11.51 il.00061 1.1&194 0.8291 
ao 48.2479 1305.1 0.11107 36.0001 0.Dl062 116.91 69.08 0.00063 1.15305 0.819" 
85 45.7912 1346." 0.10578 33.8776 0.01029 116.51 61.25 0.0006& 1.14488 0.799l' 
90 43.5352 1393.9 0.10084 32.2001 0.00992 116.11 65.95 0.00069 1.13742 0.7855 
95 41."6,,8 1447.1 0.1l9&32 30.8672 0.00953 115.78 65.01 0.00013 1.130& 1 0.7755 

100 39.5T1t2 1506.3 0.09212 29.8080 0.00914 116"87 &4.04 0.00071 1.12440 0.754& 
120 33."477 1193.& 0.01718 21.0964 0.00774 121.13 &8.24 0.00099 1.10447 0.7447 
140 28.9793 2112.2 0.06855 25.6237 0.00&&4 134.29 70.44 0.00119 1.09008 0.7359 

160 25.6015 2 .. 52.6 0.0&207 24.7531 0.00518 140.53 72.14 0.00139 1.01930 0.7282 
180 22.9&47 2801.5 0.05139 24.1&15 0.00511 14&.51 13.83 oJ.001&0 1.01093 0.7215 
200 20.8486 3153.1 0.0539& 23.7"56 0.00456 152.56 75.64 0.00183 1.06425 0.7154 
220 19.1108 3500.9 0.0513& 23.4010 0.00415 158.55 77.58 0.00206 1.05818 0.7101 
2 .. 0 11.6549 3844 ... 0.04940 23.13&3 0.00379 164.46 19.&4 0.00230 1.05422 0.7052 
260 1&.4175 4119.8 0.04788 22.9019 0.00349 110.28 81.19 0.00256 1.05035 0.7009 
280 15.3509 4508.9 0.04&&9 22.1019 0.00324 116.02 8 ... 03 0.00283 1.04103 O. &9&11 
300 1/0 .38&2 4823.0 0.04&33 22.5803 0.00305 181.&7 86.33 0.00309 1.04403 0.696& 
350 12 ... 914 5600.9 0.04488 22.2353 0.00262 195.50 92.21 0.00383 1.03815 O. &93& 
400 11.0,,65 & 35&.5 0.04400 21.9108 0.00231 209.07 98.38 0.00465 1.033&8 0.6902 

450 9.9058 1099.3 0.04341 21.1611 0.00206 222.51 104.51 0.00552 1.03017 0.&879 
500 8.9811 7840.9 0.04294 21.5907 0.0018& 236.01 110.18 0.00647 1.02132 0.6864 
550 8.2157 8579.8 D.0425& 21.4496 0.00170 249.46 116.96 oJ. 007 .. 8 1.02497 O. r, 852 

·600 7.5713 9322.1 0.04223 21.3309 0.00151 262.92 123.15 0.00855 1.02l00 0.6645 
700 &.51t&0 10623.3 0.041&0 21.142& 0.00135 289.96 135.33 0.01069 1.01986 0.6836 I 

aoo 5.16&0 123&2.2 0.04096 21.0002 0.00119 311.33 141.21 0.0134& 1.01148 0.6833 
900 5.1525 13953.4 0.04025 20.8888 0.0010& 345.23 156.95 0.01625 1.01561 O. &834 

1000 It .6572 15&05.7 0.03948 20;,994 0.00096 440.56 110.38 0.02210 1.01410 0.5601 
1200 3.90&5 190?5.1 0.03789 20.6&51 0.00061 511.00 192.51 0.030&3 1.01182 0.5791 
1 .. 00 3.3643 22176.3 0.03&31 20.5690 0.00069 583.17 213.1& 0.03948 1.01017 0.5793 

1600 2.9543 266&2.0 0.03481 20.4911 0.000&1 &5&.24 234.24 0.04923 1.00893 0.5796 
1800 2.&334 30&'31.6 0.033&0 20.4409 0.00054 129.61 254.05 0.05986 1.0079& O. ,6aZ 
2000 2.3753 34905.1 0.03243 20.3953 0.00049 806.30 273.21 0.07147 1.00717 0.57,>15 
2500 1.90&4 1t7448.9 0.02895 20.2979 0.00039 105&.83 31'3.21t 0.10680 1.0051& 0.5b4/5 
3000 1.5854 6"7548.4 0.02365 20.lIt84 0.00033 1571.05 363.54 0.15972 1.00478 0.5166 
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C.Za THERl100YNAHIC PROPf'~TLES OF NOR"'1. HYDROGEN 

22.0!l HPA ISOaAR 

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY tv tP "ELOCITY 
DERIVATIVE DERIVATIVE ENERGY • OF SOUND 

DEG. K CU "' KG tu "-HPA/KG "PA/K . KJ/KG-K KJ/KG KJ/KG-K KJ , K~-K "'S . 
• 19.835 0.01160 2.321t3 1.107 238.7 1t93.9 llt.516 5. It,} 6.81t 17U 

20 0.OU61 2.31&7 1.107 Z39.6 495.1 14.574 5.1t5 6.88 1710 
21 0.OU68 Z.2703 1.107 Z1t5.2 502.1 1".917 5.59 7.13 1702 
22 0.01175 2.2238 1.105 250.9 -509.3 15.255 5.71 7.37 1695 
23 0.OU82 2.1773 1.102 256.9 51&.8 15.588 5.8Z 7.61 1687 
24 0.01189 2.1308 1.098 263.0 524.6 15.911 5.92 7.8" 1680 
25 0.01196 2.08"6 1.09'} 2&9." 532.5 16.242 6.02 8.07 1672 
26 0.0120ft 2.0385 1.086 275.9 540.7 16.5&1 6.11 8.29 1663 
27 0.0121Z 1.9928 1.079 Z8Z.5 549.1 16.878 6.19 8.50 1655 
28 0.01220 1.91076 1.010 289.10 551.7 11.190 6.27 8.12 16lt6 
29 0.01228 1.9030 1.061 296.4 5&6.5 17.500 6.34 8.93 1637 

30 0.01236 1.8591 1.051 303.5 515.5 17.80E- 6.41 9.~4 1628 
31 0.01245 1.8157 1.043 310 .• 9 584.8 18.110 6.47 9.~15 162D 
32 0.01254 1.7748 1.031 318.3 594.,} 18.410 &.53 9.55 l&U 
33 0.012&4 1.7338 1.018 325.9 &OJ.9 18.101 6.58 9.13 l&Dl 
34 0.Ol213 1.6912 1.004 333.7 &lJ.7 19.0U &.&,} ').92 1590 
35 0.012Sl 1.6531t 0.9903 341.5 623.7 19.291 6.68 10.09 1581 
3& 0.01293 1.6150 0.97&0 31t9.5 &33.9 19.518 6.72 10.21 1571 
37 0.01303 1.575& 0.9615 351.& &41t.3 19.8&2 6.7& 10.45 1560 
35 0.OU14 1.5350 0.9468 365.8 &5,+.8 20.143 &.19 10.&2 1549 
39 0.01321t 1.5001 0.9318 374.2 &&5.5 20.421 6.82 10.18 15ltO 

40 0.01335 1.4&7& 0.91&7 382.6 676.4 ~;0.695 6.84 10 .92 1531 

42 0.01358 1.1t030 0.8856 399.7 698.5 21.235 6.88 11.21 1512 .... 0.01382 1.3 .. 06 0.8542 "17.2 721.2 21.7&3 6.91 11.49 1 .. 92 
.. 6 0.01407 1.2848 0.8221 .. 34.4 743.9 22.2&7 6.98 11.77 llt72 
48 0.ill433 1.2332 0.7915 .. 52.6 767.7 22.77" 7 •. 02 12.03 1453 
50 0.01 .. 59 1.1839 0.7609 "70.9 792.0 23.270 7.06 12.27 1103 .. 
52 D.Ollt87 1.1391t 0.7309 1t89.6 816.8 23.755 7.09 12.48 1,.16 
5 .. 0.01516 1.0982 0.7ra7 508.,. 8,.1.9 2".230 7.11: 12.68 1399 
56 0.0151t6 1.0601 0.&73 .. 527.6 8&7.7 2,..700 7.12 12.85 1383 
58 0.01577 1.021t3 0.6458 546.6 893.& 25.153 7.12. 12.99 1367 
60 0.01&09 0.9921 0.&193 565.7 919.7 25.596 7.12 13.12 1353 

65 0.01&92 0.9299 0.5583 &13.6 985.8 26.653 7.11 13.35 1321 
70 0.01780 0.8831 0.504& 661.3 1053.0 27.&"9 7.11 13.51 1295 
15 0.01873 0.81t98 0.4571 108.8 1120.8 28.585 7.14 13.62 127,. 
80 0.01969 0.8291 0.4170 756.0 '1189.1 29.,.67 7.18 13.68 1257 
85 0.020&8 0.815& 0.3814 802.7 1257.& 30.298 1.24 13.12 1243 
90 0.02168 0.8110 0.350& 849.2 132&.2 31.083 7.32 13.73 123 .. 
95 0.02271 0.8116 0.3231 895.3 1391t.9 31.825 7.41 13.73 1226 

100 0.02371t 0.8163 0.3002 941.3 14&3.6 32.529 7.52 13.74 1222 
120 0.02790 0.8643 0.2311t 1127.1 1741.0 35.057 8.09 13.88 1218 
1 .. 0 0.il3207 0.9309 0.1880 1314.6 2020.1 37.208 8.&0 1 ... 07 123 .. 

160 0.03&20 1.0099 0.1582 1506.5 2302.8 39.095 9.04 llt.24 1261 
180 0.~4028 1.093& 0.13&5 1102.7 2588.7 40.779 ~'J.D 1 ... ·38 1293 
200 0.0 .. ft30 1.1781t iI.1200 1902.6 2877.1 "2.298 9.69 1 ..... 8 1327 
220 O. D .. 827 1.2&38 0.1071 2105.5 3167.4 43.681 9.91 14.56 1362 
2 .. 0 0.~5219 1.3483 0.096& 2310.7 3 .. 59.0 ..... 950 10.08 1".61 1398 
26D 0.05&08 1.432& 0.0881 2517.5 3151.2 1t6.120 10.20 14.64 1433 
280 0.05993 1.5155 0.0810 2725.4 401t3.8 47.201t 10.29 14.64 1468 
300 0.0&392 1.60&5 0.0758 2935.1 4341.Z 48.220 10.34 1 ... 13 1513 
350 D.07351 1.81&1t 0.061t2 346rJ.2 5077.5 50.1t91 10 .42 1 ... 11 1&02 
400 0.08303 2.021t8 0.0558 3985.1 5812.1t 52.454 10.1t4 14.&8 l&a1 

.. 50 0.~9252 2.2323 0.0491t .. 510.5 6545.9 54.181 10 ... 4 1".65 1770 
SOD 0.10197 2.4392 0.0 .. 43 5034.6 1277.9 55.123 10 ... 5 14.63 18 .. 8 
550 0.1111t0 2.61t57 0.0402 5558.1 8009.0 51.111 10 ... 5 14.62 1924 
&00 0.12082 2.8520 0.03&8 &082.0 871t0.0 58.386 10.4& 1 ... 62 1996 
700 0.13963 3.2641 0.0315 1131." 10203.2 60.61t5 10.51 14.65 2133 
800 0.158ftl 3.6759 0.0275 8181.0 11&72.1 62.608 10.59 14.73 22&0 
900 0.17118 ft. 087& 0.0244 9252.5 131SJ.& 6".31t8 10.72 14.84 2379 

1000 0.19595 4.4993 0.0220 10331.3 1 .. 61t2.1 65.917 10.88 15.00 2491 
1200 0.23346 5.3227 0.0183 12543.8 11679.9 &8.667 11.25 15.37 2697 
lltOO 0.27096 0.14&3 0.0157 l1t837.7 20796.9 11.071 11.68 15.80 Z8U 

1600 0.308 110 6.9702 0.0137 17211.0 24003.1 73.223 12.12 16.2" 3056 
1800 o .31t59& 7.7941 0.0122 19&81.5 27292.& 75.151t 12.55 1&.&7 3218 
2000 0.J8JIt7 8.6182 0.0110 22232.9 10&69.2 76.91t3 12.97 17.10 3370 
2500 0."7759 10.6788 0.0088 2901t0.7 3951t7.7 80.88& 1".45 18.6" 3712 
3000 0.57ftOl 12.7398 0.0073 3&999.6 49627.8 0 ... 561 17.60 22.15 4D03 

• THO-PHASE aOUNDA~Y 
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THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN C-2;& 

22.00 MPA ISOBAR 

.I 
TEMPERATURE OENSl" veOH/OI/,p V UlP/OU'v -v eOP/OI/'T : eov/OTV~ . THERMAL VISCOSITY THERMAL DIELECTRIC F'RANDTL 

CONDUCTII/ITY OIFF'USIVITY CONSTANT NUMBER 

OEG. K KG/CU " .. J/KG "PA-CU "/KJ MPA 1I0EG. K W/K-" KG/M-S SQ M/HR 
lC 102 lC 101 lC 107 

• 19.835 8&.1915 1237.7 0.23&4& .200.331">7 0.00553 135.33 389.&2 0.00083 1.28412 1.9701 
20 8&.U2& 121t0.O 0.23571 199.4935 0.00555 13&.310 383.11 0.00083 1.28384 1.933& 
21 85.6298 1252.5 0.23141 194.10029 0.005&9 1101.86. 346.91 0.00084 1.28211 1.7lt39 
22 85.1375 1263.3 0.22745 189.3277 0.00584 110&.107 31&.97 oJ.00084 1.28036 1.5959 
23 8 ... &359 1272 ... 0.22380 11S4.27&l 0.00598 150. J1 291.88 0.00084 1.27657 1.4779' 
24 8 ... 1251 1280.1 0.22039 179.2570 O.OOb13 153.107 270.62 '0.00084 1.27675 1.382& 
25 83.&054 1266.5 0.21719 174.2797 0.0062i' 15&.07 252.43 0.00083 1.271089 1.JO .. 5 
2& 83.0769 1291.9 0.21"14 1&9.3539 0.00641 158.10 23&.71 0.00083 1.27301 1.2405 
27 82.5398 129&.7 0.21115 164.10893 0.00656 159.71 223.02 0.00082 1.27110 1.1875 
28 81.99103 1300.9 0.20822 159.&962 0.00670 160.95 211.00 0.00081 1.26917 1.1432 
29 81.10407 13010.3 0.20543 154.9848 0.00685 161.87 200.38 0.00080 1.26720 1.1057 

3D 80.8791 1306.6 0.20282 150.3&56 0.00&99 1&2.51 190.94 0.OC079 1.26521 1.07310 
31 aO.3017 1307.2 0.20074 1105.6000 0.0071& 1E,2.27 182.41 0.00078 1.2&317 1.0515 
32 79.7230 1310.1 0.19800 1101.10923 0.00729 161.87 174.79 0.00077 1.2&112 1.0307 
33 79.1391 1312.0 0.19536 1,57.2131 0.00742 1&1.310 1&7.92 0.00075 1.2590& 1.0130 
34 78.5491 1312.0 0.19279 132.6393 0.0075& 1&0.73 1&1.&8 11.000710 1.25&97 0.9979 
35 77 .9518 1313.8 0.19024 128.868& 0.D076~ 1& 0.00 155.98 0.00073 1.25 .. 87 0.98101 
36 77 .3507 131".5 0.187710 124.92110 0.00781 159.20 150.7& 0.00072 1.25275 0.972& 
37 7&.7 .. 2& 1313.7 0.18533 120.9139 0.00795 158.31 1105.9& 0.00071 1.250&1 0.9&31 
38 7&.1310 1310.9 0.18310 11&.6&06 0.00810 157.36 1101.53 0.00070 1.2108 .. & 0.9553 
39 75.5106 1310.0 0.18100 113.2708 0.00823 156.35 137.41 0.00069 1.210&29 0.9 .. 71 

100 7 ... 889 .. 1309.& 0.17898 109.9069 0.006310 155.31 133.59 0.00068 1.210 .. 11 0.9395 

102 73.6316 1307.3 0.171t92 103.3082 0.00857 153.07 12&.&8 0.00067 1.23970 0.9275 .... 72.3632 13010." 0.1707& 97.0078 0.00881 150.76 120.62 a.00065 1.23528 0.9189 
!to 71.0858 1307.0 0.1658& 91.328 .. 0.00901 . 1 .. 8.103 115.210 0.00064 1.23083 0.91101 
.. 8 69.8029 1308.1 0.1&14& 8&.0786 0.00920 110&.11 11 0 .103 0.000&3. 1.22&37 0.9091 
50 68.517Cl 1307.9 0.15731 81.1197 11.00938 1"3.83 106.10 0.00 062 1.22191 0.9049 
52 67.2339 1308.2 0.15338 7&.&029 0.009510 141.&2 102.18 0.00061 1.217107 0.900& 
Sit &5.9530 1308.3 0.1109&7 72.4282 0.009&9 139.108 98.&2 0.00060 1.21305 0.8963 
5& & ... &783 1308.1 0.1"621 &6.5&52 0.00982 137.102 95.38 0.000&0 1.206&6 0.8917 
58 &3.412& 1306.8 0.1103010 64.9510 0.00994 135.106 92.101 0.00059 1.20 .. 31 0.88610 
60 62.1590 1306.9 0.110000 &1.7071 0.010010 133.76 89.70 0.00059 1.20002 0.879& 

65 :;9.0971 1313.9 0.13286 54.9559 0.0101& 130.43 83.90 0.00060 1.18957 0.858& 
70 5&.1677 1328.3 0.1262& 49.&016 0.01017 127.36 79.30 0.000&0 1.1796 .. 0.81012 
75 53.3927 1350." 0.12012 105.37101 0;01009 12 ... 47 75.&7 0.000&2 1.17027 0.82!!3 
80 50.7897 1381.7 0.11438 102.1081 0.00990 121.77 72.8& 11.00063 1.1&1510 0.8186 
85 108.3638 1419.0 0.10895 39.10 .. 47 0.009&7 121.28 70.72 0.0006& 1.153"3 0.8002 
90 10&.1163 11065.0 0.10388 37.3989 0.00937 120.76 &9.13 0.00069 1.1 .. 59& 0.78&3 
95 104.0399 1516 ... 0.09920 35.7"21 0.0090& 120.2.9 &8.00 0.00072 1.13909 0.776" 

100 "2.12108 1573.5 0.0910810 31t.3878 0.00873 121.102 66.4& 0.0007£, 1.13277 D.7520 
120 35.8380 1857.7 0.07982 30.9735 0.007107 131.100 70.105 0.00095 1.11222 0.7"43 
1100 31.1839 2171.& 0.07012 29.0286 0.00&"8 137.99 72.33 0.00113 1.119716 0.7372 

160 27.&2&5 2510." 0.0&335 27.8988 0.OD5&7 1103.&5 73.70 0.00131 1.08575 0.7304 
180 2 ... 8290 2860.2 0.056105 27.1517 0.00503 1109.20 75.12 0.00150 1.07&810 0.7239 
200 22.5752 3211.3 0.051085 26.6016 0.00451 154.80 76.73 0.00170 1.0&970 0.7179 
220 20.7183 35&1.8 0.05211 2&.1833 0.001009 160.109 78.51 0.00191 1.0&384 0.712" 
240 19.1592 3905.8 0.05003 25.8330 0.003710 16&.18 80."6 0.00214 1.05894 0.707" 
260 17.8323 102103.2 0.048"2 25.51064 0.00345. 171.810 82.53 0.00237 1.05478 0.7030 
280 1&.&8&& !t572.0 0.010717 25.2890 0.00320 177.107 810.71 0.002&1 1.05119 0.&98'.) 
300 15.&1057 4882.0 0.0"&87 25.1355 0.00302 183.010 8&.97 0.0028& 1.04795 O. &997 
350 13 .60 37 56&0.10 0.010532 24.7099 0.00260 196.78 92.8& O. 0035 .. 1.0101&0 O. &944 
!tOO 12.0431 641&.10 0.0101038 210.3655 0.00229 210.3& 98.97 O. 00 .. 28 1.03&7& o. &907 

450 10 .8089 7159." 0.0 .. 37 .. 24.1293 0.00205 223.07 105.18 0.00509 1.03295 0.&882 
500 9.8070 7901.1 0.04323 23.921& 0.00185 237."7 111."3 o. 0059& 1. 02986 0.68&& 
~!:O 8.97&& 8&100.2 0.04283 23.71098 0.00169 251.03 117.&9 0.00689 1.02731 0.&854 
600 8.27&9 9382.5 0.0 .. 2 .. & 23.&0::;& 0.0015& 2& ... &3 123.92 0.00787 1.02516 0.&8 .. & 
700 7.1619 10883.8 0.04180 23.3771 0.00135 291.95 136.23 0.01002 1.02175 0.&83& 
800 &.J12& 12 42~.0 0.010113 <:3.20410 0.00119 319.&10 1108.32 0.01238 1.01915 0.&633 
900 5.&"36 110 0 110.5 0.0 .. 0 .. 0 23.069& 0.0010& llo 7.87 1&0.15 0.01 .. 95 1.01711 O. €. 834 

1000 5.103 .. 15&&7.3 0.039&1 22.9&15 0.0009& 10 .. 0.5& 171.72 0.02072 1.0154& 0.5847 
1200 ... 263 .. 19138.5 0.03800 22.7992 0.00080 511.00 19 ... 15 0.0279 .. 1.012'H 0.56"1 
1400 3.6905 228"0.5 0.03&100 22.&8310 0.00il&9 583.1& 215.&8 ().0;)599 1.0111& 0.5845 

1&00 3.2U9 2& 7 27." 0.03 .. 9\, 22.59&& 0.00061 &5&.22 23& ... 4 o. 010108& 1.00980 0.5853 
1800 2.8905 30756.8 0.033&,' 22.5290 0.0005" 729.79 25&.52 0.05453 1.00874 0.58S8 
2000 2.b078 3 .. 96&.1 0.on"9 22.47 .. 3 0.00u"9 805.98 276.00 0.0&508 1.00788 0.58S" 
2500 2.0938 471t19.7 0.02907 22.3597 0.00039 1052.97 322.56 0.09710 1.00632 0.5712 
3000 1.7 .. 21 67097.7 0.02;:),,') 22.19105 0.00033 1551.11 3&7.42 0.1 .... 70 1.0052& 0.5247 
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C-Za T HERMOOYNAMIC PROPERTIES OF NORM.AL HYDROGEN 

2~.00 liPA I~O~AR 

I 

TEMPERATURE 110LUME ISOTHERM ISOCHO~E INTERNAL ENTHALPY ENTROPY CV CP VELOCIfY 
DERlVATIII£ OERIliATIVE ENEI{C,Y • OF SOIJNil 

DEG. I( ~U "/1(1i CU H-HPA/KIi "PAIl( KJ/KIi-K KJ/KG KJ/KG-K KJ I I(G-I( MIS 

• 20.300 0.01152 2 ... 12 .. 1.120 2~1.3 517.7 1~.550 5."8 &.88 17,.1 
21 0.0115& 2.3807 1.120 2"5.1 52l.& 1,..788 5.57 7.05 1736 
22 0.01163 2.33S" 1.119 250.7 529.3 15.122 5.69 7.29 1729 
U 0.01169 2.2899 1.117 256.6 537.2 15.451 5.81 7.52 1722 
2 .. 0.OU76 2.2 .... 5 1.113 262.& 5"~.8 15.776 5.91 7.74 1715 
25 0.01103 2.1991 1.109 268.8 552.7 16.096 6.01 7.96 1707 
2& 0.01190 2.1539 1.103 275.1 560.7 16 ... 11 6.10 8.18 1700 
27 0.01197 2.1089 1.096 281.6 569.0 16.72" 6.13 8.39 1692 
28 0.01205 2.0& .. 3 1.089 288.3 577.5 17.031 6.26 8.60 1683 
29 0.01213 2.0202 1.080 295.2 586.2 17.337 6.3 .. 8.80 1675 
30 0.01221 1.9767 1.071 302.1 595.1 17.&39 6 ... 1 9.00 16&6 

31 0.01229 1.9338 1.061 309.3 &04.2 17.937 6 ... 7 9.20 1658 
32 0.01237 1.8918 1.051 316.5 613.5 18.2S2 &.53 9.39 16,.9 
33 0.012"& 1.852& 1.0 .. 2 32".0 623.0 18.526 6.59 9.59 16,.2 
3,. 0.01255 1.8136 1.029 331.5 &32.7 18.815 6.64 9.76 1633 
35 0.01264 1.774& 1.016 339.2 642.& 19.101 6.69 9.94 1624 
3& 0.01273 1.7350 1.002 347.0 652.6 19.383 6.73 10.11 1&14 
37 0.01283 1.6987 0.9882 355.0 &&2.8 19.6&3 6.77 10.27 1605 
38 0.01292 1.6&20 0.9740 363.0 673.1 19.939 6.80 10.43 1596 
J9 0.01302 1.6240 0.9596 371.1 683.6 20.212 6.83 10.58 1586 
.. 0 0.01312 1.5846 0.9451 379.3 &94.3 20."81 6.85 10.7 .. 1576 

42 0.01333 1.5207 0.9154 396.1 71&.1 21.012 6.90 11.01 1558 
4~ 0.01355 1.4&02 0.8853 413.1 738.3 21.530 6.94 11.27 1541 
4& 0.01378 1.4025 0.8548 .. 29.9 7&0.& 22.025 7. DO 11.55 1521 
48 0.01,.01 1.3475 0.8245 .... 7.6 78~.0 22.522 7.05 11.81 1502 
50 0.0142& 1.2986 0.7946 "65.6 807.8 23.009 7.09 12.03 1485 
52 0.01451 1.2533 0.7653 483.8 832.1 23.485 7.12 12.24 1468 
54 o.D1~n 1.2109 0.7367 502.2 856.8 23.951 7.14 12.~3 1 .. 51 
56 D.0150~ 1.1701 0.7089 521.0 882.1 24.411 7.16 12.&0 1~35 

58 0.1)1532 1.1345 0.&820 539.7 907.4 24.856 7.1& 12.74 1421 
60 0.015&1 1.1015 0.6558 558.4 933.0 25.Z90 7.1& 12.86 1407 

65 0.0163& 1.0314 0.5943 605.4 998.0 26.328 7.15 13.11 1375 
70 0.01715 0.9787 0.5398 652.4 10&4.0 27.307 7.1& 13.28 1348 
75 0;01798 0.9401 0."919 699.3 1130.7 28.228 7.18 13."2 1326 
80 0.01884 0.912& 0.4 .. 91) 74&.0 1198.1 29.098 7.22 13.52 1307 
85 0.01972 0.8956 0."130 792.5 1265.8 29.919 7.28 13.58 1292 
90 0.02003 0.8860 0.3806 838.7 l333.8 30.697 7.3& 13.62 1281 
95 0.02155 0.8823 0.3522 884.8 1 .. 02.0 31 ... 34 7."5 13.65 1272 

100 0.022 .. 8 0.8836 0.3273 930.8 1"70.3 32.135 7.55 13.68 1265 
120 0.02626 0.9203 0.2531 1117.2 17"7.4 3 ... 6&0 8.12 13.88 1254 
1 .. 0 0.03005 0.981" 0.2057 1305.4 202&.& 36.811 8.63 1".08 1265 

160 0.03382 1.05 .. 9 0.1732 1 .. 98.2 2309.9 38.702 9.07 1".27 1289 
180 0.0375& 1.1359 0.1494 1695.3 259&.7 40.391 9.43 1 ..... 2 1318 
200 0.04125 1.2194 0.1313 1896.1 288&.1 41.915 9.72 1".53 1350 
220 0.0 .... 89 1.3032 0.1171 2099.9 3177 .3 .. 3.303 9.95 1 ... 61 138 .. 
240 0.048"9 1.3873 0.1057 230&.0 3 .. 69.8 44.576 10.11 1 ... 66 1 .. 18 
260 0.05206 1.4706 0.09&3 2513.6 3762.9 "5.750 10.2 .. 1".68 1 .. 52 
280 0.05559 1.5537 0.0885 2722.2 "056.4 .. 6.837 10.32 14.68 1 .. 86 
300 0.05925 1.64 .. 0 0.0828 2931.4 4353.5 "7.851 10.3& 1".75 1530 
35:1 0.0680& 1.8531 0.0701 3 .. 57.4 5090.8 50.125 10.43 14.73 1&18 
.. 00 0.07&79 2.0610 0.0609 3983.5 582&.6 52.090 10 ... 5 1 ... 70 1702 

.. 50 0.085"9 2.2681 0.0539 4508.9 6560.& 53.819 10."5 1".66 178 .. 
500 0.09"15 2 ... 7 .. 6 0.0 .. 83 5033." 7293.0 55.3&2 10."6 1 ... 6" 1861 
550 0.10280 2. &808 0.0438 5557.2 802".5 56.756 10.4& 1".62 1936 
600 0.111"3 2.6867 0.0"01 6081 ... 8755.8 58.026 10 ... 7 1 ... 62 2008 
700 0.128&6 3.2983 0.0343 7131.1 10219.3 60.285 10.51 1 ... &5 21 .... 
800 0.1"589 3.709& 0.0300 8187.0 11&86.5 &2.2 .. 9 10.60 1 ... 73 2271 
900 0.16310 4.1209 0.0266 9252.7 13167.2 63.988 10.72 1 ... 85 2389 

1:000 0.18030 ... 5323 0.02 .. 0 10331.6 1 .. 658.8 65.558 10.88 15.00 2500 
1200 1l.211t68 5.3553 0.0200 12544.3 1769&.7 &8.308 11.25 15.37 2705 
1400 0.24906 6 .1i' 85 0.0171 14838 ... 20815.8 70.718 11.69 15.81 2891 

1&00 0.283"3 7.0020 0.0150 17,17.7 2 .. 02il.0 72.8& .. 12.13 16.24 3063 
1800 0.31780 7.8257 0.0133 19&82.2 27309.5 7 ... 795 12.55 16.67 322 .. 
2000 0.35219 8.649& 0.0120 22233.2 30685.7 76.58" 12.97 17.09 3376 
2500 0.43845 10.7098 0.009& 29033.7 3955&.5 80.524 14 ... 1 18.&1 3716 
3000 0.52673 12.7705 0.0080 3&951.3 49592.8 84.189 17 ... & 21.99 .. 009 
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THERI100YNAI1JC PROPERT IES OF NORI'IAL HYDROGEN C • .! .. 

21t.1l0 KPA ISO;sU 

TEMPERATURE DENSI JY 1/ (JH/Ol/,p V (DP/DUly -V iDP/DVt
r 

(DI//Dr~{.1/ rHERHAL I/ISC"OSITY THERMAL OIELECTRIC PRA~lOrL 

CONDUCTIVITY DIFFUSII/ITY CONSTANT NUMBER 

DEG. K e<:i/CiJ 11 I(J/I(G I1PA-CU H/KJ HPA lIDEG •. I( H/K-H
i 

KG/H-S .SQ H/HR 
lC lOl X 10 X 107 

• 20.300 8&.&172. 1285.9 0.2J558 209.439 .. 0.00535 1"0.60 ..02.08 0.00085 1.28636 1.91':09 
21 86.1t899 1295.& 0.23260 205.9105 0.005 .... 1 ..... 52 37".57 0.00085 1.21151~ 1.8Z71 
22 8&.0150 1307.8 0.22862 200.8776 0.00557 1"9.33 3"1.16 0.00086 1.2834 ':I 1:.6&:'9 
23 85.5314 1318.2 0.22 .. 97 195.8609 0.00570 153.l5 313.28 0.00066 1.28176 1.5359 
21t 85.0.39 .. 1327.3 0.22156 190.8&87 0.00583 156. &8 289.71 ~.0008& 1.28JOl 1.10318 
25 8".5393 133".9 0.21837 185.9097 0.00,9& 159 ... 3 269.6 .. 0.00085 1. 271i2 2 1.3 .. ,,5 
26 8".0311 13"1.6 0.21532 180.9929 0.00009 161.61 252.3" ~.00085 1.27& .. 1 1.2706 
27 63.5151 13 .. 7.6 0.21235 176.127 .. 0.00622 163.3 .. 237.31 0.0008/0 1.27457 1.21S7 
28 82.9915 1352.9 0.209 .... 171.322& 0.00&35 16 ... 70 22 ... 16 0.00083 1.27271 1.1702 
29 82 ... &0 .. 1357." 0.20668 166.5879 0.006"9 165.72 212.57 ~.00082 1.27032 1.12~1 

30 81.9220 13&0.7 0.20 .. 11 1&1.9329 0.00662 1&& ... 7 202.29 0.00081 1.26891 1.09l8 

31 81.37&& 13&3.8 0.2015" 157.3672 0.0067 .. 1&&.3 .. 193.11 0.00080 1.2&&98 1.0679 
32 80.82 .. 5 13&&.5 0.19903 152.9007 0.00&87 166.02 18".88 0.00079 1.26502 1.01.059 
3·3 80.25"7 1368.6, 0.19702 1 .. 8.6770 0.007·01 1&5.51 177.35 0.00077 1.26300 1.027 .. 
31t 79.&883 1371.1, 0.19 .. 51 lit ... 5215 0.00712 1& ... 95 170.&1 0.0007& 1.26100 1. 0099 
35 79.1188 1373.4 0.19205 1 .. 0 .• 40 .. 4 0.00723 1& ... 29 1&4 ... 9 0.00075 1.25899 0.9948 
3& 78.5"50 1374.3 0.189&3 136.2770 0.00735 1&3.5" 158.91 0.0007" 1.25696 0.9822 
37 77.9&37 1376,,3 0.18723 132.4359 0.00746 162.70 153.77 0.00073 1.25491 0.97J6 
38 77.3810 1376.7 0.18499 128.6050 0.00757 161.81 !lt9.05 0.00072 1.25286 0.91':J5 
39 7&.7910 1375.2 0.18293 124.7123 0.00769 160.84 144.67 0.00071 1.25078 0.9517 
ItO 7&.2003 1371 .9 0.1809 .. 12.(1.747" 0.00783 159.85 140.&2 0.00070 1.24871 0.9447 

42 75.0009 1371.8 0.17700 114.0513 0.OD803 157.68 133.31 0.00069 1.24"5D 0.9309 
It It 73.7929 1372.1 D.17297 lD7.7547 0.D0822 155.43 12&.92 0.00067 1.24027 0.9204 
4& 72.57&7 1375.8 0.16816 101.7880 0.D08"0 153.15 121.2& 0.OD066 1.236~Z 0.9148 
48 71.353& 1317.0 0.1&385 96.1475 0.00858 150.87 116.22 0.00064 1.23176 0.9C9b 
50 70.1302 1379.2 0.15979 91.0690 0.00873 148.63 111.70 11.00063 1.22750 0.90lt3 
52 &8.9070 1381.1 0.15597 8&.3606 0.00886 1 .. 6 ... 5 107.61 0.00063. 1.2232& o. 8~34 
5~ &7.&870 1382.5 0.1523& 81G9&36 iJ.00S99 1 .. 4.32 103.90 0.000&2 1.2190 .. 0.8947 
5& 6&.4728 1382.5 0.1490'. 77.7819 0.00311 1 .. 2.28 100.52 0.00061 1.21484 0.8902 
58 65.26&0 1383.1 0.1"599 74.0437 0.00921 140.32 97.43 0.00061 1.21068 0.88'+6 
&0 64.0&9 .. 1384.2 D.l .. 304 70.5749 (1.00929 138.63 9 ... 6·0 iI.00061 1.20657 0.8778 

65 F..l • .1381 1390.6 0.13594 63.0573 0.009 .. 3 135.29 88.52 O. 00061 1.19653 0.8575 
70 58.3171 1 .. 04.7 0.12933 57.07&.1 0.009 .. 6 132.17 83.&2 0.00061 1.18692 0.84~5 

75 55.&308 1 .. 26 ... 0.12318 52.3013 0.009"1 129.19 79.71 0.000&2 1.17782 o. 8278 
80 53.0883 1455.4 0.11739 "8.447" 0.00929 126.37 76.60 0.00063 1.16925 0.81'l3 
85 50.7035 1"92.8 0.11190 .. 5.4U3 a~OO91(1 125.81 74.19 ~.ODO&6 1.16125 (1.8006 
90 .. 8.4772 1537.1 0.10669 "2.9526 0.0088& 125.19 72.33 0.00068 1.15381 0.7871 
95 4&.4056 1586.9 0.10189 1>0.9421 0.008&0 124.61 70.95 0.00071 1.11>692 0.777" 

100 4 ..... 809 1&42.9 0.09740 39.3019 0.00633 125.8 .. 68.84 0.00071> 1.11>055 0.7"83 
120 38.0809 1922.6 0.08180 35.0"63 0.00722 135. &1 72.&6 0.00092 1.11952 0.7438 
litO 33.2795 2235.1 0.D7165 32.6598 0.00630 1 .. 1.70 74.23 0.00109 1.10392 0.7376 

1&0 29.5&50 2570.4 0.06460 31.1885 0.00555 146.81 75.30 0.00125 1.09196 0.7321 
180 26.&2 .. 0 2919.4 0.059"9 30.2420 0.00494 151.87 76.46 0.00142 1.08255 0.7261 
200 2 ... 2438 3271.7 0.05571 29.562 .. 0.00 .... 4 157.08 77.86 0.00161 1.07498 0.7201 
220 22.27&9 3&22.4 0.05285 29.0316 0.00403 162.47 79."8 Q.00180 1.06876 0.7147 
240 20.6220 39611.1 0.05066 28.6092 0.00369 1&7.9 .. 81.31 0.00200 1.06353 0.7037 
2&0 19.210" "306.9 0.04896 28.2515 0.00341 17 3.44 83.30 0.00221 1.05910 0.705U 
280 17.9895 4638.6 0.04763 27.9499 O. D 031& 178.95 85 ... 2 0.D0244 1.05527 0.70a7 
3011 16.8763 .. 941.5 0.0 .. 739 27.7448 0.00299 184 ... 4 87.63 0.00267 1.05179 0.7009 
350 14.6938 5720.3 D .04576 27.2296 0.00258 198.07 93.46 ~.00329 1.04"98 0.6951 
.. DO 13.0222 6476.6 0.0 .... 75 26.8391 0.00227 211.66 99.56 0.00398 1.03979 0.6913 

450 11.6977 7219.7 0.04 .. 06 26.5315 0.00203 225.22 105.80 0.00473 1.03569 0.&88& 
500 10 .6210 7961.5 0.04352 26.2827 0.00184 238.91 112.09 a.D0553 1.03237 0.6868 
550 9.7276 8700.6 0.04308 26.0774 D.D0168 252.59 118."0 0.D0639 1.02962 o. ';655 
600 8.9739 '3443.0 0.04270 25.9051 0.00155 266.32 12".68 0.00731 1.02730 0.6646 
700 7.7715 10944.3 0.0 .. 200 25.632" 0.D013" 293.9" 137.1" 0.00929 1.02361 0.683& 
800 :'.8542 12483.7 D.O"130 25.1>26& 0.00118 321.9 .. 149.37 0.011 .. 8 1.02081 O. &633 
900 6.1311 1 .. 075.5 0.0 .. 055 25.2&61 0.00105 350.51 161.3 .. 0.0138& 1.01S&0 0.6833 

1000 5.54:'3 15728.8 0.03974 25.1375 0.00095 .... 0.56 173.07 0.01906 1.01&81 0.58"33 
1200 4.&580 19201.1 0.03810 2".9447 0.00080 511.00 195.79 D.02569 1.01"11 0.58;0 
1"00 4.01H 2290".5 0.0361>8 2 ... 8072 0.00069 !;83.16 217.61 0.03308 1.01215 0.58"36 

1&00 3.5282 2& 792.6 0.03501 24.70 .. 3 0.D1l061 656.21 238.65 0.0 .. 122 1.D1~67 O. 59~8 
1800 3.146& 30821.9 0.03373 24.6243 0.0005" 729.72 259.01 0.05009 1.00951 0.5915 
2000 2.8334 35027.2 0.03255 2 ... 5597 0.00049 805.71 278.76 0.05977 1.00855 0.5913 
2500 2.2808 47403.0 0.02917 24.4266 0.00039 10 .. 9.60 325.98 a.08903 1.011689 0.5779 
3000 1.11985 60713.6 0.02411 2".2450 0.00033 1533.71 371.37 0.13225 1.00573 0.5325 
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C-Za THERMODYNAMIC PROP ERr IES OF NORMAL HYOQOGEN 

26.00 MPA ISOBAR 

TEMPERATURE . oJOLU"E ISOTHERM ISOCHORE INTERNAL ENTHALPl ENTI!OPY c';.' CP VELOCITY 
DERIVATI~E DERIVATIvE ENERGY OF SOUND 

DEG. I( CU "/KG CU M-HPA/KG HPAII( KJ/KG-K KJ/KG KJ/KG-K KJ I I«i-I( itlS 

• 20.756 0.OU44 2.4989 1.133 243.9 541.3 1".584 5.52 6.92 17&9 
21 0.01145 2."882 1.133 2"~.3 543.0 14.&&5 5.55 6.97 1768 
22 0.01151 2.4439 1.133 250.8 550.1 14.99& 5.68 7.21 1762 
23 0.01158 2.3994 1.131 25&.5 557.5 15.321 5.79 7.43 1755 
24 0.011&4 2.3549 1.128 ,&2.4 5&5.0 15.&42 5.90 7.&5 1748 
25 0.01171 2 • .H04 1.124 2&8.4 572.6 15.959 5.99 7.87 1741 
2& 0.01177 2.2&&0 1.119 274.& 580.7 16.270 &.09 8.08 1734 
27 O. 01184 2.2218 1.113 281.0 588.9 1&.579 &.17 8.28 1727 
28 0.01191 2.1778 1.10& 287.5 597.3 1&.883 &.26 8.49 1719 
29 0.01199 2.1342 1.098 294.2 &05.9 17.185 &.33 8.&9 1711 
30 0.0120r. 2.0911 1.090 301.1 &14.7 17.483 &.40 8.88 1703 

31 0.01214 2.0485 1.080 308.0 &23.& 17.777 &.47 9.07 1&95 
32 0.01222 Z.OO&& 1. 071 315.2 &32.8 18.0&8 6.53 9.2& 1&87 
33 0.01230 1.9655 1.0&0 322.4 642.2 18.356 6.59 9.44 1&78 
34 0.01238 1.9252 1.049 329.8 &51.7 18.6'+0 &.64 9.&2 1670 
35 11.01247 1.8904 1.039 337.3 &&1.5 18.924 6.69 9.80 1&64 
36 0.01255 1.8533 1.026 345.0 671.4 19.203 6.74 9.96 1&~5 

37 0.012&'+ 1.8160 1.013 352.7 &81.4 19.478 '6.78 10.12 1&1t7 
38 0.01273 1.7794 0.9998 360.6 &91.& 19.750 5.81 10.27 1638 
39 0.01282 1.7444 0.9858 368.5 702.0 20.019 6.8'¥ 10.42 1629 
40 0.01292 1.7093 0.9718 37&.6 712.4 20.Z84 6.87 10.56 1&21 

42 Q.01311 1.6348 0.9433 392.9 733.8 20.806 6.91 10.84 1601 
Itlt 0.01331 1.5740 0.9141 409.6 755.8 21.316 6.96 11.10 1585 
1t6 0.01352 1.5171 0.8848 426.1 777.7 21.803 7.03 11.37 15&7 
48 0.01374 1.4625 0.8553 41t3.4 800.7 22.292 7.08 11.&1 1549 
50 0.0139& 1.lt113 0.82&1 461.0 824.1 22.770 7.12 11.83 1532 
52 0.01420 1.3625 0.7972 478.9 848.0 23.239 7.15 12.04 1515 
51t 0.111444 1.3197 0.7692 496.9 872.3 23.697 7.1·S 12.22 . 1499 
56 0.01468 1.2797 0.7419 515.1t 897.1 24.150 7.19 12.38 1484 
58 0.01494 1.2422 0.7153 533.7 9?2.0 24.587 7.19 12.52 1471 
60 0.01520 1.2077 0.6895 552.1 91t7.2 25.013 7.19 12.65 1457 

65 0.01588 1.1337 0.6285 598.3 1011.1 26.035 7.19 12.90 1426 
70 0.01659 1.0741 0.5733 644.7 1076.1 26.998 7.20 13.09 1398 
75 .0.il1734 1.0313 0.5243 691.0 1141.9 27.906 7.22 13.23 1375 
flO 0.01312 0.9976 0.4812 737.2 1208.4 28.765 7.26 13.36 1355 
</5 0.01892 a .9759 0.4432 783.4 1275.4 29.578 7.32 13.45 1339 
90 0.01975 0.9621 0.4096 829.4 1342.8 30.349 7.40 13.52 1326 
95 0.02058 0.9548 0.3798 875.4 1410.5 31.080 7.49 13.57 1315 

100 0.02143 0.9522 0.3535 921.3 1478.5 31.777 7.59 13.62 1307 
120 0.02488 0.9781 0.2744 1108.0 1755.0 34.297 8.1& 13.88 1290 
11+0 0.0283& 1.0328 0.2233 129&.9 2034.2 3&.449 8.6& 14.09 1297 

160 0.03183 1.1016 0.1881 1490.4 2317.8 38.341 9.10 14.30 1316 
180 O. OH27 1.1794 0.1623 1688.3 2&05.3 40.034 9.46 14.46 1343 
200 0.03867 1.2608 0.1426 1890.0 2895.5 41.563 9.75 14.57 1373 
220 0.04204 1. 343~ 0.1271 2094.& 3187.6 42.955 9.98 14.65 1405 
240 0.0453& 1.4264 0.U47 2301.5 3480.9 44.232 10.15 14.i'0 1438 
260 0.04866 1.509& 0.1045 2509.9 3774.9 45.409 10.27 14.72 1471 
2 .. 0 0.05191 1.5918 0.0959 2719.3 4069.1 46.499 10.35 14.72 1504 
300 0.05531 1.&819 0.0898 2927.8 43&6.0 47.511 10.37 14.78 1548 
350 0.0r.344 1.89G2 0.07&0 3454.8 5104.3 49.788 10.44 14.75 1&34 
1t00 0.07151 2.0975 0.06&0 3981.5 5840.8 51.756 10.4& 14.71 1717 

450 0.07954 2.3040 0.0584 4507.4 &575.4 53.485 10.46 14.67 1798 
SOD O. 08754 2.5101 0.0523 5032.2 7308.3 55:.029 10.46 14.&5 1874 
550 0.09552 2.7159 0.0475 5556.4 8040.0 5&.424 10.47 14.63 1949 
60e 0.10349 2.9215 0.0435 6080.8 8771.& 57.&94 10.48 14.63 2020 
700 0.11941 3.3324 0.0372 7130.9 10235.5 59.954 10.52 14.66 2155 
aDO 0.13530 3.7433 0.0325 8187.0 11704.9 61.918 10. &0 14.73 2281 
900 0.15118 4.1542 0.0289 9253.0 13183.7 63.&58 10.72 14.85 2398 

1000 0.1&70& 4.5652 0.02&0 10332.0 14675.5 &5.228 10.88 15.00 2509 
1200 0.19879 5.387& 0.0216 12544.9 17713.5 &7.978 11.26 15.37 2713 
1400 0.23052 &.2104 0.0165 14839.1 20832.7 70.388 11.69 15.81 2898 

1600 0.26225 7.0335 0.0162 17218.5 24037.0 72.534 12.13 16.24 3069 
1800 0.29397 7.8569 O. 0144 19683.0 2732&.3 74.465 12.55 16.67 3230 
2000 O • .12571 8.680& 0.0130 22233.7 30702.2 7&.254 12.97 17 .09 3382 
2500 0.40532 10.7403 0.0104 29027.8 3956&.2 80.190 14.39 18.56 3724 
3000 0.48673 12.8008 0.0087 36909.0 49563.9 83.842 17.34 21.85 4015 
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THERHOOYNAHIC PROPERTIES OF NORHAL HYDROGEN C-Za 

26.UD HPA I~OaAR 

I 

TEKPERATURE OENSU~ II (OH/OIIJi> II 10P/DUIV -II IOP/OV'-r IDV/Oflli THERMAL VISCOSITY THERMAL OIELECT~IC PRANOiL 
)'. CONOUCTIHH CIFFUSlllITY CONSTANT NUMBER 

DEG. K KIiICU K KJ/KG KPA-CU ~/KJ MPA 1I0EIi. I( W/K-M.l KG/M-S .iQ K/HR 
II 10 II 10 II 10 7 

• 20.756 117 .1022.J . 133J.3 0.2J101l1 218.10609 0.00519 1"5.73 1011t.39 0.000117 1.211853 1.96&6 
21 117 • .JUS 1336.9 0.2JJ77 217.210106 0.00522 1107.09 1t01t.17 0.00087 1.28613 1.91&4 

22 8& .11520 1350.5 0.22978 212.25102 0.00534 152.10 366.91t J.0001l7 1.28&49 1.739!1 
23 8&.31145 1362.3 0.22612 207.2732 0.00546 156.30 335.97 (1.00066 1.26461 1.5982 
24 115.':1092 1 J72. 7 O.2Z269 202.3095 0.00556 159.79 309.91 0.00067 1.28311 1.1084\) 

25 85.1026 .. 1381.6 0.219109 197.37.13 0.00570 162 .. ,9 287.75 0.00087 1.28139 1.39i7 
26 84.9362 1389.5 0.2161010 192.10670 0.00561 1610. 3 268.72 0.00067 1.21%4 1.3156 
27 84.43119 1396.6 0.2131t7 187.6052 0.00593 16 &.85 252.24 0.00086 1.2716& 1.2524 

211 83.93105 1403.1 0.21057 182.79106 0.00&05 168.31 237.85 0.00085 1.27607 1.1996 

29 83.4234 11008.7 0.20782 178.010100 0.00617 1&9.1010 225.21 a.00084 1.271025 1.15108 
30 82.9055 11013.0 0.20527 173.3623 0.00629 170.28 2110.02 0.00083 1.27240 1.11&2 

31 82.31112 11017.0 0.211273 168.7583 0.006100 170.22 2010.06 0.00062 1.27054 1.0876 

32 81.8507 1420.6 0.20025 1610.21010 0.00652 169.97 195.110 o. O~ 0111 1.2&66& 1.0b32 

33 81.31102 11023.5 !J.19788 159.8192 0.00663 1&9.56 187.11 0.00079 1.26&75 1.01022 
3 .. 80.7719 11026.0 0.19559 155.5019 0.00&75 169.07 179.85 0.00078 1.2&483 1.0231' 

35 80.2107 11029.7 0.19364 151.6293 0.00b85 168.40 1,73.15 0.00077 1.26285 1.0075 

36 79.6580 1432.11 0.19126 1107.6268 0.00695 167.70 167.1" 0.00076 1.26089 0.9928 

37 79.1°22 11035.0 0.18896 143.6535 0.00705 161>.91 161.65 0.00075 1.25893 0.9802 

38 78.5436 1436.3 0.18680 139.7629 0.00715 166.05 156.61 0.00074 1.25696 0.9690 
39 77.9779 1437.3 0.181075 136.0262 0.00725 165.13 151.94 0.00073 1.25496 0.9584 
.. 0 77.4132 l1t37.3 0.18278 132.3252 0.00734 \64.17 11t7.61o 0.00072 1.25297 0.91093 

"2 7&.2690 11033.2 0.17891 124.6851 0.00757 162.07 139.91 il.OOO71 1.24895 0.9360 .... 75.1118 11035.1 0.171097 118.2239 0.00773 159.88 133.16 0.00069 1.24489 0.92102 
46 73.9473 110101.4 0.17026 112.1823 0.00789 157.610 127.21 0.00068 1.24061 0.9173 
411 72.7792 11045.0 0.16603 106.10422 0.00804 155.40 121.92 0.00066 1.23&73 0.9110 
50 71.6093 1447.8 0.16204 101.0649 0.00617 153.18 117.19 0.00065 1.23265 0.9053 
52 70.4365 141t9.5 0.15827 95.9713 0.00831 151.01 112.92 0.00064 1.22857 0.9004 
54 &9.2&88 11052.'. 0.15475 91.4121 0.008"1 1108.90 109.05 il.00063· 1.221051 0.8951 
5& 68.10&0 1454.7 0.15149 87.1538 0.00651 1106.8& 105.53 0.0006Jl 1.22049 0.6698 
58 &&.9501 1455.9 0.14856 83.1667 0.00860 1410.90 102.32 0.00062 1.21649 0.8842 
60 &5.8029 lit 57 .5 0.14571 79.4700 0.00868 1103.21 99.37 0.00062 1.21253 o. ens 

65 62 •. 911&8 14&5.4 0.13878 71.10067 0.00880 139.87 93.00 0.00062 1.20286 0.8576 
70 60.2&61 1 .. 78.5 0.13218 64.73210 0.00886 136.70 87.84 0.00062 1.19355 0.8413 
75 57.6&18 1500.7 0.12597 59.10679 0.00882 133.61t 83.67 il.00063 1.18470 0.82810 
80 55.183 .. 1528.0 0.12014 55.0509 0.00874 130.72 80.31 0.00064 1.17631 0.8206 
115 52.8431 1564.5 0.1110&0 51.5670 0.00859 130.11 77.63 0.00066 1.1&842 0.8023 

90 50.6437 1607.9 0.10 932 108.7231 0.00841 129.42 75.53 0.00068 1.16105 0.18S8 
95 48.5853 1657.0 0.104"2 46.3870 0.00619 128.715 73.92 0.00070 1.15417 0.7790 

100 4&.66·?1 1711.6 0.09981 104.10301 1l.0079£> 130.12 71.16 0.00074 1.110717 0.71t48 
120 ItO .188~; 1987.8 0.08371 39.3070 0.00&98 139.73 71..85 0.00090 1.12641 0.1434 
140 35 .262~1' 2298.5 0.073110 36.4196 0.00&13 145.38 76.15 0.00105 1.11035 0.7381 

160 31.10218 2631.9 0.06580 34.6155 0.005103 l1t9.99 76.92 0.00120 1.09793 0.7335 
180 2a.3535 2979.7 0.06050 33.10409 0.00485 154.58 77.83 0.00136 1.08808 0.7280 
200 25.8571 3331.7 0.05657 32.6018 0.00437 159.42 79.02 0.00152 1.08011 0.7224 
220 23.7883 36810 .1 0.05358 31.9687 0.00398 164.51 80.49 0.00170 1.07354 0.7169 
240 22.04102 4030.1 0.05128 31 ... 4 .. 9 0.00365 169.710 82.20 0.00189 1.06802 0.7118 
260 20.5527 4371.3 0.04950 31.0273 0.00337 175.07 84.09 0.00208 1.06332 0.7070 
280 19.2624 10704.2 0.04809 30.6617 0.00313 180.46 86.14 0.00229 1.05926 ~.7025 

300 18.0791 5001.5 0.04791 30.1t077 0.00295 185.85 88.30 0.00250 1.05555 0.7021 
350 15.7624 5780.6 0.01t619 29.7942 0.00255 199.38 94.07 0.00309 1.04831 0.6959 
400 13 .9841 6537.0 0.04511 29.3312 0.00225 212.96 100.16 il.00373 1.04278 0.6918 

.. 50 12.5726 7280.3 0.Olt1038 28.9676 0.00201 226.57 106.101 0.00442 1.03840 0.6889 
500 11.10235 6022.1 0.043&0 28.67100 0.00183 2"0.35 112.75 0.00517 1.03465 0.6870 
550 10 .10688 8761.2 0.04334 28.4319 0.00167 2510.110 119.10 0.Q0597 1.03190 0.6857 
600 9.6&26 9503.6 0.04293 28.2290 0.001510 268.00 125.45 0.00683 1.02942 0.6847 

700 8.371t7 11005.0 0.010219 27.9082. 0.00133 295.91 138. 03 0.00868 1.0254 & 0.6837 
800 7.3910 125101t.5 0.04146 27.6665 0.00117 324.23 15,~.41 0.01012 1.022105 0.6833 
900 &.6145 1"136.5 0.010069 27.4781 0.00105 353.14 162.54 0.01295 1.02001 0.6833 

1000 5.98:'0 15790.2 0.03986 27.3273 0.00095 1040.56 174.101 0.01766 1.01815 0.5939 
1200 5.0303 19263.6 0.03820 27.1013 0.00080 511.00 197.,+3 0.02379 1.01524 0.5940 
11000 1t.3380 22968.3 0.03656 26.434010 0.00069 583.16 219.56 0.03062 1.01313 0.5951 

1600 3.8132 26857.6 0.03508 2&.8201 0.00060 656.20 240.89 0.03614 1.01154 0.59&3 
1800 3.4017 30886.9 0.03379 26.7266 0.00054 729.66 2&1.52 0.010634 1.01U2~ 0.5973 
2000 3.0702 35088.7 0.03261 26.6512 0.00049 805.47 281.55 il.05527 1.00928 0.5973 
2500 2.10672 47396.1 0.02926 26.10983 0.00039 1046.62 329.42 0.08221 1.0071t5 0.5647 
3000 2.0545 66383.1 0.02430 26.299£> 0.00033 1518.35 375.39 0.12176 1.00620 0.51tJ2 

• TWO-PHASE uOUNDARr 
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C-Za THER~OOYNA~IC PROPE~TJES OF NORKAl'HYOROGEN 

28.00 MI'A I"OBA.R 

TEMPERATURE ~OlUME ISOTHERM ISOCHORE INTERNAL ENTHAlPX fNTROPV Cy CP ~EI..OCITV 

DE:UVATI~E DERIVATIIiE ENERGY OF SOUND 
DEG. 1(. CU "I KG CU 11-I1PA/KG I1PA/K KJ/KG-K KJ/KG KJ/KG-K KJ 1 K~-K HIS 

• 21.205 0.OU.3& 2.581t0 1.11t& 21t&.1 5&1t.8 llt.&l& 5.5& 6.95 1191 
22 0.0111t1 2.51,95 1.11,& 251.0 570.1t llt.1I7& 5.&& 1.11t 1793 
23 0.0111t7 2.50&1 1.11t5 25&.6 577.1 15:198 5.18 7.3& 1787 
2,. 0.01153 2.1t625 1.11t2 2&2.3 5115.1 15.516. 5.88 7.57 1780 
25 0.01159 2.1t 189 1.139 2&8.3 592.6 15.829 5.96 7.78 1771t 
2& O.OU,&& 2.3753 1.13,. 271t.1t &00.7 1&.137 &.08 7.99 .17&7 
27 0.01172 2.3316 1.129 280.& &06.6 1&.1t1t3 6.17 8.19 1760 
28 0.01179 2.2881, 1.122 287.0 617.1 16.71,3 6.25 8.39 1753 
29 0.0116& 2.21,54 1.115 293.6 625.& 17.041 &.33 8.59 l11t5 
30 0.011<;'3 2.2027 1.107 300.3 631t.2 11.335 6.1t0 8.77 1738 
31 0.01200 2.1601t ·1.098 307.1 &1t3.1 17.&2& 6.1t7 8.96 1730 

32 0.01207 2.1166 1.069 314.1 &52.2 17.913 &.53 9.11t 1722 
33 0.111215 2.0771 1.079 321.2 &&1.4 18.198 6.59 9.32 1714 
34 0.01223 2.0314 1.0&9 328.1t &70.6 18.1t76 6.64 9.50 110& 
35 0.01231 1.9979 1.058 335.8 &ao.Io 18.75& 6.69 9.67 1698 
36 0.01239 1.9594 1.041 3lt3.3 &"10.1 19. a 31 6.74 9.83 1&90 
37 0.01247 1.9290 1.03€. 350.9 700.1 19.3C& &.79 9.99 1685 
38 0.0125& 1.8935 1.023 358.6 710.2 19.574 &.82 10.11t 1671 
39 0.0126'+ 1.658!! 1.010 36&.1t 720.4 19.639 6.85 10.28 16&9 
itO 0.01273 1.6243 0.9969 371t.3 730.8 20.101 6.86 10.ltl 1662 

1t2 0.01291 1.7570 0.9693 390.3 751.9 20.&15 &.93 10.&7 161t5 
~It 0.01310 1. &857 0.9413 1t0&.7 77J.5 21.117 &.97 10.91t 162& 
46 0.01329 1.&273 0.9127 1t22.6 7"15.1 21.597 7.05 11.21 1&09 
48 0.01350 1.5737 0.681tl 1t39.8 817.7 22.079 7.10 11.1t1t 1592 
50 0.01370 1.5221 0.855& 457.1 840.8 22.551 7.14 11.&& 1576 
52 0.01392 1.4731 0.8273 474.6 8&1t.3 23.012 7.18 11.86 15&0 
Sit 0.0141'+ 1.4282 0.7996 1t92.4 888.2 l3.4&3 7.21 12.01t 1545 
56 0.01'+37 1.3862 0.772& 510.5 912.7 23.910 7.22 12.20 1530 
58 0.014&0 1.3465 0.7463 528.5 937.3 24.341 1.22 12.34 1516 
60 0.01464 1.3108 0.7209 546.6 9::'2.1 24.7&1 7.22 12.,.6 1504 

65 0.0154& 1.2344 0.&606 592.1 1025.1 25.7&7 7.22 . 12.72 147/0 
70 0.01&12 1.1720 0.6050 637.9 1089.2 26.718 7.23 12.91 1446 
15 0.il1&80 1.1230 0.5553 683.7 1154.1 27.614 7.2& 13.07 1422 
80 0.01751 1.0848 0.5112 729.5 1219.8 28.4&2 7.30 13.21 1401 
85 0.0182'+ 1.057& 0.4721 775.3 128&.1 29. t ;j7 7.3& 13.32 1384 
90 0.01900 1.0395 0.4374 821.1 1352.9 30.031 7.43 13.41 13&9 
95 0.01'37& 1.0284 0.4065 86&.9 1420.2 30.758 7.52 13.48 1358 

100 0.02054 1.0229 0.3790 912.7 1487.6 31.451 7.63 13.55 1348 
120 0.02371 1.· 0378 0.2955 1099.6 17&3.5 33.964 8.19 13.87 132& 
1100 0.02&92 1.08&& 0.21007 1289.0 2042.7 36.115 8.&9 14.09 1328 

160 0.03012 1.1497 0.2029 1483.1 232&.6 36.009 9.12 14.32 1343 
180 0.03331 1.2234 0.1751 1&81.8 2&14.5 39.705 9.49 14.50 13&7 
ZOO 0.03&107 1.30 33 0.1539 1884.2 2905.4 41.237 9.78 14.61 1396 
Z20 0.03960 1.3851 0.1372 2089.6 3198.3 42.633 10.00 14.&9 142& 
240 0.042&9 1.4673 0.1237 2297.2 3492.4 43.913 10.18 14.74 1458 
Z60 0.04574 1.5489 0.1127 2506.3 3787.2 45.093 10.30 14.7& 1490 
280 0.04877 1.6308 0.1034 2716.4 4082.1 4&.18& 10.39 14.75 1522 
300 0.05193 1.7203 0.0966 2924.5 4376.& 47.19& 10.39 llt.80 15&5 
350 0.05949 1.9276 0.0819 3452.3 5117.9 49.47& 10.45 14.77 1&50 
400 0.06&98 2.13101 0.0711 3979.1 5855.2 51.445 10.47 14.72 1732 

1050 0.07444 2.3401 0.0629 450& .0 6590.3 53.177 10.107 14.68 1811 
SOD 0.08187 2.5457 0.0564 5031.2 7323.5 54.721 to.47 14.65 1668 
550 0.08928 2.7511 0.0511 5555.7 8055.6 5&.117 10.47 14.64 19&1 
600 0.096&8 2.95&3 0.04&8 &080.3 6767.1v 57.367 10.46 14.63 2032 
700 0.11146 3.3&&& 0.0400 7130.8 10251.7 59.&48 10.52 14.66 2166 
800 0.12&22 3.77&9 0.0350 8187.2 11721.3 61.&12 10. &0 14.73 2291 
900 0.1409& 4.1673 0.0311 9253.3 13200.3 &3.352 10.73 14.65 2408 

1000 0.15570 4.5980 0.0279 10332.5 14692.2 64.922 10.88 15.00 2518 
1200 0.16517 5.4197 0.0233 12545.6 17730.3 &7.&72 11.26 15.37 2720 
1400 0.214&3 &.21;20 0.0200 14839.9 20849.& 70,082 11.69 15.81 2905 

1600 0.24409 7.0648 0.0175 17219.4 24053.9 72.228 12.13 1&.24 3076 
1800 0.27354 7.8879 0.0155 1\1683.9 27343.1 7,..159 12.55 1&.&6 3237 
2000 o • JO 30 1 8.7112 0.0140 22234.4 30718.7 75.9411 12.9& 17.09 3388 
2500 0.37&92 10.7705 0.0112 29022.8 3957&.7 79.882 14.3& 18.55 3730 
3000 0.105245 12.830& 0.0093 3&871.1t 495"0.0 83.522 17.23 21.72 4021 

• THO-PHASE BOU~OARr 
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THERHOJYNAHIC PROPERTIES or NORHAl HYOROGEN C -2a 

24.00 HPA IS06AR 

TEHPERATURE OENSUY v (oH/O\/)1-' \/(OPiOu)v -V(OP/OV)T (OV/orv)/ THER~IAl \/ISCO:.iITY THERH~l OIHECHIC PI{ANUTL 'r 
CONOUCn~ITY OIFFUSIHTY CONSTANT NUMBER 

OEG. I( 1«(i/CU H I(J/I<G HPA-CU H/I(J I1PA 1/0EG. K W/K-M KG/H-S 3Q H/HR 
x 10l X 10l X 10 7 

• 21.205 84.0043 1379.4 0.23412 227.4110 0.00504 150.73 42&.7& 0.00069 1.290&3 1.9&86 
c? 87.&531 1391.& 0.Z3094 Z23.4755 0.0':;513 154.79 39 ..... 5 ~.00069 1.2693& 1.816& 
23 47.1999 1 .. 04.8 0.227Z5 218.5311 0.00524 159.1& 3&0.09 0.00089 1.26773 1.&&49 
210 8&.739& 1101&.4 0.22379 213.59710 0.00535 1&2.61 331.27 0<.00 069 1.26&u8 1.5413 
25 6&.272Z 1 .. 2&.& 0.Z2058 ZO;:.68Z1 O. 0054& 1& 5. 65 30&.63 0.00069 1.28'+'+1 1.10402 
Z& 65.7981 1435.7 0.21752 ZO:S,,79310 0.0055b 1&8.28 285.92 0.00088 1.28272 1.3574 
27 85.317 .. H ..... O 0.211054 198.9393 0.005&7 170.25 2&7.85 0.00088 1.28100 1.2887 
28 84.8302 11051.7 0.211&" 194.1280 0.00578 171.62 252.13 0.00067 1.2792& 1.2313 
29 34.33&6 11056.3 0.20689 169.3&77 0.00569 173.05 236.34 0.0006& 1.27750 1.1825 
30 63.11372 110&3.& 0.20 &34 184.&&68 0.00599 173.97 22&.17 0.00085 1.27572 1.1406 
31 83.3317 110&8.6 o .2D 382 180.0335 0.00&10 173.98 215.3& 0.000610 1.27392 1.1091 

32 62.8205 1 .. 73.1 0.2013& 175.107&0 0.00&21 173.79 205.70 0.00083 1.27210 1.0622 
33 82.3037 110 7&0" 0.19902 171.0027 0.00631 17 3.44 197.03 0.00081 1.27027 1. 0590 
310 81.7815 11080.0 0.1<:1&75 16&.6217 0.00&42 172.99 189.21 0.00060 1.2&841 1.0386 
35 61.2543 H82.8 0.191055 1&2.31012 0.00&52 172.43 182.11 0.0007<:1 1.26&54 1.0210 
3& 80.7222 11085.5 0.19237 158.1&92 0.006&2 171.7& 175.65 0.00078 1.2&1,&6 1.0057 
37 80.1706 11091.0 0.19047 1510.6531 0.00670 17 0.95 1&9.63 0.00077 1.26270 0.9914 
38 7;J.6309 1"93.7 0.18835 150.7823 0.00&79 170.12 164.23 0.00076 1.2&030 0.9766 
39 79.0868 11095.0 0.18&39 14&.9473 0.DO&87 1& 9. 24 159.27 0.00075 1.25888 0.9672 
40 78.5454 1496.5 0.18450 143.29010 0.00696 168.31 15 ... 69 O. 00074 1.25696 0.956<:1 

42 77 .4471 11098.1 0.18068 136.0715 0.00712 166.27 146.49 0.00072 1.25309 0.91002 
44 7&.3388 11095.8 0.17&83 128.&814 0.00731 164.13 139.37 J.OOOH 1.210919 0.9291 
10& 75.2198 1503.3 0.17217 122.10022 0.00746 1&1.92 133.10 D.00069 1.24527 0.921'+ 
.. 8 71t.09&9 1509.3 0.16802 116.&041 0.00758 159.71 127.55 0.000&8 1.24133 0.9140 
50 72.9730 1513.8 0.16410 111.0704 0.00770 157.51 122.59 0.00067 1.23740 0.907& 
52 71.8 .. 91 1517.2 0.16039 105.838& 0.00782 lS5.3& 118.110 0.000&6 1.23348 0.9019 
510 70.7270 1520.8 0.15690 101.0133 0.00792 153.25 1110.11 0.000&5. 1.22958 0.8953 
5& &9.6092 1523.5 0.15370 96.109108 0.00801 151.22 110.4 .. a.000&4 1.225&9 O. 8909 
58 68.4956 15210.7 0.15083 92.22910 0.0~809 149.24 107.09 0.00064 1.22183 O. 8853 
60 &7.3919 1527.1 D .14 806 88.3401 0.00816 l1t7.55 104.02 0.000&3 1.21802 0.8785 

&5 610.&7&9 1537.1 0.14136 7<:1.8351 O.OOS27 1"4.20 97.38 0.00063 1.20866 0.8589 
711 62.01072 1552.0 0.13480 72.7208 0.00832 1 .. 1.00 91.97 0.000&3 1. 19'36 It 0.8"23 
75 59.5203 1573.1 0.12858 66. 8 Itt 7 0.00831 137.87 67.56 0.00064 1.19101 0.6301 
80 57.10:;3 160u.4 0.122&8 &1.9491 0.00825 134.87 83.96 0.00064 1.18281 0.8221 
85 54.6122 1635.4 0.11709 57.9683 0.0081'+ 134.22 81.05 0.00066 1.1750& 0.8043 
90 52.&444 1677.9 0.1117& 54.7214 0;00799 133.47 78.73 0.000&8 1.16776 0.7911 
95 50.6046 172&.3 0.10&78 52.0429 0.00781 132.73 7&.89 0.00070 1.1&092 0.7812 

100 "8.6892 1780.& 0.10208 49.80&10 0.00761 1310.27 73.4" 0.00073 1.15452 0.7"11 
120 42.1725 2053.7 0.0855& 43.7660 0.00&75 143.77 77.00 0.00089 1.13293 0.71;27 
140 37.1500 2363.7 0.0710&0 40.3688 0.00596 149.03 7 a. 0& 0.00102 1.11648 0.7383 

1&0 33.19&5 2694.2 0.06698 38.1655 0.00532 153.1& 78.56 0.00116 1.103&5 0.734& 
180 30.0178 3039.7 0.06149 36.7232 0.00477 157.32 79.22 0.00130 1.09341 0.7300 
zoo 27.4181 3392.7 0.05741 35.7338 0.00431 161.78 80.21 0.00145 1.0850'1 0.7245 
220 25.2544 37 .. 6.2 0.051029 3 ... 9799 0.00392 166.57 61.52 0.001&2 1.07819 (1.7190 
210D 23.4260 4094.4 U.05190 34.3718 0.00360 171.58 83.10 0.00179 1.07239 0.7138 
2&0 Zl. 860 7 41035.5 0.05003 33.8600 0.00333 176.710 810.91 0.00197 1.0&744 O. 7089 
Z80 20.5035 4770.5 0.04856 33.4365 0.00309 1111.99 8&.88 0.00217 1.0631& 0.7041; 
300 19.2549 5061.9 0.04842 33.1238 0.00292 187.29 89.00 0.00237 1.05'324 0.7032 
350 1&.8102 5841.2 0.0106&1 32.4031 0.00253 200.70 910.69 0.00291 1.05158 0.6957 
400 14.929 .. &597.7 0.0105"8 31.86110 0.00223 214.2& 100.76 0.00351 1.04572 0.&923 

1050 13 .43100 7341.0 0.041070 31.4371 0.00200 227.92 107.03 0.001016 1.04107 O. &893 
500 12.2147 8082.9 0.041008 31.09109 0.00181 2"1.78 113 ... 0 0.001086 1.03729 0.6873 
550 11.2005 8822.0 0.04359 30.8132 0.0016& 255.68 119.81 0.00561 1. 03416 0.6858 
&OD 10 .31,31 9564.3 0.04315 30.5772 0.00153 2&9.&7 12&.21 0.00&41 1.03152 0.1'>848 
700 8.9719 11065.& 0.04238 30.20105 0.00132 297.87 138.93 0.00815 1.02730 0.6837 
800 7.9229 12605.2 0.04162 29.9238 0.00117 326.51 151.45 0.01007 1.02408 0.6833 
900 7.0941 1 .. 197.10 0.04083 29.7053 0.00105 355.76 163.72 0.01216 1.0215'+ O. & 8 33 

1000 6.!t225 15851.5 0.03998 29.5305 0.00095 440.56 175.75 0.01&46 1.01'149 0.5985 
lZ0( 5.4005 19325.9 0.03630 29.2&89 0.00080 511.00 199.08 0.02216 1.01637 0.5990 
1 .. 00 4.6592 23031.8 0.03664 29.0827 0.00069 583.16 221.~1 O. 02851 1.01411 0.&004 

1600 ".0969 26922.2 0.0351= 28.9436 0.00060 656.19 243.14 0.03550 1.01240 O. &01'3 
1800 3.6557 30951.8 0.03385 28.8357 0.00054 729.61 264.06 O. 04311 1.01106 0.6031 
2000 3.3002 35150.5 0.03266 28.7488 0.00049 805.25 284.37 O. 05141 1.00'338 O. & 0 34 

2500 2. &531 "7397.3 0.02935 28.5748 0.00039 10103.97 332.90 0.07637 1.00802 0.5915 
3000 2.2102 &&096.2 0.02448 28.3582 0.00033 1504.66 379.48 0.11282 1.0006d 0.5479 
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c.z. ... rHERltO:lYNAltIC PROPE~rIES OF. MOR"Al HYDROGEN 

30.00 HPA l:>OilAit 

TEHPERATURE II0lUltE liOTHt.R" ISOCHORE INTERNAL ENTHAlP.Y ENTROPY ev CP VELOCITY 
OEIUVATIVE OERIIIATIIIE ENERGY OF SOUND 

OEG. I( CU "/1(e; CU H-HPII.lI<e; HPA/I( KJ/KG-K KJ/KG KJ/KG-K I(J I 1<(;-1( HIS 

• 21.6105 0.01129 2. &677 1.159 2 .. 9 ... 586.1 14.6107 5.60 6.99 1824 
22 0.01131 2.6527 1.159 251.3 590.6 110.7&1 5.65 7.07 1623 
23 0.01,131 2.6102 1.156 256.8 597.6 15.061 5.7& 7.29 1811 
21t 0.011 .. 2 2.5675 1.15& 2&2.5 '&05.2 15.39& 5.87 7.50 1611 
25 0.011108 2.52107 1.153 26a.3 612.8 15.706 5.97 7.71 1805 
26 0.01154 2.4819 1.1109 2710'.3 620.& 1&.010 6.07 7.91 1799 
27 o. U1161 2.4391 1.144 280.4 626.& 16.313 6.16 8.11 1792 
28 0.01167 2.3964 1.138 28&.7 63&.8 16.610 6.24 8.30 1785 
29 0.01174 2.3539 1.131 293.1 645.2 16.905 6.32 8.49 1778 
30 0.01180 2.3117 1.123 299.7 653.8 17.196 6.39 8.68 1771 
31 0.01187 2.2699 1.115 30&.4 662.6 17.lt64 6.46 8.86 1764 

32 0.01194 2.2285 1.107 313.3 671.5 17.768 6.5~ 9.04 1756 
33 0.01201 2.1876 1.097 320.2 680.6 18.049 6.59 9.21 1749 
34 0.01209 2.1473 1.088 327.3 689.9 18.326 &.65 9.38 1741 
~5 0.0121& 2.1078 1.077 334.& &99.4 18.601 &.70 9.55 1733 
3t;, 0.01224 2.0&91 1.0&7 3101.9 709.0 18.872 6.75 9.71 172& 
J1 0.01232 2.0313 1.05& .349.4 718.8 19.141 &.79 9.87 1718 
38 0.01240 1.9944 1.044 35&.9 728.8 19.40& &.83 10.02 1711 
39 0.01248 1.g&84 1.033 3&4.1) 739.0 19.&71' 6.3& 10.15 1707 
40 0.01256 1.9328 1.020 372.3 749.2 19.929 6.89 10.29 1699 

42 0.01273 1.8&95 0.9938 388.1 770.0 20.437 &. g4 10.54 1685 
44 0.01291 1.8048 0.9667 404.2 791.3 20.933 &.99 10.78 16&9 
46 0.01309 1.73&9 0.9392 420.0 812.6 21.40& 7.07 11.07 1&49 
48 0.01328 1.680& 0.9112 43&.7 835.0 21.862 7.12 11.30 1633 
50 0.01347 1.&300 0.8834 453.7 857.8 22.347 7.17 11.51 1618 
52 0.013&r 1.5811 0.8557 470.9 881.0 22.802 7.20 11.70 1&03 
54 0.01387 1.5340 0.8284 488.4 904.6 23.248 7.23 11.88 1588 
56 0.01408 1.4913 0.8017 506.2 928.8 23.688 7.25 12.04 1574 
58 11.01430· 1.4507 0.7756 524.0 953.0 24.1t3 7.25 1.2.17 1560 
60 0.01452 1.4139 0.7504 541.8 977.5 24.528 7.26 12.29 1548 

65 0.01510 1.3324 0.6905 586.7 1039.6 25.522 7.26 . 12.56 1518 
70 0.01570 1.2694 0.&352 l>31.9 1103.0 ,<; ,,461 7.27 12.75 1492 
75 0 • .01&33 1.214Q 0.5848 677.2 1167.2 21'.3,+7 7.29 12.93 1467 
80 0.01698 1.1744 0.5399 722.6 1232.2 28.18& 7.33 13.06 1446 
85 0.017&& 1.1411 0.4998 768.1 1297.8 28.982 7.39 13.19 1427 
90 0.01835 1.1182 0.4&42 813.& 13&4.0 29.740 7.47 13.31 1411 
95 0.01905 1.1033 0.4323 859.2 1430.8 30.461 7.5& 13.40 1399 

100 0.01917 1.0945 0.4038 904.9 1498.0 31.151 7.66 13.48 131!8 
120 0.02?70 1.0997 0.3162 1091.11 1773.0 33.656 8.22 13.85 1361 
litO D.C/2568 1.1425 0.2580 1281.7 2052.0 '35.80& 8.71 14.09 1359 

160 0.02865 1.2008 (/.2176 1476.3 2335.9 37.700 9.15 1~.33 1371 
180 0.031&2 1.2&99 11.1879 1675.5 2624.2 39.398 9.51 14.52 1392 
200 0.03457 1.3471 0.1&52 1878.7 2915.7 40.934 9.80 14.64 1418 
220 0.03749 1.4270 0.1472 2084.8 3209.3 42.333 10.03 14.73 1447 
2~0 0.04037 1.5078 0.1327 2293.1 3504.2 43.616 10.20 14.78 1476 
2&0 0.04322 1.5886 0.1208 2502.9 3799.6 44.799 10.33 14.79 1508 
280 0.04&05 1.6701 0.1109 2713.7 4095.3 45.894 10.42 14.79 1540 
300 0.04901 1.7590 0.1038 2921.2 4391.5 46.903 10.40 14.82 i583 
350 0.051)0& 1.9653 0.0878 3449.9 5131.7 49.18& 10.47 14.78 1666 
400 0.0&30& 2.1710 0.0762 3917.9 58&9.6 51.157 10.48 14.73 1747 

450 0.07002 2.3764 0.0673 4504.7 &605.2 52.889 10.46 14.69 1825 
5UO 0.07&95 2.5814 0 •. 0&04 5030.3 7338.9 54.434 10.411 14.66 1900 
550 0.08387 2.78&3 0.0548 5555.1 8071.3 55.831 10.48 14.6/, 1973 
600 0.09078 2.9911 0.0501 &079.9 8803.3 57.102 10.49 14.&4 20~3 

700 o .1D457 3.4007 0.0429 7130.8 10267.9 59.3&3 10.53 14.66 2176 
800 0.11834 3.6104 0.0375 6187.4 11731'.7 61.327 10.61 14.73 2300 
900 0.13210 4.2204 0.0333 9253.8 1321&.9 63.067 10.73 14.85 2417 

1000 0.\4586 4. &30G 0.0299 10333.1 14706.8 64.637 10.89 15.00 2526 
1200 0.1733& 5.4516 0.0249 12546.4 17147.1 67.388 11.2& 15.38 2728 
1400 0.20085 &.2734 0.0214 14840.9 208&&.4 E.9.798 11. &9 1(;.81 2912 

1600 0.2283" 7.0g57 0.0187 172~0.4 24070.7 71.944 12.13 1&.24 3~83 

1800 0.25583 7.9185 0.0166 1%84.9 27359.9 73.875 12.55 16.&6 3243 
2000 0.28334 11.7415 0.0150 22235.1 30735.2 75.663 12.9& 17.08 3394 
2500 0.J5231 10.8003 0.0120 29018.4 39587.7 79.595 14.34 18.52 3735 
30110 0.42274 12.8600 0.0100 3&837.9 49520.2 83.224 17.13 21.&1 4027 

• TWO-PHASE BOUNDARV 



THER~OOYNAHIC PROPERTIES OF NORHAl HYDROGEN C.Z:. 

30.00 HPA lSOtJAR 

TEMPERA TURE DENSITY V lOH/OV'p "loP/oU'V -VloP/OV'T (OV/oT'~N THERHAl VISCOSITY THERHAL OIELECTRIC PRANDTL 
CONOUC Tl ~ITY oIFFUSI"ITY CONSTANT NUHBER 

DEG. K K .. /CU " KJ/KG "PA-CU H/KJ HPA 
X 102 

1/0EG. K 11/1(-1'1 
X 10 3 

KG/I'I-S 
X 10 7 

SQ "/HR 

• 21.6105 88.5161 11025.& 0.23351 23&.2981 0.001090 155.&0 /039.19 0.00090 1.292&7 1.9730 
22 88.4220 1/031.2 0.23210 234.55&10 D.00494 157.41 /023.85 0.00091 1.29212 1.9038 
23 87.9818 1/045.7 0.22837 22~.61096 0.00504 161.95 ;585.75 0.00091 1.2905/0 1.73&3 
210 87.53/08 11058.6 0.22/089 22/0.7472 0.00514 1&5.75 353.91 0 .. 00091 1.28893 1.&018 
25 87.081/0 1/070.0 0.221&5 219.~570 0.0052/0 1611.92 326.99 11.00091 1.28731 1. /0920 
26 8&.&217 1 .. 80.3 0.21857 21 ... 98&5 0.0053/0 171 ... 11 30/0.01 0.00090 1.2'85&& 1./0022 
27 86.1559 1 .. 89.11 0.21557 210.143/0 0.005/0 .. 173.55 28 ... 22 O. DO 089 1.28399 1.327& 

28 85.&8"1 1 .. 98.& 0.212&& 205.3357 0.!l055/O 175.23 2&7.0 .. 0.00089 1.28231 1.2653 

29 85.20 && 150&.3 0.20990 200.5710 0.0056 .. ," 17&.510 252.01 0.1100811 1.280&0 1.2123 

30 81t.723/o 1512.& 0.20736 195.8572 0.0057/0 , 177.55 238.78 0.00087 1.27888 1.1&&8 

31 81t. 23/0 7 1518.& 0.20 .. 83 191.2021 0.00583 " 117.62 227.05 0.0008& 1.27714 1.1323 

32 53.7/007 1524.0 0.20238 18&.&133 0.00593 177.109 21&.60 0.0008 .. 1.27538 1.1029 
33 83.2 .. 16 1528.& 0.20005 182.0987 0.00603 117.19 207.2" O. DO 083 1.273&0 1.0774 
3 .. 82.7375 1532 <5 0.191'81 177.&&59 0.00012 17&.80 198.81 0.000112 1.27181 1.0550 

35 82.228& 153&.1 0.19563 173.3223 0.00&22 17&.'28 191.18 0.00Cl81 1.27000 1.0355 
36 81.71:;3 1539.3 0.193 .. 8 1&9.0756 0.00031 175.&5 184.2" 0.00080 1.2&818 1.0187 

31 81.197& 1542.3 0.191 .. 1 16/0.9329 0.00&40 174.93 177.92 0.00079 1.2&&310 1.0040 
38 80.67&0 15/04.5 (J.l"9/o7 1&0.9016 0.00&/09 17".13 172.12 0.00078 1.26449 0.9907 

39 80.13 .. 7 1550.& 0.187,'3 157.7348 0.00&55 173.20 1&&.68 O. DO 077 1.2&258 0.9771 

"0 79.&102 1551.8 o .185~18 153.3691 0.00&&3 172.30 1&1.81 0.0007& 1.2&072 0.9&&1 

102 78.5503 155&.8 0.18232 1 .. &.8531 0.00&77 170.30 153.10 O. DO 07/0 1.25&98 0.9471 
410 77.4833 1559.9 0.17853 139.8430 0.00691 1&8.20 1/05.57 0.00072 1.25322 0.9ll2 
.. 6 7& ... 083 1563.9 0.17397 132.7170 0.0070a 166.03 138.97 0.00071 1.2/0944 0.9263 
1t8 75.32&1 1570.1 0.1&985 12&.5935 0.00720 1&3.8 .. 133.13 0.00069 1.245& .. 0.9183 
5U 71t.21019 157&.9 0.1&600 121.01&9 0.00730 1&1.&5 127.93 D.000&8 1.21,181, 0.9110 
52 73.1587 1582.1 0.16235 115.6721 0.007 .. 0 159.50 123.28 0.000&7 1.23805 0.904& 
Sit 72.0717 158&.0 0.15891 110.5&87 0.007 .. 9 157./01 119.07 0.000&6, 1.23"28 0.8989 
56 70.9937 1589.9 0.15573 105.8852 0.00757 155.37 115.25 0.000&5 1.23053 0.8929 
58 69.9274 1592.1 0.15290 101 ... 425 0.007&5 153.39 111.77 0.000&5 1.22&80 0.8870 
6U 68.8&15 1595.3 0.15018 97.363& 0.00771 151.&9 108.57 0.000&5 1.22310 0.8800 

&5 6".23&/0 1 &05.4 0.1/03&2 88.2558 0.00782 148.33 101.&7 0.000&4 1.21 .. 03 0.8&09 
70 &3 .. 68109 1&23.3 0.13722 80.841& 0.0070& 145.08 9&.01 0.000&/0 1.20525 0.8441 
75 61.2321 1&43.3 0.13097 7/0.3388 0.00787 1/01.90 91.38 0.000&5 1.19685 0.8325 

80 58.8765 1&72.& 0.12505 69.142& 0.00781 138.82 87.5& 0.000&5 1.18882 0.8238 
85 5&.&333 1706.0 0.11939 &4.&270 0.00773 138.15 8/0 ... 1, 0.000&7 1.18121 0.8065 
90 51t.5005 17/07.3 0.11401 &0.9431t 0'.007&2 137.35 81.91 0.000&8 1.17 .. 00 0.7936 

95 52.4837 1794.9 0.10898 57.90 .. 5 0.007 .. 7 13&.55 19.87 0.00070 1.1&722 0.7838 
100 50.5805 1848.& 0.10/021 55.3620 0.00729 138.31 75.6& 0.00073 1.1&08 .. 0.7375 
120 /0/0.0/041 2120.7 0.08733 /08./03 .... 0.00&53 1 .. 7.72 79.13 0.00087 1.13910 0.7 .. 17 
140 38.9443 2/030.1 0.07&03 /04 ... 929 O.0051i0 152.&3 79.9& 0.00100 1.1223 .. 0.7383 

160 34.8991 2759.8 O.O"(}H 41.9073 0.00519 15&.33 80.21 0.00113 1.10917 0.7352 

180 31.&2 .. 2 3102.7 0.06246 /00.1595 0.00 .. &8 1&0.07 80.&3 o. DO 125 1.09858 0.7311, 
200 28.92~3 3451, .8 0.05824 38.96&& 0.001,24 1&4.17 81 ... 2 0.00 1 .. 0 1.08992 0.72&3 
220 2&.6772 31108.3 0.05501 38.0&75 0.00387 1&8.67 82.57 0.00155 1.08272 0.7210 
2 .. 0 2/0.7712 '+157.2 0.05252 37.3495 0.00355 173.45 84.03 0.00171 1.07&5& 0.7158 
2&0 23.135& 4499.9 0.0505& 3&.753 .. 0.00329 178.42 85.74 0.00188 1.07147 0.7109 
280 21.7153 1t837.0 0.0 .. 902 3&.2&&5 0.00306 183.55 87.65 0.0020& 1.0&698 0.70&2 
300 20 ... 0 .. 6 5122.7 0.0 .. 392 35.892& 0.00289 188.75 89.70 0.00225 1.0&285 0.701t3 
350 17.8377 5902.1 0.010702 35.05&0 0.00250 202.03 95.33 0.0027& 1.05 .. 79 0.&975 
.. 00 15.8585 &&58.& 0.04583 34.lt295 0.110221 215.5& 101.38 0.00332 1.0/08&1 O. &929 

.. SO 1,+.2821 7/001.9 0.0'+501 33.93S7 0.00198 229.2& 107.&& 0.00393 1.0'+370 0.&897 
500 12.991t8 8143.8 0.0"435 33.5 .. 5 .. 0.00180 243.21 114.0& 0.00/0&0 1.03971 O. &875 

550 11.9229 8862.8 0.0/0383 33.2209 0.001&5 257.21 120.51 0.00530 1.03639 0.&8&0 
&00 11.0157 9&25.0 0.04338 32.9 .. 9/0 0.00152 271.33 12&.97 0.0060& 1.03359 0.6849 
700 9.5&29 1112&.3 0.0'+257 32.5208 0.00132 299.82 139.82 0.00770 1.02911 0.&837 
800 8 ... 501 126&5.9 0.0'+178 32.1984 0.00116 328.78 152 ... 13 0.00951 1.02569 O. &833 
,900 7.5&98 1/0258.3 0.0/009& ,a.9475 0.0010'+ 358.37 1&/0.91 0.011"6 1.02300 0.6833 

1000 &.8559 15912.7 0.0'+010 31.7470 0.0009'+ 440.56 177.09 0.01542 1.02081 0.&031 
1200 5.7&8/0 1'.1383.1 0.03839 31 ..... 70 0.00079 511.00 200.7 .. 0.02074 1.01749 O. &040 
1400 ... 9788 23095.2 0.03&72 31,.2338 0.000&8 583.1& 223.48 0.02&&8 1.01508 0.6057 

1&00 4.379'+ 2&98&.7 0.03521 31.07'+8 0.000&0 &5&.19 2 .. 5 ... 1 0.03321 1.0132& O. &075 
1800 3.90 88 3101& ... 0.03390 30.9514 0.0005/0 729.56 2&&.&3 0.04032 1.01183 0.&0'10 
2000 3.5294 35212.& 0.03272 30.8523 0.00049 80",. 05 287.2Z O. % 807 1.010&7 o. & 0 '15 
2500 2.8384 47405.1 0.0291t3 30.&557 O.OOOH 1041.59 33&./0/0 0.07132 1.00658 0.5983 
3000 2.3&55 &5845.4 0.02/0&4 30.420& 0.00033 1492.37 38-3.&4 00111510 1.:;0715 0.5555 

'" TWO-PHASE 60U~OARY 
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C-Za THERMOOYNAMIC PROPERTIES OF NORMAL HYDROGEN 

35.00 MP' ISOaAR 

I 

TEMPERA TURE "OLU"E ISOTHERM ISO CHORE INtERNAL ENTHALP1 ENTROPY CV CP VELOCITY 
DEiUVATIIJE DERIVATI'IE ENERGY OF SOUND 

DEG. K CU "/'':0 CU "-HPA/KG MPA/K "J/KG-K KJ/KG KJ/KG-K KJ I KG-I( "IS 

• 22.715 0.01112 2.8721 1.190 25&.& &1t5.8 1/0.721 5.70 7.08 1889 
23 0.01113 2.8&0& 1.190 258.1 &/07.il 1/0.809 5.73 7.1/0 1888 
2/0 0.01119 2.8201 1.189 263.5 &55.0 15.117 5.8/0 7.35 1883 
25 0.0112,. 2.779" 1.18& 2&9.1 &&2.5 15.1t21 5.9/0 7.5" 1878 
26 0.01129 2.7385 1.183 27/0.8 &70.1 15.719 6.0" 7.71t 1873 
27 0.OU35 2.6975 1.179 280.7 &78.0 -16.015 &.11t 7.93 18&7 
28 0.011/01 2. &5&1t 1.171t 28&.7 &8&.0 1&.305 6.22 8.11 18&1 
29 0.0111t7 2.615" 1.168 292.9 &9,..2 1&.591t 6.31 8.30 1855 
30 0.01152 2.571t5 1.1f>1 299.2 702.& 16.878 6.38 8.1t7 18,.8 
31 0.01159 2.5338 1.15/0 305.6 711.1 17.159 6.1t& 8.6/0 181t2 
32 0.011&5 2.1t933 1.11t7 312.2 719.8 11.1t3& 6.52 8.81 1835 

33 0.01171 2.1t531 1.138 318.9 728.7 11.709 6.59 8.98 1828 
31t 0.01177 2./0133 1.130 325.1 737.8 17.980 6.65 9.11t 1822 
35 0.0118,. 2.371t0 1.121 332.& 71t7.0 18.21t7 &.70 9.30 1815 
3& 0.01191 2.3352 1.111 339.7 75&.4 18.512 6.75 9.,.5 1808 
37 0.01197 2.2970 1.101 31t6.6 7&5.9 18.773 6.80 9.60 11101 
38 0.0120,. 2.2595 1.091 351t.l 775.& 19.031 6.85 9.75 179 It 
39 0.01211 2.2228 1.080 3&l.1t 785.4 19.286 6.118 9.88 17117 
40 0.01219 2.18&9 1.0&9 3&8.8 795.4 19.538 6.91 10.02 1780 

42 0.01233 2.1179 1.047 384.0 815.7 20.033 6.97 10.27 1767 
4,. 0.01249 2.0695 1.023 399./0 836.6 20.518 7.02 10.49 1759 
1t6 0.012&5 2.0085 0.9981 411t.7 857.3 20.978 7.10 10.75 171t1t 
1t8 0.01281 1.9548 0.9725 1t30.7 879.0 21.41tl 7.17 10.97 1730 
50 0.01297 1.89&8 0.94&6 1t47.1 901.2 21.893 7.22 11.19 1715 
52 0.0131" 1.8424 0.9201t 463.7 923.7 22.336 7.2& 11.39 1700 
5,. 0.01332 1.7924 0.891tl 480.6 91t&.7 22.7&9 7.29 11.56 1&8& 
56 0.01350 1.7490 0.8682 '+97.8 970.2 23.198 7.31 11.71 1673 
58 0.013&8 1.70&6 0.8428 515.0 993.8 23.611 7.32 11.81t 1&&1 
60 0.01387 1.6653 1.1.8179 532.2 1017.& 21t.015 7.33 11.96 1649 

65 0.01 1,35 1.5755 0.1585 575.8 1078.0 24.981 7.34 12.22 1620 
70 0.01,.8& 1.5009 0.7037 619.7 1139.8 25.896 7.35 12.45 1591t 
75 0.01538 1.1t411t 0.6533 661t.0 1202.5 26.7&1 7.38 12.63 1571 
80 a •. iH593 1.3958 0.60&8 708.5 12&6.0 27.582 7.42 12.77 1550 
85 ii.Olo,.9 1.3528 0.561t8 753.1 1330.2 28.361 7.1t8 12.92 1529 
90 0.01706 1.3226 0.5269 798.0 1395.2 29.104 7.55 13.05 1512 
95 0.017&5 1.2957 0.4930 843.1 llt60 .8 29.813 7. £o1t 13.19 1496 

100 0.111825 i.2715 0.1t621t 888.1t 1527.0 30.1t92 7.71t 13.31 llt82 
120 0.02071 1.2580 0.3662 1075.0 1799.7 32.976 8.30 13.78 llt1t5 
litO 0.02322 1.2843 0.3001t 12&5.5 2078.2 35.122 8.78 llt.09 llt35 

1&0 0.02571t 1.3330 0.2538 l1t61.2 2362.1 37.016 9.21 llt.31t lltltO 
180 0.02820 1.3923 0.2195 1661.6 2650.7 38.716 9.57 llt.55 llt55 
200 0.03077 1.1t599 0.1932 18&6.1 2943.1 1t0.257 9.67 14.71 llt75 
220 0.03327 1.531t7 0.1722 2073.7 3236.2 Itl.6&3 10.10 llt.81 1500 
240 0.03574 1.6127 0.1553 2283.6 3534.6 1t2.953 10.27 llt.86 1527 
2&0 0.03819 1.&921 0.11t13 2495.1 3831.7 41t.l1t2 10.40 llt.87 1555 
280 0.01t061 1.7709 0.1296 2707.5 1t129.0 1t5.21t3 10.1t9 llt.87 1584 
300 0.01t316 i.,6575 0.1213 2913.8 1t1t21t.1t 1t6.21t7 10.1t4 llt.87 1[,26 
350 0.1)4924 2.0607 0.1025 341t4.1t 5166.6 1t8.53& 10.50 llt.82 1705 
400 0.05~Z1 2.261t2 0.0889 3973.9 5906.1 50.511 10.51 llt.76 1783 

450 0.0&117 2.1t677 0.0785 1t501.9 &61t3.D 52.21t7 10.50 llt.71 1859 
500 0.0&712 2.6712 0.0701t 5028.3 7377.5 53.794 10.50 14.68 1933 
550 0.07305 2.8748 0.0&38 5553.9 8110.6 55.192 10.1t9 11t.65 2003 
&00 0.07897 3. 0781t 0.0584 &079.3 8843.2 56.1t63 10.50 llt.&5 2072 
700 0.09078 3.4860 0.0499 7131.0 10306.5 58.726 10. Sit llt.67 2202 
8011 0.10258 3.891t0 0.01t36 8188.4 11776.8 60.691 10.&2 llt.71t 2325 
900 0.111t38 1t.3025 0.0388 9255.2 13258.3 62.1t31 10.71t llt.85 21t39 

1000 0.12&1& 1t.7115 0.0349 10331t.8 14750.5 61t.00l 10.90 15.01 251t7 
1200 0.11t972 5.5305 O.C291 1251t8.& 17789.0 66.752 11.27 15.38 271t7 
14DO 0.173211 6.3507 0.021t9 lIt81t3.5 20908.1t 69.162 11.70 15.81 2929 

l&OD 0.19681t 7.1718 0.0218 17223.3 21t112.7 71.308 12.11t 16.21t 3098 
1800 0.2201t0 7.993& 0.0191t 196"117.8 271t01.8 73.239 12.55 16.66 3258 
2000 0.21tl97 8.8159 0.0174 22237.& 30776.1t 75.027 12.9& 17.08 3lt08 
2500 0.30306 10.8731 0.011+0 29010.1 39617.1t 78.951t llt.29 18.47 3748 
3000 D.36333 12.9317 0.0!1& ~6768.0 491t81t.1t 82.559 16.92 21.37 1t0ltl 

• THD~PHASE ~OUNOARY 
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THERMOOtNAHIC PROPERTIES !)F NORMAL HtOR'JGE"I C-Za 

35.00 MPA ISOBAR 

TE"PERATURE UENSITY " lOH/Olllp "lOP/OUIV -IIlOP/O~)T (a"/OT)~~ THERHAL ~ISCOSITt THERMAL OIELECTRIC t>RANOTL 
CONDUCTI ~ I TV OIFF US III ITY CONSTANT NU"BER 

OEG. K K(;/CU " KJ/KG "PA-CU r/KJ HPA 1/0EG. K W/K-M KGj'M-S SQ H/HR 
X 10 X 10~ )( 107 

• 22.715 89.9284 . 1537.2 0.23225 258.2851 0.004&1 167.31 470.59 0.00095 1.2975J 1.9915 
23 89.8102 1541.11 0.2l123 256.9143 0.00463 168.63 457.54 0.00095 1.29711 1.9371 
24 89.3915 1558.0 0.22764 252.09&1 0.00471 172.79 /tl&.80 0.00095 1.29560 1.1717 
25 88.9674 1572.5 0.22430 2/t7.2759 0.00480 176.29 382.62 0.00095 1.29407 1. &373 
26 1111.53110 1585.7 0.22114 242.4&08 0.00466 179.13 353.65 0.00094 1.29253 1.5275 
27 a8.1035 15911.2 0.21807 237.6579 0.0049& 1111.46 328.86 0.00094 1.29097 1.43&& 
28 87.&6/tl 1609.9 0.21510 232.8743 0.00504 1113.37 307.46 0.00093 1.211940 1.360& 
29 117.21911 1620.3 0.21229 226.1169 0.00512 1114.90 288.89 0.00092 1.26780 1.29&2 
30 11&.7110 1629.2 0.20972 223.3927 0.00520 1116.10 272.62 0.00091 1.28&20 1.2408 
31 8&.3176 1637.& 0.20717 218.7086 0.00528 1116.31 258.27 iI.00090 1.28457 1.1962 
32 115.115911 16/05.3 0.20471 21/0.071/0 0.0053& 1116.31 245.56 0.000119 1.2829/t 1.1616 

33 85.39711 1652.1 0.20237 209.4879 0.00543 1116.12 23/0.22 0.000117 1.28129 1.1299 
34 114.9317 1658.1 0.20014 204.9&47 0.00551 185.83 224.0& 0.00011& 1.279&2 1.1020 
35 114./0616 1663.5 U.197911 200.5084 0.00559 1115.41 214.92 0.00085 1.27794 1.0777 
3& 83.9876 1668.5 0.19586 19& .1255 0.005&7. 1114.87 206.64 0.00084 1.27&2& 1.056& 
37 113.5100 1673.0 0.19382 191.8221 0.00574 184.23 199.13 0.00083 1.27455 1.0380 
38 83.02119 1676.5 0.19193 187.6046 0.00581 1113.50 192.28 0.00082 1.27284 1.0215 
39 82.5445 1678.9 0.19021 183.4789 0.00589 182.70 18&.01 0.00081 1.27112 1.00&4 
itO 112.0570 1681.0 0.18856 179.4508 0.0059& 181.84 180.25 0.00080 1.26939 0.9930 

42 81.0737 1&85.2 0.18529 171.7099 0.00610 179.90 1 7 O.O~ 0.00078 1.2&590 0.9709 
/04 80.0&&0 1699.2 0.18204 1&5.6944 0.00&18 177.77 t&l.17 0.0007& 1.2&233 0.951/t 
/06 79.07"4 1710.9 0.17770 158.11177 0.00&28 175.&5 153.61 0.0007/0 1.25883 0.9/003 
411 711.0791 1722.4 0.17383 152.&322 0.00&37 173.49 14&.99 0.00073 1.25532 0.9298 
SO 77.0835 1728.7 0.1701& 146.2088 0.00&47 171.34 141.14 0.00072 1.25181 0.9219 
52 7&.01155 1734.6 0.1&665 140.1801 0.00057 169.20 135.92 0.00070 1.24830 0.9149 
54 75.0875 1740.& 0.1&330 134.5895 0.00664 1&7.10 131.23 0.00069 1.24480 0.90S! 
56 7".0911t 171t7.8 0.16023 129.5832 0.00670 1&5.01t 126~99 0.00068. 1.21t131 0.9010 
58 73.1007 1752.4 0.15747 124.7533 0.00&7& . 163.04 123.14 0.00068 1.23785 0.8941 
&0 72.1159 1756.2 0.15480 120.0965 0.oa&81 161.32 119.63 0.00067 1.23441 0.8869 

65 69.6848 1769.3 0.11t839 109.790ft 0.00691 157.92 112.01t 0.00067 1.22596 0.8672 
70 67.3054 1787.0 0.11t226 101.0215 0.00697 151t.57 105.111 0.000&& 1.21772 0.8521 
75 65.QOOl 1811.6 0.13626 93.689& 0.00&97 151.23 10 0.6/0 0.00066 1.20977 0.8406 
110 62.7793 1841t.4 0.13032 87.&305 0.00692 147.99 96.33 0.00066 1.20214 0.8313 
85 60.6511 1877.7 0.12455 82.0505 0.00689 147.29 92.74 0.00068 1.19487 0.8138 
90 58.&090 1920.3 0.11903 77. 511t9 0.00&80 146.ltl 89.75 0.000&9 1.18791 0.8002 
95 56.6637 1964.4 0.11388 73.4173 o aO&72 145.51 87.27 0.00070 1.18131 0.7912 

100 5".8072 201&.0 0.10897 70.0140 0.00&&0 147.94 81.02 0.00073 1.17504 0.7291 
120 48.2939 2286.4 0.09139 60.7526 0.00&03 157.21 84.29 0.00085 1.15320 0.7390 
litO 43.0&94 2593.8 0.0791tl 55.3153 0.00543 1&1.39 84.65 0.00096 1.13589 0.7388 

160 311.8496 2925~1 0.07091 51.7872 0.00490 164.14 84.33 0.00106 1.12203 0.73&5 
180 35.36~;; 32&5.6 0.06479 49.2697 0.0044& 166.93 84.21 0.00117 1.11075 0.7339 
200 32.4953 3611.8 0.06025 47.4392 0.00407 170.19 1I1t.52 0.00128 1.10139 0.7304 
220 30.05&( 39&5.Q 0.05&75 46.1257 0.00373 173.911 85.28 0.00141 1.09354 0.7258 
240 27.9774 /t317.0 0.05403 45.1204 0.00344 178.20 116.43 0.00154 1.08681S 0.720& 
2&0 2& .11147 46&4.8 0.05187 44.30&0 0.00319 182.73 87.90 0.00169 1.08115 0.7154 
280 2" .6224 5001t.l 0.05016 1t3.6041 0.00297 187.52 89.62 0.00184 1.07619 0.7106 
300 23.1706 5275.9 0.05013 43.0401t 0.00282 192.47 91.53 0.00201 1.07158 0.7070 
350 20.3223 ,,055.0 0.04803 41.8772 0.0021t5 205.39 96.94 0.0021t& 1.0&259 0.6994 
ftOO 18.113& 6811.& 0.01t669 41.0123 0.00217 218.83 102.92 0.00295 1.0556& o. &942 

ft50 11; .341>1S 7554.7 0.0457& 40.3390 0.00195 232.61 109.22 0.003411 1.05013 Q. &90& 
500 1" .. 1989 829&.4 0.04502 39.7984 0.00177 246.74 115.69 0.00406 1.045&2 0.6881 
550 13.&895 9035.2 0.04443 39.3544 0.001&2 261.00 122.25 0.004&8 1.04186 0.&8&1, 
&00 12.6&34 9777,3 0.04391 38.9832 0.00150 275.43 128.85 0.00535 1.036&8 0.6852 
700 11.0151 11271.',.2 ~.O4301 38.3982 0.00130 304.64 142.02 0.00&79 1.03359 0.1'>638 
800 9.71, 80 12811'.7 0.01,21& 37.9569 0.00115 334.1,1 155.05 0.00838 1.029&8 O. &833 
900 11.7"31 14410 .• 5 0.04129 37.&175 0.00103 364.87 167.87 0.01012 1.02659 0.6833 

1000 7.92&1t 1.60&5.5 0.04039 37.31t50 0.00093 41t0.56 180.45 0.01333 1.02,,09 0.611,& 
1200 &.6790 19542.9 0.038&2 3&.9381 0.00079 511.(;0 204.90 0.01791 1.02027 0.61&5 
1400 5.7709 23252.8 0.03690 3&.6497 0.000&8 5113.1& 228.44 0.02302 1.01750 o. &192 

1600 5.0603 2714&.9 0.03536 36.1,31t9 0.00060 656.17 251.1& 0.028&2 1.01539 0.&216 
1800 4.5372 31177 .3 0.0340" 3&.2&87 0.00053 729.46 273.15 0.031t74 1.01374 0.&239 
2000 ".0989 353&8.1 0.03281, 36.1356 0.00048 604.&4 294.50 0.04138 1.01240 o. &250 
2500 3.299& 4741t6.8 0.029&1 35.6771 0.00039 103&.5& 345.52 0.0&124 1.00998 O. &15& 
3000 i!.7523 65341.& 0.02500 35.5924 0.00033 14&&.36 39/0.37 0.0897" 1.00832 0.5748 

• TWO-PHASE 80UNDA~Y 
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C-Za THERMOOYNAMIC PROPERTIES OF NORMAL HYOPOGEN 

1t0.OO MPA IsoaAR 

TE"PERATUItE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHAlP.Y ENTROPY CV CP 'IELOCITY 
OERIlIATI'IE CERIVATIlIE ENERGY OF SOUNO 

DEG. K CU "' KG CU "-HPA/KG HPA/K KJ/KG-K KJ/KG KJ/KG-K KJ I KG-K MIS 

• 23.11t& 0;01091 3.0705 1.220 263.9 702.& llt.790 5.78 7.1~ 1951 
21t 0.01098 3.0607 1.220 265.3 704.4 llt.866 5.81 1.22 1950 
Z5 0.01103 3.0220 1.218 270.7 711.7 15.161t 5.92 7.41 1945 
2& 0.01108 2.9829 1.215 276.2 719.? 15.457 6.02 7.60 1941 
21 0.01113 2.9437 1.212 281.9 72&.9 15.747 6.11 7.78 1936 

.2a 0.01118 2.9043 1.208 287.7 134.8 16.032 6.21 7.96 1930 
29 0.01123 2.8648 1.202 293.& 74Z.8 16.31& &.29 8.14 1925 
30 0.01128 2.8253 1.197 299.7 751.1) 1&.594 &.37 a.31 1919 
31 0.01134 2.7858 1.190 305.9 759.4 16.8&9 &.44 8.47 1913 
32 0.01139 2.7464 1.183 312.2 7£.8.0 17.141 &.52 8.&3 1908 
U 0.01145 2.7071 1.17& 318.7 17&.7 '.7.409 &.58 a.19 1901 

31t 0.01151 2.&&81 1.1&8 325.3 785.6 17.&74 6.64 8.95 1895 
35 0.01157 . 2.6293 1.159 331.9 794.& 17.935 &.70 9.10 1889 
36 0.011&3 2.5909 1.151 338.7 803.8 18.194 6.76 9.2" 1883 
31 0.011&9 2.5529 1.142 345.6 813.1 18.449 &.81 9.39 187& 
38 0.01175 2.5154 1.132 352.& 822.5 18.702 &.85 9.53 1870 
39 0.01181 2.1t781t 1.122 .359.7 832.1 18.951 &.89 9.66 1863 
ItO 0.01187 2.1t1t20 1.112 366.9 81tl.9 19.197 6.93 9.78 1857 

ItZ 0.01200 2.3712 1.091 381.5 8&1.7 19.680 &.99 10.03 181t5 
Itlt o .00allt 2.303& 1.070 ::;"I6.1t 882.0 20.152 .7.05 10.27 1832 
1t6 0.01228 2.239& 1.01t7 Itl1.1 902.2 20.&02 7.11t 10.53 1818 
1t8 0.0121t2 2.2010 1.025 1t26.7 923.7 21.058 7.20 10.71t 1811 
50 0.01257 2~11tllt 1.001 1t42.& 91t5.4 21.500 7.2& 10.95 1798 
52 1i.01272 2.0954 0.97&5 1t58.7 967.4 21.933 7.30 11.13 1787 
54 0.01287 2.01t72 0.9519 1t75.0 989.9 22.357 7.31t 11.30 1775 
56 0.01303 1.9978 0.9211t 1t91.8 1012.9 22.71& 7.37 11.1t& 1763 
58 0.01319 1.9532 0.9026 508.5 1035.9 23.181 7.38 11.58 1751 
60 0.01335 1.9092 0.8783 525.3 105S.2 ;:'5.575 7.39 11.71 1139 

65 0.01371 1.81&3 0.8195 561.7 1118.1t 24.521 7.1t0 11.96 1713 
70 0.01420 1.1308 0.1&1t& &10.& 1178.8 25.1t17 7.42 12.19 168& 
75 0.014&& 1.662& 0.1139 653.9 121t0.2 2&.2&5 7 .1t5 . 12.39 16&3 
80 0.01513 1.6014 0.6672 697.6 1302.& 27.070 7.50 12.56 l&ltl 
85 0.015&1 1.5682 0.6242 7Itl.& 1365.9 27.837 ·7.56 12.70 1623 
90 0.01&10 1.5299 0.5848 185.9 l1t29.7 28.568 7.63 12.84 1&05 
9S 0.01&&0 1.1t914 0.51t91 830.1t 1494.3 29.2&6 7.72 13.01 1585 

100 0.01711 1.1t676 0.5167 875." 1559.7 29.936 7.82 13.1 .. 1571 
120 0.01922 1.4216 0.1t137 1061.2 '1829.9 32.398 8.37 13.71 1526 
litO 0.02139 1.1t312 0.31t13 1252.0 2107.5 31t.536 8.85 llt.06 1508 

160 0.02357 1.1t&93 0.2892 l1t1t8.3 2391.3 3&.430 9.28 llt.31t 1507 
180 0.0257& 1.520& 0.2505 1649.6 2680.0 38.130 9.63 14.56 1516 
200 0.02194 1.5804 0.2207 .1.855.1 2972.8 39.&73 9.92 llt.71t 1532 
220 0.03012 1.61t72 0.1971 2063.9 3268.7 41.0112 10.16 llt.8& 1552 
21t0 0.03228 1.7212 0.1178 2275.1 356&.4 1t2.378 10.33 14.93 1577 
260 0.0341t2 1.7982 0.1611 2488.0 38&4.9 1t3.573 10.1t7 llt.95 1&02' 
2ao 0.03&54 1.8760 0.1482 2701.9 1t163.& 1t1t.680 10.5& llt.94 1629 
300 0.03871 1.9580 0.1386 2907.3 1t1t58.2 1t5.618 10.48 llt.91 1669 
350 0.0 .. 401 2.1515 0.1111 31t39.6 5202.2 1t7.973 10.53 llt.85 1741t 
1t00 0.0"932 2. 3581t 0.1015 3970.5 591t3.1 1t9.952 10.53 llt.78 1819 

1t50 0.05451t 2.5599 0.0897 1t1t99.5 &681.0 51.690 10.52 llt.73 1893 
500 0.05914 2.1616 D.0801t 502&.9 1Itl&.4 53.239 10.52 14.69 1964 
550 0.0&1t92 2.9637 0.0729 5553.1 8150.1 51t.&38 10.51 j,1t.66 2033 
600 0.07010 3.1 &59 0.0&&1 6079.2 8883.2 55.911 10.52 llt.65 2100 
700 0.08044 3.5111 0.0510 7131.8 1 031t9. 2 58.111t 10.55 llt.&7 2228 
800 0.09076 3.9172 0.D1t98 8189.7 11820.0 60.139 10. &3 llt.11t 231t8 
CJOD 0.10107 ".381t0 0.01t1t2 9251.0 13299.1 61.880 10.75 llt.85 21t61 

1000 0.11131 It .1915 0.0398 10337.1 14792.1 63.1t51 10.90 15.01 2563 
1200 0.13198 5.6082 0.0332 12551.1t 111130.8 &6.202 11.28 15.38 276& 
1,400 0.15259 6. ~267 0.0284 lIt81t6.& 20950.2 68.612 11.111 15.81 291t6 

1600 0.11320 7.21t63 0.021t9 17226.7 21t151t.5 70.158 12. lit 16.21t 3111t 
leliO 0.19380 8.0&69 0.0221 19691.2 2141t3.1t 12.689 12.5& 16.66 3272 
2000 0.2141t2 8.6881 0.0199 222'1+0.1 30817.5 71t.417 12.9& 17.01 31t21 
2500 0.26&11 10.91t35 0.0159 2'3001t.7 3961t9.1 16.399 14.26 18.42 3161 
3000 0.3181& 13.0008 0.0133 36112.9 49463.4 111.986 1&.75 21.18 4053 

• TWO-PHASE BOU~OARt 
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THERMODYNAMIC PROPERTIES OF NORMAL ItYOPOGEN C-Za 

40.00 MPI IS00AI{ 

'E"PERATURE DENSITY V (OH/OV'p 'JCOPI.DU'V -V (DP/DV'T (OViDT~'J THERMAL IIISCOSIH THERMAL OIELfCTIotIC PRAN:JTL 
CONOUCTIVITY DIFFUSIVITY CONSTANT NUMBlR 

DEG. It K(;/eU ;t KJ/KG HPA-CU ~/KJ MPA l/DE(;. K W/K-M
3 

KG/H7S SQ M/HR 
X 10 X 10 )( 10 

• 23.74& 91.1935· 1644.& 0.23141 280.0107 0.00436 178.41 502.4') 1).00098 1.3020'" 2.0180 
21t 91.0924 1&49.4 0.2304& 278.8086 0.00437 179.48 490.21 0.00098 1.30173 1.9708 
25 90.&916 16( 7.0 0.22700 274.0&75 0.00444 183.27 44&.98 1).00098 1.30028 1.8070 
26 90.2863 1& ,3.3 0.22373 2&9.3192 O.OOItSl 18&.38 410.&0 0.OOD98 1.29682 1.6736 
27 89.87&7 1&98.7 0.22056 2&4.5703 0.1)01t58 188.96 379.68 0.00097 1.297J5 1.5&35 
28 89.It&JO 1713.2 0.21750 259.8275 G.001t&5 191.07 353.17 0.00097 1.2958& 1.4716 
29 89.0452 . 1726.1t 0.211t62 255.0973 0.001t71 192.80 330.25 0.00096 1. 291t3 5 1.3939 
30 &8.&236 1737.9 0.21198 250.3662 Q .001t7!! 194.17 310.30 0.00095 1.29281t 1.3272 

31 88.1982 1748.8 0.20937 21t5.7003 0.0!l1t84 194.51 292.80 0.00094 1.29131 1.2752 

32 87.7&92 1759.0 0.20686 241.01t61 O.001t91 194.&2 277.37 J.00092 1.28977 1.2305 
33 87.3366 1768.0 0.20449 236.4296 0.00 .. 97 194.53 263.68 0.00091 1.28822 1.1917 

31t 86.9007 177&.2 0.20223 231.8569 0.00501t 194.33 251.47 0.00090 1.28&6& 1.157& 
35 8& .4&13 1783.7 0.20005 227.3338 0.00510 193.99 240.52 0.000ll9 1.28509 1.1278 

36 86.0188 1790.6 0.19792 222.86&2 0.0051& 193.52 230.6& 0.00088 1.28350 1.1019 

37 85.5732 1796.8 0.19588 218.1t597 0.00523 192.95 221.75 0.0008& 1.28191 1.0790 
;sa 85.1246 1801.9 0.19400 214.1198 0.00529 192.28 213.65 0.00085 1.28031 1.0586 

39 81t.6731 1805.8 0.19230 209.8520 0.00535 191.53 206.27 0.00084 1.27870 1.01t0l 

40 84.2189 1809.0 0.1906& 205.6&14 0.00541 190.71 199.52 0.00083 1.27708 1.023& 

42 83.3031 1815.2 0.18746 197.5321 0.00552 188 .• 84 187.62 0.00081 1.27382 0.9964 
44 82.3785 1821.9 0.18420 189.7700 0.00561t 18&.82 177.47 0.00080 1.27053 0.9754 
46 81.446& 1834.& 0.18013 182.4096 0.00S74 184.69 168.71 0.00078 1.2&722 0.9&19 
48 80.4895 185&.0 0.17681 177.1544 0.00579 182.44 160.96 0.00076 1.26383 0.9"73 
50 79.5574 1864.4 0.17331 170.3&29 0.00587 180.27 154.32 0.00074 1.26054 0.9374 

·52 78.&261 1878.1 0.17C/04 1&4.7520 0.00593 178.12 148.44 0.00073 1.25725 0.927& 
54 77.6931 1888.1 0.:'&690 159.0507 0.00598 17&.00 143.19 0.00072 1.25396 ·0.9194 

56 76.7649 1894.7 0.16400 153.:5596 0.00605 173.92 138.48 0.00071 1.25!!&9 0.9124 
58 75.8377 1901.1 0.1&132 148.1271 0.00609 171.88 134.22 0.00070. 1.Z",743 0.9046 
60 74.9161 1906.3 0.15872 143.0324 0.00614 170.14 130.34 0.00070 1.21t420 0.89&8 

65 72.&362 1925.0 0.15242 131.9255 0.Q0621 166.&7 122.02 0.00069 1.23&23 0.8755 
70 70.40"0 1943.1 0.14632 121.8556 0.00&27 163.23 115.23 0.00068 1.22845 O. ·8&07 
75 611.2267 1968.9 0.14041 113.4349 0.00&29 159.76 109.56 0.00068 1.22090 0.8"96 
80 66.·1148 2001.3 0.134&2 10&.2738 ·0.00&28 15&.37 104.80 0.000&6 1.213&1 .0.8"21 
85 64.0771 2044.3 0.12892 100.4830 0.00&21 155.62 100.78 0.00069 1.20&60 0.6224 
90 62.1255 2087.6 0.12334 95.0470 0.00615 154.70 97.40 0.00070 1.19991 0.8087 
95 60.2513 2128.9 0.11808 89.8598 0.00&11 153.72 9".54 0.00071 1.19350 0.6001 

100 511.4545 2182.1 0.11305 85.7859 0'.00602 15&.97 66.10 0.00074 1.18739 0.7209 
120 52.0300 2450.7 0.09499 73.9&80 0.00559 166.19 89.25 0.0008/0 1.1&5&9 0.73&0 
140 1t6.7548 2757.2 0.08246 66.9139 0.00510 169.80 89.21 0.O!l093 1.14808 0.7389 

160 42.4196 3089.8 0.07350 &2.3257 0.00464 171.75 88.40 0.00102 1.13374 0.7379 
180 38~8206 3431.5 0.0&698 59.0296 0.00424 173.71 87.79 0.00111 1.12194 0.7359 
200 35.78&5 377&.1 0.0&216 5&.5563 0.00390 17&.21 87.67 0.00120 1.11205 0.7333 
220 33.2007 4124.4 0.05844 54.6870 0.00360 179.35 88.07 0.00131 1.103&7 0.7296 
240 30.9777 4477.0 0.05553 53.3182 0.00333 183.02 88.91 0.00143 1.09650 0.7251 
260 29.0508 "828.2 0.05318 52.2382 0.00310 187.12 90.13 0.00155 1.09031 0.7199 
280 27.3648 5173.8 0.05130 51.3371 0.00289 191.57 91.66 O.OOl&~ 1.08492 0.7147 
300 25.7922 5430.2 0.05129 50.5022 0.00275 196.26 93.43 0.00184 1.07990 0.709& 
350 22.6935 &208.9 0.04900 48.9622 0.00239 208.79 98.61 1l.00223 1.07007 0.7014 
400 20.2773 6965.1 0.04752 47.8225 0.00212 222.11 104.50 0.00267 1.06245 0.&95& 

450 111.3361 77 08.0 0.04648 46.9380 0.00191 235.93 110.79 0.00315 1.05635 O. &915 
500 16.7397 8449.5 0.04566 46.2291 0.00174 250.23 117.32 0.00366 1.05136 0.68118 
550 15.4024 9188.1 0.04500 45. &4 75 0.001&0 264.73 123.99 0.00422 1.04719 O. &86e 
600 1".2650 9929.8 0.04443 45.1&17 0.00148 279.46 130.72 0.00481 1.043&5 0.6855 
700 12.1+322 11430.3 0.04344 /04.39&7 0.00128 309.39 144.21 0.00611 1.03797 0.683'J 
aoo 11.01115 129&9.& 0.04252 43.8227 0.00114 339.98 157.60 0.00754 1.03360 0.6833 

900 9.8944 14562.4 0.0/0160 /03.3771 0.00102 371.33 170.62 0.00910 1.03013 O. &833 
1000 8.9787 1&218.0 0.0406& 43.0218 0.00093 440.56 183.81 0.01177 1.02732 0.6201 
1200 7.5767 19697.1 0.03883 42.4922 0.00078 511.00 209.10 0.01579 1.02302 0.6292 
1400 &.553& 23409.3 0.03708 42.1174 0.00068 583.16 233.48 0.02027 1.01989 0.6328 

1600 5.7738 27305.7 0.03551 41.8388 0.00059 656.15 257.04 0.02519 1.01751 0.(;363 

1800 5.1599 31337.0 0.03416 41.0238 0.00053 729.38 279.85 0.03054 1.015&3 0.6393 

2000 4.6637 35523.8 0.03295 41.4520 0.00048 804.:H 301.99 0.03636 1.01/012 0.61,11 

2500 3.7578 47511.3 0.02977 41.1238 0.00039 1032.51 354.94 0.05369 1.01137 0.633/0 

3000 3.1371 6'+967./0 0.02530 40.7851 0.00033 1445.38 405.57 0.07832 1. 0091t 8 0.59"3 
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C-Za T~ERHOOYNAHIC PROPE~TIES OF NOR"AL HYDROGEN 

45.00 HPA ISOijAI( 

TE"PERATURE 'IOLUHE ISOTtiERH ISOCHORE INTERNAL ENTHALP1 ENTROPY CV CP VELOCITY 
DERIVATIVE DERI "UIVE ENERGY OF SOUND 

OEG. I( ~U "/1«(; CU "-tlPA/K" "PAIl( KJ/KG-K KJ/KG I(J/KG-I( KJ I I(~-I( "'S 
• 24.742 0.01082 3.2&40 1.249 271.5 758.& 14.854 5.8& 7.25 2009 

25 0.OlD84 3.2545 1.249 272.9 7&11.5 14.929 5.81 7.30 laOS 
26 0.01088 3.2173 1.247 278.2 7&7.9 15.218 5.99 1.48 2004 
27 0.01093 3.1798 1.244 2n.7 775.5 15.50" 6.09 7.6& 2000 
28 0.01097 3.1420 1.240 289.3 783.2 15.78" &.19 7.84 1995 
29 0.01102 J .1041 1.235 295.1 791.1 16.063 6.28 8.01 1990 
3D 0.01107 3.06&0 1.230 301.0 799.2 1£ .. 3.57 6.3& 8.17 1985 
31 0.01112 3.0278 1.224 307.0 807.5 16.&07 6.43 8.33 '1980 
32 11.01117 2.989& 1.217 313.1 815.9 16.874 6.51 8.49 1975 
33 0.01122 2.9514 1.210 319.4 824.4 17.138 6.58 8.64 1969 
3,. 0.01127 2.9133 .t .203 325.8 833.1 H.398 6.64 8.79 1963 

35 0.01133 2.8753 1.195 332.2 842.0 17.655 6.70 8.93 1958 
36 0.01138 2.8375 1.187 338.8 851.0 17.909 6.7& 9.08 1952 
37 0.0114" 2.8000 1.178 345.5 860.2 18.160 6.81 9.21 194& 
38 0.01149 2.7628 1.170 352.3 8&9.4 18.407 6.8& 9.35 1940 
39 0.01155 2.7260 1.160 359.2 878.8 18.651 6.90 9.47 1934 
40 0.011&1 2.689& 1.151 3&&.1 888.4 111.893 6.94 9.59 1928 

.. 2 0.01172 2.6182 1.131 380.3 907.8 19.366 7.01 9.83 1916 .... 0.01184 2.5492 1.111 394.8 927.7 19.829 7.07 10.06 190 .. 

.. & 0.01197 2.4829 1.090 409.0 947.5 20.2&9 7.16 10.31 1891 
48 0.111209 2 ... 195 1.068 42'+.2 968.'+ 20.713 7.23 10.5'+ 11178 
50 0.01222 2.3601 1.0'+6 '+39.6 989.7 21.1'+8 7.29 10.76 1865 
52 0.0123& 2.30 .. 2 1.023 '+55.2 1011.,+ 21.573 7.3'+ 10.95 185'+ 
5 .. 0.01250 2.279" 1.002 '+71.2 1033.6 21.993 7.38 11.10 1851 
56 11.0126,+ 2.2290 0.9786 '+87.5 1056.2 22.405 7.'+1 11.26 18/00 
58 0.01278 2.1913 0.955'+ 503.8 1078.9 22.803 7.'+3 11.37 11132 
60 0.01292 2.1'+32 0.9323 520.2 1101.7 23.190 7.,+,+ 11.50 1820 

65 0.01::;29 2.0'+56 0.87'+9 561.7 1159.9 2'+.120 7 ... & 11.76 1795 
70 (I.Oll&8 1.9626 0.8202 603.8 1219.3 25.000 7.'+9 11.98 1772 
75 0.01"07 1.8870 0.7692 6"6.3 1279.7 . 25.833 7.52 12.18 1748 
80 0.01'+'+8 1.8198 0.7219 689.2 1341.1 26.626 7.57 . 12.38 1725 
85 0.01'+91 1.7672 0.6782 732.6 1403.'+ 27.362 7.63 12.55 1705 
90 0.·0153,+ 1.7229 0.6379 776.3 1466.5 28.104 7.71 12.71 1&85 
95 0.01578 1.6938 0.6010 820.5 1530.,+ 28.794 7.79 12.83 1670 

100 0.01&22 1.6639 0.5671 865.0 159,+.9 29.456 7.89 12.98 1654 
1211 0 •• )1806 1.5871 0.'+586 10"9.8 1862.7 31.895 8.4'+ 13.63 1(1)1 
litO 0~01997 1.5823 0.3806 12'+0.5 2139.2 3".025 8.92 1'+.03 1578 

160 0.02190 1.6082 0.3236 1 .. 37." 2422.7 35.916 9.34 14.33 1571 
180 0.02382 1.6518 0.2801 1639.3 2711.4 37.617 9.69 1".57 1576 
200 0.02575 1.7050 0.2471 18'+5.5 3004.4 39.161 9.98 1,+.75 1588 
220 0.02768 1.765'+ 0.2215 2055.2 3300.7 '+0.572 10.21 1'+.89 11&05 
240 0.02959 1.8336 0.2000 2267.5 3599.2 41.871 10.39 14.98 1626 
260 0.03150 1.90 71 0.1821 24&1.6 3898.9 43.072 10.52 15.01 1649 
zao 0.03338 1.9838 0.1669 2696.8 4198.9 44.183 10.62 15.00 1674 
300 0.0353& 2.0602 0.1559 ':901.6 '+492~8 45.177 10.52 14.94 1711 
350 0.0400& 2.2551 0.1316 3435.5 52lS.4 '+7,"77 10.56 14.88 1783 
400 0.0'+"73 ~.4537 0.1141 3967.6 5980.5 49.'+59 10.5& 14.81 1855 

'+50 0.04937 2.6528 0.100& "497.7 6719.4 51.199 10.55 1 ... 7/0 1926 
500 0.05399 2.852& 0.0903 5025.9 7455.6 52.750 10.54 !,4.70 1995 
550 0.05860 3.0529 0.0818 5552,8 8189.9 54.150 10.53 1 ... &8 2063 
600 0.0&320 3.253& 0.0749 6079./0 8923.4 55.'+23 10.53 1".66 2128 
100 0.07238 3.6562 o. Dr. .. 0 7133.0 10390.1 57.688 10.57 1'+.68 2253 
800 0.08155 '+.0600 0.0559 8191.6 11861.2 59.65,+ 10.64 1,+.74 2372 
900 0.09071 ..... 6 .. 9 0.0"97 9259.3 133 .. 1.2 61.395 10.76 1 ... 86 2483 

1000 0.0998& ".8708 0.0447 10339.8 1'+833.6 62.965 10.91 15.01 2588 
1200 0.11817 5.6849 0.0373 1255'+.1 17872.4 65.716 11.28 15.38 2783 
1 .. 011 0.13&'+8 ;;.5012 0.0320 14850.3 20991.9 68.126 11.71 15.81 29&2 

1600 0.15'+71) 7.3191 0.0280 11230.5 2'+196.1 n.272 12.15 16.2" 3128 
1800 0.17310 II .1383 0.0249 19695.2 27404.8 12.203 12.56 16.66 3285 
2000 0.19142 8.958,. 0.0224 222'+4.5 30858.5 73.991 12.96 17.07 3434 
2500 0.23735 11.0116 0.0179 29001.4 39682.2 71.910 1,+.23 18.39 3712 
3000 0.28410 13.0&7,+ C.0149 3&668.5 '+9452.7 81 ... 81 16.61 21.02 4065 

• TWO-PHASE 80UNOA~r 
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THERHO;)YNAH'IC PROPERTIES OF NORHAL HYDROGEN C-Za 

~5.00 HPA IS08AR 
! ' 

TE"PERATURE IlENSIT't VlDH/OVl p 'I lOP/DUIV -V lOP/Ol/,or lDII/OT\/~ THEHHAL VISCOSITY THERHAL DIELECTRIC PRANOTL 
CONDUCTI ~IT't OIFFUSIIIIT't CONSTANT NUHBER 

OEG. " I(G/CU .. "J/KG "PA-CU H/"J HPA 1/0EG. I( , W/IC-H KG/H-S SQ H/HR 
X U Z X 1O~ X 107 

• 21t.71t2 liZ .381t0 171t9.1t 0~23071 301.5396 O.OOltllt 18'8. H 531t.95 11.00102 1 0 30&39 Z.0519 
25 92.2852 1751t.5 0.22980 300.33111 0.001t16 1119.95 521.85 a.001D2 1.30603 2.00105 
26 91.8995 1773.8 0.22&39 295.&65,. 0.001t22 193.31 .. 7&.31 o. DO 101 1.3010&10 1.81t31 
27 91.5102 1792.2 0.22310 290.9811 0.001t27 196.11 .. 37.8& 0.00101 1.30323 1.7103 
28 91.1173 1809.6 0.21993 28&.2917 0.00 .. 33 198 ... 3 "05.09 0.00100 1.30182 1.5998 
29 90.7211 1825.6 0.21695 281.6032 0,.00 .. 39 200.33 376.93 0.00099 1.30039 1.50&5 
30 90.J216 1839.6 0.21"23 27&.9220 0.00 .... 4 201.8& 352.54 0.00098 1 .. 29895 1'.1t2&7 
31 89.9189 1853.2 0.21155 272.2539 0.OQ1t511 202.31 331.26 0.00097 1.29750 1.36100 
32 tl'J.5132 18&5.8 0.20897 267.60 .. 7 0.00"55 202.52 312.59 0.00096 1.29604 1.3100 
33 n.1045 1877.2 0.20&54 262.9803 0.00460 202.52 296.09 0.00095 1.29 .. 57 1.2632 
3 .. 118.&930 1887.6 0.20 .. 23 258.3862 0.0"46& 202 ... 0 281."5 0.110093 1.29309 1.2220 

35 88.2787 1897.2 0.20201 253.8280 0.00"71 202.13 268.38 1J.00092 1.291&0 1.1861 
36 87.8617 1906.2 0.19985 249.3110 0.00476 201.72 256.65 0.00091 1.29010 1.1546 
J7 87.4"22 :.91 ..... 0.19778 244.8403 0.00481 201.20 2"&.09 0.00090 1.28860 1.1270 
;sa 87.0201 1921.2 0.19588 2 .. 0.4212 0.00"86 200.57 235.54 D. 00 089 1.211709 1.1022 
39 8&.5955 192& .& 0.19 .. 1& 23&.058& 0.00492 199.8& 227.8& a.Oo.ll~8 1.21\557 1.0797 
40 8&.16117 1931.3 0.19252 231.7573 0.00"97 199.08 219.96 O.OOUl:," 1.28404 1.0597 

"2 8!5.J08& 19 .. 0.0 0.18932 223.3571 0.00507 197.27 20&.09 0.00085 1.28097 1.02&7 
1t4 84.4405 1948.9 0.18&08 215.25&1 0.0051& 195.28 194.3 .. 0~00083 1.27787 1.0010 
46 83.5&!57 1963.8 0.16205 207.48&& 0.00525 193.18 184.27 0.00081 1.27 .. 75 0.9839 
.. 8 82.&853 1975.3 0.lH53 200.0778 0.00534 191.00 175.55 0.000;"9 1.27162 0.9&92 
50 61.8007 1985.9 0.17525 193.0548 0.00542 188.79 1&7.94 0.00017 1.2&848 0.95&8 
52 80.9135 1995.8 0.1721& 18&.4382 0.00549 18&.511 1&1.22 0.0007& 1.2&533 0.94&3 
5 .. 80.0118& 202:1.3 0.1&959 182.374& 0.00549 184.33 155.17 0.00075 1.2&213 0.93"3 
56 79.1301 2028.7 0.1&&83 17&.381& 0.00555 182.20 149.90 Q.00074 1.25903 0.92&1 
58 7&.2527 2041.3 0.1&4~& 171.4717 0.00557 180.11 145.15 0.00073 1.25593 0.91&& 
60 17 .3824 2046.3 0.16:1.95 1&5.8425 iI.005&2 178.33 1"0~87 11.00072. 1.2528& 0.9087 

65 7!5 .22&9 2061: .5 0.15584 153.8824 0.0!l5&9 174.79 131.74 0.00071 1.24529 0.88&" 
70 73.1119 209'}.2 0.1 .. 983 143.4871 0.00572 171.25 124.33 0.00070 1.23789 0.86% 
7S 71.0481 2123.1 o .l i.392 134.069& 0.00574 1&7.til7 118.2'0 0.00070 1.23069 0.8586 
80 &9.0373 2153.9 0.13814 125.&357 0.00575 164.15 113.03 iI.000&9 1.22371 0.6521 
85 67.11851 2193.4 0.13247 118.5543 0.00572 1&3.37 1011.&2 0.00070 1.21&96 O. 8342 
'30 65.1997 2238.0 0.12&92 112.3300 0.00568 162.39 104.8& 0.00071 1.2104& 0.8207 
95 &3.J895 2293.1 0.121&4 107.3&72' 0.005&0 1&1.35 lCl.&& 0.00071 1.201,24 0.&087 

100 61.6472 23"7.5 o • 11&5e. 102.5731 0.00553 1&5 ... 9 90.94 0.00074 1.19827 0.7133 
120 5!5. 35 71 2&11.1, 0.09815 87.6588 0~O0522 174.73 94.01 0.00083 1.17&90 0.7333 
1 .. 0 50.0760 2920.4 0.08524 79.2331 0.00480 ' 177.86 93.&3 0.00091 1.15915 0.738& 

160 45.6714 3253.1 0.07588 73.4478 0.00"41 179.13 92.40 0.00099 1.1 .. 449 0.7393 
180 41.9732 3597.2 0.0&902 &9.3320 0.00"05 180.3& 91.35 0.0010& 1.13228 0.7377 
200 38.8312 3942.8 0.0& 393 6&.2089 0.00374 182.18 90.84 0.00114 1.12197 0.7355 
220 3&.1318 4289.5 0.0&003 63.788& 0.00347 184.71 90.811 0.00124 1.11317 0.7327 
240 33.1920 "639.0 0.05&97 &1.9&05 0.00323 187.88 91.44 0.00134 1.10558 0.7289 
2t.O 31.7500 4990.8 0.05450 &0.5518 0.00301 191.5& 92.42 0.00145 1.09899 0.7242 
280 29.95&9 53"1.6 0.0524& 59.4267 0.00281 195.&& 93.7& 0.00157 1.09322 0.7189 
30b 28.281& 5585.0 0.05240 58.26&4 0.002&8 200.09 95.37 0.00170 1.08785 0.7122 
350 2 ... 9599 &363.1 0.04994 5&.3024 0.00234 212.21 100.31 0.0020& 1.0772& 0.7033 
.. 00 22.3557 7119.0 0.04832 54.8534 0.00208 225.:!'3 106.09 0.00245 1.0&900 O. &9&9 

450 20.2541 7861.7 0.04718 53.7312 0.00188 239.24 112.37 0.b0288 1.0&238 0.&925 
500 18.5211 8&02.9 0.04&27 52.8327 0.OG171 253.&7 118.95 0.00335 1.05&93 0.&895 
~:;O 17.0& .. 6 9341.2 0.04554 52.09&2 0.00157 2&8.41 125.71 0.00386 1.05237 0.&673 
600 15.8228 10082.7 0.04492 51.4811 0.00145 283.102 132.5& 0.00440 1.04850 0.&858 ' 
700 13.8159 11562.5 0004364 50.5130 0.00127 314.0& 14&.31 0.00558 1.04225 0.6840 
800 12.2&28 13121.5 0.0428& 49.76&9 0.00112 345.48 160.13 0.00&88 1.03744 0.6834 
900 11.0245 1 .. 714.3 0.04190 49.223& o .001ill 377.74 173.75 0.00830 1.033&2 0.&833 

1000 10.0136 1&370.2 0.04092 48.7746 0.O!l092 440.56 187.17 0.01055 1.03050 0.&37& 
1200 8.4&22 19850.7 0.03903 48.1065 0.00077 511.00 213.33 0.01 .. 14 1.02573 O. &419 
1 .. 00 7.J271 23564.9 0.03723 47.634" 0.000&7 563.16 236.&0 0.01813 1.02225 0.&4&7 

1&00 &.4604 274&3.4 0.035&4 "7.2842 0.00059 65&.14 263.04 il.02251 1.01960 0.&512 
1800 5.77&9 31495.5 0.03427 47.0144 0.00053 729.31 286.72 0.02728 1.01751 0.(;550 
2000 5.2Z'+1 35&79.1 0.0330& 4&. "7994 0.000lt6 804.04 309.72 0.0321,& 1.01563 0.&575 
2500 4.2132 47591.& 0.02990 .. &.393& OoOO03S 1029.15 364.72 0.01,782 1.01275 0.&517 
3000 3.5199 &1t635.0 0.0255& 45.99&& 0.00032 1427.99 417.28 0.0&949 1.010&5 O. & 1lt2 

• TWO-PHASE 80UN04~r 
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c.z. THERMODYNAHIC PROPE~TIES OF NORMAL HyDROGEN 

50.00 "PA ISOBAR 

TE"PERATURE VOLUME I£OiHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DERIIiATIoJE DERIVATIVE ENERGY OF SOUND 

DEG. K :U "/I<G CU H-HPA/KG MPA/K KJ/KG-K KJ/!(G KJ/KG-K KJ I KG-I( MIS 

• 25.708 0.010&9 3.4533 1.278 279.2 814.0 14.915 5.94 7.J3 20&4 

26 0.01071 3.1,1,30 1.278 280.8 81&.1 11,.997 5.97 7.38 20&3 
27 0.01075 3. loa 72 1.275 28&.1 82l.& 15.2'79 6.07 7.56 2060 
28 0.01079 3.3711 1.271 291.6 831.2 15.556 &.17 7.73 ·2056 
29 O.OlDllft 3.331,6 1.267 297.2 839.0 15.831 6.2& 7.90 2051 
30 0.01088 3.2960 1.2&2 302.9 81,7.0 1&.1D1 6.31, 8.06 20107 
31 11.01093 3.2&12 1.25& 306.7 855.1 l&.J&8 &.102 8.21 20ft2 
32 0.01097 3.22102 1.250 31ft.7 8&3.10 16.&31 &.50 8.37 2D37 
33 0.01102 3.1872 1.2ft3 320.8 871.9 1&.891 6.57 8.51 2032 
310 0.01107 3 .. 1501 1.236 327.0 880.10 17.11,7 6.610 8.6& 2027 
35 11.01112 3.1131 1.229 333.3 889.2 17.1000 6.71) 8.80 2022 

3& 11.01117 3.07&1 1.221 339.7 896.0 17.650 6.7& 8.94 2016 
37 0.01122 3. 0393 1.213 34&.2 907.1 17.897 6.82 9.07 2011 
38 0.01127 3.0027 1.205 352.8 91&.2 18.140 6.87 9.20 2005 
39 0.01132 2.9&&3 1.19& 359.5 925.4 18.361 6.91 9.32 2000 
40 0.01137 2.9302 1.187 3&&.3 934.8 18.&18 6.95 9.43 1995 

~2 0.01148 2.8590 1.1&8 380.1 953.9 19.084 7.02 9.&& 1984 
44 0.01159 2.7695 1.149 394.2 973.') 19.538 7.09 9.88 1972 
Ita 0.01170 2.7220 1.129 408.1 992.9 19.971 7.19 10.13 1959 
1t8 O. D118! 2.6570 1.108 1022.8 1013./t 20.1007 7.26 10.36 19107 
50 0.01193 2.59/t8 1.087 1037.8 103/t.1o 20 .834 7.33 10.57 1934 
52 a.u1205 2.535& 1.065 453.1 1055.7 21.252 7.38 10.76 1923 
54 U.fl1217 2.10797 1.043 4&8.7 1077 .4 21.6&2 7.43 10.94 1911 
5& 0.01230 2.1027 .. 1.021 10810.7 1099.7 22.068 7.4& 11.10 1900 
58 0.01243 2.4097 1.002 500.& 1122.2 22.4&4 7. /t7 11.21 1901 
60 0.0125& 2.3577 0.9796 516.7 11104.8 22.846 7.49 11.34 11190 

-65 0.01290 2.2&38 0.9248 557.3 1202.1 23.7&2 7.52 11.&0 1869 
70 . 0.01324 2.1796 0.8710 598.6 12&0.7 24.&30 7.55 11.82 1847 
75 0.013&0 2.1048 0.8199 &40.5 1320 .2 25.1052 7.59 12.01 1826 
aD 0.01396 2.03&0 0.7723 682.8 1360.8 26.234 7.&4 12.20 1804 
85 0.01433 1.973'+ 0.7280 725.6 1442.3 2&.980 7.70 12.39 1782 
90 0.01472 1.9221 0.&8&9 768.8 1,)0,+.7 27.&94 7.78 12.57 17&2 
95 0.01511 1.8810 0.&489 812.5 15&7.9 28.377 7.87 12.72 17104 

100 0.01550 1.854& 0.6139 856.7 1&31.9 29.033 7.97 1.2.85 1730 
120 0.01711! 1.7591 0.5009 1040.4 1897.4 31.451 8.51 13.54 1&73 
!ltD U.U1683 1.7337 0.10184 1231.0 2172.7 33.572 6.98 llt.DO 1&44 

160 0.02055 1.71t'l1 0.35&9 11028.1 2455.6 35.4&1 9.40 14.J2 1&32 
180 0.112228 1.7836 0.3103 1&30.5 2744.5 37.1&1 9.75 14.57 1&33 
200 0.02/t00 1.8323 0.27/t0 1837.10 3037.& 38.705 10.03 110.76 1&42 
220 0.02573 1.66&5 0.2453 20107.7 3334.0 40.118 10.2& 14.91 1&55 
2ltO 0.02744 1.9485 0.2216 2260.6 3&33.0 41.419 10.410 15.01. 1&73 
260 0.0291& 2.0170 0.2022 2475.8 3933.& 42.&22 10.58 15.06 1&95 
280 0.03085 2.0909 0.1356 2&92.1 423/t.8 103.738 10.66 15.07 1718 
JOO 0.032&3 2.1&36 0.1730 2696.& 4526.0 44.726 10.55 14.97 1752 
350 U.03&8.& 2.3550 0.1/t61 3431.9 5275.0 47.033 :to. 59 14.90 1820 
.. 00 0.i1410& 2.5498 0.1266 3965.3 &018.3 49.018 10.59 14.83 1890 

.. SO 0.04523 2.74&3 0.1118 1049&.4 6758.1 50.7&0 10.57 14.7& 1958 
suo 0.049.39 2.9440 0.1002 5025.10 7494.9 52.312 10.5& 14.72 2026 
SSU 0.05354 3.1424 0.0906 5553.0 6229.8 53.714 10.55 110.68 2091 
600 0.057&7 J.341'+ 0.0830 G060.1 89&3.8 54.988 10.55 14.67 2155 
7UO 0.0&593 3.7411 O.OHO 7134.5 10431.0 57.253 10.56 14.G8 2278 
aDO 0.07417 4.1425 0.0&20 8193.6 11902.4 59.219 10.6& . 14.75 2394 
900 0.08241 4.5453 0.0551 9262.1 13382.& &0.9&1 10.77 110.&6 2504 

1000 0.09065 4.949'+ 0.049& 103102.9 14875.2 &2.531· 10.92 15.01 2606 
1200 0.10711 5.7&04 0.0413 12556.4 17914.0 1:>5.282 11.29 15.38 2801 
1400 0.12358 &.5743 0.03510 1485 ... 4 21033.4 67.693 11.72 15.61 2978 

1600 0.14005 7.390'+ 0.0310 17234.9 24237.5 69.838 12.15 16.210 31103 
1800 0.15&53 8.2080 0.0276 19699.7 27526.1 71.7&9 12.57 1&.&6 3299 
2000 0.17301 9.02&6 0.0246 22248.8 30899.3 73.557 12.97 17.07 3447 
2500 0.21433 11.0775 0.0199 28999.8 3971&.2 77 .473 14.20 18.36 378/t 
3000 0.25&35 13.1315 0.01&5 3&632.2 /t9449.7 81.03D 1&.50 20.88 4076 

• TWO-PHASE BOU~DARV 



THERHOIlYNAHIC PROPEqTIES OF NORHAL HYD~OGEN C-Za 

50.00 HPA IS08A1l 

TE"PERATURE DENSITY 'I (OH/IlI!)p HOP/OUa., -V (OP"Otl'T (DoJ/IlT\{oJ THERHAL IIISCOSITY THERMAL DIELECTRIC PRA NOTI. 
CONDUCTIVITY DIFFUSIVIT'f CONSTANT NUI16ER 

OEG. Ie. KG/CU " KJ/KG HPA-CU H/KJ HPI, 1/0EG. K II/K-11 KG/I1-S 3Q H/HR 
)( 10 2 X 103 X 10 7 

• 25.708 93.5095 1851.7 0.23018 322.9196 0.00396 19&.99 5& 7.99 0.00105 1.3104& 2.0921 
26 93.4012 1858.0 0.22917 321.57&1 0.00397 199.98 552.43 O. 00104 1.31007 2.0392 
27 93.028& 1879.3 0.22574 31fo.9&4& 0.00402 202.99 504.7& ~.00104 1.30872 1.8795 
28 92.&530 1899.& 0.22244 312.3381 0.00407 205.49 464.37 O. 00103 1.3073& 1.7471 
29 92.2745 1918.3 0.21935 301.7025 0.00412 207.5& 429.87 0.00103 1.30&00 1. &357 
30 91.8933 1935.1 0.21&52 303.0fo38 0.0041& 209.24 400.14 0.00102 1.304fo2 1.5407 
31 91.503 .. 1951.2 0.21375 298.4278 0.00421 209.79 374.34 0.00100 1.30323 1.4&55 
32 91.1229 19&b.3 0.21109 293.8000 0.00425 210.09 351.80 0.00099 1.30184 1.4009 
33 90.7340 1980.2 0.20859 289.1859 0.00430 210.16 331.98 0.~0098 1.311043 1.34109 
34· 90.3427 1992.9 0.20 &21 284.5909 0.001034 210.11 314.4& 0.00097 1.29902 1.2957 
35 83.9491 200".7 (l.20 393 280.0202 0.00,.39 209.90 298.88 0.00095 1.2':17&1 1.2527 

36 n.5S33 2015.8 0.20172 275.4789 0.001t1t3 209.55 281t.97 0.00091t 1.29&18 1.2151 
37 8CJ .1553 202&.0 0.199&1 270.9719 0.001t108 209.07 272.1t8 0.00093 1.29,.75 1.1820 
38 88.7551 2031t.7 0.197&7 2&&.501t0 0.001t52 208.1t8 2fol.23 0.00092 1.29331 1.1523 
39 88.,s530 2041.8 0.19593 2&2.0800 D .001t5& 207.81. 251.05 0.00091 1.29187 1.1255 
loa 87.91t89 2 0 .. 8.1 0.1942& 257.7042 a .001t61 207. O~; 241.80 0.00090 1.29042 1.101& 

42 87.1352 2059.8 0.19102 21t9.1153 0.004&9 205.28 225.&5 0.00088 1.28750 1.0&18 
1t4 8& .3110& 2071.2 0.18777 21t0.770& 0.00,.77 203.J1 212.0& 0.0008& 1.281t5& 1.0308 
46 85.,.880 2088.9 0.18373 232.7010 0.001085 201.22 200.49 0.00081t 1.281&1 1.009& 
48 81+.65&2 2102.& 0.18022 221t.9347 0.00,.93 199.04 190.53 0.00082 1.278&10 0.99110 
50 83.8203 2111t.& 0.17&9& 217.49&6 0.00500 19&.83 181.87 0.00080 1.275&& 0.97&10 
52 82.91112 2125.& 0.17390 210.4081 0.0050& 1910.59 17 ".28 0.00078 1.272&7 0.9&38 
54 82.1403 2135.& 0.171010 203.&6&9 0.00512 192.3& 1& 7.58 0.00077 1.2&9&9 0.9529 
56 81.2989 21104.7 0.1&841 197.34&1 0.00517 190.1& 1&,..&2 0.0007& 1.2&&70 0.9430 
56 80.4310 21&8.3 0.1&&&7 193.8173 0.00517 187.90 1%.13 0.00075 1.2&3&3 0.9313 

.60 79.&003 2113.0. 0.l&43!t 187.&705 0.00522 18&.0& 151.37 0.00~74 1.2&0& 9 0.9228 

65 77 .54100 2202.2 0.158&3 175.5411 0.00527 182.42 141.30 0.00073 1.253103 0.8987 
70 75.5271 2234.0 0.15279 1&10.6374 0.00529 178.7& 133.23 0.00072 1.24&34 0.8808 
75 73.5548 22&8.5 0.11t&94 151t.81&4 0.00530 175.0& 12&.58 0.00071 1.239'+1t 0.8 &8 7 
80 71.6309 2304.7 0.14118 145.8433 0.00530 171.41 121.00 0.00071 1.23272 0.8&110 
85 &9.7&20 23103.5 0.1351t9 137.&&51 0.00529 170. &4 11&.25 0.00071 1.22&22 0.841t3 
90 67.9,.53 2389.10 0.12991 130.5979 0.0052& 1&9.&1 112.1& 0.00072 1.21993 0.8311 
95 &&.18810 21041.1 0.124&0 124.5019 0.00521 1&8.50 108.&4 0.00072 1.2138& 0.8203 

100 &,..495& 25010.1 0.119108 119.&1110 0.00513 173.57 95.57 Q.00075 1.20803 0.7077 
120 58.3,.&8 2773.5 0.10091 102.&3&7 0.001088 182.89 98.&0 0.00083 1.18702 0.7298 
140 53.0937 3079.& 0.08772 92.0502 0.001055 185. &0 97.93 0.00090 1.1&927 0.7385 

160 ,.8.&518 31015.0 0.07804 85.0971 0.001019 18&.27 9&.31 0.0009& 1.151039 0.7405 
180 4,..81145 37&0.1 0.07090 80.0&58 0.00368 18&.8& 910.87 0.00103 1.11t188 0.7398 
200 41.&582 10110.1 0.0&557 7&.3289 0.00359 188.05 93.99 0.00110 1.13121t 0.7375 
220 38.8701+ 445&.10 0.0&149 73.3272 0.00335 190.04 93.71 0.00118 1.12210 0.7351 
240 3&.4373 10803.0 0.05831 70.9973 0.00312 192.72 93.99 0.00127 1.11101& 0.7320 
2&0 34.2992 5151.& 0.05574 &9.182& 0.00292 19&.00 94.75 D.00137 1.10722 0.7280 
280 32.10108 5502.7 0.053&2 &7.7&89 O.OLi274 199.711 95.89 0.001107 1.10112 0.7232 
300 30.61095. 5739.9 0.053107 &&.3210 0.002&1 203.95 97.35 0.001&0 1.095101t 0.711t& 
350 27.1232 &517.10 0.05084 &3.8894 0.00229 215.&6 102.04 0.00192 1.081017 0.7052 
400 24.3547 7273.1 0.04909 &2.0985 0.00204 228.&7 107.70 0.00228 1. C7534 O. &9810 

450 22.1071 8015.4 0.04785 60.7131 0.0011110 242.52 113.95 0.002&8 1.0&822 0.&935 
500 20.24&10 875&.5 0.01t&8& 59.&048 0.001&8 257.08 120.57 0.00311 1.0fo235 O. &902 
550 18.&789 94910.5 0.010&07 58.&9&,. 0.00155 272.03 127.ltl 0.00357 1.057103 O. &876 
600 17 .3392 10235.& O.04S,,9 57.9379 0.00143 287.33 134.38 0.001007 1.05323 O. &8&1 
700 15.1&78 117310.9 0.04423 5&.710101 0.00125 318. &7 1108.50 0.00515 1.010&10& O. &C\102 
800 13.4820 13273.5 0.010319 55.8489 0.00111 350.93 162.&4 0.00&35 1.010122 0.&83,+ 
900 12.13103 11+8&6.2 0.010 217 55.15105 0.00100 381t.12 17&.&7 0.007&7 ::.03704 0.&833 

1000 11.0320 1&522.3 0.04115 510.&0110 0.00091 4100.5& 190.52 il. 00 958 1.033&1t 0.&491 
1200 9.3359 20003.11 0.03921 53.7787 0.00077 511.00 217.&0 G. 01281 1.02842 0.&5'+8 
140a 8.0919 23719.9 0.03738 53.1985 0.000&7 583.15 21t3.8i 0.01&41 1.02'+&0 0.&&08 

1600 7.11002 27&20.2 0.0357& 52.7687 0.00059 &56.13 269.18 D.0203·1 1.021&8 0.&6&10 
1800 &.3887 31&52.9 0.031038 52.4362 0.00053 729.25 293.79 a.021tG7 1.01938 0.&711 
2000 5.7&01 35833.8 0.03315 52.1754 0.000'+8 803.80 317.70 0.029310 1.01752 0.&7'+5 
2500 1+. &&57 47&83.2 0.03002 51. &8105 0.00036 102&.31 37".91 0.0103110 1.01'+13 0.&706 
3000 3.9009 &4'+70.2 0.02578 51.22106 0.00032 lItt 3.211 429.510 0.0&2106 1.01180 0.&3107 
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C-Za THE~HODYNAHIC PROPE~TIES OF NORHAL HYOROGEN 

55.00 HPl IS0UR 

TEHPERlTUKE lI0LUrtE ' ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CII CP ilELOCITY 
DERIVATIliE OERIliATIVE ENERGY OF SOUND 

DEG. K CU H/KG CU H-HPA/KG HPA/I( KJ/KG-K KJ/I(G KJ/KG-K I(J I Kii-K HIS 

• 26.6 .. 6 0.01057 3.6392 1.307 287.1 868,& 1".972 6.01 7 ... 1 2118 
27 0.UlD59 3. b271 1.305 289.0 871.3 15.070 6. OS 7./07 2117 
28 iI.II1063 3.592& 1.302 294.3 878.8 15.3"4 6.15 7.64 21:'3 
29 0.010&7 3.5577 1.298 299.7 88&.0 15.616 6.Z .. 7.81 2109 
30 0.01071 3.5225 1.293 305.3 89 ..... 15.883 &.33 7.96 2105 
J1 0.111075 3./0871 1.288 311.0 902.5 16.1/06 6./01 8.11 2101 
32 0.111080 3.451/0 1.282 316.8 9111.7 16.406 6."9 8.2& 2097 
33 0.0108/0 3."156 1.275 322.8 91c,..11 16.663 6.5& 8./01 2092 
3 .. 0.011188 3.3796 1.2&8 328.8 927.5 16.'316 &.63 8.55 2087 
35 0.01093 3.343& 1.2&1 335.0 93&.1 17.1&6 6.70 8.68 20112 
36 11.01097 3.307& 1.25 .. 341.2 9 ..... 11 17.412 6.7& 8.82 2077 

37 0.01102 3.2716 1.246 347.6 953.7 17.&56 6.82 8.95 2072 
38 0.011117 3.2357 1.238 354.1 9&2.7 17 .896 6.87 9.07 2067 
39 0.01111 3.1999 1.229 360.6 971.9 18.134 6.91 9.19 2062 
40 0.0111& 3.1643 1.221 367.2 981.1 18.367 6.95 9.30 2057 

42 0.01126 3.0937 1.203 380.7 999.9 18.826 7.03 9.52 2047 

"4 0.01136 3.0244 1.184 394.4 11119.2 19.274 7.10 9.74 203& 
4& 0.0111Q6 ::.9566 1.165 408.11 11138." 19.7110 7.21 9.98 20e3 
48 0.01157 2.8906 1.145 422.4 1058.5 20.129 7.29 10.20 2011 
50 0.011&7 2.8269 1.125 437.1 11179.1 20.550 7.35 10.40 20GO 
52 0.0"~78 2.7656 1.104 452.1 1100.1 20.9&1. 7.41 10.59 1988 
510 0.01189 2.7071 1.083 467.3 1121.5 21.365 7.46 10.77 1977 
56 1l.01201 2.6515 1.061 4,13.0 1143.5 21.7&5 7.50 10.93 1966 
sa 0.01213 2.5990 1.01,.0 ~,'il1I.5 1165.5 22.151 7.52 11.07 1956 
60 0.0122" 2.5/099 1.018 51/0.3 1187.7 22.528 7.54 11.19 19 .. 6 

65 0.01255 2.4754 0.9691 554.2 1244.7 23.439 7.57 11.46 1935 

-'0 0.01287 2.3895 0.9170 594.9 1302.& 2".297 7.61 11.68 1916 
75 0.01319 2.3173 0.8665 63&.1 13&1.6 25.111 7.65 11.87 1897 
80 0.01352 2.2/038 0.8187 677.9 1421./0 25.88/0 7.70 12.07 18;'5 
85 0.01386 2.1803 0.7743 720.1 1482.2 2&.621 7.77 12.26 1855 
90 0.01/020 2.1219 0.7327 762.9 1543.9 27.327 7.85 12./04 1834 
95 0.01lt55 2.0737 0.6939 806.2 1606.6 28.004 7.94 12.61 1815 

100 0.011t91 2.0336 0.6579 850.0 1670.(; 28.655 8.0/0 12.77 1797 
120 0.01038 1.9310 0.5405 1032.8 1933.7 31.056 8.58 13./05 1740 
140 0.01790 l.888/O 0.4545 1222.9 2207.6 33.166 9.05 13.96 1707 

160 0.019/05 1.8907 0.3891 1/020.2 2/090.1 35.051 9.46 14.31 1691 
180 0.02102 1.9181 0.3390 1623.0 2778.9 36.751 9.81 14.57 1&88 
200 0.02257 1.959& 0.2998 1830.4 3072eD 38.295 10.09 14.76 1693 
220 0.021t13 2.0095 0.2685 2041.3 3368.6 39.709 10.32 14.91 1701t 
2 .. 0 0.02569 2.0&48 0.2431 2255.0 3&67.8 41.011 10.49 15.03 1720 
260 0.02721t 2.1280 0.2220 2470.7 3968.9 /02.216 10.63 15.09 1738 
260 0.02878 2.1975 0.2039 2687.9 4270.9 /03.335 10.73 15.12 17&0 
300 0.03039 2.2687 0.1899 2692.3 /0563.7 44.323 10.59 15.00 1792 
350 0.0342/0 2.4553 0.1&05 3/028.9 5311.9 /06.631 10.62 14.93 1857 
1t0O 0.0380,5 2.6466 O. 1390 3963.4 6056.3 48.619 10.62 14.85 1924 

ItSO 0.01t185 2.840/0 0.1228 4495.4 6796.9 50.363 10.59 14.77 19911 
500 rJ.OIt%2 3.0358 0.1100 5025.2 753/0.5 51.917 10.58 14.73 2056 
550 0.04939 3.2322 0.0997 5553.5 8269.8 53.319 10.57 14.&9 2120 
600 0.05315 3.429/0 0.0912 6081.2 9004.2 5/O.591t 10.57 14.&8 2182 
700 0.06065 3.8259 0.0779 713&.5 10472.0 56.860 10.60 14.69 2302 
aDo 0.061113 /0.2247 0.0681 8196.4 119/03.7 58.827 lO .67 llt.75 2416 
900 0.07562 /0.6252 0.0605 9265.2 13/024.1 &0.5&8 10.78 14.86 2524 

1000 0.08310 5.0272 0.0545 103/06.4 1/0910.7 &2.139 10.94 15.01 2627 
1200 0.09805 5.83/09 0.0/054 12562.5 17955.5 64.8911, 11.30 15.38 2818 
lltOO 0.11302 6.6/062 0.0389 1/0858.9 21074.8 67.300 11.73 15.80 2993 

1600 0.12798 7.4601 0.03/01 17239.8 24278.8 &9.1t46 1,2.16 16.24 3157 
1800 0.11t295 8.2760 o • 0303 1970/0.7 27567.1 71.377 12.57 16.66 3311 
2000 0.15793 9.0933 0.0273 22253.7 30939.9 73.164 12.97 17.06 3/059 
2500 0.195/08 11.1412 0.0219 28999.7 39751.0 77.077 14.19 18.33 379/0 
3000 0.2336/0 13.1933 0.0182 3&&02.2 /O945l.5 80.62/0 16.40 20.77 4087 
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THERPiOOlNAHIC pPOpr~TIES OF NORMAL HYOPOGEN C-:!a 

55.00 ItPA ISOBAR 

TEHPER~TURE DENSITY ~(OH/O~)p ~(DP/OU)V -V(OP/O~~r (O~/OT~/~ THERMAL VISCOSITY THE~I1Al OIElF:CT~lC PRANCTl 
CONDUCTIVITY OIFfUSI~ITY CONSTANT NUt1BER 

DE... K K:i/CU It KJ/KG ItPA-CU I1/KJ HPA 1I0E ... K W/K-M KG/H-'S SCI H/H~ 
X 10l X 103 X 10 7 

• '!&.&4& 94.5778 1952.1 0.22975 344.18&2 0.00380 2011.55 &01.&11 0.00107 1.31434 2. 1378 
a7 91t.1t505 1960.& 0.2281t9 342.57711 0.00181 209.&3 581.97 0.00107 1.31388 2.071,2 

28 91t.08'll 1983.8 0.22505 338.0217 0.001115 212.31 532.32 0.0010& 1.31257 1.9159 

29 93.7257 2005.4 0.22183 333.447& a.0038'i 211t.53 490.11t 0.0010& 1.31125 1.7832 
30 93.3597 2024.8 0.21889 328.8&12 0.00393 21&.35 454.00 11000105 1.30992 1. & 705 
31 92.9915 2043.5 0.21&02 321t.2&82 0.00397 217.00 422.79 0.00101t 1.30859 1.S809 
32 92.&212 20&' .• 2 0.2132& 319.&71,1 O.OOItOl 217.J8 395.&5 0.00l02 1.3072<; 1.50lt1 
33 92.21t89 2077.4 0.210&8 J15.0841 0.00lt05 217.52 371.90 0.00101 1.30590 1.4375 
31t 91.814& 2092.5 0.20822 310.5035 0.001t09 217.53 350.98 0.00100 1.301,55 1.3792 
35 91.4983 210&.& 0.20587 305.9372 0.00412 217.38 332.47 O. 00098 1.30319 1.3282 
3& 91.1202 2119.9 0.203&0 301.3902 O.OOltl& 217.07 315.99 0.00097 1.30183 1.2837 

37 90.7403 2132.2 0.20143 29&.8&12 0.00420 21&.&2 301.26 0.0009& 1.300lt& 1.2ltlt4 
38 90.35116 2142.8 0.19945 292.3729 0.00423 21&.01 288.03 0.00095 1.2990 II 1.2092 
39 89.97:;2 2151.8. 0.197&& 287.9111 0.001t27 215.42 27&.09 0.0009 .. 1.29770 1.1775 
itO 8'!1.5903 2159.8 0.1959& 283.1t879 0.00431 211t.&11 2&5.29 0.00093 1.29&31 1.1492 

42 88.81H 2111t.6 0.19266 271t.769& 0.00438 212.91t 21t6.52 O. 00091 1.29353 1.1020 
It It 88.0353 2189.0 0.1693& 2&&.2499 0.001,45 210.99 230.82 0.00089 1.29073 1.0&50 
It& 87.21t98 2209.8 0.18529 257.9587 0.00452 208.90 217.52 a.0008& 1.28791 1. 0390 
48 8&.4597 2225.9 0.18177 249.9233 0.001,58 206.71 20&.14 0.00084 1.28508 1.01&9 
50 85.&&57 221t0.l 0.17850 242.1&83 0.00l,&1t 204.1t8 196.31 0.00083 1.28221t 0.9987 
52 81,.8&87 2252.7 a .11541t 234.7155 0.00470 202.22 187.73 0.00081 1.2791,0 0.9635 
51t 81,.0&95 22&4.0 0.17259 227.5835 0.001,7& 199.9& 180.19 0.00079 1.27&55 0.970& 
56 83.2691 2273.7 0.16998 220.7875 0.001,81 197.72 173.51 O. 00078 1.21370 0.9592 
58 82.4&!l1 2281.4 0.161&1 ~14.3381 0.00485 195.51 '.&7.55 0.00077 1.27085 0.9485 
60 81.&&92 2289.4 0.l&51t2 21l8.21t46 0.001t89 193.&0 1&2.21 0.00 07& 1.2&801 0.9378 . 
65 79.&5&0 2330.9 0.1&012 197.1761 0.001t91 189.&8 150.116 QyOO075 1.2&088 0.9111 
70 77.711t0 23&&.1 0.15511t 185.6980 0.001,91, 185.88 142.'00 0.00011t 1.251t03 0.8925 
15 75.8132 21t07.1 o .1491t6 175.&818 0.00493 182.03 134.16 0.00073 1.21t735 0.8792 
80 13.9&77 2Itlo&.5 0.14374 165.9722 0.001t93 178.21 128.16 0.00072 1.24088 0.8717 
85 72.1&89 2490.& 0.13811 157.3462 0.001t92 171.48 123.6& 0.00072 1.23460 0.8539 
90 70.1t191 2537.4 0.13254 149.4223 0.00490 17&.41t 119.28 0.00072 1.22851 0.8412 
95 &8.7183 2589.9 0.12717 H2.S027 0.00487 175.29 115.48 i).OO073 1.222&1 0.83il8 

100 67.0133 2&47.9 0.12198 13&.4020 0.001t82 181.23 99.99 0.0007& 1 .• 21691 0.701,& 
lZ0 &1.0551 2933.1 0.10322 117.8980 0.001,58 190.&9 103.03 0.00081t 1.19625 0.7265 
140 5;;.8554 3238.9 0.08993 105.1t773 o.ooz..a 193.06 102.11 0.00089 1.17858 0.7381 

160 51.4027 3574.5 0.08000 9'7.1866 0.00400 193.19 100.14 0.00095 1.16359 0.7417 
180 47.5849 3923.3 0.07262 91.2726 0.00·311 193.19 98.34 0.00100 1.15084 0.741& 
200 1t4.2982 1t2 74.9 0.0&708 86.8068 0.110345 193.82 91.12 0.00107 1.13::194 0.73::17 
220 41.4370 4 621t.8 0.06281 83.2&88 0.OO~22 195.29 9&.51t 0.00111t 1.13051 0.7372 
ZItO 38.9298 49&7.9 0.05952 80.3804 0.00302 197.53 9&.56 0.00122 1.12229 0.731,5 
260 3&.7130 5312.9 0.05&88 18.1244 0.00281t 200.1t4 91.09 0.00130 1.1150& 0.7311 
280 34.741t2 5&&0.3 0.05471 16.3489 0.002&7 203.90 98.05 0.00140 1.1086& 0.7270 
300 32.90&1 5894.'+ 0.05450 74.651t0 0.00251t 207.82 99.36 0.00152 1.10272 0.7170 
350 29.2081t. &&71.& 0.05170 71.714& 0.00224 219.11 103.79 0.00181 1.r _082 0.7071 
'+00 2&.2794 1427.0 0.01t984 69.5512 0.Ou200 231.94 109.32 0.00214 1.08146 0.6998 

1t50 23.8972 81&9.1 0.04849 &7.8786 0.00181 21t5.78 115.54 0.00251 1.07388 0.691,& 
500 21.9189 8910.1 0.041'+3 6&.5409 0.001&5 260.45 122.19 0.00290 1.0&7&2 O. &909 
550 20.21t77 9&47.8 0.04657 &5.41t1t1t 0.00152 275.60 129.11 0.OO33:.J 1.0&23& 0.&883 
600 18.81&2 10388.7 0.01t584 &1t.5288 O.OOlltl 291.17 13&.19 0.00380 1.05786 0.&8&5 
100 1&.1t891t 11887.1t 0.041,60 &3.0813 0.00124 323.21 150.61 0.00 1t8 0 1.05058 0.&844 
800 llt.&711 131t25.5 0.01t350 &2 .. 00&0 0.00110 356.31 1&5.13 0.00593 1.04493 0.6835 
900 13.221t8 15018.1 0.D1t243 61.1673 0.00099 390.1t6 179.58 O. 00715 1.01t042 0.6833 

1000 12.031t3 1&671t.3 0.04138 60.1t995 0.00090 440.5&- 193.88 0.00878 1.03&71t 0.&605 
1200 10.1981t 20156.6 0.03938 59.506& 0.0007& 511.00 221.91 0.01173 1.03107 0.6677 
1400 8.8483 23874.1 0.03752 58.81l73 0.0006& 583,!5 249.10 0.01501 1.02&92 O. & 751 

1600 7.813& 27776.0 0.03587 58.2902 0.00058 &56.12 275.1t6 0.0111&1 1.02374 n, &819 
1800 &.9953 31809.1t 0.0341t7 57.0931 0.00052 729.20 301.05 0.02253 1.02121, O. &877 
2000 &.J319 35987.9 0.03324 57.5781 0.00047 803. &0 325.91t 0.02&78 1.01921 O. &920 
2500 5.1157 47783.0 0.03013 5&.9945 0.00038 1023,8& 3aS.52 0.03931 1.0155Q 0.&902 
3000 1t.2801 &1t306.& 0.02596 5&.4680 0.00032 1400.&1 ~42.39 0.05£>73 1.0129& 0.&559 
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C.Za THEPHOilYNAHIC PPOPERTIES OF NORHAL HYOPOGEN 

60.00 HPA IS013AR 

TEHPERATURE IIOLUHE ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CII CP VELOCITY 
IlEU\lATIIIE. OERIIiATIliE ENERGY OF SOUNO 

DEG. K CU H/KG CU H-HPA/KG "PA/K KJ/KG:-K KJ/t<G KJ/K,G-K K.! I KG-K HIS 

• 27.559 0.010/06 3.8220 1.33/0 295.1 922.7 15.027 6.0') 7./09 2169 
28 0.010/08 3.807/0 1.333 297./0 926.0 15.1/06 6.13 7.56 l1.67 
29 0.01052 .5.77"! 1.329 302.7 933.7 15./015 6.2J 7.73 21&/0 
30 0.01056 3.7/00/0 1.324 308.2 9/01.5 15.679 6.31 7.88 2161 
31 0.01060 3.7063 1.319 3U.7 9 .. 9./0 15.9/00 6./00 8.03 2157 
32 0.010&/0 .5. &720 1.313 319./0 957.5 16.197 &./06 8.18 2153 
33 0.010&8 3.637/0 1.306 325.2 9&5.6 16.451 6.55 8.32 2149 
34 0.01072 3.&02& 1.300 331.1 974.2 16.701 6.62 8./06 2144 
35 0.0107& 3.5&77 1.293 337.1 982.7 16.9/08 6.69 6.59 2140 
36 0.01080 3.5327 1.285 3/03.3 991.3 17.192 6.76 8.72 2135 
37 0.0108/0 3./0976 1.276 31,9.5 1000.! 17./033 6.82 8.85 2131 

as 0.01039 3.IoG25 1.270 355.8 1009.0 17.671 6.87 8.97 212G 
39 0.01093 3. /027 .. 1.21)1 3G2.2 1018.1 17.905 G.92 9.08 2121 
/00 0.0109& 3.392/0 1.253 3G8.7 1027.2 18.136 6.9& 9.19 2Ul; 

42 0.01107 3.3228 1.236 381.9 10/05.8 18.589 7.010 9./00 2107 
It It 0.0111& 3.25/01 1.217 395./0 1064.8 19.031 7.12 9.61 209G 
/0& 0.01125 3.18G/o 1.199 408.6 1063.7 19./052 7.22 9.85 208/0 
/08 0.01135 3.1202 1.180 /022.8 1103.G 19.875 7.30 10.0G 2073 
50 0.01145 3.0557 1.1GO "37.2 112".0 20.290 7.38 10.2G 20G2 
52 0.OH55 2.9932 1.140 .. 51.9 11 ..... 7 20.G96 7 ... ,. 10.45 2050 
5/0 0.011G5 2.9329 1.119 /oG6.8 11G5.7 21.094 7.49 10.62 2039 
56 0.01175 2.8751 1.099 482.2 1167.4 21."S9 7.53 10.78 2028 
56 0.0118& 2. 8t 99 1.078 "97.5 1209.1 21.870 7.56 10.92 2018 
60 0.01197 2.7G7& 1.057 513.0 1231.1 22.2"2 7.58 11.05 2006 

€IS 0.01225 2.6498 1.00 .. 552.2 1287.0 23.137 7.62 11.33 1985 
70 0.0125 .. 2.5870 0.9585 592.2 13 ..... 8 23.993 7.66 11.57 1977 

·75 0.012& .. 2.5083 0.9089 632.9 1 .. 03.2 2".799 7.71 11.i8 1958 
80 0.0131 .. 2 ... 47 .. 0.8616 67".2 1462.& 25.565 7.76 11.95 19 .. 1 
85 0.013"5 2.378 .. 0.8168 71G.0 1522.8 26.296 7.83 12.1" 1920 
90 0.0137& 2.320" 0.7751 75&.3 1584.0 26.99& 7.92 12.33 1901 
95 0.01'+08 2.2690 0.7361 801.3 1646.1 27.667 8.01 12.50 1882 

100 0.01"40 2.2209 0.699" 84 ... & 1709.0 28.312 8.11 12.68 1863 
120 0.01571, 2.1021 0.5771 1026.7 1971.1 30.699 8.65 13.36 1802 
litO 0.01712 2.0"11 0."886 1216.3 2243.& 32.799 9.11 13.91 17&5 

160 0.O185" 2.0338 0 ... 201 1413.5 2525.7 3 ... 680 9.52 14.29 1747 
180 0.0199:' 2.0523 0.3668 1616.6 281".1 36.378 9.87 14.57 17 .. 1 
200 0.02138 2.0865 0.3249 1824.4 3107.3 37.923 10.15 1 ... 77 17 .. 3 
220 0.02280 2.1322 0.2912 2035.9 340".0 39.337 10.37 14.92 1752 
21t0 0.02/022 2.1630 0.2638 2250.1 3703.4 40.6"0 10.54 15.03 17&4 
2&0 0.0256" 2.2396 0.2411 246&.4 400".7 41.8"6 10.66 15.11 1780 
280 0.02705 2.30 .. 3 0.2218 2684.2 4307.3 1+2.9&7 10.78 15.15 1800 
300 0.02852 2.37"& 0.2067 2868.5 "599.9 "3.953 10.63 15.02 1832 
350 0.03205 2.556 .. 0.1747 3426.4 5349.2 46.264 10.6& 14.95 1694 
1t00 0.0355 .. 2.74"1 0.151 .. 3961.9 6094.5 48.255 10.64 14.86 1958 

450 0.0390'2 2.9351 0.1337 "494.8 &836.0 50.001 10.62 14.79 2022 
500 0.0"248 3.1280 0.1197 5025." 7574.1 51.556 10.60 1".74 2065 
550 0.04593 3.3222 0.1085 5554.3 8310.0 52.959 10.59 14.70 2148 
600 0.11"9.37 3.5175 0.0992 6082.& <]3 ..... 7 54.235 10.59 14.68 2209 
700 0.05&24 3.9107 o.oa .. a 7138.8 10513.0 56.501 10.61 llt.&9 2326 
800 0.06309 4.3066 0.07 .. 1 6199.4 11985.0 58.4&9 10. &8 1".75 2438 
900 0.0&995 ... 70 .. 6 0.0659 92&8.7 13"65.5 60.211 10.80 1".86 2545 

1000 0.07&80 5.1045 0.0593 10350." 14958.2 61.781 10.95 15.01 2645 
1200 0.09050 5.9085 0.0494 12567.1 17997.0 & ... 532 11.31 15.38 2834 
1 .. 00 0.10420 &.7169 0.0424 148~3.9 21116.1 6&.9 .. 3 11.74 15.80 3007 

1600 0.11791 7.52 S" 0.03a 17245.1 24319.9 69.088 12.17 16.24 3170 
1800 0.1Jl~3 6.3423 0.0330 19710.2 27&08.0 71.018 12.58 16.66 3324 
2000 0.14535 ;1.1580 0.0297 22259.2 30960.3 72.805 12.97 17.06 3470 
2500 0.17976 11.2028 0.0238 29000.8 39766.2 76.717 1 ... 17 18.31 3804 
3000 o .l!471 13.2526 0.0199 3&577.3 49459.7 80.253 1&.31 20.6& .. 096 

• THO-PHASE BOUNDARY 



THERMODYNAMIC PROPERTIES OF NORMAL HYD~OGEN C-Za 

&0.00 HPA I:;OBAR 

TEHPERA TUKE DE 'lSI TV 'J (DH/OI/,p II IOP/DUI
V -1/ IOP/OI/'T, (JV/D;~(V THERMAL IIISCOSITY THERHAL DIElECTRIC PRANDTL 

CONDUCTI'JITY OIFFUSI'JITY CONSTAN T NUMBER 

DEG. K K:i/CU H KJ/KG HPA-CU H/KJ MPA 11 DEG. I( W/K-H KG/H::S SQ H/HR 
X 10l X 10 1 X 10/ 

• 27.559 95.5951 2051.5 0.22930 3&5.3&&5 o .00J&5 217.73 &3&.02 0.00109 1.31603 2.1685 
28 95.4408 2062.7 0.2277& 3&3.36&1 0.003&7 218.92 &10.44 0.00109 1.3171t7 2. 1 U 94 
29 95.08911 2087.0 0.22 It It 1 358.6802 0.00.510 221.30 558.99 0.00106 1.31020 1.9St7 
30 91t.73&8 2109.1 0.22131t 351t.3S38 0.00371t 223.25 515.11t O. 00108 1.311t92 1.8162 
31 910.3819 2130.5 0.21835 31t9.8125 0.00377 223.98 It 77 .1t8 0.0010" 1.31363 1.7119 
32 910.0253 2150.7 0.21550 31t5.2b15 0.00380 221t.1t3 1t1t1t.87 0.00105 1.31233 1.6209 
33 93.&&70 21&9.1t 0.21282 340.70&2 0.00383 221t.&1t 416.1t7 0.00104 1.31104 1.51t22 
31t 93.3070 218&.9 0.21028 33&.1516 0.00387 224.71 391.5& o. 00103 1.30973 1.4734 
35 92.91tS5 2203.2 0.20785 331.6027 0.00390 224.59 3&9.&0 0.00101 1.3Qa4.? 1.1t133 
3& 92.5821t 2218.8 0.20551 327.061t2 0.00393 221t.32 350.12 0.00100 1.30711 1.3609 
37 92.2179 2233.2 0.20328 322.51t06 0..00396 223.91 332.77 0.00099 1.30579 1.3146 

38 91.8519 2245.9 0.20123 318.03&7 0.00399 223.38 317.25 0.00098 1.301t1t7 1.2733 
39 91.48,,5 2256.7 0.19939 313.556& o .001t02 222.75 303.29 0.00097 1.30311t 1.2361 
40 91.1158 226&.5 0.19765 309.101t& o .001t05 222.03 290.69 C).00095 1.30181 1.2029 

42 90.371t& 22 81t.6 0.191t27 300.3011 0.001t11 220.31 268.91 0.00093 1.29911t 1.1474 
44 89.628& 2302.2 0.19091 291.6575 o .001t17 218.36 250.78 0.00091 1.2961t5 1.1037 
4& 88.8782 2326.3 0.18&79 283.202& 0.001t23 216.2& 235.52 0.00089 1.29375 1.0721t 
48 86.1239 231t5.1t 0.18323 271t.9&31t Q.OOIt29 214.06 222.53 0.00087 1.29105 1.01t59 
50 87. J663 2362.0 0.17993 266.961t2 0.U01t31t 211.80 211.35 0.00085 1.28833 1.0240 
52 8& .6059 2376.7 0.17687 259.2269 a.OO1t40 209.52 201.&6 O. 00063 1.26560 1.0058 
54 85.6 .. 34 238 '3.6 o .171t01 251.7707 0.001t1t5 20 7.22 193.17 0.00082 1.28266 0.9901t 
56 85.0795 2400.6 0.17140 21t4.6121 Q.OOItIt'3 204.94 185.&9 0.00080 1.26015 O. '3770 
58 81t.3151 2409.1 0.16910 237.761t2 0.001t53 202. &9 179.01t 0.00079 1.2771t2 0.961t7 
60 83.5509 2417.6 0.1&685 231.23&8 0.00457 20 O. 71t 173.11 O. 00078 1.271t70 0.9528 

65 81.6lt80 21t41.8 0.16132 216.351t0 0.001t&1t 19&.83 160.71 0.00077 1.2&791t 0.9251 
.70 79.7271t 2489.8 0.15696 206.2574 0.001t65 192.71 150.75 0.00,075 1.26111t 0.9051 

75 77 .8890 2531.7 0.15141 195.3693 a .001t65 188.70 I1t2.87 0.00071t 1.25465 0.8917 
80 7&.0998 2583.7 0.11t585 166.2454 0.001t63 181t.79 13& .. 37 0.00073 1.21t835 0.8820 
85 74.J6J1 2629.5 0.14025 176.861t4 0.C01t62 183.99 130.91 0.00073 1.21t22& 0.861t0 
90 72.6&&9 2682.1 0.131t74 168.6176 0.001t60 182.91 126.21 0.00071t 1.23&31t 0.8507 
95 71.0221 2737.6 0.12943 161.11t71t 0.001t57 181.73 122.1& 0.00074 1.23060 0.81t05 

100 &9.4259 2795.3 0.121t22 151t.1877 0.00451t 188.54 101t.23 0.00077 1.22506 0.7010 
120 &3.5332 3091.1 0.10505 133.5510 0.001t32 198.19 107.32 O. 00081t 1.201t73 0.7233 
140 58.1t025 3394.0 0.09183 ':'19.2041 a .001t1O 200.26 106.17 0.00089 1.18721 0.7376 

160 53.9490 3733.? 0.08177 IJ9.7236 ~ .00363 199.90 103.88 0.00093 1.17215 0.71+26 
180 5il .10 &2 "081t.0 0.071t19 102.8327 0.00357 199.37 101.75 0.00098 1.15925 0.7434 
200 It&. 770 7 4436.& 0.0&847 97.5868 0.00333 199.48 100.21 0.00104 1.11t813 0.71t20 
220 43.8538 It 790.4 0.061t04 93.5038 0.00311 200.48 99.35 0.00 110 101381t7 0.7391t 
240 Itl.281t3 5135.7 0.0&061 90.121tl 0.00293 202.30 9'3.12 0.00117 1.13001 0.730& 
260 39.0033 5476.2 0.05789 87.3592 0.00276 204.64 99.1t4 0.00125 1.12253 0.7337 
280 3&.9&07 5819.2 0.055&7 85.1829 0.00260 208.01 100.22 0.00131t 1.11589 0.7301 
300 35.0602 601t8.3 0.05549 83.2541 o .0021t8 211.&8 101.38 0.0011t5 1.10969 0.7191t 
350 31.2041 6825.3 0.05254 79.7700 0.00219 222.55 105.55 0.00172 1. 09723 0.7069 
400 28.1346 7580.6 0.05055 77.2052 0.00196 235.19 110.95 O. 00202 1.08738 0.7012 

450 25.&289 8322.7 1).01t912 75.2225 0.00178 249.01 117.13 0.00237 1.07938 0.6'356 
500 23.5411t 9063.& ',.01t797 73.6366 0.00163 263.78 123.80 0.00271t 1.07276 0.6917 
550 21.7735 9801.1 fI.01t706 72.3365 0.00150 279.12 130.78 0.0031ft 1.06717 0.6889 
600 20.2558 10541.9 iJ.04&27 71.2505 0.00139 294.95 137.98 0.00357 1.06238 0.66&9 
700 17.7820 12040.1 0.04495 69.5398 0.00122 327.68 152.70 0.00452 1. 054&2 0.661t& 
800 15.81t9~ 1357?7 0.04379 66.2560 0.00109 361.63 167.59 0.00557 1.04656 0.6836 
900 110.2966 1; :,70.0 0.042&8 67.2599 0.00098 39&075 182.1t7 0.00672 1.01t375 0.6834 

1000 13.0213 161.l26.3 0.04159 66.4668 0.00069 1t1t0.56 197.21t 0.00812 1.03'l79 0.6720 
1200 11.01t99 20 309.2 0.03955 &5.2883 o .00076 511.00 226.2& O. 01083 1.03369 0.6808 
1400 9.5966 24027.9 0.037&5 64.1t590 0.00066 583.15 251t.47 0.01381t 1.02922 0.68'37 

1600 8.1t801' 27931.1 0.035'38 63.81t&6 0.00058 656.12 281.88 0.01715 1.02579 0.6978 
1600 7.5971 319&4.9 0.031t56 63.3171 0.00052 729.16 308.52 0.02075 1.02308 0.7047 
2000 &.8796 3& 1ftl.1t 0.03332 63.0051t 0.00047 803.1t3 331t.1t5 0.021t&1t 1.02088 0.:'102 
2500 5.5&31 1t7888.9 0.03022 62.3218 o • 00038 1021.73 396.58 0.03612 1.01&8& 0.7105 
3000 4.6575 61t183.0 0.02615 61.721t1t o • 00032 1389.57 455.88 0.05198 1.011tl0 0.6780 

~ TWO-PHASE BOUNDARY 



Cola THERHODYN~HIC PROPE~TIES OF NDRHAL HYOPOGEN 

ft5.QO HPA ISO~AR 

TEHPERAlURE ~OLUHE 150THf.RH ISOCHORE INTERNAL ENTHALPY ENTROPY CII CP ~ELOCITV 

OERI\lATI~E OERlvAUVE ENERGY OF SOUND 
OEG. K ::U H/KG CU H-MPA/KG HPAIK KJ/KG-K KJ/e<G KJ/KG-K . KJ 1 KG-I( HIS 

• 2a ..... 9 0.01036 4.0022 1.362 303.1 97&.2 15.079 6.16 7.S1 2218 
29 0.01038 3.9846 1.359 30&.0 98ol.4 15.226 6.21 7.66 2217 
30 0.lll041 3.9524 1.355 . 311.3 981l.Z 15.488 6.30 7.81 Z213 
31 0.OU4S 3.9191 1.3:49 316.8 99&.0 '-5.71t6 &.39 7.9& Z210 
32 0.0101t9 3.88&1 1.343 322.4 1001t.l 1&.001 &.1t7 8.10 2206 
33 0.01053 3.8531t 1.337 328.0 1012.2 16.253 &.55 a.24 2203 
34 0.0105& 3.8198 1.330 333.8 1020.5 16.501 &.62 8.38 2199 
35 0.010&0 3.78&0 1.323 339.7 1029.0 16.71t6 6.69 a.51 2195 
36 0.010&1t 3.7520 1.316 3"5.7 1037.& 16.987 6.75 8.63 2190 
37 0.010&8 3.7179 1.309 351.8 101t&.3 17.226 6.81 a.7& 2186 
38 0.01072 3.6836 1..301 358.0 1055.1 17."61 6.87 8.88 2182 

39 0.0107& 3.6494 1.293 364.3 1064.0 17.693 6.92 a.99 2177 
40 O.Olil81 3.6151 1.284 370.7 1073.1 17.92:!t 6.9& 9.09 2173 

42 0.01089 3.5468 1.267 383.6 1091.5 18.370 7.01t 9.30 2164 
44 0.01098 3.4788 1.249 39&.9 1110.3 18.807 7.13 9.50 2154 
46 0.0110& 3.4117 1.231 409.9 1129.0 19.222 7.23 9.73 2143 
4a 0.01115 3.345& 1.l12 423.8 1148.& 19.61tl 7.32 9.94 2132 
50 0.0112" 3.2809 1.193 437.9 11&a.7 20.051 7.40 10.14 2121 
52 0.01134 3.21 i7 1.174 452.4 1189.2 20.452 7.4& 10.32 2UO 
Sit 0.01143 3.15&4 1.154 467.0 1210.0 20.81t5 7.52 10.50 2099 
56 1l.01153 3.0971 1.131) 482.2 1231.4 21.236 7.57 10 .&5 2088 
58 0.011&2 3.0401. 1.113 497.2 1252.8 21.612 7.59 10.79 Z078 
60 0.01112 2.9855 1.093 512.5 1271t.6 21.980 7.62 10.92 Z068 

65 0.01198 2.8605 1.041 551.1 1329.9 22.8&1t 7.67 11.21 2044 
70 0.01Z25 2.7527 0.989& 590.5 138&.6 23.705 7.72 11.1t5 2021 
75 0.01253 Z.6981t 0.9479 630.7 1445.1 24.512 7.76 11.6~ 2015 

-80 0.01281 2.6250 0.900& 671.5 1501t.0 25.2t3 7.82 11.88 1996 
85 0.01309 2.572& 0.85&1 712.9 1563.9 25.999 7.9a 12.05 19.81 
90 0.01338 2.5105 0.8141 754.9 1&24.6 26.693 7.98 12.23 1962 
95 0.013&7 2.4550 0.7749 797.5 1&8&.2 Z7.359 8.01 12.42 1943 

100 0.01397 2.4081 0.7382 840.7 1748.8 28.000 8.18 12.59 192& 
120 a.01519 2.2&9& 0.&121 1021.8 2009.3 30.373 8.72 13.29 1860 
149 0.il161t6 2.1952 0.5204 1210.8 2280.6 32.4&3 9.18 13.85 le2a 

160 0.01175 2.1154 0.4500 1407.9 2561.9 34.340 9.58 14.28 1800 
180 0.0190& 2.1875 0.3937 1611.3 2850.3 3&.038 9.93 14.5& 1791 
2011 0.02037 Z.Z138 0.3493 1819.5 3143.4 3r.582 10.20 14.77 1790 
220 ?021&8 Z.254& 0.3134 2031.3 3440.2 38.997 10.43 14.93 1797 
240 0.02298 2.3018 0,2841 2246.0 3739.8 40.300 10. &0 15.04 1807 
2&0 0.02/t28 2.3531 0.2597 24&2.9 4041.3 41.507 10.73 15.1Z 1821 
280 0.02558 Z.4115 0.2392 2&81.2 43/t/t.l 42.&~9 10.83 15.18 1838 
300 0.02&94 2.4814 0.223/t 2885.3 4&30.4 43.&13 10.&& 15.04 1811 
350 0.03019 2.6583 0.1888 3424.3 538&.8 45.927 10.&9 14.97 1929 
400 0.03342 2.8423 0.163& 39&0.8 6132.9 47.921 10.61 14.88 1991 

ItSO 0.035&2 3.0302 0.1445 4494.6 &875.1 1,;9.&&8 10. &4 14.80 2053 
SOO 0.03981 3.2205 0.1291t 5025.9 1&13.9 51.224 10. &3 llt.75 2114 
550 0.04300 3.4125 0.1173 5555.5 8350.2 52.&29 10.61 14.71 2175 
600 o .0/t&17 3. &058 0.1013 &084.3 9085.3 53.905 10.&1 1/t.&9 2234 
700 0.05250 3.9954 0.0917 7141.4 10554.0 5& .172 10.&3 14.&9 2350 
800 0.05883 4.3882 0.0801 8Z02.7 1202&.3 58.140 10.70 14.75 Z460 
900 0.0&514 1t.783& 0.0712 9272.6 1350&.9 59.882 10.81 14.8f; 2564 

1000 0.07145 5.1811 0.0&41 10354.1 14999.& &1.452 10.9& 15.01 2&64 
1200 0.081tl0 5.9812 0.0534 12572.0 18038.3 &4.Z03 11.32 15.37 2850 
1400 0.09&71t ;;.78&4 0.0458 14869.3 21157.3 6&.613 11.75 15.80 3022 

1600 0.10939 7.5953 0.0402 17250.8 24360.9 &8.759 12.18 16.24 3183 
1800 0.12204 8.4011 0.0351 1971&.2 21&48.8 70.&89 12.58 1&.&5 3335 
2000 0.13470 9.2210 0.0322 222&5.1 31020.& 1Z.47& 12.98 17 .0& 3481 
2500 0.1&&44 11.2&23 0.OZ58 29003.0 39821.8 16.385 14.16 18.29 3814 
3000 11.198&7 13.31196 0.0215 3&55&.7 49470.5 79.913 16.24 20.57 410& 

• TWO-PHASE BOUNOA~r 
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THERMOJYNAMIC PROPE~rIES OF NORMAL HYDROGEN C-2a 

6S.DD MPA ISOBAR 
'~, 

TE"PERATURE DENSITY V ClHt/OV'p V CDP/DU'V -V CDP/DV'T CDV?OT\fV THERMAL vISCOSITY THERHAL DIELECTRIC PRAtllHL 
,;.: 

CONOUCTIIII TY DIFFUSIVITY CONSTANT NUMBf.R 
DEG. K "G/CU M KJ/KG HPA-CU H/KJ MPA 1/DEG. K I//K-I1 KG/H-S sa H/HR 

x 10 2 X 10 3 X 10 7 

• 28.,,) .. 9 9&.5&6& 2149.1 0.22891 38&.48il8 0.00352 226.54 671.06 0.00112 1.32151 2. 24Z~ 

29 9& .3788 21&3.7 o .. 2U08 384.0341 0.0035" 221.111 631.85 o. 00111 1.32089 2.1438 

30 9&.03&9 2168.5 0.22388 379~5138 0.00J51 229.95 584.16 0.00110 1.31964 1.98&0 

J1 95.6934 2212.5 0.22011 315.0909 0.003&0 230.71 539.311 0.00109 1.31839 1.8601 

32 95.3 .. 85 2235.3 0.21781 370.5907 0.00362 2J1.29 500.29 0.001015 1.31114 1.7527 

33 95.0022 225&.5 0.21502 3&&.0185 0.00365 231.55 466.38 0.00106 1.31~88 1.6601 
34 910.&5105 221&.10 0.21239 3&1.5592 0 .. 00368 231.61 436.111 0.0010, 1.314&2 1.57~3 

3, 910.305& 2295.0 0.20988 3,7.0376 O.OOJ11 231.&0 410.18 0.00104 1.3133, 1.5089 
3& 93.9,510 2312.8 0.2014& 352.5185 0.00313 231.36 381.8:1. 0.00103 1.312011 1.4474 

37 93.&0100 2329.4 0.2051& 348.00b4 0.0031& 231l.91 361.42 0.00101 1.31081 1.3933 
;sa 93.2515 2344.2 0.20305 343.5058 0.00379 230.41 349.23 0.00100 1.30953 1.3450 

39 92.8919 2356.'; 0.20115 339.0208 0.00381 229.85 332.94 0.000'19 1.30825 1.3016 
40 92.51t32 2368.5 0.19935 334.5551 0.00384 229.14 3111.21 0.00098 1.30&91 1.2629 

102 91.830& 2390.2 0.195119 32,.1010 0.00389 221.42 293.03 0.00096 1.30439 1.1981 
44 91.1142 2411.0 0.19245 316.9722 0.00394 225.41 212.14 0.00094 1.30180 1.1470 
4& 90.3942 2438.1 0.1882& 308.3918 0.00399 223.3& 254.& .. 0.00091 1.29921 1.1098 
48 89.&110 2"60.8 0.18'+65 J1l0.0041 0.00404 221.14 239.82 a.00089 1.29&&0 1.01S4 
50 88.9 .. 50 2"80.1 0.18132 291.8155 ·0.00409 218.85 221.13 O. 00081 1.29399 1.0524 
52 88.21&5 2491.2 0.17822 283.85'+0 0.00"13 216.53 21&.11 iJ.0008& 1.29138 1.0307 
54 81.48,,2 2512.2 0.17535 27&.1393 0.00"18 214.20 206.&2 iJ.00084 1.2887& 1.0125 
56 8&.15"& 252".9 Q.17 213 2&8.6881 0.00422 211.88 198.24 0.00083 1.28&1 .. 0.99&7 

58 8£>.0223 2534.5 0.11042 2&1.5165 0.00 .. 2& 209.58 190.83 0.00U81 1.28352 0.9825 

60 85.2899 251.0".1 0.1&818 25".&3"5 0.00"29 2117.59 181t.23 0.a0081l 1.28090 0.9690 

65 83.4&31 2569.1 0.162&4 238.1481 0.00436 203.&0 110.54 0.00018 1.21439 0.9386 

JO 81.&539 2600.8· 0.15108 224.1119 0.0041t0 199.51 159.83 0.00977 1.2&19& 0.9113 
15 19.8094 2&51t .4 0.15300 215.3549 0.00"40. 195.13 150.9" J.00015 1.2&143 0.9037 
80 18.0155 2103.1 0.14145 204.9503 0.00439 191.08 1/.3;92 0.0001" 1.25531 0.89 .. 7 
85 1&.3829 216".9 0 •. 14195 19&.5034 0.001)3& 190.22 1311.02 0.0001" 1.2"935 0.871,0 

90 14.7314 2819.& 0.13&49 187.&2&4 0.00"34 189.10 133.01 il.00074 1.2"358 0.8&05 
95 13.1402 2877.1 0.13125 119.5&26 0.00"32 181.89 128.69 0.00014 1.23799 0.850" 

100 11.5815 2941.0 0.12&12 112."154 0.00"28 195.52 108.30 0.00078 1.23255 0.&975 
120 &5.8245 3244.1 0.10&&5 149.3972 0.00"10 205 ... 1 111 ... ' 0.00085 1.212&1 0.121" 
140 &0.1&42 3551.1 0.09333 133.3902 0.00390 201.23 110.13 0.00089 1.19525 0.13&3 

160 5&,,32&5 3886.2 0.08335 122.5338 0.003&1 20&.43 101.55 0.00092 1.18011 0.11,39 
180 52."598 4244.3 0.015&0 114.1553 0.1l0343 205 ... 0 105.10 1l.00091 1.1&11 .. 0.1"51 
200 4~. 09&8 4591.8 0.0&913 108.6924 0.00321 205.03 103.21 0.00102 1.15588 0.1 .... 2 
220 .. &.1349 "954.4 0.0&511 1040·01 .. , 0.00301 205.58 102.14 0.00107 1.14&02 0.1"11 
240 43.51"8 5303.1 0.0&1&1 100.1&1& 0.00284 201.01 101.&1 1l.00114 1.1313& 0.7381 
260 41.1801 5&42.7 0.05819 9&.9032 0.00268 209.22 101.19 0.00121 1.129&7 0.73",6 
2110 39.0881 5980.3 0.05&52 91,.2&13 0.00251, 212.10 102.40 0.00129 1.12281 0.1321 
300 31.1199 &201." 0.05&1,5 92.1109 lI.b024.1 215.52 103.42 0.00139 1.11&39 0.121& 
350 33.1220 ,,916.6 0.05335 88.0418 0.00214 225.9'l 101.33 0.001&4 1.i9341 0.1108 
400 29.9249 1133.9 0.0512" 85.0545 0.00192 238",+3 112.59 0.00193 1.09Z12 0.7021 

4511 21.3054 841&.0 0.04912 82.1398 0.00115 252.21 118.11 0.00225 1.08"'3 0.&961 
;:: 

500 25.11&1 9216.9 0.01t850 80.8680 0.001&0 2f.1.01 125."0 0.002&0 1.0717& 0.6925 
550 23.2585 995".4 0.04152 19.3&92 0.0011,8 2b'2.59 132 ... 5 0.00291 1.0118& O. &895 
600 21.&591 10 &95.0 0.04&69 18.1000 0.00137 29~.&1 139.15 0.00338 1.06&31 0.&873 
100 19.04&9 12192.9 0.04529 7&.0993 0.00121 332.09 1~".11 0.1'0427 1.05858 O. &81,8 
,SOD 1&.9995 13130.1 0.04401 14.59&7 0.00107 3&&.90 170.01t 0.00527 1.05211 0.6637 
\100 15.3506 15322.1 0.0"291 13.4304 0.00091 403.01 185.35 0.0063& 1.0"703 0.&834 

1C100 13.993& 1&918." 0.04119 12.5016 0.00088 440.56 200.&0 0.00155 1.0l,Z81 0.6834 
1200 11.6910 20 "&1.6 0.039&9 71.1211 0.00075 511.00 230.&4 G.Ol00& 1.03629 O. &9,,0 

1400 10.3371 21t181.4 0.03116 10.1511 0.000&5 583.15· 259.95 0.01285 1.03150 0.10"" 

1600 ~.1"20 28085.5 0.03601 &9.43&2 0.00058 65&.11 288.41 0.01591 1.02782 0.7140 
18llrJ 8.1941 32119.& 0.034&4 &8.888" 0.00052 129v12 31&.23 0.01923 1.02491 0.7223 
2000 1.4239 3&294.2 0.03339 &8.4555 0.00041 11:;,$ .. 28 3"3.21 0.02284 1.02255 0.7289 
2500 &.0081 1t,999.& 0.03030 &1.&& .. 6 0.00038 1019.85 408.13 0.033"2 1.01822 0.1318 
3000 5.0333 &4091.2 0.02631 66.9921 0.00032 1319.61 410.07 0.04197 1.01525 0.1009 

• TWO-PHASE BOUNOAR~ 
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C-Za ThERHOOf.NAI'tIC PROPE~TIES OF NORKAl HYDROGEN 

10.1111 "PA ISOBU 

TEI'tPERATURE ~OLU"E IS OTHER" ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP ~ELOCITY 

DERI\/ATI~E DERIWATI~E ENERGY OF SOUND 
OEG. K CU "'KG CU "-"PA/~G "PA/K KJ/KG-K KJ/KG KJ/KG-K KJ I K(;-K ""IS 

" 29.315 0.01026 It .1801 1.389 311.2 1029.2 15.130 6.22 1.65 2266 
30 0.011128 1t.1590 1.385 3110.8 10310.5 15.307 6.29 1.15 22610 
31 0.01032 ~ .1218 1.380 320.2 10102.3 15.563 6.31 1.90 2261 
32 0.01035 It. 0961 1.3110 325.6 1050.2 15.1116 6.46 8.04 2258 
J3 0.111039 ".0&40 1.368 331.2 1058.4 16.066 6.5" 8.UI 2254 
310 0.0104Z ".0316 1.361 336.9 106&.& 16.312 6.61 8.31 2251 
3!i 0.010"6 3.9989 1.35" 3"2.1 1015.0 16.555 6.68 8 ... 4 221t7 
3& 0.01050 3.9&&0 1.3"& 3108.& 1083.5 16.19 .. 6.15 8.56 2243 
37 0.010510 3.9329 1.339 35".6 1092.1 17.031 6.81 8.68 2239 
38 0.Cl051 3.899& 1.331 3&0.7 1100.8 17.264 6.111 8.80 2235 
39 0.01061 3.8&63 1.323 3&&.8 1109.1 17.1t91o 6.92 8.91 2231 

ItO 0.01065 3.8328 1.315 373.1 1118.1 17.121 6.96 9.01 2227 

1t2 0.01073 3.7&58 1.298 385.8 1136.9 18.165 7.05 9.21 22111 
10 It 0.01081 3. &990 1.280 398.8 1155.5 18.598 7.13 9.101 2209 
106 0.01089 3.&32& 1.2&2 .. 11.6 117".0 19.009 7.25 9.&" 2198 
1t8 0.01097 3.5&&9 1.2"10 1025.3 1193.5 19.1t24 7.310 9.alo 21118 
50 0.01106 3.5023 1.225 1039.2 1213." 19.830 7.42 10.0 .. 2177 
52 0.01115 3.10389 1.20& "53." 1233.& 20.227 7."9 10.22 216& 
510 0.01123 3.3770 1.186 1t67.9 125 ... 2 20.615 7.5" 10.38 2156 
56 0.01132 3.3169 1.167 1082.8 1275.10 21.002 7.59 10.510 21106 
58 0.011101 3.258& 1.1"7 1097.& 129&.& 21.37 .. 7.&3 10.68 2136 
&0 0.01151 3.202" 1.127 512.6 1316.1 21.738 7.&5 10.80 2126 

65 0.0117 .. 3.0721 1.076 550.8 1372.9 22.613 7.71 11.09 2102 
70 0.01199 2.9572 1.02& 589.7 1 .. 29.a 23 ..... 5 7.71 11.35 2078 
75 0.0122" 2.8583 0.97510 629.3 1 .. 8&.3 2 ... 23& 7.82 11.56 2056 
80 0.01251 2.810 .. 0.9375 &&9.7 1545.7 25.002 7.88 11.80 2051 

-85 0.01278 2.7389 0.8922 710.7 1&05.1 25.723 7.9& 11.99 2031 
1)0 O.OllO" 2. &879 0.8500 752.4 1&&5.5 2&."14 8.05 12.1& 201& 
95 0.01331 2. &388 0.8108 794.7 172&.7 27.075 8.14 12.33 2000 

100 0.01359 2.585& 0.7738 837.6 1788.9 27.713 8.24 12.52 1982 
120 11.011072 2.41019 0.&4610 103.8.0 2048.2 30.075 8.79 13.24 1918 
litO 0.01588 2.3"28 0.5 .. 9& 120&.& 2318.2 32.154 9.25 13.80 1870 

160 0.01708 2.308& 0."180 1403.3 2598.8 34.02& 9.65 14.27 181t8 
1&0 0.01829 2.3219 0.4199 1606.9 2887.1 35.7210 9.99 110.56 1840 
200 0.01950 2.3430 0.3730 1815.3 3180.1 31.2&7 10.2& 1".77 1837 
220 0.02071 2.37&1 0.3350 2027.& 3471.0 38.&82 10.48 14.94 1840 
240 0.02191 2.4198 0.3039 2242.8 377&.7 39.987 10.65 "15.05 181t9 

~. 
2&0 0.02312 2.4&81 0.2779 24&0.1 4078.4 41.194 10.78 15.13 18&1 
UO 0.02"32 2.5196 0.25&1 2678.9 43111.4 '.2.311 10.88 15.19 187& 
300 0.02558 2.5891 0.2399 2882.6 4673.3 43.298 10.&9 15.0& 1909 
350 0.028&0 2.7&09 0.2029 3 .. 22.& 5424.5 45.&16 10.72 14.98 19&5 
1t00 0.03159 2.9409 0.1758 39&0.1 &171.5 47.&11 10.70 llt.90 2023 

1t50 0.03 .. 51 3.1257 0.1552 44910.7 &91 ... 4 49.3&0 10.&7 14.81 2083 
500 0.03753 3.3133 0.1391 502&.8 7653.7 50.918 10.&5 14.7& 2143 
550 0.Olt04"8 3.5030 0.12&0 5557.0 8390.4 52.323 10.&3 14.72 2202 
600 0.0 .. 3 .. 2 3. &9101 0.1153 &08&.3 9125.9 53.599 10.63 1 ... 70 2260 
700 0.0"930 4.0800 0.0985 7144.3 10595.1 55.8&1 10.&5 14.70 2313 
800 0.055.1& 4.4&95 0.08&1 8206.3 120&7.& 57.1135 10.72 14.75 2481 
900 0.0&102 ... 8&111 0.07&5 927&.7 135"8.3 59.518 10.82 14.8& 2583 

1000 0.0&&88 5.2571 0.0&89 10359.3 15041.1 &1.148 10.97 15.01 2&81 
1200 0.078&0 &.0529 0.0574 12577.4 18079.7 &3.899 11.33 15.37 2865 
1400 0.09033 ".8547 0.0493 14875.2 21198 ... &6.309 11.7& 15.80 3035 

1600 0.10207 7. &&09 0.0432 17257.0 24"01.8 68.45'" 12.19 16.210 3195 
1800 0.11381 8.4703 0.038" 19722.6 27689.3 70.38" 12.59 16.&5 3347 
2000 0.12:;5& 9.2822 0.034& 22271.& 31060.8 72.171 12.99 11.05 3491 
2500 0.15502 11.3197 0.0217 29QO&.2 39851.6 76.018 110 .15 18.21 3823 
3000 0.111"92 13.3&4 .. 0.0231 3&539.5 49 .. 8 ... 2 79.598 16.17 20.49 4114 

• TWO-PHASE BOUNOA~r 
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THERI10DYNAI1IC PROPEItTIES OF' NORI1Al HYOROCEN C-2a 

70.00 "PI lSOaa~ 

TE"PERATURE OENSIH V COH/OV'p V COP/OU'V -V COP/OV'r COV/OT\fV THER"al VISCOSITY THERI1Al OIElECTRIC PRANOTL 
CONOUCTHITY OIFFUSIV'nY 'CONSTANT NUlt6ER 

OECt. K Kti/CU 11 KJ/KCt "PA-CU It/KJ 
X 1D Z 

"PA 1I0EG. K W/K-11 
)( 103 

KG/It-S 
X 10 7 

SQ .M/HR 

• 29.318 97.109&7 221010.6 0.22878 1007.51051 O.OOJIol 235.03 706.61 0.00111 1.321096 2.2999 
30 9r .2&98 2263.3 0.22652 "010.5479 0.003102 236."8 66".21 0.00113 1.32"13 2.1766 
31 9&.93&2 2289.9 0.22328 "00.1290 /).003 .. 5 237.38 609.63 0.00112 1.32292 2.0260 
32 9& .&0 13 2315.3 0.22019 395.6857 0.003107 237.96 562.8" 0.00110 1.32170 1.9015 
JJ 9&.Z&54 2339.0 0.21730 391.2231 0.00350 238.211 522 ..... 1).00109 1.320107 1.7927 
31t 95.92113 2361.3 0.21457 38&.7 .. 6 .. 0.00352 238.

