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Thermodynamic and Related Properties
of Parahydrogen from the Triple Point
to 300 K at Pressures to 1000 Bar*
L. A. Weber

NBS compressibility measurements and thermodynamic
properties data for parahydrogen have been extended to higher
temperatures and pressures. Results of an experimental pro-
gram are presented in the form of new PVT data in the tem-
perature range 23-300 K at pressures up to 800 bar. Also
given are tables of thermodynamic properties on isobars to
1000 bar including density, internal energy, enthalpy, entropy,
specific heats at constant volume and constant pressure,
velocity of sound, and the surface derivatives (0 P/dT), and
(dP/dp)T. The accuracy of the data is discussed and com-
parisons are made with previous data.

>Key words: density, enthalpy, entropy, hydrogen, properties
of fluids, specific heat, velocity of sound.

1. Introduction

Approximately ten years ago this laboratory published accurate
measurements of the densities, compressibilities and thermodynamic
properties of parahydrogen in the range from the triple point to 100 K at
preéssures up to 340 bar [1,2]. That work was sponsored by NASA and it
satisfied most of the requirements of the U.S, space program at that time
for properties data on hydrogen. In recent years, however, new programs
have resulted in t}le need for an accurate knowledge of the properties of
hydrogen, and other fluids, over a much wider range of temperatures and
pressures. An interim rveport [3] attempted to satisfy those needs by ex-
trapolating the available data to higher pressures. We have now extended
our previous PVT measurements to higher temperatures (300 K) and
pressures (800 Bar). This report presents the results of that experi-

mental program. Approximately 374 PVT data points were measured,

*This work was carried out at the National Bureau of Standards under
the sponsorship of the National Aeronautics and Space Administration.



at 31 densities ranging from 10 to 44 mol/4. Experimental pressures
ranged up to about 800 bar, and the tables of derived properties have -

been extrapolated to 1000 bar for the convenience of the user.

The data have been smoothed and represented analytically to
allow calculation of the thermal propérties. The results have been
compared with the earlier NBS data and, above 100 K, with the data of
Michels et al. [4].

2. Experimental Method

2.1 Description of the Apparatus

The apparatus originally designed and described by Goodwin [5]
was used with some modifications. Only a brief description is given here.
The sample holder consists of a heavy-walled copper contéiner with a
small cavity having a volume of about 27 cm3. Temperatures are mea -
sured with a platinum resistance thermometer mounted in a well in the
sample holder. The sample is introduced iflto the cavity via a’ stainless
steel capillary having a diameter of about 0.033 cm. The sample holder
is mounfed in a nearly adiabatic cryostat, and the small amount of re-
sidual cooling is balanced by means of a temperature controller and a
heater wrapped around the outside of the copper container. Pressure is
measured by means of an oil-operated dead weight gage., The pressure
measuring system was described in more detail by Weber [6]. The
amount of sample is determined by releasing it into a set of four cali-
brated, thermostated glass bulbs having volumes from one to twenty
liters. Pressure in the bulbs is measured by means of a quartz spiral
bourdon gage. A more complete description of the apparatus in its pres-
ent form has been given by Prydz and Straty [7]in their work on fluorine,
The parts of the apparatus dealing with the problems of sample prepara-
tion and disposal, uniqﬁe to ﬂuoriﬁe, were dismantled for this work. The

sample preparation system for the hydrogen samples consisted of a



Molecular sieve trap at 76 K to remove any water and an ortho-para
conversion trap maintained at 20 K. The ortho-para composition was
monitored by means of an analyzer operating on the principle of a
thermal conductivity bridge. Samples were taken from cylinders of

ultra high purity hydrogen.

The volume calibrations given in reference [7] for the various
parts of the apparatus were 'ﬁsed in this work with two exceptions, The
differential pressure indicator, used to separate the hydrogen sAample
from fhe working fluid of the pressure measuring system, was replaced
with one in which the parts in contact with the hydrogen were fabricated
from A-286 steel. The volume of this device is an important factor in
computing the density. It was redetermined by gas expansion into a
calibrated glass bulb and found to be 0.59 cm3. The other volume change
was that of the sample holder itself. \ This container is made of electro-
lytic tough pitch copper, and its elastic limit was éstimated by means
of a model for thick-wall vessels to be in the neighborhood of 1000 bar.
However, after it was pressurized to a maximum pressure of_ 850 bar
its volume was found to have increased inelastically by 5.1%. This
fact was determined by comparing the PVT data taken before and after
the pressurization with the earlier results from the same apparatus in
reference [1]. This pressure was never exceeded during the subsequent
experimental work, and numerous similar comparisons confirmed the |
fact that the volume did not increase further. The volume of the sample
holder at 293 K and a pressure of one bar used here is 27,199 cm .
Suitable adjustrhents for changes in temperature and pressure were .mavde

as given in reference [7].
2.2 Experimental Procedure

In practice the sémple, having passed through the preparation
system, is loaded into the sample holder at some predetermined filling

conditions and sealed off by means of a stainless steel valve mounted
' 3



on top of the cryostat. During this procedure some of the gas is bled off
into the ortho-para analyzer, Pressure is measured as a function of tem-
perature at discreet; integral temperatures along a path of nearly con-
stant density. When the maximum temperature or pressure is reached,
the sample is released into the glass bulbs. The bulbs are chosen in
such a way that the final pressure is about one bar., Measurement of
this pressure, coupled with the use of room temperature virial coef-
ficients, which are generally known, allows the calculation of the amount

of sample.

3. Experimental Results

3.1 The Data '

Approximately 374 new data points were taken along 31 lines of
constant density (isochores). Data on each isochore were measured on
a set of predetermined temperatures so that the ultimate result would be
a set of isotherms. Temperatures above 90 K were measured on the
IPTS 1948 and, below 90 K, on the NBS 1955 temperature scales so that
the results could be integrated with the earlier NBS data in reference [1].
For each experimental density one or more data points were measured
within the range of the data of reference [1] in order to insure the con-
.tinued compatibility of the two sets of data. The data are given in
Table I and their location with respect to the earlier data is shown in
Figure 1. Experimental temperatures on the IPTS 68 scale are also

included in the table..
3.2 Representation of the Data

The combined sets of the present data and those from [1] were used
in the formulation of the PVT surface. No attempt has been made to fit
all the data to one wide-range etiuation of étate._ Instead the data were
divided into three regioﬁs, by density, and each region was smoothed and
interpolated by the means which seemed fnost appropriate. Location of

the three regions is shown in Figure 2, and they are discussed separately

below. 4



Low density region. In order to insure proper behavior of some

of the thermodynamic properties, such as entropy, it is necessary to
represent the low density region with an analytic surface having a
virial-type expansion in density. A truncated virial expression with

two coefficients,
2
P=RTp(1+Bp + Cp ) . (1)

was found to represent the data with sufficient accuracy up to a density

of 7 mol/1, or about one half critical density. The temperature depend-
ence of the virial coefficients, B and C, is especially important due to |
the fact that the derived thermodynamic properties depend on the first

and second temperatufe derivatives bof these quantities, Thus the suc-
cess of a given mathematical representation should be judged not only

by how well the experimental densities are reproduced but also by how
well any experimental thermodynamic properties can be reproduced.

The lattér criterion is much more stringent. The expressions for B and

C in reference [2] were successfully used to calculate specific heats

in agreement with experimental values at temperatures up to 100 K, and
they are used here. For temperatures above 100 K we have data only for
densities greater than about 10 mol/4, Therefore we were forced to
look elsewhere for virial coefficients. The correlation by Goodwin

et al, [8]gives expressions for B and C from 15 to 423 K. These appear
to have the proper behavior in the region of interest here and they were
incorporated into the PVT surface for the range 100 to 300 K. A com-
plete description of the functions and parameters used for B and C is

given in Appendix A,

Intermediate densities. The data in this region are represented

by 58 isotherm polynomials of the form
: N :
P = RTp + z ATt (2)
J=1 ‘
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The number of coefficients varied from a maximum of 15 for the 33 K
isotherm to a minimum of 3, These isotherms fit the data with standard
deviations of 0.01-0.03% in density. The isotherms were used to inter-
polate the data to even increments in density, The pressure-temperature
pairs thus obtained for a given density were fit with an isochore polynomial

of the form,
L 3-J
P:EAJT('), (3)
J=1

A total of 68 isochore polynomials were used between 6.5 and 40 mol/4,
with a 0.5 mol/4 increment in density. The parameters used in equa-

tions (2) and (3) are given in Tables II and III respectively.

High densities. The high density compressed liquid data, bounded

by the melting curve and the 38 mol/{isuochore, were represented by

means of a fourteen parameter empirical surface given by

2 2 2
=RTp + 4 +A_+ + + +A_+ + )
P =RTp (AIT AT A3 A4/T) (A5T AT A7 A8/T A9/T )p

2 6

The values of the parameters are given in Table IV. The surface was
constrained to the triple point given in [2]. Standard deviation for the
fit of this surface was 0.014% in density, and it was used for represent-

ing the PVT surface at densities greater than 40 mol /<.

Other data, The critical parameters, melting pressures, liquid-
vapor two phase boundary, and vépor pressurc curve were all taken
" from [2). and they are repeated in Appendix B for the convenience of

the reader.

Interpolation methods for densities. Equations (1-4) are all ex-

plicit in pressure. Therefore the density at a given temperature and



pressure must be found by iteration. In the low and high density regions
a simple Newton's iteration was used along an isotherm of the analytic
surfaces (1) or (4). In the intermediate density region densities were
found by a linear interpolation between the isochores tabulated in

Table III.

3.3 Estimate of Uncertainty of the PVT Data
Based upon a consideration of the uncertainties in the calibration

procedure and upon the results of several workers over a period of
years, the volilme of the sample holder is believed to be known to

within 0.1%. The uncertainty in the room temperature volumes con-
nected to the sample holder is about 0.02 cm3. Thus the maximum un-
certainty from these two sources varies from 0. 1% for a low temperature
compressed liquid to 0.17% for the room temperature gas data, Correc-
tions were made for the temperature variation of the sample holder
volume using well known thermal expansion data for copper. Uncertain-
ties due to this source are estimated to be of the order of 0.01%. Cor-
rections for the volume change with préssure were also made using the
Young's modulus for copper and a relationship applicable to thick-wall
~containers. The remaining uncertainty is probably of the order of
several hundredths of one percent at the highest pressures. The ac-’
curacy of the pressure gage is claimed to be 0.01%. Corrections were
made for the hydrostatic pressure heads in the apparatus connected to
the sample holder during measurements. Errors due to this source are
considered negligible. Temperatures were measured and reproduced to
within about 0,001 K. Overall accuracy of the potentiometric measure-
ment of the absolute temperature is less, however, and varies from
0.002 K at 50 K to 0.028 K at room temperature. The above uncertainties
are systematic and the total is seen to vary from a mininium of about

0.1% for the low pressure compressed liquid to about 0.2% for the high



pressure room temperature gas data. The experimental precision is

about 0.02% in density,

The above uncertainties apply to the experimental data. It is in-
evitable that the interpolation functions used to calculate the final tables
will degrade the accuracy somewhat. This effect may be seen by using
the experimental data as input test points for the computer program
which is used to calculate the smoothed tables, When this ié done the
standard deviation of all the data from the calculated surface is 0.04%
in density. The deviation of the individual points is given in the last

column in Table 1I.
3.4 Comparisons with Previous Data

The present data have been compared to the earlier data of [1]
and [4] via the surface representation in reference [3], which was fit to
the data of [1] below 90 K and to the data of [4] above 100 K. The average
deviation of the new data from the earlier NBS data of [1]is 0.021% in
density based on a comparison of 37 data points, Reference [3]also
included an extrapolation of the data of [1] up to a pressure of 10, 000
psia (689 bar). Figure 3 is a comparison of that extrapolation with the
present data at three temperatures. It is seen that the differences ap-
proach one percent in density at the highes.t pressures, The apparent
scatter shown in the figure is mostly in the calculated extrapolation

rather than the experimental data.

Comparison with the work of Michels et al., [4], is more complex
as the differences exhibit systematic trends with both temperature and
density. A comparison at three temperatures is given in Figure 4.
Deviations are seen to be as large as 0.25%. The data of Michels et al.‘
were\measured on normal hydrogen while our data are for para-

hydrogén. It has not been determined whether the above differences



could be due to the different compositions. As part of the preliminary
work for this pi'oject some PVT measurements were made at lower
temperatures on hydrogen of approximately normal composition, Those
results along with some earlier measurements, [5,9], are compared
with the parahydrogen PVT surface in Figure 5. Although the three

sets of data shown are not completely consistent, the figure suggests
that while the difference between the densities of liquid normal and para-
hydrogen is large, at higher temperatures it should be less than 0, 1%.
The present results are based entirely on parahydrogen data,

3.5 Thermodynamic Properties,

Accurate representation of precise PVT data allows caiculation
of the equilibrium thermodynamic properties by means of the appropriate
thermodynamic relationships. These relationships and calculation
techniques have been given in reference [2] and elsewhere, and they
will not be repeated here. Only the change of each property with den-
sity at constant temperature is calculated, and to this must be added
the ideal gas value at that temperature. The thermodynamic properties
of the ideal gas used here are the same as used in reference [3], which
were originally taken from the work of Woolley, Scott, and Brickwedde
[10]. The results are tabulated for the liquid-vapor coexistence boun-
dary in Table V and along isobars from 1-1000 bar in Table VI. For
the low aﬁd high density regions, described by equations (1) and (4),
thermodynamic properties such as enthalpy could be calculated expli-
citly as functions of density and temperature. For the intermediate
densities, however, there are no closed form calculations, and numeri-
cal integrations were used to calculate the derived properties. The
tables use the gram as the unit of mass, and the molecular weight was
taken to be 2.01572,

A rigorous calculation of the uncertainties in the derived proper-
ties is generarlly not possible. Comparison with experimentally mea-

sured values is to be preferred when the latter are available. Often

9



it is necessary to rely on the estimate of the author and on comparisons of
values calculated from the data of different laboratories. In reference [2]
calculated and experimental values of CV were found to agree to within
1%. A similar comparison with experimental velocity of sound values
showed agreement to within 0.5%. In the broader range of temperature
and pressure considered here, where no experimental data exist for Cv

or velocity of sound, we may expect the calculated values to have about
the same accuracy. We may arrive at the same estimate by considering
the thermodynamic relationship used to calculate Cv' The contribution
of the PVT surface to the specific heat depends on the second derivative
of the PVT surface in the integral f (bzp/b T2 )V dp /pz. The pi‘ecision
of the experimental data leads us to believe that we can calculate this
isochore second derivative with an accuracy of about 10%. However,
except in the critical region, this contribution amounts to only about 10%
of the total specific heat. The uncertainty in the 90% contribution from
the ideal gas is negligible for simple molecules., The specific heat at

constant pressure, C_, is derived from C_ by means of first derivatives
v

of the PVT surface, (IZP/D T)V and (0P/0 p)T, which are tabulated in
Tables V and VI. The uncertainties in these quantities are of the order
of 1%, leading to a similar uncertainty in CP.
The uncertainty in the tabulated values for enthalpy and entropy
may be estimated in similar fashion. For example, enthalpy is obtained

via the relation,

p
P N\
H‘T"”:HO‘T)*P/P-RT*f PriEF) %, ©®
' P

o

where H° refers to the ideal gas., The integrand in equation (5) vanishes
for an ideal gas and for a real gas such as hydrogen at room temperature
it becomes a small difference between two large quantities, Fortunately

in such cases where the relative uncertainty is large, this term makes

10



only a small contribution to the calculated enthalpy. By the use of such
arguments we may say that we expect the tabulated enthalpy to have an
uncertainty which varies from zero at the low density limit to a maximum
of about 10 J/mol for the liquid and the high priessure gas. This uncer-
tainty would also apply to the internal energy. Uncertainty in the

entropy varies from zero to about 0.05 J/mol-K for the compressed gas
and about 0.1 J/mol-K for the liquid. Uncertainties for all properties
are larger in the critical region,

A comparison between the tabulated enthalpies and those calcu-
lated by Michels et al. [4] is given in Figure 6. It is seen that the
difference between the two calculations reaches a maximum of 27 J/mol
at room temperature. The density differehces in this region, ‘shown in
Figure 4, would account for about 3 J/mol. Comparison was also made
with the recent direct enthalpy measurements of Dawe and Snowdon [11],
-which were performed on normal hydrogen at pressures up to 100 bar
(densities up to about 5 mol/4) along five isothérms between 222 and
367 K. Their results agree very well with our calculations and with

those of Michels et al. in this low density range.
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Appendix A, Interpolation Functions and Parameters Defining the
Second and Third Virial Coefficients

B is in cm37mol, C m (cm?’/mol)2 .

(a) -Secdnd virial coefficient,

For temperatures less than 100 K [2]:

~R{TB =A T+ Az:+‘ AT+ _Af?/Tz : (1a)
with 3
A1 = 1.939 7741 x 10
A2 = -1,927 952'2 x 105.1
A3 = -2.289 0051 x 106 !
A, = 1.109 4088 x 107
Temperatures greater than 100 K [8]: _
B = le1/4 + Bzx3/4 + B3x5/4 + B4>':7/4‘ (2a)
where x = 109,781/T and
B, = 42,464
B2 = -37.1172
B, = - 2.2982“
B4 = - 3.0484

15



Appendix A, (Continued)

(b)  Third virial coefficient.

Temperatures less than 55 K [2]:

. 2 2 3
RTC = CIT +C2T+C3+C4/T+C5/"1“ +C6/T (1b)

Two sets of parameters were used

T<T T <T<55
c c
5 3
C1 1,054 1776 x 10 1.697 1294 x 10
C2 -1.659 7141 x 107 -5,085 4223 x 105
. 9 7
C3 1,043 1411 x 10 6.728 4118 x 10
10 9
C4 -3,253 8718 x 10 -3,804 5171 x10
11 : 11
C5 5.140 5848 x 10 1.078 9413 x 10
C6 -3.312 3453 x 1012 -1.151 5642 x 1012
Temperatures between 55 and 100 K [2]:
. Cs
C,/T C, [1 - (T/Cy) ]
RTGC = RTC e 1 -e (2b)
with
Cl = 388.682
C2 = 45,5
C, = 0.60
C4 = 20.0
C5 = 4.0

16



Appendix A, (Continued)

For temperatures greater than 100 K [8]:

-3
C = Clxl/2 [1 +C2x3] l:l - e(1 - x )]

with
X = 20.615/T
Cl = 1310.5
C2 = 2.1486

17
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- Appendix B, Fixed Points and Phase Equilibrium Boundaries Used
for parahydrogen, taken from reference [2]

(a) Triple point:
P = 0.0704 bar
T, - = 13,803K

38.21 mol/4

p, (liquid)

(b) Normal boili_ng poi.pt:

P, = 1.01325bar

Tg - 20.268K

A, (liquid) = 35.11 mol/t

bb (gas) =  0.6636 mol/t
(C). Critical poi.ntv:

‘P = 12.928 bar

T : = 32.976K

P = 15,59 mol/d

Note: More recent data indicate that the true critical
temperature is probably closer to 32.93 K.
See ref, [12]. However, that value was not

used here pending further verification.

(d) Melting pressures: in atmospheres
P = Pt'+‘.,(‘T. - Tt)A [Ale. o+ AZT]
AI = 30.3312
A2 = 0,6667
o = 5,693

18



Appendix B. (Continued) .

(e) Liquid -vapor coexistence densities:

3
liquid, density in mol/cm™ ,

o sat L = o+ A ot 380, A, (AT) + A, oati/3+ A4(AT)5/3+ AS(AT)Z
A = 7.323 4603x 107
A, = -4.407 4261'x 107%
A, = 6.620 7946x10_'4
A, = -2.922 6363 x 10”2
A, = 4.008 4907 x 107
AT = T -T

C

vapor Tb ST STC, density in mol/cm3

.3 : ) .8
psatG=p +A (AT)O 7O+Az (AT)+A3 (AT)O 7+A4 (AT)O
A1 = -7.196 7724 x 10'3
Az = . 1.449 5527 x 10‘3
A3 . 3,240 3120x 1073
A, = -4.464 0177x10’3

Saturated vapor densities for temperatures below the normal
boiling point are calculated us ing equation (1) in the text and the vapor

pressure equation below:

19



Appendix B, (Continued)

(f) Vapor pressure: in atmospheres, for T <29 K,
A,
= + +
logy P, = 44 T+ A, AT
Al = 2,000 620
A, = -50.09 708
A, = 1.0044
A, = 1.748 495 x 1072
for T >29K,
3 5 7
= - - + -
P=P_+A (T -29) +A (T -29) +A_ (T-29)
A = 1.317x 1072
-5
A, = -5.926 x 10
-6
A, = 3.913x10

20
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(H=H®), ¢ , —(H=H)is wor  (J/mol)
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“p(mol/¢) -

Figure 6, Comparison of enthalpy with values calculated by
Michels et al, [4].
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IDENT

101
103
104
- 105
106
107
108
109

201
202
203
204
205
206
207
208
209
210

301
302
303
304
305
306
307
308
309
310
311

401
402
403
404
405
406
407
408
409
410
411
412

TABLE I. EXPERIMENTAL PvT DATA FOR PARAHYDROGEN.

T
K

30
60
. 65

70

75
80
85
90

35
75
80
85
90
95
100
110
120
130

30
60
65
70
75
80
85
90
95
100
110

30

85

90

95
1n0
110
120
130
140
150
160

T1968
K

30,008
59999
65,000
70,000
744994
79.991
84,997
9(.010

35,011
744994
79.991
844997
90,010
95,013
100,010

109,998

119,989
129,987

30.008 .

59.999
65,000
70,000
74994
79.991

84,997 .

90,010
95,013
100,010
109.998

30.008
79,991
844997
90.010
95,013
1nn.010
109,998
119,989
129,987
139,992
150,000
160,010

PRESSURF
BAR

123.895
3854529
64264996
467.841
5084000
5474680
5864809
6254490

116+484
419,581
454,949
489.906
5244430
5584809
5924528
6586702
723,294

- 71864512

. 107368
3604675
400773
4406262

1 479.182

517.482
5554369
592.845
629,738
5664148
737598

404992
372324
403,043
433,419
463 4.40F
492,849
551,127
608.,2n0
6644244
719,257
7734207
825.7813

217

D

EXP
364994

364767

360735
364705
366677
364649

- 36622

364596

344665
344403
34,376
344350
344325
344,301
344278
344,230
34,187
344145

364300

364075

36044
36.014
354986

35,959
135,932

35.907
35.882
35.858
354809

32.212
31.906
31.882
31.858
31.836
31.813
31,767

< 314727

31.688
31.651
31e614

31.578

ENSITY
MOL/L
CALC

37.003
36.778
36.744
36,709
36673
364640
36608
36.580

34,678
344413
34,380
344349
344319
34,4297
344270
34.218
34,171
34,128

36302
364086
360052
36.018
354985
354951
35,921
35.894

354865 -

35.838
354787

32.207
31.909
31.881
31.856
31.830
31.799
31,751
‘31.708
31.671
31.642
31.614
31.577

DIFFERENCE
PERCENT

0.02
0,03
0,02
0.01
-0.01
-0.02
-0.04
-0.04

0,04

0.013

0.01
-0.00
~0,02
-0.01
-0.,02
-0,03
-0.,05
-0.05

0.01

0.02

0.01
-0.00
-0.02
"0.03
-0.04
-0.05
-0,06
~0,06

~0,02

0.01
-0,00
-0001
~-0.,02
-0.04
-0,05
“0.06
-0.05
-0003
=0.00
-0,00



IDENT

501
502
503
504
505
506
507
508
509
510
511
512

601
602
603
604
605

701
702
703
704
705
706
707
708
709
710
711
712
713

801
802
803
804
805
806
807
808
809
810
811
812
813
814

TABLE 1. EXPERIMENTAL PVT DATA FOR PARAHYDROGEN,

T T19068 PRESSURE DENSITY
K K RAR MOL/L
EXP CALC
40 40,015 82.956 29,917 29.921
90 90.010 3664450 294659 29.675
95 95,013 392.967 29638 294652
100 100.010 4194152 29.617 294626
110 109.998 4704697 29575 29575
120 119.989 5214223 294536 294527
130 129.987 570855 - 294500 294483
140 139.992 619.731 29464 29442
150 150.090 667.783 294429 294404
160 160.010 715.11¢ 294396 294369
170 170.019 761553 294363 294332
180 180,027 ~ 8074236 0294330 29.298
80 794991 2414430 264408 264412
120 119,989 413,022 264254 264257
140 139.992 494 4456 264186 260177
160 160,010 5734555 260121 264103
180 180.027 © 6506750 264058 264040
28 28,1007 204 4566 40265 406271
44 44,015 3674958 406121 404136
46 464015 388.035 404105 404,118
48 484,014 4074974 40,089 404,099
50 50,013 427.847 40,074 40,082
55 55,007 4774063 40,036 40,039
60 59,999 525,557 40,001 39,999
65 65,000 573,456 39,967 39,973
70 70.000. 6204656 39.934 39,937
75 744994 667.0927 39.903 39,901
80 79,991 712.839 39,873 39,867
85 84,9917 758,108 39.844 39,837
S0 90,010 802,792 39.816 3c,812
28 28.007 186.982 39.781 39.785
44 44,015 = 347,318 39,637 39,652
46 46,015 366,981 39,620 39.635
48 48,014 3864541 39,605 39,619
50 50012 406.032 39.589 39.60%2
55 554007 4540141 394553 394561
60 594999 5014635 39.517 394521
65 65000 548547 39.483 394483
70 70,000 5944701 394451 394445
75 744994 64C.100 394420 39.408
80 794991 684,951 39.391 39.374
85 B4 4997 729.251 394362 394344
an 90,010 7734070 394334 39.319
95 95,0173 816.135 394307 394295

28

DIFFERENCE
PERCENT

0.01
0.06
0.05
0.03
0.00
-0.03
-0.06
-0.,07
-0.08
-0.,09
-0. 10
-0.11

0.01
0.01
-0.03
-0.07
~0,07

0.01
0,04
0,03
0.03
0,02
0.01
-0,01
0.01
0.01
-0.00
-0,02
~0,02
-0,01

0.01
0,04
0,04
0,04
0,04
0,02
0.01
-0.00
-0.01
-0.03
"'0004
"0005
"0.0‘0
-0,013



IDENT

901
902
903
904
905

906
907 -

9n8

909 .

210
911

912-.

1o001
-1002
1003

1004

1005

1006 -

1007

1101
1102
1103
1104
1105
1106
1107
1108
1109
1110

1201
1202
1203
1204
1205
1206
1207

1208

TABLE 1. EXPERIMENTAL PVT DATA FOR PARAHYDROGEN..

T
K

30
48
50
55
60
65
70
75
80
85
90
95

24
26
30
34
50
55
60

32
50
70
75
85
90
95
l0n
110
120

50

60
109
110
120
130
150
170

T1968
K

30,008
48,014
50,013
55007
59,999
65000
70,000
79.991
84,997
90,010

95,013

24,008

264007
30,008
34,010
50,0113
55,007

594999 ..

32,008
50,013
70,000
7644994
84,997
90,010

95,013 -

10n.,01n
109,998
119,989

506013

59,999
100,010
109.998
119,989
129.987
150,000
170,619

PRESSURE
BAR

198,656
376,429
395.783
4434515
4904594
537.024

627,959
- 6724326
716,248

759468R .

802.405

125,289 - -
394146

145,004
1844472

223,862 .

3784367
4254284

471557

95.31¢
238,891

. 389,472
4254712

496,795
531,718
5664091
600.08%
6664875
732,188

89.657
131.441
291.10°
3294195

© 3664654

403,570
475,897
546,394

29.

D

EXP
39,526
39,370
394355
39.317
39,282
39.248

- 39,216

39,185

© 394155

39.126
39,099

- 39,072

39.166

39.107
39,069
38.936
384899
38.864

34.871

34,727

" 344597

344568
34,4513
344487
34:462

344437

344390

344345

244862
24,817
244660
264625
24,592
2644560
244497
264437

ENSITY
MOL/L
CALC

39,526
39,381
394366
394326
3¢,287
39,249
394214
39,178
39.144
39,115
39,092

39,071

39,157
39,141
39.108
39,076
384951
38.911
38.872

34.868
34.745
34.618

34,586 °

34,524
344497

34.468

344440
344390
344345

244865
24,823
244681
244640
244598
244560
24.488
244422

DIFFERENCE
PERCENT

0.00
0,03
0,03
0.02
0.01
0.00
~-0,00

=002

«-0,03 .
"'0002

. =0400

' . "0.02

-0,01
0.00
0.02
0.04
0,03 .
0,02

-0.01
0,05
0,06
0.05
0.03
0.03
0,02
0.01

-0000
0,00

0.01
0.02
0,08
0.06
0,03
-0.00
-0.,04
"0.06



TABLE I+ EXPERIMENTAL PVT DATA FOR PARAHYDROGEN.

IDENT T T1968 "PRESSURE DENSITY
K K BAR MOL/L
EXP CALC

1301 32 32,008 59,937 32,596 32.586
1302 75 74994 352.603 32.311 324332
1303 80 79991 384.451 32.284 324306
1304 85 844997 415894 324259 32.280
1305 90 90,010 446,920 32.234 32.252
1306 95 95,013 477572 32.210 32.227
1307 100 100,010 507845 32.186 32,201
1308 110 109,998 567+328 32.141 32.151
1309 120 119,989 6254492 32.100 32.106
1310 130 129,987 6824573 32.058 32.066
1311 140 139,992 738,622 32,019 32,037
1312 150 150,000 793,538 31,980 32,007
1401 30 30,008 58,4358 33,620 33.598
1402. 50 50,013 207.837 33463 334463
1403 75 744994 382.639 33.308 33.313
1404 80 794991 416,178 33,282 32,285
1405 85 844997 4494311 334255 33,258
1406 90 90.019 4824028 33,230 33.231
1407 95 95,013 5144302 33,205 334204
1408 100 100,010 5464197 33,181 33.178
1409 110 109,998 608e¢714 33.136 33.125
1410 120 119.989 6694997 33,092 33,083
1411 130 129.987 7294976 33,049 33,042
1501 40 404015 884842 304459 304452
1502 90 90.010 381.413 30.184 30.199
1503 95 95,013 408,790 30.161 30,176
1504 100 100.010 4354752 30140 304149
1505 110 109,998 488.889 30.098 304099
1506 120 ~119.989 540.928 30.057 30,051
1507 130 129,987 592.072 30.018 30.007
1508 140 139,992 6424361 29.980 29.968
1509 150 150.000 - 6914791 294944 29.930
1601 40 40,015 1084357 314952 31.954
1602 85 84,997 397,237 31.685 314697
1603 90 90,010 4274302 31,660 31.671
1604 95 95,013 4564954 31.637 31.644
1605 100 100,010 4864298 314614 314619
1606 110 109,998 543,922 31.570 31.568

119.989 6004411 31.528 31.525

1607 120

30

DIFFERENCE
PERCENT

-0,03
0.07
0,07
0.06
0.06
0.05
0.05
0.03
0,02
0.03
0,05
0.08

-0,07
-'0.00
0.02
0,01
0.01
0.00
-0.00
-0.01
-0.03
-0,03
-0.,02

~0.02
0,05
0.05
0.03
0,00
-0.,02
-0.04
-0.04
-0.05

0.00
0.04
0.04
0.02
0.02
-0,01
"0.01



IDENT

1701
1702
1703
1704
1705
1706
1707
1708
1709

1801
1802
1803
1804
1805
1806
1807

1901
1902
1903
1904
1905

1906 -

1907
1908
1909
1910
" 1911
1912
1913
1914
1915
1916
1917
1918
1919

TABLE I« EXPERIMENTAL PVY DATA FOR PARAHYDROGEN.

T T1968 PRESSURE DENSITY
K K BAR MOL/L
‘ EXP CALC

40 40,015 103,003 31.570 31.576
85 844997 3854634 31,306 31.322
90 90,010 4154149 31.281 31299
95 95,013 4444215 31.258 31,273
100 100,010 472.905 314235 31.246
110 109,998 529,322 31,191 31.194
120 119,989 . 584,640 31,149 31.148
130 129,987 638.928 31.109 31.107
140 139,992 692.286 31.070 31.074
40 40,015 684910 284,426 280425
90 © 904010 327437 284170 284195
95 95,013 3514749 284149 28.174°
100 100.010 375,753 28.128 28150
110 109.998 423,038 28,088 28.102
120 119,989 469,466 28,050 28,055
130 129,987 515,069 28,013 28,009
24 24,008 2784691 43,021 42,998
32 32,008 3684296 426945 424936
33 = 33,009 379,592 42,935 42,929
34 34,010 390.784 62,926 424919
35 35,011 4026045 424917 424,912
36 36.012 413,308 424909 42904
37 37.013 4244501 42,900 424895
38 38,014 435,72¢ 424891 42.887
39 39,015 446,957 42.883 42,879
40 40,015 458,150 42.874 42,871
42 42,016 4804504 42,858 42,855
46 46,015 524,588 424825 42,816
48 48,014 5464840 42810 424803
50 506013 568,919 42794 42,789
55 55,007 6234689 424757 424755
60 59,999 677.705 420,721 42,721
65 65,000 731,138 . 42,688 42,692

70 704000 783,712 424655 42,664

31

DIFFERENCE
PERCENT

0.02
0.05
0.06
0.05
0.04
0.01
-0.00
-0.01
0.01

-0,00
0.09
0,09
0.08
0,05
0,02

-0.,02

-0.,05
-0.02
-0,01
~-0.,02
~0.,01
—0001
-0,01
-0.01
"0.01
-0.,01
~0.01
-0.,01
-0,02
-0.,02
-0.01
-0,.,01

0,00

0.,01

0,02



TABLE I. EXPERIMENTAL PVT DATA FOR PARAHYDROGEN.

IDENT T T1968 PRF SSURE DENSITY
K K BAR : MOL /L
EXP CALC

2001 23 23,009 312,698 43,898 43,876
2002 24 24,008 324,063 43,888 . 42,869
2003 26 264007 346,928 43,869 43,854
2004 28 28,007 369.863 43,850 43,837
2005 30 30,008 392,936 43,832 43,821
2006 31 31,008 404,507 - 43,822 43,813
2007 32 32,008 416,078 43,813 43,805
2008 33 33,009 427,650 43,805 43,797
2009 34 34,010 439,223 43,796 43,789
2010 35 35,011 450,862 43,787 43,782
2011 36 36,012 4624401 43,779 43,773
2012 37 37,013 4744007 43,770 43,766
2013 38 38,014 485,580 43,761 43,758
2014 39 39,015 4974152 43,753 43,750
2015 42 42.016 5314729 43.728 43727
2015 40 40,015 508,686 43,745 43,742
2017 44 44,015 5544704 43,712 43,712
2018 46 - 464015 577609 43,697 43,697
2019 48 48,014 600.40¢€ 43,681 43,682
2020 50 50,013 6236142 43,666 = 434667
2021 5% 55,007 679.500 43,629 43,632
2022 60 59,999 735,171 43,594 43,599
2023 65 654000 7904154 43,560 43,569
2101 24 244,008 225,819 41,882 41,865
2102 26 26,007 247,336 41,863 41,851
2104 34 34,010 334,042 41,788 41,789
2105 36 36,012 355,737 41,770 41,773
2106 38 38,014 377,298 41,752 41,757
2107 40 40,015 398,956 414735 414741
2108 42 42,016 4204478 41,718 41,725
2109 44 444,015 4414832 414702 41,707
2110 46 46,015 463,185 41.686 41.691
2111 48 48,014 484,398 414,670 414675
2112 50 50,013 5054545 41,655 41,659
2113 56 55,007 557,865 41.618 414619
2114 60 59,999 C 609,567 41,582 41,583
2115 65 65,000 66N 61¢€ 41,548 414549
2116 70 70,000 711,014 414,515 414520

32

DIFFERENCE
PERCENT

-0,05
-0004
-0.04
-0.03
-0.,03
-0,02
~0,02
-0,02 .
-0.,02
~-0,01
-0,01
-0,01
-0,01
-0.,01
-0.00
-0,01
-0.00
-0.00
0.00
0,00
0,01
0,01
0,02’

-0.04
~-0,03
0.00
0,01
0,01
0.01
0,02
0,01
0,01
0,01
0,01
0.00
0,00 °
0.00
0.01



IDENT

2201

2202
2203
2204
2205
2206
2207
2208
2209
2210
2211

2301
2302

2303

2305
2306
2307
2308
2309
2310
2311
2312
2313

2402

2403

2404
2405
2406
2407
2408
2409
2410
2411
2412
2413

TABLE T.

T
K

30
40
55
60
65
70
75
80
85
90
95

60

90°

110
130
140
150
160
170
180
190
200
220

110
120
130
140
150
160
180
190
200
220
240
260

T1968
K

30,008
40,015
55,007
594999

- 65000

70,000
744994
79,991
84,997
90.010
95,013

594999

90.010
109,998
129,987
139,992
150,000
160,010
170.019
180,027
190.032
2704035
220.030

109,998
119,989
129.987

139,992

150,000
160,010
1R0.027
190.032
200,035
2204030
240,020
260,008

BAR

157.922
2524794
390.663
435,320

4794370

5244833
5654476
607,601
649,245
6904340
7304852

141,529
2704164
351.804
430,771
469,379
507.40n3
5444981
5824008
6184659
6544759
6906517
760.801

293.108
3264842
3604140
392,995
425,403
4574438
5204362
5514291
581,946
6424195
701,378
7594220

33

EXPERIMENTAL PVT .DATA FOR PARAHYDROGEN.
PRESSURE

‘DENSITY
EXP CALC

384255 384258
38.164 38.188
38,047 38.078
384013 384041
374979 38.005
37.946 384015
37.917 37.936
37,887 37.903
37,859 37.875
37.832 37.849
37.805 37.825
254729 25.738
254602 2¢.635
25.528 25.554
254459 254474
25,426 25,437
254394 254400
254362 254365
254331 254331
254301 254300
254271 254270
254241 250242
25.184 254191
23.035 23.051
23,004 23.015
224973 22.981
22.943 22.948
22.914 22.915
22.885 22.884
22.828 224822
22.800 224793
224773 22.766
224720 22.713
22,666 22,665
224615 22.616

DIFFERENCE
PERCENT

0.01
0.06
0,08
0.07
0.07
0.18
0.05
0,04
0,04
0.04
0.05

0,03
0.13
0.10
0.06
0,04
0.02
0.01
-0.00
-0,00
~0,00
0.00
0.03

0.07
0,05
0.04
0.02
0.00
-0.,01
~0.02
~0,03
-0,03
-0.,03
-0,01
0.00



IDENT

2501
2502
2503
2504
2505
2506
2507
2508
2509
2510
2511
2512

2601
2602
2603
2604
2605
2606
2607
2608
2609
2610
2611
2612
2613
2614
2615
2616

2701
2702
2703
2704
2705
2706
2707
2708
2709
2710
2711
2712
2713
2714
2715
2716
2717

TABLE 1.
T T1968
K K

75 74,994
90 90,010
110 109,998
120 119.989
130 129.987
140 139,992
150 150000
160 160,010
170 170,019
180 180,027
190 190,032
200 200,035
90 90,010
110 109,998
120 119,989
130 129,987
140 139,992
150 150,000
160 160,010
170 ‘170,019
180 180,027
190 190,032
200 200,035
240 2400020
260 2604008
260 2604008
280 2794997
300 ©  299.992
90 90.010
110 109,998
120 119,989
130 129.987
140 139,992
150 150,000
160 160,010
170 170019
180 180,027
190 190,032
200 200,035
220 2206030
220 2204030
240 2404020
260 260.008
280 279,997
299,992

3n0

BAR

218.132
2844399
3694686
411418F
4524061
492,322
5314966
571131
609.744
647.880
685.499
722,705

1564817
205,359
2294174
2524750
276,062
299,141
321.972
344,632
367.002
389,217
411,235
4974406
5394599
539.738
581.278
6224235

148,812

194,811
217,364

2394653

261,781
283,773
3054502
327.037
3484330
369.429
3904357
631,688
431.78°
4724475
512.554

- 5524092

59].110

34

EXPERIMENTAL PVT DATA FOR PARAHYDROGEN.
PRESSURE

DENSITY
EXP CALC
264356 264376
264293 264322
264217 264238
264181 264195
26147 264154
264113 264115
26.080 264077
264048 264041
264016 26,007
25,985 25.978
254955 25947
25,925 250918
18.359 18.369
18.308 184322
18.284 18,297
184259 18,273
18,236 18,248
18,212 18,223
18,189 18,198
18,167 18,175
18.144 18,150
18,122 18,125
18.100 18.101
18,013 18.008
17969 17.968
17972 17,971
17.929 17.931
17.885 17.892
174700 17.689
174651 17.650
17,628 17,626
17605 17.600
17.582 17.578
17.560 17559
17.528 17.538
17516 174517
17.494 17.493
17.473 17469
174452 17447
17.409. 174402
17.409 17.405
17.368 "174362
17.326 17.321
17.285 17.282
17.243 17.245

DIFFERENCE
PERCENT

0.08
0.11
0.08
0,05
0.03
0,01
-0.01
-0.03
-0.0"
-0,03
-0,03
-0.03

0,05
0.,08
0,07
0.07
0.07
0,06
0,05
0,05
0,03
0,02
0.01
-0003
-0.01
"0.01
0.01
0.04

~0.,06
-0.01
-0.01
-0,03
-0,02
~0.,00
-0,00

0,00
_0001
-0.,02
=0.03
-0.04
-0.,02
-0.03
~0.03
-0,02

0.01



IDENT

2801
2802
2803
2804
2805
2806
2807
2808
2809
2810
2811
2812
2813
2814
2815
2816

2901
2902
2903
2904
2905
2906
2907
2908
2909
2910
2911
2912
2913
2914
2915

3001
3002
3003
3004
3005
3006
3007
3008
3009
3010
3011
3012
3013
3014

TABLE 1.

T T1968
K K

90 90.010
110 109.998
120 119.989
130 129,987
140 139,992
150 150,000
160 160.010
170 170.019
180 180,027
190 190,032
200 200,035
220 220,030
240 240,020
260 260,008
280 279,997
300 299,992
110 109.998
120 119,989
130 129.987
140 139,992
150 150,000
160 160,010
170 170,019
180 180,027
190 190.032
200 270,038
220 220,030
240 - 240,020
260 2604008
280 2794997
300 299,992
120 119,989
130 129.987
140 139,992
150 150,000
160 160,010
170 170.019
180 180,027
190 190,032
200 200,035
220 220,030
240 240,020
260 260,008
280 279,997
300 2994992

BAR

125.090
1634128
181.823
200.324
2184687
236,887
254,928
272.833
290.588
308.184
3254630
3606177
394.200
4274862
461,046
493 ,.85¢€

1234395

- 1374165

150,861
1644465
177996
1914354
204,668
217.866
2304996
243,995
2694775
295,275
3206391
345,.,310

369,931

108,442
119.04¢
129,535
139,977
1504362
1604668
170.906
181.086
191.208
211.270
231e147
2506762
2704209
289509

35

DENSITY

EXP CALC

156492 15506
156451 15468
154431 15.444
15,411 15,420
15.391 154399
154372 15,377
15,353 15,356
15334 15.336
15315 15316
15296 15,295
15,278 15274
154241 15236
15,204 15,199
15167 15,166
15,130 15.134
15.094 15105
12.334 126342
12,319 12,321
12303 12.302
12.288 124285
12273 12.270
12.257 12.252
12.242 12.226
12,227 12,219
12,212 12.205
12197 12.188
124167 12.158
12,137 12,132
12107 120105
12,077 12,082
12,047 12,061
10,063 10.065
10,051 10,051
10,039 10.035
10,026 10,021
10,014 1¢,008
10,002 96995
9,989 9.981
9977 9¢969
9.964 9956
94940 9.932
9916 9911
9.891 94890
9866 9871
9841 9.855

EXPERIMENTAL PVT DATA FOR PARAHYDROGEN.
PRESSURE

DIFFERENCE
PERCENT

0.09
O.11
0.09
0,06
0.05
0,03
0,02
0.01
0,00
~-0.01
"0002
-0,03
-0,04
-0.01
0.03
0.07

0.06

0.01
-0.,00
-0,02
-0,02
‘000‘0
-0,05
-0,06
~-0,05%
-0.07
-0,07
~-0,04
_0002

0.04

0.11

0,02

0.00
-0.04
-0,05
-0.06
~-0.,07
-0.08
-0.08
-0.08
-0.08
-0.05
~-0.01

0,05

0,14



IDENT

3101
3102
3103
3104
3105

3106.

3107
3108
3109
3110
3111
3112
3113
3114
3115
3116

TABLE I+ EXPERIMENTAL PVT DATA FOR PARAHYDROGEN.

T - T1968 PRESSURE DENSITY
K K BAR : MOL /L
EXP CALC

90 90,010 194,700 21,223 21,235
110 109,998 255,139 21.163 21,175
120 119,989 284,741 214134 214145
130 129.987 313,941 21,106 21.114
140 139,992 342,799  21.078 21,084
150 150,000 371,346 21,051 = 21,055
160 160,010 399,551 = 214025 214027
170 170,019 427647 | 204999 204999
180 180,027 455,033 204974 20,971
190 190,032 482,285 20,949 . 20,942
200 2004035 5094356 . 204924 20,917
220 220,030 5624623 20.874 20,864
240 240,020 6144990 20.826 204817
260 260,008 6660444 . 204777 204771
280 279.997 7174092 204729 20,4730
300 299,992 7664252 20,680 20,678
300 299,992 110.696 44160 44164

36

DIFFERENCE
PERCENT

0.06
0,06
0,08
0,04
0,03
0,02
0.01
0,00
=0,01
=0.04
-0.05
-0004
-0.03
0,00
-0.,01

0,09



TABLE Il

T = 17
1.7927586453+006
T =18 .
1450311975724007
644214968758+012

T'= 19 o
-1.1392285021+006
-8,18847320114011

T =20
-8,9024745380+007
~2.01137585944014

T.= 21 .
~15722719776+006
-343294287572+012

T = 22 )
~64,2220964791+4006
~1447013061574013

T = 23
1,19386467494007
2.84401491494013

T= 24
-243878490330+4005
-142142525399+4+014
~3.8860226726+018

T = 25
1,9101085827+007
6.4844143415+4015
8.0936167398+019

T = 26
~241530400926+005
-2¢3982606455+013
-136259710084018

T = 27
6+3601655201+006
1460730053894015
2408491748344019

PARAMETERS USED IN
P IN ATMOSPHERES)

—1.5192441462+008

~145512871509+009

1,2356609580+008

- 141556129859+4010

1.03884797904015

1.9651870236+008
1.5784513601+013

8,1215152736+008
7.5808848429+013

-1.5789479208+009
~1.4958283915+014

3,0395018355+007
442564284763+015

-1.3258059406+010
~146611547693+017

5.6158308351+4006
1.0294067329+015

-3.4433188539+009

~4,14653795534016

EQUATIONS (2)ys WITH

IN MOL/cM3,:
3,8076380874+009

5¢9237216873+010
-5¢7620943087+009

-6.0013225?05+011

-1.0575412034+4010

-4,31408926474010
842547745700+010

~1.3734369824+010
-8.4197211599+016

2.0705538414+012
2.5633271853+018

~1,2726310972+009
~203633418379+016

541608398468+011
6.4586567057+017

37

-2480112197194+010

-1.00279605224012
1.1774618892+011
1.5555518278+013
2.5455063585+011
1.1354740706+012

-2.1610303925+o;2

1.8909616802+012
8487152306344+017

=145338042955+014
—242002900684+019

247828310003+011
208068341347+017

~3.79214359574013
~5.6034492132+018



TABLE "Il

T = 28
-2,0595703167+005
~1,6152013770+4013
-1.0112661614+018

T = 29
~1434281103674+007
-2475790755954015
-4444483398294+019

T = 30
-200017952378+005
4.8294203363+012
2,5469426200+4019

T = 31
~-19516670204+005
2432394463054013
4.92610844864019

T = 32
-1.9206741710+4005
-246458186348+013
~645371484854+020
~6¢8355209137+024

T = 33
~1.87849383024005
1674914214244014
1.,30418129184+022
3.0081285610+027

T= 134
-1.8585184564+005
~3.4321343187+013
~4.8273615233+020
-442943871162+024

T = 35
~1.81195094494005
8,.,8885819309+4012
1.72664595724+01¢

T = 36
-1.7811391467+005
3.8454860809+4012
8430495344994018

PARAMETERS USED IN

P IN ATMOSPHERES»

4,5182352997+006
7.18023773104014

5.6575732735+009
Te4796689348+016

543964044936+006
~7.6785061024+4014
-2,43442228064020

346574613418+006
-2.0061113068+015
~4,6663844523+020

4.6845686588+006
347166512756+015
145269776599+022

2.6577854073+006
-2.8719174322+016
-4,9821628964+023
-2.1514260620+028

55750148466+006
348295375311+4015
1.0697128449+022

3.77494856854006

-7.,4038751137+014
~1,6217236626+020

4.1182933578+4006
=3.5775575669+014
~7.4389397677+019

EQUATIONS (2), WITH

IN MoL/CM3,

-6,8612022421+008
-1.,68685837404016

~8,2947559839+011

~1.2297564767+018

-4,2058231059+008
445537740208+016
9.7614646410+020

3.7466996841+008
9.8185403161+016
1.8758074023+021

~306150845963+008
=3e2574421486+017
-242367832329+023

1.4510362165+009
3.1652595468+018
1.3400288556+025
6¢8799325371+028

-7.6024834019+008
~2.8662841004+017
-1.5028432355+023

1.9397696413+008
3.,5528922435+016
6.5142512016+020

2.4961851164+007
1,7787367946+016
2.8224550378+020

38

1,7592192748+011
2.04293005834017

6424214790494+013
1.1284301969+019

246939742148+010
=1¢4318146279+4018

=1.3784282679+4011
-28568579115+018

142104653786+011
18132111800+4019
128715165426+024

~6471039152314011
~2¢4196373064+4+020
-2+4805831839+4026

2.05075123044011
1.4381045765+019
142137075915+024

~547703648590+010
-1.0158372332+4018

~148655489452+010
~5.0468821411+017



TABLE Il.