'
, .. "87.31 0.00108 1.31925 1.6961 

35 95.5903 2382.3 0.21197 382.2602 0.00354 2311.41 456.58 0.0010& 1.31602 1.6158 
3& 95.2513 2 "02 ... 0.2094& 377.7&'33 0.0035& 238.20 "29.5" 0.00105 1.31678 1.51041 
37 910.9113 2"21.2 0.20708 373.2781 0.00359 237.8" ,.05.62 0.00104 1.31555 1.4811 
38 94.5704 21oZ8.0 0.20"90 368.7910 0.00361 237.3" 311".35 0.00103 1.31431 1 ... 249 
39 9 ... 2287 2"5:?.7 0.2029" 364.3122 0.00363 23&.7" 365.36 O. OU02 1.31307 1.37106 

itO 93.118&0 2"66.2 0.20109 !59.1I1059 0.003&5 236.0 .. 3"11.32 0.00100 1.31183 1.3297 

102 93.19810 2 .. 91.:. 0.19752 350.96&4 O.OOHO 23".32 319.11 11.00098 1. J0934 1.2546 
It 10 92.5077 2515.7 0.19399 342.1825 0.0037" 232.35 295.011 0.0009& 1.306810 1.1952 
.. 6 91.81 .. 1 25"7.0 0.18972 333.5225 1).003711 230.22 275.01t 0.00094 1.301033 1.1515 
.. II 91.1180 2572.3 0.18605 325.0125 0.00383 227.97 258.15 il.1)0092 1.30152 1.11106 
50 90."19& 259".6 0.18267 316.67&9 0.00387 225~&5 2 .. 3.7& 0.00090 1.29930 1.08"0 
52 89.7192 2&14.2 0.1795" 308.5377 0.00391 223.30 231.37 0.00088 1.29&78 1.0585 
5 .. 89.0173 2631.5 0.17&& .. 300.6150 0.00395 220.93 220.63 a. 0008& 1.29425 1.0371 
56 88; 3142 261t6.1 0.17"00 292.9268 1).00398 '218.56 211.2" 0.00085 1.29173 1.018& 
511 87.&U5 2&57.3 0.17168 285 ... 88ft 0.001002 216.21 202.97 0.00083 1.28920 1.0021 
60 8& .90&& 2&&8.2: 0.1&9103 278.3130 0.00405 214.18 195.6" 0.00082 1.28&68 0.9868 

65 115.1501 269&.2 0.1&388 2&1.58&9 0.001011 210.11 180.52 1).00080 1.280100 0.9532 
70 83 .100&1 2728.9 0.15830 24&.&50ft 0.0041& 205.92 1&8.78 0 .. 00 078 1.271018 0.9301 

.75 81.&851 27&8.1 0.152&4 233.'+795 0.00418 201.&3 159."1 O.OOp77 1.2&807 0.91102 
110 7'3.9139 2826.& 0.148810 2210.5879 0.001011: 197.14 151.41 0.00075 1.2&180 0.90&2 
115 78.2&93 2881.0 0.110325 2110.3757 0.00101& 19&.25 1105.·08 0.00075 1.25599 0.88&5 
gO 7&.&&35 29"8.2 0.13782 206.0676 0.(10413 195.08 139.71 0.00075 1.25033 0.8710 
95 7;;.10ft8 301".8 0.13266 198.187 .. 0.00"09 193.81 135.10 0.00075 1.210108& 0.8597 

100 73.51171 3078.2 0.12758 190.2657 0.001007 202.20 112.22 3.00079 1.23955 0.&9108 
120 67.910810 3398.3 0.10820 165.9205 0.00:';90 212.38 115.50 0.00085 1.219910 0.7200 
1 .. 0 62.9718 3703.& 0.0910"1 147.50$32 a .00Hl 213.99 1110.00 0.000119 1.20280 0.7350 

160 58.55&2 403".0 0.08"63 135.1813 0.00354 212.77 111.15 0.00092 1.1877 3 0.7 .. 52 
1110 54.&7810 10"01.9 0.07689 126.958" 0.00331 211.28 108.41 0.0009& 1.1710&0 0.7"&9 
200 51.2917 H&0.5 0.0708& 120.17108 0.00310 210.4& 10&.29 0.00100 1.1&322 0.710&1 
220 "8.21)1t8 5117 .0 0.06&19 11".780& 0.00292 210.&0 10".90 0.00105 1.15320 0.7 .. '-0 
2ltO 45.6339 5 .. &8.& 0.0&252 110 ... 232 0.00275 211.66 1010.21 0.00111 1.110103& 0.71010 
2&0 103.2550 5811.7 0.05960 10&.75&5 0.002&0 21Z.5 .. 1010.13 0.00117 1.13&50 0.7378 
280 101.11&" :'11t4.& 0.05725 103.5957 0.00247 21&.15 10 ".58 0.00125 1.12910& 0.73108 
300 3'3.09210 :. 353.7 0.05737 101.21108 0.00237 219.35 105.105 0.0013 .. 1.12283 0.7239 
350 310.9&7& 7131.2 0.05"13 9&.5 .. 05 0.00210 ?Z9.Iol 109.11 0.00158 1.10939 0.7127 
.. 00 31.65102 788&.8 0.05191 93.0932 0.00189 2101.65 114.23 0.00185 1.098G8 0.7041 

.. SO 28.9300 8&29.0 0.05030 90.4261 0.00172 255.39 120.30 o. 00215 1.08993 0.6978 
500 2&.&1073 9370.1 0.04901 88.2911 0.00156 270.32 12&.99 0.002107 1.082&3 0.6933 
550 21t.70ft& 10107.7 0.Oft797 8&.5392 o.OOllt& 286. D1 13".10 0.00283 1.07&105 0.6901 
600 23.029& 10848.2 0.010709 85.07103 0.00135 302.3" 141.50 0.00322 1.071110 0.&878 
700 20.21152 12345.8 0.0105&1 82.7633 1l.00119 33&.43 156.81 0.00 .. 0& 1.0&247 0.6850 
aDo 18.12115 13882.6 0.Oloft33 81.0261 0.iJOI0& 372.11 1.:"2.10& 0.00501 1.05570 0.6838 
900 1&.3874 151074.10 0.Oft313 79.6768 0.0009& "09.2" 1811.22 0.00&05 1.0502& 0.&835 

1000 1ft .951& 17130.& 0.010197 78.&020 0.000118 ,. .. 11.5& 203.95 0.00707 1.04576 0.69108 
1200 12.7219 206110.1 0.03963 77.0053 0.00075 511.00 235.07 0.009ft1 1.0388& 0.7072 
1 .. 00 11.0702 210 334.5 0.03787 75.8835 0.000&5 583.15 2&5.52 0.01200 1.0337& 0.7195 

1600 9.79710 28239.5 0.03&15 75.0570 0.00058 65&.10 295.22 0.01 .. 85 1.02953 0.7307 
1800 8.78&& 32273.7 0.031071 710 ... 252 0.00052 729.09 32".17 0.017910 1.02&73 0.740ft 
2000 7.9&103 3&44&.3 0.03345 73.92&7 0.000"7 803.110 352.101 D.02129 1.021020 0.7463 
250D &.10508 106113.9 0.03038 73.0211 0.00036 1018.17 "20.22 0.03111 1.01957 0.7539 
3000 5."07& &10025.0 0.02&"5 72.2&9& 0.00032 1371.13 "65.01 1).010 .. 510 1.01&39 0.72109 

• TWO-PHASE BOUNDARY 
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C-Za T"ERKO~YNAH[C PROPERTIES OF NORKAL HYOPOGEN. 

811.00 HPal I:i08AR 

TEHPERATURE ~OLUI1E ISOTI1I:RH ISOCHORE INTERNAL ENTHALPY ENTROPY CII CP ~t:1.0CITY 

DERIIIATIIIE DERIIIATIIIE ENERGY OF SOUND 
DEG. K CU "/KG CU I1-HPA/KG "PA/K KJ/KG-K KJ/KG KJ/KG-K KJ I K(i-K HIS .. 30.999 0.01008 10.5298 1.10101 327.6 113.5.7 15.2210 6.35 7.80 23S8 

31 0.01008 1t.5298 1.10101 327.6 1133.7 15.225 6.35· 7.80 2358 
32 0.01011 1t.5007 1.1035 332.9 11101.6 15.10710 6.1010 7.910 2155 
33 0.010110 1o.IoH2 1.1028 338.3 11109.6 15.721 6.52 8.07 2352 
34 0.01017 4.101012 1.421 3103.8 1157.7 15.9&10 6.60 8.20 2349 
35 0.01021 10 .4109 1.4110 349.10 11&6.0 16.203 6.&7 8.33 23106 
3& o .Ul024 10.3602 1.1006 355.1 1174.4 1&.4100 &.74 8.45 23103 
37 0.01027 4.31091 1.399 360.9 1182.9 16.613 &.&1 8.57 2339 
38 0.01031 4.3176 1.391 3&6.8 1191.5 16.903 6.87 8 .6~ 2336 
39 0.01034 1t.2863 1.382 372.8 1200.2 17 .130 6.92 S.78 2332 

40 0.01038 10.2545 1.371t 378.9 1209.1 17.353 6.97 8.88 2328 

42 0.010105 10 .190& 1.357 391.·2 1227.0 17.791 7.06 9.01 2321 
44 1J.01052 It .1263 1.339 403.8 1245.10 18.211 7.15 9.26 2313 
46 o .OlD59 1t.0620 1.322 1016.3 12&3.6 18.622 7.26 ·9.48 2303 
4S 0.01067 3.9979 1.303 429.5 1282.7 19.030 7.36 9.68 2293 
50 0.01074 3.9342 1.285 4103.1 1302.3 19.1,28 7.44 9.86 2283 
52 0.01082 3.8712 1.266 105&.9 1322.2 19.819 7.52 10.04 2273 
54 0.01089 .5.6092 1.2107 471.0 1342.10 20.201 7·.58 lD.20 2263 
5& 0.01097 3.7484 1.228 485.5 1363.2 20.560 7.610 10.35 2254 
58 0.01105 3.6888 1.209 500.0 1384.1 20-~.;)6 7.68 10.108 2244 
&0 0.01113 3.6308 1.190 514.7 1405.2 2 '~'. 30 3 7.71 10.61 2235 

65 0.01134 3.4936 1.141 551.9 1459.0 2? .,163 7.79 10.90 2212 
70 0.01155 3.3b90 1.092 590.1 15110.1 2~~.981 7.86 11.17 2188 
75 0.01177 3.2580 1.043 629.0 1570.& ... 1.7&0 7.93 11.40 21&4 
80 0.01199 3.1£:;09 0.9949 668.6 1628.1 2 ... 503 8.00 11.61 21101 

.65 0.01222 3.0766 0.9473 708.8 1686.& 25.2t2 6.09 11.7~ 2118 
90 0.012107 3.0327 0.9169 749.8 171t7.7 25.911 8.17 12.05 2115 
95 0.01271 2.9769 0.C751 791.5 1808.j 26.565 8.27- 12.22 2097 

100 0.0129, 2.9212 0.8370 634.0 1869.9 27.197 8.38 12.40 2079 
120 0.01393 2.761,5 0.7095 1012.9 2127.2 29.540 8.93 13.17 2019 
140 0.111493 2.67110 0.6055 1201.0 2395., 31.608 9.39 13.68 1972 

160 0.01596 2.,674 0.5274 1397.1 2673.8 33.4&4 ~.78 14.19 1930 
180 0.01701 2.5527 0.4&82 1600.4 29&1.4 35.158 10.11 14.,8 1919 
200 0.011107 2.5993 0.4183 1809.3 3254.9 36.704 10.38 14.77 19210 
220 0.01912 2. &204 0.37&4 2022.3 3551.9 38.119 10.60 14.95 1922 
240 0.021;17 2.&518 0.3419 2238.3 3851.8 39.424 10.7& 15.07 1927 
260 0.02122 2. &955 0.3131 245&.5 4153.9 40.&34 10.89 15.14 193& 
280 0.0222& 2.7419 0.2886 2&7&.2 4457.2 41.757 10.98 15.20 1948 
300 0.02330 2.80&7 0.2723 2878.5 4747.&. 42.732 10.7& 15.09 1984 
350 0.02600 2.9&78 0.230, 3420.4 5500.5 45.1154 10.78 15.02 2033 
400 0.02862 3.1398 0.1999 3959.6 &249.0 47.054 10.75 14.92 2087 

450 0.03122 3.3179 0.17&5 4495.9 &993.1 48.80& 10.72 14.84 2143 
,00 0.03380 3.4998 0.1581 5029.3 7733., 50.366 10.70 14.78 2199 
550 0.0363.8 3.&845 0.1433 5,&0.7 8471.1 51.772 10. &8 14.73 2255 
&00 0.0389, 3.8711 0.1310 &091.2 9207.2 ,3.050 10.67 14.71 2310 ' -
700 0.0101t08 4.2490 0.1120 7151.0 10&77.3 55.320 10.&9 14.70 2418 • 

SOD 0.04920 4.&31& 0.0979 8214.5 12150.3 57.268 10.75 14.7& 2522 
900 0.05431 5.0180 0.0870 928&.1 13&31.1 ,9.030 10.8& . 14.8& 2621 

1000 0.05943 5.407& 0.0783 10369.& 15123.9 &0.&01 11.00 15.01 271& 
1200 0.06966 6.1941 0.0&53 12589.1 181&2.1 &3.352 11.36 15.37 2895 
1400 0.07990 6.9883 0.05&1 14888.0 21280.4 1)5.761 11.78 15.80 30&2 

1&00 0.09016 7.7882 0.0491 17270.7 21,483.1 &7.906 12.20 1&.24 3219 
1800 0.10041 8.5924 0.0437 1973&.9 27770.0 69.83& "2.61 1&.&5 33&8 
2000 0.110&8 9.3998 0.0394 2228&.0 31140.& 71.&22 13.00 17.05 3511 
2500 0.!3643 11.4267 11.031& 29015.2 39929.7 7,.52& 14.13 18.23 3840 
3000 0.1&255 13.4&72 0.02&4 3&513.9 49518.2 79.032 16.0& 20.3& 4130 

.. TNO-PHASE eOUNOA~Y 
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THERI100,(NAHIC PROPE~TIES OF NO~Al HYDROGE" c: .:!a 

80.00 HPA ISOBAR 

TEHPERATURE DENSITY 'I eOH/OIJ'p lJeDP/DU'V -lJeOP/DIJ'T eOIJ/OT\/1J THERHAl IJISCOSITY THERMAL DIELECTRIC PRANCTL 
CONOUCTXIJITY OIFFUSIIJITY CON~TANT NU!'tBER 

DEG. K I(~/CU " KJ/KG "PA-CU ~/KJ HPA 1/0EG. K II/K-"3 KG/M7S SQ H/HR 
)( 10 )( 10 )( 10 

• 30.999 99.21t71t 21t32.2 0.22551t 1t1t9.5&87 0.00321 250.1& HO.55 0.0011& 1.33135 2.1t326 
31 99.21t72 21t32.2 0.221153 1t1t9.5&&1t 0.00321 250.1& 780.54 0.0011& 1.33135 2.4327 
32 .98.9~~7 24&2.11 0.22519 4105.2505 0.00322 250.56 713.79 0.00115 1.33019 2.25H 
33 95.b09& 21t91.1t 0.22207 41t0.9031 o .00l21t . 251.28 656.67 O.OOUIt 1.32902 2010'12 
31t 95.2598 2518.5 0.21912 1t3&.5283 0.00l2& 251.52 607.1t3 0.00112 1.32785 1.9804 
35 97.9&95 251t1t.3 0.21632 432.1310 0.00l27 251.55 561t.71 ·0.00111 1.32&&8 1.11&90 
36 97.&1t87 25611.9 0.213&2 1t27.71&1 0.00329 251.39 527.1t0 0.0011t! 1.32551 1.7722 
37 97 • .5273 2592.2 0.21105 423.2880 Odl!l}30 251.0& ·1t91t.&3 0.00108 1.32431t 1.&875 
38 91.0055 2&13.3 0.20871t 1t18.8511 0.003~2 250.59 1t&5.&9 0.00107 1.32317 1.&124 
39 9&.&832 2631.9 0.20&&1t Itllt.10095 0.00331t 250.00 1t1t0.Ol 0.0010& 1.32199 1.5454 

itO 9&.3&04 2&49.3 0.204&& 1009.9&74 0.00335 2109.30 It 17. 12 0.00105 1.32052 1.48511 

.. 2 95.713& 2&81.9 0.2005& 1001.0970 0.00l35 2 .. 7.5& 378.19 0.00103 1.318 .. & 1.38&1 

.. It 95.0&51 2713.2 0.19713 392.2&.g8 0.00341 245.5& 34&.50 0.00100 1.31611 1.3073 

.. & 910."152 2752.1 0.192&8 383.5138 0.00345 21t3.37 320.31t 0.00095 1.31375 1.2463 
1t8 93.7&36 2784.1 0.1888& 374.8552 0.00348 2 .. 1.05 2911.49 0.0009& 1.31139 1.1957 
50 93.1112 2812.5 0.1853& 3&&.3183 0.00351 238.&5 . 280,02 0.00094 1.30902 1.1575 
52 92.4575 2537.8 0.18212 357.925& 0.0035" 23&.21 2& ... 2& 0.00092 1.30&&& 1.1231 
51t 91.8029 28&0.1 0.17911t 3109.6978 0.00357 233.7 .. 250.70 0.00090 1.301029 1.0942 
5& 91.11t77 21H9.1 0.17 &44 341.6538 0.00360 231.28 238.92 0.00088 1.30193 1.0&'33 
58 90 .4922 259".1 0.1"'08 333.8105 0.00l&2 228.83 228.63 0.00087 1.2995& 1.0474 
60 89.83&7 2908.3 0.17179 32&.1830 0.00365 22 &.72 219.57 0.0005& 1.2972 0 1.0275 

&5 88.2001 2943.3 0.1&&19 308.1377 0.00370 222.47 201.10 a.00053 1.29132 0.9854 
70 8&.5721 2981.2 0.16059 291.&594 0.00375 218.08 18&.99 0.00081 1.28546 0.9574 
75 84.9&02 3024.& 0.15488 27&.802& 0.00377 213.57 175.59 0.00079 1.27972 0.9390 

.80 83.3722 l074.9 0.14908 2&3.530 .. 0.00378 209.13 1&6.95 iI.00078 1.274116 0.9267 
85 81.8151 3132.7 0.14320 251.7159 0.0037& 208.18 159.&0 0.00ll78 1.2&853 0.9038 
90 80.1&&& 3195.9 0.13998 243.1203 0.00377 206.50 152.93 0.00077 1.2&269 0.892& 
95 75.&8108 3270.2 0.134 .. 8 23 ... 2384 0.00374 205.16 147.72 1).00077 1.25745 0.8797 

100 77 .2243 3341.6 0.12939 225.5857 0.00371 214.7& 119.&2 0.00081 1.25231 0.&90& 
120 71.19&1 3&83.5 0.110&9 198.10820 0.00357 225.&2 123.22 0.00086 1.23330 0.7191 
litO 6&.9708 4040.& 0.09&27 178.9029 0.00338 22&.93 121.47 0.00059 1.21&5& 0.7320 

160 &2.&&33 4329.7 0.08607 1&0.8803 0.00328 225.00 118.14 a.OG091 1.20175 0.7453 
140 58.7505 It &73.0 0.07881 150.0471 0.00312 222.&7 114.85 0.00094 1.18851) 0.7521 
200 55.31t29 5080.1t 0.07284 143.852& 0.00291 221.02 112.22 0.00097 1.17&85 O. '1501 
220 52.3020 51t"1.1 0.0&793 137.0497 0.00275 220.39 110.35 0.00102 1.1&6& 1 0.7483 
2 .. 0 49.5830 :; 793.5 0.0&408 131 ... 833 0.002&0 220.77 109.21t iI.0010& 1.15750 0.7455 
2611 47.1312 01 .. 5.5 0.0&101 121.01t11 0.002"& 222.05 108.79 0.00112 1.14933 0.7420 
280 41t .9199 &485.7 0.05850 123.1659 0.00234 224.14 108.91 0.00118 1.14200 0.7385 
300 42.8013 &&55.4 0.05913 120.1304 1).00227 22 &. 90 109.52 0.0012& 1.13500 0.7283 
350 38.4605 7"3".3 0.055&2 11".1"47 0.00202 236.19 112.&8 0.00147 1.1207& 0.71&4 
400 31t .9 .. 47 8190.9 0.05319 109.7182 0.00182 248.02 117.51 0.00171 1.10932 0.7070 

1t50 32.0350 8934.0 0.05141 106.2877 0.0016& 261.&5 123 ... 5 0.00198 1.09':191 0.7001 
500 29.583~ 9675.8 0,,04998 103.5380 0.00153 276.10 130.14 0.00228 1.09202 0.&951 
550 27.4117CJ 10 413.8 0.04882 101.278& 0.00141 292.71 137.36 0.002&0 1.08531 O.b914 
600 25.&738 111510.& 0.04784 99.38&7 0.00132 309.52 1 ..... 94 0.00295 1.07953 0.6887 
700 22.&508 12&52.0 0.01t&21 9&.39&3 0.0011& 3 .. 4.94 16 O. 52 0.00372 1.07005 O. &855 
800 20.32&2 14·188.4 0.04482 94.1434 0.00104 382.37 177.25 0.00459 100&261) 0.&840 
900 18.4117 15779.7 0.0435" 92.3908 0.00094 421.57 193.92 0.00555 1.05&59 O. &83& 

1000 1&. 8U 0 171t35.7 0.0"231 90.9932 0.00086 41ttl.56 210.&8 0.00&28 1.051&3 0.7177 
1200 14.3550 20919.2 0.04007 88.91& .. 0.00073 511.00 244.07 iI.00834 1.04393 0.7342 
lltOO 12.5150 24&40.5 0.03805 87.4585 0.000&4 583.15 276.98 0.010&2 1.03822 0.7504 

1600 11.Q919 2854&.3 0.03629 8&.38&3 0.00057 &5&.09 309.25 0.01312 1.03382 0.7653 
1800 9.9587 32580.2 0.03482 85.5&8& 0.0(1)51 729.03 340.83 1).01583 1.03033 0.7783 
2000 9.03 .. 8 35749.0 0.03355 8 ... 9255 0.000"& 80Z.90 371.72 0.01877 1.02749 0.7893 
2500 7.3297 48350.7 0.03050 83.7&89 0.00038 1015.30 "46.17 0.02735 1.0222& 0.8013 
3000 &.1518 63952.0 0.02&68 82.8475 0.00032 135&.25 517."4 1).03899 1.018&6 0.77&& 

• TWO-P~ASE BOUNOA~Y 
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C-Za THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN 

90.00 MPA lS0llAR 

TUPERATURE ~OLU"E ISOTHERM ISOCHORE INTERNAL ENTHALPy ENTROPY ell CP VELOCITY 
DERIVATIVE, DERIVATlIIE ENERGY OF SOUND 

OEG. K CU "/KG eu "-HPA/KG "PA/K ,KJ/KG-K KJ/KG KJ/KG-K KJ I KG-K I1IS 

• 32.611t 0.Oil991 1t.8726 1.1t92 344.2 123&.4 15.312 &.1t8 7.9" 241t1t 
33 0.00993 4.8&21 1 ... 89 346.2 1239.5 '15.1t0& &.51 7.99 2 .... 3 
31t O.OOH& It .113 .. 5 1."82 351.& 1247.& 15.6 .. 7 6.59 8.12 21tltl 
35 0.(01)99 It. 80&5 1."71t 357.0 125;.7 15.1IIS .. &.&6 8.21t 21t38 
36 0.01002 ... 7780 1."66 3&2.5 12& ... 1 1&.118 6.7" 8.3& 21t35 
31 0.01005 ... 71t91 1 ... 58 368.2 lZ12.5 1&.349 6.111 8 ... 8 21t32 
38 0.01008 1t.7198 1.1t50 373.9 1281.0 16.571 6.87 8.59 2 .. 29 
~9 0.01011 1t.&902 1 ..... 1 379.8 128<).& 16.801 &.92 8.&9 2 .. 26 
.. a 0.OLD1" 1t.6&02 . 1."32 385.& 129th" 17 .022 &.97 8.78 2"2~ 

1t2 0.01021 It .599& 1.1t15 397.7 131&.1 17 .1t55 7.07 8.97 21tl& 
.. It 0.01027 1t.5382 1.397 "10.0 133 ... 3 17.876 7.1& 9.15 21t09 
.. & 0.01033 It • It 7 &It 1.379 1t2Z.1 1352.3 18.275 7.28 9.37 2 .. 00 
1t8 0.010"0 1t."143 1.3&0 1t35.1 1371.2 18.&78 7.38 9.56 2391 
511 0.010 .. 7 ... 3522 1.31t2 4"11.3 1390.5 19.072 7."7 9.71t 2382 
52 0.0105 .. ... 290" 1.323 461.8 1 .. 1il.l 19 ... 57 7.55 9.90 2373 
5 .. 0.010&1 ... 2290 1.301t "75.6 1 .. 30.1 19.83 .. 7.&2 10.06 2363 
5& 11.010&8 ".168" 1.28& 1t89.8 1 .. 50.6 20.208 7.68 10.21 235,. 
511 0.01075 ... 1087 1.267 50 ... 0 1 .. 71.1 20.569 7.72 10.33 23,.S 
60 0.010112 ,..OSOO 1.2 .. 8 ' 518.3 1 .. 91.9 20.921 7.76 lC .,.6 2337 

&5 0.01100 3.9093 1.201 55".9 15 ..... 9 21.768 7.85 10.75 231 .. 
70 0.01119 3.7786 1.153 S92.3 1599 ... 22.575 7.93 11.01 2291 
75 0.01135 3.6597 1.10S 630.6 1655.0 23.343 8.02 11.26 2267 
80 0.011S8 3.5532 1.058 &69.7 1711.9 2,..078 11.11 11 ... 9 22 .... 
85 0.fl1178 3 ... 592 1.011 709.5 17&9.9 2 ... 781 8.20 11.&9 2220 
90 0.01199 J.37&7 0.9&,,8 750.1 1828.8 25."55 8.31 U.87 2197 
95 0.01219 3.30"1 0.9199 791.3 1888.5 26.100 8."1 12.03 217,. 

JOO 0.012"3 3.2490 0.89,&5 833.1 1951.6 26.7"6 8.51 12.33 2170 
120 O. il1329 3.0&89 0.7615 1010.8 2207.0 29.072 9.07 13.07 2103 
1 .. 0 0.Ol1ti8 2.9813 0.6595 1198.3 2 .. 7 ... 8 31.135 9.53 13.6" 206& 

160 0.01508 2.8959 0.5722 139".5 2751." 32.980 9.93 1".0" 202 .. 
180 0.'01599 2.7697 0.508" 1597.3 303G.3 3".658 10.24 1,..5 .. 1983 
200 0.01693 2.7&72 0 ... 587 180&.1 3329.7 36.20 .. 10.50 1 ... 86 1979 
220 0.01787 2.8492 0."157 2019.6 3627.7 37.62 .. 10.71 1 ... 97 1995 
240 0.01880 2.891 .. 0.3780 223&.,. 3928.3 38.932 10.88 15.07 2001 
260 0.01972 2.9172 0.3 .. &3 2"55.3 .. 230 ... ..0.1 .. 2 11.00 15.1& 2005 
280 0.02065 2.95"1 0.3196 2&75.9 .. 531t.,0 .. 1.2&& 11.09 15.22 2013 
300 Ll.02163 "'.0270 0.30 .. 2 2875.9 4822.& .. 2.233 10.82 15.11 2056 
350 0.02397 ;,.1770' 0.2578 31t19 ... 5576./) .. ... 560 10.8 .. 15.0 .. 2100 
ItOO 0.02:;29 3.3 .. 0 .. 0.223& 39&0.3 &32&.7 .. 6.5&3 10.81 llt.95 211t9 

.. 50 0.02860 3.5114 0.1975 1t1t98.0 7072.0 1t8.318 10.77 14.86 2201 
500 0.03090 3. &87 .. 0.1769 5032.8 7813.4 .. 9.879 10.74 14.80 2253 
550 0.03318 3.8667 0.1&03 55&5.5 8551.8 51.288 10.72 1".75 2306 
600 0.0351t6 4.048& 0.1 .. &6 6097.1 9288.6 52.567 10.71 llt.72 2359 
700 0.0"001 4.4178 0.1253 7158.8 10759.5 5 ... 838 10.72 llt.71 2 .. &1 
800 0.0 .... ~5 4.7929 0.1096 8223.7 12232.9 56.807 10.78 llt.76 2561 
gOO 0.0"908 5.1726 0.097" 929&.6 13113.9 58.51t9 10.89 llt.86 2657 

1000 0.053&2 5.55&1 0.0877 10381.2 1520&.& 60.120 11.03 15.01 2749 
1200 0.0&2&9 &.3323 0.0731 12602.3 1821t4 ... 62.870 11.38 15.37 292,. 
11t00 0.07177 7.1179 0.0&28 l1t902.1t 213&2.0 65.279 11.80 15.80 3087 

1600 0.OS087 1.9107 0.0550 17286.0 24<;64.0 &7.1t23 12.23 1&.23 32ltl 
1800 0.08997 8.7088 0.0490 19752.8 27850.2 69.352 12.63 16.&" 3388 
2000 0.09909 9.5111 0.0 .. 42 22302.2 31219.9 71.138 13.01 17.0" 3529 
2500 0.1219" 11.5300 0.035" 29027.3 .. 0002.2 75.039 1".12 18.21 3855 
3000 0.1"512 13.5&13 0.029& 361t97.5 49558.7 78.53 .. 15.98 20.2" .. 1 .... 

• TWO-P~ASE aOUNOA~Y 
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THER"OOYNA"IC PROPE~TIES OF NORltAL HYDROGEN C-~a 

90.00 "PA ISOBAR 

TE"PERATURE L1EN:>ITY . V eDH/O~lp veOP/DUlv -VCOP/OV'T eO~/DT'!~ THER"AL VISCOSH't THERMAL OIELECTRIC PRANOTL 
I CONOUCTlHT't DIFFUSUlT't CONSTANT NUMbER 

OEG. K K:;/CU 14 KJ/KC, "PA-CU ~/KJ NPA 1/0EG. I( .. lK-", I(G/"7S SQ "/HR 
II 10 ' II 10 II 10 

• 32.&14 100.871" 2 61&.2 0.22835 491.5039 0.00301& 263.61 857.52 0.00118 1.33730 2.5 eJ7 
3.1 100.7531 2&28.8 0.22709 .. 89.8700 !I.003010 2&3.77 827.99 '0.00118 1.33&" • 2. 5C~" 
31t 100 ..... &7 2&60.7 0.22391 .. 85.&133 0.00J05 264. GIl 759.JO 0.00117 1.3357~ 2. 3.3 1t5 
35 100.1 .. 01 2691.2 Q.22089 481.3228 0.00J06 2& ... 1& 700.18 0.00115 1.3310&2 2.18107 
3& 99.6333 2720.4 0.21600 477.0030 0.00307 26 ... 03 61t8.95 0.0011" 1.3l350 2. 0552 
37 99.52& .. 2748.2 0.2152& 472.&586 a .ouoe 2&3.13 60".29 0.00113 1.332.36 1.91oZ3 

311 99.2193 2773.5 0.21276 468.2939 0.00310 263.27 565.12 0.00111 1.33125 1.81029 
3i 911.9121 279&.3 D.21050 "tl3.9132 0.00311 2&2.&8 530.59 0.00110 1.33013 1.75105 
40 98.60 .. 8 21117.6 0.20837 459.5205 0.00312 261.98 "99.99 0.00109 1.32900 1.&7&2 

1t2 97.9899 2857.7 0.20431 450.7152 ,'1.0031" 260.21 4",8.40 0.00107 1.32676 1.51058 
4 .. 97.3745 289&.3 0.20035 4 .. 1.9079 ~.0031& 258.14 4li6.114 0.001010 1.32451 1.410211 
40 ' 9&.7587 2942.9 0.19569 433.12&11 0.00318 255.1111 372.8& 0.00102 1.32227 1.3650 
It II 9& .11t2& 2981.9 0.191&9 424.3983 0.00321 253.47 344.72 0.00099 1.320113 1.299a 
50 95.52&2 301&.8 0.18804 415.7470 0.00323 250.98 321.14 11.00097 1.31778 1.2457 
52 910.':1095 3048.0 0.1810&8 407.1958 0.00325 248.43 301.17 0.00095 1.3',554 1.200& 
~4 910.2927 3075.8 0.181bO 398.76&1 0.00521 245.86 284.10 0.00093 1.31330 1.1&2& 
5& 93.&758 3099.8 0.17881 390.4174 0.00329 243.29. 26<:1.39 0.00092 1.31107 1.1301 
58 93.0590 3119.1 0.17&37 3112.3478 0.00331 240.74 2S6.&1 0.00090 1.30d83 1.101& 
60 92.101t2& 31.37.1 0.17403 374.3937 0.00.533 238.53 21tS.1t3 0.00089 1.30&&0 1.0759 

65 90.9041 J 180.6 0.16835 355.3&82 0.00338 234.09 222.87 0.00086 1.30105 1.0230 
70 89.3730 3225.& 0.1&270 337.7071 0.003101 229.50 20S.89 0.000810 1.29553 0.9880 
75 87.85 .. 5 3275.1 0.15&97 321.5186 0.OU3101t 224.78 192.71 0.00082 1.29008 0.9&510 
110 8&.35"5 3331.0 0.15114 30&.8348 0.00345 220.13 182.23 0.00080 1.28471 0.9508 
115 810.8790 3394.7 O.l10520 293.6117 0.00344 219.14 173.71 0.00080 1.27943 0.92&& 
90 83.,,336 34&&.3 0.13922 281.7316 0.0031t2 217.81t 166.&6 0.00079 1.27428 0.9082 
95 82.11230 3542.8 0.13337 271.0111t 0.00339 21&.42 1&0.73 g.OO079 1.26927 0.8931 

-100 80.4&51 3595.2 0.130'35 2&1. 1t332 0.00343 22& ... 0 126.52 0.00082 1.2&375 O. & 890 
120 75.2353 3964.0 0.11162 230.8886 0.00330 238.04 130.51 0.00087 1.24532 0.71&11 
litO 70.503& 4347.3 0.09814 210.1927 0.0031" 239.20 12&.61 0.00090 1.2288.0 0.7334 

160 6&.3292 "712.9 0.08689 192.0795 0.002911 236.67 124.87 0.00091 1.21lt35 0.7407 
1110 &2.5,.00 10953.2 0.0793& 173.2180 0.00293 233.&0 121.11 D.00092 1020132 0.7537 
200 59.0710 5294.8 O. C7 39& 1&3.4&13 0.00281' 231.2D 118.00 D. 00095 1.189108 0.75810 
220 55.9&59 5744.0 0.0&932 159.4606 0.002&1 229.811 115.69 0.00099 1.17895 0.753& 
240 53.1923 &131.3 0.06533 153.7984 0.00246 229.&3 114.19 0.00103 1.1&9& a 0.7"94 
260 50.702& ;;1t74.3 0.0&209 147.9087 0.002310 230.36 113.39 0.00108 1.1&1210 0.710&2 
280 48 ... 373 &813.4 0.0591t9 143.0900 0.00223 231.97 113.22 0.00113 1.15368 0.71027 
300 4&.2315 &953.3 0.06079 139.9443 0.00217 234.33 113.57 0.00121 1.14&34 0.7325 
350 41.7107 71'34.5 0.05702 132.5351t 0.001910 242.87 11&.24 0.00139 1.13143 0.7200 
400 38.0322 8492.9 0.051040 127.0413 0.00176 251t.30 120.78 0.00161 1.1193& 0.7100 

450 34.9&1t1o 9237.3 0.05245 122.7753 0.001&1 2&7.79 12&.58 0.0018& 1.10938 0.7024 
500 32.3&71 9980.5 0.05088 119.3503 0.00148 282.94 133.2& 0.U0213 1.10098 O. &9&g 
550 30.1370 10719.4 0.04962 116.5315 0.001311 299.23 140.56 0.002"2 1.09380 O. &q23 
600 28.19'3& 114&0.9 o • Olt 854 114.1675 0.00128 31&.109 148.32 0.002710 1.08759 O. & 898 
700 210.9947 12958.8 0.04&7& 110.1t230 0.00114 353.22 164.75 0.00310& 1.07737 0.&8&1 
800 22.10"85 llt495.1 0.0452& lOr.5941t 0.00102 392.102 181.95 0.00426 1.0&930 O. &6'+3 
900 20.371t4 1&08&.2 0.04389 105.3896 0.00092 433.77 199.57 0.0051& 1.0&27& O. &837 

1000 18.6513 177'+2.0 0.042&0 103.6291 0.00085 1t40.5& 217.ltO 0.00567 1.05731t 0.7405 
1200 15.9516 21225.1 0.04027 101.0104 0.00072 511. iO 253.25 a.00750 1.010890 0.7&17 
lltOO 13.9327 21t94&.& 0.03819 99.1723 0.00063 5113.15 288.89 0.00954 1.042&2 0.7825 

1&00 12.3659 28852.5 0.03&40 97.8224 0.0005& &5&.09 321t.0& 0.01117 1.0377& 0.8017 
1800 11.1146 32885.2 0.03491 96.7950 0.00051 7211.98 358.65 0.01lt19 1.033119 o. e 189 

2000 10.0923 37049.9 0.033&2 95.9893 0.0001t& 802.71 392.61 0.01&80 1.030710 0.8335 
2500 11.2006 1t8591t.9 0.03058 910.55211 0.00037 1012.93 1t74.83 0.02443 1.021093 0.853 .. 
3000 0.890& &3938.3 0.02&87 93."458 0.00032 131t3.93 553.83 0.03469 1.02092 0.83101 

• TWO-PHASE BOUNDARY 
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C-Za THERKOOYHA"IC PROPERTIES OF NORltAL HYDROGEN 

100 "PA l:>OaU 

TE"PERATURE "OLU~E Ii OTtiER" ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP IInOcny 
DERIVATIIiE DERIvATIVE ENERGY OF SOUNO 

OEG. K ::U H/I({i CU "-"PA/KG HPA/K KJ/KG-I( KJ/I<G KJ/KG-r, KJ I KG-K ,HIS 

• 310.169 0.00977 5.2095 1.5102 360.9 1337.& 15.39/0 6.59 8.08 2527 
35 0.00979 5.1681 1.535 ' 365.3 13104.3 15.HO 6.66 S.18 2525 
3& 0.00982 5.1618 1.52& 370.7 1352;6 15.822 6.73 8.30 2522 
37 0.00~85 5.1350 1.517 376.2 1360.9 16.051 6.80 8."1 2520 
3S 0.0098S 5.1078 1.50S 381.S 1369.10 16.277 6.87 11.52 2517 
39 0.00990 5.0801 1.1099 367.5 1376.0 16.500 6.92 S.62 251" 
/00 0.00993 5.0520 1."90 393.2 138&.& 16.719 6.98 8.71 2512 

" 

/02 0.00999 /0.99/08 1./072 /005.0 1/004.2 17.148 7.07 8.89 2506 
/04 0.01005 4.9365 1 ... 53 417.0 1422.2 17.5&6 7.17 9.07 2499 
/06 0.01011 ... 8773 1 ... 3 .. "2S.9 14 .. 0.0 17.9&1 7.30 9.28 2491 
/oS 0.01017 4.8175 1./015 441.6 1458.8 18.360 7./00 9 ... 6 2/OS2 
50 0.01023 4.7573 1.396 45 ... 5 11077.8 18.750 7.49 9.6/0 2/074 
52 0.01029 4.6971 1.377 .. 67.8 1497.3 19.131. 7.57 9.S0 2/065 
54 0.01036 4.6369 1.359 /081.3 1517. a 19.50/0 7.65 9.95 2457 
5& 0.01042 4.5771 1.340 .. 95.3 1537.3 19.571o 7.71 10.09 244S 
5S 0.010loS 10.5178 1.321 509.2 1557.& 20.231 7.75 10.22 2440 
60 0.01055 4 ... 591 1.302 523.3 1576.2 20.579 7.80 10.3" 2/031 

65 0.01071 10.3169 1.255 559.2 1630.& 21.416 7.89 10 .62 2/010 
70 0.01068 4.162& 1.209 596.1 1664.4 22.214 7.99 10.89 2387 
75 0.0110& /0. 0561 1.162 533.8 1739.4 22.973 8.09 11.1/0 236 .. 
80 0.01123 3.9 .... 6 1.116 &72.5 1795.6 23.700 8.19 11.36 2341 
85 O.OUiol 3.6431 1.070 711.9 1853.2 2/0.397 8.30 11.60 2317 
90 0.011&0 3.7530 1.024 752.2 1911.7 25.0&7 8 ... 2 11.60 2294 
95 0.01176 3.6737 0.979& 793.2 1971.2 25.709 8.53 11.98 2271 

100 0.01197 3.6035 0.9357 63 ... 9 2031.5 26.327 [',.6& 12.13 22/08 
120 0.0127& 3.33"& 0.80&& 1011.2 2267.3 28.656 9.22 13.03 2171 
140 0.01355 3.1967 0.7030 1196.0 2553.0 30.703 9.&6 13.65 ~12" . 
160 O. 01437 3.1972 0.6180 139".3 21S31.2, 32.5&0 10.07 14.02 2109 
160 0.01517 3.1143 0.5"39 1597.5 3114.2 3/0.226 10.39' 14.33 2072 
200 0.01597 2.95Q2 0.1t914 11S06.0 31t03.4 35.749 10.64 14.82 2027 
220 0.01&64 2.9419 0'''466 2019.3 3703.3 37.179 10.84 15.11 21125 
'240 0.017&6 3.0865 O ... 119 2236.5 400lf..7 38.491 11.00 15.12 2060 
260 0.01652 3.1323 0.3779 2456.3 .. 307.9 39.705 11.12 15.115 2068 
21S0 0.01934 3.1£.6& 0.3468 2677.7 4£.11.7 ItO.831 11.21 15.23 2075 
300 0.02024 3.2500 0.3354 2674.6 4696.1 41.766 10.86 15.14 2126 
350 0.02234 3.3663 0.2846 3419.5 5£.53.5 1t4.118 10. 1S9 15.07 2165 
400 0.02443 3.542£. 0.2470 39£.1.9 6404.6 4£..124 10.6& 14.97 2210 

450 0.02&50 3.7063 0.2182 4501.0 7151.0 47.682 10. ISZ 14 .. 1S8 2257 
500 0.02656 3.8759 0.1955 5037.2 7693.4 49.44& 10.79 14.61 2306 
550 0.030&1 4.0497 0.1771 5571.1 6632.& 50.855 10.77 14.7& 2356 
600 0.0326& 4.2264 0.1620 &103.8 93&9.9 52.135 10.76 14.73 2406 
7ilO 0.03£.74 4.56£.& 0.1385 71&7." 1015,.1.7 5,..407 10.76 14.72 250 .. 
800 0.04062 4.9536 0.1210 6231t.0 12315.5 56.377 10.82 14.76 2599 
900 0.044815 5.3261 0.1076 9306.2 1379&.& 51S.120 10.92 14.66 2692 

1000 0.041595 5.7030 0.0966 10393.9 15289.2 59.&90 11.0& 15.01 2781 
1200 0.05710 6.1t&76 0.0606 12616.6 16326.5 62.1t40 11.41 15.37 2951 , ' 

1400 0.06525 7.21t39 0.0694 14918.2 21443.4 64.648 11.83 15.79 3110 

1600 0.07342 8.0266 0.0609 17302.8 24&44.& 66.99Z 12.25 16.23 3261 
1800 0.08160 6.6200 0.0542 19770.4 27930.0 68.921 12.65 1£..64 3406 
2000 0.011978 9.6165 0.0489 22320.2 31296.& 70.706 13.03 17.04 3546 
2500 0.11033 11.6239 0.0392 29042.2 40074.7. 74.£.05 14.12 11S.18 3868 
3000 0.13115 13.£."69 0.0328 3&1t66.4 49£.03.6 78.069 15.'l1 20.14 415& 

I 
• TWO-PHASE BOU~DA~Y I 
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THERt100YNAI1IC PROPE~TIES OF NORI1AL HYDROGEN C-2i.t 

100 "PA l:;OBAR 

TEI1PERATURE DENSITY V tDH/OV'p V (DPI"DU'V -v (O.P/OI"T (D~/DT\(~ THERI1AL ~ISCOSITY. THERHAL DIELECTRIC PRANOTL 
CDNDUCTIlIITY DIFFUSIlIITY CONSTANT NUI18ER 

OEG. K KG/CU " KJ/KG "PA-CU H/KJ HPA l/DEG. K II/K-11 KG/I1-S sa H/HR 
x 10l X 103 X 107 

• 3,..ltJ9 102.3375 2795.8 0.22835 533.3893 0.110289 276.25 937.81 0.00120 1.3"287 2.7"31 
35 102.1,.17. 282".8 0.22567 529.9203 0.00290 276.3" 870.98 ~.D0119 1.3,.197 2.578,. 

36 101.6,.&0 28511.7 0.2225& 525.7090 0.00290 276.25 1100.91 0.001111 1.3,.086 2.4059 

37 101.550,. 2890.9 0.21963 521.4625 0.00291 275.9& 740.27 0.00116 1.33980 2. 2561t 

38 101.2550 2920.6 0.21&9" 517.1855 D.DOc!92 275.51 &117.,.& iI.00115 1.33871 2.1255 

39 100.9S911 29,.7.,. 0.21451 512.8820 0.0!i29Z 274.91 6"1.22 0.0011" 1.33763 2. 0097 

.. 0 100.&&47 2972.7 0.21222 5011.556" 0.00293 27".19 600.50 0.00113 1.33&55 1.9077 

,.2 100.0751 3020.5 0.20787 499.115,,6 0.00294 272.37 532.43 0.00110 1.334H 1.7355 

4" 'H.1t8&l 3066.5 0.203&& "91.110" 0.0029& 270.23 "711.19 0.00108 1.33223 1.&OS4 
,,& 91S.8971S 3120.9 0.191S76 "62.3525 0.002.97 267.87 ,.34.26 0.00105 1.33006 1.5043 
,.8 95.3099 31&7.1 0.19,.5& 473.6076 0.00299 265.31 398.20 0.OOl,03 1.327'U 1. '''2 01 

SO 91.122& 3201S.& 0.19074 "&4.9006 0.00300 262.17 361S.22 0.00100 1.32578 t.35']5 

52 97.1359 324&.1 0.18723 ,.5&.2550 0.90302 2&0.11 343.02 0.00098 1.323&4 1.292" 
5,. 9[, .549& 3279.& 0.18402 ""7.6927 0.oaJ!l3 257.,,3 321.&3 0.0009& 1.32151. 1.2"35 
5& 95.9&39 3308.11 0.18113 439.23"0 0.00305 254.14 303.31 0.00095 1.31937 1.2017 
58 95.J788 3332.7 0.178&1 430.8979 0.00307 252.0& 287.50 0.00093 1.31725 1.1653 

60 94.79,.3 3355.1 0.17&19 422.7017 0.00308 249.75 273.74 0.00092 1.31512 1.1329 

65 93.3370 3408.0 0.17038 1002.9244 0.00312 2,.5.12 24&.24 0.000119 1.30984 1.0&66 
70 91.81S70 34&1.0 0.1&4&& 384.3249 0.00315 240.31 225.80 0.0008& 1.30,.59 1.0229 
75 90.4,.80 3517.& 0.15891 3&7.0497 0.00317 235.38 210.1,. 0.00084 1.29940 0.991t5 
80 119.0241 3580.0 0.15308 351.1813 0.00318 2110.52 197.82 0.00082 1.291t28 0.9764 
85 87.&203 3 &50.1 0.14713 33&.73&& 0.00316 229.50 187.92 0.00081 1.2892,. 0.9498 

90 8".Z414 3728.6 0.1"112 323.6&79 0.00317 226.14 179.lSl 0.00081 1.281t30 0.9301 
95 81t.6920 3813.3 0.13521 311.8&&,. 0.00.514 22&.&6 173.06 0.00080 1.Z791t8 0.91lt5 

100 83.57&0 3905.& 0.12934 301.1&90 0.00311 237.25 132.99 0.00084 1.27479 0.68J2 
120 78.3&82 422U.7 0.111&9 2&1.3250 0.00309 249.74 137.43 0.00088 1.25&34 0.7159 

1"0 73.7994 4582.8 0.0984" 23&.0&05 0.00298 250.87 135.4& 0.00090 1.24029 0.73&9 

1&0 &9.5909 5047.0 0.08817 222.4929 0.00278 247.85 131.38 0.00091 1.225&3 '0.7431 
180 &5.93&3 5,.09.2 0.0793& 205.3481 0.002&5 244.12 127.19 0.00093 1.21299 0.74&4 
200 &2.&024 55&9.0 0.07378 184.6887 0.002&& 241.05 123.&4 0.00094 1.20154 0.76J1 
220 59.3817 5881.1 0.0&974 174.6977 0.00257 239.011 120.93 0.0009& 1.19054 0.7643 
240 5&.5559 &408.2 0.0&&23 174.5&02 0.0023& 238.25 119.0& 0.00100 1.18095 0.7556 
2&0 51t.00&1 &795.8 0.0&294 1&9.1&37 0.00223 238.47 117.94 0.00105 1.1723,. 0.7503 
280 51.7071 7152.7 0.0&019 1&3.8406 0.00213 239.&4 117.48 0.00110 1.1&461 0.74&" 
300 49.4193 7247.8 0.0&23& 1&0.6133 0.00209 241.&1 117.58 0.0011& 1.15&95 0.7366 
350 44.7&43 8031.9 0.05835 151.&740 0.00188 249.4,. 119.78 0.00133 1.14148 0.723& 
,.00 40.9388 8792.& 0.05553 145.0297 0.00170 2&0.47 124.03 0.00153 1.12886 0.7130 

450 37.73:'1 9539.0 0.05343 139.8&09 1l.0015& 273.111 129.&8 0.0017& 1.11840 0.7048 
500 35.0120 10284.1 0.05173 135.70,.1 0.00144 289.02 136.33 0.00201 1.10953 O. &907 
550 32.&&39 11024.5 0.0503& 132.2175 0.00134 305.58 143.70 0.00228 1.10193 o. &942 
&00 30.6109 117&7.1 0.04919 129.3991 0.00125 323.26 151.&2 0.00258 1.09534 0.69119 
700 27.21&1 132&6.,. O. Olt 72& 124.8291 0.00111 3&1.28 168.59 0.00325 1.08444 O. &867 
800 21t.5007 14803.2 0.045&5 121.3&74 0.00100 402.2& 18&.57 0.00400 1.07580 0.&846 
900 22.2795 1& 394.3 0.04420 118.&&28 0.00091 445.84 205.17 0.00485 1.0&87& 0.&839 

1000 20.4277 18050.0 0.04285 11&.,.995 0.00083 440.56 224.14 0.00517 1.0&292 0.7&34 
1200 17 .5141 21532.& 0.04044 113.277,. 0.00071 511.00 2&2.&4 0.00&84 1.05378 0.7837 
~,.OO 15.3253 2,253.& 0.03830 111.0148 0.000&3 583.15 301.29 0.008&7 1.04&95 0.8159 

1600 13 .&20& 29158.7 0.03&48 109.3547 0.0005& 65&.08 339.74 0.Dl0&9 1.04165 0.8403 
1800 12.255& 33169.5 0.03'09& 108.0935 0.00050 728.94 317.78 0.01287 1.037"2 0.8&ZIo 
2000 11.1379 37349.7 0.0336& 107.10&8 0.0004& 602.55 1015.31 0.01523 1.03397 0.8816 
2500 9.0&41 488"4.3 0.030&4 105.3&09 0.00037 1010.92 506.73 0.02208 1.02758 0.9113 
3000 7. &24& 639&7.& 0.02702 104.0528 0.00031 1333.50 595.02 0.0312& 1.0231& 0.8988 

• TWO-PHASE 90U~OA~Y 
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C-5c TtiEF.110UYNAI1IC PROPERTIES OF COE.ISTI~G GASEOUS aND Llc;.UIO NORI1AL HYORO~EN 

TE"PERATURE PRESSJRE ISOTHtRI1 ISOCHORE. INTERNAL ENTHALPY ENTROPY cv CP IIE.LOC;ITY SURFACE 
OEHVATIVC DERIVATIVE. ENERGY OF SOUND TENSION 

OEG. R PSU CU F T-PSIA/LS PSlA/R BTU/LB BTU/LB BTU/L8-R BTU / La -R FT/SEC LS/IN X 10; 

.. 25.110 1.04 27210.15 710.100110 93.877 93.91& 3.36527 1.117 1.521 101 .. 6 1.71109 
• 25.110 1.010 128.17 0.01020 263.02" 287.140 11.110500 1.10810 Z.513 1003 

26 1.37 2593.05 710.0651 95.702 95.759 3· ... 3712 1.1109 1.59& 1008~ 1.6&80 
2& 1.37 132.85 0.0578 2&10.5103 289.&&3 10.89&100 1.1087 2.532 102" 

28 2.101 2405.10& 72.23&0 99.039 99.1100 3.'5&077 1.203 1.709 3979 1.5&29 
211 2.41 1100.1& 0.0952 2&7.060 293.8"& 10.51506 '1 ... 9& 2.573 1057 

30 3.9& 218&.59 70.88&9 102.608 102.7710 3.611393 1.253 1.8"10 3860 1.10581 
30 3.9& 110&.32 0.11080 2&9.101& 297.7&0 10.183710 1.507 2.&27 1087 

32 6.1& 1997.29 &9.& .. &0 10& ... 23 10&.&83 3.80709 1'.299 1.98 .. 3759 1.3539 
32 fi.16 151.19 0.21910 271.58 .. 301.3&8 9.891"8 1.520 2.&95 11110 

34 9.1 .. 1850.59 &8.3 .. & .. 110.1,,95 110.81.1& 3.930&3 1.339 2.120 3&8 .. 1.2501 
3 .. 9.1 .. 1510. &3 0.3135 273.5 .. 3 30 ... &31 9.&299" 1.535 2.778 1139 

36 13.07 1710.97 &&.8805 1110.839 115.40S ... 05501 1.374 2.259 3&10 1.110&9 
36 13.0' 15&.53 0.10348 275.2&& 307.512 9.39270 1.551 2.879 11&0 

.. 31'>.702 14.69 1&10 7.83 &&~5010 115.931 11&.510& 10.08527 1.381 2.310 3573 1.1108 .. 3&.702 110.&9 15&.83 0.10&75 275.&5& 308.235 9.31,094 1.555 2.9010 1165 

311 111.08 1520.71 &5.21022 119.472 120.2&7 4.18091 1.403 2.10"0 3500 1.010102 
311 111.011 15&.810 0.5871 27&.738 310.0100 9.17710 1.5&7 2.998 1179 

100 ZIo.35 13108.510 &3.3589 12 ..... 19 125.507 10.308"1 1 ... 27 2. &35. 339& .0.9421 
IpQ 210.35 155.23 0.7799· 277.894 311.982 8.97297 1.5810 3.1 .. &. 1195 

,.2 32.0" 1187.&10 &1.0993 129.709 131.1&7 10.,.381& 1 ..... & . 2.8105 3290 0.810 07 
,.2 32.010 151.&5 1.0203 278.70 .. 313.398 8.77976 1.601 3.331 1209 

.. 10 "1.32 1025· ... 3 58 ... 0&7 135.376 137.298 10.57085 1.10&2 3.090 31Ei9 0.7" 01 .... "1.32 1"5.98 1.3190 279.11& 3110.2110 8.59"32 1.&19 1~5&& 1220 

,.& 52.35 857.&& 55.2132 1101 ... 69 1 .. 3.9&5 ".107 .. 5 1."75 3.39& 3025 0.&1003 
10& 52.35 138.03 1.&912 279.057 314.330 8."1337 1.&39 3.875 1210 

Ita 65.32 70&.72 51.5351 1108.052 151.256 10.84923. 1. 1t90 3.71t& 2869 0.510 14 
.. a 65.32 127.&0 2.1584 276.429 313.&02 6.2333& 1.&&3 '+.300 1236 

50 80.40 5 .. 5.41 '+7.5470 155.229 159.313 4.99828 1.508 '+.295 2&83 0.4103& 
50 60.100 11 ... 36 2.7535 277.067 311.626 8.05018 1.&93 10.919 12 .. 1 

52 97.80 393.40 43.1&88 1&3.171 1&8.3 .. 7 5.15782 1.529 5.1 .. 2 2475 0.310 71 
52 97.80 97.95 3.529'+ 2710.807 308.701 7.8582& 1.734 5.892 1242 

5 .. 117.71' 270.29 38.3458 172.1&9 178.730 5.33349 1.55& &.355 2261 0.2523 
5 .. 117.71 77.63 10.5820 271.194 303.&9& 7.&"878 1.792 7. & .. & 1239 

5& 140.33 151.32 32.8351 182.8102 191.2101 5.53733 1.59& 9.130 2003 0.159& 
5& 1 .. 0.33 52.110 &.1211 2&5 ... 08 295.7210 7.40392 1.880 11.782 1230 

58 165.88 50.12 25.9"&& 197.17& 208.33& 5.808&'11 1.&7'+ 20.272 1&77 0.0703 
58 165.88 23.510 6.73&0 2510.783 281.342 7.0&809 2.071 27.498 1203 

• 59.7210 . 190.43 15.10925 2210.5&2 242.001 &.35553 0.0000 
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T~E~MOOYNAMIC PROPERTIES OF COE.ISTIN~ ~ASEOUS AND LIQUID NORMAL HYDROGEN C·'c 

TEMPERATURE DENSITY '1eJH/OVlp VeDP/DU'V -VeDP/DV'T eDV/DT~~V THERMAL IIISCOSITY THERMAL DIELECTRIC PRANDTL 
- CONDUCTI"ITY DIFFUSIliITY CONST~NT NUMBER 

DEG. R LB/CU FT BTU/LB PS U-CU FTIB TU PSIA lIDEG. R IlTU/FT-HR-R La/FT-~EC sa FT/HR 
x 10 

• 25.110 ~.80525 267.8" 13.853 13098 • .,6 0.005&502 0.010199 1.713 0.005710 1.25159 2.23.,5 
• 25.110 0.007510 60.15 3.&09 1.00 0.010115&0 1).00719 0.0109 1l.3&.,92 1.00038 0.&231 

26 •• 771031t 266.7& 13.500 12350.10 0.005982& 0.0.,551 1.570 0.00597 1.2109&8 1.9821 
26 0.010n &2.&5 3.b09 1.103 0.010010077 0.00739 0.052 0.27078 1.00052 0.610210 

2a 1o.7U59 2&8.27 12.7100 11338.37 0.00&3709 0.050010 1.Ul 0.00621 1.210&2& 1.6357 
20 0.017&5 &6.52 3.608 2.107 0.0,581o':l93 0.00775 0.057 0.17058 1.00085 0.6757 

30 10.65003 2&10.10& 12.163 101&7.69 0.00&9718 0.05297 1.216 0.00618 1. 2i1t27 0 1.52101 
30 0.0272/0 70.7& 3.605 3.99 0.0371221 0.00813 0.061 0.113&1 1.00132 0.709/0 

32 /0 .58321 260.77 11.699 9153.99 0.007&OS3 0.05/089 1.093 0.00&04 1.23895 1.10217 
32 0.04005 74./01 3.602 &.06 0.03&21210 0.00856 0.~65 J.01929 1.00194 0.7/019 

31t It.512&6 258.99 11.309 8351.08 0.00818/01 0.05601 0.991 0.0058& 1.23501 1.3500 
3/0 0.05675 77.7" 3.&00 5.78 0.0357318 0.00904 0.070 0.0573., 1.002710 0.77108 

36 4 • .,3782 256 • .,3 10.970 7592.98 0.0086062 0.05690 0.906 a.005&8 1.23083 1.29.,2 
36 0.07787 80.70 3.&00 12.19 0.035&&83 0.009&2 0.075 0.04291 1.0037& 0.80102 

If 36.702 It. 4190:S 252.91 111.895 7281.80 0.00913<!$ 0.05720 0.887 0.005&0 1.22978 1.2893 
• 36.702 0.08353 61.37 3.&00 13.10 0.035&912 0.00979 O.lli& a.04037 1.00404 0.5090 

38 4.3.5501 2/07.85 10.&71 6&27.28 0.009S445 0.05793 0.832 0.00545 1.22639 1.2620 
311 0.10395 83.26 3.604 1&.30 0.03&0086 0.0103& 0.079 0.03-325 1.00503 0.8266 

IrQ It. 27243 239.&1 10.392 . 57&1.53 0.01099&9 0.05843 0.768 0.00519 1.221&3 ·1.2467 
40 0.13629 85.35 3.613 21.16 0.0366634- 0.01117 0.08.4 0.02604 1.00659 0.8540 

102 4.18010 231.15 10.110 49&4.43 0.0123074 0.05848 0.711 0.00492 1.21652 1.244" 
42 0.17568 86.97 3.627 26.64 0.0362948 0.01204 0.089 a.02058 1.00850 0.8878 

41t It.07975 221.33 9.795 4183.~8 0.0139613 o .051l11 0.&58 0.00461 1.21098 1.2603 
It It 0.22335 88.13 3.648 32.&0 0.040.,560 0.01301 0.094 0.0163" 1.01082 0.9307 

46 3.9&975 209. '+4 9.428 31,04.69 0.0162168 0.05734 0.&10 0.00425 1.20492 1.3009 
46 0.280'34 88.86 3.&73 38.78 0.01t36108 0.01411 0.100 0.01296 1.013&3 0.9868 

48 3.8478& 197.6& 8.989 2719.35 0.0189513 0.05&16 0.561t 0.00390 1.19823 1.3554 
1t8 0.3507& 89.17 3.701 44.7& 0.0482251, 0.01539 0.106 0.01020 1.01703 1.0632 

50 3.71079 182.82 8.497 2023.91 0.0231,927 0.05459 0.521 0.00343 1.19074 1.474& 
50 0.43621 89.13 3.728 49.89 0.05518&0 0.01694 O.U2 0.00789 1.02121 1.1722 

52 3.5531t4 166.50 7.943 1397.Q2 0.0308807 0.05258 0.478 0.00288 1.18218 1.6809 
52 0.542&6 88.75 3.750 53.1& 0.06&39&2 0.01895 0.120 0.00593 1.02&44 1.3386 

54 3.3667& 150.81 7.320 910.01 0.0421378 0 • ..,5005 0.434 D.D0234 1.172013 1.9833 
51t 0.679&7 88.05 3.7&1 52.76 0.0868408 0.02189 0.129 3.00421 1.03319 1.6195 

5& 3.131.,0' 131.7& 6.571 473.85 0.0692941 0.04971 0.388 0.00174 1.15943 2.5630 
56 0.86751 87.06 3.752 105.23 0.1353227 0.02772 0.142 0.00271 1.04250 2.1731 

58 2.78507 109.0& 5.56& 139.60 0.1853&97 0.05633 0.332 0.00100 1.1'+098 4.3030 
58 1.17023 86.71 3.605 21.55 0.3171457 0.04585 0.167 0.00142 1. 05764 3.5964 

• 59.724 1.990'38 55.47 0.241 1.099.,5 
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c.Zc THEFMODYNAI4IC PROPERTIES OF NORMAL HYO~OGEN 

1 PSU ISOBAR 

TE"PERATURE . VOLU"E IS OTHER" ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OERIVATIIIE OERIIIATIVE ENERGY OF SOUND 

DEG. R CU FT/LB CU FT-psuiLB PSIA/R BTU/LB BTU/LB BTU/lB-R BTU I LB -R FTISEC 

• 25.000 131.12050 129.12 0.0"08 263.268 281.5 .. 8 11.18121 1 ... 113 2.511 1006 
2& 136.55195 13 ... 61 0.0392 26 ... 711 290.051 11.21960 1."S3 2.506 1021 
2& 1 .. 1.38 .. 112 1"5.10 0.0363 261.110 295.061 11.1t650 .. 1."82 2 ... 99 1061 
30 158.18109 156.66 0.0338 210.161 300.053 11.63125 1 ... 81 2 ... 93 1105 
32 168.96&28 161.58 0.0316 213.11t8 J 05.036 11.791103 1."81 2."119 lllt2 
:< 119.121 .. 1 1711 ... 5 0.0297 276.731 110.011 11.91t881 1."111 2 ... 116 11111 

190 ... 7 .. 02 189.30 0.02110 279.110 31 ... 9111 12.09081 1 ... 110 Z ... 83 1213 
201.20812 200.12 0.0265 282.687 319.9 .. 6 12.2251t3 1 ... 110 2.1t81 121t7 

, 211.933"9 210.93 0.0252 285.662 32 ... 901 12.35281t 1 ... 110 2,"19 1279 

/ti: 222.61t991 221.71 0.02"0 288.636 329.86" 12.1t7383 1.1t80 2."18 1311 ,. .. 233.35921 232."8 0.022,} 291.601 33".111<;) 12.58902 1.1t80 2.1t11 13 It 3 
.,6 2 ..... 0621t0 2"3.21t 0.0218 29".518 139.172 12.69897 1.ft80 2 ... 15 1373 ... 251t.76032 253. Cj9 0.0209 291.51t8 3 ..... 722 12.80 .. 15 1."80 2 ... 71t 1"03 
50 265,"5363 26".73 0.0201 300.516 3 .. 9.671 12.90503 1 ... 80 2,"71t 1 .. 32 
52 276.11t292 275."6 0.0193 303."83 J5 ... 617 13.00196 1."80 2,"73. llt60 
5 .. 286.82868 286.19 C.0186 306 ..... 9 359.561 13.09522 1 ... 80 2."72 lIt88 
5& 297.51131 Z96.91 0.0179 309.ltt2 36 ... 503 13.18509 1.1t 79 2 ... 71 1516 

58 308.19116 307.62 0.0173 312 G 375 369.10 .. 3 13.27181 1.1t79 2 ... 71 151t3 
60 318.86855 318.33 0.0167 315.3311 J7 ... j83 13.35559 1.1t79 2.1t71 1569 

62 329.510373 329.03 0.0162 318.301 379.323 13 ... 3662 1,"79 2.It'i'O 1595 
6 .. 340.21&91 339.73 0.0157 321.266 384.265 13.51508 1 ... 79 2.1t70 1621 
66 350.88832 350 ... 2 0.0152 321t.232 389.207 13.59113 1."80 2~1t70 16/t6 
68 361.55810 361.12 9.01"7 327.197 39 ... 1 .. 8 13.66"88 1.lteD 2 ... 69 1611 
70 372.226"2 371.81 0.01"3 330.162 399.088 13.736 .. 7 1."110 2 ... 69 1695 
75 398.89165 398.52 0.013" 337.575 .. 11 ... 39 13.90677 1 ... 110 2."69 1755 
ell "'25.55022 425.22 0.0125 3 .. 1t.911 .. "23.7115 1 ... 06608 1."81 2."70 11112 
J<; .. 52.203 .. 1 !o51.<.l1 D.011a 352.399 436.135 1 ... 2i580 1 ... 112 2 ... 71) 18611 
90 "78.85219 ,,78.59 0.0111 35'3. !U3 .... 8.484. 14.3570 .. 1." 8" 2.472 1922 
95 505."9732 505.26 0.0105 367.2"0 .. 60.8 .. 4 l1i.4~01'~ 1 .... 8& 2 ... 7 .. 19711 

100 532.139'+0 531.93 0.0100 37".6117 4 73.224 1,+.61781 1 ... 90 2.477 202 .. 
105 558.77889 558.59 0.0095 382.1 .. 3 4115.61'+ 1 ... 73888 1."94 2.482 2073 
110 585."1619 585.24 0.0091 389.629 4911.032 1 ... 85 .. 28 1.500 2.1t87 2120 
115 612.05159 611.90 0.0087 397.11t7 510.482 14.96'+76 1.506 2.493 2166 
120 638.68~36 638.55 0.0083 40 ... 703 522.971 15.07123 1.51 .. 2.501 2211 
125 cr.::. 11771 665.19 0.0080 "12.302 535.501 15.11341 1.523 2.510 2253 
130 691.91t882 &91.8" 0.0077 "19.939 5"8.069 15.27206 1.533 2.520 2295 
1 .. 0 7"5.20788 745.12 0.0071 "35. '399 573.391 15."5965 1.557 2.543 2375 
150 798 ... 63 .. 9 796."0 0.0067 .. 51.109 596.963 15.63617 1.585 2.571 21t50 
160 451.71&3" 851.67 0.0063 "67.125 62 ... 8 .. 11 15.8032' 1.618 2.60" 2520 

170 90 ... 96&9& 90".93 0.0059 .. 83 ... 73 6St.D4') 15.96209 1.652 <'.638 2587 
180 958.21573 958.20 0.0056 500.179 677.615 16.11385 1.690 2.676 2651 
190 1011.46287 1011.45 0.0053 517.2"0 70,+.536 16.25859 1.728 2.714 2713 
200 106".7un 10 6 ... 71 0.0050 53".720 731.875 16.3989/t 1.767 2.7510 2772 
Z20 1171.1972 .. 1171.22 0.0045 570.861 7117.735 16.66511 1.8"6 2.1132 21185 
Z4D 1277.611247 1277.72 0.00"2 0011.547 845.139 16.915011 1.921 2.907 2993 
260 138".16519 1384.21 0.0038 647.696 904.005 17.1501! 1.991 2.971 3096 
280 11t90.64598 1'+90.70 O. 0036 6811.171 964.199 17.37315 2.055 3.041 3197 
300 1597.12524 1597.19 0.0033 729.850 11125.594 17.585U 2.112 3.097 3295 
320 1703.60328 1703.68 0.0031 712.603 10118.064 17.786&fo 2.163 3.149 3390 

3 .. 0 1810.08031 1810.16 0.0029 1116.317 1151."95 17.97911 2.208 3.193 31t83 
360 1916.55;53 1916.64 0.0028 860.867 1215.762 1II.1626Z 2.2 .. 7 3.233 357 .. 
3110 2023.03206 2023.12 0.0026 906.172 1280.783 18.33855 2.282 3.2611 3663 
.. 00 2129.50701 2129.60 0.0025 952.132 1346.1059 1II.50671 2.313 3.299 3751 
.. 20 2235.98148 2236.08 0.002" 998.656 1412.701 18.6683. 2.339 3.325 3837 
.... 0 23 .. 2 ... 5<;52 2342.56 0.0023 1045.673 1..,9 ... 32 18.823'+' ~.362 3.3'+11 3922 
460 2 .. ,.8.92921 2449.03 0.0022 1093.113 15 .. 6.538 18.9729)' 2.381 3.367 .. 005 
.. 110 2555."0259 2555.51 0.0021 11"0.922 1614.11 .. 19.116~ 2.398 3.38 .. 4087 
500 26&1.87569 2661.99 0.0020 1189.0"0 1681.937 19.2551t 2'''12 3.398 .. 1611 
520 2768.3U56 2768 ... 6 0.0019 1237.397 1150.020 19.38861 2.10210 3."10 .. 247 

5 .. 0 2874.60'+66 2H ... 72 0.0019 1286.0011 1818.307 19.51721 2.43 .. 3."20 .. 326 
560 2981.06900 2981.19 0.0018 1334.863 1"86.877 19.6 .. 16'& 2 ..... 2 3.428 .... 03 
580 3087.53318 3Q87.65 0.0017 1383.751 1955.479 19.76212' 2 ... 49 3 ... 35 '+'+79 
600 3193.99723 3194.12 0.0017 1432.823 2021t.265 19.878nJ 2 ... 55 3 ... It 1 455 .. 
650 3 .. 60.15&83 3'060.28 0.0015 1555.833 2196.561 20 .15 .. ·1$ 2 ... 65 3.1t51 .. 731 
100 3726.31585 3726 ..... 0.001" 1679.272 2369.2115 20."1011l 2 ... 12 3.457 4914 
800 "2511.6326& 4258.76 0.0013 1926.'178 2715.1t61 20.873 DIll 2 ... 78 3.1064 5251 

1000 5323.26333 5323.40 0.0010 21023.432 3 .. 09.1&;6 21.6 .. 6'f,7i 2.",1l7 3.1013 58611 
2000 10646 ... 003 .. 10&46.54 0.0005 "969.900 69 .. 1.325 2 ... 086 MJ 2.64" 3.629 8229 
3000 15972.110:'67 1'j969.&7 0.0003 777".055 111731.786 25.6t9D4< 3.029 4.021 9911 

.. 000 21552.73166 21292.80 0.0003 119 ..... 621t 15935.606 21.092~.' 6.511 7.1120 1Q8H 
5000 30"30.112500 26r.15.C33 0.0002 27358.7111 33023.752 30.80ua. 26." 04 31.713 12135 

• TMO-PHASE BOU~DRY 
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THE~NOOtNl"IC PROPERTIES OF NOR~aL HYO~OGEN --' 

1 PSlA ISlBAR 

T£ltPERA TURE OENSUY V C DH/OV'p VCOP/OU'V -V COP/OV1r COV/OTtI~ THER"AL VISCOSITY THER"lL DIELECTRIC PRANOTL 
CONDUCT! ~ITY 0JFFUSIVITY CONSTANT NUMOfR 

DEG. Ii! LB/CU FT STU/Le P~IA-CU FT/BTU PSU 1/0EG. R BTU/FT-HR-R LBIFT-SEC sa FT/HR 
)( 105 

.. 25.000 o. a a 7&3 60.56 3.609 0.98 0.0101106710 0.00721 0.050 0.376310 1.00037 0.6250 

26 0.00732 63.Q7 3.609 0.99 0.0397332 0.00735 0.052 0.1000102 1.00035 0.63810 

za 0.00678 1>8.10 3.608 0.99 0.036&918 0.00763 0.056 0.105032 1.00033 0.6633 

30 0.00632 ;':5.11 3.607 0.99 O. 031010 31 0.00792 0.061 0.502610 1.00031 0.61160 

32 0.00592 76.11 3.606 0.99 0.0318675 0.008210 0.0&5 O. 559i 1 1.00029 0.70105 

310 0.00556 83.10 3.606 0.99 0.0299147 0.00856 0.069 0.619110 1.00027 0.7201 

36 0.00525 88.09 3.605 0.99 0.02111925 0.001196 0.073 0.&11717 1.00025 0.7285 

38 0.001097 93.07 3.&04 0.99 0.0266615 0.009107 0.077 0.76791 1.000210 0.72611 

.. 0 0.00 .. 72 911.0 .. 3.60" 1.00 0.0252909 0.00998 0.081 0.115309 1.00023 0.72109 

"2 0.00 .. 109 10 3. 01 3.6010 1.00 0.oz .. aC;63 0.010109 0.0115 0.910269 1.00022 0.7227 

.... 0.00"29 107.97 3.6n3 1.00 0.0229382 0.01100 0.0119 1.03672 1.00021 0.720" 

" 0.001010 112.93 3.603 1.00 0.0219207 0.01151 0.093 1.1310910 1.00020 0.7180 

108 0.00393 117.1111 3.603 1.00 0.0209905 0.01202 0.097 1.23720 1.00019 0.7157 

50 0.00377 122.810 3.603 1.00 0,,02013&9 0.01252 0.100 1.3103153 1.000111 0.7132 

52 0.003:'2 127.7'3 3.602 1.00 11.0193506 0.01303 0.10" 1.10510111 1.00017 0.7107 

54 0.00349 1320'110 3.602 1.00 0.018G239 0.01353 0.108 1.57015 1.00017 0.7080 

56 0.00336 137.69 3.602 1.00 0.0179502 0.01398 O.Ul 1.G1I302 1.00016 0.7081 

58 0.003210 1"2.63 3.602 1.00 0.01732100 0.0110103 0.U5 1.79966 1.00016 0.7080 

60 0.0031 .. 1107 .. 58 3.602 1.00 0.0107"02 0.0110158 0.1111 1.92027 1.00015 0.7077 

62 0.00303 152.5Z 3.602 1.00 0.01619108 0.01533 0.122 2.010530 1.00015 0.7069 

64 0.002910 157.4& 3.602 1.00 0.0156839 0.01578 0.125 2.171021 1.000110 0.70fO 

66 0.00255 162.43 3.601 1.00 0.01520105 0.016210 0.129 2.30682 1.000110 0.70109 

68 11.00277 lG7.35 3.601 1.00 0.01107537 0.01669 0.132 2.1010339 1.00013 0.70311 

70 0.002S9 172.33 3.600 1.00 0.01103290 0.1117110 0.135 2.58374 1.00013 0.7025 

75 0.00251 184.72 3.599 1. DO 0.01336710 0.011126 0.1410 2.<;150 .. 6 1. 00012 0.6991 

.0 0.00235 197.13 3.591 1.00 0.0125272 0.019311 0.152 3.33957 1.00011 0.695& 

85 0.00221 209.57 3.5910 1.00 0.0117867 0.020"9 0.159 3.75119 1.00011 0.6919 

90 0.110209 222.011 3.590 1.00 0.0111291 0.02160 0.1&7 10.1111016 1.00010 0.6882 

95 0.001911 2310.70 3.583 1.00 0.0105411 0.022&9 0.17 .. 10.&36106 1.00010 0.68108 

100 0.0011111 2107.102 3.575 1.00 0.11100123 0.02378 0.182 5.10732 1.00009 0.&818 

105 0.00179 2&0.28 3.56/0 1.00 0.00953101 0.024810 0.1119 5.59318 1.00009 0.67'310 

110 0.00171 273.28 3.55:!. 1.00 0.009099G 0.02596 0.196 6.11 046 1.00008 0.6757 

115 0.00163 2116.107 3.536 1.00 0.00117030 0.02707 0.203 &.641090 1.00008 a.6724 

120 0.00157 299.88 3.517 1.00 0.008339& 0.02812 0.210 7.18220 1.001lll8 C.6707 

125 0.00150 313.51 3.1096 1.00 0.00800510 0.02911 0.216 7.71701 1.Do'J07 0.6708 

130 0.00145 327.39 3.1073 1.00 0.0076970 0.03002 0.223 11.210276 1.0n007 0.6729 

1"0 0.001310 355.90 3.420 1.00 0.007110&10 0.03179 0.235 9.311072 1.0oa06 o. G779 

150 0.00125 385.55 3.360 1.00 0.0066693 0.03354 0.2108 lD.101381 1.0000& 0.6838 

160 0.00117 1016.50 3.292 1.00 0.0062520 0.03530 0.260 11.5 .. 7106 1.00006 0.6897 

170 0.00111 10108.102 3.223 i.OO 0.0058839 0.03690 0.271 12.65635 1.00005 0.6':187 

180 0.00104 1081.56 3.151 1.00 0.0055568 0.04"00 0.307 15.75750 1.00005 0.6728 

190 0.00099 515.61 3.081 1.00 0.00526101 0.010736 0.327 17. 61o~77 1.00005 0.6737 

200 0.000"10 550.63 3.012 1.1l0 0.0050007 0.05033 0.3103 19.106249 1.00005 0.67106 

220 0.00U5· 623.03 2.8810 1.00 0.00451059 0.055107 0.3&8 22.93784 1.00ao.1o 0.67610 

ZIoO 0.00078 697.68 2.171 1.00 0.00416G9 0.05985 0.3811 26.::;0555 1.00COIo 0.6780 

260 0.110072 774.010 2.6710 1.00 0.00381063 0.0&3710 0.10010 29.635G3 1.00003 0.6793 

280 0.000&7 851.101 2.591 1.00 0.0035715. 0.06727 o .U8 32 •. ')71059 1.00003 0.68010 

300 0.00063 929.25 2.521 1.00 0.0033333 0.07U109 0.1031 3Ei.310823 1.00003 O. 68~1o 

320 0.00059 1007.55 2.462 1.00 0.OO31Z50 0.07350 0.10102 3').77133 1.00003 0.6822 

3100 0.00055 1085.80 2.1012 1.00 0.00291011 0.07632 0.1053 103.25'3611 1.00003 0.G829 

360 0.00052 1163.88 2.369 1.00 0.0027777 0.07897 0.106 .. 46.111603 1.00003 0.68310 

380 0.000lt9 12101.88 2.333 1.00 0.0026315 0.081109, 0.4710 50.10108107 1.00002 0.6839 

.. 00 0.000107 1319.46 2.302 1.00 0.00210999 0.011390 0.1t1l3 510.16219 1.00002 0.68102 

.. 211 0.000~5 1396.108 2.276 1.00 0.00231108 0.08619 0.493 57.96079 1.00002 0.6845 

.. 100 0.00043 11073.06 2.2510 1.00 0.002272& 0.088311 0.502 61.11101001'. 1.00002 0.6M7 

.. 6/J O.OOOitl 15108.99 2.236 1.00 0.0021738 0.090"9 0.511 65.81521 1.00002 0.68109 

.. 80 0.00039 1624.45 2.220 1.00 0.0020832 0.09254 0.520 &9.117637 1.00002 O. &850 

500 0.000315 11'.99.09 2.207 1.00 11.0019999 0.091050 0.529 110.03123 1.00002 0.G1I51 

520 0.00036 1773.22 2.196 1000 0.0019230 0.096 .. 2 0.5311 jIll. 27801 1.00002 0.61151 

5100 0.00035 1846.73 2.187 1.00 0.00111518 0.09828 0.5"7 II,~. 60813 1.COO02 0.6852 

5&0 O.OD03Io 1919.69 2.180 1.00 0.00171157 0.10009 0.556 111.03<)38 1.00002 O. &1552 

580 0.(!;:;o)J2 1992.25 2.17 .. 1.0G 0.00172101 0.101156 0.5610 91.5&1005 1.00002 O. &852 

600 ILOilOH 20610.103 2.169 1.00 0.0016&6& 0.10361 0.573 9&.1IH19 1.00002 0.6851 

&50 0.00029 U103.09 2.160 1.00 0.0015364 0.1071110 0.595 108.13051 1. 00001 O. &850 

700 ".00027 21020.23 2.1510 1.00 0.0014285 0.111 96 0.G16 120.66723 1.00001 0.68109 

800 11.00023 2771.12 2.148 1.00 0.0012500 0.119910 0.6511 1107.10&596 1.00001 0.68"& 
.. 000 0.00G19 347 2.711 2.1100 1.00 0.0010000 0.13558 0.7102 207.1\2105" 1.00001 0.61141 

2000 1'.00009 7258.77 2.0110 1.00 0.0005000 0.277210 1.1211 813.2&5&8 1.00000 0.5316 

3000 0.00006 12060.49 1.7511 1.00 0.00033310 0.41Q15 1.412162~. 26 115G 1.00000 0.51910 

/t000 . 0.00005 30901.07 0.1128 0.':19 O.0002511 1.210127 1.19531021.26272 1.00000 0.10 0 70 

5000 0.00003 138:'88.05 0.230 0.117 0.0002267 6.532111 2.111062G6.&317/O 1.00000 0.31110 

.. TWO-PHASE BOUNDRY 
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c~zc: TMEP"OQYNA:1 IC PROPERTIES OF NORMAL HYO~OGEN 

5 PSU ISOBAR 

TEMPERATURE VOLU"E ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY ev CP VEl.OCITY 
DERIVATIVE DERIVUIIIE EI~FRGY OF SOUND 

DEG. R CU FT/LB CU F T-PSIA/LB PSIl/R BTU/l.B BTU/l.B BTU/LB-R BTU I l.B -R FTISEC 

• 21t.562 0.20795 27 OS. oe 11o.102b~ 93.581 910.080 3.36568 1.111 1.525 10136 
25 0.20815 266&.310 710.1011010 910.109 94.l02 3.371061 1.121 1.538 10117 
26 0.2093& 2"72.111 110.16101 95.675 95.~69 3.103607 1.1109 1.619 10011 
28 0.21210 23010.98 72.2950 99.018 99.215 3.56003 1.20l 1.732 3921 
30 0.21503 211010.10 70.9071 1'02.600 102.799 3.68363 1.253 1.1156 3835 

• 30.806 0.21&29 21110.56 70.3780 1010.116 104.316 3.73355 1.272 1.897 3822 

• 30.80& 31.2571& 1108.45 0.11"3 270.313 29 1hZ53 10.06175 1.512 2.652 1098 
32 32.62070 155.17 0.1665 272.202 302.4010 10.16210 1.505 2.627 1122 
310 3". l1li263 161.79 0.1551 275.328 307.625 10.32033 1."97 2.596 1161 
36 37.12350 179.57 0.11054 278.423 312.795 10.106811 1.1093 2.575 119a 
38 39.3"858 191.19 0.1310 2111.1096 317.9211 10.60122 1.1090 2.559 1233 
ItO 101.56135 202.68 0.1295 281t.553 323.033 10.13833 1.108/1 2.5101 1268 

102 "3.16"20 2110.06 0.1229 287.597 328.116 10.86239 1.1087 2.537 1301 
41t itS. 95890 225.36 0.1169 ~90.631 333.183 10.98011 1."86 2.529 1333 
1t6 105.110677 236.60 0.1115 293.651 3311.235 11.09233 1.1085 2.522 136" 
1t5 50.3ZU3 2107.17 0.106i1 296.617 31t3.275 11.1991t2 1.101\4 2.511 1395 
50 52.50592 258.89 0.1021 299.690 3108.304 11.30195 1.4810 2.512 11t25 
52 54.61870 269.91 0.0980 302.698 353.323 11.,.0031 1. "81t 2.508 1105,. 

Sit 56.810712 281.02 0.0942 305.702 3511.335 11.10910810 1.1083 2. SOlo 11t83 
56 59.013105 292.03 0.0901 308.699 363.337 11.58583 1.1083 2.501 1511 
58 6t.11&2& 303.01 0.0875 311.694 368.335 11.&73510 1.1082 ?..498 1538 
611 &3.33&50 313.'36 0.08105 3110.686 313.327 11.15820 1.1082 2.1t96 1565 

62 65.109101010 324.89 0.0811 311.616 378.315 11.114002 1.1082 2.1093 1591 
61t &7.65032 335.80 0.01'31 320.666 383.301 11.91919 1.10 82 2.491 1611 
66 69.801036 3106.70 0.0766 323.655 388.285 11.99588 1.,.82 2.1090 16,.3 
68 71.95&73 351.51 0.01,.3 326.642 393.26,. 12.07020 1.1082 2.488 1668 
zo 710.10761 3&8.103 0.0121· 329.621 398.2100 12.110232 1.1082 2.1087· 1692 
75 19.101911 395.53 0.0612 337.085 IolD.611· 12.313 72 1.4112 2.101110 1753 
110 810.810382 ,.22.56 0.0629 344.533 423.086 12 ... 7393 1.482 . 2.10112 11111 
85 90.20301 1010'3.53 0.05'32 351.9110 1035.1096 12.621037 1.1083 2.481 18&1 
90 95.5578& 1016.106 0.0559 359.10210 10,.1.897 12.76620 1.1085 2.481 1921 
95 100.9089& 503.36 0.0529 366.875 ,.&0.303 12.90039 1. ,.87 2.10113 1913 

100 106.25&91 530.22 0.0502 37,..3105 472.7210 13.02188 1.491 2."85 211210 
105 111.60238 551.06 0.0 .. 78 381.821 1085.150 13.110932 1.1095 2.1088 2013 '. 

110 116.94558 583.81 0.0"56 389.325 4Q7.f>01 13.26501 1.500 2.493 2120 
115 122.28688 610.6& 0.01t36 396.859 510.080 13.31516 1.501 2.1t99 2166 
12Q 127.626510 631.1010 0.01018 10010.1030 522.595 13.4112,.5 1.515 2.506 2210 
125 132.961t77 6610.21 0.01001 1012.042 535.1",9 13.58 .. 83 1.523 2.5110 22510 
130 138.3011& &90.96 0.0386 ,.19.691 5,.7.7100 13.68365 1.534 2.5210 2295 
1 .. 0 1108.97257 11010 ... 3 0.0358 1035.112 573.100 13.87152 1.557 2.5107 2315 
150 159.63992 197.87 0.03310 1050.900 598.105 14.010827 1.585 2.5110 21050 
160 170.30"52 851.28 0.0313 1066.931 &24.610 14.21557 1.&18 2.607 2521 

170 180.9&&87 90 ... 61 0.0295 1083.293 &50.81010 1,..37 .. 53 1.652 2.641 2588 
180 191.62738 958.010 0.0218 500.011 &77.432 110.526101 1.690 2.678 2652 
190 202.28625 1011.39 0.0263 511.083 7010.373 14.&7126 1.128 2.116 27110 
200 212.9103810 10&1t.73 0.0250 5310.512 731.729 110.111170 1.768 2.755 2773 
220 2310.25555 1171.38 0.0227 510.730 781.619 15.01801 1.8106 2.8310 2886 
21t0 255.5&1055 1278. DO 0.02011 608.1029 8105.0107 15.32801 1.921 2.908 299,. 
260 27&.87076 138 ... 59 0.0192 6101.589 903.9310 15.56321 1.991 2.978 3097 
2ao 298.115010 1491.16 0.0119 688.075 964.1 .... 15.78630 2.055 3.0102 3198 
300 319.107719 1597.12 0.0161 729. '762 1025.555 15.9983 .. 2.112 3.098 3295 
320 3100.77931 11010.26 0.0156 772.521 1088.031 16.19991 2.163 3.1109 3391 

lloO 362.079810 1810.80 0.01101 81&.2102 1151.1018 1&.3921t5 2.208 3.19" 348,., 

360 383.37955 1911.32 0.0139 860.798 1215.755 16.57593 2.2107 3.233 3575 
380 10010.671157 2023.810 0.0132 906.107 1280.785 16.151811 2.282 3.268 36610 
,.00 1025.91702 2130.36 0.0125 952.072 13106.1069 .16.92006 2.313 3.299 3752 
1020 4101.27498 2236.81 0.0119 998.602 11012.718 17.08176 2.339 3.325 3838 
.... 0 1068.57252 23103.31 O. a 1110 10105.620 11019.1055 17.23685 2.362 3.348 3923 
460 1089.86911 21049.87 0.0109 1093.063 15106.616 11.38637 2.381 3.361 10006 
1080 511.16658 2556.37 0.0104 11100.87& 1&110.1107 17.53006 2.398 3.3810 10088 
500 532.106318 2662.87 0.0100 11118.987 1681.975 17.66851 2.1012 3.398 10169 
520 553.1595 .. 2769.36 0.0096 1237.356 1750.062 11.80210 2.1024 3.1010 102,.8 

5100 575.01291 2875.610 0.0093 1285.972 18111.350 17.93073 2.1034 3.420 10326 
560 596.30 7111 2982.12 0.0089 13310.829 1886.928 111.055110 2.10102 3.4Z8 4100 .. 
580 617.60129 3088.60 0.0086 13113.718 1955.533 18.175G0 2.10109 3.435 41080 
&00 638.89527 3195.08 0.0083 1432.792 20210.323 18.29227 2.1055 3. "101 10555 
650 &92.12971 34&1.26 0.0077 1555.606 219&.62" 1!l.56821o 2.1t65 J.451 473tJ 
700 7105.3&356 3727."5 0.0071 1619.2108 2369.3510 18.821031 2.10 72 3.1057 10915 
800 851.83004 107.59.110 0.0063 1926.858 2115.536 19.28659 2.10 711 3.4610 5252 

1000 1064.7&0010 5324.47 0.0050 2423.419 31009.2103 20.06019 2.10117 3.1073 5869 
2000 2129.39315 106107.67 0.0025 4969~893 &941.422 22."99510 2.644 3.629 0229 
3000 31910.31357 15'H0.82 0.0017 7763.10 72 10720.9710 24.02871 2.973 3.962 9929 

10000 10281.91111 21293.95 0.0013 11315.249 15279.719 25.32862 4.6069 5.7910 1i060 
5000 5667. 35/t 78 26617.09 0.0010 20073.665 25321.068 21.521091. 110.278 16.687 12062 

• TWO-PHASE BDUMORY 
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1 
THEp."OorNA~IC PROPERTIES OF NOP .. 4L HYO~OC;EN (" -21..· 

5 PSIA ISOBAR 

,'E"PERA TURE DENSITY VlOH/OV~ V« DP/DU,'V -V CDP/DV'T CDV/DT\lV THERMAL VISCOSITY rHERMAL DIELECTRIC PRANDTL' 
CONDUCTIVITY OIFFUSIVITY CONSTANT NUHBEQ 

OEG. R LB/ClI FT IITU/LS PSU-CU FTlBTU PSU I/DEG. R STU/FT-HR-R LB/FT-SEC 'SQ FT/HR 
X 10 5 

• 2,..8&2 ".80887 26£'.55 13.850 13008.37 0.0057210 0.010206 1.713 0.00573 1.251&3 2.2367 

25 Io.801t29 2610.118 13.1113 121119.1t9 0.0058048 0.0"251 1.6910 0.00575 1.25137 2.2055 

26 ... 77&07 257.&7 U.516 111107.30 0.00&2812 0.01t5'.>3 1.;73 0.00589 1. 21t97 II 2.0138 

28 It. 71 .. 810 2 &0.30 12.7109 10867.1:9 0.006&523 0.05006 1.373 O. 00&13 1.24&31 1.7098 

30 1t.650S~ 260.93 12.166 9971.19 0.0071112 0.05298 1.217 0.00611t 1.21t272 1.5344 

• 30.110& ,,+.62351 263.58 11.964 97;6.70 0.0071985 0.05382 1.163 0.00 &1 It 1.24121 1.4764 
., 30.80& 0.03199 72.27 3.604 1t.75 0.0367019 0.U0II29 0.0&3 0.09774 1.00154 0.7230 

32 0.030&& 75.34 3'.610 4.78 0.0348&81 0.0081t6 0.0&5 0.10509 1.00148 0.7295 

31t 0.028&7 80.49 3.615 10.111 0.0322543 0.00876 0.069 0.11767 1.00138 0.71008 

36 0.02&94 115.64 3.617 4.84 0.0300645 0.00913 0.073 0.13164 1.00130 0.71t61 

38 0.02541 90.71 3.&111 4.8& 0.02818117 0.009&2 0.078 0.14800 1.00123 0.7420 

40 0.02406 95.90 3.617 4.88 0.0265558 0.01012 0.082 0.16520 1.00116 0.7382 

,.2 0.022115 101.01 3.61& 4.89 0.0251169 0.010&2 0.085 0.1832& 1.00110 0.7345 

41t 11.0217& 106.10 ;:).&15 4.90 0.02383&& 0.01113 0.089 11.20218 1.00105 0.7309 

46 0.02077 111.18 3.&15 4.91 0.022&8113 0.011&3 0.093 0.22193 1.0010a 0.7275 

1t8 0.01987 116.25 3.&14 4.92 0.021&514 0.01213 0.097 0.21021t7 1.00096 0.7244 

50 0.01905 121.30 3.613 4.93 0.02070% O. ot262 0.101 0.2&388 1.00092 0.7212 

52 0.011129 126.34 3.612 Io.91t 0.0198500 0.01312 0.104 0.28614 1.00088 0.7180 

Sit '0.01759 131.37 3.611, 4.94 0.0190617 0.013&2 0.108 0.30926 1.00085 0.7148 

56 0.01695 136.39 3.£11:l. 4.95 0.0183359 0.01407 0.112 0.33201 1.000112 0.71103 

58 0.01&35 101.41 3.611 4.95 0.0176653 0.01452 0.115 0.35550 1.00079 0.7136 

60 0.01579 l ;.42 3.610 4.96 0.0170436 0.01496 0.119 0.37977 1.00076 0.7127 

62 0.01527 151.42 3.610 10.96 0.01&4655 0.01541 0.122 0.40491 1.00074 0.7115 

&4 0.01478 156.42 3.609 4.96 0.0159264 0.01586 0.126 0.43082 1.00071 0.7102 

66 0.011033 161.43 3.608 4.97 0.0154224 0.01&32 0.129 0.45746 1.00069 0.7089 

"8 0.01390 166.42 3.&OS' 4.97 0.0149501 0.01677 0.132 0.48"89 1.000&7 0.7074 

70 0.01349 171.42 3.607 4.97 0.014506& 0.01722 o .136 0.51307 1.00065 0.7058 

75 0.01258 183.90 3.605 4.98 0.0135071 0.01834 0.144 0.58667 1.000&1. 0.7019 

80 0.01179 196.40 3.&03 4.98 0.0126387 0.019105 0.152 0.66473 1.00057 0.6979 

85 0.01109 208.91 3.&00 4.98 0.0118769 0.02056 0.160 0.74727 1.00054 0.6939 

90 0.01046 221.109 3.595 It.'JCJ 0.0112029 0.02166 0.167 0.83407 1.00051 0.6899 

95 0.00991 234.16 3.5118 4.99 0.0106022 0.02275 0.175 0.92473 1.00048 0.68&3 

100 0.00941 246.93 3.579 4.99 0.0100632 0.02383 0.182 1,,01909 1.00045 ti.6831 

105 0.00896 259.83 3.5S9 4.99 0.0095770 0.02489 0.189 1.11645 1.00043 0.6805 

110 0.00855 272.87 3.555 4.99 0.0091359 0.02601 0.196 1.22008 1.00041 0.6767 

115 0.00818 286.0'1 3.540 4.99 0.00873411 0.02112 0.203 1.32114 1.::::039 0.6733 

120 0.00784 299.54 3.521 4.99 0.0083662 0.02817 0.210 1.103478 1.00038 0.6715 

125 0.00752 313.19 3.500 5.00 0.0080283 0.0291(, 0.216 1.541'12 1.00036 0.6715 

130 0.00723 327.09 3.477 5.00 0.0077168 0.03006 o .2Z3 1.647Z5 1.00035 0.6735 

140 0.00671 355.65 3.lt24 !i. 00 0.0071614 0.03183 0.236 1.86184 1.00032 0.6785 

150 11.00626 385.34 3.363 5.00 0.006&810 0.03358 O.Z48 2.08Z01 1.00030 0.&642 

160 0.00587 416.32 3.294 5.00 0.00&2&11 0.03534 0.260 2.30907 1.00028 0.6900 

170 0.00553 448.26 3.225 5.00 0.~058911 0.03694 O.Z72 2.53116 1.00027 0.6990 

1110 0.00522 ' 481.43 3.153 5.00 0.00.55625,,, 0.041002 0.307 3.14970 1.00025 0.6731 

190 0.001t94 515.51 3.083 5.00 0.0052687 0.04737 0.327 3.527<)4 1.00024 0.&7"0 
200 0.D0410 550.55 3.014 5.00 0.0050044 0.O~034 0.343 3.89081 1.00023 0.67"9 
220 0.00427 622.99 2.886 5. DO 0.001t5483 0·,,05548 0.368 4.586210 1.00021 0.6766 

240 0.003CU' &97.67 2.173 5.00 0.00416135 0.05986 0.388 5.26021 1.00019 0.6761 

260 0.003&1 7710.07 2.675 5.00 0.0038474 '~. 063 75 0.404 5.92&&3 1.00017 0.67'34 

280 0.00335 851.46 2.592 5.00 0.0035722 0.06727 0.418 6.59480 1.00016 0.6806 

300 0.00313 929.33 2.522 5.00 0.0033338 0.07050 0.431 7.26987 1.00015 0.6815 

320 0.00293 1007.6~ 2.4&3 5.(10 0.0031252 0.07351 0.442 7.95481 1.00014 0.61123 

340 0.0027& 1085.92 2.412 5.00 0.0029412 0.07633 0.453 S.65276 1.00013 0.&829 

360 0.00261 1164.03 2.370 5.00 0.0027777 0.078911 0.464 9.36429 1.00013 0.6835 

380 0.00247 1242.04 2.334 5.00 0.002&315 0.08150 0.474 10.09102 1.00012 0.&839 

!tOO 0.00235 1319.64 2.303 5.00 0.0024998 0.08390 0.483 10.831001 1.00011 0.68"3 

420 0.00224 1396.6~ 2.277 5.00 0.0023807 0.08619 0.493 11.59395 1.00011 0.68"5 

.. 40 O.0r:lO::13 1473.27 2.255 5.00 0.0022725 0.08839 0.502 12.37081 1.00010 0.68"8 
460 0.(10204 1510"'.21 2.236 5.00 0.0021737 0.09050 0.511 13.16526 1.00010 0.68"9 

1t80 0.00196 1624.68 2.220 5.00 0.0020831 0.0925" 0.520 13.97769 1.00009 0.6650 

500 0.001118 1099.33 2.207 5.00 0.00199<)7 0.09451 0.529 14.1101188 1.00009 0.6851 

520 0.00151 1773.47 2.197 5.00 0.0019228 0.09642 0.538 15.;58102 1.00009 0.6852 

540 0.00174 18106.99 2.188 5.00 0.0018516 0.09828 0.5"7 1&.521069 1.00008 0.6852 

560 0.001&8 1919.9& 2.180 5.00 0.0017855 0.10009 0.55& 17.41116 1.000011 0.6852 

580 0.001&2 1992.53 2.174 5.00 0.0017239 0.101117 0.564 18.31629 1.00006 0.6852 

600 0.00157 206".71 2.169 5.00 0.0016£:65 0.10362 0.573 19.23991 1.00008 0.6851 

650 0.00144 2243.39 2.160 5.00 0.0015363 0.10785 0.595 21.63027 1.00007 0.61150 

700 0.001310 2420.54 2.154 5.00 0.00110284 0.11197 0.&16 210.13812 1.00006 0.611"9 
800 0.00117 2771.44 2.148 5.00 0.0012496 II. 1199'.i 0.&59 29.109692 1.0000& 0.6641; 

1000 (1.00094 3473.12 2.141 5.00 0.0009999 0.13559 0.742 "1.57 '2B9 1.00005 0.&8"1 
2000 0.00047 7259.07 2.014 5.00 0.0005000 0.2772 .. 1.128 162.66070 1.00002 0.5317 

3000 0.00031 11864.28 1.791 5.00 0.0003333 0.1000110 1.472 323. 1737!1 1.00002 0.5237 . 
4000 0.00023 23050.82 1.146 4.97 0.0002514 0.83799 1.790 619.29914 1.00001 0.4"S& 

5000 0.00018 79309.66 0.397 4.70 0.0002129 3.53238 l.141U85.50050 1.00001 0.3665 

• THO-PHASE BOUND~Y 
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C-Ze THEPHOOYNaMIC PPOPERTIES OF NOP~~l HYOROGEN 

1D PSU ISlB'alt 

TE"PERATURE VOLU"E ISOTHER" ISOCHORE INTERNaL ENTHALPY unOpy 'CV CP VELOCITY 
DEiUVATIVE DERIVATIVE ENERGY OF SOUND 

lEG. It CU FTlL8 CU ~T-PSU/LB PSI./It BTU/L8 BTU/La BTU/La-R BTU I LG ~,~:: FTiSEe 

'. 2,..8U 0.20790 2710.17 71t.1t536 93,,1192 9".277 3.365811 .1.118 ' .525 .. n9 

25 0.201107 2680.9 .. 7 ....... 6& 9".082 9 ..... 67 3.37350 1. i21 l..535 .. 12 .. 

2& 0.2092'1 2 .. 80.32 7 ... 27 .. 0 '15.&"5 9&.033 3."3"'12 1.1"'1 1,.618 .. 023 
28 0.21200 2312.75 72.3931 9a.911" 99.37& 3.55878 1.202 1.730 3921 
30 0.21lt92 2151.80 71.0016 102.,58 102.95& 3.611225 1.253 1.85 .. 38 .. 1 
32 0.211110 1998.67 69.7120 106.388 106.7'12 3.80599 1.299 1.98 .. 3761 
3,. 0.22158 1832.27 611.3&13 110.486 110.897 3.93036 1.339 2.127 3672 

• 3,..263 0.22207 1832.68 &8.1&0& 111.051 111.462 3.9"693 1.3 .... 2.137 367 .. 

• 31t.263 16.87591 154.'38 0.3278 213.783 105.il33 9.5971t7 1.537 2.790 11 .. 2 
36 17.91211 1&6.5 .. 0.3069 276.656 309.82" 9.73392 1.521 2.730 1177 
38 19.08lt66 17'3.100 0.2866 279.89" 315.2310 9.88051 1.509 2. &82 1215 

ItO 20.2 .. 101 19 1. 90 0.2&92 283.082 320.563 10.01737 1.502 2.6 .. 8 1252 

, 1t2 21.311502 20 ... 15 0.25"2 28&.23 .. 325.833 10.1 .. 601 1./098 2.623 1287 ,.,. 22.51931 216.19 0.2"09 7.89.360 331.060 10.26752 1 ... 95 2. &0 .. 1321 
4& 23.6 .. 5&9 228.07 0.2290 j'!92.10&6 33&.251 111 ,38278 1.Io'U 2.588 U53 

/08 210.76552 239.82 0.218" 295.556 3101.1015 10 ... 92 .. 9 1 ... 91 2.575 1385 
50 25.117983 251.4& 0.2087 298.631 3 .. &.55 .. 10.5972& 1.1090 2.56/0 1"16 
52 26.989 .. 3 263.00 0.19'39 301.&95 351.67<' 10.69756 1.1089 2.555 1 .... 6 
5,. 28.09"97 27 ... '+7 0.1919 30".710'3 35&.773 10.7'3370 1 ... 88 2.5 .. 7 1,.75 

56 29.19&97 285.86 0.18,.5 307.792 361.857 10.88625 1 ... 87 2.5 .. 0 150 .. 

58 30.29587 297.19 0.1777 310.829 36&.928 1O.'H52& 1.,+ 8& 2.53 .. 1532 
60 31.3920& 308."& 0.171" 313.859 371.989 11.06108 1." 8& 2.528 1559 

62 32,"8582 319.69 0.1655 316.885 377.0100 11.1 .. 393 1 ... 85 2.523 1586 

&It 33.577 .... 330.87 0.1600 319.'307 382.08 .. 11.22'+02 1 ... 85 2.'H9 1&13 

6& 3".6&71,. 3 .. 2.01 0.15109 322.927 387.121 11.30153 1."85 2.515 1&38 

68 35.75512 353.13 0.1501 325.9"1 392.150 11.37660 1 ... 81t 2.512 166 .. 

3D 3&.8 .. 15& 364.21 0.1/051- 328.952 397.172 11 ... 10938 1 ... 8 .. 2.509 1689 
75 39.55179 391.79 0.135& 33&.1067 "09.707, 11.62221 1.108 .. 2.503 1750 

80 .. 2.25507 "19.2" 0.1268 3 .. 3.96 .. "22.209 11.78355 1." 84' 2 ... 99 1808 
85 ..... 95279 .. 46.57 (1.1191 351.1055 .. 3 ... &95 11.93 .. 91 1.1085 2."95 1865 
90 47.6"598 "73.81 0.1123 3511.93" 4"7.162 12.07750 1.48& 2 ... 9 .. 1919 
95 50.335"3 500.915 0.1063 365.4111 459.&2& 12.21231 1.488 2.49 .. 1972 

100 53.02175 528.09 0.1009 373.916 "72.098 12.34033 1 ... 92 2 ... 95 2023 
105 55.705"6 555.15 0.0960 31'l1.4111 484.569 12.46221 1 ... 96 2 ... 97 2072 
110 58.38693 582.16 0.0915 3811.9410 "97.061 12.57828 1.501 2.501 2120 
115 61.0&&49 &09.13 0.0875 39&.1098 509.571 12.&8'336 1.507 2.50& 21&6 
120 &3.74 .... 0 636.07 0.0838 "0".088 522.125 12.79633 1.515 .2..51.2 2210 
125 66.42088 662.98 0.080" 411.716 534.710 12.89896 1.52 .. 2 .. 5210 22510 
130 69.09&10 :'89.87 0.0773 419.381 547.3211 12.99799 1.534 2.529 2296 
lit\} 7 ..... 4338 743.58 0.0717 43".888 572.737 13.18623 1.558 Z.551 2375 
150 79.78719 797.22 0.0669 1050.&38 598.382 13.36326 1.586 2.578 21051 
160 85.12824 850.80 0.0627 466.689 62 ... 323 13.53079 1.&18 2.610 2521 

170 90."6705 90".35 0.0590 483.067 650.588 13.6899" 1.653 2.644 2589 
180 95.80402 957.85 Q.0557 ,.<;9.800 677.203 13.8"198 1.690 2. &80 2653 
190 101.1393" 1011.32 0.0527 516.887 70".170 13.98696 1.729 2.718 27110 
200 106."7338 106".76 0.0501 534.388 731.5 .. 8 1 ... 12751 1.768 2.757 277 .. 
220 117.13830 1171.5'1 0.0455 570.566 7117.474 110 .394 00 10.8 .. 7 2.835 2887 
240 127.79993 1278.35 0.0"17 608.282 8"4.933 1 ... 6 .... 13 1.922 2.910 2995 
2M 138 ... 5905 1385.07 0.0385 6 .. 7 ... 56 903.845 1 ... 879 .. 3 1.992 2.979 30911 
280 1 .. 9.11&25 11091.7 .. 0.0357 687.954 9&".076 15.10260 2.055 3.0 .. 3 3199 
300 159.77193 1598.38 0.033" 729.651 1025.505 15.31470 2.112 3.099 3296 
320 170.42638 1705.00 0.0313 772.419 1088.003 1<;;.51632 2.163 3.150 3392 

340 181.07983 1811.60 0.029" 816.1"8 1151.458 15.70890 2.208 3.195 3485 
360 191.732 .. 7 1918.18 0.0278 860.711 1215.747 15.89241' 2.2"7 3.23/0 357& 
380 202.38 .... 2 202'+.75 0.0263 906.026 1280.7117 16.0&11 .. 0 2.282 3.269 3665 
,.00 213.03580 2131.30 0.0250 951.996 13"&.481 1&.236&0 2.313 3.299 3753 
420 223.68&70 2237.85 0.0238 998.532 1412.739 1&.39832 2.33'1 3.326 3839 
440 23 ... 33717 23"4.39 0.0227 10"5.555 1419.484 1&.55343 2.362 3.3"8 392 .. 

460 24 ... 98729 2"50.'32 0.0217 1093.002 15"6.652 1&.70296 ,2.382 3.368 4007 

UO 255.63710 2557."5 0.0208 1140.818 If>1 ... 189 16.8"667 2.398 3.385 .. 089 

500 26&.2B,,&3 2663.97 0.0200 1188.932 1&82.023 16.98513 2 ... 12 3.398 .. 170 

520 27&.93593 2710."8 0.0192 1237.30" 1750.115 17.11873 2 ... 2 .. 3.410 4249 

5 .. 0 287.56395 2876.79 0.0185 1285.926 1818.41& 17.2"739 2.1034 3,"20 4327 
560 298.2119& 2983.29 0.0179 1334.785 188&.993 17.37181 2 ..... 2 3 ... 28 .... 05 
580 308.85982 3089.78 0.0172 1383.677 1955.&02 17."9228 2.'+49 3.435 .... 81 
600 319.5075 .. 3196.27 0.0167 1"32.753 202 ... 3'35 17.£>01195 2 ... 55 3.10 .. 1 .. 556 
650 3 .. &.12&32 3 .. 62 ... 9 0.015" 1555.772 219&.70 .. 17.88'+93 2.465 3.451 .. 739 
700 372.7 .... 53 3728.70 0.011,3 1&79.218 2369.4 .. 0 18.14107 2 ... 72 3.'+58 491& 
800 "25.97972 .. 2&1.09 0.0125 192&.83 .. 2715.&33 18.&0330 2 ... 78 3 ... 6 .. 5253 

1000 ~,32. 41t71l 5325.81 0.0100 2 .. 23 ... 03 3'+09.350 19.37692 2 ... 87 3 ... 73 5870 
2000 106".7&128 10&49.09 0.0050 .. 9&9.887 69"1.5 .. 7 21.81628 2. & .. 4 3.&29 8230 
3000 1597.18739 15372.25 0.0033 7160.962 10718.517 23.31045 .. 2.960 3.9"8 9934 

ItOOO 2137.62104 21295.39 0.0025 111&6.100 1512 ... 395 2 ... 1>03 55 4 •• 230 5.31" 11128 
5000 2783.I,'iJ71 26" 18.53 0.0020 1831~.721o 23473. GO 0 2£1 ... 3 .. 67 11.165 13.238 12078 
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T~f~"OOYNAMIC PROP£PTIES OF NOPHll HYDqO~EN C -2~ 

U PSU ISOBAR ;;. 

TE"PERATURE DENSITY V COH/OV'p V COP/DU'V -V CDP/DV'T COV/OT\lV THERMAL VISCOSITY THERHAl OIEUCTRIC PRANDTL 
CONOUCnlfUY OIFFUSIVITV CONSTANT NUMBER 

OEG. R LB/CU r:T BTU/LB PSU-CU FTlBTU PSU 1I0EG. ~ BTU/FT-HR-R .. BlFT-SEC SQ FTlHR 
)( lOS 

• 2/0. au /0.111011 267003 13.8/08 13036.22 0.0057113 0.01021/0 1.115 0.005710 1.25170 2.23103 
25 /o.80U/o 265.75 13.816 128810.98 0.0057778 0.010252 1.698 0.00576 1.2S1"7 2.2072 
26 /0.77199 2511.13 13.533 111150.93 0.110626710 0.0"5S5 1.577 0.00 S89 1.210989 2.0169 
28 1t.716il 260.76 12.76/0 10909.03 0.006&3&1 0.0«';008 1.316 0.0061 .. 1.210&105 1.7118 
30 ... 65279 2&1 ... 3 12.1111 10011.90 0.0070917 0.05302 1.220 0.00&15 1.2 .. 285 1. S358 
32 ... 585011 260.eo 11.7011 ')163.91 0.007&072 0.05"92 1.09" 0.0060 .. 1.23905 1 ... 233 
3 .. 10.51309 257.35 11.311 11269.22 0.00112670 0.05602 0.991 0.00583 1.23S03 1.3553 

• 3/0.263 ... 50308 258.77 11.262 8252.71 0.00112592 0.05611 0.979 0.00583 1.23 .... 7 1. 3 .. 210 

• 31t.~&3 0.059Z6 711.16 3.&00 9.18 0.03S&996 0.00910 0.071 0.05507 1.00Z86 0.7793 
36 0.05583 82.71 3.&15 9.30 0.0330055 0.00939 0.0710 0.06161 1.00270 O. n6D 
lIS 0.052/t0 87.98 3.6210 9.100 0.0301085& 0.00985 0.078 0.07008 1.00253 0.7661 
.. 0 0.0109 .. 0 93.26 3.628 9.108 0.021139113 0.01032 0.08Z 0.071190 1.00239 0.7583 

"Z 0.0 .. &7& 911.52 3.629 9.55 0.0266250 0.01081 0.086 0.08809 1.002Z& 0.7517 
.... 0.0 ...... 1 103.77 3.629 9.&0 0.025090" 0.01129 o .090 0.097&11 1.00UIo 0.7 .. 59 
1t6 0.0"229 1011.99 3.&211 9.65 0.02371037 0.01178 0.0910 0.10765 1.002010 0.7 .. 08 
.. II 0.0100311 11".19 3.627 9.611 0.0225 .. 91 0.01227 0.097 0.111101 1.00195 0.73&2 
50 0.038;;10 11 9.37 3.625 9.72 0.02110799 0.01276 0.101 0.121179 1.00187 0.1319 
52 0.03705 12".53 3.6210 9.7" 0.02051&0 0.01325 0.105 0.13997 1.00179 0.7278 
510 0.03559 129.66 3.623 9.77 O. D1 9,,101" 0.0137 .. 0.108 0.15158 1.00172 0.7239 
56 0.03 .. 25 1310.711 3.622 9.79 0.01881035 0.011018 0.112 0.16307 1.00165 0.7224 
58 0.03]01 139.88 3.&21 9.81 0.0181122 0.01"63 0.116 0.17109] 1.00159 0.7209 
60 0.0]111& 1104.97 3.620 . 9.83 0.0171+388 0.01507 0.119 0.18716 1.001510 0.71910 

62 0.03078 150.05 3.619 9.810 0.01&8167 0.01552 0.123 0.199113 1.001109 0.717& 
6 .. 0.02978 155.11 3.&19 9.115 0.0162399 0.01597 0.126 0.212e6 1.001:'10 0.7157 
66 0.021185 160.19 3.&17 9.87 0.0157032 0.016102 0.129 0.2262& 1.00139 0.7139 
f,8 0.027'J7 165.210 3.&17 9.88 0.0152026 0.01687 0.133 Q.210005 1.00135 0.7120 
70 0.027110 170.29 3.616 9.89 0.011013103 O.D1731 0.1~6 0.251021 1.00131 0.7101 
75 0.025211 182.89 3.613 9.91 0.013&1153 0.0111103 0.110" 0.29118 1.00122 0.7055 
80 0.023&7 195.50 3.&10 9.92 0.0127805 0.01953 0.152 0.3303& 1.C0114 0.7009 
85 0.02225 2011.10 3.&07 9.93 0.0119913 O.HO&Io 0.160 0.37177 1.00107 0.6'3610 
90 0.02099 220.75 3.&02 9.9" 0.01129&2 0.02174 0.1611 O ... 1531 1. 0010 1 0.6921 
95 0.01987 233."9 3.594 9.95 0.010&792 0.02283 0.175 0.106076 1.00096 0.6882 

100 0.01118& 2106.32 3.5115 9.96 0.0101273 0.02390 0.182 0.501107 1.00091 0.68"7 
105 0.01795 259.27 3.574 9.97 0.009&3011 0.021096 0.189 0.5568& 1.0001H 0.6820 
110 0.01713 272.36 3.561 9.97 0.0091814 0.02607 0.196 1I. 60879 1.00083 0.6779 
115 0.016311 285.63 3.545 9.97 0.0087127 0.02718 0.203 O. &62103 1.00079 0.&7410 
120 0.01569 299.11 3.526 9.98 0.00839910 0.02823 0.210 0.71635 1.00076 1l.6725 
125 0.0150& 312. eo 3.505 9.9~ 0.0080569 0.02922 0.217 0.77003 1.00073 0.67210 
130 0.01 .. 1t7 326.73 3.481 9.98 0.00nlo16 0.03012 0.223 0.82281 1.00070 0.&7103 
1 .. 0 0.01343 355.310 3."211 9.99 0.0071802 O.03U8 0.23& 0.9]023 1.C0065 0.6792 
150 0.01253 385.07 3.366 9.99 0.0066955 0.033&2 0.21011 1.0 .. 053 1.00060 0.68"11 
160 0.01175 1016.09 3.298 9.99 0.0062725 0.03539 0.260 1.151027 1.00057 0.6905 

1711 0.01105 Io~.07 3.229 10.00 0.0059001 0.03698 0.272 1.26551 1.00053 0.6<J93 
1110 0.01044 . 481.27 3.157 10.00 0.0055697 0.0"403 0.307 1.57373 1.000!Ht 0.6735 
190 0.00989 515.39 3.0116 10.00 0.00527104 0.010738 0.326 1.76285 1.0001011 0.67103 
ZOO 0.00939 550.106 3.017 10.00 0.0050090 0.05035 0.3103 1.9 .... 36 1.00045 0.6752 
220 0.00854 622.95 2.888 10.00 0.00105513 0.055108 11.368 2.29230 1.000101 0.6768 
2 .. 0 0.007112 697.67 2.775 10.00 0.00101705 0.059117 0.388 2.62955 1.00038 0.6783 
260 0.00722 77".10 2.677 10.00 0.00381057 0.06376 0.4010 2.96302 1.00035 0.679& 
280 0.00&71 851.53 2.5910 10.00 0.0035730 0.06728 0.1018 3.297310 1.00032 0.61107 
300 0.!l0&2& 929 ... 3 2.52 .. 10.00 0.0033310] 0.07051 0.1031 3. &3509 1.00030 0.6816 
320 0.005117 1007.711 2."64 10.00 O. DO 31256 0.07352 0.442 3.97775 1.00028 O. &8210 

340 0.00552 1086.08 2."110 10.00 0.00294110 0.07634 0.453 10.32690 1.00027 0.61130 
360 0.00522 1164.20 2.371 10.00 0.0027718 0.07898 0.106" 10.611283 1.00025 0.6835 
380 0.0010910 121<2.210 2.3310 10.00 0.00263110 . 0.08151 0.107 .. 5.010635 1.000210 0.68100 
.. 00 0.001069 1319.86 2.3010 10.00 0.002109911 0.08391 0.1083 5.101799 1.00023 0.68103 
1020 0.0010107 1396.92 2.2U. 10.00 0.002380& 0.08620 o .1093 5.791110 1.00022 0.684& 
4100 0.00427 11013.53 2.255 10.00 0.0022723 0.0811100 0.502 6.186&& 1.00021 0.68108 
1060 0.001008 15 .. 9.48 2.237 10.00 0.0021735 0.09051 0.511 &.581002 1.00020 0.6850 
10110 0.00391 1624.97 2.221 10.00 0.0020829 0.09255 0.520 &.9903& 1.00019 0.&851 
500 0.0037& 1699.63 2.208 10.00 0.a019995 0.091052 0.529 7.100608 1.000111 0.6852 
520 0.00361 1773.711 2.197 10.00 0.001922& 0.096"3 0.538 7.83097 1.00017 G.6852 

5100 0.003108 111107.32 2.188 10.00 0.0018514 0.09829 0.5107 11.261027 1.00017 0.61152 
560 0.00335 1920.30 2.1111 10.00 0.00171153 0.10010 0.556 11.70762 1.COO16 0.6 e 52 
580 0.003210 1992.87 2.175 10.00 0.0017237 11.101811 0.56" 9.16031 1. 0001& 0.6852 
600 0.00313 Z065.0& 2.169 10.00 0.001&6fJ3 0.10363 0.573 9.62225 1.00015 0.61\<;2 
650 0.002119 2243.76 2.160 10.00 0.0Q15381 0.107~6 0.595 10.1117110 1.000110 0.6850 
700 0.002&8 2 .. 20.92 2.155 10.00 0.00110282 0.11198 0.616 12.07199 1.00013 0.68"9 
800 0.00235 2711.810 2.1109 10.00 0.00121oQ7 0.11997 0.&59 1".75303 1. 00011 0.68106 

1000 0.0011111 31073.510 2.1101 10.00 0.0009998 0.135&1 0.7"2 20.791"1. 1.00009 0.68"1 
2000· 0.000<)10 7259.53 2.0110 10.00 0.0004~99 0.2772" 1.1211 61.33<;50 1.001105 0.53111 
3000 0.000&3 118102.94 1.199 10.00 0.000JH3 0.391159 1.1072 161.26873 1.00003 0.52/09 

10000 0.000ft7 21175.111 1.263 9.96 0.000c509 0.74161 1.7119 2911.326"-3 1.00002 0.10616 
5000 0.00036 &3299.39 0.499 9. r;6 0.0002091 2.722110 2.126 572. "925'1 1.00002 0.3722 
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C-2c THER"OOfNl"IC PROPERTIES Of HO~Al H'OPO~EN 

14.69& PSU lSOIU~ 

. TEMPERA TU~E 1I0lU'tE nOTHER" ISOCHORE INTERNAL ENTHAI.Py ENTROPY CII CP IIELOCITY 
DEUVATIVE DERIVATIVE ENER·GY Of SOUND 

OEG. R CU Fr/lS CU FT-PSU/lB PSll/R 8TU/lS 8TU/LB 8TU/L8-R BTU I L8 -R fT/SfC 

• 21t.90l 11.20785 ':::-14.'35 74.41142 93.1197 94 ... &2 3.36&07 1. 1111 1.525 .. 11t2 

25 1I.207CJ9 2&c)2.7" 74.47&7 CJ".05& 9 ... 622 3.372'" 1.1?1 1.533 4131 

2& 0.20921 24117 .94 7 ... 3768 CJ5.617 96.187 3."3383 1.1 .. CJ 1. &17 .. 0211 

21 0.211CJ2 2320.03 72.48'31 98.951 99.528 3.5'31&1 1.202 1.729 1932 

3D 0.21 .. 83 2159.01 71.0900 102.520 1"03.104 3.68095 1.252 1.853 3111t6 
32 0.217CJ9 2006.29 6CJ.7983 10&.342 10&.CJ35 3.110"55 1.2CJ8 1.982 37&7 

3 .. 0.221 .. 5 1839.75 &8 ..... 86 110.433 111.036 3.921179 1.33CJ 2.125 3678 
36 0.22528 1&77.90 66.9173 11".813 115.42& ... 05 .. 27 1.37 .. 2.276 358«:1 

• 36. It II 3 0.22&29 16 .. 7.82 6&.5009 115.931 11&.5 .. , ... 011528 1.3111 2.31C 3573 

• 3& ... 113 11.97202 156.83 D."675 275.656 30,..235 9.3"093 1.555 2.90 .. 1165 

38 12.583&7 167.5& 0.4 .. 17 2711.2t;2 312.496 9."5558 1.53& 2.83 .. 1197 .. , 13 ... 0923 181.23 0.4118 281.602 318.093 9.59930 1.521 2.7&7 1236 

.. 2 14.21951 194 ... 3 0.38&5 284.881 323.577 9.7331" 1.511 2.719 1273 

.... 15.0U20 207.27 0.3647 2811.110 328.979 9.85875 1.505 2.684 1309 

.. 6 15.110777 219.84 0.3456 291.302 334.320 9.97134 1.501 2.657 1343 

"8 16.5n9& 232.18 0.3285 29 ..... 66 339.613 10.08980 1.4<18 2.635 1376 
50 17.36&03 24 ... 34 0.3133 297.607 3 .. 4.865 10.19689 1 ... 96 2.617 1407 

52 18.13695 256.34 0.2995 300.128 350.08S 10.29917 1.494 2. &02 1 .. 38 
5 .. 11\.90349 268.22 0.2869 303.83" 355.271; 10.39709 1."93 2.5CJO llt68 
56 19.66626 279.99 0.2755 306.923 361l.4"1 10.4CJ105 i.492 2.578 1"CJ7 
511 20 ... 2573 2CJ1.6& 0.2&"9 310.002 365.586 10.511136 1 ... 90 2.569 1526 
60 21.1823 .. 303.25 0.2552 313.071 310.714 10.661132 1.490 2.560 155 .. 

62 21.93& .. 1 314.76 0.2 .. &2 31&.131 315.827 10 .75217 1,,,8CJ 2.553 1581 
6 .. 22.6882 .. 326.21 0.2379 319.186 380.CJ27 10.113316 1 ... 88 2.5"6 1608 
&6 23.1:31108 337.5CJ 0.2301 322.235 38&.017 10.91147 1.4117 2.540 1634 

fI8 2 ... 18&15 348.<13 0.222CJ 325.276 391.094 10.«:111726 1 ... 87 2.535 1660 

"0 2".93261- 360.22 0.2161- 3211.312 3CJ&.161 11.0(\070 1 ... 87 2.53" 1686 
75 26.7CJ277 3118.27 0.20011 335.883 .. 011.79 .. · 11.23489 1." 8& 2.521 1 TIt 7 
80 28.6 .. 584 "16.11 0.1117& 343.427 421.381 11.39732 1.486· 2.511, 1806 
8S 30.49323 .... 3.79 0.1761 350.958 "33.93CJ 11.5"<155 1 ... 8& 2.50CJ 1863 
90 32.33&03 "71.33 0.l&5CJ 3511."73 .. 4&.469 11.69286 1.487 2.505 1918 
95 34.1750 .. .. 98.76 0.1569 3&5.9117 458.988 11.82827 1 ... 8CJ 2.504 1971 

100 36.010119 526.10 0.1"88 373.512 471.509 11.«:1567<1 1.493 2.50 .. 2022 
105 37 .II .. /ti 0 553.36 0.11016 381.038 "8 ... 023 12.07CJ09 1 ... CJ7 2.505 201\ 
110 39.67506 580.5& 0.1350 388.586 .. 9&.553 12.19553 1.502 2.508 2119 
115 .. 1.50 .. 09 607.70 0.12«:10 39&.159 509.104 12.30691 1.508 2.512 2166 
120 103.331107 63".79 0.1235 .. 03.7&6 521.68 .. 12 ... 1 .. 15 1.51& 2.518 2210 
125 .. 5.15741 661.8" 0.1185 411 ... U:; 53 ... 297 12.51701 1.525 2.526 2251, 
130 .. &.98209 " 88.85 0.1138 419.0119 5 .. 6.CJ41 12.&1625 1.535 2.53 .. 2296 

1"0 50.62827 742.78 0.1056 "34.&21 572.39& 12.80482 1.558 2.556 2376 
150 5".27098 796.61 0.OCJ85 450.392 5<18.080 12.911213 1.586 2.582 2 .. 51 
160 57.<11092 850.3& 0.0923 .. 6& ... 62 &2 ... 05S 13.1 .. 9117 1.&18 2.613 2522 

110 61.5 .. 862 90".05 0.0868 482.856 650.3"11 13.30919 1.653 2.6 .. 6 2590 
180 65.18 .... 11 957.68 0.0619 .. 99.602 676.CJ811 13 ... 6137 1.6ClO 2.6113 265 .. 
190 68.81869 1011.26 0.077& 516.703 703.97CJ 13.60&"9 1.729 2.720 2715 
200 72.1t51&3 106,..80 0.07:57 53".215 731.37e 13.1471 .. 1.768 2.75Cl 2715 
220 79.71"33 1171.79 0.0669 570.412 787.339 1".013 79 1.1147 2.837 2888 
2 .. 0 8&.9737 .. 1278.&9 0.0613 6011.1 .... 8 ..... 112& 14.2&"05 1.922 2.911 299& 
260 9 ... 2306& 1385.51 0.056& &"7.331 903.7&1 1 ..... 9910 .. 1.992 2.CJ1I0 3099 
28n 101 ... 856& 11092.28 0.0526 &117.8 .. 0 96 ... 013 1 ... 722&9 2. a 55 3.043 3200 
~OO 108.73913 1599. 00 0.0"90 129.5"7 1025."59 1".93"85 2.112 3.100 3~97 

320 115.9U38 1705.69 0.0 .. &0 772.32" 10117.971 15.13652 2.163 3.151 3393 

3 .. 0 123.2 .. 2&3 11112.35 0.0433 111&.059 1151 ..... 0 15.3291" 2.208 3.195 3 .. 86 
360 130."CJ307 lCl18.98 0.0"01!! 860.629 1215.7"0 15.512&11· 2.247 3.234 3577 
380 137.7 .. 283 2025.60 0.03117 905.950 12110.790 15.68870 2.282 3.26CJ 366& 
1t00 1 ..... Cl92n1 2132.20 0.03(;:1 951.926 13"6."93 15.115692 2.313 3.300 375" 
.. 20 152.21t071 2238.711 0.0350 998.466 1 .. 12.7511 16.0111&6 2.339 3.32& 311 .. 0 
.... 0 159 ... 11899 2345.35 0.033" 101t5."93 1479.510 16.17378 2.362 3.349 3925 
.. 60 166.73691 2451.Cll 0.0320 1092.9 .... 151t&.685 16.32333 2.382 3.3611 10008 
.. 110 173.98452 2558.4& 0.0306 1140.764 1614.228 16."6705 2.399 3.3115 4090 
500 181.23111& 2&&5.CO 0.029" 11118.8111 1682.067 1&.605511 2."12 3.39CJ 4171 
520 1811.47897 2771.54 0.0283 1237.256 1750.164 1&.73<113 2 ... 2 .. 3.411 4250 

5"0 lCJ5.7117 .. 21177.67 0.0272 12115.882 11118.1t73 16.867111 2.434 3.420 4328 
560 202.957&2 2984.39 0.0262 133".745 111117.051t 1& .CJ922" 2 ... 42 3 ... 211 .... 06 
5S0 21U.20374 3090.69 0.0253 1383.639 1955.6&6 17.11271 2.449 3.435 4 .. 82 
&00 217 ... 4952 3197.40 0.0245 1432.717 202 ... 463 17.22Cl .. 0 2.455 3.441 4557 
650 235.S6347 3463.65 0.0226 15S5.7"0 219f>.77CJ 17.5053Cl 2."65 3.451 47 .. 0 
700 253.67&84 372Cl.88 0.0210 167CJ.190 2369.521 11.76153 2." 72 J.1t5!! 4917 
1100 289.90234 42&2.31 0.0184 1926.812 2715.721 18.22378 2.478 3.46 .. 5254 

1000 362.35041 5327.07 0.01'" 2"23.387 3"OCJ.4I)Z 111 .99741 2.487 3.473 51170 
2000 721t.57382 10650.42 0.0073 4Cl&9.882 6941.6&1) 21.43678 ?.6 .. 1t 3.62<1 11230 
3000. 1086.84976 15H.!.59 0.004CJ 7759.900 10117.51t5 22. ~64£0& 2.954 3.942 9937 

4000 1 .. 53.62588 212Cl6.74 0.0037 11103.0"11 11)05,..~01 24.2062CJ ... .0 .. 5 S.111 111&2 
5000 1879.&1030 2&&lCl.S8 0.0029 11575.283 226CJO.266 25.1182111 <1.1127 11.6117 12097 
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fHE""OOYNA"IC PROPERTIES OF NOPI'lAl HYOQOGEN (".2.' 

14.696 PSIA ISOBAR 

TE"PERATURE OENSHY 'I COH/OV'p 'I COP/OU'V -v (OP/OV'T (O'lIOf\l'l THER"Al VISCOSIT~ 'iHERI'1Al DIELECfRlC PRANOTL 
CONOUCTI'IITY OIFFUSIVITY 'C!lNSTANT NUHBER 

OEG. It LB/CU FT BTU/LB PSU-CU F'fIBTU PSIA 1I0EG. It BTU/FY-HIt-R LB/FT-SEC SQ FTlHR 
X lOS 

• 24.903 4.81128 267,"7 13.8 .. 6 130&2.39 0.0057022 0.04222 1.716 0.00575 1.25171; 2.2321 
25 ... 80787 266.57 13.819 129"6.36 0.0057527 0.04253 1.702 0.00577 1.25157 2.201lS 
26 ... 77979 2511.55 13.5 .. 8 11891.82 0.00625105 0.0 .. 556 1.581 0.00589 1.2/0999 2. D1q9 
28 /0.71885 261.20 12.779 10<:1/07.86 0.006&209 0.05011 1.379 0.Ob611o 1.2/0656 1.7137 
30 /0.65/093 261.90 12.1<:1/0 10050.02 0.0070736 0.05305 1.223 0.ODU5 1.210297 1.5370 
32 /0.51173 .. 261.3 .. 11.V20 9203.5/0 0.007<;839 0.05/097 1.097 0.00605 1.2~'l18 1.10240 
3 .. ".51562 257.91 11.323 8307.61 0.0082393 0.05607 0.99/0 0.0058" 1.23517 1.3556 
J6 ..... 3898 253.38 10.975 , .... 8.17 0.00898 .... 0.05692 0.906 0.00563 1.23089 1.3051 

• 3&.483 ..... 1902 252.CJO 10 .8CJ5 7281.73 0.0091326 0.05120 0.1187 0.00560 1.22918 1.2M2 .. 36 ... 83 0.011353 81.37 3.600 13.10 0.0356912 0.00979 0.016 0.0/0037 1.011/0010 0.8090 
38 0.079,. 7 85.1+2 3.619 13.32 0.0331737 0.01010 0.079 0.0/0/087 1.0038" 0.795/0 

/0" 0.07458 90.80 3.632 13.52 0.030,.691 11.0105/0 0.083 a.1I5109 1.00360 0 •. 7815 

.. 2 0.010:n 96.20 3.638 13.67 0.0282697 0.01100 0.087 Q.05750 1.003100 0.7708 

.... 0.06659 101,,58 3.6/00 13.80 0.0264268 0.~11"7 0.090 0.061t15 1.(10322 0.7620 

.. 6 0.06326 106.'l3 3.6/00 13.91 0.02481087 0.0119" U.094 O. 07103 1.00306 0.7547 
48 0.0&028 112 •• :6 3.638 1/0.00 0.02310756 0.012 .. 2 0.098 !I. 07111; 1.00291 0.7485. 
50 0.05758 111.5~' 3.637 1 ... 07 0.0222656 0.01289 0.102 0.085;5 1.00278 0.7/029 
52 0.05514 122.8l 3.635 1 ... 13 O. 02118~6 0.01337 0.105 0.09321 1.00266 0.73711 
5 .. 0.0521)0 1211.116 3.633 1/0.19 0.0202220 0.01386 0.109 0.1011" 1.00256 0.7330 
56 0.05085 1 ;'3.26 3.632 14.210 0.0193483 0.011030 0.113 0.10905 1.002106 0.7305 
58 0.0/0896 138./05 3.631 1 ... 28 0.0185538 0.0147 .. 0.116 11.11719 1.00236 0.7281 
60 0.0/0721 143.62 3.629 1/0.32 0.0178274 0.01518 0.120 0.12559 1.00228 0.7259 

62 0.04559 148.76 3.629 110.35 0.0171605 0.01562 0.123 0.13"27 1.00220 0.7235 
6,. 0.0 .... 08 153.88 3.628 1".38 0.0165 .. 5/0 0.01607 0.126 0.14320 1.00213 0.7211 
66 0.04267 159.02 3.626 11 .. 40 0.0159760 0.01652 0.130 D.15237 1.00206 0.7188 
96 0.0.,135 16/0.13 3.625 . 1/0./03 O. a154/o71 0.01696 0.133 0.16150 1.00200 '0.7165 
70 0.0 .. 011 169.23 3.624 14 • .,5 0.01/095102" 0.017101 0.1~6 0.171/09· 1.00194 0.7143 
75 0.03732 181.95 3.621 1/0./09 0.0138565 0.01851 0.145 0.19675 1.00180 o. 70~9 
80 0.03431 19/0.65 3.617 1/0.53 0.0129161 0.01962 0.153 0.22351 1.00169 0.7038 
85 0.03279 207.34 3.613 1 ... 55 0.0121002 0.02072 0.160 0.25178 1.00158 0.6988 
90 0.03093 220.06 3.608 1 ... 58 0.0113849 0.02181 0.168 0.28149 1.001"9 0.6942 
95 0.0292& 232.87 3.600 1".59 0.0101521 0.02290 0.175 0.31250 1.00141 0.6CJOO 

100 0.02777 2/05.75 3.591 1/0.61 0.0101880 0.02397 0.183 0.3/0 .. 77 1.00134 0.6863 
105 0.02&42 258.75 3.580 1 ... 62 0.009681& 0.02503 0.190 0.37805 1.00128 0.6833 
110 0.02520 271.89 3.566 1/0.63 0.0092243 0.0261/t 0.197 0 .... 134<; 1.00122 0.6791 
115 0.02409 285.19 3.550 1".64 0.0088093 0.0272ft 0.203 0.45002 1.00116 0.675 .. 
120 0.02308 298.71 3.531 1/0.65 0.0084306 0.02829 0.210 0.48679 1.00111 0.673" 
125 0.0221ft 312.43 3.509 14.66 0.0080838 0.02927 0.217 0.52339 1.00107 0.6732 
130 0.02126 326.39 3./086 1/0.66 0.0077648 0.03017 0.223 0.55937 1.00103 0.6750 
1.,0 0.01975 35'5.05 3.432 14.67 D.0071979 0.03193 0.236 0.63255 1.00095 0.6798 
150 0.018,.3 38.,.82 3.370 lft.68 0.0067091 0.03367 0.248 0.70774 1.00089 0.6853 
160 0.01127 .. 15.88 3.301 14.&8 1).0062831 0.035.,3 0.260 0.78527 1.00083 0.6909 

170 0.01625 447.89 3.232 1/0.69 0.0059085 0.03702 0.272 0.86109 1.00078 0.6997 
180 0.0153/0 ft81.12 3.159 1/0.69 0.005576 .. . 0.010405 0.307 1.07015 1.0007" 0.6739 
190 0.01453 515.27 3.088 lft.69 0.0052797 0.01073CJ 0.326 1.19883 1.00070 0.6747 
200 0.01380 550.37 3.019 14.10 0.0050133 0.05036 0.3102 1.32239 1.00067 0.6755 
220 0.01254 622.90 2.890 1 ... 70 0.00 .. 5542 0.05549 0.368 1.55930 1.00061 0.6771 
2 .. 0 0.01150' 697.67 2.776 1/0.70 0.00.,1724 0.059117 0.388 1.78895 1.00055 0.6785 
260 0.010&1 774.13 2.&78 1/0.70 0.0038 .. 99 0.06376 0.404 Z.01602 1.00051 0.67'38 
280 0.00985 851.59 2.595 1".70 0.0035739 0.06729 0.418 2.24366 1.000/08 0.6808 
300 0.001)20 929.52 2.525 1/0.70 0.0033348 0.07052 0 • .,31 2.47362 1.000104 0.6817 
320 0.:10862 1007.90 2./065 1/0.71 0.0031259 0.07353 0.442 2.70691 1.00042 0.6825 

3,.0 0.00811 1086.23 2.1015 1/0.71 0.0029/016 0.0763/0 0./053 2.9/0/061 1.00039 0.6831 
360 0.00766 116/0.37 2.372 1".71 0.0027779 0.07899 0.46ft 3.18691 1.00037 0.6836 
380 a.00726 12 .. 2 • .,3 2.335 1.,.71 0.O!l26311o 0.08152 0.474 3.43 .. 36 1.00035 0.68/00 
.. 00 0.0061)0 1320.07 2.304 t ... 71 0.002,.997 0.08392 0.483 3.61173/0 1.00033 O. &8/0 .. 
.. 20 0.00657 1397.1/0 2.278 1/0.71 0.00238"5 0.011621 0.493 3.9 .. 6011 1.00032 0.6114& 
.... 0 0.00627 1473.77 2.256 1/t.71 0.00227.2 0.08841 0.502 ".21056 1.00030 0.66/08 
.. 60 0.00&00 1549.74 2.237 14.71 0.0021733 0.09052 0.511 4.48103 1.00029 0.6850 
480 0.00575 1625.210 2.222 1/0.71 0.0020827 0.09256 0.520 4.75761 1.00028 0.6851 
500 0.00552 1&9<:1. <:12 2.209 1".70 0.0019994 0.09/053 0.529 5.010057 1.00027 0.6852 
520 0.00531 177/0.08 2.1911 1/0.70 0.0019224 0.096 .... 0.538 5.32977 1.00026 0.6852 

5 .. 0 0.00511 11147.63 2.189 lft.70 0.0018512 0.09830 0.5107 5.62/071 1.00025 0.6852 
560 0.00 .. 93 1'320.62 2.181 1.,.70 0.0017851 0.10011 0.556 5.926411 1.00024 0.6852 
580 0.001076 1')93.20 2.175 14.70 0.0017235 0.1018CJ 0.565 &.23/059 1.00023 0.6852 
600 0.00,.&0 2065.ftO 2.170 1.,.70 0.001&661 0.10364 0.573 6.5IoCJOO 1.00022 O. 68~2 
650 0.00,.25 224/0.10 2.1&1 1/0.70 0.0015379 0.10767 0.595 7.J6266 1.00020 0.6651 
700 0.0039/0 2/021.28 2.155 14.70 0.0014280 0.11199 0.&16 8.21634 1.0001'3 C.68/oQ 
800 0.003,.5 2772.22 2.1"9 1/0.70 0.0012,.96 0.11998 0.&59 10.0.!t11!l 1.00017 0.68/06 

1000 0.00276 31t 73. 9,. 2.1101 1/0.70 0.0009991 0.1356Z 0.742 110.150114 1.00013 0.68101 
2000 0.00138 7259.Q7 2.01/0 lit. 70 0.0004999 0.27723 1.128 55. l4 666 1.00007 0.5318 
3000 0.ODOCJ2 lU25.74 1.802 1/0.70 0.0003333 0.39765 1.472 10').6"698 1.00004 0.52510 

/t000 0.000&9 20380.77 1.320 1/0.6; 0.00025011 0.70077 1.789 i99.l0 1137 1.00003 0./06911 
5000 0.00053 5&312.78 0.562 1,..16 0.0002015 2.3&939 2.120 381. 07191 1.00003 O. 37&1t 
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c-Zc THEPHOD"NA~IC PROPERTIES OF NOPHAL HYD~OGEN 

. 15 PSU ISOBIiR 

TE"PERATURE II0LU"E ISOTHERM ISOCHORE INTERNAl ENTHALPY ENTROPY CII CP II£lOCIn ~ 

OERIIIATIIIE OERIIIATlIIE ENERGY OF SOUND 

DEG. R CU FT/LB CU FT·PSU/LB PSU/R BTU/LB BTU/LB BTU/LB-R BTU I LB -R FTiSEC 

• 21t.901t 0.20711 .. 2715.26 7 ..... 1162 93.1197 9 ... 474 3.366011 1.1111 1. !;2!; 41 .. 2 
., 
'. 

25 0.20799 2693.50 7 ..... 7117 9 ... 055 9".632 3.372 .. 0 1.121 1.!;33 .. 132 

26 0.20921 210811."3 7".31135 95.616 96.197 3 ... 33 76 1.1·1t9 1,,617 .. 029 

211 0.21191 2320.50 72 ... 910 98.9109 99.538 3.55753 1.202 1.729 3933 

30 0.21"112 2159."7 71.0957 102.517 103.11" 3.6110117 1.252 1.1152 311 .. 7 

32 0.217911 200E-.711 69.110311 106.339 106.145 ;1.80 .. 46 1.298 1.9112 3767 

34 0.221 .. 5 111"0.23 68 ... 5 .. 2 110.430 111.0"5 3.921169 1.339 2.125 3679 

36 0.22527 167 11."0 66.9229 11 ... 809 115.435 1t.05416 1.374 2.276 3590 

• 36.6011 0.22655 1637.31 66 ... 00 .. 116.216 116.845 4.09312 1.3113 2.320 3567 

• 36.6OS 11.75296 156.117 0.4766 275.751 30;.396 9.32711 1.0;5& 2 .. 912 1166 
38 12.30213 166.76 0."523 2711.1 .. 1 312.311 9.1tJ2211 1.538 2.1145 1195 
Ita 13.11369 180.52 0 ... 215 2111.503 317.927 9.57650 1.522 2.775 1235 

1t2 13.90975 193.79 0.3955 2111 .. 791 323.426 9.71072 1.512 2.726 1212 
. 

44 1".691008 206.611 0.3730 2811.027 328.841 9.11361:02 1.506 2.690 13011 
Itli 15 ... 6920 219.29 0.3533 291.226 3310.193 9.9554" 1.502 2.662 13 .. 2 
.. II 16.2361111 231.611 0.3359 29 ... 395 339.10910 10.061108 1."99 2.639 1375 

50 16.998 .. 0 2 .. 3.81 0 .. 3202 297.5 .. 0 310".7510 ta.175J3 1."96 2.621 1 .. 07 

52 17.75475 255.91 0.3061 300.665 349.9110 10.27775 1.495 2.606 1".18 
51t 111.50669 267.112 0.2932 303.774 355.17!1 10.37578 1."93 2.592 lit 68 
56 19.2!;ltIlJ 279.&1 0.2815 306.866 360.348 10 .46983 1 ... 92 2.5111 1 .. 97 

511 19.99965 291.30 0.2707 309.9411 365.499 10.56023 1.491 2.571 1526 
60 20.74165 302.91 002607 313.019 370.&31 10.51oH7 1.490 2.!;62 155 .. 

62 21.411107 314 ... 10 0.2515 316.0112 375.7"6 ta.73119 1." 119 2.555 15111 
64 22.21824 325.90 0.2430 319.139 380.852 10.111224 1.4118 2.51011 16011 
66 22.95343 337.31 0.2350 322.189 ]85.945 10.119060 1.41111 2.542 163 .. 
68 23.6116113 348.6& 0.2276 325.233 391.025 10.96644 1. "117 2.537 1660 
~O 24 ... 1863 359.96 0.2207· 3211.270 396.095 11.03991 1.487 2.532 1685 
75 26.2 .. 211 3811.0 .. 0.2051 335.8 .. 5 408.735· 11.21"20 1.4116 2.522 17 .. 7 

110 211.05849 "15. (i!1 0.1916 3"3.392 421.32!1 11.H670 1.4116 2.515 11106 
115 29.116919 "43.61 0.17'311 350.926 433.890 11.52899 1." 86 2.510 11163 
90 31.61529 471.17 0.1694 3511.4 .. 3 446.424 11.67235 1.467 2.506 19111 
95 33.1t7760 4911.62 0.1602 365.960 458.947 11.80779 1.490 2.505 1971 

100 35.27675 525.97 0.1520 373.4116 471.470 11.93635 1.1t93 2.50" 2022 
105 37.07325 553.25 0.1445 3111.013 4113.9118 12.05867 1.497 2.50& 2071 
110 311.116751 580."6 0.13711 3811.562 4'36.521 12.17513 1.502 2.508 211'3 
115 "0.65911" & 07. &1 0.1317 396.137 509.074 12.28653 1.508 2.513 2166 
120 .. 2 ... 5051 63".71 0.12&1 .. 03.7 .. 5 521.655 12.39379 1.516 2.519 2210 
12!i 44.23;74 661.77 0.1209 .. 11.390 534.270 12."9667 1.525 2.526 225 .. 
130 46.02771 688.79 ~.1162 .. 19.070 546.916 12.59592 1.535 2.535 2296 

1 .. 0 .. 9.600411 '''2.73 0.1078 43 ... 603 572.373 12.78452 1.5511 2.556 2376 
150 53.16978 796.58 0.1005 1t50.377 598.061 12.96184 1.586 2.582 2451 
160 56.73630 1150.33 0.0942 466.447 624.037 !.3 .12960 1.6111 2.613 2522 

170 60.30059 9 Olt. 03 0.0811& It 112. 11 .. 2 650.332 13.281193 1.653 2.647 2590 
1110 63.116303 957.66 0.0836 499.5119 676.915 13.11 .. 112 1.6'30 2. &83 265 .. 
190 67.42382 1011.25 0.0792 516.691 703.967 13 .58624 1.729 2.721 2715 
200 70.9113310 106".110 0.0752 5310.20 .. 731.367 13.72690 1.768 2.759 2115 
220 711.09922 1171.111 0.06113 570.402 787.330 13.99357 1.11 .. 7 2.1131 21111e 
2 .. 0 115.21180 1278.71 0.0626 6011.135 8 .. 1t.519 14.24383 1.922 2.911 2996 
2&0 92.32189 1385.54 0.05711 6 .. 7.323 903.756 14.47923 1.992 2.980 309C3 
280 99."3005 1492.32 0.053& 687.833 964.009 14.70248 2.055 3.044 3200 
300 106.53&&~ 1599.05 0.0501 729.;40 1025.456 14.91 .. 65 2.112 3.100 3297 
320 113.6"211 1705.74 0.0469 772.3111 1087.969 15.11632 2.163 3.151 3393 

3ltO 120.746510 11112 ... 0 0.04 .. 2 1116.054 1151.439 15.30119 .. 2.208 3.195 3"116 
3&0 127.85014 1919.0" 0.0417 1160.624 1215.7"0 15.49249 2.2"7 3.231t 3571 
:sao 134.95307 2025.65 0.0395 905.945 1280.790 15.661150 2.2112 3.269 3666 

400 142.05542 2132.25 0.0375 951.921 131t6.1t93 ·15.113672 2.313 3.300 37, .. 
42D 149.15729 2238.84 0.0357 998."61 1"12.760 15.998107 2.339 3.326 3840 
.... 0 156.251174 2345."1 0.03 .. 1 1045."89 1479.512 16.15359 2.362 3.349 3925 
1t60 163.35983 2451.97 0.0326 1092.9 .. 0 1546.&87 16.3031" 2.3112 3.3611 40011 
.. eo 170 ... 60&2 2558.53 0.03UJ l11t0.760 16110.231 16.44686 2.3C39 3.385 10090 
500 177.5&113 2&65.07 0.030t1 11118.8711 1682.070 16.0;8534 2.412 J& 399 .. 171 
520 1114.661101 2771.61 0.02119 1237.253 1750.167 16.71119" 2."24 3.411 .. 250 

5 .. 0 191.74765 2H7.94 0.02711 1285.1180 1518.1t77 16.114762 2 ... 3 .. 3.420 .. 3211 
560 1911.84&91 29114.46 0.02&8 1334.742 1887.058 16.97205 2.442 3.429 4 .. 06 
5110 205.910601 3090.97 0.0259 1383.&36 1955.671 17.09253 2 ..... 9 3.435 10 .. 112 
600 213.04497 3197."7 0.0250 1432.715 2024.1067 17.20921 2.455 3.441 4557 
650 230.791117 31063.72 0.0231 1555.738 219&.7114 17.48520 2 ... 65 3.451 47"0 
700 2411.53820 3729.9& 0.02110 1679.188 23&9.52& 17.,..135 2. It 72 3.4511 .. 917 
800 284.02961 .. 2&2.39 0.011111 1926.810 2715.729 111.20360 2.478 3.4&4 5254 

1000 355.00949 5321.16 0.0150 <'423.386 3409.456 111.97722 2 ... 87 1.473 51170 
2000 709.89199 10&50.50 0.0075 .. 9&'1.8111 69 .. 1.673 21 ... 16&0 2.644 3.&29 11230 
3000 . 10&1t.82525 15973.&8 0.0050 77~9.1149 10717.501 22.9 .... 46 2.9510 3.9101 9937 

4000 142".122511 21296.83 0.0038 11100.022 15055.656 21t.U525 It. rt36 5.101 1116 .. 
5000 111"0.831156 26&19.9& 0.0030 17539.593 22652.1;94 25,115"35 9.762 11. &1<' 120911 
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T"E~~ODfNA"IC PROPERTIES OF NOP1Al HVOQOGEN C-?'.: 

15 PSU ISDBaR 

TE"PERATURE DENSITY veDH/OV'p veOP/DU'v -VCOP/OV'T eOV/OT~!V THERMAL VISCOSITY THER .. AL DIELECTRIC PRANOTl 
CONDUCTIVITY Orf"f'USIVITY CONSTANT NUMBER 

DEG. It LB/CU FT BTU/lS PSU-CU FTlBTU PSU 1/0EG. It BTUIf'T-HR-R LB/FT-SEC SQ FTlHR 
lC 105 

• 2 ... 90 .. ...81135 267.50 13.8 .. 5 1306".08 0.0057016 0.0"222 1.716 0.001)75 1.25177 2.231'J 

25 1t.80798 266.62 13.819 12950.33 0.0057511 0.0 .. 25 .. 1.102 0.00577 1.25158 2.208'J 

2r. ... 77990 258.58 13.5"9 1189 ... 47 0.00621)36 0.0 .. 551 1.581 0.001)90 1.24'J99 2.0201 

28 ... 71898 261.25 12.780 10950.37 0.0066200 O.OSOl1 1.580 0.0061 .. 1.24657 1.7138 

30 ... 65506 261.93 12.195 10052.49 0.007072" 0.05301) 1.223 0.00£:15 1.24298 1.5371 

32 ".587"9 261.38 11.721 9206.10 0.0375823 0.05"97 1.097 0.00 (01) 1.23919 1. 421t0 

3 .. ... 51579 257.95 11.321t "310.10 0.00112375 0.05607 0.99" o. DO 1)8" ·1.23518 1.31)56 

36 ..... 3916 253."~ 10.975 7 .. 50.69 0.0089821 0.05692 0.907 0.001)63 1.23090 1.3051 

• 3r..6U ..... 1 .. 11 252.51 10.876 1227.29 0.00911175 0.05727 0.1182 0.00'55'J 1.22951 1.28&5 

• 36.608 0.08508 81.5 .. 3.601 13.35 0.035107Z 0.0098" 0.076 0.03972 1.00"11 0.810" 
38 0.08129 85.25 3.618 13.55 0.0333702 0.01012 0.079 0.0 .. 377 1.00393 0.7975 

"0 0.07626 90.65 3.632 13.77 0.0306169 0.01056 0.083 11.0 .. 988 1.00369 0.7832 

.. 2 0.07159 96.05 3.638 13.9~ 11.0211380;2 0.01101 0.081 11.05617 1.003 .. 7 0.1121 

.... 0.06805 101 ..... 3.6"0 1".01 0.0265191t 0.OU"8 0.090 0.06269 1.00329 0.7632 

.. 6 0.06 .. 6 .. 106.80 3.6 .. 0 1 ... 18 0.02"921t5 0.01195 0.09 .. 0.069 .... 1.00312 0.7557 

1t8 0.06159 112.13 3.639 1".21 0.02353116 0.0121t2 0.098 0.07643 1.002911 0;. 7 .. 93 

!i0 0.058113 117 ..... 3.638 1".35 0.0223B7 0.01290 0.102 0.011368 1.0028 .. 0.7436 
52 0.05632 122.71 3.636 1 ..... 1 0.0212339 0.01338 0.105 0.09118 1.00272 0.7381t 
5 .. 0.05 .. 113 121.95 3.63" 1 ..... 7 0.020260'J 0.01386 0.109 0.091196 1.00261 0.7336 

56 0.(;519" 13~.17 3.633 14.52 0.0193820 0.01"30 0.113 0.10671 1.00251 0.7310 

58 0.05000 138.36 3.631 1".57 D.011151132 0.01"75 0.116 0.U"70 1.00242 0.7286 

60 0.01tS21 143.53 3.630 1".60 0.0175532 0.01519 0.120 0.12293 1.00233 0.7263 

62 0.0 .. 655 1"8.67 3.629 1".61t 0.01111132 0.01563 0.123 0.131"~ 1~00225 0.7239 
6 .. 0.0"501 153.80 3.628 1".67 0.0165656 0.016011 0.126 0.1 .. 019 1.00217 0.7215 

66 0.010357 158.9 .. 3.627 1".70 0.0159940 0.01652 0.13l! 0.1 .. 9111 1.00210 0.7192 
~II 0.0 .. 222 16".05 3.626 1".72 0.015 .. 632 0.01697 0.133 0.158 .. 3 . 1.0020 .. 0.71611 

70 0.0 .. 095 169.16 3.62" 1".74 0.01"9M7 0.017"1 0.136 0.16792 1.00198 0.71"6 
75 0.03811 1111.89 3.621 1".79 0.013561'7 0.011152 o .1r.5 0.19267 1.0018 .. 0.7091 

80 0.03564 19".59 3.618 IIt.82 0.0129249 0.019&2 0.153 0.211190 1.00172 0.70"0 
85 0.0331t1l 207.29 3.61 .. 14.85 0.0121073 0.0207Z! 0.160 0.2 .. 660 1.00162 0.6990 

90 0.03157 22 O. 01 3.609 1".88 0.0113907 0.02181 0.168 0.27572 1.00152 0.6943 
95 0.02987 232.83 3.601 1".119 0.01075&9 0.02290 0.175 0.30610 1.0014 .. 0.6901 

100 0.02835 2105.72 3.591 1".91 0.0101919 0.02398 0.1113 0.33772 1.00137 0.686" 
105 0.02697 2 58. 72 3.580 1".92 0.009&11 .. 9 0.02503 0.190 0.37033 1.00130 0.6834 
110 0.02573 271.86 3.566 1 ... 93 0.0092271 D.0261 .. 0.197 o ... 0502 1.00124 0.6792 
115 D.OZ .. 59 2115.16 3.550 1 ... 9 .. 0.001111116 0.0272" 0.203 0."4086 1.00119 0.6755 
120 0.02356 298.611 3.531 1".95 0.008"327 0.02829 0.210 o ... 7685 1.00111t 0.·6735 

125 0.02260 312."1 3.510 1".96 0.00110855 0.02928 0.217 0.5127 .. 1.001D9 0.6733 

130 0.02173 326.37 3."86 1".96 0.00776&3 0.030111 0.223 0.5"1100 1.00105 0.6751 

1"0 0.02016 355.03 3."32 14.97 0.00719Q1 1).03193 0.236 0.61970 1.00097 0.6799 
150 0.0111111 38 ... U 3.370 1".911 0.0067100 0.03367 0.21t1l 0.69338 1.00091 0.6853 
160 0.01763 "15.87 3.302 1".99 0.0062838 0.035 .... 0.260 0.16935 1.000115 0.6909 

170 0.016511 .. 1t7.88 3.232 1".99 0.0059090 0.03703 0.272 0.11 .. 36 .. 1.00080 0.6997 
180 0.01566· .. 111.11 3.160 15. DO 0.00557&8 0.0 .... 05 0.307 1.0 .. 8 .. 1 1.00076 0.6740 

190 0.011tS3 515.27 3.089 15.00 0.0052600 0.0"739 0.326 1.17 .. 49 1.00072 0.6747 
200 0.01 .. 09 550.36 3.019 15.00 0.005013& 0.05036 0.3"2 1.29555 1.00068 0.6755 
220 0.01280 622.90 2.890 15.00 0.00"5543 0.055"9 0.368 1.52766 1.000&2 0.6771 
2 .. 0 0.01174 &97.67 2.776 15.01 0.00 .. 1725 0.059118 0.3811 1.75267 1.00057 0.6785 

260 0.01083 77 ... 13 2.6711 15.01 0.0038500 0.06376 0 ... 0 .. 1.97515 1.00052 0.6798 
280 0.01006 851.60 2.595 15.01 0.0035739 0.06729 0."111 2.191119 1.000"9 0.6808 
300 0.00939 929.53 2.525 15.01 0.00333 .. 9 0.07052 0."31 2 ... 23 .. 9 1.000 .. S 0.61117 
320 0.0011110 1007.91 2."65 15.01 0.0031259 0.01353 o ... 1t2 2.65206 1.00042 0.6825 

3 .. 0 0.001128 1086.2" 2."15 15.01 0.0029"16 0.0763" 0."53 2.118 .. 95 1.000 .. 0 0.61131 
360 0.00782 116".38 2.372 15.01 0.0027779 0.071199 0 ... 6 .. 3.12235 1.00038 0.683& 

380 0.007H 12 .. 2 ..... 2.335 15.01 0.002631 ... 0.08152 0.1t74 3.36 .. 80 1.0003& 0.6840 
.. 00 0.00704 1320.09 2.30" 15.01 0.0024997 0.08392 0.4113 3.61265 1.00034 0.6844 

.. 20 0.006l'0 1397.16 2.2711 15.01 0.0023805 0.08621 0.1t93 3. 86E:15 1.00032 0.6846 

.... 0 0.006 .. 0 1"73.79 2.256 15.01 0.0022722 0.088 .. 1 0.502 ... 1252 ~ 1.00031 0.6849 

.. 611 0.00612 1.5"9.75 2.238 15.01 0.0021733 0.09052 0.511 1t.39027 1.00030 0.6850 

.. 110 0.005117 1&25.2& 2.222 15.01 0.0020827 0.09256 0.520 1t.66125 1.00028 0.6851 

500 0.005&3 1699.9 .. 2.209 15.01 0.0019993 0.09"53 0.529 ... 938 .. 8 1.00027 0.6852 

520 0.005 .. 2 1774.09 2.1911 15.01 0.0019224 0.096 .... 0.5311 5.221112 1.0002& 0.61152 

5"0 0.00522 18"7.65 2.1119 15.01 0.0018512 0.09831 0.5 .. 7 5.51079 1.00025 0.61152 

560 0.00503 H20.61t 2.1111 15.01 0.00171151 0.10011 0.556 5.1106 .. 5 1.0002 .. 0.61152 

580 0.00 .. 116 1993.22 2.175 15.01 0.0017235 0.101119 0.565 6.101132 1.00023 0.6852 

600 0.00"~9 2065 ... 2 2.170 15.01 0.001&661 0.1036" 0.573 6.41637 1.00023 0.6852 

650 0.00"33 221t4.13 2.161 15.01 0.il01'>379 0.10787 0.595 7.21357 1.00021 0.66S1 
700 0.00402 2421.30 2.155 15.01 C.001 .. 2110 0.11199 0.&16 11.04994 1.00019 0.6649 
800 0.00352 2772.2" 2.1"9 15.01 0.0012495 0.11'3911 0.659 9.83774 1.00017 0.61110& 

1000 0.002112 3473.97 2.1101 15.01 0.0009997 0.13562 0.7"2 13.116425 1.00014 0.68101 

2000. O.OOtH 7259. '39 2.014 15.00 0.0004999 0.27723 1.128 5 ... 2271" 1.00007 0.5318 
3000 0.000'1" 11112 ... 92 1.802 15.00 0.0003333 0.39761 1."72 107."2066 1.00005 C.5251t 

4000 0.00070 2031t2.63 1.323 1 ... 95 0.00025011 0.69118' 1.789 195.0811101 1.00003 0.4702 
5000 0.000, .. 55974.32 0.566 1".46 0.0002075 2.35227 2.tt9 372.1\9325 1.QOa03 0.37&& 

• TWO-PHASE 80UNORY 119 



c-Zc THFP"OOYNA"IC PPOPE~TIES OF NOP~AL HYDROGEN 

20 PSU ISOBAR 

TE"PERATURE ItOLU"E ISDTHER" . ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DERIItATIIiE DERUATlItE ENERGY OF SOUND 

DEG. R CU FT/LB C·U FT-PSIA/LB PSU/R BTU/LB BTU/L9 BTUn.B-R BTU / LB -R FTISEC 

• 2 ... 925 0.20779 2720.3& 71t.5188 93.90l 91t.672 . 3.36628 1.119 1. '>25 Itl .. 6 
25 0.20191 2706.01t 71t.'>106 'lit. 027 91t.797 3.37131 1.121 1. '>31 1t139 
26 0.20913 21t')6.52 71t.1t927 9;.586 9&.360 3."3261 1.11t8 1.616 'tOJ5 
28 0.2117 .. 23"9.90 72.6678 98.88" 99.66~ 3.55518 1.201 1.72 .. 3952 
30 0.211t&5 2182.76 71.2""5 102.1t51 103.2"5 3.67863 1.252 1. 81t 7 3863 
32 0.21187 2014.11& 69.8952 106.291 107.098 3.8029" 1.298 1.911 0 377 .. 
3 .. 0.22131 18/08.16 68.5 .. 67 110.373 111.193 3.1J2702 1.338 2.122 36f15 
36 0.22512 16116.60 67.0150 11 ... 7 It It 115.571 1t.05233 1.373 Z.273 351J6 
38 0.229 .. 0 1515.89 65.2770 119. It It It 120.291t ... 18017 1 ... 03 2. It It It 3 .. 98 

• 38. It It It 0.230 .. 1t l1t86.07 61t.1I"29 120.51t1t 121.397 1t.20908 1.1t09 2.1t73 3 .. 80 
• 38.ItIt .. <;,0"31t0 156.65 0.6263 217.023 310.511t 9.1306" 1.511 3.029 1183 

.. 0 9.53159 168. '+2 0.5892 279.793 315.093 9.21t750 1.51t8 2.936 1216 

.. 2 10.15855 1 B2.91 0.51t86 283.253 320.875 9.3<lO131 1.530 2.851 1257 .... 10.17121 196.79 0.511t6 286.623 326.511t 9.51973 1.519 2.791 129 .. 

.. 6 11.3730" 210.22 0 ... 853 289.930 332.050 9.61t2&5 1.512 2.71t6 1330 

.. a 11.9&&35 223.31 0.1t597 293.190 337.507 9.75861 1.507 2.712 136 .. 
SO 12.55275 23&.11 0 .... 311 29&.It13 31t2.902 9.8&8&1 1.503 2.&a .. 1397 
52 13.13310 .. 21t8.68 0 ... 168 299.606 3/08.21t5 9.97333 1.501 2.6&1 llt29 
5 .. 13.7093" 261.0& 0.3985 302.775 353.51t7 10.07333 1.1t99 2.&1t2 11t&0 
56 llt.28115 273.27 0.3818 305.921 358.810 10.16907 1.1t97 2.625 llt90 
sa llt.81t91t1t 285.35 0.36&7 309.050 3&1t.01t1t 10.2&09" 1."95 2.&11 1519 
60 15.ltl/O&7 297.30 0.3527 312.165 3&9.253 10.31t926 1."91t 2.599 15 .. 8 

S2 15.97123 309.15 0.3399 315.267 311t.1t38 10 .1t31t31 1. It 92 2.588 1576 
& .. 16.5371t3 320.90 0.3280 318.360 379.60'> 10.51&36 1.1t91 2.578 1603 
66 17.0955& H2.57 0.3170 321.1t1t3 38".756 10 .59561 1 ... 91 2.570 1630 
68 17.6518 .. 3 .. 1t.17 0.3067 321t.517 389.890 10.&7225 1.490 2.562 1656 
10 18.20&1t7 355.70 0.2972' 327.;82 395.009 10.71t6 .... 1.1t89 2.556 1682 
75 19.58&85 38/0.29 0.2757 335.218 407.757' 10.92222 1.488. 2.542 17 .. /0 
80 20.9599; "12.58 0.2573 342.817 1t2!l.4"1 11.08590 1.1&88 2.532 180 .. 
85 22.32727 1t1t0.65 0.2413 350.394 1t33.082 11.2391" 1.488 2.524 1861 
90 23. &11990 1t68.53 0.2272 357.949 ItItS.681t 11.38328 1.1t89 2.519 191& 
95 25.0;'870 /096.26 0.21"7 36;.1t99 .. 58.266 . '-1.51936 1.491 2.516 1970 

100 26.1t0430 523.86 0.2035 373.055 .. 70.8 .. 2 11.64845 1 ... 91t 2.514 2021 
105 27.75723 551.36 0.1935 380.608 ItU .1t05 11.77123 1.4'98 2.514 2071 
110 29.10789 578.76 0.18 .. 1t 388.180 495.96Q 11.88808 1.503 2.516 2119 
115 30./05662 ;06.09 0.1761 395.775 508.570 11.99981 1.509 2.520 2166 
120 31.80368 633.35 0.1686 .. 03.401 521.185 12.10736 1.51& 2.525 2210 
125 33.1 .. 929 &&0.5& 0.1617 1t11.06 .. 533.831 12.2101t8 1.525 2.532 225 .. 
130 34.493&5 687.71 0.1553 418.759 54&.'>01t 12.30995 1.535 2.5"0 2296 
1 .. 0 37.17'H6 741.90 0.1/0 .. 0 434.319 572.011 12.49B91 1.558 2.560 2376 
150 39.8&119 795. 'lit 0.131t3 450.115 591.739 12.67&52 1.58& 2.586 2452 
160 .. 2.5 .. 0 .. 5 849.87 0.1258 1t66.205 623.751 12.81t450 1.619 2.617 2523 

170 .. 5.2174& 903.72 0.1183 1t82.616 650.077 13.00402 1.653 2.61t9 2590 
180 .. 7.8926 .. 957./09 0.1116 .. 99.378 616.71t7 13.15&37 1.&90 2.686 2&55 
190 50.56&16. 1011.19 0.1057 51&.495 703.76 .. 13.30163 1.729 2.723 2716 
200 53.2381tl 1064.84 0.100 .. 534.020 731.186 13.44241 1.7&8 2.761 2776 
220 58.51975 1172.02 0.0912 570.23<) 787.186 13.7092" 1.8 .. 7 2.839 2889 
2 .. 0 63.91180 1279.07 0.0835 607.989 &1t1t.70& 13.95964 1.922 2.912 2997 
260 69.2533& 13 86.03 0.0771 &47.191 903.66" 1".19;1" 1.992 2.982 3100 
280 71t.58&99 1'+92.90 Q.0716 687.1'12 963.9"2 1 ..... 181t7 2.055 3.0 .. 5 3201 
300 79.91911 1599.71 0.0668 729.430 1025./007 llt.63070 2.112 3.101 3299 
320 85.25001 1706.48 0.0626 772.216 1087.936 14.83242 2.163 3.151 339 .. 