T = 37
-1,7504164625+005
1.04819023224012
4.2115621654+018

T = 38

~1.71886554614005
-6,4757887779+011
1.3185365598+017

T = 139

-1.6871486896+005
501049105615+010
2¢5526792404+018

T = 40
-1,6528799255+005
1,18532052984+012
3.3010243575+018

T = 42
~1+46005141176+4005
-501559965190+4012
~746922454819+018

T = 44
-1.5415213997+005
-1.5170646500+012
-2+6782002109+016

T = 46
-1,4849319717+005
-1.0266946025+012
~8.2553809655+015

T = 48

21.43230030794005
-1.38552588544012
-547512269202+016

T = 50
~1437550392974005
-8477118430034011
-3416190374254016

PARAMETERS USED 1
P IN ATMOSPHERES .

4,3478341863+4006
~1.5188318013+014
~367645346224+019

4,4164814100+006
~9,4967659665+012
46721412435+018

443494489187+006
-643993969203+4013
-2.4969242889+019

4,0424879157+006
-1,2229345288+014
~341872436252+4019

4.7838903840+006
343297229502+4014
8.0054237088+019

445484784748+006
5.5621434507+013

4,4556006236+006
3.6133000363+013

4.6101570489+006
543741360391+013

4,4337521733+4+006
3.3093906556+013

N

39

EQUATIONS _(2)s WITH

IN MOL/CM3,

-7.8940145097+007
8.6169811247+015
1443499967014020

-1.2310743431+008
1,4841742662+015
-4,4688264278+019

-9.6149707960+007
444733401634+015
1,0756029041+020

~644224280969+006
6,4811436791+015
1.3536613430+020

-29327650297+003
-1.4362689717+016
~3.5598893687+020

-1.7363000323+008

-9.,9586051707+014

-1.3686177327+008
~5.8512342722+014

-1,7559747323+008
-1,1000290742+015

-1.2683328076+008
-6.3704229711+014

3,77512227514009
~2¢5436161152+017

15313645270+010
=3.5097239605+016

9.3603784130+009
~1e¢4374657538+017

~442051370364+009
~149139164278+017

511022001134010
441737762048+017

225321459104010
844449832218+015

1.6333384342+010
4,05708035514015

2411425144794010
1.1984378664+4016

14384430007+010
6¢5595795531+015



TABLE Ile PARAMETERS USED IN

T= 55
-1.2444464680+4005
-602833472919+011
~348295182637+016

T = 60
-11121912936+005

1.5493318633+4012

1,0813339700+4017

T = 65
-9.8720106145+004
243050068184+4012
1.88487598674017

T= 70
-8.,8718903663+004
-646024659429+011

T= 15
-7.8025954959+00+
~9400428518054011

T = 80
-646186969522+004
-8.1467914805+011

T = 85
~5404213554657+004
-6.0735692987+011

T= 90
-442626080752+004
~4.9336104804+011

T = 95
-3.21139680304004
~2.20030374144010

T = 100
-2.1222851074+004
-242358853579+010

T =110
3.1412601495+003
342830235464+009

P IN ATMOSPHERES»

444263980428+006
2.4237788412+013

3.7936057214+006
-6.7845664772+4013

3,7003113011+006
-1.0443828491+4014

51753661577+006
1.,4663058585+013

5¢6523931462+4006
1e9664936592+013

5¢5655865573+006
1.7944899990+0113

53107666819+006
1,3818270020+013

542768485401+006
1,0974869627+013
5¢2533557761+006

5.27321151834006

4.6471082519+4006

40

EQUATIONS (2)s WITH

IN MOL/cM3,

-1.11176291974008
-5.1031540831+014

966693596677+007
1.6933951450+015

1,4986070139+008
26776241089+015

-2.0146770020+008
-1.2203529654+014

~2,66398133554008
-1.6363534789+014

~243514178364+008
-145097001241+014

~1469777504444+008
~1,2005059027+014

-144350544917+0C3
~9¢4195262066+013
-6,7826875035+007

=547074800540+007

244531366095+007

1¢1536268864+010
643172360032+015

=1e¢7339142479+4010
=201656447852+016

-2.5788521979+010
~3¢5561177409+016

1.77184115914010
2434474145664+010
2013458117344010
1.6309382732+010
1.4119783096+010
5.0485456231+009
448860145629+009

2¢3853498831+009



TABLE 11« PARAMETERS USED IN EQUATIONS (2)s WITH

T =120
2.6464489657+004
2444302616824010

T =130
5.2710390907+4004
3.5545800087+010

T = 140
8.2889587155+004
1.07628484794011

T = 150
9.9132598618+004
82837449894+010

T =160 .
1.1224730815+005

T =170
1¢3448226329+005

‘T = 180
-145862494924+005

T = 190
1.5923196446+005

T = 200
1.7980369731+005

T = 220
2.0871873375+4005

T = 240
2.,5891748980+005

T = 260
2.88862986274005

T = 280

3.2088095893+005

T = 300
3¢5755211794+005

P IN ATMOSPHERES,

4,2070808336+006
3.3607590684+006
1,2750268682+006

242950896275+006

441479952727+006

348039602304+006
3.0672011100+006
6.7063029471+006
6,5195371178+006
8.5738065048+006

5.97761636014006

7.05033270344006

7.8342761934+006

8.0856780617+006

41

IN MOL/cM3,

8.6352691620f001
1.5809499545+003
3.4805726515+008
2.9170405067+06§

1.4623482040+008
1.8450776633+008
244310127954+008
4.3210883954+007
7.0124286979+007
-1,3391815780+007
1.63154015194+008
1,4305482371+008
1.2893277aze+oos

142555978890+0C13

4.6370803380+008

-1.1687218877+009

=T73716422103+009

-5,4215509909+009

3.9067965812+008
-343170631876+008
-1.38596426624009
2'3675454063+Q69
1.8674921622+009

3.5010356047+009



TABLE I111. PARAMETERS USED IN EQUATIONS (3)sWITH

DENSITY = 645
~7.6666428981~005
~143723015815+003

DENSITY = 7.0
-869392590199-005
-1457788196334003

DENSITY = 745
-1.,0310817375-004

-1.7805277932+003

DENSITY = 840
-1.1698229150-004

-1,9059440030+003

DENSITY = 85
-1.3284976883-004
~240548102677+003

DENSITY = 9.0
~144912593340-004
-241381172519+003

DENSITY = 9.5
~1.,6628762469-004
~241510413760+003

DENSITY = 1040
-1.8406316617-004
~-240853791385+003

DENSITY = 105
~2.0281663628-004
-1.9482430327+003

DENSITY = 11.0
-2.2166027077-004
~1.6739112287+003

NDENSITY = 1145
~2.4044928444-004
-162476121362+4003

NDENSITY = 12.0
~245967662789-004
-7414122088204+002

P IN ATMOSPHERESs T IN KELVINS

6.4889324389-001
7.0920300077-001
7.7113012411-001
8.3423216275-001
8.9939102824-001
9.6593136529-001
1;0360097016+000
1.1035650202+000
1.1747759895+000
1,24721280864+000
1,3208187953400n

143959153104+000

42

-1,05604393644001
-1.22196712844001
-1.3990496075+001
-1.5796543231+001
-1.775659736340C
-1.9768827828+001
-2,1839611598+001
-2.3956861843+001
-2461335396284001
-2.8297966602+001
~3.0432582623+001

-3.2579537251+001

4,1486997680+001

4.9285316151+001

57339421316+001

641486587428+001

6.7878239674+001

741287047861+001

7¢1752505542+001

6.8806216972+4001

6.3005369257+4001

5,0585120801+001

2,0675323653+001

507436924150+000



TABLE IIl. PARAMETERS USED IN EQUATIONS (3)sWITH

DENSITY = 1245
-2.7918357967-004

-6¢10370737374000

DENSITY = 13.0
-2,9777461516-004
9.0049463026+002

DENSITY = 13.5
-3.1605166459-004
1.9832367622+003

DENSITY = 14.0
-3.3204868781-004

3.3501531897+003

DENSITY = 1445
~-3.4864900231-004
4485745845154003

DENSITY = 15.0
-3,6286133800-004

661315734314003

NDENSITY = 15¢5
-3.7652194243-004
845690768140+003

DENSITY = 160
-3.9100330874-004
1.0615910309+004

PENSITY = 16¢5
~440694793565-004
1,27218179154+004

DENSITY = 17.0

-442678358720-004

1447371725714004

DENSITY = 1745
-445129002783-004
1.662396868n+004

DENSITY = 18.0
~448092247617-004
1.8384625906+004

P IN ATMOSPHERESs T IN KELVINS

1.4722853870+000

1.5495290307+000

1.6278862572+006
1,7064927083+000
1,7866512877+00n0
1,8671292494400n0
1.9486140659+0nn
240318440570+000
241170981674+000
242055136732+000

242974534329+000

2.3930439609+000

43

-3.4680906805+001
~3.6685447966+001
-3.8613579542+001
~4,03351721034001
-4,20145843334001
-4,3489711873+001
~4+4825812174+001
-g.§Iza§33611+001
~447411338208+001
~448837369723+001
~5,0440187644+001

-542209334753+001

-2477720073714001
~7.1822131921+001
-142525881061+002
~149461489701+002
-2.714392727i+ooé
-3.6302893837+002
~4.6639488299+002
~5.7563349879+002
~648915329640+002
-7.9360799255+ooz
~9.01879250494+002

=9.9939387760+002



4TABLE 111, PARAMETERS USED IN EQUATIONS (3)sWITH

DENSITY = 1845
~51662927605-004
1.9895090407+004

DENSITY = 19.0
-5.6026091605-004
241124027606+004

DENSITY = 1945
-6.0869367563~-004

2.2208351187+004

DENSITY = 20.0
-6,6464806264-004

202982552559+004

DENSITY = 20.5
-7.2822975811-004
2+3500466689+004

DENSITY = 2140
~749590436431-004

2¢38749985054+004

DENSITY = 21.5
-846659371504~-004

2.4212836938+004

DENSITY = 2240
~944506387180-004
2.42891157934004

DENSITY = 2245
~1.40254464941-003
204398654675+004

DENSITY = 2340
-1.1142088279-003
2.4269517476+004

DENSITY = 2345
~1.2044517637-003
244224237866+004

DENSITY = 2440
~1.3056456005-003
2.3883581627+004

P IN ATMOSPHFRESs T IN KELVINS

244929175099+000

2.5977551126+000

2.7061903277+4000

2.8195529676+000

2.9377376776+000

3.0593081485+000

3,1836726515+000

3.3129245139+000

3.4444448770+000

3.5809738506+00n

2.7195130539+000

3.,8639972870+000

-5,42526222224001

-5.6620537258+001

-549122678866+001

~6,1937710560+001

-645011302816+001

-648162965927+001

~7.,1274100484+001

~T7¢4611121251+001

~7.,7804822046+001

-8,1193235975+001

-844364625867+0C

-8,7804140092+001

44

~1.0844076794+003
-1.1548393399+003
-1.2194874530+003
-1.2686550257+003
-1.5053997152+003
~143373241903+003
-1.3706258429+003
~1¢3915502648+003
~1.41806549014003
—1.43323317e3+903
-1.45680585354+003

~1¢4648366274+003



TABLE IIl. PARAMETERS USED IN EQUATIONS (3)sWITH

DENSITY = 2445
-1,4118449586-003

2436085n0067+004

DENSITY = 2540
~1.5264256169-003
2+31743324974004

DENSITY = 25,5
~1.6438495961-003
2.27664282114004

DENSITY = 26.0
~147674617671-003
242339656459+004

DENSITY = 265
-1.8923165270-003
2.19663705264004

DENSITY = 27.0
~-2.0311078165-003
2,14991656144004

DENSITY = 27.5
~241724394000-003
2.1085163319+004

DENSITY = 2840
-243404026908-003
240410494137+004

DENSITY = 2845
-245265859246-003
1.97174837044004

DENSITY = 29.0
~2,7506604636-003
1.8848416196+004

DENSITY = 29.5
-3.0719684173-002
1.7083226902+004

DENSITY = 3040
-343529624632-003
1.59465529954004

P IN ATMOSPHERESS

4,0115588186+000
4,1638961193+000
4,3189140826+000
444776596905+000
4.6385981045+000
4.8054612690+000
a.974936098i+000

5415395884414+000

5¢3395759942+000

5.5368370357+000

567627076342+000

5.9788901308+000

T IN KELVINS

-9.10826214014001
-9.4439672702+001
-9.7603172639+001
-1.0065892913+002
-1.,0344091470+002
~1.0627787242+002
~1,0884246334+002
-1.1176839755+002
_i.1469084334+002
~1,1801840046+002
<;.2330299982+ooz

-1,2706382481+002

45

-1.4788881030+003
-144854592999+003
=1.49644203544003
=1¢5079973928+003
—1+5256288954+003
—145368689852+003
—1.5530231397f003
~1e¢5495435076+003
=1¢5420544900+003
-1.5161487461+003
-1.41406663314003

-1.3595079958+003



TABLE 111. PARAMETERS USED "IN EQUATIONS (3)sWITH
P IN ATMOSPHERESs ‘T IN KELVINS

DENSITY = 30.5
~3.6886223750-003 6.21054046444000 -143145149633+002 -1.2776734018+003
1.4557620546+004

DENSITY = 31.0 .
-44.1451173488-003 6.4748422528+000 -1.3787294982+002 -1.1220867633+003

1.2411705580+4004
DENSITY = 31.5

-445989647572-003 6.7381078753+000 -1.4332429298+002 =9.9615977609+002
1.0735620242+004 ’

DENSITY = 3240
-5.0913908298-003 7.0108340831+000 -1.4865992838+002 -8.7048409069+002
941945146758+00? .

DENSITY = 3245

-5.4183373440-003 7.2448843864+000  -1,5019535043+002 -8.5378432591+002
8.8850152588+003 '

DENSITY = 33.0 _
-5.7272313747-003 7.4763626986+000 -1.5077566948+002 -8,5592197308+002
8.8481730109+003

DENSITY = 3345 _
~6,0178344832~003 7.70597143344000 -1.5050950969+4002 ~8.6936716044+002

8¢96587216044003

DENSITY = 3440 7 _ ,
-642907160416-003 7.9342801176+000  -1,4945335898+002 -8.9018782398+002
9.18764114334003 ‘ :

DENSITY = 3445 .
-6.5910430508-003 8.1722251405+000 -1.,4845966436+002 -8.9034620468+002
9.21774578704003 :

DENSITY = 35.0
-6.9613538388-003 8.4297028668+000 -1.4826905949+002 -844592077499+4002
8.80949850454+003

DENSITY = 35.5
~7.5003011209-003 8.7248357718+000 -1.4990641342+002 ~7¢3373888901+002
7+80657511334+003

NENSITY = 36.0

-8.1325053971-003 9.0417693036+000 -145227573599+002 ~548182463568+002
6446332420294003 '

46



TABLE 111 PARAMETERS USED IN -EQUATIONS (3)sWITH
P IN ATMOSPHERESs T IN

DENSITY = 3645
-8,8717791259-003
4.9608079265+003

DENSITY = 37.0
-9.6788862967-003
3.3227862365+003

DENSITY = 375
-1.0511037493-002
1.6142950629+003

DENSITY = 38.0
-1.1625105121-002
-4.14521106434002

DENSITY = 38e5
-1.2233295531-002
~-T7+4622608285+002

DENSITY = 39.0
-1.2845705646-002
-646609064n97+002

DENSITY = 39.5
-1.3051621429-002
~1.5025754560+002

DENSITY = 4040
-1.3422778913-002
1.1007715102+002

9;3798354063+000
9.7325335485+000
1.0093206023+001
1,0503637936+001
1,0809519817+001
1,1107299550+001
1413413737494001

1.1602672392+001

KELVINS

~1.5505645275+002
~1.57902339414002
-146046136798+002
-1.64846889204+002

-1.6114807693+002

'~1.5540630418+002

47

=1.4545735257+002

-14360073039n+002

~4404104958244002
?2.0275755133+ooz
6+5460022949+000
2.74399084824+002
3.52046002434002
3.9174368978+002
3.6900397649+ooé

3.81977904124002



: 3
Table IV. Parameters for Equation (4), for T in K and p in mol/cm .

A, 1.3902 9009 18
A.2 -1.8543 3546 54 X‘lO2
A3 2.9602 3725 60 x 103
A4 -2.0125 2307 80 X103
A 21,0175 8396 61 x 10°
A6 1.3356 9761 21 x 104
A7 -1.7573 1404 86 x 105
A 7.7488 2413 51 x 107
A, 21,2636 6439 24 x 10°
AlO 2,466;1 1537 96 x 103
A11 -3.1417 2527 76 x 105
A, 2.4375 4908 01 x 10°
A13 4 -2.0047 3646 67 x 104
A14 2.5432 6216 67 x 106
R 82,0597
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TABLE V.
TEMPERA PRESSURE
-TURE
DEG K BAR
13.803 2.070
13.803 0.070
14.000 0.079
14.000 2.079
15.000 0.134
15.000 7.134
16.000 0.216
16,000 6.216
17.600 0.329
17.000 06.329
18.000 0.482
18.00¢0 J.482
19,000 0.682
19.000 0.682
20,000 0,935
20.000 0.935
20.268 1.013
20.268 1.013
21,000 1,250
21.000 1.25¢0
22.000 1.634
22.000 1.634
23.000 2.096
23.000 2.096
24,000 2.645
24,000 24645
25.000 3.288
25.000 3.288
264000 44035
26,000 44035
27.000 44892
27.000 4.892
28.000 5.871
28.000 5.871
29.000 65.978
29.000 5.978
30.000 8.225
30.000 3.225
31.000 3.627
31.000 3.627
32.000 11.198
32.000 11.198
32.976 12.928
32.976 12.928

MOLAR
VOLUME
cu3s6

12.98
7965.79

13.01
7203.09

13.16
4489.45

13.32
2954,52

13.48
2032.06

13.66
1449.03

13.86
1064457

14.07
801,74

14413
747,55

14,30
617.79

14,55
482.90

14,84
382.90

15.15
307.27

15.51
248.97

15.92
203.21

16.39
166469

16.96
137.00

17.66
112.54

18.54
91.86

19.77

73.86

21.74
57.15

31.82
31.82

INTERNAL

ENERGY
J/76

~-309.90
84.2

-307.7
85.3

-300.9
90.7

=293.7
95.9

-286.1
100.7

-278.0
105.1

-269.4
109.1

-260.2
112.7

~257.7

113.6

=250.6
115.8

=-240.3
118.3

~229.4
120.2

-217.9
121 .4

=205.5
121.7

-192.4
121.1

~178.2
119.3

-162.8
116.1

-145.9
111.0

-127.0
103.2

~104.9
91.5

-76.8
72.1

~2.8
-3.1

ENTHALPY

J/7G

-308.9
140.3

-307.6
142.1

-300.7
i51.1

-293.4
159.6

-285.6
167.6

-277.3
175.0

-268.4
181.7

-258.9
187.7

-256.3
189.3

“248.8
193.0

-237.9
197.3

-22643
200.5

-213.9
202.7

-200.4
203.6

-185.9
203.1

-170.2
200.9

-152.9
196.5

-133.6
189.5

-111.7
178.8

-85.8
162.6

~52.4
136.1

38e3
38.1

ENTROPY

J/6 - K.

4.97
37.52

5.06
37.19

5.53
35.65

5.99
34.31

6.45
33.11

6492
32.05

7.38
31.08

7.85
30.19

7.98
29.97

8.32
29.37

8.80
28.60

9.29
27. 86

9.78
27.15

10.29
264 46

10.81
25.79

11,36
25,11

11.93
2h o b1

12.54
23.68

13.20
22.89

13.96
21,98

14.92
20.81

17.57
17.56
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HEAT Cv HEAT CP
J /6 - K
4e67 6.37
5021 10.52
4.72 6,47
6421 10.54
492 6.91
6.24 10.67
5.12 7.36
6.28 10.85
5.30 7.88
6432 11.07
Sal7 8.42
6437 11.34
5462 8.93
Heb3 11.66
5.75 9.45
65449 12.05
5.78 - 9.66
651 12.15
5.86 10.13
6.55 12.49
595 10.82
6461 13.03
6.03 11.69
6.68 13.69
6.09 12.52
beTl 14.50
6e1l 13.44
6481 15.52
6.20 14.81
6490 16.86
6426 16.18
6.99 18.67
6.33 18.48
T.12 21.24
6etsl 22.05
7.28 25.20
651 26.59
7.50 32.00
6+.66 36.55
7.82 46.57
691 65.38
8.12 87.03

THERMODOYNAMIC PROPERTIES OF PARAHYOROGEN ON THE LIQUID-VAPOR BOUNDARY
SPECIFIC -SPECIFIC

VELOCITY
GF SQUND
M/SEC

1264
306

1256
308

1228
317

1200
326

1168
334

1140
361

1120
368

1100
354

1089
355

1070
359

1044
363

1010
367
980
371

968
373

903
376

860
377

306
378

747
378

€89
378

619
375

534
372

53)
ATl
BAR/K

%.23
0.91

9.23
0.01

(35)
dp T
3ar-cM3/6

11725
552

11493
553

10737
583

10024
615

9177
637
B442
654

7894
667

7365
674

7094
675

6629
675

5994
670

5264
658

4675
639

4109
613

3410
578

2858
534

2225
479

1624
414

1164
334

6919
237

302
129



TABLE vI., THERMCOYNAMIC PROPERTIES OF PARAHYODROGEN

1 3aR JSOBAR

TEMPERA-
TURE
K

* 13.836
14
15
le
17
18
13
20

* 20.224
*  20.224
21
22
23
2l
25
20
27
28
29
30

31
32
33
34
35
36
37
38
39
40

42
b4
4o
48
50
55
60
85
70
75

L]
85
90
95
100
110
120
130
140
150

160
170
180
190
200
220
260
260
280
360

MOL AR
VOLUME
cM3zo

12.98
13.00
13.14
13.30
13.47
13.65
13.85
14.07

14,12
TS54.62
791.87
838.92
885,17
930.73
975.89

1020.59
1064.95
1109.02
1152.83
1196, 43

1239. 84
1283.0C8
1326.17
1369.13
1411.97
1454,70
1497.34
1539.89
1582.36
1624476

1709.386
1793.75

1877.9%

1961.97
2045.86
2255. 09
2463. 76
'2672.01
2879.94
3087.63

3295.11
35024 44
3709.54
3916472
6123, 72
4537, 44
%951, 00
5364, 35
5777.57
5190.68

8603.70
7016465
7429.5%
7842.38
8255.19
3080.69
3906.10
13731443
11556,70
12381.92

* TWO PHASZ BOUNDARY

INTERNAL

ENERCY
/G,

-308.9
-307.8
-301.2
=294.0
-286.3
=278.1
~269.5
~260.3

-258.1
113,56
119.¢0
126.C
132.9

(139.7
146 4
153.0
159.6
166.2
172.7
179,2

195.7
192.1
198.5

205.0°

211.3
217.7
22441
230.5
236.8
243.1

.255.8
263.5
291.1
293.8
306.5
33844
370.8
403.9
438.2
473.8

511.0
550.1
591.1
6364.3
679.7
776.7
- 881.6
993.46
1109.3
1229.0

1350.7

1473.C -

1595.3
1716.7
1836.9
2072.8
2302.4
2526.4
2745.8
2961.7

ENTHALPY

J/6

=307.6
-30645
-299.8
-292.6
-284.9
~27648
-268.1
-258,.,9

-256,7
188.9
- 198.2
209.9
. 22144
232.8
26440

255.1 .

26541
277.1
288.0
298.8

309.7
32044

331.2

301.9
35245
353.2
373.3
38404
395.0
405.6

#2648
447.8
46849
49049
511.1
56349
617.2
57141
726.2
782.5

B840.5

300.3

962.1
1026.0
1092.1
123945
137647
1529.4
168741
1848.1

2011.0
217447
2333.2
2501.0
2662.4
29683.8
3293.9
3599.5
3901.5
4139.9

ENTROPY
J/G=-K

4.97
5.05
5.51
5.97
6.bb
6.91%
7.38
7.85

7.96
30.00
30.45
30.99
31.51
31.99
32.45
32.88
33.30
33.70
3v.08
3445

34.80
35.14
35.47
35.79
36.10
36.40
36.69
36.98
37.25
37.52

38.04
38.53
38.99
39.44
39.87
40.88
41,81
42.67
43 .49
44.26

45,01
45,74
46 4
47.13
47,81
49,13
50.40
51.62
52.79
53.90

54.95
55.95
56.38
57.76
58.59
60.11
blelsb
62.69
63.81
Hha84

50

SPEC
cv

4.63
k71
4.92
5.12
5.30
5.47
5.62
5.75

5.77
6.50
6a43
6.37
6.33
6.30
8.29
6.27
6.25
6426
6.25

6425

64264
6.24
6.23
6,23
6.23
6.23
6.23
6422
6.22
6.22

6.23
6.23
6.25
6.26
6.23
6437

6.50"

6.69
6.9
7.25
J
7.60
7.99
8.0l
8.84
9.28
10.19
10.83
11,40
11.82
12.03

12.24
12.24
12.19

12.08 -

11.95
11.63
11.33
11.07
10.87
10.72

IFIC HEATY
cP
J76-K

6438

bo48 -

5098
Teb3
7.91
8.41
8.95
9,53

9.64
12,14
11.86
11.60
11.41
11.27
11.16
11.07
10.99
10.93
10.88
10.83

10.79
10.75
10.72
10.69
10.66
10.64
10.62
10.60
10.59
13.58

10.55
10.54
10.53
10.53
10.54
10.60
10.71
10.89
11.13
11.42

11.77
12.16
12.57
13.00
13.43
14.25
14,97
15.54
T T15.96
16.22

16. 35
16437
16.32
16421
16.08
15.76
15. 486
15.20
15,00
14.85

VELOCITY
OF SOUND

M/S

1262
1254
1216
1190
1166
1143
1119
1094

1090
355
364
375
385
395
404
413
422
431
439
648

456
463
471
479
486
493
501
s08
S14
s21

535
547
560
572
583
611
636
658
679
697

714
729
744
759
773
800
827
855
8A3
912

S4L0
969
998

1026

10564
1110
1163
1214
1263
1310

t
aTly
BAR/K

9.24
9.24
9.10
8.93
8.77
B.63
8.48
8.30

8.26
0.06
0.05
0.05
0.05

0.05:

0.04
0.04
0.04
0.04
0.04
0.0&4

0.03
8.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03

0.02
0.02
6.02
0.02
0.02
0.02
0.02
0.02
0.01
0.01

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
.01
0.01

0.01
0.01
0.01
.01
0.01
0.00
0.00
0.00
.00
0.00

),

8AR-CM3/6G

11686 .
11443
10410
9750
9113
8502
7854
7222

7122
675
717
771
822
a72
921
969

1017

1063

1110

1156

1201
1246
1291
1336
1380
1425
1469
1513
1556
1600

1686
1773
1859
1944
2029
2242
2453
2663
2872
3082

3290
3499
3707
3915
4123
4538
4952
5366-——
5780
6194

6608
7021
7434
7847
8261
9087
9912
10738
11564
12389



TABLE vI. THERMODYNAMIC PROPERTICS OF PARAHYRROGEN

2 B4R ISOBAR aP P
TEMPERA- MOLAR  INTERNAL ENTHALPY  ENTROPY - SPECIFIC HEAT VELOCITY (3?) 36

TURE VOLUME ENERGY cv cp OF SOUND v T

K cH3rzG J/6 J76 I1G=K v 376K “/s Be2sk  aar-cudsg

7

* 13.868 12.97 -308.9 <3063 4.97 4.69 6.33 1265 a.26 11750
14 12.99 -308.0 -305.4 5.03 . 471 Beteb 1260 9.25 11598
15 13.13 “3J1.4 -298.7 5.49 4,91 6.97 1221 9.14 19514
16 13.28 -294.2 -291.5 5.96 5.11 7.41 1195 8.96 2848
17 13.45 «286.6 -283.9 °  B.42 5.39 7.89 1171 8.81 9210
18 13.63 -278.5 -275,7 6.89 5.46 3.38 1149 8.66 3604
19 13.83 -269.9 -257e1 - 7.36 5.61 3.92 1124 8.51 7953
20 14404 -2€0.7 -257.9 7.83 5.74 9.48 1100 8.34 7324
21 14,28 -251.0 -248.1° 8.30 5.86 13.12 1673 8.15 6662
22 14454 -240.6 -237.7 8.79 5.95 - 19.83 1064 7.93 - 5996
v 22.805 14.78 ~231.6 -228.7 , 9.19 6,02 11.52 1017 7.72 5396
* 22.805 40C.19 119.9 199.9 28.00 6.67 - 13.55 367 0.11 661
23 405.36 121.5 20246 28.11 664 13,461 369 0.11 674
24 431.62 129.3 215.7 28.67 - 6.52 12. 84 381 0410 738
25 457,01 136.9 223.3 29.19 B.45 . 12444 392 0o10 799
26 ¢ 481.75 Lub.2 240.6 29.67 6.40 12.15 403 .09 856
27 505.99 16104 25246 30,12 6.37 11.92 413 .09 912
28 529,82 158.5 264 .4 30.55 6435 11.74 423 .08 966
29 553,32 16544 27641 30.96 6.33 11.59 432 0.08 1619
30 576,53 172.3 287.6 31.35 6.32 11,67 4ol 0.07 1070
31 599,51 179.1 299.0 31.73 6430 11.36 449 0.07 1121
32 622,28 185,9 310.4 32439 6430 11.27 458 0.07 1170
33 64b. 88 192.6 321.6 32,43 6.29 11.19 466 6.07 1220
36 667.32 199.3 332.7 32.76 6.23 11.12 474 0.06 1268
35 689,62 205.9 343.8 33.09 6.27 11.05 482 0.06 1316
36 711.80 212.5 354.9 33.40 6.27 11.01 489 0.06 1363
37 733.88 21941 365.9 33.70 6.26 10.96 497 0.06 1610
38 755.86 225.6 37648 33.39 6.26 - 10.92 504 0,06 1457
39 777.75 232.1 387.7 34.27 6425 13.88 s11 .05 1503
%0 799.56 238.6 398.6 34.55 6425 10.85 518 0.05 1549
42 842.98 261.6 42042 35,08 6425 10.79 532 0.05 1646
44 886416 264.5 u41,7 35.58 6.26 - 10.75 545 £.05 1720
46 929.14 277 .4 463.2 36405 6.27 10.72 558 0.05 1820
48 971.95 290.3 4847 36.51 6.29 10.71 570 0.04 1908
50 1014.61 303.1 50641 36.95 6439 10.70 532 0.04 1996
55 1120475 335.4 559,56 37.97 6.3% 10.72 610 0.04 2215
60 1226431 368.1 613.4 38,96 6451 10.81 635 0.03 2431
65 1331.45 401.5 66748 39.78 6470 10.97 658 0.03 2645
- 70 1436426 43640 723.2 40.50 6495 11.20 679 0.03 2858
75 1540.82 471.8 779.9 41.38 7.25 “11.48 697 0.03 3070
80 1645,19 509.1  838.2 42413 7.60 11.82 714 0.03 3281
85 1749, 39 S48.3 898.2 42.86 7.99 12.290 730 0.02 3492
90 1853.46 589.5 960.2 43.57 Bost 12.61 745 0.02 3702
95 1957, 42 632.8 10243 44426 8.84 13.03 759 0.02 3911
100 2061429 67843 109046 - 44.9% 9.28 13.46 773 0.02 4120
110 2268.80 775.5 1229.3 46426 10.11 14.28 801 0.02 4538
120 2476.07 833.5 1375.7 47.53 10.83 14.99 828 0.02 4954
130 2683.18 992.0 1528.6 48.76 11.61° 15.56 856 0.02 5370
140 2890. 14 1108.4 168644 49,93 11.82 15.97 884 0.01 5786
150 3097.00 1228.2 1847 .6 51,04 12.08 - 16.23 913 0.01 6201
160 3303.77 1349.9 2010.6 52.09 12.21 16+ 36 941 0.01 . 6615
170 3510.47 1472.3 217644 53.08 12.24 16,38 970 0.01 7030
180 3717.12 1534 .6 2338.0 5402 12.19 16433 999 0.01 Tu44
190 3923.71 1716.1 2500.8 54490 12.048 16422 1027 0.01 7858
200 4130.27 1836.3 2662, 4 55,73 11.95 16. 08 1055 0.91 8271
220 4543, 28 2072.3 2980.9 5724 11.63 15.77 1110 0.01 9098
240 4956419 2301.9 3293.2 58.60 11.33° 15. 46 1164 0.01 9925
260 5369. 03 252640 3599.8 59,83 11.08 15.21 1215 0.01 19751
280 5781. 80 2745 .4 3901.8 50.95 10.87 - 15.00 1264 0.01 11577
300 5194.53 29€1.3 4200.2 51.98 1072 ' 14485 1311 .01 12403

* TWO PHASE BOUNDARY

51



TABLE VI.

3 84R ISO0BAR

TEMPERA~
TURE
K

* 13.901
14
15
16
17
18
19
20

21

22

23

2L
* 24,571
* 24.571

25

26

27

28

29

30

31
32
33
34
35
36
37
38
39
40

LY
Ly
46
48
50
55
60
65
70
75

80
85
90
95
100
110
120
130
140
150

160
170
189
190
200
220
240
260
280
300

MOL AR
VOLUME
cM3/6

12.96
12.97
13.11
13.27
13.43
13.61
13.80
16,901

14.25
14.50
14,810
15.13
15.35
272423
280.77
299.69
317.79
33%.28
352,31
368.96

385.30
401.39
417.27
432,96
448.4L8
463,88
479.14
494,31
509, 37
524435

554409
583.57
612.83
641,92
670.86
742,65
813.85
884,62
955. 07
1025.25

1095.24
1165.07
1234.76
1304.35
1373.84
1512.59
1651.12
1789.46
1927.68
2065.78

2203.80
2341.76
2479,65
2617.50
2755.30
3030.82
3306.23
3581.56
3856.84
4132.07

* TWO PHASE BOUNDARY

THERMCNYNAMIC PROPERTIES OF PARAHYDROGEN

INTERNAL
ENERCY
J/C

-308.9"
~308.2
-301.8
-29% .4
-2856.9
-278.8
=270.2
-261.2

=251 .5
-261.2
~230.1
~218.2
-210.9
124.7
125.5
13440
142.1
149.9
157 .5
1€6.9

172.1
179.3
196.3
193.3
200.2
277 .1
213.9
220.6
227.3
23440

247.3
260.5
273.6
286.7
299.7
332.4
365.5
339.1
433.8
469.7

507.3
St6.6
5¢7.9
621.2
676.9
7.2
879.4
931.0
1107.5
1227.3

1349.1
1471.6
1593.9
1715.5
1835.7
2071.8
2301.5
2525.6
2745.1
2361.0

ENTHALPY
J/6

-305.0
=304.3
=297.6
=290.5
-282.8
=274.7
-265.1
~257.0

24742
-236.8
=225.6
~213.6
-206.3
203.4
209.8
223.9
2374
25045
263.2
27546

287.7
299.7
311.5
323.2
334.8
34642
357.%
368.9
38041 .
391.3

413.5
435.5
457 .4
479.3
501.90
5552
609.6
56445
728.3
7773

835.8

896.1

958.4
1022.86
1089.3
1228.0
1374.7
1527.8
1685.8
18647.1

201%.2
2174.1
2337.8
2500.7
26562.3
2981.0
3293.3
3600.0
3902.1
4200.6

ENTROPY

IJ/G6-K

4.97
5.02
S.48
5.94
6ol
6.87
7.34
7.80

8.28
8.76
9,26
9.77
10.07
26.76
27.02
27.57
28.08
28.56
29.00
29.42

29.82
30.20
30.56
30.91
31.25
31.57
31.88
32.18
32.48
32.76

33.30
33.81
34.30
34.76
35.21
36.24
37.19
38.97
38.89
39.68

40.43
41.17
41.88
42.57
43.25
44.57
45.85
47.98
48.25
49.36

SO.41
Sl.41

© 52.34

53.22
54.05
55.57
56.93
58.16
59.28
60431

52

SPECIFIC
Ccv
J76-K

4.69
4.71
4091
Se.11
5.29
5.46
5.61
Se74

5 .85
.95
6.03
6.09
6.12
6.78
671
6459
6452
6.47
6.43
6.40

6.38
6.36
6.35
6.33
6.32
6431
630
6.29
6.29
6.28

6.28
6.28
6.28
6.30
6.31
6.39
6.52
6.71
6.95
7.26

7.61
8.0
8.42
8.85
9.23
10.11
10.83
11.064
11.82
12.09

12,22
12.24
12.19
12.09
11.95
11.63
11.33
11.08
10.87
10.72

HEAT
ce

6.39
6. 43
6.96
7T.40
7.87
8.35
8.89
.44

10.06
10.75
11.56
12,49
13,04
15,05
14459
13,80
13.25
12.84
12.52
12.27

12.07
11.89
11.75
11.62
11.51
11.42
11. 34
11.26
11.20
11.15

11.05
10.98
10.92
10.88
10.86
10.85
10.92
11,06
11.27
11.54

11.87
12.25
12.65
13.07
13.49
14.30
15,01
15.58
15.99
16.24

16.37
16.39
16.34
16.23
16.09
15.77
15.47
15.21
15.01
14.85

VELOCITY
OF SOUND

M/S

1268
1267
12286
1200
1176
1154
1130
1105

1079
1051
1019
983
962
372
378
391
403
413
L24
433

443
452
460
469
477
485
493
501
508
515

530
543
556
569
581
609
635
658
679
697

715
730
745
760
774
801
829
857
885
913

942

871

999
1028
1056
1111
1165
1216
1265
13114

),

BAR/K

9.27
9.27
9.18
8.99
8.84
8.69
8.54
8.37

8.18
7.96
7.71
741
7.21
0.17
0.16
0.15
.16
0.13
0.42
0.12

0.11
0.11
0.10
0.10
0.10
0.09
0.09
0.09
0.08
0.08

0.08
0.07
0.07
0.07
0.06
0.06
0.05
0.05
0.04
0.04

0.04
0.04
0.03
0.03
0.03
0.03
0.03
0.02
0.02
0.02

0.02
0.02
g.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01

(éf
9Ply
8ar-cM3/G

11814
11751
10617
9946
9306
8704
8052
T424

6766
6107
Shit
4708
4346
625
658
730
797
861
921
980

1036
1092
1145
1198
1250
1301
1351
1400
1449
1498

1594
1688
1781
1873
1964
2168
2409
2627
2844
3058

3272
3485
3697
3308
41138
4538
4957
5375
5791
6207

6623
7038
7453
7868
8282
3110
9938
10765
11591
12418



4

TEMPERA-
TURE

K

* 13
16
15
16
17
18
19
20

21
22
23
24
25
* 25
*+ 25
26
27
28
29
30

31
32
33
34
35
36
37
33
39
40

42
44
46
48
50
55

60.

65
70
75

80
85
90
95
100

«335

957
«957

110 -

120
130
140
150

160
179
180
190
200
22)
2ue
260
280
300

TABLE VI.

3a% I[SOBAR
MOL AR
VOLUME
cmdsze

12.95
12.9%
13.10
13.25
13.41
13.59
13.78
13.99

1v.22
14,47
14.76
15.09
15. 46
15.90
204,98
205.74
221.63
236.50
250. 66
264429

277.50
290+ 39
303.01
315,61
327.62
339.66
351.57
363. 36
375. 04
386463

409.56
432.22
454465
476489
498,97
553.61
607.64
661,23
714449
767 .43

820429
872,93
925,43
977.83
1330.13
1134,.51
1238.65
1342.62
1446.46
1550.19

1653.83
1757.40
1860.92
1964, 39
2067.82
2274459
‘2481425
2687.83
2894, 36
3100. 84

* TWO PHASS BOUNDARY

THE@MOCYNAMIC PROPERTIES OF PARAHYDROGEN

INTERNAL

ENERGY
Frac

-308.8
~308.4
-331.8
-294.7

-2137.1°

-279.1
=27J.6
-261.6

~252.C
~2u4i .8
-2230.8
-219.¢C
-206.3
-192.9
121.2
121.¢
131.2
14001
148.6
156 .7

16445
172.2
179.7
187,
134.3
231.4
238.5
215.4
22244
229.7

242.9
25644
269.7
283.0C
2643
329.4
3e2.8
396.7
431.6
W57.7

535.4
Sth.9

58643

629.8
675.%
773.0
A78.3
930.0
1106.6
1228.5

1348.3
1470.9
1593.3
1714 .8
1835.2
2071.2
2301.¢
2525.2
2744 .7
2960 .7

ENTHALPY

J/76

~303.6
=-303.2
~296.5
-289.4
'=281.8
-273.7
~265.1
=256.10

-24% .43
~23640
=224.49
«213.0
-200.1
-186.6
203.2
203.9
219.9
23447
26348
26244

275.5
288,3
300.9
313.2
32543
337.3
3649.1
360.83
3724
383.9

406.7
423.2
45146
473.8
495.9
55049
60548
6b61.2
T17.4
T74.7

833.5
894, 1
956,5

1021.0

1087.5

122648

1373.7

1527.0

1685.1

184546

2009.9
2173.8
2337.6
250046
2662.3
2981.1
3293.5
3600.3
3902.4
4201.0

ENTROPY

J/76-K

4.98
S5.01
Seb?
5.93
6.39
6.85
7.31
7.78

8.26
Be74
9,23
9.74
10.26
10.79
25.82
25.84
26445
26499
27 .48
27.94

28.37
28.78
29.17
29.53
29.89
30.22
30.55
30.86
31.16
31.45

32.01
32.53
33.03
33.50
33.95
35.00
35.96
36.84
37.568
38.47

39.22
39.36
40.67
41,37
42,05
43,38
44,65
45.88
47.05
48.17

49.22
50.22
51.15
52.33
52486
S4.38
55.74
56.97
58.09
59.12

53

SPECIFIC HEAT

Cv

4.69
471
4.91
S.10
5.2?
S5
5.60
5.73

5.85
5.9
6.02
6.09
6.1l
65.19
6.83
6.88
6.72
6.62
6.55
6.51

6et?7
6oltls
bet2
6.33
6437
6.35
6.36
6.33
6.32
6431

6.30
6.30

J/76-K

6439

6431
6.33
6.40
6.53
6.72
6.956
7.25

7.61
8.00
8.42
8.85
9.2%

“10.11

10.84
11.61
11.%3
12.09

12.22
12.24
12.19
12.03
11.95
11.64
11.33
11.03
10.88
10.72

cpP

6. 39
6ol
6.95
7.38
7.85
8.32
8.84
9.40

10.01
10.69
11.456
12.37
13.46
14.75
16.79
16.71
15. 34
14.b44
13.80

13.33.

12.96
12.66
12.42
12.21
12.93
11.88
11.76
11.65
11.55
11,47

11.33
11.22
11.14
11.07
11.03
10.98
11.02
11.16
11.36
11.60

11.92
12.29
12.69
13.10

13.52

1433
15. 04
15.60
16,00
16.26

16. 38
16.40
16. 35
16. 24
16.19
15.78
15.47
15.21
15.01
14.86

VELOCITY
OF SOUND

M/S

1271
1273
1231
1205
1181
1160
1137
1111

1085
1057
1026
991
950
905
376
376
390
403
415
425

436
445
455
464
473
481
489
497
505
513

527
Shi
555
568
580
609
635
658
679
698

715
731
766
760
774
802
830
857
886
914

943

972
1000
1029
1057
1112
1165
1217
1266
1312

(%),
BAR/K

9.28
9.28
9.21
9.02
8.87
8.73
8.58
B.40

8.21
8.00
7.75
7.45
7.10
6.69
0.23
0.23
0.21
0.19
0.18
.17

0.16

0.15
0.15
.14
0.13
0.13
0.12
0.12
g.12
0.11

0.11
0.10
0.09
0.09
0.09
.08
0.07
0.06
0.06
0.05

0.05
0.05
¢.05
0.34
0.06
0.0
0.03
0.03
0.03
06.03

0.03
0.02
0.02
g.02
0.02
0.02
0.02
0.02
0.01
0.01

),

BAR-CM3/G

11878
11903
10719
10043
9402
8827
8191
7524

6868
6216
5532
4832
4122
3437
579
583
668
745
817
8aL

948
1009
1068
1126
1182
1227
1290
1343
1395
1446

1547
1645
1742
1837
1931
2162
2388
2610
2830
3047

3263
3478
3692
3905
4117
4539
4960
5379
5797
6214

6631
7067
7463
7878
8293
9122
9950
10778
11605
12432



5
TEMPERA-
TURE

K

* 13.968
14
15
16
17
18
19
20

21
22
23
24
25
26
27
27.115
*+ 27.116
28
29
30

-

31
32
33
34
35
36
37
38
39
40

42
44
46
48
50
55
60
65
70
75

80
85
90
95
100
110
120
130
140
150

160
170
180
190
200
220
240
260
280
300

* THO PHA

TABLE vI. THERMODYNAMIC PROPERTIES OF PARAHYDRIGEN

BAR ISOBAR
MOL AR
VOLJME
cM3sc

12.94
12.94
13.08
13.23
13.39
13.57
13.75
13.96

14019
1. b4
14.72
1. 04
15. 61
15.85
16. 38
16445
162,92
175. b4
188061
200.56

212.13
223425
234.04
244455
254.83
264492
274485
284,65
2944 33
303.90

322.78
341.37
359,71
377.86
395. 84
440420
483.93
527.22
570.17
612.85

6554 34
697.66
739.85
781.93
823,92
907.67
991.18
1074.52
1157.73
1240.83

1323.85
1406.80
1489.69
1572.53
1655. 34
1820.85
1986426
2151.60
2316483
2482.11

SE BOUNDARY

INTERNAL

ENERCY
J/7G

-308.8
-308.¢
=332.C
=294.5
~287.4
-279.5
~271.¢
-262.(

-252.5
~242.32
-2M1.5
~219.8
-207.3
-193.¢&
~178.4
=176.5
119.0
128.6
138, 4
147.6

156.2
164,5
172.6
180.4
1a8.0
195.5
202.8
210.1
217.2
22443

238.3
252.1
265.8
279.4
292.8
32644
360.1
394.3
429, 4
465,.7

503.6
543.2
584.7
628,32
674.0
771.7
877.1
988.9
1105.6
1225.6

1347.5
1470.2
1592.6
1714.2
1834.6
2070.7
2300.6
2524.8
27444 3
2960.4

ENTHALPY

J/6

-302.3
-302.1
-295.4
-288.3
-280.7
=272.7
~264.1
-255.0

=245.4
=235.1
=226.1
=212.3
-199.6
-185.6
-170.2
~163.2
20045
21643
232.6
247,.3

26243
27641
289.6
302.6
315.4
327.9
340.3
352.4
36b.4
37643

393.7
42248
445.7
468.3
490.8
546.5
60241
65749
71445
77241

831.2

892.9

95446
1013.3
1086.90
1225.6
1372.7
152642
1684.5
184641

2009.5
2173.6
2337.5
2500.5
266243
2981.2
3293.7
3603.6
3302.8
4201 .4

ENTROPY

J/6-K

4.98
4.99
5445
5«91
6e37
6.83
7.29
T.76

8.23
8.71
9.2¢C
9.70
10.22
10.77
11.35
11.42
25.03
25.60
26.17
26.63

27.16
27 .60
28432
28,41
28.7R
29,13
29.47
29.73
30.1C
30,40

30.98
31.51
32.402
32.50
32.96
34.02
34.99
35.39
36.72
37.52

38.28
39.132
39,73
40.43
41.12
42440
43.73
44095
46.12
47.24

48430
49.29
50.23
51.11
51.94
53.46
54.82
56.35
57.17
58.20

SPECIFIC 4EAT

cv

479
Ga71
Lo.31
5.1
5.28
S.45
5459
S.73

5,864
5.94
6.02
6.09
holls
6.13
6.25
6.26
7.01
6o8l4
6.72
6 .64

6.53
6.53
6.5)
6445
6e42
64643
6033
64356
6435
630

6433
6432
6.32
6433
6435
6.42
6454
6.72
6.97
7.27

7.62
8.01

J/7G6=-K

8.42°

8.85
9,23
10.12
10.84
11.41
11.33
12.09

12.22
12.24%
12.19
12.03
11.95
11.64
11.33
11.08
10.88
10.72

54

P

He 39
He 34
6.93
7.37
7.81
3.29
8.81

«I5

9.97
10.62
11,37
12.25
13.29
16.61
16.43
15.62
13.92
17.03
15.69
14.78

14413
13.63
13.23
12.90
12. 64
12,42
12.23
12,07
11.94
11.82

11.63
11.48
11.36
11.27
11.29
11.11
11.13
11.23
11,41
11.66

11.98
12,33
12.73
13.14
13.59
14435
15.06
15.61

16.02

16.27

16.39
15441
16435
16425
16.10
15.738

15.48

15.22
15.01
14.86

JELOCITY
OF SOUND

M/S

1274
12739
1237
1210
1189
1156
1162
1118

1090
1063
1033
998
959
912
856
450
378
391
405
017

428
439
449
458
468
477
435
494
502
510

525
539
553
566
S79
608
634
658
679
698

715
731
746
761
775
803
830
858
886
215

ELTY

972
1001
1030
1058
1113
1166
1217
1266
1313

(&
aav/K

9.29
9,29
9.25
9.06
B.91
8,76
B.61
B.b4

8.25
8.03
7.79
7.50
7.16
6.75
6.26
6.20
0.30
.27
0.25
0.23

c.21
6.20
0.19
0.28
C.17
0.17
0.16
0.15
0.15
C.14

0.13
.13
D.12
Dot
.11
0.10
0.09
0.08
0.07
0.07

0.06
0.06
0.06
0.05
.05
0.05
o0&
0.0%
0.04
0.03

6.03
0.03
.03
0.03
0.03
0.02
0.02
g6.02
0.02
.02

(Q
arly
#aR-cM3 /g

119462
12054
10821
10139
9560
3928
3296
7652

5969
6324
S6uL8
4952
4251
3528
2793
272%
528
615
701
780

454

923

988
1051
1117
1171
1229
1285
1340
139

1500
1603
1703
1802
1899
2136
2367
2593
2816
3036

3255
3472
3687
3902
w115
4540
4963
5382
5803
6221

6639
7056
7672
7888
3304
9134
9963
10791
11619
12646



* 28
29
30

TABLE VI,

6 BAR ISORAR
TEMPERA-
TURE

123
123

31

32
33
34
35
36
37
38
39
40

(¥4
bt
(13
48
S0
55
60
65
70
75

80
85
90
95

100

110

120

130

160

150

160
170
180
190
209
220
240
260
280
300

MOL AR
VOLUME
cM3/c

12.93
13.06
13.21
13.37
13.55
13.73
13.93

14.16
14.41
14.68
14.99
15,35
15.78
16.29
16+ 94
17.04
133.77
145, 31
157.00

167.78
177.93
187.63
196.98
206404
214,88
223.54
232. 04
240,41
248466

264 ,R7
280.77
296,40
311.83
327.08
364.560
401.47
437.89
473.97
509.78

545. 39
580.83
616415
651.35
6864 46

756+ 45

826.21
895. 80
965.25
1034.60

1103.87
1173.07
1242.21
1311.30
1380.35
1518. 36
1656.27
1794, 11
1931.89
2069.62

* TWO PHASE 3O0OUNDARY

THERMCDYNAMIC PROPERTIES OF PARAHYOROGEN

INTERMAL

ENERGY
J/76G

-3908.7
-302.2
-295.2
-287.7
-279.%
=271 .4
~2€2.4

-283.¢C
-242.9
-232.1
-220.6
-208.2
-194.7
-179.9
~1€3.1
-160.8
115, €

126.3

137.1.