3 .. 0 90.;7992 1813.20 0.0589 815.960 1151.419 15.02508 2.208 3.19& 3487 
360 95.90901 1919.89 0.0556 860.537 1215.732 15.2086& 2.247 3.235 3578 
380 101.23742 2026.5& 0.0527 905.865 1280.793 15.381t11 2.2112 3.270 3667 
"G!! 106.5&525 2133.20 0.0500 951.846 1346.506 '15.55295 2.313 3.300 3755 
.. 20 111. 891611 2239.63 0.0476 998.391 l1t12.181 15.11472 2.33q 3.326 3841 
.... 0 117.2195/0 2346."3 0.01t55 10 .. 5 ... 23 l1t79.541 15.86986 2.362 3.349 3926 
.. 60 122.51t&12 2453.02 0.0'+35 1092.879 154&.723 1&.01943 2.382 3.368 1t009 
"80 127.87239 2559.60 0.01t17 11"0.702 1&14.273 1&.16316 2.399 3.365 /0091 
500 133.19839 2666.17 0.0400 1188.823 l&82.11!1 1&.30165 2 ... 12 3.399 4172 
520 138.521t15 2772.73 0.0385 1237.202 17;0.220 16."3526 2,"21t .3.411 .. 251 

SItO 1 .. 3.83951 2819.09 0.0370 1285.83 .. 1818.537 16.56396 2."31t 3. /021 4329 
560 149.16438 2985.63 0.03;7 1334.699 1887.123 1&.&881t0 2.4 .. 2 3."29 1t407 
580 151t.1t8911 3092.15 0.03 .. 5 1383.59; 1955.739 16.80881 2.4 .. 9 3.436 1t1t83 
600 '-59.81369 319a.H 0.0333 lIt30!.076 2021t.539 16.92557 2.4'S5 3.41t1 4558 
650 173.121t65 3464.95 0.0308 1;55.701t 2195.6&1t 11.201;8 2. It 65 1. It; 1 47 .. 1 
700 18&. '+3503 3731.21 0.028& 1679.158 2369.&12 17./05773 2.472 1. /058 1t917 
aDa 213.0545& 1t263.68 0.0250 1926.78& 2715.825 17.91"9'4 2.478 3.,.64 5255 

1000 26&.29067 5328.50 0.0200 21023.310 31t09.566 18.69363 2.481 3 ... 73 5671 
2000 532.1t51034 10651.92 0.0100 .. 9&9.876 &941.799 21.13301 2.6 .... l. &29 ~231 

3000 798.64901 15H5.U 0.0067 7759.18 .. 10716.91t7 22.6606' 2.950 3.938 9938 

4000 1067.67810 21298.26 0.0050 11060.631 1; 0 14. 732 23.890;' 3.9to It. 974 11187 
5000 137/0.01105 26621."0 0.00/00 1707 ... 776 22163.3&9 25.'+6301 8.919 10.61tl 12117 

• TWO-PHASE BOUNDRY 
IZD 



J~EP"OJYNA"IC PPOPERTIfS OF NOP~AL HYO~OG(N C ... 2l~ 

20 PSIA ISOBAR 

TE"P.ERATUItE OENSny VCOH/OV'p VCOP/OU'V -V COP/OV'T COV/OT~V THER"AL VISCOSITy THER"IL DIELECTRIC PPANOTL 
CONOUCTIvITY OIFFUSIVIU CONSTANT NUMBER 

tlEG. It LB/CU FT BTU/LB 1»Sll~CU FT/BTU PSIA 1/0EG. It 9JU/FT-HR-R LBIFT-SEC SQ FTlMIt 
)( 10 5 

• 2 ... 925 ... 111259 2&7.911 U.II .. 3 13091.97 0.005&919 o .0"l'31 1.71.11 0.0057& 1.2518 .. 2.22'3& 
25 ... 1109112 2&7 ... ·' U;II22 13015.55 0.00572107 0.0102 :5 1.706 0.0057, 1.251&11 2.210& 
26 ... 78181 259.03 13.56& 11937.91 0.00621000 0.Olo5!'JO 1.5115 0.00590 1.25010 2.0233 
211 10.722118 263.27 12.1107 11098.31 0.00&5107& 0.05017 1.38& 0.0061& 1.210679 1.71,,3 
30 1t.&5875 2&3.62 12.217 1D 168. 93 0.0070061 0.05311 1.2211 0.00617 1.24318 1.5365 

32 1t.589'17 261.910 11.7310 92"8.12 0.0075578 0.05501 1.100 0.00605 1.23933 1.102107 
3 .. 10. 5UIo 7 2511.510 11.336 11350.83 0.008201\10 0.05&13 0.996 0.00585 1.23533 1.3560 
3& ..... 10207 2510.011 10.987 71091.99 0.00891049 0.056911 0.909 0.00564 1.23107 1.3045 

38 10.359111 2,,7.37 to .675 66011.03 o. 00 987'110 0.05795 l'.533 0.005 .. 10 1.226 .. 5 1.26105 

• 38 ..... ,. ".33952 2 .. & ... 7 to.6011 6 .... 11.8 .. O. 010(1550 0.051108 0.817 0.005 .. 0 1.22536 1.2553 

• 36 ... ,. .. 0.110511 113.77 3.605, 17.32 0.0361539' 0.0105" 0.0110 0.031 .. 6 1.00535 0.11322 
.. A 0.111 .. 91 118.03 3.627 17 .67 0.0333" 70 0.010113 0.083 0.0351€> 1.00507 0.8141 

.. 2 0.0911 .... 93.56 3.6"2 111.01 0.030"710 D.OH2" 0.087 0.0 .. 006 1.00 .. 76 0.796& 

.... 0.092510 99.09 3.6 .. 9 18.27 0.0281660 0.011611 0.091 0.0"50!! 1.00 .... 9 0.7832 

.. & 0.08r'n 1010.59 3. 6~jl 111."11 0.02&2563 0.01213 0.095 0.05025 1.001025 007726 

"8 0.08357 110.0& ;J.651 111.66 0.02106359 0.01259 0.099 0.05557 1.00 .. 0 .. 0.7639 
50 0.07966 115.50 3.6"9 111.81 0.0232362 0.01305 0.102 0.06106 1.00385 0.7565 
52 0.07&1 .. · 120.89 3.6"7 111.93 0.0220103 0.0135&! 0.10& 0.066710 1.00368 0.7"'39 
5 .. 0.0729" 126.24 3.6"5 19.0" 0.0209247 0.01399 0.109 0.07261 1.00352 O. ·7439 
5& 0.07002 131.55 3.643 19.1" 0.01995 .... 0.011043 0.113 0.07850 1.0033!l 0.7"02 
SIS 0.0673 .. 136.83 3.6 .. 2 19.22 0.0190805 0.01"87 0.117 0.08 .. 55 1.00325 0.7368 
6D 0.06"1S7 142.09 3.6"0 19.29 0.01821180 0.01530 0.120 0.09078 1.00313 0.7336 

62 0.062;9 1 .. 7.31 3.639 19.35 0.0175659 0.0157" 0.123 0.09722 1.011:!102 0.730 .. 
6,. 0.060,.7 152.50 3.638 19."0 0.0169042 0.01619 0.127 0.10383 1.0DZ{)Z 0.727 .. 
6& 0.058 .. 9 157.70 3.636 19."5 0.0162952 0.01663 0.130 0.11062 1.002113 0.7246 

'filS 0.056&5 162.87 ' 3.635 19.50 0.0157322 0.01707 0.13" 0.1176i1 1.0021 .. 0.7218 
7D 0.05 .. 93 168.03 3.633 19.5" 0.0152099 0.017S1 0.137 0.12475 1.00265 0.7191 
75 0.05105 180.88 3.630 19.62 0.01 .. 05 .... 0.01861 0.1 .. 5 0.1 .. 3 .. 1 1.002107 0.7125 
80 0.04771 193.70 3.625 19.68 0.OU0721 0.01971 0.153 0.16316 1.00230 0.7071 
85 0.0 .... 79 206."8 3.621 19.7" 0.0122251 0.02080 0.161 0.111"02 1.00216 0.7016 
90 0.0"221 219.29 3.615 19.711 0.0114,863 0.02189 0.168 0.20592 1.00204 0.6965 
95 0.03992 232.17 3.607 19.~1 0.010';3510 0.02298 0.176 0.22877 1.00193 0.6920 

100 0.03787 2 .. 5.12 3.597 19.11" 0.0102570 0.02"05 0.183 0.25255 1.00183 0.6880 
105 0.03&03 258.17 3.5116 19.86 0.0097393 0.02510 0.190 0.27707 1.001710 0.68,,9 
110 0.03 .. 35 271.35 3.572 19.118 0.0092731 0.02621 0.197 0.3031" 1.00166 0.68~5 

115 0.03283 28".70 3.555 19.90 0.008850& 0.02731 0.2010 0.33007 1.00159 0.6766 
120 0.031,.10 298.26 3.536 19.91 0.0084660 0.02836 0.210 0.35715 1.00152 0.6745 
125 0.03017 312.02 3.51" 19.93 0.00811"2 0.02934 0.217 0.38"10 1.00146 0.6742 
UO 0.02899 326.01 3."90 19.9" 0.0077911 0.0302" 0.223 0.41060 1.001 .. 0 0.6759 
1 .. 0 0.02&90 354.73 3."36 19.95 0.0072179 0.031911 0.236 0.46 .. 44 1.00130 0.6 e 06 
150 0.02509 38".55 3.37 .. 19.97 0.00672 .. 5 0.03372 0.2"8 0.51981 1.00121 0.6859 
160 0.02351 .. 15.6 .. 3.305 19.98 0.0062951 0.035"8 0.260 0.57688 1.00113 0.6913 

170 0.02212 .... 7.69 3.235 19.99 0.005917'1 0.03707 0.272 0.63270 1.00107 0.7000 
1110 0.02088' .. 80 .95 3.163 19.99 0.0055839 0.0"406 0.307 0.78576 1.00101 0.67 .. 4 
190 0.01978 515.15 3.091 20.00 0.00521157 0.0 .. 7 .. 0 0.326 0.88032 1.00095 0.67<;1 
200 0.01818 5,0.27 3.022 20.00 0.0050181 0.05037 0.342 0.97115 1.00091 0.6759 
220 0.01707 &22.116 2.892 20.01 0.00"5573 0.05550 0.3&8 1.1 .. 535 1.00082 0.6774 
2 .. 0 0.015&5 597.66 2.778 20.01 0.00 .. 1145 D.059SI1 0.3118 1.31"23 1.00076 0.6787 
2&0 0.01 .... 4 77".17 2.6110 20.01 0.0038513 0.06377 0 ... 0 .. 1."8122 1.00070 0.6799 
280 0.013"1 851.67 2.597 20.02 0.00357108 0.06729 0."18 1.6 .. 861 1.00065 0.6810 
300 0.01251 929.63 2.526 20.02 0.0033354 0.07052 0."31 1.111770 1.00060 0.6818 
320 0.01173 1008.0 .. 2."66 20.02 0.0031262 0.07353 0 ..... 2 1.911922 1.00057 0.&826 

3 .. 0 0.0110 .. 10116.39 2."16 20.02 0.0029"18 0.07635" 0 ... 53 2.16398 1.00053 0.6832 
360 0.010 .. 3 116".5& 2.373 20.02 0.0027779 0.07900 0 ... 6 .. 2.3"211 1.00050 0.6837 
380 0.00988 12102.610 2.336 20.02 0.002&314 ' 0.0!!152 0."74 2.52"02 1.000 .. 8 0.68,,1 
.. 00 0.00935 1320.31 2.305 20.02 0.0024996 0.08393 0 ... 83 2.70998 1.00045 0.6 e4" 
420 0.00894 1397."0 2.279 20.02 0.0023804 0.08622 0."93 2.90018 1.000 .. 3 0.6847 
.... 0 0.00853 1 .. 74.0 .. 2.257 20.02 0.0022720 0.088"2 0.502 3.0945CJ 1.000"1 0.61149 
.. 60 0.00816 1550.03 2.238 20.02 0.0021732 0.09053 0.511 3.293 .. 0 1.00039 0.6850 
.. 80 0.00782 1&25.55 2.222 20.02 0.0020825 0.09257 0.520 3 ... 9670 1.00038 0.6e52 
500 0.00751 17 0 0.2 .. 2.209 20.02 0.0019992 0.094510 0.529 3.701066 1.00036 0.6852 
520 0.00722 1774 ... 1 2.198 20.02 0.001CJ222 Q. 0 9645 0.538 3.91725 1.00035 0.68';3 

540 0.00695 18 .. 7.98 2.1119 20.02 0.0018510 D.OCJ831 0.5107 ... 13 .. 0; 1.000310 0.6853 
560 0.00670 1')20.98 2.182 20.02 0.00H81tCJ 0.10012 0.556 4.35586 1.00032 0.6P,53 
580 0.006,.7 1993.57 2.176 20.112 0.0017233 0.10190 0.565 ".56233 1.00031 0.6852 
&00 0.0062& 20&5.77 2.170 20.02 0.001&659 0.10365 0.573 It. 1113"2 1.00030 0.6652 
650 0.00578 2244.50 2.161 20.01 0.0015377 0.10768 0.595 5.411108 1.00028 0.6P.51 
700 0.00536 21t21.6CJ 2.155 20.01 0.0014279 0.11200 0.£>16 &.03I1CJ2 1.00026 0.681<9 
1100 0.0010&9 2772.6:" 2.15Q 20.01 0.0012494 0.12000 0.659 7.38009 1.00023 O.681t& 

1000 0.00376 3474.3" 2.1102 20.01 D.0009CJ,)& 0.1356/0 0.742 10.40067 1. 0001!! 0.6841 
2000 0.001118 7260 • .': 2.014 20.01 0.000 .. 999 0.27723 1.129 4l.&72CJ6 1.00009 0.5319 
30UO 0.00125 11514 •.. ' , 1.805 20.00 0.00113333 0.39702 1.473 80.52577 1.00006 0.5258 

.. 000 0.00094 19846.1)1 1.3&2 19.95 0.OO02~O6 0.&732& 1.789 14".50502 1.00005 O.475CJ 
5000 0.00073 515"0.7E 0.616 19.37 0.0002065 2.12796 2.115 274.77831 1.000010 O. Je07 

• TNO-PHASE eOUNORY lZI 



c-Zc T~ERHODYNAHIC PROPERTIES OF NDP.~AL ~TDq~GEN 

25 PSU ISOBAR 

TE"PERaTURE VOLUHE IS OTHERI'! ISOCHORE INTERNAL ENfHALPY ENTROPY CV CP VELOCITY 
DERIVATIVE DERIVATHE ENERGY OF SOUND 

DEG. R CU FT/LS CU FT-PSIA/LB PSIA/R BTUILB BTU/LS BTU/LB-it BTU I LB -R ,FTISEC 

• 21t.91t5 0.20171t 2725."& 7".5513 93.9011 9".8&9 3.366"11 1.119 1.525 411t9 
2'5 0.207113 27111.53 74.5425 9".000 9 ... 963 3.37021 1.121 1.529 411t6 

26 0.20905 2560;.117 7'4 •. 5"5" 95.5511 96.52& 3.1t3153 1. 1 It II 1.60" ,407'5 

211 0.2116" 23511.46 72.7601 911.1150 99.1129 3.5539" 1.201 1.722 39511 
3D 0.211t55 21CJ1.02 71.333" 102."10 103.403 3.677211 1.251 1.1145 31169 
32 0.21175 2022.119 69.9862 106.2"3 107.251 3.1101,.2 1.297 1.9711 37110 
34 0.221111 11156.04 611.&31111 110.3111 111.341 3.92536 1.338 2.120 3691 
3& 0.221t97 169".7& 67.10&11 11,..679 115.720 1t.05051 1.373 2.269 '3603 
311 0.22923 1524."6 65.3741 119.366 120.427 4.171109 1.402 2.439 3505 

• 39.975 0.23400 1350.87 63.3848 124.355 125.4311 4.30f.79 1. "27 2.632 33911 

• 39.975 7.36165 155.26 0.7772 277.8111 311.961 1I.9751t7 1.581t 3.1"1t 1195 
ItO 7.361t19 155."4 0.77&11 277.924 312.015 11.976114 1.5113 3.143 1196 

1t2 7.89;01 171.,.2 0.7163 281.604 3111.152 9.12663 1.553 3.004 1239 
1t4 11.40808 186.4& 0.6&73 285.138 324.061 9.2&403 1.535 2.910 1280 

1t6 8.90823 200.83 0.6261 21111.573 329.812 9.39173 1.524 2.1143 1318 
Itll 9.391154 21".69 0.5907 Z91.937 335.446 9.5114& 1.516 2.793 1353 
50 9.118105 228.1& 0.5598 295.2411 340.991 9.62452 1.511 2 •. 753 1388 

52 10.35724 241.31 0.5324 298.516 34&."63 9.73177 1.507 2.721 1421 
5,. 10.821119 254.19 0.5079 301.750 351.a77 9.113390 1.504 2.69S 1452 
5& 11.291t72 266.85 0.4859 304.954 357.241 9.93146 1.502 2.672 14113 
511 11.75749 279.33 0.46511 3011.135 362.564 10.02"89 1.500 2.653 1513 
60 12.21701 291.64 0.4475 311.296 367.853 10.11458 1.498 2.637 15"2 

62 12.67371 303.111 0.4307 314.440 373.110 10.200111 1.496 2.622 1571 
64 13.12794 315.87 0."152 317.570 378.343 10.28390 1."95 2.609 15911 
6& 13.511001 327.111 0.4009 320.6811 3113.554 10.364011 1.494 2.599 1625 
611 14.0301& 339.66 0.3876 323.793 31111.743 10.4"153 1.492 2.5119 1652 
fO 14.478&0 351.42 ' 0.3752- 326.887 393.913 10.5164& 1."92 2.5110 16711 
75 15.59334 ;J80.52 0.3476 334.586 40&.772, 10.&93711 1."90 2.563 1741 
110 16.70062 409.25 0.3240 342.237 419.550 10.85667 1.469' 2.5"9 1601 
115 17.110201 437.69 0.3035 349.859 432.271 11.012811 1.4119 2.539 11159 
90 111.11911&3 .. 65.90 0.21155 357.453 444.9ftl 11.15780 1.490 2.532 1915 
95 19.99137 493.91 Q.2&97 365.037 ,.S7.5113 11.29453 1.492 2.527 1969 

100 21.0110118 521.76 0.2555 372.&22 470.212 11.42417 1.495 2.524 2020 
105 22.1&7&9 549.47 0.24211 380.201 4112.823 11.54740 1.4911 2.523 2070 
11D 23.25221 577.011 0.2313 387.797 495.439 11.&&4&4 1.503 2.524 2119 
115 24.334711 60".511 0.2209 395.413 508.06& 11.77670 1.509 2.527 2165 
120 25.41568 &32.01 0.2114 403.0511 520.715 11.1111454 1.517 2.531 2210 
125 2&.49513 &59.3& 0.2026 410.737 533.392 11.98791 1.52& 2.5311 225ft 
130 27.57331 &11&.65 0.19"& ,.111.447 546.093 12.0117&0 1.536 2.545 229& 
litO 29.72&106 741.07 0.1804 434.035 571. &48 12.27692 1.559 2.565 2377 
150 31.117&13 795.31 0.1&81 4 .. 9.1153 597.418 12.45481 1.5117 2.590 2452 
160 34.02302 849.102 0.1574 4&5.9&2 &23.4&& 12.&2303 1.619 2.620 2523 

170 36.167&7 9113.41 0.14110 482.391 649.823 12.711271t 1.&53 2.&52 2591 
1110 311.310411 957.31 0.1397 499.1&11 676.519 12.93524 1.691 . 2. &1111 2655 
190 40.451&3 1011.13 0.1323 516.299 7 03.5&3 ,13.08064 1.729 2.725 2717 
200 ft2.59152 10&4.89 0.1256 533.1136 731.006 13.22153 1.768 2.763 277& 
220 46.11&1112 1172.25 0.1141 570.075 7117.043 13.4885" 1.1147 2.840 21190 
240 51.14144 1279.44 0.10"5 &07.1142 1144.592 13.73907 1.922 2.914 2998 
260 55."12211 13116.51 0.0964 &47.0511 903.579 13.974&7 1.992 2.983 3101 
2110 59.&11120 1493. "8 0.0895 &87.591 963.875 14.1911011 2.055 3.045 3202 
300 63.94860 1600.311 0.01135 729.319 1025.358 14."1037 2.112 3.102 3300 
320 &11.211078 1707.22 0.07112 772.115 1087.903 14.6121,. 2,.163 3.152 3395 

340 72.47997 1111".01 0.0736 1115.1166 1151.399 14.1104115 2.208 3.197 341111 
360 7&.7,.434 1920.75 0.0&95 11&0.450 1215.125 14.98846' 2.2"8 3.23& 3579 
3110 111.001104 2027 • .,7 0.0659 905.7114 12110.797 15.1&"53 2.2113 3.270 36611 
,.00 115.27117 2134.15 0.0& 2& 951.771 1346.519 15.33280 2.313 3.301 3756 
,.20 119.53381 22"0.61 0.0596 9911.321 1"12.802 15.49459 2.339 3.327 31142 
4100 93.79&03 2347.45 0.05&9 1045.3511 1419.570 15.&"975 2.362 3.349 3927 
1t60 911.05790 2454.011 0.05104 1092.817 1546.759 15.79<;33 2.382 3.3&9 4010 
1tII0 lD2.3U4& 2560.&8 0.0521 1140.6105 1614.315 15.94304 2.399 3.38& 4092 
500 !.06.58015 2&&7.211 0.0500 1188.769 1682.1&6 16.081511 2.413 3.399 4173 
520 i~D.1I41111 2773.11& 0.04111 1237.151 17S0.273 16.21520 2.424 3.411 4252 

5100 115.09463 28110.25 0.04&3 12115.71111 11118.598 16.34392 2.434 3.421 4330 
5&0 119.354811 29116.80 0.04ft7 1334.655 11187.188 1&.4685& 2.442 3.429 4407 
580 123.61,.97 3093.34 0.0431 1383.554 1955.1108 1&.588115 2. "49 3.436 4411ft 
600 127.117It93 3199.67 0.0417 1432.637 2024.612 1&.705;5 2.455 3.441 ft~59 

6S0 138.S21t32 3!t&&.19 0.0:585 15S5.()70 219&.944 16.98157 2."65 3.451 47!t2 
700 149.11313 3732.47 0.0357 1&79.1211 2369.&99 17.23773 2.47Z 3.4511 491& 
aDo 170."&953 4264.911 0.0313 192f>.1&2 2715.921 17.70000 2.478 3.4&" 525S 

1000 213.05938 5329.64 0.0250 2423.353 3409.674 111.473&6 2."87 3.473 5872 
2000 425.9917,. 10&53.33 0.0125 ft9&9.1171 6941.9210 20.91316 2.644 3.629 11232 
3000, 6311.910471 15976.54 0.0083 7758.730 10716.&11 22.441l5l 2.948 3.935 9940 

4000 1153.925611 21299.70 0.00&3 11033.749 14986.84& 23.&&JlS 3.1141 4.688 1120" 
son 1095.&03&& 2&&22. II" 0.0050 16757.431 211129.340 25.1&9.,9 ~. 31t0 9.971 1213" 

• TWO-PHASE BDUMDRY 
lZZ 



TI1E~"OnYNAI1IC PROPERTIES OF NORltAl H'fDq'JGEN C:.Zc 

2S PSU IS:JaAR 

TE"PERATURE DENSITY V COH~DV'p \lCOP/DUIy -VCDP/O\l'T COV/OT~\I THER"AL \lISCOSITY THEIfI'AL DIELECTRIC PIfANOTl 
. CONDUCTIVITY DIFFUSIVITY ~ONSTANT NUI1BEQ 

DEG. R e..B/CU FT BTU/Le PSIA-CU FT IBTU PSIA l/DEG. R BTU;FT-HR-R LB/FT-SEC SQ FTlliR 
X 105 

• 2".9"5 ... 1113112 2611 ... 5 13. lilt 1 13119.87 0.005&823 0.0"239 1.719 0.00577 1.2'51'U 2.2273 
25 ... 8U66 268.35 13.825 13080.65 0.005&957 0.0 .. 256 1.710 0.00575 1.25175 2.212" 
26 ... 78U2 26".07 13.513 1227 ... 12 0.006071 .. 0.0 .. 5&0 1.5119 0.0059 .. 1.25020 2.0115 
28 ... 72 .. 93 263.80 12.821 lU .. 3.0;7 0.0065293 0.05019 1.3119 0.00617 1.2 .. &90 1.7161 
30 ... 6&0911 26".17 12.230 1021Z.31 0.0069850 0.05315 1.230 0.00618 1.2 .. 331 1.0;350 
32 ".592 .. 3 262.51 11.7 .. 7 9269.99 0.0075335 0.05506 1.102 0.00606 1 .• 23';1:' 7 1,"255 
3 .. ...5211 .. ~59.13 U.3 .. 9 11391 ... 3 0.006179& 0.05&18 0.999 0.00586 1.235 .. 8 1.3563 
36 ......... 97 25,..73 10.998 7533.17 11.0089082 0.0570" 0.911 0.005&& 1.23123 1.30"7 
38 ".3&2 .. 5 2 .. 8.10 10.&8& &&50.39 11.0098301 0.051'102 0.835 0.005 .. 5 1.22&&3 1. 26111 

• 39.975 ... 21355 239.7" 10.395 5773.02 0.0109795 0.058lt3 D.7&9 0.00519 1.22170 1. 2~67 

• 39.975 0.13511 .. 85.33 3.613 21.09 0.03&11 .. 92 0.0111& 0.08" 0.02612 1.00657 0.853& 
.. 0 0.13579 85.39 3.613 21.11 0.03&8026 0.0111& 0.011" 0.02615 1.00&57 0.11533 

"2 0.126&6 91.0& 3. & .. 2 21.71 0.03291'19& 0.01151 0.088 0.03026 1.00613 n.8262 
.... 0.118 .. 3 "6.72 3.655 22.18 0.OlO0882 0.01191 0.0 .. 2 0.03 .... 1 1.00575 11.8067 .. , 0.1122& 102.37 3.661 22.5" 0.0277723 0.01233 0.095 0.0386 .. 1.005 .. 3 0.7919 

"II 0.10&"0 107.911 3.662 22.8lt a.0258~09 0.01277 0.099 O. 0 .. 298 1.0051" 0.71102 
50 0.10120 113.55 3.&60 23.09 0.02 .. 2 .. 49 0.01322 0.103 G.0 .. 7 .... 1.00"89 0.710& 
52 0.09&55 119.06 3.658 23.30 0.0228534 G.01367 0.106 G .. 05203 1.00 .. 67 0.7623 
5,. 0.09235 12 ... 53 3.65& 23."7 0.021&380 0.01"13 0.110 0.05677 1.00 .... 6 0.7550 
5& 0.0885 .. 129.9" 3.&5 .. 23.63 0.0205&42 0.01~56 0.113 O. 0615" i.00 .. 28 0."1099 
5S 0.08505 135.31 3.&52 23.7& 0.019&0&& 0.011t99 0.117 O.066"1t 1.00411 0.7 .. 5 .. 
60 0.08U5 litO .65 3.6 .. 9 23.117 0.01871t51 0.015"3 0.120 (I. o 71 It II 1.0039& 0.7412 

62 0.07890 145.94 3.648 23.97 0.0179&&1 0.0158& 0.124 D.07&&7 1.003S1 0.73.73 
6 .. 0.07&17 151.20 3.& .. 7 2 ... 06 0.0172567 0.01&30 0.127 0.08200 1.003&8 0.733& 
66 0.07364 .t 5&.1t7 3.645 21>.14 0.01&&074 0.01674 0.131 0.0871t7 1.0035& 0.7302 

"'8 0.07128 161.70 3.&41> 2".21 o. 01&0101 0.01718 0.134 D.09309 1.00341t 0.7269 
70 0.0&90! 1 &&.91 3.&42 2".27 0.015 .. 565 0.017&2 0.1,37 O. 09885 1.0033'+ 0.7238 
75 0.0& .. 13 179.89 3.638 21t.40 0.01 .. 2,.5 .. 0.01871 0.145 0.11385 1.00310 0.71&7 
liD 0.05988 192.80 30633 21t.51 0.0132219 0.01980 0.153 0.12972 1.00289 0.7102 
85 0.05&17 205.68 3.&28 21t.59 0.0123 .... 7 0.02089 0.1&1 0.11,64& 1.00271 0.7043 
90 0.05291 218.5& 3.622 Z".65 0.0115830 . 0.02197 0.168 0.16 .. 01t 1.0025& 0.&988 
95 Ii. C.500': 231.51 3.614 2 ... 71 0.010911t6 0.02305 0.17& 0.:1.8238 1.002 .. 2 0.&9"0 

100 a.047"1t 21t".52 30001t 2 ... 75 0.0103225 0.021t12 0.183 0.201 .. 5 1.00~29 0.6897 
105 0.04511 257.63 3.591 2 ... 79 0.00979 .. 1 0.02517 0.190 0.22111 1.00218 0.&863 
110 0.04301 270.86 3.577 2".82 0.0093192 0.02&27 0.197 O. 21t 20 1 1.0020 6 0.6816 
115 0.04109 28 ... 25 3.561 2 ... 114 0.00861198 0.02737 0.20" 0.26360 1.00196 0.6717 
120 0.03935 297.810 3.541 2".87 0.0081t995 0.02842 0.211 0.26531 1.00190 0.&755 
125 0.0377" 311.63 3.519 2 ... 89 0.0081430 0.02940 0.217 0.30691 1.00162 0.6151 
130 0.03627 325.&6 3.495 24.90 0.00781&0 0.03029 0.22" 0.32816 1.00175 0.676& 
1"0 0.0336 .. 35".1t2 3 .1t40 2,..93 0.00723&6 0.0320Z 0.23& 0.37126 1. 001&2 0.6813' 
150 0.03137 384.29 3.378 2".95 0.0067369 0.03317 0.249 11 ... 1566 1.00151 O. &66 .. 
160 0.02939 .. 15 ... 3 3.309 2".97 0.00&30&4 0.03553 0.2&1 0.46141 1.Q0142 0.6918 

170 0.02765 "47.51 3.239 2 ... 98 0.00592&8 0.03712 0.272 0.50614 1.00134 0.700" 
1110 0.02&10' 1t80.80 3.16& 2".99 0.0055910 0.04408 0.307 O. &2817 1.00126 0.6748 
190 0.02 .. 72 515.0" 3.094 25.00 O. 0052913 0.04742 D.326 D. 7D 362 1.00119 0.6755 
200 0.023 .. 8 550.16 3.02" 25.00 D. 005 022& 0.050311 0.342 0.77651 1.00113 0.6762 
220 0.0213 .. &22.82 2.894 25.01 0.00 .. 5&03 0.05551 0.3&6 0.9159& 1.00103 0.&77& 
2"0 0.01955 &97.66 2.780 25.02 D.00"176!'i 0.05989 0.388 1. 05117 1.00094 0.6739 
2&0 0.01805 77".21 2.682 25.02 0.0038526 0.0&378 o .1t0 4 1.18486 1.00087 0.6801 
2110 0.01&7& 851.7" 2.598 25.02 D.0035756 0.06730 0.1t18 1.31667 1.00081 0.&811 
300 0.015& .. 929.73 2.5211 25.03 0.00333&0 0.07053 0.431 1.45423 1.00075 0.&620 
320 0.014&& 1008.17 2.4&7 25.03 0.0031265 0.0735" 0.4 .. 2 1.59152 1.00071 0.&827 

340 0.01380 10 8&. 55 2.417 25.03 0.0029"19 0.07636 0."53 1.73140 1.000&7 0.6633 
360 0.01303 1154.75 2.37 .. 25.03 0.00277110 0.07901 0."&" 1~ 87397 1.000&3 0.6836 
380 0.01234 1242.85 2.337 25.03 0.002&314 . 0.08153 0.1t7 .. 2.01'35& 1.000&0 0.&8"2 
.. 00 0.01173 !320.53 2.306 25.03 0.0024<195 0.08393 0.481t 2.1&836 1.00057 O. &8105 
lt20 0.01117 1397.6" 2.280 25.03 0.0023803 0.08&22 0.493 2.32059 1.00054 0.68108 

""0 0.010&& 1'07,..30 2.258 25.03 0.0022719 0.08842 0.502 2.47618 1.00051 O. &11109 
1,,60 0.01020 155~,lO 2.239 25.03 0.0021730 0.09053 0.511 2. &3528 1.0004<1 0.&851 
.. aD 0.00977 1625.8 .. 2.223 25.03 0.0020823 0.0<1258 0.520 2.7 tH97 1.000 .. 7 0.&852 
500 0.00938 170G.5 .. 0:.210 25.03 0.0019990 0.09"55 0.529 2.9& .... 1 1.00045 0.&853 
52Q 0.00902 177 ... 72 2.199 25.03 0.0019220 0.09&4& 0.538 3.13,.51 1.0001t4 0.6853 

5"0 0.008&9 16 .. 8.31 2.190 25.03 0.0018508 O. 098 32 0.5'+7 3.301102 1. 000 .. 2 0.&853 
5&0 0.00838 1<:121.32 2.182 25.02 O. 0017847 0.10013 0.55& 3.1t8551 1.000 .. 0 0.6853 
580 0.00809 1993.92 2.17& 25.02 0.00172:>1 0.10191 0.565 l. &&&74 1. 00039 O. & 853 
&00 0.00782 20&&.13 2.171 25.02 0.001&&5& 0.10366 0.573 3.851&& 1.0003" 0.611C;Z 
'!i0 0.1)0722 22,.4.87 2.162 25.02 0.0015375 0.10789 0.595 ,..33023 1.00035 O. &851 
700 0.00&70 2 .. 22.07 2.15& 25.02 0.0014277 0.11202 0.&1& ... 1;3231 1.00032 O. &1149 
800 0.005117 2773.05 2.150 25.02 0.001210'32 0.12001 iI.&59 OJ.90551 1.00026 O. & BIo& 

100U 0.00"&9 310 74.112 2.142 25.02 0.000"1995 0.135&6 0.7"2 8.32252 1.00023 0.611101 
2000' 0.00215 72&0.9 .. 2.014 25.01 0.0004996 0.27723 1.129 32.5404& 1.00011 0.5320 
3000 0.00157 111107.37 1.80& 25.00 0.OD03333 0.39&&2 1,"73 6 ... 3<1'379 1.000011 0.5261 

.. 000 0.00117 19507.0" 1.390 2,..9 .. 0.000250& 0.65581 1.789 1l".5730Q 1.00001; 0.'+1101 
5000 O. 00091 .. 8 .. 8&.72 0.651 2 ... 30 0.0002058 1.973 .. 1 2.112 216.70973 1.00004 0.381, .. 

• TWO-P~ASE BOUNOR'f 113 



c-Zc T~E~"OOYN'~IC PQ.OPERTIES OF NOR~ll HYOROGEIf 

3D PSU IS3BA~ 

TE"PER~TU~E ~OLU"F. [SOTHER" ISOCHORE INTERN&L ENTHALPY ENTROPY CII CII' VELOCITY 
OERIVATIVE OERIVATIVE ENERGy OF SOUND 

OEG. R CU FT/LS CU FT-PSl"LS PSIA/R BTUILIl BTU/LS BTU/LB-R BTU I LB -R FTlSEe 

• 24.9&& 0.207&8 2730.~& 74.5838 93.913 95.0&7 3.3&&&7 1.119 h";<!& 4152 
. 25 0.20775 2731.00 74.57 .. 3 93.974 95.128 3.3&912 1.120 .1..521 4153 

26 0.2G1I96 Z5 77 .4,) 74.57119 95.529 9&.&89 3.43038 1.1411 S."GI'2 100112 

28 0.21155 2367.00 72.~521 "18.1115 '39."191 3.55271 1.201 1. (21 3964 
30 0.214104 2199.2& 71.10220 102.370 103.5&2 3.67592 1. 2~1 1.11 .... 3875 

32 0.217&0 2036.29 70.0987 106.183 107.392 3.79953 1.0!97 1.974 37119 J 
3 .. 0.22105 111&3.90 &a.7305 110.Z&2 11l.490 3.92371 1.337 2.117 3697 

36 0.224113 1702.CJO &7.1CJlll 11 ... &14 115.8&3 4.0411&9 1.372 Z.266 3&OCJ 
38 0.2290& 1532.CJ9 65.4707 1l9.21111 120.S61 4.11&02 1.402 2.43 .. 3512 

itO 0.23:111& 1355.09 63.4&28 124.326 125.&Z5 4.30605 1 ... 21 Z.&31 3402 

• .. 1.299 0.Z3734 HU.61 61.9440 127.81~ 129.133 ... 39241 1.440 2.7112 3320 

• .. 1.299 6.21091 153.14 0.9300 2711.463 312.9&5 11.84&40 1.595 3.2&1 120 .. 

1t2 6.31309 lSCJ.20 0.9019 219.IIZO 315.224 8.900&3 1.5111 3.195 1221 

41t 6.112350 175.62 0.11331 2113.551 3Z1.10&3 9.04512 1.5510 3.053 1264 

1t6 7.25829 ~91.01 0.1710 2111.145 321.4&& 9.17904 1.537 2.955 1304 

1t8 7.68157 205.111 0.72911 290.631 333.303 9.30309 1.527 2.8114 13 .. 2 
50 8.09&00 220.00 0.61191 294.041 339.015 9.41957 1.520 2.1130 1318 

52 8.50337 233.77 0.&53& 297.393 3104.&30 9.52961 1.515 2.7117 1412 
Sit 8.904911 241.20 0.&220 300.&98 350.1&7 9.63100& 1.511 2.752 14 .... 
56 9.30181 2&0.31; 0.59311 303.965 355.&311 9.73357 1.507 2.123 1476 
58 9.&9 .. 60 213.23 0.5&113 307.201 361.05& 9.IIZII&7 1.505 2.6911 1506 
60 10.011395 2115.92 0.5451 310.412 36&.430 9.91980 1.502 2.617 1536 

62 10.47031 298.43 0.524U 313.599 :171.764 10.00729 1.500 2.658 1565 
64 10.1151t08 310.79 0.5046 316.769 377.0&6 10.09147 1.4911 2.642 1594 
6& 11.23560 323.02 0.411611 319.923 3112.3311 11) .172&0 1.497 2.628 1621 
68 11.61512 335.13 0.4102 323.060 381.5115 10.25091 1.495 2.616 16411 

30 11.992~1I 347.13 0.454~ 326.1114 392.801 10.32660 1.494 2.605 1675 
75 12.93071 376.75 0.4208 333.9411 405.781- 10 .50550 1.492 2,.5113 17n 
80 13.116(;90 405.92 0.3911 341.654 418.654 10.& 11 62 1.491 Z.567 179~ 

85 14.111508 434.74 0.3666 349.322 431.456 10.112682 1.491 2.S54 U58 
90 1'S.70"43 463.21 0.3446 356.955 444.196 10.91253 1.491 2.545 191" 
95 16.61983 491.56 0.3252 364.573 45&.1199 . 11.10993 1.1;93 2.5311 1968 

100 17.53197 519.&6 0.3019 372.18& 469.581 11.2"011 1.496 2.534 2020 
105 18.44130 Sit 7 .60 0.2925 379.794 4112.239 11.363111 1.499 l.532 2070 
110 19.3"849 575.40 0.2785 3117.412 494.891' 11 ... 11143 1.504 2.532 21111 
115 20.25363 603.09 0.2659 395.050 507.562 11.59383 1.510 2.534 2165 
120 21.15710 630.67 0.2544 402.713 520.245 11.70196 1.5111 2.5311 2210 
125 22.05910 658.17 0.2438 410.410 532.952 11.110558 1.526 2.543 2254 
no 22.95983 685.59 0.2341 418.136 545.682 11.90549 1.536 2.551 2297 
:.. .. 0 24.751108 740.24 0.2169 "33.750 571.286 12.09517 10559 2.569 2377 
150 26.552111; 794.69 0.2021 449.591 591.097 12.27335 1.5111 2.594 2453 
160 28.3"482 848.91 0.1892 .. 65.120 623.181 12.441110 1.619 2.623 2524 

170 . 30.13455 903.11 0.1779 482.166 &Ct9.569 12.&0170 1.654 2.655 2592 
180 31.92244 957.15 0.!678 498.957 676.292 12.15435 1.691 2.691 2656 
190 33.708611 1011.08 0.1589 51&.103 103.361 12.89989 1.729 2.728 2718 
200 35.49364 1064.91; 0.15011 533.652 130.826 iJ.04089 1.169 2.765 2117 
220 39.0&042 1172.1;7 0.1370 569.912 786.900 13.301108 1.1147 2.1142 21191 
240 42.6?392 1279.81 0.1255 607.1)95 1144." 79 13 .55814 1.922 2.915 2999 
260 46.18493 1387.00 0.1157 646.926 9D3.492 13.79444 1.992 2.9ft4 3102 
280 ~9.14403 1ft 94.07 0.1074 687.4.71 963.1108 14.01793 2.056 3.046 3203 
300 53.30161 1&01.05 0.1002 729.209 1025.309 14.230211 2.112 3.102 3301 
320 5&.857911 1707.96 0.0939 772.013 10111.870 14.43210 2.1&3 3.153 3396 

340 60.41336 1814.81 0.01184 815.773 1151.380 14.624115. 2.2011 3.197 3489 
360 63.9&792 H21.62 0.0835 1160.364 1215.717 14.80850 2.248 3.236 35110 
laD 61.5211)1 2028.38 0.0190 905.104 1280.800 14.911460 2.283 J.211 3610 
.. 00 71.07512 2135.11 0.0751 951.&96 1346.531 . 15.152119 2.313 l.301 3751 
.. 20 74.62795 2241.80 0.0715 998.251 1412.1123 15.31410 2.339 3.321 l843 
.... 0 78.18037 2348.48 0.0682 1045.292 1479.599 15.4691111 2.362 3.350 39211 
.. &0 81.73243 2"55.13 O. 0653 1092.156 1546.195 15.61941 2.382 3.369 4011 
1;80 85.28UII 2561.1& 0.0"25 1140.587 1614.351 15.76323 2.399 3.3116 4093 
500 88.83567 2668.38 0.0600 11118.715 1682.214 15.90174 2.413 3.400 4174 
520 92.38&91 2771;.99 0.0517 1237.100 1150.326 16.035311 2.424 3.411 4253 

540 95.93138 211111.40 0.0556 1285.1"2 111111.659 16.16412 2.434 3.421 4331 
560 99.481811 2987.97 0.053& 1334.612 1881.253 16.28851 2.442 3.429 41;011 
580 103.03222 3094.53 0.0517 1383.514 1'155.877 16.4090& 2.1;"9 3.436 4484 
600 10G.511243 3201.G7 0.0500 1432.599 2024.6114 1&.5251& 2.455 J.442 4559 
650 115.1,,5744 ll; 67.42 0.0462 1555.636 2191.024 16.80179 2.465 3.452 4742 
700 124.33187 3733.73 0.0429 1679.0CJ8 2369.1115 17.05197 2.472 3.458 1;919 
800 142.07951 42&6.27 0.0375 192&.7311 2116.016 11.52025 2.4111 3.464 5256 

1000 177.511115 5331.111 0.0300 21;23.331 31009.7112 18.29392 2.4117 3.473 5873 
2000 355.01&611 10651;.74 0.0150 4969.11&6 6942.050 20.13334 2.644 3.629 11232 
3000 532.1;75115 15917.97 0.0100 71511.394 1071&.397 22.26067 2.946 3.933 9941 

.. 000 711.47764 21301.13 0.0075 11013.90'5 14966.296 23." 1771; 3.1'-82 It. 824 11216 
5000 910.79118 2&62".211 0.0060 16523.125 21582.741 24.93545 1.912 9.486 121 .. 9 

• TWO-PH~~E BOUMDRY 
lZ4 



T,,£HHOOYNAHIC PROPERTIES OF NORHAL HYDROGEN C-Ze 

30 PSU IS09AR 

TE"PERATURE DENSUY "COH/~"'p II COP/DU'V -OJ COP/OII'
T 

COII/OT'/II THER"AL VISCOSITY THERI'Al DIELECTRIC PPAMeTl 
P CONDUCTIVITY OIFFUSIIIUY COIISTANT NUMBER 

OEG. R LB/CU FT BTU/lB PSU-CU FTlBTU PSU 1/0EG. R BTU/FT-HR-R lB/FT-SEC SO FTlH~ 
I( 10" 

• 2,..9&6 ,..81505 268.93 13.11311 131 .. 1.110 0.01)56727 0.0 .. 2 .. 1 1.721 0.005711 1.251'H 2.2249 
2S ... IIUltll 269.21 U.II:.!II 131"5.61 0.00S1;729 0.0"2511 1.715 0.00579 1.25111'1 2.21'<1 
26 It. 711551 2&1,.11'1 13.576 1233 ... 6 .. 0.0060 .. ",3 0.0"562 1.593 0.005'15 1.25031 2.0128 
28 ... 72698 26 ... 33 12.113" . 1111111.73 0.0065112 0.05022 1.392 0.00617 1.2"702 1.7179 
3D ... 66320 ! 61,. 72 12.2"3 10255.511 0.006961oZ 0.05318 1.Z33 0.0061'1 1.2103 .. 3 1.53 .. 2 
32 1t.5~552 263.50 1:1.763 9357.110 0.0071090'1 a .05511 1.106 0.006011 1.23'1&10 1.1,2;6 
3 .. 1t.52379 259.72 11.361 81,31.1111 0.0081513 0.05623 1.001 0.005117 1.235&3 1.35&7 
36 1t ..... 1116 255.39 11.010 15710.23 0.00115719 0.05110 0.913 0.00567 1.2313'1 1.3045 
311 1t.36570 2"11.113 111.697 6692.57 0.0097826 0.051109 0.837 D.005107 1.221>'11 1.2630 
itO ... 27610 2100.19 10.1,02 579 ... 108 0.0109523 0.051151 0.770 11.00520 1.221h 1.2"E:3 

• .. 1.299 ... 21329 2 33.05 111.211 5189.1" 0.011'137Z 0.051151 0.730 0.001,99 1.211136 1.ZIo'!1o 

• 1,1.299 0.16101 116."6 3.622 2".66 0.OJ771'18 0.01173 0.0111 0.02233 1.00179 0.11751 
1,2 0.15691 118.50 3.635 2".911 0.036101,0 0.01183 0.0119 0.02359 1.00759 0.11626 
.... 0.1 .. 655 '11,.33 3.6511 25.7" 0.0323680 0.012'-1 0.092 11.02720 1.00709 0.11341, 
.. 6 0.13771 100.13 3.668 26.32 0.02'45170 0.01256 0.096 0.03081, 1.00667 0.11141 
Itll 0.1301ll 105.Sf> 3.671 26.19 0.OZ7Z3'13 (I.01Z91 0.100 0.03 .. 53 1.00630 0.7'35& 
50 0.12352 111.5K 3.671 27.17 0.0253602 0.01339 0.103 0.03831 1.005'17 0.711H 
52 0.11760 117.23 3.669 Z7 ... 9 0.OZ3712& 0.01383 0.107 0.01,219 1.005&9 0.7758 
51t 0.11230 122.111 3.666 27.76 0.0224071 0.01~27 0.110 0.01,618 1.00543 0.7670 
56 0.10751 128.3:! 3.66" 27.99 0.021215& 0.01 .. 70 0.111, 0.05021 1.00520 0.7E:H 
511 0.10315 133.79 3.661 211.18 0.0201640 0.01512 0.117 0.051035 1.001099 0.7545 
60 0.09917 139.22 3.659 28.35 0.0192262 0.01555 0.121 0.05859 1.0047'1 0.74"3 

52 0.09551 1 ..... 58 3.658 28.50 0.01!1311109 0.01598 0.124 0.06296 1.00"62 0.71,45 
6 .. 0.0'1213 149.91 3.657 28.63 0.0176239 0.0161,2 0.128 0.0671,4 1.0041,5 0.71000 
66 0.08900 155.2" 3.65" 28.75 0.0169313 0.01685 0.131 0.07203 1.0U430 0.7360 
~3 0.08609 160.52 3.653 211.115 0.01629710 0.01728 0.131, 11.07671, 1.001,16 0.7322 
70 0.08338 165.79 3.651 28.'1" 0.015711,13 0.01772 0.138 0.011157 1.001,03 O. 72~& 
75 0.077310 1711.89 3.6106 29.1" 0.01 .. 4 .. 10 0.01881 0.146 0.091,14 1.00374 0.720& 
80 0.07215 191.91 3.61,1 29.29 0.0133747 0.01989 0.151, 0.10142 1.003109 .0.7135 
85 0.06761, 201,.88 3.63& 29.1,0 0.012"661 0.02097 0.161 0.1211,2 1.00327 0.7070 
90 0.063&!! 217.810 3.629 29.50 0.011&1110 0.02205 0.16'1 0.13612 1.003011 0.7011 
95 0.06017 230.86 3.620 29.58 1].01099106 . 0.02313 0.176 0.151104 1.002'11 0.695'1 

100 0.05701, 2103.93 3.610 29.6 .. 0.01038116 0.02"1'1 0.183 0.16738 1.00276 0.6'HIo 
105 0.05 .. 23 257.09 3.597 29.69 0.00'111"'12 0.0252 .. 0.190 0.111350 1.0026~ 0.611711 
110 0.05168 270.31 3.5113 29.7" 0.0093655 0.02631, 0.197 0.20126 1.00250 O. &831 
115 0.010937 Z83.1I0 3.566 29.78 0.0089291 0.0274" 0.2010 0.21929 1.00238 0.678'1 
120 0.01,727 297< .. 3 3.5"6 29.81 0.00115330 0.028108 0.211 0.2371,1 1.00228 0.6765 
125 0.0 .. 533 311.25 3.52" 29.8" 0.0061717 0.02946 0.217 0.25546 1.0021'1 O. &7&0 
130 0,0"3!>5 3 25.31 3.500 29.86 0.0078 .. 011 0.03035 0.22" 0.27320 1.00210 0.6774 
11,0 0.0 .. 039 351,.13 3 ... 1,5 29.90 0.0072551, 0.03209 0.237 0.309111 1.001'15 C.681'1 
150 0.0376& 381,.010 3.382 29.93 0.0067533 0.03382 0.2"9 (i. 3 .. 6210 1.0018 Z 0.6870 
160 0.035Z8 1,15.21 3.312 29.95 0.006317& 0.03558 0.2&1 11.3111,43 1.00170 0.6<;22 

170 0.113318 1,107.33 3.21,2 29.97 0.005'1357 0.03716 0.272 O ... 2177 1.00160 0.7007 
lIlO 0.03133. 480.64 '3.169 2'1.98 0.0055'180 0.0 .... 09 0.307 0.52312 1.00151 0.6752 
190 0.02'1&7 511, .92 3.097 29.99 0.0052969 0.0471,3 0.326 0.58M5 1.0011,3 0.6753 
20Ci 0.02811 550.10 3.027 30.00 0.0050272 0.05039 0.342 0.&4676 1.0013& 0.6765 
220 0.025&0 622.78 2.896 30.02 0.00"5632 0.05552 0.368 0.7&301, 1.00121, O. &779 
2 .. 0 0.023106 &97.67 2.782 30.03 0.001017810 0.05'1'10 0.3118 0.87580 1.00113 O. &791 
260 0.02165 71 ... 21, 2.683 30.03 0.003853'1 0.06319 0.100" 0.911730 1.00105 0.61103 
280 0.02010 851.81 2.599 30.04 0.0035765 0.06131 0.1018 1.09905 1.00097 0.&612 
300 0.0187& 929.111, 2.529 30.0" 0.0033365 0.07051, 0.1,31 1.21191 1.00091 0.6821 
320 0.0175'1 1008.30 2.1,6'1 30.0 .. 0.00312&11 0.07355 0.1, .. 2 1.32639 1.000115 0.6828 

3 .. 0 0.01655 1086.71 2."18 30.01, 0.002'1 .. 21 0.07637· 0 ... 53 1 ..... 301 1.000110 O. & 834 
360 0.01563 116".93 2.375 30.04 0.0027180 0.07902 0.46 .. 1.56187 1.00075 0.68311 
3110 0.0110111 12"3.0'5 2.338 30.0" 0.0026313 0.011151, 0 ... 7 .. 1.68325 1.00071 O. & 642 
.. 00 O. Oil, 0 7 1320.76 2.307 30.0" 0.0021,'1910 0.08391, 0.108" 1.80732 1.0006!! 0.684& 
1t20 0.013100 1397.88 2.261 30.04 0.0023801 0.08623 0.1,93 1.931,21 1.00065 O. & 8~8 
It 100 0.01279 11071,.5& 2.2511 30.01, D.002Z717 0.088103 G.502 2.0&3'11 1.000&2 0.6850 
1t60 O.OlZZIo 1550.58 2.240 30.0 .. 0.0021728 0.0905 .. 0.511 2.19653 1.0005<:1 0.&8;1 
.. eo 0.01173 1&2&.13 2.221, 30.01, 0.0020821 0.09259 0.520 2.33215 1.00057 {I. HSZ 
500 0.01126 17 0 C .81, 2.211 30.01, O.on9988 0.091,56 0.529 2.1,70119 1.00054 0.&853 
520 D.OlD8Z 1715.01, 2.200 311.0" 0.0019218 0.096"7 0.538 2.61268 1.00052 0.6&53 

SIoO 0.010"2 1& .. &.61, 2.190 ::SO.O" 0.00HI5U& 0.0'11133 il.;~7 2.757JZ 1.00050 0.6e53 
560 0.01005 l'J21.65 2.a3 30.0" 0.0017845 0.10011, o .55E- 2.905B 1.00049 0.6e53 
5811 0.00971 1'19" .2& 2.171 30.03 0.0017229 0.10192 0.565 1.0563 .. 1.0001,7 0.6e53 
60D 0.009311 2066."8 2.171 30. 03 0.0016651, 0.10367 0.573 3.21046 1.00045 0.6 e 52 

6!"0 0.001166 22"5.210 2.16" 30.03 0.0015373 0.10790 0.595 3.60'11,0 1.00042 0.&651 
100 0.008010 21022.1,5 2.1'S& 30.03 ('.001 .. 275 0.11203 0.&16 4.02790 1.00039 O.6eSO 
800 0.Q0104 2773.1,5 2.150 30.03 0.0012"91 U.12002 0.659 10.922 .. 5 1.0003" O. 6 ,,,& 

1000 0.00563 3lt75.Z" 2.142 30.02 0.000'l'l93 0.135&6 0.71,2 &.'13709 1.00027 o. 6~~1 
2000 0.002112 7261.101 2.01" 30.01 O.OOolo'l'!1I 0.27723 1.129 27.111180 1.0001" o. ;321 
3000 0.001118 11802.32 1.807 30.01 0.0003333 0.3'1633 1."73 53. 65.42 ~ 1.0000'1 0.52£>3 

.. 000 O.OOlltl 19256.85 1.1,11 29.'11, 0.0002505 0.6"2':13 ·1.7119 94.821,21 1.00007 O.Io~3l 

5000 0.00110 1,6217.67 0.&'11 29.23 0.00OZO!i3 1.85857 2.110 1711.1o"17~ 1.00005 0.31\77 

• TWO-PHASE BOUNDRY lZI) 

-



C.Ze Tt4EFHOOYNaMIC P~OP!:RTlES OF' NCFPUL HYO~~GEN 

n PSU ISOBAR 

TE"PERATURE 1I0LU"E ISOTHERM ISOCt40RE INTERNaL ENTHALPY ENTROPY ev CP IIELOCITY 
DEUIlATtIiE DERIIiATlIIF. ENERGY OF' SOUND 

DEG. It eu FTILB CU FT-PSIA/L8 PSIA/R BTU/LB BTU/LB BTU/LB-R BTU / LB -R FTISEC 

• 21t.917 0.20763 2735.67 74.6t.62 93.911 95.26" 3.36657 1.120 1.526 U56 

25 0.20767 27 .. 3 ... 3 7 ... 6061 93.9"7 95.293 3.3&1 a .. 1.120 1.525 .. 160 

26 0.2011111 2519.09 7 ... &12 .. 95 ... 99 9&.853 3 ... 292 .. 1.1 .. 1 1.599 .. 0111 
211 0.2U"& 2375.50 72.9 .. 31 91.782 100.152 3.551"1 1.201 1.720 3971 
30 0.21lt31t 2207."6 71.5102 102.330 103.720 3.67"57 1.251 1.1 .. 2 3881 
32 0.217 .. 9 2D ..... "8 70.1871 10&.136 107.5"5 3.79803 1.29& 1.972 3796 

3 .. 0.22092 1871.71 &8.8211 110.201 111. &39 3.92206 1.337 2.U" 3703 
3& Q.22lt68 1710.99 67.21191 l11t.55o 11&.00& ... 0 .. 681 1.372 2.2&2 3616 
311 0.22889 15 .. 1.107 65.5&68 119.211 120.&'15 ".17396 1.1002 2.1030 3519 
itO 0.233&3 13&8.71 6305786 12 ... 222 125.73& ".303102 1.1026 2.620 3 .. 13 

1t2 0.2391" 1185.17 61.1 .. 52 129.66& 131.216 ..... 3713 1.10 .. & 2.8 .. 8 3290 

• 1t2.475 0.2"055 11 .. 7.15 60.5021 131.018 132.577 ... 46936 1."50 2.902 3262 

• 42.475 5.37081 150.50 1.01510 278.8100 113.&"9 1.73516 1.605 3.381 1212 .... 5.6823& 16".17 1.oi .. 8 281.8&3 318.&90 8.8517" 1.577 3.227 12lt8 
1t6 &.07313 180.88 0.9397 285.&3& 32".997 8.99179 1.553 3.087 1291 
48 &."5027 19&.62 0.8780 28'1.264 331.068 9.12084 1.539 2.989 1330 
50 6.81724 211.62 0.8251 2'12.787 33&.'170 9.24111 1.529 2.916 1367 
52 7.17&30 226.07 0.7806 296.232 342.742 9.35432 1.522 2.859 1 .. 02 
54 7.52902 2"0.01 0.7 .. 10 299.617 3 .. 8.413 9."6130 1.517 2.81" 1436 
56 7.87652 253.72 0.7059 302.952 35".000 '3.56292 1.513 2.777 1 .. 69 
58 8.21969 267.06 0.67 .. 4 30&.2 .. 7 359.520 9.&5980 1.510 2.7"& 1500 
60 8.55918 2 80 .14 0.&459 309.512 36".98" 9.7524& 1.507 2.719 1530 

62 8.89551 293.01 0.6200 312.7 .. 5 370.3911 9.8 .. 12& 1.5n .. 2.&96 1560 
6 .. 9.22'H3 305.69 0.596 .. 315.957 375.771 9.92&58 1.501 2.676 15a9 
6& 9.56038 318.20 0.57"7 31ehl .. 1 381.109 10.00872 1.500 2.659 1617 
68 9.88957 330.57 0.55 .. 7 322.319 38& ... 1 .. to.0879o 1 ... 98 2.6"4 16 .... 
ZO 10.21&93 3"2.82 0.53&1· 325 ... 7 .. 391.&91 10.161,38 1 ... 97 2.631 1671 
75 11.02858 372.98 0 ... 952 333.305 "04.782· 10.31, .. 90 1 ... 9 .. 2.605 1735 
aD 11.83239 402.59 0 ... 60 .. 3 .. 1.067 "17.753 10.51228 1."93' 2.585 1797 
as 12.&300& .. 31.79 0 ... 30 .. 348.781 "30.&31 10.6&8 .. 1 1 ... 92 2.569 1156 
90 13."~283 .. &0.6 .. 0.4D"3 35& ... 5 .. .. 43 ..... 8 10.81501 1 ... 92 2.558 1912 
95 1".211&0 .. 89.22 0.3813 36 ... 107 "56.213 10.95307 1 ... 9 .. 2.550 1967 

100 1".99707 517.57 0.3608 371.753 1,68.9 .. 9 11.01;)81 1."97 2.5 .. 1, 2019 
105 15.77978 5 .. 5.73 0.3"25 379.315 "81.655 11.20797 1.500 2.5"1 2069 
110 16.5&017 573.73 0.3261 387.021 1,9".355 11.32599 1.505 2.51t0 2118 
115 17.33859 :, 01.60 0.3112 39".&86 507.058 11."3873 1.511 2.51,1 2165 
120 18.11532 &29.3" 0.2976 1,02.369 519.775 11.5"714 1.518 2.5 .... 2211 
125 18.89058 656.99 0.2852 .. 10.082 532.513 11.65102 1.527 2.5 .. 9 225,. 
130 19.6& .. 5& 684.5 .. 0.2738 .. 17.82 .. 545.271 11.75115 1.537 2.556 2297 
1,.0 21.20931 739."3 0.253& .. 33.1,65 570.92" 11.9"120 1.560 2.57" 2378 
150 22.7505& 794.07 0.2362 .. 1,9.330 596.777 12.11966 1.587 2.597 2 .. 5,. 
160 2,..28302 8 .. 8.53 0.2211 .. 65.478 622.89& 12.2IS3" 1.620 2.626 2525 

170 25.8252 .. 902.82 0.2078 .. 81.940 &"9.315 12 ..... 1 .. 2 1.&5 .. 2.651 ;L593 
180 27.359&2 956.99 0.1961 "98.71,6 &7&.065 12.6012" 1.691 2.693 2657 
190 28.89233 1011.0 .. 0.1856 515.907 703.160 12.71,&92 1.730 2.730 2719 : 
200 30."2378 10&5.00 0.1761 533."&8 730.&"& 12.18802 1.769 2.7&7 2778 
220 33."8353 1172.71 0.1599 5(,9.7 .. 9 78&.757 13.15538 1.8"7 2.8 .... 2192 

2"0 3&.5 .. 000 1280.18 0.1 .. 65 607.5"9 8 ..... 367 13 ... 0617 1.922 2.917 1000 
260 39.59"00 1367.49 0.1351 6 .. 6.793 903.40" 13.6 .. 198 1.992 2.985 3103 
280 .. 2.& .. &01 1 .. 9 ... 66 0.125 .. &87.350 963.7"2 13.&655" 2.056 3.0 .. 7 320 .. 
300 .. 5.69&6 .. 1&01.73 0.1170 729.099 102<;.261 1".07796 2.112 3.103 3302 
320 .. 8.7 .. 600 1708.71 0.1096 771.912 1087.837 1".27953 2.163 3.15" 3397 

340 51.79"3& 1815.62 0.1031 815.&79 1151.361 1 ... 1, 12&2 2.208 3.198 3 .. 90 
360 5 ... & .. 192 1922 ... 8 0.097" 8&0.277 1215.710 1 ... 65&30· 2.21,11 3.237 3581 
380 57.88879 2029.29 0.0922 905.&23 1280.603 1".8321,3 2.283 3.271 3671 
.. 00 &0.93510 2136.0& 0.0876 951.&21 13 .. &.5 .... . 15.00075 2.313 3.302 3758 
1t20 &3.98092 22"2.79 0.013 .. 998.181 11,121.8 .. <; 15.16258 2.3 .. 0 3.328 3a .... 

4"0 &7.02&33 231,9.50 0.079& 10"5.226 1479.628 15.31777 2.362 3.350 3929 
460 70.07139 2"56.18 0.0762 1092.69" 15,.6.831 15."6739 2.382 3.369 .. 012 
480 73.11&13 2562.85 0.0730 11"0.529 1&1".399 15.&111& 2.399 3.386 .. 091, 
500 76.1&0&1 2&69.'+9 0.07.01 1168.&&1 1682.261 15.7It968 2."13 3 ... 00 .. 175 
520 79.201,85 2776.11 0.067 .. 1231.0"9 1750.379 15.88333 2 ... 2 .. 3 ... 12 ,.25 .. 

5 .. 0 82.2 .. 33& 2882.56 0.06 .. 9 1285.&96 1816.720 1&.01208 2.1,31, 3 ... 21 ..332 
560 15.28:'89 2989.1 .. 0.0&25 133".569 1887.318 1&.1365 .. 2 ..... 2 3 ... 29 41,09 
580 88.3302& 3095.71 0.0604 1383." 73 1955.9"& 1S,.2570 .. 2 ..... 9 3."3& 1, .. 85 
600 91.37350 3202.28 0.058'+ 11,32.560 202".75& 1&.37375 2 ... 55 3 ..... 2 .. 560 
650 91.91110 3"&8.65 0.0539 1555.&02 2197.10 .. 1&.61,979 2."&<; 3,"52 .. 7 .. 3 
700 10&.58812 3731,.911 a.0500 1679.068 2169. HI 1&.905<)7 2." 72 3 ... 511 .. 920 
aDo 121.110093 "267.57 0.0"38 19<,&.711, 271&.112 17.3&827 2.'+ 711 3.4&" 5257 

1000 152.223&2 5332.53 0.0350 2"23.320 3'.09.890 18.1"195 2.10 87 3."73 5873 
2oli0 30''.3202D 1065&.16 G.0175 496'1.6&1 &9 .. 2.171; 20.56138 2. & .... 3. &29 11233 
3000 4,6."2702 15979.39 0.0117 7758.132 1071&.259 22.~08&3 2.9"5 ].932 99 .. 2 

.. 000 609.7578<) 21302.57 0.0088 109911 ... 81 14950.35" 23.321 .... 3.1137 ... 77 .. 11227 
5000 779.20')05 2&&25.72 0.0070 163 .. 0.9" .. 21391.079 24.71,127 7.578 ~.105 12162 

• TWO-PHASE BOUNORY 
1 Z(' 
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THE~MOD1NIHIC PROPEl/TIES OF NOII'1IlL H'(D~OGEN C-2 .. · 

'35 PSIA ISOBAR 

TEKIiERATUIlE DENSITY VCOH/OV'p V COP/OUIy -V COP/OV'T CDV/OT\JV THER"AL VISCOSITY THEIU'tlL DIELECTRIC PIIINOH, 
CONDUCTIVITY OIFF US IVITY CONSTANT NUMBER 

OEG. R LB/CU FT BTU/LB PSIA-CU FTlBTU PSIA 1/0EG. R 8TU/FT-HR-R LB/FT-SEC SQ FlIHR 
)( 10 5 

• Z".987 ,..81GZ9 26C1.C.l 13.836 13175.75 0.005&611 0.0 .. 255 1.722 0.00579 1.2520 .. 2.222& 
25 ".81531 271. .07 13.&31 13210 ... 5 0.005&475 0.04259 1.719 0.00580 1.25199 2.2159 
26 ... 787,.1 2 &5. 71 13.579 12395.03 0.01160195 0.04564 1.596 0.00596 1. 2501t2 2.01"1 
28 ".72902 261o.M, 12.11"11 11233.79 0.00& .. 933 0.05025 1.396 0.006111 1.2"713 1.7197 
30 ... 665 .. 2 2&5.26 12.256 10298.72 0.00694l6 0.05322 1.236 0.00&19 1.24356 1.540" 
32 4.59795 2 &".08 11.775 9 .. 00 ... 2 0.007"&&4 0.05516 1.1011 0.00601'1 1.23978 1.IoU,1o 
3,. 1o.526ftft 2 &0. 30 11.373 11 .. 72.20 0.008123'2 0.05628 1.003 0.005811 1.23578 t.3571 
3& ..... 5073 25&.04 11.021 7615.17 0.00883&2 0.05716 0.915 0.005&8 1.23155 1.30103 
3a 4.36893 2 .. 9.55 10.7011 673".56 0.0097359 0.05816 0.839 0.005108 1.22699 1.2&2" 
.. 0 ".28019 2 .. 1.45 10 ... 14 58511.3" 0.0108527 0.05860 0.772 0.00523 1.22206 1.2 .. 33 

.. 2 1t.181&9 230.97 10.U4 "9511.93 0.0123303 0.051152 0.711 0.00 .. 91 1.21&61 1.24&3 

• "2.47'5 4.1570& 2211.74 10.039 47611.76 0.012&1172 0.05843 0.6911 0.00411 .. 1.21525 1.2107& 

• "2."7'5 0.111&19 117.29 3.632 28.02 0.03117J"1 0.01226 0.090 0.01'3"8 1.00902 0.lIcH1 
.... 0.17'598 91.1111 3.657 211.119 0.03'5125'5 0.012 .. 7 0.093 0.02196 1.00852 0.11617 
itS 0.16 .. 6& 97.115 3.67 .. 29.711 0.031551 .. 0.012eo 0.097 0.02519 1.007'H 0.83911 
.. a 0.15'503 103.76 3.680 30."8 0.02861145 0.01318 0.100 0.0211 .... 1.00750 0.8193 
50 0.1 .. 669 109.61 3.6111 31.0 .. 0.0266013 0.013511 0.10" 0.03175 1.00710 0.80310 
52 0.13935 U5.38 3.6110 31.50 0.0247797 0.01399 0.107 0.03513 1.00674 0.7906 
5 .. 0.132112 121.011 3.677 31.119 0.0232391 0.011042 0.111 0.031158 1.006"2 D.7799 
56 0.12696 ,126.71 3.&7 .. 32.21 0.02iCJ131 0.01 .. 8 .. 0.115 0.0"209 1.0061" 0.771 .. 
511 D.12166 132.26 3.671 32.109 0.0207559 0.01526 0.118 0.04569 1.005811 0.76"1 
60 0.11683 137.78 3.6&8 32.73 0.0197331t 0.015611 0.121 0.0"937 1.00565 0.75711 

62 0.11242 143.22 3.&67 32.94 0.D188238 0.01611 D.125 0.05315 1.005"4 D.7520 
64 0.10835 1"8.61 3.6&6 33.12 D.Ol110067 0.01&54 0.1211 0405703 1.0052 .. 0.7"67 
66 0.10"&0 154.00 3.664 33.211 0.0t72675 0.01697 O.Ul 0.06099 1.00506 0.71t20 
tl8 0.10112 159.35 ' 3.662 33.43 0.01659 .. & 0.0171t0 0.135 0.06506 1.00"89 0.7376 
7D 0.09788 164.6e 3.6&0 33.55 0.0159785 0.01711~ 0.1311 0.06922 1.001t73 0.733& 
75 0.09067 177.90 3.655 33.82 0.014&414 0.011191 o .1'46 0.08005 1.00"38 0.72 .. 5 
110 0.08 .. 51 191.03 3.6"9 3".02 0.0135303 0.01998 0.154 0.09149 1.001t08 0.7167 
115 0.07918 204.08 3.643 34.19 0.0125893 0.02106 0.162 0.10353 1.00383 0.7097 
90 0.07450 217.13 3.636 31t.32 0.0117801 , 0.0221" 0.169 0.11617 1.00360 0.7031t 
95 0.07037 230.21 3.627 34 ... 2 0.0110754 0.02321 0.176 0.12935 1.003"0 0.6979 

100 0.06668 2103.31t 3.616 3 ... 51 0.0104551 0.02427 o .181t 0.1 .. 304 1.00322 0.6931 
105 0.06337 256.56 3.603 3".58 D.D09901t6 0.02531 0.191 0.15716 1.00306 0.6893 
110 0.06039 26<3. ell 3.5118 34.65 0.009U21 0.1)2641 0.198 D.17216 1.00292 0.68"" 
115 0.057&7 283.35 3.571 3".70 0.0089685 0.D2750 0.20" 0.11176 .. 1.00279 0.6800 
120 0.05520 297.02 3.551 34.7 .. 0.00856&6 0.02851t 0.211 0.20321 1.00267 0.6775 
125 0.05294 :UO.88 3.529 3".711 0.0062005 0.02952 0.218 0.21871 1.00256 O. &7&8 
130 0.050115 3210.9& 3.504 3".81 0.0078657 0.030;'1 0.224 0.23395 1.00246 0.6782 
140 0.01t715 353.83 3.1t"9 3 ... 86 0.0072742 0.0321 .. 0.237 0.264112 1.00228 o. &1126 
150 0.04395 3113.79 3.311& 3".90 0.0067677 0.03387 0.2"9 0.29665 1.00212 0.&875 
160 0.01t117 .. 15.00 3.316 31t.93 0.00632118 0.03562 0.261 0.32944 1.00199 0.6<32& 

170 0.03872 .. 47.15 3.245 3".96 D.00594"5 0.03721 0.273 0.36150 1.00187 0.7011 
180 0.03655' ft 80."9 3.172 34.98 0.0056050 0.0 .... 11 0.307 D ... 4808 1.00177 0.6756 
190 0.031t61 5110.111 3.099 34.99 0.0053025 G.01t7"" 0.326 0.50211 1.00167 0.67&2 
200 0.G3207 550.01 3.029 35.01 0.0050316 0.0504D 0.3 .. 2 0.55"08 1.00159 o. &768 
220 0.02987 622.74 2.8911 35.02 0.001t5662 0.05552 0.368 0.653112 1.001"" 0.&781 
240 0.02737 697.67 2.711 .. 35.0" 0.001t1804 0.05991 D.3118 0.7505/0 1.00132 0.6793 
260 0.0252& 77".28 2.685 35.01t 0.0038552 0.06379 0.401t 0.114618 1.0,0122 0.680" 
280 0.02345 851.811 2.601 35.05 0.OD35773 0.06732 0.1t18 0.94203 1.00113 0.681" 
300 0.021811 929.94 2.530 35.05 0.0033370 0.07055 0."31 1.0311113 1.00106 0.61122 
320 0.02051 1008 ... It 2 ... 70 35.05 0.0031271 0.07356 0 ..... 2 1.13701 1.00099 0.&829 

3 .. 0 0.01931 1086.117 2."19 35.05 0.0029 .. 22 0.07637 0.1t53 1.23702 1.00093 0.6634 
360 0.01823 1165.11 2.376 35.05 0.0027781 0.07902 0 ... 6 .. 1.33895 1.00088 0.6639 
380 0.017Z7 1243.2& 2.339 35.05 0.0021;313' 0.D8155 0.1t74 1.1t1t3D3 1.00083 0.&643 
.. 00 0.01641 1320.98 2.308 35.05 0.0024993 0.08395 o .4111t 1.5109 .. 2 1.00079 0.&8It& 
.. 20 0.01563 1398.13 2.2112 35.05 0.0023&00 0.0862" 0."93 1.65822 1.00075 O. &1149 
.... 0 0.Ol,,'j2 lit 7 ... 82 2.259 35.05 0.0022716 0.oe84" 0.502 1.769 .. 3 1.00072 0.&1150 
.. 60 0.01427 1550.85 2.2 .. 0 35.05 0.0021726 0.09055 0.511 1.81131" 1.00069 0.6852 
.. 80 0.013&8 1&2&.42 2.224 35.05 0.00201120 0.09260 0.521 1.999102 1.000&6 o. &1153 
500 0.01313 1701.110 2.211 35.05 0.00199"6 0.09457 0.530 2.111136 1.00063 o. &853 
520 0.01263 1775.35 2.200 35.05 0.001':1216 0.09&,.8 0.5311 2.23995 1.00061 0.6854 

540 0.01216 18"8.97 2.191 35.05 0.001850" 0.09113,. 0.5"1 2.36397 1.00D59 0.61\S3 
S60 0.01173 1921.99 2. '.11" 35.05 0.00178"2 0.10015 0.556 2.49082 1.00057 0.6653 
580 0.01132 199 ... 61 2.171 35.05 0.0017227 0.10193 0.5&5 2.6203" 1.00055 o. & 853 

600 0.!l10lJ1t 2066.1110 2.172 35.05 0.0016652 0.10368 0.573 2.75250 1.00053 O.&/lSJ 
650 0.01010 221t5.&1 2.163 35.0" 0.0015371 0.107Ql 0.595 3.09 .. 52 1.00049 0.611<;1 
700 0.009311 Z .. U.63 2.157 35.0 .. 0.0014Z73 o .UlD .. 0.616 3."5332 1.0001t; O.68S0 
800 0.00821 2773.8S 2.151 35.0" D.001241'19 0.120'" 0.&59 4.220~6 1.00040 0.&610& 

1000 0.00657 3475.67 2.1102 35.03 0.0009992 0.135&9 0.7"2 5.94749 1.00032 0.68"1 
2000' 0.00329 7261.119 2.015 35.02 0.00049911 0.27723 1.129 23.2"M8 1.0001& 0.5322 
3000 0.00Z19 117911.52 1.808 35.01 0.0003332 0.39610 1 ... 73 45.911170 1.00011 0.5265 

!tODD O.OOt:,ft 19D6Z ... & 1.428 3 ... 9 .. 0.DOOZ;05 O.&JZ'tl 1.790 1I!l.83287 1.000011 0.48&0 
5000 0.001Z8 .... 445.6 .. 0.720 3".17 0.000201t9 1.76l1li7 2.108 151.3110,,9 1.0000& 0.3907 

• TWO-PHASE BOUNDRY 127 
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c-Zc T~E~HOOYNA"IC PROPERTIES OF' .NOP'''~L H"O~OGEN 

100 PSU ISOBAR 

TE"PERATURE ~OLU"E lSOTHER" ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
oEUvAnvE OERI~UI~E ENEP.GY OF' SOUNO 

DEG. R CU FTILB CU FT-PSIA/LB PSU/R BTU/L8 BTU/LB BTU/LB-R BTU I LB -R FT/S'EC 

• 25.005 0.20758 27100.77 710.61086 93.923 90;.1t61 3.36707 1.120 1.0;26 H59 
26 0.201180 2&00.65 71t.&1t58 95.1t70 97.017 '3.1t2810 1.11t8 1.0;97 1t09S 
28 0.21137 2383.98 73.0353 98.71t8 100.311t .1.55020; 1.200 1.719 3977 
30 0.211t21t 2215.63 71.59112 102.291 101.878 3.67323 1.250 1. lilt 0 JU7 
32 0.21737 2052.63 70.2751 1060.059 107.699 3.79651t 1.29& 1.970 le02 
31t 0.22080 1579.50 65.912& 110.152 111.787 3.9201t2 1.336 2.U2 3709 
36 0.22lt51t 171ch06 67.3797 111t.411& 110.1109 It. 0 105011 1.371 2.259 3622 
38 0.22872 1549.119 65.6623 119.135 120.1129 1t.17192 1.ItOl 2.1t25 3525 
itO 0.233ltlt 1317.810 63.6817 1210.131 120;.560 1t.30110 1.1026 2.611t 31t21 

1t2 O.2J1I90 1195.105 61.2&72 129.553 131.322 1t ... 31t39 1. It itO; 2.1139 32911 

• 1t3.53& 0.243&11 1057.&4 59.0715 134.027 135.1131 1t.539&0 1.40;5 3.037 3195 

• "3.53& 4.121152 l1t7.109 1.21t39 279.00;9 314.0113 11.63&59 1.&15 1.0;06 12111 
Itlt It. 111&&3 151.99 1.2163 2110.il31 315.707 11.67387 1.604 3.44" 1230 
.. 6 0;.17749 170.21 1.1165 2114.033 322.3112 11.112212 1.572 3.241t 1276 
Itll 5.52194 1117.08 1.03&7 2117.8211 328.728 8.95702 1.0;0;2 3.109 13111 
50 5. 851t511 202.99 0.9706 291.1t81 334.845 9.011177 1.51t0 3.012 1356 
52 6.171127 218.19 0.9143 295.032 340.794 9.19835 1.5:51 2.939 1393 
Sit 6.1t9lt92 232.82 0.1I051t 2911.50 .. 3,.&.&11 9.301111 1.520; 2.1152 11t28 
56 &.8e590 21t 7.00 0.112210 301.913 352.32" 9.101201 1.520 2.1135 11061 
55 7.112111 260.80 0.781t2 305.273 357.90;2 9.51080 ' .• 515 2.7'16 11tH 
60 7.1t1455 274.30 0.71t99 308.5910 3&3.513 'h&05(!9 1.512 2.764 1521t 

62 7.71356 2117.53 0.7188 311.1177 3&9.011 9.69527 1.508 2.736 1551t 
61t 11.00972 300.510 0.6906 315.132 37,..,.60 9.711179 1.505 2.712 10;;11 It 
6& 8.30341 313.35 0.6648 315.3&3 379.8&5 9.1I&1t97 1.503 2.&91 1612 
68 &.59ft95 32&.00 0.6411 321.570 3115.232 9.910507 1.501 2.&710 161t0 
70 8.8114&0 ·338.109 0.6191 3210.757 390.5610 10.02235 1.499 2.6511 16&7 
of5 9.60175 369.19 0.5709 332.&57 1t03.777 10.201t55 1.1096 2.627 1733 
80 10.31057 399.26 0.5301 31t0.1t75 101&.11107 10.37322 1.1t95 2. &0 3 1795 
115 11.01374 426.114 0.1t951 31t1l.2311 429.81& 10.53044 1.1t94· 2.585 1854 
90 11.71161 1t5e.02 0.1061t6 355.952 10102.&99 10.67779 1.1t91t 2.571 1911 
95 12.100544 "86.8°, 0.4379 363.639 .. 55.525 10.111652 1.1095 2.561 1966 

100 13.09592 515.1t9 0.1011t2 371.316 1t611.31& 10.910782 1 ... 911 2.551t 2018 
105 13.78363 51t3.68 0.3930 378.975 .. &1.070 11.0721t5 1.501 2.550 2069 
110 14.106899 572.08 0.374n 38&.6 .. 2 493.812 11.19087 1.506 2.51011 21111 
115 15.15237 600.12 O. 35~, 5 391t.322 506.5510 11.3Q391o 1.511 2.51011 2165 
120 15~!l3" 05 6211.02 0.31t11 1t02.02" 519.1II5 11./012&5 1.519 2.0;;51 2211 
125 16.51"26 655.81· 0.3268 1009.751t 532.0710 11.51&78 1.527 2.555 2255 
130 17.193111 &113. SO 0.3137 1017.511 51010.660 11.61713 1.537 2.561 2297 
1100 111.510780 738.63 0.2904 1033.1110 570.5&2 11.110755 1.56C 2.5711 2378 
15D 19.891191 193.47 0.2701t 101t9.068 596.1057 11.98630 1.5117 2. &01 210510 
160 21.2H21o 8108.09 0.2531 465.236 &22.&12 12.15521 1.620 2.&30 2526 

170 22.59331 902.51t 0.2378 1081.715 6 .. 9.062 12.3151011 1.654 2.6&1 259 .. 
1110 23.~3755 956.83 0.221t3 4911.536 &75.6;'9 12.106845 1.691 2.696 26511 
190 25.28012 1011.00 0.2123 515.712 702.959 12.611t2& 1.730 2.732 2720 
200 2&.6211t3 1065.06 0.2015 533.285 730.467 12.755"11 1.769 2.770 2779 
220 29.30090 1172.94 0.1829 569.5·115 78&.615 13.02302 1.81011 2.8105 2893 
21t0 31.97710 12110.56 0.1675 607.403 1I1t ... 251o 13.27391t 1.922 2.918 3001 
260 310.65002 1387.98 0.151t5 61t6.661 903.317 13.509alt 1.992 2.9116 31010 
2~O 37.3226" 1495.25 0.11t31t 687.230 963.675 13.733109 2.056 3.01t6 3205 
300 39.99294 1002.100 0.1337 7Z1I.989 1025.213 13.910596 2.112 3.101t 3303 
320 42.66203 17 09.106 0.1253 771.1111 10117.805 11o.11t789 2.163 3.1510 3398 

3100 1t5.33013 lIU&.43 0.1179 815.5116 1151.31t2 1 ... 310072 2.208 3.1911 3491 
360 107.997103 1923.310 O.U13 860.190 1215.703 14.521t41o 2.2105 3.2:n 35112 

. 380 50.6&"04 2030.20 0.1054 905.5103 1280.607 110.70059 2.2113 3.272 3&72 
.. 00 53.33009 2137.01 0.1001 951.51t6 131t&.557 14.116891t 2.313 3.302 3759 
1t20 55.9956& 2243.79 0.095 .. 998.111 1412.566 15.030111 2.31t0 3.328 381t5 
.... 0 511.66081 2350.53 0.0910 1045.1&1 11079.&57 15.16600 2.362 3.351 3930 
.. 60 61.32;01 2457.21t 0.01170 1092.&33 151to.867 15.335&2 2.3112 3.370 1t013 
It lID &3.99010 2563.93 0.01l31t 11100. It 72 1014.1t .. 1 15.1t79101 2.399 3.3116 10095 
500 &6.65433 2670.59 0.0801 11811.606 10112.309 15.61795 2.1013 3.400 1t176 
520 69.311131 2777.210 0.0770 1236.9911 1750.1032 15.75160 2.1t25 3.1012 10255 

540 71. 97731t 2883.71 0.071tl 1265.&50 U18.711t 15.118037 2.431t 3.1t22 10333 
560 71t.&4065 2990.31 0.0715 13310.526 18117.383 16.001084 ·2.·1t1t3 3.1030 10410 
5110 77.303110 3096.90 0.0690 1383.1032 1956.015 16.12535 2. It 109 3.1036 101086 
600 79.9&081 3203.1t1l 0.0&67 1432.521 2024.829 1&.21t206 2.1t55 3. It 10 2 10561 
650 116.62364 3469.68 0.0616 1555.5611 2191.1114 16.511111 2.10&5 3.1052 1071010 
700 93.211030 3736.24 0.0572 1679.0311 2369.957 16. 77 It 30 2.,.72 J.,.511 10921 
1100 106.59199 102611.8& 0.0500 1926.&90 271&.21l~ 17.23662 2.4H 3. 10& It 52511 

1000 133.2124" 5333.117 0.01000 21023.3010 31009.9'17 111.01031 2.,.87 3.1073 511710 
2000 2&6. Z97114 10&57.57 0.0200 4969.856 &9,.2.302 20.10,.97& 2. 6 It 10 3.629 11233 
3000 399.39061 159110.112 0.0133 7757.921 1071&.174 21.97&92 2. 9 It 10 3.931 991t2 

10000 533.108511t 213010.00 0.0100 10986.01oQ 14937.5211 23.11163Z 3.700 4.731t 11235 
5000 6110.77514 2&&Z7.1& 0.0080 161910.145 21236.590 24.57561 7. iOIl 11.797 1217" 

• TMO-P~ASE BOUNORY 
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T~ER"OOYNA~IC PROPERTIES OF NOP~AL HYO~I)GEN C -2t" 

40 PSU ISDBAR 

TEMPERATURE DENSITY II ClH/O\l,p \/cOP/DU'V -II (OP/OII'T (OIl/OT\(1I THERHAL YISCOSITY THERI'AL OIELECTRIC PRANOTL 
CONDUCTIVITY OIffUSIVITY CONSTANT NUMBER 

DEG. R LB/CU FT BTU/LS PSU-CU fT/BTU PSIA 1/0EG. ~ BTU/fT-HR~R LB/FT-S·EC SQ FTlIiR 
X lOS 

• 25.008 4.817H 269.88 13.1133 1.5203.72 0.005&53& 0.042&/0 1.723 0.00 SSO 1.25211 2.220/0 

26 /0.711930 2&6.52 13.5111 121055.31 0.0059931 0.0/0566 1.600 O~ 00S97 1.25052 2.015/0 

211 /0.73105 265.39 12.1162 11278.7/0 0.00610755 0.05C;211 1.399 0.00618 1.210725 1.7216 

3D 4.66163 265.110 12.269 10341.75 0.00&92!2 0.05326 1.239 0.00&20 1.210368 1.51016 

32 4.60038 264.65 11.787 CJ101o2.66 0.0074421 0.05520 1.111 0.00609 1.239CJ1 1.10271 

3 .. 4.52907 260.1111 11.3115 11512.311 0.OQII0956 0.05633 1.006 0000589 1.23592 1.3575 

36 ..... 5359 256.&8 11.032 7655.99 0.00~1I009 0.05722 0.918 0.00569 1.23171 1.30102 

311 ... 372l5 250.27 to.719 6776.37 0.009&899 0.05823 0.842 11.00549 1.22717 1.2617 

40 4.211381 242.28 10.1025 5902.40 0.01071191 0.0511611 0.774 11.00524 1.22226 1.2/019 

/02 4.18592 231.89 10.126 5004.17 0.0122432 0.05861 0.713 0.00 .. 93 1.216114 1.2 .... 1 

• 43.536 /0.103811 223.18 9.1172 43/00.35 0.0136099 0.05823 0.670 11.001067 1.21230 1.2563 
co /03.536 0.2111011 87.91 3.6/03 31.19 0.0396786 0.01278 0.093 0.017210 1.01024 0.91911 

41t 0.207&1 119.35 3.652 31.56 0.OJl)5457 0.012112 0.094 0.01793 1.01006 0.9084 

46 0.19314 95.52 3.678 32.ft7 0.0339616 0.01109 0.097 Q.020119 1.00935 0.11700 

48 0.18110 101.61 3.688 33.88 0.0306006 0.013102 0.101 0.02383 1.00877 0.8430 
50 0.17081 107.&1 3.691 3".67 0.0279926 0.01378 0.105 0.02679 1.00827 0.11227 

52 0.161116 113.53 3.690 35.32 0.0258889 U.01417 0.108 0.02980 1.00783 0.11 069 
54 0.15397 119.35 3.687 35.85 0.02411028 0.01"58 0.11"2 II. 03286 1.00745 0.7939 
56 0.14&n 125.10 3.6114 36.29 0.0226622 0.011099 0.115 0.03599 1.00711 0.7833 

58 0.140&0 130.76 3.681 3&.&7 0.0213856 0.01540 0.118 0.03917 1.00680 0.7741t 
60 0.13487 13&.35 3.676 37.00 0.0202690 0.01582 0.122 0.04243 1.00652 0.7668 

62 0.129&4 lltl.86 3.677 ·37 .28 0.01921143 0.01&24 0.125 0.04578 1.00627 0.7599 
64 0.12411!j 147.32 3.676 37.52 0.0184063 0.016&6 0.129 D.Olt920 1.00&04 0.7537 
6& 0.120lt3 152.78 3.673 37.74 0.017&1&9 0.01708 0.132 0.05270 1.00582 0.7483 
68 0.11&35 158.18 3.671 37.93 0.01&9021 0.01751 0.135 0.05629 1.00563 0.7433 

1 0 0.11255 163.57 3.669 38.10 0.0162508 0.01794 0.138 0.05':19& 1.00544 0.7387 
75 0.10415 17.6.91 3.&63 38."5 a • 014846& 0.01':101 0.14& 0.06948 1.00504 0.7286 
80 0.09698 190.15 3.657 38.72 0.0136869 0.02008 0.1·54 0.07953 1.00469 0.7201 
85 0.090110 203.30 3.650 38.94 0.0127144 11.02115 0.1&2 0.OQ012 1. 00439 0.7125 
90 0.08539 216.42 3.643 39.11 o. OH8803 0.02222 0.169 0.10121 1.00413 0.7058 
95 0.080&1 229.57 3.&33 39.25 0.0111569 0.02328 (1.177 0.11277 1.00390 0.69':19 

100 0.07636 242.7& 3.622 39.3& 0.0105222 0.02434 0.184 0.12479 1.00369 0.6':149 
105 0.07255 256.03 3.60':1 39.46 0.0099603 0.02538 0.191 0.13717 1.00351 0.6':108 
110 0.06911 269.40 3.594 39.54 0.00945811 0.02&47 0.198 0.15033 1.00334 0.6857 
115 0.06&00 2112.':11 3.576 39.61 0.0090080 0.02757 0.205 0.1&390 1.00319 O. &812 
120 0.0&316 296. &1 3.556 39.66 0.00860DZ 0.028&0 0.211 11.17755 1.00305 0.6785 
125 0.0&055 310.51 3.534 39.71 0.0082294 0.02951! 0.218 0.19114 1.00293 0.6177 
130 0.0581& 324.&Z 3.509 39.75 o. 0078905 0.03047 0.224 0.20451 1.00281 0.&790 
140 0.05391 353.54 3.453 3':1.82 0.0072929 0.03219 o .Z37 0.23155 1.002&0 0.6833 
150 0.05025 383.54 3.390 39.87 o. 00& 7821 0.03392 0.249 0.25':146 1.00243 0.6881 
160 0.0470& 414.79 3.320 39.':12 0.00&34DO 0.035&7 D.2&1 0.28820 1.00227 0.&931 

170 0.04426 44&.97 3.2lt9 39.95 0.01!59533 0.03725 0.273 0.31631 1.00214 C. 7014 
1110 0.04178 480.35 3.175 39.97 0.0056120 0.04412 0.307 0.391111 1.00202 0.6760 
190 0.0395&. 514.71 3.102 39.99 0.005308D 0.04745 0.326 0.43908 1.00191 0.6766 
200 0.0375& 549.93 3.032 40.01 o. 0050361 0.05041 0.342 o ... 11457 1.00181 0.6771 
220 0.03413 622.70 2.901 40.03 0.0045&91 0.05553 o .3!)8 0.571':10 1.001&5 0.67e4 
240 0.03127 &':17.67 2.766 40.05 O. 0041823 0.05991 0.388 G.65&&O 1.00151 0.6795 
260 0.02118& 774.33 2.&87 40.06 0.0036565 0.06380 0.404 0.74034 1.00139 0.&806 
no 0.02679 85:.9& 2.602 40.06 0.00357111 0.06732 0.418 0.82 .. 27 1.00129 0.6815 
300 0.02500 930.05 2.532 40.07 0.0033375 0.07055 0.431 0.90903 1.00121 0.&623 
320 0.023"4 1008.57 2.471 40.07 O. 0031275 0.07356 0.442 0.994911 1.00113 0.6830 

340 0.0220& 1067.03 2.420 40.07 O. 0029424 0.07638 0.453 1.08253 1.00107 0.6835 
3&0 0.02083 1165.29 2.377 40.07 0.0027761 0.07903· 0.464 1.17176 1.0010 1 0.6840 
380 0.01974 1243.46 2.340 40.07 D.OOZ6313 0.08156 0.474 1.2&287 1.00095 0.6844 
1t00 0.011175 1321.21 2.309 40.07 0.0024992 0.08396 0.484 1.35599 1.00091 O. &847 
420 0.01786 1398.37 2.282 1t0.07 0.00237':1':1 0.08625 0.4':13 1.45123 1.00086 0.6114':1 
1t40 0.01705 1475.08 2.260 40.07 0.0022714 0.08845 0.502 1.54857 1.00082 0.6851 
460 0.01631 1551.13 2.241 40.07 0.0021725 0.09056 0.512 1.&4810 1.00079 O. & 652 
480 0.015&3 1626.71 2.225 40.07 0.0020818 0.09261 0.521 1.74':187 1.00075 0.68<;3 
500 0.01500 1701.45 2.212 1t0.07 0.00199114 0.0':1457 0.530 1.85399 1.0D072 0.&85" 
520 0.014103 1775.67 2.201 1t0.07 0.0019214 0.09&49 0.538 1.9&OltO 1.00070 0.685" 

540 0.01389 16109.30 2.192 40.0& 0.0018502 0.09835 0.5107 2.068':1& 1.00067 O. &85,. 

5bO 0.01340 1922.33 2.184 40.06 0.0017840 0.10016 0.556 2.1799'1 1.00065 0.6853 
530 0.01294 1994.% 2.178 1t0.06 0.DD17225 0.10194 0.5&5 2.2':1334 1.00062 0.&8<;3 
600 0.01251 20&7.1':1 2.173 1t0.06 0.00166<;0 0.103&9 0.573 2.40 '101 1.00060 O. &6<;3 
&50 0.01154 2245.':16 2.163 40.06 0.0015309 0.10793 0.595 2.7083& 1.00056 0.6851 
700 0.01072 2423.22 2.157 40.05 0.0014271 0.11205 0.&16 3.02 n9 1.000S2 0.6650 
aoo 0.00958 2774.25 2.151 40.05 0.001241111 0.12005 0.&5':1 3.6':13&3 1.0004<; 0.68«.1; 

1000 O.OO7H 3«.76.0':1 2.143 40.04 0.000'1'191 0.13571 0.743 5.20530 1.00036 O. & 641 
20 DO 0.0037& 7262.37 2.015 40.02 0.D004Q'l7 0.27723 1.129 20.3lt17? 1.000111 0.53<2 
3000 0.002,0 11795.55 1.809 40.01 0.0003332 o .3':1591 1.lt74 1t0.221190 1.00012 0.52&7 

10000 0.00lS7 111905.84 1.«'42 39.93 0.0002504 0.62484 .1.790 70.40931 1.00009 0.4882 
5000 0.00h7 43011.se 0.745 39.11 0.OOOZ045 1.6':1628 2.107 131.2633& 1. 00007 o. 39J«. 

• TWO-PHASE BOUNDRY 
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c-Zc T ... EPHODfNAHIC PROPERTIES OF NORHAL HYD~OGEN 

itS PSU ISOBAR 

TE"PERATURE VOLUME ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OERIVATIVE OEI1IVATIVE ENERGY OF SOUND 

OEG. R CU FflLB CU I'T-PSIA/L.B PSIA/R BTU/LB OTU/LS BTUlLB-R BTU I LB -R FTISEC 

• 25.02'J 0.20152 274'3.119 74.61109 'U.929 9'3.6511 3.36127 1.121 1.526 4162 

26 0.201112 2&12.19 74.67ffl 95.10102 97.1111 3.42697 1.147 1.595 4102 
211 0.~1l21S 2392.1010 73.12610 911.714 100.475 3.54902 1.200 1.117 3'l1l3 
30 0.211t14 2223.77 71.&11511 1('2.252 104.036 3.671119 1.251! 1.1139 31193 

32 0.2112& 2060.75 70.3627 2.,)6.042 107.115:' .1.79505 1.29& 1.9611 311011 ' 

31t 0.220&5 1597.25 69.01102 :L10.090 111.929 3.911156 ' 1.336 2.105 3722 
36 0.224l9 1727.09 67.4699 HIt ... 23 116.292 4.0 .. 329 1.371 2.256 3628 
311 0.221155 15511.26 65.7572 119.059 120.961 ... 1691111 1.401 2.421 .1532 
40 0.2.1321t 13116.91 63.71140 1:Zlt.040 125.911J It.291179 1.1t26 2.6011 3 .. 211 

"2 0.23116& 120'3.00 61 • .111111 129 ..... 1 131."29 4.1t3167 1 ... 1t5 2.1130 3307 
It .. 0.2ltlt95 101'3062 511. It II 112 135.300 137.l101 ... 56910 1.it61 3.102 3166 

• 41t.5011 0.24&710 9119.71 57.6"51 136.11111 138.937 1t.&0515 1."65 3.150 31 .. 0 

• 41t.5011 1t.22020 1 ..... 111 1.1t059 279.141) 314.315 11.5411011 1.624 3.636 1223 
.. £I 4.1073710 158.95 1.3101 2112.317 319.595 11.66"611 1.593 3.103 .. 1260 
411 10.7949& 177.15 1.2077 2116.313 32&.268 11.110653 1.567 3.250 13010 

50 5.10226 194.08 1.12107 290.117 332.&33 11.93635 1.551 3.122 U .. 5 
52 5.39935 210 .10 1.0552 293.7117 338.7713 9.05&110 1.540 l.0211 UII3 

510 5.681160 225.41 0.9957 297.357 3104.758 9.16961 1.532 2.956 1419 
5& 5.97161 2 1,0.1& 0.91039 300.8107 350.&07 9.27600 1.526 2.898 110510 
511 6.2109510 2510.46 0.11981 304.277 356.353 9.376810 1.521 2.1151 1486 

60 6.52329 268.39 0.11573 301.658 362.015 9 ... 7287 1.517 2.811 1518 

&2 6.79347 2112.01 0.11206 310.994 367.603 9.56"51 1.512 2.777 15109 

61t 7.06064 295.35 0.78710 314.295 373.13il 9.65228 1.509 2.7109 1579 
6& 7.32521t lOIl."8 0.7572 317.567 378.606 9.7365" 1.50& 2.725 16011 
611 7.511760 321.100 0.7294 320.811 3114.037 9.81760 1.50" 2.704 1636 
70 7.lIlt799 33".15 0.7039 32".031 389.427 9.119572 1.502 2.6116 16610 
Z5 8."9179 365.100 0.6 .. 79 332.003 1002.7610 10.0 7963 1."911 2.6109 1730 
110 9.12736 395.93 0.60011 339.11110 "15.936 10.2"962 1.49& 2.622 1793 
115 9.75&5" 425.IICJ 0.5606 3"7.691 428.990 lQ ... 07811 l ... 95· 2.601 11153 
90 10.3110&5 .. 55 ... 1 0.5257 355.it47 441.9"& 10.55607 1 ... 95 2.5115 1910 
95 11.0006& 48 ... 57 0.4951 363.170 454.113& 10.695411 1."96 2.573 1965 

100 11.617211 513."2 0.46110 370.11711 467.6112 ' 10.S2735 1."99 2.565 2018 
105 12.23110 542.03 0.4439 3711.565 4110.484 10.9524'3 1.502 2.559 2069 
110 12.11 .. 257 570.43 0.4222 386.255 493.270 11.07126 1.506 2.556 21111 
115 13."5203 5911.65 0.4026 393.957 506.049 11.1114611 1.512 2.556 2165 
120 14.05979 626.71 0.3849 401.6711 518.835 11.29368 1.519 2.557 2211 
125 1".66&06 &54.65 0.3&86 409.426 0;31.&35 11.3CJ807 1.5211 2.561 2255 

iZO 15.2H05 r..112.47 0.3537 417.199 544.4'.9 11 ... 986 .. 1.537 2.567 2297 
litO 16.47779 737.83 0.321 .. 1t32.8<)5 570.201 11.68<)42 1.560 2.5113 2379 
150 17 .611102 792.117 0.311 1111 4411.806 596.138 11.8&1146 1.51111 2.605 21t55 
160 111.1181"5 1147.66 0.21S51 464.<)93 622.328 12.03760 1.620 2.633 2526 

170 20.07964 902.26 0.2679 481.490 6411.809 12.191106 1.654 Z.66 .. 259 .. 
1110 21.27598 956.68 0.2527 4911.325 675.613 12.351111 1.691 2.6911 265'3 
190 22."7066 1010. '36 0.2391 515.516 702.759 12.49714 1.730 2.734 2721 
200 23.664011 1065.13 0.2269 533.101 730.2119 12.6311 .. 6 1.769 2.772 27110 
220 2&.0 .. 778 1173.18 0.2059 569.422 786.473 12.906111 1.8 .. 8 2.8 .. 7 21194 
240 211.,.21120 12110.94 0.111115 &07.256 844.142 13.15723 1.923 2.919 3002 
260 30.110&1& U88."!! 0.1739 646.529 903.230 13.39323 1.992 2.9117 3106 
2110 33.111220 1495.115 0.1613 6117.109 963.609 13.61696 2.056 3.0 .. 9 3206 
300 35.55&74 1603.08 0.1505 7211.879 1025.165 13 .112949 2.113 3.105 330 .. 
320 37.93001 1710.21 0.1410 771.709 10117.772 14.03147 2.164 3.155 3399 

340 1t0.30241 11117.25 0.1327 815.492 11'i1.323 14.2243 .. 2.2011 3.199 3492 
360 42.67394 192 ... 21 0.1253 860.10" 1210;.69'" 14."011 09 2.248 3.2311 3583 
380 45.04480 2031.1.2 0.1186 905.462 12110.1111 14.58 .. 28' 2.283 3.272 3673 
.. 00 47.41HO 2137.97 0.1127 951.471 134&.571 14.752&5 2.313 3.302 3760 
420 49.711491 224,..78 0.1073 998.041 1412.888 . 14.91451 2.3"0 3.328 38 .. 6 
.... 0 52.15430 2351.55 0.1024 1045.096 1479.6116 2,5.069710 2.363 3.351 3931 
460 54.52335 2458.30 0.0979 1092.572 1546.903 15.21939 2.382 3.370 401 .. 
.. 80 56.119208 2565.01 0.09311 1140.41" 1&14.483 15.36319 2.399 3.387 4096 
500 59.26055 2&71.70 0.0901 111111.552 16112.357 15.50173 2.413 3.400 4177 
520 61.6211"11 27711.37 0.0866 1236.9 .. 7 1750.486 15.635100 2."25 3.412 4256 

540 63.9n67 2884.87 0.083 .. 12115.605 1818.842 15.764111 2.434 3.422 4334 
560 66.3602" 2991.49 0.01104 1334.4113 18117.446 15.11886& 2.4 .. 3 3.430 4411 
5110 611.7276& 30ge.09 0.077& 1383.391 1956.08" 16.001)17 2 ..... '" 3.436 4 .. 87 
600 71.09 .. 94 3204.68 0.0750 1432."113 2024.901 1&.125119 2."55 3 ..... 2 4562 
650 77.012&5 3ft71.12 0.0693 155').534 2197.264 16.40196 2.46S 3."52 47"5 
700 112.929711 3737.50 0.0&"3 1&79.0011 2370.0104 16.65816 2.472 3.4511 4922 
1100 94.7&282 1t270.16 0.0563 1926.666 2716.3010 17.120411 2.478 3.465 5259 

1000 1111."2597 5335.21 0.0450 2423.21111 3410.105 17 .119419 2.4117 3 ... 73 51175 
2000 23&.72489 10flse.98 0.0225 4969.8'31 69"2.428 20.33365 2.6"4 1.629 112310 
3000 355.02909 15982.25 0.0150 7757.74'3 10716.125 21.116076 2.943 3. CJ30 99 .. 3 

4000 "7".17272 21305 ..... 0.0113 10975.750 1"<)26.928 23.06?31 3.670 4.701 11243 
5001) 604.37575 2&6211.59 0.0090 16072.504 21101).&34 24."3131 7. Q 114 8.543 12185 

• TWO-P~ASE BOUNDRV 
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TtlERHOO1NIHIC PPOPERTIES OF NOPHIL HYDR:lGEN r-z.-

1t5 PSU IS'BIR '1 
't. 

TE"PERATURE DENSITY VIDH/DV'p veDP/DU'v -veDP/DnT IDV/DT\JV THER"AL VISCOSITY THER~IL DIELECTQIC PRINOTL 
C ONDue Tt 'IITY DIfFuSIVITY CONSTANT NUMBER 

DEG. R LB/CU FT BTU/LB PSU-CU FT/BTU PSU l/DEG. R B TU/FT-HR-R L8/FT-SEC SQ FT/HR 
X 105 

• 25.029 ... IIU7 .. 270.36 13.1131 13231.72 0.0056 .... 1 0.0"272 1.725 0.005111 1. "52111 2.2181 
26 ... 191111 267.3" 13.511" 12515."6 0.0059670 0.0"5&11 1.604 0.0059" 1.25063 2.0168 

211 ... 13307 265.92 12.117& 11323.60 0.006 .. 579 0.05030 1."02 0.00619 1.2 .. 73& 1.123" 
3D ... 66983 266.3 .. 12.2111 1031110.66 0.0069030 0.05329 1.2102 0.00621 1.2"3~1 1.510211 
32 ... 602110 2&5.23 11.1100 910115.21 0.007"182 0.05525 1.U" 0.00610 1.2 .. 005 1 ... 2711 

3 .. ...53206 2&2.32 11.3911 115911."7 0.00110263 0.05639 1.0011 0.00591 1.23609 1.3556 
36 ..... 561t5 . 251.32 11.0 .. 3 7696.611 0.0087661 0.051211 0.920 0.00510 1.23187 1.30"1 
311 10.3753 .. 2 50 .911 10.730 61111.99 0.0096 .... 7 0.051130 0.8 .... 0.00550 1.22135 1.2611 ... ... 2117 .. 0 2"3.10 10."35 59 .. 6.2 .. 0.01072611 0.051176 11.776 0.00526 1.2221.6 1.2"05 

1t2 ... 19011 232.110 10.138 50"9.09 0.01215112 0.05870 0.716 0.00 .. 95 1.21707 1.21020 
.... ... 0112 .. 5 220.73 9.803 "162.56 0.01 .. 0510 0.1151117 0.1'>60 0.00 .. 59 1.21113 1.2660 

• ..... 5011 ... 05281 219.16 9.109 "011.09 0.01lt371" 0.05195 0.6"6 1).00 .. 5 .. 1.209109 1.2635 

• ..... 508 0.23696 811.36 3.65" 310.17 0.0"U"'J2 0.013211 0.096 1).015 .. 1 1.011 .. 11 0.9103 .. 
.. 6 0.22153 93.13 3.679 35.53 0.03687"2 0.013101 0.098 0.Ot7"7 1.010!3 0.9060 

"II 0.201155 99 ... 2 3.695 36.9" 0.032&1182 0.013&11 0.102 0.02018 1.01010 0.8702 
50 0.19599 105.59 3.&99 38.010 0.0295&63 0.01"01 0.105 0.022119 1.00'J1o'J 0.11 .. " .. 
52 0.111521 111.&& 3.699 311.91 0.0271179 0.01"31 0.109 0.02562 1.001197 0.112"11 
511 0.i7579 111.62 3.696 39.62 0.0251265 0.01"15 0.112 0.02113'J 1.001151 0.11091 
56 0.167"& 123."1 3.693 "0.22 0.023 .. 693 0.01515 0.116 0.03122 1.001111 0.79&1 
511 0.16001 129.2 .. 3.690 .. 0.72 0.022057& 0.01555 0.119 0.03 .. 09 1.0011 .. 0.71154 
60 0.15330 13".92 3.6117 "1.1" 0.020835& 0.01596 0.122 0.03103 1.007 .. 2 0.11&3 

62 0.1"120 140.50 3.686 .. 1.51 0.01976111 0.01631 0.126 0.0 .. 00 .. 1.00712 0.7&111 
6 .. 0.1 .. 1&3 1"6.010 3.6~5 "1.83 0.01118237 0.01679 0.129 0~01t31l 1.00&115 0.7610 
6& 0.13651 151.55 3.6113 "2.11 0.01791101 0.01720 U.132 0.0 .. £:25 1.006&0 0.75"11 
68 0.13179 151.02 3.6110 "2.36 0.0172205 0.01763 0.136 11.0 .. 9 .. & 1.006311 0.1"91 
... 0 0.127 .. 2 1&2.46 3.6711 "2.511 0.01&5317 0.01805 0.139 0.0527 .. 1.00&1& 0.7""0 
75 0.1111& 175.93 3.672 "3.03 0.0150568 0.01911 0.1"1 0.0612& 1.005&9 0.73211 
80 0.10956 1119.27 3.&65 "3.311 0.0136506 0.02017 0.155 0.0102 .. 1.00530 0.1235 
85 0.10250 202.51 3.658 "3.65 0.0128 .. 1 .. 0.0212" 0.162 I)v 019&11 1.0049& O. 715~ 
90 0.09633 215.11 3.650 "3.81 0.011911111 0.02230 0.170 0.011957 1.00 .. 6& 0.7061 
95 0.09090 228.9" 3.6 .. 0 ..... 05 0.0112392 0.02336 0.177 0.099118 1.00 .. 39 0.7020 

100 0.08&011 2"2.19 3.628 ..... 19 0.01058'Jr 0.02 .... 2 0.18 .. 0.11059 1.00 .. 16 0.69&& 
105 0.01117& 255.50 3.615 ..... 32 G .010016" 0.02545 0.191 0.12163 1.00395 0.6923 
110 0.07787 2&6.92 3.600 .. 1t ... 2 0.0095057 0.02&5 .. 0.1911 0.13335 1.0037& 0.61170 
115 0.01 .. 3 .. 282 ... 7 3.5112 ..... 50 0.0090 .. 76 0.021&3 0.205 0.1 .. 5410 1.00359 0.&823 
120 0.01112 296.21 3.561 ..... 51 0.001\6339 0.021167 0.212 0.15160 1.003 .. 10 0.6795 
125 0.0611111 310.1" 3.539 ..... 6 .. 0.0082583 0.029&" 0.218 0.16970 1.00329 0.678& 
130 0.065 .. 8 32".211 3.51 .. ..... 69 0.007915" 0.03053 0.225 0.18161 1.00316 0.&7911 
litO 0.06069 353.26 3."51 ..... 711 0.0073111 0.0322" 0.231 0.20568 1.00293 0.68"0 
150 0.0565& 3113.30 3.39" ..... 8 .. 0.00&79&5 0.03391 11.2"9 0.23053 1.00273 O. &88& 
160 0.05296 .. 1 ... 58 3.323 ..... 89 0.0063512 0.03572 0.261 0.25613 1.0025& O. &935 

110 0.04980 .... 6.!0 3.252 ..... 93 0.0059621 0.03730 0.213 0.211116 1.002 .. 1 0.7011 
1110 0.0"100 "110.20 3.118 ..... 91 0.005&190 0.01041" 0.307 0.3 .. 11010 1.00227 0.676" 
190 0.0 .... 50· 51".60 3.105 ..... 99 0.005313& 0.0 .. 1 .. 7 0.326 0.3900& 1.00215 0.67&9 
ZOO 0.0 .. 22& 5 .. 9'.85 3.03" "5.01 0.0050"05 0.05042 0.3"2 0."3051 1.00201t 0.6715 
220 0.031139 622.61 2.903 "5.0" 0.00"5720 0.0555" 0.3611 0.501119 1.001115 0.67e& 
2 .. 0 0.03518 697.611 2.1811 "5.06 0.004111lt2 0.05992 0.3811 1).511353 1.00170 0.6797 
260 0.032"& 11 ... 37 2.6811 "5.01 0.0038511 0.06381 0.100 .. 0.651103 1.00151 0.6807 
280 0.0301" !l52.0" 2.60" "5.08 0.01)35189 0.0&733 0."18 0.73266 1.001 .. 6 0.6817 
300 0.021112 930.15 2.533 "5.09 0.01)333110 0.0705& 0."31 0.80807 1.0013& 0.682" 
320 0.02636 1008.70 2."72 "5.09 0.00312711 0.07357 0 ..... 2 0.88 .. 51 1.00127 o. &831 

3"0 0.02"81 1087.19 2."21 "5.09 0.0029 .. 25 0.07639. 0."53 1).96237 1.00120 0.683& 
360 0.0231t3 1165 ... 8' 2.318 "5.09 0.0027181 0.0790" 0 ... 6 .. 1.0 .. 112 1.00113 0.68"1 
380 0.02220 12103.67 2.341 "5.09 0.0026312 0.011156 O.ltl .. 1.1227 .. 1.00107 0.611"10 
1t00 0.02109 1321 ... 3 2.310 "5.0c) 0.00210992 - 0.06397 0."111; 1.20555 1.00102 0.68"7 
.. 20 0.02009 1398.62 2.283 "5.09 0.0023197 0.011626 0.493 1.29023 1.00097 0.61150 
.... 0 0.01911 1 .. 75.3" 2.261 "5.09 0.0022713 0.0611lt6 0.502 1.31619 1.00093 0.6851 
.. 60 0.OU3 .. 1551 ... 0 2.2"2 "5.0C) 0.0021723 0.09057 0.512 1 ... 6529 1.000119 0.6853 
.. 110 0.017511 1627.00 2.226 "5.09 0.002081& 0.092&1 0.521 1.55578 1.00085 0.6853 
500 0.01687 1701.75 2.213 "5.011 0.0019982 0.09"511 0.530 1.6 .. 83& 1.000111 0.685" 
520 0.01&23 1115.911 2.202 "5.08 0.0019212 0.09650 0.538 1.7 .. 297 .1.00078 0.685" 

5"0 0.015&3 18109.63 2.192 "5.08 0.00111 .. 99 0.091136 0.5107 1.113951 1.00075 O. &8';" 
560 0.01507 1922.67 2.185 "5.011 0.00171138 0.10017 0.556 10 931122 1.00073 0.6115" 
580 0.01"55 19c)5.31 2.1111 "5.011 0.0017223 0.10195 0.565 2.03901 1.00070 0.6653 
600 0.01"07 2067.55 2.173 "5.011 0.001&6108 0.10370 0.573 2.1 .. 186 1.000&8 0.680;3 
650 0.01298 22106.35 2.1610 "5.01 0.00153&7 0.1079" 0.595 2."0801 1.00063 0.6651 
700 0.0120& 2"23.60 Z.158 1t5.07 G.OO1"270 0.11206 0.617 2.611722 1.0005~ 0.611';0 
1100 0.01055 2774.65 2.151 .. 5.06 0.0012 .. 8& 0.12006 0.&59 3.28lt02 1.00051 0.6e4& 

1000 0.001110" 3 .. 76.52 2.143 "5.05 0.0009990 0.13573 0.7"3 ".62603 1.000"1 0.61141 
2000 0.001022 72&2. elf 2.015 45.03 0.OOO"9'H 0.27723 1.130 16.011269 .1.0002J 0.5323 
3000. 0.00262 11793.18 1.1110 "5.02 0.0003332 0.39576 1 ... 7 .. 35.15555 1.0001" 0.5Z68 

.. 000 0.00211 111776.17 1 ... 5 .. ..... 93 0.000250" 0.&111111 1.790 62.3"1'53 1.00010 0.1t'901 
5000 0.001&5 "U20.65 0.768 ..... 06 0.00020"3 1.63597 2.106 115.7"119 1.00008 0.3959 

• TWO-P~ASE BOUNORV 
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C-Ze THEI1.1400YNAI1IC PROPERTIES OF NOPI1AL HYDROGEN 

50 PSIA IS08AR 

TE"PERATURE VOLUME ISOTHER" ISOCHORE INTERNAL ENTHAl.PY ENTROPY CV CP VELOCITY 
DEUVATIVE DERIVATIVE ENERGY OF SOUND 

DEG. R CU fTiLIS CU FT-PSU/L8 PSIA/R 8TU/LB 8TU/LS 8TU/L8-R BTU I LB -R FTiSEC 

• 25.0 .. 9 0.20'''' 2151.00 H.7131 93.93 .. 95.855 3.367 .. 7 1.121 10'526 "16'5 
26 0.20864 2623.69 1 ... 7124 95."13 97.3"; 3."25113 1.1 .. 7 '1.593 41011 

28 0.21119 2400.87 13.2173 911.681 100.036 3.54780 1.200 1.716 3989 

30 0.21"0 .. 2231.89 71.7731 102.212 104.19 .. 3.6705'5 1.250 1.837 ;J899 

32 0.21715 20611.113 70.4500 105.QQ6 lOS.006 3.79357 1.295 1.91;5 381" 
3 .. 0.22052 1905.70 69.10111 110.0:t6 112.07/1 3.9169 .. 1.336 2.103 37211 

36 0.22425 1735.09 67.5598 11 ... 359 116.436 4.0"150 1.371 2.252 3635 

:sa 0.22839 1566.61 65.8511 1111.983 121.09/1 ".16786 1 ... 00 2 ... 16 3539 

.. 0 0.23305 1395.92 63.8857 123.950 126.107 ".29649 1 ... 25 2.601 3 .. 36 

"2 0.238 .. 2 121".4" 61.5079 1~9. 330 131.537 ..... 2898 1 ..... 5 2.1122 3315 
.. It 0.2 .... 6£> 1029.61 58.6339 135.165 137."30 4.56596 1 ... 61 3. 090 3176 

• .. 5.· .. 06 0.249711 907."2 56.2130 139.612 1"1.924 4.666 .. 3 1." 71 .1.298 3070 

• "5.40£> 3.80695 1"0.64 1.5719 279.129 31 ... 37£> 8."66116 1.633 3.773 1227 
4£> 3.90295 1106.98 1.5246 280.463 316.600 8.51545 1.618 3.670 12 .. 3 

.. 8 ... 20819 166.76 1.3930 284.706 323.668 8.66572 1.585 3."16 1291 
50 ..... 9677 18 ... 8& 1.289 .. 2118.687 330.321 8.1101"4 1.564 3.247 133 .. 

52 ... 77357 201.79 1.2043 292.493 336.690 8.92627 1.550 3.127 1373 

54 5.04154 217.84 1.132 .. 296.172 1"2.849 9.0 .. 2 .. 7 1.5 .. 1 3.037 1"10 
56 5.30265 233.21 1.0705 299.752 3"11.11"7 9.15156 1.533 2.966 1 .... 6 
S8 5.55825 2 .. 11.03 1.016" 303.257 35 ... 71Q 9.25 .. 62 1.527 2.909 1479 
60 5.8U35 262.42 Q.9683 306.704 360."90 9.35250 1.522 2.862 1512 

62 6.05665 276 ... 3 0.9255 310.095 366.172 9 ..... 568 1.517 2.822 15 .. 4 

6" 6.30079 290.13 0.11869 313 ..... 5 371.782 9.53"77 1.512 2.7811 157 .. 
66 6.54222 303.57 0.8518 316.760 177.:U2 9.62016 1.509 2.760 160 .. 
68 6.78133 316.78 0.8198 320.0"3 3112.829 9.70221 1.507 2.735 1632 

70 7.01839 329.79 0.790 .. 323.2911 388.279 9.78120 1.505 2.71" 1660 

15 7.60364 361.60 0.7263. 331.3 .... .. 01.7 .. 3 9.966811 1.501 2.672 1727 

110 8.180 .. 5 392.60 0.6726 339.280 "15.320 10.13822 1."98 2.6"1 1790 
85 8.75074 "22.95 Q.6269 3 .. 7.1 .. 1 "2~.161 10 .29753 1."97. 2.617 1851 
90 9.31587 "52.81 0.587" 35 ... 939 441.191 10 ..... 656 1 ... 96 2.598 1909 
95 9.87685 ,.82.25 0.5528 362.699 45".1"5 10.58667 1.497 2.585 196 .. 

100 10.431t40 511.36 0.5223 370.439 1t67.01t7 ·10.71911 1.500 2.575 2017 
105 10.98912 5 .. 0.19 0."951 3711.153 479.897 10.8"468 1.503 2.568 2068 
110 11.51t147 568.79 0 ... 708 385.1168 492.7Z6 10.96390 1.507 2.56" 2117 
115 12.091111 597.18 0.4488 393.591 505.5"5 11.07766 1.513 2.563 2165 
120 12.640 .. 3 625.41 0.1t2119 .. 01.332 5111.365 11.18696 1.520 2.56 .. 2211 
125 13.18756 653.50 0.4107 409.098 531.196 11.29160 1.528 2. 5.~7 2255 
130 13.733 .. 0 &111.45 0.3940 416.8116 5 .. 4.039 11.39239 1.538 2.572 22911 

1"0 llt.82184 737.04 0.36"5 432.610 569.840 11.58354 1.561 2.587 237,} 

150 15.90675 792.28 0.3392 .... 11.5 .... 595.819 11.762117 ·1.5118 2.609 2456 
160 16.911887 847.24 0.3173 464.751 622.01t5 11.93224 1.620 2.636 2527 

170 111.0687,. 901.98 0.29111 "111.26" 6"8.557 12.092119 1.654 2.667 2595 
1110 19.14677 956.54 0.2811 .. 911.115 675.3118 12.24616 1.692 2.701 2660 
190 20.22313 1010.93 0.2659 515.321 702.55,} 12.39226 1.730 2.737 2722 
200 21.291124 1065.20 0.2523 532.913 730.110 12.53370 1.770 2.77 .. 2781 
221! 23 ... 4531 1173."3 0.2290 569.259 786.331 12.80158 1.11 .. 8 2. lilt 8 2895 

2"0 25.58911 1281.33 0.2096 £>07.110 844.031 13.05277 1.923 '2.921 3003 
260 27.73044 1388.911 0.1933 646.397 903.143 13.281187 1.993 2.9811 3107 
280 29. 86'J87 1It96 ... 5 0.1793 686.9119 963.544 13.51267 2.056 3.050 3207 
300 32.00779 1"li3.77 0.1673 7211.769 1025.117 13.72527 2.113 3.106 3305 
320 34.141t51 1710.96 0.1567 771.6011 1087.71t0 13.92729 2.164 3.156 3400 

3ltO 36.28021t 1818.06 0.11t75 815.399 1151.305 llt.12021 2.209 3.200 3 .. 93 
360 35.41517 1925.08 0.1392 860.017 1215.69C 1".30399 2.2"8 3.2311 35114 
380 40.5"942 2032.03 0.1319 905.382 12110.815 llt ... 1I021· 2.2113 3.273 3671t 

"00 1t2.68310 21311.93 0.1252 951.396 13 .. 6.511 .. llt.641160 2.313 3.303 3161 
420 1t4.81631 2245.711 0.1192 997.971 1412.910 14.810"9 2.340 3.329 31147 

""0 1t6.94910 2352.58 0.1138 1045.030 1479.715 . 14.9657/0 2.363 3.351 3932 
1t60 "9.01115/t 2'+59.35 0.101111 1092.510 1546.939 15.11540 2.3112 3.370 4015 
.. 110 51.21367 2566.09 0.1043 1140.357 1614.526 15.25921 2.399 3.387 4097 
500 53.34554 2,,72.81 0.1001 11811.1t911 16·\S2.405 15.39777 2. "13 3 ... 01 41711 
520 55.1t7717 2779.50 0.0962 1236.896 1750.539 15.5314/0 2.425 3. "12 1t257 

51t0 57.60 .. 93 2886.02 0.0927 1285.559 111111.903 15.6602" 2 ... 35 3.422 4335 
560 59.73592 2992.6& 0.0894 133 ... 43'} 111117.51"3 15.78 .. n 2 ..... 3 3.430 4H2 
5110 61.86675 3099.28 0.01163 1383. 3~;0 195&.153 15.90525 2.450 3.437 4488 
600 63.99745 3205.89 0.oel4 1432.4f.t4 202 ... 974 16.02197 2.1t55 3. It .. 2 45&3 
&50 69.32370 3lt72.35 0.0770 1555.501 2197.3 .. 4 16.29805 2.465 3.452 47 .. 6 
700 74.64937 37311.7& 0.0715 1678.9711 2370.130 16.55426 2.472 3.1t59 4923 
aOD 115.29948 4271."& 0.0625 1926.642 2716.400 17.01668 2.478 3.465 5260 

1000 106.59&79 5336.56 0.0500 2423.271 3,.10.211 17.79032 2.487 3.473 51176 
2000 213.06&53 10660.39 0.0250 4969.8"6 691t2.554 20.22979 2.644 3.629 ~23" 
3000 319.53997 159113.68 0.0167 7757.596 10716.104 21.75685 2.942 J.929 991t4 

1t000 . 426.73003 21S0&.e7 0.0125 10967.0311 l1t917 .98 0 22.96100 3. &1t4 It. 673 112 .. 9 
5000 5 .. 3.363411 26630.03 0.0100 15969.590 21000.400 24.30359 6. ~,}5 8.327 12195 

• TWO-PHASE BOUNORY 

13Z 



THEJI"OO'N"UC PROPERTIES OF HO"NAL 'H'OROGEN C-Z<' 

SO PSU ISDBIR 

TEKPERATURE OENSny '''OH/OV'p 'Ie DP/DU'v -V COP/OV'T (OV/OT\I'I THER"IL VISCOSITY THER~IL OIELECTRIC PRINOTL 
CONOUC TI VITY OIFFUS IVITY CONSTANT HU"BER 

DEG. R LB/CU FT BTU/LB PS U-CU FT IB TU PSII 1I0EG. R BTU,/FT-HR-R LB/FT-~EC SQ FTlHR 

'. 10 

• 25.0"9 It.U9CJ7 270.1!" 13.11211 13259.73 0.00563 .. 6 0.0"2110 1.726 Oe 005112 1.25225 2.2159 
26 ".79306 2611.1S 13.SI17 12575.1t9 0.00S9"11 0.0 .. 570 1.6011 O.OOS'JII 1.25071t 2.0182 
211 1t.73509 266.1t" 12.11119 113611.35 0.0061t1t05 0.05031 1.1t0'& 0.00619 1.2 .. 7 .. 7 1.7253 
30 ... 67203 266.1111 12.29" 101t27.1t5 0.00681131 0.05333 1.245 0.00621 1.2 .. 393 1.5 .... 0 
32 1t.60520 265.110 11.1112 9~27. }9 0.00739 .. 5 0.05529 1.116 0.00611 1.2 .. 0111 1."2116 
3 .. 1t.534&11 262.9& 11.1t1O 116 .. 1.72 0.0079963 0.0564" 1.011 O. il0592 1.23&2 .. 1.~5511 

3& ... 1t5929 257.9& 11.05 .. 7737.26 0.00117317 0.0573" 0.9;!2 0.00571 1.23203 1.301t0 
311 ... 371152 251.69 10.71t0 61159."1t 0.0096001 0.051136 o • lilt 6 0.00552 1.22753 1.2605 
itO It. 290911 21t3.91 10 ..... 6 59119.117 0.010665& 0.05l1li4 0.779 0.00527 1.22266 1.2392 

"2 4.19427 233.71 10.150 5093.70 0.0120753 0.0511110 o .7111 0.004'J7 1.21730 1.2400 
.... ... 087211 221.75 9.11111 "2011.29 0.0139330 0.0511211 0.662 0.00 .. 61 1.21139 1.26211 

• 1t5'''0& ".00U5 213.12 'lo5 .. 5 3632.119 0.015 .. 73 .. 0.05761 0,.&24 0.001t36 1.206711 1.21160 

• .. 5 ... 06 0.262&11 1111.69 3.665 36.94 0.0425479 0.01371 0.0911 Oc 013119 1.0127" 0.96114 
46 0.25622 90.66 3.&77 37.66 0.0 .. 01011 .. 0 0.01379 0.099 0.011067 1.012102 0.9"97 
.. II 0.237&3 97.111 3.699 39.63 0.0351521 0.013911 0.103 0.01722 1.01152 0.9021 
50 0.22238 103.5" 3.707 "1.11 0.031363 .. 0.01"25 0.106 0.0197" 1.01071 0.11690 
52 0.20949 109.77 3.7011 42.27 0.028 .. 888 0.01"58 0.109 0.02225 1.01015 0.8 .... 7 
5 .. 0.19835 115.87 3.7116 .. 3.21 0.02620117 0.01"93 0.113 0.02"79 1.00961 0.11257 
5& 0.11111511 121.115 3.703 .. 3.98 0.0243"1!! 0.01532 0.116 0.027311 1.00913 0.8099 
511 0.17991 127.72 3.699 ..... 62 0.02277&0 0.01571 0.120 O. 03001 1.001171 0.7971 
60 0.1721 .. 133.50 3.69& .. 5.17 0.021 .. 3&0 0.01610 0.123 0.032&9 1.001133 0.78f,3 

62 0.16511 139.15 3.696 45.64 0.0202772 0.01651 0.126 0.0354" 1.00799 0.77611 
64 0.151171 14 ... 75 3.695 .. 6.05 0.0192603 0.01692 O.UO 0.03823 1.007611 0.7687 
6& 0.152115 150.33 3.692 .. 6 ... 0 0.01113581 0.01733 0.133 0.0"108 1.007"0 0.7615 
68 0.1 .. 7 .. 6 155.86 3.690 .. 6.71 0.017550" 0.01775 0 ... 36 0.0"399 1.0071" 0.7552 
JO 0.142 .. 11 161.35 3.687 46.99 0.0168217 0.011116 0.139 o. 0"~97 1.00689 0.749" 
75 0.13152 174.95 3.6110 .. 7.56 0.015272.3 0.01921 0.1"7 0.05"68 1.00636 0.7371 
80 0.1222 .. 1118.40 3.673 47.99 0.01"0154 0.02027 o .t55 0.06280 1.00591 0.7270 
85 0.11 .. 28 201.73 3.666 48.33 0.0129703 0.02133 0.163 0.07133 1.00553 0.7182 
90 0.10734 215.01 3.657 411.61 0.012011"6 0.02239 0.170 0.08026 1.110519 0.7105 
95 0.10'125 228.31 :>.6 .. 6 411.83 0.0113223 0.023,"4 0.177 OG 08957 1.00 .. 89 0.70"0 

100 0.09511 .. 2 "1.62 3.634 49.01 0.0106577 0.024 .. 9 0.111" 0.09924 1.00 .. 63 0.698" 
105 0.09100 25 ... 911 3.621 49.16 0.0100727 0.02552 0.192 0.10919 1.00 .... 0 0.6938 
110 0.086& .. 268.4" 3.605 .. 9.28 0.0095529 0.02661 0.198 0.11976 1.00"19 0.6883 
115 0.08270 282.0 .. 3.587 "9.39 0.0090117" 0.02770 0.205 0.13067 1.00"00 0.6835 
120 0.07911 295.82 3.566 49."8 0.0086677 0.0~1I7'3 0.212 0.1 .. 16 .. 1.003112 0.6805 
125 0.07583 309.77 3.510 .. 49.55 0.0082872 0.02970 0.218 0.15256' 1.00366 0.6795 
130 0.072112 323.95 3.518 "9.62 0.00791003 0.03058 0.225 0.16329 1.00352 0.6806 
1 .. 0 0.D67ft7 352.97 3."62 "9.73 0.007330" 0.03229 0.237 ,0.18 .. 98 1.00326 0.68'<7 
150 0.06287 3113.06 3.398 .. 9.111 0.0066108 0.03"02 0.250 0.20739 1.00304 0.6892 
160 0.0511116 41 ... 38 3.327 1t9.87 0.0063623 0.03577 0.262 0.230"7 1.0028 .. 0.6939 

170 0.0553 .. 4"6.63 3.255 49.92 0.0059708 0.0373" 0.273 0.25303 1.00267 0.7021 
180 0.05223 "80.06 3.181 49.96 0.0056259 O.O .... lS 0.307 0.31303 1.00252 0.6768 
190 0.0 .. 9,.5, 51 ... 50 3.1011 .. 9.99 0.0053191 0.0 .. 7 .. 8 0.32& 0.35085 1.00239 0.6773 
200 0.0 .. 695 549.77 3.037 50.01 0.0050"50 0.050 .. 3 0.3"2 0.38727 1.00227 0.6778 
220 0.0 .. 265 622.6" 2.905 50.05 0.00"5749 0.05555 0.368 0."5722 1.0020& 0.6788 
2"0 0.03908 &97.69 2.790 50.07 0.00 .. 1861 0.05993 0.3811 0.525011 1.00189 0.6799 
260 0.03606 77 ..... 1 2.690 50.09 0.0036590 0.06382 0."04 0.59218 1.0017 .. 0.6809 
280 0.033"11 1152.11 2.605 50.10 0.01135798 0.06734 0."18 0.659"1 1.00162 0.6818 
300 0.03124 930.26 2.53" 50.11 0.0033386 0.07057 0."31 0.72730 1.00151 0.61125 
320 0.02929 1008.8 .. 2,"74 50.11 0.00312111 0.07358 0.442 1). 7961ft 1.001 .. 1 O. ~1I32 

34D 0.02756 1087.35 2."22 50.11 0.0029 .. 27 0.076"0 0 ... 53 0.86625 1.00133 0.61137 
360 0.02603 1165.66 2.379 50.11 0.0027782 0.07905" 0.ft6" 0.93769 1.00126 0.681tl 
380 0.02 .. 66 12"3.88 2.342 50.11 0.0026312 0.08157 0.474 1.0106" 1.00119 0.68ft5 
.. 00 0.023103 1321.66 2.311 50.11 0.002"991 0.08397 0.484 1.08520 1.00113 0.681t1l 
.. 20 0.02231 1398.8& 2.211" 50.11 0.0023196 0.08627 0.493 1.161 .... 1.00108 0.6850 

4"0 0.02130 1"75.61 2.261 50.11 0.0022711 0.088"7 0.502 1.23936 1.00103 0.6852 
/t60 0.02037 1551.68 2.2 .. 3 50.11 0.0021721 0.09058 0.512 1.3190 .. 1.00098 0.61153 
/t80 0.01953 1627.29 2.226 50.11 P.002081" 0.09262 0.521 1 ... 0051 1.000'1" 0.6854 
500 0.011175 1702.06 2.213 50.10 0.0019980 0.09"59 0.530 1."8386 1.00090 0.685" 
520 0.011103 11'76.30 2.202 50.10 0.0019210 0.09651 0.539 1.56903 1.00087 0.6855 

5/t0 0.01736 18"9.97 2.193 50.10 0.0018 .. 97 0.09837 0.547 1.6559" 1.00084 0.685" 
560 0.01&7 .. 1923.02 2.i1l5 50.10 0.0017816 0.100111 0.556 1.7 .... 81 1.00081 0.61154 
5110 0.01616 1995.6& 2.179 50.10 0.0017221 0.10196 0.565 1.83555 1.00076 0.685" 
600 0.01«j63 2067.90 2.174 50.09 0.00166"6 0.10371 0.574 1.92813 1.00075 0.6853 
650 0.01"1t3 22"6.72 2.16" 50.09 0.0015365 0.107'J5 0.595 2.16773 1.00070 O. &852 
700 0.013100 2 .. 2J.99 2.1511 50.011 0.00i. .. 2&1I 0.112011 0.617 2. "190'J 1.00065 0.&1150 
1100 0.01172 2 775. 0& 2.152 50.08 0.0012"'15 0.120011 0.659 2.95633 1.000'57 0.6111.6 

1000 0.00938 3!t7E .'34 2.1103 50.06 0.OOO'l'J1I9 0.1357" 0.7"3 ... 16622 1.00045 0.61141 
ZOOO 0.00 .. &9 7263.32 2.015 50.03 0.00010997 0.27723 1.130 16.275"7 1.00023 0.532" 
3000 0.110313 11791.2& 1.1110 SO.02 0.0003332 0.39563 1 ... 7 .. 32.1775& 1.00015 0.52,0 

.. ODD 0.0023" 18666.5" 1.106" 49.93 0.0002503 0.612411 ).790 55.9290" 1.00011 O. ,,917 
5000 0.0018" .. 0810 ..... 0.71111 "9.01 0.00020100 1.58"111 2.105 101 ... 1306 1.00009 0.3982 

• TIIO-PHASE SOUNORY 
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c-Zc T .. E:PHOOYNAHIC PPOPEQTIES OF NOP~AL HYDROGEN 

100 PSU ISOBAR 

TEH;tERATURE VOLU"E ISOTHERH ISOCHDRE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

lEG. R CU 'TILB CU F T-PSIA/LB PSIA/rt BTU/LB BTU/LS BTU/LB-R BTU I LB -R FTISEC 

• 25.255 0.20695 2819.91' 75.0327 93.991 97.823 3.369"3 1.125 1.525 .. 2011 
26 0.207113 2737.02 75.0397 95.135 911.983 3.101..,0 1.1105 1.573 /0173' .. 
28 0.21031 2/083.112 710.1117 98.357 102.251 3.53576 1.197 1.70 .. .. Oft 7 
30 0.21306 2311.53 72.6300 101.833 105.7111 3.6571t3 1.2106 1.822 3956 
32 0.2160" 21 .. 7.83 71.30211 105.5"8 109.5,,9 3.77909 1.291 1.9 .. 6 31172 
l .. 0.21929 191111.15 69.9569 U9.512 113.573 3.90103 1.332 2.077 3790 

31i 0.2221110 1822.96 611./0633 113.2'39 117.1166 ... 02373 1.367 2.2111 3702 
:Sll 0.22677 1656./011 66.71103 118.253 122./052 ... 1 .. 805 1.397 2.371 3609 
.. 0 0.23119 1 .. 113.02 610.86115 123.089 127.370 ... 27 .. 32 1.1022 2.5 .. 5 3507 

.. 2 0.236111 1310.65 62.6459 1211.261 132.65 .. ..... 0326 1.10 .. 2 2.7/01 H97 
1010 0.2"193 1133.115 59.911/01 133.11113 1311.362 ".53596 1."59 2.972 3271 
.. 6 0.2"11611 9510.05 5&.81611 139.9710 1 ..... 579 10.67397 1.1073 3.255 3125 
.. a 0.251iaJ 7&8.20 53.0055 146.679 151.1035 1t.819&5 1 ... 87 3.&31 29108 
50 0.2671" 5117.12 1011.5410& 154.227 159.173 ... 97143 1.505 1t.157 2741 

52 0.28129 399.94 103.2173 163.118 1611.127 5.15&76 1.529 5.087 2 .. 113 

• 52.072 0.28190 387.55 1t3.00/o9 163.472 1&'.693 5.1&379 1.530 5.ta7 21t67 

• 52.072 1.112112& 97.30 3.5615 274.703 308.558 7.115113 1.73& 5.9311 12 .. 2 
5 .. 2.0 .. 310 1211.17 3.0920 280.996 3111.1129 11.04493 1.676 It. 7119 1303 
5& 2.23222 154.30 2.7103 2116.1t33 327.7&7 8.2il756 1.638 It. 208 1355 
511 2.40376 171.19 2.5319 291.294 335.605 11.341165 1.612 1.857 1402 
60 2.5&397 197.97 2.3430 295.1107 343.2114 11.475411 1.591 3,,616 1 .... 4 

62 2.71598 217 .22 2.1902 300.0100 350.332 8.591011 1.571 3.441 1,. lIS 
6 .. 2.11&201 235.3& 2.0619 3!l ... 01l3 357.0110 8.&91123 1.557 3.310 1523 
66 3.00339 252. £I/o 1.95111 307.9113 3&3.5911 11.791152 1.546 3.209 1558 
68 3.1 .. '03 269.22 1.11557 311.769 369.933 8.89309 1.538 3.127 1592 
70 3.275&1 2115.23 1.7707 315.1t65 376.120 8.98276 1.532 3.061 1625 
75 3.60163 323.31 1.5942, 324.409 ' 391.101 9.189/00 1.522 2.938' 1701 
80 3.91&53 359.32 1.4545 333.043 1t05.567' 9.37610 1.515, 2.853 1770 
85 It. 22339 393.80 1.3403 341.468 419.674 9.54714 1.511 2.792 1836 
90 4.5241'+ 427.13 1.2,.45 349.733 43].508 9.70537 1.509 2.7"& 111911 
95 4.112013 459.5& 1.1628 357.11811 447.1 .. 1t 9.8528[1) 1.509 2.711 1956 

100 5.11229 491.24 1.0920 365.971 460.637 9.99137 1.509 2.6114 2012 
105 5.40135 522.32 1.0301 373.9110 473.9911 10.12193 1.511 2.66 .. 2065 
110 5.611785 552.92 0.9754 381.952 487.275 10.24532 1.515 2.649 2116 
115 5.97221 583.10 0.92&& 389.902 500./091 10.36262 1.520 2.&38 2166 
120 6.25'+77 &12.92 0.8828 397~845 513.667 10.47493 1.526 2.631 2213 
125 6.535711 642.45 0.8431 405.792 52&.817 10.582111 1.534 2.628 22511 
130 &.111546 671.72 0.8071 413.744 539.9,.11 10.1)8523 1.543 2.627 2302 
140 7.37148 729.61 0.7439 429.751 56&.251 10.1111010 1.565 2.633 2385 
!50 7.92392 786.79 0.6903 445.921 592.&50 11.06234 1.591 2.6411 2463 
1&0 8.47354 1143.,.3 0.6442 ,.62.3211 619.235 11.23403 1.623 2.670 2535 

170 9.02090 1199.62 0.&040 479.01" 6413.05& 11.39655 1.657 2. (91) 2604 
180 9.5&&43 955.45 0.5687 496.01" &73.158 11.55137 1.694 2.726 2669 
190 10.11026 1010.95 0.5372 513.371 700.5115 11.&9886 1.733 2.759 2731 
200 10.652117 1066.21 0.5092 531.089 728.351 11.114140 1.772 2.794 2791 
220 11.73497 117&.11 0.4613 567.636 784.936 12.11103 1.1150 2.865 2905 
240 12.111385 1285.38 0.4218 &05.655 842.933 12.36350 1.924 2.934 3013 
260 13.119030 1394.17 0.3885 645.0111 902.292 12.600 &0 1. Cl94 3.000 3117 
2110 14.96/087 1502.59 0.3602 685.7C13 9&2.902 12.82517 2.057 3.060 32111 
300 16.0379& 1&10.71 0.3358 7~7.674 1024.&53 13.03839 2.114 3.114 3316 
320 17.109117 1718.61 0.3145 770.602 1087.1t30 13.24091 2.165 J.163 3411 

3 .. 0 18.111081 182&.31 0.2957 814.470 1151.129 13.43423 2.209 3.20& 3504 
360 19.25095 1933.1J6 0.27C11 1159.157 1215.633 13 .&11135 2.249 3.244 3595 
J8a 20.32043 2041.27 0.2643 904.583 1280.8&2 13.794115 2.284 3.278 36114 
.. 00 21.38935 2148.58 0.2509 950.652 134&.724 13 .963411 2.314 3~ 3D 7 3772 
.. 20 22.45780 2255.79 0.23119 997.276 1413.134 ,1".12557 2.340 3. ;:'33 38511 
440 23.52585 23&2.92 0.227'J 1044.380 1480.015 14.211100 2.363 3.3!i5 3942 
1,60 24.59355 2/069.98 0.2180 1091.900 1547.306 14.43081 2.383 3.37:' 1t025 
.. 80 25.66091t l576.98 0.2088 1139.7114 1614.955 14.57475 2."00 3.390 4107 
500 2&.72507 2&83.<)3 0.2004 1187.959 1&82.891 14.713/02 2.413 3.403 /0181' 
520 27.79497 2790.84 0.1927 123&.3811 1751.07& 14.114720 2.425 3.415 4267 

'5,.0 28.8&022 2897.6/0 0.1855 1285.104 11119.517 llt.97615 2.435 3.424 1t345 
560 29.92&57 3004.44 0.1788 1334.010 11\68.169 15.10071 2.443 3.432 41t22 
5110 30.99276 3111.21 0.1127 1382.945 195&.84& 15.22130 2.450 ,3.4311 4498 
600 32.051181 3217.90 0.1669 l1t32.060 2025.702 15.331108 2.45& 3.4/04 /0572 
650 34.7234& 3484.72 0.1540 1555.164 2196.146 15.614211 2.46& 3.1t54 4755 
700 37.38754 3751.38 0.1430 1&78.680 237Q.99& 15.87058 2.472 3.460 4932 
800 "2. 711t1t1l 4284.4'" 0.1251 1926.404 2717.361 16.33305 2.418 3.465 5268 

1000 53.3&548 5350.00 0.1000 2423.109 31t11.293 17.10690 2.487 3.474 58113 
2000 10&.6038& 10& 74. 51 0.0500 49&9.798 &943.612 19.54651 2.644 3. &29 6240 
3000 159.83999 15997.95 0.0333 7756.780 10716.58/0 21.07329 2.938 3.924 9950 

ItDOO 213.3290<; 21321.19 0.0250 10919.856 14870.132 22.26446 3.505 4.521 112116 
5000 270.151181 26644.311 0.0200 15'+12.223 20414.833 23.49113 5." (,<; 7.159 12266 

• tWO-PHASE BOUNORY 
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T"'ER'40JYNAHIC PROPERTIES OF NO,PHAL HYD~OG"N c: • .!(. 

100 PSU ISOBAR 

TEMPERATURE DENSITY V (OH/DV'p "( DPlOUly -V (OPlOlllr (OV/OT\/V THERHAL VISCOSITY THEUIL DIELECTRIC PIIANelL 
CONDUCTIVITY DIFFU,S IV ITV CONSTANT NUMBER 

DEG. R L8/CU FT BTU/L6 PSIA-CU FTl8TU PSIA 1/0EG. R 8TU/FT-IfR-R U/FT-SEC SQ FTlHR 
lC 105 

• 25.255 ... 113213 276.90 13.110" 13626.111 0.0,055065 0.010362 1.7 .. 1 0.00592 1.25294 2.1907 
26 ".111157 216.11 13.616 13169.37 0.0056980 0.0 .. 5811 1.647 0.00606 1.251711 2.0J33 
211 ... 75497 271.59 13.019 11810.50 0.01162751 0.05060 1.439 0.006Z4 1.2/01159 i.7/o/o7 
3D ... 69356 272.13 12."16 105/09.29 0.006694/0 0.053611 1.27" 0.00625 1.2/0514 1.5569 
32 4.62572 2 71.3 .. 11.925 99/01.71 0.0071721 0.05572 1.1 .. 3 0.00619 1.2/0150 1. /0367 
3It ... 56023 269.1. 11.520 9066./00 0.0077161 0.05695 1.035 0.00601 1.23767 1.358!! 
36 /0.48753 265.0t 11.16/0 111110.59 0.0053690 0.05792 0.9/05 0.00582 1.23360 1.3019 
311 4.409611 259.32 10.1I1t4 7:SO/o.52 0.0091/023 0.05904 0.867 0.005&5 1.2292& 1.253/0 
40 4.32550 251.71 10.545 6414.79 0.0101123 0.05960 0.799 0.00541 1.22,.,511 1.22!11 

42 4.23401 242.113 10.259 551t9.29 0.0112890 0.059611 0.7311 l!.ril514 1.21950 1..2201 
Itlt 1t.13344 232.23 9.91t6 468&.611 0.01279811 0.05931 C.&1I2 0.00453 1.21394 1.2307 
1t£I 1.0.02129 219.80 9.593 3536.52 0.0148094 0.05847 0.&30 0.0041t7 1.20776 1.2626 
.. II 3.1193&5 204.C)/) 9.156 2991.11 0.0177210 0.05715 0.580 0.00"04 1.2007" 1.32&6 
SO 3.7"U5 1811.19 8.618 2197.79 0.02201179 0.05527 0.530 O. DO 355 1.1'3252 1.4356 
52 3.55511 167.36 7.950 1/021.81 0.0303959 0.052&2 0.478 0.110291 1.111227 1.&&35 

• 52.072 3.54733 165.(;1 7.922 137".77 O. 03121115 0.05250 0.476 0.00285 1~ 181115 1.6928 

• 52.072 0.545>97 88.73 3.751 53.22 0.0&&9217 0.01903 0.120 0.0058& 1. 02&&5 1.31,61 
54 0.48945 97.17 3.770 62.73 0.0492583 0.011107 0.121 0.00771 1. 02382 1. 15C;2 
Sf» 0.4471J1I 10/0.99 3.775 69.13 0.041J0758 0.01755 0.124 0.00947 1.02179 1.0508 
55 0.41&01 112.29 3.776 73.71 0.Ol1t3474 0.01788 0.126 0.01114 1.02022 0.9820 
60 0.39002 119.18 3.776 77.Z1 0.1i303 .. 411 0.OU02 0.129 0.01275 1.011195 0.933& 

62 0.36819 125.66 3.786 1 ~ .911 0.0273542 0.01824 0.132 0.01440 1.01788 0.8975 
64 0.3 .. 940 132.02 3.791 82.2" 0.0250727 0.01851 0.135 0.01600 1.01697 0.8698 
66 0.33296 138.29 3.791 5/t.12 0.0232(/33 0.01881 0.138 0.01760 1.01&16 0.8/t79 
68 0.31837 14/t.45 3.789 85.71 0.021&508 0.01913 0.141 0.011l?1 1.01545 0.8301 

-'0 0.:30529 150.53 3.785 57.05 0.0203346 0.01947 0.144 0.02084 1.014111 0.8152 
75 0.277&5 165.43 3.773 119.77 0.0177593 0.02037 o .t52 O. 02 .. 97 1.013 .. 6 0.7866 
110 G.25533 179.97 3.759 91.7/0 0.0158545 0.02132 0.159 0.0292& 1.01238 0.7658 
85 0.Z3&78 19 ... 24 3.745 93.2~ 0.0143737 0.02229 0.1&6 0.03372 1.01147 0.7495 
90 0.22101t 208.32 3.731 94.41 0.0131816 0.02328 0.173 0.03835 1.01071 0.73&/0 
95 0.207lt6 2Z2.29 3.715 9~.31t 0.01219&5 ' 0.024211 0.181 0.04316 1.01005 0.7257 

100 0.195&1 23&.19 3.&99 96.09 0.011364& 0.025211 0.187 0.01,514 1.00947 0.71&8 
105 0.18514 250.07 3.681 96.70 0.0106527 0.02626 0.194 0.05325 1.0089& 0.7096 
110 0.17581 263.97 3.&63 97.21 0.0100341 0.02732 0.201 0.0586& 1.00851 0.7019 
11~ 0.16744 277.9& 3.6/tZ 97.63 0.0094907 0.02837 0.208 0.06423 1.00810 O. &953 
120 0.159!!8 292.08 3.615 97.99 0.009008& 0.02938 0.214 0.0698:! 1.00774 0.6909 
125 0.153011 306.35 3.593 98.30 0.0085774 0.03032 0.221 0.0751,1 1.00740 0.6866 
no 11.14673 320.81 3.5&5 911.56 0.0081891 0.031111 0.227 0.05089 1.00710 0.6886 
litO 0.135&& 350.33 3.505 98.98 0.0075163 0.03252 0.239 0.09187 1.00&56 0.6<)17 
150 0.12620 380.83 3.437 99.29 0.00&9524 0.03/052 0.252 O~10330 1.00610 0.69107 
160 0.118111 412.50 3.363 'l9.5" 0.00&/071& 0.03625 0.263 0.11505 1.00571 D.6982 

170 0.11085 445.06 3.289 99.73 0.00605&& 0.03781 0.275 (J.12652 1.00536 0.705/0 
180 0.104;3 478.17 3.212 99.811 0.005&939 0.04432 0.308 0.15553 1.00505 0.6809 
190 0.09891 513.60 3.135 99.99 0.0053727 0.047&1 0.326 0.17444 1.00'+111 0.&1109 
ZOO 0.09357 549.11 3.062 100.09 0.0050880 O. [15055 0.342 0.19273 1.00434 0.&809 
220 0.08522 622.1,1 2.927 100.22 0.0046029 0.05564 :J.368 0.22792 1.00412 0.6813 
2/t0 0.0780" 597.85 Z.809 100.31 0.0042045 0.06002 0.387 0.2&210 1.00377 0.&819 
260 0.07199 77/0.93 2.707 100.37 0.0038710 0.0&390 0.1004 0.29589 1.00348 0.6825 
2110 0.06&82 852.95 2.620 100.ltl 0.0035875 0.0&742 0.418 0.32973 1.00323 0.6831 
300 0.06235 931.40 2.548 100.1t3 0.0033434 0.070&5 0.431 0.3&388 1.00301 0.6537 
321! 0.05845 1010.2; 2.48& 100.45 0.0031308 0.07366 0.443 0.39848 1.00282 0.68102 

31t0 0.05500 1069.01 2.1t33 10D.1t5 0.0029/t1t0 0.07645 . D.451t 0.43371 1.002&& O. &84& 
360 0.05195 11&7.5& 2.389 100.1t6 0.0027754 0.07913 0./0&4 0.It&959 1.00251 0.68/09 
3110 0.04921 1245.<.18 2.351 100.45 0.002&307 0.08166 0./074 0.50621 1.00235 0.6852 
400 0.04675 1323.9& 2.319 100.45 0.0024981 0.08406 0.484 0.54363 1.0022& 0.6854 
420 0.04'+53 1401.34 2.292 100.45 0.0023782 0.08635 0.493 0.58189 1.00215 0.6855 
.... 0 0.04251 14711.25 Z.269 100.44 0.0022695 0.08855 0.503 O. &2 098 1.00205 0.6857 
.. 60 0.0406& 1554.47 2.250 100.43 0.0021703 0.09067 0.512 0.66094 1.00196 0.61157 
480 0.03897 1630.22 2.233 100.42 0.0020795 0.0<.1271 0.521 0.701110 1.00188 0.61158 
500 0.037lt1 1705.11 2.220 100.1,2 0.00199&0 0.091,&8 0.530 0.74360 1.00181 0.6853 
520 0.03598 1779.1t7 Z.205 100.41 0.0019190 0.09&&0 0.53<.1 0.78631 1.00174 0.6858 

540 0.03465 1853.30 2.199 100.40 0.0018/076 0.0'1847 0.545 0.82992 1.001&7 0.61157 
560 0.03342 1926.44 2.191 100.39 0.0017815 0.10025 0.557 11.874/08 1.00161 0.61156 
550 0.03227 1999.16 2.184 100.39 0.0017200 0.10206 0.<;65 ~.91997 1.00156 0.6856 
600 0.03119 2071.47 2.179 100.38 0.001&626 0.103U 0.574 0.9&638 1.00151 0.61155 
&50 0.021180 2250.44 2.169 100.36 0.00153/0& 0.10806 0.596 1.0116/09 1.00139 o. & 8'i3 

700 0.02&75 2427.83 2.162 100. l4 1).0014250 0.1,1220 0.617 1.212/011 1.00129 0.&1151 
1100 D.02l41 2779.08 2.15& 100.30 0.0012470 0.12021 0.660 1.48175 1.00113 0.&8/07 

1000 0.011174 31081.19 2.11,& 100.25 0.0009978 0.13591 0.744 2.08808 1.00090 O. G8/01 
2000 0.00935 72&8.08 2.01G 100.13 0.000499/0 0.27723 1.131 8.110291 1.0004<; 0.5332 
3000 iI.006Z6 11783.25 1.814 100.09 0.0003330 0.39"93 1./077 16.085/t3 1.00030 0.52112 

4000 0.004&9 10075.21 1.522 99.95 0.0002501 0.511180 1.793 27./0511& 1.00023 0.501& 
5000 D.00370 35301.97 0.921 98.62 0.0002028 1.305&5 2.103 49. 27211 1.00018 0.4151 

• TND-PHASE BOUNDRY 
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c-Zc THERMOOYNAMIC PROPERTIES OF HOPMAL HYDROGtN 

UO PSU ISOBAR 

TE"PERATURE ~OLU"E ISOTHFRM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

DEG. It CU FT/LS CU F T-PSU/LS PSIA/It STU/LB BTU/LB BTU/LB-R BTU / LIJ -It FTiSEC 

• 25."60 0.20& .... 28n.l& 75.3473 9 ... 052 99.78& 3.37138 1.129 1.526 .. 2lt2 

26 0.2070& 28 .. 7 ..... 7S.35S& 91t.872 100.623 3."0390 1.1 .... 1.555 .. 216 

2& 0.209"& 2;64.43 7 ... 'lS07 98.048 103.11&& 3.52402 1.lCJ5 1.&94 .. 103 

:50 O.21Z12 2188.57 73."590 101.47:5 107.36" :5.6 .... &9 1.243 1.80S .. 011 

:52 0.21"99 222:5.7S 72.1226 10!i.126 111.098 3.76515 1.288 1.929 3928 
:51t 0.21811 20&7.26 70.717 .. 109.020 115.078 3.&8575 1.:528 2.054 38 .. 8 

36 0.22i52 1302.38 &9.3201 113.165 119.318 ... 00694 1. :56:5 2.189 3762 
38 0.22528 1739.95 67.6&99 117.579 123.837 ".129"0 1. :59:5 2.33:5 3674 

40 0.2:!9 .... 1572.:51 65.818:5 122.2115 128.&55 ... 25:521 1 ... 19 2 ... 9:5 3578 

"2 0.2:5 .. 1,. 1l~~.38 63.69:58 127.326 133.829 ... :579 .. 0 1 ..... 0 2.676 3 .. 71 

.... 0.2:59"8 1<:'30.1,. 61.2102 132.729 139.380 ... 508 .... 1 ... 57 2.880 . U56 

.. & 0.2,.563 iO 55.29 58.3039 138.553 145.376 ".6Ct155 1 ... 71 J.127 322:5 

"8 0.25290 882.29 5 ... 8858 1 ..... 8811 151.913 ... 780 .. 5 1 ... 8 .. 3,"25 3072 

50 0.2617l 706.3,. 50.915 .. 151.1162 159.132 ... 927&5 1 ... 99 3.827 21CJ0 
52 0.27~'.f7 535.29 "6.3872 159.7~3 167.30, 5.08780 1.511; " ... 01 2683 
5 .. 0.2a858 360.91 "1.0116 169.031 177.0"6 5.271 .. 9 1.5 .. 1 5.,.21 2 .. 26 
56 0.31lt5" 1 80 .99 33.9801 181.308 190.0 .... 5.50761 1.585 5.130 Z07 .. 

• 56.645 0.32917 117.02 30.8309 18&.872 19&.015 5.&1361 1.615 10.8 .. 7 19011 

• 5&.6 .. 5 1.05&63 43.88 6.72"6 2&2.798 292.147 7.311"5 1.910 13.979 1220 
58 1.23,.80 81.39 5.5375 271.905 306.203 7.55698 1.806 7.976 1290 
60 1 ... 1189 119.30 ... 6508 280.36 .. 319.581 7.78395 1.721 5.737 1357 

62 1.55532 1"9.00 ... 1195 256.1135 3:50.036 7.95548 1.658 4.821 1417 
64 1.68238 174.62 3.7422 7.92.397 339.127 8.09986 1.619 ... 309 1 .. 67 
6& 1.7993" 197.67 3.4524 297.419 347.398 IS.2271" 1.594 3.980 1512 
68 1.90933 218.95 3.21117 302.0111 355.115 8.3423" 1.576 3.748 1553 

70 2.01419 238.119 3.0240 30& ... 8& 3&2.,.32 8.448,.0 1.5&3 3.57& 1591 
75 2.26063 281t.&,. 2.6480 316.749 379.541 8.68 .. 46 1.543 3.292 1677 
-eO 2.49190 326.36 2.3714 326.317 395.532 8.890811 1.532 3.117 1754 
115 2.71305 365.36 2.15511 335.450 410 • 80s' 9.07611 1.52& 2.999 1112 .. 
90 2.92696 "02.37 1.91114 3 ..... 278 "25.577 9.2 .. 50 .. 1.522 2.915 1890 
95 3.135,.1 437.81l 1.8365 352.894 1t39.9113 9,"0086 1.520 2.852 1951 

100 3.33958 "72.111 1.713 .. 361.370 45".'130 9.5,.608 1.519 2.803 2009 
105 3.5,.037 505.53 1.6079 369.706 468.0"3 9.&820,. 1.520 2.766 206,. 

110 3.738,.3 5311.11 1.5159 377.960 ,.111.799 9.1109811 1.522 2.7311 2117 
115 3.93423 570.0" 1.43,.11 386.156 495.,.33 9.93090 1.526 2.717 21611 
120 ".1281,. 601.,.,. 1.3627 39 ... 316 508.979 10.0,.6311 1.532 2.701 2216 
125 4.320,.,. 632.37 1.2981 ,.02.,.55 522.4&0 1G.15632 1.539 2.690 2263 
no ... 51137 662.92 1.2397 ,.10.579 53!;' 8117 10.26170 1.5,.8 2.683 2308 
1 .. 0 4.8898,. 723.03 1.1311" ,.26.881 562.700 10,"6036 1.568 2.6110 2392 
ISO 5.26,.67 782.09 1.0533 ,.,.3.29,. 5119.526 10.6 .. 55,. 1.595 2.6117 2,.H 
160 5.631068 8"0.34 0.9807 ,.59.9G7 016."71 10.81956 1.62& 2.703 251t,. 

170· 6.0010 .. 2 897.92 0.9178 "76.7611 6"3.602 10 .98395 1.659 2.72 .. 261 .. 
1110 6.37,.33 954.98 0.86211 .. 93.919 670.972 11.1It0 31 1.695 2.751 2679 
190 6.7,.053 1011.51 0.8139 511 ... 31 698.655 11.28919 1.735 2.782 2741 
200 7.1055" 1067.72 007707 529.270 726.633 11,"3282 1.77,. 2.81,. 21101 
220 ~.1I32"IS 1179.22 0.6970 5&&.023 7113.578 11.70"16 10852 2.1181 2916 
2,.0 8.55102,. 1289.80 0.636" 60,..210 8"1.IS68 11.95791 1.926 2.9,.7 302,. 
260 9.277&0 1399.67 0.5857 6,.3.776 901.470 12.195911 1.995 J.Oli 3128 
280 9.99712 1509.00 0.5426 68 ... 606 962.285 12.42132 2.D59 3.069 3229 
300 10.71518 1&17.90 0.5055 726.5811 102".212 12.6351" 2.115 3.122 3326 
320 11.,.3208 1726."6 0.,.732 769.60" 10117.1"1 12.113815 2.166 3.170 3 .. 22 

3 .. 0 12.1"110 3 183 ... 75 0.,. .... 8 1113.5 .. 9 1150.972 13.03187 2.210 3.212 3515 
360 12.116320 19,.2.eo 0.,.196 858.30,. 1215.591 13.21&33 2.250 3.2,.9 3606 
!liD 13.57771 2050.&6 0.3972 903.790 12110 .92,. 1l.393tn 2.285 3.283 3695 
.. 00 1".29168 2158.35 0.3771 9"9.913 13,.6.876 13.56197 2.315 3.312 37112 
420 15.005111 2265.92 0.3589 996.586 1,.13.369 13.72"26 2.3,.1 3.337 311611 

""0 15.71828 2373.36 0.342,. 1043.73" 1,.110.32,. 13.117986 2.36" 3.3511 3952 
1t60 16.,.310,. 2,.110.70 0.327 .. 1091.295 15,.7.6113 1".02982 2.3113 3.377 ,.035 
1t80 17.1,.350 2587.9& 0.3136 1139.215 1&15.392 1".173119 2 ... 00 3.393 ,.117 

500 17.115571 2&95.13 0.3010 1187.,.25 1683.38" 1".31268 2."14 3.,.06 ,.197 
520 111.56768 2802.25 0.2893 1235.l1li5 1751.&19 1,. ..... 655 2.42& 3.,.17 ,.276 

5ltO 19.21878 2909.33 0.27115 1211 ... &52 1820.138 1".57565 2."36 3.,.26 .. :55 .. 
560 19.99023 3016.30 0.2685 1333.58 .. 18811.831 1".70028 2 ... 4,. 3.,.3 .. ,.lt31 
580 20.70153 3123.22 0.2592 1382.542 1957.5"6 1".112093 2.,.50 3.,.40 ,.507 
601) 21."1269 3~30.0'l 0.2505 1,.31.&19 2026."37 1".93777 2.,.56 3 ... ,.6 4582 
650 23.19012 3,.97.15 0.2311 1551.t.1l30 219S.957 15.21409 2.,.66 3.,.55 ,.76,. 

700 24.9&691S 376".03 0.2146 1678.385 2371.116& 15~470"9 2.,.73 3.4&1 ,.9/00 
1100 211.51951 4297."5 0.11177 192&.169 27 15. 325 15.933011 2." 79 3.466 5276 

1000 35.62171 5363. /05 0.1501 2,.22.948 3"12.375 1&.7070& 2." 117 3 ... 7 .. 5891 
2000 71.1162" 10&88.61 0.0750 .. 9&9.751 69,.5. Hl 19.1/0681 2.6"" 3.629 8245 
3000 106.60710 16012.15 0.0500 7756.,.07 10717.518 20.673,.11 2.93& 3.922 9955 

4000· 1/02.23530 21335.,.11 0.0375 10898.9,.7 1,.3 .. 9.&&5 21.858119 3.4"3 ".45 .. 11306 
5000 179. &82e,. 2&&58.70 0.0300' 151&5.2,.0 20156.099 23.03"20 5. /00& &. &41 12309 

• TIIO-PHASE BOUNORY 
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c-Zc THEli1100YNAIIIC P~OPERTIES OF NOP'4Al HYOROGEN 

181.510 PSU ISDBAR 

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNaL ENTHALPY ENTROPY ev CP \tElOeI" 
OERIVATIVE OERIVAT IVE ENERGY OF SOUND 

BEG. R CU FT/lB CU FT-PSU/L.B PSIA/R BTU/l8 OTU/Lfl BTU/LO-R BTU I lB -R FT/S£C 

• 25.612 0.20&0& 2H2.75 75./t731 'lit. 101 101.256 3.37282 1.132 1.525 10265 
26 0.20&109 2928."& 75.5926 9/t.6IU. 101.85 .. 3.39599 1.1"2 1. <;/t3 .. 281 
28 0.20U5 2656.77 15./t522 97.8t9 105.080 3.51551 1.19/t 1.~79 /t160 
30 0.2U/t0 21t6 ... 0/t 74.0620 101.203 10ft. 54] 3.63/t95 1.242 1 .. 79/t /t062 
32 0.21/t21 2293.67 72.7235 104.81/t 112.2~1 3.75460 1.286 1.913 3976 
3/t 0.21125 2130.35 11.37110 108.662 116.2116 3.87/t'.3 1.326 2.037 38910 

3& 0.22058 1967.25 69.9373 112.757 120.1t16 3.99478 1.361 2. i.67 3810 
38 0.22421 1800.01 68.3101 117.103 121t.8811 /t.11599 1.391 2.308 3720 
100 0.22822 16~4.09 66./t992 121.726 129.650 4.231128 1.417 2.461 3626 

102 0.23211 11068.57 64.4/t26 126.656 134.736 ~.36239 1.438 2.629 3527 
104 0.23779 1297.09 62.0642 131.933 140.189 1:.48916 1./t56 2.82/t 3/t14 

10' 0.24358 1131.08 5 ch3103 137.591 146.048 4.61923 1.470 3.042 3293 
4a 0.25034 362.85 56.1157 1/t3.703 152.395 4.7510011 1.483 3.304 3153 
50 0.25835 792.51 52.4536 150.351 159.321 4.89531 1.49& 3.641 2989 
52 0.26823 &25.67 48.3255 157.711 167.024 5.114625 1.511 4.097 2803 
54 0.28U4 /t59.17 /t3.5809 166.111: 175.879 5.21324 1.530 4.799 2583 
56 0.29956 297.8& 37.9517 176.192 186.593 5./t0791 1.551 6.057 2317 
58 0.33264 131.71 30.4176 190.073 201.623 ~.&1137 1.613 9.961 19/tl 

• 59.357 0.50744 -0.23 15.3550 225.260 242.879 6.37032 2.374 -29'.0.678 11/tl 

• 59.357 0.51218 -0.23 15.2313 225.785 243.5&9 &.3823/t 2.334 -2902.489 1152 
60 0.81313 35.25 9.13119 256.271 284.504 7.07025 2.003 19.410 1258 

62 1.03452 116.111 6.7351 211.1152 307.772 7.45265 1.780 8.201 1361 
64 1.17924 12:!.12 5.6777 280.706 321.651 7.67317 1.691 &.006 1/t23 
6& 1.29793 153.13 5.0400 2117.5411 ]32.614 7.84193 1.6"1 5.056 1 .. 78 
68 1./t0332 179.35 ... 5825 293."17 342.143 7.98419 1.610 ~.513 1526 
70 1.500]0 203.12 4.2290 298.699 350.79] 8.109511 1.5119 It. 1511 1569 
15 1.72017 255.70 3.5987. 310.415 3711.1"3 8.37666 1.559 3.6"1 1663 
110 1.92035 ::102.16 3.167 .. 320.902 387.580, 8.60179 1.5 .. 0; 3.359' 17 .. 5 
85 2.108"It 3 .. 4.13 2.8458 330.6119 403.898 8.79966 1.536· 3.180 18111 
90 2.211827 38 ... 60 2.5932 3"0.0110 Itl'L"66 8 .9777" 1.531 3.057 1886 
95 2.46209 1022 ... 5 2.3879 349.02" "34.512 9.14049 1.528 2.967 1950 

100 2.63126 458.70 2.2161 357.831 4lt9.193 9.29119 1.527 2.899 2009 
105 . 2.7968& .. 93.73 2.0710 ,366."36 "63.5lt8 9.431"6 1.527 2.8411 2066 
110 2.95958 527.77 1.9459 37".919 477.681 9.5&282 1.528 2.80 II 2120 
115 3.11997 560.99 1.11367 383.312 .. 91.6 .. 3 9.611675 1.531 2.778 2171 
120 3.27840 593.53 1.7 .. 0Z 391.6 .... 505.476 9.80"67 1.536 2.755 2220 
125 3 ... 3520 625."9 1.65 .... 399.93 .. 519.210 9.91668 1.5"3 2.7311 2268 
130 3.59060 656.% 1.5713 "08.1':)2 532.86" 10.023&" 1.551 2.726 2313 
1 .. 0 3.119796 718.68 1 ......... .. 24.722 560.067 10.22539 1.571 2.715 2:s98 
150 ... 20167 779.10 1.3335 .... 1.324 5117.213 10."1279 1.597 2.116 2 .. 78 
160 4.50253 838.50 1.239" "58.093 614.429 10.58855 1.628 2.728 2552 

170 4.80114 897.08 1.15113 475.087 6ltl.791 10.75"36 1.661 2.7"6 2&21 
1110 5.09793 ' 955.02 1.0876 "92.353 669.362 10.91186 1.697 2.770 26117 
190 5.39299 1012.30 1.0250 509.982 &97.236 11.0&177 1.737 2.799 2749 
200 5.68689 1069.18 0.9697 527.914 725.372 11.20621 1.775 2.1129 2809 
220 6.27164 11111.83 0.8759 564.821 782.584 11."7883 1.853 2.893 2924 
2 .. 0 6.85324 1293.35 0.7990 603.13" 841.090 11.73353 1.927 2.957 3032 
260 7."3248 1 .. 0 ... 00 0.73"11 642.1104 900.873 11.97232 1.996 3.019 li36 
280 8.00990 1513.99 0.&803 683.722 9&1.840 12.191122 2.05'J 3.076 3237 
300 8.58588 1623."5 0.6335 725.7110 1023.896 12.41249 2.116 3.1211 3335 
320 9.16071 1732 ... 9 0.5928 7&8.861 1086.937 12.61586 2.16& 3.175 3 .. 30 

3/t0 9.73460 1841.19 0.5571 812.863 1150.1166 12.809811 2.211 3.217 3523 
360 10.30772 1949.61 0.5255 857.&69 1215.571 12.99"58 2.250 3.25 .. 3614 
:580 10.88020 2057.79 0.4~73 903.200 1280.979 13.17156' 2.285 3.286 3703 
ItOO 11.45213 2165.78 0.4720 949.36J B"T.OOl 13.34060 2.316 3.315 3790 
It20 12.02361 2273.59 0.4492 996.072 1413.553 13.50304 2.3"2 3.3 .. 0 3876 
.... 0 12.59,.&9 2381.26 0.4285 10"3.20;3 1480.0;63 13.65876 2.36" 3.361 3960 
,.60 13.165 .. 3 21t 88.81 0.4096 1090.8 .... 1547.971 13.11 011 !13 2.3810 3.379 4043 
/t80 13.735811 2596.25 0.3924 1138.792 1615.72& 13.95300 2 ... 01 3.395 412/t 
500 14.30&07 2703.59 0.3765 1187.026 ~&83.75! 14.09187 2."14 3."011 4205 
520 14.87&03 2810.65 0.3619 1235.509 1752.032 1".22582 2./t2& 3."19 4ZS .. 

5 .. 0 15.44;;45 2918.1& 0.3 .. 63 1211".315 tB20.608 14.35502 2.436 3.428 4362 
560 16.01491 3025.24 0.3358 1333.266 B89.JlZ 1 ..... 7971 2 ... /t4 3."35 /t438 
580 1&.58421 3132.2& 0.3241 1382.2"2 19511.075 14.60041 2.451 3 ... 42 451 .. 
600 11.15338 3239.24 0.3133 l1t31.395 202&.991 14.71730 2 ... 5& 3.4 .. 7 4589 
&50 18.57583 3506.50 0.2890 1554.581 2199.567 14.99370 2.466 3.456 4771 
700 19.99772 3773.56 0.2683 1675.165 2372.521 15.25016 2. 1t73 3.462 1t947 
800 22.84032 4307.24 0.23"6 1925.993 2719.050 15.71285 2."79 3."67 5283 

1000 211.52267 5373.55 0.1876 2422.1129 3413.187 16.48693 2.487 3.4'" 5897 
2 ODD 56.91813 10&99.18 0.0936 .. 9&9.717 6946.015 18.92(1111 2.6 .. 4 3.630 82lt9 
3000 85.30945 16022.65 0.0625 775&.226 107111.321 20.4531t0 2.935 3.922 9958 

/t000 113. 798112 21346.19 0.0469 10889.119 1411 .. 0.41& 21.63&11 3.1t14 4.1t22 11316 
5000 143.5903'1 26669."2 0.0375 1501t9.1111 20031t.893 22.78729 5. J. 90 6.398 12333 

• THO-PHASE 80U~DRY 
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THE~"ODfNAItIC PROPERTIES OF' NO ~'4A L HYDI:!OGEN C ... ;?,c 

187.510 PSI A ISJBAR 

TE"PERATURE DENSITY 'IeOH/OV'p VCOP/OU'v -VCOP/OVlr COV/OTl/V THER"AL VISCOSITY THERtlAL O"IELECTIUC PRANO.TL 
CONOUCTI'JIT'I OIFFUSIVITY CONSTANT NUMBER 

OEG. R LB/CU FT BTU/LB PSU-CU FTlBTU PSU 1/0EG. R 8TU/FT-HR-R LB/FT-SEC 'sa FT/HR 
X 10 5 

• 25.&12 ".85300 285.70 13.7103 1 .. 135.56 0.00533'12 0.0"501 1.766 0.0060 II 1.25"11 2.15 .... 
~6 ... 8 .. Z8 .. 289.107 13.66/0 i/0182.05 0.0053302 0.0/0619 1.716 0.00618 1.2535/0 2.0&"1 
28 /o.788Z" 2 83. 01 13.198 12721.25 0.0059312 0.05106 1."98 o~ 00635 1.250 .. 6 1.7126 
30 ... 730 :so 282.37 12.610 11655.6/0 0.00635 .. 2 0.05"28 1.327 0.006"0 1.;> .. 720 1.57118 
32 ... 668101 281.65 1::!.11At 10707.79 0.0067916 0.056"5 1.189 0.dO&32 1.2/0373 1.4509 
3 .. ".60290 27'1.77 11.696 '1805.77 0.00727'12 0.0577'1 1.077 0.00617 1.24005 1.3£:63 
36 /o.53l1t9 27&.37 11.337 8918.50 0.00781018 0.05888 0.983 0.005'1'1 1.23617 1.3025 
38 /0./0&010 271.2/0 11.011 8028.22 0.00115087 0.0601/0 0.'103 0.005e/o 1.Z3207 1.2 .. 78 
/00 It. 3 81S8 2&".'1'1 10.710 1160.05 0.0092875 0.06086 0.83/0 0.005610 1.22770 1.213& 

.102 ".2'1722 2!H."7 10."27 6310.75 0.0102116 0.06112 0.772 0.005101 1.22301 1.190;5 
10 .. /0.2115 .... 2/08.21 10.136 5"54.81 D.0113779 0.06095 0.716 0.00513 1. Z17'12 1.191+5 
106 /0.10535 238.17 9.826 /0&/03.47 0.012772'1 0.06037 0.665 0.00483 1.2123'1 1.2059 
48 3.9'1"5'1 226.48 9.475 3846.20 0.01458'1'1 0.05'13'1 0.&17 0.00450 1.Z0629 1.Z350 
so 3.87066 21Z.95 9.05'1 lO67.5Z 0.01709% 0.058az 0.571 0.00412 1.19948 1.2892 
52 3.72IH& 197.76 8.578 2332.60 0.0207174 0.05620 0.525 0.0036" 1.1'116'1 1.378& 
5 .. 3.55697 17'1.83 8.011 1'.633. Z5 0.0266836 0.0537'1 0.1079 0.00315 1.18238 1.5378 
56 3.33828 158.68 7.302 9'14.33 0.03111681 0.05034 0.429 0.0024'1 1.17055 1.8573 
58 3.0062'1 lZ9.67 6.Z72 3<:15.'16 0.07681"11 0.04'168 0.367 O. DO 166 1.15274 2.6491 

• 59.357 1.970&8 85.57 3.282 -0.45 -34.0148424 -2.80600 0.239 0.0004'1 1.098 .. 0 8.9213 

• 59.357 1.952"4 85,68 3.343 -0.45 -33.8775639 -2.79823 0.237 0.00C49 1.0'1746 8.8575 
60 1.229111 92.06 3.710 /03.35 0.2108330 0.03912 0.175 0.0016 .. 1.060&3 3.1203 

62 0.96&&3 102.17 3.914 83.91 0.0802650 0.026111 0.159 0.003311 1.047 .. 4 1.7485 
&4 0.841101 110.410 3.960 104.41 0.0543788 0.02439 0.155 0.00479 1.04153 1 .... 7&1 
6& 0.77045 118.36 3.98& 117.98 0.04271CJ5 0.02347 0.155 0.00602 1.0376"1 1.1999 
68 0.712&0 lZ5.87 3."195 127.111 0.0358545 0.02306 0.155 0.00717 1.03482 1.0"147 

-70 0.66653 13~.10 3.994 135.38 0.0312370 0.022"12 0.157 0.0(1827 1.03254 1.0240 
75 0.58134 151l.38 3.970 148.65 0.0242093 0.0230'1 0.162 0.01091 1.0283/0 O. '11111 
80 0.52074 1&6.84 3."138 157.35 0.0201304 0.023&1 0.168 0.01350 1.02536 0.8584 
85 0./071028 182.69 3.90& 163.50 0.017/0051 0.02430 0.174 0.01611 1.02308 0.81'11 
90 0.43701 198.11 3.876 168.07 0.01542"10 0.02509 0.180 0.01878 1.02125 0.790'1 
95 0.100616 213.21 3.848 171.58 0.0139172 0.02592 0.187 0.02151 1.0197/0 0.7698 

100 0.38005 228.011 3.819 174.33 0.0127121 0.02680 0.193 0.02432 1.01846 ';,1529 
105 0.3575" 242.710 3.794 176.53 0.0117316 0.02768 0.200 0.02719 1.01736 0.7;'99 
110 0.33789 257.3" 3.769 178.33 0.0109120 0.02865 0.206 0.03020 1.01640 0.7275 
115 0.32052 271.94 3.742 179.81 0.010214& 0.02964 0.213 0.03329 1.0155& 0.7172 
120 0.30503 286.61 3.713 181.04 0.0096123 0.03058 o .Z19 0.0363"1 1.01480 0.7098 
125 0.29110 30'1.36 3.683 182.08 0.0090857 0.03146 0.225 0.03946 1.01/012 0.7 OS 0 
130 0.27851 316.26 3.651 182.97 0.0086206 0.03228 0.231 0.04251 1.01351 0.7030 
litO 0.25&54 346.54 3.583 184.37 0.0078339 0.03317 0.243 0.01084"1 1.01244 0.7040 
150 0.23800 377.68 3.509 185.43 0.0071915 0.035/02 0.255 0.0547'1 10 01153 0.7042 
160 0.22210 1009.90 3.428 186.23 0.0066550 0.03711 0.267 0.06125 1.01076 0.705& 

170 0.20828 442.94 3034'1 186.85 0.00619"11 0.03863 0.278 0.06755 1.01009 0.7111 
180 0.1'1616 477.08 3.261>' 187.33 0.0058059 0.044&4 0.308 0.011217 1.00950 0.6880 
190 0.185103 512.56 3.183 187.71 0.0054605 0.04788 0.327 0.09225 1.00898 0.6872 
200 0.175114 548.46 3.10& t88.01 0.005157"1 0.05077 0.342 0.10207 1.00851 0.6864 
220 0.15'145 622.45 2.964 188.44 0.00/0&479 0.05583 0.367 0.12103 1.00772 0.6!55 
240 0.145'12 6'18.51 2.841 188.72 0.0042337 0.06019 0.387 0.13948 1.00706 0.6852 
260 0.1345/0 776.16 2.736 188.'10 0.0038899 0.0640;- 0.4010 0.15771 1.00&51 0.6852 
280 0.12485 854.71 2.646 189.01 0.0035':19/0 0.06758 0.418 0.1759c:, 1.0061)4 0.6854 
300 0.11&47 933.64 2.571 189.08 0.0033505 0.07081 0.431 0.19435 1.00563 0.6856 
320 0.10916 1012.94 2.507 189.12 0.0031346 0.07382 0.443 0.21297 1.00528 0.6858 

340 0.10273 1092.11 2 ... 53 189.14 0.002"1455 0.07663 0.454 0.23191 1.00497 0.6860 
360 0.09701 1171.0" 2.407 189.14 0.0027783 0.07928 0.464 0.25118 1.0046'1 0.&862 
3110 0.09191 1249.81 2.363 189.13 0.1102&294 0.08181 0.475 0.27085 1.00 .... 4 0.6863 
400 0.08732 1328.12 2.334 189.12 0.U024'15g· 0.08421 0.4810 0.2"1093 1.00422 0.6664 
420 0.08317 1405.7'1 2.306 18'1.09 0.0023755 0.08650 0.49/0 0.31145 1.00402 0.6864 
1040 0.07940 1482.98 2.283 189.01 0.00226&4 0.08871 0.503 0.33242 1.00364 0.6865 
1060 0.07596 155"1.46 2.262 189.04 0.00216&"1 0.0"1082 0.512 0.35385 1.003&7 0.6864 
1080 0.07281} 1635.43 2.245 189.01 ;J.002075g 0.09287 0.522 0.37575 1.00352 0.6864 
500 0.06990 1710.54 2.231 188. '18 0.001"1923 0.09485 0.531 0.3'1815 1.00338 0.6864 
520 0.06722 1785.10 2.219 188.95 0.0019153 0.09617 0.540 0.42104 1.00325 0.68£:3 

5100 0.061074 185'1.22 2.209 188.'13 0.0018437 0.098610 0.5/08 0.4444 .. 1.00313 0.61161 
560 0.06244 1~32.50 2.200 1118. gO 0.0017776 0.10046 0.557 0.46832 1.00302 0.6860 
580 0.06030 2005.35 2.193 18S.87 0.0017162 0.f.0224 0.566 0.4926"1 1.00291 0.685"1 
&OG 0.05830 2077.79 2.188 188.84 O. Oat65~g 0.10400 0.515 0.51756 1.00282 0.6858 
650 0.05383 2257.01 2.177 188.77 0.0015312 0.1082& 0.597 0.58190 1.00260 0.61\<;6 
700 0.05001 2434.61 2.170 188.70 0.0014218 0.11241 0.&18 0.64'138 1.00242 0.6853 
800 0.04378 2786.1& 2.162 188.58 0.00124103 0.120105 0.661 0.793511 1.00211 0.68411 

1000 0.03506 31088.65 2.151 188.40 0.000g,)S9 0.13621 0.745 1.11822 1.00169 0.6841 
2000 0.01757 7276.41 2.01"1 187."17 0.0004"1611 0.Z7723 1.134 4.34757 1.00085 0.5347 
3000 0.OHT2 11783.75 1.817 187 .82 0.0003328 0.394107 1."81 8.58141 1.00057 0.5300 

!tODD 0.001179 17696.11 1.562 187.58 0.00024"1"1 0.56181 -1.798 14.45645 1.00042 0.509& 
5000 0.00&9& 31684. q9 1.038 185.73 0.000<'01"1 1.121"15 2.105 25.18117 1.00034 0.4321 

• TWO-PHASE BOU~ORY 
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C-Ze TMERHOOYHAHIC PROPERTIES OF NQRMAL H'O~OGEN 

200 PSU ISJBAR 

TEMItERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VElOCITY 
DERIvATIVE DERIVATIVE ENERGY OF SOUN~ 

OEG. R CU FT/lB !:U FT-PSIA/LB PSIAIR BTUllB BTU/LS BTU/lB-R BTU I "lB -R FUSEC 

• 25.662 0.20593 2')25.112 75.5107 910.1111 101.7105 3.37330 1.133 1.525 1t273 
26 0.20&35 2')03.11 75.&397 91t.&311 102.2110 3.391002 " 1.1ltZ 105106 1t267 
28 0.2011&10 2&1I0.ltl 75.53110 97.757 105.4111t 3.512611 1.191t 1.674 10173 
30 0.211111 2lt1l4.102 710.2465 101.119 1011.9100 3.63190 1.2101 L.7C11 10075 
32 0.21396 2313.25 72.9098 1010.716 112.6100 3.75128 1.2115 1.909 39119 
31t 0.21&911 21109.73 71.56112 108.549 116.585 3.1170111 1.325 2. 031 39Q7 

3& 0.22027 19117.41 70.1338 112.625 120.783 ;) .990110 1.360 2.161 3824 
38 0.223117 11119.5& &8.5185 11&.9lt9 125.2ltO ... 11162 1.390 2.300 .5735 
.. 0 0.22783 1&510.13 6&.7202 121.5106 129.981t 1t.233lt3 1.1016 2.lt51 36 .. 2 

.. 2 0.23225 llt89.85 64.&824 12&. It 410 135.045 ... 356910 1.438 2.61& 35 .... .... 0.23725 1318.59 &2.33115 131.680 lltO.ltE.~ 1t ... 11296 1 ... 56 2.807 3/t32 

.. 6 0.24291t 1154.66 59.&270 137.28& 146.284 1t.&1211 1./t70 3. €I18 3314 
/t8 0.2 .. CJ51t 987.70 56.5029 llt3.330 152.571 1t.7lt572 1.lt82 3.271 3178 
50 0.25733 1118.55 52.9300 149.887 159.416 1t.88528 1. 1t95 3.591t 3019 
52 0.266115 653.33 1t8.8994 157.1.\3 1&6.99& 5.03380 1.510 1t.019 2839 
5 .. 0.27908 488.19 1t4.3207 165.287 175.623 5.19650 1.527 4.661 2627 
56 0.29&03 330.93 38.9874 174.913 185.876 5.311287 1.551 5.725 2379 
58 0.J2381t 174. eo 32.2223 187.430 199.421 5.62036 1.595 11.285 2051 
60 0.43 .. 99 12.98 18.3735 215.914 232.023 &.17036 2.031 5&.726 1296 

62 0.88263 63.&7 8.1652 264.38/t 297.072 7.24lt31 1.843 11.209 1339 
6 .. 1.04401 104.93 6.6105 275.750 314.41/0 7.51996 1.722 7.101 1 .. 16 
66 1.16762 137.61 5.7137 283.679 32&.921 7.71251 1.660 5.&13 14611 
&8 1.27390 165.8& 5.1325 290.158 337.337 7.8&1103 1. &22 It. 8&8 15111 
70 1.37002 191.10 4. &994 295.845 34&.583 8.00207 1.598 4.410 1563 
75 1.5841t9 2/06.1& 3.9527 308.175 3&6.85& 8.28193 1.5&5 3.778 1659 
110 1.777311 294.2& 3.4563 319.023 384.847 1I.511t22 1.549 3.449 17 .. 2 

"85 1.95744 338.05 3.0921 329.054 401.547 11.71674 1.539 3.2 .. 5 1817 
90 2.128117 378.87 2.8091 338.560 417.402 8.89810 1.534 3.10 7 1886 
95 2.29 .. 10 .. 17.49 2.511011 347.712 .. 32.673 9.0&3211 1.531" 3. 008 19 .. 9 

100 2 ... 545& 454.39 2.3907 35&.&3& "47.540 9.21590 1.529 2.933 2009 
105 2.61138 .. 89.97 2.2311 365.335 462.047 9.35765 1.529 2.876 2060 
110 2.76529 524.49 2.0939 373.898 476.310 9 ... 9021 1.530 2.1132 2121 
115 2.91683 558.13 1.9745 382.359 490.3113 9.61513 1.533 2.798 2173 
120 3.0&&41 591.04 1.8693 390.749 50 ... 312 9.73388 1.538 2.773 2222 
125 3.21433 &23.33 1.7759 399.092 5111.133 9.84&59 1.544 2.754 2269 
130 3.36085 &55.10 1.6922 407.3'15 531.863 9.95435 1.552 2.741 2315 
1/t0 3.65044 717.34 1.5481 424.003 559.19& 10.15686 1.572 2.727 2401 
150 3.93&3& 778.20 1.4282 440.6&11 586.449 10.34500 1.598 2.726 24110 
160 4.2191t5 837.97 1.32&7 1t57.490 &13.75& 10.52135 1.628 2.736 255 .. 