146.9
156.1
1 64,9
173.3
131.4
189.2
196.9
204.5
211.9
219.3

233.7
247 .8
2€1.8
275.6
289.3

323.3

357 .4
391.9
427.2
463.7

501.7
541.4
583.1
626. 8
672.6
770.5
376.0
947.9
1104.7
1224 .7

1346.8
1459.4
1591.9
1713.6
1334.C
2373.2

2300.1°

2524.4
2744 .C
2950 .0

ENTHALPY

J/76

-301.9
=294 .4
-287.3
=279.7
-271.6
-263.1
«254.1

~244.5
=234.2
-223.3
=211.6
-199.0
-185.3
~170.1
-152.9
=153.6

195.8

213.5

231.3

247 .6
262.9
277.5
291.4
30540
318.2
331.1
343.7
35642
368.5

332.6
41643
433%.5
462.7
485.6
54241
598.3
654.6
711.56
763.6

828.9
883.9
952.8
1017.86
1084.5
122444
1371.7
1525.4

1683.9.
. 1845.6

2003.1
2173.3
2337.3
2500.4
266242
2981.2
3293.9
3600.8
3903.1
4201.8

ENTROPY

J/G=K

4.98
S5.44
5.89
6.35
6.81
7.28
774

8.21
8.68
9.17
9.67
10.18
10.72
11.29
11.92
12.00
264432
24494
25.55

26.08
26457
27.02
27 <43
27.83
28.20
28.55
28.89
29.21
29.52

30.11
30.66
31.18
31.67
32.14
33.22
34.19
35.10
35.34
36.74

37.51
38.25
38.96
33.67
40.35
41.68
42.96
44.19
45.37
46 .48

47.54
48,53
49.47
50.35
51.18
52.70
54.06
55.29
S6et1
S7.44

SPECTFIC HEAT
cv cp
J/6-K
4,73 6.38
4.99 6e92
5.10 7.33
5.28 7.79
S bl 8.27
5.59 8,77
5.72 9.31
5.86 9.90
5.93 19.56
6.01 11.29
6.08 12.12
6414 13,16
6.19 14 38
6.25 16.08
6.32 13.57
6.3h °  18.60
7.13 21,64
6.95 18.80
6.81 16.93
6.72 15.73
6064 14.88
6.59 14425
6.53 13.75
648 13.35
6445 13.03
6442 12.77
6449 12.55
6.38 12,37
6.37 12.21
6.35 11.95
6.36 11.75
6.3 11.59
6.35 11.47
6.36 11.38
6.43 11.25
6455 11.23
6.73 11.32
6.7 11.48
7.27 11.72
7.62 12.03
8.01 12.'38
8,42 12.77
8.35 13.17
9.29 13.58
10.12 14,38
10.84 15.08
11.41 15.63
11.83 16.03
12.99 16.28
12.22 16. 40
12.25 16442
12.19 16+ 36
12.09 16.25
11.95 16.11
11 .64 15.79
11.33 15.48
11.08 15.22
10.89 15.02
10.72 14,86

55

VELOCITY
OF SOUND

/S

1280
1242
1219
1194
1171
1148
1123

1098
1069
10640
1007
968
923
869
807
802
378
293
407

420
431
Lh2
453
463
472
482
490
%99
507

523
538
552
565
578
608
634
658
679
698

716
732
T4L7
761
776
803
831
859
a87
916

945

973
1002
1030
1059
1116
1167
1218
1267
1314

9P
oTly
BAR/K

9.30
9.28
9.10
8.94
8.79
8.64
847

8.28
8.07
7.83
754
7.21
6.81
6.35
5.81
5.73
0.37
0.33
0.30

0.28
0.26
0.24
0.23
0.22
6.21
6.20
0.19
0.18
.18

D.17
0.16
0.15
.14
0.13
0.12
C.1%
0.10
0.09
0.08

0.08
.07
0.07
0.06
0.06
0.06
0.05
0.05
0.04
0.04

0.04
0.04
0.03
0.03
0.03
0.03
0.03
0.02
0.02
0.02

(Q'.’
_ Py
8ar-cM3/6

12079
10921
10322
9661
9028
8399
7756

7108
6429
5761
s0a82
4376
3665
2934
2216
2190

L72

570

667

752
831
905
97
1048
1105
1166
1226
1285
1342

1453
1560
1665
1767
1867
2110
2346
2576
2802
3026

3247
3466
31683
3899
4114
4541
4966
5388
5809
6229

664L7"
7065
7482
7899
8315
9146
9976
10805
11633
12461



TABLE VvI. THERMODYNAMIC PROPERTIES OF PARAHYDRIGEN

7 DAR ISOSBAR P P
TEMPERA~ MOLAR  INTERNAL ENTHALPY  ENTPOPY SPECIFIS HEAT VELOCITY (37) arly
TURE VOLUNE ENERCY cv b OF SOUND v
K cH3zc 6 J/6 J/G-K J76-K M/S 8AR/K SaR-CM3/G
* 14,036 12.92 -308.7 -299,7 4,98 4,71 5.38 1283 9.31 12146
15 13.05 -302.4 -293.3 5.42 4.90 5438 1254 9.31 11213
16 13.19 -295.4 -286,2 S.38 5.29 7.32 1224 9.13 19427
17 13.35 -288.0 -278.6 b3l 5.27 7.77 1199 3.97 9762
18 13.53 -230.1 -270.6 £.530 5.l 3.25 1176 8.82 9126
19 13.71 -271.7 -252.1 7.26 5.59 3,74 1153 8.67 8501
20 13.91 -2£62.8 -253.1 7.72 5.72 3,28 1129 8.50 7858
21 14.13 -253.4 -243.5 8.18 5.83 9.35 1104 8.31 7214
22 14,37 -243.4 -233.4 8.66 5.33 10.48 1076 Re10 £556
23 14464 -272.8 -222.5 9.14 - 6.01 11.21 1046 7.87 5872
24 14.95 -221 .4 -213.9 9.563 6.93 12,02 1014 7.59 5201
25 15430 -299.1 -193.4 10416 5.13 13.00 976 7.26 44 9R
26 15.71 -195.9 -184.3 10457 6.183 14.16 334 6.88 3816
27 16420 -181.4 -17340 11.24 624 15.68 883 6443 3102
28 16,82 -165.0 -153.3 11.85 631 13,03 822 5.91 2364
29 17.65 -146.0 -133.% 12.53 b1 21.71 750 5.30 1660
* 29,019 17.67 -145.6 -133.2 12.55 Helsl 21,70 749 5.29 . 1659
* 29,013 112.13 110.8 189.3 23.67 7.23 23.29 278 0.45 412
30 124443 124.6 211.7 24,43 7.04 21.53 396 0.39 537
3t 135.21 136,72 23049 25.06 6.89 13,10 411 0.36 . 641
32 164,94 146.8 248.2 25.61 65.79 15,60 424 0.33 733
33 154,04 156.5 26443 26410 6.70 15,55 435 0.30 817
34 162. 66 165.6 279.5 26455 6462 14,79 447 0.28 894
35 170.9% 174.3 29440 26497 6.55 14421 458 0.27 967
36 178.95 182.7 307.9 27.37 6.50 13.75 468 0.26 1036
37 186474 190.8 321.5 27.74 6ol 13,39 478 0.26 1102
38 194, 34 198.7 334.7 28.09 bl 13.09 487 0.23 1167
39 201.80 206.4 34747 28,43 6.62 12.84 496 0.22 1229
40 209.13 21440 3604 28.75 6.4 12.63 S04 0.21 1289
42 223.46 228.9 385,3 29.36 6.38 12.29 521 0.20 1406
4y 237.45 243.4 409,7 29.93 6436 12.64 536 0.19 1518
46 251.16 257.7 433.5 30.46 6.36 11.84 550 0,18 1627
48 264466 271.8 457.1 30.96 6.36 11.69 564 0.17 1732
50 277.96 285.7 48343 31,43 6438 11.57 577 0.16 1835
55 310.61 320.2 537.7 32.52 6ol 11.39 607 0.14 2085
60 342459 354.7 59445 33.51 6.55 11.34 634 0.13 2326
65 374410 389.4 65143 34,42 674 11,40 658 0,11 2560
70 405,27 425,60 708.7 35.27 6.98 11.56 680 De11 2789
75 436,17 461.,7 767.0 36,08 7.28 11.79 699 0.10 3016
80 466486 439,8 825.6 36.35 7.63 12,08 716 0.09 3239
85 497.40 539,7 887.9 37.59 8.01 12442 732 0.09 3460
90 527.80 581.5 95049 38.31 8443 12.89 748 0.08 3679
95 558409  625.: 1016.0 39,01 8.86 13425 762 C.08 3896
100 588,28 671.2 1083.0 39.70 9.29 13.61 776 0.07 4113
110 648,45 769.2 1223.2 41,03 10.12 14,40 804 0.06 4542
120 708.38 874.9 1370.8 . 42,32 10.84 154130 832 0.06 4969
130 768.15 986,9 1524.6 43,55 11.42 15.65 860 0.05 5393
140 827.78 1103.8 1683.2. 44,73 11,43 16,05 - 838 0.05 5815.
150 887.30 1223.9 1845.1 45,84 12.09 16.29 917 0.05 6236
160 946474 1346.0 2008.7 46.90 12,22 16.41 945 0.04 6655
170 1006412 1458.7 2173.0 47.89 12.25 16.43 974 0.04 7074
180 1065443 1591.3 2337.1 48.43 12419 16,37 1003 0.06 7692
190 1124471 1713.0 250043 49,71 12.03 16426 1031 0.04 7909
200 1183.94 1833.4 2662.2 S0.54 11.95 16,12 1059 0.04 8326
220 1302, 30 2069.7 2981.3 52.07 11.64 15,59 1115 0.03 9158
240 1420457 2299.7 3294.1 53043 11,433 15.49 1168 0.03 9989
260 1538.76 2524.0 360141 54,56 11.08 15.23 1219 0.03 10818
280 1656489 2743.6 3903.4 55.78 16.83 15.02 1268 £.03 11647
300 1774.98 2959.7 4202.2 56.81 10.73 14.86 1315 0.02 12475

* TWO PHASE BOUNDARY

56



K

1.
15
16
17
18
19
20

21
22
23
24
25
26
27
28
29
* 29
* 29
30

31
32
33
3
35
36
37
38
39
40

95
100
110
120
130
140
150

160
170
189
190
2090
220
240
269
280
300

* TW0 PHASE

TABLE VvI.

8 34R ISORAR
TEMPERA-
TUFE

067

828
.828

MCL AR
VOLUME
cM3se

12.91
13.04
13.18
13.34
13.51
13.69
13.489

14410
140 34
14.61
16,91
15.25
15.65
16.12
16.70
17.47
18,37
95.20
97.84

109.58
119.46
128. 35
136.58
144436
151.80
158.98
165.95
172.75
179. 41

192,386
204494
217.22
229.27
241,13
270.12
298,43
326. 27
353.75
380.97

407.98
434,83
461454
488.15
514,66
56745
620402
672. 41
724.67
776483

828.99
880.91
932.86
984,76
1036.63
11490.26
1243.79
1347.25
1450465
1554.01

BOUNDARY

THERMCDYNAMIC PROPERTIES OF PARAHYDROGEN

INTERNAL

ENERCY
J/G

-398.7
-3%2.6
-295.6
~-288.2
=233 .4
-272.0
-263.2¢

-2%3.9
-244.0
-233.4
-222.1
-210.0
-197.0
-1R2.7
-166.9
-148.6
~13.0

104.8

108.2

123.5
136.1
147.2
157.2
166.7
175.7
134.3
192.6
230.7
208.6

224.¢
238.9
253.¢
267 .9
282.1
317.1
351.9
387.0
422.8
459.6

498.¢C
538.¢C
579.9
623.8
669.8
768.0
873.8
935.9
1102.9
1223.1

1345.2
1u468.0
1590.6
1712 .4
1832.9
2069.2
2239.c
2523.6
274343
2959.4

ENTHALPY

J/76

-298.3
=292.2
-285.1
-277.6
-259.6
-261.1
=252.1

-242.6
-232.5
=221.7
-210.2
-197.8
~184.5
-159.8
~153.5
-134.6
-115.7

181.0

186.5

211.2
231.6
2493.9
266.5
282.2
297.1
311.5
325.4
338.9
352.1

377.9
402.9
427.3
451.3
475.0
533.2
590.7
648.0
705.8
Tobaels

8244

885.8

949.1
1014.3
1081.5
122249
1369.8
1523.8
1682.6
184446

2008.3
2172.7
.233649
250042
2662.2
29814
329443
3601.6
33903.8
420245

ENTROPY

J/6-K

4.99
Set4t
5.87
6.32
6.78
7.24
7.70

8.16

8.63

g.11

9.60
10.11
10.63
11.18
11.78
12.44
13.08
23.03
23.22
26,03
24.68
25.24
25.74
26.19
26451
27.00
27.37
27.73
28.06

28.69
29.27
29.81
30.32
30.81
31.932
32.92
33.84
34.69
35.59

36.27
37.02
37,74
38.45
39.14
40,47
41.76
42.99
L4h 17
45.29

46.34
47 .34
48.28
49.16
49.99
51.51
52.87
SLk.10
55.22
56.25

57

SPECIFIC HEAT
cv

Lo71
4.90
5.09
5.27
Set3
5.58
5.71

5.83
5.93
6.01
6.08
6.13
6.183
6.24
6.30
6.33
6.49
7.45
7.39

7.12
6.95
6.84
6.71
6.63
6.55
652
6.43
6445
643

6.4)
6439
6.38
6.38
5.33
645
557
6.75
6 .39
7.28

7.63
8.02
8.643
8.86
9.29
10.12
10.84
11.462
11.83
12.09

12.22
12.25
12.20
12.39
11.95
11.64
11.34%
11.03
10.88
10.73

J/6-K

cp

6438
6485
7.30
7.75
8.22
8.71
9.24

9.80
10.42
11.14
11.92
12.83
13.94
15.39
17.39
20. 66
25451
30.50
28436

22.06
19,10
17.33
16.12
15.25
14.61
14,10
13.70
13.37
13.190

12.67
12.35
12.13
11.91
11.77
11.54
11.46
11.49
11.63
11.85

12.13
12. 47
12.84
13. 24
13.64
14443
15.12
15.67
16. 06
16. 31

16. 42
164 44
16.38
16.27
16.12
15.80
15.49
15.23
15.02
14.87

VELOCITY (%$)v

OF SOUND

M/S

1286
1259
1229
1204
1181
1159
1134

1109
1082
1053
1021
985S
QAL
895
838
769
700
378
382

400.

415
428
Ll
453
464
476
484
493
592

518
534
549
563
576
607
634
658
680
699

717
733
748
763
77
805
832
861
889
917

46

975
1004
1032
1060
1116
1169
1220
1269
1316

BAR/K

9.32
9.32
9.16
9.00
8.85
8.70
8.53

8.35
Bell
7.90
7.63
7.31
6.94
6.51
6.01
Sele3
4.86
0.55
0.53

0.46
0.t}
0.37
0.35
0.32
0.31
0.29
0.28
0.26
0.25

0.23
6.22
0.20
0.19
0.18
0.16
0.15
0.13
0.12
0.11

.10
0.10
0,09
0.09
0.08
0.07
0.07
0.06
0.06
.05

0.05
0.05
.06
0.06
0.04
0.04
6.03
0.03
0.03
0.03

(35);
BaR-cH3/G

122143
11343
10531
9861
9224
8601
7958

7319
6662
S98Q
5316
4638
3951
3243
2545
1831
1248

3u9

379

516
627
723
810
890
966
1037
1106
1172
1236

1359
1476
1588
1698
1804
2060
2306
2544
2777
3006

3231
3454
3675
3894
4112
4544
w972
5398
5821
6243

6664
7083
7502
7920
8337
9170
10001
10832
11661
12490



K

* 14
15
16
17
13
19
20

21
22
23
24
25
26
27
28
29
30

= 30
* 30
31
32
33
34
35
3b
37
38
39
40

42
')
46
L3
50
55
60
65
70
75

80
85
90
95
100
110
120
130
140
150

160
170
180
190
200
22)
240
260
280
300

TABLE vI. THERMODYNAMIC PROPCRTIES OF PARAHYDROGEN

9 BAR ISOBAR
TEMPERA-
TURE

«10)

567
«567

MOL AR
VOLUME
cM3/6

12.90
13.02
13.16
13.32
13.49
13.67
13.80

14.08
14,31
14457
14.87
15.20
15.59
16. G4
16.60
17.31
18,33

1%.18
B81l.4d
87.b69
98. 65
107.77
115.89
123.40
130.48
137.24
143.76
150.07
156,22

168.13
179.63
192,81
201.75
212.48
238465
264.10
289.08
313.70
338.05

362.20

386,18
410,02
433.76
457.41
S04. 46
551. 30
597.96
64bL. 4
690.91

737.25
783.53
829.75
875.92
922,05
1014.23
1106430
1198. 30
129G 24
1382.14

* TWO PHASE 30UNDARY

INTERNAL

ENERGY
J/7G

-308.6
~302.8
-295,9
-288.5
-280.7
-212.4
-2€3.6

-254.3
-244,.5
-234.0
-222.8
-210.¢
-198.0
~1%4.0C
-158.6
-151.0
-129.9

~114.9
97.2
106.9
123.4
136.6
148.1
158.5
158.2
1774
186.2
194.7
203. 0

218.9
234.3
249,3
2€4.0
278.4
314.0
369.1
384,.5
420.5
457.6

4936.1
536.2
57843
62243
668.4
766.8
872.7
934.9
1102.0
1222.2

134444
1467.3
1589.9
1711.7
1832.3
206847
2298.8
2523.2
2742.9
2959.1

ENTHALPY

36

-297.1
-291.1
284,90
-276.5
-268.5
=260.1
=251.1

-241.7
-231.6
=-220.9
-203.5
=197.2
~184.0
-169.6
-153.6
-135.4
-113.4

-97.7
170.5
185.8
212.1
233.6
25244
269.6
285.7
30140
315.6
329.8
343.6

370.3
396.0
42143
445.56
469.7
528.7
586.8
bLb,.7
702.9
761.9

822.1

883.8

947.3
1012.7
1080.90
1220.8
1369%.8
1523.1
1682.90
1844.1

200%.0
2172.5
2335.7
25001
265241
2981.5
3294 .4
3601.6
3904.1
420340

FNTROPY

J/G-K

.39
Se40
5.85
6.31
6.76
7.22
7.58

8.1l
B.51
9.08
3.57
10.37
10.59
11.143
11.71
12.35
13.11

13.62
22.39
22.89
23.73
24439
24.35
25.45
25.99
26.32
26.71
27.08
27.43

?8.08
28.68
29.23
29.76
30.25
31.37
32.39
33.31
34.17
34.39

35.77
36.51
37.24
37.35
38.64
39.98
41.26
42.50

L3.68 -
44479

45.85

46,85
47.79
48.67
49.50
51.02
52.39
53.62
S4.74
55.77

58

“SPECIFIC HEATY

Cv

4.72
L.939
5.03
5.27
S.43
5.58
S.71

5.82
5.32
6.01
6.37
6.13
6.18
6.23
6.29
6.37
6.48

6.59
7.67
746
7.18

J/6-K

7.01 "

6.83
6.71
6.63
657
6.52
Beld
6445

6a.43
6oll
6440
6.40
6.41
Bele7
6.53
6475
6.99
7.23

7.63
8.02
8.43
8.8%
9.29
10.13
10.85
11.42
11.83
12.09

12.22
12.25
12.20
12.03
11.95
11.64
11.34
11.0%
10.8%
10.73

ce

5433
HeB83
7.22
7.73
8.20
8.69
9.21

3.76
10,37
11.05
11.82
12.70
13.76
15.13
16.96
19.569
24 . 86

31.35
38.61
310.61
23.21
19,86
17.88
15.57
15.64
14,94
1b.40
13.97
13.62

13.08
12.68
12.38
12.15
11.97
11.69
11.57
11.58
11.70
11,91

12.18
12.51
12.88
13.27
13.67
14,45
15.14
15.68
16.08
16432

16. 44
164 45
16.39
16. 28
16413
15.81
15.49
15.23
15.03
14.87

VELOCITY
CF SOUND

M/S

1289
1265
1234
1209
1186
1164
1140

1115
1088
1060
1628
993
953
906
851
788
709

650
376
347
405
420
434
ha?
459
470
430
490
499

516
533
548
562
576
607
634
658
680
700

717
734
749
763
778
805
833
861
890
918

u7
976

1005

1033
1061
1117
1170
1221
1270
1317

(&
8AR/K

903‘
9.33
9.18
9.03
8.88
8.72
8.56

8.38
8.17
7.94
7.567
7.36
7.00
6.58
€.10
5.55
4.89

4,42
0.66
0.59
0.51
0.46
f.42
0.39
0.36
0.54
0.32
0.31
0.29

0.27
0.25
0.24
6.22
0.21
.18
0.17
0.15
0.14
0.13

g6.12
C.1t
0.10
0.10
0.09
6.08
0.08
0.07
6.07
0.06

0.06
6.05
0.05
0.05
0.05
0.04%
0.04
0.03
0.023
0.03

(5)
arly
Bar-c43/5

12279
114673
10624
996C
932¢
8701
8058

7422
6768
6110
5429
4762
4081
3378
2692
2011
1312

889
281
- 365
567
622
721
811
893
971
1044
1115
1182

1311
1433
1554
1663
1773
2036
2286
2528
2765
2996

3224
2449
3672
3802
4111
4545
4976
5403
5828
6251

6672
7082
7512
7330
3348
9182
10014
10645
11675
12506



TABLE VI. THZRMCOYNAMIC PROPERTIES OF PARAHYOROGEN

1C 3AR ISO0BAR

TEMPERA- MOL AR
TURE VOLUME
K 'tM3/6

Y 14,133 12.89
15 13,01
16 13,15
17 13.30
13 13,47
19 13.65
20 13.84
21 16,05
22 14.28
23 14456
24 14.83
25 15415
26 15,53
27 15.97
28 16,50
29 17.17
30 18.09
31 19.58

* 31,208 20.16

¥ 31,248 69,66
32 80.L4
33 90.53
34 98,88
35 106. 33
36 113,22
37 119,70
38 125.89
39 131,84
4 137.61
42 148471
4l 159,36
46 . 169,67
48 179,72
59 189,57
55 213,47
60 236465
65 2594 34
4] 281.67
75 303.73
80 325.58
85 347,27
90 368.82
95 390.26
100 411,61
110 454,08
120 496432
130 5384 40
140 SAQ. 34
150 622.18
160 6634 9%
170 705.63
180 747.26
190 788.85
200 830.40
2290 913,40
240 996,31
260 1079. 14
280 1161.91
300 1244464

* THO PHASE BIOUNDARY

INTERNAL
ENERCY
J/7C

-309.6
-303.0
~296 .1
-288.7
-201.0
-272.7
-264.C

=254 .8
-245.0
=-234.¢
-223.5
-211.7
-1399.0
-185.3
-170.2
-153.2
-133.2

-107.2
-93.,7
7.6
197.¢C
124.2
137.8
149.6
160.2
170.1
179.5
188.5
197.1

213.7
229.6
245.C
260.0
274 .7
310.8
3u46.4
382.0
418.3
455,.6

434.2
53445
S76.7
620.8
667 .0
765.5
871.6
983.9
1191.0
1221 .4

1363.7
1456 .€
1589.3
1711.1
1831.7
2068.2
2238.3
2522.8
2742.6
2958.8

ENTHALPY

J/6

-295.7
-290.0
-282.3
-275.4

~267.5-

=259.1
=253.2

=240.7
=230.7
-220.1
-208.7
~19646
-183.5
-1869.3
-153.7
=-136.0
-115.1

=87.6
=73.5
157.3
187.5
214.8
236.7
25549
273 et
289.9
305.4
320.3
334.3

362.4
389.2
4ib.7
439.7
46403
524.2
583.0
5%1.4
7032.0
759.3

819,83

881.8

945.5
10111
107846
1219.6
1367.9
1522.3
1681.4
1843.6

2007.6
2172.2
23356.5
2500.0
2662.1

2981.6:

3294 .6
3601.9
39045
42034

ENTROPY
J/76-K

“.99
5.38
S84
6.29
E.75
7.20
7.66

8.12
8.58
9.06
9.54
10.04
10.55
11.08
11.65
12.27
12.938

 13.88

16.17
21.72
22.68
23.52
24417
24.73
25.22
25.67
26.09

. 26448

26.84

27.52
28413
28470
29.24

. 29.74

30.88
31.91
32.84
32.71
34.53

3%5.31
36.06
36.79
37.50
38.19
39.53
4C.82
42.06.
43.23
Ll,35

45,41
46.41
47.35
48.23
49,06
50059
51.95
53.18
S4.30
55.33

59

SPECIFIC HEATY

Ccv

Lo72
4.90
5.9%
5.26
Selk3
5457
5.7¢

5.82
5.92
6.09
6.07
6.13
6.18
6.23
6.29
6.36
646

6.63
6.71
7.93
7.50
7.22
6.97
6481
6.79
6.63
6.57
6.53
6.50

645
6.43
‘Bel2
6.42
642
6.49
6.59
6.75
7.09
7.29

7654
8.02
8 olle
8.37
9.30
10.13
10.35
11.42
11.84
12.10

12,23
12.25
12.20
12.99
11.96
11.64
11.34
11.08
10.84%
10.73

J/76-K

cp

6.38
6e81
7.27
7.71
8.18
B.66
9.17

9.72
10.32
10.97
11.74
12.53
13.59
14,84
16.52
19,00
23.26

33.89
40.60
52416
31.66
23.86
20.33
18,27
16,91

© 15,90

15.22
14.65
164420

13.52
13.03
12.67
12,40
12.18
11.84
11.69
11.68
11.78
11,97

12.24
12.56
12,92
13.31
13.70
14,48
15.16
15.70
16.409
16.33

16445
16,46
16. 40
16.28
1614
15.81
15.59
15.24
15.03
14.87

VELOCITY
OF SOUND
M/S

1292
1270
1239
1214
1191
1169
1145

1121
1094
1066
1035
1001
962
917
865
804
731

633
600
374
393
“11
6027
L42
LS4
466
477
487
497

515
531
547
561
575
605
634
659
681
700

718
736
749
764
778
806
834
862
891
919

948

977
1005
1034
1062
1117
1171
1222
1271
1317

(%)
aTly
BAR/K

9.35
9.34
9.21
9.06
8.91
8.76
8.59

8.41
8.21
7.98
7.71
7.41
7.06
6.65
6.19
5.66
5.04

424
3.98
0.79
0.65
0.56
0.50
O0.46
0.43
0.40
0.38
0.36
0.34

0.31
~0.29
0.27
0.25
0.26
0.21
0.19
0.17
0.15
O.14

0.13
0.12
0.12
0.11
0.10
0.09
0.09
0.08
g0.07
0.07

0.06
0.06
0.06
0.05
0.05
0.05
.06
0.0
0.06
0.03

(22
ariy
8aR-cM3/G

12345
11601
197326
10057
AW15
8799
8156

7524
5872
6220
5539
4883
4208
3532
2850
2166
1485

784
594
213
367
511
627
728
819
903
982
1057
1128

1264
1391
1513
1630
1742
2012
2267
2513
2753
2987

3217
3644
3668
3890
b111
4547
4979
5408
5834
6258

6681
7102
7522
7941
3359
9194
10027
10853
11689
12519



TABLE VI. THERMCDYNAMIC PROPERTIES OF PARAHYDROGEN

12.5 84R ISOBAR
TEMPERA-
TURE

K

* 1
) 15
1o
17
18
19
20

21
22
23
24
25
26
27
28
29
30

31
32
* 3
* 32
33
34
35
36
37
33

215

745
745

39 .

40

42
IR
46
48
50
55
60
65
70
75

80
85
90
95
100
110
120
130
149
159

160
170
180
190
200
220
240
260
280
300

MOL AR
VOLUME
(VA

12.87
12.97
13.11
13.26
13.42
13.59
13.78

13.99
14,21
14,46
14,73
15,04
15,39
15.80
16.28
16,87
17.62

18.68
20e47
25.12
43.03
51.74
65.28
Tue 02
81.15
87440
93.26
98.70
103.87

113.62
122.81
131.60
1640.03
148.33
168.19
187.27
205.85
2244 05
241.93

259,74
277.26
294.67
311.99
329.21
363441
397.39
431.21
46L. 89
498447

531.98
565, 41
598.79
632.13
665,42
731.92
798.32
86L.65
930.92
997. 15

* TWO PHASE BOUNDARY

INTERNAL
ENERGY
J/G

-3C8.5
=303.4
=-296.¢
=299.4
-281.7
-2173.%
~2€4.9

-255.8
-24b.2
-236.0
=225%.2"-
-213.7
=201.4
-188.2
-173.8
-153.C
-140.0

-118.7
-93.1
“43.4

.9

68,2
192.¢
121.9
136.8
149,5
161.0
171.5
181.4

200.0
217.3
233.8
249.7
265.2
302.7
339.3
375.8
412.7
459.5

489,6
50,2
572.6
817 4G
65634
762.4
868 .8
931 .4

1098.8

1219.2

13461.8
1464.8
1587 .6
1709 .6
1830.3
2066.9
2297 .¢
2521.8
2741.7
2358.0

ENTHALPY
J/6

“292 .4
-287.2
~280.2
=272.8
-2584.9
=256.5
“247.7

~238.4
-228.5
=218.9
-205h.8
=194.9
~182.2
~16%.4
-153.5
-136.9
=118.0

-35.3
“bkas5
-12.90
.7
132.8
184.2
2lb. 4
238.2
259.9
277.5
29449
311.3

34240
370.8
398.3
L2448
450.5
512.9
5734
633.1
692.8
753.0

814.2
876.8
941.0.
100742
1075.0
121647
1365.5
1520. 4
1679.9
186244

2006.7
2171.6
23361
2499.8
2662.0
2981.8
3235.1
3602.6
3905.3
4204.4

ENTRDOY

J/G=X

5.00
5.35
5.80
6.25
6.70C
7.15
7.61

8.086
8452
8.99
9.4%
9.95
10.45
10.97
11.51
12.09
12.73

13.48
14,45
16,07
19.33
20.49
22.03
22.91
23.58
2L.14
2L.54
25.39
25.51

26426
26.93
27 .54
28.190
28.63
29.82
30.37
31.83
32.71
33.54

34433
35.09
35.32
36.54
37.23
38458
39.88
41.12
42,30
43,42

Lb, 48
45,48
4642
47 .30
48.14
49.56

. 51.02

52.26
53.38
ELTE S

60

SPEC
Ccv

L.73
.89
5.08
5425
Sab2
5.57
5.790

5.81
5.91
5.93
6.97
6412
6417
5422
6.27
6.33
Bobl

6.51
6.72
7.83
9.13
8.513
7.55
7.15
6.93
6.73
6.63
6.63
6.53

6.52
6.69
6.45
6altd
6.45
6.51
6.61
6.738
7.01
7.31

7.65
8.03
8.4
8.87
9.39

10.14

10.86
11.43
11.8¢4
12.10

12.23
12.25
12.20
12.190
11.9%5
11.64
11.34
11.08
10.838
10.73

IFIC HEAT
ceP
J/’76-K

0e3%
He75
7Te206
7.67
3.13
3.59
3. 09

3.62
10.19
1J.81
11.51
12,39
13.21
14,31
15.74
17.62
2J. 41

25.39
39.0¢
242.52
375.55
86,56
35.79
26412
21.92
19.52
17.9¢4
16.82
15.99

14.82
14,03
13.48
13.06
12,75
12.24
11.99
11.91
11.37
12.13

12.37
12467
13.02
13.38
13.78
14.54
15.21
15.74
16,13
16435

16.47
16,48
16. 42
16,30
' 16.15
15.82
15.51
15.25
15. 04
14.89

VELOCITY
OF SOUND
M/S

1299
12182
1251
1226
1223
1181
1158

1134
1108
1081
1052
1019
983
42
835
842
780

705
663
413
365
378
408
427
443
457
469
480
491

510
528
544
559
S74
€06
634
£60
682
702

719
736
751
766
780
808
836
864
893
921

950

979
1008
1036
10664
1120
1173
1224
1273
1319

&),
BAR/K

9.36
9.37
9.29
9.13
2.98
8.83
8.67

8.49
8.29
A.06
7.81
7.52
7.19
6.81
6.38
5.90
5.36

472
3.89
2451
1.40
1.114
0.83
0.70
0.63
0.57
0.53
.49
0.47

0,42
0.38
0.35
0.33
0.31
0.27
0.24
0.21
c.20
0.18

0.17
0.16
0.15
L% X
0.13
0.12
g.11
U.io
0.09
n.08

0.08
0.07
0.07
8.07
0.06
0.06
£.05
0.05
0,06
.04

(35)
aPlr
3ar-cr3/6

12519
11918
19987
10297
9649
3041
3396

7773
7124
6486
5836
5173
4520
3862
3192
2546
1911

1277
627
55
33
140
352
499
620
726
821
910
992

11486
1288
1421
1547
1668
1954
2221
2u77
2724
2965

3201
3433
3661
3887
4111
4553
4989
5422
5851
5277

6702
7125
7547
7968
A388
9225
19060
10893
11724
12555



TASLE VI.

15 34R ISOBAR

TEMPERA-
TURE
K

* 14,296
15
16
17
18
19
20

21
22
23
24
25
26
27
28
29
30

31
32
33
34
35
36
37
38
39
40

42
Lh
46
48
59
55
60
65
70
75

80
85
D]
95
100
110
120
130
140
150

160
17¢0
180
190
200
220
243
2hi
280
300

MOL AR
VOLUME

cM3/eg

12. 85
12.94
13.07
13.22
13.37
13.54
13.73

13.92

a1t

14,38
14.64
14,93
15.27
15.64
15.08
16.61
17.26

18,10
19.31
21440
30.16
48.84
57.99
64.95
70.82
Toell
81.06

90.07

98,37
106.19
113.56
12C.87
138.05
154441
170424
185.69
200.86

215.83
230.62
245,283
259,84
2744 30
302.99
331.46
359.76
387.9¢4
416.02

Gab,01
471.94
499.82
527.65
655,45
610G 94
666434
721,66
776494
832.16

* TWO PHASE 3JUNDARY

THERMCOYNAMIC PROPERTIES OF PARAHYDROGEN

INTERMAL

ENERGY
e

=308.4
-303.9
-237.1
=290.¢C
-282.4
-27%.3
=2565.8

-256.9
=247 .4
-237.4
-226.8
~215.¢
=203.6
-1903.8
-177.1
~162.1
-145.5

-126.6
~104.0
-73.3
-1.9
77.1
104.8
123.8
138.¢
12,0
1€3.8

1R5.0
204.1
222.(
239.0
255.2
294 .06
332.2
363.5
407 .1
L45.4

434.9
525.9
568.6
613.3
659.9
759 .4
86640
978.9
1096.5
1217.3

1339.8
14€3.0
1586.C
1708.1
1828.9
2065.7
229641
2520.8
2740.8
2957.2

ENTHALPY

J/6

=289,1
~284.5
=277.5
-270.1
-26243
=254
~245.2

-236.0
=226.2
-215.8
=204.93
-193.2
-180.7
-167.3
-152.9
-137.2

-113.5

-99.4
=75.19
41,2

BBO“
1504
191.38
221.2
245.1
26642

2854

320.1
351.7
381.3
403.5
436.6
501.5
563.9
62449
685.6
74647

808.6
871.3
936.6
1003.1
1071 .4
1213.8
1363.2
1518.6
16784
1341.3

2005.3
2171.0

2335.7

2499.6
2662.0
2982.1
3295.6
3603.3
3306.2
4205 .4

ENTROPY

J/76-K

5.00
5.32
S.76
6.21
6.66
7.11
T.5%

8.01
8,47
8.93
9.39
9.87
10.36
10.86
11.39
11.94
12.54

13.20
13.97
15.01
17.53
20 .64
21 .81
2261
23.25
23.80
24 .29

25.13
25.87
26.53
27.13
27.68
28.92
-30.00
30.98
31.88
32.72

33.52
34.29
35,03
35.75
36.45
37.80
39.10
40,35
41.53
42.66

43.72
44.72
45,66
46.54
47.38
48.90
50.27
S51.50
52462
53.65

61

SPEC
Cv

474
4.39
5.07
5.25
5S4l
5.56
5.69

5.80
5.90
5.99
6.0%
6.12
6e17
6.22
6.25
6.32
6433

belS
657
6430
8.76
7.70
7.27
7.02
6.85
Be74
6.67

6459
6.53
6451
6450
6459
6.54
64606
6.80
7.03
7.32

7.66
8.04
8.45
8.83
9.31
10.14
10.86
11.43
11.85
12.10

12.23
12.25
12.20
12.10
11.96
11.65
11.34
11.09
10.83
10.73

IFIC HEAT
cpP
J/6-K

6¢38
6.70
7.20
7.62
8.08
8.52
9.00

9.5t
16.06
10.65
11.32
12.05
12.91
13.84
15,05
16.63
18.68

21.93
27.62
42.99
174.98
S4e07
33.56
26425
22.60
20.01
13. 44

15445
15.23
1440
13.81
13.37
12.66
12.30
12.15
12.16
12.29

12.50
12.79
13.12
13.48
13.86
14.60
15.26
15.78
16. 16
16,39

16.580
16.51
164 bk
16.32
16,17
15. 84
15.52
15.25
15.04
14.89

VELOCITY
OF SOUND

M/S

1306
1295
1263
1240
1217
1194
1172

1148
1123
1097
1068
1037
1003
966
923
874
820

757
682
581
395
415
434
450
465
475
487

508
526
543
559
573
606
635
661
683
703

721
738
753
768
782
810
838
866
895
923

952

981
1010
1038
1067
1122
1175
1226
1275
1322

9P
aT v
BAR/K

9.38
9.40
9.36
9.20
9.05
8.90
8.74

8.56
8.36
8.15
7.90
7.62
7.31
6.95
6.56
6.11
5.62

5.07
4ob2
3.58
2.05
1.17
0.94
0.82
0.74%
0.67
0.62

0.55
0.49
0.45
0.42
0.39
0.33
0.29
0.26
0.264
0.22

0.20
0.19
0.18
0.17
0.16
0‘1“
0.13
0.12
0.11
0.10

0.10
0.09
0.08
0.08
0.08
0.07
0.06
0.06
0.05
0.05

),

BaR-CM3/G

12674
12228
11234
10598
9939
9303
8676

8045
7408
6765
6103
5667
4806
4191
3545
2909
2295

1686
1106
534
78
245
408
542
657
761
857

1030
1187
1331
1468
1597
1899
2178
2444
2699
2946

3187
3423
3656
3885
4112
4559
5000
5436
5868
6297

6724
7150
7573
7995
B4 16
9256
10092
10927
11760,
12592



TABLE VI. THERMCDYNAMIC PROPERTIZS OF PARAHYDRIGEN

20 BAR ISOBAR

TEMPERA-
TURE
K

* 14,457
15
16
17
18
19
20

21
22
23
24
25
26
27
28
29
30

31
32
33
34
35
36
37
38
39
40

42
L
4b
u8
50
55
60
65
70
75

a0
85
90
95
100
110
120
130
140
150

160
170
180
198
200
220
240
260
280
300

* TWO PHASE

MOL AR
VOLUME
cM3/6

12.80
12.87
13.00
13.14
13.29
13. 45
13.62

13.81
14401
14.23
1he b7
1. 74
15. 04
15.38
15.76
16.19
16471

17.34
18,12
19.15
20.62
23.03
27.52
34.60
41,38
47.12
52.07

60.55
67.77
Thole7
80.72
86.64
100,51
113.46
125,85
137.86
149,57

161.08
172. 42
183.62
194.72
205.73
227.52
249.09
27050
291.79
312.98

334.09
355. 43
376.13
397.08
417.99
459.73
501.37
S42.94
584445
625.93

BOUNDARY

INTERNAL

ENERCY
J’6

-308.1
-304.7
-298.1
-291.1
-283.6
-275.8
=267.5

-258.8
-249,6
-239.9
=-229.7
-218.9
=207 .6
-195.5
~182.7
-168.9
-154.1

-137.9
-119.9
=99.4
-75.0
~43.9
-2.1
43.8
77.1
101.6
120.7

1£0.9
175.1
196.5
216.2
234. €
277.5
317 .8
356.9
335.8
435.2

475.5
517.3
SE0.7
605.¢
6S3.0
753.2
860.6
974.0
1092.0
1213.2

1336.1
1459.6
1582.8
1705.1
1826.0
2063.2
2293.9
2518.8
2739.0
2955.6

CNTHALPY

J/6

-282.5

«27%.0 .