170 4.50028 896.89 1.2393 474.529 &41.195 10.611762 1.661 2.753 2&24 
180 4.71930 955.11 1.1&33 491.833 668.832 10.84550 1.&97 Z.77& 2690 
190 5.05&58 1012.&3 1.0959 509.501 69&.770 10.99576 1.737 2.804 2752 
200 5.33271 10 &9. 73 1.03&5 527.4&3 724.958 '-1.14047 1.77& 2.834 2812 
220 5.88193 1182.76 0.9358 564.423 782.257 11.41351 1.853 2.897 2927 
240 6.4280C! 1294.57 0.8531t 602.777 840.83& 11.&&852 1.927 2.961 3035 
260 6.97175 1405.48 0.7847 642.482 900.67S 11.90755 1.997 3.022 3139 
280 7.513&7 1515.68 " 0.72&" 683.429 9&1.&94 12.133&3 2.060 3.079 32/t0 
300 8.05416 1625.32 0.6763 725.511 1023.791t 12.341105 2.11& 3.130 3337 
320 11.593"51 1734.52 0.&328 7&11.&14 108&.871 12.55154 2.167 3.177 3433 

3i.O 9.13192 1843.36 0.5946 1112.&3& 1150.832 12.745&& 2.211 3.2111 3525 
3()0 9.66CJ5& 1951.'10 0.5&08 857."58 1215.56& 12.93044 2.251 3.255 361& 
JUO 10.20&56 20&0.19 0.5307 903.004 1280.999 13.10749 2.285 3.287 3705 
1t1)0 10.74302 2168.2& 0.5037 949.180 131t7.044 13.27&59 2.316 3.316 3793 
420 11.27903 227&.1& 0.4793 995.902 1413.&1& 13.43908" 2.342 3. 3itO 3878 

"40 11. 811t&1t 2383.90 0.4572 H143.094 1480.&41t 13.59481t 2.365 3.362 3963 
460 12.31t991 21091.52 0.4371 1090.&94 1548.068 13.74495 2.381t 3.380 4045 
480 12.881t89 2599.02 0.418& 113e.&51 1&15.838 13.88915 2.401 3.39& 4127 
500 13.419&1 2706.41 O. itO 17 1186.8910 1&83.884 llt.02805 2.415 3.409 4207 
520 13.95lt11 2813.72 0.38&1 1235.385 1752.HO 14.1&202 2.42& 3.420 42116 

540 14.48815 2921.11 0.3716 1284.203 1820.76& 14.29125 2.436 3.428 1t364 
560 15.02211t 3028.22 0.3582 1333.161 1889.499 1 ... 415% 2.441t 3.436 4441 
580 15.55599 3135.28 0.3458 1382.142 1958.252 14.536&8 2.451 3.1t42 4517 
600 16.08')70 3242.29 0.3342 1431.301 2027.17& IIt.&5358 2.457 3.447 4591 
650 17.42350 3509.&2 0.3083 1554.498 2199.770 14.93001 2.4&& 3.456 1t713 
700 18.75&74 3776.73 0.28&2 1678.092 2372.740 15.186<;0 2.473 3.462 49 .. 9 
800 21.42204 4310.50 0.2503 1925. '135 2719.291 15.64921 2.479 3.4&7 52115 

1000 2&. 71t 3111 5376.92 0.2001 2422.790 3413.451\ 1&.42333 2.487 3.474 5899 
2000 53.37238 10702.70 0.1000 49&9.705 694&.329 18.116321 2.644 3. &30 82<;1 
3000 79.99071 1602&.40 0.0667 775&.176 10718.599 20.38982 2.935 3.921 9960 

4000 106.&9800 21349.75 0.0500 1088&.478 141137.991t 21.57180 3.407 It. 1t14 11319 
5000 134.511751 2&&72.99 0.0400 15017.990 2000?383 22.71&50 5.132 &.332 12340 
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VhER140DYNAltIC PR"~E~T IE~'~~:,N;Q R'f'l ,HOROGEN C .. 2t.° 

2DO PSIA I.SOBAR 

TE"PERATURE DENSITY ~ COH/OV'p ~ CDP/DU;V ·V COP/O~'T COV/DT~(~ THERMAL VISCDSITY rHERI1Al DIELECTRIC PAANOTl 
CONOUCTIIIIT\' DIFFUSIVITY COHSfANr Nl.HBEA 

!lEG. R LB/CU FT arU/lB pSU-CU FT IB ru PSIl 1/0EG. R BTU/FT-HR-R lBlFT-SEC 
II 105 

SQ FTlHR 

• 25.662 ... 8559 .. 286.99 13.730 1"207.61 0.005U"8 0.0,,0;21 1 .170 0.00610 1.254211 2.1 .. 93 
26 ...8 .. 61 .. 287.56 13.667 14068.88 0.005376" 0.0"6>22 1.72" 0.1)0617 1.25373 2.0759 
28 ".79288 28".71 13.204 1 211"6.88 0.OO5879CJ 0.05112 1.506 0.OU637 1.25073 1.7756 
30 t..7lS28 28l.75 12.634 11764 ... 1 0.006HU 0.OS"l6 1.334 0.006"1 1.2· .. 7 .. 11 1.58?-1 
32 ... 67378 ZS3.03 12.137 10811.62 Q.0067 .. 37 0.OS655 1.196 0.Q0634 1.2 .... 03 1.45·;1 
l .. ".60870 281.21 li.n9 9907.46 0.0072237 0.05791 1.083 0.00619 1.24038 1.3676 
36 4.53981 277.95 11.359 9022.45 0.0077732 0.05902 0.CJ88 0.00602 1.23652 1.3028 
38 ..... 6697 272.11 .. 11.034 8127.91 0.0084300 0.06029 0.CJ08 0.00587 1.23246 1.2474 
.. 0 4.l8923 266.7Z 1O.7l2 72&0.311 0.00911196 0.06104 0 .. 839 0.00567 1.2;':812 1.2123 

42 ".305&" 259 ... 2 10."49 6414.711 0.01001133 0.06132 0.777 0.0054" 1.223 .. 8 1.'929 
.... ... 21 .. 97 250.27 10.161 5557.82 0.01121& .. 0.06117 U .721 0.00517 1. :'18 .. e; 1.1908 

.. " ... 11&27 2"0.56 9.855 .. 752.1111 0.01254'4 0.0&063 0.&70 0.004d8 1.21299 1.1998 

.. 8 ... oon .. 229.16 9.512 3958.13 0.0142751 0.059&8 0.&22 0.00455 1.20&99 1.22& .. 
50 3.88611 215.97 9.109 3180.99 0.01&&395 0.05836 0.576 0.00"18 1.20033 1.276 .. 
52 3.7"7"8 201.21t 8.642 2 .. 48.3 .. 0.0199721t 0.05661 0.531 0.00376 1.19275 1.3571 

;" 3.58319 1 83.95 8.101 1749.26 0.02533&8 0.051t33 0 ... 86 0.00325 1.18380 1.49CJ5 
56 3.371101 161t.16 7.440 1117.90 0.0348755 0.05110 0.437 0.00264 1.17269 1. 76"1t 
58 3.08798 138.7'1 6.541 539.79 0.059&':138 0.0"938 0.381 0.00193 1.15711 2.3029 
60 2.29892 92.09 3.931t 29.83 0.61594'.11 0.08621 0.273 0.00066 1.11543 6.1t602 

62 1.13298 99.02 3.910 72.13 0.11319&1t 0.03101 0.170 0.0021t1o 1.05577 2. 2171t 
64 0.95785 107.9& 4.009 100.50 0.0657733 0.02626 0.162 0.00386 1.01t700 1.5737 
66 0.856"4 115.78 1t.018 117.85 0.048"820 0.02463 !l.159 0.00512 1.04195 1.3058 
68 0.781099 123.49 4.030 130.20 0.0394201 0.02393 0.159 0.00626 1.0381t1 1.1633 
70 0.72H2 130.88 1t.029 139.1t8 0.03359"12 0.02362 0.160 0.00734 1.03568 1.0728 
75 0.63112 148.48 4.003 155.36 0.0251t1t27 0.02357 0.16" 0.00989 1.03080 0.944" 

"'60 0.56263 165.18 3.967 165.56 0.0208710 0.02400 0.169 0.01237 1.02742 0.8752 
85 0.510H 181.25 3.932 172.70 0.017901t5 0.02463 0.175 O.011t85 1.02488 0.8310 
90 0.46973 196.83 3.899 177.97 0.015;81t7 0.02537 0.181 0.01738 1.02286 0.7999 
95 0.43590 212.09 3.868 181.98 0.0141817 0.02618 0.188 Q.01997 1.02120 0.7168 

100 0."07100 227.07 3.837 185.12 0.0129144. 0.02703 0.19" 0.02263 1.01980 0.7585 
105 0.38291t 2 .. 1.8 .. 3.1111 187.63 0.0118908 0.02790 0.201 0.02533 1.011161 0.7445 
110 0.36163 256.52 3.785 189.67 0.0110399 0.02885 0.207 0.02811 1.01756 0.7311t 
115 0.34284 271.20 3.757 191.35 0.0103138 0.02953 0.213 O.OHil9 1.01665 0.7204 
120 0.32611 285.94 3.727 192.75 0.0096984 0.03076 0.220 0.03401 1.01583 0.7125 
125 0.31111 300.76 3.696 193.92 0.0091577 0.03163 0.226 0.03692 1.01510 0.7074 
130 0.29754 315.71 3.661t 191t.92 0.0085813 a. 03241t 0.232 0.03978 1.011t43 0.7U51 
1 .. 0 1I.27391t 346 •. 09 3.59 .. 196.51 0.0078781 0.D3391 0.2 .... 0.010541 1.01328 0.7057 
150 O.251t01t 377.31 3.519 197.69 0.0072245 0.03555 0.256 O. OS 131t 1.01231 0.7055 
160 0.23700 .. 09.60 3.438 198.60 0.0066802 0.03723 0.267 O. OS 7102 1.01149 0.7056 

170 0.22221 442.70 3.357 199.30 0.0062185 0.03875 0.278 0.06335 1.01077 0.7119 
180 0.20921t "76.90 3.276 199.8 .. 0.0058211 0.01t1069 0.308 0.07694 1.01013 0.6889 
190 0.19776 512.47 3.189 200.26 0.0051t724 0.04792 0.327 0.08640 1.00958 0.6880 
200 0.18752 548.41 3.112 200.60 0.0051673 0.05081 0.3"2 0.09561 1.0090~ 0.6871 
220 0.17001' 622.50 2.970 201.08 0.0046539 0.05586 0.367 0.11 31t2 1.00823 0.68&1 
21t0 0.15557 &98.6" 2.81t6 201.40 0.0042376 0.06022 0.387 0.1307" 1.00753 0.6857 
260 0.11t3"1t 776.37 2.7"0 201.60 0.0038921t O. 0&1t09 0.1t04 0.14786 1.00691t 0.685& 
200 0.13309 854.99 2.650 201.72 0.003&010 0.06761 0.418 0.16499 1.006104 0.6857 
300 0.12"1"& 933.99 2.57 .. 201.80 0.0033514 0.07083 0."31 0.1822& 1.00601 0.6859 
320 0.11637 1013.35 2.510 201.81t 0.0031351 0.07384 0.1t103 0.19974 1.00563 0.6851 

3 .. 0 0.10951 1092.57 2.455 201.86 0.0029456 0.07666 0.1t51t 0.21751 1.00529 0.6862 
360 0.103It2 1171.55 2."10 201.86 0.0027782 0.07931 0.1065 0.23560 1.00500 0.686" 
380 0.09798 1250.38 2.370 201.85 0.0025292 0.08183. 0.475 0.25405 1. DOlt71t 0.6855 
.. 00 0.09308 1328.72 2.337 201.83 0.0024956 0.08423 0."84 0.27290 1.001t50 0.68&5 
1020 0.088&6 1406.44 2.308 201.80 0.0023751 0.08653 0.494 0.29216 1.o01t29 0.68&& 
~40 0.084&" 1483.66 2.281t 201.78 0.0022659' 0.08873 0.503 0.31183 1.001009 0.6866 
1060 0.08097 1560.111 2.261t 201.74 0.0021664 0.09085 0.513 0.33193 1.00391 0.&855 
.. 80 o.on&l 1636.19 2.21t7 201.71 0.002075" 0.09290 0.522 0.3521t8 1.00375 0.&&&5 
500 0.07 .. 52 1711.32 2.233 201.68 0.0019918 0.091t87· 0.531 0.37350 1.00360 0.6865 
520 0.071&6 1785.91 2.221 201.64 0.00191"8 0.09679 0.5 .. 0 0.3'.1498 1.0031t6 0.6864 

5 .. 0 0.06902 1560.07 2.210 201.62 O. 00 18431 0.09866 0.549 0.41&94 1. GOlllt 0.68&2 
560 0.06&57 1933.37 2.202 201.58 0.0017771 0.10048 0.557 o ... 3931t 1.00322 0.611H 
58Q 0.0&428 2006.2" 2.195 201.55 0.0017157 0.10227 0.566 0.4622 a 1.00311 0.6860 
600 0.0&215 2078.70 2.189 201.51 0.001&581t 0.10403 0.575 0.1t8553 1.00300 O. &859 
650 0.05739 2257.95 2.178 201.43 0.0015307 0.10829 0.597 0.54589 1.00277 0.68% 
700 0.05331 2435.58 2.171 201.35 0.0011t214 Q .11241t 0.618 O. f>OCJ20 1.0025~ 0.61153 
800 0.01t6&8 2787.18 2.163 201.22 0.oa1Z1t39 0.120"9 0.6&1 0.71t1t1t7 1.00225 O. &81,8 

1000 0.03738 3489.72 2.152 201.01 0.000995& 0.13625 0.7105 1.0 .. 901 1.00181 0.G1l1t1 
2000 0.OlS74 7277.&0 2.019 200.53 0.0001t987 0.277 23 1.135 ".07&72 1.00090 il.53"9 
3000 0.01250 11784.31 1.817 200.35 0.000J328 0.39443 1.1t81 8.0 .. 609 1.000&0 0.5302 

"000 0.00937 176&". QCJ 1.566 200.10 0.00024'.19 0.56009 1.799 lJ. S38910 1.0001t5 0.5104 
5000 0.007/t3 31373.5& 1.049 198.18 0.0002018 1.10610 2.105 23.50922 . .1.00036 ~ •. IoJ39 

~ •• 'p. 
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c-Zc r~EPMOOYN'"IC PROPERT XES OF NOP""L H'I'D~O(#Ett 

210 PSU IS08AR 

TEMPERATURE VOUI"E ISOTHERH ISOCHORE INTERN~L ENTHALPY ENTROPY ev CP VELOCITY 
DERIVATIVE DEPIVATIVE ENERGY OF SOUND 

DEG. R (;U H/LB CU FT-PSU/L8 PSU/R BTU/L8 8TU/LB 8TU/L8~A BTU I L8 -R FTiSEC 

• 25.702 1!.2D583 zg~6.26 75.5"12 9 ... 1~2 10Z.136 ~.~7369 1.13~ 1.525 .. 279 
26 0.20&20 2919."6 75.&562 9 ... 5119 102.6011 3.~9195 1.142 1.543 4275 
211 0.2011"'11 2&99.22 75.60G3 97.700 105.807 3.510 .. 3 1.1«)3 1.671 .. 1114 
30 0.21100 2500.62 7 ... 3932 101.053 109.258 3.629"7 1.2"1 1.788 40U 
32 D.U376 2~2a.81 73.0578 10 ... 63«) 112.952 ~.7"1I&5 1.2115 1.905 .. DOD 
3 .. 0.21676 21&5.12 71.7192 1011,"5«) 116.888 ~.1I679~ 1.325 2.027 J9111 
36 0.22003 2003."1 711.2897 112.521 121.077 ~.91176" 1.359 2.155 ~1I36 

~II 0.22J511 111 .. 0.72 &11.611«)9 116. liZ .. 125.518 ... 108 a .. 1.390 2.2«)1 3750 
It. 0.22752 1&70.00 &6.11951 121,"04 130.252 ... 229&0 1.416 2.lt43 ~654 

1t2 0.23190 1506.&7 6 ... 8719 126.277 135.Z9 .. ft.35265 1."37 2.605 3557 
.. ft 0.23682 13 .. 0.40 62.5545 131 ... 7«) 140.&119 ft ... 780 .. 1."55 Z.789 3 .. 50 

ftli 0.2"2ft3 1173.20 59.8759 137.0"8 1';6 ... 76 ".60651 1.470 3.000 3331 
1t8 0.2"891 1007.1" 56.8059 143.039 152.718 ft. 73«)16 1.ft1l2 3.Z1t7 3197 
SO 0.25&5~ 838.112 53.3007 149.5Z6 159.502 ... 877ft7 1.495 3.5511 30ft 1 
52 0.26579 671t.65 .. 9.3 .. 18 156.6~" 166.989 5.02 .. 1«) 1.509 ~.96" Z865 
5,. 0.Z7753 515.6& ..... 118115 1& ... &5& 175 ..... 8 5.111372 1.525 ... 535 2665 
56 0.29350 358.111 39.7520 i 73. 975 1115.3115 5.3& .... 1 1.5"8 5 ... 112 ' 2lt27 
511 0.311138 203.39 ~~.4391 185.714 198.095 5.511720 1.585 7.510 2121 
60 O. ~711&8 52.112 2~."3511 205.1&1 219.8116 5.95575 1.708 18.274 16U 

62 11.751132 ..... 59 9.1116~ 25&.337 2115.825 7.0383«) 1.91" 1&.180 1321 
6,. 0.9"321 119.9 .. 7.4711 211.185 307.863 7.38886 1.7lt9 8.292 1 .. 06 
66 1 .. 07220 124.95 &.3572 2110.250 321.97 .. 7.60615 1.679 &.223 1 .. 65 
611 1.11101& 154.99 5.&1112 2117.3'18 333.270 7.77 .. 8 .. 1.633 5.205 1513 
70 1.27&14 1111."7 5.1067 29~.4411 343.072 7.«)1694 1.60& ... &3«) 1559 
75 1.411725 238.511 ... 2515 306.330 36 ... 16 .. 8.20813 1.569 3.896 1657 
80 1.&7511 21111.01 3.6970 317 ... 118 3112.627 11 ..... 653 1.552 3.524 17 .. 1 
~5 1.8"950 332.77 3.2957 32'7.727 399.6"8 8.6529" 1.542 3.299 11116 
CJD 2.01,.91 37 ... 35 Z.9866 337.3115 .. 15.739' 8.113701 1.536 3.1411 111115 
95 2.17"07 .. 13.60 2.73118 3 .. 6.651t .. 31.196 9.00 .. 20 1.533' 3.0 .. 1 1950 

100 2.32"32 .. 51.01 2.5333 355.67 .. ..46.214 9.151137 1.531 2.960 ZOlO 
105 2.47U7 .. 87.02 2.361" 36 ..... 51 .. 60.8 .. 5 9.30133 1.530 2.8911 2067 
110 2.62&47 521.92 2.2142 373.078 475.212 9 ... 3 .. 87 1.53.1 2.851 2122 
115 2.77169 555.89 2.0&63 381.59" "89.375 9.56059 1.534 Z.815 2174 
120 2.91"92 589.10 1.9739 390.032 503.383 9.68000 1.539 2.7811 2223 
125 3.05650 &21.6& 1.8742 398,"16 517.272 9.79328 1.5"5 2.767 2271 
130 3.19&67 653.66 1.7851 .. 06.757 531.06 .. 9.90152 1.553 2.152 2317 
litO ~.47355 716.32 1.6319 .. 23 ... 27 558.501 10.10"80 1.573 2.736 2 .. 0Z 
150 3.7"&76 777.52 1.5047 .... 0.1 .. 2 585.8 .. 0 10.2935" 1.598 2.731t 2 .. 82 
160 1t.01713 837.59 1.3970 .. 57.007 613.219 10 ... 7035 1.629 2.7"3 2556 

170 4.28;25 896.7& 1.304& .. 74.0112 6 .. 0.719 10 .63699 1.662 Z.759 2626 
180 1t.55155 955.20 1.22 .. 2 .. 91 ... 17 668 ... 10 10.79518 1.698 2.181 2692 
190 It. 111612 1012.92 1.1529 509.117 696.398 lD.CJ"512 1.738 2.809 275 .. 
200 5.0795" 1070.19 1.0902 527.103 724.628 11.0906" 1.176 2.8311 2111 .. 
220 5.6033& 11113.51 0.98 .. 0 56 ... 10 .. 781.998 11.36402 1.115 .. 2.900 2929 
2ltO 6.121005 12915.57 0.8971 602.492 8 .. 0.633 11.61CJ28 1.928 2.963 3037 
260 6.6 .. 2 .. 0 1406.68 0.821(7 6"2.224 900.523 11.858 .. 9 1.997 3.02 .. 31 .. 1 i' 
2110 7.1589" 1511.05 0.7633 683.191t 961.579 12.08"73 2.060 300tU 32 .. 2 
300 7.671tO& 1626.11" 0.7106 725.297 1023.71J 12.29926 2.116 3.132 33 .. 0 
320 8.111803 1736.16 0.66 .. 8 7611 ... 18 10116.820 12.5028" 2.167 3.178 3 .. 35 

340 8.70107 111"5.11 0.62"7 812 ... 5 .. 1150.807 12.6970" 2.212 3.220 35211 
360 9.21335 1953.7 .. 0.5891 857.290 1215.563 12.88189 2.Z51 3.256 3619 
380 9.121099 2062.11 0.5515 902.1147 1281.016 13.05899 2.2116 3.288 3707 
.. 00 10.23&09 2170.26 0.5291 9 .. 9.035 13"7.078 13.2281" 2.316 3.317 3795 
420 10.7 .. 67 .. 2278.22 0.503" 995.166 1 .. 13.&67 13.39066 2.3"2 3.3 .. 1 31180 
.... a 11.25&99 2386.03 0 ... 1102 10 .. 2.966 l .. eo.709 13 .5 .. 6 .. 6 2.365 3.363 3965 
460 11.76&91 2"93.69 0 ... 590 1090.575 15 .. 8.1 .. 6 13.69660 2.38 .. 3.381 .. 0 .. 7 j~ 

480 12.27&53 2601.2 .. 0 ... 397 1138.539 1615.928 13.1I .. 08Z 2 ... 01 3.396 .. 129 } . 
500 12.78590 2706.68 0.4219 1186.188 1683.985 13 .9797" 2,"15 3,"09 .. 209 
520 13.29504 2816.03 0 ... 055 1235.286 1752.281 1 ... 1137/0 2.426 3./020 .. 21111 

5 .. 0 13.110379 2923 ... 7 0.3903 1284.11 .. 1!I20.892 1 ... 2 .. 29CJ Z ... 36 3 ... 29 4366 
560 1".31243 3030.62 0.3762 1333.076 1889.63 .. 1 ... 36771 2.4 .... 3 ... 36 .. 4 .. 3 
580 1 ... 820n 3137.71 0.3631 138Z.063 1958.393 1 ..... 88 .. 5 2."51 3.4 .. 2 105111 
600 15.32928 32"10.7" 0.3509 1 .. 31.226 2027.325 14.60536 2 ... 157 3 ..... 8 .. 593 
650 16.5H70 3512.12 0.3238 155 ..... 32 2199.933 1".881112 2."67 3.456 .. 175 
700 11.81>956 377'3.28 0.3005 1&78.03 .. 2372.915 15.13832 Z ... 73 3,"62 10951 
800 20."0812 .. 313.11 0.2628 1'325.869 2719.4115 15.60106 2.479 3 ... 67 5286 

1000 25 ... 82 .. 0 537'3.61 0.2101 2 .. 22.758 3413.675 16.37520 2.487 ,3 ... 75 5900 
2000 50.11375 .. 10705.51 0.1050 4969.696 69 .. 6.581 18.111511 2.64" J.630 8252 
3000 76.181U8 16029.210 0.0700 7756.140 10718.825 20 .310171 2.935 3.921 9961 

.. 000 101.62183 21352.60 0.0525 108" ... 535 1""36.233 21.52316 3."01 ... 40 t. 11322 
5000. 128.15418 2&615.(110 0.0420 14995.050 19978 ... 93 22.66308 5.089 &.28" 12~"~ 

• TNO-PHASE BOU~DRY 
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T .. ERHOO'(NAI1IC PROPERTIES OF NOP'UL, HYDROGEN C-~(" 

ZU PSU ISOBAR 
" 

TE":»[RATURE DENSITY V (DH.lD~'p V(OP/DU'~ -V(DP/DV'T (lV/DTlIV THfR"AL VISCOSITY THERMAL OIELECTJ::IC PRANDTL 
CONDUCTIVITY DIFFUSIVITY CONSTANT' NUHBER 

DEG. R La/CU FT BTU/LS PSIA-CU FTlBTU PSIA l/DEG. R BTU/f'T-HR-R LB/FT-SEC SQ FT/HR 
)( 10 5 

• 2S.702 ... 85829 288.02 13.720 1"265.19 0.0052955 0.0 .. 53& 1.772 0.00&12 1.25 .... 1 2.1 .. 53 

26 ... 81t9&2 28 II. 76 13. &65 1"1511.27 0.00'H43& 0.0"&25 1.732 0.006111 1.25392 2.0800 

211 ".79658 286.07 13.209 129"7.02 0.00511397 0.05117 1.513 0.00639 1.25093 1.77111 

30 ... 7392" Z8 ... 83 12.&53 111151.0& 0.0062771t 0.051t1t3 1.3"0 0.006 .. 2 1.2 .. 771 1.51148 

32 ... 6780 .. 28 ... 12 12.156 10119".27 0.00670&1 0.05663 1.201 0.00635 1.2 .... 27 1."1550 
3 .. ...61332 282.35 11.737 9988.37 0.007111a3 0.05800 1.088 0.00620 ' 1.2 .. 06 .. 1.36117 

36 ... 5 .... 82 279.20 11.376 9105.1" 0.0077198 0.05912 0.993 0.006010 1.23680 1.3031 
38 ..... 7259 27,+.62 11.052 8232.81 0.0083 .. 34 o .0601tl 0.912 0.00590 1.23277 1.2'+59 

.. a ... 39521 268.09 10.7109 731t0.03 0.0091137 0.06117 0.11102 0.00570 1.2211100 1.2113 

.. 2 ... 31230 260.95 10."67 6"97.22 0.00991146 0.061"7 0.780 0.005"7 1.22385 1.1909 

.... ... 22n .. 252.37 10.180 565'l.88 0.0110523 0.0613'i 0.725 0.00521 1.211187 1. ta60 

.. 6 ... 12 .. 86 2 .. 2 ... 3 9.877 "839.28 0.0123729 0.06082 0.673 0.00 .. 92 1.213 .. 7 1.1953 

.. a ".017"9 2:h.2 .. 9.5100 10046.17 0.011003Q'' 0.05991 0.625 D.OD"59 1.20755 1.2200 

50 3.89111 .. 218.30 9.1 .. 7 3269.83 0.0163007 0.058&3 0.580 0.00"23 1.20099 1.2670 
52 3.7&238 203.90 8.&91 25311.28 0.0191t390 0.05693 0.535 0.003112 1.19356 1.3'+20 
5 .. 3.60317 1117.70 8.169 1858.01 0.0241594 0.051t7" 0,"91 D. 00 335 1.181ta8 1 ... 635 

5& 3."0717 168.58 7.539 1222.52 0.032516" 0.05166 0 ....... 0.00277 1.17,.26 1.6956 

58 3.1 .. 090 1 .. 4.62 6.717 638.81 0.05231t55 0.01t957 0.391 D.002O!t 1. 15991t 2.1 .. 92 
60 2.61t072 108.77 5.197 139.'+9 0.1680152 0.05329 0.31" 0.00110 1.13335 3.8760 

62 1.31871 96.93 3.8811 58.81 0.1669217 0.03737 0.185 D.00175 1.06512 2.81177 
6 .. 1.06021 1015.113 ...029 95.3& 0.078310&7 0.02821 0.1611 0.00321 1.05212 1.78211 

66 D.932&6 1110.011 10.060 116.510 0.051051095 0.02579 0.16 .. 0.00101t1o 1.04575 1.10205 

&8 0.81t731t 121.67 10 .059 131.33 0.0427791 0.021072 0.162 0.00560 1.0'+150 1.2288 
70 0.7113&1 129.111 '+.059 1102.20 0.il359120 0.02'+23 0.1&2 0.00667 1.03831t 1.1177 

75 0.67238 110 7.01 ,+.030 160.'+2 0.0265025 0.02399 0.165 0.00916 1.03283 0.9672 

80 0.59698 163.91 3.991 171.93 0.0215026 0.021032 • 0.170 0.01156 1.02911 0.8895 

85 0.51t0&9' 180.13 '3.953 179.93 0.0153169 0.021090 0.176 1J.01396 1.02631t 0.8'+09 

90 0.1t9629 195.85 3.9111 185.78 0.0160756 0.02561 0.182 0.01639 1.0241& 0.8073 

95 0.45997 211.22 3.88" 190.2" 0.011t3965 0.02639 0.189 0.011187 1.02238 0.7825 

100 0.'+29"9 22&.30 3.852 193.70 0.'0130780 0.02722 0.195 0.021"2 1.02088 0.7631 

105 o .'+031t1 2"1.14 3.825 196.47 0.012Q190 0.02807 0.201 0.02 .. 01 1.01961 0.7'+82 
110 0.3807'+ 255.90 3.797 198.71 0.0111'+25 0.02901 0.208 0.02673 1.01850 0.7345 

115 0.36079 270.63 3.769 200.56 0.0104023 0.029911 0.21'+ 0.02951 1.01752 0.7230 
120 0.3'+306 285.102 3.739 202.10 0.0097673 0.03090 0.220 1J.03231 1.01666 0.71'+8 
125 0.32717 300.29 3.707 203.39 0.0092151 0.03177 0.22& 0.03509 1.01588 0.7094 
130 0.31283 315.28 3.67'+ 2010.'+8 0.0087297 0.03257 0.232 G.037113 1.01518 0.70&7 
1 .. 0 0.28789 3 .. 5.71t 3.603 20&.22 0.0079133 C.03'+03 0.2,+,+ G.0'+320 1.01396 0.7072 
150 0.26690 377.03 3.527 207.52 0.0072507 0.03566 0.25& 0.0'+887 1.0129" 0.7066 

1&0 0.2"~93 .. 09.37 3.,+ .. 5 208.50 0.0067001 0.0373" 0.267 0.0'3'+68 1.01207 0.7075 

170 0.23336 1+'+2.52 3.36" 209.27 0.0062339 0.03885 0.279 0.06035 1.01131 11.712& 
180 0.21971 It 76.76 3.282 209.8& 0.00583]1 0.041t73 0.308 0.07321 1.01061t 0.6897 
190 0.207&'+ H2.,+0 3.195 210.32 0.0051t817 0.0'+795 0.327 0.08222 1.olD06 0.611/17 
200 0.19687 5"8.39 3.117 210.&9 0.005171+7 0.050810 0.342 0.09100 1.00953 0.6877 
220 0.178"6 622.54 2.97'+ 211.22 0.00'+65!!7 0.05589 0.367 0.10798 1.008&1t 0.68&5 
2'+0 0.16329 698.76 2.850 211.55 0.00'+21006 0.060210 0.387 0.12'+50 1.00790 0.&861 
260 0.15055 776.5 .. 2.7 .. 3 211.77 0.00311943 0.061t11 0.40 .. 0.1'+082 1.0'0728 0.6859 
280 0.139&9 855.22 2.653 211.91 0.0036022 0.0676~ 0.1t18 0.15716 1.00676 0.6860 
300 0.13031 931t.27 2.577 211.99 0.0033521 0.07085 0.'+31 0.17362 1.00&30 0.68&1 
320 0.12213 1013.68 2.512 212.04 0.0031351t 0.073116 0 ..... 3 0.19C211 1.00591 0.6862 

3 .. 0 0.111t93 1092.95 2.'+58 212.05 0.0029'+57 0.07667 0."54 0.20722 1.00556 0.61164 
360 0.10851t 1171.97 2.'+12 212.06 0.0027781 0.07932 0.'+65 0.2210'+6 1.00525 0.6865 

380 0.10283 1250.83 2.372 212.0'+ 0.0026290 0.08185 0.475 0.2'+205 1.00'+97 0.6866 
.. 00 0.097&9 1329.21 2.338 212.02 0.0024953 0.081t25 0.'+8'+ 0.26001 1.001t72 0.6866 
.. 20 0.09305 1'+06.'36 2.310 211.99 0.0023748 0.08&54 0.''+94 0.2783& 1.001t50 0.6867 

4 .. 0 0.011883 1108'+.22 2.?o8& 211.96 0.0022655 0.08&75 0.503 0.29711 1.001t29 0.6667 

'+60 0.08496 1560.76 2.266 211.92 0.0021660 D. 09086 0.513 0.31627 1.00411 0.6866 
.. 80 0.061 .. 6 1636.7'3 2.21t6 211.89 0.0020750 0.09291 0.522 0.33585 1.00394 0.6866 

500 0.07821 1711-095 2.23'+ 211.115 0.0019914 0.09
'
,119 0.531 0.35586 1.003711 0.6865 

520 0.07522 1786.56 2.222 211.81 0.0019143 0.09681 0.5'+0 0.3763'+ 1.00363 0.6864 

5100 0.07244 11160.76 2.211 211.79 0.0011\427 0.091168 0.5"9 0.39727 1.00350 0.6863 

560 0.06987 193,+.07 2.203 211.75 0.001776& 0.10050 0.557 0.'+1862 1.00338 0.6862 

580 0.067 .. 7 2006.96 2.196 211.71 0.0017152 0.10229 0.566 O. "100'+1 1.00326 0.6860 

600 0.0&523 2079.102 2'.190 211.67 0.0016579 0.10405 0.575 O ... 6261t 1.00315 0.6859 

650 0.0602" 2258.71 2.179 211.58 0.0015303 0.10831 0.597 0.52015 1.00291 0.6656 

700 0.05H6 2436.35 2.172 211.'+9 0.0014210 0.1121t6 0.&18 0.511047 1.00270 0.6854 

800 0.04900 2787.99 2.164 211.34 0.0012436 !l.12051 0.661 0.70937 1.00237 0.61148 

lOGO 0.039210 31090.57 2.153 211.11 0.0009951t 0.13629 0.745 0.99953 1.00190 0.6111,1 

2000 0.019&7 7278.55 2.019 210.58 0.000"987 0.27723 1.135 3.88309 1.00095 0.5350 

3000 0.01313 1178,..80 1.817 210.39 0.0003327 o .39 .. 1t0 1 ... 82 7.663'+1 1.00063 ~. 5304 

'+000 0.009810 17640.64 1.569 210.12 0.00021099 0.5581!13 1.aoo 12.81139'i 1.000107 0.5110 

5000 0.007110 311,+".'+9 1.0511 208.15 0.0002018 1.09/0'+3 2.106 2Z.31893 1.00038 0.,+353 

• TWO-PHASE BOUNORY, 
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c-Zc THE""OOYNAOIIC PROPE~TIES OF. NOPOIAL HYD~OGEN 

220 PSU ISOBlit I-

TE""ERa TURE ~OLU"E ISOTHER" ISOCHORE INTERNAL ENTHALPY ENTROPY C~ CP ~ELOCITY 

DERIVATIVE DERIVATIVE ENERGY OF SOUND 
DEG. It CU FTILB CU FT-PSU/LB PSU/R BTU/LB BTU/LO STU/LS-It BTU I LB -R FTISEC 

• 25.7102 D.2nn 29106.68 75.5721 910.1105 102.527 3.371007 1.1310 1.525 4285 

26 0.20606 2935.710 75.&72& qlo.5102 102.936 3.389"9 1.1101 1.5100 ioU .. 

2a 0.2OS3.:! 2117.93 75.67"3 97.6 .... 106.130 3.50819 1.193 1.667 4195 
30 0.21083 2516.73 74.5391 100.988 101l.576 3.62705 1.2100 10 785 .. 097 

32 0.21357 23 .. 4.2& 73.20"9 10".563 lB.261o 3.710603 1.284 1.902 4011 
31t 0.21655 21 SO ... 0 71.8691 108.371 117.193 3.8&507 1.3210 2.023 3929 
36 0.2U79 2019.29 70 ... 44 .. 112.417 121.371 3.98451 1.359 2.150 38 .. 7 

38 0.22331 1856.85 68.85104 116.70 .. 125.802 4.10"61 1.389 2.285 3762 
.. 0 0.22721 1&85.72 67.068" 121.265 130.521 10.22580 1.415 2.436 3666 

.. 2 0.23151t 1523.30 65.(1592 126.113 135.5ltS 10.3 .. 840 1.1037 2.595 -1570 

Itlt 0.23&"1 1358.010 62.7656 131.2810 140.915 4.107322 1.455 2.776 3U5 

It6 0.24194 1191.45 50.1210 136.815 1106.671 ... &0100 1." 70 2.982 33 .. 7 
loa 0.24831 10 27.33 57.100& 142.757 152.U3 4.73279 1.482 :S.221 3216 
50 0.25577 862.99 53.6533 149.178 159.597 4.86989 1 ... 9 .. 3.515 3066 
52 0.26 .. 7 .. &99.69 109. 78:!10 156.197 166.982 5.011060 1.508 3.899 2895 

Sit 0.27&08 536.75 105.10278 164.058 175.305 5.17159 1.523 4.443 2698 
56 0.29120 383.60 Ioa.4674 173.110 184.973 5.310733 1.5"4 5.298 2lt69 
58 0.31381 233.38 310.5180 184.229 197.013 5.55846 1.577 6.977 2187 
60 0.35933 89.310 26.3172 200.569 215.207 5.8&6100 1.6510 12.775 1788 

62 0.62310 27.85 12.3a05 210'<.&20 270.004 6.762S5 2.018 26.552 1303 
6 .. 0.84692 75.31 8.5086 265.925 300.427 7.246711 1.782 9.953 1396 
6& 0.9843 .. 113.20 7.0507 27&.589 31&.690 7.109723 1.702 ft.902 1458 

&a 1.09380 1 It 10 .10 6.1802 2810.418 328.978 7.&8076 1.646 5.&39 1512 
70 1.19015 171.87 5.51050 290.940 339.1024 7.83222 1.614 ... 898 1555 
75 1.39866 231.07 4.56"9 304.1036 361.415 8.13587 1.573 10.023 1655 

80 1.58209 281.83 3.91065 315.928 3ao.319 8.38075 1.555 3.604 17 .. 0 
85 1.75139 327.57 3.5052 326.3810 397.732 -8.59120 1;545 3.355 1816 
90 1.911 .. 7 369.91 3.1683 336.198 "1 ... 068 8.71806 1.539 3.191 18115 

95 2.06502 1009.77 2.8999 345.588 429.713 8.94730 1.535 3.074 1950 

100 2.21361 "lt7.68 2.6782 354.707 .. 44.886 9.10306 1.533 2.987 2010 
105 2.35847 .. 84.13 2.4936 363.562 459.641 9.24724 1.532 2.921 20U 
110 2.5003" 519,"0 2.3360 372.255 .. 74.11 .. 9.38176 1.533 2.871 2123 
115 2.&39111 553.70 2.1994 380.827 "88.368 9.50828 1.536 2.832 2175 
120 2.77728 587.20 2.079& 389.314 502.454 9.62836 1.540 2.803 2225 
125 ?.913OS 620.02 1.9735 397.740 516."13 9.74221 1.546- 2.780 2213 
130 3.0 .. 748 652.2& 1.8788 406.118 530.2&6 9.85093 1.554 2.764 2318 
1100 3.31279 715.33 1.7163 .. 22.&51 557.808 10.05499 1.574 2.745 21004 
150 3.57 .. 4 .. 776.87 1.5815 439.617 585.233 10.241032 1.599 2.742 2lt84 
160 3.83325 837.24 1."677 456.525 &12.68" 10.102160 1.629 2.7109 2558 

170 ".08-980 896.66 1.3701 "73.635 640.246 10.58861 1.662 2.764 2629 
180 ... 3 .... 55 955.33 1.2853 "91.001 667.989 10.74711 1.69!! 2.786 2695 
190 ... 59755 U13.23 1.2101 S08.733 696.028 10.89792 1.738 2.813 2756 
200 ... 8 .. 942 1070.67 1.1 ...... 52&.744 724.306 11.04305 1.771 2.842 2816 
220 5.3501lt 1184.29 1.0323 563.786 781.7"0- 11.31676 1.854 2.903 2931 
240 5.8 .. 7710 1296.59 0.9409 602.207 6100.432 11.57227 1.928 2.966 30 .. 0 
260 6.:; .. 301 1407.89 0.8648 6 .. 1.9&7 900.369 11.81168 1.997 3.026 31 .. 4 
280 6.836 .. 8 1518.43 0.8003 682.96' 961.465 12.03806 2.060 3.082 32 .. 4 

300 7.32852 1628.36 0.7450 725.11 .. J23.&33 12.25271 2.116 3.133 33"2 
320 7.619 .. 3 1737.81 0.&969 768.221 1086.769 12.45639 2.167 3.180 J4U 

3ltO 8.30941 1846.86 0.6547 812.273 1150.781 12.65066 2.212 3.221 3530 
360 8.79562 1955.58 0.6175 857.121 1215.560 12.83557 2.251 3.257 3621 
380 9.28721 2064.04 0.5842 902.6".11 1281.034 13.01273 2.286 3.289 3710 
ItOO 9.77525 2172.26 0.5544 948.889 13"7.114 13.18192 2.316 3.318 3197 
1t20 to.2628" 2280.29 0.5276 995.&30 1"13.71" 13.34449 2.342 3.3102 3882 
4100 10.7500,. 2388.15 0.5032 1042.1139 1 .. 80.775 13.50032 2.365 3.363 3967 
1060 11.23690 2495.87 0.4810 1090.456 1548.225 13.65048 2.38" 3.381 40lt9 
.. 80 11.723 .. 8 2&03.46 0.4607 1138 ... 27 1616.018 13.7947 .. 2.401 3.397 4131 
500 12.20979 2710.95 0."421 118&.6113 1&84.086 13.933&8 -2."15 3.410 4211 
520 12.69589 2818.33 0.4249 1235.186 1752.392 14.0&769 2.426 3.421 4290 

5100 13.1816 .. 2925.1l4 0."089 128 ... 025 11121.019 1".19697 2.436 3.429 .. 368 
560 13.66723 3D 33 .02 0.3942 1332.992 11189.769 14.32171 2.44 .. 3.437 .. .... 5 
580 14.152611 3140.13 0.3805 1381.983 19511.535 1 ... 4 .. 246 2.451 3.443 4S2n 
600 14.63799 3Z .. 7.19 0.3677 1431.150 2027.473 1".55938 2.457 3.448 4595 
650 15.85079 3514.63 0.3392 1554.366 2200.097 1_1 •• 83586 2.467 3.457 4717 
700 17.0630 .. 3781.113 0.3149 1677.976 2373.091 15.09238 2.473 3.462 4953 
SOD 19.48&37 4315.72 0.275" 1925.1142 271'1.679 15.55514 2.47'1 3.467 5288 

1000 24.33020 5382.31 0.2202 2"22.727 3413.6'11 16.32932 2 ... 88 3.475 5902 
2000 .. 8.5331 .. 10708.33 0.11 DO 4969.688 69106.833 18.7&925 2.644 3.630 8253 
3000 72.73170 16032.07 0.0733 7756.105 10719.052 20.295114 2.935 3.921 9962 

ItOOO 97.00727 21355.44 0.0550 10882.726 1"'U4.613 21.41679 3. J96 ... 1002 11324 
5000 122.30776 26678.69 0.04"0 14973.692 19951;.270 22.61228 5.049 6.239 12350 

, 

• TWO-PHASE BOUNORY 
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THERMODYNA~IC PROPERTIES OF' HOP .. AL Ii.,O~Oc;,EN C-Ze 

220 PSU lSIJBAR 

TE"PERATURE OEHSUY V (OH/OV'p V(OP/DU'V -V(OP/OV'T (DV/DT\fV THER"AL VISCOSITY THERMAL OIELECTRIC PRANOTL 
·CONDUCTIVITY DIFFuSIVITY CONSTANT Nt;"BER 

lEG. R LB/CU FJ BTU/LB PSU-CU FT/BTU PSU 1/0EG. R BTU/FT-IiR-R LBIF T-SEC SQ FT/HR 
lC 10" 

• 25.7"2 ,..860·&:5 289.05 13.710 1 .. 322. &9 0.00527&,. 0.0"552 i .775 0.0061" 1.25105" 2.1"13 
26 ".85301 289.95 13.662 1"2107.310 0.0053113 0.0"629 1.1 .. 0 11.00&19 1.251012 2.08"1 
28 ,..80026 287."2 13.21 .. 130106.77 0.0056002 0.05122 1.520 0.00640 1.2511 .. 1.1801 

30 4.7 .. 318 285.92 12.671 11931.32 0.00&2 .... 2 0.05"49 1.3 .. 6 0.006410 1.24793 1.51175 

32 4.68228 285.21 12.174 10976.49 0.0066&92 0.05671 1.20& 0.00631 1.241051 1.4568 

3,. 4.61789 283.108 H.11j4 10068.11'5 0.0071371'1 0.05809 1.092 O. tiD 622 1.2"01'19 1.36<)8 

36 ... 5 .. 979 280."10 11. J9 .. 911'17.3& 0.001&675 0.05923 0.997 0.0060'5 1.23101'1 1.3034 

31'1 ..... 7799 27t;.94 11.069 1'131".9" 0.001'1211011 0.0&053 0.911 0.00592 1.23307 1.2 .. 55 

ItO ..... OU .. 269 ..... 10.767 7419.09 0.0090 .. DO 0.0&131 0.1146 0.00572 1.221179 1.2105 

42 ".31111'17 262."-'; 11)."84 6571'1.92 0.00981190 0.06162 0.71'1" 0.00550 1.22 .. 21 1.1891 

.... ... il:2996 25 ... 0& 10.191'1 574 ..... 7 0.010<)263 0.06152 0.728 0.00524 1.21928 1.11130 

1t6 ...13332 2 .. 4.27 9.898 .. 924.63 0.0122082 0.06102 0.677 0.00495 1.21393 1.1911 

"8 4.02727 233.40 9.561'1 4137.32 0.0138014 0.06013 0.0)29 0.00"&" i..20809 1. 2133 

50 3.90981 221.04 9.1112 337 ... 110 0.015<)013 0.05889 0.51'14 0.00429 1.201&3 1.2546 

52 3.77723 206.97 8.739 2642.81'1 O. 018~367 0.05725 0.5ltO 0.00389 1.19437 1.3236 

54 3.62211 190.85 11.233 1951.41 0.02327<)5 0.055.13 0.496 O. DO 343 1.111591 1.4382 

56 3 ... 3408 172.47 7.631 1317.30 0.0307198 0.05219 0."50 0.002117 1.17572 1. & .... 7 

58 3.18&63 150.31 6.869 7"3.68 0.0"&10149 0.04977 0.,,00 O. DO 224 1.16239 2.0162 

60 ?78300 120.69 5.718 2"8.63 0.1058473 0.05000 0.33 .. 0.00141 1.1401'17 3.07~6 

62 1.601088 95.85 3.822 44.69 0.2770098 0.05005 0.210 0.00117 1.079& .. ... ·0078 
6,. 1.1801 .. 10 ... 02 ".0 .. 4 88.92 0.09561'126 0.03079 0.177 0.002&2 1.05616 2.0&39 

66 1.01591 112.58 ... 071'1 115.00 0.0&13120 0.02709 0.169 0.00386 1.0 .. 990 1.5 .. 62 
68 0.91 .. ZIo 120.20 ".108 131.74 O. 0469122 0.025& .. 0.166 0.00"97 1.04"83 1.3128 
70 0.8 .. 023 127.57 4.090 1 ..... 41 0.0363972 0.02"91 0.165 0.00&05 1.0 .. 115 1. 16S8 
75 0.71"97 1,,5.60 4.059 1&5.21 0.0276311 0.02 .... 3 0.167 0.0011"9 1.03 .. 9 .. 0.9920 
80 0.63201'1 162.68 4.016 178.1 .. 0.0221537 0.02"65 . 0.172 0.0101'12 1.0308 .. 0.9045 
·85 0.57091'1· 179.05 3.97 .. 187.04 0.0187"05 0.02517 0.177 0.01314 1.02783 0.1'1513 

90 0.52316 194.90 3.93& 193.52 0.01&3718 0.02585 0.183 0.015"8 1.025 .. 6 0.8149 

95 0 ... 81026 210.38 3.901 198.43 0.01461100 0.026&0 0.190 0.01787 1.02357 0.7118" 

100 0 ... 5175 225.55 3.867 202.24 0.-0132427 0.02741 0.196 0.02032 1.02197 0.7678 
105 0 ... 2 .. 00 2 .. 0.47 3.1139 205.28 0.01211078 0.02825 0.202 0.0221'11 1.U2061 0.7520 

110 0.39995 255.29 3.810 207.73 0.0112"52 0.02<.111'1 0.208 0.025 .. 1 1.019 .... 0.7376 

115 O.371'l1'l2 270.09 3.7&1 209.75 0.'110"656 0.0~013 0.214 0.02809 1.018 .. 0 0.7257 

120 0.36006 28 ... <.13 3.750 211."3 0.0098360 0.03105 0.221 0.03077 1.017 .. 9 0.7110 

125 0.34321'1 299.114 3.711'1 212.8" 0.0092724 0.03191 0.227 0.03343 1.01667 0.7113 

130 0.321'11" 31 ... 88 3.&8,. 21".03 0.0087779 0.03270 0.233 0.03606 1.01593 1'1.7011" 
~ .. O 0.301116 345 ... 1 3.613 215.93 0.0079462 0.03"110 0.2"5 0.0"120 1.01 .. 65 0.7086 

150 0.27976 376.75 3.536 217.3" 0.0072768 0.03576 0.25& 0.0 .. 663 1.01357 0.7077 

160 0.2&081'1 .. 09.15 3.1053 218.41 0.0067199 0.037 .... 0.268 0.05219 1.01265 0.7083 

170 0.24 .. 51 .... 2.35 3.371 219.21t O. 00&21<0'~2 0.0389" 0.279 0.057&2 1.01185 0.7132 

180 0.23017 47&.64 3.281'1 219.89 0.0058"51 0.0"477 0.308 0.06982 1.01115 0.6905 

190 0.21751 512.35 3.200 220.38 0.005"<.110 0.0"7911 0.327 0.078 .. 2 1.0105 .. O. &89 .. 
200 0.20&21 548.37 3.122 220.711 0.00511'121 0.05087 0.3 .. 2 0.08&81 1.00999 0.61'183 

220 0.1116H 622.59 2.979 221.36 0.01)46633 0.05591 0.368 0.10303 1.00905 0.6870 

240 0.17101 &98.87 2.854 221.72 0.00"21036 0.0602& 0.3117 0.11882 1.001'128 0 .. &86 .. 
260 0.157;'5 77&.72 2.746 221.9& 0.00389&2 0.06413 0.4010 0.13442 1.007& 3 0.6862 

280 0.110&27 855.45 2.65& 222.11 0.0036033 0.06765 0."18 0.15003 1.007011 0.&1162 
300 0.136 .. 5 934.55 2.580 222.19 0.0033526 0.07087 0.,.31 0.1&576 1.00660 0.6863 

320 0.127e9 1014.01 2.515 222.2 .. 0.0031357 0.07388 0 ..... 3 0.181&8 1.00619 0.68610 

340 0.12035 1093.33 2 ... 60 222.26 0.0029 .. 58 0.07&69 0.45" 0.19787 1.00582 0.68&5 

360 0.113&5 1172.39 2.41 .. 222.26 0.0027781 0.0793" 0 ... &5 0.21103" 1.00550 0.686& 

380 0.107&8 1251.29 2.37" 222.25 0.0026288 0.08187 0.,.75 0.23114 1.00521 0.6867 

.. DO 0.10230 1329.70 2.3"0 222.22 0.002"950 0.08 .. 27 0.485 0.24829 1.00"95 0.6868 

420 0.0974 .. 1 .. 07.1;9 2.312 222.19 0.00237"4 0.08656 0 ... 94 0.2&582 1.00"71 0.6868 

.. 40 0.09302 141'1 ... 77 2.287 222.15 0.0022651 0.01'1877 0.503 0.28373 1.00450 0.611611 

460 0.08899 15&1.34 2.267 22ZoH 0.0021656 0.090811 0.513 0.30203 1.00"30 0.61167 

480 6.08530 1&37.40 2.250 222.07 0.00207 .. 6 0.09293 0.522 0.32073 1.00 .. 1e: 0.6867 

500 0.08190 171~.58 2.235 222. 03 0.0019910 0.09491 0.531 0.339116 1.00391' 0.6866 

520 0.07877 1787.21 2.223 221.99 0.0019139 0.0961'13 0.5100 0.35940 1.0038~ 0.6865 

540 0.0751'16 11'161.10 .. 2.212 221.9& 0.0018 .. 22 0.39870 0.5"9 0.379"0 1.00367 0.6863 

560 0.07317 1934.77 2.204 221.92 0.0017762 0.10052 0.558 0.39978 1.00354 0.&862 

580 0.070&6 2007.67 2.197 221.88 0.0017148 0.10231 0.566 0.42059 1.003"1 0.6861 

600 11.06832 2080.15 2.191 221.83 0.0016575 0.101t07 0.S75 0.44182 1.00330 0.68£:0 

&50 0.0&309 2259.47 2.180 221.73 0.0015299 0.101'133 0.597 0.49675 1.0030S 0.6857 

700 0.058&1 2 .. 31.13 2.113 221.6 .. 0.0014206 0.11249 0.619 0.55436 1.0021'13 O. &1154 

800 0.05132 2788.80 2.1& .. 221.47 0.00121t33 0.12054 0.661 0.67745 1.00248 0.6114'3 

1000 0.04110 3491.43 2.153 221.22 0.0009952 0.13632 0.7106 0.9545<; 1.00198 0.6841 
2000 0.020&0 7279.50 2.020 220.61t 0.00049116 0.21723 1.136 3.70706 1.00099 O.535Z 
3000 0.01375 117115.34 1.817 220.43 0.0003327 0.39438 1."1'12 7.31553 1.00066 0.5306 

4000 n.Ol031 17&18.88 1.571 220.1" 0.0002491'1 0.557&5 1.1'100 12.211922 1.000S0 0.511e; 

5000 0.001'111'1 30931.20 1.06& 211'1.13 0.0002017 1.0835& 2.10& 21.240&2 1.00039 0.43&7 
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c.Zc THE "'I001NI'I1 C PROPERTIES OF NOP.~IL HYOPOGEN 

ZlO PSII ISOBAR 

TE"PERATURE VDLU"E ISOTHERH ISOCHORE INTERNAL ENTHILPY ENTROPY ev CP VELOCITY 
OE~IVITIVE DERIIIATIVE ENERGY OF SOUND 

DEG. It CU FT/LB CU Ff-PSU/LB PSU/R BTU/LB BTU/18 ISTU/LB-R BTU I LB -It . FTISEC 

• 25.782 0.2D56/o 2957.07 75.6033 9/0.159 102.917 3.3710105 . 1.135 1. '!i25 /02<il 

2& 0.20591 2951.910 75.6890 910 ... 95 10 3 .2610 3.3878'!i 1.1 .. 1 1.537 .. 292 
28 0.2081& 2736.510 75.7"18 97.588 10&.10510 3~50597 1.193 1.&6 .. .. 205 
3D 0.2U&& 2532.75 7 ... 68 .. 1 100.923 ln9.895 3.62 .. 0"5 1.2 .. 0 1.783 .. U7 
32 0.21338 2359.&1 73.3510 10 ... 1088 113.<;7& 3.7103/02 1.28/0 1.899 10021 

3/0 0.21&3 .. ?1 '15.57 72.0180 1011.283 117.497 3.11&22" 1.3Zl 2.020 39 .. 0 
36 0.21955 2035.0& 70.5980 112.315 121.&66 3.981100 1. 3 '!ill 2.1/05 3859 
38 0.22305 1872.113 69.01710 11&.586 126.08& /0.10121 1.389 2.279 377 .. 
/00 0.22690 1708.67 67.2 .. 52 121.123 130.787 /0.22193 1.10 15 2.4210 3683 

102 0.23119 1539.73 65.2 .. 4 .. 125.9'!il 135.797 /0.3/0420 1.436 2.586 3583 
It/o 0.23&00 1370;.46 62.9739 131.092 141.141 4.106847 1.455 2.763 3/079 

/06 0.2/01 .. 5 1209.102 &0.3623 136.585 1"&.1169 /0.59558 1.1069 2.965 3363 
108 0.24771 1046.43 57.38"1 1102.479 153.029 4.726108 1.482 3.198 3235 
50 0.25502 883.61 53.9973 148.836- 159.&98 4.8&2104 1.49" 3.481 30l1li 

52 0.26377 721.29 50.1992 155.7&7 1&7.001 5.0055& 1.507 3.848 2921 
54 0.27471 560.8& 45.94 .. 3 1&3.487" 115.18i 5.15995 1.522 4.3&2 2729 
56 0.28908 "0&.79 "1.1367 112.302 1810.&13 5.33131 1.5"1 5.1 .. 6 2508 
58 0.30987 261.95 35 ... &90 182.912 19&.109 5.53292 1.570 6.529 22 .. 6 
60 0.3"732 120.3" 28.159" 197.439 212.231 5.80591 1.630 10 ... 61 1892 

62 0."9111') 25 ..... 1&.26 .. 8 228.8"3 2"9.792 6.lt1970 2.010 30.898 1346 
64 0.7538" 61.69 9.7887 259.741 291.8107 7.08956 1.821 12.281 U88 
66 0.9015& 100.96 7.8389 272.520 310.917 7.38332 1.7210 7.770 1452 
68 1.015010 133.96 6.78510 281.27 .. 324.504 7.58627 1.660 6.119 1512 
70 f.11100 162.31t 6.0328 288.310 335.627 7.74755 1.622 5.209 155 .. 
75 1.31759 223.65 10.8940 302.492 358.609 8.06109" 1.571 4.159 1653 
80 1 ... 9712 275.75 ... 2051 3110.3 .. 0 378.102 8.31667 1.558 3.&87 1739 

. 85 1.66183· 322 ... 5 3.720& 325.02" 395.801 8.53132 b547 3.413 1815 
~o 1.8170.1 365.510 3 .• 35 .. 3 335.001 412.388 8.72105 1.541 3.23" 1885 
95 1.96551 .. 06.01 3.06 .. 2 344.515 ",28.225 8.89238 1.537 3.109 1950 

100 2.10895 4 .. 4 ... 3 2.8257 353.735 ,. .. 3.555 9.0 .. 975 1.535 3.015 2011 
105 2.2/086Q ItU.31 2.6279 362.670 458.438. 9.19517 1.534 2.9"4 2069 
110 2.36525 516.94 2.45910 371..430 1073.017 9.33068 1.534 2.890 212 .. 
115 2.519,.6 551.57 2.3138 380 •. 059 487.362 9."5802 1.537 2.8109 2176 
120 2.651&& 565.35 2.186 .. 388.594 501.528 9.57877 1.5"1 2.817 2226 
125 2.78220 &18.4;] 2.0738 397.063 515.556 9.69318 1.547 2.793 227 .. 
130 2.91131 650.91 1.9733 405.471$ 529.470 9.80239 1.555 2.776 2320 
1. .. 0 3.16607 71 ... 37 1.6012 .. 22.275 557.117 10.00723 1.575 2.755 21006 
150 3.41715 776.26 1.6569 439.092 5810.628 10 .19715 1.600 2.7109 2108& 
160 3.6&539 836.91 1.5388 1056.042 612.151 10.37489 1.630 2.75& 25&1 

170 3.91139 896.59 1.4359 473.189 639.774 10.54228 1.662 2.770 2631 
1811 ... 15558 955.48 1.3 .. 66 490.58& 667.571 10.70107 1.698 2.791 2697 
190 ... 39802 1013.56 1.2676 508.350 695.&60 10 .8521& 1.739 2.818 2758 
200 4.63934 1071.18 1.198,2 5Z6.385 723.973 10.99751 1.777 2.84& 2819 
220 5.1U9& 1185.08 1.0807 563.468 781.483. 11.27155 1.855 2.907 2933 
2100 5.59548 1297.61 0.9848 601.922 '40.233 11.52731 1.928 2.968 30 .. 2 
2&0 &.06967 1"09.11 0.9050 641.710 900.216 11.76690 1.998 3.028 314& 
zeD 6.5420& 151CJ.82 0.837" 682.72,' 961.352 11.99343 2.061 3.08" 32 .. 6 
300 7.01301t 1629.89 0.779 .. 72 ... 870 1023.554 12.20820 2. i17 3.135 33 .. ,. 

320 7."8289 1739.46 0.7290 768.025 1086.719 12 ... 1197 2.167 3.181 3 .. 39 

340 7.95181 18108.62 0.&8 .. 8 812.091 1150.757 12.&11633 2.212 3.222 3532 
360 8./01997 1957."3 0.6 .. 58 856.95 .. 12i5.558 12.79130 2.251 3.258 3&23 
380 8.88750 2065.CJ7 0.6110 902.535 1281.D52 12.96851 2.28& 3.290 3712 
!tOO 9.354"9 2174.27 0.5798 948.74" 1347.1109 13.13775 2.31& 3.318 3799 
.. 20 9.82103 2282.36 0.5517 995.494 1413.770 13.30035 2.342 3.3"3 3885 
.. 40 10.28718 2390.28 0.5262 10102.712 1480.840 13."5622 2.365 3.364 3969 
/060 10.75299 21t 98. 05 0.5030 1090.336 151o!l.301o 13.60641 2.384 5.382 40~2 

.. 80 11.211152 2&05.69 0.10818 1138.315 1&1&.109 13.75069 2.401 3.397 10133 
500 11.68379 2713.22 0."622 1186.578 16810.1811 13.88965 ·2 ... 15 3.410 10213 
520 12.1I0Il11" 21120,6" 0.10443 1235.087 1752.503 1".02369 2 ... 27 3 ... 21 10292 

5 .. 0 12.61359 2928.21 0.4276 1283.936 1821.1106 14.15300 2.436 3.430 4370 
560 13.07111" 3035.42 0.10122 1332.908 1889.903 14.277 75 2 ..... 10 3 ... 37 ...... 7 
580 13.54255 31"2.56 0.3978 1381.90" 1958.678 14.39850 2 ... 51 3.10"3 10522 
600 1 ... 00&112 32109.64 0.38At5 1/031.075 2027.622 14.51544 2."57 3.1048 4597 
650 15.16701 3517.13 0.3547 15510.301 2200.260 110.79195 2.467 3.457 10779 
700 16.326&6 3784.38 0.3292 1&77.9111 2373.266 15.04848 2." 73 3.463 .. 955 
800 111.&101077 10316.310 0.2879 1925.7':16 2719.;13 15.51127 2.479 3.467 5290 

1000 23.21820 5385.00 0.2302 2422.695 3411o.10a 16.26547 2.10 88 3.At75 5903 
2000 46.102912 10711.110 0.1150 10969.619 &9107.01l1t 18.72543 2. 6 10 It 5.630 825" 
3000 69.57561 1&0310.91 0.0767 7756.073 10719.282 20.25201 2.935 3.921 9962 

.. 000 92.79410 21356.29 D.0575 10&81.037 110833.116 21. "32!iO 3.391 4.396 11326 
5000 116.971"7 26&81.54 0.01060 14953.742 1993<;.530 22.563810 5.012 6.198 12355 
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TI1EPMOO'tNAt4IC PROPERTIES OF NO~AL HYOQOGEN c: -Zc-

UO PSU ISOBaR 

TE"PERaTURE DENSITY Vc:JH/DV'p VeDP/OU)v -V'DP/DV)~ 'DV/DT~V THERHAL VISCOSITY THERHAL OIELFCTRIC PAANDTL 
CONDUCTIVITY OIFF US.IV ITY CONSTANT NUMBER 

DEG.,R LIIICU FT IITU/LS PSU-CU fT/BTU PSU VDEG. R BTU/F.T-HR-R LB/FT-SEC SQ FTlHR 
x to? 

• 25.782 ... 86296 290.07 13.700 110380.10 0.0052575 0.0"567 1.778 0.00611i 1.25"68 2.13710 

26 ... 85651 291.1" 13.660 1It336.10 . 0.00527% 0.0"632 1.7,,8 0.00621 1.25 .. 31 2.0882, 

21 ... 80392 288.7& 13.219 131"6.13 0.000;;7610;; 0.05127 1.527 0.006"1 1.25135 1.7833 

30 ... 7 .. 710 286.99 12.689 12023.22 0.0062117 0.05"0;;6 1.352 0.006"5 1.2 .. Uo;; 1.5903 

32 ... 686 .. 9 286.28 12.192 11058.31 0.006&331 0.05679 1.212 0.00638 1.2 .... 7 .. 1 ... 0;;117 

3 .. ... 622,. .. 28 ... 611 11.772 101"8.90 0.00709;1 0.05818 1.097 0.00&23 1.2"110;; 1.3710 

36 ... 55,.72 281.67 11 ... 11 9269.12 0.007&1&5 0.05933 1.002 0.00607 1.2373& 1.3038 

38 ..... U3 .. 277.20;; 11.087 539(,.53 0.0082198 0.060&0;; 0.921 0.0059 .. 1.23337 1.2"53 

"0 ..... 0717 271."6 10.78 .. 1530 ... 1 0.0089298 0.0&1 .. " 0.850 0.00575 1.22912 1.207& 

"2 ... 32538 263.9" 10.501 660;;9.91 0.00979&& 0.06177 0.788 0.00552 1.22,,0;;7 1.18710 

.... ".23728 l!55.72 10.217' 5828.20 6.010"050 0.06169 0.732 0.00527 1.21968 1.1802 .. , ... 1 .. 1&5 2"6.07 9.919 5008.99 0.0120508 0.06121 0.&81 0.00"98 1.211039 1.1871 

.. 5 ... 03&95 235.42 9.593 10224.37 0.01355"1 0.0&036 0.&33 0.00 .. &7 1.205&2 1.20710 

50 3.92127 223.37 9.216 34&10.88 0.0155542 0.05914 0.588 iI.00433 1.2022& 1.2"55 

52 3.79121 209.61 8.78" 2734.0;;5 0.01113574 0.05756 0.5410 0.00395 1.19513 1.3097 

'lit 3.610025 193.810 8.293 2041.67 0.0225033 0.05551 0.501 0.00350 1.18&90 1.4161 

S6 3.4592& 176.04 7.715 h07.19 0.0292331 0.052&8 0.105& 0.0029& l.i7708 1.6030 

58 3.22717 155.51 7.002 845.34 0.01019818 0.05003 0.1007 O. DO 237, 1.1& .. 57 1.9137 

60 2.87917 128.71 6.002 346.48 0.0512732 0.04921 0.348 0.00163 1.110597 2.6657 

62 2.0321J7 98.24 3.981 51.71 0.311oS092 0.05873 0.2"8 O. DO 094 1.10162 4.69'310 

64 1.32653 102.67 4.053 81.114 0.119&1 C;O 0.031029 0.189 0.0021(1 1~06551 2.4380, 

6& 1.10919 111.01 ... 098 111.99 0.06999118 0.02868 0.175 0.00333 1.051057 1.7096 

68 0.985111 119.02 4.148 131.98 0.05141'3& 0.02&&6 0.170 0.001042 1.04837 1 ... 062 

70 0.90009 126.1& 4.132 146.12 0.0ItlZ8&3 0.025&7 0.1&8 0.00547 1.041013 1.2303 

75 0.75896 144.2& 4.088 169.74 0.0288325, 0.02489 0.1&9 O. DO 788 1.03712 1.01811 
, 110 0.66795 161.50 It.041 181t.18 0.0228308 0.02500 • 0.173 0.01015 1.032&1 0.9205 

85 0.&0175' 17 II. 01 3.996 194.03 0.0191752 0.025106 0.179 0.01240 1.02935 0.8620 

90 0.55035 193.99 3.955 201.18 0.016&732 0'.02609 0.184 0.01106& 1.02&82 0.8227 

95 0.50877 209.57 3.918 206.57 0.0145339 0.02&82 0.190 0.0169& 1.02477 0.7910" 

100 0.471017 224.83 3.882 210.73 0.11131008& 0.02761 0.197 0.01932 1.02307 0.7725 

105 0.104472 23c;l.82 3.1152 22.10.05 0.0122770 0.02843 0.201 0.02171 1.02163 0.75Sc;l 

110 0.101924 254.71 3.823 216.13 11.0113481 0.0293'3 0.209 0.02422 1.02038 0.7408 

115 0.39&91 269.'36 3.793 218.~2 0.0105692 0.03029 0.215 0.02678 1.01929 0.7283 

120 0.37712 284.105 3.761 220.75 0.00990105 0.03119 0.221 0.0293& 1.011132 0.7193 

125 D.359lt3 299.ltl 3.729 222.28 0.009329'. 0.03205 0.227 0.03192 1.0H4& 0.7132 

130 0.3103/09 314.109 3.694 223.58 0.008(1258 0.03283 0.233 D.031t44 1.01&&8 0.7101 

litO 0.31585 345.09 3.622 225.£0~ 0.0079830 0.031025 0.245 0.03937 1.01533 0.7100 

150 0.292&4 376.49 3.51t1o 227.1& 0.007302& 0.03'387 0.257 0.04458 1.01420 0.7087 

160 0.272&2 "08.910 3.4&1 228.33 0.00&7395 0.03754 0.2&8 0.010992 1.01323 0.7091 

170 0.255&& 442.19 3.378 229.23 0.00&2&103 0.03904 0.279 0.05513 1.01239 0.7138 

180 0.2100&4 It 76.52 3.295 229.93 0.005(1569 0.041082 0.308 0.06673 1.011&& 0.6913 

190 0.22737 512.30 3.2Q6 230.4& 0.0055001 0.04802 0.327 0.07495 1.01102 0.6c;l01 

200 0.21555 548.3& 3.128 230.89 0.0051893 0.05090 . 0.342 0.08298 1.01044 0.61189 

220 0.19535 622.65 2.983 231.51 0.004&&79 0.05594 0.368 0.09852 1.0094& 0.6875 

2 .. 0 0.17872 &9'3.00 2.858 231.90 0.004246& 0.06028 0.387 0.11364 1.008&5 0.6668 

260 0.161075 776.90 2.750 232.16 0.0038981 0.06415 0.404 0.12858 1.00797 0.6865 

280 0.1528& 855.69 2.659 232.31 0.003&0105 0.067&7 0.418 0.110353 1.00740 0.6865 

UO 0.1 .. 259 934.84 2.582 232.101 0.003353/. 0.07089 0.1031 0.15859 1.00&90 o. &865 

320 0.133&4 1014.34 2.517 232.46 0.00313&1 0.07390 o .~43 0.17383 1.0064& 0.686& 

340 '0.1257& 1093.71 2.462 232.48 0.0029459 0.07671 0."54 0.18933 1.00608 O. Ii 8&7 

360 0.11877 1172.81 2.416 232.48 0.0027780 0.0793& 0.465 0.20510 1.00574 0.6868 

380 0.11252 1251.710 2.376 232.106 0.002&28& 0.08188 0.475 0.22118 1.00544 0.68&8 

1t00 0.10&90 1330.20 2.3102 232.43 0.0024947 0.08429 0.485 0.23760 1.00517 0.6869 

.. 20 0.101112 1408.01 2.313 232.40 0.0023741 0.08658 0 •. 1094 0.25438 1.001092 0.6869 

1t40 0.09721 1485.32 2.289 232.36 0.0022648 0.08878 0.504 0.27151 1.00470 0.61108 

It&O 0.09300 1561.92 2.268 232.31 0.0021652 0.09090 0.513 0.28903 1.001050 0.6868 

..,,0 0.08914 1&38.01 2.251 232.27 0.00207101 0.09295 0.522 0.30693 1.00431 0.68E7 

500 0.08559 1713 .. 21 2.23& 232.22 0.0019905 0.09493 0.531 0.32524 1.0010110 0.6807 
'520 0.08231 17 87.6& 2.Z24 232.17 0.0019135 0.09&(15 0.5100 0.310 3910 1.00398 O. &110& 

540 0.07928 1862.13 2.214 232.15 0.0018418 0.09872 0.549 0.36307 1.00383 0.6804 

560 0.076,.& 1935."8 2.205 232.10 0.0017758 0.10054 0.558 0.38258 1.00370 0.68£:2 

580 0.07381t 2008.39 2.198 232.05 0.00171410 0.10233 0.5&6 0.100250 1.00357 0.6801 

&00 0.07139 20110.811 2',,192 232.00 0.001&571 0.10409 0.575 0.422112 1.00345 0.&8£:0 

&50 0.0&593 22 &0.22 2.181 231.89 0.0015295 0.10635 0.597 0.47538 1.00319 0.&857 

700 0.00125 2437.91 2.173 231.79 0.0014203 0.11251 0.&19 O. '53051 1.00291', 0.6854 

800 0.05363 2789.£:1 2.11'>5 231. &1 0.0012430 0.120'57 0.&61 0.64831 1.0025~ O. &1149 

1000 0.0102~& 3,.92.28 2.154 231.33 0.000Q950 0.13&35 0.7106 0.913411 1.00207 0.68101 

200 0.02154 72110."'5 2.020 230.70 0.00040365 0.27723 1.136 3. '54634 1.001010 0.535" 

3000 0.01437 11785.90 1.818 230.107 0.0003327 0.39435 1.483 &.99792 1.00069 0.53011 

4000 0.01078 17'598.62 1.574 230.17 0.00021098 0.55655 1.801 11.74680 1.00052 0.5121 

5000 0.0085'5 30731.037 1.074 228.10 0.0002017 1.073101 2.107 2~. 2593& 1.000101 0.4379 
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C-2e T"£P"OO'~A"IC PROP·ERr IES OF NOP'fU H'tOROGEN 

2"0 PSU ISOBAR 

TE"PERATURE VOLU"E ISOTHERM ISOCHORE INTERNAL ENTHIIlP't ENTRDP't ev CP VELOCITY 
DERIVATIVE OeRIVATlVE ENERGY OF SOUNO 

OEG. R CU FT/LS eu FT-PSIA/I.fJ PSIA/R BTU/LS BTU/l,B 8TU/LB-R BTU I LB -R Ff/SEC 

• 25.822 0.2055" 2967.1t3 15.63"9 9".17" 103.3011 3.1I7U" 1.136 1.525 ..297 
26 0.20576 29611.0& 75.7052 9 ....... 8 103.592 3.385112 1.1"1 1.5310 .. 301 
28 0.2050L 2755.0& 75.8091 97.533 10&.777 3.50376 1.192 L.660 "216 
;JO 0.2101011 25 .. 8.&11 7 ... 8283 . 100.1159 110.213 3.62226 1.23~ 1.780 "UII 
32 0.21319 23110.87 73.10961 10 ... It 1 .. 113.888 3.1It01l" 1.211] 1.896 "032 
3 .. 0.21&12 2210.&" 12.1658 1011.197 117.802 3.859"2 1.323 2.016 3950 
36 0.21'J32 2051l.70 70.750 .. 112.215 121.<)61 3.97832 1.3511 2. litO 3870 
38 0.22278 1888.&11 69.1791 116."70 126.l71 ".09711" 1. :588 2.273 3785 
.. 0 0.22&60 1725.28 67."161 120.981 131.058 ".21821 1.101 .. 2."16 3695 

42 D.UOS5 1555.911 65 ... 275 125.791 136.051 ... 3 .. 005 1."36 2.576 3596 
.... 0.23560 1392.65 63.179& 130.903 1ltl.373 ..... 6378 1.105" 2.751 3 .. 93 
.. 6 0.2"091 1227.12 &0.6001 . 136.360 1"7.069 ... 59023 1."69 2.9"9 3318 
.. 8 0.2,.713 1065.18 57.&&23 1"2.207 153.190 ".72029 1."82 ' 3 •• 76 3252 
SO 0.25"29 903.76 5".3335 1 .. 8.50 .. 159.80C; ".115515 1.,.9 .. 3."50 3109 
52 0.26283 7,.2.27 50.603" 155.352 167.032 ".99678 1.507 3.801 29 .. 5 
5 .. 0.213 .. 0 586.31 .. 6 ....... 7 162.9"0 175.090 5.14876 1.521 ... 210 2162 
56 0.28709 .. 33.57 .. 1.7881 171.533 18 ... 292 5.3160" 1.539 ... 981 2550 
58 0.306"2 286.96 36.3725 181.731 195.3 .. 8 5.50997 1.565 6.21 .. 2291 
60 0.331165 150.29 29.&"36 195.033 210.083 5.75952 1.613 9.063 1918 

62 0 ... 2 .. 36 .. 2.3 .. 19.1182" ' 211.898 236.157 6.19589 1.1132 21.137 150 .. 
6 .. 0.66351 .. 9.91t 11 ... 051 252.366 281.854 6.91293 1.1160 15 ... 50 13116 
66 0.82366 119.5 .. 11.7 .. 29 268.031 304.636 7.2&396 1.1,.6 11.824 1 .... 11 
68 0.9"L01 123.71 7 ... 357 211.875 319.695 1.lt1l1l93 1.676 6.659 1509 
10 1.03939 153.1111 6.565 .. 285.5113 331.115 1.66409 1.633 5.556 1551 
15 1.2 .. 313 216.33 5.2399 300.495 355.7102 1.99512 1.58. ... lOS 1652 
110 1 ... 1922 269.15 ..... 732 312.72" 375.796 8.25"11 1.561 3.71" 11311 

,liS 1.57971 317."2 3.9lt2 .. 323.6"11 393.855 8."7313 1 •• 550 3."73 11115 
90 1.730 .. 9 3&1.25 3.5 .... 6 333.79" 410.699 8.66581 1..543 3.279 tall6 
95 1.117 .. 35 "02.32 3~2318 343."35 1026.73" 11.113926 1.539 3.1 .... 1951 

100 2.013011 .... 1.2 .. 2.9756 352.759 4"2.223 8.991127 1.537 3.043 2012 
,lOS 2.14796 4711.54 2.76"0 361.175 "57.234 9.1 .... 95 1.536 2.968 2010 
111 2.21981 514.5 .. 2.58 .. 5 370.602 "71.920 9.28146 1.53& 2.910 2125 
115 2 ... 0920 5 .. 9 ... 9 2."296 379;289 "116.357 9."0961 1.538 2.866 21711 
120 2.53&58 583.56 2.29 .. 3 387.873 500.603 9.5310" 1.5"3 2.832 2228 
125 2.66228 616.89 2.17"9 396.385 51".701 9.6 .. 603 1.5"8 2.806 2216 
130 2.711655 6"9.59 2.0686 .. 04. 8 38 528.&77 9.75572 1.556 2.787 2322 
litO 3.03162 713."6 1.81168 "21.698 556 ... 28 9.96133 1.575 2.76 .. 2 .. 011 
150 3.27302 715.68 1.7367 438.5611 584.025 10.15185 1.600 2.757 2 .. 88 
160 3.5U57 ' 836.62 1.6103 "55.560 611.620 10.33006 1.630 2.763 25&3 

170 3.7"1811 896.54 1.5021 ,,72.743 639.305 10."9782 1.663 2.776 2633 
UO 3.98239 955.65 1 ... 0113 "90.171 667.15" 10.65691 1.699 2.796 2&99 
190 ".21515 1013.92 1.3252 501.967 695.294 10.110828 1.739 2.822 2761 
2011 ......... 79 1011.70 1.252" 526.026 723.&"9 10.9538" 1.778 2.850 2821 
220 ".90701 1185.89 1.1292' 563.151 781.228 11.221121 1.855 2.910 2936 
2 .. 0 5.36"26 1298.65 1.02118 601.638 8 .. 0.03 .. 11."8422 1.92'1 2.971 3D .... 
260 5.111913 1 .. 10.35 0.9 .. 52 6 .. 1 ... 5 .. 900.065 11.72"00 1.998 3.031 31 .. 8 
2110 6.27220 1521.21 0.8745 682.49 .. 961.2"0 1l.CJ5067 2.061 3.086 32 .. 9 
300 6.72387 1631."3 0.111311 724.657 1023.415 12.16556 2.117 3.136 33 .. 6 
320 1.17 .... 0 17 .. 1.12 0.7611 767.829 1086.670 12.369"3 2.1&11 3. 1112 3 .... 1· 

3 .. 0 1.62ft02 11150.38 0.7150 1111.911 1150.733 12.5638S 2.212 3.223 353 .. 
3EO 8.07288 1959.29 0.67"2 856.786 1215.557 12.7"11119 2.251 3.259 3625 
380 8.52110 2067.91 0.6379 902.380 1281.070 12.92616 2.28& 3.291 37L4 
.. 00 11.9&1180 217&.28 0.6053 9"8.599 1347.1116 13.095 .... 2.316 3.319 3801 
.. 20 9 ... 1&04 228 ....... 0.5759 995.359 1"13.822 13.25808 2.342 3.3"3 311111 
.... 0 9.11&289 2392.'+1 0.5 .. 93 1 042. 585 1480.<)07 13."13911 2.365 3.365 3971 
.. 60 10.30941 2500.24 0.5250 1090.218 15 .. 8.383 13.56"21 2.311" 3.382 405 .. 
.. 110 LO.75564 2&07.92 0.50211 1138.203 1616.200 13.70851 2."01 3.398 .. 135 
500 11.201&2 2715.49 0.482 .. 1186 ... 73 1611".290 13 .8 .. 74'1 2.,.15 3.411 4215 
520 11.6"738 2822.96 0."&37 123".988 1752.&15 13 .98155 2."27 3 ... 21 .. 29 .. 

540 12.09289 2930.58 0 ..... 62 1283.8"7 11121.273 1 ... 110 St 2."36 3 ... 30 4372 
560 12.531115 3037.82 0.4301 1332.824 1IJ90.039 1 ... 235&5 2 ....... 3.437 ...... 9 
580 12.98326 31 ..... 99 0.10152 1381.82~ 1958.820 1 ... 35& .. Z 2."51 3.4 .. 3 .. 52 .. 
600 13. It282 .. 3252.09 0."012 1"31.000 2027.772 1 ..... 733. 2."57 3 ..... <) ..599 
650 1 ... 5 .. 021 3519.6 .. 0.3701 155".235 2200 ... 2 .. 1".749&. 2 ... 67 J.457 ..7111 
700 15.65164 3786.93 O. 3~35 1677.8&0 2173.4"2 15.00610" 2."73 3 ... 63 .. 956 
1100 f.7.87331 .. 320.95 0.300" 1'l25.75C 2720.067 15."6921> 2."79 3.4611 5291 

1000 22.31366 5387.70 0.2"02 '2422.661t! 3lt14.325 16. 243/o.{I 2.488 3.475 5905 
2000 ..... 500 .. 3 10713.95 0.1200 4969.&7,0 69"7.336 111.& 83 .. ' 2.6 .... 3.630 11255 
3000 66.611253 16037.75 0.081l0 7756.0 .. 3 10719.514 20.2100$ 2.934 3.921 99&3 

ItOOO 811.93212 21361.13 0.0600 10879.45" 14831.730 21.3901111 3.386 ".391 11328 
5000 112.08137 26&84.39 0.0 .. 80 1 .. 935.052 19916.116 22.5175S ".977 6.158 12360 
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THfflMOOfNAHIC PROPERTIES OF NOP'1lL' HVD~::lGEN C -2. 

21t0 PSU ISOBAR 

TEMPERATURE DENSITY IICDH/DII'p IICDP/DU'V -VCDP/~V'T COV/DTlIV THERMAL VISCOSITY THEIU1AL DIELECTRIC PRANDlL 
CONDUCTIlIlTY DIFFUS UITY CONSTANT· NUMBER 

OEG. R LB/CU FT BTU/LB PSU-CU FT IBTU PSIA l/DEG. R BTU/FT-HR-R LB/FT-SEC SQ FTlHR 
lC 11)5 

• 25.1IZ~ ".1165'29 291.10 13 .690 1· .... 37 ... 2 0.005231111 0.045113 1.781 0.00618 1.25,.81 2.1336 
2& ... 115993 292.32 13.657 1,.1t21t.5 .. 0.0052,.11,. 0.0 .. 636 1.756 0.00622 1.25,.51 2.0921t 
28 ".807;& 290.09 13.225 132"5.12 0.0057215 0.05132 1.533 0.0061t) 1.25155 1.71159 
30 ".75099 2811.C6 12.707 12108.7 .. 0.00">1797 0.G51t62 1.158 0.0061t6 1.21t~37 1.5931 
32 ... 690&7 287.35 12.210 11139.72 0.0005977 0.05&87 1.217 0.00639 1.2 .. 1t98 1.1t607 
3 .. ... 62695 2115.71 11.789 102211.52 0.0070551t 0.051127 1.102 0.00625 1.2411t0 1.3722 
3& ".559&2 282.119 11.1t211 9350.ltl 0.OH56&6 0.05Q43 1.006 0.00609 1.237&3 1.301t3 
:sa ..... 1111&,. 278.5" 11.10,. 11,.77 .61 0.00111602 0.06077 0.925 0.0059& 1.23366 1.2,.51 
ItO ..... 1297 272.IICJ 10.1101 7613.62 D.008851t7 D.0&1511 o .851t 0.00571 1.2291t5 1.206& 

.. 2 ... 33181 265.41 lli.5111 671t0.21 0.0097070 0.0&192 0.792 0.00555 1.22493 1.11158 
4 .. ".21t1t50 257.35 10.235' 5CJll.11 0.010&1181 D.061116 D.736 0.00530 1.220011 1.1776 
It£o 4.11t985 2lt7.114 9.9 .. 0 5092.37 0 .• 0119D02 D.0611t0 o .&1I1t 0.00502 1.211t85 1.1834 
48 4.046 .. 4 237.41 9.618 1t310.111 0.01337S2 0.06057 0.&37 0.001t71 1.20911t 1.2019 
50 3.932411 225.&4 9.21t9 3554.02 0.01521179 0.05940 0.;92 o. 00,.38 1.20287 i..2372 
52 3.110"80 212.16 8.827 2824.1CJ D.0179179 D.05785 0.5 .. 8 0.00400 1.19588 1.2972 
5 .. 3.&57&7 197.19 8.350 2141t.54 0.021&572 0.05588 0.505 0.00358 1.18785 1.3903 
5& 3."8323 18 O. 02 7.796 1510.22 0.027&703 0.05316 o .1t&1 0.00 306 1.17838 1.55&7 
511 3.26350 160.00 7.121 936.1t9 0.0388392 0.05036 0.1t15 0.0021t8 1.16&52 1.81t16 
60 2.95290 135.65 6.223 1t,.3.79 0.0&679&4 0.01t900 0.3&0 0.00183 1.14990 2.3<:172 

62 2.35652 106.06 1t.601t 99.76 0.1992943 0.05313 0.281 0.00107 1. 1181t3 4.0311t 
64 1.50713 101.CJ& 1t.068 75.27 0.1515306 0.03CJOO 0.204 0.00168 1.074&6 2. CJlltl 
66 1.211t09 lOeJ.72 4.124 108.71 0.0801t210 0.03058 0.183 o. DO 285 1.05984 1.9032 
68 1.06l!&9 117.73 4.176 131 ... 7 0.056559CJ 0.02780 0.175 0.003CJ3 1.05221t 1.5115 
70 0.96210 125.28 4.178 148.05 0.01t43455 0.0261tCJ 0.172 O.OOItCJ& 1.04722 1.2993 
75 0.80 .... 2 142.CJ8 4.119 174.02 0.0301101t 0.02538 0.172 0.00733 1.03937 1.01t79 

. 80 0.701t&1 1 &0. 37 4.067 190.07 0.023531tl 0.0253& . 0.175 0.00CJ5" 1. o 3 It .. 3 0.9373 
-85 0.63300' 177.01 1t.019 200.CJ3 0.019&208 0.02575 0.180 0.01171 1.03089 O. II 732 
90 0.57787 193.11 3.975 208.76 0.016979& 0.02& 3'. 0.185 0.0139iJ 1.02817 0.8308 
95 0.53352 208.79 3.935 21".65 0.01505&2 0.02704 0.191 0.01612 1.02599 O. II 0 05 

100 0.49615 224.14 3.897 219.19 0.'0135756 0.02781 0.197 O.0181t0 1.021t18 0.7773 
105 0.4655& 239.20 3.8&& 222.7CJ 0.01240&7 0.028&1 0.203 0.02071 1.:12265 0.7596 
110 0.1t31163 2510.14 3.836 225.6CJ 0.0111t511 0.02CJ51 0.210 0.02312 1.02133 0.71t1t0 
115 0."1508 269.05 3.805 228.08 0.010&524 0.03045 0.216 0.02559 1.020111 0.7310 
120 0.39423 283.99 3.773 230.06 0.00CJ9729 0.03131t 0.222 0.02807 1.01916 0.7215 
125 0.37562 298.99 3.739 231.71 0.00938&2 0.0321CJ 0.228 0.0305S 1.01825 0.7152 
130 0.35887 3110 .11 3.701t 233.12 0.0086735 0.03297 0.231t 0.0329& 1.01743 0.7118 
140 0.32986 344.78 3.631 235.31t 0.0080174 0.031037 0.2"6 0.0376CJ 1.01601 0.7111t 
150 0.30553 376.25 3.552 236.99 0.0073282 0.03598 0.257 0.01t271 1.011t82 0.70'38 
1&0 0.28;'77 408.75 3.468 238.25 0.00&7589 0.037&1t 0.2&CJ 0.01t7114 1.013U 0.709'3 

1"'0 0.2&&82 1042.04 3.385 239.21 0.00&2792 0.03CJ14 0.280 0.05285 1.01294 0.711t4 
UO 0.25111 .. 76.41 3.301 239.97 0.0058665 0.041t8& 0.308 0.06389 1. 01217 O.6CJ21 
190 0.2372" 512.2& 3.211 240.54 0.0055092 0.04805 0.327 0.07177 1.01150 0.&908 
200 0.221t88 548.3& 3.133 241.01 0.00519&5 0.05093 0.342 0.07CJ1t8 1.01090 0.68'35 
220 0.20379 622.72 2.987 241.67 0.00 .. &725 0.05596 0.368 0.091t38 1.00987 O. &879 
240 0.18&42 69eJ.13 2.861 21t2.0CJ 0.001t24eJ5 0.06031 0.387 0.10889 10 00903 11.6872 
260 0.17185 777.0CJ 2.753 242.36 0.OO38CJ99 0.061018 0.404 0.12323 1.00832 0.68&8 
280 0.1591t3 855.93 2.&62 242.53 0.003&05& 0.0&769 0.418 0.13757 1.00772 0.&867 
300 0.14812 935.13 2.585 242.63 0.00335,.1 0.07091 0.1t31 0.15202 1.00720 0.68&8 
320 0.13938 10 14. 68 2.519 242.68 0.0031364 0.07392 0.4,.3 0.16661t 1.011&74 0.68&8 

340 0.1311& 10CJ4.0eJ 2.464 2,.2.70 0.00294S9 0.07673 0.1t51t 0.18150 1.00&31t 0.6869 
360 0.12387 1173.23 2.418 242.70 0.002777CJ 0.07938 0.46S 0.19662 1.00S99 0.68£:9 
380 0.1173& 1252.20 2.378 242.68 0.0026284 0.081~10 0."75 0.21205 1.005&8 0.&870 
400 0.11150 1330.69 2.344 242.65 0.0024CJ44 0.08431 0.1t85 0.2277CJ 1.00539 0.&870 
.. 20 0.10620 1408.51t 2.315 242.61 0.0023737 0.066&0 0."CJ4 0.243811 1.00513 O. &870 
.. Ita 0.10139 1485.118 2.2CJO 242.57 0.002261t1t 0.08880 0.504 0.26032 1.004CJO 0.68&9 
.. 60 0.097.00 15&2.50 2.270 242.52 0.002161&8 0.09092 0.513 0.27711 1.001t69 0.&8&9 
.. aD 0.092H 1&38.61 2.252 ·2 .. 2.47 0.0020737 O. OCJ2 97 0.522 0.29428 1.001t1t9 0.68&8 
500 0.08927 1713. lilt 2.238 21t2.42 0.OH9901 0.09495 0.531 0.31183 1.004:12 O. &1167 
520 0.0858& 1788.51 2.225 2"2.31 0.001CJ130 0.09&87 0.540 0.3297& t.00415 0.68&6. 

51t0 0.08269 l!I62.112 2.215 242.3" I).OU8ItU 0.09874 0.54CJ 0.31t811 1.001,00 0.68£:1t 
560 0.0797& 193&.18 2.20& 242.2CJ 0.0017753 0.10056 0.558 0.3&682 1.D03a.; 0.&6&3 
580 0.07702 200CJ.l0 2.1CJCJ 2/02.23 0.OOlH19 0.10235 0.5&7 0.385CJ2 1.00372 o. &8&2 
600 0.0741t7 2081.61 2.193 2/02.18 0.001&5&7 0.101t11 0.575 0.1t0540 1.003&0 O. &6&0 
650 0.06877 2260.98 2.1112 21t2.06 0.D0152'H 0.lC8311 0.597 0.1t5580 1.00332 0.&857 
700 0.06389 2438.&9 2.174 2/01.95 0.0014199 0.11253 O.&lCJ 0.50865 1.0030Q 0.&854 
liDO 0.050:;'15 2790.43 2.166 21tl.75 0.0012427 0.120&0 0.&&2 0.1;2160 1.00270 0.6849 

1000 0.04,.82 3493.13 2.151t 2/01.45 0.0009'147 0.13&39 0.71t6 0.87.5114 1.1)0216 0.66lt1 
2000 0.02247 7281.40 2.020 2/00.7& 0.0004CJ85 0.2772;$ 1.13& 3.39901 1.00108 0<5355 
3000 0.01500 11766.50 1.818 2/00.51 0.000332& 0.3CJ1t33 1.,.83 6.70671\ 1.00072 0.530<) 

.. 000 0.01121t 17579.72 1.576 240.20 0.00021t98 0.55552 . 1.801 11.25010 1.1l1i054 0.5126 
5000 0.00892 305,.5.33 1.081 238.08 0.000201& 1.0&389 2.107 19.36272 1. OdOIt 3 0.4392 
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T"EI'"OOYNANIC PROPERTIES or NOPMaL HYOQOGEN c-Zc 

Z5a PSU ISDBAR 

TE"P.EM TURE DENSITY IICOH/OVtp IIIOP/OUtv -v I OPIOIlJ.
r
· CDII/DTVv THERMAL. vISCOSITY THF.R"AL DIELECTRIC PRANOTL 

. CONOUC TI vI.TY OIFFUSIV"Y CONSTaNT NU"BER 
OEG. R LB/CU n BTU/LB PSU-CU n/B~U PStA 1/0EG. q BTU/rT .. HR-R LB/F T-SEC SQ FTlHR 

J( 10:; 

• 25.862 ... 867·61 292.12 13.6110 11010910.6& 0.0052203 0.0105911 1.78" 0.00619 1.2'>1+910 2.12911 

26 It.86333 293.50 13.655 1 .. 512.&8 0.0052176 0.010639 1.7610 0.00623 1.2S1070 2.096& 

21 It.811111 2''1.''1 13.230 133103.73 0.005611&3 0.05137 1.S100 0.00610" 1.2517& 1.711116 

30 ... 751086 289.12 12.725 12193.90 O. 00&14"-1 0.05 .... 9 1.3610 0.00647 1.2 .. ,,511 1.5959 

32 4.69 .. 113 2811.101 12.227 11220.7" 0.00&56l,9 0.05691t 1.222 0.006 .. t 1.2 .. 521 1.1062& 

31t It.631ltlo 286.81 11.806 10307.72 0.00701510 0.05836 1.107 0.00626 1.2101&5 1.3735 

36 ... 5&101011 2810.10 11."1010 91031.26 0.0075171 0.059510 1.0lD 0.00611 1.23790 1.30108 

38 ... 49390 27<).82 11.120 8558.17 0.0081021 0.060119 0.929 0.00598 1.2339& 1.21050 

~O It." 1873 2710.30 to.818 7&96.2" 0.00117816 0.06171 0.858 0.00580 1.22977 1.2057 

,.2 ... 33817 266.85 to.531o 61119 .11" 0.009&203 0.06207 0.795 0.00557 1.C5211 1.111103 

.. It ... 251&3 258.9& 10.252. 5993.22 0.0105757 0.06203 0.739 0.00533 1.2201011 1.i751 

.. , It. 15793 2 .. 9.119 9.960 5187.118 0.01172&0 0.06159 0.6811 1I.0050i) 1.21529 1.17810 

Its ... 05577 239.310 9.6,.2 103<)It.79 0.013111211 0.06079 0.6100 0.001075 1.20966 1.19&11 

50 3.91031010 227.810 9.281 3&101.66 0.01S0UJ 0.059&10 0.596 0.0010102 1.2031011 1.2295 
52 3.1111101 2110.61 11.8611 2911.91 0.01751Jl 0.0511110 0.553 0.001005 1.19&60 1.211511 

Sit 3.671olt2 200.11 8.1006 2236.00 0.0209119() 0.05623 0.510 0.003610 1.18876 1.3712 

5& 3.505&2 183.37 7.870 1599.06 0.02&51100 0.053&1 0.10&7 0.00315 1.17959 1.5242 

51 3.29&119 164.610 7.231 1036.03 0.035900;1 0.050&& 0.1021 0.00260 1.1&832 1.7702 

60 3.013&4 1101.82 6.1011 537.06 0.05751153 0.04910 0.370 0.00209 1.15313 2.2158 

62 2.54212 1110.81 5.1100 170.109 0.13215410 0.04978 0.303 0.00129 1.12IU& 3.32910 

64 1.727810 102.51 10.13" 710.20 O.l!H11&O 0.041020 0.223 0.00138 1.08592 3.3792 

&6 1.33285 10 8.710 10.161 105.33 0.0929224 0.0:l'r~i15 0.193 0.0021010 1.065113 2. 131t0 

68 1.146711 116.67 4.206 130.75 0.0&23837 0.0~9tO 0.181 11.003109 1.05&46 1.6327 
70 1.0290& 124.18 10.205 1109.23 0.0477163 0.027311 0.176 0.001t,.9 1.0511'5& 1.37311 

75 0.1I51ft3 1101.79 4.1S1 178.08 0.03110675 0.02589 0.174 0.006112 1.04170 1.0794 

80 0.74210 159.2CJ 10.094 195.82 0.02lt26J& 0.02574 0.177 0.001197 1.036211 0.9551 

85 0.66471;> 176.06 10.0102 207.72 0.0200770 0.0260& 0.181 0.01109 1.0324& 0.88109 

90 0.60572 192.27 3.995 21&.27 0.0172908 0.02&60 0.166 0.01321 1.029510 0.8391 

95 0.558109 208.05 3.953 222.67 0.015<!807 0.02727 0.i92 0.0153& 1.02722 0.8068 

100 0.51950 223.48 3.912 227.60 0.0137434 0.02!Ol 0.198 0.01756 1.02530 0.7822 

105 0.1086S1 238.60 3.8111 231.50 0~01253&6 0.02879 0.2010 0.01978 1.023&8 0.7637 

110 0.45811 253.60 3.8109 2~4.64 0.01155101 0.029&8 0.210 0.02211 1.02229 0.71072 

115 0.103331 2 &8.5& 3.817 237.22 0.0107355 0.030&0 0.216 0.02450 1.02107 0.7337 

120 0 ... 1139 283.55 3.7810 239.35 0.01001010 0.03149 0.222 0.02&89 1.02000 0.7238 

125 0.391115 298.60 3.750 241.14 0.00941027 0.03233 0.228 0.0292& 1.01904 0.71H 

130 0.371028 313.75 3.715 242.65 0.0089209 0.03310 0.234 0.03160 1.01818 0.7134 

140 0.343!)1I 31010.109 3.6100 2105.010 0.00110516 0.031048 0.246 0.03615 1.01&70 0.7128 
150 0.318103 376.01 3.561 246.82 0.0073535 0.03& 09 0.258 0.01t0<)9 1. 01545 0.7109 
160 0.29&73 It08.56 3.1076 248.17 0.00677111 0.037710 0.269 O. 010593 1.01439 0.7107 

170 0.27797 441.91 3.392 2109.21 0.0062940 0.0 3923 0.280 0.05075 1.013108 0.7151 

1110 0.26157 476.31 3.308 250.02 0.0058801 0.0101090 0.309 0.()6129 1.012&8 0.6928 

190 0.210710 512.23 3.217 250.63 0.0055Ul 0.04809 0.327 0.0&885 10 01198 0.6CJ15 

200 0.23421 5108.31 3.1'38 251.13 0.0052035 0.05096 0.342 0.07625 1.01135 0.6901 
220 0.21222 622.79 2.992 251.8" 0.004-&70;9 o .!!5599 0.3611 0.09058 1.01028 0.6884 

2 Ita 0.191012 &99.2& 2.865 252.29 0.0042523 0.06033 0.387 0.1111052 1.00910 0 0.6875 

260 0.171193 777.28 2.756 252.58 0.0039017 0.061020 0.404 0.11830 10 008&6 0.6871 

260 11.16600 856.18 2.665 252.76 0.00360&7 0.06771 0.418 11.13209 1.00803 0.6870 

300 0.151085 935.43 2.587 252.87 0.0033547 0.07093 0.1031 0.110597 1.007109 0.6870 
320 0.110513 10 15. 03 2.522 252.92 0.0031366 0.07394 0.443 11.16002 1.00702 0.6870 

3 ItO 0.13657 10910.47 2.466 252.9 .. 0.002910&0 0.07675 0.ft54 0.17430 lvOO&61 0.6870 

3611 0.12897 il73.66 2.,.20 252.910 0.0027778 0.07940 0.465 0.18883 1.006210 0.6871 

380 0.12219 1252.67 2.379 252.91 0.OG2&281 0.08192 0.1075 0.20365 1.00591 0.6871 

400 0.11&09 1331.19 2.31t5 252.88 O.0!l249101 0.0111032 0.485 0.211177 1.005&1 0.6871 

1t20 0.H05~ 11009.07 2.317 252.810 0.0023734 0.086&2 O.1t91o 0.23423 1.00535 0.6871 

It 100 0.10557 1lt86.104 2.292 252.7C) 0.0022640 0.081182 0.5GI+ 0.25002 1.00510 0.6870 

It 60 0.10100 1563.09 2.271 252.74 0.0021&44 0.OCJ091o 0.513 0.2&&1, 1.004811 O. & 8 70 
It80 0.OCJ&1I1 1639.22 2.254 252.68 0.0020733 0.09299 0.522 0.28264 1.004&8 0.68fCJ 

500 0.09295 1714.1t8 2.239 252.63 0.001CJ897 0.091097 0.531 0.29950 1.0041oCJ 0.&8&8 
520 0.08940 178"9.17 2.227 252.57 0.001912& 0.09689 0.540 0.31672 1.001032 0.68&7 

510U 0.08&10 1663.51 2.21& 252.54 0.0016409 0.0987& 0.549 0.331035 1.001016 O. &8&5 

560 0.08305 1936.118 2.201 252.48 0.001774CJ 0.10058 0.558 0.35232 1.00401 0.61163 

5110 0.08020 2009.82 2.200 252.103 0.0017135 0.10237 0.567 0.3706& 1.003118 0.&~62 

&00 0.077510 2082.34 2.1910 252.37 0.001&5&2 0.10413 0.575 0.38937 1.00375 0.6661 

&50 0.071,,1 2261.710 2.183 252.210 0.0015287 0.108100 0.597 0.103778 1.00l4& 0.685 1 

700 0.0&&53 24lCJ.47 2.175 252.12 0.00141CJ5 0.11256 0.619 D.481\55 1.00321 0.6A51o, 

1100 0.05826 2791.210 2.167' 251.90 0.00121024 0.120&2 0.662 0.59702 1.00281 0.681o'} 

1000 0.0106&7 31t93.9CJ 2.155 251.57 0.0001CJ45 0.13642 0.74& 0.1\4120 1.00225 0.&841 

2000 0.023100 7282.36 2.020 250.113 0.000109,\4 0.27723 1.137 3.2&347 1.00113 0.53?7 

3000 0.015&2 11787.12 1.818 250.55 0.000332& 0.39431· 1.10810 &.4311910 1.00075 O. c; 311 

1o00D 0.01171 17562.03 1.578 250.22 0.00024')8 0.551055 1.802 10.7935') 1.00057 0.5131 

5000 0.00930 30370.01 1.088 248.06 0.0002016 1.054CJ5 2.108 18.540l3 1.000105 0.10404 
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C-2c THERflODYNaHIC PRO~tRTIES OF NOR~"L H'tOPaGEM 

260 PSU ISJaaR 

TE"PERATURE ~OlU"E IS OTHER" ISOCHORE INTERNaL ENTHALPY ENTROPY CV CP VELOCITY 
. DEUVATIVE DERIVaTIVE ENERGY OF SOUND 

OEG. R CU FflL8 CU FT-PSIA/lB PSIA/R eTU/LB BTUILe BTU/LB-R BTU I LB -R FT/SEC 

• 25 .. 902 0.20S3,. 2988.10 7'5."'990 9/0.202 10/0.089 3.37'560 1.137 10525 4309 
26 0.205/08 3000.07 75.7375 9/0.356 1O/o.2/oQ 3.38179 1.1/00 1.529 ~317 

28 0.20769 2791.111 7'5.9ltZ5 97.425 107.42ft 3."9<)37 1.lQ2 1. &54 ftZ36 
31t 0.21011t 25110.2& 7'5.11/02 100.733 110.850 3.61752 1.239 1.775 4139 
3~ 0.21281 2/005.011 73.7836 10 .... 267 114.513 3.73571 1.2112 1.890 .. 052 
31t 0.2i5H 22 .. 0 ... 6 72.4511ft 108.026 118.412 3.85311 .. 1.32Z 2.0011 3971 
3& 0.2111115 2081.61t 71.05111 112.016 122.553 3.97221 1.357 2.131 3892 
38 0.22227 1919.911 &9.49113 116.241 12&.9"2 ".091111 1.3117 2.262 3808 
loa 0.22602 1758.03 67.7531 120.721 131.&02 ... 210 117 1 ... 13 2 ... 01 3720 

.. 2 0.23016 1593.67 65.1971 125."73 136.55/0 ... 3U70 1./035 2.55 .. 3625 .. ,. 0.23"81 1 .. 26.39 &3.51133 130.53 .. 1/01.11 .. 11 ..... 5 .. 511 1.4'5/0 2.727 3521 
4& 0.2"0114 12&5.59 61.0617 135.922 147./079 ".57977 1 ... &9 2.<)15 3 .. 11 
1t8 0.2"&01 1101.611 58.20"0' 1/01.6111 153.52/0 ".701123 1 ... 81 '3,. 135 32117 
50 0.25290 942.76 54.911 .. 3 1 .. 7.11&2 1611.0311 ... 114104 1.493 3.392 3150 
52 0.2610 .. 782.55 51.3795 15 ... 556 167.12" ".97<)89 1.50& 3.719 2992 
5 .. 0.27096 629.95 .. 7 ... 009 161.909 174.954 5.127511 1.519 ".137 2820 
56 0.28352 4111.63 .. 2.911 .. & 170.1211 183.777 5.211799 1.535 ft.732 2623 
58 0.30053 337.60 37.9614 179.65 .. 19ft.123 5 ... 694& 1.557 5.697 239~ 

60 0.32~20 206.17 32.05"& 191.346 207.051 5.&88411 1.591 7.4113 2U9 

62 0.37543 92."11 24. !:i45G 207.791 225.866 5.(91)61 1.666 12.208 1172 
61t 0.50798 1t3.92 15.11033 234.975 259.431 6.5211'70 1.846 1'1.235 1 .. 56 
66 0.681"1) 70.16 10.9991 257.5<)5 2<)0.405 7.00621 1.778 11.566 145 .. 
68 0.8Q162 10".70 8.9556 270.353 309.236 7.211760 1.706 1.9<)7 1508 
70 0.901192 136.37 1.7231 279.587 323.3"7 7."9222 1.658 6.341 1555 
15 1.11L02 202.12 5.<)9"0 2<)6.335 34<).825 7.115819 1. 5~0· ," 4.637 1653 
80 1.28137 258.11 5.03<)7 309 ... 08 371.100 8.132911 1.567 3.9&0 1739 
85 1.43470 307.6" 4.4052 320,S"5 389.919 11.3612" 1.555 3.598 1816 

. 90 1.51157 ' 352.93 3.9389 331.346 407.298 11.56005 .. 5 .. 8 3.371 11187 
~5 1.71321 395.111 3.5769 341.253 ft23.738 8.73789 1.5"3 3.215 1953 

100 1.8 .. 366 "35.07 3.2830 350.791 "39.554 11.90026 1.5"1 3.100 201 .. 
105 1.97010 1t73.19 3.0"24 359.975 45 ... 525 9.0 .. 9 .. 7 1.539 3.015 2072 

·110 2.09345 509.'31 2.8393 368.941 469.730 9.18801 1.539 2.950 2128 
115 2.21,.31 5,.5 ... 8 2.6651 377 .• 74 .. 484.352 9.31781 1.5"1 2.900 2181 
120 2.33314 580.11 2.513" 386 ... 29 498.757 9 ..... 061 1.545 2.!l62 2231 
125 2."5027 613.9" 2.3801 395.027 512.996 9.5567" 1.551 2.833 22110 
130 2.565911 647.09 2.2616 .. 03.557 527.09& 9.66740 1.5\:-8· 2.811 2326 
1 .. 0 2.793119 711.74 2.0598 420.546 555.057 9.87458 1.577 2.783 2412 
150 3.D1I!I13 774.61 1.8938 "37.519 582.827 10.0&628 1.601 2.173 2lt93 
160 3.23954 836.12 1.75,.3 .. 54.597 610.565 10.2 .. 5 .. 2 lvfi31 2.716 2567 

170 3.45871 896.53 1.6353 471.1152 6311.372 10."1392 1.&64 2.787 2638 
180 3.67&07 956.07 1.5322 .. 89.3 .. 2 666.326 10.573&2 1.700 2.806 270 .. 
190 3.89170 101 ... &9 1." .. 11 507.202 694.568 10.72553 1.7 .. 0 2.831 2765 
200 10.10621 1072.80 1.3613 525.311 723.00" 10.87151 1.779 2.857 2826 
220 4.53225 1187.55 1.226p 562.518 7110.723 11.1It655 1.85& Z.cH6 2940 
2,.0 4.95523 1300.78 1.1170 601.072 839.641· 11 ... 030 .. 1.929 2.976 30 .. 9 
260 5.37590 1"12.85 1.0259 6 .. 0.9,.3 899.765 11.6"320 1.998 3.035 3153 
280 5.79"71) 152 ... 04 0.9"88 682.029 961.019 11.87017 2.061 3.090 3253 
300 6.21228 163".53 0.8828 72 ... 232 1023.321 12.08528 2.117 3.1"0 3351 
320 6.62865 17,. ..... & 0.8255 767.,.38 106&.574 12.211934 2.168 3.185 3,. .. 6 

3 .. 0 7.04 .. 11 1853.93 0.775" 1111.550 1150.6811 12."11392 2.212 3.225 3539 
360 7."5881 1963.03 0.7310 856.452 1215.556 12.66909 2.252 3.261 3629 
31S0 7.87289 2071.80 0.&915 902.069 1281.109 12.84646 2.286 3.293 37111 
,.00 8.28& .. 3 2180.32 0.&562 948.309 13 .. 7.259 13.015113 2.317 3.321 31105 
,.20 8.69953 22118.60 0.62 .. 3 995.088 1 .. 13.927 13.17855 2.3"3 3.345 3891 
,./to 9.11225 239&.69 0.595 .. 10 .. 2.332 1481.0"1 13.33 .. 52 2.365 3.36f. 3915 
.. 60 9.52"63 250 ... 62 0.5&90 108~.980 15 .. 8.543 13 ... 8 .. 110 2.385 3.38" 4058 

Ita" 9.93672 2612."0 0.5,.50 1137.980 1616.3113 13.62~15 2." 01 3.399 .. 139 
500 10.34856 2720.05 0.5229 1186.263 16114 ... 94 13. 76!11~ 2."15 3 ... 12 4219 
520 10.76019 2827.59 0.5025 123,..790 1752.839 13.90227 2."27 3.422 4298 

5 .. 0 11.17165 2935:34 0.,.836 1283.669 1321.5211 1 ... 03166 2."37 3."31 .. 376 
560 11.58278 30"2.63 0.4661 1332.657 1890.310 14.15645 2 ... 45 3.438 4 .. 52 
5110 11.99316 31,.9.85 0 ..... 99 1381.667 1959.10& 1".27725 2 ... 51 3 ..... ,. 4528 
600 12.4010&2 3257.01 0.43 .. 8 1 .. 30.851 2028.071 1 ... 3<)"22 2 ... 57 3 ..... 9 .. 602 
650 13 ... 3127 352".6& 0.,.011 155 ... 10,. 2200.752 llt.67080 2."&7 3.458 478 .. 
700 14 ... ·.>738 3792.03 0.3·722 1&77.7 .. 4 2373.794 14.927311 2." 73 3.463 4960 
8011 16.501142 .. 326.19 0.3255 1925.658 2720.455 15.39025 2." 79 3.468 5295 

1000 20.60172 5393.09 0.2602 . '2422.602 3414.759 16.1& .. 52 2 ... 88 3.475 5908 
2000 "1.08813 10719.!i8 0.1300 .. 969.653 6'l"7.839 18.60456 2.6"4 3.630 8257 
3000 61.5U99 1&0 .. 3 ... 2 0.01167 7755.987 10719.982 20.13U3 2.934 3.920 9965 

4000 82.09962 21366.32 0.0650 10876.566 14829.2 .. 9 21.31039 3.378 ... 382 11332 
5000 103."3327 26&90.09 0.0520 14900.960 19880.751 22 ... 3075 ".914 6.087 j,2369 

• ! 
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T"EI11100fNAMIC PP'OPE~TIES OF NOI1~Al HYOQOGEN C-2l 

260 PSU ISOeaq 

TEItPERATURE DENSITY VCOH/OV'p veDP/DU'v -V CDP/DV'T CDV/DTtlV THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL 
CONOUCTIHTY OIFFUSIVITY CONSTANT NUMBER 

OfG. R L9/CU FT BTU/LB PSU-CU FT/8TU PSIA l/DEG-. R BTU/FT-HR-R LB/FT-SEC SQ FTlHR 
lC lOS 

• 25.902 4.86992 293.14 13.670 14551.80 O. 005 20 20 0.0461" 1.187 0.00621 1.25507 2.1261 

26 4.86672 294.67 13.6'53 14600.51 0.0051873 0.04642 1.772 0.00624 1.25 .. 89 2.1009 

2. 4.81479 292.73 13.235 13441.97 0.00564Q7 0.05142 1.5"7 0.00646 1.25196 1.7914 

31 4.75871 290.18 12.743 12278.70 0.0061174 0.05475 i..370 0.00648 1.241S80 1.5q~8 

32 4.6989& 289.47 12.2"4 11301.36 0.00652"7 0.05702 1.228 0.00642 1.2 .. 544 1.4646 

3 .. ".63589 287.90 11.823 10386.52 0.0069762 0.05845 1.111 0.00628 1.24190 1.3748 

36 4.56931 285.29 11.461 9511.65 0.0074700 0.059&4 1.015 0.00612 1.23"17 i.3053 

38 4.499l2 281.09 11.137 11638.24 0.0080"54 0.0&100 0.933 0.00600 1.23425 1.2449 

40 4.424103 275.70 10 .834 7778.28 0.0087106 0.061114 0.1162 0.00582 1.230011 1.201,8 

42 ... 3 .... 7 .. 2611.82 10.552 6924.06 0.0095027 0.06222 0.799 0.00561 l.22565 1.1812 

.... 4.2581'18 260.54 10.270' 6074.5 .. 0.0104672 0.06219 0.743 0.00535 1.22087 1.1728 

.. 6 ".16590 251.67 9.980 5272.32 0.0115816 0.0&1711 0.692 0.00509 1.21573 1.1748 

.. 8 4.06"94 2"1.24 9.666 4478.27 0.0129970 0.0&1011 0.644 0.00479 1.21016 1.1920 

50 3.95"17 229.99 9.311 3727.35 0.01474Q6 0.05989 0.599 0.00446 1.20406 1.2224 

52 3.83087 2H.99 8.908 2997.85 0.0171388 0.05843 0.557 0.00410 1.19730 1.2754 

54 3.69058 202.91 8.458 2324.811 0.0203885 0.05658 0.514 0.00371 1.1896 .. 1. :S5102 

56 J.52715 187.03 7.9 .. 0 1698.77 0.0253034 0.05404 0.1072 0.00324 1.111076 1.4881 

58 3.327"3 168.59 7.329 1123.36 0.0337929 0.05100 0.428 0.0026c} 1.16996 1.7202 

60 3.06557 147.55 6.571 632.04 0.0507161 0.04929 0.379 0.00215 1.15591 2.0715 

62 2.66362 122.52 ~.53n 246.3" 0.0996432 0.04860 0.319 0.00149 1.1345& 2.11865 

6 .. 1.96859 105.23 4.350 86.46 0.1827878 0.04741 0.245 0.00125 1.09829 3.5747 

66 1.46737 108.25 ,..216 102.95 0.10&8449 0.03550 0.204 0.00209 1.072&4 2.3922 

68 1.231120 115.7& 4.241 129.64 0.O&9D1I25 a.o 30 511 0.188 0.00309 1.06106 1.7728 

70 1.10021 123.19 ... 234 150.04 0.051'<751 0.02837 0.181 0.00407 1.05412 1.4581 

75 0.90007 140.74 4.189 1111.93 0.0329474 0.02&44 0.177 0.00634 1.04412 1.1151 
, 80 0.78041 158.?8 4.122 201.43 0.0250191 0.026t3 ·0.178 0.00845 1.03818 0.9739 

85 0.69701' 175.15 4.065 214.43 0.0205435 0.02&37 0.1113 0.01051 1.03405 0.8970 

90 0.63389 191.46 4.015 223.72 0.017&064 0.02686 0.188 0" 01257 1.03093 0.61077 

95 0.58338 207.310 3.970 230.66 0.0155072 0.02750 0.193 0.01465 1.02846 0.11133 

100 0.542100 222.114 3.9211 235.911 0.11139120 0.02822 0.199 0.01678 1.02643 0.7872 

105 0.50759 238.03 3.895 24.0.19 0.0126668 0.02898 0.205 0.9189'3 1.1i2471 0.7677 

110 0.47768 253.09 3.8&3 243.57 0.011&570 0.029'5 0.211 0.02118 1.02325 0.7505 

115 0.451&1 268.10 3.830 2'~6. 34 0.0108185 0.0307& 0.217 0.02349 1.02197 0.7364 

120 0.428&1 283.13 3.796 248.64 0.0101089 0.031610 0.223 0.02579 1.02084 0.72&1 

125 0.401112 298.22 3.761 250.56 0.0094990 0.03247 0.229 0.02809 1.01984 0.7191 

130 0.38972 313.41 3.725 252.18 0.00896110 0.03323 0.235 0.03034 1.01894 0.7151 

140 0.35792 344.21 3.650 254.75 0.0080856 0.03460 0.247 o. 0347J 1.01738 0.71102 

150 0.33133 375.79 3.569 256.65 0.0073787 0.03620 0.258 0.039100 1.016011 0.7119 

160 0.3011&9 408.39 3.484 258.10 0.0067971 0.03785 0.269 0.04417 1.01498 0.7115 

170 0.28913 1041.78 3.399 259.21 0.0063087 0.03933 0.281 0.04881 1.01402 0.7157 

180 0.27Zil3 41'6.22 3.314 260.08 0.00511915 0.04494 0.309 0.0588'3" 1.01319 0.693& 

190 0.25696 !H2.21 3.222 260.73 0.00552&9 0.04813 0.327 0.06616 1.1!1246 0.6922 

200 0.24353 5~,8. 38 3.143 261.26 0.00521'J5 0.05099 0.342 0.117328 1.01180 0.6907 

220 «1.22Q&4 622.87 2.99& 2&2.02 0.0046814 0.05&01 0.368 0.08707 1.01069 O. &8119 
240 0.20151 &99.40 2.869 262.51 0.0042551 0.06035 0.388 0.10049 1. 00971 0.6879 
260 0.18602 777.1011 2.760 2&2.81 0.0039035 0.06422 0.404 0.11376 1.00901 O. & 674 
280 0.17257 856.43 2.667 263.00 0.0036078 0.06773 0.418 0.12703 1.00835 0.6873 
300 0.16097 935.73 2.590 263.11 0.0033553 0.07095 0.431 0.14039 1.00779 0.6872 

320 0.15086 10 15. 37 2.524 263.17 ,0.00313&9 0.07396 0.443 0.15391 1.00730 0.&872 

340 0.11019& 1094.8& 2.469 :!63.19 0.00294&0 0.07677 0."54 11.16765 1.00&1\7 0.6872 

3&0 0.13407 1174.09 2.422 263.18 0.002777& 0.07942 0.4&5 0.18164 1.00649 0.&672 

380 0.12702 1253.13 2.381 263.16 0.0026279 0.08194 0.475 0.19589 1.00&14 0.6872 

400 0.12068 1331.69 2.347 263.12 0.0024938 0.081034 11.485 0.'21045 1.00584 0.61172 

.. 20 0.11495 1409.60 2.318 2&3.07 0.0023730 0.066610 0.1094 0.22532 1.0055& o. & 872 

440 0.10974 1487.00 2.294 263.02 0.0022636 0.08884 0.504 0.24051 1.00531 0.6871 

460 0.10499 1563.68 2.273 262.96 0.0021639 0.09096 0.513 0.25&03 1.00508 0.6870 

480 0.10064 1639.84 2.255 262.90 0.0020729 0.09301 0.522 0.2718'1 1.00487 0.&870 

500 0.09&&3 1715.11 2.240 262.84 0.00198CJZ 0.09499 0.531 0.2e811 1.004&7 0.&8&9 

520 0.09294 17 89. 82 2.228 262.78 0.0019122 0.09691 0.540 0.304&8 1.0044'1 o. &1167 

540 0.08951 18610.20 2.217 262.75 0.0018404 0.09878 0.549 0.32165 1.00433 0.68&5 

560 0.086!4 1337.59 2.208 262.&9 0.0017744 0.100&1 0.558 0.33893 1.00417 o. &8&1, 

580 0.08338 2010.54 2.201 262. &2 0.0017130 0.10239 0.567 0.35658 1.00403 0.68c2 

600 0.0110&2 2083.07 2.195 2&2.56 0.001&55!! 0.10415 0.576 0.37458 1.00390 O. & 861 

650 0.07"45 2262.50 2.184 262.42 0.0015283 0.1084Z 0.597 0.4211<; 1.003&0 0.&858 

700 0.06'1[7 21040.26 2.176 262.29 11.0014192 0.112511 0.619 0.10&999 1.00334 O. & 8155 

800 0.06058 2792.0& 2.1&7 262.116 0.01112,.21 0.12065 0.&&2 0.57434 1.00293 0.&849 

1000 0.041153 3494.84 2.156 261.70 11.0009943 0.13&46 0.746 0.80923 1.00234 0.61141 

2000 0.02434 7283.31 2.021 260.89 11.00049"3 11.27123 1.137 3.t31135 1.00118 0.53511 

3000 0.01624 11787.77 1.818 260.60 0.0003326 1I.394Zc} 1.484 &.19171 1.00078 0.5313 

4000 0.01218 17545.4,. 1.580 2&0.25 0.0011210911 0.553&10 1.803 10.37258 1.00D59 0.513& 

5000 0.009&7 30201,.<31 1.095 258.010 0.0002015 1.04652 2.109 17.71'1341 1.00047 0.41015 

• TNO-PHASE BOUNDRY 
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c-Zc THERMODYNAMIC PROPERTIES OF NORMAL HYOqOGEN 

270 PSU IS38AR 

TEMPERA TURE ~OI.U"E ISOTHERM ,ISOCHDRE INTERNAL ENTHALPY ENTROPY CV CF' VElOCITY 
DER IVATIVE DERI~ATIVE ENERGY OF SOUND 

DEG. R CU FT/lB CU FT-PSIA/lB PSIA/R STU/lS BTU/lB BTU/L!li-R BTU I L9 -R FT/SEC 

• 25.942 0.20521t 2993.39 75.731& 91t.217 104.479 3.37599 1.138 1.525 4315 
26 0.20533 301S.97 75.753& 94.311 104.5711 3.37979 1.140 1.526 4325 
28 0.20754 2810.05 7&.0087 97.371 187.748 3.lt9720 1.191 1. £>51 42lt7 
31'1 0.20997 2595.92 75.25&0 100.&70 111.1&6 3.61517 1.238 1.773 41/t9 
32 0.212£>3 2420.04 73.97.&0 10lt.195 l11t.82& 3.73318 1.282 1.887 It062 
31t 0.21550 2255.22 72.6032 107.9103 1111.717 3.85108 1.321 2.0P5 3981 
36 0.21862 2096.94 71.2009 1110919 122.6lt9 3.96919 1.35& 2.127 3903 
38 0.22201 1935.104 69.6560 116.128 127.228 4.08789 1.387 2.256 3820 
/to 0.22573 17710.18 67.91910 120.590 131.876 4.20725 1./tU 2.394 3732 

1t2 0.22983 lHO.3D 65.9770 125.320 136.811 1t.32768 1.435 2.545 36311 
Itlt 0.23lt1t3 1442.95 63.7814 130.355 142.075 4.45006 1.454 2.716 35310 
46 0.23'J59 1283.22 61.2871' 115.709 147.&88 It.57466 1.469 2.960 3426 
1t8 0.24541i 1119.47 58.4679 141.425 153.&96 It.70235 1.481 3.117 3303 
50 0.25224 964.75 55.2921 147.560 160.172 4.83435 1.493 3.360 3171 
52 0.2&019 807.07 51.7523 1510.176 1&7.184 4.91177 1.505 3.668 3019 
Sit 0.26982 650.64 47.8542 161.422 174.912 5.11752 1.5111 .It. 080 28lt7 
56 0.28190 504.23 43.5lt21 169.481 183.575 5.27503 1.533 It.632 2656 
58 0.297'J7 364.04 38.6877 178.724 193.&22 5.lt5126 1.553 5.474 2438 
60 0.32141 232.8& 33.0725 189.8108 205.917 5.65960 1.584 &.975 2180 

62 0.36245 117.61 26.2130 20lt.651 222.772 5.935&9 1.643 tD.1t55 1862 
61t 0.1,5801 52.80 18.1608 227.40& 250.305 &.3721& 1.793 17.322 1537 
6& 0.61820 &3.93 12'.3910 251.675 282.583 6.86947 1.783 1) .. 001 llt69 
68 0.7lt761 96.61 9.Slt18 266.204 303.582 7.18330 1.719 8.775 1512 
70 0.8501t3 128.15 8.3753 276.361 318.880 7.lt0516 1.670 6.801 1555 
75 1.05"45 196.59 6.3946 294.248 346.96& 7.79334 1.596 It.808 1656 
80 1.22013 252.48 5.3388 307.707 368.709 8.07416 1.569 It.059 1739 

, 85 1.37030 ' 302.92 4.6466 319.419 387.929 8.30729 1-0557 3.664 1817 
,90 1.5097,0 348.91 4 .• 1430 :130.107 405.587 8.50929 1.550 3.418 1888 
95 1.6lt1711 391.73 3.7545 340.152 422.235 8.68938 1.546 3.?52 1954 

100 1.768lt6 It32.09 3.4405 349.801 438.218 8.853lt6 1.543 3.129 2015 
105 1.89115 470.62 3.11146 359.070 "53.621 9.00397 1.541 3.039 2074 
110 2.01072 507.68 2.9692 36~.107 4M.636 9.14353 1.540 2.970 2130 
115 2.12778 543.56 2.7848 376.969 483.352 9.27417 1.542 2.918 2183 
120 2.24281 578.4& 2.&247 385.705 497.838 9.39765 1.5lt6 2.877 2233 
125 2.35&13 612.53 2.4840 394.348 512.147 9.514:>5 1.552· 2.846 2281 
130 2.4&802 &lt5.91 2.3593 402.916 $26.309 9.62551 1.559 2.822 2328 
litO 2.68830 710.93 2.1472 419.969 554.37& '!.83346 1.5711 2.793 2lt15 
150 2.90,.91 774.13 1.9730 436.995 582.231 10.02576 1.602 2.781 2495 
160 3.11869 835.91 1.8269 It54.116 &10.041 10.20536 1.632 2.7112 2570 

170 3.33023 896.57' 1.7023 471.408 637.9011 10.37423 1.664 2.793 2640 
180 3.53998 956.31 1.591,& 488.928 665.915 10.53423 1.700 2.811 2706 
190 3.74798 1015.11 1.4993 506.821 694.207 10.68642 1.741 2.1135 2768 
200 3.95"88 1073.39 1. It16,O 524.954 722.685 10.832&2. 1.779 2.861 2828 
220 4.36570 1188.41 1.2755 562.202 780.472 11.10798 1.856 2.919 2943 
240 It.77346 1301.8& 1.1612 &00.790 839.447 11.36471 1.930 2.979 3051 
260 5.17893 1414.13 1.0663 640.688 899.&17 11.60505 1.999 3.037 3155 
280 5.582&2 1525.47 0.9861 66!.797 960.910 11.83217 2.062 3.092 3256 
300 5.98 .. 92 1636.10 0.9174 724.020 1!123.24£1 12.04740 2.118 3.141 3353 
320 6.311011 1746.15 0.8578 751.243 108&.527 12.25155 2.168 J.186 3448 

340 6.78&38 1855.72 0.8056 811.370 1150.66& 12.44620 2.213 3.227 3541 
360 7.18590 1964.90 0.7595 856.285 1215.557 12.63143 2.252 3.2&2 3632 
380 7.511480 2073.76 0.7184 901.914 128h129 12.00a86 2.287 3.294 3720 
1t00 7.98317 2182.34 0.&816 948.165 13lt7.297 12.97828 2.317 3.322 3807 
420 8.38109 2~ 90 .69 0.6485 994.954 1'+13.980 13 .141 04 2.343 3.346 3893 
440 8.77863 2398.84 0.&184 1042.206 1481.10~ 13.29703 2.366 .J. 3& 7 3977 
460 9.17384 250&.81 0.5911 1089.8&2 1548.&23 13.44734 2.385 3.384 4060 
480 9.57276 2:.14.64 0.5&60 1137.8&9 161&.475 13.59172 2.402 3.400 4141 
500 9.9&943 2722.33 0.5431 1186.158 1084.597 13.73077 2.415 3.412 4221 
520 10.36588 2829!91 0.5219 1234.692 1752.952 13.86488 2.427 3.423 4300 

540 10.7&222 2937.72 0.5022 1283.581 1821.&56 13.99430 • 2.437 3.lt31 4378 
560 11.15818 3045.04 0.4841 1332.574 1890.445 lit .11910 2.41,5 3.438 4454 
580 11.55399 3152.29 o .It£o 72 1381.588 1959.249 14.23991 2.451 3.444 4530 
&00 11.9,.9&7 3259.47 0.10515 1430.776 2028.220 14.35689 2.457 3.449 4604 
650 12.93841 3527.17 0.lt165 1554.039 2200.91& 14.&3349 2.467 3.lt58 4786 
700 13.92&59 3794.59 0.~866 1677.686 2373.970 14.1S901O 2.473 3.463 4962 
800 15.90180 4328. et 0.3380 1925.612 2720.649 15.3529'J 2.479 3.4611 5296 

1000 19.84944 5395.79 0.2702 2422.571 3414.971 16.12729 2.488 J.475 5909 
2000 39.57155 10722.39 0.1350 4969.641t 6948.090 18.5673& 2.644 3. &30 8Z58 
3000 59.28908 1604&.25 0.0900 7755.961 10720.Z19 20.09392 2.934 3.9Z0 9966 

4000 79.0&30& 21369.&& 0.0675 10875.244 14828.135 21.27281 3.374 4.378 11334 
5000 99.59119 26&92.93 0.0540 14885.353 191164.583 22.38993 4.885 6.054 1Z373 

• TWO-PHASE BOUNDRV 
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TI1EPHOOYNAHIC P~OPEPTIES O. NOI1HU HYOQIlGEN c.·,2~ 

270 PSII ISOBAR 

TE"PERATURE DENSITY VCGH/OVl p VCOP/OUI V -VCOP/OVIT COV/OT'/v THER"Al VISCOSlTY THERMAL OIElECTRIC PRANOTL 
• I CON~UCTIVITY OIFFUSIVITY CONSTANT HUMBER 

DEG. R La/CU FT BTU/lB PSII-CU FTlBTU PSU 1/0EG. R BTUlFT-HR-R LBiFT-SEC SQ FT/HR 
II 10 5 

• 25.9/02 /0.81'223 29/0.15 13.661 1/0608.86 0.00518/00 ii.0/0629 1.790 0.006Z3 1. Z55Z 0 2.12Z5 
26 /o.S7009 n5.83 13.651 1/0688.0/0 0.0051575 0.0/06/06 1.7111 0.006Z5 1. Z550 8 Z.1052 
28 /0.111837 Z9,..03 13.2,.0 13539.115 11.0056137 0.051/01 1.55,. 0.006107 1.25Z16 1.79,.2 
3D 10.762;3 291.Z3 12.760 lZ363.1,. 0.00&01171 0.051081 1.376 0.006"9 1.Z10902 1.6017 
32 1t.70306 290.51 12.Z61 11381.61 O.OO6/o9O;Z 0.05710 1.233 0.006,.3 1.2/0567 1.,.667 
31t It. 6/00 31 238.911 11.8,.0 10/061t. cU 0.0069378 0.0585,. 1.116 0.006Z9 1.210215 1.3761 
36 1t.57/01O 2116.108 11.It77 9591.61 0.007/oZ32 0.05971t 1.019 0.006l1t 1.Z38/01o 1.3059 
3& 1t.501tZ9 282.35 11.153 8717.111 0.0079901 0.0611Z 0.937 0.00601 1.Z3/o5/o 1.2/0/09 
itO It. /03008 Z 77.07 10.1150 7859.77 0.008&ltl/O 0.06197 0.866 0.0058/0 I.Z30/00 1.201t0 

.. 2 /0.35096 270.31 10.568 7006.31t 0.009/01611 0.06Z37 0.803 0.1]0563 1. ZZ599 1.1797 

.. /0 It.Z6563 262.10 10.287 6155.11 0.010362/0 0.06236 0.7/0 7 0.00538 1. ZZ126 1.1706 
1t6 /0.17375 253.,.1 9.999 5355.8" 0.011,./030 0.06196 0.695 0.00512 1.Z1617 1.171" 
loll It. 0 73'15 Zlt3.10 9.689 ,.560.6,. 0.0125201 0.06121 o .6~. 0.001082 1.21066· 1.111710 
50 3.96/0,.3 23Z./oZ 9.3100 382/0.67 U.Ol/04567 0.0601Z 0.603 0.00/051 1.Z0/063 1.2135 
52 3.8/0339 219.87 8.9/06 3101.89 0.0166841 0.05870 0.561 0.00/016 1.19799 1.2611 
51t 3.70618 205.511 8.508 2/011.38 0.019~1051 0.05691 0.519 0.0037& 1.190109 1. 3390 
56 3.5,.739 190.Z6 8.006 1786.70 0.0~43429 0.051046 0.1077 0.00331 1.111166 1.10607 
58 3.35&07 172.86 i .1022 1221.75 0.0316659 0.051/07 0./0310 0.00 zao· 1.17151 1.6609 
60 3.11121 152.79 6.713 7210.49 0.045610910 0.010956 0.387 0.00228 1.15835 1.9614 

62 2.75897 129.IoZ 5.78Z 3210.47 0.0807860 0.0/oS30 o .33Z 0.00167 1.13960 2.5909 
64 2.18338 109.96 10.6311 115.29 0.15752119 0.0480/0 0.265 0.001Z7 1.109/01 3.4/053 
66 1.&1759 108.50 It.Z95 103./01 0.U98237 0.0383/0 0.217 O.OOlSZ 1.080211 2.&/053 
611 1.337/i0 115.2Z 10.280 129.2Z 0.0761617 0.032Z1 0.196 0.00274· 1.06607 1.92/03 
70 1.175117 122.37 4.266 150.69 0.0555800 0.029/06 0.187 0.00368 1.0579Z 1.5518 
75 0.9/01136 140.111 /0. Z25 1116./0/0 0.03/OZ983 0.OZ700 0.179 0.00592 1.0/0653 1.1505 

. SO 0.819;9 157.32 10.151 206.93 0.0257999 0.02653 ·O.UO 0.007911 1.0/0012 0.9937 
,,5 0.72977. 1710.30 4.0119 ZZl.0& 0.OZ101911 0.02668 0.U4 0.009911 1.03567 0.9096 
90 0.66239 190.70 10 .036 231.11 0.0179262 0.0.2713 0.189 0.01198 1.0323/0 0.8565 
95 0.60909 206.66 3.9811 2311.60 0.015735/0 O.0'~773 0.194 0.01400 1.02971 0.81'311 

·100 0.565'+7 Z22.2/o 3.9/03 2/0/0.33 0.01/00813 O.OZl'/OZ 0.200 0.01606 1.0Z756 0.7923 
105 0.5Z1178 237.1011 3.909 2'+11.115 0.0127971 0.02<;'17 0.206 0.011115 1.02576 0.7717 
110 0.109734 Z5Z.59 3.876 25Z./09 0.0117598 0.03003 0.2tz 0.02033 1.02421 0.75311 
115 0.46997 Z67.65 3.8/02 255./06 0.0109011 0.030 '12 0.218 0.OZ255 1.022117 0.739Z 
120 0.4'+5117 282.73 3.8011 Z57.92 0.010176/0 0.0311"'9 0.2210 0.021078 1.021&9 9.728/0 
125 0.4241t2 297.85 3.772 259.97 0.00955/09 0.03Z61 0.Z30 0.02700 1.020&1t 0.7210 
130 0.405111 313.08 3.735 Z61.71 0.0090148 0.03331' 0.Z35 0.OZ918 1.019&9 0.716t1 
1/00 0.371911 3/03.95 3.659 26/0./05 (1.0011119;; 0.03/0 7Z 0.2107 0.033102 1.0U07 0.7156 
150 0.3,.1t2/O 375.511 3.578 Z66.49 0.001403& 0.03630 0.259 0.03793 1.01671 0.7130 
160 0.320&5 /008.23 3./091 Z68.03 0.0068160 0.03795 0.270 0.0/OZ53 1.01556 0.71Z3 

170 0.30028 /0/01.66 1l.1t0& 269.22 0.0063Z31 0.039103 0.281 0.0/o70Z 1.01457 0.7163 
180 ·0.2821t9 /0 76.1/0 3.321 270.15 0.0059027 0.0/0499 0.309 0.05666 1.01370 0.69101t 
190 0.26681 H2.19 3.22~ 270.8/0 0.0055356 0.0/0616 0.327 0.06367 1.0129/0 0.6929 
200 0.Z5Z85 5/08./00 3.11011 271.41 0.005217/0 0.05102 0.34Z 0.07053 1.01ZZ6 0.6913 
220 0.22906 62Z .96 3.000 272.Z2 0.00&'6857 0.0560/0 0.3611 0.08382 1.01110 0.6893 
240 0.209/09 &99.55 2.87:5 272.73 0.004Z579 0.06038 0.3118 0.09676 1.01015 0.6883 
260 0.19309 777.66 2.763 273.05 O.003905Z Ii. 06/02/0 0./00,+ 0.109,5 1.009'35 0.6877 
280 0.17913 856.68 Z.670 Z73.25 0.0036088 0.06775 0./01.9 0.1223/0 1.00867 0.&875 
300 0.16709 936.03 2.593 273.37 0.0033558 0.07097 0./031 0.13523 1.00809 0.6117/0 
320 0.15&59 10 15. 7Z 2.527 273./03 0.0031372 0.07398 0./043 0.1/01126 1.007511 0.6874 

3ltO 0.14735 1095.25 2./071 273. /os 0.00294&1 0.07679 0./054 0.16150 1.00713 0.6873 
360 0.13916 117/0.52 2./02/0 273./0/0 0.00Z7775 0.079/04 0./065 0.17/098 1.00673 0.61173 
3S0 0.13111/0 1253.60 2.3113 273.41 0.0026277 0.08196 0./075 0.1111171 1.006311 0.61173 
1t00 0.IZ5Z6 1332.19 2.3/09 Z73.37 0.00Z/o935 0.08/036 0./085 O. Z027/O 1.00606 0.6873 
It 20 0.11932 1/010.13 2.320 Z73.32 0.0023726 0.086&5 0./09/0 0.Z1707 1.00577 0.6873 
4/00 0.11391 1/087.56 2.295 273.26 0.00270632 0.011686 0.50/0 0.23170 1. 00551 0.6872 
1t60 0.10898 15610.26 2.274 273.20 0.0021635 0.09097 0.513 0.2/06&6 1.00527 0.6871 
1t80 0.10/046 16/00./05 2.256 273.13 0.002072/0 0.09303 o .5ZZ 0.2619/0 1.00505 0.6870 
500 0.10031 1715 • .75 2.2/oZ 273.07 0.00191188 0.09500 0.531 0.Z7757 1.00/0115 O. &1169 
520 0.096/07 1790./08 2.ZZ9 Z73.00 0.0019117 0.09693 0.5/00 O. Z935/O 1.00466 0.68611 

540 0.09Z9Z 15 6/0.119 2.218 272.97 0.00111400 0'.0911110 0.549 0.3091111 1.00/0/09 0.6866 
560 0.0119&2 1938.30 2.Z10 27Z.9D 0.0017740 0.1006Z 0.558 O. 326510 1.001033 0.611610 
580 0.011655 2011.26 2.202 Z72.83 0.0017126 0.102/OZ 0.567 0.3/035/0 1.001018 0.6863 
600 0.083&11 Z01l3.81 2.196 Z72.77 0.00165510 0.101017 0.576 0.J6068 1.00/00/0 0.68£:2 
&50 0.07729 Z263.2& 2.185 272.61 0.0015271) O.loa/oio 0.597 0./00575 1.00.HIo 0.&856 
700 0.071111 Z/O/01.0lo 2.177 272./07 0.001101~8 0.112&1 0.£.19 0.45280 1.00347 0.6655 
800 0.06289 Z792.87 2.1611 272.22 0.001Z/017 0.120611 0.6&2 0.55333 1.003010 0.66109 

1000 0.05036 3495.70 2.156 Z71.1I1o 0.00099/01 0.136/09 0.746 0.779&3 1.002'+3 0.68 .. 2 
2000 0.OZ527 728/0.26 Z.021 270.96 0.000loQ1l3 o .Z7723 . 1.137 3. OZ 250 1.00122 3.5360 
3000 0.016117 117118.44 1.819 270.6/0 0.0003326 0.39/027 1./OS5 5.96280 1.00081 0.5315 

1t000 0.OIZ&5 175Z9.8ft 1.511Z 270.29 0.0002/097 0.55Z78 I.S03 9.91)310 1.00061 0.51101 
5000 0.0100/0 300/09.10 1.101 Z611.03 0.0002015 1.03856 2.109 17.011/051 1.0001011 0./0/026 

• TNO-PHASE BOUNORY 
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c-Zc 'THEflP10:JrNA'1IC PPOPERTIES OF NOP~AL ~YOqO~EN 

Z80 PSU ISOBAR 

TEMPERATURE VOLU"E ISOTHER" ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OERIVATIVE OERIVATIVE ENERGY OF SOUND 

DEG. R CU H/LB CU FT-PSU/LB PSU/R BTUn8 8TU/LIJ BTU/LB-R BTU I LB -R FTISEC 

• 25.982 0.20515 300e.66 7S.764'5 1".232 10/0.869 3.37637 t.139 1.S25 /0321 
2& 0.20519 3031.79 7S.7695 94.267 10,..906 3.37781 1.139 1. S23 4333 
28 0.20739 2828.19 76.0746 97.319 108.071 3 .,.9S 03 1.191 1.6,.7 4257 
3D 0.20980 2611.49 7S.3969 100.609 111./087 3.61283 1.2311 1.770 /OlS9 
32 0.2121t1t 21t34.92 71t.0675 10".12" l1S.139 3.7306S 1.282 1.11114 /0072 
31t 11..21530 2269.118 72.1"71 107.1160 119.023 3.114113" 1.321 2.001 3992 
36 0.215"0 2112.13 11.3489 111.823 123.1"1; 3.96620 1.356 2.122 39110 
38 0.22176 19S0.78 69.11125 116.017 127.515 10.08 .. 63 1.3116 2.251 3831 
.. 0 0.2251t/O 1790.19 &11.08 .. 1 120./061 ll2.150 ,..203&& 1."13 2.381 37 .. 4 

,.2 0.22951 1~26.75 6&.1551 125.170 137.069 ... 32371 1.43 .. 2.537 3651 
,,.4 0.23405 11+59.31 63.9171 130.177 142.313 ... 4451;0 1.453 2.705 351t7 
,.6 0.23915 1300.61 61.5095 135.500 141.899 4.56961 1.468 2.1111& 3 .. 41 
.. a 0.2 .... 93 1136.95 58.727" 1,.t.175 ' 153.81" ... 69657 1.,.81 3.099 3320 
50 0.25159 98 ... 1t2 55.594& l1t7.258 160.301 ... 8276,. 1 ... 93 3.333 3191 
52 0.2593& 827.70 S2.1164 153.805 1&1.253 ... 963113 1.505 3.630 30,.2 

5 .. 0.2&1113 &14.51t ,.11.290& 160.953 11".886 5.10180 1.511 ".01;; 21175 
56 0.28037 525.83 4".071t9 168.'1&5 183."02 5.26263 1.532 4.543 2688 
S8 0.29563 386.64 39.3651 177.8&3 193.191 5.43431 1.550 5.312 2,.77 
60 0.31723 258.63 3 ... 0020 188.504 20".952 5.6336& 1.571 6.575 2235 

&2 0.3526" 144.32 27.€i342 202.118 220.402 5.88619 1.626 9.181 19,.3 
61t 0.42522 68.19 20.2591 221.630 21tJ.671 &.25584 1.7 .. 1 h.639 1630 
6& 0.5r.Z14 U,.56 13.9,.87 2"5.526 27 ... &72 6.13306 1.779 13.986 1,.97 
&11 0.&9194 89.31 10.8188 261.80& 291.683 7.07697 1.130 9.626 1518 
70 0.19&04 120.63 9.0805 272.983 311t.251 1.31733 1.6M. 7.295 1557 
75 0.999110 189.70 6.8185 292.019 343.8S1 7.72653 1.601t 5.006 1656 
80 1.16329 2,.7.01 5.61t92 305.911 366.292 8.01637 1.572 ,..162 17,.1 
85 1.31C5& 298.31 4.8950 311.916 385.92& 11.2545" !:o559 3.731 1818 

'90 1 ... It&l,. 344.99 4.3518 328.858 .. 03.8&9 8.1t5919 1.552 3.,.67 18119 
95 1.515,.7 388.31 3.9356 339.0,.4 420.729 8.64218 1.5411 3.289 1955 

100 1.69810 .. 29.19 3.600& 31t8.806 436.881 8.80800 1.545 3.159 2016 
1115 1.81790 1068.11 3.3266 356.163 "'52.413 8.95981 1.5~2 3.063 2075 
110 1.9339& ;05.52 3.1007 367.271 ,.67.5,.3 9.100 .. 0 1.5,.2 2.991 2131 
115 2.04750 541.70 2.9059 376.19" 482.353 9.23188 1.5 .. 3 2.935 2185 
120 2.158911 576.8& 2.7370 3 lilt. 980 ,.96.920 9.35605 1.547 2.892 2235 
125 2.26876 611.18 2.5889 393.668 511.299 9 ... 1333 1.553 2.859 2283 
130 2.31111 64".77 2."578 "02.275 525.52/0 9.581t97 1.560 2.831t 2330 
140 2.59030 110.17 2.2352 "19.393 553.69& 9.79371 1.578 2.802 2417 
150 2.7911112 773.68 2.0527 436 ... 71 581.&31 9.98659 1.603 2.788 2497 
160 3.00651 835.14 1.8999 "S:1.636 609.519 10.16666 1.632 2.789 2572 

170 3.21091 896.63 1.7691 470.964 637.,.,.1 10.33590 1.665 2.198 2642 
180 3,"1363 956.58 1.6572 ,.1I8.S15 66S.507 10.,.9620 1.700 2.815 2709 
190 3.611t55 1015.55 1.S577 506.4 .. 0 693.8 .. 9 10 .6 .. 866 1.141 2.81t0 2770 
200 3.811t31 1013.99 1.47D9 521t.598 722.367 10.79S06 1.180 2.865 2830 
220 1t.21106 1189.28 1-. 321t5 561.887 180.223 11.07016 1.856 2.922 2945 
2,.0 ,..60HO 1302.9& 1.2056 600.506 1139.25 .. 11. 32771t 1.930 2.961 3053 

, -
2&0 4.99604 1 .. 15 ... 1 1.1068 61010."33 899.470 11.561126 1.999 3.039 3157 
280 5.385&2 1526.92 1.023,. 681.566 960.802 11.79552 2.062 3.093 3258 
30G 5.71382 1631.68 0.9520 723.808 1023.171 12.01087 2.118 3.143 33S5 
320 6.1&089 111t7.84 0.8901 767.01tc:J 1086.481 12.21511 2.1611 3.188 31t50 

litO 6.5 .. 101 1857.51 0.113511 811.190 1150.6,.S 12. ~098", 2.213 3.228 35,.3 
360 6.932 .. 9 U66.79 0.1880 856.119 1215.55& 12.5951', 2.252 3.263 3634 
3&0 7.31129 2015.72 0.7453 901.760 12111.150 12.:r72&1 2. ~lIl J.295 3122 
,.00 1.70157 2184.37 0.1071 948.021 1341.335 12.<}1t2011 2.:111 3.323 3809 
420 8.01151t0 2292.78 0.6727 994.819 ',- -1411t.03/o 13.10481 2. :l,.3 3.31t& 3895 
.... 0 8.1t6885 21t00.99 0.6"15 1042.080 1481.176 13.26090 2.36& 3.367 3979 
460 8.65191 2509.01 il.6131 10119.144 15"8.101t 13.41121t 2.385 3.385 1t062 
.. 110 9.231t80 21>16.811 ~.5871 1137.158 1&16.568 lJ.5556" 2,"02 3 ... 00 41,.3 
500 9.61738 2124.62 0.5633 11116.054 1&8 ... 700 13.69471 2.1t15 3. ,.13 4223 
520 9.99911t 2832.23 0.5 .. 13 1231t.591t 1153.064 13.821184 2 ... 21 3. ,.23 4302 

540 10.38203 29 .. 0.10 0.5209 1283.1t92 1821.111 .. 13.9SI129 2. ,.31 J. ,.32 4380 
'560 10.76390 301t7."& 0.5021 1332 ... 90 H90.582 llt.08311 2.4,.5 3.439 1t .. 56 
580 11.1 .. ;63 3154.'13 0.46,,6 1361.509 19S<}.392 1 ... 20393 2.1t52 J.4,.5 .. S32 
600 11.52723 3261.94 1) ... 683 1It30.102 2028.310 1 ... 32092 2,"57 3.450 4606 
650 12.48015 3529.69 0.1t320 1553.973 2201.081 11t.5915S 2.461 3 ... 58 .. 188 
700 13.43313 3197.11t 0.1t009 1677.629 237".146 11t.85411 2.413 3.464 4963 
80G 15033852 .. 331 ... 3 0.3506 1925.5&6 2720.844 15.31108 2.419 3.468 5298 

1000 19.1 .. 532 53911."9 0.2602 21022.5"0 31t15.19" 16.09141 2." 88 3 ... 15 5911 
2000 38.16330 10725.20 0.1 .. 00 1t9&9.635 691t8.342 18.53150 2.644 3.630 8259 
3000 51.17&67 16049.08 0.0933 7155.936 10120."56 20.05110& 2.93" .1.920 9967 

1t000 16.21t3,.5 21372.50 0.0700 101113.993 1 .. 3 21. 09S 21'.236&1 3.370 1t.:'74 11335 
5000 9&.02,.41 26,,95.711 0.05&0 1"810.589 19",1,9.303 22.3506& 1t.857 &.023 12317 
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T .. HI100YNAI1IC PROPERTIES OF NOPI1Al I4YO~OGEN C .2,' 

zaO. PSU ISOBAR 

TE"j>ERATURE DENSITY VIDH/OV'p V IDP/DU'V -V IDPlDV'T IDV/DTI/V THER"Al VISCOSITY THER"Al DIELECTRIC PAlNOTl 
J CONOUCTIltITY OIFFUSIVITy CONSTANT NU"BER 

DEG. II. l8/CU FT BTU/le PSIA-CU FT IBTU PSU l/DEG. II. BTU/FT-HR-R lB/FT-SEC SQ FT/HR 
X 10:; 

• 25.982 ... 87 .. 53 295.17 13.652 1"665.113 0.0051661 0.01t61t1t 1.793 0.00625 1.25533 2.118CJ 
26 ... 8731t5 296.CJ9 13.64CJ 1 .. 775.27 0.0!)51281 0.046"9 1.7119 0.00621) 1.25527 2.10CJ5 
2a ... 112191t 295.33 13.245 13637.36 0.0055781t 0.05152 1.561 0.006 .. 11 1.25236 1.7970 
30 ... 76631t 292.27 12.717 121t1t7.24 0.00&0573 0.054811 1.382 0.00650 1.21oCJ23 1.6047 
32 ... 707110 291.55 12.2711 111t61.48 0.00&4623 0.05717 1.2311 0.0061t5 1.24;CJO 1.4&~8 

3 .. 4.61t1t70 290.06 11.85& 1051t2.91 0.006QOOl 0.051163 1.121 0.00631 1.21t21t0 1.3775 
3& ... 57886 2117.65 11.1t93 9671.110 0.007.3775 0.05981t 1.023 0.00616 1.23871 1.30£:& 
3a 1t.50CJ1t2 283.59 11.1&9 879&.90 0.00793&0 0.06123 o .CJ/01 0.00603 1.23/083 1.2450 
/00 1t./o35&8 278.1t1t 10.a66 n1t0.70 0.008;741 0.0&210 0.869 0.005116 1.23071 1.2033 

102 ... 35712 271.711 10.511 .. 70117.96 0.009.333/0 0.06251 0.1107 0.00566 1.22634 1.1783 
.... ... 27251 2&3.63 10.30/0 623 ... 9 .. 0.0102611 0.06252 0.750 0.005101 1.22161t 1.16S5 
.. 6 ".111150 255.13 10.018 51t311.1t1l 0.0113100 0.06215 0.&99 0.00515 1.216&0 1.1681 
loll 10.011281 2 It It .92 9.712 1061tl.96 0.012&511t 0.061102 0.651 0.001t1l5 1.21115 1.1832 
50 3.97 .. 73 2 31t. 58 9.3611 3912.112 0.011t2083 0.06036 0.&07 0.001t5& 1.2051CJ 1.20£:5 
52 3.1155&2 222.30 8.983 3191.29 0.0163308 0.0511CJ8 0.565 0.001t21 1.191166 1.2510 
5 .. 3.72121t 208.&1 !I.555 2510.11 0.0192381t 0.05723 0.523 O. 'l0 3113 1.19131 1.3205 
56 3.5&673 193.31 8.0&8 11175.51 0.02350~3 D.051t85 0.1t82 0.00339 1.111291 1. 1t3&8 
58 3.382&1 176.1t9 7.50& 1307.11" 0.0300992 0.05198 0.1t40 0.00289 1. 17:!91t 1.6173 
60 3.15225 157.6& 6.839 815.28 0.0 .. 17060 0.0"987 0.395 0.0021tl 1.16055 1.8733 

62 2.83575 135.9& 5.993 1009.25 0.067524& 0.01t822 o .31t .. 0.00U5 1.11t3&7 2.3558 
6 .. 2.35170 115.88 1t.91t1l 160.36 0.12&3324 o .01t751t 0.283 0.00136 1.11618 3.11t10 
6& 1.77U3 101l.19 1o.1t08 109.50 0.127382& 0.0 itO 91t 0.231 0.00165 1.081153 2. &349 
68 1.1t1t521 l11t.91 1t.328 129.15 0.0837&79 0.031t03 0.205 0.0021t5 1.07152 2.0M5 
70 1.25622 121.75 1t.300 151.51t 0.0599211 0.030&1t 0.193 0.00331t 1.0619& 1. &530 
75 1.00020 131l.30 1t.251 189.71t 0.03593&5 0.027&1 0.183 0.00552 1.010912 1.1919 
110 0.115963 156.1t3 1t.181 212.3 .. 0.026601t7 . 0.02695 ·0.1113 0.00 753 1.01t211 1.014& 
'115 0.76303 173.1t9 It.l11t 227.62 0.0215052 0.02701 0.1116 0.0091t9 1.03732 0.9227. 
90 0.69121 189.97 ... 056 2311.106 0.01821t97 0.0271t0 0.190 0.011"3 1.0337& 0.865& 
95 0.&31t73 20&.01 1t.006 21t6.51 0.0159652 0.02797 0.195 0.0131t0 1.03097 0.826& 

100 0.58869 221.6& 3.959 252.66 o .011t2511 0.028&3 0.201 11.0151t0 1.02870 0.T1l71t 
105 0.55009 236.96 3.921t 257.50 0.0129274 0.02936 0.207 0.017102 1.il2G1I0 0.7758 
110 0.51707 252.12 3.889 261.39 0.1)118623 0.03020 0.212 0.01953 1.02518 0.7571 
115 0.1t881t0 267.23 3.855 261t.57 0.0109835 0.03109 0.2111 0.02169 1.02377 0.71t19 
120 0.46318 282.31t 3.819 267.19 0.01021t37 0.03191t o .221t 0.023115 1.02251t 0.7307 
125 0.1t1t017 297.51 3.783 269.39 0.009&105 1).03276 0.230 0.02599 1.02tltlt 0.7230 
130 0.102068 312.77 3.71t6 271.21t 0.0090&13 0.03351 0.236 0.02810 1.020105 0.7185 
litO 0.38&01; 3 .. 3.69 3.668 271t.16 0.00111527 0.031t83 0.21t8 0.03220 1.01876 0.7170 
150 0.35717 375.38 3.586 276.33 0.01171t283 o .0361tl 0.259 0.03656 1.01735 0.711,1 
160 0.332&1 10011.08 3.1099 277.911 0.0068346 0.03805 0.270 0.01tl02 1.01&15 0.7131 

170 o .311ft3 Itltl.55 3.411t 279.2" 0.0063375 0.03953 0.2111 0.01t53& 1.01511 G.71&9 
1110 0.29291t It 76.07 3.327 280.22 0.0059139 0.01t503 0.309 0.051t60 1.011021 0.6952 
190 0.276&& 512.19 3.233 2110.96 0.00551t1t2 o .01t820 0.327 0.0&135 1.0131t2 0.6935 
200 0.2&217 51t8.103 3.153 2111.56 0.0052241 0.05106 o .31tZ 0.06797 1.01271 0.6919 
220 0.2371t7 &23.05 ~.005 282.1t2 0.001t6900 0.05&117 0.368 O. 08080 1.01151 0.6898 
21t0 0.21717 699.70 2.876 262.96 0.001t260& 0.0601t0 0.3118 0.09330 1.01052 0.685& 
260 0.20016 777.69 2.766 283.31 0.0039069 0.0&1t27 0.1t01t 0.10565 1.009&9 O. £.880 
2110 0.185&8 85&.91, 2.673 283.52 0.003&OCJ8 0.06777 0.1t19 0.11799 1.00899 0.6877 
300 0.17320 936.31t 2.595 283.61t 0.00335&4 0.07099 0.1t31 0.1301t3 1.00838 0.687& 
320 0.16231 10 16.07 2.529 283.70 0.0031371t 0.071t00 0.1t't3 0.11t301 1.00786 0.6875 

3 .. 0 0.15271t 1095.65 2.1t73 2113.72 0.002910&1 0.076111 o .1t51t 0.15579 1.00739 0.6875 
360 0.11t/025 117~.95 2.1t26 2113.71 0.0027774 0.0791t5 0.1t65 0.16879 1.00698 0.6875 
380 0.1366& 1254.07 2.385 2113.67 0.002&271t 0.06198 o .1t75 0.18205 1.00&61 0.6875 
'too 0.12981t 1332.69 2.351 283 .63 0.0021t932 0.081t38 o .1t85 0.195511 1.00628 0.6874 
.. 20 0.123&8 lltl0.&7 2.321 Z83.57 0.0023723 0.086&7 0.1t95 0.2091tl 1.00598 0.6874 
4ltO 0.11808 l1t88.12 2.297 283.51 0.0022&28 0.088811 0.;01t 0.22353 1.00571 0.6873 
.. &0 0.11297 15&4.85 2.27& 2113. It It 0.0021631 0.09099 0.513 0.2379& 1.0051t& 0.6872 
It 110 0.101129 1&1t1.06 2.258 283.37 0.0020720 0.09305 0.522 0.25270 1.00524 0.68i"1 
500 0.10398 171&.38 2.21t3 2113.30 0.0019883 0.09502 0.531 0.26778 1.00503 0.6870 
520 0.10000 1791.11t 2.230 283.23 0.0019113 0.09&95 0.51t0 0.28319 1.001t83 0.6869 

5 .. 0 0.09632 1865.58 2.219 283.19 0.OOlB3CJ5 0.09882 0.51t9 0.29896 1.001t6& 0.6M& 
560 0.09290 lQ3CJ.00 2.211 283.12 0.0017735 0.100&1t .1) .558 0.31503 1.004"CJ 0.681',5 
5110 0.08912 2011.98 2.203 283.05 0.0017122 0.1024'. 0.5&7 0.3311t3 1.00431t 0.68&3 
600 0.08&75 2084.51t 2.197 282.98 iI.001&51t9 0.10420 0.576 0.31t1l16 1.001t19 0.6M2 
650 0.08012 2261t.02 2.185 282.81 0.0015275 0.10847 0.598 0.3911t5 1.00387 0.6853 
700 0.07/o1t4 241t 1. 82 2.178 282. && 0.0011t181t 0.112&3 0.619 3.1t3681t 1.003&0 o. & e55 
1100 0.06520 2793.&9 2.169 282.39 0.001Z411t 0.12070 0.&&2 0.53383 1.00315 0.6 8 ~9 

1000 0.05223 3~9&.55 2.157 2111.CJ7 0.0009939 0.13652 0.71t7 0.75214 1.00252 0.&842 
2000 0.02&20 72115.21 2.021 281.03 0.0004CJ82 0.27723 1.1311 2.CJl1t1l3 1.00127 0.5362 
3000 0.017"9 1178CJ.13 1.819 280.69 0.0003325 o .3CJ1t25 1.1t85 5.75025 1.00081t 0.5317 

1t000 0.01312 17515.11t 1.511/0 280.32 0.0002/oCJ7 0.55197 1.1I01t 9.62171t 1.00063 0.5146 
5000 0.010 .. 1 29')0 1. 72 1.107 278.01 0.000201" 1.03101t Z.110 1&.1,3728 1.00050 O. It It 37 
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C-Ze TH[I1MOO'tNA"'IC PROPERTIES OF NOI1MAL HYD~OGEN 

290 PSU ISOBAR 

TEMPERATURE VOLUME ISOTH~RM lSOCHORE INTERNAL ENTHALPY ENTROPY CV CP "nOCIfY 
DUIVAnVE DERIVATIVE ENfRGY OF' SOUND 

DEG. R CU FT/LS CU I:f-PSU/LS PSIA/R BTU/LB BTU/LB BTU/LS-R BTU I LB' -R F'T/SEC 

• 26.021 0.20505 III 18.91 75.7Q77 94.247 105.2511 3.37675 1.139 1.525 4327 
28 0.20723 2846.24 76.1401 97.2&7 1011.195 3.49289 1.191 1. &44 4267 
30 0.20Cl&4 2626.97 75.5372 100.5108 111.1105 3.61051 1.238 1.768 4169 
32 0.21226 2449.7il 74.2081 104.053 115.452 3.728110 1.281 1.881 4082 
34 0.21510 2284.44 72.8899 107.778 119.329 3.84561 1.321 1.998 4002 
36 ,O.2U17 2127.21 71.4958 111.728 123.443 3.9&322 1.355 2.118 J924 
38 0.22151 1966.00 69.9&76 115.907 127.802 4.D813q 1.38& 2.245 1842 
40 0.22516 111 06. 05 611.2474 120.334 132.425 4.20011 ' 1.412 2.381 3756 

42 0.22U9 1643.04 6&.3313 125.022 137.329 4.31978 1.434 2.528 3663 
4/t 0.23368 11080.44 64.173? 130.001 142.549 4.44113 1.453 2.691 3564 
46 0.23871 1317.76 &1.7288 135.294 148.113 4.56464 1.468 2.1172 3456 
4a 0.2/t441 115<).39 58.9794 140.932 154.057 4.69095 1.4111 3.074 3339 
50 0.25095 1003.72 55.8912 1106.9&3 1&0.1039 4.82106 1.491 3.308 3210 
52 0.25856 1147.84 52.10719 153.4104 167.329 4.95608 10504 3.595 30610 
54 0.267&8 :'95.36 48.7135 160.4Qfj 174.1172 5.091135 1.516 3.961 2901 
56 0.27892 5106.54 44.5856 1&8.275 1113.253 5.25073 1.530 4.1064 27111 
5a 0.293104 4U.M 40.0141 177.046 192.8010 5.41828 1.5411 5.145 2518 
60 0.31357 282.03 34.1158& 187.295 204.134 5.610211 1.572 6.279 2284 

62 0.34485 169.24 211.11809 200.002 218.520 5.114601 1.613 11.342 2013 
64 0.402911 8&.82 22.0672 217.232 2311.872 6.1&8110 1.700 12.495 1719 
66 0.51510 63.20 15.&103 239.530 267.191 & .604&2 1.764 14.2&7 1539 
68 0.64087 84.39 11.8895 257.209 291.&24 6.9&974 1.737 10.400 1530 
70 0.74551 114.37 9,;81039 269.459 309.1093 7.22890 1.&91 7. i'95 1563 
75 0.910906 183.87 7.2&34 289.739 340.703 7.6&043 1.6it 5.200 1658 
80 1.11042 241.70 5.9717 304.219 363.848 7.95951 1.575 ft.270 1742 
85 1.25500 293.83 5.1505 316.517 383.911 8.20289 1.562 '3.1100 1820 
90 1.311820, 341.17 4.5&54 327.598 402.145 8.41148 1.554 3.516 1891 
95 1.51379 385.09 4.1202 337.930 419.221 8.59(21) 1'.550 3.327 1957 

100 1.63382 426.36 3.7633 347.807 435.543 8.763711 1.547 3.1119 2018 
i05 1.74977 465.67 3.4750 357.252 451.215 8.91690 1.5410 3.0118 2077 
110 1.86255 503.41 3.2338 3&6.433 4,&6.452 9.05854 1.543 3.011 2133 
115 1.97280 539.89 3.0283 375.41& 481.35& 9.19085 1.545 2.953 2186 
120 2.08099 575.32 2.8505 38/t.255 49&.005 9.31571 1.5411 2.907 2231 
125 2.111747 & 09.86 2.6948 392.987 510.455 9.~3357 1.554 2.1172 2286 
130 2.29252 643.67 2.5571 401.634 524.742 9.54570 1.561 2.846 2332 
140 2.49910 709.44 2.3Z38 418.817 553.019 9.75522 1.579 2.611 2419 
150 2.70201 773.27 2.1329 435.947 581.046 9.94870 1.603 2.796 2500 
160 2.90210 835.59 1.9732 453.156 608.999 10.12923 1.633 2.796 25?,~ 

170 3.0999& 1196.72 1.8373 470.520 636.9811 10.29883 1.665 2.804 2645 
180 3.29&03 956.87 1.7201 488.102 665.100 10.lt5943 1.701 2.1120 2711 
190 3.49035 1016.02 1.6164 506.060 &93.492 10.f>12t7 1.742 2.844 2772 
200 3.68359 1071+.61 1.5260 524.21+2 722.051 10.758711 1.7110 2.11&9 2833 
220 4.0671 0 1190.17 1.3737 561.572 779.97& 11.03480 1.857 2.925 2947 
240 4.44758 1301+.07 1.2580 600.226 U9.06Z 11.29203 i.930 2.984 3056 
260 4.82578 141&.70 1.1474 640.179 899.324 11.53274 1.999 3.041 3160 
210 5.20222 15211.37 1.0608 681.335 960.&95 11.76014 2.062 3.095 3260 
300 5.57728 1639.26 0.9867 723.597 1023.097 11.975&0 2.118 3.144 3358 
320 5.95122 1149.510 0.9221+ 7&6.851t 1086.lt3& 12.17993 2.169 3.189 3452 

340 6.321027 11159.32 0.8&61 &11.011 1150.625 12.37474 2.213 3.229 3545 
360 6.69&57 1968.68 0.81&5 1155.953 1215.559 12.5&010 2.252 3.261+ 3636 
!80 7.0&1124 2077.69 0.7722 901.&05 1281.171 12.737&3 2.2117 3.296 3725 
/tOO 7.43940 21116.1+1 O.73Z& 947.877 13lt7.371o 12.90713 2.317 3.323 31112 
420 7.8LOll 2291+.1111 0.69&9 994.&85 141ft.01l8 13.06997 2.343 3.347 3a97 
4ltO 8.111044 2403.14 0.&&46 1041.954 1481.21+5 13.22603 2.36& 3.368 39111 
460 1i.55044 2511.22 0.&352 10119.626 1548.185 13.376100 2.3115 3.386 4064 
480 8.92015 2619.13 0.6082 1137.647 1&1&.66D 13.52082 2.402 3.401 4145 
500 9.289&1 2726.91 0.51135 1185.950 1684.803 13.65992 2.41& 3.413 4225 
520 9.6588& 2834.5& 0.5&08 1234.495 1753.177 13.19407 2.427 3.421t ft304 

540 10.02110& 2942,.49 0.5396 1283.404 1821.913 13.92354 2.437 3.432 4382 
5&0 10.39&112 3049.(17 0.5201 1332.407 11190.7111 14.0 .. 1137 2.445 3.439 4458 
580 10.765"4 3157.17 0.5020 1381.430 1959.53& 1 ... 16921 2.452 3.445 4534 
600 11.13392 3261+.40 0.4851 1430.627 2028.521 14.28621 2.457 3.450 4608 
650 12.0510&& 3532.21 0.4475 1553.908 2201.245 14.5&286 2 ... 67 3.459 4790 
700 12.971t1l5 3799.70 0.4153 1677.571 2H4.323 14.111950 2.473 3.464 49&5 
1100 14.811008 4334.05 0.'3&31 1925.5Z0 27Z1.038 15.28243 2.479 3.468 5300 

1000 18.411975 5401.19 0.2903 2422.509 31015.411 1& .05679 2.4118 3.475 S912 
2000 3&.85217 10728.00 0.1450 49&9.&27 &9108.5910 111.49691 2.644 3.630 8261 
3000 5S.20991o 1&051.91 0.0967 7755.913 10720.&94 20.02346 2.934 J.920 9CJ&8 

4000 73.61834 2137S.34 0.0725 101172.11011 110826.123 21.20169 3.366 4.370 11337 
SOOO 92.70,.37 2&698.62 0.0580 14115&.59& 19834.834 22.J1283 4.831 S.994 12381 
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THfP,.OOYNAI1IC PPOPERTIES OF NO~~IL H~OROGr.N (" ~21.· 

290 PSll ISOBAR 

TE"PERA TURE DENSITY VCOH/OV'? 11 COP/DU'V -V (OP/OV'T COIl/0T\lV THER"IL VISCOSITY THERHIL t!IELECTRIC Pili NOTL 
CONOUC TI V lTV OIFFUS tv lTV CONSTANT NI.HBER 

OEG. R LB/CU FT 8TU/Le PSU-Cu FT/BTU PSII 1/0EG. R 9TU/FT-HR-R L9IFT-SEC sa FT/HR 
lC 101j 

• 26.021 /0.87&&3 296.18 U.6/o2 1"722.71 0.oon/o8/o 0.0"659 1.795 0.00627 1.255"6 2.115 .. 

2a ... 825 .. 9 29£>.£>2 13.250 1373 ... 51 0.0055"37 0.051. 56 1.568 0.00650 1.'252'36 1.7999 

30 ... 77013 293.30 12.79/0 12530.99 0.0060280 0.05/09 .. 1.388 .0.00651 1.2 .. 9 .... 1.6016 

32 ".71119 292.58 12.295 115"0.98 0.00&"300 0.05725 1.2 .. 3 0.00£>"& 1.2 .. 613 1 ... 709 

3 .. ... 6 .. 907 291.12 11.873 10620.52 0.0068£>31 0.05872 1.126 0.00£>32 1.2 .. 2& .. 1.3769 

36 ".583,8 288 .. (;1 11.509 9750.23 0.0073327 0.05994 1.028 0.00618 1.23897 1.3072 

38 ... 51 .. 52 28".82 11.UI5 8875.52 0.00711832 0.06135 0.9"5 0.00605 i.23 tHl 1.2 .. 51 

"0 ....... 122 279.79 10.1182 8021.09 0.0085085 0.06223 0.873 0.00589 1.23102 1.2027 

"2 ... 36321 273.23 10.600 7168.96 0.0092526 0.06266 0.810 0.00'568 1.22668 1.1770 

.... ...279ltO 265.62 10.321 6335.38 0.0101293 0.06268 0.75" 0.005 .... 1.22202 1.16 .. 8 

.. 6 ".18914 256.82 10.036 5520.26 0.0111822 0.06233 0.702 0.00518 1.21702 1.1651 

.. a ".091 .. 3 2 .. 7.2 .. 9.733 .. 7 .. 3.55 0.012"J3£> 0.06162 0.655 0.00490 1.21162 1.176" 
511 3.98 .. 83 236.70 9.395 3999.65 0.0139740 0.06059 0.611 0.00460 1.20575 1.2000 

52 3.86756 22".65 9.018 3279.07 0.0160021 '0.0592" 0.568 0.00"26 1.19931 1.2 .. 17 

Sit 3.73587 211.2 .. 8.600 2597.77 0.0187521 O. 0 57~5 0.527 0.0038'1 1.19211 1.30&7. 

56 3.58526 196.21 8.12£> 1959 ... 8 0.0227537 0.055210 0."87 0.003"5 1.18391 1.4159 

58 3."0785 180.37 7.586 1 .. 02.96 0.0285213 0.05248 0 ..... 5 0.00299 1.17 .. 30 1.5712 

60 3.18911 162.00 6.953 899 ..... 0.0387560 0.05022 0.402 0.00251: 1.16252 1.8075 

62 2.8998 .. 1"1.76 6.173 "90.76 0.0585497 0.0"1140 0.3510 0.00200 1.14707 2.19.3& 

64 2."8153 121.99 5.230 215 ... 3 0.102"311 0.04717 0.296 0.00152 1.12498 2.81050 

66 1.94138 112.1" ... 557 122.70 0.127224" 0.04291 0.2 .. 5 0.00155 1.09&89 2.9266 

68 1.56037 115.18 ".3116 131.68 0.0902893 0.035811 0.215 0.00221 1.07737 2.2403 

70 1.34136 121.1011 ".339 153."1 0.0&"1692 0.031119 0.200 0.00305 1.06&2& 1. 75£:5 

15 1.053&8 1311.72 ".278 193.7 .. 0.0374895 0.02825 0.186 0.00516 1.05179 1.2333 

60 0.9005& 155.63 ".211 217.61 0.027 .. 350 0.02739 0.185 0.00712 1.04415 1.03&9 
. 65 0.796111 172.73 ... 139 2JI,.13 0.0219991 0.02735 ·0.1117 0.00903 1.03899 0.93&3 

IJD 0.7203&- 189.29 ".078 21,,5.76 0.01857&& 0.027&8 0.191 0.01093 1.03520 0.8750 

95 0.66059 205.100 ".025 25 ... 39 0.0161962 0.02821 0.196 0.01283 1.03225 0.8335 

100 0.61206 221.11 3.975 260.96 0.014 .. 211 0.028115 0.202 0.01"78 1.02986 0.8D27 

105 0.57150 236.47 3.938 2&6.13 0.D130576 0.02955 C .207 11.01675 1.0278& 0.7800 

110 0.53&'JCI 251.£>8 3.903 2l0.28 0.0119647 0.03038 0.213 0.01879 1.:1261& 0.7605 

115 0.50669 26&.82 3.867 213.67 0.011065& 0.03125 0.Z19 0.020811 1.02468 0.11047 

120 0.10.8054 281.98 3.1131 276 ... 6 0.0103105 0.03210 0.225 0.02297 1.02339 0.7331 
125 0.45715 297.18 3.7<:110 278.80 0.0096&58 0.03290 0.231 1).02506 1.0222 .. 0.7250 
130 O ... 3620 312 ... 7 3.756 280.71 0.01)91075 0.0336'+ 0.23& 0.02710 1.02121 0.7202 
1 .. 0 0.I,Oat4 3'+3.4& 3.678 283.88 0.00811158 0.031095 0.2108 0.03107 1.0~9"5 0.7184 
150 0.37009 375.20 3.595 266.18 0.007'+521 0.03652 0.259 0.0.3529 1.017911 0.7151 
160 0.3 .... '8 1007.94 3.507 287.93 0.00&8531 0.031115 0.271 11.03961 1.01&73 0.7139 

170 0.32258 .... 1.104 3.421 2119.27 0.00&3516 0.03963 0.262 0.0" 381 1.0156& 0.7175 

1110 0.30340 476.01 3.33'+ 290.31 0.00592109 0.010507 0.309 0.05268 1.011072 0.6959 
190 0.28650 512.19 3.239 291.09 0.0055527 0.048210 0.321 0.05920 1.01390 0.69102 

200 0.271"7 548.107 3.Hi8 291.73 0.0052308 0.05109 0.3'+3 0.065&0 1.0131& 0.6925 
220 0.2105118 623.15 3.009 292.63 0.004&94-2 0.05610 0.366 0.071100 1.01192 0.6902 

2"0 O.22 .. 8It &99.86 2.880 293.21 0.00 .. 2&32 . 0.06043 0.3118 0.09008 1.01089 0.6890 
260 0.20722 77 8.10 2.770 293.51 0.0039085 0.0&"29 0."04 0.10201 1.0lDO .. 0.68~3 

260 0.19223 &51.21 2.676 293.79 0.0036108 0.06780 0.419 0.11395 1.00931 0.6880 

300 0.17930 936.65 2.598 293.92 0.00335&9 0.07101 0.432 0.12596 1.00868 0.6878 

320 0.16803 1016.'+3 2.531 293.98 0.003137& 0.07402 0.1043 0.13812 1.00813 0.6877 

3 .. 0 0.15812 1096.05 2.475 294.00 0.0029"61 0.07683 0.45 .. 0.150 .. 7 1.00765 0.6877 
360 0.1 .. 933 1175.39 2."211 293.98 0.0027772 0.07947 0.4&5 0.16304 1.00723 0.61176 

360 0.1"H8 125'+.54 2 .387 293.95 0.002&272 0.08200 0.475 0.17584 1.00&810 0.£>876 

400 0.13442 1333.20 2.352 293.90 0.0024929 0.081040 0."115 0.18892 1.00&50 0.6875 

420 0.12804 1411.20 2.323 293.83 0.0023719 0.08669 0."95 0.202211 1.00&19 0.6875 
.... 0 0.12224 1488.£>9 2.298 293.77 0.0022&24 0.08890 0.<;04 0.21592 1.00591 0.687 .. 

"6!l 0.11695 1565.104 2.277 293.&9 0.0021&27 0.Og101 0.513 0.2298& 1.0056& 0.6873 
Ie 110 0.11211 1&101.68 2.259 293.62 0.0020715 0.09306 0.522 0.2"1010 1.00542 0.61172 

500 0.10765 1717.02 2.2104 293.54 0.0019879 0.0950" 0.531 0.25867 1.00520 0.6871 

520 0.10353 1791..80 2.231 293."7 0.0019108 0.09697 .0.5100 0.27355 1.00501 0.68&9 

5 .. 0 0.09972 18&6.27 2.220 293.43 0.0018390 0.0988" 0.549 0.28879 1.001082 O. £>8&7 

560 0.!l9&18 1939.71 2.212 293.35 0.0017731 0.100&7 0.558 0.301031 1.004&5 0.6865 

51'10 0.09289 2012.71 2.20" 293.27 0.0017117 0.10246 0.5&7 0.32016 1.004 .. 9 0.&864 

600 0.089112 2085.28 2.196 293.19 0.001&545 0.10422 0.57& 0.33632 1.00434 o. &862 

650 0.08Z9£> 22&4.78 2'.186 293.02 0.0015271 0.10849 0.598 0.37111:1 1.00401 0.6859 

700 0.07707 2442.60 . 2.179 292.85 0.0014181 0.11265 0.619 o ... 2198 1.00372 O. &855 

800 0.06750 27910.50 2.170 292.56 0.0012411 0.12073 0.&&2 0.51567 1.00326 0.6849 

toDD 0.051008 3"97."1 2.157 292.12 0.0009937 0.13&56 0.7 .. 7 0.72£>55 1.00261 O. 6842 

2000 0.02714 7286.1& 2.022 291.11 0.00049112 0.27723 1.138 2.81477 1.00131 0.53&3 

3000 0.01811 11789.83 1.819 290.74 o. 0003325 0.391023 1.'+86 5.5523& 1.00087 0.5319 

!t000 0.01358 17501.27 1.585 290.35 0.00021097 0.55120 1.80 .. ~.28S56 1.000&& 0.5150 

5000 0.01079 29762.06 1.113 288.00 0.0002014 1.02390 2.110 15.83625 1.0011'52 o ..... 47 

• TWO-PHASE BOUNORV 
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c-Zc THERP100YNA'1IC PROPI'RTIES OF' tlOPIUl HYO~OGEN 

300 PSU ISOBAR 

TEltPERATURE II0lUltE ISOTHER" ISOCHORE INTFRNAL ENTHALPY ENTROPY CV CP VELOCITY 
DERIVATIVE OERIIIATIVE ENFRGY OF' SOUND 

DEG. R CU F'ULB CU FT-PSIA/LB PSlA/R BTUILS aTU/lS BTU/LS-R BTU I LB -R F'TlSEC 

• 26.061 0.20lt95 3029.13 75.11312 94.262 i05.045 3.37713 1.140 L.525 4332 
211 0.207011 2564.21 T6.2053 97.215 105.719 3.,,·1)075 1.191 1.1;41 4277 
30 0.20947 2642.311 75.6766 100.487 112.124 3.60519 1.237 1.766 . 4179 
32 0.21208 2464.31) 74.3479 103.953 115.76<; 3.72565 1.281 L.579 4092 
34 0.21490 229 II. ''11 73.0319 107.697 119.635 3.84291 1.320 1.995 4012 
36 0.21795 2142.111 71.6417 111.633 123.741 3.96027 1.35<; 2.UIo 3935 
38 0.2212& 19111.09 70.121& 11!i.799 125.090 4.071118 1.3115 2.240 3853 

40 0.22 .. 118 1821.75 611.4092 12'0.208 132.701 4.19658 1.412 2.374 3767 

.. 2 0.221187 1659.17 66.5058 121t.1I75 137.590 4.31588 1.4310 2.520 3675 .. ,. 0.23331 llt97.42 61t.3641o 12CJ.1I29 1102.790 4.1t3677 1.453 2.6110 3577 

46 0.23528 1334.65 &1.'11052 135.091 1411.328 4.55'173 1.468 2.859 3470 
48 0.243911 1177.74 5'1.22(;4 1100.691 154.241 4.68535 1.481 J. 056 3355 
50 0.25033 1022.65 56.1822 146.671t 160.550 4.111460 1.49J J.2114 3228 
52 0.25778 567.52 52.5193 t53.093 167.413 4.94550 1.50'+ 30562 3085 

54 0.26&6& 715.56 .. 9.123'1 160.0511 174.1172 5.089111 1. S 1& 3.913 2926 
56 0.27753 571.90 1t5.01152 167.704 153.121 5.23918 1.52'1 4.368 2751 
58 0.29142 433.81 40.62114 176.283 192.472 5.100322 1.546 S.016 2554 

60 0.31024 307.05 35.6610 186.175 203.410 5.581159 1.568 5.996 2::533 

62 0.33841 192.00 29.9863 1911.178 216.'177 5.810'13 2..6 O~ 7.760 2075 
64 0.35715 106.66 23.6001) 213.824 235.332 6.10207 1.671 10.'149 1199 
66 0.107770 69.96 17.2853 234.112 260.649 6.49136 1.71t4 13.655 1593 
6& 0.59480 81.46 13.0407 252.503 285.51t5 6.8635S 1.739 11. Olt a 1548 
70 0.6'U75 1011.66 10.6635 265.801t 304.621 7.14020 1.700 8.322 1570 
75 0.90176 1711.02 7.7306 287.401 33'1'.49<; 7.594112 1.619 5.410 1660 
80 1.061110 236.511 6.3033 302.435 361.383 7.90354 1.579 4.3110 17 .... 
85 1.20322 289.48 5.4133 315.042 381.853 8.15226 1.564 3.871 1522 
90 1.333&3. 337.46 4.7840 326.329 400.414 8.36426 1.556 3.5&1 1893 
95 1.45&31 381.91 4.3083 336.809 417.709 11.55136 1~552 3.365 1959 

100 1.57333 423.&2 3.9287 346.804 434.206 8.72071 1.549 3.219 2020 
105 1.68&24 4 &3. 30 3.6233 356.339 450.013 5.87517 1.546 3.112 2079 
110 1.79597 501.37 3.3686 365.593 465.363 9.01785 1.545 3.032 2135 
115 1.90315 538.14 3.1520 374.638 480.3~1 9.15100 1.546 2.970 2188 
120 2.0082& 573.112 2.9650 3113.529 1t~5. 091 9.27656 1.51oCJ 2.923 2239 
125 2.11165 608.60 2.8016 392.306 0;;09.&1Z 9.39500 1.555 2.886 22811 
130 2.21361 642.&1 . 2.6572 400.992 523.962 9.50762 1.562 2.858 2334 
1 .. 0 2."1402 708.75 2.4130 418.241 50;;2.344 9.71792 1.580 2.821 2421 
150 2.61076 772.89 2.2135 435.424 580.457 9.91199 1.604 2.804 2502 
160 2.804&8 835."8 2.0469 452.676 608.481 10.09297 1.633 2.802 2577 

170 2.99&35 596.83 1.9053 470.076 &36.S31 10.26295 1.66& 2.809 2647 
180 3.18629 957.19 1.7832 487.690 6&4.695 10.42385 1.701 2.825 2714 
190 3.37lt45 101&.50 1.6752 505.680 &CJ3.U7 10.57686 1.742 2.848 2775 
200 3.56154 1075.25 1.5812 523.887 721.737 10.723611 1.780 2.873 2835 
220 3.93276 1191.08 1.4229 561.258 779.730 11.00003 :1.857 2.928 2950 
240 4.30096 1305.19 1.29115 S99.945 838.871 11.25749 1.931 2.986 3058 
260 4.6&&88 1418.01 1.1881 639.925 599.180' 11.49838 z. 000 3.043 31&2 
280 5.03106 1529.83 1.0982 681.104 960.589 11.72593 2.062 3. 097 3262 
300 5.39385 1&40.85 1.0214 723.386 1023.024 11.94150 2.118 3.146 3360 
320 5.75554 1751.25 0.9547 76&.&61 1080.392 12.14593 2.169 3.190 3455 

3100 6.11&33 11161.12 0.8965 810.832 usa .606 12.34081 2.213 3.230 1547 
360 6 ... 7637 1970.57 0.8450 855.787 1215.562 12.52623 2.252 3.2&5 36311 
380 6.83580 2079.66 0.7992 901.451 1281.193 12.70382 2.2111 3.297 3727 
.. 011 r.19lt71 2188.45 0.7582 947.733 1347.413 12.87337 2.317 1.324 3814 
420 7.55317 2296.98 0.7212 994.550 1414.143 13.03624 2.343 1.348 3899 
.. 40 7.'31125 2ft 0 5. 30 0.6877 1041.828 1481.31l 13.19231t 2.366 3.369 3983 
.. 60 8.26901 2513.42 0.6572 1089.508 1548.867 13.34273 2.385 3.386 406& 
UO 8.62648 2621.38 0.6294 1137.537 161&.754 13.48718 2.402 3.401 41 .. 7 
500 8.98370 2729.20 0.6038 H8S.81t5 1684.'107 13.62630 2.416 3.41

" 
4227 

520 9.34070 283&.89 0.5802 1234.397 1753.291 13.76046 2.427 3.424 4306 

5"0 9.69770 2944.88 3.<;5113 1283.316 1822.041 13.88996 2.437 3.433 4384 
5&0 10.0S422 3052.29 0.5381 1332.324 1!J90.8S5 14.01481 2.445 3.440 4 .. 60 
580 10.41059 3159.62 0.5194 1351.352 1959.680 14.13566 2.452 3.446 It536 
600 10.76:'83 3266.87 0.5019 1430.553 2028.671 14.25267 2.457 3.450 4610 
650 11.65&97 3:;34.72 0.4629 1553.843 2201.410 14.52934 2.467 3.459 4791 
700 12.54&57 3802.26 0.4296 1677.514 2374.,.9'1 14.78600 2.473 3.464 4967 
800 14.32,.60 10336.67 0.3757 1925.475 2721.233 15.2489& 2.479 3.4&9 5302 

iOOO 17.87790 5403.IICJ 0.3003 2422.478 3415.628 16.02334 2.4.88 3.47S 5CJ14 
2000 35.62844 10730.81 0.1500 4CJ69.619 69411.845 18.46349 2.644 l.630 8262 
3000 53.371t32 16054.74 0.1000 7755.890 10720.934 19.99004 2.93it 1.920 9969 

1t000 71.16829 21378.18 0.07S0 10571.682 14825.214 21.16195 3.363 4.366 1133CJ 
5000 89.60&33 26701.46 0.0600 14843.308 19521.1011 22.27633 4.806 5.966 12384 

• TWO-PHASE BOU~DRY 
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T~£PMOOfNAMIC PROPERTIES OF NOR~AL ~'OR~GEN C-Zl. 