=272.1
=264.8
=257.1
-248.9
-240.2

-231.1
-221.5
-211.4
=-203.8
-189.4
-3177.5
-164.7
-151.1
«136.5
-120.7

-103.3
-83.7
-51.1
-33.8

2.1
53.0
113.3
159.9
195.8
224.9

272.0
310.6
345.5
377.6
407.9
478.5
SLb.7
603.6
6715
7364.3

797.7
86241
927.9
995.3
10644
1208.3
1358,.8
1515.0
167546
1839.1

2006.3
2169.8
2335.0
2499.2
2662.0
2982.7
3296.7
3604.7
3908.0
4207.5

ENTROPY

J/7G=K

S5.01
5425
5.70
6ell
6.58
7.02
To47

7.91
8.36
8.81
"8.26
9,72
10.19
10.67
11.17
11.68
12.22

12.79
13.41
14,10
14.92
15.96
17.39
19.34
20.29
21.22
21.96

23.11
26,01
24,78
25.47
26409
27.43
28.54%
29,61
30.5¢4
31,41

32.22
33.01
33.76
34,49
35.20
36.56
37.87
39.12
40.31
Ll.bb

42.51
43.51
Lbo4b
45434
46.18
47.7%
49.07
50.31
51.43
52446

62

SPECIFIC HEAT

[o%'}

477
.83
5.0%
5e2%
5.4)
5.54
S.67

5.79
5.3
5.93
6.35
6.11
6.17
6.21
6.25
6.30
6.34

649
6o4b
6.54
6.67
6.39
7.33
7.32
7.23
7.00
6.92

6.73
6.62
6459
6.57
6456
6463
6,68
6.84
7.05
7.34

7.69
8400
8o.47
8.89
9.32
10.16
10.87
11.40
11.85
12.11

12.24
12.26
12.21
12.10
11.97
11.65
11.35

©11.39

10.83
10.73

J/76G~-K

cP

5438
5.63
7.09
7.53
796
3.061
3.86

q' 3“
9. 85
19.39
12.98
11.63
12.35
13.15
14.08
15.17
16.57

18.37
20.90
26461
30.65
42.22
59.51
54487
40.86
31.87
26.606

21,10
18. 34
16.66
15.56
16,73
13.58
12.94
12.64
12,55
12.690

12.77
13.01
13.31
13.65
14400
14072
15.36
15.87
16.23
164 45

16,565
16455
16. 48
16.35
16.290
15. 86
15.54
15.27
15.06
16,90

VELOCITY
OF SOUND

M/S

1319
1311
1288
1264
1260
1218
1196

1173
1150
1125
1098
1070
1039
1006

69

929

884

835
780
719
€49
568
494
466
468
477
488

508
527
544
560
s75
609
638
664
687
707

725
762
757
772
787
816
842
874
899
928

957

986
1014
1043
1071
1126
1180
1231
1279
1326

14
oTly
BAI/K

9,41
9.45
9.43
9.32
9.18
9.03
8.87

8.70
B8.51
.31
8.08
7.82
7.53
7.21
6.86
6.47
$.05

5.59
5.08
4.53
3.90
3.17
2.39
1.76
1.42
1.20
1.06

0.88
0.76
0.68
0.62
0.57
0.48
O.41
0.37
0.33
06.30

Ucza
0.26
0.24
0.23
0.21
0.19
0.17
0.16
0.15
001“

0.13
0.12
0.11
0.11
0.10
0.09
0.08
0.08
0.07
0.07

3,

BAR-CHM3/G

1299¢
12651
11854
11097
10415

771

9158

8528
7909
7273
6547
6022
5393
4780
4174
3586
2994

2430
1881
1373
915
526
300
290
388
505
618

82¢
1002
1169
1324
1469
1801
2103
2386
2655
2914

3165
3410
365¢C
3886
4119
4576
5025
5467
5905
6339

6771
7199
7624
8051
8475
9314

10159

10996

11831

12665



TARLE VI. THERMCDYNAMIC PROPERTIES OF PARAHYODROGEN

25 38R ISOBAR . P
TEMPERA~ MOLAR  INTERPAL ENTHALPY  ENTROPY SPECIFIC HEATY VELOCITY |37 v
TURE VOLUME ENERGY . cv ceP OF SOUND
K cM3/6 J76 J/6 J/G=-XK J76-K M/S BAR/K
* 14,615 12.75 -307.8 -275.9 .03 4.73 6438 1332 9.44
15 12,80 -305.5 -273.4 5.19 4.87 6e55 1329 .47
16 12.93 -299,¢ -266.7 5.63 5.06 7.00 1310 9,50
17 13.06 -292.1 -259.4 6.07 5.23 7.46 1285 .44
18 13,20 -284.8 ~251.8 6.51 5.38% 7.87 1264 9.30
13 13.36 -277.1 -243.7 634 5.53 8.29 1261 9.15
20 13.52 -269.C -235.2 - 7.38 5.65 8.73 1220 9.00
21 13.76 -280.5 -226.2 7.82 5.77 9.18 1198 - 8.84
22 13.89 -251.6 -216.8 8.25 5.89 9,66 1176 . 8.65
23 14,10 -242.2 -206.9 8.69 5.96 10.16 1152 8,46
24 14,32 ~ -232.2 -196,.5 9.14 6.04 13.70 1127 8424
25 14,57 -221.9 -185.5 9.59 6.11 11.28 1100 7.99
26 14,684 -211.0 -173.9 10.04 6.16 11.92 1072 7.73
27 15.15 -199,5 -161.6 - 10.50 6.21 12.60 1042 7.43
28 15. 48 ~167.4 -148.7 . 10.98 6425 13,37 1009 ‘Te11
29 15.86 -174.5 -134.9 11.46 6.29 14.25 974 6.76
30 16430 -160.9 -120.1 11.96 6.33 15.31 - . 935 6.39
31 16.81 -146.2 ~104,2 12.48 6.37 15,52 . 895 5.98
32 17,40 -130.5 -87.0 13.03 6.42 18.07 850 5.55
33 18,13 ~113.2 573 13.62 a7 20.07 802 - S.i0
34 19.04 94,3 ~46.6 14.25 6453 22.59 750 4.60
35 20.23 -72.9 22,4 14.95 6.62 26406 695 4,08
36 21.84 -48.6 6410 15.75 6.73 30.80 638 3.53
37 244117 -20.7 39.6 16.67. 6.88 36.58 586 - 2.98
38 27.24 1041 73.2 17.70 7.05 40.39 ° sS40 2.45
39 31.15 41.6 118.8 " 18.76 7.14 39.99 517 2.04
40 35.31 68 .0 15643 19,71 . 7.06 35.52° - . 513 1.73
42 43.05 110.7 218.3 21,22 5.91 27.10 520 1.34
4y 49,77 142.8 26742 22.36 6.783 22,20 534 1.11
46 55.76 169.1 303.5 23.28 6.6 19,31 550 0.96
48 61.25 192.¢ 345.2 26406 6.64 17.49 565 0.85
50 66432 212.8 378.6 24,74 6.63 16429 579 . 0.77
55 78.17 259,9 455.4 - 26,21 6.66 14.57 614 0.64
60 89.06 303.1 525.7 27,43 6.73 13.62 643 0.54
65 99,37 34441 592.5 28.50 6.38 13.15 669 0.48
70 109.29 384 .4 657.6 29.47 7.09 12.94 692 0.43
75 118.92 424.9 722.2 - 30.36 7.37 12.92 712 0.39
30 128,34 466.2 787.1 31.20 7.70 13.03 730 0.36
85 137.59 508.7 852.7 . 31.99 8.03 13.23 747 0.33
90 146,72 5€2.7 919,65 32.75 8.43 - 13,50 762 0.31
95 155,74 598.¢ 987.8 33.49 8.90 ~  13.81 777 0.29
100 164.67 646.0 1057.7 34,21 9.33 " 14,15 792 0.27
116 182.30 767.2 1202.9 35.59 10.17 14,84 819 0.24
120 199,72 °  855.2 1354.5 = 36.91 10.88 15,45 847 0.22
130 216.99 969.1 °  1511.6 38.17 11.45 15.95 875 0.20
140 234,106 1087.6 1672.9 39.36 11.86 16430 904 0.19
150 251.19 1299.1 1837.1 40450 12.12 16451 © 932 0.47
1€0 268415 1332.3 2002.7 41.56 12.25 16.60 961 0.16
170 285.07 1456, 1 2168.8 42,57 12.27. 16.60 990 0.15
180 301.93 1579.6 23344 43,52 12.22 16.52 1019 0.14
1900 318,75 1702.1 24699.0 IS 12.11 16.39 1047 0.13
290 335.53 1823.3 266241 45,24 11.97 16.23 1076 0.13
220 369.01 2050.8 2983.3 46,77 11.66 15.89 1131 g.12
240 402,39 2291.8 3297.8 48.14 11.35 15.56 1184 0.1t
260 435,71 2516.9 3506.2 49,38 11.09 15,29 1235 0.10
2380 468,97 2737.3 3909.7 50.50 10.89 15,08 1284 0.09

300 502.19 2954 .1 4203.5 %1.54 10.74 14,91 1330 0.08

* TWO PHASE BOUNDARY

63

9P
aPlr

8AR-CH3/6

13313
13127
12384
11576
10931
10273

9642

9030
8ui2
7796
7171
6555
5936
5349
L4768
4193
3619

3089
2567
2072
1628
1226
888
645
509
478
523

690

872
1048
1213
1365
1721
2042
2340
2621
2891

3151
3404
3651
3893
4131
4597
5053
5502
5945
6384

6819
7251
7681
8108
8534
9382
10226
11066
11903
12739



TABLE VI. THERMCOYNAMIC PROPERTISS OF PARAHYOROGEN

30 BAR ISOBAR

TEMPERA-
TURE
K

* 14772
15
16
17
18
19
20

21
22
23
24
25
26
27
28
29
30

31
32
33
34
35
36
37
38
33
40

42
Ly
4o
48
50
55
60
65
70
75

80
85
90
95

100

110
120
130
140
150

160
170
180
190
200
220
240
260
280
300

MOL AR
VOLUME
cM3/6

12.72
12.74
12.86
12.99
13.13
13.27
13.43

13.610
13.78
13.98
14.19
14.42
tu.h7
14,94
15.25
15.59
15,97

16,40
16.89
1747
18.15
18.97
19,97
21.23
22.82
24. 80
27.17

32.74
38.42
43.069
48.57
53.12
63+ 49
72.9%
81.86
9G. 36
98.59

106.60
114,46
122419
129.81
137435
152.20
166,85
181435
195,73
210,02

224423
238. 38
252449
266455
280.57
308,54
336442
364423
391.99
419,70

* TWO PHASZ BOUNDARY

INTERMAL

ENERCY
J/7C

-307.6
-306.2
-299.8
=233.1
~295.9
-278.3
=270.4

-262.1
-253.4

-244,2 -

-234.7
=224 . €
=214.1
-2C3.1
-191.5
-179.2
-166.4

-1%2.9
-138.5
-123.1
-106.6
-88.7
“53 .4
~48.3
-25.5

-1.2

23.6

69.9
108.5
149,90
166.8
190.5
242.1
288, ¢
331.2
373.1
bi4.7

457.0
500.2
S544.9
591.1
639.2
T41.2
849.9
964.3
1083.2
1205.1

.1328.7
16452.7
1576. 4
1699.1
1820 .5
2058 .4
2289.6
2515.0
2735. ¢
2952.5

ENTHALPY

J/6

-269%.4
-267.9
~261.2
=254.1
-246.5
-238.5
~230.1

-221.3
-212.0
-202.3
-192.1
-181.4
-179.1
-158.2
-145.7
-132.5
-118.5

-163.7

-87.8
-70.7
-52.1
-31.8
=94
15.4
43.3
73.2
105.1

158.1
223.8
271.1
312.5
349.9
432.6
5071
57648
bule2
710.5

776.8
343.6
9ii.4
98046
1351.2
1197.8
1350.4
1508.4
167044
1835.2

20014
2167.9
2333.9
2498.8
2662.2
2984.0
3293.9
3607.7
3911.6
4211.6

ENTROPY

J7G-K

5.0
S.14
5.57
6.C0
6.43
6.87
7.33

7.73
B8.16
8.59
9.02
9,46
9.90
10.35
10.81
11.27
11.74

12.23
12.74
13.26
13.82
.61
15.06

15.72

16.45
17.23
18.04

19.58
20.88
21.93
22.81
23.57
25.15
26.45
27.57
28.57
29.43

30.34
31.15
31.92
32.67
33.39
34,79
36.12
37.38
38.58
39.72

40.79
41.30
42.75
43.64
44 L8
46401
47.38
48462
49,74
50.78

64

SPEC
cv

4.81
4.85
5.05
5.22
5.37
5.52
5.65

S5.75
5.86
5‘95
6.03
6.12
6.15
6.21
6425
6429
6.33

6.36
6.4
6.blb
6.438
653
6.59
6.65
b.75
6.864
6.91

6.93
6.86
6.79
6.73
5.79
6.71
677
6.91
7.12
7.33

7.72
8.09
8.5)
8.92
9.3
10.13

10.97 -

11.46
11.87
12.13

12.25
12.23
12.22
12.12
11.93
11.66
11.35
11.10
10.89
10.74

IFIC H4EAT
ce
J/6-K

5438
bat?
6493
7.37
7.78
3.20
d. 62

9.05

3.50

9.97
10.47
11.00
11.57
12.17
12484
13.57
14.39

15.36
16047
17.83
19.38
21.25
23.56
26,24
28.93
31.20

32.44

30.17
25.57
22.01
19.56
17.90
15449
1431
13.65
13.33
13,24

13.29
13.45
13.569
13.98
14429
14.96
15455
16.02
16437
16.57

— —16.65
16.64
16455
16,42
16.26
13.91
15.58
15.31
15.09
14.93

VELOCITY (%$)V

OF SOUNC

M/S

1345
1345
1326
1306
12385
1262
1261

1221
1193
1177
1153
1128
1102
1074
1044
1013

980

L3
a0s
864
822
778
732
686
64k
&07
580

556
556
565
576
589
620
649
675
698
718

736
752
768
782
797
824
852
880

908

937

966

995
1024
1052
1080
1135
1189
1239
1288
1334

3AR/K

Gets7
9,49
2.54
9.51
9.40
9.27
9.12

8.96
8.79
8.59
8.39
.16
7.90
7.63
7.33
7.01
6.67

6.31
5.93
5.52
S.10
4.66
4.21
3.75
3.29
2.87
2.49

1.92
1.55
1.31
1.14
1.02
0.31
0.69
.60
0.53
0.48

D.bb
0.40
0.38
0.35
0.33
0.29
n.27
0.24
0.22
0.21

0.19
0.18
0.17
0.16
0.15
0.1%
0.13
.12
D.11
0.10

(3)
arly
gar-cx3/6

13624
13586
12795
12076
11409
19732
10094

94 89
8875
8272
7656
7054
6462
58385
5316
4762
4223

3688
3184
26919
2258
1858
1498
1196

867

809

718

711

830

984
1144
1299
1663
19948
2307
2599
2877

3145
3605
3658
3906
L1469
ube2
5085
5540
5988
6430

AR 69
7305
7737
8167
3595
3647
10294
11136
11976
12813



39
TEMPERA-
TURE

K

* 14,927
15
16
17
18
19
20

21
22
23
24
25 .
2b
27
28
23
30

3
32
33
34
35
36
37
38
33
L3

95
100
110
120
130
140
150

160
170
180
130
290
220
240
260
280
300

* TWO PHA

TaBLE vI.

8AR ISOBAR -
MOL AR
VOLUME
cm3/zg

12,68
12.63
12.80
12.92
13.05
13.20
13. 34

13.51
13.64
13.86
14.06
14,23
14,51
14.76
15.04
15.35
15.69

16.07
16.49
16.97
17.52
18.16
18,91
19.79
20.84
22409
23.56

27417
31.41
35.78
40,00
44,01
53.22
61.60
69,438
76495
8L, 16

91.16
98.01
104.73
111. 35
117.89
130.74
143440
155.92
168,32
180.63

192.87
205.05
217.13
229.27
2641.33
265436
289,30
313.18
337.020
360.79

SE 3IUNDARY

THERMCOYNAMIC PROPERTISS OF PARAHYDROGEN

INTERMAL

ENERGY
Frae

-307.3
-3%5.°
-330.6
-293.9
-286.9
-279.5
“27.7

~263.6
-255.0
~246.41
-236.19
-227.1
-216.9
-206.2
-195.1
-183.4
-171.2

-158 .4
~145.0
~130.8
-115.8
-99.9
-83.0
-h5,¢C
~46.0
=25.9

“5.1

37.3
77.2
111.6
141.¢
168.1
22444
273.3
318. 4
361.8
40L.6

447.8
491 .8
537.1
583.9
632.4
735.3
844, E
959.¢6
1078.9
1201.2

1325.¢C
1449.3
1573.3
16396.2
1817.8
2056.0
2287.9
2513.1
2733.9
2951.0

ENTHALPY

J/6

“26249'
=262.4
-255.8
-248.7
~24142
-233.3
=225.0

~21643
-207.2
~197.6
~187.6
-177.1
-136.41
=154.6
-l42.4
-129.7
-1156.3

-102.2
-87.3
“71.4
~S4.b
-36.3
-16.8

4.3
27.0
51.4
774

132.4
187.1
23648
28146
322.1
410.7
483.9
561.6
631.1
599.2

766.8
834.8
903.56
97346
1045.0
1192.9
134645
150543
1668,.0
1833.4

2000.1
2167.0
2333.4
2u98,.7
266244
2984.7
3300.1
3669.3
3913.4
4213.8

ENTROPY

J/G=K

5.05
5.08
5.51
S.94
6.36
6.79
7.22

7.64
8.07
8.49
8.92
9.35
9.78
10.21
10.65
11.10
11.56

12.32
12.49
12.98
13.49
14.01
14.56
15.14
15.74
16.38
17.04

18,38
19.65
20.76
21.71
2254
24,23
25.59
26475
27.78
28.72

29.50
30.42
31,21
31.96
32.70
34,10
35,44
36.71
37.92
39.06

40.13
41.15
42.10
42.99
43.83
45.37
4674
47.98
49.10
S0.14

-

65

SPECIFIC HEAT

cv

4.83
484
S.04
5.21
5.37
5.51
5.6

5.75
5.86
5.95
65.03
6.13
6.16
6.21
6.26
6.30
6.33

6.3
6.40
B.43
B6.45
6.50
654
6.58
6.63
6.68
6.73

6.82
6.84
6.83
6.79
676
6.75
6.31
6.935
7.15
7.42

7.74
8.11
8.51
8.93
9.35
10.20
10.91
11.47
11.83
12.14

12.26
12.2%
12.23
12.12
11.93
11.66
11.35
11.10
10.9)
10.74

J/7G=-K

cep

6438
Balil
6485
7.29
T.71
8.10
8.51

8.92
9.35
9.79

10.25

10.74

11.27

11.82

12.42

13.06

13.73

14,51
15. 39
16.38
17.53
18,81
20.25
21.84
23.57
25432
26465

27.90
26443
23,72
21.24
19. 34
16443
14.93
14e14
13.72
13.54

13.54
13.66
13.87
14.13
14443
15,07
15.64
16.10
15,43
16.62

16.70
16.68
16.59
16.46
15.29
15.94
15.60
15.32
15.10
14494

op
VELOCITY |37},
OF SOUND

M/S

1357
1358
13462
1324
1304
1284
1263

1243
1222
1201
1178
1154
1130
1104
1076
1047
1017

985
951
916
879
841
802
763
726
£90
660

615
595
591
596
605
€30
657
683
705
724

742
758
774
788
802
829
- 857
885
913
942

971
1000
1028
1057
1085
1140
1193
1244
1292
1339

BAR/K

9.50
9.50
9.58
9.57
9.51
3.37
9.23

9.07
8.91
8.73
8.53
8.31
8.07
7.81
7.53
7.23
6.92

6.59
6.24
5.87
S.49
5.10
4.70
4.30
3.90
3.51
3.14

2.51
2.04
1.70
1.46
1.29
1.04
0.84
0.72
0.64
0.58

0.52
0.48
0.45
0.42
0.39
0.35
0.31
0.29
0.26
0.24

0.23
0.21
0.20
0.19
0.18
0.16
0.15
0.14
0.13
0.12

(%),
_ Py
8AR-CM3/G

13930
13952
13239
12540
11851
11225
10578

9959
9358
8760
8162
7562
6974
6400
5828
5286
LTTY

4258
3763
3295
2847
2442
2077
1756
1481
1257
1099

926

917
1007
1135
1278
1634
1971
2289
2589
2874

3148
3414
3672
3925
4172
4652
5121
5581
6033
6480

6922
7360
7795
8228
8658
9513
10362
11208
12049
12888



TABLE VI. THERMODYNAMIC PROPERTIES OF PARAHYORIGEN

40 SAR ISOBAR

TEMPERA- MOL AR
TURE - VOLUME
K cMisze

* 15,080 12.64
16 12474
17 12.86
18 12.98
19 13,12
20 13.26
21 13,42
22 . 13.58
23 13.76
24 13,96
25 14.15
26 14,37
27 14460
28 14486
29 15414
30 15.45
31 15.79
32 16416
33 16458
36 17.05
35 17.57
36 18.18
37 18,86
38 19,65
39 . 20456
40 21.61
42 24413
4 27.19
46 30.61
48 3413
50 37.60
-1 45.76
60 53.26
65 60.27
70 67.090
75 73,42
80 79.65
85 85.73
90 . 91.69
95 97.55

100 103, 34
110 114,68
120 125,85
130 © 136487
160 147.79
150 158,61
160 169, 37
170 180,06
189 190.71
190 201,33
200 . 211.90
220 232.98
240 253.97,
260 274.89
280 © o 295.77
330 © 316469

* TWO PHASE BOUNDARY

INTERRAL

ENERCY
J/C

-336.9
-301.3
-294.8
-287.¢
-280.6
-272.9

-264.9
-256.6

“247.9

-238.8
-229.2
-219.4
-209.1
-198,.2
-187.1
-175.4

-163.2
-150.5
-137.1
-123.2
-108.5
-93.2
-77.¢
-60.1
-42.5
-24.,3

13.4

51.0

85.A
117.7
14643
206.9
258.7
305.7
350.6
394.6

438.7
433.5
529.4
57647
625.7
729.5
83%.4

954,92

1074.7

1167.3

132144
1446.0
1570.2
1693 .4
1815.1

. 2053.¢€

2285.4
2511.3
2732.2
2949.5

ENTHALPY

J/6

=256.4
=253.3
=243.3
=235.9
~228.1
-219.9

=211.3
~202.3
~192,.8
-183.0
~172.7
-161.9
150847
~138.9
-126.5
“113.6

-100.1
-85.8
-7%.8
=-55.0
-38.2

~23.5 -

~1.6
13.5
39.7
62.1

113.0
153.8
208.3
25443
295.7
389.9
471.7
54643
618.6
683.3

757.3
826.4
896.1
366.9
1039.0
1188.3
134243

150244

1665.8
1831.7

1993.9

216643
2333.1

T 2498.7

2662.7

2985.5.

3301.3
3610.8
3915.3
4215.9

ENTROPY

J/G-K

5.06
5.45
587
6,30
6.72
Tell

7.56
7.98
.40
8.82
9.24
9.66
10.09
10.51
10.95
11.39

11.83
12.28
12.74
13.22
13.7¢
14,23
14.72
15.25
15.81
16,37

17.54
18.70
19.78
20.76
21.52
23.40
24483
26403
27.99
28.05

28.94
29.78
30.58
31.35
32.09
33.51
34.835
36.43
37.34
38.48

39.56.

40.58
41.53
42,42
43.27
bt.81
46.18
47.42
48.55
49.58

66

SPECIFIC HEAY

cv

.33
5.03
5.29
.36
5.5)
5.63

5.75
5.85
5.9%
6.02
6.99
6.15
6.21
6.26
6.30
6.33

6.37
6440
Bee3
6e45
6.43
6452
6.55
6.58
6.61

J7/G=K

6.6k

6.71
6.77
6.81
6.81
6.73
6.79
6e84
6.97
T.17
7.40

7.76°

8.13
8.52
8.94
9.356
10.21
10.32
11.43
11.589
12.15

12.27
12.29
12.24
12.13
11.99
11.67
11.35
11.13
10.90
10.75

cP

5.0
. 6.78
7.21

7.63 .

3.01
8.0l

8.81
9.21
3.63
10.07
10.53
11.01
11.53

12.06

12.62
13.22

13.89
14.60
15.43
16.27
17.26
18,32
19.45
20.64
21.84
23.02

24.62
24.96
23.88
22.07
2).33
17.25
15.54
14.59
14.07
13.84

13.78
13.87
14.05
14429

14.56

15.138
13,73
16.17
16,49
16.68

1574
1he 72
16.63
16. 49
16432
15.96
15.62
15.34
15.12
14.95

9P
vELOCITY 5T )

OF SOUND

M/S

1364
1358
1340
1322
1304
1283

1263
1244
1223
1202
1179
1156
1130
1105
1078
. 1051

1022
992
959
927
893
859
824
791
759
729

680
647
630
625
627

645 -

668
691
713
732

749
765
780
794
808
836
862
3990
Q18
947

976
1004
1033
1062
1090
1145
1198
1248
1297
1343

BAR/K

9.52
9,61
9.62
9.57
.47
9.33

9.18
9.02
8.85
8.66
8.45
8.22
7.98
7.71
7.43
7.13

6.83
6.50
.17
S5.82
S.t7
5.10
Le74
4.37
4.01
3.67

3.04
2.52
2.12
1.81
1.59
1.22
1.00
0.86
0.75
0.68

C.61
0.56
0.52
.48
0.45
0.40
0.36
0.33
0.30
0.28

0.26
0.24
0.23
0.22
0.21
0.19
0.17
0.16
0.16
0.13

ap
arPir
BAR-CM3 /G

16114
136€9
12952
12282
11685
11022

10394
3814
9228
3639
8052
76468
6878
6335
5805
5291

4785
0312
3834
3410
2998
2623
2287
1993
1742
1532

1259
1135
1131
120%
1314
1637
1967
2283
2590
2380

3160
3430
3693
3940
4200
4686
5160
5625
6081
6531

5976
7417
7855
8289
8721
9580

10432

11280

12123

12964



FARLE VvI. THEPMCNYNAMIC PROPERTIES OF PARAHYDROGEN

45 313 [S0@AR

TEMPERA-
TURE
K

¥ o15.232
16
17
18
19
29

21
22
23
24
25
26
27
28
29
30

31
32
33
34
35
36
37
38
39
40

LY4
by
46
L8
S0
55
60
65
70
75

80
85
20
95
100
110
120
130
140
159

160
170
180
190
202
220
240
260
280
303

MCL AR
VOLUME
cHd/se

12.690
12.68
12.79
12.92
13.05
13.19

13.33
13.49
13.66
13. 34
14,03
16.23
14,45
14,69
14.95
15.24

15.54
15,88
16.25
16. 66
17.11
17.62
18.19
18.83
19.54
20435

22.26
24,57
27,22
30.08
33.02
40,29
46,93
53,26
59,29
65409

70.76
76.23
81.59
86.86
92.06
102.22
112.22
122.08
131.83
161,592

151.10
16C0.54
17Ge 16
179.60
189,02
207.83
2260 49
245.12
263.70
282.24

* TWO PHASE 3JUNDARY

INTERNAL

ENERCY
J/6

=306.6
-301.9
=-295.5
-2%8.7
-281.6
2.1

-266.2
-258.¢
-249,5
-240.6
-221.3
-221.7
-211.7

«201.2

=190..4
~179.1

=167 o4
=155.2
-142.6
=129.4
-115.7
-191.3
-A6.5
=71.0
-55.0
-38.4

~4.2
.7
bl .2
6.4
126.¢
189.9
244,3
293,3
339.5
38447

429.7
475.2
521.8
569.7
619.1
723.8
834.3
950.3

1070.5

1193.4

1317.9
1e 2.8
15867.2
1690.5
1812.5
20¢1.23
2293 .4
2509 .4
2730.€
2943.¢C

ENTHALPY

J/6

=264%.93
-24449
=237.9
=230.6
~222.8
~214.7

-20642
~197.3
=183,
-173.3
-168,2
~157.6
“146.6
-135.1
“123.1
-110.5

~97,.5
-83.8
-6%. 4
“Sh b
-35.6
-22.1
~heb
13.7
33.0
53.1

96.0
141.2
18647
231.8
27446
370.8
455.5
532.9
60643
677.6

7TuBal
818.3
888.9
960.5
1033.3
1133.8
1339.3
1499.6
16637
1839.2

1997.8
2156540

2332.3

2493.7
266341
298644
3302.6
361245
3917.3
421341

ENTROPY

176-X

5.07
5.39
S.81
6.23
665
707

T.48
7.90
8.31
8.72
9.14
9.55
9.97
10.39
10.81
11,23

11.66
12410
12.54
12.99
13,044
13.91
14.39
14.88
15.38
15.89

16,93
17.98
18.99
19.95
20.83
22.66
2.1l
25438
26447
27 .45

28.36
29.21
30.92
30.79
31.56
32.97
34.33
35.61
36.82
37.97

39.06
40.07
41.03
41.92
42.77
Gh 31
45.68
46.93
48.05
49.09

67

SPECIFIC HEAT

Cv

J/7G-K

4.87

5.02
5420
536
5450
5.62

SeTh
5.84
5.93
6.02
6.09

6415

6.21
6.26
6433
6434

6.37
6440
€3
6446
6.48
5.51
6.53
6.56
6.53
6.61

6 .65
6.70
6.77
6.80
6481
6.82
6.87
6.39
7.19
7.46

7.78
8.14
8454
8.95
9.37
10.23
10.93
11.49
11.9)

12.15

12.28
12.30
12.24
12.13
11.99
11.67
11.37
11.11
10.90
10.75

cP

6ol
6.72
Telb
7.55
7.9%
8.31

3,70
9.10
9.51
9.91
13. 34
10.79
11.27
11.76
12.27
12,81

13.38
16.00
14.66
15. 40
16.21
17.00
17.89
18,81
19,73
2. 64

22414
22.95
22.91
22,06
20.75
17.90
16. 06
15.01
14442
14.12

14.02

14.06
14,21
14443
14.69
15.28
16.81
16425
16455

16.73

16.79
16.76
16.66
16.52
16435
15.98
15.64
15.36
15.13
14.96

VELOCITY
OF SOUNC

M/S

1377
1371
1355
1338
-1321
1303

1283
1264
1244
1224
1202
1180
1157
1132
1107
1082

1054
1027
998
968
937
07
876
845
816
788

738
708
675
661
656
663
682
702
722
740

757
72
787
801
815
840
867
895
923
952

981
1009
1038
1066
1094
1149

1202

1253
1301
1367

(&),

BAR/K

9.56
9.63
9.66
9.66
9.56
9.43

9.29
9.13
8.96
8.78
8.58
8.36
8.13
7.88
7.61
7.33

7.04
674
6.43
6.10
S.77
Seltts
S.10
4.76
Lo43
4.10

3.049
2.96
2.52
2417
1.90
1.45
1.18
1.00
0.87
g.78

0.70 -

0.6
0.59
0.55
0.52
0.46
0.641
0.37
0.3%
0.32

0.29
0.28
0.26
D.24
0.23
6.21
6.19
0.18
0.16
0.15

9P
aply

8AR-CM3/6

14633
14035
13368
12699
12084
11496

10864
10257
.9671
9091
8514
7937
7373
6827
6302
5792

529S
4825
4372
3932
3515
3150
2803
2491
2218
1984

1636
1433
1345
1345
1411
1677
1989
2299
2600
2893

3179
3453
3719
3979
423
4724
5203
5671
6131
6585

7032
Tu76
7916
8352
3786
9648
10503
11352
12198
13040



95
100
110
120
134
149
150

163
170
184
199
204
220
249
260
280
309

* TW) PHASZ

TABLE ¥I. THERMCCYMNAMIC PROPERTIES OF PARAMYODROGEN

50 B8AR ISOBAR
TEMPERA-
TURE

MOL AR
VOLUME
cm3/sg

12.56
12.62
12.73
12.85
12.98
13.11

13.25
13,40
13.56
13.73
13.92
14,11
14432
14.54
14,78
15.04

15.33 .