!fIQ PSU 1501liR 

TE"PERl1URE DENSity V(DltlDV'p V(OP/DU'V -v (DP/DV'T (Oll/DT\/V THERMAL VISCOSITY THER~AL DIELECTRIC PRI:NOTl 
CONDUCTIVITY DIFFUSIVITY, CONSTANT NUMBER 

DEG. R LB/CY FT BTU/LS PSU-CU FT/BTU PSU 1/0EG. R ' BTU/FT-HR-R LEJFT-~EC SQ FT/HR 
If 10 

,. 26.0&1 ... 87912 297.19 13.&33 1"779.50 0.00513011 0.0 .. 67 .. 1.798 0.00&28 1. 2555'l 2.1ti'l 
28 ... 82902 297.91 13.255 U1I31.31 0.00550'16 0.05161 1.575 0.00651 1.25276 1.8028 
31 ... 77389 29 ... 33 12.810 1261 ..... 1 0.005'1992 0.05500 1.39 .. 0.00652 1.24966 1.6107 
32 ".71522 293.60 12.311 11620.12 0.00&3'182 0.05732 1'-2 .. 'l 0.006 .. 7 1.2 .. 636 1 ... 730 
3 .. ... 653100 292.18 11.88'1 10697.7" 0.0068268 0.05880 1.130 0.0063" 1.2"288 1.38010 
36 ... 58827 289.'17 11.52 .. 98Z8.91 0.007288'1 0.0600" 1.032 0.00619 1.23'123 1.3080 
38 ... 51957 286. a .. 11.201 8'153.67 0.0078316 0.061 .. 6 0.9"9 11.00607 1.2353'1 1.2"52 
.. 0 ....... 672 281.12 10 .898 8100.'15 0.Oh ...... 6 0.06235 0.877 Q. 00 5'11 1.23133 1.2021 

.. 2 Ito. 3&925 27 ... 6& 10.61& 72"'1.33 0.00'117"1 0.06280 0.81 .. 0.00570 1.22701 1.1757 .... ... 28611 2&7.21 10.337 &"18.09 0.01002~6 0.0&2 " .. 0.757 11.005 .. 7 1.2223'1 1.1627 

.. & ... 1'16&8 258 ... 7 10.05'" 5&01.21 0.01105'12 0.06250 0.706 0.0&521 1.217 .... 1.1623 

.. S ... 10001 2"'1.13 9.754 "11211.7" 0.012265 .. 0.061a2 0.659 0.00 "'13 1.21209 1.1720 
50 3.99 .. 74 238.76 9 ... 21 "085.21 0.013752& 0.0601\2 0.61" 0.00 .. 6 .. 1.20630 1.1'1"0 
52 3.87922 226.'1" '3.052 3365.31 0.0156'152 0.05'151 0.572 O. 00 .. 31 1.19'1'15 1.2331 
5 .. 3.7500& 213.77 8.& .. 3 2£,83 ... 0 (I.018l066 0.057/\6 0.531 0.00394 1.1'128'1 1. 2'1"2 
56 3.&0325 1'19.6 .. 8.183 2 060.68 0.021117118 0.05561 0,"91 0.00353 1.18"8'1 1.38'31 
58 3 ... 31 .... 183.7'1 7.661 1 .. 88.58 0.027293" 0.0529 .. 0.450 0.00308 1.17558 1.5367 
60 3.22326 166 ... 3 7.058 98'1.79 0.03&0297 0.0505 .. 0.408 0.002&1 1.16"36 1.7"33 

62 2.95502 1 .. 6.83 6.330 567.37 0.0528514 0.0"871 0.3&2 0.00212 1.15001 2.0779 
6 .. 2.58217 127.79 5.4&'1 275.47 0.0856749 0.0"706 0.311 0.OiJ16& 1.13030 2.603" 
66 2.09335 115.69 ... 734 146.46 0.1180241 0.04413 0.25'1 0.00154 1.10474 2.88&0 
68 1.&8124 115.9" 4.460 13&.95 0.0952242 0.03771 0.225 0.00203 1.08]5] 2.3701 
70 1."3114 121.37 4.384 155.51 0.06115719 0.03323 0.207 0.00279 1.07080 1.8653 
75 1.10894 138.15 4.30& 197.42 0.Ol91585 0.02892 0.190 0.00482 1.05 .. 5& 1.278 .. 
80 0.94238 154.93 4.237 222.95 0.0282720 0.0278" 0.187 0.00&74 1.0"&23 1.0600 
85 0.83110 172.02 4.16? 2 .. 0.59 0.0225003 0.02769 . 0.189 0.008&1 1.04069 0.9505 
,90 0.7"983' 188.1'>" ·4.099 253.03 0.011190&4 0.02796 0.193 0.0104& 1.036&6 0.8846 
95 0.68667 20 ... 83 4.043 262.25 0.0164283 0.02845 0.197 11.01231 1.03354 0.8lt05 

100 0.63559 220.59 3.9'11 26'1.25 0.014591" 0.0290& 0.203 0.01lt21 1.03102 0.11080 
105 0.59]03 236.00 3.953 274.75 0;0131877 0.0297 .. 0.208 0.01612 1.02892 0.711"2 
110 0.55680 2 51. 25 3.916 279.17 0.0120667 0.03056 0.21 .. 0.01810 1.:l2713 0.7639 
115 11.525 .. 5 266.44 3.8110 282.76 0.0111"72 0.031"2 0.220 0.02013 1.02559 0.7" 75 
120 0.49794 2 81. 63 3.8"3 285.73 0.0103770 0.03225 0.225 0.02216 1.02424 0.7354 
125 0."7356 29&.87 3.805 288.21 0.0097206 0.03305 0.2~1 0.02 .. 18 1.02304 0.7270 
130 0 ... 5115 312.19 3.767 290.30 0.0091533 0.03378 0.237 0.02617 1.02197 0.7219 
140 0.411025 3 .. 3.23 3.&87 293.&0 0.0082186 0.03507 0.249 0.03001 1.02014 0.7198 
150 0.38303 375.02 3.603 29&.0 .. 0.007 .. 770 0.036&3 0.260 0.03 .. 11 1.01861 0.7162 
UiO 0.35655 :'07.80 3.515 297.89 0.0068713 0.03826 o .~71 0.03829 1.01731 0.7147 

170 0.33374 441.35 3.428 299.31 0.Q063&56 0.03972 0.282 0.04237 1.016'20 0.7181 
180 0.31384 "75.'15 3.340 300.41 0.0059358 0.0"512 0.309 0.05089 1.01523 0.6'167 
190 0.29&3 .. 512.20 3.2 .... 301.23 0.0055611 0.04628 0.327 0.05719 1.01 .. 38 0.6949 
200 0.28078 548.51 3.1&3 301.91 0.0052374 0.05112 0.3 .. 3 0.0&338 1.01362 0.69,31 
220 0.25 .. 27 &23.26 3.013 302.S6 0.0046983 11.05613 0.368 0.07538 1.01233 0.6'107 
2ltO 0.23251 700.02 2.884 303.47 0.0042658 0.060"5 0.388, 0.08707 1.01127 0.&893 
260 0.21428 778.32 2.773 303.85 0.0039101 0.06431 Ov"04 0.098&2 1.01038 0.688& 
280 0.19877 1157.47 2.&79 30".08 0.0036117 0.06782 0.419 0.11017 1.00963 0.6882 
300 0.185"0 93&.97 2.601 304.21 0.0033574 0.07104 0."32 0.12180 1.00898 0.68eo 
320 0.17375 11116.79 2.53 .. 304.27 0.0031378 0.0740 .. 0.4 .. 3 0.1335& 1.008 .. 1 O. &879 

~"O 0.16350 109& ... 5 2."77 304.29 0.0029461 0.076e5 0.455 0.1 .. 551 1.00791 0.6878 
3&0 0.15 .. U 1175.83 2.430 30".27 0.0027171 0.0794'1 0.465 0.157&& 1.007 .. 7 0.68711 
380 0.14&29 1255.02 2.389 304.23 0.00262&9 0.08201 0.475 0.17005 1.00708 0.6877 
.. 00 0.13899 1333.71 2.354 3D ... 18 0.002"925 0.084102 0.485 O. 18270 1.00672 0.687& 
420 ,0.13239 1"11.74 2.325 304.11 0.0023715 0.08&71 0.495 0.19562 1.006100 0.&876 
.. 40 0.12640 1489.25 2.300 ]04.04 0.0022620 0.08891 a .501t 0.208112 1.00611 o. &875 
.. 60 0.12093 1566.0" 2.278 303.96 0.0021&22 0.09103 0.513 0.22230 1.00585 0.6874 
.. 80 0.11592 1&42.29 2.260 303.88 0.0020711 0.09308 0.522 0.23&118 1.005&1 0.6873 
500 0.11131 1717. && 2.245 303.79 0.0019875 0.09506 0.532 0.25017 1.00536 0.6871 
520 0.10706 17 '12. ... 6 2.233 303.71 0.0019104 0.09699 0.540 0.2645& 1.00518 0.&870 

5 .. 0 0.10312 1866.'17 2.222 303.67 0.001838& 0.09886 0.549 0.27'130 1.0D"99 0.6867 
560 0.D9'i11o& 1940."2 2.213 303.58 0.ODl7726 0.100&9 0.558 0.29"Jl 1.00 .. 81 O. &866 
580 0.09&06 2013.103 2.205 303.50 0.0017113 0.102"6 0.5&7 0.3D96 .. 1.00464 0.68610 
600 0.092116 2086.Dl 2.199 303."2 O./lD16541 0.lD424 0.576 0.32527 1.00"49 0.6863 
650 0.08579 22 &5. 55 2".187 303.23 0.0015267 0.10851 0.598 0.36571 1.001t15 0.&859 
700 0.07'i170 2 .... 3.39 2.179 303.05 0.0014177 0.l1268 0.619 0.40812 1.003115 0.6855 
800 0.06'181 2795.3<' 2.170 302.74 0.0012408 0.12076 0.&62 0.49672 1.00337 0.6850 

\000 0.05~93 34'18.27 2.158 302.27 0.ODD993" 0.1365'1 D.747 0.70266 1.00270 0.66102 
2000 0.D2807 7267.11 2.022 301.19 0.0001091\1 0.27723 1.138 2.72129 1.D0136 0.5365 
3000 0.01814 11190.56 1.819 lOO.80 0.0003325 0.391t21 1.48& 5.36767 1.00090 0.5321 

!tOOD 0.01405 1Tit88.15 1.587 3DD.39 0.QOD2"Q7 0.55047 1.805 8.972D3 1.00068 0.515 .. 
5000 0.0111& 2%2'1.47 1.119 297.99 0.ODD2014 1.01712 2.111 15.27668 1.0D05" 0.4 .. 57 
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T~E~"OOfNA"IC PROPERTIES OF NO~"Al HVD~OGEN C-2 .. o 

350 PSU 1500AR 

TE"PERATURE OENSITY VCOH/DV'p VCOP/DU'V -VCOP/DV'T COVlDH~V THER"Al VISCOSITY !H£RHAL DIELECTRIC P~ANDTL 

CONOUC Tl tr TV DIFFUSI'IITY CONSTANT NUHDE~ 

DEG. R L8/CU FT BTU/L8 PSU-CI.! FT/8TU PSIA 1/0EG. R 8TU/fT-HR-R L8/FT-~EC SQ FTlHR 
II 10 

• 26.2511 ... 890' .. 9 30~.1II 13.591 15062.13 0.0050"&0 0.0 .. 7 .. 9 1.613 0.00637 1.25&23 2.0952 
2a ... 11 .. 5110 302.27 13.2711 141111.33 0.0053951 ,0.05111" 1.f;01l m.00&5& 1.25371 1.112t2 
3D 4.7922& 30 0 .60 12.11&0 130112.95 0.00511230 0.0'>53ll. 1.r.23 1J.00659 1.2506'1 1.6217 
32 ... 73516 300.07 12.311" 12092.119 0.oal)201& 0.05770 1.275 0.0~65'> 1.2 .. 7 .. 8 1.41107 
3 .. ... 67 .. 82 2911.51 11.962 l111t2.12 0.00&6151 0.05n .. 1.15" 1J.0061t2 1. 2 .. It 0 9 1.31153 
36 ".61111 296.09 11.597 102"1.52 0.01.1706310 0.06053 ~ .0510 0.00628 1.2 .. 051 1.3108 
38 4.5,.430 292.68 11.275 9371t.21 0.0075<;93 0.06201 0.969 0.00617 1.23677 1.24,.7 
ItO 4.1t7357 2811.04 10.973 8511t.90 0.00812&8 Q.06298 0.8'6 0.00601 1.232112 1.1990 

"2 1t.39855 281.58 10 .&'13 761t2 ... 7 0.0088130 0.063"9 0.832 0.00582 1.228&1t 1.1707 .... ".311158 274.112 10.416 61121.28 0.0095713 0.0&361 0.775 0.00560 1.221t20 1.1536 
.. 6 ".23300 267.00 10.1 .. 1 602(J.97 0.01010&08 0.06337 11.723 0.0053& 1.219 .. 5 1.11t78 

"8 ... 1 .. 100 258.09 9.853 52"0.17 0.011527& 0.06279 0.676 0.00510 1.21 .. 3& 1.1533 
50 1t.0 .. l&1t 2 .. 8.&3 9.541 "503.42 0.0127199 0.06191 0.632 0.00482 1.20888 1.1679 
52 3.93371 238.09 9.203 3796.&1 0.011t331tS 0.06075 0.591 0.001t52 1.20291t 1.1948 
5 .. 3.81530 22&.20 11.835 3118.08 0.01&360& 0.05930 0.551 0.00,.20 1. 1961t5 1.2383 
56 3.61133& 213.66 8.426 21t96.11t 0.0111%01 0.05731 0.513 0.00381t 1.18925 1.3047 
58 3.53421 199.91 7.976 1921.86 0.02255&& 0.(15501 0.475 0.00345 1. 1811 It 1.40011 
60 3.3611111 185.11 7.478 l1t1O.12 0.0276849 0.05236 0 ... 36 0.00304 1.17182 1.5379 

62 3.15787 169.45 6.917 972.21t 0.03531t&0 0.05038 0.397 0.00266 1.16085 1.7010 
64 2.90927 153.2& 6.288 6111.65 0.01t73950 0.0"8311 1iI.357 0.00229 1.1 .. 757 1. '1297 
6& 2.60221 1311.95 5.6"0 372.72 0.0&"1I7Z9 0.011625 0.31& 0.00197 1.13132 2.211t8 
68 2.2 .. 726 1211.68 5.025 21t0.1t1l 0.079&91t& 0.01t31tl 0.217 0.00188 1.11273 2.35&0 
70 1.91721 126.50 1t.7 .. 0 200.21 0.0771771t 0.039&& 0.21t1l 0.00212 1.095&1t 2.1981 
75 1.ltl081 137.1t1t ... 1t7& 220.26 0.0472999 0.03272 0.213 O. on 357 1.06977 1.5211 
110 1.16150 153.22 1t.3&6 251.16 0.0323713 e.o 3D 211 0.201 0.0052& 1.05720 1.11170 

, 85 1.0083G 169.66 1t.276 273.51 0.02"8715 0.02951 ' 0.199 0.00691t 1. 01t95 3 1.1123& 
90 0.90U2' 186.0& ".207 289.27 a.02051t79 0.0291t7 0.200 a.001l55 1.0 .. 1t22 0.9357 
'35 0.1I202a 202.1t9 It.lltO 301.1t2 a.0175930 0.02973 0.20" 0.010111 1.0 .. 015 0.117111 

100 0.7551t5 2111.47 ".011t 310.61 0.01'5"38& o .03018 0.2011 0.011115 1.03694 0.11361 
105 0.7022& 2 31t. 05 1t.028 317.82 0.0138312 0.03075 0.213 Q.01353 1.031t31 0.11061 
110 0.657 .. 9 2"'3.1t8 3.986 JZ3.511 0.0125691 0.0311t8 o .l18 0.01527 1.03210 0.7111" 
115 0.&1907 261t.1l1t 3.91t1t 3211.27 0.0115ItH lJ.03226 0.223 a.01704 1.03a20 iI.7618 
120 0.58561 280.19 3.903 332.13 0.0107023 0.033a4 a.229 0.018112 1.021155 0.71t73 
125 a.55611 295.57 3.862 335.35 0.0099865 0.03379 0.23" o. OJ? 056 1.02710 0.7370 
130 0.52985 311.03 3.820 338.06 0.00937&4 0.0341t1l o.z .. o Q. 02231 1.02581 0.7305 

1"0 0.481t91t 3 .. 2.32 3.735 31t2.32 0.00113779 0.035&7 0.251 0.025&1t 1.023&0 0.72&8 
150 0.41t719 371t.31t 3.6 .. 6 31t5.1t7 0.0075941 0.03719 0.262 0.02922 1.02118 0.7211t 
160 0."161t0 1t07.31 3.55 .. 3 .. ,. lilt 0.0069591t 0.0311711 0.213 0.03286 1.02021t 0.7187 

170 0.3119 .. & .... 1.01t 3.1t63 349.66 0.00&4330 0.0 itO 22 0.28 .. 0.03640 1.01892 0.7211 
1110 0.3&603 1t75.81 3.373 351.07 0.0059880 0.01t535 0.310 0.01t31t9 1.017111 0.1001t 
190 0.31t5"7 512.38 3.272 352.12 0.005&012 o .01t81t8 0.3211 0.01t889 1.01677 0.6982 
200 0.32720 51t8.84 3.1l1li 352.91 0.0052&89 0.05130 0.3"3 0.05422 1.01588 0.6959 
220 0.29&17 623.88 3.035 351t .111 0.001t7181) 0.05627 0.3&11 0.061t55 1,,,iliIt37 O. &929 
24e 0.27073 100.92 2.903 351t.93 0.001t2182 0.06059 0.3118 0.074&3 1. U:'13 0.6911 
260 0.2 .. 945 779.48 2.7119 355.1t0 0.0039177 0.061t1t" 0.1t04 0.081t59 1.U209 O. &901 
2110 0.23137 858.87 ,~ .&91t 355.611 0.003&1&2 0.06793 0.419 0.091t54 1.01121 0.(1)95 
300 0.21579 9311.60 2. & lit 355.83 0.0033597 0.07111t 0.1t32 0.10455 1.010 .. 5 0.61191 
320 0.20223 10111.&1t 2.51t6 355.90 0.003138& 0.07Itl" o • It" It 0.111t67 1.00979 0.6888 

31t0 0.1903a 1098.1t9 2.1t811 355.90 0.0029459 0.07695 0.1t55 0.12 .. 9& 1.00921 0.&886 
360 0.17972 1178.0& 2.1t1t0 355.87 0.oa271&2 0.01959 0.465 0.1351tl 1.0087a 0.&885 
3110 0.17027 1257.1t2 2.3911 355.80 0.a02&255 0.08211 0.476 0.11t&07 1.001124 O. &883 
.. 00 0.16178 133&.27 2.363 355.72 0.0021t908 0.oe"51 0.1t1l5 0.15&94 1.00783 0.&ee2 
.. 20 0.151t11 lltllt.lt& 2.333 355.62 0.oa23&9& a.08660 a.495 0.1&805 1.007 .. & O. &861 
.... 0 0.1"711t 1492.11 2.307 35'5.52 0.00225'19 0.089al o .,50 It O.17CJlta 1.00712 0.&87'1 
.. 6a 0.11ta18 15&9.02 2.2116 355.41 0.0021601 0.09113 o .511t 0.19099 1.00&81 0.&878 
.. 110 0.1349& 1&"5.1t0 2.267 355.29 0.0020&89 0.09318 0.523 a.20283 1.0a&53 0.&87& 
500 0.12959 1720.117 2.252 355.111 0.0019852 a.09516 0.532 a.211t94 1000&27 O. &875 
52a 0.12 .. &5 1795.77 2.239 355.07 0.a019082 0.09709 0.5"1 0.2273a 1.00&03 0.&1173 

51t0 0.1200& 1870.1t& 2.227 355.01 a.00183&2 0.0989& 0.550 0.239911 1.00581 0.&1170 
560 0.11581 191t3.99 2.218 351t.1I9 0.0017703 0.10079 0.559 a.252811 1.005&0 0.611E8 
5110 0.111115 2017.0& 2.211 351,.78 0.0017090 0.102511 0.5&8 0.26605 1.0051tl 0.&8&& 
600 0.10815 2089.71 2.2olt 351t.66 a.001&519 0.lo1t35 0.576 0.21948 ".01l523 0.&8&4 
650 0.09991 22&9.37 2'.1'12 354.1t0 0.001521t7 0.108&3 0.598 a.31423 1.00483 o. & 8&0 
700 0.092113 2 It .. 7. 32 2.181t 354.16 0.0014159 0.112~0 0.&20 0.350&7 i.OOIt4'! O. &857 
800 0.08132 2799.1t0 2.171t 353.7" 0.001Z393 0.12090 0.&&3 o. '12851 1.003'13 0.&850 

1000 0.0&S18 3502.55 2.161 353.08 O.0009CJ23 0.13676 o .71t8 0.&0371 1.00315 o. &8102 
2000 0.03272 7Z91.8& 2.023 351.&1 0.0001t978 0.27723 1.11t0 2.33403 1.00156 0.5373 
3000 0.02155 1179".38 1.820 351.011 0.0003323 0.391tllt 1."119 4. &0256 1.00105 0.5330 

1t000 0.01639 171t31.97 1.591t 350.59 0.0002496 0.51t72CJ 1.808 7.675(,& 1.0007'1 0.5175 
5000 0.01302 29051t.51 1.11t4 347.96 0.a002a12 0.9117&7 2.111t 12. '17375 1.000&3 0.1t501t 
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c-Zc T"ERMODYNAHIC P~OPE~TIES OF NO~4L H~D~OGEN' 

ItOO PSU ISOBAR 

T~"PERATURE ItDLUNE ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY Cit CP "[LOCITY 
DERIVATIVE DERIVATIVE ENE~GY OF SOUND 

OEG. R CU FT/LB CU FT-PSU/L8 PSU/R BTUlLB BTlI/LB BTU/LB-R BTU I LB -R FUSEC 

• 26.1t51t 0.20ltOl 3130.03 76.11123 91t.1t23 109.531t 3 .. 311093 1.1 .. 7 1.525 .. 391 

211 0.20561t 3000.75 76.66910 96.737 111.969 3 ... 70 37 1.1118 1.617 1t351 

30 0.207119 21109.31t 76.53111 99.919 115.317 3.511582 1.235 1.735 It277 

32 0.21033 2630.79 75.6076 103.320 118.1199 3.70139 1.277 1.11107 It 19 (I 

31t 0.21297 2lt57.&2 71t.3516 106.929 122.701t 3.111666 1.316 1.959 10116 

36 0.21583 2294.59 73.0133 110.749 126.735 3.93189 1.351 2.072 It038 

38 0.21891 2138.1l8 71.56"4 111t.7110 130.994 It.Olt735 1.381 !.11! 9 3962 
.. 0 0.22226 1980.30 69.9535 119.032 135.1t91t ".16291 1. It 011 2.312 3881 

1t2 0.22590 1822.66 68.1639 123.513 140.2 .. 5 It .. 271111& 1." 30 2 ..... 2 3797 .... 0.22991 1663.&1t 66.1&910 128.2102 1105.271 ".39570 1.1050 2.511" 3706 

.. 6 0.23"35 1503.39 63.9578 133.236 150.59" ... 513115 1 ... 67 2.739 3607 

ttl 0.23920 1352.117 &1.5027 1311.510 156.233 ... 63368 1.4eo 2.903 3506 

50 0.21t1t1i0 11911.112 SIl.8058 11t4.089 162.222 1t.75578 1 ... 93 3.093 3393 
52 0.25107 1058.5 .. 55.855;J 150.012 1611.608" It.88092 1.5 03 3.292 3277 

5 .. 0.251120 ;U5.59 52.6827 156.298 175.423 5.0091t6 1.512 3.533 311tS 

56 0.26651 775.81 "9.2728 163.026 182.766 5.1"299 1.523 3.1128 3006 
58 0.27636 6 .. 5.51 "5.62':1" 170.283 190.753 5.2831" 1.531t ... 179 2855 

60 0.28832 52".111 Itt. 74 .. 6 178.178 199.533 5."3198 1.5 .. 5 4.616 2693 

62 0.30325 .. 12.52 31.6286 186.1156 209.318 5.59239 1.559 5.183 2520 
6 .. 0.322"7 315.32 33.29"5 196.506 220.392 5.76816 1.577 5.910 23 .. 1l 
aa 0.3 .. 810 23 ... 81 28.8197 207.337 233.121 5.96395 1.602 6.8 .. 0 2155 

68 0.3a2118 178.01 2 ... 4021 219.426 2"7.7116 6.111279 10633 7.807 1986 

70 0."2t183 l1t5.88 20.406f, 232.3~5 261t.155 6."2006 1.663 11 ... &7 1855 
75 0.57"87 151.59 13.635D 262.141 30".721 6.98039 1.661 7.290 1756 
80 i).7U71 203.13 10.2814 283.5~jO 33&.414 7.39004 1.623 5.55G 1791t 

85 0.83,.68 257.29 8.4066 299.760 361.583 7.695"8 1.595 4.607 1856 

90 0.':14317 30e.12 7.2033 313.3,110 383.160 7.9"235 1.579 It. 076 1919 
95 1.0 .. 359 356.08 6.3519 325.348 .. 02.6 .. 6 8.15317 1.571 3.7 .. 2 1982 

UO 1.13812 .. 01.02 5.7293 336.589 .. 20.889 8.3"Olt8 1.567 3. 53~ 20 .. 6 
105 1.22870 .. 43.81 5.2202 347.089 "35.097 8.50861 1.562 3.36" 2104 
110 1.31598 "84.6& 4.80&9 357.121 .. 54.,591t 8.66197 1.559 3.2 .. 1- 2160 

115 1 ... 00&6 523.93 ".4&32 366.809 470.554 8.80368 1.559 3.1"7 2211t 
120 1.48325 561.87 ... 1718 376.2103 48&.105 8.93623 1.561 3.075 2265 

125 1. 561t12 5ge.70 3.9209 385."85 501.338 9.060 .. 9 1.565 3.019 2313 
130 1.6 .. 355 63".59 3.7020 391t.576 51&.312 9.17800 1.571 2.975 2360 
litO 1.79895 70".01 3.3376 412.495 5 .. 5.7 .. 2 9.39&08 1.587 2.915 '2447 

150 1.95075 770.9& 3.0 .... 9 430.213 57ft.703 9.59601 1.610 2.8&1 2528 
160 2.09979 835.97 2.8036 .. 1t7.903 & 03.433 9.78155 1.638 2.867 2603 

170 2.2 .. &6& &99."5 2.6007 465.670 632.019 9.95514 1.670 2.8&5 267 .. 
no 2.39181 961.69 2."273 "83.596 660.755 10.11897 1.705 2.873 27 .. 0 
190 2.53519 1022.53 2.27"1 501.913 &89.693 10.27"69 1.747 2.891 2800 
200 2.67758 lDa2.72 2.1423 520.365 718.691 10."2355 1.7e5 2.911 2860 
220 2.95953 1201.03 1.9220 55&.1 .. 5 777.354 10.10310 1.861 2.958 297ft 
21t0 3.23855 1317.19 1.7446 597.161 837.038 10 .96293 1.931t 3.011 3082 
260 3.51539 1 .. 31.72 1.5983 637.413 897.796 "11.20562 2.002 3.06" 3186 
280 3.79055 154".99 1.4755 678.821 959.584 11.lt3 .. 57 2.065 3.115 3286 
300 ".0&lt38 1657.21 1.3707 721.297 1022.3"2 11.65126 2.121 3.161 3383 
320 It. 3371 .. 176e.75 1.2802 76".,..0 1085.989 11.85659 2.171 3.204 31t77 

31t0 ... 60904 1879.57 1.2011 809.060 1150.41tT 12.05222 2.215 3 .. 24·2 3570 
360 ".88022 1989.85 1.1315 851t.145 1215.&18 12.23825 2.~54 3.21'6 3660 
380 5.15080 2099.68 1.0696 899.92" 1281."40 12.1tt635 2.289 3.306 37 .. 8 
.. 00 5.42088 2209.12 1.01,,3 9"6.310 13 .. 7.831 12.5863 .. 2.319 3~ 332 3835 
42U 5.69053 2318.2 .. 0.96 .. 5 993.221 lltl ... 711t 12.74958 2.345 3.355 3920 
It itO 5.95981 2427.08 0.919" 10"0.583 1482.022 12.90600 2.367 3.375 It004 
.. 60 6.22878 2535.68 0.tl781t 1088.340 15"9.700 13.05667 2.386 3.392 .. 086 

.. eo 6.49746 264".07 0.8 .. 10 1136."39 1617.701 13.20136 2 ... 03 3.1107 .. 167 
500 6.7&591 2752.27 0.80&6 118 ... 813 1685.958 13.34069 2.lt17 3.'.19 It247 
520 7.03ftl" 2860.31 0.7750 1233.425 175 ..... 37 13.1t7505 2. ",28 3.429 .. 326 

5 .. 0 7.30264 2968.95 . 0.7"56 1282 ..... 2 1823.3"2 13.&0 .. 81 2,"38 3.1t37 4lt03 
560 7.570 .. 1 3076.6" 0.71115 1l31.500 1892.233 13.72980 2.446 3 ..... 3 4 ItT 9 
580 7.83803 3184.21 0.&934 1380.574 1961.130 13.85077 2.1t53 3 ..... 9 4555 
600 8.10552 3291.69 0.6700 1429.817 2(J30.187 13.96790 2 ... 58 3.lt5 .. ..629 
650 8.77380 3560.03 0.&178 1553.199 2203.067 1".2"" 79 2."68 3."61 .. 810 
700, 9.1t .. 155 3827.96 U.5733 1&76.9 .. 5 2376.213 1 ... 50163 2. It 7 .. 3.466 .. 985 
800 10.77591 4362.9& 0.5011' 1925.023 2723.185 14.9& .. 52 2 ... 80 3.,,70 5318 

1000 13."1c193 5,,30.90 0."005 2"22.173 3417.805 15.739"6 2." 88 3 ... 76 5929 
2000 26.75638 10758.8& 0.2000 .. 9(,9.537 6951.360 18.1798& 2.& .... 3.630 8272 
3000 100.0660& 16082.99 0.1333 7755.710 10723.370 19.70639 2.933 3 .. 919 9978 

,.000 53."0&7;! 21 .. 06 ... 9 0.1000 101162.859 1 .. 8111. &5 0 20.88189 3.337 .... 338 11353 
5000 &7.1&60& 26729.80 0.0800 14739.168 19714.102 21.968&1 ".612 5" 7 .. 8 12 .. 17 

• TWO-PHASE BOUNORY '1 
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THEP~OD' HAHIC PROPERTIES OF NOP~.L HYO~OGEN C-2c 

ItOO PSU ISOBAR 

TEttPERUURE OENSUY 'I COH/OVt p VCOP/OUtv -VCDP/OV'T CDV/OT\!~ THERHAL VISCOSITY THERMAL DIELECTRIC PRANDTL 
CONOUC TI IIITY DIFFUSIVny CONSTANT HUMBER 

OEG. R L8/CU FT BTU/LB PSIl-CU FTlBTU PSII 1/0EG. It BTU/FT-HR-R L8/FT-SEC SQ FT/HR 

" 10'" 

• 26.lt51t 1t.90i71 307.11 13.551 153/02.53 0.0049654 0.010823 1.S27 0.0064" 1.25&87 2. 07'38 
28 It. 86&!1S1 307.78 13.276 14592.09 11.0052542 0.05208 1.643 0.00662 1.25467 1.8371 
30 It.SlU2 306./03 12.88/0 13513.110 0.00%632 0.05561 1 ... 5/0 0.00666 1.25171 1.6331 

32 /0.75 .. 39 305.55 12.4"9 12507.80 0.0060"48 lI.05806 1.302 0.00&61 1.2"856 1 ... 909 

31t /0.6'35,.2 303.98 12.031 11539.5& 0.0064432 0.059&6 1.178 0.006"9 1.2/0524 1.3925 

36 ... 63330 301.74 11.666 10&31.55 0.0068676 0.06101 1.076 0.00635 1.24176 1. 3152 
38 1t.56809 298.73 11.3 .. 3 9766.95 0.0073272 0.06255 0.989 0.00626 1.23811 1.2/060 
itO ..... 9931 29 ..... 9 11.0 .. 3 8909.98 O. 00 78511 0.06358 0.915 0.00611 1.23426 1.1977 

1t2 ... 42669 za9.08 10.765 8068.36 0.DD844"3 0.06"16 0.850 o. 00 594 1.23021 1.1647 
~ .. It. 349/07 282.54 10.490 7235.93 0.0091446 0.0&lt36 0.792 o. 00573 1.22591 1.1"51 
1t6 ... 26715 27".77 10.220 6"15.20 0.0099697 0.06420 0.7 .. 0 0.005"9 1.2213" 1.1374 
,.8 ... 17922 266.88 9.9 .. 2 5653.95 0.0108778 0.06370 0.693 0.00525 1.21&47 1.1369 
50 ,..08 .. 91 257.58 9.6"5 "897.07 0.01200~" 0.06293 0.6 .. 9 0.00"98 1.21126 1.1 .. 87 

52 3.98301 2 .. 8.50 9.329 1,216.18 0.0132,,78 0.0618'3 0.608 0.00"72 1.20565 1. 16lt6 
54 3.872H Z 37.82 11.994 3546.03 0.014~508 o. a &060 0.569 o. 00 .. 43 1.199&1 1.1952 
56 3.75223 226.13 8.62 .. 2911.00 0.01692&4 0.05880 0.532 o. 00409 1.19300 1.2 .. 70 
58 3.618 .. 1 213.9,. 8.223 2335.71 0.0195355 0.05676 0 ... 96 0.00370:; 1.18571 1.3144 
60 3 ... 6833 201.02 7.789 1818.03 0.022961" 0.05446 0."60 0.003 .. 0 1.17757 1 ... 038 

62 3.297& .. 157.38 7.:517 1360.36 0.027&&08 0.05208 0.425 0.00305 1.1683& i.5210 
6 .. 3.10105 173.56 6.807 977.83 0.0340493 0.05023 0.389 0.00274 1.15781 1 .. 6 .. 73 
66 2.87277 160.10 6.262 674.57 0.0427232 0.0"822 0.35 .. 1).0021t5 1.1 .. 563 1.8053 
68 2.&1177 -148.75 5.723 .. 6 ... 92 0.05248£>9 0.0 .. 591 0.319 c. DO 225 1013183 1.~517 

70 2.:n193 1"1.15 . 5.2&3 3"0.19 0.0599857 0.043"6 0.289 0.00 220 1.11715 2.023& 
75 1.7395 .. 1"0.98 ".720 263.69 0.05170H 0.03683 0.2 .. 0 0.00290 1.08652 1.7066 
80 1 ... 0112 153.63 ".522 28".61 0.03&1250 0.03309 0.219 0.001t26 1.06928 1.3238 
85 1.19807 168. '32 ..... 00 308.25 0.0272719 0.03158 0.211 0.00572 1.05904 1.1105 
'90 1.0&025 18".83 ·1t.303 326.68 0.0220500 0.0310'1 0.210 0.00719 1.05212 0.9896 
95 0.95823 201.01 ".219 3"1.21 0.018&158 0.03108 0.211 0.00867 1.04702 0.91"1 

100 0.878& .. 217.13 4.160 352.35 0.0162&01 0.03138 0.21" O. 01011 1.04306 0.8665 
105 0.81387 232.79 ".106 361.20 0.011t4522 0.03181 0.218 11.01162 1.0398" 0.8294 
11Q 0.75989 2 "8. 31 ... 057 3(,8.29 0.0130518 0.032"3 0.222 11.01317 1.:!3716 0.7998 
115 0.71395 263.7& ... 010 37".06 0.0119317 0.03314 0.227 0.01"75 1.03489 0.77&7 
120 0.67 .. 20 279.22 3.965 378.81 0.0110127 0.03386 0.232 it. 01633 1.03292 0.7596 
125 0.63931t 294.70 3.919 382.77 0.0102432 0.03"55 0.238 0.01790 1.03120 0.7 .. 73 
130 0.608 .... 310.27 J.874 386.11 0.0095881 0.03520 0.243 0.019 .... 1.02968 0.7391 
1 .. 0 0.55588 31tl.75 3.783 391.35 0.0085285 0.03628 0.25 .. 0.02239 1.02709 0.7338 
150 0.51262 373.94 3.690 395.21 0.007704" 0.0377& 0.265 0.02557 1.02"96 0.7266 
160 0.47&2 .. .. 07.08 3.593 398.12 0.0070421 0.113932 0.275 O. 02880 1.02318 0.722& 

170 0 ..... 510 4,.0.97 3.499 "00.35 0.006 .. 961 0.04072 0.286 0.0319" 1.02165 0.721t0 
180 0 ... 1809 .. 75.88 3 ... 06 1t02.08 0.00603&8 0.0"5&0 0.]10 0.03797 1.02033 0.10 .. 1 
190 0.39445 512.7& 3.299 "OJ.33 0.005&383 0.04869 0.328 O. 04270 1.01917 0.7014 
200 0.3731t7 5 .. 9.36 J.21 .. .. 0 ... 37 0.0052980 0.05149 0.3 .. 3 0.0 .. 731 1.0181" 0.6<)87 
220 0.33789 624.67 3.057 .. 05.82 0.00"73&1 0.056 .. 3 0.366 0.056"5 1. 01640 0.6<)50 
2 .. 0 0.30818 7 01.<)& 2.921 "06.72 0.0042894 0.0&0'73 0.388 0.0&532 1.011t98 0.6928 
260 0.28446 180.75 2.806 "07.27 0.003924" 0.06"57 0.405 0.07"08 1.01380 0.6915 
280 0.2&381 8&0.38 2.709 .. 07.59 0.003&200 0.0&805 0."19 0.08283 1.01279 0.690& 
300 0.2 .. 60 .. 9 .. 0.32 2.627 ..07.75 o. DO 33&15 0.0712& 0."32 0.09163 1.01193 0.&901 
320 0.23057 1020.56 2.558 407.81 0.0031391 0.07425 0 ... 4 .. 0.10052 1.01117 0.6897 

;'l,,0 0.21n6 1100.61 2."99 "07.80 0.0029 .. 5 .. 0.07705 0 ... 55 0.10955 1.01051 0.6894 
360 0.20"91 1180.35 2."50 407.74 0.0027750 0.07969 0."66 0.111'173 1.00992 0.6891 
380 0.1'3 .. 1 .. 1259.89 2."07 .. 07.64 0.002&239 0.08221 0 ... 76 0.12809 1.00940 0.6889 
.. 00 0.18 .... 7 1338.69 2.371 .. 07.52 0.0024889 0.084&1 0 ... 86 0.1376" 1.00893 0.6887 
.. 20 0.17573 1 .. 17.22 2.3 .. 1 .. 07.39 0.0023675 0.08690 0 ... 95 0.14738 1.00851 0.6685 
.... 0 0.16779 1495.01 2.315 .. 07.24 0.002257P' 0.08911 0.505 0.1573" 1.00812 0.6881t 
.. 60 0.16055 1572.0 .. 2.293 .. 07.09 0.0021578 0.09122 0.514 0.16751 1.00777 0.6882 
.. 80 0.15391 16"8.53 2.274 .. 06.9"- 0.0020&66 0.09328 0.523 0.17790 1.00745 0.6880 
500 0.14780 172".11 2.258 "06.79 O.001CJ829 0.09526 0.532 0.18852 1.00715 0.6978 
520 0.1 .. 21& 1799.11 2.2 .. 5 40&.63 0.0019059 0.0971<) 0.5 .. 1 0.19937 1.00&88 O. &87& 

540 0.1369 .. 1873.98 ~.2J3 "0&.56 0.0018339 0.0'3906 0.550 0.21050 1.00&62 0.6872 
560 0.13209 19"7.58 2.22 .. .. 06 ... 0 0.0017680 0.10089 0.55'1 0.22182 1.00&39 0.6870 
580 0.12758 2020.72 2.21& "06.25 0.00170&8 0.102&<) 0.568 0.23337 1.00&17 o. &868 
600 0.12337 20'13.42 2.209 .. 0&.10 0.001&497 0.10445 0.577 0.2"515 1.00597 O. &86& 
650 0.11398 2273.21 2.197 "05.76 0.0015227 0.1087 .. 0.599 0.27563 1.00551 0.6862 
700 0.105'H 2451.27 2.188 405."4 0.0014140 0.11292 00&21 0.30759 1.00512 O. 6 85~ 
800 0.09250 2803.50 2.178 40".88 0.0012377 0.12103 0.&6 .. 0.3758& 1.00449 0.&8<;1 

1000 0.07439 3506.84 2.1&4 404.03 0.000'3912 0.136'.!3 0.7"9 0.52949 .1.00359 0.611,,2 
2000 0.03737 7296.61 2.024 .. 02.10 0.0004975 0.27723 1.1 .. 2 2.0"358 1.00180 o. 53~1 
3000 0.02 .. 96 11798.46 1.821 "Oi.41 0.0003322 0.39408 1.lt91 ".1l2877 1.00121 0.533<) 

4000 0.01872 17387.7& 1.600 400.82 0.0002"95 0.54"73 1.811 G. 70 &20 1.000'10 0.5193 
5000 0.014119 26591.7 .. 1.165 397.97 0.0002010 o .963CJl 2.117 11.26lt20 1.00072 O ... 0:;"" 

• TWO-PHASE BOUNORY 
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C-Ze T~EP'"OOfNAHIC PROPERTIES OF NOP~lL HYO~OGEN 

~SO PSU ISDBlR 

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALP~ ENTROPY CV CP VELOCITY 
DERIvATIVE DERIVATIVE ENERGY DF SOUND 

OEG. R CU FTlL8 CU FT-PSU/LB PSU/R BTUILB BTU/LB BTU/L8-R BTU / LB -R FTISEC 

• 2&.&1t7 0.20.355 3179.6& 76.31t65 91t.510 111.1t71 3.38'::42 1.150 1.5015 1t1t19 
28 0.201t91t 3073.29 76.i521t8 96.511t 113.591 3 .1t60 1t2 1.l8& 1.6010 1t388 
30 0.20713 2886.72 76.8732 99.656 116.915 3.57505 1.231t 1.7'11 It 32 0 
32 0.20951 2705.69 76.2038 103.011t 120.1t72 3.68980 1.276 1. ~31o ,.Zlts 
3,. 0.21207 2529.65 71t.9778 106.576 121t.21t7 3.80 .. 17 1.315 1.91t .. 1t163 

3& 0.211t1l.1 2365.77 73.6655 110.3Itl 126.21t2 3.'U"37 1.31t9 2.055 1t086 
38 0.21781 2210.71t 72.21t25 111t.312 132 ... 62 1t.03276 1.379 2.168 10012 
ItO 0.22101t 205,..32 70.6798 1111. It 'lit 136.912 It.l1t707 1.1006 2.286 3'UIo 

.. 2 0.22"51t 1899.32 &11. 9351t 122.895 141.&05 ,..2&160 1. It 2'1 2.ltl0 3952 

.. It 0.22837 17 .. 2.35 67.0101t 127.527 146.557 ".37671 1 ... 1t9 2. 5 .. It 3765 
It& 0.23258 158l!.2& 6".111'13 132.1t06 ,t.51.787 1t.1t921U 1.1t66 2.687 3673 
.. a 0.23721t l1t33.12 62.5292 137.51t8 151.311 ".&103!l 1.480 2. liltS 3572 

50 0.2 .. 2 .. 2 121111.63 59.95511 1"2.9611 163.168 ... 72'160 1 ... 93 3.011 3 .. 70 

52 0.2"821t 11 It(;. 21t 57.1603 1411.695 169 .. 3110 1t.85132 1.503 3.195 3359 
5,. 0.25,,711 1001.1t5 51t.17119 151,.71t0 175.970 ".97562 1.512 3."01t 32 .. 1 

5& 0.2&22& 870.95 50.9920 161.154 183.008 5.103&0 1.522 3.651 3111 
58 0.27097 71t3.06 ,,7.6031t 168.008 190.581 5.23660 1.531 3.'136 2975 

60 0.28123 621.50 '41t.0374 175.358 1'18.792 5.37570 1.51t1 ').283 2829 

62 0.29357 511.71t itO .2867 183.292 207.151t 5.52265 1.552 1t.690 2671 

61t 0.J0871 1t12.211 36. 3961t 191.910 217.631t 5.6791t6 1.565 5.191t 2518 
66 0.327610 327.1t& 32.ltl1t3 201.303 228.&01t 5.841122 1.581 5.790 2357 
68 0.351&9 2&0.29 28.1t346 211.533 21t0.6311 6.03080 1.600 6.1t37 22113 
70 0.36216 211.80 21t.6391t 222.512 251t.357 6.22&69 1.621 7.01t7 2066 
75 0.48&77 170.1t2 17.1150 250.&31 291.193 6.73479 1.&53 7.309 1869 
80 0.60&10 201.52 12.7063 273.805 321t.310 7.16269 1. &33 5.993 1851 
85 O.71&ItO, 250.02 10.191te 291.832 351.5211 7 ... 9301 1.608 1t.966 1891 
90 0.81637 299.82 8.6116 306.632 37/0.&59 7.75768 1°.591 /0.338 1946 
'95 0.90116'7 31t 7.78 7.5163 319.560 395.278 7.98077 1.581 3.91t0 2001t 

1110 0.99536 393.17 6.7066 331.1t38 H4.379 8.176119 1.575 3.671t 2061 
105 1.071125 1t3 7.19 6.0827 31t2.1t21 1t,32.269 8.35168 1.570 3.1t83 2120 
110 1.15781 /0 79. 01 5.51572 352.857 1t49.335 8.51033 1.566 3.31t5 2177 
115 1. 231t81 51'1.21 5.1681t 362.881 1t65,.,.,5 8.65631 1.565 3.235 22311 
12U 1. 3 0')1 It 558. D3 /0.8161 372.597 1t81.135 8.7'1231t 1.566 3.151 2280 
125 1.38297 595.67 1t.511t9 38~.::t 80 491.320 8.9191t7 1.570 3.081t 2329 
no 1.,.5 .. 79 ti32.3;! 4.2531 391.3;''1 5::2.602 9.0391tl 1.'575 3.033 2375 
1 .. 0 1.59502 703.12 3.8216 1t09.639 51t2.51t8 9.26131 1.591 2.9&1 21t62 
150 1.731£1') 771.iI7 3.1t773 427.627 571.925 9.461t12 1.&13 2.919 251t3 
160 1.86565 837.3" 3.1952 1t1t5.538 600.999 9.651811 1.61tl 2.898 2618 

170 1.99750 901.76 2.9591 1t63.1t88 &29.936 9.82721t 1.672 2.891 2688 
180 2.12765 961t.83 2.7581 1t81.569 6511.8&1 9.9921t9 1.70& 2& 896 2751t 
190 2.25&03 1026.31t 2.580& 500.053 688.043 lG.l1t951t 1.750 2.912 21113 
200 2.38346 1087.18 2.1t2118 518.626 717.235 10.2991t0 1.787 2.929 2873 
220 ' 2.63555 1206.61 2.1758 556.609 71&.223 10.58050 1.863 2.973 2987 
2 .. 0 2.881t78 1323. e,c; 1.97211 595.7811 836.170 10.1I/o11t7 1.936 3.023 3095 
260 3.13187 lIt39.0c/ 1.8059 63&.171t 897.1 .. 6 11.08501t 2.004 3.071t 3198 
2110 3.37731 1552.91t 1.6660 677.691t 959.118 11.HIt67 2.066 3.123 3298 
300 3. 60!:1 It It 1&65.80 1.5469 720.2&6 1022.033 11.53190 2.122 3.168 3395 
320 3.8&1t53 1771.711 1.1t/oltl 763.793 1085.816 11.73767 2.172 3.210 3489 

3 .. 0 It. 10677 1889.01t 1.351t5 808.185 1150.393 11.9336& 2.21& 3.21t7 3581 
360 1t.34831 1999.71 1.2756 853.334 1215.6&9 12.U999 2.255 3.280 3671 
380 4.58'32& 2109.118 1.2055 8'19.171 12M •• 583 12.2983/0 2.289 3.310 3759 
400 1t.82971 2219.63 1.11t29 91t5.608 131t8.057 12.1t6851t 2.320 3.336 38 .. 6 
1t20 5.0&971t 2329.03 1.0866 992.56 .. l1t15.015 12.63197 2.31t5 3.359 3931 
It ItO 5.3691tl 21t38.12 1.0357 1039.969 11t152.390 12.78854 2.368 3.378 4011t 
460 5.51t1l77 251t6.9/o 0.98'1/0 1087.1f>3 1550.130 12.93935 2.387 3.395 4097 
It 80 5.78785 2655.53 (J .91t 71 1135.897 1618.186 13.01lItl& 2./00/0 3.410 4177 
SOD 6.02&70 2763.92 0.9083 11151t.303 1686.1t94 13.22359 2.417 3.1t21 1t257 
520 6.26533 21172.12 0.8726 1232.'I1t1t 1755.020 13.35801t 2.429 3.1t31 1t335 

51t0 6.501t35 2981.10 0.839/0 1282.009 182/0.002 13 .1t87 93 2. ,.39 3.,.39 1t1t13 
560 6.7,.252 30811.91 0.80119 1331.092 1692.932 13.61299 2.41t7 J. /0 It 5 It It II 9 
580 6.98055 3196.60 0.1805 1380.18c} 1961.663 13.731t03 2. /o5J 3.451 /OS61t 
600 7.2181t6 3301t.16 0.751tl 1/o29.1t53 2030.952 13.&5121 2.'+59 3.1t55 '+638 
650 7.111217 3572.75 0.695'+ 1552.881 2203.'102 llt.121121 2. ,.68 3.It&3 1t1l19 
700 8.ItO&56 31:11t0.87 0.61t52 1676.665 2371.165 11t.38513 2.1t 74 3.'+67 4993 
800 9.59302 4376.1,+ 0.5&39 1921t.1I00 212'+.165 1'+. II It II '+5 2.,.80 3.1t11 5327 

1000 11.9&32& 5'+1t1t."3 0.450& 2'+22.023 31t18.69& 15.&2320 2.1t 68 3.'+77 5937 

2000 23.7HOO 10772.85 0.2250 1t969.1t99 &952.&17 18.0 &3 71t 2.641t 3.630 6278 
3000 35.62995 16097.07 0.1500 7755.61tl 10121t.&06 19.59026 2.933 3.919 9982 

1t000 47. It ef>7 It 211t20.60 0.1125 10859.597 11,816.56J 20.761t87 3.328 4.328 11360 
5000 59.691t55 267ltJ .92 0.0900 11t700.668 1967,.. 6 lilt 21.1I1t359 It.S"O 5.667 121t30 
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T .. EI<HODYNAI"IC PRf)P[IH IES Of' NOP'1AL HYl)ll"GEfoi C-Zc 

ItSO PSIA ISOBAR 

TEMPERATURE . DENSITY VCDH/DVlp VCDP/DU'V -VCDP/OV'T COV/DTVV THERMAL' VISCOSITY THERMAL DIELECTRIC PRANDTL 
CONDUC n \I ITY OIFFUSIVITY CONSTANT NllHBER 

DEG. R LB/CU FT BTU/LB PSIA-CU FTlBTU PSIA 1/0EG. R BTU/F!-riR-R LB/FT-SEC SO FT/HR 
.X . 105 

• 2&.&101 10.912110 312.02 13.511 15&21.01 O.OU1081171o 0.0101195 1.11101 0.006'.;3 1.251109 2.06lilo 
28 10.117'1102 313.13 13.276 110995.90 0.0051231 0.05230 1.679 0.006611 1.255& 1 1.11537 
30 1o.1I27H 312.10 12.907 13936.1111 0.0055158 0.055'10 1.411 .. 0.00673 1.25270 1.61053 
32 1o.773l1 310.87 12.511 129110 .55 0.005900& 0.056101 1.328 0.006&7 1.2109&1 1.5019 
310 10.115103 30«;1.2& 12.095 119211.39 0.0062657 1).0&007 1.202 0.OO6liS 1.210&37 1.100010 
3& ... 65 .. 7·8 307.17 11.731 l1012.15 0.00&&11'15 O.O&hO 1.0<)7 0.00& .. 3 1.24296 1.3204 
311 ".59lQ6 3010.53 11 ... 07 101,,9.63 0.OO7l117 0.063011 1.009 0.00&3 .. 1.23939 1.21083 
.. 0 ".52408 300.&" 11.109 9293.91 0.007&050 0.06"16 0.93" 0.00620 1.23564 1.1975 

.. 2 ..... 5350 295.7 .. 10.831 64511.59 0.00111 .. 91 0.06"61 0.11&6 0.0060" 1.2:U70 1.1616 

.. 10 ... 3711111 2119.67 10.560 7629.100 0.00871132 0.06507 0.809 0.00511 .. 1.227510 1.1392 

.. & ".29953 2112.112 10.2910 &826.17 0.0095009 0.06"9<) 0.757 0.00562 1.223110 1.12&9 

.. II ".21509 274.113 10.023 60100.74 0.010]512 0.06"57 0.709 0.00!;39 1.218 .. 6 1.1252 
50 ... 12504 266.91 9.737 5315.6" 0.01127'11 0.063119 0.6&6 0.00515 1.213 .. 11 1.1292 
52 1o.0211ft1 256.011 9."311 10617 .53 0.Ot23790 0.0&29& 0.&25 B.00 .. 69 1.20615 1.1"15 
5 .. 3.'!21093 248 ... 1 9.121 39510 .111 0.0137017 0.0&180 0.587 0.00 .. 63 1.202"6 1.1631 
5& 3.lIt29" 237.711 11.7116 3320.61 0.0153550 0.06015 0.550 0.00432 1.19&32 1.2022 
511 3.690103 226.75 11.1023 2742.19 B.01735'1& 0.051130 0.515 B.00401 1.18963 1.2519 
60 3.5557& 21 ... 9 .. 11.03& 2209.91 0.0199273 0.05625 0."81 0.[10369 1.18231 1.3U3 

62 3 ... 0&32 202.9 .. 7.619 17103.15 0.0231114 0.05399 0.10 .. 1 0.003311 1.171022 1.39910 
6 .. 3.23930 190.57 7.161 1335.50 0.0272530 0.05197 0.1015 0.00309 1.16522 1."916 
6& 3.05215 1711.5" 6.716 999."& 0.0324317 0.0501" 0.362 0.00264 1.15519 1.51196 
611 2.1143 .. 4 167.56 6.251 740.13 0.03!!4B3 0.04815 0.351 0.00263 1.1"408 1.6CJ07 
70 2.61&&6 156.50 5.1111 55".20 0.0 .. 44590 0.0"603 0.322 0.00250 1.13206 1.7756 
75 2.05435 1 .. 9.51 5.0"1 350.11 0.04568 .. 7 0.040,,5 Q .267 0.002&9 1.10272 1.7371 
aD 1.6 .. 9119 156.82 4.71& 332.411 0.0362163 0.03605 0.239 0.00365 1.011193 1.4307 
115 1.39586 170.00 ... 5 .. 2 3"CJ.00 0.0292112 0.03362 0.226 O. 0046~ 1.06902 1.1953 
'90 1.22 .. 93 1115.00 ..... 20 367.26 0.02344!!0 0.032!!5 0.221 0.00618 1.06039 1.0493 
95 1.10051 200.6 .. !t.321 3112.73 0.0196366 0.03255 0.220 0.00751 1.054110 Q.9570 

100 1.00 .. &6 216.40 4.237 395.00 0.0169713& 0.03263 0.221 0.008a4 1.0493" 0.11957 
105 0.927ft3 232.1" 4.179 "05.47 0.'0150017 0.03291 0.22" 11.01019 1.04549 0.6522 
110 0.116370 2"7.73 ".131 413.72 0.0135046 0.03343 0.227 o. 01157 1.04231 0.61'31 
U5 0.80984 263.21 ".078 .. 20 ... a 0.0122911 13.Q3"06 0.232 0.01300 1.039&4 0.7922 
120 0.16351 2711.72 4.0211 1+26.06 0.0113039 0.03470 0.236 0.01443 1. 1l3734. 0.7722 
125 0.72306 294.26 3.978 "30.72 0.0104621 0.03533 0.2"1 0.01584 1.113534 0.757!! 
130 0.667311 309.89 3.929 434.65 0.00971165 0.03593 0.2"6 0.01724 1.03357 0.7480 
1 .. 0 0.62&95 341.51 3.1132 440.63 0.0086692 0.03&90 0.256 0.01986 1.03059 0.7406 
150 0.577ft1 373.83 3.734 445.39 0.0078074 0.038,33 0.267 0.02274 1.02615 0.7316 
160 0.53601 407.10 3.633 4"11.82 0.0071192 0.03966 0.277 0.02566 1.02&11 0.7264 

170 0.50063 .... 1.12 3.536 "Sl.44 0.0065546 11.04123 9.268 0.02649 1.02437 0.72&9 
1110 0."7000 476.15 3."39 .. S3 ... 7 '0.00601121 0.0"587 0.311 Ov 03370 1.02281 0.7077 
190 D."4326 513.33 3.327 "54.93 0.005&726 0.04[,92 0.329 O. 03790 1.02156 0.7046 
200 0.41956 550.05 3.2~9 456.13 0.0053246 0.05169 o .3 .. 4 0.0 .. 207 1.020"0 0.7015 
220 0.3791t3 625.&0 3.076 457.112 0.0047525 0.05&61 0.369 0.050111 1.011\ .. 3 0.6971 
2 .. 0 0.3 .. 6&5 703.12 2.9"0 "58.65 0.0042994 0.06086 0.389 0.05810 1.016113 O. &945 
260 0.31930 762.14 2.822 .. 59 ... 7 0.0039303 0.06470 0.405 0.06592 1. 01550 0.&929 
2110 0.29609 861.96 2.723 "59.82 0.0036231 0.06616 0.420 0.07373 1.01436 0.6918 
300 0.27613 9"2.12 2.640 459.96 0.0033629 0.071311 0.432 0.06159 1.01339 0.6911 
320 0.25876 1022.56 2.570 "60.02 0.0031.392 0.07436 0.44" 0.06953 1.01254 0.6905 

340 0.243iO 1102.79 2.510 459.911 0.00291t4& 0.07716 0.456 0.09756 1.011110 0.6901 
360 0.2299' 1182.71 2.460 459.611 0.0027737 0.G7980 0.4&& 0.10577 1.01114 0.66'38 
3110 0.21790 1262.40 2."17 "59.7" 0.0026222 0.06231 Q."76 U.11 .. 11 1.01056 0.&6'35 
.. 00 0.20705 13 .. 1.56 2.380 459.56 0.002411&9 0;06471 0.486 0.12263 1.01003 0.68'33 
.. 20 0.19725 1420.03 2.349 "59."0 0.0023653 0.06700 0.496 0.13132 1.00955 0.68'30 
4 .. 0 0.18034 I1t97.94 2.322 459.21 0.0022554 0.08920 0 .• 505 0.1"019 1.00912 0.68!!5 
.. 60 0.18022 1575.10 2.300 "59.01 0.00215S5 . 0.09132 0.514 0.1"925 1.00!!73 0.6!!85 
.. 110 0.17276 1651.70 2.260 458.61 0.00206 .. 2 1l.09336 0.524 0.15851 1.0063& O. & 8 63 
500 0.16593 1727.36 2.26 .. 458.61 0.0019806 0.0'3536 0.533 0.167'36 1.00803 O.6eSl 
520 0.1591>t 160e.47 2.251 458.42 0.0019036 0.09729 0.542 0.17765 1.00772 0.6879 

5411 0.15374 11177.52 2.239 "511.32 0.0016315 0.09916 0.551 0.18757 1.00744 0.6875 

5&0 0.141131 1951.19 2.229 458.12 0.0017&57 0.10099 0.560 0.19766 1.00716 0.&673 
580 0.14326 2024.40 2.221 457.'33 0.0017045 0.10279 0.569 0.20795 1.00&'33 0.6870 
600 0.13853 2!l97.1c 2.214 "57.74 0.0016475 0.10"56 0.577 0.211145 1.00670 0.6866 

650 0.12aoo 2277.08 2.201 457.30 0.0015207 0.10665 0.599 0.24561 1. CO&19 0.6863 

700 0.1111'15 2455.23 2.192 456.89 0.0014122 0.11304 0.&21 0.27 .. 08 1. C0575 0.665'1 
1100 0.10424 21107.61 2.161 "56.18 0.0012362 0.12117 0.6610 0.33490 1.00504 0.61151 

1000 0.C8H9 3511.13 2.167 455.10 0.00091J01 0.13710 0.7"9 o ... 7177 1.00404 0.6842 

2000 0.04202 7301.35 2.026 "52.66 0.0004971 0.27123 1.1 .. 3 1. U 767 1.00203 0.53QO 

3r.OO 0.02807 111102.72 1.822 451.711 0.0003320 0.39403 1.494 3.58253 1.0013& O.534e 

4000 0.02106 17352.09 1.&05 451.09 0.0002 .. 94 0.54261 1.81" 5.'35399 1.00102 0.520'1 

5000 0.01&75 211209.14 1.1113 .... 8.01 0.000200'3 0.94421 2.120 9.9 .. 627 1.00061 0.4581 

• TWO-PHASE BOU'tORY 
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..... 

c-~c T~EP"OJfHA"IC PROPERTIES OF NOP"~L ~YOROGEN 

500 PSU JS1BAR 

TE"I'ERUURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OER IVATIVE DE"RIVAUVE ENERGY OF SOUNO 

OEG. R CU FTILB CU FT-PSIA/LB PSIA/R BTU/LB aTU/Le IlTU/L B-R BTU I LB -R FTlSE~ 

• 26.8/00 0.20,310 3228.59 76./0911 94.600 113 ... 0 .. 3.38469 1.15" 1.525 4 .... 7 
28 0.20 .. 2& 314/0 .22 76.9768 96.302 115.21. .. 3./ot;073 1.184 1.592 442t; 

30 0.20ron 2')62.28 77.206& 99./006 111J.51S 3.561056 1.232 1.70t:! 4362 

32 0.201171 277t;.61 76.6790 102.725 122.0"9 3.67856 1.275 1.112? .. 2116 
34 0.21121 2&13.15 75.5350 106.2/04 125.800 3.79221 1.313 1.921 1021/0 

36 0.21389 244f.28 74.2&65 109.957 129.760 3.90t;3t:! 1.3108 2.035 4137 

311 0.21ft77 2287 • .,9 72.8831 113.1169 133.938 ... 018&11 1.373 2.146 40&2 

/00 0.2191111 2132.t;6 71.3633 117.986 138.3/0 .. ...13184 1,"05 2.260 3987 

.. 2 D~22325 U78.37 69.67"8 122.312 1 .. 2.932 10.2"500 1.428 2.379 390ft .. ,. 0.22692 1823.17 67 .. 8128 126.Plt;8 1"7.868 4.35859 1 ... 48 2.506 31123 
.. 6 0.23093 1&&5.85 65.752& 131.63/0 153.01& ".107286 1.1065 2.6"10 3732 
.. II 0.23535 1517.33 63.109t;8 136.6t;/o 158.4,./0 ... 511821 1./0110 2.7118 3639 
50 0.2/0023 1373.00 61.0309 1/01.93/0 164.176 /0.70507 1. /093 2.9102 35/01 

52 0.24566 t,228.57 58.3721 1/07.487 170.231 10.112373 1.50/0 30115 3"3/0 
54 0.25173 1095.87 55.53/08 153.335 17&.&42 ... 910 .. 65 1.513 3.296 3326 

5& 0.251157 963./01 52.532" 159.497 183.437 5.0&821 1.522 3.508 3208 
511 0.26639 1134.12 49.3575 16&.026 190.690 5.19550 1.530 3.756 3080 

60 0.27543 7110.63 46.0297 172.966 198.1068 5.32735 1.539 4.0311 2910 7 

62 0.21160" roOIo.94 "2.5586 180.372 206.855 5."61088 1.5 .. 8 10.3&1 21109 
6,. 0.29863 505.77 38.'3751 1811.296 215.945 5.60917 1.558 ".732 2668 
66 0.313711 .. 17.35 35.3289 196.790 225.8"2 5.76142 1.570 5.1611 2523 
611 0.33221 3"3.77 31. &815 205.883 23&.&41 5.922&0 1.583 5.640 23112 
70 0.3510&9 285.55 28.1313 2!5.550 24'1.3119 &.09<::8" 1.596 &.116 2251 
75 0,"3121 210.99 20.4866 2101.076 281.000 6.510246 1.629 &.765 2015 
110 0.521130 213."& 15.3094 2& ... 580 313.493 6.9&207 1.632 &.172 1934 

115 0.626"7 250.95 12.1 .. 17 263.996 341.999 7.30798 1.616 5.245 19102 
90 0.71794 296.90 10.1357 299.963 3&6 ... 35 7.58759 1.600 ".572 1983 

'95 0.80Z97 3"3.J2 6.7&511 313.761 31111.105 7.82205 1.581 ... 1211 2033 

100 0.811292 3118.63 7.765& 326.295 4011.041 11.02676 1.583 3.82:3 20115 
105 0.9511911 "32.5" 7.0025 337.77" .. 2&.563 8.20772 1.576 3.603 21 .. 1 

110 1.03199 ft74.89 &.3951 3 .. 8.595 ,. ..... 1 .. 3 8.37117 1.572 3 ..... 0 219 .. 

115 1.10320 516.16 5.9015 35~.963 "61.105 11.521711 1.571 3.319 22 .. 8 
120 1.17189 555.&5 5 ... 8&6 368.962 477.4&3 11.6&120 1.571 1.225 2298 

125 1.231192 593.96 5.1310 378.688 "93.395 11.79116 1.57" 3.1,.9 23 .. 6 

130 1.30457 & 31. 25 ft. 82 .. 0 388.195 508.9110 8.913 .. 11 1.579 3.089 2392 
1100 1 ... 3253 703.23 ... 3190 406.799 539.431 9.13913 1.594 3.006 2 .. 78 

150 1.55701 772 ... " 3.9205 425.0511 569.216 9.34476 1.616 2.95& 2559 
160 1.67865 83'3,"6 3.5953 443.189 5911.6211 9.53"70 1.6 .. 3 2.929 2&33 

170 1.798&1 90 ... 72 3.32 .. 3 "61.323 627.650 9.71179 1.67" 2.91G 2703 
100 1.91671 968.56 3.0945 "79.559 &57.020 9.878ft,. 1.708 2.919 2769 
190 2. 0330~ 1030.6& 2.8917 498.209 &86 ... 42 10.03&80 1.753 2.932 21127 
200 2.141148 1092.10 2.71'30 51&.903 715.823 10.187&3 1.790 2.9"7 28116 
220 2.37&62 1212.5& 2.43,23 555.087 775.130 lD."7025 1.8&5 2.988 3000 

2"0 2.60197 1330.51 2.2030 59 ... 427 835.335 10.73235 1.937 3.035 3107 
260 2.82523 1 .... 6.5& 2.D150 63,..9 .. 6 89&.52" 10.97&76 2.005 3.08 .. 3210 
280 3.04&6& 1561.13 1.8577 676.578 958.676 11.20707 2.067 3.131 3310 
300 3.2&722 1&7".53 1.72 .. 0 719.2 .. 5 1021.7"& 11 ... 2 .. 8 .. 2.123 3.175 3"06 
320 3."8655 17116.99 1.,' ,88 762.85 .. 1085.662 11.&310,. 2.173 3.216 3501 

3 .. 0 3.70505 1898.67 1.5065 807.318 1150.355 11.82738 2.217 3.253 3592 
a60 3.9228& 2009.71 1 ... 202 852.530 1215.73,. 12.01"00 2.25& 3.285 3682 
380 ... 1 .. 009 2120.21 1.3"19 8911 ... 23 1281.7"0 12.192&0 2.290 3.315 3770 
400 ... 35&8 .. 2230.26 1.2720 9 ..... 911 1348.295 12.3&301 2.320 1.340 3857 
.. 20 4.57317 233'3.92 1.2091 991.913 1"15.326 12.526&2 2.346 3.362 3942 
4100 ... 7891" 2 .... 9.2 .. 1.1522 1039.35'3 1"82.768 12.&8335 2.3&9 3.382 .. 025 
460 5.00"110 2558.28 1.1006 1087.191 1550.568 12.8:5429 2.3.88 3.3911 4107 
.. 80 5.22020 2&67.06 1.053 .. 1135.359 1&18.&79 12.97922 2.,.04 3.1012 .. 187 
500 5.4353& 277').&3 1.0102 1183.797 1&87.037 13.11875 2."18 3 ... 2 .. .. 267 
520 5.65032 288".00 Q.970" 1232 ... &7 1155.&09 13.25329 2 ... 30 3 ... 33 .. 3 .. 5 

540 5.8&57" 2993.31 0.933,. 1281.580 B24.&68 13.38331 2 ... 39 3 ... ftl 4 .. 23 
560 &.0802" 3101.25 0.899" 1330.6811 1893.&36 13.508 .... 2 ..... 7 3 ..... 7 .... 9'3 
5110 6.29'+&0 3209.05 0.8& 7 8 1379.807 1%2.&02 13 .62953 2.IoS4 3.452 .. 5710 
600 &.50883 331&.73 0.838" 1429.092 2031.722 13.7It671 2."59 3 ... 57 4647 
650 7.0"397 3585.52 0.7730 i552.565 2204.7"1 14.023&8 2,"69 3 ... 610 41128 
700 7.57859 385~.81 0'.7172 1&7&.36& 237&.061 14.2808'3 2 ... 75 3.4&11 5002 
1100 8. &4&72 .. 389.3& 0.6267 1924.579 2725.1"" 14.74432 2 ... lID 3.471 533t; 

1000 10.78033 5 .. 57.9& 0.5007 2"21.875 iiHQ.988 15.51920 2 ... 88 3,"77 59 .... 
2000 21.43308 10786.83 0.2500 .. 96Q.462 &953.874 17 .~598& 2.&4 .. 3.630 6283 
3000 32.Q8103 1&111.13 0.1&&7 7755.582 10725.8')1 19.486311 2.932 3.919 9987 

"000 "2.7509& 21434.68 0.1250 10856.839 14IH".999 20.66023 3.319 ... 319 113&6 
5000 53.72071 2&758.01 0.1000 1"668.098 19&41.908 21.73218 ..... 79 5.599 12 .. 42 

• TIIO-P~ASE eOUNORY 
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T~E~MOD'NA~IC PROPERTIES OF NOPMAL H'D~OG£N r. .z.-

500 PSU ISOBAR 

TEMPERATURE OENSITY VeOH/OVlp VeOP/DUIV 
-v (OP/OVI

T 
eOV/OT\fV THERMAL VISCOSITY THER~U OIELECTlUC PRANCTL 

CONOUCTliIJTY OIFFUSIVITY CONSTANT NUHBER 

OEG. R LB/CU FT BTU/lB PSU-CU FTlBTU PSlA 1/0F-G. ~ BTU/FT-IofR-R lB/FT-SEC sa FTlHR 
lC 10 5 

• 26.11"0 Itd2J75 316.91t 13."611 151196.77 0.00"8117 0.0 .. 966 1.856 0.00&61 1.2S"11 2.0S18 

211 ".11,)567 3111.35 13.276 15393.011 0.005a007 0.05253 1.715 0.00&7" 1.2S652 1.117011 

30 It. 11 .. 513 317.61 12.931 llt3S2.&& 0.00S3793 0.05&19 1.515 0.00&79 1.253&7 1.&5112 

32 1t.79125 315.9& 12.552 132911.&7 0.0057&5') 0.05117& 1.155 0.00&73 1.250&3 1.5127 

31t ".73"5<':1 315.55 12.1 .. 11 12372.111 0.0061052 0.0&0 .. & 1.22& 0.00&63 1.2 .. 7 .... 1 ... 0&0 

3& ... 675 .. 0 313."2 11.7117 U .. 37.31t 0.00&"933 0.0&193 1.119 0.006S1 1.2 .... 12 1.3Z111 

311 1t.61326 310.611 11.10&5 10552.111 0.00&90&5 0.0&359 1.029 0.00&"2 1.2 .. 0&3 1.2501 

itO 1t.5 .. 7'11 307.17 U.1&9 9&911.71 0.0073580 0.061t73 0.952 0.00&30 1.23&911 1.19&7 

.. 2 10.107929 302.57 10.8910 111161.70 0.0076&25 0.0&5 .... 0.11115 0.0061 .. 10233110 1.1586 

1010 ..... 0682 29&.95 10.&26 1103".37 0.0011101003 0.0 &5 7& 0.82& 0.00595 1.22')10 1.133& 

1t6 10.33023 290.09 10.3&3 7213.51 0.0091152 0.0&57 .. 0.773 0.0057" 1.22 .. 11 .. 1.U99 

1t8 Ct.2tJ.~OG 283.011 10.0911 6 .... 7.16 0.0098"87 0.0&5 .. 1 0.72& 0.00552 1.22033 1.11310 

50 10.1&26 .. 275.55 9.1121 5715.29 0.010,,785 0.0610111 0.&112 0.00529 1.2155S 1.11102 

52 ".07071 266.92 9.535 5001.17 0.011&717 0.06397 0.&"1 0.0050 .. ·1.210411 1.1239 
5 .. 3.972 .. 7 258.37 9.2 .. 2 "353.33 0.01275&9 0.0&291 0.&03 0.0010110 1.20507 1.1373 

5& 3.8&739 2"8.78 8.927 3725.89 0.01"0993 0.06139 0.5&7 0.001053 1.19930 1.1&&5 

58 3.753117 238.31 8.591 3131.18 0.0157&32 0.059&9 0.533 0.00"23 1.19309 1.2072 

60 .1'.630 &3 227.&1 8.238 259".55 0.0177 .. 09 0.05783 0.500 O. 0039~ 1.111&38 1.2565 

62 3."9605 216.70 7 .8&2 211".89 0.0201233 0.05580 0 ... 611 0.00366 1.17907 1.31&1 

6 .. 3.3 .. 86 .. 205.63 7."71 1693.&6 0.023012" 0.053&0 0 ... 37 O. 00338 1.17111 1.3878 
66 3..1.8&'12 19".58 7.:162 1330.06 Q.02&5619 0.05B8 0.406 0.00315 1.1&2 .. 1 1."578 

68 l.lit011o 18 ... 2Z 6.6St 103".111 ,i.03Q615') 0.05009 0.377 0.00295 1.15295 1.5298 

70 2.81~1t0 175.112 6.25'J 805.07 0.03 .. 9 .. 25 0.04621 0.350 0.00280 1.1"280 1.5983 
75 2. 319Q;1' 16!.58 5.'<25 "89.30 0.0418695 0.04329 0.293 0.00276 1.11& .. 8 1.6510 

80 1.89286 1&2.90 1t.955 .. 0 ... 05 0.0378895 0.03893 0.259 0.00333 1.09"39 1."801 
85 1.59&25 173.05 1t.706 "00.59 0.0303098 0.03&13 0.21t2 0.00 .. 3Z 1.07920 1.2&32 

90 1.3928& 186.55 ... 5 .. 8 "13.5" 0.02"S098 0.03"71 0.233 0.005"5 1.06886 1.1051 
·95 1.2 .. 538· 201.33 ..... 29 "27.56 0.0205018 0.03"09 0.229 0.00663 1.0611t2 0.9998 

100 1,.132&1 216.67 ... 332 .... 0.16 0.017&"27 0.0339 .. 0.229 0.0078" 1.05575 0.9279 

105 1.0 .. 277 232.0& ... 262 "51.0" 0.0155253 0.0340& 0.230 0.00907 1.05125 0.8769 

110 0.96900 2 .. 7.5 .. ... 199 "60.17 0.0133973 0.03 .. 1t& 0.Z33 0.0103" 1.0 .. 75& 0.8373 

115 0.90&1t5 263.17 ... 1 .. 5 .. 67.87 0.0126135 0.03 .. 99 0.236 0.01163 1.0 .... 4 .. 0.807& 

120 0.85332 278.611 10.092 .. 7 ... 15 0.0115719 0.03557 o .21tl 0.01292 1.0"180 0.7852 

125 0.8071& 29".23 ... 038 .. 79 ... 2 0.01070Z" 0.0361" 0.2"5 0.01"22 1.03951 0.76"5 
130 0.7665 .. 309.89 3.985 "83.87 0.00996% 0.036&8 0.250 0.015"9 1.037"9 0.7569 

litO 0.69807 3"1.59 3.882 "90.90 0.0087Q93 0.0375" 0.259 0.01789 1.03"10 0.7"78 
150 0.6 .. 226 37".00 3.778 "96.U 0.0079025 0.03892 0.270 0.02050 1.03135 O. n&9 

160 0.59565 "07.37 3.673 500.il2 0.0071903 0.0"040 0.280 0.02316 1.02905 0.7302 

170 0.55599 .... 1 ... 9 3.572 503.01 0.00&6088 0.0 "175 0.290 0.02573 1.02709 0.7297 

180 0.52173 "76.63 3.472 505.32 0.00&1237 0.0"&1" 0.312 0.03030 1.025"1 0.7111 
190 0.49187 51".08 3.355 50&.96 D.0057039 0.04916 0.330 0.03403 1.0239" 0.7077 
200 0 ... 65 .. 5 550.91 3.264 508.32 0.00:;3 .. 91 0.05191 0.31t5 0.03785 1.022&5 0.70"1 
220 0."2077 62&.67 3.100 510.20 O.OO";o&; 7~ 0.05679 0.3&9 0.0"518 1.0204& 0.69<;2 
2 .. 0 0.38 .. 32 70 ..... 0 2.959 511.35 0.00430113 0.0610" 0.389 0.0523" 1.018&7 0.&962 
260 0.35395 7 83 .63 2.839 512.02 0.00393510 0.0&"85 0 ... 0& 0.059"1 1.01719 0.69"2 
280 0.32821 8&3.&8 2.738 512.37 0.0036257 0.06832 0.420· 0.0&6 .. 7 1.01593 0.6930 
300 0.30607 94".01 2.653 512.53 0.0033&38 0.07150 0.1t33 0.07357 1.01"85 11. &QZl 

320 0.28&82 10210.&" 2.581 512.5" 0.0031389 0.071048 0 ..... 5 0.0807" 1.01391 0.691" 

31t0 0.26990 110~.04 2.521 512."5 0.0029 .. 3& 0.07727 0."56 0.011802 1.01309 O. &909 
;:;60 0.25492 11115.12 2."70 512.31 0.0027722 0.07Q91 0."&6 0.095"1 1.0123& 0.&905 
380 0.2 .. 15 .. 126".97 2 ... Z/!. 512.12 0.002&<'03 0.082 .. 2 0."77 0.10291t 1.01171 0.6'301 

1t00 0.22952 134 ... 27 2.388 511. QO 0.002 .. 8 .. 8 0.08"81 0."87 0.11062 1.01112 0.6893 
.. 20 0.218&7 1"22.87 2.357 511.66 0.0023631 0.08710 0.496 0.118107 1.01059 o. &8'35 

It .. o 0.208U 1500.91 2.330 511."2 0.00Z2530 0.08930 0.50& 0.12647 1.01011 0.6892 

1t60 0.19981 1578.18 2.307 Sl1.l6 0.002'1531 0.091"2 0~515 0.13465 1.009&8 0.&869 

It 80 0.19156 165".69 2.287 510.91 0.0020&19 0.093"7 0.52" 0.1"301 1.00928 0.&887 

SOD 0.18H8 1730.66 2.271 510.66 0.0019782 0.0954& 0.533 0.15155 1.00691 0.6884 

520 0.176911 1805.86 2.257 510 ... 1 0.0019012 0.09739 0.5"2 0.16027 1.00657 0.6862 

5 .. 0 0.170 .. 8 1881.09 2.24 .. 510.30 0.0016290 0.09927 0.551 0.16923 1.00625 O. &877 

5&0 0.1& .... 7 195".63 2.235 510.05 0.0017613 0.10110 0.560 0.17833 1.0079& 0.&875 

580 0.156117 2028.10 2.22& 509.81 0.0017022 0.10290 0.569 0.18762 1.007&9 0.6872 

600 0.153& .. 2100.92 2.219 509.57 0.0016 .. 53 0.10 .. &7 0.5711 0.19709 1.007"3 0.6670 

650 0.1 .. 1')7 22110.% 2 .• 20& 509.02 0.0015186 0.10897 0.&00 0.22159 1.00&67 O. & 8!J5 

700 0.13195 2 .. 59. 20 2.19& 5011.51 0.001"103 0.1131& 0.&22 0.2 .. 721\ 1.00&36 o. &860 

800 0.115&5 2811.73 2.185 507.&3 0.00123"6 0.12130 0.&65 0.3021" 1.00559 0.&652 

1000 0.0927& 3515."3 2.169 506.29 0.0009891 0.13726 0.750 o ... 2559 1.00""6 O. &842 

C!ooo 0.0 .. &&& 7306.09 2.027 503.28 0.000"966 0.27723 1.1 .. 5 1. &3&9 .. 1.00225 0.53·ge 

3000 0.03117 11!107.12 1.623 502.20 0.0003319 0.39399 1.496 3. Z255f) 1.00151 0.5357 

"000 0.02339 17322.7& 1.610 501.38 0.0002"93 0.5"081 1.817 5.353"3 1.00113 0.5225 
5000 O.DI8H 278116.1~ 1.199 "98.09 0.0002006 0.92753 2.12 .. 8.9000& 1.00090 o ... &15 

• TNO-PHASE BO~NORY 
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C-le T .. E"HOJtNAHIC P~~PERTIES O~ NOR~lL HYDROGEN 

550 PSU ISOBAR 

TEMPERATURE VOLUIIE ISOTHfRN ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OERIVATIIiE OERfllATIIiE ENERGY OF SOUND 

DEG. R CU FTILB CU FT-PSlA/LB PSlA/R BTU/LS BTU/LS BTU/LB-R BTU , LB -R FUSEe 

• 27.030 0.20,265 321t7.«;6 76.61t63 91t.693 115.332 3.38656 1.151 1.529 41t59 

za 0.20362 '3202.1t1l 17.1125 9&.101 116.81t4 3.1t4151 1.1113 1.5112 440;5 
30 0.20569 3021.55 17.1t204 99.174 120.123 3.55456 1.231 1. (,91 4393 
32 0.20194 21145.68 17.0409 102.448 123.&2& 3.66156 1.274 1.1108 432& 

31t 0.21D31 20117.25 16.0750 105.921t 121.350 3.711039 1.312 1.912 4259 
36 0.2129& 2518.13 74.11532 109.5119 131.278 3.89268 1.31t& 2.019 4183 
38 0.21576 2358.36 73.5D28 113.41t8 135.422 4.D0503 1.371 2.121 4109 
ltD 0.21817 22D4.81 72.0195 117.505 139.185 4.11710 1.404 2.2311 4035 

1t2 0.22202 205<,.34 10.3823 121.762 144.374 1t.22907 1.427 2.352 3959 
41t 0.22555 1899.81 611.574::; 126.227 149.191) 1t.34122 1.441 2.473 3878 
,.6 0.2i!!938 1747.66 66.5860 130.911 154.212 4.1t5386 1.465 2.602 3192 
108 0.233511 1598.72 61t.""5 135.822 159.611 4.56729 1.1t80 2.738 3702 
50 0.23821 lft52.13 62.0417 1"0.976 16C;.236 4.£>8197 1 ... 93 2.886 :5606 

52 0.24331 1313.7& 59.4929 14£>.383 111.1£>3 1t.79812 1.504 3.040 3507 
5,. 0.241197 1178.83 ~;6. 7815 152.051 177.401 4.91589 1.513 3.208 31003 
56 0.25529 1050.35 53.9326 1511.005 184.006 5.D35119 1.522 3.394 329 .. 
58 0.262"2 923.65 50.9359 164.272 190.998 5.15859 1.530 3~ &08 317& 
60 0.270510 805.72 1t7.7975 170.090 198.4 .. 1 5.281082 1.5311 3.8 .. 4 305" 

62 0.27981 &93.87 104.5510 177.889 206.392 5.41516 1.54& It. 119 2926 
61t 0.29012 594.111 .. 1.Z027 185.308 214.916 5.55049 1.554 ,+.416 2797 
66 0.30344 505.37 37. S053 193.173 224.071 5.69141 1.564 4.746 2&66 
610 0.31845 1t26.60 3 ..... 0 .. 7 201.498 233.930 5.838"8 1.573 5.11" 2535 
70 0.33621t 36 ... 05 31.01111 210.273 2 .. 1t.517 5.99190 1.5113 5.469 21t14 
75 0.39515 2&4.90 23.5579 233.582 273.826 6.3959 .. 1.608 &.151 2167 
80 0.47281 239.65 17.9484 256.593 304.753 6.79515 1.620 6.073 2D .. 0 
85 D.55793 261.01 1".2029 276 ... 95 333.317 7.14150 1.619 5.406 20D9 
9D 0.64070 299.71 11.7614 293."16 3513.668 7.43156 1'.607 It. 764 2029 
'95 0.71n6 343.76 10.0932 3OS.018 3&1.231 7.67569 1.596 4.290 2069 

100 0.79275 387.93 8.8859 321.186 401.924 7.88816 1.5119 3.9511 2116 
105 0.8&311 "31.21 7.9715 333.164 '+21.067 8.07519 1.581 3.716 2167 
110 0.930&3 1t73.41 7.2492 344.386 439.167 8.24348 1.577 3.535 2217 
115 0.99591 51 ... 18 6.6639 355.062 456."90 8.39731 1.575 3.399 2267 
12D 1.05925 554.09 &.1779 3&5.3211 .. 73.207 11.53980 1.576 3.293 2316 
125 1.121116 593.59 5.7679 375.317 489.573 8.67330 1.579 3.212 23&5 
130 1.18238 631.37 5.10125 385.032 505.452 11.79792 1.5113 3.11t5 2410 
HO 1.30D19 704.33 4.8311 403.979 53&.397 9.02724 1.596 3.050 2 .. 96 
150 1 ... 11t&1 774 ... 5 ,+.37 .. 0 422.509 5&6.580 9.23561 1.619 2.992 2575 
160 1.526ft5 1142.30 ... 0035 :'''0.859 596.321 9.427&9 1.6"& 2.959 2&49 

170 1.&3&27 908.33 3.6962 .. 59.175 &25.821 9.60&47 1.67& 2.9 .. 3 2719 
180 1.74ft1t7 972.86 3.4363 477 .5&5 &55.231 9.77 .. 49 1.710 2.941 27114 
190 1.85091 1035.50 3.2070 49&.383 &84.8119 9.9341 .. 1.755 2.952 28 .. 1 
200 1.95&"9 1097.48 3.0129 515.196 711t.455 10.08592 1.792 2.965 2900 
220 2.16500 1218.90 2.691" 553.579 77 ... 07 .. 10.37003 1.867 3.002 3013 
240 2.37077 1337.66 2.43,52 593.080 83 ... 531 10.63323 1.939 3.0 .. 6 3120 
260 2.57ft .. 9 1 .. 54.39 2.2256 633.730 895.930 10.8784"1 2.007 3.09" 3223 
280 2.77663 1569.5& 2.0507 615.472 9511.25!1 11.1094 .. 2.069 3.1 .. 0 H22 
300 2.97751 1&83 ... 7 1.9021 7111.233 1021.479 11.32773 2.124 3.183 3418 
320 3.177"0 1796.38 1.7743 761.924 tOIl5.52& 11.53 .. 35 2.174 3.222 3512 

340 3.37&"6 1908 ... 5 1.6631 806.458 , 1150.33" 11.73104 2.2111 3.258 3604 
160 3.57ft81o 2019.85 1.5653 1151.733 1215.813 11.91795 2.257 3.2:90 369 .. 
380 3.7726& 2130.66 1.4787 897.682 1281.90"1 12. D"I6 80 2.291 3.319 3781 
1t00 3.96999 2240."19 1.4014 944.220 1348.5"5 12.267"1 2.321 3.3"4 38&11 
1t20 4.16692 2350.90 1.3319 991 .• 267 1415.6101\ 12.43120 2.3 .. ' 3.366 3952 
440 4.36350 2 .. 60.46 1.2691 1038.75" lft83.155 12.58808 2.369 3.385 4D35 
1t60 4.559711 2569.70 1.2120 10116.&23 1551.014 12.73915 2.3811 3 ... 01 4117 
480 4.7557"1 2678.67 1.1600 113".826 1&19.179 12.118"19 2 ... 05 3.415 4198 
500 4.95157 2787. "1 1.1122 1183.294 1687.587 13.02383 2.419 3.426 4277 
520 5.14714 2895.93 1.0611 .. 1231.993 175&.205 13.15845 2..430 3.436 4355 

5100 5.34327 3005.60 1.0275 1281.15" 11125.341 13.288&0 2.440 3 ... 103 4 .. 32 
560 5.531140 3113.65 0.9900 1330.287 i.l\94.345 13.413110 2.4"11 3.449 45011 
5110 5.73338 3221.56 0.9552 1379."28 i 963.3 .. 5 13.53"95 2.451t 3.45 .. 1t583 
600 5.921125 3329.3 .. 0.9228 1428.734 2032.497 13.6522" 2." 60 3."58 4657 
650 6.41ft96 3598.34 0.8507 1552.252 2205.585 13.929"7 2. It69 3.4&5 It 1137 
700 6."10117 Ho6.80 0.7892 167&.110 2378.960 14.1&655 2.475 3."69 5011 
800 7.8724e .... 02 .60 0.611Q6 1924.360 2726.133 1 ... 650 10 2.481 3."72 53 .. 3 

1000 9.1112lt7 5 .. 71.51 0.5509 2"21.729 3421.0111 15 ... 2510 2.488 3.477 5952 
2000 19."9730 10800.80 0.2751 49&9.lt26 6955.131 17.11&589 2.6"4 3.630 8289 
3DOO 29.1773& 16125.16 0.1833 7755.530 10727.102 19.39241 2.932 3.9111 9991 

40 DO 38.87&37 21 .. lt6.73 0.1,375 101154."&6 14U3.834 20.5&561 3.312 4.311 11372 
5000 "8.113737 2&772.07 0.1100 146100.078 19&13.720 21.&3173 4 ... 27 5.5" 0 12453 

• TWO~PHASE 80U~ORY 
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T~ERHoorNAHIC PROPERTIES OF ·NO~AL HrO~OGEN (" .. 2,· 

550 PSU ISlBiR 

TEMPERATURE DENSITY "'OH/DI/,p IICOP/OU'V -VCOP/DII'T 'O'l/on 1'1· THERHAL VISCOSITY THERI'Al DIELECTRIC PRANOTl 
P CONDUCTIVITY OIFFUSIVlTY CONSTANT NUHBER 

OEG. R L8/CU FT 8TU/l! PSIA-CU FT/8TU PSlA l.10EG. R . BTU/FT-HR-R L9/FT-SEC SQ FTlHR 
II 105 

• 27.030 ... 93,,57 319.59 13.lt28 1&OZ5.32 0.00"7828 0.0501& 1.870 0.00&&8 1.251HZ 2.0lt37 

28 1t.91121 322.&Z 13.277 157Z8.01t 0.00"9029 0.0527 .. 1.750 0.00679 l.Z57 .. 0 1.81195 

30 1t.8&158 322.0 .. 12.93& 1 It &89 ... 9 0.005Z7~5 0.05&"& 1.5lt5 D.00&81t 1.25 .. &0 1.&721 

32 1t.8090& 3Z1.2Z 12.575 13685.01 0.0056Z96 0.05909 1.382 0.00&80 1.2516 .. 1.52Z7 
310 1t.7535 .. 3Z1.07 12.197 12773.95 0.0059555 0.0&085 1.250 0.00&&9 1.210851 1. 1t137 

3& ,..&9561 318.93 11.8101 118ZIo.t5 0.0063305 0.0&237 1.1"1 0.00&58 1.Z .. 525 1.3Z93 
38 1t.&3 .. flO 31&.30 11.5Z0 10930.53 0.00672"5 o.o& .. oe; 1.0lt9 0.00650 1.2 .. 18" 1.2533 . 

100 1t.57099 313.13 11.225 10078.102 0.0071"59 0.0&528 0.971 0.00 &38 1.23&27 1.1'l7& 

.. 2 ... 50 .. 09 308.91 10.953 92"3.92 0.0076139 0.06605 0.903 0.00623 1.231t53 1.1572 

.... ..... 3370 303.78 to.687 8"23.17 O.0081lt11 0.066"3 0.8"3 O. 0060& 1.23060 1.129& 

ItI'I 10.35951 297.&Q 10."28 7&18.9Z 0.00873% 0.O&61t7 0.790 0.00586 1.2Z&1t7 1.1125 
10., ".ZIIU .. 290.'l5 10.1&8 &8 ..... 3 .. 0.009"109 0.0&&21 U.7 .. 1 0.005&5 1.22212 1.1036 

50 ... 1980& 283.5 .. 9.8'l8 &09&.15 0.0101772 0.0&5&8 0.697 0.005"2 1.21751 1.1029 

52 ... 10n7 275.91 9.62Z 5399.50 0.0110182 0.061t92 0.&57 0.00520 1.212& .. 1.10&9 

5 .. ... 01&61 2& 7.55 'l.3 .. 2 "734.89 0.0119921 1).0&39& 0.&19 0.00496 1.20750 1.1175 

5& 3.91707 258.88 9.04& "1110.31 0.01310'5 0.062510 0.583 0.00 .. 71 1.20203 1.1393 

58 3.81073 21t9.31 8.731t 3519.80 0.011t,,712 0.0&097 0.550 0.00 .... 3 1.1'l&20 1.1707 

60 3.&'l&3 .. 239.51 8 ... 0& 2978.23 0.01&01t90 0.05925 0.517 0.00"17 1.11199& 1.2032 

62 3.57307 229.20 8.0&3 2 .. 79.2,. 0.0179&9& 0.057"0 0./086 0.00390 1.18325 1.25&2 

64 3."3973 219.06 7.707 201t3.83 0.020159& 0.0551tl 0 ... 56 0.003&5 1.17&02 1.309" 
5& 3.295S9 209.08 7.336 1&65.50 0.0226991 0.0531t5 0.427 0.003"2 1.16625 1.3666 

68 3.1 .. 023 199.21t 6.965 13"0.27 0.025&700 0.05182 0.400 0.00323 1.15990 1. /OZOV 

711 2.97 .. 0& 190.57 6.&01 1082.71 0.028&981 0.05009 0.37" 0.00308 1.15102 1.1t6813 

75 2.53065 175.01t 5.789 670.311 0.0351 .. 13 0.01t5&2 0.317 0.00293 1.1275& 1. 51012 

80 2. 11 .. 7 It 171.1t7 5.239 506.79 0.0351t15& 0.04150 0.219 0.00323 1.10565 1."712 
85 1.79235 178.06 /0.893 1t&7.82 0.030359& 0.0381tlo 0.258 0.00397 1.011922 ·1.3041 

. 'l0 1.56079 189."8 ".690 467.78 0.0251429 0.036&2 . 0.2"6 0.00492 1.07739 1.151& 

95 1.39109· 203.2& ".54& .. 78.20 0.02110&5 0.035&8 0.2 .. 0 O. 00598 1.0&1177 1.0385 

100 1.26143 217.95 4."33 489.3" 0.01815a8 0.03530 0.238 0.00707 1.06223 0.9588 

105 1.15860 232.88 10.351 499.61 0.015955& 0.0352f: 0.238 0.00819 1.05705 0.9011t 

110 1.07 .. 54 2 .. 6.0& 4.279 508.69 0.0142500 0.03553 0.239 0.00935 1.05281t 0.8567 

115 1.001t11 263.36 ... 213 51:6.30 0.0129071 0'-03596 o .2/t2 0.01054 1.01t931 0.8229 
120 0.94407 278.86 4.152 523.10 0.0118102 0.0361t6 0.21t5 0.01173 1.0 .. 632 0.7976 
125 0.89138 294.61 4.098 529.11 0.0109011 0.03696 0.2"9 0.01291 1.0 .. 369 0.7791t 
130 0.1I1t575 310.2& 4.0"2 533.98 0.01013&0 0.037"5 0.253 0.01408 1.0 .. 1It2 0.7661 
1 .. 0 0.76912 3 .. 1.97 3.932 51tl.72 0.0089181 0.03619 0.2&3 0.01628 1.037&2 0.7549 
150 0.70691 371t.1t1t 3.823 5"7.46 0.0079896 0.03951 0.272 0.01868 1.03 .. 5 .. O. 7It 21 
160 0.&5511 "07.88 3.71" 551.60 0.1!072554 0.04096 0.28'2 0.02113 1.03198 0.73'+0 

170 0.&1111t 442.07 3.609 555.12 0.00&6583 0.0'+227 0.292 0.02350 1.02981 0.7325 

180 0.57321t 1t77.30 3.50& 557.&8 0.0061617 0.0"61t3 0.313 0.02754 1.02794 0.7H5 

1'l0 0.5 .. 027 515.02· 3.382 559.45 0.0057321t 0.0"942 0.330 0.03098 1.02632 0.7107 
200 0.51H2 551.91t 3.290 560.9 .. 0.0053711 0.05211t 0.31t5 0.034"1 1.02"89 0.7067 

220 o • It &111 9 627.89 3.131 5&3.00 0.0047805 0.05&98 0.370 0.04110 1.022 .. 7 0.7012 

2 .. 0 0.421110 705.81 2.978 5&1t.23 0.001t3160 0.06121 0.38'l 0.04761t 1.02051 0.6978 
260 0.3881t3 785.23 2.855 561t.92 0.0039397 0.06500 O./tO& 0.05409 1.01687 O. &956 
2110 0.36015 1165.4& 2.752 565.27 0.0036277 0.068 .. 6 0.'+20 0.060% ',,,lil7 .. 9 0.691tl 
300 0.33585 9"5.99 2.&66 565.39 0.003361t2 0.07163 0.1t33 0.0&702 ~. 01630 0.6930 
320 0.31 .. 72 1026.78 2.593 565.36 0.0031381t il.07'+&0 o ./t .. 5 0.07356 1.01527 0.6922 

3100 O. Z9617 1107.3& 2.532 565.22 0.002942,+ 0.07739 0."56 0.08020 1.01437 0.691& 

360 0.27973 1187.59 2.480 565.02 0.0027701t 0.06002 0.1t67 0.118694 1.01357 O. &911 
380 0.26507 12&7.59 Z ... 35 5&,+.76 0.002&183 0.08252 0.1t77 0.09381 1.01285 0.6907 
.. 00 0.251&9 1347.03 2.397 564.'+8 0.0021t826 0.08"92 0,"87 0.10081 1.01221 0.6903 

420 0.23999 1425.7& 2.365 564.18 0.0023607 0.08720 o .1t97 0.10796 1.011&3 0.6900 
4 .. 0 0.22917 1503.'l2 2.337 5&3.117 0.0022506 0.0891t0 0.506 0.11526 1.01110 0.68'36 

.. 60 0.21931 1581.30 2.31" 563.56 0.0(121507 0.09152 0.<;15 0.12271 1.01062 0.68'33 

.. 80 0.21027 1&58.12 2.291t 5&3.24 0.0020591t 0.093511 0.52" 0.13032 1.01019 O. &8'30 
500 0.20U6 17 l ... 00 2.277 562.93 0.0019758 0.09556 0.53" 0.13811 1.00978 0.&887 

520 0.191t28 1809.27 2.263 5&2.63 0.0018989 0.09749 0.5"3 0.11t&06 1.00941 0.&885 

5 .. 0 0.16715 11181t.69 2.250 5&2.50 0.0018266 0.09937 0.552 Q.151023 1.00906 O. 68~0 

5&0 0.11105& 1958.50 2.240 562.19 0.0017609 0.10120 0.5&1 0.16253 1.00871t 0.6877 

580 0.17'."2 2031.83 2.232 561.90 0.0016999 0.10301 0.569 0.17099 1.00641t 0.687'+ 

&00 0.1&8&8 2104.70 2.22/t 5&t.61 0.00101t31 0.101t78 0.578 0.17 9&2 1.00111& 0.6872 

650 0.15569 2284.85 2.210 560.93 0.001516& 0.10906 0.600 0.20191t 1.00751t 0.68E& 

700 0.1 .. 1t90 21t63.19 2~200 560.31 0.0011t0~1t 0.11328 0.622 0.22535 1.00701 0.&861 

800 0.12702 2815.116 2.189 559.2" 0.0012331 0.12144 0.&66 0.2753" 1.00011t 0.6853 

1000 0.10Bl 3519.73 2.172 557.&1 0.000'3880 0.1371t3 0.751 0.38781 1.00'+93 0.6842 
2Q DO 0.05129 7310.83 2.026 553. qr, 0.00010%5 0.27723 1.1" 7 1.1t8907 1.0021t8 0.5/006 

30 DO 0.031t27 11811.&2 1.821t 552.&6 0.0003317 0.3939<. 1."99 2.93350 1.00166 0.5366 

4000 0.02572 17~96.JO 1.&14 551.72 0.0002'+92 0.53927 1.821 It. 86292 1.001210 0.5240 

5000 0.020"8 27609.01 1.213 5"6.21 0.0002007 0.91317 2.127 6.01t':l91 1.00099 O. '+6,+6 

• TWO-PHASE BOUNORY 
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C-2c THPHOOYNAHIC PPOPEPTIES OF NOP .. AL HYDPOGEN 

&00 PSIl ISOBAR 

TE"PERATURE VOLU"E ISOTHER" ISOCHDRE INTERNAL ENTHALPY ENTROPY ev CP VELOCITY 
DERIVATIVE DERIVATIIIE ENERGY OF SOUND 

OEG. R CU FT(LB CUFT-PSIA/LB PHA/R BTU/LB BTU/LB BTU/LB-R BTU / LB -R FUSEe 

• 27.220 0.20221 3299.15 76.8112 9".791 117.257 3.388lt2 1.160 1. S28 Itlt88 
28 0.20297 3266.13 77.2086 95.918 1111.469 3."3232 1.l1l1 1.571 1t .. 86 

30 0.20500 3089.37 77.6336 98.9 .. 9 121.725 3.5 .... 60 1.230 1.685 1t .. 29 
32 . 0.2071'1 2'11 ... 11 77.39 .... 102.1115 125.201t 3.65685 1.273 1.796 .. 364 
3 .. 0.2095& 2759."7 76.6013 105.620 12~.902 3.76889 1.311 1.1199 1t303 
3& 0.212011 25117.91t 75."233 109.239 132.1102 3.11803" 1.3 .. 5 2.00" 1t227 

38 0.211t79 2"27.12 7".101t2 113.0"8 136.912 3.99179 1.375 2.110 1t153 
lt~ 0.21771 227".81t 72.65lt7 117.0"" 1"1.236 ".10285 1."03 2.217 .. 082 

1t2 0.22085 2123.72 71.0650 121.2 .. 1 1"5.718 ... 21370 1."26 2.328 .. 008 

.... 0.221t2" 197 3 ."6 69.3060 125.633 150.5"7 ... 32"5" 1. It "6 2 ....... 3930 
1t6 0.22792 11122.90 67.3635 130.231 155.55" 4.lt35711 1. "6" 2.566 38lt7 

1t8 0.23193 1675.80 65.2788' 135. 01t5 l60.H3 1t.5"743 1.lt79 2.695 3761 
50 0.23&32 1533.13 62.9972 lltO.085 16.&.3ltO 1t.66013 1. It 93 2.832 3&70 
52 0.2ltUIt 13'12.21t 60.5"73 1"5.3511 172.1lt9 ".77396 1.505 2.979 3573 
5. 0.2"61t5 1260.17 57.9""8 150.875 178.2S& 1t.88915 1.514 3.132 3"75 
5& 0.25233 1130.93 55.2217 156.6"5 184.6110 ~.005911 1.523 ].303 3371 
58 0.25891 1010.1I1t 52.3678 162.700 191."6& 5.12506 1.531 ]."81t ]2&" 
60 0.26029 1191.11 ,,9.3978 169.0"9 1911.635 5.2lt661 1.5311 3.696 31lt9 

62 0.27"66 780.51 ,,6.3280 175.726 206.2"2 5.37134 1.546 3.927 3031 
64 0.28"24 67'1.13 "3.171" 1112.757 21".336 5."9985 1.553 4.1711 2911 
66 0.29524 5811.95 39.9695 190.151 222.953 5.63241 1.560 4. "50 2789 
68 0.3079& 50 9 .55 36.7668 197.917 232.133 5.7&9"2 1.568 It. 736 2670 
70 0.32271 ""1.73 33.6091 206.0"5 21tl.900 5.91097 1.575 5. 027 2556 
75 0.37019 323.51 26.3091 227.606 268.736 &.28090 1.59" 5.666 2308 
80 o. ,,3310 277.51 20.1t962 21t9.528 297.61t7 6.651t0l 1.609 5.815 2156 
85 0.50563 28 0.64 16.3203 269.53" 325.712 6.99422 1.618 5. ,,37 2090 

, 90 0.57964 ' 309.85 13. "6"6 287.113 351.513 7.289"1 1 .. 611 ".887 20117 
,95 0.6511." 3,,/1 &7 11 .• "899 302.399 37".7"3 7.5,,075 1.602 ".,,26 2113 

100 0.719100 390.61 10.0611 316.150 396.079 7.75962 1.595 ".078 2151 
105 0.78"66 432.73 8.9845 3211.606 1t15.7.8" 7.95234 1.5116 3.819 2197 
110 0.8,,738 ,,74.18 8.1"08 3"0.220 "'3".366 11.12512 1.581 3.625 22"" 
115 0.90799 515.08 7.10608 351..218 452.099 8.282&0 1.579 3.,,76 229&! 
120 0.96686 554.80 6.8989 361.758 "69.1110 8.42818 1.560 3.362 2339 
125 1.02429 593.89 6."25" 371.953 485.755 11.563"0 1.582 3.271 2385 
no 1.011123 632.69 6.0161 381.1198 502.026 8.69108 1.587 3.197 2"30 
litO 1.190"6 706.42 5.3554 ,,01.18" 533.1t"8 8.92393 1.&01 3.'092 251" 
150 1.296"2 777.30 ".8375 "19.982 5&".0111 9.13"98 1.621 3.027 2593 
160 1.399117 1145.87 "."197 1t38.549 59".0110 9.32913 1.6,,8 2.9119 2666 

170 1.50135 ~12.57 1t.07"" ,,57.0"6 623.1152 9.50955 1.678 2.969 2735 
1110 1.6012& 977.73 3.7833 ,,75.5811 653."9" 9.67890 1.712 2.963 2800 
190 1.699:'1 10 "il.6" 3.5265 49".57" 683.3115 9.83953 1.758 2.972 2855 
200 1.79&76 11 03.32 3.3103 513.506 713.132 9.99254 1.79" 2.982 291" 
220 1.98885 1225.61 2.9531 552 •. 086 773.055 10.27811 1.869 3. 015 3027 
240 2.171127 1345.11 2.6694 591.7105 833.759. 10.5"236 1.9"1 3.058 3133 
,260 2.36569 1"62.lt9 2. It 378 632.526 895.3&2 10.78846 2. a 08 3.103 3236 
280 2.55155 1576.21 2.24"7 671t.376 957.86" 11.02005 2.070 3.1"8 333" 
300 2.73619 11)92.61 2.0812 717.231 1021.232 11.23885 2.125 3.1&9 3"30 
320 2.91985 1805.94 1.9,,06 761.001 1085.,,08 11.",,559 2.175 3.2211 3524 

3"0 3.10270 1918.39 1.8183 805.606 1150.328 11.64292 2.219 3.264 3615 
360 3.28489 2030.12 1.7110 1150.91t" 1215.907 11.83011 2.258 3.291,; 3705 
380 3."6>652 21"1.2" 1.6159 896.948 1262.091 12.00919 2.292 3.323 3192 
,,00 3.64767 2251.64 1.5311 9"3.535 1348.805 12.18001 2.322 3.3"8 38711 
420 3.8281t3 2361.99 1.,,550 990.627 1"15.979 12.3"397 2.3"8 3.369 3963 
.. 40 ".00881t 2"71.76 1.3861 1 038.151t 1483.551 12.50100 2.370 .3.368 1t0"6 
460 ".18895 2581.20 1.3237 1086.060 1551.465 12.65220 2.389 3.404 "128 
480 ".36!180 2&90.35 1.2667 113".296 1619.687 12.79736 2."0& 3. "17 ,,208 
500 ".5"81t3 2799.25 1.211t5 1182.796 1688.1"3 12.93709 2." 19 3."211 4287 
520 ".127115 2907.93 1.166" 1231.524 1756.806 13.07181 2. "31 3.438 4365 

5ltO ".90791 3017;96 1.1217 1280.732 1826.019 13.20208 2.""0 ]. ""4 "4,,2 
560 5.06089 3126.12 1.0807 1329.868 1695.060 13.3273" 2.""6 3. "51 45111 
580 5.26573 3234.13 1.0"26 1379.052 19&".094 13.4""56 2."55 3."56 4593 
600 5."441t5 33"2.01 1.0072 H28. 379 2033.277 13.5&590 2. "60 3."60 ,,&66 
650 5.69080 3&11.20 0.926" 1551.9,,2 2206.,,32 13.81t323 2."69 3. ,,66 "6"6 
700 6.3366& 3879.82 0.11612 1675.837 2379.863 1".10040 2."75 3.470 5020 
1100 7.22728 ""15.87 0.7525 1'12".1"1t 2727.121 14.5640& 2." 81 3.473 5352 

1000 9.00592 5485.07 0.6010 2421.58" 3422.176 15.339111 2.1t 119 3.478 591,;9 

2000 17.86"15 1081".74 0.3001 ,,9&9.391 69'36.387 17.78010 2.6"" 3.630 629" 
3D 00 26.75762 16139.16 0.2000 7755."65 10728.357 19.30&62 2.932 3.918 9996 

"000 35.6"76" 21462.75 0.1500 10852.397 14111'!.984 20.,,7925 3.306 It. 30" 11377 
5000 It". 76'.i93 26786.10 0.1200 1,,615.6311 19511.J.300 21.5"030 ".:5 81 5.4119 12"63 

• fWD-PHASE BOU~ORY 
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THr~"OJ'N.HIC PP.OPERTIES Of" NOP'1Al. H'OROGEN .r. -Zc 

600 PSU ISOBAR 

TE"PERATURE DENSITY veOH/OV'p veOP/DU'v -ve~P/DV'T. eDV/OT~V THER"Al VISCOSITY THERMAL O[ElECTRIC PPANDTl 
CONOUC TI VITY OIFFUS IVI TV CONSUNT NUMBER 

OEG. R lB/CU FT BTU/LB PSIA-CU FTIB TU PSIA l/DEG; R BTU/FT-HR-R lB/f"T-SEC sa f"TlHR 
)( lOS 

• 27.220 ... 9 .. 526 324.63 13.393 16315.1 .. 0.00470110 0.0510" 1.1185 0000675 1.25933 2.031" 
28 ... 92&78 327.35 13.272 16091.51 0.0047981 0.05295 1.787 0.00684 1.251128 1.9077 

30 ... 8780 .. 327.11 12.9"2 15070.0" 0.0051515 0.0567" 1.57& 0.00690 1.25553 1.&8"4 
32 1t.82& .. 5 326.3" 12.598 1 .. 0&".82 0.0055027 0.059,.3 1.,.09 0.00&8& !.252&2 1.5333 

3 .. ...77200 326.4,. 12.2 .... 13168.17 0.0051U72 0.0&12 .. 1.27" 0.00676 1.24955 1.4222 

3& .... 71525 32".25 11.892 12202.79 0.00&1808 0.06281 1.1&3 0.00 &65 1.24636 1.3355 

38 ... &5570 321.73 11.573 11299.9& 0.0065579 0.06"57 1.0&9 0.00&57 1.2 .. 301 1.2573 

Ita ... 59333 318.87 11.278 104 .. 9.08 0.0069532 0.06582 0.989 0.006 .. 6 1.23952 1.199,. 

1t2 ... 52&02 31 ... 98 11.008 9616.23 0.0013901 0.06&6" 0.920 O~ 00 632 1.2358& 1.1569 

.... ..... 5952 310.29 10.745 8800.&8 0.00711751 0.06708 0.859 0.00616 1.211204 1.1270 

.. & ... 38752 304.60 10 ... 90 7997.99 0.008,.251 0.06718 0.805 0.00597 1.22603 1.1077 

1t8 ... 311&7 298.33 10.233 "7225 ... 8 0.00903,.5 0.06698 0.757 0.0057(. 1.22381 1.0965 

50 ... 23158 291.62 9.969 &"87.56 D.0097105 0.06652 0.713 0.00555 1.21937 1. 0921 

52 ... 1 .. 703 284.09 9.702 5773.66 0.010,.1168 0.06584 0.&72 0.00533 1.21 .. &9 1.0'3"5 

5" ... 057&4 276."0 9 ... 32 5113.32 0.0113321 0.06'+96 0.63" 0.00511 1.20976 1.1008 

5& 3.9&302 268.08 9.151 "'+81.89 0.0123211 0.063&3 0.599 0.00486 1.20"55 1.1190 

58 3.86235 25'3.75 8.857 390'+.22 0.013'+131 0.0&215 0.565 O~ 00462 1.19903 1.1410 

60 3.75529 250.35 8.551 33"6.39 0.0147615 0.06055 0.53" 0.00 .. 3& 1.19317 1.1727 

62 3.64011" 2 .. 0.89 8.233 28 .. 1.72 0.01&3028 0.058R" 0.503 0.00"12 1.18693 1.20'36 
6 .. 3.51821 231.'+3 7.903 2391 ..... 0.0180'325 0.05701 0.47 .. 0.00388 1.111.027 1.251:1 
&& 3.38709 222.10 7.562 1994.84 0.0200365 0.0'3508 0.4 .. & 0.00365 1.17318 1.29116 

6& 3.2 .. 71& 213.13 7.222 165 ... 511 0.0222212 0.05338 o ... 20 0.003'+7 1.16564 1.3,.09 

70 3.09873 20,..72 6.887 13&11.80 0.0245'337' 0.05178 0.395 11.00332 1.157611 1.3786 
75 2.70133 1118.20 6.111 873.90 0.030105,. 0.0,.7&8 o .33e:! 0.00312 1.13655 1."513 
80 2.3089 .. 181.80 5.517 &"0.75 0.0319881 0.0,.377 0.299 0.00326 1.11595 1 ... 28& 

.85 1.97771 18,. .92 5.100 555.03 0.02940"5 0.0'+0&3 . 0.273 D.00378 1.09876 1.31&7 

90 1.72520 194.01 ... 846 53 ... 55 0.025188& 0.03853 0.259 0.00 '+57 1.08578 1.1820 

95 1.53577 206.2& ... &71 535 ... 8 0.0214'372 0.03731 0.251 0.005"9 1.07612 1.0711 

100 1.3900 .. 220.08 ... 539 542.97 G.0185299 0.03670 0.2lt7 0.006 .. 7 1.0&872 0.9871 

105 1.27'+44 234.45 ,. ... 44 551 ... 9 0.0162912 0.03648 0.2"5 0.007"9 1.06288 0.92'+9 

110 1.111011 249.21 4.362 559.511 0.01,.5480 0.03&62 0.2"6 1).0085& 1. n5813 0.8762 

115 1.10133 264.33 ... 290 5&7.27 0.0131520 0.03695 0.2."8 0.00965 1.05418 0.838& 

120 1.03'+27 2 79.61 ... 222 573.82 0.0120228 0.03736 0.250 0.01075 1.05082 0.8108 

125 0.91&211 295.13 4.159 579.81 0.0110820 0.03760 0.25" 0.01111,. 1.0"792 0.7~01 

130 0.92,.117 310.90 ... 098 585.16 0.0102611 0.031123 0.257 0.01293 1.04536 0.7750 

1 .. 0 0.8"001 3"2.66 '3.982 593."0 0.00902 .. 9 0.03885 0.266 0.01496 1.0"11'+ 0.7619 

150 0.7713& 375.1" 3.868 599.57 0.0080&62 0.04012 0.275 0.01718 1.03773 0.7"72 
160 0.71 .. 35 "08.61 3.75 .. &04.25 0.00731 .. 3 0.0"152 11.285 0.019,.5 ls03491 0.7377 

170 0.66&07 4 .. 2.8& 3.&"6 \;D7.33 0.0067031 0.04279 0.29" 0.0216" 1.03252 0.7352 

180 0.62"51 .. 7 8 .15 3.5,.0 610.60 0.00619&1 0.01t614 0.315 0.0252& 1.030 .. 7 0.7178 

190 0.5884,. 516.12 3."10 612 ... 7 0.0057579 0.049&9 0.331 0.028"1 1,,·!l2869 0.713& 

200 0.55&56 553.12 3.315 614.0& 0.0053908 0.0'3238 0.3 .. 6 0.03156 1.02712 0.7092 

220 0.50280 &29.2" 3.1"3 616.2" 0.0047922 0.05719 0.370 0.03772 1.02448 0.7032 

2"0 0.45908 107.3" 2.996 617.51 0.0043228 0.0&139 0.390 0.0 .. 374 1.02233 0.6'393 

260 0.42271 786. '33 2.872 618.21 0.0039433 0.06516 0.406 0.0 .. 9&8 1.02055 0.6969 

280 0.39192 1167.3" 2.767 &18.53 0.003&292 0.068&0 0.421 0.05561 1.0190" 0.6952 
300 0.3651+7 94!1.0 .. 2.679 &18.60 0.0033643 0.07177 0 ... 3 .. 0.06157 1.0177, 0.6940 
320 0.342 .. 8 1029.00 2.605 618.50 0.0031375 0.07473 0.4"6 0.06759 1.01&63 0.6'330 

3 .. 0 0.32230 1109.73 2.542 6111.30 0.0029 .. 09 0.07751 0."57 0.073&9 1.015&4 0.6923 
3&0 0.304"2 1190.12 2.4'30 &18.02 0.C1l27665 0.08013 0.467 0.07'389 1.01"77 0.6'317 

380 o .288H 1270.2& 2.444 617.69 0.0026161 0.062&3 0."77 O. :16620 1.01399 0.6913 

.. 00 0.27 .. 15 13"9.83 2."05 617.33 0.002 .. 802 0.08502 0."87 0.0926 .. 1.01329 0.6908 

.. 20 0.2612(1 1"211.611 2.373 616.96 0.0023583 0.08731 0."97 0.09921 .1.0126& 0.6<304 

.. 40 il.2"9"5 H06.<3& 2.3"5 &16.511 0.0022"81 0.08951 0.506 0.10591 1.01209 0.6900 

.. 60 0.231172 158 ..... 5 2.321 616.19 0.0021"81 0.091&2 0.516 0.11276 1.01157 0.&8g7 

Itao 0.22890 1661.37 2.300 615.81 0.00205&9 0.093&8 0.525 0.1197& 1.01109 0.68'31, 

500 0.21986 1737.35 2.283 615.43 0.001<373" 0.0956& 0.534 0.12691 1.010&5 0.68~0 

520 0.21151 11112.70 2.269 615.06 0.00189&5 0.09759 0.5"3 0.13 .. 22 1.01025 0.611 37 

5ltO 0.20375 11188.32 2.256 61 ... 92 0.0015241 tl.09947 0.552 0.1417" 1.00987 0.6562 

560 0.19658 1'362.1'3 2.246 614.5 .. 0.0017585 0.10131 0.'361 0.14 '336 1.00952 0.6879 

5110 0.18991 2035.58 2.237 614.19 0.001&97& 0.10311 0.570 0.15713 1.00920 0.6876 

&00 0.183&7 2108.50 2.229 613.84 0.0016 .. 06 0.10'+89 0.57'3 ·0.1650& 1.00689 0.6874 

&50 0.1&97& 2288.77 2.215 613.02 0.00151,.5 0.10920 0.601 .0.18557 1.00822 0.68,,7 

700 0.15751 21,67.20 2.205 612.28 0.0014065 0.113/t0 0.&23 0.20708 1.007&" 0.&bI":>2 

1100 0.131136 21120.00 2.192 611. 00 0.0012315 0.121511 0.&&& 0.25300 1.00&&9 0.6853 

1000 0.1110 .. 3524.0'+ 2.175 609.05 0.000'31169 0.137&0 0.752 0.35633 1.00537 O. &8<,3 

c:o 00 0.0551)2 7315.56 2.030 604.71 O.00O'+Q62 0.27723 1.1'+9 1.365115 1.00?70 0.5" 1 <, 

3000 0.03737 111116.19 1.825 603.16 0.000331& 0.39393 1.501 2.&9013 1.001110 0.537S 

"000 0.021105 17277.67 1.&17 602.011 0.0002'+91 0.53792 1.1124 It. ,.51,77 1.00lH 0.525" 
5000 0.0223'+ 27367.119 1.226 5911.36 0.0002005 0.')0063 2.131 7.3,.580 1.00108 0.467'+ 

• TWO-PHASE BOUMORY 
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C-Z.: THER"OOYNI~IC PPOPERTIES OF NORMIL H10~OG£N 

650 PSU ISOBIR 

rEHPERA TURE 1/0lU'tE ISOTHERM ISOCtIORE INTERNll ENTHALPY ENTROPY CV CP VEI.OCITY 
DEIHI/ATlIIE DEPIVATIVE ENERGY OF SOUNO 

DEG. R CU fT ILB CU FT-PSII/LB PSIA/R BTU/LB BTU/LB BTU/la-R BTU I LB -R FTlSfC 

• 27."08 0.20178 3350.20 76.98"9 9 ... 891 119.1711 3.39027 1.163 1.528 .. 517 

28 0.2IJ235 3328.49 77.3028 95.739 120.09 .. 3,"2335 1.179 1.5(,0 .. 517 

:30 0.20 .. 33 315'5.76 77.8423 98.735 123.328 3.53"88 1.228 1.67" ..... 63 
32 0.206"6 2981.03 77.7 .. 00 101.935 126.785 3.6"&"0 1.272 1.78" .... 01 
3 .. 0.20877 2818.87 77.056" 105.332 130.1060 3.75775 1.310 1.888 10338 

36 0.211210 2666.80 75.9276 108.91" 1310.339 3.1161161 1.3 .. 10 1.'187 "271) 

38 0.21.187 2; 0 ... 62 7".6587 112.672 138.1014 3.97908 1.374 2.091 4201 
.. 0 0.21&69 23 .. 9.39 73.2519 116.617 1 .. 2.698 ,..08913 1 ... 02 2.196 4130 

.. 2 0.2U73 2198.% 71.7070 120.749 147.196 4.1988'1 1 ... 25 2.303 .. 058 
10 .. 0.22300 2049.97 70.0025 125.073 lS1.'111o 4.30856 1.4lt6 2.41" ]982 

.. 6 0.22&5 .. 1901.09 68.1416 129.593 15&.660 4."18]5 1.1064 2.531 ]903 

ItS 0.23037 17109."1 66.1071 13 ... 316 162.0 .... ...528108 1." 79 2.658 ]816 

50 0.231055 1608.38 63.9035 139.252 167 ... 8 .. ...639 .. 0 1 ... 9 .. 2.787 3729 

52 0.23913 lH2.96 61.5383 1 ....... 10 173.192 ".751 Z" 1.505 2.921 3639 

5 .. 0~2 .. 1t13 13 .. 1.29 59.0366 1"9.789 179.173 ".86 .. 08 1.515 1.06 .. 35 .. 5 

56 0.2"965 lZ14.09 50.10070 155.4010 185.lt53 ".97827 1.524 3.217 3446 

58 0.25576 1093.50 53.6831 161.271 192.05& 5.09lt15 1.532 3.383 3345 

60 0.26255 975.80 50.8580 167.399 199.000 5.21188 1.539 3.569 3238 

62 0.2701& 866.30 "7.9317 173.812 20&.330 5.33208 1.546 3.768 3128 

64 0.27875 76S.52 44.9411 180.5211 211t.01lO 5.1t5512 1. SS2 3.9112 3016 
66 0.2881t9 673.45 41.8982 187.557 222.280 5.S8128 1.5S9 ".210 2903 

68 0.2995& 590.91 38.8529 19 ... 1192 230.9 .. 5 5.710&6 1.565 ... 452 2790 

70 0.31219 517.33 35.8453 202.527 2 /,0.103 5.84333 1. ~;70 1t.708 2681 

75 0.3518& 388.33 28.7759 222.723 265.074 6.18757 1.585 5.251 21t42 

80 0.40390 323.62 22.8888 243.S39 292.154 6.53698 1.599 50511 2273 

85 0.46557 309.2/0 18.4258 263.236 319.273 &.86567 1.614 5.360 2181 
. 90 0.53117 . 326.12 15.2111 281.162 31t5.095 7.16105 1.0 612 4.948 2153 

.95 0.59&1·9 358.73 12.9378 2'16.972 368.732 7./tl678 1.60& ".523 2164 

100 0.65912 397.15 11.2835 311.231 390.565 7.6/0095 1.599 ".178 2192 
105 0.71971 "37.44 10.0362 32 ... 129 410.751t 7.83820 1.591 3.910 2232 
110 0.771110 #t77.85 9.0649 336.113 1029.767 8.01498 1.585 3.706 2275 
115 0.83461 518.20 8.2824 347.423 /0"7.879 8.1756" 1.563 3.547 231'-1 
120 0.8895#t 557."3 7.6402 358.230 465.297 8.32429 1.583 3.424 2363 

125 0.94310 595.98 7.1014 368.651 1082.165 8.46190 1 .• 58& 3.328 2407 

130 0.99552 634.48 6.6412 378.768 496.591 8.59082 1.590 3.248 2451 
140 1.09812 709.49 5.8934 396./tl5 530.588 8.82792 1.604 3.134 2534 

150 1.1968/0 780.97 5.3105 417./079 561.533 9.0/0155 1.624 3.061 2611 

160 1.29313 850.16 ".8434 .. 36.26:! 591.9Q6 9.23771 1.650 3.017 2684 

170 1.38751 917.44 4.4587 454.937 621.942 9.41973 1.680 2.993 2752 
180 1.48037 983.15 4.1354 473.631 651.811 9.59038 1.713 2.984 2817 
190 1.57148 1046.66 3.8500 492.783 &81.930 9.75257 1.760 2.991 2870 
200 1.66182 1109.59 3.6110 511.833 711.851t 9.90618 1.797 2.999 2929 
220 1.83998 1232.68 3. 21 ~3 550.6011 772.073 10.19316 1.871 3.029 30 .. 1 
240 2.01554 1352.87 2.9053 590.423 633.019 10.45849 1.9102 3.069 3147 

260 2.18914 l1t70.81t 2.6513 631.332 894.822 10.70537 2.010 3.112 3248 

280 2.:!i6121 1587.08 2./0399 &73.291 957.492 10.93759 2.lJ71 3.156 33 .. 7 

300 2.53209 1701.94 2.2611 716.2311 1021.00& 11.156119 2.12& 3.196 3 .. 43 

320 2.70200 1111S.67 2.1075 760.088 1085.30T 11.36433 2.176 3.234 3536 

340 2.117113 1928.48 1.9742 804.762 1150.336 11.56169 2.220 3.269 3627 
360 3.039(;0 2040.53 1.8571 850.161 121&.014 1.1.7"917 2.258 3.299 3716 
3110 3.20752 2151.93 1. 'r536 896.219 1282.285 11.92(\48 2.293 3~ 327 380 .. 

.. 00 3.371+98 2262.79 1.6612 942.856 1349.077 12.09950 2.323 30352 31189 

.. 20 3.54205 2373.17 1.5783 989.991 11016.321 12.26363 2.348 3.373 3974 

.... 0 3.70878 2483.15 1.5035 1037.558 lit 83.9'56 12.42081 2.371 3.391 4056 

.. 60 3.87521 2592.78 1.4355 1085.501 1551.931 12.57214 2.390 3.406 4138 

.. 110 1t.04138 2702.11 1.3736 1133.771 1&20.202 12.71741 2.406 3. /020 4218 
5GO 4.20733 2811.1& 1.3168 1182.302 1688.706 12.85724 2. /020 3. /031 4297 

520 4.37309 2919.98 1.26/07 1231.058 1757.1t13 12.99204 . 2.431 3.440 4375 

540 ".53955 3030'.38 1.2160 1280.312 U26.703 13.1224/0 2.441 3.446 4452 
560 4.701t86 3138.65 1.1715 1329.493 1895.781 13 .21t7 71 2.449 3.452 4528 

580 4.87003 3246.76 1.1302 1378.679 1964.6411 13.36901t 2.455 3.457 4602 

600 5.03509 33510.72 1.0917 1428.026 2034.062 13./06643 2./060 3.461 4676 

650 5.44730 3624.11 1.0062 1551.034 2207.283 13.76388 2.470 3.468 465S 

700 5.85900 31192.e9 0.9333 1675.566 2380.769 14.02112 2./0 76 3.471 5029 

800 6. E>11134 4429.16 0.11154 1923.929 2728.111 llt.1t8/090 2.4111 3.474 5360 
1000 8.32345 5498.6/0 0.6512 2421.441 31023.272 15.2&011t 2.489 3.478 5c:l& 7 

2000 1&.51915 10828.67 0.3251 49&9.358 6957.643 17.701111 2.644 3.630 8299 

3000 24.71013 1&153.14 0.2167 7755.4/06 10729.&16 19.22770 2.932 3.918 10000 

#tDOO 32.91571 211t76.74 0.1625 10850.573 141112.387 20.39984 3.301 10.299 11362 
5CDD 1tt.32380 2&800.09 0.1300 14594.077 19567.908 21.45640 4.341 5.443 12473 

• TIfO-PHASE BOUNORY 
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TI-HI'OOfNAHIC PROPEPTIES OF NO"'t'L Hl'D~OC;EN c: -Zc 

&50 PSU ISJBAR 

TEMPERATURE DENSITY VCDH/OVJ p veoP/ou,v -veoP/OI/'T CDV/OT\I~ THERMAL I/ISCOSITY THER"AL DIELECTRIC PRANCTL ' 
CONDUCTI I/ITY OIFFUS IVITY CONSTANT NU"BER 

DEG. R LB/CU FT aTU/Le PSU-CU FTl8TU PSIA 1/0EG. R BTU/FT-HR-R lB/FT-SEC sa FTlHR 
)( 10 5 

• 27.405 ".95S'U 329.61 13.359 16603.0" 0.1)!i4636~ 0.00;172 1.599 0.00653 1.25993 2.0202 
25 4.94204 331.95 13.269 16449.52 o. oa 46994 0.05316 1.521t 0.00690 1.25915 1.9264 

30 ... 59415 332.06 12.949 1544".75 0.01)0;0"00 0.05701 1.&08 0.00696 1.25&44 1.69<;3 

32 10.11103105 331.32 12.620 14438."11 o ;095Je1t2 0.05915 1.437 0.00692 1.253511 1.5 .... 3 

34 ".189119 330.85 12.219 13502.01 0.0:151070 0.06161 1.2911 0.006111 1.2505& 1. /0322 

36 It. 133'14 330./00 11.933 1262".47 0.0060143 0.06322 1.111" 0.00612 1.2 .. 1 .. 1 1.3396 
311 ".61519 321.93 11.618 11111.09 0.0063150 0.06504 , .• 089 0.00665 1.2 .. 41 .. 1.2591 
.. 0 ... 6l1tll& 325.01 11.326 \01142.11 0.00675&2 0.06& 35 1.001 0.00655 1.2 .. 01Z 1.2003 

1t2 ... 55110 321.39 11.058 10007.67 0.0071&52 0.06721 0.937 0.0061t1 1.23715 1s 1560 
4 .. ..... 11431 317.0 .. 10.7911 9192.71 0.0076150 0.06171 0.1176 0.00625 1.23342 1.1241 

.. & ..... 1429 311.7 .. 10.547' 8391.95 o. O~ 5U99 0.06156 0.521 11.00607 1.22952 1.1027 

.. 8 ... 3 .. 082 305.29 10.295 7593.117 0.00117053 0.06772 0.772 0.005117 1.225 .. 3 1.0910 
50 4. 2634,~ 299.04 10.036 61157.18 0.0093192 0.06732 0.725 0.00567 1.22113 1.0843 

52 ... 181118 292.311 9.775 6159.73 0.0099904 0.06671 0.687 0.00546 1.21&&2 1.0825 
5 .. ... 09&12 285.10 9.51" 5494.09 0.0107455 0.06590 0.6 .. 9 0.00525 1.21188 1. 0860 
56 ".OOS!j8 277.39 9.242 4863.12 a .01159S9 0.116465 0.&1 .. 0.00502 1.206119 1.0995 

58 3.90988 269 ... 5 8.96" .. 275.47 0.0125561 0.06326 0.581 0.00478 1.20163 1.1178 
&0 3.801181 2",0.81 8.677 371"'.63 0.01361139 0.0617& 0.549 0.CO/o54 1.19610 1.142& 

62 3.70147' 252.08 8.377 3206.59 0.0149479 0.0601& 0.519 0.00431 1.1902 't 1.1712 
6 .. 3.587"2 2 .. 3.31 8.071 2746.23 0.0163647 0.05846 0.441 o. 00409 1.18403 1.2039 
66 3.46632 23' .. 58 7.753 2334.37 O. 01794~" 0.056&1 0.4&4 0.003118 1.17746 1.2405 
68 3.338111 226.01 7.437 1972.57 0.01969&7 0.05481 0.436 0.00369 1.17054 1.2804 
70 3.20319 217.65 7.126 1657.12 0.021&310 o. 05314 0.413 o. 110 35 .. 1.16328 1.3136 
75 2.84202 201.39 6.390 1103.65 0.0260733 0.049411 0.359 0.00332 1.1 .. 400 1.371," 
80 2.47584 192.93 5.781 801.24 0.028'i667 0.0 .. 578 0.317 0.00336 1.12468 1.3745 
85 2.14789 193.21 5.314 6&4.21 0.0277408 0.042&7 . 0.289 0.00371 1.10757 1.3065 
<)0 1.8112&3' 199.73 5.011 613.97 0.02"77'i2 0.040 39 0.272 0.00 434 1.0938& 1.1985 
95 1.&7731 210.37 It.804 601.71 0.0215017 0.031194 0.2&2 0.00513 1.08333 1.0948 

100 1.51717 223.11 ".651 602.54 0.0167266 0.03812 0.2'S6 o. DO 601 1.01517 1.0109 
105 1.389105 236.78 ... 540 607.80 0"0165123 0.03772 0.254 0.01!694 1.0&8&9 0.9459 
110 1.28519 251.08 ".449 614.13 0.014760& 0.03773 o .25l 0.00792 1.06342 0.8942 
115 1.19111& 265.87 It.367 &20.86 0.0133397 0.03796 0.254 O. 00893 1.05904 0.8535 
120 1.12417 280.8& ".293 626.65 0.0121922 0.03829 0.256 0.00995 1.05532 0.8234 
125 1.06033 296.11 ".224 631.93 0.0112376 0.03865 0.258 0.01096 1.05212 0.8009 
130 1.00~SO 311.14 ".158 637.3" 0.0104202 0.03903 0.2&2 o. 0119& 1.04933 0.7843 
1 .. 0 0.91065 3 .. 3.62 ".035 646.09 0.0091215 0.03952 0.269, 0.01385 1.0 .. 4&5 0.769<: 
150 0.8355 .. 376.08 3.91" 652.53 O. 00813112 a.04073 0.2711 0.01593 1.04091 0.7524 
1611 0.77332 "09.56 3.795 657.4" O. 0073670 0.0"208 0.287 o. 01804 1.03783 0.7415 

170 0.72071 .... 3.8 .. 3.683 661.21 0.0061432 0.0"332 0.291 0.020118 1. 03522 0.7380 
180 0.67551 .. 79.17 3.574 6& ... 13 0.0062269 0.0 .. 705 0.316 O. 02335 1.03299 0.7209 
190 0.&3634 517."0 3.431 666.04 0.0057805 0.04997 0.332 0.0262& 1.03105 0.7164 
200 0.&0175 55 ... 4& 3.3"0 667.70 0.0054082 0.052&" 0.3 .. 7 0.02917 1.02935 0.7117 
220 0.543 .. 8 63 O. 71 3.164 669.9" 0.0048023 0.05740 0.371 0.113487 1.02&48 0.7051 

2 .. 0 0.(,9&1 .. 708.97 3.015 671.22 O. 00432~4 0.06158 0.391 0.0"045 1.02415 0.7009 
260 0 ... 5&110 788.73 2.888 671.811 0.00394&0 0.0&533 0.407 0.04595 1.02222 0.6981 
280 0.42351 5&9.31 2.7111 &72.15 0.0036301 0.06876 0."21 0.051"5 1.02059 0.6'363 
300 0.39493 950.16 2.692 672.15 0.0033639 0.07191 0.434 0.05&97 1.01919 0.&'349 

320 0.37010 1031.28 2.617 671.97 0.00 313&3 0.07486 0 ... 1.t6 0.06254 1.01798 o. &939 

~"O 0.341130 1112.17 2.553 671.68 0.0029391 0.077&3 0.457 0.06819 1.01691 0.6930 
360 0.321199 1192.70 2."99 671.32 0.0027664 0.011025 1l.4&8 0.07393 1.01597 0.6'324 

380 0.31177 1272.97 2.453 670.90 0.00261311 0.08275 0.4711 0.07977 1.01513 0.&918 

.. DO 0.29&30 1352.67 2."14 670.46 0.0024777 0.08513 0.458 0.08573 1.01437 0.6913 
420 0.28232 1431.65 2.381 670.00 0.0023557 '0.08741 0.497 0.091111 1.013&9 0.6909 
.... 0 0.269&3 1510.04 2.352 669.53 0.0022"% 0.08961 0.507 0.09801 1.01307 0.6905 

.. 60 0.25805 1587.64 2.328 669.07 0.002145& 0.09173 0.516 0010"35 1.01251 0.6'301 

.. 80 0.24744 166 ... 65 2.307 668.&1 0.00205104 0.09378 0.525 0.11082 1.01199 0.6897 
500 11.23768 17 .. 0.72 2.290 668.16 0.0019709 0.09576 0.535 0.11744 1.011S2 0.6894 

520 0.228&7 181&.16 2.275 667.72 0.0018940 0.09770 0.54 .. 0.12420 1.01108 0.6890 

5 .. 0 0.22029 1891.97 2.262 667.55 0.0018216 0.099511 0.553 0.13116 1.010&7 0.6685 

560 0.21255 1965.90 2.251 &67.11 0.0017561 0.10142 0.562 0.13821 1.01030 0.6831 
580 0.20534 203'3. J5 2.242 666.&8 0.00tE;952 0.10322 0.570 0.14541 1.00995 O. &878 
&00 0.198&1 2112.32 2.234 666.2.7 0.001&365 0.10500 0.579 0.15275 1.00962 O. &875 

650 0.183511 2292.70 2.219 6&5.30 0.001512" 0.10931 0.&01 0.17172 1.00889 O. & 6&9 
700 0.17068 2471.22 2.209 &6 ... 43 0.00140 .. 7 0.11353 0.623 0.19162 1.0062& 0.68&3 
800 0.14967 2824.15 2.196 662.91 0.001Z300 0.12171 0.667 0.23411 1.00724 O. & 1154 

iOOO 0.12014 3 5ze. 35 2.118 660.62 0.0009856 0.13771 0.753 0.32%9 1.00581 O. 66~ 3 
2000 0.06054 7320.29 2.031 655.52 0.0004959 0.27723 1.150 1.261511 1.00292 0.54U 
3000 0.040 .. 7 111120.e3 1.826 653.71 0.0003315 0.39390 1.5!!4 2.,.8421 1.00195 0.5384 

10000 0.030311 17260.12 1.&20 &52.,.11 0.0002,.91 0.53673 1.6~7 4.1091111 1.00141 0.5267 
5000 0.02420 27155.78 1.238 648.54 0.0002004 0 .. 66957 2.1;-)4 6.75332 1.00117 0.4701 

• TWO-PHASE BOUNORY 
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c-Zc THERHOO'HAHIC PROPERTIES OF HOP~AL ~'DROGEN 

700 PSU ISJBIR 

TEMPERATURE VOLUItE ISOTHER" rSDCHDRE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DERIVATIIiE DERIVATIVE ENEr(GY OF SOUN£) 

DEG. R CU H/LB CU F T-P$U/LB PSU/R BTU/LB BTU/LB BTU/La-R BTU I L8 -R FUSEe 

• 27.5910 0.20136 31000.65 71.1668 91o.9qe.; 121.095 3.39212 1.16& 1.529 105 .. 5 

28 0.201710 3359.&2 77.3950 95.571 121.720 3."1461 1.177 1.5S0 451t7 

30 0.2OJ68 3215.94 78.0403 98.537 124.938 3.525'58 1.227 1.&63 .... 9 .. 

32 13.20571 30106.22 78.0076 101.700 12".372 3 .... 3635 1.271 1.772 .... 3& 

3 .. 0.20801 211112.90 77.4300 105.05'" 13Z.018 3.74&83 1.309 1.117", 4374 

36 0.21041 USII.02 7& ... 191 1011.597 135.871 3.85694 1.34] 1.973 .. 31 ... 

3S 0.21297 257".07 75.2030 112.310 139.915 3 • .,6659 1.373 2.075 42 .... 

loa 0.21571 24111.06 73.8346 11 .... 205 1"4.165 4.07575 1." 01 2.178 4173 

.. 2 0.218&5 22611.55 72.32113 120.281 1 .... &23 ".18 .. 5 .. 1 ... 2 .. 2.281 4103 

.... 0.22151 2121.36 70.&7 .. 5 12 ... 5 .. 1 153.292 10.29309 1 ..... 5 2.389 .. 031 

..... 0.2Z5Z2 197 ..... 7 68.8659 128.9119 1511.182 ..... 01&2 1 ... 63 2.501 395 .. 

411 0.22890 11129.19 6&.6973 133.&30 11'11.300 4.51037 1." 79 2. &19 31173 

50 0.23290 1&87.35 6 ... 7652 1311 ... 73 168.661 ... 619&7 1 ... 9 .. 2.7 .. 2 37l1li 

52 0.23725 15"6.97 62."810 143.522 1710.2'14 10.729&5 1.50& 2.1174 3 ... 98 

5 .. 0.2"199 11017 .92 "'0.0628 1"8.781 180.14" Io.8 .. 0 .. e.; 1.51& 3. (106 3 ... 09 

5 ... 0.2"719 1293.00 57.52 .. 7 1510.25& 111"'.297 10.952211 1.525 3.1 .. 6 3516 

58 0.25290 1171.06 5 ... 907 .. 159.958 192.739 5.0&533 1.533 3.301 3lt18 

... 0 0.25921 1058.31 52.197 .. 1&5.903 199.502 5.1lI000 1.5 .. 0 3 ... 61 3320 

... 2 0.2&&20 '1"7.09 .. 9.10052 172.092 ZO"'.597 5.29&35 1.54& 3.6"3 3215 

6 .. 0.27"00 843.90 "&.S503 178.5 .. 8 21".064 5.41 .. 90 1.552 3.837 3109 
... & 0.21127& 753.110 .. 3.6 .. 71 1115.279 221.931 5.53593 1.559 ... 0211 30C .. 

... 11 0.29259 669.61 .. 0.7362 192.271 230.196 5.65932 1.564 ... 235 2898 

70 0.3036& 595.1& 37.6519 199.522 236.611" 5.78520 1.566 ... 4 .. 6 2796 

75 0.33771 "!:i3.CJG 31.0020 2111.&20 262.39" &.10n9 1.579 ... 932 2563 

110 0.3817" 374.16 25.11 .. 3, 238."37 267.919 6.43864 1.592 5.231 2387 

85 0 ... 3ft5& 34".50 20 ... &79 257.633 313.961 6.75421 1.610 5.22" 2276 
, 90 O ... 9238 ' 3"9.68 16.9774 275.&20 339.4 .. 3 7.045&7 1.&12 ".943 2229 

,95 0.55129 373.83 1 ... 4216 291.795 363.253 7.30327 1.608 ... 5113 2221 

100 0.60918 1t07.1I" 12.5430 30&.470 385.432 7.53098 1.603 ... 25" 2239 

105 0.&&539 444.8" 11.1234 319.757 40&.004 7.73196 1.595 3.969 2270 

110 0.719115 :'114.24 10.0163 332.087 .. 25.395 7.91227 1.5119 3.776 2309 

115 0.772&& 523.19 9.1315 3"3.692 1043.845 8.07612 1.511& 3.&i3 2349 

120 0.82 .. 05 562.37 8.40"6 35 ... 752 461.567 11.2271& 1.5116 3.1062 2391 

125 0.87419 & 0 0.90 7.796& 3&5.393 "76.707 8.3&700 1.5118 3.3711 2433 

130 0.9232& 638.7 .. 7.2803 375.701 ft95.375 8.49761 1.593 3.295 2 .. 7 .. 

140 1.01872 712.6& 6 ..... 70 395.6107 527.&94 11.73733 1.&07 3.175 2555 
150 1.11157 785 ... 6 5.7945 "15.003 559.125 8.95432 1.627 l.09" 2631 
160 1.20198 855.14 5.27103 433.999 589.600 9.15242 1.652 3.0"5 2702 

170 1.29023 922.93 ".81089 1052.850 &20.0'U 9.33600 1.6112 3.017 2769 
180, 1.37700 989.12 ... 4924 471.692 &50.1111 9.50791 1.715 3.00 .. 21133 
190 1.4&204 10!i2.97 ".177" "91.012 680.52" 9.67132 1.763 3.009 21186 
200 1.5 .. 637 1116.29 3.9150 510.117 710.&19 9.82562 1.799 3.015 29 .... 
220 1.71255 12"0.10 3.10838 5"9.146 771.128 10.114111 1.873 3.0102 3055 
240 1.117&19 13&0.92 3.1430 589.115 632.309 10.36053 1.9 .... 3. 080 31&0 
26D 2.03792 110 79."5 2.6&62 630.151 89".306 10.&2820 2.011 3.121 3262 
2110 2.1981& 1596.17 2.6362 672.216 957.14 .. 10.8&103 2.073 3.1&3 3360 
300 2.35723 1711.4& 2.4 .. 18 715.254 1020.800 11.06082 2.128 3.203 3455 

320 2.51535 1825.57 2.2752 759.1112 1085.225 11.26666 2.177 3.240 35 .. 11 

3 .. 0 2.67270 1938.72 2.1306 803.925 1150.363 11."8635 2.221 3.274 3639 

360 2.829 .. 0 2051.07 2.0038 11 .. 9.385 121&.135 11.67"10 2.259 3.30 .. 3728 

380 2.911:;57 2162.71t 1.891& 895.497 1282.491 11.85365 2.294 3.331 3815 

.. 00 3.1"129 2273.84 1.7917 9 .. 2.182 13 .. 9.359 12.02466 2.323 3.355 3900 

1t20 3.29&61 2364 ... 5 1.7020 989.361 141&.672 12.18916 2.349 3.37& 398 .. 

440 3.45161 2ft94.63 1.6211 1036.9611 1464.369 12.3"648 2.371 3.3910 .. 067 
.. 60 3.60&31 2504 ... 4 1.51t7& 10810.9 .. 7 1552."01 12."9793 2.390 3."09 41411 

480 3.7607& 2713.93 1.4607 11.33.250 1&20.723 12.64331 2 ... 07 3. "22 4228 
500 3.91'.99 2823.13 1 ... 19 .. 1161.811 1689.27& 12.76324 2.420 3."33 4307 

520 4.06902 2932.09 1.3&31 1230.595 1758.02& 12.91613 2 ... 32 3 ..... 2 .. Z85 

5 .. 0 ... 22363 30"2.117 1.3105 1279.896 H27.393 13.0"8&5 2.4 .. 1 3.4 .. 11 ft .. 62 
560 4.37742 3151.2 .. 1.262 .. 1329.101 1896.507 13.17"05 2 ..... 9 3 ... 54 .. 538 

sea ".53089 3259.105 1.2176 1378.309 1963.&07 13.29538 2.455 3.459 .. 612 
&00 ... &8423 33&7.50 1.1763 1 .. 27.617 2034.652 13.41282 2.4&1 3.4&3 46115 
650 5.0&71& 3&37.0& 1.08"1 1551.328 2208.139 13.&9037 2. "70 3 ... &9 4864 
700 5 ..... 960 3905.99 1.005 .. 1&75.297 2361.&79 13.9"770 2." 7& 3.1072 50ll! 
800 6.21340 "4"2."8 0.8783 1923.716 2729.104 14."U58 2. "81 3.47 .. 53611 

1000 7.738411 5512.22 0.701" 2 .. 21.300 3424.3&9 15.18&9" 2. 4 1I"l l ... 79 597 .. 
2000 15.34'H5 10842.58 0.3501 49&9.326 6958.89"l 17.62810 2.6 .... 3.630 6305 
30011 22.95513 1&167.10 0.2333 7755.411 10730.678 19.154&3 2.932 3. "l18 1000 .. 

.. 000 30.57ftlO 21"90.70 O.J,150 10848."l50 11t'Hl.9"l& 20.32633 3.29& 4.293 113117 
5000 311.37435 2661 ... 05 0.1"00 1 .. 574.870 19<;"8.994 21.37669 ".305 5.403 124112 
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T"EP~OO'NA"IC PROPERTIES OF NOP .. AL HYOqO~EN r; -2(." 

700 PSU ISOBAR 

TEMPERATURE DENSITY IICDH/OV'p VCOP/DU'V -VCDP/OII'T COII/OT\I" THERMAL IIISCDSITY THERMAL DIELECTRIC PRANOTL 
CDtlOUCTIIiITY OIFFUSIIIITY CONSTANT NUMBEI! 

DEG. R LB/CU FT BTU/LB PS U-CU FTIB TU PSU 1/0E~. R BTU/fT-HR-R LB/FT-~EC SQ FTlHR 
lC 10 

• 27.5.9" 1t.96628 334.51t 13 .329 16888.56 0.0045692 0.05238 1.913 0.00690 1.26052 2.0096 
za 1t.95699 336.41, 13.267 16802.31 0.0046062 0.05337 1.861 0.00695 1.25999 1.94~4 

3D 1t.~0903 336.51 12.957 15789.08 0.00"9427 0.05727 1.&39 0.00701 1.257H 1.71311 
32 1t.85986 336.27 12.632 14804.21 D. u052693 0.06007 1.464 0.00696 1.25450 1.5549 
31t 1t.8071t8 335.75 12.302 13859.107 0.OQ':l5866 0.061'18 1.323 0.00687 1~ 25155 1.41010 
3& 1t.7525& 335.90 11.972 13012.59 0.0056727 0.0&3&4 1.20& 0.00679 1.24846 1.3457 
38 1t.&9555 333.102 11.662 12086.66 0.00&2220 0.0&551 1.109 0.00&73 1.21t525 1.2639 
itO 1t.63587 330.61 11.371 11209.81t 0.00&58&& 0.06686 1.026 0.00662 1.24190 1.2028 

1t2 4.57350 327.26 11.106 10375.20 0.0069713 0.06778 0.954 0.00650 1.23841 1.156& 
Itlt 10.50832 323.27 10.848 95&3.77 0.0073898 0.0&832 0.892 0.00&34 1.23476 1.1229 
46 1t.1t4014 318.39 10.600· 8766.91 o. 00785~2 0.0&852 0.837 0.00617 1.23096 1.0'1'14 
1t8 1t.36872 312.80 10.352 7991.19 0.00837110 0.06843 0.7B7 0.00598 1.22&98 1.08104 
50 1t.29374 306.75 10.098 7245.05 0.0089392 o .061HO o .71t2 0.00578 1.22282 1.0761 
52 1t.21503 299.90 9.843 6520.51 0.00'15822 0.O&7S4 0.701 0.00558 1.21845 1.0741 
54 1t.13239 293.21 9.589 5859.38 0.0102507 0.06680 0.663 0.00538 1.21388 1.0745 
5& 1t.04552 286.10 9.32& 5230.84 0.0109972 0.0!)5&2 0.&28 0.00516 1.2090'1 1.0843 
58 3.95420 278.40 9.059 4630.60 0.OU8575 0.06431 0.595 0.004'13 1.20407 1.0'3'19 
60 3.85791 270.76 8.787 4082.85 0.01278105 0.06289 0.564 0.00471· 1.19878 1.1176 

62 3.75661 262.35 8.505 3557.85 0.0138862 0.06139 0.535 0.001049 1.19324 1.1423 
64 3.64959 253.86 11.217 3079.117 0.0151144 0.059110 0.507 0.00427 1.18741 1.1705 
66 3.53653 ~46.03 7.918 2665.83 0.0163730 0.05812 0.1080 0.00408 1.18127 1.1977 
68 3.417&9 237.94 7.621 2288.51 0.0176003 0.05639 0.455 0.00390 1.17483 1.22g5 
70 3.29311 230.111 7.330 1959.92 0.0193130 0.05474 0.1031 0.00374 1.16611 1.25'31 
75 2.96114 213.86 6.631 131+4.23 0.0230630 0.05113 0.377 0.00350 1.15034 1.30'3& 
80 2.61956 2010.14 6.023 980.14 0.025&233 0.0107&1 0.335 0.00347 1.13224 1.32310 
85 2.3011& 202.310 5.52& 792.74 0.02561'31 0.010456 ·0.304 0.00371 1.11554 1.28102 
90 2.03096' 206.75 5.185 710.18 0.0239058 0.010218 0.285 0.00420 1.10151 1.2007 
95 1.81393 215.46 4.943 678.10 0.0212616 0.04054 0.273 0.0048! 1.09033 1.10'3& 

100 1.64156 227.04 4.767 669.50 0.0187349 0.039510 0.266 0.00566 1.08151 1.02!!9 
105 1.50289 239.7& 4.6101 668.55 0.1116&361 0.03898 o .26l 0.00650 1.07444 0.961+5 
110 1.38911 253.60 4.537 67-Z.69 0.0148900 0.03886 0.260 0.00741 1.06868 0.9102 
115 1.29423 267.8'1 4.447 677 .12 0.0134858 0.03898 0.2&0 0.00834 1.06388 0.8680 
120 1.21351 282.70 4.366 682.44 0.0123155 0.03n2 0.2&1 0.00'328 1.05981 0.83510 
125 1.14391 297 .• 81 4.2'31 687.37 0.0113426 0.03952 0.263 0.01023 1.05631 0.8109 
130 1.08312 313.16 4.220 691.114 0.0105231 0.039113 0.266 0.0111& 1.05327 0.7'131 
140 0.9&163 344.63 4.088 699.r6 0.0092132 0.04021 0.273 0.01290 1.04819 0.7765 
150 0.89938 377 .25 3.'161 706 •. 43 0.008202& 0.04135 0.281 iI.01486 1.041009 0.75n 
.. t60 0.83196 410.72 3.836 711.45 0.0074135 0.042&6 0.290 0.01684 1.04074 0.745:! 

17(1 0.77505 445.01 3.720 715.32 0.0067786 0.04385 0.299 0.01876 1.03791 0.71007 
180 0.72621 480.37 3.608 718.31 11.00&2541 0.04739 0.317 0.02172 1 •• 03549 0.7239 
190 0.68397 518.83 3.464 720.20 0.0056003 0.05026 0.334 0.02442 1.03341 0.7191 
200 0.646&8 555.94 3.365 721.118 0.0054233 0.05291 0.348 O. 02713 1.0315& 0.7140 
220 0.58392 632.32 3.186 r21t.13 0.0048110 0.05763 0.372 0.03244 1.02847 0.706'3 
240 0.5329'1 710.72 3.033 725.37 0.0043331 0.06178 0.391 0.0376'. 1.0259& 0.70210 
260 0.4'3071l 790.63 2.'104 725.96 0.0039461 0.0&551 0.408 0.04277 1.02389 0.6'3'34 
280 1l.45493 871.35 2.79& 726.14 0.003&304 0.06892 0.'+22 0.04789 1.0:?213 0.6'3i3 
300 0.42423 952.36 2.705 726.05 0.0033632 0.07206 0.435 0.05303 1.02063 O.6ca58 
320 0.39756 1033.63 2.629 725.77 0.0031349 0.07500 0.4lt7 0.05822 1.01932 0.6946 

~'+O 0.37415 1114.66 2.564 725.38 0.0029372 0.07776 0.1058 0.0&3101\ 1.01818 0.6'337 
360 0.35343 1195.33 2.509 724.91 0.0027641 0.08037 0.468 D.06882 1.01716 0.6'330 
380 D.33494 1275.73 2.1062 7210.40 0.002&113 0.08286 0.478 0.071026 1.01626 0.6'3210 
400 0.318310 1355.5& 2.422 723.86 0.002,+752 0.08524 0.488 0.07981 1.01545 O. &918 
420 0.30334 11034.65 2.389 723.30 0.0023531 0.08752 0.498 0.08547 1.011072 0.&913 
440 0.28972 1513.15 2.360 722.74 0.0022429 0.08'172 0.507 0.09124 1.01405 0.6g09 
460 0.2772'1 1590.85 2.335 722.19 0.0021430 0.091113 0.517 0.097110 1.01345 0.6'3010 
4eo 0.26590 1667.96 2.314 721.64 0.0020516 0.09369 0.526 0.10317 1.01289 0.6'3 a 0 
500 0.25543 1744.11 2.29& 721.11 0.0019683 0.0'1587 0.535 iI.l0 933 1.01238 0.6697 
520 0.2457& 1819-.610 2.281 720.59 0.0018916 0.09780 0.544 0.11562 1.01191 0.6893 

51t0 0.23675 111 95. 65 2.267 720.41 0.0016190 0.09'168 0.553 0.12210 1.01147 0.6887 
560 0.228'+'+ 1969.610 2.256 719.89 0.0017536 0.10152 0.562 0.12!!67 1.01107 0.68810 
580 0.22071 2043.110 2.2107 719.38 0.0016928 0.10333 0.571 0.1353& 1.01069 O. &8~0 
600 0.213'+8 2116.17 2.23'1 118.90 0.001&362 0.10511 0.580 0.14219 1.01034 0.6877 
6511 0.19735 22'16.65 2.224 717.77 0.00151010 0.10'143 0.602 0.15986 1.0095& 0.&870 
700 0.18];0 2,.75.25 2.213 716.75 0.00110028 0.11365 0.62'+ 0.17837 1.00888 0.6 HoI, 

800 0.16094 2828.32 2.199 714.98 0.00122610 0.12185 0.668 0.21791 1.00779 0.6eslo 
!O 00 0.12922 3532.67 2.181 712.31 0.00096107 0.13794 0.754 0.30686 1.00625 0.&8103 
2000 0.06515 7325.02 2.032 706.100 0.0004956 0.27723 1.152 1.17221 1.00.U5 0.51031 
3000 0.0435& 11825.52 1.627 704.29 0.0003313 0.3'3388 1.506 2.30771 1.00210 0.53'33 

4000 0.03271 17245.07 1.623 702.91 0.0002109a 0.53567 1.830 3.1\1461 1.0a158 0.5260 
5000 0.02606 26'167.39 1.2108 698.75 0.000200" 0.87971 2.U8 &.2108010 1.00126 0.10727 
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c-Zc T~EP"OOtNI"IC PROPERTIES OF NOP .. AL HYODOGE". 

750 PSII ISOBAR 

TE"PERATURE VOLU"E nOTHER" ISOCHORE INTERNAL ENTHALPY ENUOPY CV CP VELOCITY 
DERII/ATIVE DERIVATIVE ENERGY OF SOUND 

i)EG. R CU FTfLB CU FT-PSU/LS PSlA/R BTU/LS BTU/LIt BTU/LB-R BTU I LB -R FTISEC 

• 27.780 0.2009 .. 3"50.52 71.36"0 95.102 123.0011 3.39395 1.169 1.529 .. 513 
28 0.20.11 .. 3 .. 52 ... 2 77 ... 116 .. 95."12 123.3"6 3.100606 1.' 75 1.5 .. 0 ' IoH8 
30 O. Z03010 3HII.02 78.2135 98.3105 126.5"3 3.51632 1.220; 1.653 10526 
32 0.20508 3110.60 78.2653 lOt. 107 .. 129.955 3.626 .. 0 1.270 1.760 .... 70 
3,. 0" ~1H27 29 .. 5.1t7 71.7952 10".793 133.579 3.736111 1.308 1.86 .. .... 09 
36 0.;:0::161 2807.106 76.89113 101l.2'l5 137.100r, 3.810557 1.3102 1.'l59 10;'57 
38 0.21210 26101.70 75.7331 111.965 1 .. 1."21 3.95 .. 105 1.372 2.060 .. 286 

"0 0.21 .. 7& 2 .. 11 ... 80 7 ... ~010 115.812 1 .. 5.&38 ".06276 1 ... 00 2.161 "215 

"2 0.21762 23 .. 0.20 72.9257 119.839 150.062 ".17013 1 ... 23 2.260 .. ' .. 9 .. ~ 0.22068 2193.56 71.3207 12".0311 154.687 ".27822 1 ..... 5 2.365 .. 079 
.. & 0.22396 20105.Z0 69.56"0 128.417 159.520 10.38552 1 ... 63 2 ... 7 .. 10003 

"8 0.22750 1901.20 67.6570, 132.983 1610.578 ... :'9297 1 ... 79 2.587 3925 
50 0.23133 1760.55 65.51186 137.739 169.867 ... 600110 1. "9" 2.705 38 .. 3 
52 0.23;"9 1625.3" 63.3762 1"2.692 175.39& ... 70915 1.507 2.826 3758 
5,. 0.210000 11095.93 61.0353 1 .. 7.8,.1 1111.171 10.111808 1.517 2.951 3672 
5& 0.2,.,.91 1366.~2 58.5836 153.192 187.200; ,..92781 1.526 3.088 3579 
58 0.25029 1250 ... 8 56.0 .. 3,. 158.753 193.513 5.031152 1.53 .. 3.22,. 3"19 
60 0.25618 1137.22 53 ... 38Z 16it.5J3 200.111 5.15039 1.5 .. 1 3.372 3395 

62 0.2&2&6 1027.56 50.7653 170.533 207.011 5.2635 .. 1.5 .. 7 3.53 .. 3297 
610 0.2U83 925.17 .. 8.0200 176.771 214. l .. 5 5.37839 1.553 3.70" 3197 
66 0.27180 832.22 "5.2455 183.250 221.831 5 ... 9510 1.559 3.879 3097 
61 0.28667 7"6.87 ''2.104':l~ 189.962 229. n,. 5.61366 1.56" ".060 2997 
70 0.29&53 669.78 39.67,.2 196.898 238.D80 5.731003 1.567 10.2 .. 6 2899 
75 0.32635 519.36 33.0331 ' 215.096 260.1020 &.0 .. 20:l. 1.57& ... 6113 267" 
10 0.3&"37 .. 28.38 27.1829 23 ... 0 .. & 21110.650 6.351063 1.587 4.979 2"96 
85 0.101010 384.911 22 ... 18 .. 252.668 309.&22 6.65121 1.605 S.D&l 2371 

. 90 o ... &11 .. ' 378.32 15.7208 270.533 334.576 6.910260 1.&11 4.89,. 2307 
95 0.5l1t3? 393.95 15.92 .. 1 2116.905 3511.331 7.19965 1;610 ".605 2285 

100 0.5&150 .. 22.59 13.11295 301.599 380.713 7."2937 1.606 1t.305 2291 
105 0.61962 ft56.25 12.2388 315.517 ,.01.570 7.63313 1.S911 ft. 0 .. 9 231 .. 
110 0.670102 492.82 10.9958 328.154 1021.262 7.8162" 1.593 3.1139 23,.6 
115 0.71989 530.99 10.0000 3"0.036 ""0.014 7.98218 1.590 3.6&8 2382 
120 0.768011 568.68 9.1815 351'.336 .. 511.007 8.13613 1.589 3.535 .., .. 21 
125 0.81518 &06.83 11.5089 362.188 475.1000 8.27803 1.591 3 ... 26 2 .. 60 
130 0.86128 & ....... 5 7.9332 372.&82 492.29& 8 ... 10& .. 1.595 3.339 2500 
litO 0.95099 117.79 1.0070 392.937 525.010 8.65308 1.609 3.213 2577 
150 1.113792 790.07 &.292" 412.52" 556.670 8.87166 '.629 3.128 2651 
:0.00 1.12329 860.111 5.7135 "31.760 587.762 9.012"6 1.655 3.072 2721 

178 1.20&19 929.00 5.2 .... 7 "50.7115 618.301 9.2515" 1.683 ].039 27118 
180 1.2876& 995.61 ".85 .. 0 "69.77" 6 .. ".&010 9 ... 3067 1.716 3.02 .. 2851 
190 1.3&7101 1059.710 ".5085 "89.260 &79.16& 9.59529 1.766 3.027 2901 
200 1.4 .. 6 .. 9 1123.102 4.2221 508.5100 709.428 9.75065 1.802 3. 031 2959 
220 1.60226 12"7.87 3.7525 5"7.698 770.2:20 10.010035 1.875 3. 055 3069 
2"0 1.75555 1369.27 3.382'5 587.820 831.&30 10.30770 1.9 .. 6 1.090 317 .. 
260 1.90&97 Ift88.30 3.082" 628.951 593.820' 10.55&1 .. 2.013 3.130 3275 
280 2.05693 Hl05.411 2.11335 671.152 95&.1115 10.78957 2.07" 3.171 3372 
~;),o 2.20575 1721.16 2.6235 71".279 1020.&13 11.00984 2.129 3.210 310&7 
3;~'1 2.35365 1835.63 2 ..... 35 758.285 1085.159 11.21808 2.178 3.2 .. 6 3560 

3,.0 2.50078 19"9.10 2.21175 803.096 1150."010 11 ... 1609 2.222 3.279 365C 
360 2.6 .. 728 2061.7" 2.1508 8 .. 8.616 1216.269 11.601t11 2.260 3.309 3739 
UO 2.79326 2173 .67 2.0300 89".782 1282.709 11.78388 2.294 3.335 3826 
/tOO 2.93879 2285.00 1.922" 9,.1.51 .. 13 .. 9.652 11.95528 2.324 3.359 39~.1 

.. 20 3.0839 .. 2395.81 1.8259 988.737 1H7.033 12.1197" 2.350 3.379 39'$5 

""0 3.22875 2506.18 1.7389 1036.353 1 .. 84.791 12.21721 2.372 3.397 ,.0l'8 
"60 3.37329 2616.17 1.&599 108".395 1552.879 12."2879 2.391 1.412 .. 159 
.. 80 3.51757 2725.82 1.5880 1132.733 1621.252 12.57428 2 ... D7 3 ... 25 ,.238 
SOD 3.66164 21135.17 1.5221 1161.32 .. 1689.851 12.71 .. 30 2.,.21 3."35 .. 317 
520 3.80551 29,. ... 2& 1.10616 1230.136 1758.610 .. 12.8 1,927 2.1.32 3 ....... .. 395 

S"O 3.95023 3055.42 1."050 1279."112 11128.088 12.97992 2 ..... 2 1 ... 50 10 .. 72 
560 ... 093&7 3163.'30 1.3534 1328.711 1897.238 13.10535 2."50 3."56 ,.5 .. 7 
580 ".23697 3272.19 1.3055 1317.9102 196&.371 13.22617 2."5& 3 ... 60 10&21 
&00 10.38017 3380.32 1.2610 1427.330 2035.&"& 13.341026 2.

'
.151 3 ... 6 .. ,.695 

&50 ... 73772 3&50.0& 1.1620 1551.025 2203.998 13 .62191 2 ... 70 3.1070 4873 
700 5.0910711 391<.1.12 1.0776 1675.030 2382.592 13.iH932 2 ... 76 ]. ,.73 50 .. 6 
800 5.80786 "455.62 0.91012 1923.506 2730.099 1 ... 3 .. 332 2 ... 111 .5.1075 5177 

1000 7.231109 5525.81 0.7516 21021.161 31025."68 15.11879 2 ... 119 3.1079 5982 
2000 1 ... 33513 10856.107 0.3751 "969.296 6960.1510 17.56007 2.6410 3. &30 8310 
;;000 21.1031t11 16181.03 0.2500 1755.380 10732.1"2 19.011661 2.932 3.918 10009 

.. 000 28.5IoH .. 215010.64 0.1875 10847.1093 110811.778 20.25790 3.292 4.289 11392 
5000 35.81a89 2&827.'38 0.1500 14557.619 19532.13& 21.30668 4.273 5.3&7 124<10 
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ThEPMOOYNA~IC PROP(PTIES OF NOP~AL HYOqO~EN (: ·21...' 

750 PSU ISOBAR 

TEMPE RA TURE OENSITY V (Dri/OVlp veoP/ou,v -VIOP/OV'T 'DV/DT~V . THERMAL VISCOSITY THERMAL DIEleCTRIC PRANOTL 
CONDUC Tt H TY OIFFUSIVITY CONSTANT NUMBER 

DEG. R LB/CU FT BTU/LB PSU-CU FT/BTU PSlA 1/0EG. R BTU/FT-tfR-R lB/FT-SEC sa FTlHR 
x 105 

• 27.1110 ... 976&1 339.311 13.301 17171.'n 0.001t50';3 0.05301t 1.9211 0.00697 1.26110 2.0005 
211 ".971&8 3lt1.03 13.267 1716".35 0.0045144 0.05357 1.899 O.OUOO 1.260112 1. 961t6 
30 ".92511 3lt1.13 12.961 1611010.63 0.0010""46 0.057510 1.&72 0.00707 1.25819 1.7285 
32 ... 1I7&L6 3101.15 12.6103 15167.76 0.0051600 0.06038 1.492 O. 00703 1.25542 1.S6&O 
310 ... 1124&7 3100.52 12.324 14210.92 a.0054743 O. 062 34 1,,3107 0.00&93 1.25252 1. /OS02 
36 ".77071 3"1.25 12.0011 13393.56 0.0057 .. 1/0 0.06100" 1.2211 11.00685 1.21091011 1.3S23 
3a ... 71,.79 3311.75 11.703 12/oS5.01o 0.00601105 0.06597 1.129 11.00679 1.24633 1.2687 
ItO ... 656311 336.03 11.1015 11569.99 0.0064305 11.06736 1.01010 0.00670 1.210305 1.2059 

1t2 ".59509 333.30 11.150 10753.40 0.OQ67816 0.061132 0.971 0.006511 1.23962 1.1571 .... ".531"2 329.56 10.896 9939.95 0.0071752 0.068'11 0.~01l 0.006/0'] 1.23605 1.12111 
1t6 ... 46505 3210.75 10.650 9131.90 0.001&117 0.0&917 0.852 0.00626 1.23235 1.0972 
Itll ... 39553 319.50 10.1007 11356.79 0.0080961 0.06913 0.802 0.00&011 1.228/0 7 1.0805 
50 ... 32276 313.112 10.15& 7&10./02 0.00116183 0.0 &11 84 0.157 0.1l05119 1.22,.43 1.07010 
52 1t.24652 307.111 9.906 6902.05 0.00911122 0.06835 0.715 0.00570 1.22020 1.0650 
5 .. ".16675 301.35 9.659 6233.15 o. 0097921 0.06767 0.&77 0.01)550 1.21578 1.063& 
56 ".011312 294.10 9.1003 5579.&6 0.010/o9~5 0.0&65/• 0.&/02 O. 005211 1.2111& 1.0729 
511 3.995 .. ,. ,2117."0 9. 1 It 10 4996.21 0.0112112 o .0&53U 0.&09 0.00507 1.20633 1.01129 
60 3.90'350 2110.10 11.8115 10439.110 0.0120380 0.06395 0.5711 0.004116 1.20128 1.0'l111 

62 3.110722 272.33 11.617 3912.12 0.01297&/0 0.062510 0.5109 0.00,.65 1.19&01 1.1173 
6,. 3.70600 264./05 11.3/03 3428.68 0.0140054 0.0&104 0.522 0.00445 1.19048 1.1395 
66 3.59969 256.84 11.062 2995.75 0.0151032 0.059/0& 0.1095 3.001026 1.111470 1.1633 
6& 3.,.11839 249.20 7.7112 2605.37 0.0162932 0.05783 0.470 IJ.004011 1.17866 1.1889 
70 3.37229 241.72 7.507 2258.70 0.0115651 IJ.05&16 0.,.47 0.00392 1.172311 1.2159 
75 3.06 .. 111 225.62 6.1142 1591.102 0.0207570 0.052S5 0.39" 0.00367 1.15583 1.2614 
110 2.74/043 215.35 6.243 1175.65 0.0231217 0.049211 0.351 0.003&1 1.1311113 1.21611 

·115 2.431145 211.93 5.726 9311.15 0.02381112 0.04630 ·0.319 0.00375 1.12272 1.2559 
90 2.161154· 214.48 5.3511 1120.101 0.02211181 0.043811 0.291 0.00413 1.1011&10 1.1'l/o1 
95 1.94 .. 22 221.53 5.087 765.99 0.02071189 0.010211 0.28" 0.00470 1.0970 :s 1.11&4 

100 1.76213 231.79 4.11117 744.66 0.01115715 0.010094 0.275 0.00540 1.0117&7 1.01013 
105 1.61390 243.60 ".745 136.35 0.01&&209 0.010024 0.210 0.00616 1.011010 0.91115 
110 1 ... 91&0 256.63 10.629 73.5.0'l 0.0149583 0.04000 0.2611 0.00699 1.073117 0.9246 
115 1.38910 210.55 4.529 737.&0 0.0135515 0.04001 0.267 0.00785 1.0611&7 0.880" 
120 1.3019,. '2810 .89 ".10100 140.39 0.0124090 0.04017 0.267 0.00873 1.06/027 0.114&9 
125 1.22673 299.77 10.359 7104.42 0.0114303 0.04039 0.269 0.00961. 1.060411 0.8208 
130 1.1&106 31/0..95 4.283 71011.25 0.010&023 0.040&4 0.271 0.01048 1.05118 0.8016 
1100 1.05154 3106.05 10.142 7510.711 0.0092835 0.04090 0.277 0.01211 1.051&8 O. 18 J/o 
150 0.963"6 378.4/0 4.010 761.20 0.001126&4 0.041911 0.285 0.01393 1.047211 0.7634 
160 0.119024 412.07 3.819 766.33 0.00710551 0.04323 0.293 0.01581 1.0103610 0.11091 

170 0.82905 446.3& 3.7511 770.19 0.00&8095 0.010439 0.302 0.01762 1.010059 0.7434 
1110 0.77660 4111.73 1.642 773.19 0.00&2779 0.04173 0.319 0.02032 1.03199 0.12&9 
190 0.73131 520.41 3.492 775.00 0.0058174 0.050<;7 0.335 0.02284 1.03575 0.7218 
200 0.6'l133 557.57 3.3'lD 776.65 0.0054363 0.05319 0.349 0.02538 1.03371 0.71&3 
220 0.62"12 &34.04 3.207 7711.82 0.0048B2 0.05787 0.373 0.03035 1.03045 0.7087 
2ltO 0.56962 112.56 3.052 779.97 0.00433&7 0.0&199 0.392 0.03521 1.02771 0.1038 
260 ·0.52,.39 792.61 2.920 1110.4& 0.0039495 0.06569 0.4011 0.010002 1.025510 O. 700& 
280 0.108&1& 1513./08 2.810 7110.52 0.01)3&303 0.0&9011 o ~/O23 0.04481 1,0236& 0.6983 
300 0.45336 95/0.63 2.718 1110.31 0.0033621 (1.01221 Q.435 0.04963 1.02205 0.6967 
32D 0.102457 1036.04 2.640 77'l.91 0.0031331 0.07514 0.4 .. 7 0.054411 1.020&& 0.6954 

3100 0.3991111 1117.21 2.575 779.40 0.0029350 0.0778 __ 0.4511 0.05941 1.01943 0.69/04 
360 0.37775 l1'l8.01 2.519 7711.111 0.0021617 0.08049 0.469 0.0610100 1.01835 0.6'l36 
3110 0.351100 1278.51t 2.471 778.111 0.002&087 0.08291 0./o7'l 0.06949 1.01139 0.6929 
ItOO 0.34028 1358.48 2.1031 717.53 0.0024125 0.011536 0.489 0.074611 1.01652 0.6'l23 
420 0.32 .. 2& 1437.68 2.396 776.117 0.0023504 0.081&3 0./0911 0.07998 1.01574 0.6918 

10"0 0.30972 151£:.29 :.367 776.21 0.0022402 0.089113 0.5011 0.011538 1.01503 0.6'l13 
ft60 0.29645 1594.09 2.342 775.55 0.0021403 0.0919" 0.517 fl. 09090 1.014311 0.69011 
10110 0.28429 1671.29 2.320 774.91 o. 002illt'~2 0.09399 0.526 0.09654 1.01379 0.69010 
500 0.21310 1747.53 2.302 774.29 0.001965!1 0.09597 0.535 0.10230 1.01324 o. &900 
520 0.26278 11123 •. 13 2.287 773.68 0.0018891 0.0979l 0.545 0.108111 1.01271t 0.689& 

5 .. 0 0.25315 11199.34 2.273 773.411 0.00181&5 0.099" 0.5510 11.1142& 1.01227 0.6890 
560 0.2/04211 1973.4(1 2.2&2 772.1111 0.0011511 0.1016! 0.5&3 0.12039 1.01184 0.686& 
5110 0.23602 2046.95 2.252 772.29 0.001&905 0.1034" 0.571 0.126&& 1.0114/0 o. &862 
600 0.221130 2120.03 2.2/0/0 771.73 0.0016339 0.1052l 0.580 0.13305 1.01106 0.6879 
&50 0.21107 2300.61 2.2211 770.43 0.00150113 0.1095li 0.603 0.14951 1.01022 0.6871 
700 0.196211 2479.30 2.211 7&9.2/0 Q.0014009 0.11377 0.&25 0.16689 1.00951 0.68&<; 
1100 0.17218 2832.49 2.203 167.21 0.0012268 0.12198 0.6&8 0.20387 1.00a3l 0.6655 

1000 0.131128 3536.<)9 2.184 1&/0.13 0.0009113& 0.1;'('111 0.'i'5"; 0.26707 1.00&&9 0.&6103 
2000 0.0691& 7329.75 2.03/0 757.33 0.0004953 0.27723 1.1510 1. 09/075 1.003J7 0.5/039 
3000 0.046D'; 11630.26 1.628 754.92 0.0003312 O.39HS 1.509 2.15474 1.00225 0.51t02 

4000 0.03503 17232.12 1.62& 753.37 0.000241\9 0.S31t7! 1.833 3.558<)8 1.001&9 0.5293 
5000 0.D27'J2 26798.73 1.257 7411.<)9 0.11002003 0.87085 2.11t1 5.81215 1.0013!) 0.4751 

• TKO-PHASE BOU~ORY 
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C-2c TI'EI1110a'NA'1IC PRIlPEPTI ES OF NOR'1~L H'OQOGEN 

800 PSlA ISOBAR 

!E"PERATURE VOLU"E ISOTHER" ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OERIVATIilE OERIilATIilE ENfRGY OF SOUND 

OEG. R CU FTILB CU '"T-PSIA/LB PSIA/R BTU/LB BTUILa BTU/LB-R 8TU I LB -R FTiSEC 

• 27.96" 0.200Cj3 3,.99.,.2 71.5133 95.211 12,..917 3.39517 1.172 1. Cj30 ,.6Cl1 
28 0.200Cj6 3512.109 71.59101t 9Cj.262 121t.972 3.39772 1.173 1. Cj30 ,.608 
30 0.202102, 3338.93 7e.3831t 95.163 125.1 .. 9 3.50727 1.2210 1.6 .. 2 1t557 
32 0.20ltlo1 3113.68 78.,)180 101.259 131.51t0 3.616&8 1.268 1.7109 10503 
31t 0.20&55 3006.67 715.1523 10lo.Cjlo3 135.1lt1 3.12578 1.307 1.853 It 10 It 3 
36 0.2088l 2861.76 77.31015 108.006 1311.9103 3.6310105 1.3102 1.9~9 10389 
38 0.211215 2716.23 76.2032 111.61t5 142. 910 It 3.94294 1.372 2.0103 10329 
40 0.2138& 2559.55 710.9229 115.10103 1.. '.7.125 4.05032 1.399 2.1102 102&1 

42 0.21&63 21tG8.70 73.1t970 119.1015 151.50& 10.157210 1.423 2.241 4193 
44 0.21959 2262.8& 71.9340 123.55') 156.059 10.,26317 1.101010 203102 10124 
46 0.22277 2119.46 70.2252 127.878 160.87'1 10,,37009 1. ,.63 2. 10 It 6 40Cj2 

1t8 0.22018 U16.83 611.3763 132.373 1&5.879 1t.47632 1.1t 79 2.551t 3977 
50 0.2298& 1836.80 66.3733 137.051 171.102 &j •• 58280 1. It ')10 2. &67 3898 
52 0.23353 16'16.47 610.231') 1101.912 17&.Cj51 I, .68957 1.507 2.787 3513 
51t 0.2381.3 1568.78 &1.9598 110&.962 182.2311 4.7'1685 1.517 2.905 3730 
56 0.24280 1445.33 59.5837 152.200 188.1&'3 10 .90106'1 1.527 3. 028 36104 
5& 0.247117 1326.87 57.1155 157.635 1910.355 5.01327 1.535 3.158 3556 
60 0.2531tl 1211.97 510.6030 163.267 200.60& 5.1:?Z66 1.5102 3.297 31t65 

&2 0.25'J107 1105.93 52.0250 16').107 207.544 5.23H6 1.549 3.4,.0 337't, 
610 0.26&11 1002.23 4'1.3875 115.156 2110.577 5.3101082 1.5CjIo 3.5'17 3278 
6& 0.27310,. <:10<3.53 106.7136 181.Io21t 221.931 5."5795 1.560 3.752 31810 
6& 0.28152 822.31 1010.0252 187.898 2290&01 5.572105 1.5&10 3.916 3088 
70 0.29Dlolo 7103.54 41.31044 194.572 231'.597 5.&8832 1.567 4.081 2')95 
75 0.31700 587.58 34.8863 212.030 25".991 5.98326 1.5710 4.1065 2179 
80 0.35037 1085.00 29.1066 230.221 282.124 6.28172 1.583 4.760 2599 
&5 0.390,.3 1029.75 24.2712 248.2&8 30&.106 6.57228 1.602 4.8'11 2465 
90 0.435&8 411.80 20.10199 2&5.890 330.430 &.85045 i.610 It. 813 2388 
'95 0.48372 1t18.62 17.4266 282.325 353.982 7.10521 1.6U It. 597 2352 

100 0.53246 440.112 15.13106 297.540 376.1018 7.33555 1.605 4.336 2347 
105 0.511079 10 70.98 13'.3737 311.431 397.468 7.54119 1.601 10.092 23&1 
110 0.62820 504.79 11.9943 324.336 417.397 7.72649 1.59& 3.687 2387 
115 0.671t51o 540.5& 10.8906 33&.465 10 3&.391 7.89519 1.593 3.719 21018 
120 0.71985 577.69 9.9863 347.990 4510.&27 8.050&1 1.592 3.580 2453 
125 0.7&ltl& iHlo.29 9.2350 359.041 472.243 8.19432 1.5910 3.1071 2489 
130 0.80760 651.52 8.5988 369.712 1089.349 8.32858 1.598 3.380 2527 
litO 0.8921& 724.60 7.5771 390.266 522.432 8.57376 1.611 3.21t6 2601 
150 0.97H£> 7')6.3& &.7923 410.095 5C;1o.100~ 8.791050 1.631 3.158 2&73 
160 1.05"09 8&6.102 &.1660 429.519 585.&70 8.996103 1.657 3.101 27 .. 1 

.:, .... -~ -

170 1.13291 935.6& 5.6461 448.743 61&.570 C).lI1Hl 1.685 3.062 21106 
180 1.20971 1002.62 5.2200 467.876 &107.080 9.35802 1.718 3.0101t 28&9 
190 i.25lt80 1066.97 10.8430 487.528 &77.856 '1.52333 1.768 3.0105 2917 
2'~" ~ .. 1.35927 1130.95 4.5321 506.920 708.281 9.68001 1.8010 3.047 2975 
220 1.50589 1255.98 4.0235 546.266 769.3107 9.97103 1.677 3.068 3084 
2100 1.65010 1377.90 3.6236 586.538 1130.981 10.23936 1.947 3.101 3158 
260 1.792108 11097.100 3029<39 627.824 893.358 10.488510 2.0110 3.139 3288 

,280, 1. 933 10 It 1&14.99 3.0318 670.~98 956.515 10.72256 2.075 3.178 33115 
300 2.07328 1731.05 2.8059 713.314 10 20. ftlt& 10.94330 2.130 3.216 3480 
320 2.21221 1845.85 2.612!; 757.397 1085.110 11.15192 2.179 3.252 3512 

340 2.35040 1959.62 2.4450 802.275 1150.459 11.35024 2.223 3.28" 36&2 
no 2.48797 2072.53 2.2')84 847.853 121&.1017 11.53853 2.261 3.313 3751 
3110 2.&2502 2184.70 2.1689 894.012 1282.939 11.71552 2.295 3.339 3U7 
1t00 2.7&1&3 2296.25 2.0535 9100.852 1310'1.'156 11.8'1011 2.325 3.3&2 3922 

"20 2.8'1787 21007.27 1.9502 '188.117 11017.403 12.05474 2.351 3.382 4006 

"itO 3.03378 2517.82 1.85&9 1035.802 1455.222 12.21234 2.373 3.1000 10088 
1060 3.1&<:1101 2&27.97 1.7724 lG83.852 1553.364 12.3&1005 2.392 3.415 4169 

"80 3.301080 2737.77 1.6954 1132.220 1&21.788 12.509&4 2.408 3.1027 4210<3 
500 3.4H97 2847.26 1.6249 1180.841 1690.1033 12."'4'176 2.421 3.438 10327 
520 3.57495 2956.108 1.5602 1229.&81 1759.2&8 12.781081 2.1033 3.446 10405 

51t0 3.1'1084 3068.C5 1.4997 127').072 1(128.7')0 12.91558 2.4103 3.452 4482 
560 3.84539 3176.61 1.10445 1328.3i?5 1897.975 13.04111 2.450 3.457 10557 
580 3.97981 32810.'19 1.3933 1377.517 1'1&7.1100 13.16255 2.45& 3.1062 10631 
&00 10.111012 3H3.20 1.3457 11026. '185 203&.4410 13.28010 2.1062 3.4&5 4704 
&50 10.4109107 3&&3.10 1.2400 15'30.724 220'1.861 13.55785 2.471 3.471 10883 
700 1o.78/t33 3932.30 1,.14'18 1&74.766 2383.508 13.81534 2.477 3.1074 5055 
800 5.45301 lor. 6Q.l'1 1.00102 1<:123.2'17 2731.097 14.2791010 2.10 A2 3.476 5385 

1000 &.78768 5539.101 0.8018 21021.023 342&.569 15.05504 2.489 3.479 5989 
2000 13.41076& 10870.35 0.4001 49&9.2&7 &961.410 17.49610" 2. &104 3. &30 1i315 
3000 20.10321 16194.93 0.2667 7755.353 10733.40" 19.02298 2. 'l32 3.918 10013 

IoOCO 26.7&908 215111.54 0.2000 108106.176 14611.703 20.1'1391 3.286 10.284 11397 
5000 33.511344 266101.87 0.1&00 110542.014 19517.007 21.239&5 10.2103 5.334 121098 

• TWO-PHASE BOUNORY 
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T~E~MoorNA~IC PROPERTIES OF NOP~AL ~'O~OGEN r.: .. 2 .. 

,800 PSU IS:J8AR 

TE"PERATURE OENSUY veOH/OVl p veOP/DUlv -veDP/Dv~T eDUDl\/V THER".AL VISCOSITY THERMAL OIELECTRIC PRANOTL 
CONDUCTIVITY OIFF US IV IT" CONSTANT NUMBER 

OEG. R L8/CU FT BTU/LB psu-CU FTl8TU PSIA 1/0EG. ~ BTU/FT-HR-R LB/FT-SEC sa FTlHR 
x 10 :; 

• 27.961t 4.91161U 31t1o.11 13.277 171t'H.Ol 0.001t4"'<;2 0.053611 1.91t2 0.00704 1.26168 1.9Q20 

l8 ... 98607 3 "5. 3 .. 13.212 17513.55 0.004"305 0.05371 1.931 0.00105 1.26164 1.911105 

30 10.910030 345.65 12.966 16"95.31 0.00107519 0.05779 1.10 .. 0.00112 . 1.25905 1.11035 
32 ... 1I9213 345.91 12.6510 15'~26.01! 0.0050572 0.06069 1.520 0.00109 1.25632 1.5715 
3 .. 4.ISHltlS 345.11 12.3106 110556.1'5 0.00536'18 0.06270 1.312 0.00699 1.25346 1. /0"'98 
36 ".78850 3 .. 5.38 12.039 13703.56 0.00%"39 0.06"45 1.250 0.00690 1.250411 1.3612 
311 ".13305 3410.11 11.131 12856.01 0.0059274 0.06640 1.11t1l 0.00687 1.2/0736 1.2719 

40 4.67590 342.11 11.453 11968.20 0.0062602 0.06185 1.062 0.00677 !.24415 1.2075 

102 ".61619 339.05 11.191 11119.02 0.0066100 0.06886 0.989 0.00666 1.24080 1.1584 

/04 ".55J91 335.56 10.939 1030/0.85 0.006'1806 0.06949 0.92/0 0.00651 1.23731 1 •• 1215 

/06 1t.1t81UIt 331./01 10.696 9514.11 0.0073812 0.06979 0.867 0.00636 1.23368 1.09105 
.. II ..... 2122 326.51 10.457 8739.99 0.001623:. 0.06980 0.817 0.00618 1.22990 1.0761 

50 ".3501t7 321.11t 10.211 7990.96 o. 00'130&1 0.0&9<;7 0.711 0.00599 1.22597 1.06101, 

52 ... 27663 3110.65 9.966 7255.17 0.0088533 0.0&913 0.730 0.00580 1.22187 1.0590 

51t ".19937 308.117 9.7210 6587.118 0.0094051 0.06850 0.691 0.005&2 1.21759 1.0551, 

56 ... 1111&5 30 <'.56 9.1,75 5952.82 0.01000Q3 0.0&7'+3 0.656 0.005ltl 1.2132.2 1.01:>05 

sa It.OJI,30 295.93 9.222 5352.98 0.010&6Q9 0.06625 0.623 0.00520 1.2061,7 1.01:>91 

6fi 3.91,621 2a8.81 8.972 1,78<'.1:>9 0.01l41&S 0.01:>1,97 0.592 0.00 .. 99 1.203&3 1. 0821 

1:>2 3.851,06 281.86 8.716 10262.32 0.0122058 0.0&362 0.5&3 0.00480 1.19857 1.0964 
lilt 3.757115 27".27 8.lt56 376&.23 0.0131132 0.06220 0.536 0.00"60 1.19331 1.1155 
66 3.6!'>713 21:>7.18 8.186 3326.27 0.011001,39 0.0&070 0.510 0.0010102 1.18762 1.13105 
6! J.552Z0 259.85 7.923 2921.00 0.0150720 0.05916 0.4115 0.001025 1.18212 1.1563 
70 3 ... 1,308 252.70 1.661 2560.06 0.01611oQ8 0.05759 0.1062 0.00"10 1.17621 1.1765 
75 3.15453 237.21 7.026 1853.53 0.0168216 0.0540" 0.1,10 0.00384 1.16067 1.2161, 

80 2.851,10 226.37 6.loltl 1384.23 0.0210272 0.05082 0.367 0.00374 1.110461, 1.23&0 
85 2.5612'~ 221.81 5.'.)14 1100.7Z 0.0220503 0.04791 ' 0.333 0.00382 1.12917 1.2257 
90 2.29527 222.79 5.526 9105.19 .0.0216041 0.045lt6 0.310 0.I)Olt12 1.1152 .. 1.1810 
95 2.0&731 228.29 5.232 865.1.1 0.0201366 0.0103&2 0.291, 0.001059 1.10339 1.1168 

100 1.81807 237.19 5.011 1127.88 0.0162811 0.04233 0.281, 0.00520 1.09363 1.0491 
105 1.72179 246.11 10.851 810.9;; 0.0164'H.7 0.01014Cl 0.278 0.00589 1.08561 0.966& 
110 1.591115 260.38 ".722 B03.56 0.0149265 0.010113 0.275 0.00665 1.07897 0.935& 
115 1."821,9 273.63 " .612 801.37 1..0135900 0.04105 0.273 0.007"5 1.073"1 0.'.l918 

120 1.38918 287.69 ".515 802.52 0.0124417' 0.04111 0.273 D.ooe27 1.066&8 0.656& 
125 1.30Sfa2 302.09 ".1027 803.87 0.0114682 0.0"127 o .271t 0.00909 1.064&1 0.8301 
130 1.23823 317.06 1,.3lt6 806.73 0.0106588 1l,0"146 0.276 0.00991 1.06106 0.8097 

litO 1.120115 lit 7.94 I,.lCl& f.lJ.2.17 0.0093295 11.0"160 0.281 0.011103 1.05516 0.7897 
150 1.02653 380.06 4.057 1517 .49 0.0083087 0.04261 0.288 0.01314 1.050lt3 0.7663 
160 0.91,SIi8 1t13.I,0 3.923 621.96 G.007501& 0.0"382 0.296 0.011089 1.0 .. 655 0.753& 

110 0.8821i9 .. " 7 .81 3.796 625. 'l0 0.00&63&3 0.0""93 0.301, 0.01663 1.0"326 0.7"62 
180 0.826&5 • 83. 24 3.676 828.61 0.0062982 0.0"809 0.3Z0 0.01911 1.04047 0.7297 
190 0.77833 522.11t 3.519 830.46 0.0058318 0.05089 0.336 0.0211,7 1.0360tl 0.7243 
zoo Q .• 735&9 55Cl.32 3.101.5 tl32.03 0.0054471 0.0531t8 0.350 0.023t16 1.03596 11.7166 
220 0.661t0& &35.811 3.228 113" .Olt 0.0046241 0.05812 0.37" 0.02853 1.03242 0.1105 
2 .. 0 0.60602 714.51 3.070 835.0" 0.00103394 0.0&220 D.393 0.03310 1.02956 0.7053 
260 0.55769 791t.68 2.937 835.38 0.0039S01 0.06586 0 ... 09 0.03762 10 02719 0.701t1 
280 0.51721 875.1:>8 2.825 835.29 0.0036297 0.06925 0.423 O. Olt 213 1.02519 O. &991, 
300 0.48233 956.<:7 2.731 631,.93 0.0033606 0.07231 0.436 O. 0 .. 665 1.02347 O. &97~ 
320 0.1t5204 1038.51 2.652 831,.39 0.0031311 0.07528 0.41t8 0.05122 1.02199 0.6962 

;11&'0 0.1t254& 1119.81 2.585 833.71c; 0.0029326 0.0181)3 0.459 0.05585 1.020&9 0.6951 
360 0.1t0193 11:00.73 2.529 833.02 0.0027591 0.08062 i).1069 n.06054 1.01953 0.69lf2 
380 D .36095 1281.38 2.1080 832.26 0.00260&0 0.08310 0.479 0.0&533 1.01851 0.6935 

.. 00 0.36210 1361.44 2.1039 831.48 0.00210697 0.0851t7 0.489 0.07020 1.01759 0.6926 
1t20 0.31t508 1440.76 2 ... 01, 830.70 0.002347& 0.06775 0.1,99 0.07516 1.01675 0.6922 
.. 1,0 0.32962 151Cl.Io& 2.3710 829.93 0.0022375 0.0899" 0.508" 0.08026 1.01600 0.6917 

.. 60 0.315;;2 1597.35 2.31t9 829.17 0.0021376 0.0'3205 0.<;18 0.0851tl, 1.01531 0.6912 
480 0.30259 1&74.65 2.327 828.102 0.0020466 0.09410 0.527 O. Og 07 .. 1.Gl1,68 0.6<,07 

500 G.29070 1750.9" 2.301) 827.70 0.0019632 0.0%06 0.536 0.0c:i615 1.011010 O. &903 
520 0.27972 1826,.65 2.293 827.00 0.0018866 0.09602 0.545 0.1016t1 1.01357 O. &899 

51t0 0.2&948 1903.07 2.278 826.78 0.0011'1139 0.09990 o .~5" 0.10739 1.01307 0.6892 
560 0.2&005 1977.18 2.267 826.08 0.001741\6 0.10174 0.563 0011316 1.012& 1 0.&8811 
580 0.25127 2050.78 2.257 825.101 0.00166110 0.10355 0.572 0.11904 1.01216 O. I:> 68lf 
600 0.2lf30? 2123.90 2.249 824.77 0.001&31& 0.10533 0.581 0.12505 1.01176 O. &1\61 
650 0.221,75 23010.59 2.233 823.27 0.0015062 0.10966 0.603 0.14057 1.01089 0.6873 
;000 0.20902 2483.3& 2.2<'1 621.91 0.0013990 0.113t19 0.625 0.156111t 1.01012 0.6,e66 
800 0.16331) 2636.1:>7 2.207 619.58 0.0012253 0.12212 0.6&9 0.19159 1.006~6 0.68'>& 

tOOD 0.14732 351t 1. 32 2.186 61&.07 0.000Q825 0.13827 o .!55 0.26975 1.00713 0.661t3 
2000 0.07436 73310.107 2.035 e08.33 0.0004950 0.27723 1.155 1.02&97 1.00359 0.51,1,7 

3000 0.04974 11835.02 1.829 805.59 0.0003310 0.39384 1.511 2.02090 1.00240 0.51,11 

.. 000 0.03136 172<'0.91 1.&28 603.86 0.00021t151) 0.53366 1.113& 3. 3J 551 1.00180 0.5301) 
~OOO 0.02978 2664&.65 1.2&6 79<.1.<'6 0.0002002 0.86283 2.1 .. 5 5.43237 1.0011,'+ 0.4774 

• TWO-PHASE BOUNORY 
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c-Zc THE~MOD1NA"IC PROPERT 1£S" OF NOP"U H1DqO~EN 

1150 PSIA ISOBAR 

l'EHPERITURE VOLUME ISOTHt.RH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP IIELOCtTY 
DERIVATIVE OEPIVA7IVE EN£ltGY OF SOUND 

DEG. R CU HILS CU F"T-PSU/LB PSlA/R BTU/LB BTU/LIJ BTU/LA-R BTU / LB -It FTISEC 

• 211.1 .. 7 0.20012 35"7.109 77.7116& 95.3210 126.1125 3.39757 1.174 1.530 10628 
30 0.20"181 33911.71 78.5502 97.990 129.70:;4 3."9842 1.222 1.633 .. 0:;117 
32 0.20376 3235.50:; 78.7657 101.00:;0:; 133.125 3.60718 1.267 1.739 "535" 
3 .. 0.20585 307 ... 72 711.4613 10".306 136.70& 3.71567 1.307 1.8101 4 .. 110 
36 0.20&011 2921.64 77.72"1 107.733 1100.484 3.823&5 1.3101 1.9311 ~"23 
38 0.210101 2784.81 7&.6&33 111.331 1"4.458 3.93141 1.371 2.029 43&9 
itO 0.21298 2626.90 75 ... 38 .. 115.087 148.609 ... 03804 1.398 2.126 .. 302 

1t2 0.215&7 2475.31 7 ... 0524 119.011 152.957 ... 1 .. 1014 1.1022 2.223 It 23 It 
It .. 0.211151t 2330.07 72.0:;290 123.103 157.501 1t.21t977 1. It .... 2.322 .. 1&7 
1t6 0.221&2 2188.39 70.868" 127.3&3 162.2"6 ".35508 1 ... 62 2.1022 .. 098 
Itll 0.22"91 2047.15 69.0&91 131.793 167.19 .. ..... 6020 1." 79 2.527 .. 025 
50 0.2284& 1908.54 &7.1281 136.397 172.355 4.0:;&543 1.1094 2.635 3949 
52 D.23227 1773.51 &0:;.0474 1 .. 1.1711 177.735 ... 67085 1.508 2.7" 7 3869 
5 .. 0.23&38 1& .. 4.35 62.11432 11!&.135 183.340 4.71658 1.5111 2.860 37811 

56 0.2"082 1516.59 60.5337 15h273 189.178 ... 88274 1.528 2.9111 3702 
58 0.245&4 1399.13 58.1421 156. \;92 195.255 ".98940 1.536 3.102 3618 
60 0.25011& 12811.04 55.6933 162.(197 201.5113 5.09&69 1.5 .... 3.227 3532 

62 0.25&55 1179.31 53.20111 167.790 2011.169 5.201t71 1.550 3.364 31t1t3 
61t D.2&275 1078.9& 50.6&12 173.&78 215.035 5.31371 1.55& 3.502 33510 
6& 0.2695" 982.69 108.(17100 179.760 222.1114 5.1t2371 1.561 3.61t9 3262 
68 0.27&97 896.56 45.10835 186.033 229.&28 5.53462 1.565 3.7910 3173 
70 0.28513 816.60 102.8882 192.411& 237.364 5.6It&91o 1.5&8 3.'l42 301110 
75 0.30910 &510.23 36.&053 209.313 257.9610 5.93093 1.573 10.291 21175 
80 0.33879 5101.102 30.90110 226.8"3 280.167 6.21739 1.562 4.511 0 2695 
115 0.371t31 477.61 26.0262 2410.353 303.269 6.497211 1.600 4.7211 2557 
911 0.101 .. 6& 449.17 22.0608 261.6&7 326.933 6.7&769 1.609 4.7110 2469 
95 0."51112" 1047.17 16.9101 278.059 350 •. 165 7.01917 1..612 4.5&4 21t22 

100 0.502114 It &3. 21 16.10 .. 50 293.411 372.55& 7.2 .. 90 .. 1.610 4.310" 21t06 
105 0.5"'64 4118.67 110.5201 307.512 393.709 7 ... 55&7 1.60 .. ...120 2 .. 11 
110 0.59185 516.80 13.0090 320.639 413.794 7.& .. 24 .. 1.599 1.926 21t3O 
115 0.&3536 552.95 11.7931 332.993 432.996 7.61298 1.595 3.7SI1 .21056 
120 0.&7196 588.09 10.8025 3 ..... 721 .. 51 ... 30 7.970011 1.595 3.622 2 .. 117 
125 0.71975 &2 ... 34. 9.97106 355.958 469.245 11.115102 1.597 3.507 2521 
130 0.7&076 &59.97 9.2756 36&.796 486.538 8.25114 1.600 3.417 255'3 
140 O.81t071 732."3 11.1566 367.637 519.%3 11.4911116 1.613 3.278 2626 
150 0.91624 80:3.90 7.2998 "07.700 552.229 11.72162 1.633 3.1115 2&95 
160 D.99398 873.&2 6.6161 427.32" 583.773 11.92535 1.&58 3.125 27&2 

170 1.06111.t7 91t2.89 6.057 .. 4 .. 6.720 614.1193 9.11391t 1.6117 3.085 21127 
180 1.1 .. 112 1010.13 5.5903 .. 6r:i.000 6105.&09 9.28943 1.719 3.062 211117 
190 1.2LZOII 10710.&5 5.1809 .. 85.816 &76.595 9."5639 1.771 3.062 2934 
200 1.2112"7 1138.66 10.8 .. 50 505.320 707.177 9.613311 1.110& 3.062 2991 
220 1."2099 12610.102 4.2965 54 ... 1150 7611.509 9.90567 1.1179 3.060 3099 
2 .. 0 1.5571& 1366.80 3.8&f>2 58'3.270 &30.362 10.17495 1.91t9 3.111 3202 
2&0 1.69155 1506.73 3.518& 626.677 11<.12.922 10.42/,86 2.016 3.148 3302 
ZIIO 1.112455 16210.70 3.2311 66<.1.051t <.15&.233 10.65946 2.077 3.1116 33911 
300 1.956 .. & 1741.11 2.91191 712.357 1020.298 10.1160&6 2.131. 3.222 31t92 
320 2.011147 1115&.23 2.71122 756.516 10115.078 11.08965 2.1110 3.257 351110 

340 2.21776 19711.28 2.&030 801.4&1 1150.529 11.28629 2.22" ;;.289 3&7 .. 
3&0 2.3474" 20113.41t 2.44610 81t7.098 1216.578 11.1t7683 2.2&2 3.317 3762 
3110 2.107&&1 2195.84 2.3080 893.3&«3 1283.180 11.657010 2.296 3.3 .. 3 31149 
400 2.60535 2307.60 2.1849 940.195 1350.270 11.82682 2.326 3.3&6 393] 
.. 20 2.73372 2"18.81 2.0747 <.167.503 1417.782 11.99361 2.351 3.385 4017 
41t0 2.6&177 2529.54 1.9752 1035.226 1485.660 12.15135 2.373 3.403 4099 
1t60 2.98955 2639.115 1.6851 1063.311 1553.857 12.30317 2.392 3.1t17 41110 
4110 3.11708 2749.79 1.6030 1131.112 1&22.330 12.1t41187 2.1t09 3.430 10259 
500 3.24440 2859.102 1.7279 11110.3&2 1&91.021 12.58909 2.1t22 3.440 4337 
520 3.37153 2968.7& 1.6590 1229.229 1759.69~ 12.721t22 2.1033 3.4 .. 6 .... 15 

5100 3.49963 ~01l9·73 1. 594!;; 1278.665 1829.496 12.85511 2.4103 3.454 10492 
560 3.62&34 3189.39 1.5357 1327.941 16911.716 12.98070 2.451 3.1t59 45£.7 
5110 3.75292 32'H.81o 1.10612 1377.216 1967.914 13.10220 2.1t57 3.463 46 .. 1 
600 3.67939 3406.12 1.4305 11026.6103 2037.247 13.21geO 2.4 &2 3.467 47110 
650 4.19513 3&76.16 1.3160 1550.426 2210.728 13.49765 2.471 3.472 4892 
700 10.51040 39105.51 1.2221 1674.5010 236ft.427 13.75522 2. It 77 3.1075 5064 
800 5.139'31 4'+62.59 1.0&72 1<)23.091 2732.097 14.21943 2.1062 3.476 5393 

1000 &.39&46 5553.02 0.8520 2420.887 3427.&70 14.99514 2.469 3.460 59'H 
2000 12.&&,,9& 10681t.21 0.1t251 "9&9.239 69&2.&65 17.1t3&&& 2. &44 J. &30 11321 
3000 18.9211117 1&203.81 0.2633 7755.329 10734.675 16.9&320 2.932 3.918 10017 

itO 00 25.20234 21532.1t1 0.2125 10641t.979 141111.750 20.13381 3.2 lilt 4.281 11402 
5000 31.&1143 2&855.74 0.17 00 14527.808 19503.351 21.17659 4.21;" 5.304 12506 
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T~EPMODYNa"IC PROPERTIES OF NOP~AL HYDROGEN C-2e 

1150 PSIA ISlBIR 

TEMPERATURE DENSITY V COH/OV'p V(OP/OUD V -VIOP/OV'T (OI/DTiI" THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL 
CONDUCTI IIITY OIFFUSIVITY CONSTANi NUI1BER 

OEG. R LB/CU FT BTU/LB PS Ii-CU FT 18 TU PSIA 1I0E(;. R 8TU/FT-HR-j{ L8/FT-SEC SQ FT/HR 
X 10 5 

• 211.147 4.99&.114 3411. is 13.256 11726.61 0.00lo311!U 0.051031 1.956 0.00710 1.26225 1.911101 
30 10.95520 350.05 12.'373 1&841.32 0.0010&6101 0.051105 1.737 0.00717 1. 25911'J 1.75'J0 

32 4.907110 350.55 12.&6& 15879.102 0.00"9602 0.0&100 1.5109 0.00 715 1.25721 1.511'110 
34 4.85711'1 350.102 12.362 110936.64 0.0052529 0.0630" 1.19T 0.00705 1.251039 1 ... 682 
36 ... 1I05H 350.0" 12.061 1100100.611 0.00553'>6 0.06"1110 1.272 0.00696 1.251105 1.361111 
311 4.75136 350.17 11.7611 11231.66 0.0057939 0.066810 1.1611 0.00693 1.210839 1.2767 
4D 10.69527 3107.&10 11.1090 12333.99 0.0061163 0.D611ll 1.0111 !I.006114 1.2lt523 1.210'J 

42 10.63672 34t,.~2 11.231 111t77.:!9 0.006lt521 0.06938 1.006 0.00673 1.2"195 1.1603 

10" 10.57572 3 .. 1.35 10.980 10661.76 0.0068027 0.07006 0.9 .. 0 0.00659 1.23853 1.1220 
1t6 4.51222 337.5" 10.7"0 987 ..... 11 0.0071769 0.070101 0.883 0.006 .... 1.23498 1.0933 

"II ".44613 332.98 10.50 .. 9tOl.'1o 0.00758114 0.07046 0.831 0.00627 1.23129 1.0734 
50 10.37722 327.% 10.262 8351t .12 0.008U351 0.07027 0.785 0.00609 1.22746 1.0601 
52 4.305H 322.105 10.022 1635070 0.008518'1 0.0&9611 0.143 0.00591 1.2234& 1.051'1 
54 4.23053 31&.60 9.784 6'156.45 0.0090338 0.06930 0.705 0.00573 1.21931 1.0" 72 
56 10.152101 310.12 9.541 &2'17.50 0.00'J&123 0.06829 0.&&9 0.00552 1. 21lt9'J 1.0520 
58 10.07103 303. qO 9.295 5695.88 0.0102077 0.0&715 0.636 0.00532 1.21050 1.051110 
6D 3.911622 2'17.53 9.052 5134.39 0.0108"71 0.D65'J3 0.606 0.011513 1.20583 1.0672 

62 3.119793 290.63 11.805 10596.01 0.0115735 0.06 .. 65 0.571 0.00493 1.200911 1.0603 
6ft 3.805811 283.8" 8.557 "106.3'1 0.0123372 0.06529 0.550 0.00 .. 15 1.195910 1.09105 
6& 3.71009 276.76 11.300 3&"5.87 0.013185'J 0.06167 0.52 .. 0.00"57 1.19071 1.1121 
68 3.610"10 2 70 .03 8.0108 323&.97 0.011.0513 0.060101 0.1099 0.0010101 1.18528 1.1291 
70 3.50717 2&3.22 7.799 21163.9" 0.01109753 0.05691 0.47& 0.00102& 1.17967 1.11073 
75 3.235210 248.12 7.191 2116.58 0.0172910& 0.055310 0.4210 0.00399 1.16500 1.18107 
110 2.95i70 236.88 6.&20 1598.12 0.01933&1 0.0522& 0.3111 0.00367 1.110983 1.2030 
85 2.67159 231.76 6.089 1275.99 0.0203985 0.0"9101 0.3"7 0.00391 1. 131o'J8 1.19&5 

. 90 2.101159 231.45 5.68& 1083.21 0.0203662 0.010&9<:1 0.322 0.00 .. 13 1.12131 1.16102 
95 2.18285 235.59 5.375 976.10 0.01'13732 0.0"508 . 0.305 0.00 .. 52 1.10938 1.1123 

100 1.98871 2103.32 5.135 921.111 0.0178520 0.010368 0.29" 0.0050& 1.09'J33 1.0520 
105 1.112&02 253.16 ".958 892.33 0.0162722 0.04272 0.287 0.00568 1.09095 0.9952 
110 1.689&3 2610.5" ... 817 876.51 0 •. 01108"08 0.0422& 0.282 0.00637 1.0839& O.'Jltlo& 
115 1.57392 271.30 ".6% 870.31 0.0135505 0.010206 0.280 0.00712 1.0760& 0.9005 
120 1.107501 290.81 ... 592 8&7.103 0.0124535 0.010207 0.279 0.00788 1.117303 0.8657 
125 1.38'J37 305.02 ..... 91 867.10" 0.0114989 0.0 .. 215 0.280 0.00865 1.0&1169 0.8319 
130 1.31,Ioft7 319.53 ... 1010 8&7.51 0.0106924 0.'14228 0.281 O. 009101 1.06,..QO 0.11173 
140 1.1119ft7 350.08 It .251 871.20 0.00'J3628 0.'; 102 30 0.285 0.01085 1.058&0 0.795'J 
150 1.08904 382.01 ... 105 !l75.108 0.00833110 0.010325 0.292 0.012 .. 7 1.0535& 0.7730 
1&0 1.00&OJ 1015.15 3.9&5 8711.91 0.0075277 0.0 .... 41 0.299 0.01 .. 12 1.0ft9101 0.7571 

170 0.93592 Io49.5! 3.836 8112.101 0.00686101 0.045108 0.307 0.01575 1.010591 0.7 .. 95 
1110 0.87&33 10 6 ... 89 3.710 885.21 0.0063152 0.0108105 0.322 0.01806 1.0102910 0.73210 
190 0.82503 '5210.01 3.5 .. 6 886.61 0.00581035 0.05123 0.338 0.02028 1.04039 0.7268 
200 0.77'3710 5&1.i?O 3.10100 8811.0" 0.00510558 0.05378 0.352 0.02253 1.03815 0.7207 
220 0.703710 637.83 3.2"'3 889.82 0.00108285 0.05837 0.375 0.02693 1.031038 0.7122 
2100 il.6 .. 220 71(6.55 3.0119 e90.60 0.0()/{.3!1-12 0.062103 0.394 0.03125 1.031310 G. 7 066 
260 0.59117 79&.81; 2.953 890.7" 0.0039502 0.06&08 0.410 0.03551 1.112883 0.7029 
280 0.510808 8 77 .~6 2.839 890.107 0.003&28& 0.0&943 0.10210 0.03977 1.02&71 0.7003 
300 0.51113 959.37 2.7 .... 889.93 0.0033588 0.07253 0.1037 ~.Olo"Olo 1.021089 0.691\10 
320 0.107905 1041.010 2.6&" 88'1.22 0.0031288 0.075 .. 3 o .Ioftll 0.0"834 1.02331 0.6970 

3100 0.105091 1122."& 2.59& 888.101 0.0029300 0.07816 0.45~ 0.05271 1.02193 0.6958 
360 0.42&00 1203.51 2.53'1 887.5" 0.00275&3 0.08075 0.1070 0.057110 1.02071 ·0.69108 
=80 0.100378 12810.27 2."89 8116.63 0.0026031 0.08322 0.1080 0.06165 1.01'1&2 0.69100 
400 0.383Sl 13& ... loft 2.10"8 885.72 0.00210669 0.0855'1 0.1090 0.06&25 1.01865 0.6933 
.. 20 0.36580 11043.8& 2.ft12 8114.81 0.00234411 0.0878& 0.1099 0.07095 1.01777 0.692& 
ft .. O 0.310943 1522.66 2.382 883.91 0.0022347 0.09005 0.509 0.07573 1.01&97 0.6921 
ft60 0.33450 1600.65 2.356 883.03 0.00213108 0.0'1216 o • Sill 0.08063 1.01&210 0.6915 
480 0.320./H lH8.03 2.333 882.17 0.00201039 0.091021 0.527 0.08562 1.01557 0.6910 
500 0.30822 175 ... 103 2.31::: 881.310 0.001960& 0.09&19 0.536 0.09073 1.011096 0.&90& 
520 0.296'30 1830.19 2.298 880.5" 0.00188101 0.09812 0.546 0.09594 1.011039 0.6901 

5 .. 0 0.285710 1906'.81 2.28" 880.3D 0.0018113 0.10001 0.555 0.1013l 1.01386 0.68'J5 
5&0 0.2757& 1980.96 2.273 879.50 0.001710&1 0.10185 0.5& .. 0.10 &711 1.01ll7 0.&890 
580 0.26&~& 20510.63 2.263 878.710 0.0016856 a.l0366 0.573 0.11233 1.01292 0.6885 
&00 0.25777 2127.80 2.25" 878.01 0.0016293 0.1051010 0.581 0.11799 1.01250 0.6882 
650 0.23837 2308.59 2.237 876.30 0.00150101 0.10978 0.&010 0.13<'63 1.01155 o. &IH4 
700 0.22171 2487."4 2.225 8710.7& 0.0013'J71 0.111001 0.&26 0.110798 1.010710 0.6667 
800 0.1<) .. 5& 28100.65 2.210 672.11 0.0012237 0.12225 0.670 0018076 1.00!}"2 0.68% 

1000 0.1563" 35105.6& 2.189 868.1" 0.000'J81" 0.1361010 0.756 0.25It'.8 1.00757 O. &8~3 
2000 0.078'J6 733'3.1'1 2.03& 859 ... 0 0.00049"& (1.27723 1.157 O. !}/i.717 1.003112 0.510<;<; 
3000 il.05283 11639.81 1.830 856.30 0.0003309 0.39362 '1.51" 1.9(1281 1.00255 0.51021 

4000 0.039&8 17211.20 1.631 8510.36 0.00021oH 0.53308 1.640 3.13851 1.001'J2 0.5316 
5000 0.031&3 2&506.6!) i.271o 8"9.56 0.0002001 0.85553 2.110" 5.0965'J 1.00153 0.lt79& 
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c-Zc T~E~"OOYNAMIC PROPERTIES OF NOPI1AL HYO~I)GEN 

900 PSU ISlUR 

TEMPERATURE VOlU"E ISOTHFRM ISOCHORE INTERNAL ENTHALPY ENTROPY ev CP VELOCITY 
O£RIVATIVE DERIVATIVE ·ENERGY OF SOUND 

DEG. R CU FTILB CU F T -PSIA/L B PSIA/R BTU/lB BTU/l8 BTU/L8-R BTU I 18 -R FT/SEr. 

• 211.U8 0.19.972 359/0.67 78.0036 95./039 128.7210 3.39936 1.177 1.531 /o6Cj .. 

30 0.20121 3/057./03 18.11"0 97.827 131.360 3."8917 1.220 1.623 /0616 

32 0.20313 3296.22 78.9918 100.863 13/0.717 3.59803 1.266 1.729 /0567 

3 .. 0.20517 3136./0/0 78.7533 1010.079 138.212 3.70576 1.30& 1.830 10513 
36 11.20735 2980.20 7&.0982 107./072 1/02.0211 3.81311 1.3/00 1.927 ft .. 55 

38 0.20968 2851.79 17.1127 111.032 1 .. 5.97& 3.92017 1.370 2.015 .... 08 

.. a 0.21213 2692.56 75.9/010 Uft.7/07 150.099 ... 026011 1.3':18 2.112 .. 3/tl 

/t2 0.211t76 25"5.36 74.58/08 U8.&32 15/o./02J ".13160 1."22 2.205 /0217 
.... 0.21755 2399.11& 73.1007 122.&72 158.927 ".2362':1 1.4/03 2.302 ft211 
.. 6 0.22053 2258.17 71./08 .. 3 12&.877 163.629 ".34067 1./062 2./000 /01 .... 
.. 8 0.22371 2118.7& 69.7322 131.2/07 16".530 ... 4/04 77 1 • .,79 2.500 10073 

50 0.22712 1977.65 67.8552 135.778 173.&29 10.510872 1. /0':15 2.606 3997 

52 0.23078 18ft3.17 65.8307 1/00.484 1711.9/05 10.6528':1 1.508 2.7110 3920 
54 0.23"73 171/0.&6 &3.&873 1/05.35':1 18/0./077 4.757210 1.519 2.822 38 .. 2 
56 0.23897 1;92.210 61./0409 150./003 190.229 /0.8&18& 1.529 2.933 3762 

sa 0.21035& Ift74.39 59.1155 155.&19 19&.209 4.9&680 10538 3.0"8 3619 
60 0.2"1151 13511.51 5&.7238 161.007 202.1022 5.07216 1.51t5 3.170 359,. 

&2 0.25387 1253.59 51t.3089 166.572 208.882 5.17809 1.552 3.293 3511 
£lit 0.25969 1153.&5 51.8510 172.317 215.59& 5.281t10 1.551 3 ... 20 3 .. Z6 

66 0.26602 1056.69 109.3511 178.238 222.512 5.39203 1.563 3.556 3338 
68 0.21292 970.01t ,.6.8378 184.334 229.818 5.50019 1.567 3.688 3252 
10 0.280 .. 1t 888.1& 41t.325& 190.595 237.331 5.60907 1.5&9 3.824 31&7 
75 0.30229 720.83 38.2012 20&.882 257.261 5.883&3 1.571t 4.143 2965 
80 0.32905 ·601.82 32.5792 223.81t2 278.&79 6.1&016 1.581 1t.40 9 2789 
85 0.36086 527.70 27.&9110 2/00.849 300.989 ".1t301t" 1.599 ... 517 26,.6 

90 0.39710 489.61 23.&373 257.827 321t.00G 6.69363 1.&08 ... 607 25 .. 9 
95 0."3652 "79.26 20.3623 271t.l02 3"£1.85~ 6.94071 1;612 ... 512 2 .. 93 

100 0.1t7759 1t88.60 17.7475 289.515 369.108 7.16921 1.612 4.335 2 .. 67 

105 0.51911 509.12 15.6793 303.763 390.275 7.37597 1.£>0& 4.136 2 .. 65 
110 0.5&OIt .. 53&.32 1 ... 0355 317.083 Itl0.1t83 1.56387 1.601 3.951 2/t16 
115 0.6(1123 567.31t 12.7128 329.&23 429.822 7.73563 1.598 3.791 21t97 
120 0.6"131 :. 0 O. /02 11.6291 3lth535 .. 1t8.'+23 7.89 .. 15 1.598 3.656 2523 
125 0.£>808ft 635.1t3 .10.7275 352.91t5 "6£>.'+10 8.04090 1.599 3.51t2 255,. 
130 0.7U&3 1>70.92 9.9&ltl 3£>3.9'+0 483.870 8.17793 1. & 03 3.'+47 2586 
1 .. 0 0.79536 7 .. 1.35 8.7'+52 385.053 517 .&0'+ 1I.1t2791t 1.615 3.307 2652 
150 0.8£>1187 612.1t9 7.811t3 1t05.31t2 550.1,.5 8.65260 1. &35 3.211 2119 
160 0.9'+069 881.28 7.071tl 425.151t 581.925 8.85786 1. 66~ 3.1'+9 2783 

170 1.01095 950.2& 604733 .. 1t1t.697 &13.117 9.01t726 1.&89 3.107 28,.6 
180 1.08033 1016.12 5.9&9Z 1t61t.142 &1t'+.18& 9.2Z1t1t3 1.1Z1 3.082 2907 
190 1.147£>0 1082 •. 5.5220 481t.126 &75.380 9.39254 1.771t 3.079 2951 
200 1.21435 111t7.<:11 5.1605 503.737 706.115 9.55031 1.809 3.071 3007 
220 1.3 .. 5&3 1273.17 4.5715 51t3.1t1t9 767.707 9.81t381t 1.881 3.092 311" 
21t0 1.1t746" 1395.97 It. 1101+ 58,+.016 8.29.773 10.11"05 1.951 3.121 3216 
2&0 1.60191 151&.29 3.7381t &25.5'+3 892.510- 10.36'+67 2.017 3.156 3315 
280 1.7Z783 l&31t.E2 3.,.313 6&8.021 955.973 10.59983 2.078 3.193 3,.11 
300 1.85267 1751.31t 3.1730 711 ... 10 1020.1&8 10.6211t8 2.132 3.228 3505 
320 1.97&6 .. 11166.75 2.952~ 755.6'+'+ 1085.062 11.03081t 2.182 3.263 3596 

3"0 2.09990 l~e.l.Q)' 2.7616 800.65" 1150.614 11.22978 2.225 3. 29 It 3686 
360 2.2225& 2091t.1t7 2.591t7 8'+6.31t9 1216.751 11."1858 2.263 3.322 317,. 

leO 2.34'+72 2207.09 2. It .. 76 892.671 1283.1t33 11.59900 2.297 3. 31t 7 3860 
.. 00 2.1t661t6 2319.05 2.316& 939.5'+4 1350.591t 11.17097 2.327 l.3&9 394,. 

.. 20 2.58783 2'+30.1t4 2.199'+ 986.894 1418.171 11.93591 2.352 3.389 .. 028 
41t0 2.70889 251t1.33 2.0937 1034.&55 148£>.107 12.09379 2.37'+ ~.405 Itl09 
460 2.829&8 2&51.60 1.9980 1082.775 155,+.357 12.2'+573 2.393 3.'+20 '+190 
.. 80 2.95023 27&1.88 1.9108 1131.207 1£>22.879 12.39153 2.1t09 3 ... 32 .. 269 
500 3.07057 2811.63 1.8311 1179.881 1691.1>14 12.5318" 2. ,.23 3.41t2 4347 
520 3.19073 2981.09 1.7579 1228.780 1760.533 12.6£>705 2.431t 3 ... 50 41t25 

5,.0 3.31191 3093.1t8 1.&89'+ 1276.2£>0 1830.209 12.79806 2. It It'+ 3 ... 56 1t502 
560 3.'+31&1t 3202.22 1.&270 1327.561 1899.1t63 12.92372 2.451 3.461 4577 
580 3.55125 3310.75 1.5692 1376.657 1968.&92 13.0'+527 2.1t57 3.4&5 1t650 
600 3.£>7075 3419.10 1.5154 lIt26.30" 2038.055 13.16292 2.1t63 3. 1t£>8 1t723 
650 3.96907 3&89.31 1.39&1 1550.131 2211.59'1 13.1t4088 2. It 72 3.473 1t901 
700 1t.26692 3958.75 1. 291t1t 1&74.244 2385.350 13.£>985Z 2. ~ 77 3.1t76 5073 
800 1t.6&l&O 1t496.01 1.1302 1922.886 2733.099 14.162 !lit 2,_.62 3.1t77 5,.02 

loDe 6.01t852 55 &6. 65 0.9022 21t20.753 3428.773 llt.938&& 2.489 3.1t80 &001t 
2000 11.9&90,+ 10898.0& 0.4501 4969.213 6963.920 17.36029 2.61t4 3.&30 IU26 
3000 11.68500 1&222.66 0.3000 7755.308 10735.943 18.90685 2.931 3.918 10022 

'+1100 23.80969 21546.25 0.2250 108"3.11115 1'+1111.903 20.07715 3.281 1t.277 11,.06 
5000 29.1l5890 2&6&9.57 0.1600 14514.804 191t90.958 21.11723 1t.192 5.277 12513 

• TMO-PHASE BOUHORY 
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THPMOOfNA"IC PROPERTIES OF NOPI1AL MY OI1IJGEN C-Z..: 

900 PSU ISOBAR 

TE"PERATURE DENSITY \leOH/OV'p If« DP/oU'V -VeoP/o\l'T eOIl/OT~V THEP.HAL VISCOSITY THERHAL oIELECT~IC PR"NOTL 
CONOUC TI VITY OIFFuS IIIITY CONST~NT NUHBER 

lEG. R LB/CU FT BTU/LS PSIA-CU FTlBTU PSIA 1/0EG. R erU/FT-HR-R LB/FT-SEC SQ FTlHR 
II 10 5 

• 28.328 5.00o·n 353.31 13.236 17998.29 0.0043339 0.0510910 1.'371 O. 00717 1.26282 1.9770 
3!l ".96984 351t.35 12.9110 17182.90 0.00 .. 5810 0.05830 1.770 o. 00723 1.26072 1.7747 
32 ... 92292 .355.11 12.676 16227.01 0.0048679 0.06129 1.577 0.00720 1.25110 6 1.6013 
3 .. ... 87401 355.16 12.376 15287.01 0.0051'316 0.06339 1.422 0.00711 1.25530 1.4776 
36 ... 8227 .. 354.59 12.083 110372.73 0.0054338 0.06522 1.295 0.00702 1.252 .. 1 1.37&8 
38 ... 76925 355."8 11.798 13600.88 0.005&6'17 0.06727 1.189 0.00700 1.2 .. 939 1.2820 

"0 ... 71 .. 15 352.95 11.525 12693.iIt 0.005'1828 0.06881 1.099 o. 00691 1.2"630 1.2147 

"2 ... 65636 350.47 11.268 118S2.17 0.0062929 0.0&<)89 1.023 0.00681 1.21t30S 1. 1617 .... 4.59675 ~1t7.36 11.019 11031.S3 0.006&265 0.07061 o .'1S6 0.00667 1.23971 1.1221 

"6 ... 53 .. 1j9 34J.72 10.782 10239.90 0.0069810 0.07100 0.898 o. 00651 1.23623 1.0923 
48 ..... 6999 33<).53 10.5108 9470.112 0.0073628 0.07109 0.8 .. 6 0.00636 1.23262 1.0707 
50 ..... 0300 334.1t8 10.311 8707.S8 0.0077927 0.07095 0.799 0.00618 1.22889 1.0570 
52 ... 33307 329.25 10.07 .. 7986.56 0.00821t27 0.070&1 0.757 0.00600 1.22500 1.0"74 
5 .. 4.2&029 323.71 9.81t2 7301t.95 0.0~8718" 0.07008 0.718 0.00S83 1.22096 1.0413 
56 ... 18 .. 5 .. 318.06 9.603 6662.79 0.OocU21S 0.06911 0.683 0.00563 1.21677 1.01t29 
50 ... 10583 312.10 9.363 6053.S9 0.00<)7654 0.061103 0.&50 0.0054 .. 1.21242 1.0 .. 76 
60 ... 02403 305.51 9.12" 5466.70 0.Oi037&2 0.06686 0.&19 0.00S2" 1.20791 1.05&1 

62 !.93899 299.36 8.88& 4937.88 0.010998 .. 0.06'563 0.590 0.00506 1.20323 1.06S .. 
t; .. 3.45068 292.98 8.648 4442.32 0.0116720 0.0&433 0.563 0.00489 1.19839 1.07&9 
66 3.75907 286.22 8.402 3972.19 0.0124242 0.06297 0.537 0.00471 1.19338 1.0918 
Eif! 3.66404 279.85 8.159 3554.28 0.0131779 0.06157 0.513 0.00456 1.13820 1.1058 
70 3.56583 273.24 7.922 3167.01 0.0139960 0.0601 .. 0.490 0.00"41 1.18286 1.1216 
75 3.30805 258.61 7.338 238".53 0.01&0201+ 0.05657 0.438 0.00413 1.16892 1.1562 
80 3.03910 247.55 &.7112 18211.99 0.01711127 0.053S9 0.395 0.001t00 1.151+49 1.1708 
85 2.77115 241.70 6.250 1"62.33 0.0189355 0.05082 0.361 0.00401 1.1"024 1.1693 
90 2.51826 240.31 5.837 1232.95 0.019-1713 0.04842 . 0.335 0.00 .. 17 1.12691 1.1459 
'95 2.29086' 2 .. 3.30 5.513 1097.93 0.0185461 0.04647 0.316 0.00450 1.11501 1.1042 

100 2.09383 249.87 5.258 1023.05 0.0173"76 0.010499 0.303 0.00"96 1.10477 1.0517 
105 1.92&39 Z58.72 5.068 980.76 0.01598&9 0.04394 0.295 0.00551 1.09&11 0.9995 
110 1.78432 269.39 4.913 956.97 o "0146Ei&6 0.0"337 0.290 0.00615 1.08881 O. 9~ 03 
115 1.6632& 281.39 1 •• 7113 943.63 0.0134723 0.04312 0.287 0.00684 1.082&1 0.9079 
120 1.55917 294.34 ... 669 936.16 0.0124222 0.04302 0.285 0.00755 1.07731 0.8733 
125 1 ... 6878 308.17 ... 568 933.31 0.0114941 0.04303 0.285 0.00827 1.07271 0.8453 
130 1.38961 322.5& 4.474 932.32 0.010687" 0.04310 0.286 0.009(111 1.06870 0.8236 
1"9 1.25730 352.48 ... 306 932.09 0.0093823 0.01,301 0.290 0.01034 1.0&202 0.801& 
150 1.15092 384.21 ... 153 935.11 0.0083566 0.04389 0.295 0.01188 1.05&67 0.7774 
160 1.06305 .. 17.03 ".008 936.8" 0.OC75510 0.04500 0.302 0,,01344 1.05226 0.7609 

170 0.98917 451.22 3.875 939.97 0.00688&7 0.04603 0.310 0.011t98 1.0"857 0.7525 
180 0.925&" It 860'65 3.7"7 9"2.42 0.0063340 0.04883 0.324 0.01712 1.0"540 0.7355 
190 0.87138 526.01 3.573 9"3.49 0.005&527 0.05157 0.339 0.01922 1.0"270 0.7292 
200 0.823 .. 9 5&3.21 3.465 9 .. 4.71 0.0054626 (1.05410 0.353 0.02135 1.0"032 0.722(J 
220 0.7431 .. 639.88 3.211 946.15 0.0048317 0.058&4 0.376 0.02552 1.03633 0.7138 
2 .. 0 0.67813 718.69 3.107 946.65 0.001,3420 0.0&2&6 0.395 0.02%1 1.03312 0.7080 
260 O.62"2S 799.117 2.969 9 .. 6.55 0.00H4<J5 0.06629 0.411 0.03365 1.03046 0.7041 
280 0.57876 880.31 2.853 946.05 0.003&270 0.069&2 0.425 0.03767 1.02822 0.7013 
300 0.53976 9&1.84 2.757 9 .. 5.31 0.00335&& 0.072&9 0.437 0.04172 1.02630 0.6993 
320 0.505H 10"3.63 2.675 9 ....... 1 0.0031262 0.07558 0 ..... 9 0.04579 1.02"63 0.6'H7 

3 .. 0 0.47621 1125.16 2.606 943.41 0.0029272 0,,07831 0.460 0.0"993 1.02317 0.6964 
~60 0 ... 4993 1206.33 2.548 942.37 0.0027534 0.06088 0.470 0.05412 1.02189 0.6954 
380 0.42&49 1287.20 2.498 9"1.30 0.0026002 0.06335 0.480 0.05839 1.0207" 0.6945 
.. 00 0.405 .... 1367.46 2.456 940.23 0.0024639 0.08571 0.490 0.0627 .. 1.01971 0.6936 
.. 20 0.38&42 1446.99 2.420 939.18 0.00234111 0.06798 0.500 0.06719 1.01878 0.6931 
4"0 0.36915 1525.89 2.389 938.14 0.0022318 0.09016 0.509 0.07172 1.01793 0.6925 
.. 60 0.35340 1503.97 2.363 937.14 0.002132D 0.09227 0.519 0.07635 1.01716 0.691<J 
480 0.3389& 1581.43 2.340 936.16 0.0020 .. 11 0.09432 0.528 0.08108 1.016"6 0.6'314 
500 0.325&7 1757.91 2.321 935.21- 0.0019579 0.09630 0.537 0.08591 1.01581 0.6909 
520 0.31341 1633.75 2.304 934.30 0.0016815 0.09823 0.5"6 0.09081t 1.01521 0.6'304 

5 .. 0 0.30191+ lHO.5f! 2.290 934.0S 0.00160S7 0.10012 0.555 0.09595 1.01465 0.6697 
560 0.29141 1934.80 2.278 933.14 0.0017 .. 36 0.10196 0.564 0.10110 1.01414 0.6692 
580 0.28159 lO58.50 2.266 932.28 0.001&832 0.10377 0.573 0.1063& 1.01366 O. 6868 
600 0.27Zr.2 2131.12 2.259 931.4S 0.001&270 0.10555 0.582 0.11172 1 • .1'.321 0.61184 
650 0.25195 2312.60 2.242 929.52 0.0015019 0.10989 0.&04 0.12558 1.1I1~21 0.6675 
700 0.23436 2491.52 2.230 927.78 0.()013~52 0.11414 0.626 0.14010 1.01136 O. & 6f.> 8 
aDo 0.205£>9 21145.05 2.214 9210.80 0.0012221 0.12239 0.670 0.17113 1.0099& 0.6851 

1000 0.16533 3549.99 2.192 920.33 0.0009803 0.1311&0 0.757 0.24090 1.00600 0.6644 
;!OOO 0.06355 7343.91 2.03B 910.52 0.0004943 0.27723 1.159 0.91401 1.00"04 O. S ltoJ 
'3000 !I.OS5H 11844.63 1.830 907.05 0.0003307 0.39380 1.516 1.79784 1.00270 0.5430 

4000 0.01,200 17202.77 1.633 90 ... 9 .. 0.0002 .. 86 0.'53236 1." .. 3 2.9635" 1.00203 0.5330 
5000 0.03349 26382.85 1.262 899.88 0.0002000 0.848810 2.152 4.60299 1.001&<' 0.10 1111 

• HID-PHASE BOUMORY 
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C -2c Tl1n,HODYN"14IC PROPERTIES OF' "0 P!1Al HYOOQGf"N 

950 PSU IS:lBAR 

TE"PERATURE ~OLU"E ISOTNERH ISOCHORE INTERNAL ENTHALPY ENTROPY C~ , CP ~ELOCITY 

OEUVATIVE OERIVATIVE ENERGY OF SOUND 

DEG. R CU FT/LB CU FT-PSIA/LB PSIA/R BTU/LS BTU/LB BTU/LB-R BTU ~ L8 -R FTiSEe 

• 28.508 0.19933 3640. ~6 7".2239 95.50;8 130.&22 3.1001110 1.180 1.532 ,.681 

30 0.200&5 3522.2" 78. -771 97.676 137..'172 ].101'1,.9 1.218 1.613 ,.648 

32 0.20251 3356.1" 79, 1172 100.&79 131;.303 3.S889" 1.26" 1.719 ,,.597 

31t 0.20"51 3196.93 79.0395 103.864 139.839 3.69&07 1.305 1.819 ,.S41t 

3& 0.20&6,. 3037.50 78.,.6,.3 107.223 1lt3.571t 3.80283 1.339 1.916 ,.1tS7 

3a 0.20891 2903.33 77.SltU 110.7lt7 1,.7.lt911 3.90922 1.370 2.00& Itlt38 

itO 0.21132 2763.52 76.3909 114.,.31 151.60& It.01473 1.397 2.09& 4382 

42 0.2138& 2&12.43 15.0924 118.265 155.887 1t.11921 1.421 2.189 ,.318 

"'" 0.21657 2,.&E.32 73.6503 122.258 1&0.356 It.22310 1.4"3 2.283 ,.252 

46 0.219lt7 2325.16 72.0756 12&.ltU 1&5.019 4.32&59 1.,,&2 2.379 It186 

48 0.22255 2157."5 70.37011 130.723 1&9.673 10."2972 1." 79 2.,.76 ,.119 

50 0.22;;85 2050.72 &8.5398, 135.19S 171o.CJ2/j It.53272 1.lt95 2.577 IoOlt7 

52 0.22938 1917.71 &&.5786 139.829 180.180 1t.63567 1.509 2.680 3973 

5" 0.23316 1788."3 64.10963 1104.&25 1I11j.6lt2 10.73870 1.520 2.784 3896 

5& 0.23723 1660.93 62.3086 1,.9.583 191.316 ,..810190 1.530 2.894 lII15 

58 0.210161 1510".39 60.0437 1510.705 197.207 ".910528 1.539 3.002 3736 

60 0.2,.&31 1,.32.86 57.716" 159.989 203.3i9 5.0"893 1.5"& 3.113 3656 

62 0.251,.0 1326.58 55.356U 1&5.,.38 209.&&2 5.15296 1.553 3.229 3575 
6,. 0.25688 1223.98 52.9673 171.053 21&.2,.3 5.257"" 1.559 3.351 3492 

'" 
6& 0.26283 1130.08 5 0.5,.92 175.835 223.070 5.36Z,.7 1.56" 3.473 3409 

68 0.2&927 1041.95 108.1006 182.775 230.1103 5.4&805 1.5M 3.59& 3327 

70 0.27621t 958.9& 45.66% 188.8&& 237 ... &2 5,57"12 1.571 3.722 32105 

75 0.29&35 786.91 39.&926 20".685 25&.817 5.8"096 1.575 It. 01,7 30109 

80 0.32068 661.21 34.1555 221.140 277.552 6.108 .. 8 1.5111 4.269 2876 

85 0.34944 578.79 29.2759 237.687 29<;.1511 &.3702:3 1.5911 4.10"4 2731 

90 0.311222 532.09 25.1569 25".329 321.5&7 &.&2&4& 1.608 4.504 2628 
, 95 0.41812' 514.05 21.7721 270.439 343.992 &.8&91J0 1..0&13 ,..,.109 25&3 

100 0.455119 515.7& 19.0347 285.845 3&6.042 7.09535 1.614 4.317 2528 
105 0.491647 532.48 1&.8327 300.20t 387.185 7.30189 1.&08 ... 138 2519 

110 0.53305 555.68 15.0&84 313.6&0 407.431 7.490110 1.604 3.969 25210 
115 0.57137 584.07 13.&391 326.365 .. 2&.878 7.&&285 1.&01 3.815 2539 

120 0.6nZ& :'15.48 12.4&45 338 ... 44 .... 5.&20 7.82258 1.&00 3.&82 25&2 
125 0 .. 6,.&54 &48.29 11.4891 350.005 "&3.?41 1.97042 1.&01 3.571 2588 
130 !:.611~<:8 &82.61 ' 10.&627 3&1.14& 481.34& 8.10858 1.605 3.477 2&17 

litO 0.7~512 752.24 9.3425 382.515 515.351 a.360&0 1.&17 3.333 2&80 
150 iI.fl2500 821.98 8.3354 403.022 5"11.151 8.58706 1.637 3.235 27103 
1&0 0.89327 390.72 7.5374 423.016 580.155 8.19376 1.662 l.170 2805 

170 0.9600;> 958.85 6.8902 442.715 &H.&C5 8.98436 1.690 3.127 2867 

leD 1.02573 1026.20 6.3520 4&2.285 (.'1,2.725 9.1621f!. 1.723 3.101 2926 

190 1.0900& 1091.27 5.8870 1082.443 &7 ... 200 9.33182 1.776 3.104 2972 
200 1.15352 1155.90 5.4786 502.174 7 05.095 9.49043 1.811 3.091 3023 
220 1.27832 1282.24 4.8484 542.0&5 76&.939 9.78516 ' .• 883 3.103 3129 
2100 1.40090, 1405.40 ... 35&0 582.774 1129.212 10.05627 1.953 3.130 3231 
2&0 1.52178 1526.07 3. 95~" 624."20 892.123 10.30759 2.019 3.1&10 3329 

280 1.616135 1&44.72 3.&324 &&&.998 955.734 1ll.54330 2.079 3.200 34210 
300 1.7598& 17&1.74 3.3577 710.473 1020.05l' 10.7&540 2.134 3.235 3518 
320 1.87752 1877.42 3.1232 754.780 1085.0&3 10.97511 2.183 3.268 3609 

3100 1.994108 1991.99 2.9206 799.854 i..1';0.712 11.17435 2.22& 3.298 3&98 
360 2.1108& 2105.61 2.7436 845.607 121&.937 11.36340 2.264 3.326 3785 

38\1 2.22,,7" 2218.lt4 2.5874 891.980 1283.696 11.54403 2.298 3.351 3871 
400 2.3"221 2330.59 2.4"86 938.899 1350.928 11.71618 2.327 3.373 :;95& 
420 2.45732 2"42.15 2.3244 986.290 1418.5&8 11.88127 2.353 3.392 4039 
,.40 2.57213 2553.20 2.2125 1031t.089 1 .. 8&.5&2 12.03929 2.375 3.408 4120 
10&0 2.68&&& 26&3.81 2.1111 1082.243 1554.8&5 12.19134 2.394 ] ... 22 4200 
/f80 2.8009& 2774.03 2.0188 1130.70& 1&23.435 12.33725 2.41!) l.1{34 4280 

500 2.91505 21183.90 1.93104 1179.415 1692.214 12.1077&5 2.423 3.4410 4358 
520 3.02&9& 29,93.107 1.8569 1228.335 1761.173 12.&1294 2.435 3.452 4434 

540 3.1439& 3106.29 1.7844 1277.859 1830.92& 12.74407 2.444 3.457 4512 
560 3.257"5 3215'.11 1.7184 1327.183 1900.215 12.86979 2.452 3.4&2 4586 

580 3.37082 3323.71 1.6573 1376.500 1969.47& 12.991,.0 2.4511 3.466 4(;&0 

&00 3.108408 3432.13 1.600lt 1425.968 2038.867 13.10909 2.463 3.470 4733 
&50 3.7&&81 3702.168 1.4742 1549.837 2212.1073 13.311715 2.472 3.1075 4910 
7110 4.010907 3972 .03 1.3&67 1673.986 2386.275 '-3.64487 2.478 3.477 5082 
800 4.&1259 4509."5 1.1933 1922.684 273 ... 1010 14.10930 2.482 3.478 5410 

1000 5.73721 5580.28 0.9524 2"20.&20 3"2~.877 14.86523 2 ... 90 3.480 60t2 

2000 11.3,.&3& 10911.89 0.4751 4%9.188 6965.17" 17.32&98 2. (0 .. 4 ,J. &3 0 8331 

3000 16.95100 1&236.1013 0.3167 7755.289 10737.212 18.85354 2.931 3.917 10026 

16000 22.5&364 215&0.07 0.2375 l08 .. 2.lI80 14812.147 20.02357 3.278 4.2710 11411 
5000 28.2911& 2&883.37 0.1900 1 .. 502.81,3 19479.&&1 21.06116 4.170 5.252 12520 

• TNO-P~ASE BOUNORf 

18(, 





C-2c TJoIERHOOfNAHIC PROPERTIES OF NOP~AL HYOP'~FN 

1000 PSIA ISOBAR 

TEMPERA TURE tOLU"E I~OTHER" ISOCHORE INTERNAL ENTHALPY ENTROPY C'J CP VELOCITY 
DERIVATIIIE DERIVATIIiE ENERGY .OF SOUND 

OEG. R CU FT/LS CU FT-PSIA/lB PSIA/R ~TU/L£I OTU/LB BTU/LB-R OTU I LB -R FTISEC 

• 2a.&8& 0.1989 .. 3&8&.01 78 ..... 73 g<j.&78 ll2.'H 7 3."0291 1.1112 1.533 1070& 
3D 0.2000! 3581.69 79.0"19 97.529 13 ... 5715 l,,,7lllJ 1.217 1.&0" .. 678 
32 0.20190 3 .. 1 ... <:19 79 ... 386 100.503 137.8eU 3.58003 1.263 1.70<:1 .. 627 
3 .. 0.2038& 325&.2& 7<:1.3201 103.&58 1"1'''011 3.&8&&0 1.30 .. 1~ 80<:1 .. 57& 

3&. 0.2059" 310&.;,6 78.8058 10&.9112 1"5.117 3.7<:12&3 1.339 1.90" .. 52 .. 
38 0.20817 29&0.7& 77.933 .. 110 ... 75 1 .. 9.022 3.89851 1.369 1.9<:15 .... 70 
.. 0 0.21052 2829.& .. 7&.830<:1 11 ... 121 153.10 .. ".00337 1.3<:17 2.082 .. .. 20 

· .. 2 0.21300 2&77.85 75.557" 117.<:11" 157.35& ".1071" 1 ... 21 2.173 .. 357 
.... 0.21!H ... 2531.02 7 ... 185 .. 121.8&3 1&1.791 ".210211 1 ..... 3 2.2&6 "292 
.. 6 0.2111 .. 5 2390.2 .. 72.6500 125.9&7 16& ... 18 ... 3,,293 1 ... &2 2.359 42211 
.. a 0.22144 2254.04 70.911<:18 '130.225 171.23~ 4."151& 1.479 2 ... 53 .. 1&2 
50 0.22"&3 2118.2& &9.2059 134.&38 17&.233 ".51716 1 ... <:15 2.551 "092 
52 0.22110" 1986.32 67.2998 139.207 1111.433 ... 6190" 1.509 2.&51 .. 021 
5 .. 0.231&8 1557."3 &5.2717 143.931 18&.IUZ ... 72089 1.520 2.752 39 .. 6 
5& 0.23559 1734 ... 8 &3.1410 1 .. 8.811 19Z.43& ... 8Z2 80 1.531 2.85 .. 3870 
58 0.23977 1&17.39 &0.<:131& 153." .. 5 19".Z'" ".9ZIo76 1.5 .. 0 2.957 3793 
60 O.Z .. ItZ& 1505.05 58.&6Z5 159. a 3 .. 204.265 5.02& 8 .. 1.5 .. 8 3.0&3 3715 

62 0.24<)09 1395.12 5&.3 .. 96 1,& ... 378 210.503 5.12915 1.555 3.176 3&3 .. 
6,. 0.25"2<:1 129,.116 51t.0259 16<:1.8711 21&.9&& ,.23176 1.,&0 3.28& 3556 
6& 0.25990 1201 ... 5 51.67&6 175.532 223.&,9 5.33"73 1.5&& 3."0 1 3 .. 77 
68 0.2&593 1110.&" .. <:1.3013 181.33" 230.578 5."3801 1.570 3.519 3396 
70 0.2724& 1029.13 .. 6.<:1280 187.277 237.729 5.5 .. 16, 1.572 3.&31 3318 
75 0.29109 5,3.0<:1 .. 1.0<:131 202.611" 256.585 5.1101&2 1.57& 1. <:IDS 312<:1 
80 0.313"0 720.11, 3,.,,311& 218.692 H6.72& &.0&1"7 1.582 ".145 2959 
85 0.339&2 &30 ..... 30.77110 23 ... 8111 2<)7.70& &.315&3 1.598 ".326 21112 
90 0.369"9 5 77.31 26.60'3& 251.13& 31~.555 6.,6546 1.608 4.399 2705 
95 D ... 023U 550.8& 23.! .. 72 2&7.0 .. 8 3 .. 1.5 .. 3 &.110326 1-'61 .. ".383 2633 

100 O ... 371 .. 546.78 2fi.30011 2112.40 .. 363.350 7.02711 1.615 ".282 2S91 
105 0 ... 7298 557.57 17.9837 296.810 38".3<:13 7.232&6 1.611 4.133 2575 
110 0.5091" 5 77 .86 16.101" 31!l.391 ".0'" 671 7."2121 1.&06 3.975 2S7 .. 
115 0.5"518 603.15 llt.5693 323.230 "24.181 7.59 .... 8 1.&03 3.831 2511 .. 
120 0.580811 &32.n 13.30<:19 335.1t41t .... 3.007 7.75491 1.602 3.70 .. 2602 
125 0.61&15 66Z.9, .12.2579 347. 1 itS 461.2"0 7.90367 1.601t 3.595. l!GZ" 
130 0.&5101 &95.119 11.368 .. 358.419 .. 78.968 11.0"280 1.607 3.5a2 26S0 
1 .. 0 0.71929 763.8" 9.94&3 380.0':9 5U.2Z2 8.29666 1.619 3.356 21011 
150 0.78580 832.42 8.8&25 .. 00.740 5 .. &.250 8.,2 .. 69 1.639 3.257 27&9 
160 0.8508" 900.78 8.0056 "20.911 578.4&3 8.7327" 1.6&4 3.190 2829 

170 0.91 .... 9 968.64 7.3111 .... 0.761 610.100 8.92"48 1.&92 3.1"5 28118 
180 0.97107 10 3, .54 6.73"2 .. 60.463 6"1.389 9.10326 1.724 3.118 2<:1 .. 5 
190 1.03872 1101.,8 6.2"75 4110.7, .. 673.097 <:1.27"17 1.778 3.123 2994 
ZOO 1.09890 11&".95 5.8177 500.&21 704.108 Cl.43338 1.814 3.113 30 .. 4 
2Z0 1.21783 1291.60 5.1271 5"0.6<16 766.205 9.72933 1.8115 3.11, 31 .... 
2 .. 0 1.331+&1 1"15.09 4. &0 30 581.547 828.61'10 10.00131 1.95 .. 3.140 32 .. , 
260 1.4 .. 973 1536.0& 4.181, 623.309 891.761 10.2,331 2.0Z0 3.172. 33 .. 3 
280 1.56357 1655.01 3.8J44 665.985 955.51& 10.41195& 2.081 3.207 :1 .. 38 
300 1.67&38 1772.:n 3.5431 709.,4" 1019.961t 10.71208 2.135 3.241 3530 
320 1.7l1li36 1888.24 3.2946 753.92 .. 1085.079 10.92215 2.18" 3.273 3621 

3 .. 0 1.89<)64 200 3.03 3.0801 799.062 1150.825 11.12169 2.227 3.303 371;) 

360 2.01036 2~16.87 2.8928 8 ..... ti71 1217.13, 11.310911 2.265 3.330 3797 
JeO 0:.12059 2 2<:1.90 2.7276 8<:11.295 1.283.971 11."9182 2.299 3.35 .. 38113 
.. 00 <:'.23041 2342.22 2.5809 ':1311.25':1 1351.271 11.6&414 2.328 3.376 3<:167 
.. 20 .2.33989 21t 53 .95 2.4496 98,.691 14iS.'H .. 11.82939 2.353 3.395 ..0 .. <:1 
.... 0 2.4"905 2565.1, 2.3311t 1033.,27 1487.025 11.<:18753 2.37& 3 ... 11 "Ul 
.. 60 2.5579 .. 2&7,.89 2.2243 1 0 111. 715 1555.379 12.13';71 2.3<:14 3.425 4211 
.. 80 2.&&&&3 2786.21t 2.12&9 1130.209 1&23.997 12.28,71 2.411 3.431" .. 290 
500 2.77510 2896.23 Z.0378 11711.947 1&92.820 12.42&20 2."Z4 3."46 4368 
S20 2.88339 3005.90 1.9560 1221.89" 17&1.819 12.56157 2 ... 3, 3. "5" .... 4 .. 

S"O 2. <:Igzll2 311'3.1& 1.8795 1277.461 11131.&50 12.69282 2 ..... 5 1 ... 5<:1 .. 522 
S&O 3.100&9 3228.0& 1.8099 1326.808 1900.972 12.81860 2.452 3 ... 6 .. 45'36 
580 3.20844 3336.73 1.74,4 1376.147 1970.263 12.94027 2 ... 58 3.468 4670 
600 3.31&08 3445.21 1.&85 .. 1"25.634 2039.&83 13.05801 2.46" 3.471 47 .. 2 
650 3.581t78 371,.&9 1.55Z4 1549.51t6 2213.3,0 13.33616 2."72 3.476 4'H<:I 
700 3.85301 3965.35 i.1t 391 1673.731 2387.201t 13.,9396 2 ... 78 3.478 ,091 
800 ... 388 .. 8 4522.92 1.2563 1922.1t83 2735.111 14.0,84<:1 2.ItIlJ 1.478 5 .. 18 

1000 5."5703 5593.92 1.002& 2"20.489 1430.'l83 14.113453 2."90 3,"81 &019 
2000 10.78595 10'325.70 0.5001 I{ 969.1&4 &96&.426 17.27&40 2.6"4 3. &30 8337 
3000 1&.11039 16250.29 0.3333 775,.274 10738.462 18.802,}] 2.9:\11 3. en 7 10030 

.. 000 21 ..... 221 21573.8, 0.2,00 10841.954 14812.470 19.97274 3.27& It. 271 11415 
5000 26.88043 2&897.14 0.2000 1 .... 91.793 19469.320 21.00803 4.1 .. 9 5.22<:1 12527 

• TWO-PHASE BOUNORY 
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T"EP,MOO~N&HIC PROPERTIES OF NO~AL I'\YO~O"EN r -2,' I Loaa PSIA lS0BA~ 

TE"PERATURE OENSITY V(lM/O'''p V(OP/DU'v -V (OP/OV'T -(OV/OT\lV THERHAL VISCOSITY THERMAL DIELECTRIC PAANOTL 
CONDUCTIVITY 01FFUS1VITY CO,NSTANT NUMBER 

OEG. R LB/CU FT BTU/lS PSlA-CU FT/STU psu L/OEG. R BTU/FT-HR-R LB/FT-SEC SQ FTlHR 
lC 10" 

• 28.688 5.026'& .. 362.18 13 .198 18528.25 0.00"2339 0.05611 1.g99 0.00729 1.2639 .. 1.9&"9 
30 ... 9980S 3&3.311 12.999 17901 ... 6 0.0/)10/015/0 0.OS878 1.1131 0.00733 1.26232 1.11057 
32 ".95211" 363.9& 12.699 16913.89 0.00/0&9&& 0.0&188 1.635 0.00731 1.2597& 1.62£:5 
3,. ".90S30 3610.31 12."05 15972.91 0.00 .. 9659 0.06"06 1.1073 0.00722 1.25707 1 ... 9710 
36 ... 85576 3610.102 12.123 1,06/0.22 0.00522/0/0 0.0&598 1.3100 0.0071/0 1.251027 1.3920' 

38 10.80382 3610.05 11.8108 110222.910 0.0051079 .. 0.0&811 1.229 0.00711 1.251310 1.29&1 
100 10.15011 3&10.15 11.580 1310 .. 1.08 0.00571&1 0.0&'172 1.13& 0.00705 1.2 .. 832 1.2212 

"2 ".6910115 361.51 11.333 12572.12 0.0060123 0.07089 1.051 0.00695 1.210521 1.1665 
1010 10.637"1 358.51 11.090 11137.39 0.00&32010 0.0116<) 0.988 0.00682 1.210199 1.12106 
106 10.577710 355.3/0 10.857 10941.91 0.0066396 0.07216 0.928 0.00668 1.2H65 1.0923 
.. a ".5151111 351.19 10.629 101711.91 0.00697 .. 2 0.01233 0.1175 0.00653 1.23519 1. 06110 
50 ..... 5115 3"1.610 10.398 91029.911 0.0073389 0.01226 0.1121 0.00&3& 1.231&1 1.0509 
52 ... 311525 3"3.C8 10.110 11110.51 0.00772&3 0.01200 0.71110 0.00619 L.22790 1.0311& 
5 .. 10.31621 337.9& 9.9106 8017 .1& 0.00811015 0.07156 0.11010 0.00603 1.22/007 1.0303 
56 ... 210"&9 332.16 9.711 1362.32 0.00115762 0.010&1 0.708 0.005113 1.22010 1.0296 
511 10.170:'0 327.101 9.1086 &7105.107 O~ 0090330 0.069&8 0.615 0.005&5 1.21599 1.0313 
6Q 10.09392 321.17 9.258 6161.56 0.0095207 ~"0611&0 0.&1010 0.005107 L.2117& 1.0353 

62 10.011055 315.67 9.028 %00.76 0.0100&11 ~.0&1"1 0.615 0.00529 1.20738 1.010210 
6,. 3.932"11 309.99 11.805 5095.96 0.010&017 0.11&621 0.51111 0.00513 1.Z02117 1.010911 
66 3.1110770 3010.23 11.517 4&22.83 D.01117"& 0.0&502 0.5&2 0.00"97 1.191\23 1.0592 
611 3.76032 298.0e 8.351 10176.35 0.01160109 0.0&373 0.5311 D. DUlo82 L.193 .. 5 1.01010 
10 3.67030 292.29 8.132 3711.24 0.012/0239 0.06241 0.516 0.004&11 L.18851o 1.01105 
75 3.435101 218.52 1.590 2930.73 0.0140215 0.0590" 0.465 D.OOIoIoO 1.11579 1.106& 
110 3.19080 2&7.53 1.0&2 2300.01 0.015"946 0.05&010 0.1021 0.001024 1.1&2&1 1.1223 
85 2.941051 ~60.93 6.539 1856.32 0.01651101 D.05342 0.3116 0.001019 L.l1091o5 1.1252 

, 90 2.70&4& 2511.21 6.1110 15&2.101 0.0170305 !I.0510r. ·0.358 0.00429 1.13&62 1.1101 
95 2.1085&11' 259.21 5.171 13&9.27 0.01&90411 0.010908 0.331 G.00450 1.12520 1.0833 

100 2.287&2 2&3.11 .. 5.10910 1250.83 0.0162298 0.010750 0.322 0.004115 1.11 .. 114 1.01046 
105 2.11102& 210.96 5.281 1178.85 D.0152552 0.010629 0.311 D. 00530 1.10582 1.0011 

, 110 1.9&408 280.20 5.1010 11310.96 0.01 .. 111&7 0.04556 0.3010 D. 00 5114 1.0980& 0.9563 
115 1.831027 290.89 4.954 1106.35 0.0131688 0.010515 0.300 0.UD6103 l.1i9137 0.916& 
120 1.7215 .. 302.82 ".825 10811.2 .. I)~ 0122307 0.0101091 0.2911 0.00704 1.011559 0.88310 
125 1. &22!l7 315.59 ".109 1015.94 0.0113927 0.010479 0.296 0.007&8 1.08056 0.8565 
130 1.53&08 329.21 10.605 10&11.94 0.010&3<;2 0.044710 0.296 0.001132 1.01613 D.831011 
1100 1.39026 358.38 10 .418 10&2.01 0.0093&5& 0.010101010 0.298 o. CO 952 1.06873 0.8113 
150 1.27258 3119.29 ".251) 1059.32 0.00113661 0.0105111 0.303 0.01090 1.06219 0.185& 
L60 1.17531 "21.1110 Io.nlo 1058.10 0.0075618 ,0.010619 0.309 0.01232 1.05769 0.1&72 

L10 1.09351 455.62 3.951 1059.22 0.00&9023 0.0107110 0.315 0.01371 1.QS37~ 0.7575 
180 1.023107 1090.&8 3.816 1059.85 0.00635/00 0.010963 0.321 0.01555 L.05026 0.71007 
190 0.96272 530.11 3.650 1!l&0.51 0.0056910 0.05229 0.3103 0.01739 1.010725 0.13&7 
200 0.91000 567.23 3.525 10&0 .11 0.0054117Q 0.05107& 0.35& 0.01933 1.010462 0.7287 
220 0.82113 6 .. 4.28 :3 .313 10&0.57 0.001o!l343 0.05921 il.319 0.02315 1.0101320 0.7170 
240 0.1109211 123.22 3.ilt3 1060.30 0.001&3/012 0.06315 0.391 0.026610 1.03&0/0 0.110& 
260 0.68978 1103.77 3.001 1059.55 0.00394&5 0.0&&12 0.1013 0.030109 1.033&9 0.7063 
280 0.&395& 1185.21 2.882 1056.108 0.003&226 0.01000 0.1026 0.03413 1.03121 0.7032 
300 0.59652 966.95 2.182 1057.22 0.0033513 0.073010 0.1039 0.03779 1.02909 0.1009 
320 0.55917 10108.96 2.6911 1055.85 0.00312010 0.01590 0.1050 0.010147 1.02725 O. &991 

3100 0.52&1t1 1l30.11 2.621 10510.103 D. ilU29211 0.018&0 0."61 0.04521 1.025&10 0.6977 
360 0.109742 1212.09 2.568 1052.98 0.0027472 0.08116 0."1Z 0.04900 1.02/022 0.6966 
lIIO 0./01151 1293.18 2.51& 1051.510 0.002<;939 0.083&1 0.482 O. 05286 1.02295 0.695& 
.. 00 0 ... 101135 1373.65 2.473 1050.13 0.002"577 0.08596 0.1091 0.05&79 1.02181 o. &9107 
/020 0.102131 l1t53.36 2.1035 10108.75 0.0023358 0.08821 0.501 0.0&0110 1.02078 0.6939 
It 100 0.100832 1532.410 2.10010 10101.100 o. 00222'j9 0.09039 0.510 O. 0&1090 1.01985 O. &932 
.. 60 0.39094 1 & 1 o. &15 2.37& 10106.11 0.0021263 0.092109 0.520 0.069011 1.01900 O. &c}26 
.. 80 0.37501 1&88.31 2.353 101010.65 0.002035& 0.0910510 0.529 0.0733& 1.011122 0.6920 
500 0.3&035 17610.9" 2.333 10103.65 0.0019526 0.09652 0.538 0.07772 1.01750 O. &915 
520 0.34&81 18100.91 2.31& 1042.49 0.00187&3 0.0911"5 0.5"7 0.062111 1.016810 0.6910 

5"0 0.33413 1918.18 i.301 1042.22 0.0015034 0.100310 0.556 0.08&81 1.01622 0.6902 
560 0.32251 1992 .50 2.289 1041.08 0.0017385 0.~02111 0.565 0.09147 1.01565 0.68'l7 
51111 0.311:'8 20&&.30 2.278 1039.<)8 O. 001&7~3 0.10399 0.5710 0.09622 1.01512 0.68'l2 
600 0.30156 213<).60 2.269 1036.910 0.001&222 0.10578 0.583 0.10106 1.0110&3 O. & 8 88 
&50 0.27896 2320.6& 2.251 1036.52 O. 00 1/09]7 0.11013 0.605 0.11359 1.01353 0.6878 
100 0.259510 21099.73 2.2311 1034.35 0.0013913 0.111038 0.&28 0.12672 1.01258 0.6670 
800 0.227117 2853./08 2.221 i030.&1o 0.0012190 0.12266 0.&72 0.15/o;r6 1.01104 0.&85a 

11100 0.18325 3558.M 2.198 .t02~.09 0.00097~1 0.13893 0.15"1 D.21711? 1.00887 0.6644 
2000 o. 09271 7353.33 2.0100 1012,% O. DO 04937 0.27723 1.162 0.823&4 1.00/048 0.54~0 

3000 0.0&207 11854.31 1.832 1008.611 0.0003305 0.39377 1.521 1.61940 1.00300 0.51046 

10000 0.0106&10 17189.08 1.63& 1006.1" 0.00021065 0.53109 1.11109 2. &6640 1.00225 o. <; 353 
500e 0.03720 2&1&1./00 1.296 1000.&2 0.OG01999 0.83700 2.1&0 4. 30294 1.00HO 0.10857 

• TIID-P~ASE BOUNORY 
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c-Zc T~ER"OD1NlHIC PROPE~TIES OF NOPHAL "'''D~O(iEN 

1200 PSU IS:l8l1t 

TE"PERATURE VOLUltE ISOTHER" ISOCHORE ItUERNlL ENTHALPY ENTROP" ev CP VELOen., 
DERIVATIVE DERIvATIVE ENERGY OF SOUND 

OEG. R tu fT/L8 CU FT-PSIA/L8 PSIA/R BTU/L8 BTU/La BTU/L8-R BTU I L8 -R fTlSEe 

• 29.393 0.19.1 .. 1 38 .. 9.5 .. 81.5131t 96.16" 1"0.029 3./00889 1.196 1.5&2 4826 
30 0.19791 3803.110 111.4350 97.0011 1/00.985 3.4/0109 1.211 1.590 4811 
32 0.1'1963 3655.75 80.21117 99.889 144.24" 3.54636 1.257 1.&73 4748 
34 0.20143 3493.80 110.3731 102.931 141.68'1 3.65063 1.299 1.771 46911 
36 0.20334 3341.04 80.0450 10&.136 151.320 3.75442 1. '335 1.863 10651 
311 0.205311 3197.79 79.3918 109.500 155.1311 3.11579& 1.3&7 1.952 4600 

"0 0.20754 3055.82 78.4684 113.013 159.130 3.9&051 1.395 2.0311 /05411 

/02 0.209111 2935.88 77.3537 116.668 163.290 ... 0620" 1.419 ~.117 .. SO .. 
"4 0.21220 2790.00 7&.1400 120.456 1&1.&07 ... 16240 1 ..... 2 2.20/0 4 .. 45 
1t6 0.21 .. 74 2652.0 .. 7 ... 1530 124.391 112.101 ... 26227 1 ... 61 2.289 .. 3117 
.. 8 0.21741 251&.09 73.2/069 1211."<;9 17&.7&'1 4.36129 1 ... 79 2.375 "32& 
50 0.22024 2384.<;8 71.&295 132.667 1111.60& ..... 5<;90 1.49& 2.462 426/0 
52 0.22324 2256.6l 69.90116 137.011 111&.61& 4.55806 1.511 2.550 4201 
54 0.22&1;2 2130.67 68.0854 11,1 ... 92 191.804 4.65592 1.523 2. &38 4135 
56 0.229110 20011.81 &6.1519 llt&.101 197.170 /0.75352 1.534 2.728 40&1 
58 0.23338 11191.27 64.1501 150.852 202.711 4.85011 1.5"5 2.817 39911 
60 O.2l7n 1115.27 &2.0140 155.128 20S.1t34 4.94182 1.553 2.910 3925 

62 0.24124 16&<;.1& 59.9541 1&0.732 214.338 5.04465 1.561 2.999 31155 
64 0.24555 15&8.11 57.11059 165.863 220.426 5.14131 1.567 3.089 37115 
66 0.25013 l1t11.41 55.6481 111.115 226.&91 5.23119 1.573 3.182 3711t 
611 0.255U2 1382.05 53.4911 116."S7 233.1'54 5.33418 1.571 3.273 3& .. 5 
10 0.26022 1291.59 51.3355 181.911 23'1.791 5.43039 1.580 3.362 3571 
15 0.27471 1101l.19 45.911& 196.111 251.16a 5.66984 1.583 3.5112 3 .. 09 
eo 0.29154 961.84 40.8401 210.76& 215.548 5.90108 1.588 3.111 3253 
85 0.31085' 848.98 36.1055 225.552 294.&24 6.131116 1.603 3.939 3108 
90 0.332&1 168.12 31.8865 ~40.110 314.&19 &.36679 1.612 4.053 2991 
95 0.35&6/0 717.12 28.2142 255.118 335.025 6.58146 1.619 /0.102 2902 

100 0.38251 688.14 25.0152 210.&59 355.655 6.79922 1.622 1t.091 21138 
105 0.4U16 &71.6& 22.4112 284.954 31&.007 6.99801 1.&19 4.040 2199 
110 0.43789 &81.66 20.1118 298.&88 395.990 1.18380 1.61& 3.9109 2178 
115 0.46&45 695.08 18.292'1 311.831 415.486 7 •. 35695 1.613 3.844 2170 
120 0./09513 714.84 16.1096 324.1035 434.458 1.518&2 1.612 3.140 217.2 
125 0.52373 738.11 15.3751 336 .. 539 452.917 1.66921 1.613 3.64& 2180 
130 0.55219 1&3.54 14.2381 348.211 470.918 1.81048 1.616 3.565 2193 
140 0.601160 621.90 12./0114 310.615 505.851 8.06931 1.621 3.421 2832 
150 0.&&it02 883."8 11.0165 :;92.0311 539.588 8.30228 1.&46 3.328 2817 
1&0 0.71843 948.99 9.9180 412.834 572.414 8.51468 1. &11 3.256 2127 

110 0.77193 1013.88 9.0295 /t33.240 604.1&9 8.11041 1.&99 3.207 2978 
180 0.82455 1079.46 8.2948 453.430 636.651 8.89258 1.731 3.115 3029 
190 0.8l'&41 1144.54 7.&166 474.154 6608.900 9.06641 1.784 3.115 3012 
200 0.92762 1208.98 1.1/091 494.442 l' 00 .565 9.22896 1.820 3.161 3122 
220 1.02835 133&.12 6.2953 535.3;!7 163.834 9.53050 1.892 3.110 3220 
240 1.12532 1456.21 5.&095 576.111. 826.8~6 9.80479 1.961 3.178 3306 
260 1.22211 1578.09 S.0199 618.982 890.544 10.05934 2.026 3.202 3399 
280 1.31773 1&97.94 1t.6503 &62.036 954.845 10.297&1 2.08& 3.233 3491 
300 1.41241 181&.11 4.29111 105.919 1019.167 10.52171 2.140 3.263 35112. 
320 1.50&32 1')32.86 3.9856 150.581 1085.291 10.13318 2.188 3.293 3611 

340 1.59~60 20 /te. 43 3.1225 195.961 1151.410 10.93383 2.231 3.321 3158 
360 1.69235 2162.98 3.4933 e41.994 1218.047 11.12405 2.269 3.346 3844 
no 1.181,65 2216.61 3.2916 888.614 12(15.116 11.305&9 2.30~ 3.369 3929 
400 1.81657 2389.61 3.1127 935.754 1352.141 11.47869 2.331 3.389 4012 
1&20 1.96816 2501.91 • 2.9528 983.344 1420.683 11.64452 2.356 3.406 4093 
440 2.05946 2613.64 2.8091 1031.325 1488.952 11.80318 2.318 3.422 Itl1/t 
.. &0 2.15051 2724.81 2.6790 1019.646 1557.506 11.95519 2.397 3.435 4253 
/t80 2.24135 2835.66 2.5608 1128.262 1626.307 12.10219 2.413 3.446 4331 
500 2.33200 2946.01 2.4528 1117.111 1695.298 12.24302 2.426 3.454 4"08 
520 2.42247 3056.13 2.3537 1226.161 1764.1052 12.31870 2.431 3.462 4484 

540 2.51430 3171~ 24 2.2608 1275.898 11534.594 12.51042 2.441 3.4&& 4562 
560 2.61)431 3280.40 2.1166 1325.331 19010.046 12.63644 2.454 3.470 4635 
580 2.69432 3389.31 2.0986 1374.160 1973.1059 12.15831· 2.460 3.474 107015 
&00 2.111411 31098.00 2.0262 1424.325 2042.989 12.87624 2.465 3.1016 4180 
&50 3.00841 3168.93 1.8656 1548.401 221£ •• 891 13.15419 2.474 3.480 4956 
700 3.23220 4038.95 1.1289 1612.13,) 2390.949 13.41287 2.479 3.1082 5126 
800 3.67882 10577.03 1.5088 1<)21.699 2739.161 13.1177&1 2.484 3.481 5451 

1000 4.56~71 5648.59 1.203& 241<).960 3435.417 14.&5429 2.490 3.482 &049 
2000 9.01123 10980.79 0.6001 4969.081 &911.44~ 17.096&0 2.6410 3.631 8351 
~QOO 13.44839 16305.26 0.4000 775$.234 t0743.566 18.62320 2.931 3.917 10041 

/0000 17.89102 21&2a.70 0.3000 10836.864 14U4.31l4 19.19213 3.26& 4.261 11432 
5000 22.41413 26951.90 0.2400 141t54.151 19435.471 20.81971 4.080 5.151 12552 

• TWO-PHASE BOUNORY 
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TtofPHOOY NA "I C PFlOPEPfIES OF NOPf1AL HfO:>OliEN C-2,' 

1200 PSU ISOBAR 

TE"PERATURE DENSITY V(OIf.lDVlp V'OP/DUI V -V(OP/OV'T (OV/OT,/V THfR"AL VISCOSITY THEIU1A1. DIELECTRIC PRANDTL 
CONDUCTIVITY DIF'F' US JVITY CONSTANT NUMBER 

DEG. R LB/CU F'T STU/LS F-SIA-CU FT/STU PSIA l.10EG. R STU/FT-HR-R LB/FT-~EC SQ FT/lfR 
X 10 

• 29.393 5.06571 373.76 13,"51 19500.67 0.0041800 0.05853 2.059 0.007"0 1.2661t; 1.97114 

30 5.05279 315.25 13.313 !92i'.ldI4 0.0042370 0.05972 1.979 0.007 .. 1 1.265102 1.11970 

32 5.00933 381.70 12.1109 18312.116 il. !J043837 0.06299 1.755 0.00752 1.26296 1.67~J 

3 .. ...96105" 382.25 12 ... 63 17345.11 O. OQ46 338 0.0653" 1.577 0.007"3 1.260102 1.5392 

36 ... 91779 383.011 12.190 161060.06 0.00108610 0.06742 1. 1,32 11.00736 1.25777 10 42109 

38 ... 8611'J3 3112.80 11.929 15569.111 0.0050991 0.06972 1.lt.? 1).00734 1.25501 1.3i!Z6 

100 ... 81833 3112.311 11.6710 14723.95 0.0053293 0.07147 1.211 O. ao 72 II 1.25216 1.2"33 

102 10.76611 382.95 11 ... 36 13992.71 0.0055261 0.07278 1.126 0.00721 1.2"922 1.1786 

.. 4 4.71259 380.56 11.208 13148.13 0.00579a9 0.07373 1.052 0.00710 1.2 .. 621 1.1321 

106 10.65687 3711.16 10.9115 12350.20 0.0060528 0.07433 0.91111 0.00697 1.2 .. 308 1.09t;0 

108 ... 59966 375.25 10.766 11573.15 0.00&3290 0.0110610 0.931 0.00681 1.23987 1.06611 

50 ,..5 .. 051 372.111 10.5"6 10827.22 0.006&157 (l.071071 0.881 0.006&8 1.2365& 1.0452 

52 ,..47955 368.72 10.330 10108.62 0.0069!C;7 0.07459 0.636 0.00653 1.23316 1.02116 

5 .. 4.101660 364.65 10.122 91010.31 0.OO723C;2 0.07429 0.795 0.00638 1.22965 1.0163 

56 4.35161 360.40 9.908 87101.5 .. 0.0075662 0.07354 0.758 0.00620 1.22603 1.0116 

58 ".28 .. 81 355.91 9.693 8103.7" 0.0079161 0.07269 0.723 0.00602 1.2~232 1.0094 

60 10.215911 350.83 9 ... 81 74810.53 0.0082916 0.07175 0.&92 0.00585 1.21851 1.C099 

62 4.1 .. 519 3"6.15 9.268 6918.99 0.0011&652 0.07077 0.662 0.0056<) 1.21459 1. UOII 
6,. 10. 0 72ft7 341.38 9.1!59 6388.53 0.0090"8lt 0.06972 0.635 0.0055 .. 1.21058 1.0130 

66 3.99711& 33&.39 8.8109 58112.108 Q.009lt600 0.06863 11.609 0.00539 1.20& .. 7 1.0174 

68 3.92130 3H.57 8.648 5"19.42 0.0098703 0.06750 0.565 0.00S26 1.20226 1.0219 

70 3.8"297 326.62 8."55 498&.61 0.0102947 0.0663" 0.5&3 0.00513 1.19797 1.0210 

75 3.6"017 31".41. 7.977 403&.17 0.011391lt 0.0&337 0.512 0.00 .. 8& 1.18690 1.0"16 

80 3.43007 30".64 7."99 3299.17 0.01237!19 0.0604" 0.lt611 0.0.0467 1.17550 1.0521 

85 3.21703 297.93 7.000 2731..20 0.0132197 0.05787 0.432 0.00"57 1.16402 1.0577 

90 3.00648 293.52 6.578 2309.35 0.013801'6 0.055&5 0.1001 0.00"57 1.15275 1.0524 

9S 2.80398 292.37 6.21& 2011!.78 0.Oh0315 0.053611 0.377 0.00 .. 61 1.1 .. 198 1.0378 

100 2.&1 .. 34 293.97 5.914 1799.05 0.0139381 0.05202 0.358 a.0048& 1.13196 1.016 .. 

105 2 ... 40 .. 3 2911.05 5.673 1&53.79 0.0135550 0.05064 0.3 .... O. DO 51 .. 1.122&2 0.9888 

·110 2.28369 30".63 5.468 1556.70 0.0i.2~619 0.04970 0.33" 0.00551 1.11 .. 63 0.9551 

115 2.14386 313.12 5.289 1 1.90 .• 15 !l.0122759 0.04904 0.327 0.00595 1.1073& 0.9215 

120 2.01965 323.15 5.132 1443.72 0.0115740 0.0"857 0.322 0.006 .. 3 1.10093 0.8917 

125 1.90937 33 ... 2& 4 .. 992 1 .. 09 ..... 0.0109061 0.0"823 0.319 0.00693 1.09524 0.8&69 

130 1.81097 346.21 4.865 13112.75 0.01029&9 0.04799 0.317 0.00743 1.09018 0.8"72 
litO 1.6 .. 311 372.90 4.6 .. 1 1350.lt7 0.00919010 0.Olt731 0.31& 0.00840 1.08159 0.62106 

150 1.50598 "01.96 ..... 4S 1330.51 0.0082799 0.0 .. 7711 0.3111 0.00953 1.074&0 0.7'382 

160 1.39193 433.62 4.:?65 1320.92 0.0075084 0.0"856 0.322 0.01072 1.06682 0.7775 

170 1.295ft5 46&.51 4.103 1313 ... 3 1I.00667lt7 0.0"936 0.328 0.01188 1.06394 0.7651 

180 1.21279 501.10 3.952 1309.15 0.,0063360 0.05133 0.336 0.01333 1.05978 0.748" 
190 1.1 .. 101 54 O. 22 3.771 1305.94 0.00581'32 0.05386 0.350 0.01"87 1.05617 0.71037 

200 1.07803 ; 77.31 3.6 .... 1303.31 0.00510853 0.05621 0.3&3 0.016 .. 6 1.05301 0.7365 

220 0.972103 65/0.27 3 ."21. 1299.29 0.0048452 0.060lt5 0.38" 0.019&1 1.0lt773 0.7258 

2 .. 0 0.8111163 733.02 3.218 1294.0 .. 0.00433lt9 0.06"23 0.402 0.02275 1.0 .. 356 0.71£:0 

260 0.81526 814.00 3.064 1291.29 0.0039340 0.06767 0.417 0.02582 1.04006 0.7104 

280 0.758811 895.74 2.938 12811.54 0.0035090 G .070 84 0.430 0.02888 '1.03711 0.7068 

300 0.70ll-01 977.83 2.1133 1285.113 0.0033372 0.07380 0.4 .. 2 0.03194 1.03459 0.70 .. 0 

320 0.6&387 1060.21 2.7 .... 12.83.17 0.0031061 0.07659 0 ... 53 0.D3503 1.032 .. 1 0.7019 

3 .. 0 0.62516 11"2.34 2.669 1280.59 0.0029069 0.07923 0.1064 0.031117 1.03050 0.7002 

360 0.59D!19 122 ... 09 2.606 1278.10 0.0027332 0.0817 .. 0.107 .. 0.04135 1.02881 0.6988 

31111 0.56033 1305.55 2.552 1275.70 D.0025802 0.08"16 0.lt1l4 0.0 .... 59 1.02731 0.6976 

.. 00 0.53289 1386.311 2.506 1273.ltO 0.002104"4 0.086lt8 0.494 0.0 .. ,89 1.02596 0.6965 

.. 20 0.50809 1466 ... 3 2.lt6& 1271.19 0.0023229 0.081171 0.503 0.05126 1.02474 0.695& 

10 .. 0 0."8556 1545.114 2."32 1269.09 0.0022135 0.09087 0.513 0.05470 1.02363 0.6'347 

460 0."&501 16210.39 2.40 .. 1267.011 0.00211lt3 0.09296 0.522 0.05821 1.02262 0.69"0 

480 0 ..... 616 17 02.31 2.379 1265.16 0.002a2101 0.09500 0.531 0.061110 1.02170 0.6933 

500 0.42882 1779.21 2.3511 1263.32 0.0019415 0.09697 0.540 0.065 .. 6 1.020135 0.692& 

520 0.41280 1855."5 2.339 1261.57 1).0016057 0.09890 . 0.5lt9 0.06921 1.02007 0.6920 

5 .. G 0.39773 1933.63 2.323 1261.28 0.0017925 0.10079 0.558 0.0731l. 1.01933 0.6911 

560 0.311397 200e.14 2.310 1259.51' 0.0017281 0.102&3 0.567 0.07102 1.01666 0.6905 

580 0.37115 2082.11 2.298 1257.9" 0.0016683 0.104lt5 0.576 0.08102 1.01603 0.6900 

600 0.35917 2155.57 2.2811 1255.39 0.0016127 0.10624 0.585 0.08509 1.017lt4 0.6895 

650 0.332100 2336.96 2.268 1252.80 O. DO 14891 0.11060 0.608 0.09561 1.01&14 0.6883 

700 0.30939 2516.29 2.254 1249.60 0.00138l6 0.11 .. 87 0.630 0.10665 1.01501 0.6874 

800 0.27183 2870.42 2.235 1244.16 0.0012127 0.12320 (\.675 0.13021 t.01318 0.6860 

1000 0.21883 3576.11 2.209 1236.08 0.0009737 0.13960 0.762 0.18320 1.01060 0.68105 

2000 0.11097 7372.15 2.0"5 1218.57 0.0004925 0.27723 1.11">9 0.688011 1.00537 0.5513 

3000 0.07lt36 11573.83 1.835 1212.43 0.0003299 0.39373 1.531 1.35173 1.0015'3 0.54610 

4000 0.05589 17171.22 1.6"3 12011.91 0.0002481 0.5290" 1.1162 2.22147 1.00270 0.5399 
5000 0.04'.61 25809.010 1.318 1202.42 0.0001996 0.81791 2.175 3.55921 1.o021t; O ... 930 

• TWO-PHASE BOUNORY 
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C-Ze T~ERH~JYNAHIC PROPERTIES OF NOR~~L ~TOq~GEN 

HOD PSII ISOBAR 

TE"I'ERUURE VOLUitE ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP !lELOCITY 
OERIIiATIIiE DEIHIIUIIiE ENERGY OF SOUND 

lEG. R CU FTfLB CU FT-PSIA/LB PSIA/R BTU/LB BTUII.Il BTU/L8-R BTU / LB -R FTISEC 

• 30.083 0.19'i99 1t021.09 112.30118 96.696 1107.50& 3.lt15311 1.210 1. 'i10 10917 

32 0.1975 .. 3881.09 112.0930 99.3117 150.597 3.'i11t97 1.252 1.65. IollT3 

310 0.19921 3732.011 111.3356 102.335 153.97!1 3.617101 1.2'110 1.73'( 101117 

36 0.20099 35112.1110 111.1'11'1 105.1t37 15T.5101 3.71926 1.331 1.1127 10772 

38 0.20287 310310.10 110.6932 108.688 161.280 3.1120&7' 1.3610 1.913 10724 

ItO 0.20"11& 321111.21 79.9293 112.01110 1&5.191 3.92114 1.3'13 1.997 10673 

102 0.20695 31"11.90 711.9511 115.616 169.267 10.020&2 1.10 111 2.077 1t623 

.... 0.20915 303&.711 77.1103& 119.2711 173 ... 911 10.111198 1.10101 2.151 10'583 

106 0.211106 2900.68 7&.5889 123.0&8 177.61311 10.21&101 1.10&1 2.231 10530 

"S 0.21381i 276&.5& 75.23 .. 1 12&.9111 1112.102~ 10.31255 1.1079 2.311 1.1075 
50 0.2161010 2&310.'90 73.7&0& 131.021 187.130 ".10 08&9 1.1097 2.·392 101017 

52 0.219 13 2508.17 72.18107 13'i.187 191.993 4.503911 1.<;12 2.1073 10359 

510 0.2219& 2386.09 70.515!! 139.475 197.016 1t.591H5 1.525 2.0;52 .. 300 

56 0.22 .. 9& 2265.39 &6.76211 1 .. 3.1182 202.200 ·ft.69301 1.538 2.633 .. 239 

511 0.22811 2150.53 &&.92<1& 146.1007 207.5102 10.78&77 1.5108 2.712 10178 

60 0.231103 2038.0& &5.0239 153.0106 213.010" 10.11600& 1.558 2.792 1011" 

62 0.23 .. 9 .. 1931.20 63.0&19 157.798 2111.705 10.97292 1.56& 2.871 10050 

6 .. 0.238&5 182<1.105 &1.0&43 1&2.&0;8 2210.0;25 5.0&533 1.573 2.9 .. 8 398& 

&& 0.210255 1732.34 59.0473 1&7.&23 23').502 5.10;730 1.579 3. 027 3922 

68 0.2 .. 6&7 1&40.39 57.0205 172.&87 23&.&3/t 5.24851 1.0;8" 3.10 3 3858 

70 0.25101 1551.20 55.0059 177.842 242.'H5 5.339115 1.587 3. 111 0 379 .. 

75 0.2&297 1356.43 50.0153 191.H3 259.285 5.5&555 1.592 3.3&0 361t5 
80 0.27655 1197.40; .. 5.1&&3 201o.ti23 27&.51& 5.7157157 1.5<1& 3.52& 3501 

85 D.2U81o 10&9.92 100.590;10 218.&0;7 29/t.314 &.00347 1. &11 3.&76 3363 

90 0.30887 971.12 3&.4147 232.920 312.991 &.217G2 1. &20 3.791 3245 

95 0.32757 899.57 32.6721 2"7.227 332.147 &.42418 1.&2& 3.11&6 31108 

100 0.3"776 1151.08 29.3772 2&1.5310 351.&89 &.62"76 1.630 3.901 3072 
1'05 0.3&9iO 822.74 2&.5098 275.4&0 371.171 6.111505 1. &215 3.692 3019 

110 0.391&1 II 06.14 24.0350 289.0310 390.555 6.99527 1. &25 3.1158 2981 

115 0.41470 !I 07.68 21.9000 302.199 .. 09.707 7.1&535 1.&23 3.798 2959 

120 0.431120 815.98 20.0631 3110.936 10·23.536 7.32561 1.&23 3.727 29107 
125 0.10&189 630.90 18. /t837 327.2510 410&.99 .. 7./t 7&39 1.&23 3.&54 2910 .. 
130 0 ... 85&1 850.57 17 .122 .. 339.178 10&5.070 7.&1825 1.&2& 3.582 29107 

1100 0.5329& 697.07 . 14.91&0 3&2.095 500.2&1 7.1179010 1.&36 3. /t62 2966 
150 0.5799& 951.29 13.21112 384.0"7 534.397 8.1141'1 1.&53 3.369 2997 
160 0.62&100 1009.48 11.876& "05.3100 5&7.728 8.3299& 1.&78 3.302 .3034 

170 0.&7225 1069.'18 10.7<.103 42&.2010 &00.1079 8.521110& 1.705 3.253 3075 
180 0.71749 ,1132.91 9.8934 4/t&.1112 &32.1115 S.71322 1.737 3.219 311<:1 

190 0.1&219 1195.24 '1.11001 10&7.919 6&5.510 8.118910& 1.790 3.219 3155 
200 0.80&33 1258 ... 3 6.4991 4611.552 697.58& 9.05/t12 1.82& 3.2011 3201 
220 0.89322 1384.01 7./t62& 530.0 .. 2 7&1.&03 9.35922 1.896 3.20& 3291 

2"0 0.971153 1508.53 &.&&010 572.093 1525.768 9.63657 1.9&7 3.219 J381 
260 1.0&018 1623.12 &.0347 &110.7118 6119.&31 9.89361 2.033 3.2107 310&6 
280 1.1 .. 2&11 1743.46 5.4775 &58.248 9510.1079 10.13420 2.092 3.257 3510& 
300 1.22 .. 33 11162.19 5.04112 702.436 1019.63 .. 10.35965 2.1/t5 3.2810 3635 
320 1.30527 1979.51 ... &8102 747.3&4 10115.7106 10.57250 2.193 3.312 3722 

340 1.365&3 2095.&2 4.3712 792.9810 1152.199 10.771017 2.235 3.337 3807 
3&0 1.46550 2210.70 4.0991 839.220 1219.140 10.<:1&52& 2.272 3.360 3892 
380 1.0;4495 2324.89 3.8601 118&.025 128&.542 11.147&10 2.30& 3.382 3975 

1000 1.&2 .. 05 21036.30 3.&46/t 933.333 1354.35/t 11.32127 2.33/t 3.401 /t057 
420 1.70283 2551.0 .. 3.459/t 981.076 . 1 .. 22.521 11.1087&6 2.359 3.417 /t137 

10"0 1.T8135 26&3.16 3.289& 1029.195 1/t90.99& 11.&"&79 2.381 3. /t32 4217 

460 1.859&3 2774.81 3.1362 1077.642 1559.737 11.79982 2.1000 3.41010 4295 
1080 1.93771 2885.9& 2.99&9 1126.375 1&28.710 11.9"658 2.41& 3.4'i4 4312 
500 2.015&0 299&.71 2.8697 1175.331 1&97.861 12. II 11774 2.429 3./t62 41049 

520 2.09334 3107.09 2.7531 122/t.482 17&7.1&3 12.22371 2.440 3.1069 4524 

510B C!.17263 3224.24 2.&43& 1274.3112 1837.&16 12.35590 . 2. ~ 49 3.1073 4&02 

560 2.2 .. 997 3333.59 2.S .. 4& 1323.910 1907.197 12.46214 2.(;:;7 3.476 .. 675 

5110 2.32720 3442'.&8 2.4530 1373.41& 197&.72 .. 12.60422 2.1062 3.1079 47H 
&00 2.40ft33 3551.53 2.3678 1423.057 204&.360 12.72233 2.467 3 ... 111 .. 818 
650 2.59&76 3822.79 2.1794 1547.3010 2220.496 13.00124 2.47& 3. /t84 4992 
700 2.781180 10093.0& 2.0193 1&71.7&S 2394.740 13.25961 2."111 3.4115 51&1 
800 3. 1719.J /t&31.51 1.7&15 1920.9106 27ftl.24" 13.72494 2." 155 3. /t83 51084 

1000 3.93599 5703.42 1.4047 2/t19.496 3 .. 39.671 110.50164 2.491 3.464 &079 
2000 7.743"11 11035.61 0.7001 49&9.020 &976./t55 1&.94458 2.645 3.&31 15378 
3000 11.5 .. &8 .. 16359.83 0.466& T7~:;.226 10748.&52 iR.47122 2.931 3.917 100&4 

10000 15. 35ft .. 5 21&153.09 0.3500 10113& ... 95 1 .. 8 17. a 13 19.&3948 3.259 ... 253 11449 
5000 19.22& .. 9 27006.15 0.2800 141025.9910 19"10.306 20.&6107 4.02& 5.090 12574 

" TIIO-PHASE BOUNORY 
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THEI1MOOfNA"IC PROPERT IES OF NOI1'4AL tolfO'lO(;EN (,"-2(" 

1~00 PSI' IS08AR 

TE"PERATURE OENSny V'OIl/OY'p V (DP/DU'V -V (OP/Ollt.r 
(OV/OT\/Y THERMAL VISCOSITY THER14Al DIElECTRIC P~ANOTl 

CONOUCTIVITY OIFFUSrVny CONSTANT NUMBER 

OEG. R l8/CU FT BTU/I.B PSU-CU FT-IBTU PSIA 1/0EG. R BTU/FT-HR-R l8/FT-SEC Sf:! F TlHR 
X 105 

• 30.013 5. 102'1 IS 391.100 13.33'.> 20516.31 0.00100119 0.06076 2.U'.> O. DO 1;~ 1.2&823 1.96110 

32 5.0&229 395.810 12.9108 19& .. 7.17 0.0~Io17"Io 11.0"100'.> 1.!S80 1I.01I'i1r;./f, 1.26'.>9& 1.7 .. 7& 

31t 5.0198" ~ 00.02 12.523 1873 ..... 5 0.OilIo3 .. 15 0.06&56 1.&86 0.O07&~ 1.2&355 1.583 .. 

36 1t.'H'.>"3 1001.09 12.257 17326.17 0.00 .. 5',; .. & 0.06878 1.528 II. aD 7',;7 10 2&10.3 1 ... 60& 

38 4.92931 10 01. 32 12.002 16927.73 0.00 .. 761;9 0.07123 1.197 0.00755 1. 258'+'"! ~ • :;. 5 09 

Ita It. 8111 .. 6 ItOl.02 11.755 1&051.29 0.00Cr.979& 0.07313 1.211a 0.00750 1.25572 t..2&&2 

102 10.83202 1t00.3 .. 11.523 15215.55 1!.00511188 0.07"57 1.195 0.007103 1.25293 1.1'3119 

It~ 1t.78123 .. 01 ..... 11.295 1 .. 519.5 .. O. o0535~5 0.075&3 1.U6 0.00735 1.25007 1.11030 

Iofa It. 728')5 399.&1 11.011& 13717.19 0.00558110 0.07635 1.0 .. 11 0.0072 .. 1.2 .. 713 1.1021 

411 ... 67510 .. 397.37 10.877 1293 ... 88 0.005816" 0.07678 0.988 0.00711 1.2 .... 12 1.0702 

50 1t.&2032 39".8& 10.665' 121710.09 0.0060588 0.07698 0.934 0.00696 1.210103 1.0 .. 5 .. 

S2 ~.563&0 392.11 10."59 11 .... 6.28 0.00&306 .. 0.07697 0."117 o. DO 6112 1.23785 1.0257 

510 ... 50525 389.05 10.261 107109.910 0.0065596 0.07679 0."1010 0.00668 1.231059 1.00'l8 

5& 4.ltlo533 385.58 10.061 10070.39 0.00&8282 0.07615 0."05 0.006;1 1.2312',; 1. 0 O~~ 

58 ".38389 382.015 9.860 91027.70 0.0070,)93 0.075100 0.770 0.00&3 .. 1.22783 0.99&8 

60 1t.3209o 378.110 9.662 8806.210 0.00731118 0.011t57 0.737 O. 00 61" 1.221t32 If, "1935 

62 ".25&35 37".21 9.1t62 8219.86 0.007&719 0.07370 0.707 0.00603' 1.2207" 0.9"11" 
61t 1t.19032 370.15 9.266 7665."1') 0.9079656 0.07276 0.679 0.00589 1.21708 0.9905 

6ft 4.12286 36f..08 9.067 71102.22 0,008267 .. 0.0717"1 0.653 0.00575 1.21336 O. <3911 

611 4.05'+01 3&1.69 &.877 6650.15 0.00857"3 IJ.O 70 77 0.&29 0.00563 1.20956 O. "1922 
7!J 3.983113 357.32 8.698 6179.71 0.0089010 0.06973 0.&06 0.00550 1020570 0."19 .. 7 
75 3.1I!!275 310 7.06 8.263 51G5.77 0.00%"21 0.067olt o .551t 0.00525 1.19577 1.0003 

80 3.61&02 338.07 7.821t 10330.01 0.010"310 0.0&1t36 0.510 0.00505 1.185511 1.00c& 
85 3.,.2651t 332.00 7.352 3666.12 0.0110731 0.06179 0."73 0.001t90 1.17531 1.012 .. 

90 3.237&3 327.32 6.91t3 31101t.11t 0.0115818 0.05"156 0.10"1 0.00485 1.16513 1. 010,. 
. 95 3.05278 324.95 &.581 271t6.11 0.01115973 a.0576~ '0.415 0.00 .. 88 1.15522 1.0012 

100 2.87553 321t."I" 6.26"1 2lt1t7.2Q 0.0120039 0.05596 0.393 0.001t99 1.110578 o. q 870 

105 2.70859 327.13 6.013 2228.106 0.01189&0 0.051t51 0.376 0.00517 1. '-369 It O. "167,. 

110 2.55359 331.27 5.791 20£13.65 0.01161t68 0.05346 0.3&3 0.0051t3 1.12876 0.91t311 

115 2.101139 337.77 5.59" 1947.62 0.01121t"5 0.052&7 0.353 0.00575 1.12130 0.9172 
120 2.28206 3lt5.95 5.1t18 111&2 .11 0.01077"" 0.05203 0.31t6 0.0061Z 1.111055 0.8922 
125 2.165114 355.58 5.260 1798.<)2 0.01027"9 0.05152 0.31tl 0.00651 1.108ft6 0.86'l9 

1'::'0 2.05925 366.1t,. 5.115 1751.510 0.0097756 0.05110 0.337 0.00693 1.10297 0.8510 
140 1.87632 390.68 1t.860 1683.19 0.00811618 0.050 lit 0.3310 0.00772 1.09354 0.8300 
150 1.721025 418.09 ... 637 16"0.26 0.00B0586 0.0503& o .331t 0.G0667 1.08573 0.801t3 
160 1.596 .. 1t 1048.0 .. 4.435 1611.56 0.00736'l6 0.05097 0.336 0.00967 1.0792;) O. 78ltl 

170 1.108755 10 79. 87 4.251t 1591.65 0.0067193 0.0515!! 0.3"0 0.01066 !.073&7 0.7721 

180 1.39375 513.79 10.087 157').QO 0.0062656 0.05315 0.31t6 0.01165 1.06891 0.7538 
190 1.31201 552.23 3.892 1568.17 0.00582115 0.05556 0.359 0.01316 1.06"78 0.71t'l3 
200 1.2'+019 589.07 3.753 1560.70 11.005"457 0.05779 0.371 0.011052 1.D6!!6 0.71019 
220 1. 1195 It 665.65 3.512 1549.1t6 0.001t81&3 0.0&182 0.391 0.01722 1.05509 0.7306. 
2100 1.0219,+ 71t5.01t 3.313 15,.1.63 0.001t320" 0.065"2 0."08 O.0198'l 1.115020 0.7225 
260 0.91t321t 823.67 3.11t8 1530.98 0.0039 .. 17 0.06871 0.1022 0.022'+10 1.01t628 0.7180 
280 0.87513 907.13 2.993 1525.78 0.0035900 0.07176 0.1t35 0.02518 1.01t288 0.7101 
300 0.81677 989.1t8 2.882 1520.99 0.0033190 0.071t62 0."1t6 0.02782 1.113'l98 O. n10 
320 0.76612 1072.15 2.789 1516.510 0.0030867 0.07733 0."57 0.030,.a 1.037 .. 7 0.70,.5 

3100 0.72169 1151t.59 2.710 1512.39 0.0028903 0.07"191 0.1t67 0.03318 1.03527 0.7026 
360 0.6823& 1236.65 2. 6 10 It 1508."9 0.0027171t 0.08237 O.lt77 0.03592 1.03333 0.7009 

no 0.61t7Z7 1318.1t2 2.587 1501t.83 0.0025651 0.08"71t 0.1087 0.03871 1.03159 0.6'3'35 
1t00 0.61575 1;'99.56 2.538 1501.37 0.002"300 0.08703 0.1t96 0.01t156 1.03001t 0.6'l83 

420 0.58n6 1lt79.91 2."97 l1t98.12 0.0023092 0.08921t 0.506 0.0"10"7 1.028&3 0.6972 

It ItO 0.5&137 1559.60 2.461 11t95.04 0.0022001t 0.09138 0.515 0.01,;7 .. 3 1.02736 0.6<)62 

460 Ii.53771o 1636.1t3 2.1t31 1"92.13 0.0021016 0.093'+',; 0.521t 0.050"6 1.02&20 0.6953 

1080 0.51607 1716.60 2.Io0lt 1"8'l.37 0.0020122 0.095108 0.533 0.05356 1.02513 0.6"1,.5 

500 0.4%13 1793.76 2.382 l1t66.75 0.0019302 0.097'+10 0.5 .. 2 0.05673 1.021t15 0.6938 

520 0.,.1171 11170.22 2.362 11t81o.27 0.0'JUS,.9 0.0 "I9J7 0.551 0.0599& 1.02325 0.6'331 

51t0 0.1t6027 i'l1t9.3" 2 .31t5 lIt8".03 0.001781'-' 0.101,,5 0.560 0.06335 1.02239 0.6920 

560 0.41t1t1t5 2024.0& 2.331 l1t81.62 0.0017175 0.10309 0.570 0.06673 1.02162 0.6913 

580 0 ... 2910 2098.18 2.318 l1t79.32 0.001&5!12 0.101t91 0.579 0.07017 1. 0208~ 0.69~7 

600 0."15')2 2171.77 2.307 1 It 77 .11t 0.0016030 0.10670 0.586 0.073fi9 1.02022 0.6901 

650 0.38509 2353."6 2.28& 1472.13 0.001'+80" O.lHOII 0.&10 0.08279 1.01871 O. 6!1~'l 

700 0.35858 2533.02 2.270 l1t67.68 0.0013758 0.11531 9.633 0.0<)232 1.01741 0.66711 

800 0.31527 2887.50 2~21t9 11060.15 0.00120& .. 0.12375 ,0.677 0.112&8 1.01530 0.680,3 

10 DO 0.25"07 3593.&0 2.219 14109.01t 0.00096'3" o .1,1t02& 0.7&6 0.15M~ 1.01232 0.6645 

ZOOO 0.!.2911t 7390.92 2.050 11025.1',; 0.0001t913 0.27723 1.176 0.5'l1?" 1.00&25 0.5546 

JO DO 0.08&&0 11893."5 1.8~ii 1"16.82 0.00032'l3 0.3936'l 1.51tl 1.160510 1.00 .. 19 0.5520 

1t0OO 0.065'13 17162.0'3 1.61t9 l1t12.17 0.00021t76 0.527"5 1.875 1. gO 1028 1.00315 0.5"43 
5000 0.05201 255100.17 1.337 l1tOIt.63 0.0001993 0.80306 2.190 3.0331'+ 1.00251 O. ""1'38 

• TWO~PHASE BOUMOR' 
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Co2e TI'EP.HOO1NII1IC PQOPERTIES OF NOPl1lL HYDROGEN 

lfoOO PSU ISOBAR 

TE"PERATURE VOLUHE ISOTHERI1 ISOCHORE INTERNll ENTHALPY ENT,RO::>Y .cV CP VELOCITY 
DERIVATIVE DEI\IVATIVE ENERGY OF SOUND 

DEG. R CU FTlL8 CU FT-PSIA/LB PSU/R BTU/L8 RTU/lS BTU/lS-R BTU I LB -R FUSEe 

• 30.757 0.19lt65 1t1811.10 113.1021 97.261t 154."135 3.42181 1.222 1.5711 5005 
32 0.19560 409,"1.93 113.0149 "II}. 977 15&.929 3.41153& 1.249 1. &31 4979 
3 .. 0.19719 39511.13 112.752S' 101.1151 1&0.274 3.511&&9 t.290 1.711t 4935 
:J& 0.19883 3808.93 112.2369 1010.1159 161.767 3.611&56 1.327 1.795 41185 
!a 0.20058 36&6.24 111.90111 108.013 1&7.43"1 3.711&16 1.3&1 1.1179 41143 
40 0.20242 3521.112 111 0 2735 111.31)5 171.2711 3.111110 711 1.391 1. "160 4795 

102 0.20lt36 3371.113 8Q.4176 114.729 175.271 3.9112311 1.416 2~ 038 .. 7 .. 5 
.... 0.20:;40 3241.46 79.38117 118.2711 179.1t29 4.0711'H 1 ... Ita 2.115 4696 

"6 0.201152 3127.14 78.2169 121.946 1113.727 It .174 30 1."61 2.1115 4656 
.. II 0.21076 3005.0Z 7&.9840 125.733 188.175 4.2&878 1.1t 80 2.2511 1t610 
50 0.213Q1i 21176.7; 75.&563 129.63 .. 1"12.166 4.36236 1.1t98 2.33" .. 5511 
52 0.21553 271t9.21t 74.21211 133.651 197.507 ... 1t5r;Z6 1.511t 2.ltl0 4503 
Sit 0.211110 2626.50 72.6727 137.781 20?.398 ... 5 .. 752 1.527 2. It II It It It 4 II 
5& 0.22079 2509.75 71.0519 l1t2.019 207.1t35 4.63912 1.5100 2.557 .. 391t 
58 0.22362 2398.3& 69.3598 146.367 212.&21 ... 7301.5 1.552 2.629 1t339 
60 0.22&58 2287.86 61.60'29 150.1119 217.951 ... 112053 1.562 2.101 1t2112 

62 0.229&9 21112.05 65.7865 155.311 22J.1t23 &,.91029 1.571 2.772 422 .. 
64 0.23295 2019.54 63.92311 160.021 229.040 4.99946 1.578 2.81t2 .. 165 
6& 0.23&37 1981.93 62.0302 16 ... 165 231t.796 5.081103 1.<;85 2.911 4106 
68 0.23995 111811.6" 60.1225 169.596 240.&118 5.17597 1.591 2.978 40 .. 7 
70 D.24370 1799.95 58.2112 17 .... 507 246.711 5.26326 1.59" 3.0 .. 1t 3990 
75 0.25390 1595.42 53.4789 181.11" 262.339 5."7875 1.600 3.205 38"8 
80 0.26533 1427.06 "8.8698 200.125 218.737 5.&9032 1. &05 1.351 3715 
as 0.21110'+ 1289.05 4 ..... 672 213.250 295.&2& 5.89"8e;! 1.&Z1 :i.1t87 3585 
90 0.29202 1177,"6 40.3642 226.822 313.341 &.097'+5 1.629 1.595 3lt70 
95 0.3012& 1089.61 3&.6182 2 .. 0.lt96 331.530 &.29415 1.635 3.679 3370 

100 0.323&9 10 26.1t1 33.2"911 25 ... 272 350.17lt 6.,.8552 1.638 3.728 3289 
i05 0.34117 981.49 30.2599 267.791 3&8.870 6.66813 1.637 3.l1t8 3227 
110 0.35951 953.32 27.6220 281.01l1t 387.599 6.8,.225 1.635 3.7"2 3179 
115 0.31857 '.I 36.18 25.3061 29".099 406.262 1.00798 1.633 3.721 lllt3 
120 0.398lEi 931.91 23.2816 306.802 42 ... 767 7.165&7 1.633 3.662 3120 
125 0.411\09 936.19 21.5087 319.178 10103.041 7.31 .. 80 1.633 3.628 3107 
130 0 ... 3823 9"9.52 19.9602 331.224 .. 61.060 7."5616 1. &35 3.575 3101 
1 .. 0 0."7812 985.5& 17.4086 354 ... 71 496.305 7.717'35 1.645 3."72 lt04 
150 0.51911 1030.79 15.1t279 37&.779 531).5110 7.95396 1.661 3.390 3121 
160 0.55931 1081.10 1J.8525 398 ... 4 .. 564.155 11.17079 1.685 3.329 31 .. 7 

170 0.59919 11 36. 71 12.571t0 .. 19.670 597.196 11.37104 1.712 3.284 3178 
180 0.638&9 11910.61 11.5156 .. 40.&23 &29.850 8.55762 1.7 .. 3 3.252 3213 
190 9.61778 125".59 10.6282 1t62.049 1'162.659 8.73555 1.79& 3.251 32 .. 1t 
200 0.71647 1315.70 9.8710 482.983 695.256 8.9018& 1.832 3.240 3283 
220 0.T~279 1"38.31 8.6lt85 525.015 759.900 9.20996 1.90 .. 3.235 3365 

2"0 0.1I&78t. 15&0.7& 7.7056 567.535 1124.6 .. 7 e;!.4918!+ 1.973 1.246 3 .... 9 
260 0.94160 H81.90 6.9539 610.711 889.6!!15 9.75169 2.038 3.265 3533 
280 1.01445 1801.96 &.31t11 654.566 955.1,.4 9.99425 7...097 3.288 3618 
300 1.083&4 B10.32 5.8384 699.073 1020.130 10.21872 2.150 3.314 369 .. 
320 1. '.5 .. 80 2027.95 5.3893 744.269 108& .411 10.1,32&1 2.197 3.329 3173 I: , 
3 .. 0 1.22543 21 ..... 1,2 5.0255 790.111 1153.171 10.6352 .. 2.239 3.352 3857 
360 1.295&0 2259.85 4.7096 1136.5 .... 1220.400 10.8271" 2.276 3.371t ,3940 
380 1.36536 2374.40 4.4325 883.527 1288.0513 11.01020 2.309 3.394 .. 021 
1t00 1."3483 21+88.1& ".1811t 930.99" 135&.101 11.1641t3 2.338 3.412 4102 
420 1.503e;!9 2&01.Z3 3.9689 978.882 142 ... 479 11.35133 2.362 3.428 .. 182 
.... 0 1.57290 2713.70 3.1727 11127.13" 1"93.141 11.51091 2.38" 3.1t41 42&0 
1t60 1.64158 2825. £;3 3.595& 1075.702 1562.0&5 11.6&1t33 2.402 3.452 4337 
480 1.71008 2'137.07 3 ... 3 .. 9 1124.547 1631.202 11.81145 2."18 3 ... 62 4414 
500 1.77840 3048.09 3.2883 1173.607 1700.50" 11.95291 2.431 3.470 4 .. 89 
520 1.8465& 3158.72 3.151t0 1222.853 1769.946 12.08915 2.1t42 3.416 45&1t 

540 1.91f,~7 3278.10 3.0276 1272.911 18 .. 0.718 12.22181 2.452 3.479 46 .. 2 
560 1.98 .. 2& 3387.58 2.913& 1322.527 1910.417 12.34827 2.459 3.482 .. 71 .. 
580 2.0519" 349".79 2.6082 1312.113 1980.054 12.47054 2."65 3.48" 47116 
600 2.11':152 3505.75 2.7103 1421.828 204e;!.1e;!2 12.58882 2.1069 3.486 4856 
650 2.281111 31117.23 2.4938 1546.237 2224.151 12.86809 2.477 3.488 5029 
700 2."5:;30 "147.67 2.3100 1&10.832 239'}.575 13.12673 2.482 3."86 5197 
1100 2.79178 .. &86.33 2.0141t 1920.221 271t7.361 13.59241t 2 ... 8& 3."86 5517 

1000 3.1t&0&3 5758.39 1.&058 2 .. 19.03e;! 344 ... 3 .. 3 14.36973 2.4e;!2 3.1085 6108 
2000 5.79258 110e;!0.19 0.6001 4%8.918 6<;161.10&2 16.81269 2.&45 3.631 8399 
3000 10.12058 1&41 ... 01 0.5H2 7755.246 10753.136 18.33e;!S6 2.931 3.917 10081 

.. 000 13.45191 21737.01 0.3999 10834. &18 14'20.123 lC).5072e;! 3.253 10.247 11 .. 65 
5000 16.';3&19 27059.90 o • 319e;! 110 .. 02.8 .. 9 19391.018 20.521,06 3.982 5.0"2 12595 

• TWO-PHASE OOU~ORY 
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, .. E""OOYNAHIC PROPERTIES OF NOP~AL HYD~O~EN C-2t: 

11i00 PSIA fSleAR 

'TE"~ERATURE DENSITY V CDIIIOV'p VCOP/OU'V -VCDP/DV'T (DV/OT'/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL 
P CONDUCTIVITY OIFFUSIVITY CONSTANT, NUHBER 

OEG. R L'B/CU FT BN/LB PSIA-CU FT/8TU PSU 1/0EG. R BTU/FT-HR-R'LB/FT-SEC sa FTlHR 
)( 10 5 

• 30.757 5.1lil2 408.56 13.236 21515.64 0.0038&2 .. 0.O&2'l0 2.172 0.0077& 1.27022 1.'l&13 

:J2 5.112"1 411.70 12.'l'l6 20%0.50 O.00H605 0.06506 2.011 0.00780 1.26881 1. 8 lit .. 

3 .. 5.07126 lti5.70 12.61t7 20072.611 0.001t12?~ 0.06770 1.7'17 0.00779 1. 2661t1 1.637& 

36 5.029'71 "18.12 12.322 191<;7.0& 0.00 .. 2928 0.070011 1.62& o. 00776 1.26 .. 10 1 ... 991t 

311 ".9115&5 "19.26 12.073 18278.&1 0.00"10807 0.07267 1 ... 115 0.0077& 1.26161 1.3817 

.. 0 ... 9 .. 022 1t19.53 11.831 17398.56 0.00 .. 6713 0.07 .. 70 1.367 0.00772 1.2590 .. 1.2908 

.. 2 ".89331 "18.92 11.603 16528.75 0.00 .. 8&53 0.07&27 ,1.267 0.00765 1.25639 1.2189 .... ".8 .. 502 "18.32 11.381 1570".9<; 0.1;050550 0.077 .... 1.182 0.00756 1.253&6 1.1617 

46 ".7955'l "18.9& 11.1&7 1"996.51 0.0052157 0.07827 1.108 11.007"7 10250811 1.1138 

.. 8 It. 7 .... 51 "18.2" 10.96& 1 .. 258.25 0.0053993 0.078110 1.0 .... 0.00735 1.2 .. 802 1.0771 

50 ".6929" ,,1& ... 9 10.765 135nu ..... 0.00560"0 0.07910 0.988 0.00722 1.2 .. 510 1.0 .. 91 

52 ".63971 .. 1 ... 18 10.567 12755.67 0.0056180 0.07919 0.937 0.00708 1.2"212 1.02&9 
5 .. ".58509 "11.59 10.317 120"2.72 0.006031t6 0.07911 0.892 0.00695 1.23906 1.0086 

56 ... 5291" .. 09.08 10.185 11366.99 0.0062507 0.07855 0.852 0.00678 1.23593 0.9980 
58 ".47186 406.53 '30995 10725.12 0.0064670 0.07769 0.815 fJ.00662 1.23273 0.9898 

60 ..... 1336 "03.43 9.809 10097.1 .. 0.006&953 0.01715 0.781 0.00647 1.229"7 0.9840 

62 ... 35365 10 0 O. 28 9.621 9499.116 0.0069250 0.07636 0.750 0.00633 1.2261" 0.9796 

6 .. 10.2927" 396.85 9.436 8926.'31 0.0071606 0.07552 0.721 0.00619 1.22276 0.97&5 

66 ... 230&8 393."9 9.249 8384.89 0.0073979 0.074&3 0.6'3" 0.00606 1.21932 0.97'+7 

68 ... 16752 389.91 9.069 7870.S2 0.0076366 0.07370 0.669 ~. 00594 1.21582 0.9735 

70 ''.103~3 386.17 8.898 7385.79 0.00TS815 ,0.07275 0.6 .. 6 0.00582 1.21228 0.9728 

75 3.93853 376.55 8.487 6283.60 0.00651!l9 0.07027 o .591t 0.00557 1.20321 0.97'+5 

80 3.76684 368.75 8.076 5378.37 0.0090863 0.06717 0.549 0.00537 1.19391 0.9766 

8S; 3.596&5 363.56 7.629 4&36.27 0.01)95912 0.0&535 0.510 0.005'!1 1.18 .. 53 O.98Q2 

90 3.'+24102 359.1& 7.236 "032.12 0.0100107 0.06309 0.477 O.OU512 1.17520 0.9794 

95 3.25"55 356.26 6.8112 35106.20 0.0103260 0.06112 . 0 ... 50 0.00511 1.1660 .. 0.97"1 

100 3.08937 355.55 (,.569 3170.95 0.010"858 0.05946 0 ... 26 0.00516 1.15718 0.9626 

105 2.93113 356.33 6.308 2876.87 0.0105183 0.05798 0."07 3.00528 1.1467" 0.9"61 
110 2.76154 359.21 6.075 2&51.70 0.0104167 0.05688 0.392 0.00546 1.14079 0.9265 

115 2.6"11o~ 363.61 5.866 2"72.92 0.'0102333 0.05601 0.380 0.00570 1.13339 0.9086 
120 2.51158 370.12 5.678 23"0.56 0.0099"70 G.05527 0.370 0.00598 1.12656 0.8863 
125 2.39U5 378.55 5.506 224".01 0.0095850 0.05"63 0.3&3 0.00629 1.12026 0.6685 

130 2.28193 388.10 5.348 2166.74 0.DQ92121 0.05408 0.358 0.00663 1.11 .. 510 0.8519 
140 2.08890 410.56 5.067 2058.7 .. 0.008'+'560 0.05269 0.352 0.00729 1.10"51 0.8311 
150 1.9263& 436.26 ... 821 1985.68 0.0077696 0.05290 0.3~0 0.00810 1.09&11 0.806 .. 
160 1.78791 "6'+.75 ".599 1933.99 0.0071627 0.05333 0.350 0.0089& 1.08899 0.7870 

170 1.66892 495.42 4.'+02 1897.07 0.006&281 0.05379 0.353 0.011981 1.08290 0.7752 
180 1.56571 528.25 ... 220 1870."1 0.0061567 0.05505 0.356 0.01081 1.0776 .. 0.7575 
198 1."75101 566.26 '+.011 1851.0" 0.0057418 0.05735 0.369 m.01196 1.07305 ' 0.7531 
200 1.39573 :, 02.1&7 3.661 11136.36 0.0053753 0.05947 0.380 0.01315 1.06901 0.74H 
220 1.2613& 678.69 3.601 1814.23 0.00'+7670 0.06329 0.399 0.01551 1.06222 0.734 .. 
2'+0 1.15233 757.72 3.369 1798.51 0.00428 .. 5 0.06670 0.'+15 0.01783 1.05674 0.72&3 
260 1.06202 838.77 3.213 17116.22 0.0036931 0.0698" 0.428 0.02el" 1.05221 0.7201 
2aD 0.98576 920.98 3.067 1776.31 0.0035698 0.07276 0 ..... 0 O. 02245 1.048 .. 0 0.7153 
300 0.92282 1000.51 2.943 17&2.88 0.0033119 0.07551 0.451 0.02 .. 69 1.0 .. 526 0.7119 
320 0.66595 108,+.67 2.1133 1756.10 0.0030&89 0.07813 0.461 0.02711 1.042'+3 0.7070 

3 .. 0 0.8160 .. 1167.36 2.751 17"9.93 0.0028718 0.01106" 0 ... 71 0.02948 1.03995 0.70 .. 8 
360 0.7718'+ 12'+9. E>9 2.681 17 .. 1t.25 0.0027001 0.0830 .. 0.481 0.03189 1.03775 0.7029 
380 0.73239 1331.73 2.&21 1739.00 0.0025'+119 0.08537 0'''90 0003'+3" 1.03580 0.7013 
.. DO 0.69695 1413.13 2.570 173".11 0.00210147 0.08762 0."99 0.036810 1.03"05 0.7000 
420 0.66490 1493.7" 2.527 1729.55 0.00229'+7 0.08979 0.508 0.039"0 1.0324& o. &987 
.. 40 0.&3577 1573.68 2.'+89 1725.29 0.0021867 0.09191 0.518 0.0" 201 1.03102 0.6'!176 
.. &0 0.&0917 1652.75 2."57 1721.28 0.0020889 0.09396 0.527 1).0 .. 468 1.02971 0.6966 
.. 80 0.58477 1731.16 2.'+29 1717.51 0.0019999 0.09597 0.53& 0.047 .. 0 1002851 0.6'!1S7 
~oo 0.56230 1808.53 2.40& 1713.95 0.0019185 0.0971)3 0.5 .. 5 (1.05019 1.027'+0 0.f.949 
52Q 0.54155 1885.20 2.385 1710.60 0.0016"38 0.0998'+ 0.551t O. OS 304 1.02&38 O. &941 

51t0 0.52179 19&5,.42 2.3&7 1710."8 0.0017700 0.10172 0.563 0.05604 1.025101 0.6929 
560 0.50397 20 .. 0.2 .. 2.351 1707.23 0.0017067 0.1035& 0.572 0.05902 1.02454 0.6922 
580 0 ... 873'+ 2114.49 2.338 170'+.1'+ 0.001&479 0.10538 0.581 0.0620& 1.02372 0.6914 

&00 0."7181 21811.20 2.326 1701.21 0.0015'!132 0.10717 0.590 0.06516 1.0229& 0.6'!108 
&50 0 ... 370 .. 2370.14 2.303 1694.51 1).0014717 0.1115& 0.&12 0.073111 1.02125 0.66'1" 
700 0."0712 25 .. '!I. 92 2.28& 1688.59 0.0013660 0.11587 0.635 0.08159 1.01979 0.611112 
800 0.35819 2904.69 2.262 1&76.62 0.0012000 0.12429 0.680 0.09954 1.017 .. 0 0.66,,5 

1000 0.28139& 3:.11.16 2.230 1&&3.97 0.0009650 0.1"091 0.769 0.13993 1.011t02 0.6e~6 

2000 0.14722 7409.64 2.055 1632.69 0.0004')01 0.27723 1.183 0.51861 1.00712 0.5579 

lOOO 0.09881 11913.12 1.8"1 1621.85 0.0003268 0.39366 1.551 1.01715 1.00478 0.55<;7 

10000 0.07 .. 3 .. 17158.83 1.65'+ 1615.90 0.0002475 tl.52617 1.1188 1.66675 1.00359 0.5ltA6 

5000 0.115940 25327.76 1.353 1607.25 0.0001991 a.79109 2.206 2.6417 .. 1.00287 0.50r,0 

" TWO-PHASE 80U~DRY 
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C-Ze THEFHocrNAHlC PROPERTIES OF NOPI1Al H'fO~OGEN 

UOO ?SU ISOBAR 

TE"PERATURE VOLUH£ ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY ·CV CP' VELOCITY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

DEG. R CU FT/llS CU =T-PSIA/lB PSlA/R BTU/l8 BTU/lB BTU/lB-R BTU I lB <-R FT/SEC 

• 31./t18 0.193311 /t351.011 113.11912 97.1163 162.3111 3."2817 1.23/t 1.586 S090 
32 0.193110 /t310.IIS 113.11715 911.652 163.2/t8 3."5750 1.Z .. 6 1.610 50711 
31& 0.19530 /t172.71 113.7055 101 ... 5" 16&.5/t8 3.557"9 1.Z117 1.690 50311 
36 0~19:'86 /t034.7/t 113.311"0 ' 10"_ 392 170.0011 ' 3.656"0 1.32/t 1.769 "998 
lIS 0.1911S0 31197.2" 112.90113 107./t62 173.62" 3.75"47 1.357 1.8"6 /t956 
.. 0 0.20019 37/t9.4S IIZ.S1II .. 110.655 177 .380 3.115096 1.388 1.927 10911 

.. 2 0.20200 3:' 0<).66 81.7111111 113.983 . 1111.311 3.9"690 1 .... 1 .. 2. 002 1t1166 .... 0.20389 3 .. 67.10 80.11603 117."31 18S.390 ... 04172 1.4311 2. 077 IoU6 

.. 6 0.2058& 33 .. 6.ft5 '79.7912 120.993 1119.610 ".13537 1 ... 60 2.1 .. 7 .. 775 

.. 8 0.20793 3223. e3 78.S956 12 ... 670 193.976 ".2Z813 1 ... 79 2.216 "730 
50 0.21009 31 05.112 77.339S 1211 ... 5 .. 198.,,79 4.31992 1."<)8 2.285 ' .. 685 
52 0.2123/t 2983.28 76.0319 . 132.3"5 203.120 ..... 108S 1.515 28356 .. 636 
5,. 0.21"69 286".70 710.61"5 136.3 .. 2 207.899 ".50100 1.529 2.425 451111 
56 ' 0.21715 2746.99 73.10"11 1 .. 0 ..... 0 212.1117 ... 590 .. 5 1.5 .. 2 2 ... 9 .. "536 
58 0.21971 2633.67 71.5273 1 ..... 639 Z17.871 ... 6791 .. 1.555 2.S62 .. .. 8 .. 
60 0.22239 252"."9 69.8901 1411.935 223.06g ... 7671" 1.565 2.628 .... 32 

62 0.22519 2 .. 17.110 68.2003 153.32" 228.382 ... 85443 1.575 2.695 .. 378 
6 .. 0.221111 2317.22 66."617 157.805 233.837 4.9"105 1.583 2.758 .. 325 
6& 0.2311& 2218.6" 6".686" 162.371 239."20 5.0269" 1. S91 2. !l22 .. 271 
68 0.231t3" 2124.119 62.8840 167.016 2 .. 5.125 5.11211 1.596 2.883 .. Z17 
70 0.2.1766 2035.00 61.0691 171.735 250.')50 5.19653 1.600 Z.9 .. 2 4163 
75 0.2"&SII 1831.54 56.5 .. 74 183.824 266.012 5 ... 0 .. 1') 1.607 3.0111 4033 
80 0.2S6107 16"6.13 52.1257 1%.285 281.770 5.&0751 1.6110 3.222 3902 
85 0.26736 15 0 ... 27 "7.8801 208.849 297.')63 5.80365 1.630 3.3 .... 3782 
90 0.27925 1381.C2 .. 3.8&32 221.877 31 ... 953 5.99793 1.&38 3.10 .. 9 3670 
95 0.29211 12810.106 .. 0.1 .. 73 235.036 332.399 6.18659 1.610" 3.S28 3573 

100 0.30590 1205 ..... 36.7536 2 .. 11.3 .. 6 350.307 6.370"1 1.61011 3.589 3 .. U 
105 0.32057 11 .. 8.50 33.69310 261.1076 368.327 6.54642 1.64& 3.&21 3421 
110 0.33&00 1107.68 30.9501 27 ..... &9 38& ... 62 6.71501 1.&4 .. 3.633 336~ 

115 0.35207 1080.56 28.5068 287.269 404.&19 6.8762 .. 1.& .. 3 3.628 3325 
, 120 0.3&1167 1064.63 26.3392 299.8 .. 2 1022.72" 7.03053 1.6"2 3.610 3293 

125 0.38567 1058.01 24."189 31~,16,9 44t. 717 7.177 32 1.6103 3.5810 3270 
130 0."02911 1059.81 22.7166 3~4.233 1o'i.S50, 7.31727 1.6 .. S 3.5"9 325 .. 
1 .. 0 0.431106 1082.20 . 19.8&88 3"7.646 1093.657 7.57742 1.6510 3."69 32103 
150 0.4733S 1118.85 17.6220 370.203 527.975 7.811033 10670. 3.397 3247 
160 0.50860 1163.52 lS.11237 392.138 561.660 8.03187 1.692 3.3"1 3Z63 

170 0.510371 1212 ... 1 1 ... 3603 1013.&39 5910.862 11.23308 1.719 3.301 32115 
180 0.5711511 1265.39 13.1"112 1t34.862 627.708 11.42075 1.749 3.27" 3312 
190 0.61321 1320.62 12.1259 .. 56.555 660.910" 11.599')1 1.802 3.275 3334 
200 0.6"756 1378.86 11.2560 477.7"4 693.581t 8.767106 1.837 3.264 3369 
220 0.715 .. 6 1 .. 97.35 9.81087 520.2"6 758.717 9.07789 1.909 3.260 3 .... 2 
240 0.78232 1617.39 8.7621 563.1811 823.9410 9.36187 1.979 3.270 3519 
260 0.8 .. 816 1737.03 7.8')7.9 606.7"2 8119 ..... 10 9.6235& 2.04" 3.2117 3598 
280 0.91318 165&. && 7.19310 650.956 9S5.329. 9.8&770 2.103 3.308 3678 
300 0.9774& 1975.03 6.&072 &95.832 1021.&30 10.09&&2 2.155 3.3211 3759 
320 1.010109 2092.07 6.1123 741.335 1088.3lt4 10.31185 2.202 3.3"9 3839 

3 .. 0 1.1010 .. 2194.6& 5.6962 7117.3"1 115".329 10.51217 2. 2 It! 3.372 3909 
360 1.1&36 .. 2310.31 5.32101 833.9610 1221.1117 10.70"85 2.280 3.387 3988 
380 1.22588 2"25.09 5.0011" 88.1.115 1289.713 10.118856 2.312 3,"06 .. 068 
1,00 1.287110 2539.08 ... 729" (128.73" 1357.973 1'1.06334 2.341 3.423 10147 
.. 20 1.3 .. 945 2652.40 ..... 809 976.761 1"26.5109 11.23072 2.365 3.10311 "226 
.... 0 1.41087 2765.09 ... 2580 1025.139 1495.398 11.39072 2.387 3.1050 .. 303 
460 1 ... 7208 2S77.25 ... 0570 1073.82" lS61o."85 11.54"S2 2.405 3."61 10380 
.. 80 1.53310 2988.91 3.117"6 1122.776 1633.776 11.69197 2 ... 21 3.470 4 .. 55 
500 1.5939& 3100.14 3.7083 1171.935 1703.221 11.113372 2.433 3."77 .. 530 
520 1.654611 3210.98 3.5562 1221.273 1772.797 11.97022 2 ... 4 .. 3."83 1060 .. 

5 .. 0 1.71733 3332.78 3.4127 1271 ... 85 18 .. 3.889 12.1033" ' 2 ... 5 .. 3."115 ..6112 
560 1.77767 3 .... 2 .• 3 .. 3.2836 1321.186 1913.703 12.23001 2 ... 61 3."87 "754 
580 1.83791 3551.61 3.1643 1370.851 1')83.1046 12.352107 2.4&7 3.10119 .. 825 
600 1.891105 3660.63 3.0536 1420.6311 20S3.281 12.47091 2.471 3.1091 10119 .. 
650 2.0101108 3932.23 2.8087 1545.205 2227.852 12.75052 2." 79 3.492 S066 
700 2.19770 .. 202.75 2.6011 1669.932 2 .. 02 ... 52 13.00942 2.1084 3.1092 5232 
800 2.49611 .. 7 .. 1.48 2.2&75 1919.525 2751.508 13.47S4,) 2 ... 87 3.488 5S50 

1000 3.090119 5813.50 1.806<) 2"18.605 310"8.833 1".25317 2.493 3.486 6137 
2000 6.0S293 111 .. 4.52 0.')000 .. 968.957 6986.466 16.6%72 2.6 .. 5 3.631 8 .. 19 
3000 9.01117 1&1,67.62 0.59<38 7755.292 10758.817 18.223"3 2.931 3.917 10097 

1t000 11.<37222 21790.4') 0."499 10833.09<3 14823.S73 19.39073 3.2"9 4.2"1 111080 
5000 14. ')7759 27113.16 0.359') 1"383.715 1937S.915 20.403"9 3.9 .. 6 5.001 1261 .. 

• TNO-PHASE BOUNDRY 
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TtlEP"ODfHIMIC PROPERTIES OF NOP.M4l HYDQl~EN <: -2e: 

11100 PSU ISOBAR 

TEMPERATURE DENSITY 'VCOH/DV'p V COP/DUty -V COP/DV'T (OV/OTVII THERMAL VISCOSITY THERHll DIELECTRIC PRANDTl 
CONDUCTIIIITY OIFFUSIVITY CONSTArH NUMBER 

OEG~ R L8/CU FT BTU/lB PSU-CU FTl8TU PSIA 1/0E~. R 8 Tlj/FT-HR-R LB/FT-SEC SQ FTlHR 
)( 105 

• 31./018 5.17125 /025.32 13.1108 22500.51 0.003728 .. 0.06503 2.228 O. DO 793 1.27216 1.9559 

32 5.15997 .. 26.88 13.0"1 222"3.88 0.0037705 0.06603 2.1"9 0.007CJ5 1.27151 1.88S& 
3 .. 5.120lt6 It31.50 12.&99 21366.16 0.0039177 0.0&881 1.91 .. O. DO 195 1.2692& 1. 693~ 

36 5.07913 .. 3 ... 88 12.391 201t95.39 0.00 .. 068 .. 0.07130 1.727 0.00793 1.2&&95 1.5lt27 

38 5.03719 .. 37.19 12.126 19633."9 0.00"2228 0.07"02 1.57" 0.00796 1.26 .. 57 1. 1t129 
.. I ".99524 /037.31t 11.903 18729.40 0.00 .... 058 0.07620 1 ..... 7 0.00792 1.2621& 1.3176 

.. 2 ".9505/0 1t37.50 11.681 17869.71 0.00 .. 57&9 0.07188 1.3 .. 0 0.00786 1.25963 1.2lt03 

.... ".90 .. 58 /036.8/0 11."61 1700".63 0.00"7552 0.07916 1.2"11 0.00777 1.25703 1.1793 

.. 6 4.115758 "37.38 11.251 16257.59 0.0049079 0.08009 1.170 0.00768 1.25 .. 37 1.128& 

1t8 ".80921 .. 37.10 11.01t6 1550".11 0.0050693 0.08071 1.101 0.00757 1.25165 1.01162 

50 ... 759116 .. 36.711 10.8 .. 7 1 .. 783.28 0.0052316 0.011110 1.0"1 0.007"6 1.2 .. 881 1.0559 

52 ".7091t7 .. 35.35 10.659 1"01t9.69 0.005 .. 11& 0.011128 0.988 0.00733 1.2 .. &0 3 1.0307 
5 .. ".65795 "33.61 10.1t 77 133 .. 3.&1 0.0055918 0.08128 0.9"0 O. DO 720 1. 2 .. 31 It 1.0097 

56 ... 60522 .. :U.53 10.292 12650 ... 1 0.00577118 0.08080 0.897 0.00701t 1.2 .. 018 0.9971 

58 ... 551/05 .. 29.32 10.109 11987.0" 0.0059671 0.08021 0.859 0.00688 1.23717 0.9873 

60 ..... CJ660 .. 26.90 9.930 11351.61 0.0061568 0.0795" 0.8n 0.00613 1.23"11 0.9791t 

62 ....... 071 .. 2 ... 23 9.753 10736.73 0.00&3521 0.071183 0.791 0.00659' 1.23099 0.9735 
6 .. ".38379 .. 21.59 9.5111 ,10158.22 0.00&5 .. 27 0.07805 0.761 0.006"5 1.22782 0.9681t 

66 ".325H .. 18.75 9.401 9597.77 0.0067397 0.07723 0.73 .. 3.00&33 1.22 .. 61, 0.9650 
68 ".2672& "15.7& 9.231 9067.46 0.00&9351 0.07637 0.708 0.00621 1.22135 0.9622 

10 ".20170 1t12.53 9.068 8562.65 0.0011320 0.0751t1) 0.&8 .. 0.00610 1.21805 0.9598 
75 ... 055 .. 7 404.7" 8.676 1421.76 O. DO 7&130 0.07318 0.&31 0.00586 1.209& .. 0.95&1 
80 3.8990" 39&.72 8.286 6418.32 0.0081214 0.07082 0.585 0.00564 1.2010 .. 0.9579 
85 3.7"031 392.97 7.85& 5626.43 0.0085098 0.0&8S3 0.5 .. 5 11.00548 1.19235 0.9582 
90 3.58108 388.83 7.471 4945.5" 0.0088692 0.06'->36 0.511 0.00537 1.18368 0.9570 
95 3.lt2338 386.37 7.133 4397.21 0.0091302 0.06436 ·0 ... 82 0.00533 1.1751 .. 0.9520 

100 3.26900 384.1I1t 6.82 .. 391t0.58 0.0093270 0.0&2&0 0 ... 58 0.0053" 1.1&682 0.9"50 
105 3.11942 385.01 6.563 3582.66 0.009 .. 04& 0.06112 0."37 0.00541 1.15879 0.9324 
110 2.97618 386.93 6.32& 3296.66 0.0093883 0.05999 0.420 0.00555 1.1511 .. 1l.9157 ' 
115 2.84031 390.58 6.110 3069.11. 0.0092883 0.05907 0 ... 06 0.00513 1.14391 0.8971 
120 2.71245 395.84 5.913 28&7.71 0.0091210 0.05826 0.395 11.00595 1.1311" 0.8807 
125 2.59287 402.58 5.732 27"3.28 0.008901.4 0.05755 0.386 0.00619 1.13083 0.86109 
130 2.48153 1t10.85 5.564 2629.95 0.008&37& 0.05690 0.379 0.0064& 1.12498 0.8507 
1 .. 0 2.28278 .. 31.31 5.262 2 .. 70 ... 3 0.0080"27 0.05551t 0.370 0.00701 1.111t58 0.8313 
150 2.11262 455.&1t 4.99& 2363.70 0.007 .. 1553 0.05536 0.365 0.00711 1.1057" 0.8071 
160 1.96618 .. 83.08 4.756 2287.69 0.00&91&9 0.05564 0.364 0.00847 1.09817 0.7875 

170 1.83923 512.64 4.543 2229.91 {j.00&"398 0.05596 0.365 0.00922 1.09163 0.77&0 
180 1.72838 5 .. 4.5 .. ... 349 2187.08 D.0060118 0.05700 0.367 0.01007 1.08591t 0.7592 
190 1.63017 581.68 ... 126 2153.63 0.005&305 0.05920 0.379 0.01108 1.08096 0.1555 
200 1.54425 617.54 3.967 2129.30 0.00528&2 0.0&122 0.390 0.0121 .. 1.07&55 0.7485 
220 1.39710 692.81 3.6CJO 2092.85 0.00 .. 7059 0.0648" 0."07 0.01"23 1.1)6911 0.7376 
240 1.27825 771.52 3.464 2067.43 0.00423f12 0.06807 0.422 0.01629 1.06307 0.7295 
260 1.17902 852. 1t£I 3.278 20"7.99 0.003856 .. ~.07104 0.43 .. 0.01833 1.05808 0.7233 
280 1.09507 934.90 3.124 2033.18 0.0035380 0.07383 0 ..... 5 0.02038 1.05387 0.7182 
300 1.0230& 1017.82 2.997 2020.57 0.0032700 0.076"6 0.456 0.02246 1.05026 0.7139 
320 0.96053 1100.99 2.89Q 2009.49 0.00301t17 0.07899 0.465 0.02455 1.04714 0.7103 

340 0.90823 1179.81 2.796 1993.27 0.0028517 0.081"1 0.475 0.02659 1. 0 .. 1t5 3 0.7080 
360 0.85937 1263.11t 2.718 1985.42 0.on&U6 0.08375 0.484 0.02817 1.04210 0.701t9 
!SO 0.81571t 13 .. 5.40 2.655 1978.25 0.0025317 0.08602 0.493 0.03096 1.03993 0.7031 
.. 00 0.17652 llt27.03 2.602 1971.6 .. 0.0023931 0.08823 0.502 0.03319 1.03199 0.701& 
.. 20 0.71+104 15'07.87 2.556 1965.53 0.0022797 0.09037 0.511 0.035"8 1.03623 0.7002 
.... 0 0.70878 1588.01t 2.517 1959.85 0.0021726 0.092"6 0.520 0.03781 1.031t&3 0.6990 
.. 60 0.67931 1667.32 2.483 '1954.55 0.0020757 0.09"'49 0.529 0.04019 1.03317 O. &979 
.. 80 0.65227 1745.94 2 ... 5 .. 1949.58 0.0019874 0.09&4CJ 0.~38 0.04263 1.03184 0.69&9 
500 0.62737 1823.50 2.429 1944.93 0.0019067 11.09843 0.5lt7 0.04512 1.030&1 0.6959 

52D 0.60435 1900.36 2.407 1940.51t 0.0018326 0.10033 0.556 0.0"767 1.02948 0.&951 

540 0.58230 1981.70 2.388 1940.68 0.0017585 0.10220 0.565 0.05037 1.02839 0.6938 
560 0.56253 2056.65 2.372 1936 ... 3 D.01ll6957 0.10ltOIt 0.574 0.05303 1.0271t2 0.6'330 

580 0.5"ltl0 2131.02 ,1' .358 1932.42 0.001&375 0.10586 0.583 0.05576 1.02651 0.&922 

600 0.52&8& 2204.81t 2.31;5 1928.62 0.0015833 0.10765 0.592 0.05853 1.025&& 0.6915 
650 0.4882& 2387.00 2.320 1919.'16 0.0014629 0.112olt 0.&15 0.06571 1.02377 0.&8'3Q 

700 0.45502 25&6.'35 2.302 1912.33 0.0013602 0.1163& 0.638 0.07321t 1.02213 0.6886 

800 0 ... 00&2 2921.98 2'.27& 1899.54 0.0011937 0.12483 0.&83 0.08CJ31 1.01947 0.&8~:\ 

1000 0.32353 3&28.77 2.241 1880.815 0.0009607 0.14156 0.772 0.12551 1.01570 O. £18~7 
2000 0.16521 7 .. 28.33 2.060 1841.18 0.0001t888 0.277 23 1.190 0.46211 1.001\00 0.5611 
~OOO 0.11097 11932.81 1.8 .... 1827."9 0.0003282 0.39364 1.562 0.90562 1.00537 0.55'310 

~,OOO 0.08353 17159.73 1.&58 1820.09 0.00021t72 0.52511 1.901 1.1t8223 1.001t04 0.55211 
SlIOD 0.06&17 25155.63 1.366 11110.25 0.0001988 0.18117 2.221 2.33936 1.00323 0.5120 

• TWO-PHASE 80UNDRY 
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C-Ze T~EI1"OOt~A"IC FP'QPE~TIES OF NO~AL HYO~OGEN 

2200 PSIA ISOBAR 

TE"PERATURE VOLUHE ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTRO~Y CV CP VELOCITY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

DEG. R CU H/LB CU FT-PSIA/LB PSIA/R BTU/LS BTU/loB BTU/L8-R BTU I LB -R FTISEC 

• 3Z.702 0.1~099 "666.106 85,"~22 99.1 .... 176.9~0 3.""0"5 1.255 1.600 0;251 
3 .. 0.19187 "580.9" 85."328 100.896 179.060 3.50386 1.281 1.650 5229 
3& 0.19327 ...... q.i6 85.27"6 103.701 182."36 3.60036 1.3U 1.725 5191, 
38 0.19"73 10317.'35 8".961011 106.&29 18'3.9&0 3.695910 1.35Z 1.798 51U 
.. 0 0.19&2& "186 ... 0 8 ... ~107 109.&76 189.&27 3.79016 1.383 1.869 5121 

1t2 0.l'J785 10056.08 83.920& 112.837 193.1036 3.88311 1.1010 1.938 50S! .... o .l'J91t9 391 ... fl7 83.5199 116.108 197.37 .. 3.9710&6 1 ... 35 2.013 SO .... 
It6 0.20122 3785.010 112.61078 119.1096 201.1068 ".06552 1.1058 Z.080 5002 
Itl 0.20302 3661.911 111.62211 122.9116 , Z05.&Ql 10.15521 1.10 78 2.1105 10961 
50 0.20"89 353 ... 6 .. 80.101183 12&.577 210.0 .. 6 ".210398 1.1098 2.210 10916 
52 0.2068" 3 .. 16.711 79.Z591 130.2&8 21".533 ... 33190 1.51& 2.273 10872 
5 .. 0.201116 3306 • .,0 77.97211' 1310.0.,9 21Q.13 .. .. ... 18&9 1.531 2.333 .,831 
56 0.21096 3191.11 76.6722 137.922 223.863 ... 50.,71 1.5"6 2.396 4787 
51 0.2131" 3081.38 75.298., 141.886 228.717 ".'38990 1.'359 2.457 107.,3 
60 0.21541 2971.35 73.8569 1 .. 5.937 233.689 10.67"23 1.571 2.517 .. 697 

62 0.2t176 211& ... 62 72.3550 150.071 235.180 ... 75773 1.581 2.576 .. 650 
6 .. O.~':!9 zr67.7" 70.8061 154.2116 2 .. 3.9119 ... 8 .. 0.,3 1.~91 2.631 10606 
66 0.22212 2&69.92 69.22101 1'38.580 2 .. 9. 11i! 4.92233 1.599 Z. &117 .. 559 
6a 0.2253" 2575.27 61.6111 162.9 .. 3 25 ... 7 .. 3 5.003 .. 0 1.606 2.7 .. 1 .. 512 
70 0.22805 2 .. 86.101 &5.97.,& 1&1.312 260.271 5.083&1 1.&11 2.191 .. 1061 
75 0.2352& 2218.51 &1.11356 178.&97 27 ... 53& 5.28020 1.&20 2.909 .. 355 
eo 0.2 .. 309 2091.81 51.72"7 190.338 289.361 5.H156 1.628 3.022 .. 2102 
85 0.25157 192.,.3& 53.1253 202.061 3010.5107 5.655102 1.6"5 3. iloO 1012., 
90 0.2&01& 17810.06 .,9.880& 2110.270 320.1091 5.83782 1.&55 3.236 10019 
95 0.27058 1666.60 10&.2588 226.637 336.8610 &.01 .. 82 1.&62 3.31& 3925 

100 0.28103 151".92 "2.87108 239.217 353.,103 6.18761 1:.666 3.373 38ft .. 
1:05 0.29208 1 .. 97.1., 39.1595 251.686 370.&73 6.353103 1.&610 3.1015 3773 
HO 0.303&8 11035.07 36.9079 26/t.11" 381.82& &.512158 1.662 3.4 .. 5 3112 
115 0.31578 1386.910 34.3113 21&.459 405.101 6.&&&26 1.&&1 3."63 3661 
no 0.32833 1351.79 31.955& 288.&88 1022.10102 6.81100" 1. &60 3 • .,70 3618 
125 0.310125 1327.12 29.8263 300.718 "'39.796 6.955&0 1.6&1 3.1068 3583 
130 0.35"108 1311.22 27.9029 312.703 1051.112 7.09150 1.&6/t 3.1060 3554 
1100 0.3816" 1301.110 24.&0&3 33&.090 "·U.5&10 7.3"678 1.&72 3.1t28 3516 
150 0 ... 09 .. 0 1316.11 21.9157 358.8&1 525.&100 7.58201 1.681 3.386 3498 
160 0."371t0 131010.99 19.11&7 381.116 559.302 7.799"0 1.708 3.3106 3109 .. 

170 0."65"8 1382.69 17.902 .. 1002.982 592.&09 8.00125 1.733 3.3110 3500 
1110 0."9351 11026.01 1&.39 .. 0 102".583 625.&28 8.18990 1.7&3 3.293 3513 
190 U.521101o 1,.72.63 15.1221 101o&.&51t 659.077 8.37021 1.815 3.300 3522 
200 0.510929 1522.28 14.0311 468.225 &91.99& 8.53919 1.81t9 3.29" 35 .. 10 
220 0.60 .. &0 1&29.76 12.2652 511.1013 751.771 8.85270 1.921 3.295 3599 
2100 0.65932 11102.52 10.891t9 555.116 823.710 9.13975 1.990 3.30& 3&62 
260 0.71338 1857.106 9.80109 5<.19.319 889.93& 9.1001035 2.055 .5.323 3130 
280 0.1&019 lH3.&9 8.9a4 61010.130 95&.50 .. 9.&5102 2.1110 3.3102 3802 
300 0.819&5 2089.73 8.1781 &89.558 1023.1t&8 9.88223 2.16& 3.361 3876 
320 0.87203 2205.&6 7.55105 735.573 1090.819 10.09952 2.213 l.379 3950 

3 .. 0 0.92383 2320.93 7.0222 782.132 1158.4810 10.301087 2.25" 3.396 10025 
360 0.<.17528 2 .. 35.09 &.5&15 829.175 122&.1085 10.,.9900 2.290 3.ltl1 4099 
380 1.02634 25108.21 &.1589 157&.6&2 1291t.773 10.68317 2.321 3.1024 10173 
400 1.07422 2&"3.72 5.8215 924 • .,69 1362.083 10 .85619 2.31t8 3.4104 1023& 
't20 1.12,.91 2757.2& 5.510& 972.72& 11030.9910 11.0210105 2.372 3.1055 1031 .. 
/t100 1.175100 2870.21 5.23"2 1021.3100 1500.116 11.18523 2.392 3.10&7 10390 
/t60 1.22570 2982.62 10.98"5 1010.210 .. 15&9.571 11.33972 2.410 3.107& 1010610 
480 1.215810 309".55 10.7583 1119.397 1&39.1109 11.108717 2.1t2& 3.1t81o 10538 
500 1.325113 3206.010 10.5523 11&8.14:S 1108.859 11. &3006 2.1038 3 ... 90 /t611 
520 1.375&8 3311.13 10.3&38 1218.255 1778.&82 11.1&705 2.10109 3.1095 .. 683 

5100 1.1021113 3101010.102 ... 1856 12&11.7&1 1850.431 11.90107 2.1059 3.496 1t763 
560 1.107733 3553.97 10.0259 1318. &2& 1920.1061 12.02814 2.1066 3.1098 10833 
580 1.52673 3&63.23 3.81810 13&8.1t103 1990."02 12.15091t 2.1011 3."99 10902 
600 1.51&05 377 2. 23 3.11011 1418.310 20&0.1020 12.26970 2.475 3.500 10971 
650 1.&9902 100 103. 77 3."398 151t3.2103 2235.390 12.51099" 2.1083 3.1t99 5139 
100 1.821&3 43110.21 3.181t2 1&&8.22 .. 21010.321 12. II 0933 2.10 87 3.1098 5302 
800 2.0&606 "852.70 2.1741 1918.21" 2759.688 13.27&09 2.1090 3.1t92 5616 

1000 2.55303 59210.11 2.2092 21011.807 31057.8&2 14.051051 2.1091t 3.1089 6196 
2000 10.<.17&90 11252.10& 1.0998 109&8.973 &99&.1063 1& .109880 2.6105 3.632 8105<.1 
3000 1.3972~ 1&5710.29 0.7330 7755,"510 101&8.9&3 18.02551 2.931 3.917 10129 

1t0OO 9.IIU68 2159f>.09 0.5"98 10830.81" 110831.158 19.19219 3.241 10.233 11510 
5000 12.21 .. 99 27218.20 0 ... 3<.18 110353.711 193510.30" 20.19866 3.8<)0 10.938 12650 

• TIIO-PHASE BOlINORY 

1')8 



THER"OOfNA"lC PROPERTIES OF NOPttAL H'OOO~EN c-;!.: 

2200 PSU ISDBU 

TE"PERATURE oENSnY VeoH/oV'p V e DP/DU'V -V e oP/DV'T eOV/OT\fV THERMAL VISCOSITY THER"AL DIELECTRIC PRANOTL 
CONDUCTIVITY OIFFUS IVITY CONSTANT NU"8EA 

:lEG. R L8/CU FJ BTU/LO PSIl-CU FTl8TU PSIA 1/0EG.R 8TU/FT~HR-R LB/FT-SEC SQ FTlH.R 
X lOS 

• 32.702 5.23586 .. 57.62 13.006 2 .... 32.93 0.0031097" 0.0690 .. 2.3 .. 0 0.008210 1.275810 1.9531 
3 .. 5.21187 .. 61.22 12.795 23875.23 0.0035783 0.07090 2.166 0.008210 1.2710107 1.81510 
36 5.171005 1065.75 12.502 23020.20 0.00370103 0.073&3 1.910 .. 0.00825 1.27231 1.6397 
38 5.13520 1069.19 12.239 22111.51 0.0038322 0.076&1 1.7610 II. DO "30 1.27010 1.10902 
.. 0 5.095310 .. 71.83 11.99& 21331.110 0.00H618 0.07900 1.615 0.00829 1.267810 1.3759 

.. 2 5.05""6 "73.53 11.777 20501.31 0.001009310 0.08089 1,1091 0.00826 1.26552 1.21162 

.... 5.01290 "'2.95 11.&10 19&210.117 0.00102558 0.011239 1.386 0.00817 1.2631& 1.21<33 

.. 6 ".9&971 "73.1010 11.1008 181110.58 0.00103937 0.083109 1.2CJ6 0.008011 1.26071 1.1622 
,.8 ".92569 10 7,..00 11.208 18037.78 0.00105251 0.081029 1.218 0.007CJ8 1.25822 1.115& 
50 ".88063 1073.77 11.009 17251.28 0.0010&65& 0.08 .. 83 1.150 0.00711& 1.255&7 1.07810 
52 ".83 .. 55 ItT 3 • 7& 10.816 1&518.&0 0.00107982 0.08515 1.089 0.00715 1.25307 1.0,.70 
5 .. ... 78790 .. 73. 71 10.63& 15830.70 0.00,.92510 0.08530 1.036 11.007610 1.250 .... 1.02010 
56 ... 7 .. 020 "72.69 10.10610 15126.50 0.0050&87 0.0810910 0.989 0.007,." 1.2 .. 776 1.0039 
5a ... 6<31&6 10 71. 70 10.2910 1,.105&.76 0.0052085 0.08 .... 6 0.9106 0.00733 1.2,.503 0.9903 
60 .10.6"237 ItT 0 .11 10.129 137910.08 0.00535102 0.08391 0.907 0.00718 1.2,.227 0.97910 

62 ".59228 .. 611.,.1 9.963 13155.13 0.0055001 0.08ll1 0.872 0.0070 .. 1.239,.6 0.9701t 
610 1o.5101ft7 10& 7.13 9.802 125&q.62 0.00%332 0.082&10 0.1139 11.00692 1.236&2 0.9621 
66 ,. ."8')93 1t65.100 9.61t0 11987.71t 0.005771t& 0.08193 0.810 0.00679 1.23314 0.9560 
6a ".103772 1063.35 9.,.85 111t28.31o 0.00591&1 0.08117 0.782 0.00667 1.23082 0.9508 
70 4.3a1t92 1061.27 9.339 10902.&9 0.00&0512 0.08038 0'.756 11.00657 1.22788 0.91t57 
75 ".250&& 455.69 8.982 9685.18 0.00&38106 0.07831 0.700 11.00633 1.2201t3 0.93&1l 
80 ".11371t "50.51 8.&21 8605.17 0.0067081 o .0 7f:.18 0.652 (leOD613 1.21285 0.9312 
8S 3.971t99 4"7.01 8.21 .. 761t9.33 0.0070235 0.07 .. 07 0.&11 0.005910 1.20521 0.9318 
'90 3.83"99 .... 3.81 7.858 68101.85 0.0072905 0.07203 0.575 0.005110 1.19753 0.9292 
95 3.69583 .... 1.107 7.531 6159.,.6 0.0075102 0.07012 C .5,.3 0.00572 1.18993 O~ 9250 

100 3.55SlZ· .. itO .82 7.2310 56010.09 0.0076506 0.06836 0.516 0.00570 1.182"5 '.9173 
105 3."2375 /0 It 0 .29 6.980 5125.810 0.0077567 0.0&675 0 ... 93 0.00571 1.17516 0.9085 
110 3.29297 ,.101.08 6.7410 "725.65 0.0076101 0.065,.9 0.1073 11.00577 1.16811 0.8964 
115 3.1&&7& 10103.30 6.525 .. 392.10 0.0078120 O.061t53 0.1t57 0.00588 S .• 16133 0.8820 
120 3.0"575 ,. .. 7.07 6.319 10117.23 0.OOH614 0.06365 0.4102 0.00602 1.15485 O. ·8682 
125 2.9301t2 452.21 6.127 38&9.00 O~ !lil76691o 0.0&283 0."31 0.00618 1.11te70 0.855& 
130 2.82100 1058.6" 5.9106 3698.96 (i.00751035 0.06206 0.1021 0.0063& 1.1,.289 0.81t105 
1,.0 2.62025 "75.25 5.616 3,.10."e 0.007211t1 0.O&05~ 0.1007 0.0067'+ 1.13227 0.8290 
150 2.1010262 ,.96.67 5.319 32,-".91 0.00615169 0.06005 0.398 a. 00 72&. 1.1229,+ 0.8072 
160 2.28626 521.90 5.0,.9 5074.99 0.00&10120 11.06007 0.393 11.00785 1.11477 0.7879 

170 2.110832 5,.9.87 ,..809 2970.106 0.0060~68 0.06015 0.391 0.00845 1.10759 0.7756 
180 2.02&31 580.310 4.590 2889.55 0.0'05&735 0.06092 0.390 11.00913 1.10127 0.7589 
190 1.91778 &16.30 .... 3106 28210.17 0.00535105 0.06299 0.1001 11.00995 1.09567 0.75&7 
ZOO 1.82052 650.69 ".168 2771.35 0.0050629 0.O&ItS5 0.1011 0.01081 1.090&7 0.7511 
2211 1.65397 7'l4.19 3.861 2695.58 0.0045501 0.0&811 0.'+2& 0.01250 1.0821 .. 0.71017 
240 1.51671 801.88 3.610 2642.91 0.00"1223 0.07097 0.1038 0.011016 1.07515 0.73'+2 
260 1.100178 882.36 3.1004 2603.7" 0.0037657 0.073&2 0.'+108 0.01581 . 1.06932 0.7283 
280 1.30,.t~ 96,..61t 3.235 2573.98 0.003106100 0.07611 0."58 o. 017107 1.06"38 0.7233 
300 1.l!Z003 10'+7.6" 3.095 25109.53 0.0032077 0.07850 o .ft67 0.01915 1.06011t 0.7189 
320 i.llo&76 1131.32 2.977 2529.35 0.0029867 0.08082 0.1t75 0.0208& 1.05&106 0.7151 

lItll 1.0821t5 1211t.81t 2.878 2512.28 0.0027952 0.08308 o .481t 0.02260 1.05323 0.7117 
~bQ 1.02535 1297.86 2.795 21096.81 11.002&280 0.08527 0.'+92 0.02,.38 1.05037 0.708& 
3ao 0.974310 1380.410 2.723 2,.82.81 0.0021080& 0.08743 0.501 0.02620 1.01t783 0.7059 
.. 00 0.930U 11055.85 2.663 21t61.07 0.0023&510 0.089510 0.509 0.02793 1.0105&& 0.7050 
1t20 0.88896 1536.95 2.61" 21051.08 0.00221t82 0.09160 0.518 11.02982 1.010357 0.7031 
.. 40 0.85077 1017.101 2.572 210101.89 0.0021,.35 0.093&3 0.526 11.03174 1.0 .. 1&7 0.7017 
.. 60 0.8158& 1&97.06 2.535 2433.39 0.0020,.810 0.095&1 0.535 0.03371 1.03'3'34 0.700'+ 
,.ao 0.78380 1776.03 2.503 21025.50 0.OH9618 0.0975& 0.51t,. 0.03572 1.03835 0.&992 
500 0.751025 U53.91o 2.,.75 2,.18.14 0.0018825 0.0991t7 0.553 0.03779 1.03&88 0.&9111 
520 0.726!Jl 1931.12 2.1052 21011.26 0.0016098 0.10135 0.561 0.03989 1.03553 0.6970 

5 .. 11 0.7003& 20110.93 2.430 2,.12.31t 0.0017351 0.10320 0.570 0.0,.215 1.03422 0.&'l5& 
560 0.67690 2090.09 2."12 2405.&7 0.001&735 0.10503 0.579 0.010'+3& 1.0330& O. &'l'+5 
580 0.65500 2164.65 2.396 2399.100 11.001&1&10 0.10&84 0.588 0.01t6&Z 1.03197 0.693& 
600 0.631t50 22311.&5 2.382 2393.108 0.0015633 0.10863 0.597 0 .. 0,.892 1.030'3& O. &928 
650 0.58857 2421.18 2.3510 2380.06 0.001'+1t53 0.11302 0.&20 OM 051088 1.02870 0.&909 
700 0.51089& 2&01.'+2 2.333 23&8.32 0.001310105 0.11737 0.&103 0.06113 1.02&75 0.&8910 
800 0.1081001 295&.8& 2.302 23108.76 0.0011811 0.12591 0.&88 O. B71t109 1.0235& O. &872 

1000 0.39109 3&610.110 2.261 2320.42 0.0009521 0.110286 0.779 0.10,.55 1.01903 0.&8108 
2000 0.20093 71t65.59 2.069 22&0.91t 0.00048&1t 0.27723 1.20,. 0.37993 1.00973 0.5&77 
3000 0.13518 11972.15 1.850 22100.59 0.0003271 0.393&0 1.582 iJ.71t3H 1.00&510 0.5&611 

4000 o .10UIo 17169.99 1.&65 2229.82 0.0002"65 0.5234'+ 1.928 1.211021 1.001092 0.5613 
5000 0.0811t7 Zltfl9" .10 1.388 2217 .37 0.00019810 0.7&5510 2.253 1.9030& 1.00394 0.5232 

• TWO-PHASE BOUNORY 
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c-Zc Tt-Ef'1100f .. AI1IC f'P.OPEPTIES or NORI1AL ""O~OGEN 

2~00 PSIA ISOBAR 

TEMPERATURE VOLUME ISOTHERH ISOCI4ORE INTERNAL ENTHALPY ENTROP' ev CP "ELOCITY 
DERIVATIVE OEIlIVATIVE ENERGY OF SOUND 

OEG. R CU FT/LB CU FT-PSU/LB PSIA/R, BTU/LB BTU/LB BTU/LB-R BTU / LB -R FTISEC 

0 n.l27 0.18981 1t!l19.51 8':"2226 99.820 181t.202 3 ..... 663 1.261j 1.608 5328 
3~ 0.19'031 .. 776.11 86.2278 100.717 18S.293 3.1t 7905 1.278 1.&33 S317 

36 0.1916~ .. 6 .. 7 .12 86.1388 103 ... 6 .. 188.633 3.57/051 1.315 1.706 SUS 
31 a.193U .. 518.15 85.8983 106.330 192.117 3.66902 1.31t9 t.777 52'H 
Ita 0.lCJ"~8 ' .. J89./08 85.511t7 109.313 19S.7"1 3.76211t 1.380 1.8" 7 ' 5216 

.. 2 0.19598 1t261.1t3 84.9970 112 ... 06 199.503 3.8539/0 1." os 1.91 .. StU 

.... 0.197SIt .. 131t.39 84.35/05 115.601 203.398 3.9 .. 1t .. 7 1.433 1 .. 980 Sl .. 5 
1t6 0.19U6 3997.01 83.9248 118.911 207.1t20 ... 03315 1.1t56 2.052 S108 
1t8 0.200as !~i'5.71 83.0009 122.323 211.585 ... 12220 1.478 2.115 5070 
50 0.20261 37~3.52 81.9 .... 0 125.834 215.818 1t.201H2 1.498 2.178 5028 
52 0.2oft1t4 3627.1t0 80.7892 129.4 .. 0 220.298 4.29631 1.516 2.240 .. 983 
Sit 0.211633 3518.14 79.5556' 133.133 221t.82<) ... 38179 1.532 2.298 "'lit 4 
56 0.20829 3 .. 05.92 78.2658 136.915 229.1t8" 1t.,.661t6 1.51t1 2.356 .. 902 
58 0.21033 3290.93 76.95 .. 9 l1t0.782 23,..255 1t.55019 1.561 2.1t16 4858 
60 0.2121t3 31115.84 75.6007 144.731t 239.11t3 1t.63310 1.573 2.1t72 1t817 

62 0.21ft61 3(l~", olt 74.1895 l1t8.763 2"4.139 1t.11504 1.584 2.528 ,.175 

6ft 0.21687 2982.50 72.7187 152.874 249.254 1t.79625 1.591t 2.582 4731 
66 0.21920 2881t.69 71.2091t 157.058 254.1t75 4.87659 1.603 2.635 4687 
68 0.22162 2789.16 69.6699 161.310 259.799 1t.95606 1.610 2.687 46,.3 
70 0.22ftll 2"'96.6& 68.1092 165.623 265.221 S.03464 1.616 2.736 4599 
7S 0.23070 2489.61 6,..11t31 176.651 279.179 S.22708 1.625 2.847 ,.1t95 
80 0.23782 2301.60 60.1719 187.981 ,293.672 S.41409 1.631t 2.952 4389 
85 0.24S;,9 2134.88 56.2855 199.384 308.1t82 S.59346 1.652 3.060 42110 
9D 0.25372 1984.11 52.5291\ 211.261 324.011} 5.77113 1.663 3.155 4176 
95 0.262'>2 1861.74 48.9501 223.322 339.991 5.94386 1.670 3.230 40115 

'1DO 0.27185 1756.43 45.5915 235.605 35&.417 6.11247 1_ &74 3.293 4001 
US 0.21116'8 1&73.19 42.4638 247.804 372.988 6.27435 1.&72 3.335 3932 
110 0.29199 1&02.84 39.586& 259.986 389.749 6.43015 1.670 3.368 3869 
115 0.30273 1546.45 36.9467 272.116 406.653 6.58023 1.&69 3.392 lII16 
120 0.31386 1502.25 34.5327 284.167 423.653 6.72510 1.669 3.407 3769 
125 0.32;]5 1469.72 32.3301 296.115 4'40.706 6.86421 1.670 3.412 3730 
130 0.33713 1447.13 30.3290 30l.933 457.756 6.99801 1.672 3.411 3695 
140 0.3&139 1422.43 26.8577 331.210 491.817 7.25039 1.681 3.398 3650 
150 0.38029 1425.44 23.9955 353.974 525.64& 7.48391 1.695 3.369 3623 
160 0.41155 1444.72 21.6245 376.303 559.203 7.700&2 1.716 3.340 3609 

170 0.43091 1475.09 19.6522 398.280 592.477 7.90228 1.740 3.314 3607 
180 0.46241 1513.00 18.0017 420.010 625.514 8.09104 1.770 3.296 3613 
190 0.48182 1555.73 16.6063 442.217 659.012 8.27161 1.821 3.305 3617 
200 0.51318 1601.12 15.4102 4&3.926 691.991 8.44090 1.855 3.302 3633 
220 0.56361 1702.47 13.4721 507.457 757.959 8.75530 1.926 3.306 3679 
240 0.&1374 1809.60 11.9&51 551.383 1124.138 9.04341 1.995 3.319 3735 
260 0.6&327 1921.53 10.7629 595.860 890.626 9.30906 2.060 3.337 3797 
280 0.71229 2036.01 9.78~4 640.931 951.485 9.55682 2.119 3.356 3865 
300 0.76079 2150.71 8.9685 &86.603 1024.711 9.78893 2.171 1.374 3935 
:no 0.80118& 2265.01 8.2816 732.8,.7 1D9Z .317 10.00705 2.215 3.392 4006 

340 0.85&47 2379.,.9 7.69,.2 779.625 1160.254 10.21322 2.259 3.409 4078 
360 0.90372 2,.93.39 7.1858 826.873 1228.501 10.40806 2.295 3.423 4150 
380 0.95061 2&06.20 &.7416 814.554 1297.021 10 .59345 2.327 3.435 4222 
.. 00 0.99720 2117.49 6.3497 922.607 1365.777 10.76951 2.353 3.446 4294 
1020 1.04355 2830 .46 6.0022 970.975 1434.746 10.93785 2.376 3.454 4366 
440 1.08718 2923.78 5.7135 1019.569 1502.727 11.09588 2.396 3.471 41t30 
,.60 1.13338 3036.1.'4 5.5583 1068.537 1572.227 11.25061 2.413 l.526 4534 
480 1.17942 3l1t8.22 5.2019 1117.785 1641.937 11.39897 2.428 3.491 4579 
500 1.22532 3259.78 4.9758 1167.219 1711.771 11.54151 2.441 3.496 46S1 
520 1.27110 3370.94 4.7691 1216.813 1781.709 11.67873 2.451 3.501 4723 

540 1.31934 3501.31 4.5731 1267.461 1853.796 11.81320 2.462 3.501 "80~ 
560 1.3&,.76 3610.78 4.3980 1317.406 1923.926 11.94045 2.468 3.503 4872 
580 1.41009 3719..96 4.2363 1367.295 1993.960 12.06342 2.473 ].503 ,.941 

600 1.45534 3828.90 4.0865 1417.289 2064.064 12.18232 2.477 3.504 5009 
650 1.5681& 4100.27 3.7558 1542.310 2239.222 12.,.6287 2.484 3.503 5175 
700 1.&8062 4370.55 3.4760 1667.415 2414.309 12.72249 2.,.88 3.500 5337 
800 1.90 .. 80 4908.75 3.0275 1917.598 276".119 13.111957 2.491 3.494 5648 

1000 2.35131 5979.60 2.4104 2417.441 3462.400 13.96833 2.,.95 3.490 6225 
2000 4.57331 11306.08 1.1997 4969.010 7001.1t57 16.41298 2.646 3.632 8479 
3000 6.79198 16626.97 0.7995 7755.567 10774.026 17 .93979 2.931 3.917 10145 

4000 9.0H39 21948.23 0.5997 10 !l29.948 14835.191 19.10612 3.238 ".230 1152,. 
5000 11.26115 27269.99 0.4798 14341.667 19346.560 20.11005 3.867 It.912 12666 

• TMO-PHASE BeUMDRY 
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TMEF"001NA~I~ PR~PERTIES OF NOR'1~L HYO~t)GEN 
C-Zc 

zltaa PSU IS3BlR 

TEMPERATURE OENSlrY "COH/Olll p IICOP/OUIV -IICOP/OI/I T 'CO"/OTV" THERMAL VISCOSITY THERt4AL DIELECTRIC PAANDTL 
CONOUCTIIIITY OIFFUSrVITY CONSTANT NUHBER 

OEG. R L8/CU Ff BTU/LS PSU-CU FTl8TU PSU 1I0EG. R BtUIF T-HA-R LB/FT-SEC sa FTlHR 
x 10 5 

• n.327 !J.26&72 ..,3.33 12.9/tS 25383.02 0.0033969 o. 070CJIt 2.396 0.00831) 1.277&0 1. q551t 
31t 5.251t&2 1t75.27 12.81tl 25096.63 0.0034358 0.07i89 2.302 0.001138 1.27691 1.811Zl 
36 5.21803 480.33 12.550 2421t8.80 0.0035'523 0.071071t ·2.060 D. 00839 1.27482 1.6928 
!a S.1801t8 /t8/t.30 12.290 231006.18 0.0Q]f)699 0.07783 1.~61t 0.0081t5 1.272611 1.5326 
itO 5.11t198 1t81."7 12.050 22'570.62 0.0037888 0.08033 1.701t 0.0011t6 1.2701t9 1. Itta3 

1t2 5.10256 1t19.67 11.133 217ltlt.18 0.00390'10 0.Den2 1.'570 0.001lt3 1.26825 1.31lt3 
Itlt 5.06221 491.37 11.626 20929.13 0.00100305 0.01389 l.lt57 11.00137 1.26596 1. 2311/t 
.. 6 5.02113 490.6/t 11.lt77 20069.53 0.00lt1lU7 0.01510 1.361 0.00826 1.263&2 1.11113 
Its 1t.97880 491.61 11.283 19296.39 0.001t3014 0.08596 1.278 0.001116 1.26123 1.1316 
50 1t.9.1'i52 492.30 11.0116 18525.56 0.0044233 0.0 8657 1.20'5 0.00806 1.25878 1.0'111 
52 1t.89135 1t91.<)5 10.896 17742.89 0.001t5533 0.08697 1. lit 1 0.007910 1.2'5628 1.0581 
51t 1t.81t&&1 1t92./t3 10.717 17051.07 0.00/t6657 0.011711 1.015 0.00783 1.25375 1.0291 
56 1t.10089 492.21 10.5100 16351.41 0.00107865 0.08687 1.031t 0.00768 1.25118 1.0099 
51 1t.75450 491.14 10.371 15&46.71 0.0049183 0.08644 0.989 D. 00753 1.2/t856 0.9951 
60 4.70732 490.42 10.211 14996.80 0.0050411 0.08593 0.941 0.00738 1.21t591 0.9823 

62 It. 659&1 It 19.61 10.052 14370.ltl 0.0051627 0.08538 0.911 0.00725 1.2 .. 323 0.9714 
64 4.61110 488.29 9.896 13152.60 0.0052876 0.08475 0.878 0.00712 1.21t051 O. ~625 
66 4.56200 1t16.95 9.738 1:1157.21 0.0054122 0.08408 0.847 0.00699 1.23776 O. '1553 
I'll 1t.51231 1t85.32 9.588 12585.55 0.0055351 0.08336 0.818 0.00688 1.23499 0.9490 
70 It. /t6210 483.28 9.lt48 12032.71t 0.0056&03 0.08261 0.791 0.00677 1.23218 0 .. 9435 
·75 1t.331t51 47 8. 91 9.107 10791.68 0.0059 .. 38 0.01062 0.733 0.00653 1.22508 0.9318 
80 1t.201t83 1t71t.77 8.759 9677.113 0.00&2175 0.07857 0.681t 0.00633 1.21789 0.92/t7 
85 1t.07352 1t72.76 8.363 8696.46 0.006'+722 0.07653 0.61tl 0.00614 1.21063 0.9229 
90 J.91t131t 1t69.67 1.015 7820.03 0.0067173 0.07456 0.604 0.00600 1.20336 0.9205 
95 J.80921 1t61. DO 7.695 7091.77 0.0069024 0.072&8 0.572 O. Ci\l591 1.19612 0.9154 

100 3.67857 1t66.73 7.1t01t 61t61.15 0.0070563 1.07091t 0.51t1t 0.00586 1.18899 0.9095 
105 3.'55010 1t66.50 7.152 5939.98 0.0071488 0;06933 0.520 0.00586 1.11200 0.9002 
110 J.1t24112 1t67.011 6.920 5469.1t1t 0.0072114 0.06809 0.499 0.00590 1.17522 0.8885 
115 3.30330 468. CJ& 6.701 5101l.1t0 0.0072325 0.06700 0.1t81 0.00598 i.1611&6 0.87£:5 
120 J.18609 472.1& 6.1t91t 1t786.29 0.00721'+9 0.06609 0.466 0.00609 1.1623& 0.11638 
125 J.07360 476.79 6.299 45,-7.35 0.00715&9 0.06521t 0.1t52 0.00622 1.15&3,+ 0.1521 
130 2.96626 1t82.79 6.115 4292.56 0.0070655 0.061t43 0.1t,.~ 0.00637 1.150&1 0.8417 
litO 2.76710 497.92 5.175 3935.99 0.00&8236 0.06285 o .1t25 0.00669 1.14003 0.1271 
150 2.58875 518.15 5.1t68 3690.11 D.00&5027 0.06227 o .ltllt 0.00714 1.13061 0.8067 
1&0 2.1t29113 542.24 5.18& 3510 .1t3 0.0061601 0.0&219 0.401 0.00766 1.12227 0.7880 

170 2.2881t7 569.29 1t.931t 3375.70 0.0058217 0.06216 0.1t01t 0.00820 1. lllt88 0.1757 
180 2.1&256 599.08 1t.701t 3211.96 0.0055018 0.06286 o .1t02 0.00812 1.10833 0.7581 
190 2.04993 63/t.71 1t.41t9 3189.13 0.0052072 0.061t88 0.1t12 0.00958 1.1021t9 0.7563 
200 1.948&3 666.50 1t.263 3119.99 0.001t9392 0.0&666 0.1t21 0.0103& 1.0972& 0.7512 
220 1.77ltd9 71tl.17 3.943 3020.34 0.0041t601t 0.06979 0.1t36 0.01190 1.08829 0.7428 
240 1.6293& 817.96 3.681 291t1.1t9 0.0040581 0.072lt9 0.1t1t7 0.0131t0 1.08088 0.73&1 
260 1.507&8 898.1'+ 3./t1>6 21197.06 0.0037151 0.07497 0.1t56 0.011t90· 1.071t69 0.7304 
280 1.'+0391 980.38 3.289 2858.38 0.0034227 0.07732 o .1t61t 0.01641 .1.06942 0.7255 
300 1.31'142 1063.lt7 3.11t2 2826.92 O. 0031725 0.07959 0.1t72 0.01795 1.0&1t90 0.7211 
320 1.23630 ll1t7.05 3.020 2800.21t 0.0029575 0.08180 0.lt80 0.01950 1.0609& 0.7173 

340 1.16758 123D.71, 2.917 2178.21t 0.0027695 0.06396 0.1t18 0.02110 1.05750 0.7139 
360 1.10653 1311t.llt 2.829 2759.02 0.00260'+5 0.08601 0.1t97 0.02273 1.05'+ltlt 0.7107 
JaO 1.05195 1397.011 2.755 27ltl.60 0.0021,590 0.08817 0.505 0.021t40 1.05171 0.7078 
1t00 1.00281 1479.03 2.691 2725.12 0.OQ23301 0.09023 0.513 0.02611 1.01,925 0.7052 
1t20 0.95826 1560.88 2.636 2112.33 0.0022129 0.09225 0.521 0.02787 1.010702 0.7026 
It 1,0 0.91981 1633.79 2.593 2689.33 0.0021245 0.091t21t 0.530 0.02952 1.04511 0.7023 
1t60 0.86232 1:199.55 2.611 2678.93 0.002071,8 0.09619 0.538 0.03092 1.01,321, 0.7102 
1t80 0.1I/t757 1791.30 2.527 2669.30 0.0019488 0.09612 0.547 0.03315 1.04153 0.7003 
500 0.81611 1869,35 2.496 2660.34 0.0018704 0.10001 0.555 0.0350<; . 1.03995 0.69«;1 
520 0.71&72 191t6.68 2.lt73 2651.99 0.0017983 0.10188 0.561t 0.03699 1.0381t9 O. &9110 

51t0 0.75795 2031.81, 2.1t51 2653.83 0.0017232 0.10372 0.573 0.03908 1.03707 0.6961, 
560 0.73273 210.7.08 2.432 2645.72 0.001&623 0.10553 0.1i82 0.01t112 1.03582 0.6953 
580 0.70917 2181.72 2.415 2638.10 0.001&058 0.10731t 0.1i91 0.01t320 1.034&1i 0.691,3 
flO 0 0.611713 2255.79 2.1t0J, 2630.93 0.0015532 0.10912 0.600 0.01t533 1.0335& 0.&934 
650 0.637&9 24 3e .1t6 2.371 2611t.71 0.00143610 0.11352 0.622 0.050112 1.03112 0.691!t 
700 0.59502 2618.82 2.31t8 2600.55 0.0013366 0.11787 0.645 0.05659 1.02902 0.61l911 
800 0.521,99 2971t.43 2.315 2577.04 0.0011748 0.12645 0.691 0.06893 1.02551 0.6875 

1000 0.42529 3681.90 2.272 2543.09 0.00094111 o .lIt3S0 0.7112 0.09669 1.020611 0.611109 
2000 0.2111&6 n84.17 2.071t 2472.19 0.0004853 Ii .27723 1.211 0.31,910 1.01059 0.5710 
3000 0.11,723 11991.77 1.853 . 21,1t8.03 0.0003266 0.3935& 1.593 0.611253 1.00112 0.5105 

1t000 P.1t09& 1717e.l0 1.669 21t35.31t 0.000Z1,62 0.52277 1.941 1.11313 1.00537 0.5&55 
5000 0.08880 21t792. eo 1.397 2/t21.47 0.0001981 0.75921t 2.269 1.14063 1.00429 0.52e& 

• TWO-PHASE BOUNORY 
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c-Zc TI-EI1P100YNAI1IC PPOPERTIES OF HOP~AL HYO~OGEH 

nOD PSU ISOBAR 

TE"PERATURE 'IOLUltE rSOTHUH ISOCHORE INTER"AL ENTHALPY ENTROPY e'l CP VELOCITY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

OEG. R CU FTlLa CU FT-PSU/La PSlA/R BTU/LB BTU/L8 BTU/L8-R BTU , Ll! -R Ff/SEC 

• 33.9"1 O.18.saO "969.83 8&.9857 100.5111 191 ... 1 .. 3.,.5258 1.27" 1.&lS SitU 
31t 0.18883 "~6&.12 ' 8&.9873 100.59& 191.509 3 .,.55 38 1.275 1. &17 5ltCZ 
36 0.19011 "&39.75 8&.9610 103.21111 194 .• 1115 3.549119 1.312 1.6119 5371 
3a 0.191"3 "713.211 11&.71129 10&.099 1911.263 3.&4342 1.346 1.758 53 .. 0 

"0 0.19281 "5116.9" 86.,.&21 109.022 201.8 .. 8 3.73553 1.3711 1.1126 5308 

1t2 0.19ft23 .... 61.05 86.008& 112.053 205.567 3.82630 1.40& 1.892 5275 , ,. .. 0.19572 "335.95 85.4321 115.1119 209.416 3.91571 1.431 1.957 5240 
46 0.1'1725 4212.02 84.74111 118 ... 26 213.394 ".00403 1.,.55 2.020 5205 
.. 8 0.19885 4078.61 84.275& 121.7&1 217.4'16 4.09116 1.477 2.089 5170 
50 0.20050 39&2.111 83.3084 125.197 221.730 ... 17745 1.497 2.149 5133 
52 0.20223 3114!.77 112.22&9 1211.7211 226.092 4.26292 1.516 2.208 509" 
S .. 0.20,.01 3719.95 81.0&41 1]2.34" 230.565 ".34729 1.532 2.2&7 5050 
56 0.205&5 3&1 ..... 4 79.8250 136.042 235.1411 ... 43065 1.548 2.322 5013 
58 0.20776 3505.21 711.53&1 139.825 239."49 ".513111 1.562 2.377 4972 
60 0.20972 3389.14 77.2197 143.6117 2 .. 4.658 4.59473 1.5710 2.43,. .. 927 

62 0.2117'.> 3290.90 75.81\&2 147.&24 249.573 ,..& 753 .. 1.586 2.487 41189 
6 .. 0.213116 3191.49 74.4920 151.&43 254.60& ".7552& 1.<:ill6 2.539 48 .. 9 
66 0.21M3 3093.27 73.05"''' 155.730 259.739 4.83425 1.i>IJ& 2.590 4807 
68 0.2l1127 2997."9 71.5819 159.88" 264.971 ... 91234 1.614 2.639 4766 
70 0.2Z058 2909.52 70.0828 1&4.096 270.294 ".98949 1. &20 2. &84 4726 
75 0.22&67 20911.2& &&.2&87 17 ... 8&5 283.995 5.11839 1.630 2.791 4627 
80 0.23321 2509.51 62.4309 1115.928 298.207 5.3617& 1.& .. 0 2.891 45211 
85 0.2 .. 021 2338.5" 511.6500 197.05" 312.704 5.53735 1.659 2.994 ,.423 
9D 0.24769 21115.70 54.98&7 208.&,.8 327.1197 5.711011 1. &70 3.08 .. 4325 
95 0.25565 2051.72 51 ... 590 220.433 3,.3.513 5.8799& 1.677 3.1&1 ,.232 

100 0.26"07 1942.41 48.1195 232.4&0 359.599 6.0"508 1,.682 3.221 "15t 
1'D5 0.2729'3 18,.6.02 .. 4.9969 2,.,. ... 16 375.111.0 6.2035& 1. &110 3.267 40eD 
110 0.28221 1772.0& ,.2.09&9 25&.378 392.~#l7 6.35&2 .. 1.679 3.301 "018 
115 0.291116 1706.11 39.,.263 268.309 408.824 6.50341 1.671 3.328 3962 
120 0.301116 165& .55 3&.9&87 280.188 ,.25.517 6.645&8 1.677 3.3,.8 391ft 
125 0.31217 1615.6" 3,..7117 291.993 ""2.2119 6.782109 1.678 3.360 3872 
130 0.32276 1587.01 32.6"77 30:1.&97 .. 59.092 6.9143& 1. & lID 3.365 3837 
1,.0 0.3 .... 62 1551."4 , 29.0329 326.828 "92.7106 7.1&372 1.&89 3.3&2 3782 
150 0.3671" 1540.88 26.0188 349.543 52&.304 7.39536 1.70l 3.348 3746 
160 0.390011 15,.9.24 23.,.96& 371.897 559.701 7.61103 1.724 3.330 372 .. 

170 C!.,.1325 1572.89 21.3797 393.946 592.904 7.81226 1.7 .. 6 3.310 3715 
180 0.43650 1604.10& 19.5950 1015.775 625.927 11.0009" 1.77& 3.296 371 .. 
190 0."5976 1642.38 18.0110& "311.091 659 ... ,.0 11.111159 1.827 3.308 3711 
200 D."1I300 1611 ... 33 16.7808 .. 59.913 692.453 11.3510& 1.11&1 3.306 3723 
220 0.52H5 17711036 14.6737 503.&76 758.531 8.6&597 1.932 3.314 3759 
2 .. 0 0.57544 1880.57 13.0347 547.845 62,..892 6.9510811 2.000 3.33D 3808 
260 0.62113 19119.51 11.7235 592.56" 891.&08 9.221,.5 2. 065 3.3,.8 3866 
280 0.66&311 2100.58 10.6518 &37.870 958.&96 9."7005 2.124 3.3&11 3923 
300 0.71121 2213.56 9.7&17 683.768 1026.179 9.70305 2.177 3.38& 39910 
320 0.75567 2327.32 9.0083 730.228 10910.04" 9.92200 2.224 3.100 .. 10062 

3100 0.79962 2439.60 8.3&70 777.207 11&2.1111 10.12878 2.265 3.420 ,.131 
360 0.114330 2552.57 7.11113 82,..649 1230.653 10 .321026 2.301 3.,.310 10201 
380 0.686&5 2&65.31 7.325& 1172.515 1299.393 10.51025 2.332 3 ... 46 4271 
.. 00 0.921J7" 2777.74 6.8977 920.7,.5 13&8.369 10.68687 2.359 3.,.56 ,.3,.2 
'.20 0.97255 28118.5& 6.5187 9&9.281 1437.517 10.855&5 2.3112 3 ... 6,. 10412 
.... 0 1.01511 2998.7& 6.1795 1018.070 150&.794 11.01&65 2.,.01 3.470 10"81 
/t60 1.057,.7 3109.60 5.11730 1067.070 1576.186 11.17113 2.417 3.,.7,. 10550 
.. liD 1.097116 3202."0 5.&2110 111&.259 16,.,..1124 11.31720 2.431 3.491 ,.615 
500 1.110030 3313.98 5.10002 1165.7 .. 1 1714.736 11."5993 2.,.43 3.502 ,.692 
52D 1.18262 3425.17 5.1751 1215.414 1784.7116 11.59736 2 ... 53 3.50& 4762 

5/tO 1.227511 3558.86 4.9&12 12&6.201 11157.216 11.73229 2.4&4 3.506 411 .... 
560 1.26955 36&8.20 ".7706 131&.223 1927."45 11.85971 2." 70 3.507 49H 
580 1.311 .. 3 3777.27 4.594& 1366.163 1997.5&9 11.98283 2."75 3.506 .. 980 
600 1.35323 388&.09 ".1031& 1416.2 .... 20&7.755 12.101117 2. ,.110 3.508 SOH 
650 1 ... 574 .. "157.22 4.0720 15 .. 1.409 2243.093 12.38271 2.48& 3.506 5211 
700 1.56132 .. 427.27 3.7&80 1666.&35 2418.331 12.&425& 2. ,.90 3.503 5372 
800 1.76834 "9&5.06 3.2810 1917.0011 27&8.374 13.10995 2.492 3.49& 56111 

1000 2.16061 6035.20 2.&114 2417.0"l1l 34&&.952 13.88905 2.,.96 3.491 6253 
2000 ,..23177 11359.46 1~ 299 .. 109&9.0&5 7006.447 16.331004 2.&4& 3. &32 lilt 99 
3000 6.2T971t 16&19.28 0.11&61 7755.703 10779.083 17 .8&087 2.931 3.917 10161 

4000 11.32925 21999.94 0.&"96 10829.224 11t839.339 19.02&9& 3.236 1t.227 11538 
5000 10.,.0 .... 9 27321.30 0.5197 1 .. 331.082 193,.0.317 20.02865 3.11,,7 It. 1190 12682 

• TWO-PHASE BaUNORY 
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THEPI400'NlHIC p~OPElnlts OF NOP~~L ~YO~OGEH <:-2r: 

2600 PSU ISOBAR 

TEMPERATURE DENSITY V C OH/OVtp VCDP/DUI V .VCOP/DV'T CO"/OT\lV THERMAL, VISCOSITY THERMAL DIELECTRIC PAANOTL 
CONllUC TlV ITV DIFFUSIVITV CONSTANT NUNBER 

OEG. R LB/CU FT BTU/LB PSU-CU FTlBTU I"SIA 1/0EG. R 8 TU/F T-HR-R LB/FT-SEC Sq FTlHR 
lC lOS 

• 33.941 5.29&'71 1t1l8.65 12.894 2G323.76 0.0033045 0.01271 2.453 0.1101151 1.21931 1. 95'l\ 
31t 5.295&11 1t1l8.83 12.885 26298.96 0.0033016 0.01286 2.444 0.00851 1.27925 1.91526 
36 5.26019 .. 9 ..... 1 12.591 25 .. 511.0 .. 0.0034159 0.07582 2.181 It. 001153 1.27723 1.7"89 
311 5.22351 .. 98.90 12.338 2",621.21 0.0035241 0.07932 1.969 1t.008M 1.21515. 1.577& 
40 5.18655 502.51 12.100 23190.39 O. 003&343 0.08162 1.196 O. 00862 1.21303 1 ..... 69 

1t2 5.141142 505.25 11.886 22961.34 O. 0037 .. 48' 0.08310 1.652 0.00859 1.21086 1.3 .... 3 
.... 5.10943 501."2 11.681 22154.2" 0.0036%2 0.08536 1.531 0.0085" 1.26864 1.2632 
.. 6 5.069&1 508.98 11.490 21353.32 0.00396"6 0.08663 1 ... 27 0.008 .. 6 1.26638 1.19!1 
Itll 5.02898 50 8. 31 11.350 20511.2 .. 0.00"1068 0.0&158 1.339 0.008,3 .. 1.26407 1.1"'l2 
50 4.987"3 509.71 11.157 19761.06 0.00"2158 0.08826 1.2&1 0.00821 1.26111 1.1057 
52 4.9 .. 485 510."8 10.971 19006.117 0.01)43262 0.08871 1.193 0.00812 1.25930 1.06'15 
5 .. 1t.90172 51)9.97 to.795 18234.13 0.00 ...... 57 0.08898 1.13 .. 0.00801 1.256117 1.03'18 
56 ... 115794 510.79 10.618 17558.7 .. 0.0045"1;2 0.08872 1.080 B.007116 1.25439 1.0181 
511 ... 111334 510.75 10 .447 16871.711 0.0046549 0.08113 .. 1.033 0.00772 1.25186 1.0007 
60 ... 76819 509.42 10.286 16160.08 0.0047784 0.067!!7 0.990 0.00757 1.24934 0.9873 

62 4.122 .. 9 509.32 10 .131 155"1.22 O. 00 .. 81129 0.08136 0.951 o. 00 7 .... 1.24676 0.9749 
6 .. ... 675'14 ; 011.59 9.980 14923.22 0.0049917 0.06671 0.916 0.00731, 1.2 .. 415 0.96"6 
66 ... 62894 507.67 9.827 ,1 .. 3111.56 0.0051021 0.08613 0.683 0.00718 1.24151 0.9563 
68 ... 581/t3 506.36 9.681 13732.111 0.0052125 0.08544 0.853 0.00707 1.23885 0.9/t91 
70 ".53350 505.21 9.5"5 13190.29 0.0053132 0.06473 0.826 0.00696 1.23617 0.9421 
75 ... 41171 501.40 9.216 11903.9" 0.0055670 0.08282 0.765 0.00673 1.22937 0.9288 
eo ... 2879& 498.27 8.880 10760.68 0.0056018 0.06062 0.714 0.00652 1.22250 0.9200 
115 ... 16297 1t97.0 .. 1I./t95 9735.211 0.0060245 0.07861t 0.671 0.00632 1.21557 0.9171 
90 ... 03736 "9".910 8.157 8824.,.5 0.0062312 0.07692 0.633 0.00618 1.2086 .. 0.9136 
95 3.91167 "93.05 7.8"2 8025.66 0.006,.116 0.07508 0.600 0.00607 1.20113 0.9093 

iDa 3.78680· /t92.39 7.555 735'5.5 .. 0.0065"19 0.07335 0.571 0.00601 1.19489 0.9026 
105 3.66388 .. 91.66 7.308 6770.92 0.0066"56 0.07175 0.5"6 0.00599 1.18819 0.8 .... 5 
110' 3.5 .. 3/t9 1t92.38 1.077 6279.29 0.00670"1 0.07051 0.52" 0.00603 1.11116,. 0.8826 
US 3."2634 .. 9,..03 6.860 5852.56 0.0067366 0.06'345 0.505 0.00609 1.17530 0.8706 
120 3.31252 /t96.93 6.654 5,.111.87 0.0067364 0.06839 0.488 0.00617 1.16917 0.8603 
125 3.20333 501.00 6."58 511.5."4 0.0067070 0.06751 0.47 .. 0.00627 1.1£0329 0.8,.<;5 
130 3.09823 506.11 6.272 4916.93 0.0066399 0.06667 0.462 0.006"0 1.15765 0.8396 
litO 2.90172 521.2 .. 5.925 "501.84 0.00641t91 0.06507 0.4"3 0.00667 1.1 .. 717 0.82107 
150 2.7237 .. 540.05 5.609 "196.9" 0.0061995 0.06"40 0.,.31 0.00706 1.1377 .. 0.8060 
160 2.56356 562.91 5.317 3971.57 0.00591&2 0.0642 .. 0.422 0.00752 1.12929 0.7882 

110 2.41985 589.28 5.055 3806.17 0.0056171 0.06412 0."17 0.00801 1.12175 0.7758 
180 2.2909& 618.32 4.815 3675.75 0.0053309 0.06471 0.413 0.00858 1.11501 0.7569 
190 2.17507 653.51 ".5/t9 3572.30 0.0050613 0.06676 0./t2" 0.00928 1.10698 0.7556 
200 2.07039 686.97 4.355 3487.21 0.0048121 0.06851 0.432 0.01001 1.10355 0.7509 
220 1.118911 758.68 ".021 3359.53 0.00"3678 0.071411 0.445 0.011 .. 2 1.09 .. 19 0.743/t 
240 1.73779 n".84 3.750 3268.03 0.0039885 0.07 .. 02 0.";5 0.01279 1.08643 0.1375 
260 1.60997 914.711 3.521> 3203.05 0.003&601 0.07635 0."64 0.01416 1.07989 0.7321 
280 1.500&5 996.62 3.342 3152.24 0.0033791 0.07856 0./t71 0.01555 1.07433 0.727" 
300 1.40606 1079.66 3.190 3112.39 0.003136 .. 0.08070 0.479 0.01695 1.0695'3 0.7231 
320 1.32333 1163.62 3.061 3079.81 0.0029249 0.08280 0."86 0.01838 1.06535 O. 71~Z 

3 .. 0 1.250&0 12"7.06 2.954 . 3050.96 0.0027424 0.08488 0.493 0.0198" 1.06168 0.7159 
360 1.185112 1330.59 2.863 3026.90 0.0025806 0.08692 0.501 0.02135 1.058"2 0.7126 
3110 1.127114 1413.97 2.7115 3006.04 0.0024370 0.11889 .. 0.509 0.02269 1.05551 0.70'3& 
400 1.07557 1496.76 2.719 2987.65 0.0023087 0.09094 0.511 0.02 .... 7 1.05289 0.7068 
.. 20 1.02822 1578.21 2.662 2970.07 11.00219"8 0.09292 0.525 0.02609 1.05052 0.7043 
.. 40 0.98512 1658.93 2.613 2954.12 0.0020918 0.09 .. 87 0.533 0.02175 1.046:35 0.7019 
.. 60 0.9 .. 566 1739.22 2.569 29"0.62 0.0019972 0.09679 0.5"1 0.029"6 1.04'6 .. 0 0.69'34 
4110 0.91086 1809.18 2.5"2 2916.95 0.001929" 11.09869 0.550 0.0310 .. 1.0 .... 66 0.7001 
500 0.876'16 1884.87 2.521 2906.23 0.0018561 0.1005& 0 •. 558 a.0327" 1.04297 0.7001 
520 0.11"558 1962.32 2.495 2896.26 0.001781;8 0.102 .. 1 0.567 0.03454 1.04141 0.6989 

540 0.81461 20 .. 8.93 2."72 2899.09 0.0017113 0.1042 .. 0.576 0.03649 1.03988 0.6973 
560 0.787&8 .212".2/t 2.452 21189.311 0.0016511 0.10605 0.585 0.03839 1.031154 0.6951 
5110 0.76253 2198.94 2.434 2880.211 0.0015952 0.10784 0.594 0.0"032 1.03729 0.6950 
600 0.73897 2273. \)7 2.419 2811.72 0.0015"32 0.10963 0.603 0.0/t229 1.03613 0.6940 
650 0.&8613 2/t55.87 2.387 2852."1 0.0014276 0.11402 0.625 0.04740 1.03351 0.6919 
700 0.6 .. 0 .. 8 2636.33 Z.363 2835.60 0.0013268 0.11838 0.&48 D.05216 1.03126 0.6902 
800 0.56550 2992.07 2.328 2807.75 0.00116"5 0.12698 0.694 0.06"22 1.02756 0.6817 

1000 0.458,9 3&99.69 2.282 2767.67 0.0009435 0.14 .. 1/t 0.786 0.09004 1.02231 0.68<;0 
2000 0.23631 7502.71 2.078 2684.33 0.000 .. 8,.1 0.21723 1.218 0.32302 1.0U"5 0.5743 
3000 0.15924 12011.36 1.855 2656.0" 0.00032",1 0.39357 1.603 0.63104 1.0U771 0.5743 

/t000 0.12006 171117.65 1.672 26"1.29 0.0002"59 0.52217 1.'155 1.028'14 1.00581 0.5697 
5000 0.09611 2 .. 705.9& 1.406 2625.92 0.01l01CJ79 0.753&7 2.2116 1.60372 1.00465 0.533'1 

• TWDgPHASE BOUMDRY 
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C-2c r~EP"Oa1NAHIC PRO~E~TIES OF NOP~AL H10~nGEN 

" 2800 PSIA ISOBAR 

TE"PERATURE ~OLU'tE ISOTHER" ISOCHORE INTERNAL ENTHALPY ENTROPY C~ CP VELOCITY 
DERIvATIVE DERIVATIVE EflERGY OF SOUND 

OEG. R CU FTILB CU FT-PSU/LB PSU/R BTU/LB BTU/LB" BTU/lB-R BTU / LB -R FT/SEC 

• 31t.51t& D.1~i'''& 5117.66 87.71015 101.235 198.587 3."0;;8103 1.2112 1.622 5lt76 
36 0.188&, SO 27.57 87.7lt82 103.168 200.982 3.52637 1.309 1.673 5 .. 55 
38 0.18992 "903."6 87.6261t 105.926 2010.396 3.61900 1. 3 It It 1.7"1 5 .. 25 

It' 0.1un 1t779.35 87.3621 108.195 207.91t& 3.71019 1.375 1.808 5395 

1t2 0.19259 1t655.52 86.960:;8 111.770 211.626 3.80002 1.lt03 1.872 0:;36 .. 

.. " 0.19"00 .. 0:;32.28 86.lt1t80 111t.81t5 215.1t33 3.88851 1.1t30 1.935 5Ul 

.. 6 0.1951t& It 10 1 0.00 85.8181 118.020 219.366 3.97578 1.lt53 1.997 52911 
1t8 0.19698 10289.010 115.08109 121.290 223.420 4.06189 1.10 75 2.057 5261t 
50 0.191151t 1t169.83 114.2561 121o.&51t 227.5':1& ... 14699 1.109& 2.118 5229 
52 0.20018 ItOlt7.33 113.571t& 128.115 231.901t ".2311t0 1.515 2.1111 5195 
5 .. 0.20186 3:;133.55 82.lt805 131.661 236.322 ... 31473 1.532 2.237 5158 
56 0.2U59 3821.45 111.3126 135.286 2100.8lt6 1t.39702 1.548 2.292 511«:1 
58 0.20539 3709.89 80.0706 138.993 245. 108 It ... 47843 1.5&3 2.3lt6 5079 
60 0.2072 .. 3;010.28 78.7857 llt2.776 250.22& 10.55886 1.576 2.397 50100 

62 0.20915 31086.08 77.10682 1106.633 255;,072 ".UUIt 1.5 8~ 2. itO:; 2 .. 99 .. 
6 .. 0.21111 3392.1t7 76.1 .. 70 10:;0.563 2&0.022 ...71&91t 1.599 2.501 .. 959 
66 0.21315 3296.113 7 ... 7753 15 ... 567 265.081 10. 791t 711 1.609 2.550 "921 
&8 0.2152 .. 3201.6& 73.3688 158.&33 270.232 ... 871&7 1.617 2.598 1tS82 
70 0.21739 3113.1t8 71.92Q7 162.755 275.1t70 ".91t759 1.623 2.61tl .. 8 .. 5 
75 0.22305 21199.5& 68. Zlt97 173.291t 211""9"" 5.13335 1.631t 2.71t1o 1t7 .. 9 
SO 0.22911 2708.80 610.5306 1810.121 302.911 5.31356 1.6105 2.15100 .. 655 
85 0.2];57 2536.87 &0.8507 195.006 317.ilolt 5.108595 1,,661t 2.939 " .. 55& 
90 0.2102103 2381.23 57.2&68 206.357 332.051 5.&56102 1.676 3.025 101062 
95 0.2 .. 97U 22"0.68 53.8112 217.898 3107.362 5.82200 1.681t 3.102 1t372 

100 0.25738 2120.1 .. 50 ... 970 229.691t 363.1101 5.983911 1.689 3.165 1t29o 
"105 0.2651t5 2021t.OO 1t7.3781 21t1.1t35 379.1]65 6.1395,. b688 3.208 1t221 
1"10 0.2738"7 191t0.9& .. 1t.1t&50 253.196 395.192 6.2891t1t 1.686 3.2 .. 3 .. 158 
115 0.28263 1871.39 1t1.7&74 2&1t.91t6 It 11. 1t81t 6.lt31t08 1.685 3.271 .. 102 
120 0.29170 1812.97 39.2772 276.661 427.902 6.57"00 1.685 3.291t 1t052 
125 0.30105 1765.53 36.9782 288.326 Itltlt.1t17 6.70371 1.68& "J.311 1t008 
130 0.3106& 1730.01t 31t.8625 299.91/0 1t60.98& 6.1138710 1.6158 ]. ]20 ]970 
140 0.33052 1&112.2] 31.1270 322.882 1t91t.250 7.08520 1.69& 3.l28 ]91:1 
150 0.35103 16&0.81t 27.9820 345.517 527.519 7.311085 1.711 3.32/0 31167 
16. 0.37198 1659.91 25.3273 367.858 560.725 7.52929 1.731 3.315 311311 

170 0.39321 167".67 2].0810 389.946 59].819 7.72985 1.755 3.303 3821 
180 0.1t1 .. 58 1700.67 21.1719 1t11.81t7 &2&.800 7.918l9 1.783 3.293 ]8110 

190 0.1t3599 1733.11 19.5lt35 .. 31t.250 660.30& 8.09891 1.831t 3.308 ]1106 
200 0.lt57 .. 2 1770.89 18.1431t 1t56.161t 693.328 11.268102 1.861 l.308 ]1112 
220 0.50023 1857.60 15.8685 500.12 .. 759."83 8.58371 1.937 !. 3)\ '9 38 .. 0 
21t0 0.54281t 1955.0it lit. 0996 51t4.1t95 825.951 8.87Ja8 2.005 3.3:S"i' 3882 
260 0.515519 2059.37 12.6811t 589.lt25 892.836 9.110032 2.070 3.358 3934 
280 0.62720 2168.20 11.5213 63 ... 9 .... 960.139 9.38972 2.129 3.376 3992 
300 0.66883 2278.51 lO.55SIt 681.01t7 1027.1526 9.6231t3 2.182 3.39T 4!!,/O 
320 0.710l2 2390.13 " 9.7397 727.705 1095.893 9.8lt303 2.229 3. It15 4119 

31t0 0.75103 2,02.80 9.0418 7710.877 1161t.271t 10.05055 2.270 3,"30 1t1116 
360 0.79161t 2&1/0.81 8.1t379 822.503 1232.957 10.21t6&3 2.30& 3.4"3 4253 
3110 0.83191t 2726.18 7.9112 870.5ltlt 1301.892 10."3310:; 2.337 3.455 1t321 
.. 00 0.87197 2837./07 7. It It 17 918.91t2 1371.046 10.61023 2.361t 3.465 1t389 
420 0.91178 29 .. 11.31 7.0358 967.61t0 11t1tO.311l 10. 7791t6 2.387 3. 1t73 It .. 5 II 

~"o 0.95133 3D 57.60 6.6617 1016.58" 1509.832 1O.9lt086 2.407 ].1t79 1t525 
.. 60 0.99069 3167.&9 6.]362 1065.735 1579.393 11.09572 2.1t23 3.482 1t593 
"80 1.o2981t 3276.87 6.0378 1115.054 1&1t9. all 11.21t386 2.lt3& 3.lt85 1t660 
500 1.067 .. 1t 33611.60 5.7791 1161t.lt65 1717.916 11.381t5 .. 2.1t"7 3./093 4720 
520 1.10&79 3479.110 5.5597 121 ... 087 1787.9lt2 11.52196 2."56 3.501t 1t796 

5 .. 0 1.11tS95 3617.05 5.3498 1261t.981 1860.696 11.657]0 2.lt67 ].511 It 88 It 
560 1.18796 3726.22 5.11t35 1315.017 1931.015 11.78489 2 ... 7] 3.512 1t951 
580 1.22688 ]835.13 1t.9532 1365.107 2001.2210 11.90816 2. It 78 3.512 5018 
600 1.26572 39103.80 ... 7770 1"15.231 2071."90 12.027310 2.1t 82 3.512 5085 
650 1.31;256 1t211t.60 4.38elt 15"0.538 221t7.002 12.3081t0:; 2.lt88 3.509 5248 
700 1 ... 5U6 1t481t.36 1t.0600 16&5.883 21t22.385 12.56852 2.1t 91 3.506 5 .. 07 
800 1.65138 5021.61t 3.53/0 .. 1916.It/02 2772.6510 13.03621 2.1t93 3.lt911 5713 

laOO 2.031t28 60'10.92 2.15121t 2ltI6.775 3471.518 13.815&3 2.lt97 3.1t92 &282 
2DOO 3.93897 111t12.62 1.3992 1t969.139 7011.431t 16.26095 2.6"6 3.632 851«:1 
3000 5.81t063 16731.2" 0 .. 9325 7755.858 1018 ... 13] 17.78780 2.931 ].917 10176 

1t000 7.71t365 22051.21 0.6995 10828.618 I1t8lt3.5110 111.95368 3.231t 1t.2l/o 11552 
5ODO 9.6697" 27372.13 0.5596 1/0321.&93 19335.300 19.953]8 3.829 ".869 12697 

• TWO-PHASE 80UNDRY 
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T~EF."OD1 NAMIC PROPERTIES OF NOP~'l HYO~OGEN C-Ze 

2100 PSIA ISDBAR 

TE"PERATURE DENSITY VCDN/DV. p ~(OP/DU'V -VCDP/DII'T (DV/DT'~1I THER"AL VISCOSITY THER"AL DIELECTRIC PRANOT!. 
CONQUCTIVITY OIFFUSIVITV CONSTANT NUMBER 

OEG. R L8ICU n BTU/lS ,PSI A-CU FT 18 TU PSI~ 1I0EG. R 8 rU/F'T-HR-R L8/FT-SEC SQ FTlHR 
X 10" 

• 3 ... 5 .. 6 5.32559 503.73 12.11 .. 7 27256.06 0.00]2192 0.07/056 2.509 0.00116] 1.211098 1.96 .. 6 
36 5.30073 5011. 0 .. 12.642 266109.80 0.00]2926 0.07686 2.308 O. DO 1167 1.27954 1.11082 
311 5.265/tl 513.02 12.3115 251118.72 0.0033939 0.0110111 2.079 0.00875 1.27752 1.6251 
.. 0 5.22926 517.111 12.1411 2 .. 992.105 O. 005 .. 95S 0.0112117 1.892 O. 001177 1.27546 1.101156 

"2 5.19230 520.3 .. 11.935 2 .. 172.114 0.00]5977 0.01150" 1.737 O. 00 1175 1.273]5 1.3761 .... 5.15 .. 5 .. 522.«:l6 11.732 23:561.111,; 0.00]700 .. 0.0116711 1.606 0.001170 1.27120 1.211«:l6 
"6 5.11601 52 ... 95 11.542 22561.511 0.0033037 0.0111113 1 ... 96 0.001163 1.26901 1.2202 
.. I 5.07671 5Z6.51 11.]61 21774.Z2 0.01)39076 0.01191" 1 ... 01 O. 001153 1.26678 1.16101 
50 5.036&6 5Z7.117 11.180 21002.010 0.00 .. 0118 0.0119"11 1.319 11.00114] 1.26451 1.11116 
52 ".9QS511 527.71 11.040 202111.77 0.0041315 0.0«:l039 1.2 .. 7 0.001130 1.262111 1.01130 
5 .. ".95394 526.46 10.867 19 .. 86.54 11.00"2327 0.09071 1.113 0.001119 1.25912 1.0503 
56 ... «:l1l 73 529. 00 10.69" 11769.9 .. 0.00 .. 3321 0.09050 1.127 0.00110 .. 1.25743 1.027 .. 
511 ".11611111 529.14 10.524 111062.72 0.00 .... 329 0.09016 1.077 0.007119 1.25501 1.00115 
60 ... 11253 .. 529.2 .. 10.362 17391.115 0.00 .. 5300 0.011973 1.032 11.00776 1.25255 0.9923 

62 ".711133 527.66 10.204 166611.10 0.00 .. 6 .. 77 0.011925 0.991 0.00761 1.25007 0.9eD2 ' 
6" ".73680 527.115 10.057 16069.47 0.00"73116 0.081170 0.95 .. O. 00749 1.24757 tI.96113 
66 ... 69157 527.56 9.907 15467.32 O. 00 .. 113 .... 0.08809 0.920 11.00736 1.2 .. 503 0.951111 
611 ... 6 .. 595 526.67 9.766 1"1174.75 0.00Ct9324 0.0874" 0.1189 0.0072 .. 1.24247 0.9506 
70 1t.59996 525.67 '3. &34 11+321.90 0.0050224 0.0867c.; 0.1160 0.0071/0 1.239119 0.9427 
75 ..... 11324 522.73 9.314 12999.1t1 0.0052c.;02 0.08490 0.797 0.00690 1.23336 0.9279 
110 ".36471 520.37 11.9119 111123.12 0.005 .. 5110 0.08296 0.7"5 1).00669 1.22675 0.9171 
115 ".2Ct508 520.17 11.&13 1076'3.24 0.005&504 0.08102 0.700 0.006 .. 9 1.7.2012 0.913& 
90 It. 12 .. 97 518.114 8.2113 9822.51 0.0051'1302 0.07914 0.&&1 0.0063" 1.213"7 0.9091 
95 ".001t1l6 517.25 7.9,7 11973.511 0.0059966 0.07733 0.627 11.00&23 1.206115 0.9049 

'100 3.118531 516.22 7.694 1'1237.41 0.0061302 0.075&2 0.597 0.00615 1.20029 0.11992 
105 3.76723 516.20 ·7.4$0 7624.117 0.00&2136 0.071t03 0.c.;71 0.00613 1.193112 0.11902 
110 3.65138 516.85 7.221 70117.111 0.0062740 0.07278 0.5411 0.00615 1.111751 0.11787 
115 3.53821 518.51t 7.005 6621.36 0.00630110 0.07172 0.5211 0.00620 1.111136 0.8666 
120 3.42820 521.21 6.800 &215.21 0.0063195 0.07072 0.510 0.00626 1.17540 0.8558 
125 3.321611 525.04 6.604 5864.52 O~0063051t 0.069&7 0 ... 95 0.00634 1.16965 0.1I471t 
130 3.211196 530.36 6.416 5568.91t 0.00&2602 0.0611110 0 ... 112 0.0064" 1.16413 0.83111 
1 .. 0 3.02557 544.10 6.064 50119.69 0.006U57 0.06719 0."62 0.00667 1.15377 0.8234 
150 2.IICt879 562.09 5.742 4731.37 11.0059141 0.0&&"5 0.4 .. 7 11.00702 1.14 .. 3& 0.8054 
160 2.6111130 584.1 .. 5."42 "462.35 0.0056758 0.06621 0."37 1).00743 1.13511& 0.7862 

170 2. \;Ct3111 ;; 09.53 5.171 42511.99 0.0054191t 0.06602 0.1t31 0.007116 1.121122 0.77&2 
180 2.41.2011 638.011 4.922 4102.16 0.0051612 D.06664 0.425 0.00839 1.12134 0.7553 
190 2.293&1 &72.711 4.646 3975.07 0.00491&c.; 0.0&1162 0 ... 35 0.00904 1.11515 0.7547 
20D 2.186111 705.112 ..... 44 3671.411 0.00Ct61164 0.07032 0.44" 0.00972 1.1095& 0.7$04 
220 1.99909 77&.70 4.098 3713.52 0.0042732 0.07317 0.455 0.01103 1.09986 0.7437 
2ltO 1.114215 852.41 3.1117 3&01.411 0.0039149 0.07557 o ... S4 0.01229 1.09178 0.1383 
260 1.7011115 931.76 3.585 3519.16 0.003&035 0.07775 0.472 0.01355 1.08495 0.7335 
280 1.594]11 1013.52 3.3S4 3 .. 56.94 0.0033328 0.07983 0.479 o. 01482 1.07910 0.7291 
300 1.4951" 10'36.32 3.236 3406.70 0.0030984 0.08184 0.485 0.01611 1.07405 0.7250 
320 1.401121 1110.011 3.103 3365.80 0.0028937 0.011383 0 ... 92 0.01743 1.0696 .. 0.7212 

340 1.33151 1264.19 2.991 3332.49 0.0027132 0.085111 ci."99 0.011179 1.06576 0.7176 
360 1.26319 13"7.91 2.1197 3303.02 0.002551t6 0.011777 0.506 0.020111 1.06231 0.711tCt 
3110 1.20201 lCt31.26 2.1116 3276.88 0.0021t143 0.08973 0.513 0.02160 1.05923 0.7114 
.. 00 1.14682 1514.06 2.747 32~4. 07 0.002211137 0.09168 0.5Z1 0.02307 1.05646 0.706& 
.. 20 1.09676 1596.02 2.687 3233.511 0.0021759 0.09360 0.529 0.024$11 1.05395 0.7059 
.. 40 1.05116 167&.86 2.&3& 3214.03 0.002074& 0.09551 0.537 0.02612 1.05167 0.7035 
.. 60 1.009"0 1757.23 2.591 3197.Ct5 0.0019111& 0.09740 0.545 0.02771 1.04958 0.7010 
.. 80 0.97102 1836.50 2.552 3181.92 0.00111975 0.09927 0.553 0.02934 1.047&& 0.69811 
500 0.93652 1907.22 2.521 3155.78 0.0018313 0.10112 0.561 0.03091 1.04596 0.6981 
520 0.903!;1 19111.31 2.506 3144.03 0.0017&83 0.10296 0 .. 570 0.03252 1.04430 0.6CJS3 

51t0 0.117036 2066.111 2.492 31411.12 0.001<:>993 0.10477 0.579 D.034211 1.0lo2&S D.6961 
560 0.1141711 2141.5Ct 2.471 3136. &6 0.001&3911 0.10657 0.5117 0.03605 1.04123 0.69&9 
5110 0.1115011 2216.30 2.453 3125.92 0.OOlS846 0.101136 0.596 0.037116 1.03990 0.6957 
£ODD 0.79006 2290 • .,7 2.436 3115.115 0.001S331 0.11013 0.605 0.03970 1.0366& 0.69 .. 1 
650 0.733'U 2473.313 2.4113 3093.16 0.00141811 0.11453 0.6211 0.044 .. 7 1.03588 0.6Q21o 
700 0.68537 2653.93 2.3711 3073.4$ 0.0013210 0.11869 0.651 0.04948 1.03347 0.&906 
IIOC 0.&0556 3009.78 2.341 30ltO.811 0.0011623 0.12752 0.697 0.0&020 1.02954 0.6860 

1000 0.lt9157 37,17.53 2.2'31 2994.14 0.00093CJ3 0.14478 0.7119 0.011434 1.32393 O. &851 
2000 0.253117 7521.22 2.083 21197.36 0.000 .. 1129 0.27723 1.225 0.30066 1.01231 0.5777 
3000 0.17121 12030.90 1.1158 21164.63 Q.0003255 0.39356 1.614 0.511690 1.00629, 0.5781 

4000 0.12914 171911.3S 1.675 21147.65 0.0002456 0.52164 1.969 0.95622 1.00625 0.57ltO 
5000 0.103 .. 2 24630.92 1.4U 2830.70 0.0001977 0.710871 2.303 1."8679 1.00500 0.5391 

• lMO-PHASE BOUNORY 
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C-2c THEP"OO"NA'HC P~OPEPTIES OF NOP'1AL HYDPOGEN 

JODD PSIA ISOBAR 

TEHPERATURE VOLUME ISOTHER" ISOCHORE INTERNaL ENTHaLPY ENTROPY cv CP VELOCITY 
OEUvATI VE OERIIIATIVE ENERGY OF SOUND 

OEG. R CU FT/LB CU FT,"PSIl/LB PSIl/R BTU/L8 BTU/La BTU/U-R BTU / LB -R FTISEC 

• 35.142 0.18677 5263.1& 118.4898 101.970 205.722 3."610111 1.291 1.6211 55 .. 6 
36 a.l~727 5211.00 1IS.5061 103.li99 207.132 3.50H5 1.306 1.6511 55:J5 
3S 0.lUlo9 50119.15 118.4355 105.8011 210.516 3.59564 1.341 1.725 5507 
40 0.1&97 .. "967.111 88.2221 1011.626 2110.032 3.&8598 . 1.373 1.191 51t79 

42 O.19LO .. 101145.32 117.8773 111.548 217.676 :J.77"91o 1.401 1.1154 5449 
.... 0.19239 4723.89 87.4118 114.5&9 221.446 3.116255 1.4211 1.915 5 .. 19 .. , 0.19378 "603.21 116.83511 117.6117, 225.337 3.9"891 1.452 1.976 53117 
48 0.19522 .... 113.62 86.1581 .120.1197 229.3411 4.03 .. 09 1." 710 2.035 5355 
50 0.19&71 4365.51 85.3869 1210.199 233."77 ... 1182 .. 1."95 2.09" 5321 
52 0.19825 42"9.27 8 ... 5293 127.589 237.722 4.201 .. 1 1.515 2.151 52117 
54 0.19986 4132.22 83.8101 131.071 242.096 ... 28391 1.532 2.211 525& 
56 0.2U150 4022.26 82.70"1' 134.631 246.570 4.36528 1.548 2.2& .. 5220 
511 0.2O:J20 391 ... 01 111.5297 138.268 251.150 ....... 568 1.563 2.316 51113 
60 0.20 .. 95 3804.8" 80.2959 141.981 255.832 4.52509 1.577 2.3611 51 .. 5 

62 0.2067'4 3702.88 79.0151 145.765 260.616 4.60355 1.5M Z.417 5107 
64 0.201160 3:;99.46 77.7101 1 .. 9.621 265.500 4.68111 1.600 2.465 50&9 
66 0.21050 3492.76 76.3936 153.S43 270.481 4.75774 1.611 2.S16 5027 
&11 0.21247 3 .. 00.22 75.0"02 157.531 275.562 4.83360 1.620 2.561 4991 
70 0.211t .. 9 3312.28 73.6631 1&1.574 2110.725 4.908 .. 3 1.626 2.603 4956 
75 0.219711 3098.08 70.1059 171.908 29 ... 001 5.091 .. 5 1.638 2.703 .. 1166 
110 0.225"3 2902.80 66 ... 951 182.523 307.7S1 5.26887 1.650 2.796 .. 77 .. 
85 0.231"2 2729.33 62.906" 193.195 321.755 5."38411 1.670 2.892 .. &80 
90 0.23777 2571.79 59.3978 2010.331 336.416 5.60614 1.682 Z.974 .. 590 
95 0.2 .... 48 2433.41 56.0026 215.658 351 ... 69 5.76892 1.691 3.046 .. 507 

100 0.25153 2307.3" 52.7418 227.243 366.972 5.92807 1.696 1.108 4426 
105 0.251193" 2199.21 .. 9.6323 238.788 382.629 6.08103 1 .. 695 3.155 .. 355 
1.10 0.26665 2110.19 .. 6.7173 250.369 398.500 6.2285 .. 1.694 3.192 4292 
115 0.27467 2033.40 43.9914 261.953 414.538 6.37093 1.693 3.222 4234 
120 0.28296 1971.02 41.4696 273.516 .. 30.708 6.50874 1.693 1.245 41114 
125 0.29152 1917.41 3'.1.1383 285.046 .. 46.988 6.64153 1..693 3.265 4138 
130 0.30030 11173.49 36.9783 296.521 4&3.344 6.76989 1.696 3.280 4098 
1 .. 0 0.311147 11113.91 33.1456 319.317 496.235 7.01358 1.70 .. 3.296 .. 032 
150 0.33727 17 8 ... 37 29.8848 341.850 529.2011 7.2 .. 1111 1.718 3.299 3984 
1611 0.35652 1774 ... 0 ' 27.1138 364.153 562.208 7."5429 1.738 3.299 3950 

170 0.37:007 1781.10 2".7509 386.250 595.1&5 7.&5 .. 02 1.762 3.293 3927 
1110 0.39581 1800.03 22.7280 .. 08.197 628.075 7.34206 1.790 3.288 3914 
190 0.41563 11128.02 20.9931 430.668 661.556 8.02254 1.840 3.305 3900 
ZOO 0."3548 1861.04 19.4963 452.658 &94.573 8.19202 1.873 3.3011 3902 
220 O.47!i18 1941.0" 17.0568 496.781 76(1.75" 8.50743 1.9 .. 3 3.32! 3921 
2 .. 0 0.51481 2031.0" 15.1571 541.329 827.316 8.79721 2.011 3.343 3955 
260 0.55ItZ" 2132.10 13.6364 586.443 89 ... 333 9.06497 2.075 3.365 4002 
280 0.59340 2236.69 12.3888 632.149 961.793 9.31 .. 96 2.134 3.387 4055 
300 0.63225 231t5. 76, 11.341\7 678.439 1029.664 9.5"930 2.187 3.406 4114 
320 0.67078 2,.55.38 10.4702 725.2110 1097.910- 9.76948 2.234 3.424 4176 

3 .. 0 0.701199 2565.83 9.7183 772.631 1166 ... 88 9.97760 2.275 3 ... 40 4239 
360 0.74693 2&77.32 9.0670 820.430 1235.3j)4 10.17"23 0!.311 3 ... 53 4305 
380 0.78459 2788.32 8 ... 985 868.638 1304 ... 91 10.36127 2.343 3.465 .. 371 
400 0.821911 2898.35 7.9981 917.197 1373.821 10.53880 2.370 3 ... 74 4437 
420 0.85916 3008.26 7.5538 966.050 1443.332 10.70846 2.3CJ3 3.481 4503 
4 .. 0 0.89HZ 3118.2" 7.1566 1015.145 1512.954 10.87026 2."12 3."87 .. 570 
460 0.93288 3227.40 6.7989 1064.441 15112.676 11.02548 2.428 l. 49 0 46J6 
.. 80 0.9&!l1t3 3335.32 6.4779 1113.901 1652.438 11.17392 2.10"2 3."93 4701 
500 1.0058& 3443.55 6.18 .. 7 1163."69 1722.2 .. 1 11.31641 2.452 3.493 4767 
520 1.04205 3551.99 5.9177 1213.118 1791.9'.14 11 ... 5327 2."61 3.1t91 .. 832 

5 .. 0 1.08081t 3675.84 5.7386 1263.799 1564.226 11.58742 2 ... 69 3.516 1t924 
560 1.11727 3784.79 5.5167 1313.968 1934.634 11.71517 2." 75 3.516 .. 991 
580 1.15362 3&93.50 5.3120 1364.065 2004.925 11.83859 2 ... 80 3.516 5057 
600 1.111990 4002 .. 00 5.1225 1414.252 2075.266 11.95790 2.484 3.515 5122 
650 i..28033 4272.39 4.70 .. 9 1539.697 2250.9 .. & 12.23928 2.490 3.512 5284 
700 1.370"5 "541.80 4.3521 1665.158 2426."69 12.49955 2.493 3.508 5lt41 
aDo 1.55000 5078.46 3.7878 1915.'.100 2776.955 12.96754 2.495 l.500 5745 

1000 1.90745 61"6.74 3.0133 2416.473 3476.097 13.7 .. 727 2.495 3 ... 93 6311 
2000 3.68518 11"65.56 1."988 4'.169.232 7016.418 16.19290 2.647 3.632 8538 
3000 5."6002 16782.84 0.9990 775(j..034 10789.175 17.71979 2.932 3.916 10192 

1t0DD 7.23&08 22102.05 0.7493 ,10828.115 148 .. 7.895 18.88510'" l.232 It. 222 11566 
5000 9.03299 27422.49 0.5995 t4313.302 19331.299 19.88337 3.813 1t.851 12712 

• TWO·PHASE BOUMO~Y 
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------

' .. £RHOOYNA!'IIC PROPERTIES' OF NOP.!'IU HfO~OGEN C -2e 

3000 PSU IStlBAR 

'E"PERATURE DENSITY VCOH/OV'p VCOP/OUJV -VCOP/OVlr 'OV/DT\1~ THERMAL VISCOSITY THERt1AL DIELECTRIC PRANOT:' 
CONOUC TUtTY OIFFUSIVITY CONSTAlt' MUH8ER 

OEG. R LalCU FT STU/LS PSIA-CU FTl6 TU PSIA 1/0EG. R S TU/F T-HR-R L8IF'-~EC SQ F'I'IHR 
X 10 

• 35.1"2 5.35"30 518.60 12.80 .. 28180.69 O.OOU"Ol 0.07628 2.565 0.00875 1.28261 1.9716 
n 5.33980 521.23 12.687 271125.69 0.0031807 0.07788 2 ..... 1 0.00880 1.281711 1.8707 
38 5.305, .. 52&.71 12.1t30 27000.19 0.00327';" 0.08130 2.193 11.008811 1.27981 1.6752 
.. 0 5.27030 5U.35 12.19 .. 26178.50 0.0033700 0.011"119 1.991 0.00891 1.27780 1.526 .. 

.. 2 5.23""0 55".96 11.982 25362.36 0.0034649 0.0863" 1.112 .. 0.00890 1.27575 1 ... 098 

.... 5.19776 5311.0 .. 11.780 2 .. 553.6 .. 0.0035600 0.08816 1.685 0.00885 1.27367 1.3177 .. , 5.16039 5 .. 0 ... 5 11.592 23754. ,53 o • 0 (136556 0.089511 1.566 0.00879 1.27154 1.2437 

.. 8 5.12231 542.41 11.411 22966.47 0.0037515 0.09065 1.465 11.00870 1.26937 1.1839 
50 5.083!i3 544.17 11.232 22192.18 0.0038"76 0.09146 1.378 11.00859 1.267!,7 1. 135:3 
52 5.0 .... 05 545.50 11.062 21433.63 O. DO 394311 0.09203 1.301 0.00""" 1.26493 1.0<150 
5 .. 5.00355 545.45 10.933' 20675.76 0.0040535 0.09240 1.234 0.00835 1.26263 1.06211 
56 ".962&8 5 .. 6.51 10.763 19961.16 0.0041433 0.09221 1.174 0.00821 1.26031 1.0379 
58 ".92125 547.27 10.597 19261.80 0.0042327 0.09191 1.121 0.00806 1.25797 1.0172 
60 ".87'133 5 .. 7.39 10 ... 37 18565.04 0.0043251 0.09152 1.074 0.00792 1.255~0 0.99911 

62 ".53&58 547.79 10.279 17910.39 0.0044117 0.09107 1.031 0.00779 lQ25321 0.9846 
£lit 4.79392 5 .. 7.1t5 10.130 17255.53 0.0045035 0.09055 0.992 1I. 00 766 1.25078 0.9722 
66 ".75056 546.41t 9.982 16592.5 .. 0.001t601t1 0.08998 0.956 0.00753 1.21t1l31t 0.9627 
68 ... 70653 51t6.17 9.81t .. .16003.2 .. 0.001t6891 0.08935 0.921t 1I.0071tl 1.21t587 0.9531t 
70 ".66227 545.72 9.716 15'.1t2.75 0.OQ47701 0.08869 0.894 0.00731 1. 21t33 II 0.9447 
75 ".51t991' 5 .. 3.1t1t 9.401t 110096.18 0.00497310 a .0 8f> 89 0.1129 0.00707 1.23709 0.9280 
80 ..... 3606 5'+1.51 9.087 12876.98 0.0051639 0.08500 o • 17 It 0.00685 1.23!J/3 0.9169 
85 1t.32109 542.19 8.718 11793.66 0.0053339 0.08310 0.728 0.00665 1.221t33 0.9117 
90 ".20574 5 .. 1.65 8.397 10816.28 0.0051t915 0.08124 0.6811 0.0061t9 1.2179 .. 0.9061t 
95 4.09039 541.33 8.098 9953.61 0.005626" 0.0791t6 0.653 0.00638 1.2115'; 0.9007 

'100 3.975&8 5 .. 0.63 7.1122 9173.25 0.00571t95 0.07777 • 0.622 C. 00629 1.2o~25 0.8951 
1-05 3.862D5- 539.98 7.581 8493.45 D.0051J1t3& 0.07618 0.595 0.00625 1.19901 0.8871t 
UO 3.75020 51t0.611 7.35 .. 7913.63 0.0059034 0.071t94 0.571 0.00626 1.19289 0.11761 
U5 3.61t071 5 .. 2.17 7.138 7403.01 0.0059421t 0.07387 0.551 0.00630 1.18693 0.8643 
120 3.531t0l 5 .. 5.0 .. 6.933 6965.63 0.0059535 0.07286 0.532 0.00635 1.18113 0.6533 
125 3.1t3035 548.66 6.738 6577.1t0 0 .. 0059501t 0.07190 0.51& 0.006"2 1.17552 O.81t40 
130 ,).3299" 553.37 6.549 6238.70 0.0059272' 0.070113 0.502 0.0061t8 10 HinO 0.8376 
1 .. 0 3.13998 566.1t1t 6.195 5695.64 0.0058195 0.D6921 1!.480 0.00669 1.1596q 0.11231 
150 2.96502 5111t.11 5.867 5290.70 0.005&1t86 0.0681t2 0.464 0.00699 1.15054 0.8052 
2.60 2.80,.87 :, 05.1t8 5.561 1t976.97 0.00541t79 0.0&813 11 ... 52 0.00736 1.11t20 3 0.711114 

170 2.65907 630.16 5.283 4736.08 0.0052260 0.06787 0 ... 45 [~. 00775 1.13432 0.7766 
180 2.5261t8 &S8.00 5.026 .. 547.75 0.00"9976 0.0681t8 o .43!> iJ.00821t 1.12731t 0.7536 
190 2."0600 692.52 1t.71tl .. 398.21 0.0041731 0.0701t .. o .1t1t6 0.00811& 1.12102 0.7535 
200 2.29631t 725.09 ".S32 1t273.58 0.001t5620 0.07211 0."51t 0.0091t9 1.11529 O.71t98 
220 2.10 .... 5 795.101 1t.172 "084.82 0.0041757 0.07"86 0.466 0.01071 1.10532 0.7436 
2 .. 0 1.94246 1170.11 3.881 391t5.20 0.003t.1t19 0.07713 C.1t7" 0.011118 1.09694 0.7390 
260 1.804211 91t9.28 3.61t2 381t6.90 0.00351t"8 0.07917 0.480 0.013010 1.08983 0.731t6 
280 1.68520 1030.1t8 3.445 3769.28 0.0032868 0.08111 0.4116 0.01421 1.0837" 0.730& 
300 1.581&6 111:'1.50 3.281 3710.20 0.00305118 0.08300 0.1t92 G.01541 1.071145 0.7266 
320 1.1t9080 1197.17 3.11t .. 31;60.1t9 0.11028603 0.081t89 0.1t911 0.01663 1.07383 0.7230 

3 .. 0 1."10"6 1281.05 .). 028 3618.99 0.0025C54 0.08677 0.504 0.01788 1.06976 0.7195 
360 1. :538111 13 65. 08 2.930 3584.42 0.0025296 0.08865 0.511 0.01918 1.06613 0.71&2 
380 1.27"56 lIt1t8.&0 2.846 3553.87 0.0023913 0.09054 0.51& 0.02050 1.06289 0.7131 
.. 00 1.21658 153J..65 2.774 3526.07 0.0022683 0.09243 0.525 0.·02187 1.05997 0.7103 

"20 1.16H2 1613.71t 2.713 3501.38 0.0021574 0.091t30 0.532 0.02327 1.05732 0.7076 
.... 0 1.11593 1695.30 2.659 3 .. 79.73 0.0020567 0.09617 0.5"0 0.02"72 1.05491 0.7050 
.. 60 l.07n .. 1775.79 2.612 31tS9.59 0.0019652 0.09802 o .51t8 0.02620 1.05271 0.7024 
.. 80 1.03153 U5".96 2.572 3 .. 1t0 ... 9 0.0018828 0.09987 0.556 0.02772 1.oS0611 0.7002 
500 0.99418 1933.36 2.537 3 .. 23.50 0.00111065 0.10170 0.565 0.02929 1.048112 O. &980 
520 0.95965 2011.15 2.506 3"08.67 0.0017361 0~I0351 0.573 11.03089 1.04709 0.6958 

51t0 0.92521 2083.56 2.S12 31t00.91 0.00161174 0.10531 0.582 11.032311 1.0 .. 538 0.69119 
560 0.895olt 21511.911 2.1t90 3387.53 0.001&2115 0.10710 0.S90 0.03403 1.043117 0.697& 
SliD 0.86683 2231.78 2.1t71 3375.02 0.0015739 0.10888 0.599 0.03573 1.01t247 0.69&4 
600 0.84040 2308.00 2.454 3363.29 0.0015231 0.11065 0.608 0.0371t5 1.01t116 0.6Q5l 
650 0.78105 2490.99 2.1t19 3336.91t 0.0011t099 0.11503 0.630 0.01t193 1.03821 0.6'329 
700 0.729&9 2& 71. 61 2.39~ 1311,.09 0.0013132 0.119 .. 0 0.653 0.01t664 1.0356 7 0.6910 
800 0.61t516 30~ 7.55 2.354 3276.1t2 0.0011561 0.12806 0.&99 0.05671 1.0311t9 0.6862 

1000 0.521t26 3735.100 2.301 3222.49 0.0009351 0.11t51tl 0.792 0.07941 1.02553 0.6852 
2000 0.27136 7539.69 Z.01l7 3111 .26 0.0004817 0.27723 1.232 0.211127 1·01316 0.5el0 
3GOO 0.111315 12050 ... 0 1.861 3073.77 O. 0003250 0.39355 1.621t 0.51t865 1. Ot,:, " 7 0.51119 

1t000 0.131120 17210.00 1.6711 3051t ... 2 0.00021t53 0.52117 1.983 0.!9322 1.006&9 ,,~ r>7SZ 
5000 0.11071 21t565.66 1.1t20 303S.1I1 0.0001975 0.71t1t2& 2.319 1.311577 1.00535 0.544] 

• '~O-PHASE BOUNORY 
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c-Zc TI4ERHOO'NAHIC PROPERT IES OF NOfJ ... L HYOQOGEN 

3500 PSIA ISOBAR 

TEMPERATURE VOLUME ISOTHER" ISOCHORE INTERNAL ENTHALPY £NTROPY CV CP VELOCITY 
DEUVATIVE DE'IIVATIVE ENERGY OF SOUND 

OEG. R CU n/LB CU 'FT-PSIA/lB PSIA/R BTU/lB BTUIlS BTU/LB-R BTU I lB -R FUSEe 

• 36.59" 0.18 .... 2 5618.07 90.3291 103.876 223.401 3.1071116 1.3lO 1.61010 '3717 
38 G.18'520 5'336.11 90.3409 105.716 22'3.7105 3.510125 1.334 1.690 5700 
100 0.181'1310 5,. 19.1" 90.2357 108.1022 229.1l1li 3.62972 1.367 1.753 5675 

.. 2 0.1II7!H 5301.96 119.991111 111.227 232.75'3 3.71679 1.39& 1.1113 56ft 9 .... 0.1l1li73 5UIo.1I3 89.61025 1110.127 23&.1041 3.1102106 1.423 1.873 '3623 

106 0.189911 50611.02 119.1777 117.120 2100.2"" 3.11116116 1.loftll 1.930 5595 ... 0.19127 .. 951.81 68.61 .. 3 120.201 2 .. 4.161 3.97003 1."71 1.9116 5566 
50 0.19259 .. 1136.5,. 117.9&09 123.3611 2"".190 ... 0521,. 1.,.93 2.0,.2 5537 
52 0.1939& ,.722.51· 117.2252 126.&19 252.3211 ... 13322 1.513 2.097 5506 
5 .. 0.19537 "010.011 11&.41 .. 0 129.<j50 25fJ.57 .. ".21329 1.531 2.1109 51076 
56 0.19&113 .... 9<j.60 115.5331 133.3511 260.922 ... 2<j231l 1.51011 2.202 5 ...... 

511 0.19832 .. 391.,. .. 1110.51179 136.1142 265.375 10.370510 1.56 .. 2.253 5U2 
60 o g 199119 10291.60 113.7151 1 .. 0.lolO 269.957 4 ... 101125 1.579 2.3010 5386 

62 0.201,.6 "190.31 112.56119 1,. ... 039 2710.&09 10.52105& 1.592 2.350 5353 
610 0.20309 10091.58 1I1.371l0 1"7.737 219.359 10.599911 1.604 2.395 5320 
66 0.20 .. 75 3992.118 110.1"62 151.,.96 2114.195 10.67439 1.615 2.439 52116 
611 0.20&105 3899.07 711.11779 155.3110 2119.115 ".710783 1.625 2.10111 5252 
70 0.20!120 3502.06 77.5<j53 159.187 29ft.123 ... 1120 .. 1 1.&32 2.522 5217 
75 0.21277 3573.711 710.31,. .. 169.0116 306.9110 ".99767 1.6107 2.6111 5131 
80 0.21760 33110.05 70.9474 179.2511 320.2115 5.169310 1.6&0 2.7010 5051 
85 0.22271 3197.103 &7,.5520 189.4113 333.821 5.33327 1.6112 2.796 10962 
90 0.228011 3033.67 &,..1983 200.172 3,.7.99,. 5.1o<j536 1.695 2.873 ,.UO 
95 0.23372 2887.17 60.9397 211.055 362.528 5.652510 1.705 2.941 .. 8U 

100 0.2:J961 2757.74 57.7971 222.2010 377 .49 .. 5.110617 1.711 2.999 .. 732 
105 0.24575 2&39.17 5".77116 233.331 392.602 5.95378 1.711 3.DIt6 .. 665 
'110 0.252110 2536.61 51.11776 210".521 "07.933 6.09627 t..711 3.08" .. 603 
U5 0.251l75 21010,..51 ,.9.1292 255.7,.1 423.,.39 6.23392 1.710 3.118 45,. .. 

120 0.2&559 2365.50 ,.6.55011 266.973 "39.101 6.367"0 1.710 3.1,.6 4,.90 
125 0.21'262 2302.111 "".11017 2711.201 .. 5,..8118 6."9617 1.711 3.167 ,. .... 3 
130 0.27911" 22,.,..23 ,.1.8975 289.403 it7D.767 &.6201'8 1.713 3.1118 4398 
1 .. 0 0.291t78 2157.83 37.8739 311.7&3 502.811 6.85819 1.1'21 3.219 ,.32 .. 
150 0.31027 2104.62 34.3939 334.003 535.093 7.08102 1.735 3.238 10266 
160 0.3262'. 2073.60 31.31114 356.1"0 567.559 7.29068 1.755 3.252 . .. 219 

110 0.3,.245 2060.76 28.1718 378.176 600.120 1."11801 1.77& 3.261 4184 
180 0.351192 2063.0,. 26.510,. .. 00.1 .. 7 &32.767 7.&7,.5,. 1.80& 3.269 4159 
190 0.37555 2076.,.7 24.5,.33 "22.707 666.100 7.115,.22 1.115& 3.295 ,.133 
200 0.3922& 2099.1,. 22.825" 4,. ... 827 699.051 8.02336 1.1188 3.303 ,.12 .. 
220 0 ... 25711 2161.011 19.9951 "89.261 765.210 8.33866 1.956 3.322 412 .. 
2 .. 0 11 ... 5932 2236.50 17.7807 534.1103 831.832 8.62870 2.023 3.3,.9 41 .. 1 
260 0."92111 2323.22 16.0056 579.613 899.003 8.897011 2.0117 3.377 .. 113 
280 0.52621 2 .. 17.86 1 ... 5,.81 625.&99 '366.736 9.1,.808 2.1,.& 3.403 4214 
300 0.559,.5 2519.86 13.328& 672.387 1034.971 9.38368 2.199 3.425 426ft 
32D 0.592,.11 2623.711 12.29~9 719.627 1103~&15 9.60515 2.2,.6 3. ,.,.,. ,.317 

3 .. 0 0.62525 2731.20 11.,.079 767.373 1172.600 9.81"51 2.287 3.,.60 4375 
360 0.65180 2839.23 10.6390 815.560 12,.1.8113 10.01230 2.324 3. ,.73 .... 3 .. 
38D 0.69013 29,.7.38 9.9665 864.148 1311.,.24 10 .20046 2.355 3.,.85 ,. .. 95 
.. 00 0.7222] 3055.62 9.37,.6 913.078 1381.160 10.37903 2.3113 3. ,.9,. 4556 
.. 20 0.75417 31&".29 8.8 .. 92 9&2.29,. 1"51.072 10.54961 2.,.06 3.500 .. 618 
.... 0 0.7115119 3272.32 8.31106 1011.7'+0 1521.077 10.71236 2.425 3.505 4681 
.. 60 0.81TH 3379.,.8 7.9595 1061.378 1591.147 10.116835 2.4,.1 3.5011 ,.7 .. 3 
.. 80 0.8,.579 3,.86.07 7.5783 1111.172 1661.279 11.01758 2.,.55 3.510 .. 1105 
500 0.87999 359,..04 7.2322 1161.065 1731.392 11.16070 2 ... 6& 3.509 .. 868 
520 0.91109 3700.67 6.917" 1211.033 1801.5111 11.291129 2." 7 .. 3.5011 ,.930 

5,.0 0.9 .... 69 3825.27 6.7115 1261.005 1873.264 11.,.3111 2.41.6 3.526 5024 
560 0.97597 3933.51 6.,.50 .. 1311.347 19103.817 11.5592" 2.,.81 3.526 5089 
SlID 1.00717 100,.1.57 &.2096 1361.605 201,..359 11.68299 2.411& 3.525 5153 
600 1.03831 ,.1,.9.47 5.9868 1"11.942 206,..877 11.80259 . 2." 89 3.524 5217 
650 1.11592 .... 18 .. 5,. 5.,.962 1537.718 22&0.9,.9 12.011"61 2.495 3.519 537 .. 
700 1.1932l ,.&8&.81 5.0822 1663.,.60 2,.36.801 12.34536 2.497 3.51" 5528 
800 1.3472" 5 221. 53 4.,.210 1914.6,.5 2787.801 12.&140,. 2.,.96 3.50" 51126 

1000 1.65373 62116.73 3.5151 2415.806 3487.599 13.59451 2.500 3.,.95 6381 
2000 3.177"5 11596.9& 1.7477 ,.969.5,.2 7028.116" 11;'.0,.088 2.6,.8 3.633 85116 
3000 ... 69861 16910.31 1.1650 775&.559 101101.750 17 .56782 2.932 3.916 10230 

"000 6.2207& 22227.31 0.11739 10827.220 1,.858.928 111.733011 3.228 4.217 11599 
5000 7.75955 21'5,.6.33 0.6992 . 14295.7,.4 193210.750 19.72720 3.779 4.813 127 .. 8 

• TNO-PHASE BOUNORY 
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TI"ERI100rHI'1IC PP.OPEPTlES or NOP'1AL "YO~OGEH r -2< 

3500 PSU ISOBAR 

TE"PERA TURE OENSHY ~CDH/O,~'p ~ C OPIOU'V -~ C OP/O~'T .CO~fOTVV .THERMAL IIISCOSITv THERMAL DIELECTRIC PRANOTL 
, , CONDUCTIVITY orrF us IVtTy CONSTANT KUHnER 

DEG. R LB/CU FT BTUILS PSU-cu FTlBTU PSU 1/0EG. R 9TU/FT-HR-R L!l/FT-SEC SQ rTlHR 
II 10 5 

• 36.59" 5.,.223,. 55".58 12.719 30463.14 0.0029652 0.081,.9 2.707 0.0091,. 1.28651 1.9667 

31 5.39957 559.17 12.541 29892.6/0 0.0030222 '0.08399 2.502 0.00920 1.28520 1.8125 

Ita 5.366&0 564.98 12.30" 290112.36 0.0031028 0.011701 2.259 0.00925 1.2al31 1.63113 

/02 5.33298 569.72 12.092 28275.23 0.0031830 0.011947 2.059 0.00925 1.28139 1.5023 

Itlt 5.29171 573.88 11.1191 27472.91 0.0032629 0.091"6 1.893 0.00922 1.27943 1.3949 

"6 5.26382 577.34 11.704 26677.1" 0.OD33~29 0.09305 1.753 0.00916 1.27743 1.3087 

ItS 5.22833 580.30 11.525 25889.73 0.0034228 0.09427 1.&33 0.00908 1.27541 1.2390 

50 5.19225 583.02 11.3"9 25112.50 0.0035027 0.09521 1.531 0.00898 1.27335 1.1822 

52 5.15559 5115.25 11.182 24347.33 0.00];825 0.09591 1 ..... 2 0.00887 1.27126 1.1350 

SIt 5.11837 586.90 11.027 23596.10 0.01)3&622 0.09& .. 0 1.361t O. DO 87& 1.26915 1.0952 

56 5.011062 588.ltl 10.873 221160.73 0.0037415 0.09631 1.296 0.001161 1.26700 1.0665 

58 5.01t23" 5119.69 10.723 221,.3.13 0.0038201 0.09609 1.235 0.008 .. 6 1.26 .. 83 1.0424 

60 5.00286 590.78 10.600 21470.27 0.0038991 0.09575 1.180 0.001131 1.26259 1.0222 

62 ".963115 591.98 10.450 20799.26 0.00:n698 0.09S37 1.132 0.001118 1.26037 1.0039 

61t ,..92397 592.89 10.306 20146.81t Il.OO40392 0.09492 1.088 0.00805 1.25812 0.9880 

66 ".88405 593.56 10.160 19501.43 0.0041098 0.09440 1.048 11.00792 1.25587 0.97 .. 9 
68, 4.14380 591t.06 10.023 181186.32 0.0041765 0.09384 1.012 0.00711t 1.25360 0.9630 

70 4.80305 593.54 9.898 ,18261.52 0.0042491 . 0.09323 0.979 0.00771) 1.25130 0.9529 

75 ".70001 591.79 9.602 16796.79 0.0044243 0.09155 0.906 0.0074,. 1.2"550 0.9332 

eo 4. S9558 592.13 9.300 15533.30 1).001t5671t 0.08'H5 0.847 0.00722 1.23964 0.9185 
e5 4./09019 594.23 8.945 14357. 06 0.0047051 O.DaHl 0.796 0.00700 1.23375 0.9116 

90 10.38"35 595.24 8.638 13300.76 0.0048267 0.08612 0.753 0.00684 1.22785 0.90 .. 4 
95 ".27868 596.15 8.354 12353.28 0.0049331 0.08lt37 0.715 0.00671 1.22198 0.8978 

100 1t.17350 597.17 8.09" 11509."3 O. 0050217 0.08270 0.683 0.00661 1.21615 0.8910 
'lOS 4.06918 597.22 7.867 10739.26 0.0051008 0.08113 . 0.65" 0.00654 1.21039 0.8835 

1'10 3.96608' 598.15 7.647 10060.39 0.00515&6 0.07989 0.628 0.00653 1.20472 0.8727 

115 3.86470 599.52 7./034 9lt1t7.30 0.0052003 0.07882 0.605 0.00654 1.1991& 0.8617 

120 3.76525 :. 01.90 7.230 8906.70 0.0052265 0.07779 0.585 0.00657 1.19372 0.8516 

125 3.66810 & 05. 86 7.034 81t .. 4.64 0.0052272 0.07679 0.567 0.00661 1.18842 0.8419 

130 3.57351 610.14 6.8"4 8019.77 0;0052243 0.07582 0.551 0.00666 1.18327 0.8344 

1"0 3.39237 &22.10 6.486 7320.11t 0.0051739 0.07393 0.525 0.00677 1.1734& 0.8230 

150 3.222911 636.62 6.150 6783.12 0.0050705 0.07303 ' 0.S05 0.00'700 1.16434 0.8062 

160 3.06551 658.82 5.832 6356.6" 0.00"9363 0.07263 0.490 0.00728 1.15590 0.7898 

170 2.92013 682.12 5.540 6017.69 0.0047812 0.0722" 0.479 0.00759 1.14815 0.7784 

180 2.78611 7 oe. 71 5.269 5747.86 0.0046122 0.07292 0.lt64 0.00801 1.14104 0.7481 

190 2.66279 742.33 4.967 5529.20 0.001t4388 0.07487 0.473 0.00853 1.13452 0.7S01 
200 2.54935 774.29 4.71t2 5351.45 0.0042653 0.07648 0.481 0.00908 1.12854 0.7475 
220 2.34864 81t3.38 4.352 5075.61 0.00 39395 0.07902 0.491 0.01013 1.11802 0.7429 

2"0 2.17712 917.00 1t.037 "869.14 0.0036517 0.08101 0.497 0.01111 1.10909 0.7395 
260 2.02920 994.54 3.779 4714.27 0.0033'151 0.08274 0.501 0.01208 1.10142 0.7365 

2eO 1.90040 107".76 3.567 4594.90 0.00316&1 0.08437 0.505 0.01305 1.09478 0.7335 

300 1.7874& 1157.26 3.391 .. 504.15 0.0029S92 0.08597 0.509 0.01404 1.08897 0.7301 
320 1.6871S3 121t0.69 3.243 4428.49 0.00277&1 0.08759 0.513 0.01507 1.08387 0.72&9 

3 .. 0 1.59936 1324.97 3.118 4368.19 0.0026116 O. 08924 0.518 0.01612 1.07935 0.7235 
360 1.52022 1"09.19 3.012 4316.26 0.0024649 0.09091 0.524 0.01722 1.07533 0.7203 
380 1.44901 1493.26 2.920 .. 270.78 0.01)23336 0.09263 0.530 0.011134 1.07171 0.7172 
400 1.384110 1576.75 2.842 4230.80 0.0022158 0.09437 0.536 0.01951 1.06845 0.7142 
.. 20 1.32597 1659.61 2.774 4195.7'+ 0.0021091 0.09611 0.543 0.02071 1.06548 0.7113 

""0 1.27245 1741.58 2.716 4163.86 0.0020127 0.09788 0.550 0.02194 1.06278 0.7087 
.. 60 1.22337 1522.35 2.665 4134.36 0.0019252 0.099&4 0.557 0.02321 1.06031 0.70&1 
.. 80 1.17814 1902.30 2.620 4107.09 0.0018452 0.10141 0.565 0.02452 1.05803 O. 7037 

SOO 1.13637 1981.73 2.581 ,.084.17 0.0017708 0.10317. 0.573 0.02587 1.05594 0.7012 

520 1.09758 2059.78 2.5'+7 .. 061.711 0.0017030 0.10494 0.581 0.02725 1.05399 0.6990 

51t0 1.05855 2127.57 2.561 4049.23 0.001&575 0.10669 0.589 0.02858 1.05204 0.7010 
5&0 1.02462 2203.07 2.537 /0030.36 0.0016004 0.10845 0.598 0.03002 1.05034 0.6995 
580 0.99288 2277.94 2.516 4012.79 0.0015474 0.11020 0.606 0.03149 1.04875 0.6981 

600 0.96310 2352·.24 2."97 3996.36 0.0014981 0.11195 0.615 0.03299 1.04727 0.691;8 

650 0.89612 2535.39 2.459 3959.57 0.00138!11 0.11631 0.637 0.03688 1.04393 0.6c:!42 
700 0.838011 2716.12 2.428 3927.112 0.0012939 0.120 &8 0.6&0 0.04097 1.04104 0.6920 

eoo 0.74226 3072.23 2.384 3875.71 0.0011'+07 0.12940 0.707 _ 0.04975 1.03629 O. 6e~8 

1000 0.60469 3780.21 2.325 3801.51t 0.0009246 0.14&99 0.801 0.06954 1.02949 0.6854 

2000 0.31472 7585.75 2.097 361t<J.77 0.000478':1 0.27723 1.249 0.24250 1.01527 0.58'13 

3000 0.21283 12098.94 1'.867 3599.01 0.0003237 0.39352 1.651 0.47212 1.01031 0.5C114 

,.000 0.16075 17242.2':1 1.6114 3573.0<J 0.0002 .... 6 0.520lf. 2.018 0.76730 1.00778 O. S1I8'1 

5000 O.121!187 2"435.80 1.436 351t<J.99 0.0001'170 0.7348~ 2.362 1.111/068 1.00&23 0.5570 

• TNO-PHASE BOUND~Y 

209 



c-Zc T .. EPMOOYNAHIC PROPERTIES OF NOP~AL HYD~OGEN 

1t000 PSU ISOBaR 

TEMPERATURE VOLUME ISOlHERH ISOCI10RE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DERIVATIVE. DERIVATIVE ENERGY OF SOUN') 

DEG. R CU FT/LS CU FT-PSU/LB PSU/R BTU/La 8TU/L9 8TU/LB-R 8TU I L8 -R F"SEC 

• 38.000 0.18226 5961.98 92.125 .. 105.1167 2 .. 0.11611 3."9163 1.327 1.660 S877 
311 O.UZ2o 5961.95 92.125 .. lOS. 1168 2 .. 0.869 3."9165 1.321 1.660 5877 
.. 0 0.lIll31 S8 .. 9.6 .. 92.1071 108.417 2 ..... 2S0 3.5711SS 1.360 1.721 51S6 

.. 2 0.18"38 5136.11 .. 91.9559 11.1.1113 2"'.7132 3.66 .. 01 1.390 1.7110 sen 

.... 0.185"9 5623.79 91.6851 113.981 251.369 3.7"81111 1 ... 111 1.1137 51110 

.. 6 0.18662 5510.70 91.3066 .16.868 255.0911 3.83011 .. 1 ..... 3 1.1192 571113 

.. 8 0.111779 13397.1113 90.11:]10 119. II itO 21311.937 3.91236 1 ... 67 1.9 .. 6 5760 
130 0.111900 132115."9 90.2676 122.119" 262.11113 3.992711 1 ... 90 2.000 5733 
52 0.19023 5173.91 89.621t5 126.030 266.9.5<; ... 07215 1.511 2.052 57013 
5 .. 0.19151 5063.39 1111.901111 129.2 .. 2 271.0811 ... 150 .. 9 1.530 2.102 56711 
56 0.192151 .. 95 ... 2 .. 1111.1266 132.526 275.339 1t.227112 1.5 .. 11 2.152 56 .. 9 
58 o • 191t15 .. 11 .. 6.75. 117.2113" 135.11115 279.690 ".30Itll1 1.56 .. 2.201 5620 
6. 0.19553 "'''1.25 116.311"2 139.313 211".138 ".37961 1.579 2.2 .. 11 5591 

62 0.1969 .. "63e.06 85 ... 332 1 .. 2.810 2118.679 ..... 5Itl0 1.59 .. 2.29" 5562 
6 .. 0.1911311 "537.51 lilt. It 3 .. 6 146.373 293.311t ... 52170 1.606 2.339 5533 
66 0.19990 .. 455.ltl 113.4600 150.011 2911.077 ".60099 1.6111 2.3112 5512 
611 0.201"1 1t360.73 82.3056 153.695 302.11110 ".f>7269 1.629 2.1t22 5 .. 81 
70 0.20297 1t271.16 111.1206 157.1t~2 307.769 ".74351t 1.637 2.459 5lt53 
75 0.206911 1t051.51 711.0470 166.917 320.286 ... 91610 1.653 2.51t7 53711 

[. 
80 0.21122 31133."7 74.e829 176.790 333.237 5.011320 1.668 2.635 5296 
85 0.21569 361t9.95 71.661t4 1116.659 3"6.417 5.242112 1.692 2.722 5216 
90 0.22035 3"112.73 68.1t497 196.989 360.202 5.1t0047 1.706 2.795 51 .. 1 
95 0.22523 3327.32 &5.288" 207.519 37 ... 347 5.553 .. 4 1.717 2.11(1) 5067 

100 0.23031 31119.111 62.221t1l 218.319 31111.90S 5.70290 1.724 2.916 SOOO 
lOS 0.23S511 3065.21t 59.2790 229.109 403.603 5.1I1t651 1.725 2.962 .. 9311 
'110 O. 2"10S . 2951.37 56 ... 499 239.975 418.516 5.98510 1072S 3. DO 3 "879 
1-15 0.2"669 285 ... 17 S3.71076 250.895 "33.615 &.1191 .. 1.725 3.037 4825 
120 0.25250 2766.52 51.1510 261.1148 .... 8.872 6.2 .. 917 1.726 3.065 4772 
125 0.25111t7 2689.97 .. 8.6932 272.8111 .. 6".265 6. ;J71t 73 1.727 3.090 4722 
130 0.26"59 26?1.1t1l "6.31157 283.783 479.7&2 6.1t9631t 1.729 3.112 4675 
1 .. 0 0.2772" 2513.73 42.2073 305.732 5ll.0112 6.72838 1.737 3.11t9 4595 
!SO 0.290311 2433.33 38.5591 327..660 5102.71t3 6.94693 1.751 3 .• 182 4526 
160 0.30391 238".15 35.3611". 3"9.577 574.6112 7.15317 1.771 3.207 " .. 72 

170 0.31771t 2355.17 32.S6115 371.1t1l3 606.833 7.31t802 1.794 3.22S .. 429 
1110 0.33183 2339.35 30.1096 393.402 639.187 7.532811 1.1121 3.243 4394 
190 0.34607 2339.20 27.9518 415~965 672.299 7.71135 1. II 70 3.278 .. 3S11 
200 0.360"2 2350.17 26.0523 4311.131 70S.0119 7.879611 1.902 3.291 .. 341 
220 0.31193" 2391t.10 22.8791 1t82.759 771.138 11.19445 1.969 3.320 1t321t 
2 .. 0 o. "1113" 24S6.20 20.36"5 527.883 837.7"5 8.4844' 2.035 3.349 4327 
260 0 ..... 735 253 O. 80 18.31t34 573.613 904.961 11.75297 2.099 3.380 43 .. 5 
280 0 ... 7&33 2613.06 16.6825 619.975 972.790 9.00"32 2.157 3 ... 10 1t37 .. 
300 0.50526 2703.56 15.2924 666.959 1041.204 9.24053 2.210 3.437 4 .. 13 
320 0.53410 2800.16 llt.l0'S5 711t.517 1110.120 9.46288 2.257 3.459 4 .. 58 

3 .. 0 0.56274 2903.57 13.0929 762.591 1179.ltl0 9.67316 2.299 3.1076 4510 
360 0.59124 3006.69 12.2089 811.110 1249.035 9.117193 2.335 3.491 4563 
380 0.61953 3112.57 11.4363 860.029 1318.911 10.06100 2.367 3.502 10619 
.. 00 0.64765 3218.39 10.751t1t 909.2118 13118.994 10.24046 2.395 3.511 .. 676 
.. 20 0.67560 3325.29 10.1 .. 83 958.8211 1"59.238 10.101191 2.416 3.517 4734 
.... 0 0.70337 31t30.37 9.6066 10011.59" 1529.577 10.57539 2.1t38 3.522 4792 
460 0.73100 3536.62 9.1195 10511.51t7 1599.9119 10.73213 2.1t5" 3.525 1t1l51 
.. 110 0.75847 361t2.50 8.6789 1108.6S0 1670.4 .. " 10.U205 2 ... 611 3.525 .. 910 
500 0.78579 37"8.62 8.2807 1158.81t6 1740.875 11.02582 2.479 3.S25 .. 969 
520 0.81301 31153017 7.9170 1209.112 1811.300 11.16400 2.1t1l8 3.523 5028 

5 .. 0 0.84265 3977.88 7.681t3 1258.1t29 18112.576 11.29552 2 ... 112 3.536 S1210 
560 0.87005 .. 0115.18 7.3839 1308.933 1953.374 11.423911 2."87 3.535 5186 
5110 0.89739 4192.1t0 7.1069 1359.341 2021;..028 11.54803 2.1t91 3.533 521t1l 
600 0.92466 1t299.51 6.8508 1409.819 2094.708 11.66791 . 2. It 95 3.532 5310 
650 0.99262 4566.88 6.2871 1535.908 2271.137 11.95050 2."99 3.526 5 .. 63 
700 1.06033 4833.67 5.8118 1661.916 24"7.290 12.21170 2.502 3.520 5613 
1100 1.19H5 5365.93 5.0534 1913.528 2798.765 12.68101 2.501 3.509 5905 

1000 1.1t6338 61027.29 ".0160 2415.257 3499.171 13.1t6217 2.503 3.498 6 .. 51 
2000 2.796"11 11727.05 1.9962 1t969.962 7041.293 15.90920 2.649 3.633 11632 
3000 ".12733 17035.65 1.3307 7757.202 10514.2111 17.1t 3619 2.932 3.916 10266 

.. 000 5.10590" 2234<).<)7 0.';1983 10826.741 lltS 70.205 18.60112 3.224 4.213 11632 
SOOO 6.flO"46 27667.28 0.7989 . 14281.1I1t2 19321.81t6 19.592111 3.752 4.7112 127111 

~ TWO-PHASE BOUNDRY 

ZIO 



THERHOD\,N'''IC PPOPERTIES or NOPMAL HYDROGEN t' -2..: 

~ooo PSI' lS39~R 

TENPERATURE DENSElY VlOH/DV'p' V lOP/DU'v ·V (DP/OV'T • (OV/DTlI~ THERHAL VISCOSIT'Y THERHAL DIELECTRIC .pRANOTl 
CONDUCTIVITY DIrfUS IV ITY CONSTANT NIJHBER 

DEG. R LB/CU fT BTU/LB psu-CU H/8TU psu lIDEG. R 8TU/fT·HR-R L8IFT-SEC SQ fT/HR 
lC 105 

• 38.000 5.108&57 589.103 12.651 327111.80 iI.002IU6 .. 0.08655 2.850 0.00950 1.29OtCJ 1.96110 

:sa 5.~8&56 589."3 12.651 327110.62 O. 00 281~1, 0.08655 2.1150 0.00CJ50 1.29019 1.9680 

Ita 5.~55:56 596.38 12.~U 319U.CJO Q.oO?;St';('l 0.011977 2.557 0.00956 1.2118 .. 0 1.76109 

.. 2 5.~2359 602.20 12.197 31U ... 27 D. OuZ~t;S'! 0.092"2 2.318 0.00957 1.28058 1.006CJ 

~~ 5.39125 &07."3 11.99 .. 30319.25 0.00lQ2"0 0.091>59 2.i20 0.00955 1.211 .. 72 1 ... 1124 

1t6 5.358311 6U.91 11.1106 29528."3 0.003':922 0.09632 1.955 0.00950 1.28211 .. 1.3826 ... 5.32498 615.115 11.627 287 .. 3.45 0.003U,01 0.09768 1.815 0.009"J 1.28093 1.3019 

50 5e 29107 &19.52 11 ... 51 27965.9" 0.0032278 0.09117" 1.69& 0.00933 1.2711CJ9 1.2361 

52 5.25667 622.65 11.2115 27197.5& 0.0032953 0.09955 1.592 0.00923 1.27703 1.1111 .. 
5~ 5.22179 625.13 11.131 26"39.98 0.00:U627 0.10015 1.502 0.00912 1.2750 .. 1.1352 

5& 5.1116 .. 4 627."1 10.980 2569 ... 87 O.OO~"297 0.1001" 1.423 0.00897 1.27302 1.1012 

!8 5.15064 629.40 10.1133 2"963.90 0.0031>9610 0.09999 1.35 .. 0.00882 1.27098 1.0727 

60 5. 1141t1 631.00 10.69 .. 2 .. 2 .. 8.73 0.003562 .. 0.0997" 1.292 0.0011611 1.2&1192 1.04113 

62 5.07777 632.45 10.5511 23551.02 0.003&276 0.119941 1.237 0.00851 1.26611" 1.0274 
64 5.0',074 633.61 10.429 22872.40 0.003&915 0.09901 1.187 0.0011"0 1.26 .. 7 .. 1.009" 
6& 5.00245 &36. all 10.309 222117.<)5 0.0037 .. 46 0.091151 1.1~1 0.00827 1.26257 0.9933 
68 ... 96 .. 89 637.12 10.180 21650.55 0.0038015 0.09799 1.100 0.00815 1.26044 0.9792 
7D ~.926811 637.98 10.0611 ,210"3.49 0.00 38549 0.097"2 1.0&3 0.00110" 1.25829 0.966 .. 
75 ".83135 638.<)0 9.773 1957 ... 27 0.0039872 0.0<)5111> 0.98~ 0.00779 1.2528'3 0.9"12 
80 ~.7344" 638.511 9 ... b2 181"9.33 0.00 .. 1259 0.09"11 0.918 0.0075" 1.2 .. 7 .... 0.9253 
85 ... 63636 £I .. 2. 72 9.138 16922."6 0.00 .. 23"9 0.0'3232 0.1163 0.00732 1.2 .. 193 0.9159 

90 ".531119 61t5.38 e.839 15805.27 0.0043308 0.09056 0.816 0.0071" 1.23643 0.9069 
95 ".~3986 6 .. 7.2 .. 8.563 1"772.81 0.00 .... 195 0.081183 0.17& 0.00699 1.2309 .. 0.11993 

100 ... 3 .. 20 .. 6"9.16 8.311 13850.30 C'.00 .... 927 0.08717 0.7"0 0.00688 1.2255 a 0.11919 
'us 10.2 .. 478 &50.17 8.1!95 13011.2 .. 0.00 .. 5560 0.01155'3 . 0.709 0.00681 1.2201 0 0.8838 
1-,10 ... 1 .. 859 651.33 7.888 122 ..... 01 0.00 .. 6104 0.08"36 0.682 0.00677 1.21 .. 78 0.8737 

115 1t.05369 653.611 1.686 11569.9" 0.00 .. 6 .. 55 0.08328 0.657 0.00677 1.2095 .. 0.86211 
120 3.960"2 656.60 7."85 109'56.56 0.00 .. 6685 0.0822" 0.635 0.00677 1.20 .... 1 0.8526 
125 3.8681)1 6&0.37 7.289 10"07.26 0.0046788 0.08122 0.616 0.00679 1.1'3939 0.8435 
130 3.77'345 66".76 7.098 9907.73 0"00"611111 0.08021 0.5'38 0.00682 1.19 .... 9 0.11360, 

1~0 3.606911 &76.5" &.736 9066.95 0.00 .. 6551 0.07822 0.569 0.0068'3 1.18509 0.82 .. 8 
150 3 ..... 374 :'91.53 6.395 11379.78 0.00 .. 601 .. 0.07725 0.5 .. 6 0.00705 1.1762 .. 0.8093 
1&0 3.~9043 711.22 6.070 78 ..... 89 0.00 .. 5065 0.07678 0.528 0.00728 1.167'37 0.7932 

170 3.11t719 733.911 5.769 7"12.18 0.00 .. 3939 0.07631 0.511t 0.00752 1.16028 0.7816 
180 3.01357 75'3.37 5,"87 70"9.81 0.00 .. 2710 0.0711 .. 0."90 0.00789 1.15313 0.7"21 
190 2.88956 792.60 , 5.172 6759.25 0.0041353 0.07'3011 0.500 0.00635 1.14653 0.7"59 
200 2.77"56 62".03 ... 936 6522.34 0.00399 .. 3 0.08066 0.507 0.00883 1.1 .. 0 .. 3 0.71t47 
220 2.568,.6 892.19 ... 523 61 .. 9.16 0.0037207 0.011306 0.516 0.00974 1.12955 0.7420 
2 .. 0 2.39039 ~65."6 ... 1115 5871.28 0.003 .. 665 0.08482 0.520 0.01060 1.12020 0.7393 
260 2.23539 1042.40 3.910 5&57.31 0.0032"24 0.08629 0.523 0.011"2 1.11212 0.7371 
280 2.09937 1121.45 3.683 5"85.79 0.0030 .. 10 0.01176" 0.525 0.01224 1.10505 0.7351 
300 1.97916 1202.52 3."96 5350.70 0.0028580 0.081197 0.527 0.01308 1.09584 0.73211 
320 1.87231 1285.37 3.338 5242.71 0.0026912 0.09035 0.530 0.01395 1.09333 0.7302 

3 .. 0 1.77701 13&9.90 3.205 5159.67 0.0025375 0.09178 0.533 O. ollt86 1.088 .... 0.7270 
360 1.69137 11053.9'+ 3.091 5085."3 0.002 .. 008 0.09325 0.537 0.01580 1.0a"05 0.72'+0 
380 1.61 .. 12 1538.53 2.993 502 ... 07 0.0022763 0.09"79 0.5 .. 2 0.01677 1.08011 0.7209 
~OO 1.5"405 1622.47 2.908 "'369.36 0.0021641 0.09&38 0.547 0.017711 1.0765 .. 0.7180 
~20 1."11017 1705.97 2.835 .. 921.99 0.0020618 0.09800 0.553 0.01882 1.07329 0.7150 
.... 0 1.42172 17118.17 2.772 "877.02 0.00196<)11 0.09965 0.560 0.01990 1.07033 0.7123 
1t60 1.361100 11169.1111 2.716 .. 838.09 0.00188 .. <) 0.10131 0.567 0.02101 1.06761 0.70<)6 
.. eo 1.311144 1950.110 2.667 101102.41 O. 0~la072 0.10300 0.57" 0.02216 1.06510 0.7069 
500 1.272&0 2030.56 2.62!i 4770.50 0.00173511 0.10"70 0.581 0.02334 1.06279 0.70"4 

• 520 1.23000 2108.99 2.587 .. 739 ... 0 0.0016105 0.106"1 0.589 0.02 .. 56 1.06064 0.7021 

5 .. 0 1.111&73 2172.21 2.609 "720.65 1).0016278 0.10812 0.597 0.02577 1.058 .. 7 0.7029 
560 1.11t'335 22 .. 7.7 .. 2.583 "695.32 0.0015726 0.109113 0.605 0.02703 1.05659 0.7013 
580 1.11435 2322.65 2.560 1t671.78 U.0015212 0.11156 0.61 .. 0.021133 1.05483 0.6998 
&00 1.0111U 2396.98 2.539 .. 6 .. 9.82 0.001 .. 733 0.11329 0.622 0.02966 1.053111 0.6964 
650 1.00743 2580.21 Z."'37 "600.81 0.0013665 0.11761 0.6 .... 0.03311 1.049 .. 11 0.6954 
700 0.9"311 2761.01 2."63 .. 558.67 0.00127'+~ 0.121'37 0.667 0.0367,+ 1.04&27 0.6930 
800 0.83671 3117.18 2."14 .... 89.75 0.0011255 0.13073 0.71 .. 0.04"53 1.0 .. 097 0.611.,5 

1000 0.611335 31125.19 2.3 .. 8 1t392.08 0.00091'+4 0.14854 0.1109 '1.06215 1.03337 0.61156 
2000 0.3575'3 7&31.65 2.1011 .. 193.50 0.0004760 0.27723 1.267 0.21341 1.01737 0.5976 
3000 0.2"229 12141.11 t.873 "127.52 0.000322" 0.39350 1.678 O ... 1 .. 71 1.0117 .. 0.6012 

4000 O.183l8 17277.60 1.690 .. 09 ... 12 0.0002 .. 18 0.51935 2.05 .. 0.61294 1.0011117 0.5'3.,8 

5000 0.14&96 24341.06 1 ..... 9 "066.05 0.00019&5 0.72725 2."06 1.03476 1.00711 0.56'36 

• TNO-PHASE BOUNDRY 

zu 



c-Zc T~ER"ODYNA~IC P~QPEPTIES OF NO~AL ... rO~CiEN 

~500 PSIA ISlBAR 

TEMPERATURE ItOLUI'IE ISOTHER" ISOCHORE INTERNAL ENTHALPY ENTROPY CV . CP VELOCITY 
DERIVATIVE DERIVATIVE ENERGY DF SOUND 

!lEG. R CU FTILS' CU FT-PSIA/LS PSIA/R BTU/LB BTU/LB STU/LB-R BTU I LB -R F·T/SEC 

• 39.3&3 0.1802& 6296.6& 93.8822 107.928 258.137 3.50 .. 38 1.3"'~ 1.&75 &OU 
~O 0.18057 6262.18 93.8837 108.7 .... 259.211 3.531"8 1.35 .. 1.&9 .. 602 .. 

~2 0.1815& 6153.5& 93.8015 111.363 262.&57 3.61559 1.38 .. 1.751 6005 .... 0.1825S &a,. ... 100 93.591111 11".072 26&.215 3.69829 1 ... 13 1.807 598 .. 
.. & 0.183&3 593".910 93.211115 116.868 269.882 3.77966 1 ... 30;; 1.860 5962 

"S 0.18 .. 70 51125."0 92.8817 119.7 .. 6 273.&55 3.85978 1 ... 63 1.912 5939 
50 O. U580 5716.01 92.388" 122.705 277.532 3.93879 1,"S7 1.9&" 5915 
52 0.18&93 5&07.02 91.8170 125.7101 281.510 ".01& 73 1.508 2.014 5890 
5 .. 0.18509 5 .. 98.67 91.1750 128.8<;;2 285.587 ".09361 1.528 2.063 586 .. 
5& 0.18'128 5391.2 .. 90 ... 6811 132.033 289.r57 ".169107 1.5106 2.110 5U8 
58 0.19050 528".97 89.70"0 135.28" 2910.023 ... 2 .... 35 1.5& .. 2.157 5812 
60 0.19175 5180.1" 88.81156· 138.&0 .. 29".381 ... 31826 1.580 2.203 5785 

62 0.19302 5077.03 88.0180 1 .. 1.989 302.830 ".3912" 1.59" 2.2 .. 7 5758 
6 .. 0.19 .. 33 .. H5.'.I2 87.1050 1 .. 5 ... 39 307.369 ..... 6331 1.&08 2.290 5730 
6& 0.19567 "877. 07 86.150" 1"8.950 311.995 ... 53 .... 8 1.621 2.333 5703 
68 0.19703 .. 7110.79 85.1575 152.518 316.703 ".60 .. 75 1.631 2.373 567.6 
70 0.198 .. 3 .. &87.3 .. 810 .12910 156.1311 321.10811 10.&7 .. 10 1.6100 2.1011 5650 
75 0.20209 Ioft92."7 81.3778 165.1005 333.800 10.810386 1.658 2 ... 9 .. 5595 
110 0.205117 "293.51 78.10063 17 ... 923 34& ... 73 5 .0'07 37 1.67 .. 2.573 5529 
85 D.20i83 .. 0810.97 75.3713 1810.1087 359.333 5.16312 1.699 2.663 5 .... 6 
90 0.21397 3913.50 72.21131 19ft.523 372.1119 5.317310 1.716 2.73 .. ·5315 
95 0.21829 3756.32 69.2199 2010.762 38&.&55 5.106697 1.728 2.797 53011 

100 0.22275 3&10.85 6&.2236 215.275 "00.890 5.61311 1.736 2.1152 52 .. 2 
1115 0.22739· 310710.52 &3.3123 225.711" "15.259 5.75351 1.738 2.897 5181 
110 0.23217 .J3 59.15 60.5292 236.377 "29.S36 5.118899 1.7311 2.936 5127 

·115 0.23709 3253.6ft 57.8588 2 .. 7.037 .. 10 ... &02 6.02006 1.739 2.970 5075 
1,20 0.2"217 315&.99 55.3030 257.751 .. 59.5 .. 3 &.11+7 .. 1 1.7"0 3.002 502 .. 
125 0.2"737 3074.38 52.8629 268.500 .. 7 ... 628 6.210"5 1.7 .. 1 3.028 .. 977 
130 0.252&8 3000.&0 50.5225 279.261 "89.81& 6.3896" 1.1 .... 3.051 .. 932 
1 .. 0 0.26365 2812.05 .. 6.2250 300.8 .... 520.537 6.&172 .. 1.152 3.093 .. 8 .. 6 
150 0.27503 277".82 .. 2 ... 30& 322 ... 70 551.& .... &.113195 1.76& 3.129 .. 773 
160 0.28675 2703.67 39.0953 3 .. !t.152 583.097 7.03506 1.785 3.163 .. 710 

170 0.29877 2657.23 36.14&9 365.89 .. 61".851 7.22750 1.808 3.190 .. &60 
1110 0.31102 2&29.3& 33.53100 387.707 6"&.871 7 ... 10 .. 5 1.835 3021 .. ..619 
190 0.323 .... 2&1&.29 31.2152 410.223 679.7"2 7.58762 1.88ft 3.255 .. 57& 
200 0.33599 2&13.35 29.157& 432.387 712.360 7.75506 1.916 3.276 .. 550 
220 0.36134 2&35.58 25.6878 "77.100 778.19" 11.06880 1.982 3.31" .. 518 
2 .. 0 0.38&8" 2& 85.108 22.9070 522.392 84".733 8.358"7 2.0"8 3.3 .. 7 .. 510 
260 0."1238 27"7.'.19 20.6"'.17 568.321 911.9"11 11.62701 2.110 3.381 451& 
280 0 ... 3792 2820.79 18.7898 61 ... 895 979.110 .. 8.8711"6 2.168 3 ... 13 .. 535 
300 0 ... 63 .... 2901.22 17.2338 662.10" 10"11.280 9.11"89 2.221 3 ..... 2 .. 56 .. 
320 0.48893 29811.07 15.9102 709.906 1117.32" 9.33765 2.268 3."68 .. 601 

3 .. 0 0.51"3& 3080.79 1 ... 76t2 758.2 .. 9 1186.851. 9.5 .. 8&7 2.310 3."89 4643 
360 0.539&" 3181.5 .. 13.77"7 1107.0"5 125&.716 9.710811 2.346 3.50" .. &92 
380 0.5&"79 3283.7" 12.9014 85&.251 132&.880 9.93795 2.379 3.516 .. 7 .. 2 

• /tOO 0.58979 33115.7& 12.1296 905.801 1397.2&2 10.11819 2 ... 0& 3.526 .. 79 .. 
,,20 0.&1 .. 6 .. 3"'30.23 11 ......... 955.&30 1"67.7'.1& 10.2903" 2.430 3.532 .. 8 .. 8 
4 .. 0 0.6393" 3593.30 10.8310 1005.687 1531).1035 10.1+51051 2 ... 50 3.537 4903 
.. 60 0.&&391 3699.35 10.27<)" 1055.928 1&09.1 .. 7 10.61193 2."66 3.539 .. 959 
.. 80 0.6683" 311 0 3. 66 9.7807 110&.3111 1&79.893 10.762"1 2."81 3.5 .. 0 5015 
!JOO 0.71263 390&.97 9.3287 1156.797 1750.613 10.90&83 2."92 3.539 5070 
520 0.73&82 "010.55 &.9159 1207.3"3 1821.318 11.0"555 2.500 3.537 5126 

5 .. 0 0.7&33 .. .. 133.32 8.6557 125&.059 1892.133 11.17580 2."88 3.5 .... 5223 
560 0.711771 .. 23'.1.50 8.3161 130&.712 1963.09& 11.301056 2 ... 93 3.543 52113 
580 0.81203 .. 3105.69 8.0031 1357.2&1 2033.905 11."288<) 2.1097 3.5"1 53 .. 3 
&00 0.83&29 .... 51.8& 7.713& 1"07.871 210".731 11.5"901 2.500 3.53<) 5"03 
&50 0.89&7ft "717.1& 7.0768 153 ... 256 2281.1+87 11.83212 2.50" 3.532 5552 
700 0.95&9 .. .. 982.20 &.51002 1&&0.5111 2"57.915 12.0937" 2.506 3.525 56'.111 
800 1.07&83 5511'.52 5.68"6 1912.537 2809.833 12.5&36" 2.505 3.512 59113 

1000 1.31527 6568.3& ".S157 241ft.820 3510.1103 13.3105 .... 2.505 3.500 6520 
2000 2.50003 111155.811 2.2 .... 1 4970."87 7053.705 15.79308 2.650 3.633 86711. 
3000 3.68281 17158.92 1 ... 9&2 7757.960 1082&.767 17.32010 2.933 3.916 10102 

.. 000 ... 8&&38 221t70.10 1 •. 122& 10 826.591 1"881.639 18.41147 .. 3.222 ... 210 11663 
5000 6.0&153 277 85. 39 0.8<)8" 1"270.583 19321.522 19."7327 3.729 ".757 12813 

• THO-PHASE BOUNDRY 
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r~EPMODYNAMIC PROP£RTIES OF NOP!1~l HyooOGEN C:.Zc 

~500 PS~A ISOBAR 

TE"PERATURE DENSITY VCOH/DV'p veOP/DU'v -VCDP/DV'T COV/DT\1V THERMAL VISCOSITY THERMAL DIELECTRIC PRA NOll 
CONDUCTI-IITY .OIFFUSIVITY CONSUNT HUMBER 

OEG. It L8/CU FT BTU/lB PSU-CU FTlBTU PSIA 1/0EG. It BTU/FT-HR-R LB/H-SEC sa FT/HIt 
x 10<; 

• 39.363 5.5~71t7 623.211 12.595 3~CJ30 .~CJ 0.002&1177 0.OCJU9 2.CJ91t 1),009113 1.2CJno 1.9759 
itO 5.53791t 625.110 12.51CJ 31t&79.SI1 0.0027072 0.092 .. 1 2.1190 0.009115 1.29315 1. CJ075 

1t2 5.50770 632.69 12.301 33I1CJ1.95 0.0027677 D.09521t 2.605 0.0091111 1.291 .. 1 1.72"5 
It .. 5.1t7&97 6311.CJII 12.095 33105.0;) 0.002"271 0.09757 2.371 0.009116 1.21196" 1. SIIOIl 

1t6 5.1t1t577 61t1t."6 11.901t 32320.32 0.002811&" 0.099 .... 2.177 0.009112 1.2117115 1 ... 6511 
It .. 5 ... 11t1O 61t9.38 11.72" 31539.32 0.0029 .. 1t9 0.10093 2.013 0.00975 1.28603 1.3729 
50 5.38U9 65 ... 00 11.5 .. 6 30763.5" 0.0030032 0.10210 1.1173 0.00966 1.2"1019 1.2971 

52 5.3 .. 9 .. 5 658.01t 11.379 29991t.1t1l 0.0030611 0.10302 1.753 0.00956 1.28233 1.23"1 
51t 5.31650 661.31t 11.225 29233.611 0.00311!18 0.10370 1.6 .. 9 0.009 .. 6 1.21101t" 1. 1810 

56 5.28313 661t.1t3 11.071t 281t82.62 0.0031763 0.10376 1.559 0.00931 1.271151t 1.1 .. 13 

511 5.21t938 667.15 10.928 2771t2.111 0.0032331t 0.10367 1 .1t7 9 0.00916 1.27661 1.10711 

60 5.2152 .. 669."3 10.790 27015.72 0.0032901 0.1031t1l 1.1t08 0.00901 1.271t6& 1.0791 

62 5.18075 &71.50 10.656 26302.113 0.0031 .. &3 0.10321 1.31t5 0.008&7 1.27270 1.05"5 
61t 5.1 .. 590 673.19 10.529 25605.59 0.003100111 0.102"5 1.2119 0.001173 1.27071 1.0333 

66 5.11073 &71t.1I9 10.1t02 2 .. 925 ... 2 0.0~310563 0.10242 1.2311 0.001159 1.26871 1.0153 

68 5.075~5 676.13 10.211" 2"263.70 0.0035097 0.10193 1.193 (). 00 lilt 6 1.2&&70 0.9994 

70 5.039 .. 9 676.95 10.177 23621.79 0.0035615 0.10139 1.151 0.00113 .. 1.26467 0.9851 

75 ".9 .. 1137 6111.29 9.919 22230.36 0.0036607 0.09c1ll3 1.061 II.OO80~ 1.25950 0.9543 

liD 1t.85731t 68 ..... 9 9.640 20855. OS 0.0037596 0.09815 0.989 fI.0078S 1.25"36 0.9333 

as ... 76577 687.90 9.306 19,.611.03 0.0038715 0.096 .. 1 0.929 0.00760 1.2 .. 920 0.9237 

90 1t.&7355 ~91. 90 9.011t 18289.95 0.00 39521 0.091,66 0.1I7!! 0.0071,1 1.241,02 0.9131 

95 ... 511115 695.3,. 8.7 .. 5 17208.26 0.001t0225 0.0929" 0.831t 0.00725 1.23884 0.9039 

100 ".'+11929 &98.06 11 ... 911 1&210.13 0.004Q853 0.09129 0.196 0.00713 1.23370 0.11958 
105 1t.39782 699.26 8.286 152110.29 0.001t1 .. 3 .. 0.08969 0.763 0.00704 1.22860 0.8871t 

·110 1t.30726 701.72 8.085 1 .... 611.71<. 0.001,183 .. 0.0111146 0.731t .0.00700 1.22357 0.8765 
115 It.U711t 70 ..... 8 7.890 13723.02 0.0042162 0.087311 0.707 0.00697 1.21860 0.8657 

120 ... 12938 707.6 .. 7.699 13036,"0 0.00421ti!2 0.08631 o .681t 0.00696 1.21372 0.85&3 
125 ... 01t253 712.01 7.511 12"28.28 0.00"2534 0.011526 0.663 0.00696 1.20893 0.11476 
130 3.95752 717.14 7.322 1187".94 0.00"2545 0.D8423 0.6 .. 1t O. 00698 1.20"25 0.8398 
litO 3.79292 728.82 6.956 10893.45 0.00421,31, 0.08217 0.612 D.00701 1.19523 0.8269 
150 3.63601 7 .. 3.98 6.609 10089.27 0.001,2055 0.08115 0.586 0.00713 1.111667 0.8130 
160 3./t8732 762.70 6.279 94'28.56 0.00 .. 1 .. 65 0.01l061t 0.565 0.00731 1.17860 0.7975 

170 3.3/t707 781t.81t 5.973 81193.93 0.001,0642 0.08010 0.5 .. 8 0.00750 1.17102 0.7861 
18D 3.215<!5 1110.26 5.681t 8 .. 5 ... 06 0.0039666 0.011115 0.516 0.00785 1.16393 0.7357 
190 3.09172 1I1t3."5 5.359 80118.83 0.0038590 0.08310 0.525 0.001126 1.15731 0.71,09 
200 2.97628 873.91 5.113 7778.07 0.00371,81 o .081t67 0.532 0.00868 1.15114 0.7 .. 1 .. 
220 2.76750 9 .. 0.97 ... 683 7293.96 0.0035218 0.08695 0.540 0.009 .. 8 1.14005 -0. 7 .. 09 
2 .. 0 2.58508 1014.33 't.328 6942.17 0.0032997 0.08853 0.543 0.01023 1.13042 0.7392 
260 2.1t21t95 1090.95 1t.035 66&3.75 0.0030988 0.08977 0.5 .. 1t D. 01095 1.12201 0.1376 
2110 2.28H2 1169.92 3.795 641tl.33 0.ODZ9171 0.09089 0.5 .. 1t 0.01166 1.11462 0.73&0 
300 2.15776 1250.32 3.597 6260.1" 0.11027529 0.09198 0.5,.5 0.0123" 1.10809 0.7344 
320 2.01t527 1332.16 3.430 6111.39 0.002601/t 0.09313 0.5 .. 6 0.01313 1.10225 0.7325 . 
3 .. 0 1.94/t15 1"15.08 3.288 5989.51 0.002"655 0.09"35 0.5/t8 O. DS.391 1.09703 0.7301 
360 1.853011 1"99.711 3.168 5895.65 0.00233&1t 0.09563 0.551 O.011t73 1.09234 0.7273 
380 1.770;6 1581t.65 3.063 581".08 0.0022190 0.09700 0.555 0.01558 1.08811 0.7243 
1t00 1.69551 1668.73 2.973 5740.59 0.0021130 0.098 .... 0.559 0.01647 1.08"26 0.7214 
1t20 1.62697 1752.611 2.1195 5678.49 0.002015 .. 0.09993 0.565 0.01739 1.08076 0.7185 
't1t0 1.56/t11 1835.1,5 2.827 5620.32 0.0019271 0.101'+6 0.570 0.01113'+ 1. 07756 0.7157 
/t6O 1.50&2/t 1918.31 2.767 5512.09 0.0018 .... 8 0.l0303 0.576 0.01933 1.07461 0.7128 
1tS0 1 ... 5278 1999.81t 2.71 .. 5525.811 O.OOlnDO 0.10'+61t 0.5113 0.02035 1.07190 0.7101 
500 1.40326 2079.78 2.668 54112.50 0.0017015 0.-10627 0.590 0.02140 1.06939 0.7075 

520 1.357111 2159. 07 2.627 5 .... 3.06 0.0016380 0.10791 0.5911 0.0:':248 1.06706 0.7050 

5 .. 0 1.31003 2217.33 2.655 5Itl".79 0.0015985 0.10957 0.605 0.02360 1.06468 0.7048 

560 1.26950 2292.86 2.627 53112.01t 0.0015'+52 0.11125 0".613 0.02 .. 7,+ 1.06263 0.7030 
580 1.231/t9 2367.78 2.603 5351.66 0.001lt954 0.112910 0.621 0.02590 1.11&072 0.7 D14 

600 1.19576 2442.11 2.5110 5323.36 0.00141t90 0.11 .. &" 0.630 0.02709 1.05992 0.6999 

650 1.11515 2625.36 2.531t 5260.36 0.0013"53 0.111192 0.652 0.03019 1.051,117 0.69&& 

700 1.0,,1,99 280r..18 2.1t97 5206.36 0.0012562 0.12321 0.671t 0.0331,6 1.05136 0.6940 

aDO 0.928&6 3162.35 2.4'+" 51111.30 0.0011106 0.13207 0.721 0.0 .. 0 .. 9 1.0'+555 0.6901 

10011 0.76030 31170.31 2.311 4993.93 0.00090/t2 0.150011 0.817 0.05640 1.03718 O. &859 

2000 0 ... 0000_ 7&77.39 2.117 .. 71t2. 30 0.0004732 0.277 23 1.211,+ 0.1907ft 1.01944 0.6059 

3000 0.27153 12195.11 1.1179 4(51).19 0.0003211 0.39349 1.705 0.371103 1.01317 O. &110 

/t000 0.205 .. 9 17315.48 1.696 1t617.42 0.00021t31 0.518611 2.090 0.599511 1.00995 0.6108 
5000 0.16"97 2 .. 271.21 1 ... 60 1t583.89 0.0001960 0.72095 2 ... 51 11.91871 1.00798 0.51123 

• TWO-PHASE BOUMDRY 

213 
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c-Zc r~EP"OUYNA~IC PPOPEPTIES OF NOP.'IAL HYDROGEtl 

5000 PSU ISOBAR 

TE~PERATURE VOLUtfE lSOTHER" ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DEIUVATIVE DER I VATI Ve: ENERGY OF SOUND 

DEG. R CU niLS cu F T-PStA/LS PSIA/R STU/LB BTU/LS BTU/LS-R BTU I LB -R FTISEC 

• ~!!.&a8 0.17111t0 6623."8 95.6033 110.0"9 275.222 3.51651 1.3S9 1.690 6177 
.. 2 O.17iJQl 655 ... 76 95.5716 111.728 277.463 3.57075 1.379 1.726 616& 
.. ,. 0.17i95 6 .... 9.39 95."238 11".3,59 280.970 3.65226 1."08 1.7111 61 .. 7 
.. 6 0.18092 63 .. 3 ... 6 95.1678 117.07" 284.584 3.7324S 1."35 1.833 6127 
.. 5 0.111192 6237.19 94.8155 119.871 28".301 3.111137 1."60 1.81ii .. 6106 
50 0.11129" 6130.79 9 ... 3773 122.7"6 292.11'1 3.88917 1 ... 8 .. 1.93 .. 60s" 
52 0.183CJ5 602 ..... 7 93.5621 125.697 29&.035 3.96589 1.50& 1.982 &062 
5 .. 0.18504 5918 ... 7 93.2778 128.720 300.0"6 ... 0"1'5" 1.526 2.029 6039 
56 0.111&1" 5813.01 92.63011 131.811 30 ... 1"1) ...11615 1.5 .. 5 2.075 601 .. 
55 0.111725 5708.32 91.9271 134.971 3011.3 .. 2 ... 18977 1.563 2.120 5990 
60 U.UII39 5&0 ... 6 .. 91.17111 1311.197 312.625 ... 262 .. 1 1.579 2.16" 5965 

62 0.18956 55112.22 90.3691 1 .. 1 ... 86 316.996 ".33 .. 10 1.595 2.207 59 .. 0 
6 .. 0.19076 5 .. 01.29 89.5231 1 ..... 1139 321 ... 53 ..... 0 .. 118 1.609 2.2 .. 11 591 .. 
66 o.uua 5302.10 811.6373 148.251 325.994 .. ... 7475 1.622 2.290 5888 
68 0.19322 5204.89 87.7149 151.718 ]]0.&14 ... 5 .. 311 1.63 .. 2.329 5863 
70 0.19,. .. 9 5109.90 86.7588 155.236 335.309 ... 61175 1.6"3 2.365 5838 
75 0.19778 .. 883.76 84.2392 16'+.236 341.358 4.77785 1.662 2.4S2 5777 
ao 0.20127 .. 706.37 111. .. 5553 173.511 359.856 ... 93912 1.680 2.528 5128 
85 0.20 .. 85 ,.529.95 18.6913 182.823 312.'+83 5.09203 1.706 2.609 5665 
90 0.20856 .. 341.97 75.7757 192.604 385.70'+ 5.2 .. 32 .. 1.124 2.6112 5595 
95 0.21243 .. 166.2 .. 72.11062 202.593 399.215 5.39001 1.137 2.141 5525 

100 0.21&43 .. 024.57 69.11865 212.866 413.255 5.53352 1.746 2.799 5 .. 61 
105 0.2205& 3881.63 61.0216 223.136 421.3"9 5.61123 1.1 .. 9 2.11'+2 5 .. 10 
1.10 O.22ft83 3759.99 6 ... 259 .. 233.501 441.659 5.80423 1.150 2.11111 5355 
115 0.22i20 36 .. 3.48 61.6030 243.936 .. 56.1 .. 7 5.93283 1.751 2.916 5302 
120 0.23371 3537.70 59.0572 25 ..... 38 410.820 6.05790 1.752 2.949 5252 
125 0.231n2 3 .... 8.07 56.6307 264.986 485.637 6.1787 .. 1.75 .. 2.977 5207 
no 0.24303 3367.17 5 ... 3086 275.565 500.579 6.29601 1.757 3.003 5163 
1 .. 0 0.25273 323".59 .. 9.9682 296.831 530.828 6.52011 1.766 3.0 .... 5083 
150 0.26216 3119.311 .. 6.0&26 3111.1711 561.'+56 6.73153 1.180 3.011 .. 500 .. 
160 0.27310 3037.41 .. 2.5920 339.&35 592.486 6.93190 1.799 ].119 4939 

170 0.28368 2967.77 39.5185 361.192 623.838 7.12189 1.1122 3.155 .. 88C 
180 0.29"51 2921.73 36.77"3 382.1183 655.563 1.3031S 1.8"8 3.1117 4831 
190 0.305"9 2896.85 34.328 .. 405.31" &88.160 7."7884 1.897 l.233 .. 7112 
200 0.316&2 2884.33 32.1373 .. 27.4 .. 0 720.5118 1.&"530 1.929 3.258 .. ,51 
220 0.33'J13 2885.09 28.4093 472.16" 786.150 7.95773 1.995 3.305 4706 
240 0.36184 2919.82 25.3901 517.556 852.573 8.2"689 2.059 3.3"4 "&a 7 
260 0.38464 2972.70 22.9171 563.635 919.164 8.5153" 2.121 3.380 .. &a .. 
280 0.407 .. 5 3036.78 20.8657 610.377 987.625 8.76680 2.179 3.413 .. 69 .. 
300 0.43026 3106."9 19.1481 657.7&5 1056.129 9.00333 2.231 3.445 4714 
320 0."5303 3187.52 17.6883 705.755 1125.201 9.22617 2.278 3.1072 .. 744 

3 .. 0 0."75111 3211.97 16.42116 754.307 1194.8 .. 2 9.43752 2.320 3."96 .. 719 
360 G.49852 3362.29 15.328.4 803.33" 126 ... 896 9.63752 2.357 3.$14 4820 
no 0.52112 3458.87 14.3&23 1152.711" 1335.2711· 9.112793 2.389 3.529 41165 
400 0.54361 3559.72 13.50"0 902.588 1"05.9011 10.110879 2.,.17 3.538 .. 913 
.. 20 0.56598 3660076 12.739 .. 952.&78 1 .. 7&.699 10.18160 2 ..... 1 3.5 .. 5 4963 
.... 0 0.58822 3762.59 12.05100 1002.9911 1547.608 10.3 .. 640 2.461 3.550 501 .. 
"60 0.61032 3565.16 11 ... 383 1053.504 1&18.582 10.501039 2." 78 3.552 5066 
.. 110 0.63231 3967 ..... 10.8816 1104.156 1689.589 10.655109 2.492 3.553 5119 
500 0.&5417 40&9.21 10.3766 115".900 1760.576 '10.80039 2.504 3.552 5172 
520 0.61595 4172.73 9.9151 1205.709 11131.5"4 10 .93963 2.513 3.549 5225 

540 0.69991 .. 291.29 9.&2 .. 7 1253.881 1901.90 .. 11.068&" 2."95 3.552 5320 
560 0.72186 4396.17 9.2461 1304.&74 1973.016 11.19767 2.499 3.550 5379 
580 0.74375 ,.501.18 8.8972 1355.35" 20 .. 3.96& 11.32225 2.503 3.548 5"37 
600 D.7&559 .. 60&.27 8.57 .. 5 1406.088 2114.925 11.44260 2.506 3.545 5 .. 95 
650 0.82002 .. 869.19 7.11&411 1532.752 2291.980 11.72618 2.509 3.537 5639 
700 0.81"22 S132.21 7.2&70 1659.255 2468.668 11.988111 2.510 3.530 5782 
1100 0.98214 5658.111 &.31 .... 1911.&67 21120.991 12.458&3 2.509 3.516 6061 

10011 1.19672 6109.89 5.0143 241 ..... 88 3522 ... 90 13.24102 .2.508 3.502 6588 
2000 2.26213 11983.'51 2.491 .. "971.11" 7066.100 15.68922 2.651 3.'633 8723 
3000 3.32703 17280.18 1.661 .. 7758.829 10839.210 17.2162& 2.934 3.91& 10337 

.. 000 4.39207 22587.74 1 2 .. 67 10826.712 110893.175 18.38067 3.220 4.207 11693 
5000 5.4&708 21900.11 0.9977 14261.317 19323.097 19.36704 3.710 ".735 12843 

• TWO-PHASE BOUNO~Y 
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THEF"OO'tNA!1IC PROPERTIES ,OF NOP!1AL H'tOIl'lGEN 
(' -2 __ 

sauo PSIA lS08a~ 

TEMPERATURE OENSITY "COH/O"'p ~COP/OU'V -II COPlOII'T oCOII/OT\I" THER"AL IIISCOSITY THERflAL DIELECTRIC PRANon 
CONDUCTIlltn OIFFUSIIIITY CONSTANT NU!10E~ 

DEG. R L8/CU FT BTUILB psu-Cu FTlBTU PSU l/DEG. R BTUIF T-HR-R L8/FT-SEC SQ FT/HR 
X 1!15 

• .. 0.688 5.60SIt3 656 ... 0 12.5"7 37127.51 0.0025750 0.0960" 3.1 .. 0 0.0101 .. 1.29703 1.91192 

.. 2 5.5116 .. 0 661."0 12.1006 36617.53 0.002"100 0.09795 2.926 o. 01016 1.2'159" 1.8562 

.... 5.55702 6611.73 12.196 35839."1 0.0026625 0.100103 2.1EI109 0.01015 1.29"25 1.6907 

106 5.52722 & 75 .22 12.001 350&1.75 0.00271 .. 3 0.102 .... 2,"20 0.01011 1.29253 1.5586 

108 5 ... 9702 6111.11 11.817 3"285.97 0.002765 .. 0.10 .. 0 .. 2.228 0.01005 1.29079 1 ... 521 

50 5 ... 6&,.2 6116.611 11.631, 33513."11 0.002H&1 0.10532 2.066 0.0099& 1.2890" 1.3653 

52 5 ... 35,.5 691.62 11.1068 321"5.70 0.O02~66" 0.10&33 1.921 0.00987 1.211726 1.2932 

5 .. 5 ... 0411 &95.77 11.312 3198".02 0.00291"" 0.10110 1.1101 0.00977 1.2115"6 1.232 .. 

sr- 5.37241 &99.67 11.160 31229.8" 0.0029661 0.10122 1.703 0.00962 1.21136" 1.18&5 

58 5.3 .. 031 103.11 11.0110 30"8".'52 0.00301S5 0.10119 1.611 0.009 .. 1 1.2111111 1.11016 

60 5.30800 706.15 10.1116 297"9.103 0.00306"7 0.1070" 1.531 0.00932 1.2799& 1.1143 

62 5.21530 1011.1111 10.142 29025.1111 0.0031134 0.106111 1.460 0.00911 1.211109 1.0851 

64 5.2 .. 230 111.16 10.616 211315.21 0.0031617 0.10650 1.396 O.DOqO .. 1.21&21 1.0609 

66 5.20'101 713 ... 0 10.1090 276111.69 0.OQJZ093 0.10611 1.339 0.001190 1.27"31 1.0399 

68 5.175 .... 115.11 10.31" 26931.58 0.0032'552 0.10'5&5 1.281 0.001117 1.27239 1.0213 

70 5.14161 716.29 10.270 26273.11 0.0033022 0.10514 1.2 .. 0 0.00864 1.210 .. 7 1.00"1 

75 5.05601 718.6" 10.023 2"&92.33 0.0034U6 0.10365 1.1 .. 1 O. DO 1136 1.2&560 0.9716 

80 10.9&85& 7210.82 9.771 23383.119 0.00341177 0.10196 1.060 0.001112 1.260&5 0.9"63 

85 10.811173 733.111 9.10 .. 11 , 22113.97 O.00355!!4 0.100210 0.9910 0.001117 1.255110 0.9317 

90 10.79 .. 73 136.95 9.169 2015111.57 0.003&3Q8 0.09850 o .939 0.001&6 1.25083 0.9201 

95 /t.707 .. 1 139.9e, 11.90 .. 19&12.21 0.0031123 0.09&19 0.892 0.00748 1.2"592 0.9113 

100 10.&2034 11010.66 11.663 18591t.90 0.0031584 0.09512 0.851 0.0073& 1.210103 0.9015 

lOS 10.53382 1107.25 8.1055 11625.111 0.003~028 0.09352 0.!!16 0.0012& 1.23619 0.8921 

110 10 ..... 788 749.69 8.256 16723.91 0.0038"24 0.09221 0.7810 0.00720 1.23139 0.81111 

US ... 362"It 152.109 8.0610 15119&.31 0.0038153 0.09119 0.756 0.00111 1.22666 0.870 .. 

'120 10.27883 155.8" 7.1116 15137.21 0.0039015 0.09010 . 0.731 0.0011 .. 1.22199 0.11612 

US ... 19&07' 7&0.59 7.693 1 .... 68.32 0.00391 .. 1 0.08903 0.708 0.00113 1.211100 0.8528 

130 10.1110&9 766.00 1.511 1385 ... 811 0.0039198 0.08796 0.688 0.00712 1.21291 0.lIlt56 

I/tO 3.9567 .. 779.67 7.152 127911.102 0.0039042 0.08583 0.653 0.00713 1.20"21 0.113"1 
150 3.80579 79 ... 82 6.801 11871.70 D.0031S1100 0.081018 o ~625 0.00722 1.19593 0.8183 

160 3.66170 8110.39 6.1066 11122.09 0;0038295 0.0810 24 0.&02 11.00138 1.18807 0.8019 

170 3.52515 835.11t 6.154 10"61.83 0.00371110 0.08366 0.5113 0.00752 1.18065 0.1912 

1110 3.395!t3 859.610 5.859 9920.51 0.0031069 0.081097 0.5101 0.00785 1.11363 0.7300 

nD 3.27339 1193.06 5.527 9482.52 0.0036202 0.0869" 0.550 0.001122 1.16105 0.7365 

211'1 3.15835 ')23.61 5.215 9109.71 0.0035278 0.081150 0.557 0.001160 1.16081 0.7379 

22li 2.948110 989.79 ".11050 8501.311 0.003339 .. 0.09010 0.5610 0.00931 1.110968 0.7395 

2100 2.76H3 1062.18 ..... 61 8069.30 0.0031/t&5 0.09213 0.566 0.00997 1.13985 0.1391 

2£00 2.59981 1139.80 10.155 7728.46 0.0029653 0.09318 0.565 0.01060 1.13120 0.1360 

2110 2.105102& 1219.06 3.902 7"53.01 0.002199& 0.09"09 0.5610 0.01123 1.12355 0.13&7 

300 2.321011 1298.81 3.693 1220.00 0.01)2&521 0.09"91 0.563 0.0118& 1.11&74 0.735& 

320 2.20735 uu.OO 3.5111 7035.9& 0.00251ltO 0.09591 0.563 0.01251 1.1106& 0.13"0 

3100 2.10168 llt63.19 3.370 6876.610 0.00231190 0.09693 0.5610 0.01319 1.10517 0.7323 

360 2.11059" 1510&.30 3.2103 67 ..... 510 0.0022727 0.0980" 0.566 0.01391 1.10022 0.7301 

380 1.91895 16"11.74 3.133 6637.38 0.0021&38 0.09924 0.5611 0.011t&6 1.09573 0.1215 

/tOO 1.83954 1715.82 3.031 65108.27 0.0020622 0.10053 0.572 0.015 .. 5 1.091&5 0.72 .. & 

420 1.7&&85 nOO.02 2.95 .. 6"68.00 0.0019696 0.10189 0.516 0.01621 1.08791 0.1211 

10 .. 0 1.10005 1883.7& 2.881 6396.60 0.001811 .... 0.10332 0.5111 0.01112 i.01l .. 50 0.1188 
.. 60 1.&311lt7 1966.66 2.811 6332.95 0.00180&2 0.10"79 0.581 0.01800 1.08135 0.11&0 

10110 1.511150 20108.&9 2.161 62710.52 0.0017342 0.10631 0.593 0.01892 1.078"4 0.1132 

!i00 1.52865 2129.28 2.711 6220.39 0.001&682 0.10786 0.599 0.01981 1.07575 0.710& 

520 1 ... 79ftl 2209.76 2.667 6173.11; 0.0016062 0.109"5 0.606 0.02011" 1.07325 0.1079 

5 .. 0 1 ... 2875 2262.80 2.100 6131.19 0.0015698 0.11106 0.614 0.0211111 1.070&8 0.10&1 

560 1.38532 23311.30 2.671 6090.08 0.00151112 0.11269 0.&21 0.02291 1.068108 0.1048 

580 1.3 .... 5 .. 21013.20 2.61010 &052.00 0.001"701 0.U .. 3 .. 0.629 0.02397 1.06&"2 0.7030 

600 1.30617 2487.52 2.620 6016.59 0.0014251 0.11601 0.6311 0.02505 1.06 .... 11 0.10110 

650 1.21948 2670.75 2.570 5937.89 0.0013245 0.12025 0.659 0.027811 1.06011 0.&979 

700 1.1 .. 3117 21151.5& 2.531 51170.59 0.0012379 0.1210511 0.&111 0.03085 1.05&31 o. &950 

800 1.01819 3207..69 2.472 5161.10 0.00109&0 0.133 .. 0 0.7211 0.0372& 1.05002 0.6908 

1000 0.113562 3915.53 2.393 5606.119 0.00089 .. 3 0.151&0 0.1125 0.051111 1.0 .. 092 0.6862 

2000 0 ..... 19 .. 7723.01 2.121 5296.03 0.00010104 0.27123 1.302 0.17266 1.021 .. 9 0.61102 

3000 0.30057 122 .. 2.71 1.1184 5193.87 0.0003199 0.39348 1.733 0.33 .. 28 1.014511 0.&210 

.. 000 0.221f>8 17354.6& 1.701 51102.8" 0.0002102" 0.51811 2.128 0.5"091 1.01103 ' 0.6220 

5000 0.111291 2 .. 219.70 t.410 5103.100 0.0001955 0.715&; 2.4911 0.82625 1.001186 0.5«)50 

• TWO-PHASE ~OUNORY 
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C-2e Tl1fI1110:),(NII1IC PROPERT IES OF NOP"AL H'(DC!OGEN 

'SOD PSII IS3BIR 

TE"PERATURE VOLUltE ISOTHfR" ISOCHORE INTERNAL ENTHALPY 'ENTROPY CV CP VELOCITY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

DEG. R CU FULB CU F T-PSIA/~B PSIA/R BTU/LB eTU/U BTU/LB-R BTU I LB -R FTiSEC 

• Itl.979 0.'17&65 691t3.56 97 .2~20 11Z.221 292.1llt 3.52807 1.373 1.701t ,63111 

ItZ 0.17666 6~1t2.51 97.2Cf16 112.21t7 292.170 3.52891 1.371t 1.701t 6318 
It .. 0.17755 6840.112 97.18111 114.11011 295.632 3.&0939 1.403 1.758 6301 
1t6 0.17111t5 67311.36 96.9756 117.1t52 299.199 3.611854 1.1030 1.809 6283 
It II 0.179311 6635.32 96.6666 120.176 :JOZ.1I6~ 3~76642 1.1t5& 1.859 6265 
50 0.18033 6531.91 96.2720 122.977 30&.634 3.11103111 1.1080 1.908 62ltlt 
52 0.111130 61tZII.32 95.8011 125.1I'i3 310.1097 3.91885 1.503 1.955 ,622 It 

Sit 0.18229 6324.76 95.2619 128.7Cf9 311t.452 3.Cf931t1t 1.524 2.000 6202 

56 0.18330 6221.45 94.6&15 131.1112 318.495 1t.06698 1.543 2.01t5 618Q 
511 0.18 .. 33 6UII.511 94.0057 134.1192 322.627 It. 13952 1.562 2.0119 6157 

60 0.18539 6016.38 93.2998 1311.037 32&.1146 1t.2U07 1.579 2.ll1 6U4 

62 0.18&1t7 5915.06 92.5483 141.243 331.149 1t.28166 1.595 2.173 6110 
61t 0.1875& 5U4.1I1t 91.1551 144.511 U5.537 1t.35133 1.609 2.213 60&6 

66 0.181169 5715.92 90.9236 147.837 340.005 4.420011 1.&23 2.253 6062 
611 0.18983 56111.53 90.0511 151.211 31t4.550 4.1t8191 1.635 2.290 6038 
10 0.19100 5522.88 89.1584 154.646 149.167 1t.554113 1.645 2.326 6014 
75 0.19ltOl 5292.79 86.71110 163.420 361.012 10.71812 1.666 2.1010 5956 
110 0.19717 5018.19 114.2&6& 172.458 373.264 10.117619 1.6115 2.490 5891 
85 0.20050 1t9211.17 IH.666& 181.559 3115.153 5.021105 1.712 2.5&11 5852 
90 0.l03119 1t760.25 111.9027 191.120 3911.772 5.11633 1.731 2.631 5796 
95 0.21111t0 1t5113.51 76. C941 200.890 412.113 5.32061 1.7105 2.101 5733 

100 0.21102 4426.96 13.2619 210.951 425.868 5.46183 1.155 2.755 5674 

105 0.211t77 1t2U.36 10.4529 221.020 439.751 5.591411 1.158 2.1911 56111 
110 0.218&1 4154.9& 61.7241 231.1115 453.831 5.72832 1.760 2.835 55611 
115 0.2225& 4033.41 65.0810 241.429 468.091 5.115491 1.762 2.810 5516 
120 0.22&&0 3923.41 62.53311 251.141 "&2.523 5.97792 1.764 2.901 5467 
'125 0.23015 3817.40 60.1001 262.113 497.116 6.09f.94 1-0767 2.933 5ltl11 

no 0.234911 3729.44 51.77&4 212.524 511.831 6.21246 1.770 2.960 5375 
litO 0.243&9 35110.37 53.4342 293."95 5"1.619 6.43355 1.719 3. 007 5295 
150 0.252&8 3467.41 49 ... 701 314.601 571.943 &.64246 1.193 3. 044 5223 
160 0<2&191 3363.35 45.8919 335.840 602.578 6.84028 1.812 3.0115 5150 

170 0.27138 3292.9& "2.7081 351.228 633.&11 7.021133 1.1135 3.119 5092 
180 0.211103 3224.87 39.8569 378.769 &64.983 7.20156 1.861 3.158 5035 
190 0.29087 31111.&7 37.2962 401.103 697.341 1.3&196 1.910 3.211 4978 
200 0.30085 3156.60 3 ... 9912 423.166 729.563 7.54737 1.941 3.2 .. 2 49ft1 
220 0.32107 3144.95 31.0396 467.&52 7~4.1143 7.85&"5 2.007 3.293 4890 
240 0.34151 3160.00 27.11011 513.2118 861.097 8.14687 2.011 3.339 4&59 
260 0.3&207 3201.31 25.1371 559.410 928.218 8.41504 2.132 3.37& 411 .. 7 
2110 0.38261 3256.25 22.9123 606.346 996.079 8.66650 2.189 3.413 4850 
300 0.40321 3321.51 21.0380 653.1181 106".589 8.90304 2.241 3.1045 48'6 It 

320 0."23116 3393.69 19.4430 702.02& 1133.704 9.12602 2.288 3.414 4l1li6 

340 0.44 .. 44 3469.80 18.0&68 750.144 1203.3114 9.33148 2.329 3.499 491" 
360 0.46498 3553.80 16.8680 799.9'j1 1273.509 9.53768 2.366 3.520 491t9 
380 0.485 .. 11 36"1.68 15.8112 1149.603 13 ..... 044 9.72853 2.399 3.537 49811 
400 0.50590 373&.82 14.8725 899.625 1414.861 9.90981 2.427 3.549 5031 
1t20 0.52&22 3834.57 14.0325 949.946 1485.1180 10.08321 2.451 3.557 5071 
1t40 0.546"4 3934.93 13.2172 1000.504 1557.031 10.241158 2.472 3.562 5125 
,.60 0.56&54 4034.85 12.5979 1051.252 16211.249 to.40711 2.489 3.564 5174 
4110 0.58653 1t135.59 11.9819 1102.151 1699.506 10.5587" 2.504 3.565 5223 
500 0.&0&41 4236. 07 11.4232 1153.140 1770.738 10.70414 2.515 3.564 5273 
!O20 0.62619 4336.85 10.9131 1204.1Cf5 18"1.940 10 .84H4 2.524 3.561 5324 

540 0.64803 4451.50 10.5903 1251.884 1911.866 10.97167 2.501 3.559 5417 
560 0.66198 4554.94 10.1731 1302.1106 1983.112 11.10094 2.505 3.557 51tH 
5110 0.687119 4&58.&4 9.18110; 1353.609 200;".190 11.22575 2.509 3.554 5529 
600 0.70775 "762.52 9.4329 1404.459 2125.269 11.34630 2.511 3.551 5586 
650 0.75724 5022.80 8.6506 1531.311& 2302.599 11.63033 2.514 3.543 5726 
700 0.80&52 5283.51 7.99111 1658.119 2479.525 11.89268 2.515 3.534 51165 
1100 0.9olt63 5805.82 6.9425 1910.909 2832.230 12.36364 2.513 3.519 61311 

1000 1.09968 6851.84 5.5113 2414.256 3534.225 13.14659 2.511 3.503 6555 
2000 2.0&!l41 12109.99 2.7382 4971.1140 7018.480 15.59530 2.652 3.633 8761 
3000 3.03519 17399.48 1.8262 7759.806 10851.&12 17.12235 2.935 3.916 10371 

400e It. 0038,. 22102.95 1.3706 101121.0&1 14C!04.777 111.211654 3.218 4.205 11722 
5000 4.980&1 211013.29 1.0970 14253.&06 19326.115 19.27107 3.69" 4.716 12871 

• TWO-PHASE BOU~DRY 
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THE~MOO'NA"IC PROPERTIES OF' NOP'4.L HYDROGEN C-:!1. 

5500 PSIl ISOBAR 

TE"PERATURE OENSITY veOH/DV'p veDP/DUIv -veoP/ov'T COV/OTilV THER"AL VISCOSITY tHERt4AL DIELECTRIC PRANOTl 
CONDUCTIVITY DIF'F'USIVny CONSTANT NUH8ER 

DEG. R LB/CU F'T ' BTU/LB PSU-CU F'T /BTU PSIl 1/0EG. R 8TU/F'T-HR-R LB/FT-SEC SQ FT/t1R 
X 105 

• "1.979 5.66079 688.39 12.516 39306.02 G.002 .. 7,2 0.10053 3.257 0.010"2 1.3002:5 2.00<;7 

"2 5.660'i0 688 ... & 12.513 39298.09 0.002 .. 757 0.10056 3.283 Q.010 .. 2 1.30021 2.0035 
.... 5.6322& 696.85 12.29& 38529.38 0.002522 .. 0.10318 2.957 D. 01 0102 1.29858 1.8U3 

"6 5.603!'o& 70 ... 3 .. 12.099 37759.57 0.002<;682 0.10532 2.688 11.01039 1.29693 1.6619 

"8 5.57 .. 72 711.20 11.911 36990.02 0.0026133 0.107D3 2.106" 0.01033 1.29526 1.5,.02 

50 5.5,.51t1 717.73 11.727 36222.08 0.0026578 0.108,.1 2.275 0.01025 1.29358 1 ..... U 

52 5.~1S76 723.58 11.555 35"57.10 0.00271119 0.10951 2.11" 0.01016 1.29187 1.3589 

Slo 5.,.8580 728.59 11.397 3"696.38 0.0027 .. 56 0.11036 1.976 0.01006 1.29015 1.2897 

56 5,"5552 7 33.31 11.2"3 339 .. 1.2,. 0.0027890 0.1105" 1.857 0.00991 1.288ftl 1.2369 
58 5 ... 2 .. 9 .. 737.59 11.095 33192.96 0.0028321 0.11055 1.753 0.00976 1.28665 1.1922 

60 5.39"07 7 .. 1.32 10.~5& 32,.52.79 II.002lS7,.9 0.110"5 1.661 0.00961 1.28 .. 88 1.1538 

62 5.36291 7 .. ".73 10.821 31721.97 0.0029175 0.11027 1.580 0.009"6 1.28310 1.1208 
6 .. 5.331 .. 9 7,. 7.65 10.695 31001.73 0.0029597 0.10999 1.508 0.00932 1.28130 1.0922 

66 5.29980 750."9 10.569 30293.23 0.0030015 0.10963 1.,.,." 0.00918 1.279,.9 ' 1.0679 

60 5.26786 752.72 10."5" 29597.65 0.0030,.27 0.10920 1.306 0.0090e; 1.277&6 1.0,.63 

70 5.23569 75,..3,. 10.350 28916.11 0.0030&33 0.10871 1.333 0.001193 1.27583 1.0271 

7!J 5.15"32 757.50 10.107 272110.73 0.0031813 11.10727 1.223 O. ~O 864 1.27119 0.cH!!!8 

80 5.07181 761010 9.861 25755.62 0.00327111 0.105&3 1.134 11.00836 1.26650 0.9622 
85 4.98705 773.02 9.56" ,24579.911 0.0033225 0.10386 1.0&0 0.00811 1.26173 0.9,.39 

90 ".90,.&0 780.19 9.296 23347.14 0.0033795 0.10213 1.000 0.00790 1.25703 0.929" 
95 ... 821&9 784.,.0 9.0"4 22100.53 0.0034,.31 0.100"1 0.949 0.00771 1.25235 0.9189 

100 4.73852 788.82 8.809 20978.56 0.0034922 0.09117" 0.905 0.00756 1.24768 0.90'30 
105 4.65&17 791.73 8.605 19934.7" 0.00 353,.2 0.09711 0.1167 0.007"5 1.2"304 0.8991 
110 ... 57432 795.62 8.410 19006.10 0.0035633 0.09586 0.833 0.00739 1.23845 0.8871 
115 ,..49325 799.1,. 8.220 18123.12 0.01)35910 0.09476 0.803 0.00735 1.23392 0.8759 

'120 ..... 1305 1103.31 8.033 1731 ... 21 0.0036117 0.093&6 0.777 0.00732 1.229"5 0.8662 
1-25 4.33376 807.2& 7.850 165"3.76 0.0036328 0.09257 0.753 0.00728 1.22504 0.8585 

130 4.2557,. 812.97 7.671 15871.53 0.003&"0,. 0.09147 0.731 0.00726 1.22071 0.11516 

1"0 4.103&2 826.72 7.319 1 .. 692.48 0.0036368 11.08927 0.694 0.0072" 1.21229 0.8412 
150 3.95758 84,..50 6.972 13722.56 0.0036050 0.011818 0.663 O. 00732 1.20 .. 25 0.82,.1 
160 ,3.81818 863.18 6.633 1211 .. 1.87 0"0035741 0.08763 0.638 0.007"4 1.19661 0.8084 

170 3.6849,. 886.08 6.318 12134.3" 0.0035196 0.08701 0.617 O. 00757 1.18933 0.7960 

180 3.55835 909.21 6.018 11475.20 0.003,.733 0.08863 0.565 0.00789 1.18245 0.72,.2 

190 3 ... 3795 941.87 5.6110 10939.13 0.01)34094 0.09063 0.574 0.00821 1.17593 0.7323 
200 3.32396 972.01 5.422 10"92.39 0.0033349 0.09218 0.5110 0.00856 1.16977 0.7349 
220 3.1:1.461 10 39.25 4.966 9795.30 0.0031688 o .091t31 0.587 11.00919 1.15853 0.7376 
240 2.92819 1111.15 ".586 9253.011 0.0030052 0.09561 0.508 0.OD978 1.1"858 0.73811 
260 2.76191 1188.25 ".268 118 .. 1.7 .. 0.0028,.30 0.09650 0.586 0.0103" 1.13976 0.73'5 
280 2.61320 1267.68 ... 005 8509.25 0.0026926 0.09722 0.58" 0.01090 1.13190 0.7377 
300 2.47974 1348.58 3.786 8236.,.9 0.0025542 0.09791 0.501 11.01146 1.124119 0.7365 
320 2.35930 1430.,.3 3.602 8006.70 11.0024283 0.09866 0.580 0.01204 1.11858 0.7352 

3/00 2.25002 1512.12 3.4ft7 7807.13 0.00231,.1 0.09950 0.580 0.01264 1.11288 0.7339 
360 2.1511&4 1594.9,. 3.315 7642.93 0.0022070 0.1004" 0.580 0.01327 1.10771 0.7322 
no 2.059811 1:.711.16 3.200 7501.14 0.0021078 , 0.10149 0.582 11.01393 1.10300 0.7302 
400 1.976&7 1762.71 3.100 7386.,.6 0.0020135 0.10264 0.585 0.01"63 1.09871 0.7276 
.. 20 1.90033 18 .. 7.15 3.013 7286.95 0.0019257 0.10388 0.588 0.01537 1.09477 11.7249 

""0 1.83001 1'331.72 2.935 7200.97 0.001&438 0.10519 0.592 0.0161" 1. D9116 0.7219 
.. 60 1.76509 2015.02 2.868 7121.88 0.00176!!9 0.10657 0.597 0.011:,9" 1.08782 0.7191 
Ita a 1.70493 2097.88 2.807 7050.90 0.0016993 0.10801 0.603 0.01777 1.0847,. 0.7163 
!too 1.64905 2179.32 2.75" 6985.50 0.0016353 0.109,.8 0.&09 11.01063 1.08189 0.7135 
520 1.59696 2260.05 2.707 6925.76 0.0015757 0.11101 0.615 0.01952 1.07923 0.710!! 

5 .. 0 1.5"315 2308.50 2.7"4 6869.33 0.0015"17 0.11256 0.622 0.02050 1.076 .. 9 0.7085 
560 1."9705 2383.96 2.712 6818.97 0.0014919 0.111t15 0.630 0.021"" 1.07"15 0.70&5 
580 1.45312 2ft58.83 2.684 6772.37 0.0014"5" 0.11576 0.&38 o. 022,.1 1.07195 0.7046 
600 1.,.1292 2533.13 2.659 6729.08 O.OOlIfOll1 0.117,.0 0.646 0.02340 1.06988 0.7029 
650 1.32n8 2716.31 2.605 6633.03 0.00130,.2 0.12158 0.666 D.02599 1.06521 0.6991 
700 1.23989 2897.09 2.563 6551.03 0.0012199 0.1258~ 0.6119 0.021173 1.06114 0.6960 
8G0 1.105,.3 3253.1" 2.500 6417.90 0.0010817 0.13,. 72 0.735 0.03,.63 1.05,.38 0.&91<; 

1000 0.90936 3960.83 2.,.14 6230.76 0.00088,.5 0.15311 0.833 1I.0,.8D6 1.0,.459 0.68&,. 

2000 0.,.83"5 7768.52 2.135 585".55 0.000,.677 0.27723 1.320 0.15783 1.02353 0.622& 
3000 0.3291t0 12290.15 1.889 5731.45 0.00031116 o • 3931t7 1.762 0.30502 1.01599 0.6312 

.. 000 0.2"976 1739,..91 1.705 5670.30 0.0002"17 0.51762 2.166 11.49292 1.01211 0.6335 
5000 0.20078 24182.1" 1. ,.79 5624.47 0.0001950 0.71105 2.5ft6 0.75087 1.00972 0.6079 

• TND-PHASE BOU~ORY 

Z17 



c-Zc '~E~MoafNAMIC PPOPE~TIES OF NOPMAL HYOqOGEN 

'000 PSI A IS~BAR 

TEM:IIERUI'RE VOLUME ISOTHER" ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DERIVATIVE DERIVATIVE ENEPGY OF SOUND 

:lEG. R CU FTILB CU FT-PSU/LB PSU/R . BTU/LB BTU/LB BTU/LB-R BTU I LB -R FJlSfC 

• "3.2"0 0.17501 7257.76 98.9516 lllt ... 36 308 • .,81t 3.53'UO 1.381 1.718 61t53 
Itlt 0.11533 7220.33 ·98.9121 115.396 310.19;'1 3.5f.1919 1.398 1.1311 61t1t7 
.. & 0.17H9 7121.27 98.73"2 117.916 313.72" 3.6 .. 7 .. 3 1."26 1.788 & .. 32 ... 0.17706 70 21.43 98."595 120.&35 317.350 3.124"1 1 ... 52 1.837 6"15 
50 0.17191t 6921.00 98.0991 123.370 321.072 3.80026 1.477 1.11115 6396 
52 0.17885 6820.17 97.6630 126 •. 178 32 ... IIU 3.875 D1 1.500 1.931 6377 
Sit 0.17978 &719.14 97.1593 129.05& 3211.79 .. 3.9"868 1.521 1.975 6357 
5& 0.18072 6&111.09 96.5953 131.999 332.78& ".02129 1.5 .. 2 2.019 &337 
51 0.181&8 &517.22 95.9771 135.008 33&.1I6S ".092119 1.5&1 2.062 &31& 
60 0.182&& & .. 16.72 9S.3101 138.0111 3 .. 1.0211 ".163S0 1.578 2.103 &29,. 
62 0.1113&7 6316.79 9".S988 1 .. 1.2110 3 .. 5.273 4 .2331" 1.59 .. 2.1"3 &2n 

6 .. 0.181t&9 &217.63 93.81072 l ....... OS 3 .. 9.600 1t.301115 1.& OCJ 2.U2 & ZIt 9 
6& 0.U572 &119."3 93.0589 1"7.6S9 35 ... 006 ... 36963 1.&2 .. 2.221 6226 
&1 0.U678 6022.39 92.2369 150.9&2 358."86 ..... 3650 1.637 2.257 &203 
70 0.1117.6 592&.70 91.38 .. 0 15 ... 31 .. 36l.035 ... 502 .... 1.6 .. 7 2.292 61111 
75 0.1906 .. 5&9 ... 65 89.1323 162.890 37 ... 703 ... 66328 1.669 2.373 6125 
10 0.19355 5 .. 75.20 8&.7365 111.725 386.767 ".811192 1.689 2."52 6068 
85 0.19658 5271.11 810.226" UO.612 199.018 ... 967211 1.718 2.536 &005 
90 0.19977 5139.38 81.7227 1119.9119 "H.937 5.11'502 1.737 2.601 5971 
95 0.20299 .. 970. '5" 79.0"311 199.565 "25.09" 5.25731 1.752 2.663 591& 

100 0.20U2 .. 822 ... 3 76.!"29 209,"39 438.664 5.39663 1.763 2.716 58&6 

105 0.20973 .. 676.18 73.6 .. 3 .. 219.326 "52.31t9 5.530310 1.767 2.759 "816 
110 0.213210 10533.72 70.91037 229.316 ..66.2311 5.659"2 1.770 2.798 5762 
US 0.21&11 .. ..415.99 68.3238 239.39" fteo.31S 5.711ft37 1.772 2.831 SU6 
120 0.22052 4301.57 6S.7901 249.5410 49 ... 55 .. 5.9057ft 1.775 2.862 5669 
125 0.224211 10194.61 63.3'515 2'59.758 508.944 6.02310 1.778 2.892 5622 
·130 0.22812 "0'31.54 61.0152 270.017 523. .. 6& 6.13707 ·1 .. 7111 2.921 5575 
140 0.23602 3926.37 56.6471 290.7110 552.937 6.35541 1.791 2.972 5493 
150 0.24"18 3795.15 52.6527 311.591 582.882 6.56210 1.806 1.015 5419 
160 0.2525 .. 3&98.25 ,.9.01109 332.642 613.2l!9 6.75807 1.825 3.052 5353 
170 0.2&108 3S 03 .85 105.7305 353.857 6"3.930 &.9"4" 1.8,.7 3.092 5287 

180 0.26982 35 .. 3.8& "2.7800 37!l.263 675.0 .. 1 7.12186 1.874 3.127 523,. 
190 0.27870 3 .. 79.17 40.122" 397.4113 707.127 7.29478 1.922 3.187 5169 
ZOO 0.28772 3439.82 37.72"5 1019.10610 739.128 7."5904 1.953 3.222 5127 
220 0.30&05 3403.82 33.5753 46 ... 075 8D1t.ll0 7.76871 2.018 3.282 506 .. 
240 0.32462 3407.01 30.1508 509.519 570.184 8.05634 2.082 3.332 5026 
260 0.34333 3433.'50 27.30"2 555.766 937.222 8.32417 2.1 .. 3 3.376 5005· 
280 0.36209 3"'9.1111 24.9163 602.742 1005.035 8.575"'5 2.200 3.413 5001 
300 0.38081 3536.20 22.89'58 650.399 1073.560 8.8120" 2.251 3.445 'i008 
320 0.39964 3602.39 21.1703 6911.676 1142.6117 9.03S06 2.297 3.475 50210 
3"0 0.41840 367".20 19.6811 747.529 1212.389 9.24659 2.339 3.501 SOU 

360 0.,.3715 3750.23 111.31157 796.11810 1282.573 9."4695 2.375 3.'52/0 5077 
380 0./05587 3831.70 17.24~1 846.6911 13'53.1114 9.63800 2.1008 3.5"3 5110 
.. 00 0./07 .. 5 .. 3'320.36 16.2283 896.899 1 .. 24.131 9.81968 2.1036 3.557 51109 
.. 20 0.49314 4013.13 15.3183 947.416 149'5.3111 9.99343 2./061 3.5&7 5191 
.... 0 0.51167 "109.33 110.4979 998.185 1566.670 10.15926 2.482 3.573 523'5 
.. 60 0.53009 10207.95 13.7562 1049.1510 1638.108 10.311129 2."99 3.576 5281 
.. 80 0.54841 430'5.15 13.0828 1100.279 1709.586 10.107039 2.514 3.577 5327 
500 0.5&&&5 "406.11 12.4709 1151.500 17111.074 10.61631 2.526 3.575 5375 
520 0.581tB "505.75 11.9111 1202.788 11152.509 10.75647 2.535 3.572 5 .. 23 
5100 0.60479 10:.13.71 11.5519 1250.056 1921.996 10.811313 2.507 3.565 5513 

560 0.62308 10715.59 11.0965 1301.099 1993.363 11.01263 2.511 3.563 5567 
580 0.6"133 4U7.86 U.6766 1352.016 2064.'5'57 11.13763 2.51/0 3.'560 5&21 
600 0.65954 4920.43 10.2882 1402.974 2135.747 11.251137 2. '5 17 3.556 5676 
650 0.70 .. 91 5177.113 9.4339 1530.1'51 2313.329 11.54281 2.519 3.547 5812 
700 0.75008 5436.15 11.71/04 1657.103 2490."76 11.80S48 2.520 1.5311, 59 .. 7 
800 0.84001 5954.34 7.5686 1910.257 2843.538 12.27692 2.516 3.522 621 .. 

1000 1.01876 6994.17 6.0069 2/014.117 3546.001 13.060 .. 0 2.5110 3.505 6722 
2000 1.90&49 1223~.35 2.98"2 /0972.663 7090.846 15.50958 2.654 3.633 5810 
3000 2.79296 17'516.1111 1.9907 7760.889 10863.974 17.03663 2.935 3.916 10 .. 05 
4000 3.68016 221115.77 1.4<)42 10821.627 14916.421 18.20063 3.217 "~202 11751 

5000 /o.57HO 28123.16 1.1961 14247.141 19330.254 19.18354 3.6110 4.700 12899 

• TWO-PHASE eOUNORY 

liB 



T~[~"OO'NA~IC PROPERTIES OF' NOR'1U HYO~~GEN C-2. 

'ODD PSIA ISOBAR 

TE"PERATURE DENSITY V CDH/DV'p VCOP/DU'V -V'OP/DV'T CDV/DT\fV THERMAL VISCOSITY THERMAL DIELECTRIC PRA,.OTl 
CONDUCTIVITY OIF'FUSI'IITY CONSTANT NUNBEA 

DEG. R La/CU FT BTU/le PSU-CU FT/BTU PSIA I~DEG. R eTU/FT-HR-R lB/FT-SEC SQ FTlHR 
IC 10 5 

• 1t3.21t0 5.71380 720.01 12.ltlllo Itl1t69.31t 0.00231161 0.10"116 3.1t36 0.010611 1.311329 2.02&7 

Itlt 5.7031t0 123."7 12.1003 .. 1180 ..... 0.0021t019 0.105115 3.299 0.010611 1.30269 1.91t'l7 

.. 6 5.67581t 731.96 12.1911 .. 0 .. 19.15 0.0021t1t28 0.10811 2.'111 .. 0.01065 1.30110 1.7166 

.. II 5.6"795 739.79 12.006 ]'1656.67 0.0021t8Z8 0.10993 2.723 0.01060 1. 299 .. " 1.63711 

50 5.61'115 7 .. 7.2& 11.1117 3889 ... 31 0.0025222 0.111 .. 0 2.'iO" 0.01052 1.2918& 1. '5249 

52 5.59126 15".0'i 11.6 .. 1 38133.3" 0.0025611 0.112511 2.318 0.0.10 .. 3 1.29622 1.4315 

Sit 5.562"& 159.92 11. It 81 37]75.05 0.002'5996 0.11351 2.160 0.01033 1.294'56 1.3530 

56 5.5H1t2 76'5.411 11.323 36620.65 0.002"377 0.1137 .. 2.323 0.01018 1.29289 1.2927 
58 5.50 .. 10 770.56 11.17] 351171.311 0.002&7'56 0.11380 1.'SO" 0.01003 1.29120 1.21t16 

60 . 5,"71t52 775.G3 11.033 3'5128.42 0.0027132 0.11]1 .. 1.199 0.009118 1.28950 1.1977 

62 5."41t69 179.17 10.891 3 .. 392.93 0.0027505 0.11359 1.7011 0.00973 1.211779 1.1.599 

61t 5."llt62 7112.75 10.769 3]666.06 0.00271176 0.U33 .. 1.626 0.00959 1.28606 1.1272 
66 5.H1t31 786.22 10.6"3 3291t8.92 0.0028243 0.11301 1.'i5 .. 0.009"'i 1.281t33 1.0c:!92 

61 5.35379 789.02 10.527 322"2.60 0.0028607 0.11260 1 ... 89 0.00932 1.28258 1.071t .. 
70 5.]2305 791.13 10 ... 23 31548.13 0.002'19&7 0.11213 1.,.30 0.00919 1.28082 1.0523 
i'5 5.2"'536 795.30 10 .182 29810.'50 0.002'11140 0.11073 1.307 0.00890 1.27638 1.0094 

80 5.166&1 799.62 9.938 21121111.20 0.003Q662 0.10912 1.209 0.00861 1.21189 0.9777 

85 5.0870] 807 ..... 9.639 2&81 ... 31 0.0031,.11 0.10739 1.129 0.001132 1.26736 0.95'35 

90 5.00585 818.87 9.399 .25726.93 0.0031765 0.10559 1.061 0.00811 1.2627& 0.9413 

95 ... 92631 1125.0" 9 .1511 2,.486.73 0.0032250 0.10386 1.00& 0.00192 1.2582& 0.9286 

100 ... 8 .. 69 .. 1131."6 8.93 .. 2337 ... 05 0.0032&61 0.10216 0.958 0.0071& 1.25]17 0.9172 

105 ... 761«)2 835.36 8.7 .. 0 22295.66 0.00ll030 0.100'iZ 0.917 0.001& .. 1.24932 0.9066 

110 ... 6891t1l 838.62 8.5 .. 7 21260.75 o .1i0 33368 0.09925 0.8111 0.0075& 1.2",.91 0.8947 

115 1t.&1162 81t3.78 8.359 20364.88 O. JO 33550 0.09813 0.850 0.00752 1.2 .. 05 .. G.8821t 

120 ... 531t6& 8"8.63 8.17 .. 19506.1 .. 0.0033728 0.09702 0.821 0.007 .. 7 1.23624 0.8723 
'125 1t.,.5866 853.72 7.992 18702.31 0.00]387 .. 0.09591 . 0.796 0.007 .... 1.2319'1 0.11·640 

1-30 ... 38]68 858.75 7.813 17'135.99 0.0031t018 0.09479 0.77] 0.007 .. 0 1.22781 0.8577 
1 .. 0 ... 23&99 1172.70 7."63 1663&.00 0.003 .. 051 0.09253 0.7]] 0.007]5 1.21967 0.8460 

150 ".09538 890.11 7 .120 15542.58 0.0033876 0.091 .. 0 0.701 0.007 .. 0 1.21184 0.8320 

160 3.959&9 911.97 6.783 1 .. 6 .. 3.9] 0.0033 .. 71 0.09082 0.673 0.00751 1.20437 0.11146 
170 3.83020 9]3,"1 6 ... 6 .. 13803 ... 5 0.0033130 0.09018 0.651 0.00761 1.19127 0.8031 

180 3.70&20 959.9& 6.161 1313 ... 26 0.0032571 0.0921 .. 0.5811 0.00195 1.190"9 0.7179 
190 3.58812 '191.46 5.818 12"83.67 0.00321,.0 0.09"17 0.597 0.0082 .. 1. 111 It 0 7 0.7275 
200 3 ... 75&5 1021.06 5.556 11955.61 0.003155" 0.09572 0.&03 0.0085'5 1.17797 0.7312 
220 3.2&742 101i7.22 5.00;1 11121.71 0.0030189 0.09780 0.&09 0.00912 1.16673 0.7360 
2 .. 0 3.08052 1159.81 1t.700 10 .. 95.39 0.0028728 0.09899 0.609 0.0096" 1.15611 0.7301 
260 2.91263 1236.37 ".37" 10000.51 0.0027303 0.09973 0.606 0.0101 .. 1.1 .. 775 0.7399 
280 2.76176 1316.27 ... 101 9610.58 0.0025926 0.10028 0.&03 0.010& .. 1.13975 0.7385 
300 2.62557 1397.16 3.87 .. 928 ... 52 0.OG2,.6&O 0.10080 0.599 0.01111t 1.13255 0.7377 
320 2.50221 1"79.52 3.683 901 ... 15 0.0023486 0.10138 0.597 0.01166 1.12607 0.73&5 
3 .. 0 2.]9005 1561.c:!3 :!I.521 8781.50 0.0022412 0.10205 0.595 0.01220 1.12019 0.7352 

360 2.28755 161t".09 3.311" 11578.85 0.0021431 0.102113 0.595 0.01276 10111t83 0.7339 
380 2.19362 1726.88 3.26 .. 11"05.30 0.002051" 0.10374 0.596 0.01335 1.1099,. 0.7322 

.. 00 2.10730 1610.6'1 3.161 82&1.39 0.0019641t 0.101t76 0.597 0.01398 1.10546 O. nOl 

.. 20 2.02780 1894.75 3.070 I5137.81t 0.0018823 0.10588 0.600 0.0 H61t 1.10135 0.7277 

.... 0 1.951t39 lH9.13 2.989 II 031. 22 0.00lBG52 0.10708 0.60" 0.0153 .. 1.09756 0.7250 

.. 60 1.8861t& 20&3.29 2.918 79]8.13 0.0017329 0.10836 0.&08 0.01&07 1.091t06 0.7221 
1t80 1.8231t,. 21"6.22 2.85,. 78'50.19 0.0016666 0.10972 . 0.613 0.01682 1.09082 0.71'13 
500 1.76,.71t 2229.11 2.798 7775.67 0.0016038 0.11112 0.619 0.01761 1.08781 0.71S4 

520 1.11002 2310.78 2.7 .. 7 770".93 0.0015 .. 59 0.11258 0.&25 0.01843 1.08501 0.7136 
5 .. 0 1.65]48 235 ... 36 2.786 7628.66 0.00151 .. 3 0.11 .. 08 0.&31 0.01935 1.08211 0.7103 

560 1.60,.9] 2,.29.77 2.753 7568.21 0.0014&&2 0.11562 0.&38 0.02022 1.0796" O. 70~2 

580 1.5592& 250".60 2.72] 7'512.]1 0.0011t212 0.11719 0.646 0.02112 1.01731 0.7062 

600 1.51621 2578.87 2.696 7,.60 ... 2 0.0013790 0.11880 0.&5 .. 0.0220] 1.07512 0.7043 

650 1 ... 18&3 2761.98 2.640 7] .. 5."1 0.001284] 0.12292 0.67" 0.02 .. 1t] 1.07017 0.7003 
700 1.]3318 2942.71 2.594 7247.37 0.001202" 0.12120 0.696 0.02£:.9& 1.06585 0.6970 
aoo 1.19046 3298.68 2.52& 1088 ... ] 0.0010677 0.13&0 .. 0.7"3 0.03241t 1.05865 0.6'321 

1000 0.98H8 "006.20 2.43 .. 68&5.]5 0.0008750 0.15 .. 60 0.81tl 0.0 .. 1t93 1.04819 0.68H 
2000 0.521t52 7813.9] 2.1 .... &"17.73 0.0004650 0.27723 1.337 0.1451t1' 1.02555 0.6310 
3000 0.3580,. 12337~27 1.894 6271.80 0.ODD311" 0.39]"6 1.790 0.28062 1.017]9 0.61t15 
.. ODD 0.27113 17 .. 35.92 1.709 6199.67 0.0002 .. 10 0.51720 2.206 O ... 5293 1.01318 0.6 .. 52 

5000 0.21851 2 .. 155.41t 1.lt87 &1"7.00 0.000191t& 0.70705 2.595 0.6882] 1.01059 0.6210 

• TNO-PHASE eOU~ORY 

219 



c-Zc T .. EPPlOOYNAl1iC PROPERTIES OF NOPotAl HYD"OGEN 

.500 PSU lS3911t 

TE"PERATURE VOlU"E rSOTHER" ISOCHORE INTERNAL. ENTHALPY ENTROPY CV CP VELOCITY 
OERIVATIVE DERIVATIVE ENERGY OF SOUND 

OEG. R CU FT/l8 CU FT-PSlA/l8 PSU/R 8TU/l8 8TU/L9 IITU/l8-R 8TU I lB -R FTlSEe 

• ltit.lt71 0.17.3107 7566.79 100.58"7 116.688 325.1081 3.5"966 1.ltOO 1.732 6S.1t 
1t6 0.17lt09 7lt93.53 100.lt602 118.623 328.1'58 3.60873 1.lt22 1.769 6573 
1t8 0.11lt91 739&.85 100.2122 121.223 ll1.71o& l.681090 1.""8 1.1117 &558 
50 0.175710 7299.40 99.8785 123.898 335.428 3.7599" 1." 74 1.865 &541 
52 0.17&60 7201.35 99.10692 126.6"6 3H.Z03 3.83390 1. 1t98 1.910 &523 
Sit 0.177 .. 7 7102.88 911.9931 129,,,&2 3 .. 3.06& 3.90676 1.519 1.95" &505 
56 0.17535 7004.17 98.4573 132.343 347.01 .. 3.97856 1.540 1.996 6U6 
51 0.17i26 6905 ... 1 97.8&810 135.289 151.04& ".04934 1.559 2.038 6lt66 
60 0.18018 6806.77 97.2317 138.298 355.1&1 It. 11913 ~.577 2.078 &1t .. 6 
62 0.18111 6708.45 96.5519 141.366 359.35& 10.18794 1.594 2.117 &lt25 
6 .. 0.18206 6610.61 95.8332 1 .. 10 ... 9 .. 363.630 1t.25581 1.6 OCJ 2.155 6 .. 0 .. 

66 0.lSl03 6513.loft 95.0789 147.678 367.91H 1t.32275 1.6210 2.193 6382 
68 0.18 .. 02 6 .. 17.13 94.2923 150.913 372.40 .. ... 38877 1.637 2.2211 6360 
70 0.lU02 6321.8 .. 93.4760 15".196 37&.895 ..... 5386 1.&48 Z.2&2 6339 
75 0.18761 6089.29 91.3210 162.597 388.407 ".6125& 1.&71 2.3"1 6286 
80 0.19030 5866.95 89.02710 171.253 400.305 ... 7660& 1.693 2 .... 18 &230 
115 0.19310 5657.39 8&.&223 179.959 "12.383 ".91232 1.723 2.501 &169 
90 D.19~01 54&2.93 84.1305 189.143 1025.065 5.0573& 1.7 .. 3 2.573 6112 
95 0.19907 5347.15 81.7305 198.558 1038.1&8 5.19904 1.759 2.630 &086 

100 0.20214 5181.05 79.1277 208.2&0 1051.5&& 5.113659 1.771 2.685 6033 
105 0.20530 5053.00 .76.5266 Z17.982 465.092 5 ... 6875 1.776 2.725 599 .. 

110 0.20&5 .. IoHl.61 73.91052 227.816 478.816 5.59630 1.779 2.765 59 .. 7 
US 0.21185 .. 787.89 71.3504 237.745 492.734 5.71983 1.182 2.798 5902 
120 0.21523 4&67.53 68.8367 247.750 506.606 5.83977 1.785 2.830 5855 
125 0.21868 45&1.02 66.4072 257.825 521.032 5.95580 1.788 2.859 5812 
130 0.22219 41057.81 610.0670 2&7.952 535.389 6.06847 1.792 2.887 5767 
·1100 0.221)10 1 4273.88 59.6654 288.397 5&4.519 6.28428 1·.803 2.9100 5681 
1·50 0.23&87 4126.81 55.6336 309.055 5910.155 6.48884 1.818 2.987 560 .. 
1&0 0.24453 3999.98 51.9446 329.929 624.256 6.68322 1.838 3.033 5530 
170 0.25234 3926.46 48.5924 350.993 654.721 6.8&784 1.860 3.065 5lt16 
180 0.26031 38 .. 7.97 "5.5528 372.267 &85.584 7.0"1015 1.8e6 3.104 5 .. 17 

190 0.26840 3778.97 42.8168 394.373 717.425 7.21575 1.934 3.164 5351 
200 0.27&61 3727.2& 40.3372 416.261 749.194 7.37482 1.965 3.202 5304 
220 0.29335 3668.70 36.0205 460.768 813.856 7.68695 2.030 3.270 5232 
240 0.31036 3656.61\ 32.1t241 506.194 879.7'54 7.973811 2.093 3.32" '5187 
260 0.32750 3&71.58 29.10158 552.471 9106.660 8.210111 2.154 3.371 5159 
280 0.34472 3705.16 2&.8760 599.522 1014.4 .. 0 8 ... 922& 2.210 3.411 51lt7 
300 0.36196 3755.36 24.7194 &47.274 1082.932 8.72873 2.261 3.445 51 .. 9 
320 0.37;120 3812.55 22.8&96 695.&63 1152.081 8.95182 2.307 3.476 5159 
3ltO 0.39646 3881.35 21.2701 7"4.636 1221.825 9.1&3 .. 8 2.348 J.501 51711 
360 0."1367 3950.80 19.8797 794.112 1292.014 9.36385 2.384 3.525 5202 

380 0.430 !17 .. 026.13 18.65100 844.058 1362.664 9.55501 2.1017 3.546 5Ul 
400 O. 44ao 6 4108.90 17.'5657 894.405 1433.697 9.73690 2.44'5 3.562 526& 
.. 20 0."&519 419&.15 1&.5900 945.085 1505.002 9.91094 2.470 3.574 5304 
.... 0 0.48227 4286.23 15.7095 996.033 1576.506 10.07712 2.491 3.582 5344 
.. 60 0 ... 9928 4382.28 14.9113 1047.196 1648.138 10.23659 2.509 3.586 5:U7 
.. 80 0.51&20 41078.88 14.1844 1098.527 1719.834 10 < '111915 2.524 3.588 SitU 
500 0.53302 4579.98 13.5200 1149.961 1791.522 10.53548 2.536 3.586 5 .. 77 
520 0.541)75 4&74.12 12.9116 1201.467 1863.159 10.67603 2.546 3.58" 5521 
5 .. 0 0.56819 4777.70 12.5088 1248.387 1932.275 10.801&9 2.513 3.571 5608 
!i&O 0.58508 4877.92 12.0156 1299.541 2003.751 10.93138 2.517 3.568 5660 

580 0.60l92 4:.178.67 11.5608 1350.565 2075.051 11.05657 2.520 3.565 5712 
600 0.6U73 507'3.810 11.11+00 1401.626 214&.342 11.1774'3 2.522 3.561 5764 
650 0.66060 5334.15 10.2142 1529.038 2324.157 11.46229 2.521t 3.552 5897 
700 0.70230 5,89.83 9.4344 1&56.200 2501.510 11.72528 2.524 3.542 60ze 
800 0.78530 6103.67 8.1925 1909.704 2854.908 12.19717 2.520 l.525 &289 

1000 0.95025 71. 36. 85 6.5007 21014.066 3557.814 12.981110 2.'517 3.507 6788 
2000 1.76934 12359.65 3.2295 4973.578 7103.198 15.4307& 2.655 3.633 3852 
3000 2.58737 17632."2 2.1548 7762.076 10876.297 16.95780 2.936 3.916 10437 
4000 3."0&14 22926.26 1.6177 10828.372 110928.087 18.12162 3.216 4.200 11778 
5000 4.23187 28230.37 1.2950 14241.&99 19335.282 19.10309 3.668 4.686 12925 

• TMO-PHASE BOUNORY 

ZZO 



T~E~MOOYNAMIC PRO?ERTIES Of NOR~AL H'O~O'CiEN C-Ze 

6S00 PSlA ISOBAR 

TE"PERUURE DENSIU V CDH/OV'p VCDP/DU'V -VCDP/DV'T .CDV/DTlIV THERHAL VISCOSiTY THERMAL DIELECTRIC PRANOTL 
CONDUCT l'I ITY DIFfUSIVITY CONSTANT NUltBER 

DEG. R LB/CU FT BTU/LB PSlA-CU FTlBTU ·PSU VOEG. ~ BTU/FT-If.R-R LOIn-SEC sa FTlHR 
x 10 5 

• it ... 471 5.76,,&8 750.97 12,"60 ..3620.1 .. 0.0023059 0.10904 3.557 0.01092 1.30624 2.0505 
.. r. 5.7 .... Z7 7511.19 12.300 .. 30 ..... 112 0.00233Y9 a .110 81 3.312 0.01090 1.30505 1.9037 
.. 8 5.71731 766.99 12.102 "2290.1:. 0.00236% 0.1127" 3.008 0.01085 1.30350 1.7 .. 56 

50 5.69008 775 ..... 11.909 .. 153 ... 17 0.0024047 0.11430 2.75/0 0.01077 1.30192 1.6175 

5Z 5.&6258 783.12 11.729 "0;"78.23 ".002439J 0.11556 2.5"0 0.01068 1.300l3 1.511& 

Sit 5.63483 789.86 11.565 "0023.53 0.002"734 0.11656 2.358 0.01059 1.29873 1 ... 228 

56 5.60654 796.27 11 ... 0/0 39271.2~ 0.0025071 0.11683 2.201 0.010/0 .. 1.29712 1.35/01 

58 5.57861 1102.17 11.25~ 38522.57 0.0025"05 0.1169" 2.066 0.01029 1.29549 1.2960 

60 5.55015 110 7."1 11.108 377.78.61 0.01)25737 0.11691 1.9/07 o. 0101 .. 1.29385 1.2"&1 
62 5.521,.7 812.27 10.970 370/00.50 0.0026067 0.11680 1.8 .. 3 O. 00 999 1.29220 1.2031 
6,. 5."9258 IU6., .. to.8/01 36309.32 0.002639/0 0.11658 1.752 0.00985 1.29054 1.16511 

6r. 5.463/09 820.68 10.713 35586.13 0.002&718 0.11627 1.670 0.00971 1.28887 1.1339 

68 5 ... 3,.20 82 ... 07 10.597 34871.9/0 (1.0027040 0.11568 1.597 0.00957 1.28719 1.1056 

70 5.,.0/072 826.72 10 ... 92 34167.77 0.0027358 0.115,.4 1.532 0.009 .... 1.28550 1.0805 

75 5.33024 832.02 10.250 32457.40 0.002813& 0.11407 1.395 0.00914 1.28123 1.0303 

80 5.25lt80 837.25 10.007 30829.68 0.0026S17 0.11247 1.286 0.00885 1.27&92 0.9950 

85 5.17857 8"5.91 9.710 29297.19 0.0~295&7 0.11075 1.198 0.00855 1.27257 0.9737 

90 5.10177 552.28 9./t(';.0 27870.61 0.00lal"6 0.101199 1.125 O. 00 8ll} 1.26820 0.9561 

95 5.02326 861,.22 9.251 ,2&860.13 0.0030lt28 0.10716 1.063 0.00811 1.26375 0.9393 

100 /t.94r.9/t 869. &9 9.034 25630.35 0.0030813 0.1051,5 1.012 0.00794 1.25'142 0.927& 

105 4.81080 876.51 8.849 24612.16 O.OD310'13 0.10377 0.'168 0.00782 1.25512 0.911,9 

110 4.79531 880.75 8.668 23552.67 0.003139& 0.10249 o .929 Oc 00773 1..2508& 0.9026 
115 4.72028 886.32 8.1,83 22600.17 0.0031571 0.10135 0.895 0.00767 1.2lt664 0.8899 

120 4.6 .. 619 891.56 8.300 21686.24 0.0031742 0.10022 0.865 0.00762 1.242/t5 0.8796 

125 4.57291 II 97.81 8.120 20857.12 0.00311139 0.09908 0.838 0.00755 1.23837 0.8707 
'130 4.50059 903.98 7.91,2 20062.77 0.0031933 0.0979" . 0.814 0.00754 1.23433 0.8638 
1'40 4.35903' 917.85 7.591 18629.97 0.0032027 0.095&3 0.772 0.00746 1.22644 0.854& 

150 4.22177 935.310 7.249 17422.45 0.0031932 0.094'+7 0.737 0.00749 1.21883 0.8392 
160 4. 0 891tl 954.98 6.913 16357.56 0.0031756 0.09387 0.708 II. D0757 1.21151 0.8235 

170 3.96284 981.47 6.594 15559.92 0.0031229 0.09320 0.684 0.00767 1.201,5,. 0.8091t 
180 3.84155 1007.1a 6.288 14782.17 0"003051& 0.09551 0.&10 0.00801 1.19789 0.7135 

190 3.7257; 10itO.30 5.942 14079.65 0.0030410 0.09757 0.&20 0.00828 1.19156 0.7232 
ZOO 3.6i522 1069.69 5.678 1347/t.86 0.0029935 0.09914 0.626 0.00856 1.18554 0.7217 
220 3.40855 1135.23 5.206 12506.06 0.0028802 0.10117 0.&31 0.00908 1.17435 0.731,2 

2 .. 0 3.22204 1207.92 1t.807 11781.96 0.0027520 0.10226 0.630 0.00955 1.16429 0.7374 
260 3.05:J1t2 1281,. III 4.472 11210.91 0.0026239 0.10287 0.626 0.00999 1.1552& 0.7390 
280 2.90088 1361,.28 4.192 10748.22 0.0025005 0.10328 0.622 0.01044 1.14713 0.73°' 

300 2.76277 14,.5.97 3.957 10375.21 0.0023625 0.103&3 0.617 0.010119 1.13980 0.7381 

320 2.63711 1528.09 3.759 10054.12 0.0022747 0.10405 0.614 0.01135 1.13316 O. n79 
340 2.52232 1&11.61 3.592 9790.02 0.0021726 0.10457 0.611 11.01184 1.12712 ~. 7365 
J60 2.41739 1693.65 3.449 9550.6,. 0.0020815 0.10521 0.610 0.01235 1.12162 0.7351, 

380 2.320118 1776.111 3.326 9344.18 0.0019963 0.10598 0.609 11.012811 1.11657 0.7340 
/tOO 2.23186 1859.52 3.219 9170.51 0.0019155 0.10687 0.610 0.01344 1.11193 0.7322 

4Z0 2.149&5 1942.99 3.125 9020.24 0.0018392 0.10788 0.612 0.01"04 1.1076& 0.7301 
/t40 2.07352 2026.4/t 3.042 8887.60 0.0017676 0.10898 0.615 0.01467 1.10371 0.7278 
4611 2.00289 2110.78 2.968 8777.24 0.001&989 0.11017 0.619 0.01534 1.10006 0.7251 
UO 1.93724 2194.59 2.901 8676.68 0.00163lt8 O.';!.~I,~ e .5>23 O. 01603 1.09&67 0.7223 
500 1.87609 2278.114 2.842 8592.44 I!. 0 015i'J5 0.11271 0.628 I1.Q1676 1.09352 0.71'33 
520 1.81901 2359.88 2.71\11 8502.28 0.0015186 0.11417 0.634 0.01151 1.09059 0.716& 

S .. O 1.75997 2400.29 ~.1I28 8408.61 0.0014876 0.11561 0.640 0.01840 1.0875& 0.7120 

560 1.70918 21+75.65 2.193 8337.26 o .0011t/t12 0.11710 0.647 0.01920 1.08496 0.7098 

5110 1.66135 2550 • .,4 2.761 8271.32 0.0013977 0.11864 0.654 0.02003 1.08252 0.7077 
600 1.61622 2624.67 2.733 8210.14 0.0013569 0.12021 0.662 0.020811 1.08021 0.7058 

650 1.51377 2507.71 2.673 807 ... 65 0.0012650 0.12.,27, 0.682 0.02311 1007500 0.7016 

700 1.42388 2988.39 2.&25 7959.28 0.0011853 0.12851 0.704 0.02548 1.07044 O. £.0981 

100 1.27340 3344.26 2.5053 7772 ... 2 0.0010541 0.13735 0.750 0.03060 1.062113 0.6928 

1000 1.05235 4D!>l.61 2.454 7510 ... 7 0.0008656 0.15607 0.8,.9 0.0"229 1.05173 0.6871 

2000 0.56518 7859.26 2.152 6985."6 0.000,.623 0.27723 1.355 0.13500 1.02755 0.63Q4 

3000 0.38649 1238.,.1& 1.899 6814.81 0.0003162 0.39345 1.820 0.25997 1.0U78 0.651Q 
/tooo 0.29359 17477.47 1.713 6730.86 1i.0002/tOJ 0.51682 2.246 0.41909 1.01"24 0.6572 

5000 0.23630 2,.137.39 1.494 6670.8~ 0.0001'341 0.70352 2.646 0.63536 1.011/tS 0.6344 

• TNO-PHASE BOUNORY 

,I 

III 



c-Zc T~EF"OOYNAHIC PROPERTIES OF NOP'1~L HYDROGEN 

7000 PSU ISOBAR 

TEMPERATURE ~OLU"E ISOTHf'RH ISOCHORE INTERNAl ENTHALPY ENTROPY CV CP ~ElOCITY 

DERIVATI~E DERIVATIVE ENERGY OF SOUND 
:lEG. R CU Fr/LS CU FT-PSIAILB PSU/R BTU/LS BTU/L8 8TU/LO-R BTU I LS -R FT/SEC 

• 45.67& 0.11201 71171.27 102.1937 1111.973 341.933 3.559111 1.41.1 1.745 6711 
46 0.17213 7856.23 102.16511 119.3711 3102.500 3.57210 1.;'11' 1.753 6709 

"8 0.11291 7762.68 101.93112 121.923 346.054 3.64756 1.445 1.1100 66':\5 
50 0.11370 76611.19 10106247 124.544 341.702 3.721&9 1.471 1.1147 66:9 
52 0.17,.51 7;72.91 101.23511 127.236 35'5.4"0 3.79513 1.495 1.1192 6663 
54 0.17533 71077.04 100.71105 129.997 357.266 3.1167211 1.517 1.934 6646 
56 0.11617 73110.73 100.2662 132.822 361.17 .. 3.931137 1.53!! 1.976 6629 
58 0.17702 7214.1& 99.6996 U5.711 365.166 4.001144 1.555 2.017 6610 
60 0.17788 7187.50 9'J. 01162 1311.662 369.238 4.07750 1.576 2.056 6591 
62 0.11876 7090.93 911 ... 3011 141.671 373.3118 4.lIt5511 1.593 2.095 6572 
£lit 0.11966 6994.61 97w 7375 14 ... 740 377.616 4.21272 1.609 2.132 &552 

66 0.111057 6!1911.71 97.0100 147.1164 3111.919 4.271192 1.625 2.1&11 &531 
68 0.111149 &!!03.40 96.2513 151.039 311&.292 4.3"420 1.636 2.203 6510 
70 0.1112 .. 3 67011.115 95.4641 154.260 390.732 4.40854 1.649 2.236 6490 
75 0.111"05 647&.84 93.3868 162.505 402.107 4.56536 1.674 2.313 6439 
110 0.111736 6253.09 91.1769 171.001 411.859 4.71697 1.&9& 2.388 6386 
85 0.18997 6039.94 118.8594 179.546 425.7112 4.116136 1.727 2.470 6326 
90 0.19267 5839.60 86.4562 188.5&7 .. 38.J05 5.00457 1.749 2.541 &269 
95 1).195 .. & 5&53.99 113.911112 197.8011 451.16& 5.143&6 1.766 2.604 6216 

100 0.1983 .. 548 ... 71 111.4766 207.351 .. 64 ... 43 5.27997 1.77!! 2.659 6165 
105 0.20135 5386.32 79.1668 216.935 477.922 5."1168 1.7113 2.700 6147 

110 0.20435 5276.88 76. &536 226.626 491.511 5.537911 1.7117 2.735 6116 
11~ 0.207 .. 2 51311.12 74.1700 236.414 505.277 5.66015 1.791 2.772 6070 
120 0.2105& 5035.03 71.&963 246.292 519.220 5.779 D1 1.795 2.1100 6033 
125 0.21375 4913.99 69.2739 256.241 533.301 '5.119384 1.798 2.1131 5987 
130 0.21700 4813.78 66.9335 266.250 547.523 6.00545 1. 8 r,~ 2.11511 5946 
l.ltO 0.22365 4626.34 62.5194 286.lt72 576.369 6.21915 1~ ~ 1~ 2.910 51163 
150 0.2305·1 4456.00 58.4507 306.926 61J5.716 6.102171 1.g 30 Z.961 5780 
160 0.23756 10326.82 54.7165 327.024 635.557 6.61441 1.1150 3. 007 57011 
170 0.24477 10216.37 51.2995 34a.5ltCJ &65.a2l 6.79781 1.872 1.049 56ltl 
1110 0.25Z12 4155.95 1t1l.1866 369.701 &9&.497 6.97305 1.898 3.0112 5591 

190 0.25954 40113.3& 45.37114 391.697 728.117 7.143105 1.946 1.141 5526 
200 0.26708 40110.85 102.8272 4U.493 759.682 7.30547 1.977 1.184 5473 
220 0.21124& 3938.21 . 38.373.~ 457.873 823.998 7.61194 2.0101 3.256 5395 
240 0.29812 3907.103 34.6284 503.253 889.682 7.1197116 2.104 3.317 5341 
260 0.313910 3910.05 31.4&96 5109.543 956.470 8.16469 2.165 3.367 5308 
280 O. 32~8" 3935.20 28.7913 596.61010 1024.186 11.41561 2.221 3.1009 5290 
300 0.34576 3'J75.17 26.5069 644.1071 1092.645 11.65197 2.271 3.1045 52115 
320 0.36171 10027.63 24.51002 692.955 1161.801 8.87508 2.317 3.1076 5291 
340 0.377&6 4087.21 22.8347 742.031 1231.562 9.086711 2.357 3.503 53010 
360 0.39359 4155.52 21.31094 791.616 1301.786 9.28726 2.393 3.526 5326 

380 O.40~49 4223.41 20.0420 8101.673 1372.105& 9.471146 2.426 3.5411 5350 
400 0.42539 4301.70 18.11815 1192.142 1443.542 9.66050 2.454 3.565 5381 
1;20 0.44126 43112.40 17.84i8 942.953 1514.920 9.83471 2.478 3.578 54110 
1040 0.45709 41067.91 16.9061 994.049 158&.53j 10.00115 2.499 3.5811 5451 
.. 60 0.107287 4559.31 16.0555 1045.377 1658.318 10.16095 2.517 3.594 5492 
1t80 0.48859 465".27 15.27117 1096.8117 1730.200 10.31390 2.533 3.597 5534 
500 0.50422 4751.35 14.5671 1148.515 1502.095 10."60&6 2.545 3.597 5577 
520 0.519711 1t848.90 13.9136 1200.221t 1873.962 10 .60166 2.555 3.594 5621 
540 0.53&81 4943.28 13.4606 1246.866 1942.685 10.72630 2.520 3.576 5701 
560 0.55249 5041.76 12.9301 12911.124 2014.261 10.1156111 2.523 3.573 5751 

580 0.5&812 51 .. 0.91 12.41008 1349.248 2085.656 10.98153 2.526 3.569 51102 
600 Od8373 5240. &0 11.9879 1400.405 2157.040 11.10261 2.528 3.566 ~852 

650 !l.622&l 51091.64 10.9912 15211.040 2335.072 11.38776 2.529 3.556 5980 
700 0.66132 57410.53 10.1515 1655.402 251Z.617 11.65103 2.529 3.546 &109 
1100 0.73837 6253.74 8.11142 1909.245 21366.331 12.12334 2.521t 3.528 63&3 

1000 0.89149 7279.85 6.9927 2414.100 3569.&58 12.90779 2.520 3.50 II &852 
2000 1.65170 121+82.93 3.4741 4974.581+ 7115.537 15.35780 Z.657 3.634 8894 
3000 2.101104 177 .. €!.16 2.3185 7763.365 10888.583 16.88" 83 2.937 3.916 10469 
1+000 3.17115 23034. "5 1.71008 10 829. 2117 14939.764 111.010848 3.215 4.199 11805 
5000 3.93757 28334.96 1.3938 14237.1110 19341.027 19.02868 3.657 4.673 12950 

• TWO-PHASE BOUNDRY 

zzz 



THEPMOOYNA~IC PROPERTIES OF NOP~AL HYOQOGf.N c-i .. · 

700e PS~A ISOBAR 

TEMPE RAT URE DENSITy "'OH/OVI II COP/OU' -V 'O~/OIII 'DII/I)TIIII THERMAL VISCOSITY THEIlt'AL OIELECTRIC PRANOll. 
P V T P COHDUC Tt \II Ty OIFFUSIIIITY CONSTANT NUMBER 

DEG. R LB/CU FT BTU/LB PSIA-CU FTIB TU psu 1/0EG. R BTU/FT-HR-R LO/FT-SEC SQ FT/HR 
lC 10 5 

• /OS. 676 S.1I13&3 781."5 12 ... 39 "57&0.&1 0.0022332 0.113011 3.739 0.01115 1.30'J07 2.07710 
~6 5.1IO'J42 183.11 12.10 05 ..5& .. 0.13 0.00223115 0.113 .. 5 3.675 0.01114 1.30~1I] 2.0 .... 4 
loIS 5.783211 792.119 12.201 1010893.711 0.0022707 0.115107 3.322 0.01109 1.30731 1.8646 
50 5.75&90 110 2 .29 12.00] 10101104.96 0.0023021 0.11712 3.G2'J 0.01102 1.3057'J 1.719] 

52 5.73028 1110.90 11.11111 .. 3394.89 0.00233Z9 0.111146 2.782 0.0109] 1.30425 1.5995 
5/0 5.703/03 11111.52 11.650 /0261010.75 0.0023633 0.11952 2.573 0.01083 1.302&'J 1.4qq3 

S6 5.67&37 825.78 11.4115 "1895.70 0.OO23'J32 0.1191110 2.39" 0.010611 1.30113 1.10214 
51 5.6/0909 832./09 11.329 /oU .. 8.811 0.002422'J 0.11999 2.2/00 0.01053 1.2'J955 1.3556 
60 5.62162 838.51 11.1114 /00 .. 05.39 0.002"523 0.12000 2.106 0.010311 1.29797 1.2991 
62 5.59395 1110 ... 13 11.0"3 3'J6&6.30 0.0~2101115 0.11991 1.9811 0.01023 1.29637 1.2504 
64 5.56610 11 .. 9.10 10.912 311932.65 0.OD2\i104 0.11971 1.885 0.01009 1.29477 1.2082 

66 5.5380& 853.92 10.782 38205."5 0.0025392 0.11943 1.'193 0.00995 1.29315 1.1720 
68 5.509115 1157.94 10.664 37"85.70 0.0025677 0.11906 1.712 11.00981 1.29153 1.1400 
70 5.48147 861.16 10.558 3&774.35 0.0025959 0.118&3 1.638 O. DO %8 1.28990 1.1115 

'75 5.40984 867.69 10.314 350311.70 0.002&652 0.11729 1.1086 0.0.0937 1.211579 1.0545 
80 5.33733 873.9& 10.071 33374.711 O.OO2731'J 0.11570 1.365 0.00908 1.2111&4 1.0143 
115 5.261t01l 11113.65 9.774 3179".75 0.0027948 0.11399 1.269 0.00877 1.27745 0.9895 
90 5.1'3027 890.64 9.52.6 30309.11 a.OO2~C;;?'5 0.11222 1.18"1 0.001151 1.27324 0.9693 
95 5.11610 896.85 9.2c)8 26926.311 0.0029035 0.1101t3 1.123 G. 00829 1.26902 0.9533 

100 5.04181 902.58 C).091 27652.115 0.00294&4 0.108&6 1.067 G.001ll0 1.26480 o. 'J399 
105 4.96659 912.51 8.c)39 2&751.64 0.0029593 0.10&':10 1.018 o. 00797 1.26053 0.9258 

110 4.1Ic)347 921.20 8.764 251122.24 0.002"1665 0.1055"1 0.977 0.0078"1 1.25640 0.9106 
115 4.82109 925.77 8.590 24771.33 0.0029942 0.10443 0.941 0.00781 1.25231 0.8c:!87 
120 1t.74927 933.98 8."12 23912.73 0.0029982 0.10327 0.908 0.00777 1.24S27 0.88&8 
125 4.67846 939.55 8.234 229119.811 0.0030112 0.10211 0.880 0.00771 1.24429 0.8783 
'130 4.60837 947.13 11.057 22183.71 0.0030172 0.10094 . 0.854 0.007&& 1.2403& 0.8707 
1-'10 It. 47128- 9&2.71 7.708 20685.63 O. DO 30224 0.098511 0.1110 o. DO 7511 1.23270 0.8608 
150 4.33821 979.32 7.364 19331.04 0.0030237 0.09740 0.773 0.00758 1.22529 0.84&4 
160 4.20940 1000.82 7.027 18213.30 0.0030042 0.09& 79 0.7 .. 2 0.00765 1.21811t 0.8302 
170 4.08546 1023.87 6.708 17225.82 0.002971J1 0.0%09 0.716 o. DO 771 1.21129 0.8182 
180 3.96&43 10510.19 6.401 16484.28 0.'0029232 0.09876 0.632 0.001108 1.20474 0.7094 

190 3.115295 1089.02 6.053 15732.911 0.00281143 0.10086 0.641 0.00833 1.19851 0.7190 
200 3.74423 1117.45 5.786 15032.56 0.002S490 0.10244 0.6"8 0.001159 1.19257 0.7245 
220 3.54035 1183.16 5.310 13942.67 0.0027522 0.10444 0.652 0.0090& 1.111147 0.7322 
240 3.35433 1255.31 4.906 13106.82 0.002&420 0.10544 0.651 0.00948 1.17141 0.7368 
260 3.18537 1332."5 4.564 12454."16 0.0025267 0.10593 0.646 0.00988 1.16232 0.73':12 
280 3.03177 1412.56 ... 277 11930.62 0.0024132 0.10&20 0.&40 0.01028 1.15410 0.7400 
300 2.89220 1494.10 /0.036 11497.00 0.0!)2l05& 0.10641 0.&35 0.010&8 1.110&&7 0.7399 
320 2.764611 1577.17 3.&31 11135.11 0.0022039 0.106&8 0.&30 o. Ot 110 1.13':190 0.7391 
340 2.64786 166D .17 !·.658 10622.36 0.0021100 0.1070& 0.&27 0.01154 1.13373 0.7380 
360 2.54014 1743.72 3.511 10558.10 0.0020221 0.10756 0.&21t 0.01201 1.12809 0.73&7 

380 2.44207 1825.71 3.384 10313.87 0.0019432 0.10620 0.623 0.01249 1.12291 0.7355 
'tOO 2.3507& 190':1.11 3.273 10112.28 0.0018672 0.108911 0.623 0.01300 1.11813 0.7339 
1t20 2.26&23 1991.78 3.177 9931.54 0.00179&5 0.10987 0.624 0.01355 1.11372 0.7321 
.. 40 2.11177& 2074.75 3.092 977 ... 6"1 0.001729& 0.11087 0.&27 0.01412 1.109&4 0.73U 
/060 2.111t74 2158.48 3.016 9641.75 0.001&&52 0.11197 0.630 0.01473 1.10585 0.7277 
It 110 2.04671 2242.69 2.947 9525.'J6 0.0016039 0.11316 0.&34 0.01537 1.10233 0.7251 
500 1.98324 2326.50 2.S116 9423.10 0.001.5459 0.11 .. 43 0.&311 0.01604 1.09905 0.7223 
520 1.923H 2409.18 2.830 9328.83 0.0014915 0.11576 0.644 0.01674 1.09599 0.7195 
!i40 1.8628& 21t4&.22 2.868 9208.&1 0.0014617 0.11715 0.&50 0.01759 1.09284 0.7137 
560 1.81000 2521.54 2.831 9125.61 0.0014169 0.111159 0.656 0.01834 1.09013 0.7114 

5110 1.76018 2596.29 2.798 9048.92 0.0013748 0.12009 0.663 0.01911 1.08757 0.7093 
600 1.71312 2&70.49 2.768 11977.80 0.0013353 0.12162 0.670 0.01991 1.0851& 0.70TZ 
650 1.60615 2853.4& 2.706 81120.37 0.0012461 0.125&2 0.690 0.02200 1.07970 0.7028 
100 1.51212 3034.08 2.655 86e6."1 0.0011&87 0.12983 0.711 0.02421 1.07491 0.6991 
800 1.35433 338':1.87 2.578 11&,&9.62 0.0010407 0.1311&6 0.757 0.02902 1.06&92 0.6936 

1000 1. i.2172 4097.05 2.474 11165.93 0.00085&3 0.15753 0.857 0.04003 1.05520 0.6874 
2000 0.&0544 79010.52 2.160 7557.61 0.00045Q7 0.27723 1.373 ".12&02 1.02'J53 0.6478 
3D 00 0.41476 12430.83 1.903 73&0.37 0.0003150 0.39344 1.849 0.21,225 1.0201& 0.662& 
4000 0.31534 17519.43 1.717 72&3.75 0.0002397 0.51648 2.287 0.39009 1.01530 0.669" 
5000 0.2539& 24126.33 1.501 719&.06 0.0001937 0.70038 2.6<;11 0.59015 1.01231 0.6480 

1, 

• '~O-PHASE OOUND~Y 

ZZ3 



C .Ze THEPMOOYNaHIC PROPERTIES OF NORMAL HYO~OG'EN 

7500 PSU ISOUR :1 

TE"PERaTURE VOLUME . ISOTHER .. ISOCHO~E INTERNal ENTHAl.l"V . ENTROPY ev CP '. VELOCITY 
DE~IV'.nVE OEltIVAT,tllE ENERGY OF SOUND 

DEG. R CU FT/lB CU Fr-PSIA/LB PSUlit BTU'/lB BTU/l8 !nU/llJ-1t 'BTU I LB -R FTlSfC 

• 10&.1157 0.17.063 11171.66 103.71106 121.286 358.210<) 3.'.H;926 1.1o~5 L.7511 &UIo ... 0.17105 8119.113 103.&1077 122.721 360.275 3.&1211 1 ... 41 1.785 &826 
50 0.17180 8028.27 103.31089 125.291 363.1191 3.68581 1 ... 68 1.831 &812 
52 0.17257 7935.77 102.97 .. 8 127.933 367.597 3.758"2 1 ... 92 i.875 &797 
5 .. 0.17335 78"~.51 102.5346 130.&43 371.389 3.112993 1.514 1.917 &712 
56 0.17 .. 14 7748.f)3 102.!!;:ol 133.41~ 375.263 3.90039 1.53& 1.959 &76& 
58 0.17 .. 95 7&5 ... 31 101.4859 136.253 379.218 3.96982 1.55& L.999 &7 .. 8 
60 0.1757& 7559.72 100.811Q9 139.152 383.253 ... 03112" 1.575 2. 037 &730 
62 0.17&&0 7465.00 100.2528 1"2.1011 1117.364 ... 105&11 1.593 2.075 &712 
6 .. 0.1774 .. 7370.34 99.5790 145.124 391.551 ... 17217 1.609 2.Ul &693 
66 0.171130 7275.118 98.8720 148.193 395.812 ".23773 1.625 2.1 .. 7 &67 .. 

68 0.17917 7181.78 98.13109 151.313 400.141 ... 30235 1.639 2.181 6651; 
70 0.18005 7088.21 97.370& 1510.480 .. 04.535 ... 3&603 1.650 2.212 &635 
75 0.111232 &557.56 95.3551 1&2.58" 415.790 ".52118 1.675 2.2a8 6586 
110 0.111 .. &7 &&33.47 93.2132 170.937 .. 27 ... 12 ... &7112 1.699 2.361 &535 
115 0.18711 6"18.17 90.9&85 ·179.336 "39.198 4.81385 1.731 2 ..... 1 6 .. 76 
90 0.1896" 6213.73 88.&407 188.212 451.577 4.95542 1.754 2.511 6421 
95 0.1922 .. &022. DO 86.2476 197.307 464.292 5.09293 1. '1'72 2.575 &368 

100 0.19"93 5810".5& 83.8071 206.708 477.423 5.22773 1.785 2. &30 &317 
105 0.197&9 5&82.&4 111.3379 21&.133 490.&82 5.35729 1.791 2.675 6271 
110 0.20058 5&11.58 79.1720 225.700 504.2&0 5 ... 83 .. 8 1.795 2.711 &265 

115 0.203 .... 5482.72 76.7363 235.361 517.905 5.601059 1.800 2.7/06 6226 
120 0.20&37 536ft. 63 7/0.330,_ 2/05.117 531.729 5.72243 1.804 2'.7711 &189 
125 0.20935 5275.51 71.973& 254.955 545.701 5.83638 1.808 2.804 &157 
130 0.21237 5152.80 69.6"21 264.853 559.789 5.94691t 1.813 2.835 6110 
litO 0.21855 "967.13 65.2200 28/0.812 588.39& &.15887 1.825 2.885 6Q32 
150 0.221091 .. 800.19 61.1329 305.1/01 617.495 6.35973 1:.8 .. 1 2.935 595 .. 
lf10 0.231 .. 1t 4648.50 57.3580 325.&75 &"7.092 &.55085 1.861 2.98 .. 5876 
170 0.23811 1t532.16 53.8836 34&.463 677.154 &.73301 1.88 .. 3.027 58011 
180 0.210491 41t32.10 50.7024 3&7.1096 707.625 6.90709 1.910 3.070 57 .... 
190 0.25182 .. 377.95 ,,7.8079 389."01 1.39.127 7.07686 1.958 3.123 5688 

ZOO 0.25878 4311t.17 /05.1980 It 12:. 105 770.502 7. Z37<J0 1.988 3.163 5638 
220 0.27300 "215.78 40.6212 455.349 834.494 7.5/02112 2.052 3.241 5553 
2100 0.28750 4161.43 3&.7599 500.660 !l<J9.933 7.82766 2.115 3.308 5/oU 
260 0.3021& 41 .. 9.81 33.4681 5/06.9 .. 4 96&.588 8.0939& 2.175 3.362 5 .. 51 
280 0.31&9 .. .. 1&5.85 30.6575 59 ... 077 103 ... 237 8.34/0&3 2.231 3.40& 5428 
300 0.33172 4197.78 28~256€1 641.9&2 1102.651 8.58082 2.281 3.444 5418 
320 0.34654 42 .. 1.93 2&.1798 690.525 1171.802 8.80392 2.326 3 ... 7& 5 .. 19 
340 0.3&13& 429&.54 24.3744 739.688 12/01.548 9.01558 2.367 3.504 51t28 
360 0.37619 .. 356.97 22.7957 189.373 1311.821 9.21620 2.402 3.528 5444 
380 0.39098 /0425.54 21.4069 839.530 1382.52" 9.40750 2.434 3.5"11 5 .. 67 

It 00 0.40577 4495.49 20.17 .. 3 890.102 1453.636 9.58959 2.462 3.567 Slt92 
.. 20 0."2053 4571.13 19.07100 9 .. 1.023 1525.051 9.76390 2.4117 3.581 5523 
.. 100 0.1t3527 .. 651.95 18.0826 992.241 159&.743 9.93052 2.508 3.593 5557 
.. 60 0 ... 4998 /0737.88 17 .1820 1043.704 1&&8.&35 10.09055 2.52& 3.&01 5594 
.. 110 0 ... 6,.&5 4828.85 1&.3595 1095.366 1740.&65 10.21t382 2.5"1 3.605 5633 
500 0."7925 4923."7 15.6048 1147.1&0 11112.744 10.39095 2.554 3.&06 5675 
520 0.49379 5020.73 14.9091 1199.050 1884.827 10 .53238 2.5&5 3.601t 5717 
5 .. 0 0.509&0 5UO.28 1/0 ... 069 12/05.48/0 1953.211 10.65&1/0 2.526 3.580 5793 
560 0.52"22 5206.9& 13.8397 1296.8311 2024.877 10.78618 2.529 3.577 511 .. 1 
580 0.5311111 5304.44 13.3162 1348.056 209&.360 10.91169 ~.531 3.57" 5890 

&00 0.55338 5402.58 12.8317 1399.303 2167.830 11.03291 2.53l 3.570 5939 
650 0.5896& 5&50.19 11.16108 1527.151 2346.062 11.31838 2.534 3.560 &063 
700 0.62578 5900.15 10.8656. 1&54.703 2523.787 11.58192 2.533 3.549 &188 
liDO 0.697&7 &40 ... /09 9.4334 1908.874 2877.802 12.05463 2.528 3.530 & .. 36 

1000 0.8"052 7423.14 7.4829 241 ... 212 3581.530 12.83954 2.523 3.510 &917 
2000 1.5 .. 9&8 12&05.22 3.7178 1t975.677 7127.8610 15.28992 2.658 3.&34 893 .. 
3000 2.25813 17858.15 2./0818 77& ... 752 10900.834 1&.81691 . 2.939 3.916 10500 
4000 2.9&738 231 .. 0 ... 0 1.8637 10830.360 14951.443 17.98041 3.215 4.197 11830 
5000 3. &8240 28436.97 1.492" 1"233.257 193"7.358 111.959/05 3.648 4.&62 12974 

• TMO-PHASE BOUMORY 



Tt'EPMOfNAMIC PPIJPERTl ES OF NO P'4A\. H"OPO~EN C·,2c 

7S00 PSU ISOBIR 

TE"PERA TURE DENSITY "'DH/OVtp VCOP/out v -VCOP/OV'T ,(Oll/OTViI THER"Al VISCOSITY THER"AL DIELECTRIC PRANOTL 
COllOUC TI IIITY ,OIFFUSIVITY CONSTANT NU"BER 

DEG. R LB/CU FT BTUILB PSU-CU FTlBTU PSU 1/0EG. R ' BTU/FT-HR-R LB/FT-SEC SQ FT/HR 
II 10 5 

• .,6.1157 5.1160'110 1111 ..... 12,"23 .. 71192.52 0.0021669 0.116911 3.~91o 0.0113'5 1.31181 2.1070 
.,a 5.11 .. 625 1117.56 12.303 1071070.510 0.002111llo 0.1181" 3.669 0.01132 1.31097 1.9960 
50 5.82061 827.93 12.099 .. 6729.10'5 D.0022116 0.11981 3.130 0.01125 1.309108 1.113110 
52 5.791076 1137 • .,6 '11.'109 "C;qll"';. '13 0.00 223'13 0.12128 3.0107 O. 01116 1.307911 1.6961 
5., 5.76871 11.,".;.96 11.736 "52101.15 0.0022&&10 0.122 .. 1 2.8011 0.01107 1.306 .. 7 1.5831 
56 5.7"2/t7 85".011 11.5611 "10"96.26 0.0022q:n 0.12277 2.603 0.01092 1.30 .. 95 1.109'H 
sa 5.716010 a61.62 11.1008 "3752.36 0.00231% 0.12295 2.428 0.OUl76 1.303 .. 2 1 ... 208 
60 5.689/t4 1168 ... 3 11.259 "3010.52 0.0023457 0.12299 2.276 0.01061 1.30188 1.3570 

62 5.66266 87".80 11.116 "2271.78 0.0023716 0.12293 2.143 0.010"6 1.3003 .. 1.3021 
64 5.63572 830.49 10.983 41537.15 0.0023973 0.12276 2.027 0.01032 1.29878 1.25/06 
6& 5.6011&2 8116.01 10.850 "0807.63 0.002 .. 229 0.122109 1.92" 0.01'017 1.29122 1.2137 

611 5.58137 590.611 10.731 "0011".15 0.002/0/082 0.122110 1.832 0.010010 1.29565 1.1776 
70 5.55396 a 910.48 10.623 39367.6" o .002Ion/o 0.12172 1.751 0.00991 1.29407 1.1455 
15 5.1084115 902.32 10.376 31612.611 0.0025352 0.120101 1.581 0.00960 1.29009 1001112 

,110 5.lol/t95 90"'.710 10.132 35919.90 0.0025950 0.11883 1.10108 0.00930 1.28&08 1.0356 
85 5. 3 Io/t 37 920.58 9.83" 310301.11 0.002&521 0.11712 1.3102 0.008911 1.282010 1.0068 
90 5.273Z6 928.37 9.586 32766.63 0.0027052 0.1153/0 1.255 0.00871 1.27797 0.9837 

"'5 5.20178 935.09 9.3",;9 3132",;.10 0.0027",;31 0.1135" 1.1113 0.008"8 1.27389 0.96155 
100 5.13011 9101.05 9.153 ,29983.20 0.0027951 0.11175 1.122 0.008211 1.2&9111 0.9507 
105 5~05846 9105.53 8.979 287 .. 5.39 0.00262% 0.11000 1.070 0.00813 1.265710 0.9370 
110 ".9115&3 957.89 8.8105 27977.210 0.0028299 0.10859 1.0210 0.008010 1.261&1 0.920& 

115 1t.91531o 96"."5 11.675 2691t9.105 0.002810110 0.107101 0.986 0.00796 1.257610 0.9072 
120 10.111055& 972.08 8.50& 2601".02 0.0028517 0.10622 0.951 0.007119 1.253&9 0.8958 
125 ".77&&7 9111.75 8.334 25199.3& 0.00265&2 0.10503 0.921 0.0071110 1.2109111 0.8853 
1:50 10.70881 ' 987.60 8.159 2102&3.510 0.0028702 0.10383 0.1194 0.00778 1.210600 0.878& 

'litO 1t.57557 1005.36 7.812 22727.109 0.0028697 0.101101 . 0.8107 1).007&11 1.23852 0.8&79 
150 ... 1010623 10210.49 7 ... 70 213102.71 0.00286103 0.10021 0.1109 0.00768 1.23130 0.8525 
160 10.320116 10105.08 7.132 20085.51 0.0026557 0.09959 0.776 0.00772 1.221032 0.8373 
170 10.199&8 1069.42 6.810 19033.62 0.0026310 0.091187 0.71011 0.007711 1.21760 0.8251 
1110 10.011315 1095.69 6.501 18096.93 0.0026017 0.10190 0.653 0.00813 1.21116 0.7077 
190 3.97109 1135.510 6.1It9 17385.23 0.00271099 0.1010 0 .. 0.&62 0.00839 1.201099 0.7158 

200 3.8610210 1166.57 5.8112 16670.97 0.0027112 0.10563 0.669 0.008610 1.1991:5 0.7208 
220 3.66291 1231.90 5,"0" 15 .... 2.28 0.0026305 0.107&1 0.673 0.00"'07 1.18111" 0.7297 
21t0 3 ... 7832 1302.57 ".9"'6 1104110.76 0.0025396 0.101153 0.671 0.009103 1.17811 0.7361 
260 3.309.6 1379.59 ".6109 1:5733.&5 0.00210369 0.10891 0.6&5 O. 00979 1.1&899 0.7393 
zao 3.15521 11060.211 10.355 131410.13 0.00233210 0.10905 0.659 0.01015 1.16071 0.7 .. 06 
300 3.011061 15102.22 It.l09 126510.&7 0.0022329 0.10913 0.652 1).01051 1.15319 0.7"09 
320 2.11115&5 1625.35 3.900 122 .. 0.73 0.0021381 0.10927 0.6107 0.01089 1.14&32 0.71005 
3100 2.76730 1709.0" 3.722 11869.80 0.0020500 0.10951 0.6102 1).01130 1.1 .. 0010 0.73910 
360 ' 2.651125 1192.26 3.570 115111.92 0.001%82 0.109a8 0.639' 0.01172 1.13 .. 28 0.7383 
3110 2.557&6 187&.110 3.1038 11319.010 0.0018912 0.11040 0.&37 0.01217 1.128911 0.7368 

.. 00 2./0&10.10 1958.60 3.3210 11078.87 0.0018210 0.11106 0.&36 0.012610 1.12408 0.7355 
lt20 2.37796 20100.95 3.226 10869.98 0.00115 .. 7 0.11185 0.637 0.01313 1.11955 0.7339 
.. 100 2.29142 2123.53 3.138 10687.50 0.0016919 0.1127& 0.&38 0.013&& 1.11535 0.7321 
.. 60 2.22232 2206 ... 2 :3 .0&1 10529.08 0.001&319 0.11377 0.&"1 0.Ollt22 1.1111010 0.7300 
.. 80 2.15217 2290.10 2.991 10392.53 0.00157"2 0.111089 0.&1010 0.01""1 1.10779 0.7277 
500 2.08658 2373.83 2.928 10273.2" 0.0015190 0.116011 0.6108 0.015103 1.101039 0.7251 
520 2.02514 2'+57.8",; 2.1171 101&7.&9 0.00110663 0.11735 0.&53 0.016011 1.10121 0.7223 
S .. O 1.9&233 21t92.11 2.907 10028.08 0.001 .. 3&7 0.11869 0.&59 0.01689 1.09797 0.71?4 
1j60 1.90759 2567.39 2.869 9932.73 0.0013933 0.12009 0.665 0.01760 1.09515 0.7130 
SlID 1.85593 2&102.11 2.83" 911 .. 10.64 0.0013526 0.12154 0.&71 0.011132 1.092109 0.7106 

600 1.110709 2716.28 2.803 9762.95 o. 00131103 0.1230" 0.&78 0.01907 1.08998 0.7087 
650 1.6",591 2899.19 2.737 9582.19 iI.0012218 0.12697 0.&98 o. 02103 1. OS .. 211 0.7040 
700 1.59800 3079.17 2.611" 9 .. 211.105 0.00115210 0.131110 0.719 0.02312 1.0792 II 0.7001 
aoo 1.103333 3/035./08 2.603 9179.77 0.001027£> 0.13996 0.765 0.027&6 1.07091 0.1;943 

1000 1.18973 .. 1 .. 2.52 2,"93 11831.56 0.0008 .. 73 0.15898 0.11&5 0.031107 1.058&2 0.6877 
2000 0.&10530 79"9.710 2.167 11134.09 O. 00 0 .. 571 0.21723 1.391 0.11112/0 1.03150 0.6563 
3000 0.1t10281o 12"77.30 1.907 19011.311 0.0003138 0.393103 1.8110 0.22689 1.021510 0.6734 
10000 0.33700 175&1.67 1.720 7798.27 0.0002390 0.51&18 2.330 0.3&10910 1.01&3& 0.6819 
5000 0.2715& 24120.99 1.507 1722.41 0.0001933 0.&9756 2.752 0.5510/0 1.01317 0.&619 

• TWO-PHASE BOUNORY 

ZZ5 



C-Zc' r~FP"ODYNA"IC' PROPERTIES Of NOPrUL ... yO~Or.EN 

1000 PSIA IS,8AR 

TEMPERATURE VOLUltE ISOTHERM ISOCHOR[ INTERNAL ENTHAloy ENTROPY CV CP vELOcny 
DERIVATIVE Of."RIVATIVE fNERGY Of SOUND 

DEG. R eu F"LB eu f T-PS%A/lB PSU/R· BTU/lB 8TU/lB BTU/LB-R BTU I lB -R FUSEe 

• .. 8.015 0.16,931 8 .. 68.1,0 105.3 .. 611 123.623 37 ..... 35 3.571U9 1."35 1.772 6953 
50 0.17002 5350.102 105.05911 126.1211 371.9CJ7 3.&51"& 1 ... 6 .. 1.817 69 .. 0 
52 0.17075 11290.69 104.695& 128.723 381.&7,. 3.123511 1 ... 119 1.1161 6'127 
5 .. 0.17150 11200 .0" 104.2&56 131.311& 3115.43& 3.7910,.5 1.512 1.902 6'113 
5& 0.1722S 11108.&2 103.7778 134.1i1 189.279 3.11610310 1.534 1. CJ .. 3 611'f7 
511 0.17301 11016.59 103.2391 13&.901 393.202 3.'13321 1.5'55 1.9112 61181 
60 0.17379 792".11 102.&553 13CJ.7S1 3CJ7.203 ".00106 1.57 .. z. 020 686 .. 
62 0.1710511 7831.34 102.11315 142.660 401.279 ".06793 1.592 2.057 68"7 
& .. 0.175311 7738 ... 1, 101.3719 145.&2& 405.430 ... 13385 1.& 06 2.092 61129 
66 0.1761CJ 7645.55 100.6801 1411.64& 409.&53 10.1911113 1.&2; 2.128 6811 
611 0.17701 7552.112 99.959 .. 151.717 .. 13.9 .. 4 4.2&287 1. &39 2.161 6792 

70 0.177115 7 .. 60 ... 1 99.2125' 15".833 418.298 4.32597 1.&51 2.192 &77 .. 
75 0.17999 7231.72 97.2454 1&2.1111 .. 29.446 ... 479&5 1.671 2.265 &727 
80 0.15221 7008.14 95.1582 171.031, 4"0.9'52 4.&21110 1.702 2.337 &678 
115 0.1111,50 6791.78 92.9735 179.302 "'52.616 ".76933 1.73 .. 2 ... 16 6621 
90 0.186117 65810.61 90.7091 11111.0 .. 6 4& ... 56& ... 909 .... 1.758 2.10115 65&7 
95 0.18931 63118 ... 2 118.3809 197.009 477."48 5.0 .. 550 1.777 t.5411 651" 

100 0.191112 62010.7& 116.0039 206.2110 490 ..... 4 5.171193 1.791 2.60 .. 6 .. 6 .. 
105 0.19 .... 1 603".8& 83.5935 215.5711 501.571 5.30719 1.7911 2.6"9 6 .. 18 
110 0.19706 5117«:!.73 81.1661 225.001 516.918 5."3122 1.803 2.690 63'7 .. 
115 0.199115 5819.21 79.1367 23 ... 552 5311.603 5.552611 1.1108 2.723 6373 

120 0.20259 5689."5 76.7122 2 ..... 193 5"4.306 5.6694«:! 1.1112 2.757 6332 
125 0.20538 5U«:!.35 7 ... 101090 253.923 558.1710 S.78259 1.817 2.7115 6300 
130 0.201122 5 .. 83.06 72.17108 263.723 572.175 5.892 .. 7 1.1122 2.111" 6263 
1100 0.21"00 5297.99 67.7627 283.556 600.S75 &.10286 1.835 2.11&10 6189 
,150 0.21993, 5128.011 &3.6&55 303.655 629."59 6.30223 1.851 2.913 611" 
160 0.22&01 10977."5 59.8737 32".035 658.837 6.109193 1..872 2.962 60 .. 0 
1'70 0.23222 "8103.18 5&.3586 3410.&91 &88.6«:!1 6.67283 1.8«:!6 3.009 5CJ68 
180 0.2385 .. 4738.11 53.1164 3&5.616 118.991 6.04593 1.922 3.052 5CJ03 
190 0.2 .... 97 46"6.75 50.141t4 387."24 750.312 7.01472 1.970 3.113 5832 
200 0.251411 4596.05 .. 7.44106 409.053 781.5CJ2 7.17529 2.000 3.110 7 5788 

220 0.26 .. 69 "481.01 102.7703 453.155 " .. 5.259 7.47865 ' 2.063 3.228 5699 
2 .. 0 0.271117 "417.00 38.8108 .. 911.3110 910."59 7.762"5 2.126 3.299 5635 
260 0.29184 "392.63 35,,4085 54 ... &41 976.969 11.02817 ' 2.186 3.356 55CJO 
2110 0.30563 4397.10 32.4775 591.793 10 ..... 5 .. 3 11.27855 2.241 3.403 5561 
300 0.319"2 "420.17 29.CJ6 .. 1 639.723 1112.912 8.511059 2.2«:!1 3.4 .. 2 55 .. 7 
320 0.33327 4458.09 27.7862 6811.349 1182.0"4 8.73763 2.336 3.476 55"3 
3"0 0.3 .. 711 4505.75 25.8862 737.590 1251.793 8.94929 2.376 3.504 5548 
360 0.36096 4561.53 24.2180 787.361 1322.081 9.14995 2 ... 12 3.528 5560 
no 0.37,.79 4623.11 22.7502 837.610 1392.811 CJ.34132 2 ..... 3 3.550 5578 
.. DO 0.381159 4691.41 21 ..... 63 888.273 1 .. 63.929 9.523 .... 2 ... 71 3.568 5602 

420 0.40240 4761.911 20.2840 CJ39.293 1535.395 9.69787 2 ... 95 3.583 562CJ 
.... 0 0.41&18 4837.42 19.2366 CJ90.613 1607.132 9.86 .. 59 2.516 3.596 5&59 
460 0.4299 .. 4917.42 18.2885 1042.188 1679.093 10.02478 2.53" 3.605 56CJ3 
.. 80 0 ... 43&7 5002.112 17.4231 10CJ3.975 1751.218 10.17825 2.550 3.611 5729 
SOli 0.45735 5OCJ4.12 16.62CJ2 11 .. 5.908 1823.425 10.32564 2.562 3.614 5769 
520 0."7098 5188.8CJ 15.8CJ70 1197.951 1895.&59 10.,.&73& 2.573 3.613 5810 
5 .. 0 o ... 8577 5278.58 15.3 .. 7 .. 12 ..... 231 1963.8311 10.59053 2.532 3.51110 5118,. 
560 0.4CJ947 5373.39 14.7 .. 40 1295.676 2035.587 10.72072 2.535 3.5111 5931 
580 0.51315 5"69.14 iIt.186CJ 13 .. 6.982 2107.151 10.84637 2.537 3.578 5978 
SOD 0.52680 5565.67 13.6710 1398.31,. 21711.700 10.9&772 2.539 3.57" 6025 

650 0.56080 58 OCJ. 72 12.5347 1526.362 2357.120 11.25350 2.539 3.563 61 .. 5 
700 0.59466 6056.62 11.5766 165".OCJ9 2535.014 11.51729 2.538 3.552 6267 
800 0.662OJ 6555.87 10.0500 1908.586 2889.313 11.9CJo 311 2.533 3.533 650CJ 

1000 0.79589 7566.71 7.«:!711 2"14.1000 35CJ3.425 12.77572 2.526 3.511 6980 
2000 1.4603 .. 12726.56 3.9607 ,.976.85& 7140.180 lS.226 .. 5 2.660 3.634 8CJ7 .. 
3000 2.12 .. 2 .. 1796t!.42 2.6 .. 46 7766.2311 10913.050 1&.75340 2. CJ .. O 3.915 10530 
4000 2.711897 23244.1" 1.9864 10831.581 14CJ63.U6 17.CJ1675 3.215 4.196 11856 
5000 3.45'lD3 2853(,.45 1.5908 1,.230.030 1935 ... 173 1&.89475 3.639 4.651 lZ9U 

• TWO-PHASE BOUNORY 



T"£R1400YNI14IC PPOP€RTIES OF' NOP'1Al "YOROGEN C-Z,-: 

aooo PSll IS381R 

TE"PERATURE OENSUY VCOH/OV'p V(DP/DU'v -V(OP/D~'T COV/DTlIv THERMIL ~ISCOSITY THERr-IL DIELECTRIC PRINOTl 
CONOUcTuny OIFFUSIVny CONSTANT NUMBER 

OEG. R L8/CU FT 8TU/LS PSIA-CU FT/8TU PSIA 1/0EG. R BTU/FT-HR-R LB/FT-SEC SQ FTlHR 
lC 10 5 

• ,.a.015 5.906'35 8,.1.1& 12.,.06 '50017.33 0.00210&2 0.12076 ".050 0.0115" 1.31/0/0& 2.1392 
'50 5.88lS& '852./01 12.198 492119.9,. 0.0021315 0.1225& 3.&&2 0.011',.7 1.3130.2 1.95/05 

52 5.1156/t0 116?87 12.003 /011')53.57 0.0021,)&3 0.12,. 0,. J • .537 0.01138 1.311';;';; 1.11019 
5/0 5.8310') 872.25 11.1125 /07111/0.8,. 0.002180& 0.12522 3.0&3 0.01129 1.3100 II 1.67/08 
56 5.8055/0 881.23 11.&52 /0707/0.118 0.0022045 0.1251;3 2.830 O. DIU,. 1.308&0 1. ') 75& 

58 5.77911& 1189.U 11./089 ,.&33,..77 0.0022281 0.12585 2.&31 0.01098 1.30712 1.4'l111 
60 5.75/003 097.21 11.33& "5595.56 0.002251/0 0.12592 2./059 0.010n 1.30C;&2 1. /0201 
62 5.72110/0 90".3& 11.190 ,./011511.28 0.0022745 0.12588 2.309 Ii. 010&8 1.30/012 1.3584 
6,. 5.70191 910.78' 11.05,. ,./0123.90 0.002297/0 0.12573 2.1711 0.01054 1.302&0 1.30')0 
6& 5.6751;5 917.01 10.919 ,.3393.40 0.00232!12 0.125/08 2.063 0.01039 1.30109 1.2591 
&8 5.6,.92/0 922.33 10.797 "2667.70 0.0023/027 0.1251,. 1.960 0.01025 1.2995& 1.2186 

70 5.62271 926.7" 10.&811 It1 9/07.70 0.0023651 0.12107,. 1.1169 0.01012 1.29803 1.1826 
75 5.'55511/0 935.95 10.,.37 /00178.26 0.002/0203 0.123/0,. 1.61Sl 0.00981 1.29/018 1.110/0 
au 5./081127 9/0/0.59 10.190 38/0&2.53 0.0024741 0.12187 1.53/0 0.00951) 1.29029 1.0589 
115 5./02009 956.68 9.891 361112.05 0.OD25256 0.1201.5 1.,.17 0.00917 1.211638 1.0259 
90 5.351"2 965.,.0 9.&,.2 35237.00 0.0025743 0.11837 1.322 0.00890 1.282/0/0 0.999/0 
95 5.282311 972.81 9.,.16 337/06.05 0.00261<J0 0.11655 1.2/0/0 0.00116& 1.278/09 0.97"8 

100 5.21312 979.19 9.210 323/06.16 0.002&599 0.11/07/0 1.178 0.008,.5 1.27/054 0.9623 
105 5.1/03113 983.79 9.037 31042.,.0 0.002&929 0.11296 1.122 0.00829 1.27059 0.9473 
110 5.074&7 988.7& 8.869 29837.69 0.0027203 0.11158 1.07/0 0.00817 1.26&&& 0.9318 
115 5.00381 1001.91 8.7,.9 29118.23 0.0027178 0.11029 1.031 0.00809 1.2&2&/0 0.91&2 

120 ".93609 10011.60 8.5111 28083.66 0.0027337 0.10907 0.99,. 0.00801 1. 2581Sl 0.9049 
125 ,..11&1195 1018.18 11.41,. 2721/0.26 0.0027357 0.1·0785 0.9&2 0.00795 1.25501 0.11<345 
130 ".80263 1026.68 8.2,.6 2&333.13 0.0027408 0.106&2 0.933 0.007&9 1.25127 0.8867 
1,.0 ,..&728& 1046.30 7.903 2/075&.7,. 0.0027371 0.10413 0.884 0.00778 1.2,.398 0.8752 
150 ,..5/0&85 1066.92 7.56" 23316.61 0.0027305 0.10291 . 0.8,.3 0.00777 1.23&92 0.85q/o 
160 4.4246&. 1089.&3 1.227 22023.53 0.002718& 0.1022& 0.809 0.110780 1.23010 0.8437 
170 4.30&3,. 1113.51 6.qO,. 2085& .,.2 0.0'027022 0.10154 0.780 0.00784 1.22352 0.8322 
180 /0.19210 11,.1.13 6.5q2 19862.63 0.002&742 0.10,.93 0.&73 0.00820 1.21718 0.7045 
190 1t.08221 1177.,.3 6.235 189&8.99 0.002&435 0.10711 0.&83 0.00 &lt3 1.21111 0.71/05 
200 3.97644 1212.37 5.9&5 18275.95 0.00259&0 0.10873 0.689 iJ.00869 1.20529 0.7183 

220 3.77803 1277.89 5./087 169i9.42 0.00252&4 0.11068 0.&93 0.00907 1.19441 0.7281 
2,.0 3.5Q"91 1349.56 5.078 15878.69 O. DO 24,.42 0.11155 0.691 0.00941 1.18444 0.7351 
260 3.42652 1426.71 ".727 15051.45 O.002352C; 0.11182 0.&.8,. 0.00972 1.17531 0.7393 
280 3.27197 1507./09 ".,.29 14387.16 . 0.0022574 0.11185 0.677 0.01005 1.16&98 0.7/012 
300 3.130&4 1589.72 1t.178 13837.94 0.0021654 0.11180 0.669 0.01037 1.15939 0.7,.19 
320 3.000&0 1& 73.43 3.96" 13376.95 0.0020772 0.11181 0.&63 0.01072 1.15244 0.7417 
3,.0 2.811n4 1757.30 3.781 12Q1l0.78 0.0019942 0.11192 0.657 0.01109 1.14&07 0.7409 
360 2.77039 111,.1.17 3.&25 12637.25 0.00191&4 0.11217 0.&53 0.011411 1.14020 0.73Q7 
uo 2.66819 192/0.7& 3.4QO 12335.35 0.0018443 0.11258 0.&51 0.01189 1.13480 0.738" 
ItOO 2.57339 20011.37 3.372 12072.80 0.00177&4 0.11313 o .61~Q 0.01232 1.12981 0.7369 

1t20 2.,.&512 2090.52 3.2~1 1183,. .08 0.0017140 'J.11382 0.6,.9 0.01278 1.12517 0.7354 
It ItO 2.40282 2172.6& 3.1112 11623."" o. DO 1&550 0.11,.6,. 0.650 0.01327 1.12085 0.7338 
460 2.32591 225".59 3.103 11/037./07 0.0015990 0.11557 0.652 0.01378 1.11&83 0.7320 
1t1l0 2.25393 2337.22 3.032 11276.02 0.0015/051 0.116&1 0.&55 0.01/033 1.11308 0.7300 
sao 2.1116/t9 2,.20./06 2.9&8 1113&.22 0.0014930 0.11774 11.6511 0.014QO 1.10957 0.727& 
520 2.12321 250/0.19 2.910 11017.13 0.0014429 0.11895 0.&63 0.01550 1.10629 0.7250 
5ltO 2.058&0 2537.91. 2.9,.5 10866.48 0.001412/0 0.12023 0.&&8 0.01629 1.10294 0.7171 
560 2.00211 2&13.1& 2.905 1075&.12 0.OOU705 0.1215& 0.&7,. 0.0169& 1.10002 0.7146 
580 1.94875 2&87.8& 2.8&9 10658.00 0.00 13311 0.12299 0.&80 0.01764 1.09727 0.7123 
600 1.89827 27&2.01 2.837 105&5.15 0.0012940 0.12,.,.6 0.&87 0.011135 1.09,.67 0.7101 

650 1.78317 294".87 2.768 10359.7,. 0.0012099 0.12832 0.706 0.02020 1.08875 0.7052 
700 1.681&/0 3125.42 2.712 10185.06 O. 00113&& 0.13245 0.72& 0.02217 1.08355 0.7012 
aoo 1.51050 3,.61.07 2.627 9902.61 0.0010149 0.1,.125 0 •. 772 0.026,.7 1.07483 o. &Q50 

1000 1.25645 4188.00 2.511 9507.17 0.000838,. 0.16041 0.873 0.0363& 1.0&197 0.611U 
2000 0.68,.77 7994. Q2 2.17" 8714.79 0.0004545 0.27723 1.,.09 0.111,.2 1.03344 0.&64& 
3000 0.4707& 12523.58 1.911 8458.75 0.000312& 0.39343 1.910 0.21344 1.02291 0.&844 
4000 0.351156 17&0/0 .• 11 1.723 833/0.31 0.000231lJ 0.51591 2.373 0.34294 1.01741 0.&947 
5000 0.211910 2,.120./02 1.512 824Q.85 0.0001928 0.69500 2.807 0.516117 1.01402 0.67&3 

• TWO-PHASE BOUNORY 
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C .. Zc T~EI!I1~O'NA"IC !'ROPERT IES OF NOO~IL HTOROGEN 

asoo PSU ISOBaR 

TE"PERA TURE VOL:JME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP IIELOCITY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

DECO. ~ CU FTILB CU FT-PSIA/LB PSlA/R BTU/La BTU/LB BTU/LB-R BTU I LB -R FTISEC 

• .. 9.1S2 0.16.S06 8761.82 106.8939 12S.98Z 390 ... 97 3.58797 1."SO 1.785 7069 
50 0.1&835 872~.29 106.7639 127.0"3 392.0211 3.1)18& .. 1."61 1.80 .. 706 .. 
52 0.16905 86311.32 106 ... 05 .. 129.59 .. 395.671 3.69017 1.,.117 1.8,.7 7052 
5 .. 0.16976 8550.28 lOS.91113 132.213 39Q.406 3.76062 1.510 1.11118 7IIH 
5& 0.170 .. 8 8 .. 61.33 105."999 13 ... 895 401.221 3.83000 1.532 1.929 ,02" 
511 0.17121 8371.62 10".96113 137.6 .. 1 .. 07.115 3.891136 1.553 1.967 7009 
60 0.17195 82111.30 10".3923 1 .. 0 ..... 7 .. 11.0116 3.96571 1.573 2.005 699 .. 
62 0.17270 8190.5 .. 103.7772 1 .. 3.310 "15.131 ... 03207 1.5«11 2. 0 .. 1 6977 
6 .. 0.173"6 8099.46 103.1273 1 .. 6.232 "19.251 ... 097 .. 8 1.608 2.076 6961 
66 0.17"23 110011.2 .. 102 ..... 62 1 .. 9.207 423.440 4.16195 1.62" 2dll 6943 
611 0.17501 7917.00 101.7373 152.232 "27.69& ... 22547 1.639 2.1 .. 3 6925 

70 0.17580 7825.89 101.0032 155.303 432.01" ".28805 1.651 2.17 .. &9011 
75 0.17783 7599.&3 99.0728 163.1&4 .... 3.067 ....... 0 .. 2 1.678 2.2 .. & 6863 
aD 0.ln93 7377.20 97.0288 171.270 454.471 4.58754 1.704 2.ll6 &at6 
115 0.182D'J 7160.63 94.8928 179.419 4&6.024 4.12145 1.737 2.394 &761 
90 ;;.18 iI32 6951.80 92.6814 188.043 478.159 4.116623 1.762 2."62 67011 
95 0.18&62 &752.45 90."0117 196.8117 "90.621 5.00099 1.782 2.523 6656 

100 0.111898 &5&4.09 88.081& 206.039 503."94 5.13316 1.797 2.579 &60& 
105 0.191"1 6388.00 85.7311 215.222 51&.4911 5.26022 1.1105 2.625 6560 
110 0.19390 6225.18 83.3524 224.532 529.725 5.38313 1.IIU 2.666 6515 
115 0.1964" 6076.211 ~0.9660 233.952 0;,.3.1,.9 5.50227 1.1116 2.703 6472 

120 0.1991S 6023.31 79.0701 2 .. 3 ... 90 556.942 5.61983 1.1121 2.735 6475 
125 0.211177 51193.40 76.7744 253.118 570.703 5.73205 1.826 2.769 6 .. 3 .. 
130 0.20 ...... 5503.05 7".S107 262.822 58 ... 611 5.11"121 1.1132 2.79,. 61tD,. 
1,.0 0.2D'J89 .5632.91 70.168,. 282.,.83 &12.8 .. 0 6.05033 1.8"5 2.8,.3 &3,.2 

150 0.21S,.5 5447.19 66.0592 302.424 641.530 &.241136 1.11&2 2.1195 &264 
160 0.22114 5293.25 62.2590 322.6&2 &70.722 6.43686 1.883 2.944 6192 
17'0 0.22695 51511.19 58.7250 l4l.195 700 ... 14 6.61&78 1.907 2.991 6122 
180 0.23287 5039.53 55.4387 364.016 730.539 6.711888 1.934 3.036 6054 
190 0.23887 4944.12 52.4040 385.738 761.714 6.95687 1.9112 3.091 5983 
200 0.2,. .. 95 4860.12 49.6184 407.290 792.835 7.11662 2.012 3.1311 5925 

220 11.25131 475«1.00 44.8126 451·.2511 856.249 7.411179 2.075 3.213 5843 
2,.0 0.26~90 4" 711.44 40.75119 496.389 921.210 7.70157 2.137 3.286 577,. 
260 0.28270 4636.01 37.2852 542.&07 987.572 7.96668 2.196 3.350 572 .. 
2110 0.295&0 4&28.43 34.2584 589.759 1055.017 8.21659 2.251 3.400 5691 
lOO 0.301S5& 4644.1" 31.6329 637.730 1123.392 8.,.5266 2.301 3.4"1 5672 
320 0.32154 4673.71 29.35411 686.408 1192.501 11.67561 2.346 3.416 5664 
340 0.334S1 4716.08 27.3690 735.715 1262.228 8.118721 2.3116 3.505 5665 
360 0.3 .. 750 4766.44 25.6188 785.564 1332.518 9.0871111 2.421 3.529 5674 
UO 0.360411 ,.823.6& 24.0714 1135.897 1403.282 9.27934 2.452 3.551 5688 
400 0.37344 4885.66 22.6992 886.6411 1474.431 9,"6153 2.480 3.569 5708 

420 fI .. 38639 .. 953.97 21.4709 937.755 1545.927 9.63604 2.504 3.584 5732 
.. 40 0.~993? 5024.22 20.371.0 9119.164 1617.&86 9.80281 2.525 3.598 5759 
460 Q.41~Z~ 509,,.25 19.3743 1040.836 1&89.&94 9.96310 2.542 3.&011 5790 
480. 0.42514 5180.23 18.46&1 1092.726 17&1.890 10.11673 2.558 3. &15 51124 
SOD 0.43802 526£.66 17.6343 1144.775 1834.200 10.26433 2.571 3.619 5861 
520 0.45085 535&.58 16.11667 1196.948 190&.57" 10.40633 2.5111 3.621 5900 
540 0.46472 5448.03 1&.2820 1243.101 197,..555 10.521192 2.537 3.588 5974 
560 0.477&1 5540.92 15.&4~9 129,..&30 204&.379 10.65925 2.5"0 3.5115 &019 
580 0.49048 5634.90 15.0526 1346.018 2118.018 10.7850" 2.5,.3 3.582 6064 
600 0.50332 5729.78 14.5058 1397.431 2189.&41 10.90651 2.5"4 3.578 &110 

'650 0.53;31 5970.15 13.3008 1525.&10 23&8.235 11.19257 2.544 3.566 6226 
700 0.56717 6213.117 12.28,.2 1653.582 254&.289 11,"5659 2.543 3.555 &344 
800 0.6305& &707.83 10.6&40 1908.377 2900.859 11.93005 2.537 3~535 6581 

1000 0.75648 7710.54 8.4573 2414.659 3&05.341 12.71580 2.530 3.513 7043 
2000 1.38145 12846.99 4.2027 4978.117 7152.4115 15.16&86 2.662 3. &33 9014 
3000 2.00&02 18077.02 2.8069 7767.818 1O'J25.234 16.69377 2.941 3.915 1055«1 
,.000 2.&314(, 23345.72 2.1087 10832.942 14974.779 17.115697 3.214 4.194 11l1li0 
5000 3.261114 28&33.41 1.&890 14227.354 19361.392 18.83401 3.632 4.642 13020 

• TWO-PHASE BOUNDRY 

lZ8 



T~EPMOO'NAHIC PROPtRTIES OF NOP'1AL H10~O(jEH c: -2c 

lSOO PSU ISOBAR 

TE"PERATURE DENSITY \HDH/DVlp V(OP/DUIV -V(OPiD"'T '(~"/DT\I" THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL 
CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER 

DEG. R l8/CU FT erU/LB PSIA-CU FT IBTU PSIA 1/0EG. It eTU/FT-.HR-R La/FT-SEC SQ FTlHR 
J( lOS 

• .. 9.152 5.95039 1170.70 12.390 52136.25 0.002050] 0.12 .... 3 ".209 0.01171 1.31702 2.17311 
50 5.91t002 875.110 12.300 . 5111211.1t3 0.00205'19 0.12519 1t.0211 0.011611 1.3161t2 2.011911 

52 5.915107 1187.19 12.099 510'19.71 0.00201123 0.1267'+ 3.655 11.01160 1.31'+99 1.91711 

5'+ 5.119076 1597.45 11.916 50367.61 0.0021042 0.12798 3.3'+2 0.01150 1.31355 S.7750 
56 " 5.1165119 907.30 11.739 1t9633.23 0.0021256 0.12111t3 3.077 0.01135 1.31211 1.6633 

511 5.11'+0811 916.52 11.571 '+11897.65 0.0021'+67 0.1211611 2.1151 0.01120 1.3106~ 1.5691 

61 5.11157'+ 92,+.92 11.1t15 '+11161.90 0.002167'5 0.121177 2.656 O.OlSO'+ 1.30920 1.'+1187 

62 5.790'+6 932.114 11.265 '+71t27.00 0.00211181 0.12876 2.1t87 0.010119 1.30773 1 ... S96 

6ft 5.76506 9'+0.00 11.126 46693.90 0.0022086 0.121163 2.3'+0 0.01075 1.30626 1.3597 

66 5.739n 91t6.95 10.988 '+5963.55 0.00222119 0.121139 2.211 0.01060 1.301t711 1.3OS3 

68 5.113119 952.95 10.86,+ 105236.117 0.00224QO 0.12807 2.097 0.010'+6 1.30330 1·2630 

70 5.U8n 957.98 10.753 '+'+51'+.7'+ 0.0022690 0.12767 1.995 II.Ol0ll 1.30181 1.2228 
75 5.62327 968.60 10.'+911 .. 2731t.78 0.00211113 0.12639 1.786 11.01001 1.29806 1.11t21 

aD 5.55779 9711.53 10.21t7 101000.95 0.0021665 0.121082 1.62'+ 0.00970 1.291t29 1.011'+3 
115 5.'+9177 991.93 9.91t6 39324.5'+ 0.0024131 0.12310 1.495 0.00936 1.29049 1.01067 
90 5.'+2530 1001.69 9.696 37715.64 0.0024574 0.12130 1.392 0.00908 1.28668 1.0166 

95 5. 35111t9 1009.91 9.'+69 361112.93 0.002109S7 0.119101 1.306 0.0088'+ 1.282115 0.9933 

100 5.291ft6 1016.117 9.263 34133.59 0.002<; 3&1 0.117&10 1.235 0.00862 1.27901 0.971t6 
105 5.221t34 1021.77 9.090 33373.12 0.0025689 0.US84 1.115 0.0011'+5 1.27518 0.95112 . 

110 5.15131 1026.116 8.923 32105.15 0.0025962 0.11'+4'+ 1.123 0.00832 1.2713& 0.91t17 

115 5.09051 1D 32.57 11.757 30931.32 0.002&11& 0.11319 1.078 0.00823 1.2&75& 0.9267 

120 5.0211t1 10 106. 33 11.6'+9 30245.411 0.002&143 0.1118'+ 1.037 0.008110 1.2636,+ 0.9133 
125 4.95&07 1053.28 8.483 29208.12 0.0)2&28; 0.11059 1.003 0.0080& 1.2599,+ 0.9039 
130 ,+.119131 1064.53 8.316 21138,+.,+9 0.00262;1 0.10932 0.972 0.00800 1.25628 0.89107 

,1'+0 ,+.16'+1t'+ 10117.44 7.983 26837.66 0.0026146 0.10677 0.920 0.007811 1.24912 0.81122 
150 4.610152 1101.8& 7.645 2;283.27 0.002&128 0.10553 o .a78 0.00785 1.24222 0.8666 
160 ,+.522!.2 1131.91 7.311 23936.73 0.002&010 0.1010811 0.8'+2 0.00788 1.23553 0.11506 

170 ,+.1t0619 1157.51 6.990 22727.94 0.0025838 0.101t13 0.811 0.00790 1.22901 11.831111 
180 ,+.291t32 1185.19 6.676 216Itl.36 0.0025617 0.10786 0.693 D. 00827 1.22211; 0.7019 
190 4.1863& 1223.25 6.31& 20&97.87 O. 0025319 0.11009 0.703 D. 0011'+9 1.21687 0.7119 
20n ,+.0821t6 12510.111 6.01<0 19841.210 0.0025008 0.11173 0.709 0.00872 1.21113 0.7172 

220 3.11 861t4 132&.03 5.558 18495.133 0.0024229 0.113611 0.113 0.00910 1.20035 0.7257 
240 3.70502 1397.56 5.1109 17333.70 0.002351'+ 0.114411 (J .710 0.00940 1.1901t3 0.7336 
260 3.53729 l1t73.47 4.799 16398.88 0.0022736 ii~11'+67 0.703 0.00968 1.18131 0.7392 
280 3.38300 155,+.09 ... 4911 15651.98 0.00211179 0.1110;8 0.&94 O. 0099& 1.1729& 0.71019 
300 3.24087 1&37.05 4.242 15051.07 0.0021011 0.11'+'+1 0.6116 0.0102& 1.16530 0.1429 
320 3.110010 1720.95 10.023 14535.'+3 0.00 20 195 0.11'+30 0.679 0.01057 1.151129 0.7430 
340 2.989,.3 18 as .40 3.837 1'+098.37 0.00191t13 0.11'+30 0.672 0.01091 1.15184 0.7423 
360 2.87770 1889.66 3.677 13716.37 0.0018678 0.11,+'+3 0.6611 0.01127 1.110590 0.7413 
3110 2.77'+08 1973.89 3.538 133111.21 0.0017989 0.11473 0.664 0.01165 1.14040 0.7399 
'+00 2.67781 2057.22 3.1018 13082.85 0.0017350 0.11519 0.662 0.01205 1.13531 0.7385 

1tZ0 2.58803 21100.30 3.3tlo 12821.03 0.0016747 0.115111 0.661 0.012411 1.130511 0.7369 
4'+0 2.50'+21t 2222.0& 3.222 12581.86 0.001&191 0.11651 0.662 0.01293 1.12617 0.7354 
460 2.42575 2303.50 3.1'+2 12369.51 0.0015663 0.1173& 0.663 0.013'+1 1.1220 & 0.7331 
1080 2.35214 2385.55 3.069 12184.65 0.0015156 0.11833 0.665 0.01391 1.11820 0.7318 
500 2.28302 2'+67.1111 3.005 12023.89 0.001'+666 0.11939 0.669 0.014105 1. 111t60 0.7297 
520 2.21802 2550.52 2.946 11880.97 0.001419& 0.120510 0.613 0.01501 1.11121 0.727'+ 
5'+0 2.15181t 25113.59 2.982 11723.27 0.00138119 0.12177 0.677 0.01517 let0777 0.7161 
560 2.0937,+ 26511.83 2.9101 11601.27 0.001310810 0.12307 0.6113 0.01640 1.10,+7& 0.7161 
5110 2.038112 27 l3.51 2.904 114811.54 0.D0131D2 0.124'+5 0.&89 11.017010 1.10192 11.7137 
600 1.911&81 2807.&5 2.810 11383.98 0.01112742 0.12588 0.695 0.01771 1.09923 0.7115 

650 1.8&807 2990.108 2.798 11152.65 11.0011926 0.12968 0.714 0.01946 1.09311 0.7065 
700 1.76314 3171.01 2.740 109;5.94 0.0011212 0.1337& 0.7310 0.02131t 1.08773 0.7022 
1100 1.58589 3526.62 2.651 10637.90 0.0010025 0.14254 0 .. 779 0.0251t2 1.078&7 0.6958 

1000 1.32191 '+233.108 2.529 10192.61 0.00082911 0.161112 0.11111 0.03485 1.0&528 0.&1165 

2000 0.72351 801t0.01 2.1111 9299.61 0.000'+519 0.27723 1.1t27 0.10 5'+0 1.03538 0.6733 
3000 0.109850 12569.70 1.915 9011.38 0.0003115 0.3931t2 1.91t2 0.20157 1.02427 0.695& 

1t0DO 0.38002 17646.&9 1.726 8871.711 a. 0002317 0.51566 2.'+111 0.32352 1.0181t6 0.7079 

5000 0.30658 2'+123.83 1.517 8778.30 0.0001921t 0.692611 2.116'+ 0.'+11677 1.01488 0.6909 

• TWO-PHASE BOU~DRY 

ZZ? 



C .. Zc 'HEFHOOYNAI1IC PROPEPT IE'.> OF NO~AL HYOQOGEN 

.000 PSU IS1BA~ 

TE"PERAT URE ~OLU"E ISOTHER" tSOCHO~E INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
OERIVATI liE DERIVATIVE ENERGY OF SOUND 

DEG. It CU FT/LB CU F'T-PSIA/LB PSIAIR BTU/La aTU/LB BTU/LB-R BTli I LB -~ FTISEC 

• 50.268 0.16&86 9052.23 t08.10229 128.35CJ 1006.10102 3.59679 1.1062 1.798 7183 
52 0.1671010 897<).22 1011.1099 130.5311 1009.5118 3.f,5826 1.10810 1.1136 1173 
Sit 0.161112 11893.79 107.68711 133.116 1013.2CJ9 3.72825 1.508 1.876 7161 
56 0.16881 8807.31 101.2090 135.757 1011.089 3.197111 1.530 1.916 71107 
58 0.16951 811<).<)10 106.&1105 138.1061 1020.<)57 3.116509 1.552 1.95 .. 7133 
60 0.11022 8&31.81 106.1085 1101.226 10210.902 3.93199 1.571 1.991 7119 
62 0.17093 85103.0'.1 105.109112 11010.0109 1028. c)'19 3.997119 1.590 2.027 7t03 
61t 0.1116& 8453.<)1 tOlo.1I5100 146.929 1033.0lD 4.062114 1.601 2.061 7087 
6& 0.17240 8364 ... 2 10,+.1797 1109.1163 '+37.16<) 4.126115 1.624 2.095 7071 
68 0.17314 8274.76 103.4784 152.846 441.39'+ 4.111991 1.639 2.127 705/0 
70 0.173119 8185.07 102.7531 155.874 101o5.!>80 4.25202 1.652 2.157 70311 

75 0.175112 7961.59 100.81093 163.630 1056.6108 4.100322 1.671l 2.228 6995 
ao 0.17781 7740.112 911.8383 171.6211 467.960 4.510916 1.706 2.297 6949 
85 0.111)86 7524.69 96.7410 179.668 47').1015 1t.687117 1.740 2.373 &S95 
9D 0.111197 7315.04 910.5733 188.183 1o,)1.104£> 4.82546 1.765 2.440 6810'+ 
95 0.1II1tl4 7113.55 92.3476 196.918 503.799 4.95905 1.786 2.501 6793 

100 0.18&37 6921.70 90.0753 205.962 51&. ;60 5.09007 1.802 2.556 6744 

t05 0.1886& 67'+0.79 87.7670 215.038 529.1051 5.21603 1.811 2.602 66911 
110 0.19100 &571.85 115.4340 224.245 542.565 5.33790 1.8111 2. &4 .. 6653 
115 0.193'+0 &415.62 113.0879 233.565 555.1581 5.45607 1.824 2.682 6609 
120 0.19585 6272.53 110.7416 242.987 569.3711 5.57113 1.830 2.716 6567 

125 0.19834 61102.67 711.4089 252.497 583.038 5.68253 1.835 2.7106 6526 
130 0.20099 6109.59 76.74105 262.129 597.093 5.792116 1.841 2.778 6536 
140 0.20614 5915.36 72.10165 281.626 625.166 6.00083 1.855 t.831 6468 
150 0.21140 5764.39 68.3256 301.424 653.729 6.19798 1.872 2.877 6407 
160 0.21&74 5&02.35 6,+.5009 321.528 682.743 &.38532 1.89,+ 2.927 6334 
uo 0.22220 51+64.'l'+ 60.9671 341.939 712.248 6.561011 1-0 'l18 2.975 6267 
1-80 0.22775 5342.33 57.6763 362.659 7'+2.219 6.73533 1.945 3.022 6201 
19D 0.23340 5237.11 54.5867 38,..303 773.278 6.90270 1. 'l'llt 3.08" 6126 
200 0.23911 51,.9.86 51.7380 405.7119 804.272 7.06179 2.024 3.125 6069 
220 0.25070 5018 .56 46.7452 4,.9.6,+0. 567.452 7.36211" 2.086 3.201 5973 

240 0.26252 4'.125.51+ 42.63,.6 494.667 932.171 7.64459 2.148 3.278 5902 
260 0.27453 4872.41 39.0873 5,.0.820 998.339 7.'l0891 1.207 3.3'+5 58/t'l 
280 0.211&&7 4860.'l6 35.91132 587.966 1065.723 8.15115'l 2.262 3.397 51116 
300 0.291188 '+867.'l2 33.2626 635.962 113,+.057 8.39,.51 2.31l 3.1t3'l 5793 
320 0.31110 '+891!.98 30.11881 684.6116 1203.149 11.61740 2.356 3.'+75 5781 
340 0.32329 ,.925.68 28.8191 73,..041 1272.1121 8.1128113 2.39!' 3.505 57711 
360 0.33552 4971.29 26.'l929 783.'l65 13103.127 9.0295,. 2.430 3.530 5784 
380 0.3,+774 5023.86 25.3727 1134.376 1413.907 9.22105 2.462 3.552 5795 
/tOO 0.35995 5082.33 23.9.509 1185.208 1485.083 9.,.0331 2.4119 3.570 5812 
420 0.37215 51,.4.56 22.6,.27 936.3'l8 1556.602 9.57787 2.513 3.586 5832 

.... 0 0.311433 5212.,.7 21.48,.2 987.892 1628.399 9.7'+474 2.533 3. 59':! 5357 
460 0.39&50 5283.,.0 20."3~2 1039.647 1700.43,. 9.9050'l 2.551 3.610 5885 

"80 0.,.0865 5357.07 19.,.888 10'l1.628 1772. &74 10.05881 2.566 3.618 5916 
500 0.42019 51t37.0" 18.6189 11,.3.774 1845.046 10.2065 .. 2.579 3.&2,. 5950 
520 0.,.3290 5525.02 17.8190 11'l6.055 1917.513 10.34872 2.5119 3.626 5987 
5,.0 0.,.4599 5318.55 17.2105 12,.2.084 1985.350 10.47087 2.543 3.5'l2 6063 
560 0.,.5816 5709.48 16.5363 1293.692 2057.2410 10.60132 2.546 3.5119 6106 
S80 0.47031 51101.63 15.9133 1345.158 2128.953 10.72723 2.5415 3.585 &14'l 
600 0.4112'+3 5119,..82 15.3359 1396.647 2200.&'+3 10.8411112 2.549 3.581 &194 
r.50 0.512&3 &131.40 14.0629 1525.068 2379.'+01 11.1351" 2.549 3.570 6307 

700 0.5'+271 6371.85 12.19884 1653.1,.9 2557.607 11.39939 2.5411 3.5511 & .. 21 
aDo 0.60256 6860.33 11.2753 1'l08.2'+3 2912.435 11.8731<) 2.541 3.538 6652 

1000 0.721'+2 785,..61 11.9415 241,..986 3611.274 12.65'l35 2.533 3.'<14 7105 
2000 1.311211 12966.5; 4.4438 "979.459 7164.779 1-'> .110 70 2.&64 3.633 9052 
3000 1.90011& 18183.99 2.96117 7769.493 10931.387 1\" •• &37;6 2.9,.2 3.915 10588 
4000 2.4913& 23445.17 2.2307 10834.437 14986.427 11'.80062 3.214 /t.193 11903 
5000 3.08&'+8 28727.'l1 1.7870 14225.165 19368.951 H.7r~711 3.625 4.633 130,.2 

• TWO-PHASE BOUNDRY 

.no 



~-~-- --- ------ ----

Tt'EF'"OOf"AP'lIC PROPERT IES OF' NO""4L H"O~OGEN C-2.: 

9000 PSIA ISOBAR 

TE"PERATURE DENSITY .'1 lOH/OV.p VlOP/DU·V -VlOP/OV'T ~lOV/O"~V THER"AL VISCOSITY THERMAL DIELECTRIC PltANOfl 
CONDUCTIVITY OIFFUS IVITY CONSTANT NUHBER 

DEG. R LB/CU FT BTU/LB PSU-CU FTlBTU PSU 1/DEG. R BTU/FJ-HR-R LBlFJ-SEC SQ FTlHR 
IC 10 5 

• 50.268 5.9«1303 899.85 12.376 5 .. 250.30 0.001991\6 0.121101 ".370 0.011114 1.319';0 2.2102 

52 5.9722" 910 ... 7 12.197 53626.01 0.0020160 0.129311 ".QO" 0.011110 1.311129 2~ 0 .... 8 

5/t 5.9 .. 809 921.62 12.009 52901.03 0.0020356 0.13068 3.&"6 0.01171 1.316119 1.118105 

56 5.923110 930'.35 11.827 52172.7'9 0.00205109 0.13117 3.j105 0.01156 1.315 .. 7 1.75119 

58 5.899"0 9102 ... 0 11.65'3 5110102.36 0.00207311 0.131 .. 5 3.089 0.011100 1.31"05 1.6532 

60 5.87 .. 87 951.61 11 ... 95 50710.78 0.002092" 0.lll!;7 2.~69 0.01125 1.31263 1.5&31 

62 5.85023 960.31 11.3 .. 1 .. 9979.02 0.0021108 0.131511 Z.679 0.01110 1.31120 1 ... 11511 

6 .. 5.825118 161!.21 11.199 ..92 .. 11.06 0.00212Q1 0.131 .. 6 2.51" 0.01095 1.3097& 1 ... 190 

66 5.IIOOaZ 975.89 11.058 .. 11518.112 0.0021"72 0.1312 .. 2.369 0.01080 1.301132 1.3616 

68 5.77'3&6 982.57 10.931 107792.20 0.00Z1652 0.13093 Z • ziti 0.01066 1.30687 1.3111 

70 5.750&0 988.2 .. 10.818 "7069.0& 0.0021830 0.1305 .. 2.128 0.01052 1.305 .. 2 1.2662 

75 5.6875 .. 1000.31 10.558 .. 52111.89 0.0022271 0.12926 1.1196 0.01020 1.30171 1.1763 

80 5.62395 1011.57 10.30" "3533.9" 0.002210" 0.12170 1.117 0.00.9119 1.29810 1.1118 

85 5.559118 102&.35 10.000 "1836.31 0.002312" 0.12597 1.576 0.00955 1.29 .... ' 1.0&92 
90 5."95101 1031.22 9.7"11 100199.15 0.00235Z& 0.12101& 1."&3 0.00921; 1.29070 1.0352 
95 5."3062 10 .. 6.34 9.520 38&31.00 0.0023905 0.12231 1.370 11.011900 1.28&98 1.00119 

100 5.365&3 105".00 9.31" 37139.26 0.00 Z,.2'33 0.12046 1.293 0.001178 i.28326 0.98110 

105 5.30053 1059.35 9.1 .. 1 35129.76 0.002"'30" 0.118&3 1.228 0.00860 1.21953 0.9&98 

110 5.235 .. 7 1064.13 8.97 .. 3 .... 06.10 0.002,.831 0.11121 1.112 0.008101 1.27582 0.9521 

115 5.11058 1070.58 8.808 33112."7 0.00250,.7 0.1159 .. 1.12 .. 0.00836 1.27212 0.9362 

120 5.10601 1071.22 8.6102 n027.62 0.0025210 0.1110&6 1.082 0.00827 1.268 .... 0.9230 

125 5.0 .. 190 1081t.75 8 ... ,5 30970.75 0.0025311 0.11336 1.0106 0.00819 1.2& .. 80 0.9119 

130 ".97533 UOO.101o 11.379 30397.23 0.00252107 0.11196 1.011 0.001110 1.26103 0.9035 

1100 10.85112 1122.01 8.0,.8 28696.12 0.002523& 0.109310 0.956 0.00196 1.251001 D.8915 

150 ... 730 .. 3 11 .. 8.30 7.116 27268.05 0.00250'37 0.10805 0.911 0.0019" 1.210121 0.8135 
'160 ... 61375 1173.08 7.3112 258"7.118 0.00249510 0.10,..0 . 0 .117" 0.00195 1.2100&& 0.851" 
1·70 ... 500 .. 5 1200.02 7.065 2 .. 5910.68 0.002,.,89 0.10663 0.8102 0.00796 1.23 .. 32 0.8"55 
180 ... 3907& 1228.11" &.15" 23,.56.89 0.0024588 0.11069 0.712 0.00834 ,..22821 0.699 .. 

190 ... 211 .... 8 1261.73 6.391 22 .. 38.33 O. 0021,~327 0.11298 0.722 0.00855 1.22230 0.7099 
200 ... 18225 1300.83 6.111 21538.01 0.00;': .. 022 0.114&5 0.129 0.00871 1.21&6 .. 0.1152 
220 3.911871 1370.92 5.611 20011.88 0.0(;23352 0.11660 0.733 0.00913 1.20591 0.7242 

2 .. 0 3.110919 110102.53 5.212 18762.33 0.002272 .. 0.11135 0.729 0.009100 1.19612 0.7329 
260 3.610259 1518.62 10.863 177108.18 0.0022023 0.117 .. 5 0.121 0.0696" 1.18703 0.7392 
280 3.""829 1600.58 4.561 1&956.10 .. 0.0021221 0.11125 0.112 0.00990 1.17865 0.1"24 
300 3.3458& 1&83.811 ... 302 1&287.37 0.00201022 0.11698 0.103 0.01017 1.17096 0.1"38 
320 3.21 .... 2 1768.109 ".019 15721.66 0.00196"7 0.11675 11.&95 0.010105 1.163118 0.11041 
340 3.0932 .. 1853.03 3.8119 15236.33 0.0018915 0.11664 0.61111 0.01076 1.15139 0.7437 
360 2.9110"6 1931.81 3.726 1 .. 816.72 0.0018218 0.116&6 0.682 0.01109 1.15136 0.7"28 
380 2.87570 2022.,.9 3.511" 1"10"7.11 0.00175&2 0.11&86 0.&78 0.01110" 1.110579 0.1lt15 
.. 00 2.77811 2106.54 3.1061 1"U9.59 0.00169 .. 9 0.11121 0.675 0.01182 1.1 .. 0&2 0.1"00 
.. 20 2.68711 2189.30 3.35" 138210.02 0.0016379 0.11772 0.&13 0.01222 1.13580 0.73114 

.... 0 2.60193 227i.85 3.260 13562.50 0.00158101 0.11837 0.673 0.0126 .. 1.13131 0.1368 

.. 60 2.522011 2353.21 3.117 13325.1& 0.0015339 o .i191" 0.67" 0.01309 1.12711 0.7352 

.. eo 2.44105 2"33.93 3.1010 13109.05 0.001,.867 0.120010 0.676 0.01356 1.12317 0.1335 
SOD 2.31&r.& 25110.89 3.038 12920.99 0.0014"10 0.12103 0.679 0.01405 1.119"8 0.7317 
520 2.30998 2597.39 2.979 127&2.69 0.00lJ9&2 0.12213 0.682 0.011058 1.11600 0.7295 
5100 2.24221 2&29.12 3.018 12597.95 O. DO 13&61 0.12331 0.681 0.01531 1.112 .. 7 0.1203 
560 2.11126,. 27010.3& 2.916 12 .. 61.72 0.0013270 0.12 .. 5& 0.692 11.01590 1.10937 0.1177 
580 2.126Z7 2719.04 2.937 12335.81 0.0012900 0.12590 0.698 0.01652 1.10&"5 0.7152 

600 2.0728" 21153.18 2.902 12219.02 0.0012551 0.12729 0.70" 0.01115 1.10368 0.7129 
650 1.95071 3036.00 2.828 11960.58 0.0011758 0.13102 0.122 0.01882 1.09737 0.7077 

700 1.8102;»0 3216.53 2.161 117 .. 0.19 0.0011063 0.13501 0.7"2 0.02060 1.09180 0.7033 

eoo 1.659&0 3572.1" 2.67" 11385.100 0.0009903 0.143112 0.787 0.OZ"50 1.082 .. 3 0.6966 
1000 1.38615 "278.95 2.5'" 101187.70 0.0008212 0.16322 0.889 0.03351 1.06853 0.6888 

2000 0.16261 80115.22 2.1811 9888 ... 7 0.0004 .. 9 .. 0.27723 1 ..... 5 0.10005 1.03730 0.68111 
3000 0.52608 12&15.&6 1.918 9566.18 0.0003103 0.39342 1.973 0.19101 1.02562 0.7070 
.. 000 0.,.0139 11689.3& 1.729 9"10.60 0.0002370 0.5154" 2."63 0.30~25 1.01951 0.721,. 

5000 0.32399 2"130 .• 64 1.522 9307.67 0.0001920 0.69055 2.923 0."6005 1.01513 0.7061 

• lND-PHASE BOUNDRY 

Z31 
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T~EP"OO'NA"lC ppaPfPTI~S OF NCP~AL ~10~~~EN C-Zc 

9500 PSIA ISOBAR 

TEMPERATURE DENSITY VIDH/OVlp VCOP/OUIV -VIOP/DVIT 
(OV/OTl~V THERMAL VISCOSITY THER"A\. DIELECTRIC "RaNOTI. 

CONDUC' III lTY DIFFUSIlIlTY CONSTaNT HUMBER 

DEli. R LB/CU FT BTU/I.S PSU-CU FTlBTU PSIA lIDEG. It BTU/FT-HR-R L8IFT-SEC SQ FTlHR 
lC 105 

• 5L.366 6.03 .. 37 '128.72 12.363 56360.29 0.001<;;06 0.131 .. 9 ".533 0.01203 1.321'11 2.2101110 

52 6.02690 932.77 12.2111 56133.90 0.00191563 0.13198 ...387 0.01200 1.3211tS 2.1838 

5 .. 6.00326 9 .. 10.81 12.105 5151016.106 0.0019740 0.1333 .. 3.980 0.01191 1.32010 2.0039 

56 15.97951 956.101 11.917 54694.1110 0.001 9912 0.13386 3.637 0.0117'> L.311172 1.11630 

58 5.955& .. '167.30 11.7101 53970.11 0.00200112 0.13417 3.3107 0.01160 1.31733 1.71olt6 

60 5.93167 977 .32 11.1576 1532"3.28 0.00202109 0.13"31 3.099 0.011"10 1.31593 1.6"39 

62 5.90760 9116.81 11.419 5215115.3 .. 0.00201013 0.13103" 2.886 0.01129 1.3110153 1.15576 

6 .. 5. 8 113 It! 9915.106 11.273 51187.2 .. 0.0020576 0.1310210 2.700 0.01114 1.31313 1.10831 

66 5.85917 1003.87 11.130 51059.90 0.00207311 0.L31003 2.538 O. D1 099 1.31172 1.10192 

61 5.83 .. 13 1011.25 11.000 50334.22 0.00201198 0.13373 2.396 0.010810 1.31030 1.3630 

70 5.810ltO 10 17.56 10.11114 109611.010 0.002101511 0.13335 2.270 0.0107L L.30SS9 1.3131 

n 5.7"897 1031.11 10.619 .. 78L9."2 0.00214152 0.13208 2.0L2 0.01039 L.30S33 L.2133 

80 15.68709 10103.73 10.361 106060.70 0.0021840 0.130151 1.815 0.01007 1.30175 1.110115 

85 5.62 .. 79 1059.95 10.0153 .... 31015.92 0.0022219 0.121177 1.661 0.00972 1.2981'> 1.093'> 

90 5.56213 1071.98 9.799 1t2681o.99 O.01)22'>U D.12691o 1.537 0.009 .. 3 1.294'> .. 1.0155" 

95 5 ... 9920 1082.011 9.'>70 1010116.65 0.0022930 0.121507 1.436 0.00911 1.29092 1.0258 

100 5 ... 3607 1090.510 9.363 39'>58.37 0.00232'>2 0.12320 1.353 0.0089 .. 1.211729 1.0023 

105 5.37283 1096 ... 4 9.190 311106.27 0.00235103 0.12135 1.283 0.00875 1.283&7 0.9822 

110 5.309Ctt 1102.22 9.022 367310.96 0.00237Q9 0.11991 1.223 0.001161 1.28005 0.9630 

115 5.2"&52 UOII.3& 8.856 35"107.50 0.0024012 0.111162 1.171 0.00850 1.27& .. 5 0.910&0 

120 5.1113&7 1 11 !;. 18 8.690 3 .. 2 .. 5.23 0.00241110 0.U732 1.127 0.00839 1.272116 0.9321 

125 5.12122 U22.80 8.523 33127.74 0.0024299 0.11600 1.0117 0.00830 L.2&931 0.9206 

no 5.059211 1131.39 8.355 32092.89 0.00210369 0.11466 1.053 0.001122 1.26579 0.9111 

1"0 ".93353 1158.57 8.103 30658.53 0.0024312 0.11185 0.992 0.00805 h258&7 0.11995 

150 ... 81535 1183.75 7.773 29096.17 0.002421(, 0.11053 0.945 0.001101 1.25199 0.11821 

l'60 ".70075 1213.40 7.10105 277610.72 0.0024003 0.10985 0.905 0.00802 1.24554 0.8643 

170 ... 58966 1240.51 7.127 261027.05 0.0023870 0.10907 0.872 0.00803 1.23931 0.11524 

180 ~.IoIl1&6 1271.32 6.1120 25269.06 0.0023657 0.113"10 0.130 0.008102 1.23328 0.69,'2 

190 ... 377lt7 1311.8" 6.1061 24213.03 0.00231017 0.11579 0.7"1 0.00861 1.22747 0.7081 

200 10.27&85 1345.13 6.179 2323".99 0.002315" o .1171t9 0.748 O. DO 1182 1.221118 Ii. 7139 

220 ... 011592 11016.211 5.673 215116.12 0.0022533 0.119"15 0.752 0.00916 1.21132 0.7230 

2,.0 3.90830 1488.79 5.261 20232."9 0.00219101 0.12015 0.7"7 O. 009101 1.20155 0.7315 

26D 3.7421" 1565.96 ... 91" 19153.25 0.00212910 0.12017 0.739 0.00963 1.192109 0.73!!3 

280 3.5118110 16105.77 ... 617 18259.104 0.0020617 0.11988 0.729 0.0098" 1.18 .. 10 0.71030 

300 3 ..... & .. 9 1730.71 10.357 1755 ... 13 0.00191157 0.119109 0.719 0.01009 1.17639 0.741t7 

320 3.3110&5 1815.76 ".132 169310.9 .. 0.0019131 0.11916 0.710 0.0103'> L.l&927 0.7"53 
3 .. 0 3.19263 1900.71 3.938 16399.89 0.00181039 0.1189" 0.702 o. 01063 1.16271 0.71051 

360 3.07905 198".67 3.772 1592".62 0.0017794 0.111186 0.696 0.01093 1.15663 O.7101t4 

380 2.9731,1 2070.7& 3.627 15532.36 0.0017158 0.111196 0.691 0.01126 1.15099 0.7"31 
ItO 0 2.87 .. 73 Z155.23 3.501 15172.106 0.0016572 0.11922 0.688 0.01161 1.145710 0.7"16 

.. 20 2.7825" 2238.80 3.391 141151.33 0.0016022 0.119610 0.686 0.01199 1.14085 0.7399 

.... a 2.69&18 2321.16 3.2!!5 145511.9" 0.0015510 0.12021 0.685 0.01238 1.13628 0.7383 

.. 60 2.61511 2"02.79 3.210 1"297.05 0.001'>028 0.12090 0.685 0.012110 1.13200 0.7366 

1tB0 2.53886 2483.52 3.135 1"058.50 0.001 .. 576 0.12173 0.6117 0.01325 1.12799 0.7350 

500 2.'+6701 256 ... 011 3.069 138107.119 0.0011t143 0.12267 0.689 0.01371 1.12 .. 22 0.7332 

520 2.39919 2£> .. 10.64 3.009 . 136511.100 0.0013727 0.12371 0.692 O. Dl .. 20 1.1206& 0.7313 

5 .. 0 2.32987 2& 710.108 3.053 13490.05 0.0013 .... 2 0.12108" 0.696 0.011090 1.1170 .. 0.7218 

560 2.26894 2749.7" 3.010 13339.03 0.0013062 0.12605 0.701 O. 015107 1.11311& 0.71<;2 

580 2.21123 282 ... 103 2.97.0 13199.42 0.0012704 0.1273" 0.706 0.01605 1.11086 0.71&7 

600 2.156109 211911.511 2. 93~\ 13069.88 0.0012365 0.12(170 0.712 O. Dl66'> 1.10801 0.7143 

650 2.03120 30111 ... 2 2.1157 12783.18 0.00U594 0.13237 0.730 !I.01824 1.10152 0.7089 

700 1.92011 3261.96 2.793 12539.29 0.0010917 0.13637, 11.7"9 0.01994 1.09579 0.70lt .. 

800 1.731611 3&1 7.59 2.69& 121 .. 4.87 0.0009785 0.14509 0.794 0.02367 1.08611 0.6973 

1000 1.lolt923 .. 3210 ... 2 2.563 11592.28 0.0008129 0.161061 0.897 0.03231 1.07172 0.61)92 

2000 0.110100 11130.37 2.19 .. 10 .. 111.28 0.000"469' o .2772~ 1.463 0.09526 1.03920 0.69oft 

3001) 0.553 .. 9 12661.50 1.921 10123.06 0.0003092 0.393101 2.006 0.18156 1.02697 0.718& 

10000 0 ... 22&7 17732.09 1.731 9950.67 0.0002364 0.51523 2.510 0.290110 1.02055 0.7353 

5000 0.310136 2101"0.33 1.526 9837.89 0.0001916 0.68115'1 2.984 0.43617 1.01657 0.7216 

• TWO-PHASE BOUNORY 
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T .. EI1MOOTNAHIC PR(JPERTIES OF' NORIUl H'O~I)GEN c oz.· 

10000 PSIA ISOBAR 

TE"PERATURE DENSITY \lCOH/OV'p VCOP/DU'V -VCOP/OV'T COV/OTJ~V THERMAL VISCOSITY THERHAL OIELECTRIC PRANOTL 
CONDUCTIVITY OIFF US IVHT CONSTANT NUMBER 

OEG. R LB/CU FT BTU/U. PSI A-CU FT IBTU PSIA 1/0EG. R BTU/FT-HR-R LB/FT-SEC SQ FTlHR 
X 10 5 

• 52 ..... .., 6.07"50 957.tO 12.356 58 .. &6.93 0.0019059 0.13 .. 87 ".699 0.01217 1.32 .. 26 2.2876 

5 .. 6.05"'~8 967.07 12.202 57915.11 0.00nl~2 0.1359" ... 3 .. 5 11.01210 1.32320 2.131010 
56 Ii.Oll19 919.53 12.010 57200,53 0.0019337 0.13650 3.956 O.Ol1CJ" 1.32185 1.9763 
51 6.00981 991.27 11.828 56"!11.95 0.0019"89 0.1368 .. 3.628 l!.ii1179 1.320108 1.81039 
60 5.98634 1002.11 11.6&0 5':>7&0.39 0.0019638 0.13100 J.!:.iJ 0.011&3 1.31911 1.13110 

62 5.96219 1012.38 11.'+98 55D3&.8 .. 0.0019785 0.13105 ~.t08 0.011"8 1.3111" 1.6352 
6 .. 5.93915 1021.19 11.3/09 5"312.23 0.0019931 0.136~; 2.900 0.01132 1.31631 1.552 .. 
66 5.915'" 10.s0.9" 11.202 53581.108 0.0020015 0.,- .. 611 2.119 0.01117 1.311099 1.10813 
68 5.891&5 1039.01 11.069 52863./08 0.0020218 11.136'" 2.561 0.01103 1.31360 1./0189 

10 5.86180 10105.91 10.951 521101.07 0.0~20361 0.13610 2.1021 0.01089 1.31222 1.3636 
75 5.150185 1061.03 to.680 503 .. 1.3/0 0.0020113 0.13"83 2.135 0.01056 1.3087 .. 1.2531 

10 5.7"751 1015.06 10."18 108580.61 0.0021061 0.13325 1.918 0.0102" 1.305210 1. l1l .. 
IS 5.686S2 1092.13 10.106 106852. 01 0.00211001 1).13150 1.7"9 0.00989 1.30113 1.1191 
90 5.62582 1105.91 9.850 "5171.23 0.0021732 0.12966 1.61 .. O. 00959 1.29821 1.0110 
95 5.561058 1111.12 9.619 "35107.09 0.00220101 0.12111 1.5010 0.00932 1.291068 1.0"39 

100 5.50316 112£0.1,10 9 ... 10 .. 1987.20 0.!.''l223'''' 0.12587 1.,.1 .. 0.00909 1.29115 1.0177 
105 5 ..... 165 1132.98 9.231 .. 0/091.88 0.0022615 0.12399 1.3311 0.00889 1.28761 O. '395" 
110 5.38013 113'3.27 9.06'3 :!908/O.1 .. 0.00228'37 0.1225/0 1.21 .. 0.00875 1.281009 0.97,.5 

115 !i.3i811 11 .. 5.111 11.'303 311109.53 0.00230&3 0.12123 1.219 0.001163 1.28051 0.95610 

120 5.251;0 1152.9/0 8.73& 36 .. 9&.01 0.0023230 0.11991 1.171 0.00852 1.21107 0.9 .. 1& 
125 5.196&2 1160.78 8.569 3532 ... 19 0.0023356 0.11856 1.129 0.008102 1.21360 0.9295 

130 5.13611 1169.52 8 ... 00 34232.12 0.0023 .. 31 0.11120 1.092 0.00832 1.27016 0.9197 
1 .. 0 5.01220 1191o.CJ9 11.156 3265".83 0.00231056 0.111029 1.028 0.0081/0 1.26312 0.9016 
150 4.8962& 1219.91 1.821 30970.100 0.00231000 0.1129 .. 0.978 1J.00808 1.2565& 0.8900 
160 4.783100 1250.99 7."93 29601.57 0.0023156 0.11223 0.937 0.001109 1.25019 0.8716 

1.10 ... 674210 1281.&8 . 1.1110 2830&.21 0.0022992 0.111 .. 3 0.902 0.00809 1.2 .... 05 0.85111 
1110 ".561134 1311.69 6.875 210102.80 0.00228101 0.11611 0.1109 0.008,.8 1.23812 0.69510 
190 ..... 6515 1353.17 6.520 25953.92 0.00226110 0.11851 o .760 0.008& 7 1.23239 0.7066 
200 4.36636 1389.85 6.2";;: 2 .. 981.75 O. on 22332 0.12025 0.767 0.00881 1.22685 0.11210 
220 ... 17.813 1462.93 5.729 23227.23 0.00217,.9 0.12223 0.170 0.00919 1.216101 0.1219 
2.100 ... 00211 1S3j.1I2 5.30! 21693.77 0.0021232 0.12289 0.166 1).009 .. 3 1.20673 0.1305 

260 3.831129 1609.90 ".960 ?l5111.7:1. 0.01120676 0.12283 0.757 0.00961 1.19171 0.7382 
2110 3.61152 .. 1688.61 ".&63 19535.100 0.01120073 0.122105 0.7106 0.00980 1.18935 0.71035 
300 3.5/0247 1175."9 ..... 07 18tl~'.:I. 85 0.00193,.1 0.12191 o • ~'35 0.01002 1.181.59 0.71057 
320 3.~!o22 1862.32 ".1110 1J~~;~,72 1t.00186,.7 0.12153 ~.726 0.0102& 1.17"43 0.71065 
3 .. 0 3.28813 19411.6~ 3.911" 1759Z.01 0.00179!12 0.12121 0.717 0.01052 1.16785 0.71063 
360 3.17390 20J3.150 3.815 17079.17 0.0011363 0.12103 0.710 0.01080 1.1&171 0.7 .. 5& 
J80 3.061310 2111.112 3.667 1(·1;23.107 1t.0016781o 0.12103 0.10" 0.01110 1.15600 0.1"101 
.. 00 2.9&193 2203.69 3.539 162 .. 10.16 0.001&213 0.12121 0.700 0.011"3 1.15010 O. 1~3;> 
.. 20 2.81"59 2281.55 3."27 15891 ... 7 0.0015&86 0.1215 .. 0.&98 0.01178 1.1:"~1 ii.7/015 
.... 0 2.78120 2310.810 3.328 15577.12 0.0015190 0.12203 0.696 0.01216 1.1 .. 109 0.1397 

.. 60 2.70506 2452.10& 3.2"2 15281.52 0.0014728 0.122&6 0.&96 1t.01255 1.13675 0.1380 

.. 80 2.62711 2533.31 3.!.6" 1502 ... 81 It. 001429,. 0.123"2 0.697 11.01297 1.13267 0.73&3 
SOD 2.55"710 . 2&12.68 3.091 1 .. 783.15 0.0013887 0.12"30 0.699 0.01341 1.12882 0.13107 
520 2 ... 11575 2692.91 3.036 1 .. 51 ... 39 0.0013"91 0.12528 0.702 0.01387 1.12520 0.1329 
5 .. 0 Z ... 1 .. 96 2119.&6 3.088 1 .. 399.11 0.0013229 0.12636 0.706 0.01 .. 0; .. 1.121 .. 9 0.723" 
560 2.35278 279 ... 9,. ~.043 110232.78 0.0012862 0.12753 0.710 0.01508 1.118210 0.7201 
580 2.293113 2869.6& 3.002 1100111.95 0.001251 .. 0.12818 0.715 0.01563 1.11516 0.1181 
600 2.23781 29 .. 3.83 2.96 .. 13936.20 0.0012185 0.13011 0.721 o. 01621 1.11225 0.1157 

i. 650 2.109& .. 3126.71 2.8115 ! 3620.13 0.0011 .. 35 0.13371 0.7311 0.01773 1.10558 0.1101 
700 1.99576 3301.29 2.1l19 13351.19 0.0010715 1).137&6 0.157 O. (j1 936 1.099&9 0.1054 

800 1.110221 3662.98 2.118 12'316.10 0.0009670 0.110636 0.801 0.02293 1.08913 0.6981 
1000 1.51118 10369.87 2.580 12306.20 0.00080'" 0.l&59Q" 0.90" 0.0312 1 1.07487 0.6896 
2000 0.1139010 8175.52 2.200 11071.96 O.ClOb,. .. Io,. 0.2712J 1."82 0.0909" 1.0 .. 109 0.6990 
JOOO 0.58075 12107.22 1.9210 10&81.9 .. 0.00030i\1 0.393101 2.039 0.17304 1.02831 0.13010 
.. 000 0 ..... 38& 1717 ... 115 1.7310 101091.93 0.0002358 0.51503 2.559 0.27&88 1.02159 0.11095 
5000 0.358~& 210152.51 1.530 10368.87 0.0001912 0.68618 3.0"8 O ... 11010 1.011 .. 2 0.7371 

• TKO-P~ASE BOU~ORY 
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C-2 .. T~E~"OOYNA~IC PROPERTXES OF NOR~4L "'1D.'~OGEN 

UOOO PSU ISOBAR 

TE"PERA\URE VOLU"E ISOTHER" ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY 
DERIVATIVE DERIilATlilE ENERGY OF SOUND, 

DEG. ;t CU FULB CU FT-PSU/LB PStA/R BTU/LS BTU/LS 'STU/LB-R BTU I LB -R FTISEC 

• S/w.55fJ 0.1&25& 10t88.30 . 11 ... 373& 138.013 4&9.1 .. 1 3.62956 1.506 1.8 .. 9 7612 
5& 0.1&299 1013Z.a .. U4.0071 139.825 471.8211 3.67819 1.523 1.87& 7&05 
58 0.163&0 10054.85 113.4595 1"2.31'~ .. 75.617 3.7 .... 69 1.5 .. & 1.91,. 759" 
60 0.16 .. 20 '1975.62 112.8713 1"5.01 479.478 3.81018 1.5(,& 1.9,.9 7583 

62 0.16 .. 82 9895.29 112.2"81 1"7.6CO' 483.410 3.87 .. &8 1.586 1. '183 7571 
6 .. 0.1&5 .. 3 9111".01 111.5947 150 ... 37 4117.412 3.93822 1.605 2.01& 7558 
66 0.1.6&06 9731.90 110.911t9 153.231 .. 91.480 ' ".000112 1.623 2.049 75 .. 5 
68 o. ',~l&&') 96"9.10 110.2123 15&.07,. 495.60'1 ".06246 1.639 2.079 7531 
70 Q. !'i133 9565.7" 10'1.,.897 1511.9&2 .. 99.797 4.1231" 1.652 2.107 75111 
75 0.16895 9355.6& 107.&108 1&6.365 510.50" ".27073 1.683 2.'.13 7,.82 

80 0.170&1 91 .. 4.70 105.6505 174.009 521.532 ..... 1302 1.711 2.238 7 .. it3 

as 0.17;::32 8')34.6" 103.&285 181.693 532.&82 ... 5 .. 803 1.7"9 2.310 7395 
~o 0.1740& 8727.1 .. 101.5580 189.850 54".3811 4.68191 1.777 2.373 7349 
95 0.1758" 11523.7& 99 ..... 85 198.228 556.3911 ".811 80 1.800 2 ... 31 7303 

100 0.1776& 8325.92 97.3066 206.917 5&8.803 ".93916 1.819 2 ... 8,. 7257 
105 0.17953 813".90 95.!J78 215.& .... 581.3211 5.061'35 1.1131 2.529 721" 
liD 0.1111"3 7951.8 .. 92.9 .. 71 22 ... 510 594.071t 5.17998 1.8 .. 2 2.'370 7170 
115 0.18338 7777.67 90.7394 233.501 607.022 5.29"90 1" 851 2.&09 1127 
120 0.1853& 7&13.1& 88.5201 2"2.608 &20.161 5."0&90 1.8&0 2.& .. 5 7083 
125 0.18737 7!t58.82 8&.2953 251.1122 &33.47~ 5.51550 1.8611 2. &79 70 .. 0 
130' 0.1119"2 7311t.97 8 ... 0717 2&1.125 &"&.949 5.62122 1.877 2.711 &997 

1"0 0.19360 7058.6" 79.6591 280.023 674.359 5.112"27 1.894 2.768 &912 
150 0.197H 68,.1.52 75.3509 299.242 702.282 6.01701 1.913 2.816 &830 
160 0.20250 &753.02 72.4291 318.909 731.375 &.20"95 1.936 2.880 6822 
170 0.20&93 &590.27 68.7774 338.915 760.414 &.38092 1.961 2.928 6752 
180 0.21142 &470.95 65.4358 359.26 .. 789.903 &.54939 1.989 20974 6696 
1"",0 0.21597 635<'.17 62.31 .. 6 380.5118 820.494 6.711t2 .. 2.038 3.041 6627 
200 0.2205& &249.42 59.441& 401.816 851.079 6.8712" 2.0&9 3.088 &573 
220 0.22'J90 &104.10 5".1396 445.330 913.&13 7.16922 2.133 3.167 6 .. 79 
2 .. 0 0.23933 59&3.96 49.4036 490.096 977.588 7."4771 2.195 3.237 &383 
260 0.241188 579&.93 45.371& 535.971 1042.913 7.708&9 2.252 3.31L 628 .. 

280 0.258&3 5728.18 .. 2.1300 582.905 1109.712 7.95621 2.304 3.379 &238 
300 0.2&851 5723.87 39.2263 630.844 1177.782 11.19122 2.352 3.4211 6218 
320 0.27846 5730.05 3&.&69" &79.647 1246.833 8.41399 2.395 3.47 .. 6204 
3 .. 0 0.28830 57&2.38 34.3361 729.177 131& ... 26 8.62519 2.434 3.505 &200 
360 0.291122 5789.33 32.2215 779.318 1386.767 8.82601 2.469 3.532 &194 
380 0.30812 5822.,.7 30.332" 829.982 1"57.597 9.01766 2.499 3.555 &194 
.. 00 0.31503 5557.41 28.6 .. 28 881.090 1528.887 9.20022 2.526 3.575 6197 
1t20 0.32790 5905.19 27.1349 932.570 1&00.476 9.37495 2.549 ].591 &209 
4 .. 0 0.33778 59&1.82 25.7696 984.366 l&72.311'i 9.54208 2.569 3. b~·(''' 6225 
460 0.34765 6017.81 24.5281 1036.,.29 1744.549 9.70272 2.585 3.615 &2 .. 3 

480 0.35749 6080.88 23.4018 1088.716 181&.886 9.85&&5 2.&00 3.&23 6265 
500 0.3&731 &142.85 22.3746 11 .. 1.112 1889.356 1.0.00"58 2.612 3.&30 &289 
520 0.37714 6210.42 21.4324 1193.771 1961.960 10.14703 2.622 3.&35 &316 
540 0.31179'0 &309.79 20.8&29 1239.0111 2029.132 10.2&730 2.565 3.&03 &408 
560 0.39784 &392.52 20.0531 1290.898 2101.259 10 .39818 2.5&8 3.600 &44,. 
580 0.4077& &477.02 19.3035 1342. &34 2173.202 10.52450 2.569 3.597 &481 
600 0.411f>6 &563.0& 18.&078 1394.390 2245.12& LD.&4648 2.570 3.593 6519 
650 0.44233 &783 .. 59 17.0704 1523.4&3 2424.454 10.')3371 2.569 l.581 66111 
700 0.46690 7010.10 15.7698 1&52.1&1 2603.195 11.1987& 2.566 3.569 &720 
400 0.51578 71t75.14 13.691& 1908.372 2958.960 11.67381 2.558 3.546 &929 

1000 0.&1280 ~433.05 10.85&4 2416.905 3&&5.121 12."6146 2.547 3.519 7347 
2000 1.09395 13436.&3 5.3983 4985.58& 7213.864 1 ... 91388. 2.&72 3.&33 9200 
3000 1.57524 18596.34 3.&105 7777.101 10985.714 1&.440 .. 3 2.9,.8 3.91" 10696 
4000 2.057&2 23822."2 2.7152 10841.&57 15032.827 17.60297 3.216 4.189 11<190 
5000 2.54372 29081.83 2.1165 14220.377 19401.&81 18.57617 3.&03 4.60" 13120 

• 
• TWO-PHASE BOUNDRY 
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THEP"OOYNA"IC PPOPERTIES OF' NOP'1AL HyOP.()GEN c-z .... 

11000 PSIA. ISOBAR 

TE"PERlTURE DENSITY VCDH/DVl p VCOP/OU'V -v CDP/DV'T CDV/DTttV THERMAL VISCOSITY THERMAL DIELECTRIC PPANOTL 
CONDUCTIVITY OIFFUSIVn'f' CONSTANT NUMBER 

DEG. R LB/CU FT BTU/LB PSIA-CU FT/BTU PSU 1I0EG. R ,BTU/FT-HR-R LO/FT-SEC SQ FTlHR 
X 'lOS 

• !I ... 55& &.t5tltt 1012.9" 12.3 .. 8 62672.37 0.0015249 0.1"12" 5.037 0.012"2 1.32871j 2.37]2 

56 &.13518 1023.15 12.201 621&&.80 0.0018339 0.1"1 &6 ... &e5 0.01231 1.3278 0 2.2339 
58 &.112&4 10 3&. 59 12.010 614&1.&9 0.0018 .. 60 0.1"205 ... 265 0.01214 1.32& .. 9 2.0686 
60 &.09001t 10109.05 11.&32 b0751.95 0.001"579 0.1422& 3.911 0.01198 1.3251& 1.92e8 
62 6.06739 10&0.90 11.&62 &0038.5& 0.001"6'16 0.1"23" 3.608 0.01183 1.32381t 1.80'19 
fI .. 6.0 .... &7 1071.83 U.505 59322.4& 0.0018812 0.1"2211 3.3"7 0.01167 1.32252 1.7077 
66 &.021'J0 1082.47 11~3S1 58604.511 0.0018926 0.1 .. 210 3.122 0.01152 1.32119 1.fl203 
68 5.99908 1091.95 11.212 5·7885.78 0.01)19040 0.1"182 2.925 O. 01137 1.31986 1.5"38 
70 5.97&22 1100.21t U.087 57166.91 0.0019153 o .lItllt5 2.753 0.OU23 1.31852 1."763 
75 5.91881t 1118.37 to.805 55374. &3 0.00191033 o • litO 18 2.404 0.01090 1.31518 1.31015 
80 5.86120 1135.27 10.532 53598.'15 0.001'1711 0.13859 2.141 0.01057 1.31183 1.2 ...... 

85 5. SO 332 1155.93 10.213 51850.58 0.0019986 0.13680 1.937 0.01020 1.30848 1.1778 
90 5.7"523 1171.72 9.950 50 13Q. 42 0.0020255 0.13492 1.777 0.00989 1.30511 1.1252 
95 5.&869& 1185.011 9.714 481074.31 0.0020516 0.132'18 1.&47 0.009&2 1.30174 1.081t2 

100 5.&2857 119&.29 9.503 .. 68&3.0 .. 0.00207&4 0.13103 1.541 ,0.00937 1.29837 ' 1.0519 
105 5.57011 1204.30 9.327 45312.31 0.002099& 0.12910 1.453 0.00917 1.29500 1.021t6 
110 5.51165 1211.83 9.158 43827.72 0.0021207 0.12760 1.379 0.00901 1.29163 0.99'18 
115 5.45325 1219,"1 8.991 42413.&0 0.00213'14 0.12626 1.316 0.00888 1.28828 0.9787 
120 5.39501 1227.41 8.824 .. 1073.05 0.0021552 0.12490 1.261 0.00875 1.28494 0.9617 
125 5.33701 1235.99 8.656 39807.80 0.0021675 0.12351 1.214 0.008&4 1.~I1&2 0.9481 
130 5.27934 1245.36 8.486 38618.23 0.0021770 0~12210 1.112 0.00853 1.£'7832 0.9372 

140 5.16539 12&6.75 8.142 36460.61 0.0021848 0.11924 1.103 0.00834 1.27182 0.9217 
150 5.05385 1291.96 1.794 3457&.04 0.0021793 0.11782 1.041 0.008211 1.O!&548 0.9011 
160 4.9383& 1325.117 7.576 H348.84 0.0021719 0.11687 0.999 0.00822 1.25894 0.88&1 
170 4.83252 135&.00 1.258 31847.62 0.0021596 0.11602 0.961 0.00820 1.2529& 0.8732 
1'80 ... 72995 1391.28' 6.957 30601.30 0.0021379 0.12122 0.784 0.008&2 1.24718 0.6'321 
190 4.63031 1435.29 6.604 ,29412.53, 0.0021186 0.12375 0.196 0.00879 1.24159 0.7037 
200 4.53357 1471.85 6.336 28334.03 0.0020979 0.12557 0.n3 0.00897 1.23&19 0.7107 
220 4.34973 1553.34 5.1134 26551.16 0.Oli20391 0.1271;0 0.807 0.00926 1.22593 0.7208 
240 4.17833 1&32.55 5.387 21t919.37 0.0019825 0.12820 0.801 0.00948 1.21&42 0.7283 
260 4.01801 1699.64 5.015 23292.12 0.0019479 0.12801 0.791 0.00962 1.20758 0.73&7 

280 3.86&50 117&.14 4.729 22148.05 0.001902z 0.12746 0.179 0.00976 1.1992& 0.7437 
3110 3.72419 18&3.02 4.479 2131&.78 0.0018402 0.\2679 0.767 0.00993 1.19147 0.74&9 
320 3.59124 1949.25 4.2&3 20577.98 0.0017820 0.12&16 0.75& 0.01011 1.18424 0.7' .. 94 
3 .. 0 3 ... 6855 2040.33 4.0&6 19987.12 0.0017179 0.1,!5&5 0.746 0.01033 1.11758 0.7493 
3&0 3.35321 2127.94 3.892 19 .. 12. fll 0.0016598 0.t2528 0.738 0.01058 1.17135 0.748& 
380 3.24546 2214.&8 3.739 1889&.60 0.0Q16052 0,12511 0.731 0.01084 1.16555 0.7475 
400 3.14435 2298.91 3.60& 18417.76 0.0015552 (/.12511 0~725 0.01113 1.16012 0.74&3 
420 3.049&8 2383.54 3.491 H008.96 0.0015067 0.12529 0.722 0.01144 1.1550& 0.7447 
.. 40 2.9&053 2468.51 3.389 17&50.16 0.0014600 0.125&3 0.719 0.01177 1.15030 0.7428 
460 2.87&49 255 D .99 3.298 17310.18 0.0014170 0.12612 0.718 0.01213 1.14583 0.7410 

/t80 2.79729 2&33.53 3.217 17010.01 0.0013758 0.12676 0.718 0.01251 1.141&3 0.7390 
500 2.72246 2713.29 3.146 1&723.68 0.0013379 0.12752 0.719 0.01290 1.137&7 0.7373 
520 2.6517&' 2793.07 3.0112 16461.32 0.0013015 0.12840 0.722 0.01332 1.13392 0.7351t 
540 2.57798 2809.45 3.155 16266.54 0.001282& 0.12939 0.725 0.01393 1.13005 0.7264 
560 2.51357 2884.83 3.107 16068.05 0.0012480 0.13047 0.728 0.01442 1.12&&6 0.723& 
580 2.45242 2959.63 3.064 15884.37 0.0012153 0.13165 0.733 0.01493 1.12345 0.7209 
600 2.3942'8 3033.87 3.024 15713.81 0.0011842 0.13291 0.738 0.01545 1.12041 0.718" 
650 2.2&073 321&.91 2.939 15335.90 0.0011131 0.13637 0.754 0.01685 1.11344 O. 7125 
700 2.14118 3397.62 2.869 15014.06 0.0010503 0.14024 0.172 0.01835 1.10725 0.707& 
SOD 1.93882 3753.53 2.761 14492.98 0.0009447 0.14887 0.816 !I. 021&5 1.09&75 0.6997 

1000 1.63185 44&0.72 ?&12 13761.48 0.0007889 0.16870 0.919 0.02938 1.08101 0.6905 
2000 0.91 .. 12 8265.92 2.210 12282.&3 0.00043'15 0.21723" 1.518 0.08348 1.04482 0.7163 
3000 0.&3482 127911.37 1.929 11805.39 0.0003058 0.39340 2.107 0.15832 1.03098 0.1547 
4000 0.48600 178&0.41 1.737 11517.66 0.0002345, 0.51469 2.&60 0.25283 1.02365 0.77g2 
5000 0.39313 21t183.07 1.537 11432.80 0.0001904 0.&8354 3.181 11.377&& 1.01910 0.7713 

• TM~-PHASE BOUND~'f' 
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C-z'c THE~"001NA"IC PROPERTIES OF NOPl'1lL "'10~OGEN 

.' 

120aa PSIA ISOBAR 

TE"PERATURE VOlU'!tE ISOTHERH ISOCHORE INTERNA~ ENTHALPY ENTROPY CV ·CP VELOCITY 
DERIVATIVE DERIVATIVE ENERGY OF SOUND 

DEG. R CU H/lB CU F T-PSlA/lB PSIA/R BTU/lB BTU/lB BTU/LB-R BTU I LB -R FTiSEe 

• 56.606 0.16066 107103.103 117.2566 1102.901 499.902 :5.61010610 1.527 1.81:5 781ft 
58 0.16105 10&92.110 116.8526 11oft.654 502.5:50 :5.69053 1~5103 1.1199 7807 
60 0.16162 10617.37 116.21007 1107.220 505.3&1 3.75551 1.5610 1. CJ3 10 7798 
62 0.16220 105ftl.29 115.5955 1109.8103 510.262 3.8194CJ 1.5115 1.968 7787 
64 0.16278 1046 ... 0 .. 114.92111 152.525 'U4.231 3.118252 1.603 2.000 7776 
66 0.16336 lOU5.75 1110.2238 155.2&1 5111.265 3.94"60 1.622 2.032 7763 
6. 0.16:595 10306.55 113.50411 1511.046 522.360 ft.00572 1.6311 2.061 7751 
70 0.16 .. 55 10226.57 112.7&79 1&0.1176 526.512 4.0651CJ 1.&53 2.019 7739 
15 0.1660& 10023.97 110.116210 1611.135 537.12,. ".21217 1.61" 2.153 7706 
80 0.16760 911CJ.07 1011.1111115 175.&35 51011.0108 ft.:55311 1.711t 2.216 7670 
85 o .16'J17 9613.59 106~8655 1113.175 55'h086 4.1.8677 1.752 2.287 7625 

90 0.17078 9lt09.17 10".11062 191.1119 570.672 1t.61927 1.7111 2.3108 7581 
95 0.172102 9207.32 102.7187 1<)9.lt24 5112.5510 10.710177 1.11 06 2.1005 7537 

100 0.17"10 900<).105 100.60116 207.972 59 ... 1124 10.117:576 1.1126 2.456 7493 
105 0.115110 1181&.115 <)8.4796 216.55<) 607.210 4.9<)478 1.113<) 2.500 7ft52 
110 0.17755 8630.65 96.33"<) 225.21111 619.!l11 5.111811 1.851 2.5101 7410 
115 0.17932 111051.88 910.1773 2:54.1106 632.61" 5.22550 1.1161 2.'>80 7367 
120 0.18113 8281.35 92.0097 2103.124 645.608 5.33627 1.1171 2.616 732ft 
125 0.111297 8119.75 89.11357 252.216 658.782 5.410370 1.lIet 2.&<;1 ;281 
130 0.181083 7967.52 87.65<)10 261.10010 672.116 5.54835 1.8<)1 2.684 7238 

1~0 0.181164 7,,92.04 83.31<)5 280.09CJ 699.2710 5.74953 1.912 2.71010 7152 

150 0.19254 745 ....... 79.0371 299.157 72&.91110 5.940110 1.934 2.797 7067 
160 0.lCJ;;50 7250.72 7".8681 318.55<) 755.187 6.12292 1. CJ58 2.842 6CJ83 
170 0.20085 1152.68 72.322& 338.359 71110.6610 6.301510 1. <)112 2.911 6976 
180 0.20loCJ6 6CJ&f>.1I2 68.7509 3511.571 814.013 6.106<)22 2.011 2.961 68910 
190 0.20914 6833.37 65.50119 379.757 11410.1072 6.63336 2.060 3.0Z7 6820 
2410 0.2H32 671'5.26 6Z.61085 400.1156 814.880 6.789105 2.092 3.068 6185 
220 0.22111" 6583.52 57.3<)210 .. 410.166 937.122· 7.08604 2.156 3.159 6685 
2100 0.23047 61087.84 52.6575 488.861 1000.984 7.:5640'5 2.2111' 1.227 6613 
260 0.23911 6363.50 48.3703 534.726 1066.0'51 7.62399 2.276 3.288 6526 
280 11.2.4186 6216.32 "10.68105 581.5811 1132.363 7.86<)71 2.328 3.351 6439 

300 0.25&810 6067.51 41.7593 629.10(18 1200.117 8.10362 2.3710 3.427 6370 
320 0.26591 6137.75 39.16"7 678.152 1269.018 8.32592 2.416 3.463 638ft 
340 0.27"99 6120.33 36.8303 727.687 1338.739 8.53750 2.10510 3.509 6367 
360 0.28100CJ 61611.70 34.655" 177.1198 1100<).164 8.73855 2.1088 3.536 6372 
aBO 0.29308 6221.37 32.6781 8211.662 11079.<)01 8.92996 2.519 3.55G 6379 
1000 0.30213 6258.011 30.8776 879.893 1551.256 9.11269 2.5"5 3.575 6382 
.. 20 0.31113 6288.93 29.Z575 931.501 1622.859 CJ.287107 2.568 3.5<)2 63115 
.... 0 0.32017 6325.34 27.7<)33 983.1029 16910.867 9.1051082 Z.587 3.607 6392 
460 0.32916 6376.910 26.4722 1035.f>29 1767.0510 9.61552 2.60 .. 3.618 &1007 
480 0.3:5817 6439.02 25.2646 1088.061 1839.503 9.76969 2.618 3.626 61027 

500 0.34714 6 .. 91.53 24.15118 11"0.662 1'112;024 1).91772 2.630 3.633 61:'.6 
520 0.35609 6558.33 23.11076 1193.1005 19810.674 10.06026 2.6100 3.637 (i~70 

5 .. 0 0.36600 666D.26 22.6522 1238.002 2051.285 10.17916 2.576 3.608 657 .. 
560 0.37510 6738.67 21.7175 1289.997 2123.508 1!1.31022 2.578 3.605 6607 
580 0.3841CJ 6819.15 20.9671 1341.IIIoCJ 2195.5 .. 8 10 .1)3671 2.580 3.602 &641 
6~t1i 0.39326 6901."2 20.21103 1393.722 2267.571 10.558116 2.580 3.598 6617 
650 0.41586 7113 ... 7 18.5492 1523.082 24107.1104 10.810648 2.'579 :5.5116 6769 
700 0.43836 7332.57 17.13116 1652.059 2626.121 11.11188 2.575 3.573 6865 
100 O ... 8311 7785.10 14.111121 1908.790 29112.307 11.58750 2.566 3.550 70U 

1000 0.57194 8723.106 11.11006 2"18.192 3689.0810 12.3755 .. 2.'554 3.521 7 .. 64 

2000 1.0122" 13667.20 '5.8693 4989.079 7238.357 110.82873 2.676 :5.633 9271 
3000 1.45283 18793.70 3.<)278 77111.1031 11009.7210 16.35509 2.9'51 3.914 107It6 
.. 000 1.IICJ"60 23999.19 2.<)553 10845.<)59 15055.895 17.'51736" 3.217 ... 187 12030 
5000 2. 331J79 292410.77 2.3698 14219.915 lCJ419.103 18."8934 3.595 ... 592 13155 

• TWO-PHASE BOUNORY 
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T~ER"OOYNAMIC PROPERTIES OF HOP .. IlL HYDROGEN C-Z-

12000 PSll ISOBAR 

. TEHII[RATURE DENSnV '110H/OV'p '1eDP/DU'v·-VCOP/O'l'T CO'l/DTl/V THERMAL '1ISCOSUV THER"AL OIELECrRIC PRAHOTL 
CONDucnvUv OIFFUSI'IITV CONSTANT HUMBER 

DEG. R LB/CU FT BTU/LS PSIA-CU FTlBTU PSIA 1I0EG. R BTU/FT-HR-R LB/F T-SEC SQ FTlHR. 
II 10 5 

• 5&.&0& &.22,.29 10&8.28 12.337 66870.21 U.00170;;35 0.1,.682 5.385 O.012o;;Cj 1.33302 2.4731 

58 6.20906 10 7 8. 65 12.198 66388.15 0.0017601 0.14711 5.022 0.012,.11 1.33213 2.3334 

60 &.18718 1092.74 12.011 65691.0;;9 0.0017690;; 0.1 .. 736 4.573 0.01232 1.330&0;; 2.1603 

62 6.1 &527 1106.18 11~832 64989.116 0~OO177!17 0.1 .. 747 4.192 0.01216 1.329;1 2.0137 

64 6.14H2 11111.64 11~666 64283.93 0.00178n 0.14743 3.867 0.01200 - 1.32828 1. 8~U 

66 6.1213" 1130.78 11.505 63574.&9 0.0017967 0.14727 3.587 0.01184 1.32699 1.7813 

68 6.09933 11,.1.68 11.359 62863.03 0.00UD56 0.1 .. 699 3.3 .... D.01169 1.32571 1.6880 

70 6.07729 1151.31 11.228 &21 .. 9.79 0.001U45 0.1 .. 663 3.131 0~01155 1.324102 1.6060 

75 6.02207 1172.57 10.932 60365.06 0.0018365 0.1 .. 535 2.705 0.01121 1.32120 1 ... 429 

80 5.96670 1192."2 10.6 .. 9 5&587 ... 0 O. D018586 0.1 .. 373 2.388 0.01087 1.31797 1.325 .. 

85 5.91118 1216.15 10.319 56827.68 0.00 te805 0.14191 2.1 .... 11.01050 1.31 .. 7 .. 1.2441 

90 5.11555" 1234.57 10.0 .. 9 55095.79 11.0019023 0.13997 1.95" 0.010111 1.31151 1.1801 

95 5.799&0 1250.28 9.8011 53"00.63 0.001'1235 0.13799 1.801 0.009119 1.3D827 1.1302 

100 5.7"399 1263.5" 9.593 51750.2D 0.0019441 0.13598 1.677 11.0096 .. 1.3D504 1.0907 

105 5.688110 1273.20 '30 .. 1 .. 50151.50 0.D019636 0.13399 1.575 0.OQ942 1.30181 1.0578 

110 5.&3231 1282.18 9.243 48610.5" 0.D019818 0.1324'3 1.4119 O. DD 92'3 1.29858 1.028" 
115 5.5765" 1291. D2 9.07,. .. 7132.28 0.0019981 D.13107 1.416 O. D0911 1.29537 1.D036 

120 5.52091 1300.15 8.906 "5720.58 0.0020124 0.12966 1.35,. 0.00898 1.29217 0.9838 

125 5 ... 65,.6 1309.72 8.738 .. ,.378.18 0.0020243 0.12823 1.301 11.00885 1.28898 O. '!6S1 

130 5."1029 1320.00 8.567 103106.60 0.002Q335 0.12677 1.25,. 0.00873 1.28581 0.'1557 

1 .. 0 5.30107 13,.3.01 8.222 .. 0776.08 0.0020 .. 33 0.12382 1.176 0.00851 1.27956 0.9384 

• 150 5.19385 1369.91 7.1170 38717.27 0.0020U" 0.12235 1 .11,. 0.00842 1.21344 0.9170 

160 5.08918 1400.84 7.51" 36900.19 0.0020289 0.12159 1.06" iJ.00841 1.26749 0.8951 

170 ... 97883 1,.33.31 7.328 35611.95 0.0020309 0.120,.,. 1.D19 0.00831 1.26123 0.88&8 

180 ,..87895 1463.95 7.007 339'10.7" 0.0020226 0.12606 0.817 0.00813 1.25558 0.6907 

teO ... 78159 1509.&4 6.650- 3267,..35 0.0020049 0.12812 0.830 o. DO 889 1.25009 - 0.7022 

zoo ... 68768 1555.3" 6.389 31760.28 0.0019725 0.13Q6 .. 0.837 0.00906 1.2,.481 0.7080 

220 4.50755 1&33.40 5.906 29676.2 .. 0.0019340 0.13273 0.841 0.00932 1.23473 0.7210 
z .. o ... 33895 1725.08 5." 72 28150.39 0.OGi8706 0.13329 !'! .3J6 0.00952 1.22533 0.728,. 

260 ... 1821" 1809.09 5.082 26613.03 0.0018175 0.13300 0.825 0.00967 1.21663 0.13'+1 
280 ... 034,.6 1880.75 ".758 25079.4'3 0.00171117 0.13230 0.812 0.00979 1.208 .. 8 0.7"02 

300 3.8935 .. 1938.68 4.518 2362,..09 0.0017677 0.131,.6 0.7911 0.00985 1.2007" 0.7493 

320 3.76070 20"1.13 ".310 23032.27 0.0016967 0.13065 0.786 0.01003 1.19341 0.74'19 
3 .. 0 3.6361t7 2120.75 ... 127 22256.42 0.0016548 0.12996 0.775 0.01018 1.18670 0.7529 
360 3.52003 2215.31 3.957 21713.99 0.0015960 0.12943 0.765 0.010,.0 1.18031 0.7521 
380 3 ... 1207 2310.01 3.803 21227.7" 0.001539 .. 0.12908 0.757 0.01064 1.17 .. 53 0.75D4 
400 3.30979 2398.19 3.666 20712.97 0.0014907 0.12893 0.150 0.01090 1.16901 0.7459 
.. 20 3.21 .. 07 2481.81 3.5 .. 5 20213.06 0.001 .. 1075 0.12896 0.745 0.01117 1.16386 0.1"75 
.... 0 3.12336 256".03 3 ..... 0 19756.30 0.0014068 0.12916 0.742 0.011 .. 6 1.15900 0.7460 
.. 60 3.03801 2&47.70 3.3"7 19373.20 0.00136&4 0.12953 0.7100 0.01178 1.154 .... 0.7"41 
1t80 2.95708 2732.,.8 3.263 19040.70 0.0013269 0.13005 o .739 0.01213 1.15012 0.7 .. 19 

500 2.118072 2811.99 3.189 18700.26 0.0012919 0.13070 0.7 .. 0 0.01249 1.14606 0.7 .. 01 
520 2.8082" 2893.85 3.123 18 .. 17.37 0.0012568 0.131 .. 8 0.7,.1 0.01287 1.1 .. 221 0.7380 
5 .. 0 2.13223 . 2898.105 3.218 18197.35 0.0012448 0.13238 0.743 0.01343 1.13818 0.1294 
560 2.66592 2973.97 3.168 17'164.78 0.0012122 0.13338 0~7"7 OQ 01388 1.13468 0.72&5 
580 2.60288 3048.90 3.123 17749."1 0.0011813 0.131049 0.751 0.01435 1.1313& O. 7i! 37 
600 2.542116 3123.26 3.081 17549.32 0.0011'319 0.13568 0.155 0.014113 1.12820 0.7211 
650 2 ... 04&8 3306.54 2.991 17105.62 0.0010844 0.13901 0.770 0.01612 1.12095 0.7150 
700 2.28125 3487.411 2.917 16727."0 0.0010246 0.1 .. 279 0.7118 0.01752 1.11450 0.1097 

800 2.06990 3843.75 2.1102 1611 ..... 0 0.0009235 0.1513 .. 0.831 O. D2060 1.10353 0.7014 
1000 1.7,.114 .. "551 ... a 2.642 15252.,.2 0.0007737 0.17135 0.935 0.02783 1.08697 O. &'314 

2000 0.98191 8356.'30 2.220 13501.91 0.0004347 0.27723 1.555 0.07725 1.041150 0.7337 
3000 0.68831 12889.25 1.934 12935.94 0.0003036 0.39339 2.178 0.1460" 1.03362 0.7799 
,.000 0.52782 17945.94 1.7 .. 1 12661.18 0.0002333 0.51,.39 2.767 0.23277 1.02571 0.8107 

5000 11 ... 2739 24220.26 1.5"2 12498.89 0.0001896 0.68071 3.324 0.34611" 1.02078 0.8074 

• TWO-PHASE BOUNDRV 
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c-z.: T tlEf<HOOr NAIHe PROPERTIES O~-NOP~AL_ H'DODGEN 

13000 PSU ISOBAR 

-TE"PE RA TURE IIOLU"E ISOTHfRH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP vELOcny 
DERIVATIVE OERIII.-TIIIE ENERGY OF SOUND 

DEG. R CU F'fILB CU FT-PSIA/LB PSU/R BTUILB BTU/LB BTU/LB-R BTU I LS -R FTlSEe 

• S8.600 o .15U9 11291.32 120.0809 147.818 531,1.310 3.65899 1.-Slt7. 1.897 11009 
60 0.15927 11241.90 119.6261 1109.583 532.983 3.70408 1.562 1.921 S003 
62 0.15981 11170.e6 118.9503 152.1'.;3 536.1157 3.767610 1.583 1.955 7993 
64 0.16036 11096.85 118.21079 1510.7112 540.1100 3.83025 1.602 1.986 7983 
66 0.16091 11022.41 117.5231 157.1065 5104.1107 3.89191 1.621 2.018 7972 
68 0.161 .. & 109106.85 116.7793 160.198 510/1.1174 3.952&1 1.6315 2.047 7961 
70 0.16202 10870.32 11&.0197 162.976 552.996 10.01235 1.653 2.074 7950 
75 0.16l4l 10675.47 114.0666 170.106 563.530 1t.15756 1.685 2.137 7920 
80 0.1610117 10 .. 77.03 112.0582 177.1079 574.370 ... 297 .. 1 1.716 2.198 7886 
as 0.16&3 .. 1OZ76.72 110.0137 1114.892 585.316 4."2995 1.755 2. Z68 784 .. 
90 0.16784 10076.14 107.9451 192.780 5%.802 1t.56131 1.785 2.328 780l 

95 0.16936 9876.78 105.8598 200.890 608.575 ".611867 1.811 2.383 7760 
100 0.17091 9680.04 103.7625 209.313 620.736 ... 81350 1.832 2.433 7718 
105 0.172 .. 9 9 .. 87.22 101.6556 217.778 633.003 ".93338 1.846 2."76 7678 
110 0.17410 9299.106 99.51008 226.386 &45.4113 5.049310 1.858 2.516 7637 
1n 0.17513 9117.82 97.10194 235.126 6511.161 5.161115 1.870 2.555 7596 
120 0.17740 89103.20 95.2924 2103.991 671.030 5.27155 1.8111 2.5 tU 75510 
125 0.17909 8776.35 93.1613 252.9710 6114.0110 5.37797 1.892 2.627 7512 
no 0.111080 8617.87 91.02112 262.059 ';97.292 5.48166 1.904 2.660 7 .. 69 
1 .. 0 0.18 .. 30 8327.50 86.7668 280.570 724.222 5.68115 1.927 2.723 7J81o 
150 _ 0.18787 8073.23 82.5370 299.1080 751.738 '.;.87108 1.952 2.779 7298 

160 0.19151 7853.20 78.3775 318.775 7H.786 6.05220 1.979 2.829 7212 
170 0.19B9 7662.51 7 ... 33 .. 6 :>38.1018 808.286 6.221090 2.006 2.871 7128 
180 0.19935 7525.02 72.0710 358.388 838.275 6.39609 2.032 2.947 7109 
190 0.20315 7426.07 68.6239 379.483 8611.506 6.55900 2.083 3.0010 70103 
200 0.20701 7276.56 65.5217 400.1082 898.811 6.711057 2.115 3.051 6974 
20£0 0.211085 7035.58 60.1892 10103.591 960.781 7.00986 2.179 3.147 6861 
2100 0.22276 6909.50 55.5774 488.149 10210.390- 7.28680 2.2101 3.227 6789 
260 0.2]078 6870.70 51.3024 5310.015 1089.564 7.510716 2.299' 3.282 67 .. 0 
280 0.23876 6755.28 107.3811 580.926 1155.685 7.79217 2.352 3.3310 6661 
300 0.24681 6616.811 1010.0033 628.725 1222.849 8.021005 2.398 ].388 6581 

320 0.25503 6429.106 101.3372 677.355 1291.267 8.2410 77 2.1039 3.1063 6503 
340 0.26336 6471.83 39.03310 726.832 1360.800 8 ... 5582 2.476 3.5010 651ft 
3&0 0.27176 6422.10 36.86lt5 777.022 1431.213 8.65688 2.509 3.550 61t89 
380 0.28024 6565.05 34.8715 827.855 1502.1070 8.84971 2.538 3.562 6533 
400 0.28849 6619.99 33.0331 379.183 1573.655 9.03202 2.564 3.581 65410 
420 0.29688 6656.66 31.3054 930.920 16105.573 9.20758 2.587 3.596 6Slt8 
.... 0 0.30515 6707."1 29.71082 982.980 1717.552 9.371087 2.606 3.607 6558 
.. 60 0.31343 6742.73 28.33510 1035.312 1789.821 9.53575 2.622 3.619 6566 
.. 80 0.32168 677'3.15 27. 05107 1087.877 1862.229 9.68983 2.637 3.630 6575 
500 0.32992 6533.72 25.881010 11100.616 193 ... 811 9.83799 2.6108 3.636 6593 

520 0.33820 6902.25 210.8052 1193.501 2007.620 9.98085 2.657 3.639 ",,17 
5 .. 0 0.31t740 7U3.70 24 ... 175 1237.277 2073.5510 10.09817 2.586 3.612 6737 
560 0.35579 7087.65 23.4796 1289.376 2145.863 10.22937 2.588 3.610 6767 
580 0.361017 7163.97 22.6098 13101.335 2217.CJ9Z 10.35602 2.590 3.606 6798 
600 0.3725 .. 721e2.33 21.8014 1393.314 2290.104 10.47832 2.590 3.602 61131 
650 0.';9338 710105.60 20.0112 1522.CJ42 246CJ.903 10.76631 2.1588 3.5CJO 6917 
700 0.41413 7657.04 18.4927 1652.183 26109.099 11.03203 2.'.;85 3.577 7007 
aDo 0."5540 809£ .59 16.0608 1909.1013 3005.&84 11.50818 2.575 3.553 7195 

1000 0.53129 90110.62 12.7357 21019.670 3713.055 12.29719 2.562 ].5210 7579 
2000 0.94298 13895.08 6.3359 10992.8]9 7262.822 110.75053 2.681 3.632 9339 

3000 1.34907 18985.53 ".2425 77&6.096 11033.61t4 16.27667 2.954 3.913 10793 
4000 1.75643 210168.38 3.1936 10850.6Qlo 15078.868 17."3868 3.218 4.185 12067 
5000 2~ 1&1011 29398.6& 2.5618 110220.504 191037.002 18.100956 3.588 4.582 13187 

• TND-PHASE BOUNORY 

Z40 



THE~"oorNAHrc FROPE~'rES OF NOP"'l· ~rO~OGEN c- -z," 

13000 PSIA IS38lR 

TE"PERATURE DENSITY V(OH/DVlp V (OP/OUly -V (OP/DV'T (DV/OT\lV THERMAL VISCOSITY TH£RI1Al Dl£lECTRIC PRINOTl 
C ONDue TI VtTY DIFFUSIVITY eONSUNT NUM8ER 

:lEG. R L8/CU FT BTU/L8 PSI A-C!J FTIB TU PSU VOEG. It DTU/FT-HR-R LB/FT-~EC SQ FTlHR 
X 10 

• 51.600 6.293"9 1122.67 12.332 71062.90 0.0016898 0.1521,. 5.7,.3 0.0127" 1.33709 2.5779 

60 6.278&9 1133 ... 6 12.196 7058 ..... 3 0.001&9,.8 0.15232 5.3S6 0.01263 1.33622 2 ... 318 

62 6.257,.0 11,.8 ... 9 12.008 69895.53 0.0017018 0.152 .. 6 ,..879 0.012"7 1.33"97 2.2515 
6,. 6.23609 1162 ... 7 11.833 69201.01 0.0017088 0.152"5 ..... 73 0.01231 1.33372 2.0981 

66 fI.211t78 1176.11 11.66" 68501.79 0.00171S6 o .lS229 ... 125 0.0121" . 1.332 .. 7 1. '.1616 

61 6.1'.13"5 1188 ..... 11.511 617'.18.75 0.001122 .. 0.15203 3.825 11.01199 1.33122 1. a5,.3 

70 6.17211 11 '.19 ... 3 11.373 67092.75 0.0011292 0.15166 3.565 0.01185 1.32997 1.7551 

75 6.11871 1223.86 11.063 65320.08 0.0017 .. &3 0.15037 3.0,.6 0.01150 1.3268,. 1.5586 

80 6.06526 12"6.71 10.768 635"5.90 0.001763" 0.1"871 2.66" 0.01115 1.32372 1 ... 115 

a5 &.0117& 1273.56 10.428 617al.1 .. 0.0017807 0.1"685 2.373 0.01077 1.32059 1.3193 

90 5.95821 129 ... 71 10.1 .. 9 60035.7" O. DO 17'.180 0.14 .. 86 2.1,.7 iI.Ol0,.4 1.317 .. 7 1.2 .. 21 

95 5.90,.&3 1312.85 9.902 511318.7" 0.0018152 0.1"281 1.968 0.01015 1.31"36 1.1821 

100 5.8510 .. 1328.26 '.1.681 56638.28 0.0018320 0.1"075 1.823 0.00989 1.31124 1.13"5 

105 5.7971t5 1339.72 9.499 55001.&3 0.001""82 0.13870 1.704 0.009&6 1.30814 . 1.0951 

110 S.7 .. :n0 1350.28 CJ.325 ·53 .. 15.1 .. O. 0018'!> 35 0.13711 1.&05 0.00949 1.30503 1.1160 .. 

115 5.&90 .. 2 13&0.5 .. 9.155 5188 ... 25 0.001!!776 0.13569 1.522 0.00933 1.30194 1.0314 

120 5.&3707 1370.'35 0.985 50413 ..... 0.0018902 o .U"2 .. 1."51 0.00919 1.29886 1. 0083 

125 5.'H1389 1381.69 8.816 "9006.17 0.0019010 0.13276 1.390 0.00905 1.29579 0.9899 

130 5.5309" 1393.04 8.645 47664.90 0.0019098 0.1312& 1.337 0.001192 1.2927 .. 0.9755 

1 .. 0 5.425911 1"18.01 8.299 .. 5111 ... 87 0.0019203 0.12821 1.250 0.00868 1.28671 0.9557 

150 5.32273 14 .. 6.8 .. 7.945 ,.2971.62 0.0019207 0.12670 1.182 0.00857 1.28080 0.9330 

160 5.22167 1"80.01 7.585 .. 1006.82 0.0019113 0.12591 1.126 1).00852 1.27503 0.9111 

170 5.1232 .. 1516.01 7.23" 39256.89 0.0018935 0.12500 1.081 0.0!J85n 1.269"2 0.8938 

180 5.01628 1543.38 7.069 377 .. 7.61 0.0019093 0.130&6 0.8"9 0.0088" 1.26335 0.&889 

190 ... 92257 1:'00.21 6.692 36555.33 0.0018773 0.133"6 0.862 0.00903 1.2580" 0.6986 

2}0 ... 8306" 1637.00 6.413 35150.44 0.00186"0 0.135"7 0.1171- 0.00919 1.25285 0.7059 

220 ... 65 .... 7 1712.22 5.935 327"6.92 0.0018380 0.13766 0.875 0.00940 1.2 .. 29 .. 0.7202 

2 .. 0 ..... 8906 noo.78 5.525 31017.14 0.00179111 0.13820 0.8&9 0.00954 1.23369 0.7305 

260 ... 33309 190 ... 39 5.1"9 29771.37 0.0017232 0.13782 0.1157 0.00969 1.22500 0.7350 

280 ".lI1Sl? 1991.13 4.809 28292.96 0.00167 .. 7 0.13699 0.11"3 0.00981 1.21697 0.7390 

300 4.05176 206 ....... 4.529 26810.01 0.0016 .. 13 0.13600 0.829 0.00991 1.209 .. 3 0.743 .. 

320 3.92117 2112.25 ".322 25210.97 0.0016397 0.13502 0.815 0.0099" 1.20225 0.7525 

3 .. 0 .. 79712 2205.'30 4.152 2 .. 57 ... 30 0.0015884 0.13"17 0.802 0.01008 1.195 .. 6 0.75 .... 

360 v.67973 2275.93 3.99" 23631.6" 0.0015600 0.133"7 0.791 0.01022 1.18905 0.75110 

380 3.56833 2392.58 3.851 23 .. 26.2 .. 0.001"8'8 0.13297 0.782 0.010"6 1.18299 0.75,. .. 

.. 00 3."6630 2"87.26 3.716 229"6.90 0.0014395 0.13267 0.775 0.01069 1.17746 0.7527 

.. 20 3.368 .. 1 2575.51 3.593 22 .. 22.37 0.0013962 0.13256 0.769 0.01094 2 .• 17217 0.7509 
440 3.27707 2665.2 .. 3."83 21980.67 0.001353 .. 0.13263 0.765 0.01122 :1.16725 0.7"85 
.. 60 3.190 .. 8 27 .. 7 ... 6 3 .387 21512.59 O.OHli72 0.13287 0.762 0.01151 1.16260 0.7467 
.. 80 3.10872 2827.26 3.301 2107".52 0.0012838 0.13328 0.760 0.01181 1.15822 0.7"51 
500 3.03105 2909.57 3.225 20713.37 0.0012496 0.13383 0.7&0 0.0121" 1.15 .. 06 0.7"30 

520 2.95&87 299 ... 26 3.157 20"09.09 0.001215" 0.13 .. 52 0.760 0.01250 1.15011 0.7406 
540 2.87853 2986.69 3.280 20189.15 0.001209 .. 0.13533 0.762 0.01302 1.1459 .. 0.7323 

560 2.810&1. 3062.39 3.227 19920.62 0.0011787 0.13626 0.765 0.01343 1.1 .. 234 0.7294 
580 2.7459" 3137."8 3.180 19671.82 0.001149 .. 0.13729 0.768 0.01386 1.13891 0.7265 
600 2.68429 3212.00 3.136 19 .... 0.55 O. ot! 1121 .. 0.138"2 0.773 0.01"32 1.13565 0.7237 
650 2.54208 3395.61 3.0"1 18927.31 0.0010573 0.14162 0.786 0.01552 1.12816 0.717" 
700 2."1"70 3576.85 2.963 18 .. 89 ... 2 0.0010002 0.1 .. 531 0.1103 0.01682 1.121 .. 8 0.71111 
100 2.19585 3933.63 2.8 .. 1 17778.92 0.000903 .. 0.15379 0.845 0.01971 1.11006 0.7030 

1000 1.86120 .. 6 .. 2.1 .. 2.671 16778.00 0.0007591 0.17396 o .9 .. 9 0.02653 . 1.09276 0.6923 

2000 1.060 .. 7 8 .... 7.33 2.~29 1"735.31 0.000 .. 300 0.27723 1.593 0.07197 1.05213 0.7512 

3000 0.7"125 12979.97 1.937 1"073.04 0.0003015 0.39339 2.251 3.13563 1.0362 .. 0.8062 

.. 000 0.5693" 18031."0 1.7 .. 3 13759.91 0.0002321 0.51412 2.881 0.21578 1.02775 0.8"41 
5000 0 ... 61.., 2 .. 262.63 1.5"7 13566.55 0.00018118 0.67821 3.479 0.32078 1.022 .. 5 0.8 .. 61 

• TND-PHASE BOUMDRY 

Hi 



c-Zc TI1EP"O;)YNA"IC PROPERTIES OF NOH.'UL HYDROGEN 

1 .. 000 PSIA ISOBAR 

TEMPERATURE VOLUitE [SOTHfRH ISDCHORE ~NTERNIL ENTHALPY ENTROPY CV CP VELOCITY 
DERIVATIVE DERIvATIVE ENERGY OF SOUND 

OEG. R CU FT/LB CU FT-PSU/LB PSIA/R STU/LB STU/LIt BTU/L8-R BTU I LB -R FflSEC 

• 60.5"3 0.1572 .. 11832.71 122.8"73 1'52.7'56 560.391 3.67266 1.'566 1~920 51'11 
62 0.15162 11783.29 122.32"5 15".598 563.20" 3.711162 1.5112 1. 'I .... 11191 

" 0.15813 U11 ... U 121.5858 157.1711 567.126 3.711089 1.601 1.975 111112 
66 0.15565 116 .. 3.51 120.11267 159.1113 571.111 3.8"220 1.621 2.006 8172 
68 0.159111 11571.62 120.05011 162."'111 57,'.155 3.90256 1.638 2.035 11162 
70 0.15911 111t'l1l.56 119.2610 165.229 57'1.253 3.96196 1.653 2.062 11,152 
7! 0.1610" 11311.60 U7.2"19 L72.2 .. 3 511'1.723 ... 10629 1.6116 2.121t 1112/0 ., 
80 0.16239 11119.<30 115.111011 17'1.'501 600./0'13 ... 2 .. 52/0 1.7111 2.U" 11093 
85 0.16377 1092'5.1 .. 113.0'166 1116.1102 611.161t ... 37686 1.758 2.252 8053 
90 0.16517 107211.91 111.0008 19 ... '577 622.768 /0.50729 1.7119 2.311 SOU 
95 0.16659 10532.71 108.'1003 202.576 &31t./o55 ... 63369 1.815 2.365 7'113 

100 0.16801t 10337.92 106.791111 210.8119 646.51'1 /t.75755 1.837 2. /01 It 7933 " 
105 0.16951 10145.82 10lt.6978 219.245 658.6117 /t.81646 1.852 2./t56 7891t 
110 G.Hl'!li '1'157.61 102.597'1 227.747 671.063 It.99146 1.866 2.4'15 7855 
U5 0.17252 977·10.35 100./t990 236.382 &83.635 5.10302 1.1175 2.533 7815 
120 0.17/t07 '15'17.00 911./0008 245.146 696.395 5.21180 1.890 2.570 1771t 
125 0.17563 9/t26.38 96.3031 254.031 70'1.336 5.3173/t 1.903 2.605 7733 
130 0.17722 9263.17 94.2064 263.023 722.441 '5.420UI 1. q t5 2.&39 7691 
1/t0 0.UOlt5 8961.00 90.0192 281.367 749.1611 5.61817 1. ':l40 2.704 7606 
150 0.15375 11692.91 85.11532 300.13<3 776.505 5.110&86 1.965 2.763 7520 
160 0.111711 5/0511.69 111.7321 319.332 804.410 5.98706 1.997 2.1116 7 .. 3/0 

170 0.19051 11255./o1t 77.68117 3311.913 832.1107 6.15913 2.027 2.1162 73/t9 
1110 0.19J9/t 5077.72 73.7612 3511.11'53 IIIH.629 6.32378 2.058 2.902 7265 
190 0.19738 7917.118 &9.9907 379.7lt2 1191.435 6./t1l438 2.1011 2.9'56 7172 
200 0.201lt8 7908.28 611.~1I25 400.5119 922.904 6.64599 2.135 3.030 7205 
220 0.201159 7512.711 62.6419 443.'570 984.322 &.938611 2.203 3.129 7031 
2'ftO 0.21595 73011.66 511.0227 1t1l7.975 1O/t7.871 7.21540 2.264 3.219 69311 
260 0.22337 7227.70 53.9393 533.755 1112.830, 1.47493 2.323 l.290 68116 
280 0.23089 7241!.O6 '50.0377 550.716 1179.283 7.72121 2.376' 3.331 6861 
300 0.231127 7l1tl.74 46.4329 &28.615 124&.299 7.952511 2.423 3.375 6789 
320 0.2lt5&8 7034.05 /t3.3153 677.285 il14.1111 5.171511 2.464 3.ltlS 6723 

3/t0 0.25326 67lt5.92 40.11489 726.&71 illl3.217 5.311108 2.499 , 3.4911 6614 
360 0.26114 &781.29 38.1775 77&.793 1453.779 8.58254 2.530 3.5311 6628 
380 0.26873 &1119.65 36.796& 1127.591 1521t.255 8.77327 2.559 3.568 6637 
/tOO 0.21661 6893.77 35.0007 1178.953 1590.210 11.95759 2. 5 lilt '3.592 &662 
.. 20 0.211/t53 &978.15 33.21t77 930.780 1668.395 9.13350 2.606 3.603 &686 
/t4o 0.29219 7067.&2 31.6323 982.964 1740.lt42 9.30125 2.625 1.610 6710 
460 0.29':J87 71111.50 30.1412 1035.431 1812.814 9.46236 2.641 3.619 6722 
ft811 0.30747 7136.97 28.1764 101111.13 .. 111115.229 9.61645 2.655 3.630 6723 
500 0.315118 71111.09 27.5335 1141.010 1957.821 9.76463 2.667 3.&37 6736 
5211 0.32267 7217.710 26.3973 1191t.031 2030.533 9.90729 2.676 3.64/t I 67/t1l 

5ltO 0.33139, 73 70.07 26.1594 1236.811 2095.909 10.02324 2.596 3.&16 61196 
560 0.339111 7439.39 25.1598 1289.006 2168.295 10.15 .. 59 2.5911 3.613 6923 
580 0.3lt695 7511.38 24.2322 13101.061 2240.5010 10.28138 2.599 J.610 6952 
000 0.351t71 7585.71 23.3694, 1393.140 2312.699 10 ... 0382 2.600 3.606 6952 
650 0.371t05 7779.90 21.4567 1523.019 2492.706 10.&9214 2.598 3.5c)" 7062 
700 0.39330 7983.40 19.11323 1652.510 2672.105 10.95816 2.5<34 1.5112 71lt6 
800 0.43159 8409.510 17.2276 1910.221 3029.074 11./t3483 2.583 3.557 7324 

1000 0.50152 9306 .• 50 13.6617 21t21.322 J737.023 12.224109 2.569 3.526 7692 
2000 0.118350 llt120.46 6.79110 4996.853 72117.263 1/t.6782& 2.611& 3.&32 9405 
3000 1.25998 19172.06 ... 55ft5 7791.089 11D57.481t l&.2041G 2.958 3.912 10839 

1t000 1.63781 2ft330.22 3."302 10855.845 15101. '''7 17.36590 3.220 4.153 12101 
5000 2.011167 29543.70 2.7527 14222.021 19455.26& 111.33578. 3.582 1t.572 13216 

• TWO-PHASE BOUNDRY 

Z4l 



T~ER"OOYNI"IC PP.~PEPTIES OF NOPMAL HYOPOGEN (: -Z,' 

4 

110000 PSIA ISOBAR 

TE"PERA TURE OENSJn V(OH/DV'p V(OP/DUI V .V(DP/DV~ (OV/DTl/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL 
CONDUCTIVITY OIFFUS I" fn CONSTANT NIiMBER 

DEG. R LB/CU FT BTU/LB PSU·CU FT/BTU PSU 1/0EG. R BTU.,FT-HR·R LBlFT·SEC sa FTlHR 
II 10 5 

• 60.51t.J 6. 35<J:i7 1176.02 12.333 7S252.1lo 0.001&325 0.1572/t 6.112 0.01288 1.3/t098 2.68610 

62 6.3/t"5" 1188.07 12.189 710759.60 0.00163&2 0.157310 5.686 0.01276 1.310009 2.5291 

6/t 6. 32.J78 1203.58 12.006 710077.109 0.0016/t13 0.157310 5.181 0.01259 1.33887 2.31018 

66 6.30303 12111.72 11.828 73389.36 0.0011]"6" 0.15720 ".751 0.012"3 1.33765 2.1830 

68 6.28228 1232.108 11.667 72696.11 0.00165110 0.15693 ".382 0.01227 1.336103 2.010511 

70 6.26153 12"4.83 U.522 719911.60 0.OOtf>561o 0.15657 10.063 0.01213 1.33521 1. 92£:2 

75 6.209&9 1272.108 11.197 702101.53 0.0016691 0.15526 3.1033 0.01177 1.33217 1.6905 

80 6.157118 1298.37 10.888 681075.01 o. 001&821 0.15356 2.973 0.OU"2 1.32913 1.5219 

85 6.10611 1328.36 10.537 66710.05 0.01l16953 0.151610 2.626 0~Ol1a3 1.32610 1.100102 

90 6.051016 1352.28 10.250 610956.71 0.0017086 0.1"960 2.359 0.01069 1.32308 1.3120 

95 6.002&5 1372.9 .. 9.995 6322 ... 110 0.00172210 0.1/t7109 2.1"9 11.01039 1.32006 1.210010 

100 5.95097 1390.58 9.769 61S20.65 0.00173&0 0.110536 1.980 11.01012 1.31705 1.1837 

105 5.8993" 1 .. 03.93 9.582 59853.71 0.0017 .. 92 3.1,.325 1.8 .. 2 0.009119 1.31 .. 05 1.1369 

11(1 5.810779 1 .. 16.18 9.1005 58229.98 0.0017&19 0.1 .. 1&1 1.728 11.00970 1.31106 1.09&2 

U5 5.79632 11027.98 9.232 56655.28 0.0017739 0.1"01" 1.&33 0.00955 1 .• 30807 1.062 .. 

120 5.710,.98 1"39.78 9.061 551310.56 0.0017847 0.13865 1.552 0.00939 1.30510 1. 035,. 

125 5.69380 1 .. 51.80 8.1190 53671.90 0.00179103 0.13712 1 ... 83 0.0092" 1.302H 1.0139 

130 5.610283 1,.64.33 8.719 52270."11 0.0018023 0.13557 1.1023 0.00910 1.29919 0.9971 

1/t0 5.5U72 11091 ... 7 8.372 "9659.30 0.0018127 0.132,.3 1.325 0.0088" 1.~9336 0.97100 

150 5 ..... 207 1522.36 8.018 ,.7307 ... 3 0.00181,.8 0.13088 1.2,.9 0.00870 1.2876" 0.94cj2 

160 5. 3 It,. 3,. 1557.77 7.657 .. 5206.12 0.0018080 0.13006 1.188 0.00864 1.2820" 0.9263 

·170 5.24895 1596 ... ft 7.302 1t3332.33 0.0017929 0.12913 1.139 0.00859 1.~7&58 0.90116 

180 5.15622 1638.77 6.952 101650./09 0.0017710 0.13505 0.879 0.00902 1.27130 0.6799 

190 5.06&36 16910 .28 6.553 "01110.80 0.0017 .... 8 0.13198 0.893 0.00921 1.26619 0.61190 

200 1t.96332 1736."7 ~."53 39251.38 0.0017",.7 0.1 .. 009 0.902 0.00932 1.26035 0.7025 

2iO ... 79,.10 1799.15 5.930. 36017.03 0.0017392 0.1,.239 0.908 0.009"9 1.25079 . 0.7180 

2100 ".63012 1877 .58 5.53,. 33839.95 0.00171"6 0.1/0293 0.901 0.00959 1.2 .. 158 0.7309 

260 "."7&83 1973."& 5.187 32357.17 0.001&670 0.1,.2,.8 0.889 0.00967 1.23301 0.7390 

280 ... 3310,. 2089.5,. /t.863 31391.66 0.00159100 0.1,.15,. 0.874 1J.00981 1.22 .. 89 0.71t05 

300 ... 19700 2178.59 ".5&& 29973.85 0.0015,.91 0.1,.0,.0 0.858 0.00991 1.21745 0.7/029 

320 ... 070,.0 2259.31 ".319 28&31.37 0.0015129 0.13928 0.8,.3 IJ.OI001 1.210"6 0.7"52 

3,.0 3.9/t858 2281.13 1t.139 26636.81 0.0015336 0.13827 0.830 11.01001 1.20376 0.7558 

360 3.82935 2369.57 ".002 25967.96 0.001,.933 0.137,.2 0.818 0.0101,. 1.19722 0.7581 

380 3.72119 2/0&0.90 3.86/0 25377.2 .. 0.001,.500 0.13&77 0.807 0.01030 1.19131 0.759ft 

1000 3.61,.3& 2557.01 3.7/07 210916.55 0.001,.0/07 0.13633 0.799 0.01050 1.185,.9 0.7577 

,.20 3.51,.60 2658.1" 3.630 2 .. 525.39 0.001355& 0.13609 0.792 0.01075 1.18008 0.7550 

.... 0 3 ... 22,.3 2760.61 3.521 2 .. 188 ... 6 0.0013077 0.1360" 0.787 0.01101 1.17509 0.7517 

.. 60 3.33,.80 2850.29 3.422 23738.80 0.0012697 0.13617 0.783 ~.01128 1.17036 0.7"92 

1t80 3.2523,. 2928.38 3.332 23211.83 o. DO 12397 0.136,.7 0.781 0.1J1156 1.16592 0.7/0 76 

500 3.17383 3010.57 3.253 22791.57 0.00120111 0.13692 0.780 1J.01186 1.16170 0.7/055 

520 3.09912 3087.77 3.183 22368.66 0.0011801 0.13752 0.780 0.01218 1.15770 0.7/037 

5,.0 3.01761 307".22 3.339 22239.98 0.0011762 0.13825 0.781 0.01267 1.15335 0.7352 

560 2.9,.831 3150.12 3.28" 21933.65 0.0011lt71 0.13910 0.783 0.01306 1.1 .. 965 0.7321 

580 2.88225 . 3225.,.0 3.23" 21G109.70 0.0011193 0.1 .. 006 0.786 0.013,.6 1.1 .. 61,. 0.7292 

600 2.81920 3300.09 3.188 21385.65 0.0010928 0.1 .. 113 0.790 0.01388 1.1,.279 0.7261t 

650 2.673,.6 3ft8".11 3.090 20799.26 0.11010316 0.1 .. ,.21 0.802 0.01501 1.13508 0.7198 

700 2.5,.259 3665.72 3.007 20298.52 0.0009770 0.1"781 0.818 0.01623 1.12819 0.7140 

800 2. 3 17 OJ. ,.OZ3.16 2.1178 191085.19 0.00088,.1 0.15620 0.860 0.01895 1.11637 O. 70107 

1000 1.97037 "732.69 2.6'99 18337.28 0.0007"50 0.17652 0.96" 0.025 .. 1 1.09838 0.6933 

2000 1<13186 11538 ... 9 2.236 15982.37 0.000,.253 0.27723 1.630 0.067,./0 1.05571 0.7689 

lOaD 0.793&& 13070.65 1.9 .. 0 15216.18 0.0002993 0.39338 2.328 0.12669 1.0388,. 0.11337 

,.000 0.61057 ta116.80 1.7 .. 5 1"855.30 0.0002309 0.51388 3.002 0.20119 1.02978 0.8798 

5000 0 ... 9538 210309.12 1.551 Ilt635.22 O.OOOlC81 0.67598 • 3.6 .. 7 0.2911"5 1.02,.11 0.8880 

• TWO-PHASE BOUMDRY 
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c-Zc TI1EFHOOYNIHIC I'POPERTIES OF NOOttlL "YDctOGEN 

15000 PSU IS)BU 

TEMPERA TURE \/OLUltE ISOTHER" ISOCHORE INTERNAL ENTHAVY ENTROPY CII CP "ELOeIfY 
DERIVATIVE tlERIVATIVE ENfRGY OF SOUND 

O£G. R CU FT/LB CU F T-PSIA/LB PSU/R BTU/LB BTU/La BTU/LB-R 8TU I LB -R FUSEe 

.. 62 ..... 0 0.155&9 123611.20 125.5560 157.70' 5911.161t 3.611573 1.5115 1.9lt2 83n 
6 .. 0.15&08 12317.21 121t.9ltlt5 159.6'1 593.215 3.73lt01 1.601 1.967 11373 
66 0.15657 12250."5 121t.1Itltlt 162.2112 597.182 3.n505 1.620 1.997 836 .. 

68 0.15707 12182.22 123.32«:16 16".'23 601.207 3.85513 1.6311 Z.026 8355 
70 0.15157 12112.65 122.51132 167.&11 &05.28& 3.91-"25 1.&53 2.052 83 It 6 
75 o .15UIt 11933.&6 lZ0 ... 016 17 ... 51' 615.705 ... 05787 1.687 2.113 5320 
80 0.1&1112 117"1I."It 1111.2715 1111.&73 626.lt19 ... 19609 1.720 2.172 11291 
85 0.1&llt2 U559./!"} 116.1315 11111.1171 637.227 It.32696 1.761 2.239 8253 
90 o • 16271t 113&8.~~7 113.9927 196.5lt6 6lt8.563 ..... 5661 1.792 2.297 8215 
95 0.16 .. 07 11175.711 111.1I&11t 20 ..... 1t5 660.177 ".'58222 1.1119 2.350 8177 

100 o • 1651t3 10983.51 109.7401t 212.660 672.162 It. 70527 1.81t2 Z.398 81311 

105 0.1&&81 10792.83 107.630& 220.919 I;81t.2lt6 It.82336 1.858 2.lt39 8101 
110 II .16821 1060lt.96 105.5315 229.325 69&.535 ... 9375 .. 1.872 2.lt77 1I0U 
115 0.16962 10lt20.911 103.ltlt20 237.867 709.015 5.0 .. 829 1.885 2.515 1I021t 
120 0.1710& 102lt1.89 101.3607 2 .. 6I.51t0 721.&112 5.15628 1.898 2.551 798,. 

125 0.17252 100&8.56 99.2862 255.337 731t.528 5.2610lt 1.911 2.586 791t" 
130 0.17"00 9901.71t 97.2173 26,.. 2 ItS 747.539 5.36311t 1.925 2.620 7903 
1,.0 0.17700 9590.08 93.09lt5 282.435 774.083 5.55978 1.952 2.686 7819 
150 0.18008 9310.31 118.'1936 301.078 "01.257 5.'lt734 1.982 2.7lte 7nlt 
160 0.18320 9063.53 81t.9256 320.173 829.027 5.92667 2.0 lit 2. e05 76lt8 
170 0.18&36 88lt8.1,5 80.9109 339.692 557.327 6.09815 2.046 2.85" 7563 

1110 0.18'155 8661.1,7 7&.97&9 359.6011 886.092 6.262411 2. ° 79 2.898 71t79 
• 190 o • 1927 It 8496.86 73.1558 380.512 915.874 6.42295 2.132 2.955 7387 

200 0.19594 8347.06 69.41115 1t01.305 945.550 6.57529 2.165 2.987 7305 
220 0.20316 8121.94 65.17117 444.020 1008.305 6.117440 2.228 .5.107 72ft4 
2 itO 0.20992 7582.19 60.0829 4811.332 1071.393 7.14907 2.2119 3.222 7031 
2.0 0.21&711 7568.62 . 56.0675' 534.003 1136.126 7.40775 2.347 3.281 7001 
280 0.22390 7492.81 52.3739 580.906 1202.802· 7.65486 2.399 3.351 6963 
30'0 '0.23082 7619.00 48.84 .. 4 6211.892 1270.012 7.118692 2.41,7' 3.374 6976 
320 0.23764 7523.92 45.5144 677.7011 1337.766 11.10550 2. It 119 3.410 6911 
31t0 0.2!t449 7477.36 42.6121 727.196 lIt06.2119 8.31345 2.525 3.1t39 61169 

360 0.25128 7002.37 1t0.3204 777.2113 147'5.232 8.51030 2.55& 3.533 6697 
380 0.251166 6943.56 38.1t452 1127.977 1546.417 11.70301 2.5112 3.581t 6&112 
ftOO 0.26&14 7209.91 36.6357 879.291 1618.528 II .81177,. 2.606 3.5113 6776 
ft20 0.27326 7104.77 35.0231 931.122 1690.125 9.06251t 2.627 3.630 6744 
.. 40 0.28077 7333.26 33.3906 983.365 1763.223 9.23249 2.645 3.622 6820 
460 0.28790 7411.,.1 31.11775 1035.950 1835.&13 9.39365 2.661 3.629 61143 
UO 0.29507 7459.67 30.4399 1088.786 1908.364 9.54847 2.675 3.636 6851t 
500 0.30211t 7542.51 29.1313 11ltl.1I05 19111.028 9.69680 2.686 3.637 &a79 
520 0.30918 7561.ltO 27.9243 1194.970 2053.734 9.11391t5 2.695 3.644 611112 
540 0.31745 7729.37 27.8785 1236.574 2118.324 9.95356 2.606 3.619 7052 

560 0.32471 7793.87 26.81118 1288.857 219D.780 10.011503 2.608 3.617 7076 
SilO 0.33196 71161.38 25.tlJ46 1341.003 2263.063 10.21195 2.609 3.611t 7103 
600 0.33920 7931.52 24.9186 1393.175 2335.334 10.33452 2.609 3.&10 7130 
650 0.35723 811£>.30 22.8859 1523.291 2515.537 10.62315 2.607 3.598 7204 , : 
700 0.37519 8311.61 21.1575 1653.020 2695.134 10.88946 2.603 3.585 7283 
800 0.41088 8723.89 18.3825 1911.197 3052.465 11.36662 2.592 3.560 71t51 

1000 0.48166 9599.10 14.5787 2423.13" 3760.978 12.15691 2.577 3.5211 7803 
2.000 0.83186 14343.53 7.2553 5001.109 7311.681 14.61112 2.691 3.631 9470 
3000 1.18262 19353.53 4.8637 7796.400 11081.250 16.13675 2.962 3.912 1'l8112 
4000 1.531t83 24484.91 3.6649 10861.399 15121t.5:'4 17.291121 3.222 It. 182 12133 

5000 1.811992 296110.08 2.9422 1422ft.37,. 19473.810 18.267111 3.578 It. 56,. 132lt2 

.. TWO-PHASE 80UNDRY 

Z44 



r"EF"OO'fNAMIC PROPE~TIES OF' NOPHAl HYD~OGEN C .. 2c 

15000 PSIA ISOBAR 

TE"PERATURE DENSITY VCOH/OV'p V COP/DU'y ~V COP/OV'T covlon IV THER"AL VISCOSITY THERMAL OIUECTRI", />PANDTl 
CONDUCTIVITY DIFFUS JVITY CONSTANT NUHBER 

DEG. R LB/CU Fi 8TU/L8 psu-CU FTl8TU PSIA 1I0EG. R a rU/F T-HR-R LB/FT-SEC SQ FT/HR 
x 105 

• 62 ..... 0 6."2285 1228.CJ7 12.332 79"39.05 0.0015805 B.16213 6./t92 0.01300 1.3 .... 70 2.7Q99 

6' '~''0702 12 .. 2.18 12.182 78916.62 0.0015832 0.16213 6.OU· 0.012117 1.3 .. 377 2. &250 
6& 6.3867 .. 1258.82 11 .995 782 .. 0.1t .. 0.00151167 0.16199 5 ... 79 0.01270 1.3 .. 257 2 ... 322 
68 6.366"8 127 ... 01 11.826 77557.IICJ 0.0015902 0.1617:5 5.026 0.0125" 1.3 .. 1311 2.2&6 .. 
70 6.3"625 1287.7:5 11.675 76869.86 0.001593& 0.16136 1t.&36 0.01239 1.3 .. 019 2.1226 
75 6.2957" 1318.61 11.333 75Ul.20 0.0016026 0.16003 3.872 0.01203 1.33722 1.8406 
80 6.2"535 13"7.57 11.011 71375.62 0.0016119 0.15828 3.320 0.01167 1.33 .. 2& 1.6 .. 00 
85 6.19507 1380.7 .. 10.648 7161".29 0.00162i& 0.15631 2.908 0.01127 1.33131 1 ... 997 
90 6.1 .... 89 1407."7 10.351 69857.36 0.00163111 0.15"20 2.593 0.01093 1.32837 1.390" 
95 6.09 .. 80 1"30.69 10 .088 6811".12 0.0016"23 0.15203 2.3 .. 7 0.01062 1.325 .... 1.3056 

100 6.0 .... 79 1/t50.65 9.855 66393.0" 0.0016529 0.1 .. 98 .. 2.150 0.0103" 1.32252 1.2386 

105 5.99/tU lft65.95 9.663 6 .. 701.79 0.0016635 o .1ft766 1.9~ll O. 01010 1.31961 1.1835 
110 5.9ft507 l1t79.99 9."82 630"7.27 0.00167111 0.1 .. 597 1.8!>1 0.00991 1.31671 1.1361 
U5 5.89538 lft93."0 9.306 61435.~3 0.0016831 0.1 .. ft .. 5 1.750 0.1l0<;1" 1.3l3112 1.0<;67 

120 5.8 .. 582 1506.6'1 9.,133 59812.21 0.001&9.10 0.1,291 1.&58 0.00CJ511 1.3iOC;ft 1.0653 
125 5.796ft2 1520.08 8.CJ61 583&1.59 O. 0017012 0.1 .. 133 1.579 0.00<)"3 1.30808 '-.0 .. 03 
130 5.7"722 1533.88 8.788 56907.50 0.0017083 0.1391" 1.512 0.00<)28 1.30523 1. 0206 
1 .. 0 5.6ft956 1563.31 8.441 5ft179.76 0.0017153 0.13650 1 ... 02 0.00899 1.29958 0.9CJ3" 
150 5.55320 1596.35 11.087 51102.00 0.0011213 0.13 .. 90 1.318 0.00884 1.29 .. 03 0.9661 
160 5.ft5852 1633.95 7.721 .. 9 .. 73.ft8 0.0017166 0.13ftQ7 1.250 o. DO 876 1.28858 0.9"17 
170 5.36H2 1675.0Y 7.311 .. 7 .. 80.12 0.00170ftl 0.13310 1.196 0.00869 1.28327 0.923 .. 

180 5.27575 1720 ... 8 7.018 "5695.72 0.001&11 .. 6 0.13923 0.908 0.00911 1.27811 0.680 .. 
190 5.18825 1780.72 6.61ft "40113.83 0.0016595 0.1 .. 231 0.923 0.00928 1.27312 0.6902 
200 5.10U8 1831.59 6.288 42599.88 0.001&310 0.14ft52 0.933 O.OD<)ftll 1.26831 0.69"3 
220 4.92233 1905.8e 5.9ft .. 39978.83 0.0016303 0.1/0693 0.939 0.00961 1.25803 0.71 .. 7 
2,1tO ... 76381 U36.81 5.509 36120.15 0.001&634 0.lIt750 0.933 0.009&1 1.2"909 0.733" 
260 ft.61300 20ft6.73 5.178 3ft914.04 0.0016059 0.1/0699 0.920 0.00969 1.240&2 0.7405 
280 ".46633 21 .. 1.09 ".887 33 .. 65. :S .. 0.0015650 D.1ft595 0.90 .. 0.00975 1.232ft2 O. , .. 73 
300 ".3321tl 2279.81 4.608 33008.63 0.001 .. 791 o • lit .. 69 0.1188 0.00990 1.22496 0.7450 
320 ... 201111 2372.35 ft. 3 .. 5 316&1.ft7 0.001ft315 a .lft3ft2 0.811 0.OOCJ99 1.21801 0.1"60 
340 ... 09015 2ft68.10 ".126 30583.52 0.0013933 0.lIt227 0.857 0.01012 1.21155 0.7"55 

360 3.979&5 2 .... 1.118 3.96ft 27866;99 0.001ftft69 a .lft128 o .8ftft 0.01005 1.205ft7 O. 75~5 
;sao 3.116615 2502.119 3.1151 2611 .. 4.11J 0.001/0321 o .lIt050 0.832 11.0101 .. 1.1992ft 0.76/0 .. 
.. 00 3.15138 2649.10 3.7ft2 21090.35 0.001352" 0.13992 0.823 0.01039 1.19329 0.1511 .. 
420 3.65953 269/0.58 3.6 .. 3 26000 .13 0.0013ft10 0.13955 0.815 0.01051 1.18195 0.7631 
ftltU 3.561&7 2832.92 3.5 .... 26118.61 0.0012n .. 0.13939 0.809 0.01081 1.182&3 0.1566 
460 3.4731t6 2930.76 3 ..... CJ 251ft3.24 0.00123113 0.139 .. 0 0.80 .. 0.01106 1.17185 0.7538 
.. 80 3.38905 3019.79 3.358 25281.23 0.001201t1 0.13960 0.801 0.01133 1. t7329 0.7512 
500 3.30972 3116.47 3.271- 2/09&3.61 0.0011669 0.13996 0.799 0.01163 1.16901 0.7"77 
520 3. 23ftltl 3191.69 3.203 2 .... 56.&6 0.0011 .. 18 0.lItO"7 0.199 0.01192 1. 16ft9& 0.7460 
540 3.15009 3161.10 3.396 2 .. 3ft8.22 0.0011"50 0.1"112 0.799 0.01238 1. :160 .. 3 0.13S0 

560 3.07963 3237.21 3.339 2"002.26 0.0011113 0.14190 0.801 0.0127ft 1.15666 0.73 .. 9 
580 3.01238 3312.70 3.287 23681.47 0.0010909 0.lft280 0.803 0.01312 1.15301 0.1319 
600 2.9 .. 812 . 3387.60 3.239 23383. Oft 11.0010651 a .lft381 0.807 0.01351 1.lft96ft 0.72'30 
650 2.19930 3512.08 3.13& 22719.97 0.0010013 0.1"676 0.8111 0.01451 1.1ft174 0.1221 
700 2.66535 315".13 3.050 22153.33 0.0009551 D.15021 0.83ft 0.01512 1.13 .. 65 0.71&1 
800 2.ft3378 .. 112.33 2.91" 21232.0ft 0.0008658 0.151158 0.87 .. iI.01ll30 1.122,. 8 0.706" 

1000 2.07617" /t823.15 2.125 19929.34 0.0001315 0.11903 0.979 O. 02 .... 4 1.1038S 0.69 .. 3 
2000 1.20212 8630.0" 2.243 17242.70 0.000"208 0.27123 1.668 0.06351 1.0592ft 0.7867 
3000 0.8 .. 558 13161.38 1.9 .. 2 1636 ... go 0.0002972 0.39338 2."09 0.11893 1. Oft 1 .. 1 0.8623 
.. 000 0.6515 .. 18202.16 1.7 .. 6 15952.11" 0.0002291 0.51367 3.132 0.18115 .. 1.03181} 0.9180 

5000 0.52912 2 .. 358.95 1.55ft 15704.39 0.0001813 0.67399. 3.829 0.21912 1.02571 0.9335 
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Table C-12 

Virial Coefficients for Parahydrogen 

Temperature B C 

oK 3 
(em /g mol) 

3 2 
(em /g mol) 

14 2 4 
-2.372 x 102 -6.713 x 104 

16 -1.992 x 102 -2.265 x 103 
18 -1. 698 x 102 -7.121 x 103 
20 -1. 467 x 102 -1. 503 x 102 
22 -1.281xl0

2 5.656 x 103 
24 -1. 129 x 102 1. 323 x 103 
26 -1. 003 x 101 1. 580 x 103 
28 -8.969 x 101 1. 640 x 103 
30 -8.066 x 101 1. 615 x 103 
32 -7.290 x 101 1. 550 x 103 
34 -6.615 x 101 1. 467 x 103 
36 -6.025 x 101 1. 376 x 103 
38 -5.504 x 101 1. 290 x 103 
40 -5.042 x 101 1.214x 103 
45 -4.086xl0

1 1. 066 x 102 
50 -3.343 x 101 9.638 x 10Z 
60 -2 . 264 x 1°

1 8.351 x 102 
70 -1. 522 x 1O 7.510 x 10Z 
80 -9.824 x 10 6.878 x 102 
90 -5.725 x 10 6.405 x 102 

100 -Z.510xl0 6.085 x 102 
lZO 2.144x10 5.491 x 102 
140 5.342 x 10 5.063 x 102 
160 7.654xI0 4.726 x 102 
180 9.388 x 101 4.449 x 102 
ZOO 1.073 x 1°

1 4. Z17 x 102 
250 1. 300 x 101 3.768 x 102 
300 1. 438 x 101 3.438 x 102 
400 1. 589 x 101 Z. 976 x 102 
500 1.660xl0 2.661xl0 

510 
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Table C-l4. Fixed Pomt Properties of Parahydrogen 

~ CONDITIONS -
Triple Point Normal Boiling Point Critical Standard Conditions Referencesi 

PROPER TIES , 
Solid Liquid Vapor Liquid Vapor Point tt STP(O"C ) NTP(20"C) "nd Notes *' I 

Temperature (K) 13.803 20.268 32.976 273. 15 293. 15 1 

Pressure (mmHg) 52.82 760 9696.8 760 760 1 

Density (mole/cm3
) x 103 42.91(2) 38.207 0.0623 35.11 0.6636 15.59 0.05459 0.04155 1, 3 I 

Specific Volume (cm3 /mole) x Hi 3 0.02330[2 ) 0.026173 16.057 0.028482 1. 5069 0.064144 22.425 24.069 1, 3 I 
Compressibility Factor, Z = PV -- 0.001606 0.9850 0.01712 0.9061 0.3025 1.0005 1.0006 a 

RT 

Heats of Fusion & Vaporization (J/mole) 117.5(4 ) T 905.5 898.3 0 -- -- b 

Spec ific Heat C" @ saturation 5.73(6) 13.85 -46.94 18.91 -33.28 (1:~~~ ) -- -- 5,6 

C p, @ constant pressure -- 13.13 21. 20 19.53 24.50 (very ) 30.35 30.02 1,3 
(J/mole-K) 1arlie 

C., @ constant volume -- 9.50 12.52 11. 57 13.11 19.7 21. 87 21. 70 1, 3 I 

Specific Heat Ratio, y = Cp/C, -- 1. 382 1. 693 1. 688 1.869 (large) 1. 388 1.383 c I 
Enthalpy (J/mole) -740. 2 (4) -622.7 282.8 -516. 6 381. 7 77 . 6 7656.6 8260.6 1,3, d I 
Internal Energy (J /mole) _740.4c -622.9 169.8 -519.5 229.0 5. 7 5384.5 5822 . 0 1,3, d 

Entropy (J/molr' -K) 1. 49(4) 10.00 75.63 16.08 60.41 35.4 127 . 77 129 .90 1,3, d I 

Velocity of Sound (m/sec) 1273 305 1093 355 350 1246 1294 1,7 I 
I 

(N- sec /m")x 103 -- 0.026 0.00073 0.0133 0.0011 0.0035 0.00834 0.00875 8,9,10 , 
Viscosity, u 

(ce ntipoise) ** -- 0.026 0.00073 0.0133 0.0011 0 .0035 0.008 34 0.00875 8,9,10 

Thermal Conductivity (mW / c m-K), k 9.0[llJ 0.73 0.104 1. 00 0.163 (*) 1. 826 1. 897 8,9,12 

Prandtl Number, Np, = u Cp/k -- 2.33 O. 738 1. 288 0.8202 O. 6873 O. 6867 c 

Dielec tric Constant, € 1.286 1. 252 1. 00038 1. 230 1.0040 1. 098 1. 00027 1. 00026 13 

Index of Refraction, n =.j€ t 1.134 1. 119 1. 00019 1. 109 1.0020 1. 048 1. 00013 1. 00012 14 ,e 

Surface Tension (N/m) x 103 -- 2 .99 -- 1. 93 -- 0 -- -- IS 

Equiv. Vol. /Vol. Liquid at NBT 0.8181 0.9190 563.8 I 52 . 91 2.252 787.4 845. 1 f 

t Long Wavelengths Gas Constant: R = 62,362.7 cm3 -mmHg/mo1e-K (l) Molec ular Wei ght = 2 . 01594(18) 

* Anomalously Large tt Values in parenthesis are estimates "mol~" = gram mole 

* Apply to all items on the line except for specific values separately refe renced hy superscript ** Units for poise are: g/cm-sec 

- - --
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Notes and References for Tables C-14 and C-14a 

a. Compres.ibility {actor calculated lrom the tabulated data using the gas conatant, 

R, (rom reference 1. 

b. Heats of vaporization calculated from enthalpy dl({erencee g iven to references 

1 and 3. 

c. Calculated {rom propeTty values given in this table. 

d. B.ae point (zero values) {or enthalpy, internal energy. and entropy are 0 K fo' 

the ideal gas at I atmosphere pre •• ure. 

e. Index of refraction calculated from the dielectric constant data given in 

reference 13, in good _greerT'",nt with the values reported in reference 14. 

Tables 
11-Z, 11-3 

1. 

Z. 

3. 

4 . 

5. 

6. 

7. 

8. 

9. 

10. 

Thi. 
Report 

[Z9Z10! 

[237901 

[125401 

[IZ5961 

[63681 

not used 

[807771 

[276741 

[7.1Z71 

not uled 

Johnson, V. J., (General Ed itor) - A Compendium of the 
Properties of Materials aa Low Temperatures - Phaae 1: 
Part 1. Properties of FlUid.. Nat. Bur . Stand . Cryogenic 
Engineering Lab., WADD Tech. Rept. 60-56, Pt. 1. 
(July 1960) Contr. No. AF 33(616)58-•• 

Hihenrath, 1., (Editor) - Tables or Thermal Properties of 
Gaoea. Nat. Bur. Stand. Circ. No. 564 (1955). 

c. 
g • 

Ratio or specific volumes reported in reference 1 and 3, or 5 and 17. 

Theae temperaturel given in reference 5 are baaed on the IPTS·1968 temperature 

• cale. To compare with the correaponding temperaturea given in reference I for para_ 

hydrogen WhLCh are baled on the NBS-1955 temperature scale , 0.01 K should be subtracted, 

~. e., use 13.947, ZOo 380 and 33.18 respectively for the triple point, normal boiling point 

and cr itical point when determining property differences between normal and para hydrogen . 

h. Heats of fUlion and vaporization calculated from enthalpy dilferences and al 

reported in reference. 4, 5, and 17. 

11. 

i2. 

13. 

14. 

15 . 

16. 

17. 

18. 

not used 

[657291 

not uled 

[54546J 

not uled 

not Uled 

[65601 

not u.ed 

HOt C. Y., Powell, R. W., and Liley, P. E., _ Standard 
Reference nata on the Thermal Conductivity of Selected 
Materiah, Part 3. Purdue Univ . , T.P . R . C. , W. Lara.yette, 
Ind . , Final Rept. NBS-NSRDS Contr. CST -1346 (Sep. 1968). 

Corruc cin i , R. J . - Dielectric Con.tant of Ltquid Para
hydrogen. Nat. Bur. Stand. Tech. Note No . 144 (Apr. 1962) . 

COCOi' uccLn i , h . J., - Surface Te ."I 81on o of No rmal and Para 
HydrogeQ. Nat. Bur. Stand. Tech . Note No. 3ZZ (Aug 1965) . 

IUPAC Revises Atom1c Weight Values, Chern. Engr . New. 
l'l, 4Z-43 (Nov ZO, 1961). 

HUlt, J. G., and Stewart, R. B., - A CompIlation of the 
Property Difference. of Ortho and Para Hydrogen or 
Mixture. of Ortho and Para Hydrogen, Nat. Bur. Stand. 
Rept. No. 8812 (May 1965). 



1Il 
f-' 
W 

l 

Table C-l4a. Fixed Point Propertie s of Normal Hydrogen 

~ 
Triple Point Normal Boiling Point Critical Standard Conditions References 

PROPERTIES ~ CONDITIONS - Solid Liquid Vapor Liquid Vapor Point tt STP(O·C) NTP(20·C) "nd Notes * 
Temperature (K) 13.957' 20.390' 33.19' 273.15 293.15 5 

Pressure (mmH g) 54.04 760 9865 760 760 5 

Density (mole/cm3
) x 103 43 . 01 [.2] 38.30 0.0644 35 . 20 0.6604 14.94 0.04460 0 . 04155 5,17 

Specific Volume (cm3/mole) x 10- 3 0.02325[2] 0.026108 15.519 0.028409 1. 5143 0.066949 22.423 24.066 5,17 

Compressibility Factor, Z = PV -- 0.001621 0.9635 0.01698 0.9051 0 . 3191 1.00042 1.00049 a 
RT 

Heats of Fusion 8< Vaporization (J/mole) 117. I I 911. 3 899.1 0 -- -- 4,h 

C" @ saturation 5.73 13.85 -46.94 18. 91 -33.28 ( very) -- -- 5,6 Specific Heat larl!e 

C p, @ constant pressure -- 13.23 21. 22 19.70 24.60 (very) 28. 59 28.89 5,6,17 (J /mo l e -K) large 

C .. @ constant volume -- 9.53 12.52 11.60 13.2 (19.7) 20. 30 20.40 5,6,17 

Specific Heat Ratio, y = Cp/C, -- I. 388 1. 695 1. 698 1.863 (large) 1. 408 1. 416 c 

Enlhalpy (J/molc) 321.6 438.7 1350.0 548 . 3 1447.4 1164 7749.2 8324. 1 5,17, d 

Int ~ rnal Ene rgy (J /mole) 317.9" 435.0 1234.8 545.7 1294.0 5477. I 5885.4 5,17, d 

Entropy (J /mol .. -K) 20.3 28.7 93.6 34.92 78.94 54.57 139.59 141. 62 5,17, d 

Velocity of Sound (m/sec) 1282 307 1101 357 1246 1294 6,18 

(N- sec/m")x 103 -- 0.0256 0.00074 0.0133 0.00111 (0.00 35 ) 0.00834 0.00875 18 Viscosity, Ll 

(centipoise) ** -- 0.0256 0.00074 0.0133 0.00111 (0.0035) 0.00834 0.00875 18 

Thermal Conductivity (mW Icm-K), k 9.0[11] 0.74 0.105 1. 00 0.165 (*) 1. 739 1.842 6,9 

Prandtl Number , Npr = Ll Cp/k --
'27 =t§' 1. 30 0.821 O. 680 O. 681 c 

Dielectric Constant, E 11. 287 1 .253 1.00039 1. 231 1.0040 1. 0937 1.000271 1. 000253 13 

Index of Refraction, n =..rc t 1. 134 1.119-' 1.000196 1. 1093 1.0020 1. 0458 1.000136 1. 000126 e '---j-'--
Surface Tension (N/m)x 103 -- 3.00 -- I. 94 -- 0 -- -- 15 

Equiv. Vol. IVo !. Liquid at NBT 0.8184 0.9190 546.3 I 53.30 2.357 789.3 847.1 f 

t Long Wavelengths Gas Constant: R = 62 , 362.7 cm3-mmHg/mole-K 0) Molecular Weight = 2.01594[18) 

* Anomalously Larg e tt Values in parenthesis are es timates IImol e " = gram mole 

* Apply to all items on the lin e except for specific values separate ly r eferenced hy supe rs c r ipt ** Units for poise ar~: g/cm-sec 

- -



Table C -20 

Index of Refraction of Saturated Liquid Parahydrogen 
at Three Wavelengths 

Wavelength 

Temperature, K 4358 A 5462 A 6939 A 
n n n 

15 1. 1222 1. 1204 1. 1191 

16 1. 1208 1. 1I89 1. 1177 

17 1. 1192 1. 1174 1. 1162 

18 1. 1176 1. 1158 1. 1146 

19 1. 1159 1. 1141 1.1129 

20 1. 1141 1. 1124 1. 1112 

21 1. 1123 1. 1106 1. 1095 

22 1. 11 03 1. 1086 1. 1075 

23 1. 1082 1. 1065 1. 1054 

24 1. 1059 1. 1042 1. 1032 

25 1. 1034 1. 1018 1. 1008 

26 1. 1007 1. 0991 1. 0981 

27 1. 0977 1. 0962 1. 0952 

28 1. 0944 1.0929 1.0920 

29 1. 0906 1. 0892 1. 0883 

30 1. 0862 1. 0849 1. 0840 
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Table C-22 

Joule-Thomson Inversion Curve of Parahydrogen 

Temperature Pressure Density 

K R atm psia 
3 3 

mol/em x 10 lbm / It 
3 

28 50. 4 9. 87 145. 1 30. 06 3.783 

29 52.2 15. 05 221. 2 29. 90 3. 763 

~O 54. 0 20 . 08 295.1 29. 73 3. 742 

31 55.8 25 . 01 367.6 29.56 3. 720 

32 57 . 6 29.85 438. 7 29.40 3. 700 

34 61. 2 39.16 575 . 5 29.05 3. 656 

36 64. 8 48. 06 706 . 3 28. 70 3.612 

40 72. 0 64. 59 949.2 27. 99 3. 523 

50 90. 0 98.93 1454. 26.16 3.292 

60 108.0 124. 4 1828. 24. 30 3.058 

80 144.0 153. 5 2256 . 20. 58 2.590 

100 180. 0 161. 4 2372 . 17.04 2. 145 

120 216.0 162. 1 2353 . 14. 12 1. 777 

140 252 . 0 140. 5 2064. 10. 86 1. 367 

160 288. 0 102.2 1502. 7.176 o. 9031 

180 324. 0 50. 97 749.1 3.321 0,4179 

200 360. 0 .54 8 . 6 0.036 O. 0045 
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Table C-24 

Heats of Sublimation of Para hydrogen 

Temperature 
Heat of 

Sublimation 

K Cal/mol 

13.813 244. 90 
13.000 242.30 
12.000 238. 71 
11. 000 234. 76 
10.000 230.55 

9.000 226. 12 
8.000 221. 53 
7. 000 216.82 
6. 000 212. 02 
5.000 207. 15 
4. 000 202.24 
3.000 197. 30 
2. 000 192.34 
1. 000 187.37 
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Table C-38 

Vapor Pressure of Parahydrogen 

Temperature Pressure 

K mmHG 

13.813 52. 89 
13.000 30;13 

12. 000 13.78 
11. 000 5. 567 
10.000 1. 917 -1 

9. 000 5.343 x 10_
1 

8.000 1. 118 x 10_2 
7.000 1.561 x 10_3 
6.000 1. 198 x 10_ 5 
5. 000 3.570 x 10_

7 
4.000 2.080 x 10_ 11 
3.000 4.832 x 10 -18 
2.000 3.985 x 10 -39 
1. 000 8.255 x 10 
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Table C-48 

Ortho-Para Compositions at Equilibrium 

T 

10-------------------

20-------------------

20.39----------------

23.57----------------

30-------------------

33.10----------------

40-------------------

50-------------------

60-------------------

70-------------------

80-------------------

90-------------------

100-------------------

120-------------------

150-------------------

200-------------------

250-------------------

208.16----------------

300-------------------

350-------------------

400-------------------

500-------------------

518 

Percentage 
in para form 

for H2 

99.9999 

99.821 

99.789 

97.021 

95.034 

88.727 

77.054 

65.569 

55.991 

48.537 

42.882 

38.620 

32.959 

28.603 

25.974 

25.264 

25.075 

25.072 

25.019 

25.005 

25.000 

J 



Table C-48a Heats of Conversion from Normal to Parahydrogen 

T, K 

10-------------------

20-------------------

20.39----------------

30-------------------

33.1-----------------

40-------------------

50-------------------

60-------------------

70----------------- --

80-------------------

90-------------------

100--------~----------

120-------------------

150-------------------

200-------------------

250-------------------

298.16----------------

300-------------------

519 

cal/mol 

253.9865 

253.987 

253.986 

253.986 

253.986 

253.976 

253.845 

253.212 

251. 400 

247.623 

241.275 

232.079 

205.857 

155.385 

78.91 

33.98 

13.76 

13.28 
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10. INDEX 

SECTION I. THERMODYNAMIC PROPERTIES 
DERIVED T~ERMOOYNAMIC PRODERTIES 

FNTHALPY 
FNTROPY 
FREE ENERGY 
INTERNAL ENERGY 
THERMODYNAMIC DIAGRA~S 

H-S DIAGRAMS 
T-S DIAGRAMS 
P-H DIAGRAMS 

EQUATION OF STATE 
INTERMOLECULAR POTENTIAL FUNCTION 

LENNARD-JONES POTENTIAL 
VI RIAL COEFFICIENTS 

SECOND VIRIAL COEFFICIENT 
THIRD VIRIAL C0EFFICIENT 

EXCFSS PROPERTIES 
FIXFD POI'HS 

CRITICAL CONSTANTS 
CRITICAL DENSITY 
CRITICAL PRESSURE 
CRITICAL TEMPERATURE 

NORMAL BOILING POINT 
SOLID-PHASE TRANSITIONS 

TRANSITION TEMPERATURES 
TRIPLE POINT CONSTANTS 

TRIPLE POINT DENSITY 
TRIPLE POINT PRESSURE 
TRIPLE POINT TEMPERATU~E 

HEAT CAPACITY. SEE SPECIFIC HEAT 
HEAT TRANSFER AND PRESSURIZATION PARAMETERS 
IDEAL GAS PROPERTIES. THERMODYNAMIC 
JOULE-THOMSON EFFECT 

INVERSION CURVE 
JOULE-THOMSON COEFFICIENT 
JOULE-THOMSON INVERSION CURVE 

LATENT HEAT. SEE PHASE TRANSITION PROPERTIES 
MIXTURE PROPERTIES 

PHASE EQUILIBRIA 
LIQUID-SOLID EQUILIRRIU~ 
LIQUID-VAPOR [QUILIRRIUM 
PHASE SEPARATION 
SOLID-SOLID EQUILIBRIUM 
SOLIO-VAPOR EQUILIBRIUM 
VAPOR-VAPOR EQUILIBRIUM 
OTHER EQUILIBRIA 

SOLURIL lTY 
PHASE TRANSITION PROPERTIES 

LATENT HEATS 
HEAT OF FUSION 
HEAT OF SUBLIMATION 
HEAT OF TRANSITION 
HEAT OF VAPORIZATION 

~ELTrNG CURVF 
MEL TI NG PO IN T 
MELTING PRE~SURES 

~ATURATED LIQUID DENSITY 

----~-. ---~ 
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A9 
AID 
A45 
A21 
A37 
/137 
A37 
A37 
All 
Al3 
A13 
Al2 
Al2 
A12 
A41 
A14 
A14 
A14 
Al4 
A14 
Al4 

A14.A46 
A14 
A14 
A14 
A14 
A14 

A43 
Al9 
A22 
A22 
A22 
A22 

A41 
A41 
A41 
A41 
A41 
A41 
A41 
A41 
A41 
A41 

A23 
A24 
A46 
A25 
A26 
A14 
A27 
A32 



SATURATFD VAPOR DfNST TY 
SATURATION SPECIFIC HEAT 
VAPOR PRESSURF 

PRESSURE. SEE PVT PROPERTIES 
PVT PROPERTIES 

ROYLE POINT 
COMPRESSIBIL ITY 

ADIABATIC CO~PRESSIB ILITY 

COMPRESSIBILITY COEFFI CIEN T 
ISOTH ERMAL COMPRESSIBIL ITY 
VOLU~E EXPANSIVITY 

CO~PRESSIBILITY FACTOR 
DENSITY 

MOLAR VOLUME 
FXPANSIVITY 
DVT DATA 
SPECIFIC VOLUME 

SATuRATION PROPERTIES. SEE ALSO PHASE TRANSITION PROPERTIES 
SONIC PROPERTIES 

DISPERSION 
SON I C VELOC ITY 
SOUND ABSORPTION 
SOUND VELOC ITY 
SPEED OF SOUND 
VELOCITY OF SOUND 

SPECIFIC HEAT 
SPECIFIC HEAT AT CONSTANT PRESSURE 
SPECIFIC HEAT AT CONSTANT VOLUME 
SPECIFIC HEAT RATIO 
SPECIFIC HEAT AT SATURATION 

SUBLIMATION PRESSURE 
SURFACE TENSION 

SURFACE ENERGY 
TE MPERATURE. SEE PVT PROPERT I ES 
VAPOR PRESSURE 
VOLUME. SEE PVT PROPERTIES 
SECTION II. TRANSPORT PROPER TIES 
ACCOMO DATION COFFFICIENT 
DIFFUSION 

DIFFUSION COEFFICIENT 
MASS DIFFUSIVITY 
SELF-DIFFUSION COEFFICIENT 
THERMAL DIFFUSION 
THERMAL DIFFUSIVITY 

El,ECTRICAL CONDUCTIVITY 
PRANDTL NUMBER 
THERMAL CONDUCTIVITY 

EUCKEN FACTOR 
THERMAL TRANSPIRATION 
THERMOMOLECULAR PRESSURE DIFFERENCE 
THERMOMOLECULAR PRESSURE RATIO 
VISCOSITY 

BULK VISCOSITY 
DYNAMIC VISCOSITY 
KINEMATIC VISCOSITY 
SHEAR VISCOSITY 

SECTION III, PHYSICAL PROPERTIES 
ATOMIC WFIGHT 
D T FFRACTrON 

ELECTRON DIFFRACTION 
NEUTRON DIFFRACTION 
X-RAY DIFFRACTION 

ELECTRICAL PROPERTIES 
DIELECTRIC BREAKDOWN 

DIELECTRIC STRENGTH 
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A32 
A18 
A38 
A30 
A3 0 
A12 
A12 
A4 0 

A2 
A4 

A47 
A3 

A3 0 
A'3 0 
A99 
A30 
A30 
A32 

A99 
A33 
A34 
A33 
A33 
A33 

A15 
A16 
A17 
Al8 
A38 
A35 
A99 
A30 
A38 
A3 0 

Al 
A6 
A6 
A6 
A6 
A6 
A7 
A8 

A29 
A36 
A36 
A44 
A44 
A44 
A39 
A39 
A39 
A39 
A39 

A]4 
A99 
A99 
A99 
A99 

A8.A99 
A8 
A8 



ELECTRICAL BREAKDOWN STRENGTH 
ELECTRICAL CONDUCTIVITY 
ELECTRICAL RESISTANCE 

IONIZATION POTENTIAL 
IRRADIATION 

ALPHA RADIATION 
ELECTRON RADIATION 
GAMMA RAD T A TI ON 
NEUTRON RADIATION 

LIQUID STATE PROPERTIES. SEE THE PAR T ICU LAR PROPERT Y 
LIQUID STRUCTURE 

MAGNETIC PROPERTIES 
MAGNETIC SUSCEPTIRILITY 
MAGNET I ZAT I ON 

MOLECULAR WEIGHT 
NUCLEAR PROPERTIES 

ESR 
NMR 

OPTICAL PROPERTIES 
ABSORPTION SPECTRA. I NFRARED. SEE ALSO RADIATIVE PROPERTIES 
CLAUSIUS-MOSSOTTI RFL ATr ON 
DIELECTRIC CONSTANT 
EMISSIVITY 
INDEX OF REFRACTION 
RADIATION ABSORPTION 
RADIATIVF PROPERTIES 
REFLECTANCE 
SPECTROSCOPY 

VIBRATIONAL PROPERT I ES 
TRANSM I TT ANCE 

SOLID STATE PROPERTIFS 
CRYSTAL STRUCTURE 
DEBYE CONSTANT 
LATTICE PARAMETER 
SOLI D DENS!TY 

SPECIFIC IMPULSE 
SECTION IV. ALPHABETICAL KEY WORD LIST OF PROPER TIES 

ABSORPTION SPECTRA. INFRARED. SEE ALSO RAD I ATIVE PROPER TIE S 
ACCOMODATION COEFFICIENT 
ADIABATIC COMPRESSIRILITY 
Al.PHA RADIATION 
ATOMIC WEIGHT 
BIRERINGENCE 
BOI Ll NG POI NT 
ROYLE POINT 
BULK MODULUS 
BULK V I SCOS ITY 
CLAUSIUS-MOSSOTTI RELATION 
COEFFICIENT OF VOLUME EXPANSION 
COEXISTING PHASES 
COLOR 
COMPRESSIBILITY 
COMPRESSIBILITY COEFFICIENT 
COMPRESSIBILITY FACTOR 
COMPUTER PROGRAMS. MAJOR. SEE MAIN TES T FOR REFERENCES 
CP 
CREEP 
CRITICAL CONSTANTS 
CRITICAL DENSITY 
CRITICAL PRESSURE 
CRITICAL TEMPERATURE 
CRYSTAL STRUCTURE 
CSAT 
CV 
DEBYE TEMPERATURE 
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A8 
A8 
A8 

A99 
A9 9 
A99 
A99 
A99 
A99 

A99 
A99 
A99 
A99 
A14 
A99 
A99 
A99 

A31.A42.A99 
A42 

A5 
A5 

A31.A99 
A20 
A42 
A3I 
A99 

A42.A99 
A99 
A99 
A99 
A99 
A99 
A99 
A99 
A99 

A42 
Al 

A40 
A99 
A14 
A99 
A14 
A14 
A99 
A39 

A5 
A47 
A32 

AO 
A2.A4.A40.A47 

A2 
A3 

A15 
A99 
A14 
A14 
AI4 
A14 
A99 
Al 8 
Al6 
A99 



DEBYE CONSTANT 
DEFINITIONS. SEE THE PARTICULAR PROPERTY 
DENSITY 
DETONATION 
DIELECTRIC BREAKDOWN 
DIELECTRIC CONSTANT 
DIELECTRIC STRENGTH 
DIFFRACTION 
DIFFUSION 
DIFFUSION COEFFICIENT 
DISPERSION 
DYNAMIC VISCOSITY 
ELASTIC CONSTANT 
ELECTRICAL BREAKDOWN STRENGTH 
ELECTRICA( CONDUCTIVITY 
ELECTRICAL PROPERTIES 
ELECTRICA L RESISTANCE 
ELECTRON DIFFRACTION 
ELECTRON DRIFT 
ELECTRON DRIFT 
El .EcTRON RADIATION 
ELECTRON SPIN 
El.ECTRON SPIN RESONANCE 
EMBR I TTLEMENT 
EMISSIVITY 
ENERGy DERIVATIVE 
ENTHALPY 
ENTHALPY OF FUSION 
ENTHALPY OF SUBLIMATION 
ENTHALPY OF VAPORIZATION 
ENTROPY 
EQUATION OF STATE 
EQUILIBRIUM HYDROGEN 
ESR 
EUCKEN FACTOR 
EXCESS PROPERTIES 
EXPANSIVITY 
FIXED POINTS 
FLAMMAA I L TTY 
FREF ENERGY 
(;AMMA RADIATION 
GAS - GAS EQUILIBRIUM 
HEAT CAPAC lTY 
HEAT CONTENT 
HEAT OF FUSION 
HEAT OF SUBLIMATION 
HEAT OF TRANSITION 
HEAT OF VAPORIZATION 
HEAT TRANSFER AND PRESSURIZATION PARAMETERS 
H-S DIAGRAMS 
HYDROGEN GEL 
IDEAL GAS PROPERTIES. THERMODYNAMIC 
INDEX OF REFRACTION 
INFRARED ABSORPTION 
INTERMOLE CULAR POTENTIAL FUNCTION 
INTERNAL ENERGY 
INVERSION CURVE 
IONIZATION POTENTIAL 
IRRADIATION 
ISOTHERMAL BULK MODULUS 
ISOTHERMAL COMPRESSIBILITY 
ISOTOPES 
ISOTOPIC PHASE SEPARATION 
ISOTOPOMERS 
JOULE-THOMSON COEFFICIENT 
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A99 

A30 
AS2 

A8 
AS 
AS 

A99 
A6 
A6 

A99 
A39 
A99 

A8 
A8 

A8.A99 
A8 

A99 
A99 
A99 
A99 
A49 
A99 

AD 
A31.A99 

A43 
A9 

A23 
A24 
A25 
AID 
All 
A48 
A99 
A36 
A41 
A41 
A14 
Ar;2 
A45 
A99 
A41 

A15.A16.A17.A18 
A9 

A23 
A24 
A46 
A25 
A43 
A37 
A99 
Al9 
A2D 
A42 
A13 
A21 
A22 
A99 
A99 
A43 

A4 
A49 
A99 
A99 
A22 



JOULE-THOMSON EFFECT 
JOULE-THOMSON INVERSION CURVF 
KINEMATIC VISCOSITY 
LATENT HEAT 
LATTICE PARAMETER 
LENNARD-JONES POTENTIAL 
LIQUID-SOLID EQUILIBRIUM 
LIQUID STRUCTURf 
LIQUID-VAPOR EQUILIBRIUM 
MAGNETIC PROPERTIES 
MAGNETIC SUSCEPTIBILITY 
MAGNET I ZAT I ON 
MAGNETO OPTICS 
MAGNETO RESISTANCE 
MASS DIFFUSIVITY 
MELTING CURVE 
MELTING POINT 
MELTING PRESSURFS 
MFTAL IC 
MIXTURE PROPERTIES 
MOLAR VOLUME 
MOLFCULAR WEIGHT 
/.10LLIER DIAGRAM 
NEUTRON DIFFRACTION 
NEUTRON RADIATION 
NEUTRON SCATTERING 
NEUTRON SPECTRA 
NP-AR 
NORMAL BOILING POINT 
NORMAL HYDROC,EN 
NUCLEAR MAC,NETIC RESONANCE 
NUCLEAR PROPERTIES 
NUCLEAR SPIN 
ODOR 
OPACITY 
ORTHOBARIC PROPERTIES 
ORTHO HYDROGEN 
ORTHO-PARA ABSORPTION 
ORTHO-PARA DIFFERANCES 
OPTICAL PROPERTIES 
OTHER EQUILIBRIA 
PARAHYDROGEN 
P-H DIAGRAMS 
PHASE DIAGRAM 
PHASE EQUILIBRIA 
PHASE SEPARATION 
PHASE TRANSITION PROPERTIES . SEE SECTION I 
PL.ASTIC DEFORMATION 
PREpARATION OF HYDROGEN 
PRANDTL NUMBER 
PRESSURE. SEE PVT PROPERTIES 
PRESSURE - ENTHALPY DIAGRAM 
PVT DATA 
PVT PROPERTIES 
RADIATION ABSORPTION 
RADIATIVE PROPERTIES 
REFLECTANCE 
REFRACTIVE INDEX 
RELAXATION TIMES 
SAFETY 
SATURATED LIQUID DENSITY 
SATuRATED VAPOR DENSITY 
SATuRATION PROPERTIES. SEE ALSO PHASE TRANSITION PROPERTIES 
SATURATION SPECIFIC HEAT 
SCATTERING 
SECOND VIRIAL COEFFICIENT 
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A22 
A22 
A39 

A23.A24.A25 
A99 
Al3 
A41 
A99 
A41 
A99 
A99 
A99 
A99 
A99 

A6 
A26 
A14 
A27 
A50 
A41 
A30 
A14 
A37 
A99 
A99 
A99 
A99 
A99 
A14 
A48 
A99 
A99 
A48 

AD 
A99 
A32 
A48 
A99 
A48 

A31.A42.A99 
A41 
A48 
A37 
A28 
A41 
A41 

A99 
AO 

A29 
A30 
A37 
A30 
A30 
A42 
A31 
A99 
A20 
A99 
A52 
A32 
A32 
A32 
Al8 
A99 
Al2 



SE LF-DIFFUSION COEFFICIENT 
SENFTLEBEN EFFECT 
SHEAR STRF.NGTH 
SHEAR VISCOSITY 
SLUSH 
SOLID DENSITY 
SOLTD-PHASE TRANSITIONS 
SOLID-SOLID EOUILIBRIUM 
SOLID - SOLID TRANSITION 
SOLID STATE PROPERTIES 
SOLID-VAPOR EOUTLIBRIUM 
SOLUBILITY 
SONIC PROPERTIES. SEE SECTION 
SONIC VELOCITY 
SOUND ABSORPTION 
SOUND VELOCITY 
SPECIFIC HEAT 
SPECIFIC HEAT AT CONSTANT PRESSURE 
SPECIFIC HEAT AT CONSTANT VOLUME 
SPECIFIC HEAT AT SATURATION 
SPECIFIC HEAT INPUT 
SPECIFIC HEAT RATIO 
SPECIFIC IMPULSF 
SPECIFIC IMPULSE 
SPECIFIC VOLUME 
SPECTROSCOPY 
SPEED OF SOUND 
STRESS RELAXATION 
SUBLI MA T ION 
SUBLIMATION PRESSURE 
SURFACE ENERGY 
SURFACE TENSION 
SUSCEPTIBTLITY 
TASTE 
TEMPERATURE. SEE PVT PROPERTIES 
TEMPERATURE - ENTROPY DIAGRAM 
TENSILE STRENGTH 
THERMAL CONDUCTIVITY 
THERMAL DIFFUSION 
THERMAL DIFFUSIVITY 
THERMAL TRANSPIRATION 
THERMODYNAMIC DIAGRAMS 
THERMOMAGNETISM 
THERMOMOLECULAR PRESSURE DIFFERENCE 
THERMOMOLECULAR PRESSURE RATIO 
THERMOPHYSICAL PROPERTIES. SEE SECTION I. II, OR III 
THIRD VIRIAL COEFFICIENT 
TRANSITION TEMPERATURES 
TRAN~MI TTANCE 
TRIPLE POINT CONSTANTS 
TRIPLE POINT DENSITY 
TRIPLE POINT PRESSURE 
TRIPLE POINT TEMPERATURE 
T-S DIAGRAMS 
UNCERTAINTIES . SEE THE PARTICULAR PROPERTY 
VAPOR PRESSURE 
VAPOR-VAPOR EQUILIBRIUM 
VELOCITY OF SOUND 
VIBRATI ONAL PROPERTIES 
VIRIAL COEFFICIENTS 
VISCOSITY 
VOLUME. SEE PV T PROPERTIES 
VOLUME EXPANSIVITY 
X-RAY DIFFRACTION 
YOUNGS MODULUS 
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A6 
A99 
A99 
A39 
A5l 
A99 

A50.A99 
A4l 

A50.A99 
A99 
A4l 
A4l 

A33 
A34 
A33 

Al5.Al6.Al7.Al8 
Al5 
Al6 
Al8 
A43 
Al7 
A99 
A99 
A30 
A99 
A33 
A99 

A24.A38 
A38 
A99 
A35 
A99 

AO 
A30 
A37 
A99 
A36 

A6 
A7 

A44 
A37 
A99 
A44 
A44 

Al2 
Al4 
A99 
A14 
Al4 
A14 
Al4 
A37 

A38 
A41 
A33 
A99 
A12 
A39 
A30 
A47 
A99 
A99 



11. Unit Conversions, Physical Constants and Symbols 

A complete description of the International System of Units is given in 

[72728] Page, C. H. and Vigoureux, P., Natl. Bur. Standards, Spec. Publ. 330 

(Jan 1971). A good general reference for physical constants and conversion 

factors is [25291] Mechtly, E. A., National Aeronautics and Space Administration, 

SP-70l2 (1964). Selected unit conversion and physical constants are given in 

the following table. 

)\ 
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1b/ft 
3 

.062428 

62.428 

125.85 

5.6111 x 10 

16.018 

.016018 

-3 

-3 
7.9458 x 10 

. 2 
1b/= 

(psi) 

1 

145.04 

14.696 

.019337 

14.504 

Conversion Factors 

Density 

Kg/m 
3 

g/cm 
3 

mo1/cm 
3 

Amagat 

16.018 .016018 7.9458 x 10-~ 178.216 

.001 
-4 

4.9605 x 10 = 11. 126 

.49605 
4 

1000 = 1 1.1126xl0 

2015.9 2.0159 1 
4 

= 2.2428 x 10 

.089881 
-5 

8.9881xl0 = -5 
4.4586 x 10 = 

Specific Volume 

3 
m /Kg 

(liter/g) 

.062428 

1 

.001 
-4 

4.9605xlO 

MPa 

6.8948 x 10 
-3 

.10132 

Pressure 

Atm 

.068046 

= 9.8692 

3 
cm /g 

62.428 

1000 

1 

.49605 

Torr 
(mmHg) 

51.715 

7500.6 

760.0 

3 
cm /mol 

125.85 

2015.9 

2.0159 

1 

Bar 

6.8948x10 

= 10.0 

1. 0132 

-2 

-4 -3 
1.3158x10 = 1.332 x 10 

-3 
1. 3332 x 10 

.1 .98692 750.06 
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E nt halpy, Heat of Vaporization, Heat of Conversion, Specific Energies 

BTU/1b 

. 43022 

. 21341 

1.8 

BTU/1b - oR 

.23901 

.11856 

.49605 

BTU/ft-hr-oR 

.057816 

57.816 

241. 90 

ib/ft-s 

.6 7 197 
-4 

6 . 7 197 x 10 

32.1 75 

KJ/Kg J /mo1 
(j /g) 

2 . 3ZJ4 4 . 6858 

1 2.0159 

.49605 

4.1840 8.4345 

Speciflc Heat, Entropy 

KJ/Kg-K J/mo1-K 
(J /g - K) 

4 . 184 8 . 4345 

2.0159 

.49605 

2 . 0755 4.184 

Thermal Conductivity 

mW /cmkK 

17.296 

1 

1000 

4184 

Viscosity 

Kg/m - s 
2 

(N-s/m ) 

1.48816 

J /5 - cm-K 

.017296 

.001 

4.184 

Centipoise 
-2 

(10 g/cm- s) 

1488.16 

1000 

~ 

.55556 

.23901 

.11856 

ca1/mol-K 

2 . 0159 

. 48182 

.23901 

cal/s-cm-K 

.0041338 

2 . 3901 x10 

.23901 

2 
1b-s/ft 

(slug/ft-s) 

.031081 

. 020885 

-4 

-5 
2.0885 x 10 .001 

47.881 4. 7881 x 10+
4 = 1 
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K R 

1.8 

Temperature 

C F 

1.8 

Velocity of Sound Surface Tension 

3.2808 

g 

Kg 

mol 

ft 

m 

cm 

BTU 

J 

W 

cal 

R 

F 

K 

C 

N 

MPa 

Atm 

Torr 

cp 

slug 

R 

.3048 

1 

pound force 

pound mass 

gram 

Kilogram mas s 

2.01594 gram 

foot 

meter 

centimeter 

British Thermal Unit 

joules = watt second 

watt 

calorie 

-3 
5.7102 x 10 
5.7102 x 10- 3 

absolute temperature in degrees Rankine 

temperature in degrees Fahrenheit 

absolute temperature in Kelvins 

temperature in degrees Centigrade 

Newton 

Megapascal (pressure) 

Atmosphere pressure 

Milimeter of mercury pres sure 

Centipoise 

32.1741b 

175.13 

.001 

dynes/cm 

3 
175.13 x 10 

1000 

6 3 3 
Gas constant = 8.31434 J/mol-K, 8.31434 x 10 N-cm /m -mol-K 

= 82.0562 Atm-cm3 /mol-K = 10. 7314PSI-ft 3 /mol-R 

molecular weight = 2.01594 
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