15.63
15.97
16.33
16.73
17.17
17.66
18.210
18.79
19.45

20.99
22.81
24092
27.25
29.71
35.93
42.03
L7.77
53.25
58,54

63.65
68.68
73.56
78435
83.06
92.28
101.34
11§.26
119,08
127.82

136449
145,11
153. 69
162,22
170.73
187.66
204.51
221.30
238.05
254475

BOUNDARY

INTERNAL

ENFRCGY

e

-306.2
-302.5
-236.2
-289.¢
=282.5
-275.1

-267 .4
=259 .4
-251.C
=242.3
-233.2
-223.8
=214.0
-203.9
-193.4
-182.5

-171.1
-159.4
=147.,3
-134.7
-121.7
-108.2
=94 .2
-79.8
-E4.9
-49.5

=17.9
14.6
46.5
77.9
107.7
173.7
230 .4
281.1
328.7
374.9

420.8
467.1
514.3
5€2.7
612.6
718.2
829.3
45,7
1066 .3
1183.7

13144
1439.5
1564 .2
1687.8
1809.9
2049.0
2281.3
2507 .6
2723.0
2946.5

ENTHALPY

J76

=24345
=239.4
~232.6
=~225.3
«217.6
-203.5

-201.1
~192.3
-~183.2
-173.6
~153.6
-153,2
~1642.4
-131.2
=119.4
-107.2

~94,.5
-81.3
“67.5
-53.1
-33.0
=22.3
=5.9
11.2
29.1
“7.7

87.1
128.7
171.1
2142
25643
353.6
44045
519.9
595.0
667.6

739.1
810.5
882.1
954 .4
1027.9
1179.6
1336.0
1497.1
1661.7
1823.8

1996.9
2165.1
233246
2498,.9
2663.5
298743
3303.9
3614.1

3919.2

422043

ENTROPY

J/G-K

5.08
534
S.75
6.17
6.59
- Ted0

7.1
7.82
8.23
8.63
9,04
9.45
9.86
10.26
10.68
11.09

11.51
11.93
12.35
12.78
13.22
13.66
14411
14.57
15.03
15.50

16.46
17.43
18.37
19.29
20.15
22.01
23.52
24.79
25.90
26.91

27.83
28.70
29.51
30.30
31.05
32.49
33.85
35.14
36.36
37.52

38.60
39.62
40.58
b1.48
42432
43.86
45,24
46,48
47.61
48.65
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cv

4.88
5.01
5.19
5.35
54049
5462

5.73
S5.84
5.93
6.01
6.08
6.15
6421
6426
6431
6.34

6.33
6ebt
6.b4b
6446
649
6.51
6.53
6455
6.57
6.53

6.62
6.66
6.73
6.78
6480
6.84
6.89
7.01
7.21
Tol?

7.79
8.16
8.55
8.90
9.38
10.24

J76=-K

cpP

6ot
6466
7.07
7.48
7.87
8.23

Beb1
8.99
9.37
3.76
19.17
10.59
11.03
11,49
11.97
12,47

12.98
13.51
14,72
15.36
16.08
16.77
17.51
18.26
18,96

20.28
21.22
21.64
21439
20.66
18,30
16.50
15.37
14,72
14438

14.25

10.95

11.51
11,94
12.15

12.23
12.31
12.25
12.14
12.90
11.63
11.37
11.11
10.91
10.75

14.26
14.38
14.57
14.82
15.38
15.990
16,31
16.61
16.78

16.83
16.80
16.70
16455
16.38
16.01
15.66
15.37
15.15
14.97

gp
VELOCITY (ar v

OF SOUND

M/s

1390
1384
1370
1354
1337
1322

1302
1284
1264
1245
1225
1204
1181
1158
1134
1109

1084
1059
1033
1005
977
949
921
893
865
839

791
751
720
701
689
685
698
715
733
749

765
780
79
808
821
846
873
901
929
957

986
1014
1043
1071
1099
1154
1207
1257
1305
1351

BAR/K

9.59
9.66
9.70
9.69
9.62
9.51

9.38
9.23
9.07
8.89
8.70
8,50
8.27
8.04
7.78
7.52

7T.24
6.95
6.66
6.36
6.004
5.73
Selsl
5.09
L.78
bold7

3.88
3.36
2.90
2.53
2.22
1.68
1.36
1.15
1.00
0.89

0.80
0.73
0.67
0.62
0.58
0.51
0.46
0.42
0.38
0.35

0.33
0.31
0.29
0.27
0.26
0.23
0.21
0.20
0.18
0.17

(35)
arly
BAR-CM3/6

14748
14421
13772
13109
12481
11938

11293
10704
10117
9543
8977
8416
7853
7308
6783
6263

5777
5320
4874
44 35
40 34
3646
3303
2981
2691
2443

2041
1771
. 1615
1555
1565
1756
2035
2333
2631
2919

3204
3483
3752
4015
4272
4766
5249
5721
6184
6640

7091
7536
7978
8417
8852
9717
10574
11426
12273
13116



60
TEMPERA-
TURE

K

* 15.678
16
17
18
19
20

21
22
23
24
25
26
27
28
29
33

31
32
33
34
35
36
37
38
39
49,

42
b
46
48
50
55
6
65
70
75

80
85
30
95
100
T 110
120
130
140
150

160
170
180
190
200
220
240
260
2890
300

TABLE VI.

BAR ISOBAR
MOL AR
VOLUME
culse

12448
12.52
12.62
12.73
12.85
12.97

13.11
13.24
13.39
13.55
13.71
13.89
14,03
14,27
14449
14,72

14.96
15.22
15.50
15.81
16,13
16.49
16.87
17.23
17.73
18.22

19.31
20.59
22.04
23.66
25442
30.18
35.06
39.81
44,42
48.83

53.21
S7.44
61.57
65.63
69.66
7743
85.€7
92.58
100.00
107.34

114.62
121.84
129.03
136.18
143,30
157. 47
171.56
185.59

199,57 _

213.52

* TWO PHASZI BOUNDARY

THERMODYNAMIC PROPERTIES 0OF PARAHYOROGEN

INTERNAL

ENERGY
J/¢G

-305.5
-303.6
-237.5
-291.0
-28Y4.¢
-277.0

-2h9.5
-261.8
-253.7
-245.3
-236. €
=227 .5
-218.2
-208.5
~193.5
-188,2

-177.6
-1566.6
~155.2
-143.6
-131.¢
-119.2
-106.5
-93. 4
-80.0
-66+b

-38.2
-9.2
19.6
48.9
77.7

144,.7

20444

257.9

307.9

356.1

403.6
451.2
499, ¢
549.0
599,.8
rar.2
819.4
936.9
1058.2
1182.¢

1307.6
1433.2
1558, 3
1682.3
1804.7
204445
2277.3
2534.0
2725.8
2943.7

ENTHALPY

476

=-230.86
=22B.5
-221.8
“214.6
~207.1
-139.2

-193.9
-182.3
~173.3
-164.3
~154.3
~144.2
-133.8
-122.9
-111.6

-99.9

~37.8
-75.2
-62.2
-43.8
-34e8
=23.3
=5.3
10.3
2643
42.9

77.7
114,3
151.9
199.9
230.2
325.9
414,7
496.8

" 574,.5
649, 4

722.9
79543
86940
942.3
1017.8
1171.8
1329.9
1492.4
1658.2
182643

1995.3
216443
2332.5
2499.4
2664.5
2983.3
3306.7
3617 .6
3923.2
422448

ENTROPY

/G =K

S.10
S.24
S.bh
6.05
6.6
6.87

7.27
7.67
8.7
Bal7
8.85
G.25
9.65
10.135
10.44
10.8¢4

11.24
11.63
12.93
12444
12.84
13.25
13.66
14.08
14449
14.91

15.76
16.61
17 .45
18,28
19.908
26.9¢0
22.45
23.77
24.932
25.95

26.9¢
27.79
28.82
29,42
30.19
31.66
33.03
34.33
35.56
36.72

37.81
38.84
39.80
40.70
41.55

43.09-

LT Y4
45.72
46.85
47.89

69

SPES
cv

4.92
4.93
5.17
5e34
S.43
S.61

5.72
5.83
5.32
6.01
6.03
6413
6.21
6.27
6431
6433

6. 39
6a43
6el5
643
6450
6452
6454
6.506
6457
5.58

650
6.63
6.77
6.75
6.79
6.37
6.93
7.35
724
7.50

7.82
8.13
8.57
8.933
9.40
10.27
10.97
11.53
11.93
12.19

12.30
12.32
12.25
12.15
12.01
11.69
11.38
11.12
10.91
10.76

IFIC 4ZAT
cp
J/76-K

belal
5054
6495
7.35
7.73
3.09

Be 3
3.79
9.15
3.52
9.89
13.27
10.66
11.07
11,48
11.90

12.33
12.78
13.26
13.73
14,22
14476
15.28
15. 31
164 36
16,86

17.86
13.7%
19.33
19.55
19.64
18.48
17.01
15.92
15.21
14,81

14.63
-14.60
14.69
14.85
15.05
15.58
16,05
164 45
16.72
16.88

16.92
16,87
16.76
16.61
16,43
16. 05
15.70
15.40
15.17
15.090

VELOCITY
OF SOUNG

M/S

16416
1611
1397
1333
1363
1352

1339
1328
1302
1284
1265
1246
1226
1205
1183
1161

11139
1116
1092
1068
1045
1020
99%
972
947
924

840
841
806
779
760
737
737
745
758
771

785
798
810
823
836
859
885
912
933
968

396
1024
1053
1081
1109
1163
1218
1266
1314
1360

(&),

BAR/K

9.66
9.70
9,77
9.78
9.75%
9.h8

3.55
9.42
9.27
9.11
8.93
8.74
8.54
8.32
8.09
7.84

7.59
7.32
7.05
6.78
6.50
6.22
5.394
5.65
5.36
5.08

Y-
4.03
3.57
3.16
2.82
2.16
1.74
1.46
1.26
1.11

0.99
6.90
0.83

©0.77

0.71
0.63
0.56
0.51
0.46
0.43

0.40
0.37
0.35
0.33
0.31
0.28
0.26
0.24
0.22
§.20

op
arPit
3aR-cM3/5

5354
15186
14523
13893
13277
12679

12173
11549
10976
10405
9848
o3¢2
A75A
8224
7703
7202

6723
6260
5803
5386
4994
4610
4245
3915
3604
3333

2862
2505
2252
2086
2003
2012
2211
2461
2737
3015

3292
3569
3835
4099
L362
4862
5351
5829
6297
6758

7212
7662
3107
8549
3988
9857
10719
11574
12424
13271



TASLE VI. THERMCOYNAMIC PROPERTIES OF PARAHYDROGEN

70 3aR [S08AR

TEMPERA~
TURE
K

* 15.988
16
17
18
19
20

21
22
23
24
25
26
27
28
23
30

31
32
33
34
35
36
37
38
39
40

LY
bh
4o
48
50
55
60
65
70
75

80
85
90
95

100

110

120

130

140

150

160
170
180
1990
200
220
240
250
280
300

* TWO PRASZ

MOL AR
VOLUME
cr3/6

12,41
12,42
12.51
12.62
12.73
12. 84

12.97
13.10
13.23
13.38
13.53
13.59
13.86
14, 04
1423
1o bty

14865
14.88
15.13
15. 39
15.67
15.96
16.28
16.62
16.93
17.37

18,23
19,21
20.30
21.52
22.85
26453
30,48

4. 4S5

38,36
L2.19

45.92
49.57
53.16
Sb.67
60.14
66,90
73.51
80.00
8betsl
92,74

99,02
105.25
111,44
117.60
123.72
135.91
148,03
160.09
172.16
184,08

3JUNDARY

INTEREAL
ENERCY
/6

=304.7
-304.5
=293.6
=292.%
-285.6
-278.7

=271 4
-2€3.8
-256.C
-247.9
-233.5
«2W0.8
=221.°¢
-212.5
=-202.9
~193.1

-182.9
-172.%
-181.8

T -1%0.8

-139.5
-127.9
-116.C
-103.9
-91.%
-78.9

-53.0
~26. 4
8.2

27,5

56.8
120.°
181.3
236.7
288.%
338.3

3er.2
#3641
435.5
535.8
587 .4
636.°
8179.9
928.3
1050.4
1175.1

1301.0
1427.1
1562 .6
1676.9
1799.8
2060.1
2273 .4
2500.%
2722.6
2340.8

ENTHALPY
376

~217.8
=217+
-21J).9
=203.9
=19645
-188.7

-183.86
-172.1
-163.4
-154.2
=Lb4,7
~134.9
=124e7
“116,2°
“103.3
=92.9

~80.4
-63.3
=55.9
~43.0
-29.9
~16.1
“2e1
12.5
27 4
4247

Tue?
103.1
162.3
178.2
216.7
336.2
394.7
477.8
557.1
633.6

708.7
783.1
85745
33246
1308.4
1164.7
132444
148843
165%.2
182442

1994.1
2163.8
2332.7
2500.1
2665.8
2991.5
3309.6
3621.1
3927.3
42294

ENTROPY
J/6-K

Se13¥
Sellb
5454
5.96
630
674

7.1“
7.53
7.92
8.31
8.70
9.08
Ry 4
9.5
10.23
10.62

11.30
11.38
11.76
12.15
12.53
12.92
13.30
13.69
14.08
Lho 46

15.24
16402
16.78
17.54
18,29
20,03
21,57
22.91
24,08
25416

26011
27.01
27.86
28.67
29,45
30.94
32.33
33.64
34,88
"3€.04

37.14
38.17
39.13
40,34
40.89
424 %4
43.82
5,07
4b6.21
47.25

70

SPECIFIC HEAT

Cv

4.95
.36
5415
5.32
Sed?
5460

5.72
5.82
5.92
6.09
6.08
6.15
6.21
6.27
6e32
6.36

6400
6.bb
6ete?
6.59
6452
6454
6.56
6.53
6.5
6.59

6.61
6.653
679
6.7
6.73
6.83
6435
7.08
T7.27
7.53

780

J7G=K

ce

6e42
6el3
LPR: 1]
7.23
7.60
7.95

8.30
8.62
3.97
9. 30
9.65
19.00
10. 36
10.73
11.10
1147

11.86
12.24
12.63

- 13403

13.45
13.86
14.31
146.73
15. 14
15.55

16,35
17.37
17.71
18.11
18.35
13.09

17.12

8,20,

8.60
9.01
9.42
10,30

11.9) -

11.55
11.95
12.29

12.32
12.33
12.27
12.156
12.902
11.70
11.39
11.13
10.92
10.77

16.21
15.54
15.13

14.93
16.87
14494
15.08
15.27
15.81
16.20
1657
16.83
16.97

17.00
16,94
16.83
16.67
16,48
16.09
15.73
15.43
15.20
15.02

VELOCITY
OF SQUND
M/S

1437
1637
1624
1410
1396
1382

1367
1354
1337
1320
1303
1285
1267
1247
1228
1207

1157
11686
1144
1123
1101
1080
1053
1037
1015

995

954
916
881
853
829
793
738
781
788
797

807
817
828
840
851
873
897
924
951
978

1006
1035
1063
1091
1119
1173
1225
1275
1323
1369

BAR/K

Q.74
9.75
9.84
9.87
9.85
9.79

9.70
9.58
9.45
9.30
9.13
8.96
B8.77
8.57
8.35
8.13

7.89
7.65
7.40
7.14
6.89
6.63
6.37
6.10
S5.84
5.58

5.07
4.58
4e13
3.72
3.36
2.63
2.13
1.78
1.53
1.36

1.20
1.08
0.99
0.92
0.85
0.75
0.66
0.60
0.55
0.50

[ IYY4
Oolote
.41
0.39
0.36
0.33
0.30
0.28

0.25

0.24

(é.l.’
0PIy
BAR-CM3/G

15926
15912
15284
14643
14029
13451

12876
12397
11795
11241
10685
10144
9619
9095
8585
8084

7605
7148
6709
6288
5886
5507
5135
4800
4486
4195

3681
3262
2936
2706
2545
2394
2481
2667
2902
3157

3421
3687
39850
4212
4479
w972
5465
5946
6418
6883

" 7361—
7794
8242
8686
9127

10001

10867

11725

12578

13427



TABLE VvI. THERMCCYNAMIC PROPERTIES

80 BAR ISOBAR

TEMPERA-
TURE
K

* 16.253
17
18
19
20

21
22
23
24
25
26
27
28
293
30

31
32
33
34
35
36
37
38
39
40

42
by
46
L8
S0
55
60
65
70
75

80
85
€K
95
100
110
120
130
140
150

160
173
180
19
200
2290
240
260
280
300

MOL AR
VOLUNKE
cHdsze

12. 34
12. 41
12.51
12.62
12.73

12.84
12.97
13.89
13.23
13.37
13.52
13.67
13.84
14.01
14,29

14.39
14.60
14,81
15. 06
15.29
15.54
15,82
16.11
16e 48
16.74

17.45
18424
19,12
20.09
21.14
24.08
27.33
30.68
34,03
37.34

40.60
43.80
46.95
50.05
53.10
59.09
64,95
70.60
The2l
81.82

87.34

92.82

98.26
103.67
109,06
119.76
130.39
160.96
151.50
162.00

* TWO PHASE BJOUNDARY

INTERMAL

ENERGY
J/C

-303.9
-239.5
-293.3
-286.9
-280.1

-273.0
=265.7
=258.1
-250.2
-242.30
-233.6
-224.9
-215.9
-206.7
-197.2

=187.5
-177.5
-167.2
-156.7
=146.0
~135.0
-123.8
-112.3
-100.7

-88.8

-54.5
~39.6
-14.7

11.1

36.9
190.9
161.2
217.5
270.¢
321.7

371.8
42147
472.0
523.2
575 .5
685.9
830.6
919.9
1042.8
1158.1

1294.5
1421.1
1547.0C
1671.8
1794 .9
2035.8
2269.6
2497.1
2719.6
2338.1

ENTHALPY

J/6

-205.1
=200.2
-133.2
-185.9
-173%.3

-170.3
=152.0
-153.3
~144.3
~135.1
-125.4
=115.5
-105.2

-9%.56

-83.7

~72.4
=607
-43.7
-36.4
=23.7
-10.7
2.8
1645
3.7
45.1

75.1
1064
138.3
171.8
206.0
293.2
373.8
463.0

542.9°

623.4

696.6
772.1
84746
923.6
1000.3
1153.%
1329.2
16484.7
1652.7
1822.6

1993,3
2163.7
2333.1
2501.1
2667.3
2993.9
3312.7
362443
3931.5
4234.0

ENTPOPY

J7G6-K

Selb
Selbty
S.84
6e23
6.62

7.01
7.46
7.79
8.17
8.55
8.32
9.30
9.67
10.05
10.42

10.79
11.16
11.53
11.39
12.286
12.83
13.00
13.36
13.73
14.10

14,83
15.56
16.27
16.98
17.68
19.34
20.85
22.18
23.36
26,43

25.42
26433
27.19
28.02
28.80
30.31
31.72
33.23
34.28
35.45

36.55
37.59
38.55
39.46

. 40.31
41.87

43.26
44,51
45.64
46.69

71

OF PRARAHYNRROGFN

SPECTFIC HZAT

cv

4.39
Se13
5.30
5 o445
5.59

5.71
5.82
5.91
6400
6.07
6.15
621
6.27
6.33
6437

Bl
5445
6449
6.51
6454
6455
6.53
6.6
6.61
6.62

b.53
6.65
6.71
6.75

J/7G6-K

6.30-

6.939
6.3
7.11
7.37
7.55

7.87
8.23
8.62
9.03
Gl
10.32
11.32
11.57
11.97
12.21

12.33
12.35
12.23
12.13
12.03
11.71
11.43

“11.14

10.93
10.77

ce

5e53
ha?73
7.11
7.43
7.83

3.17
3.49
3479
9.12
9,45
3.78
10.11
10. 45
10.79
11.13

11.48
11.83
12.17
12.52
12.88
13.24
13.60
13.95
164,430
14464

15.33
15.93
16.52
16,95
17.29
17,47
16.98
16.28
15.71
15.35

15.15

15.09
15,14
15.27
15445
15.96
16.139
16.69
16.93
17.05

17.07
17.01
15,88
18.72
16.53
16.13
15.77
15.46
15.22
15.00

VELOCITY
OF SQUND

M/S

1443
1650
1437
1424
1409

1396
1382
1370
1354
1337
1320
1303
1286
1263
1249

1230
1210
1191
1171
1151
1131
1112
1092
1073
1054

1017
982
9u7
918
893
849
828
az21
821
825

831
839
848
858
868
889
913
936
962
990

1017
1045
1073
1101
1128
1182
1234
1284
1332
1377

&),
AAR/K

10.93
Q.90
9.95
9.95
9.90

9.83
9.73
9.60
9.47
9.32
9.15
8,98
2.79
8.59
8.38

8417
7.9¢4
7.70
7.46
7.22
6.98
6.73
6.49
6,24
6.00

5.52
5.05
461
4.21
.84
3.07
2.51
2.10
1.80
1.58

1.1
1.27
1.16
1.07
0.99
0.87
0.77
0.59
0.63
0.58

0.54
0.50
0.7
044
0.42
0.38
0.34
0.32
0.29
6.27

(O_P
9Py
31R-CM3/5

16384
16011
15402
14782
16177

13628
13075
12613
12049
11699
10953
10435

9929

9424

3936

8454
7994
7556
7135
6735
6345
5987
‘5645
5326
5024

w475
4027
3n47
3360
3135
2847
2819
2941
3128
3340

3590
3843
4096
4349
4605
5108
5605
6073
6548
7015

7476
7931
84381
4828
9271
10149
11017
11878
12734
13585



TABLE VI.

90 34R IS08AR

TEMPERR-~
TURE
K

* 16.532
17
18
19
20

21
22
23
24
25
26
27
28
23
30

31
32
33
34
35
36
37
33
39
40

42
4
46
48
50
55
64
65
75
75

80
8%
AN
95
100
113
120
130
140
150

160
178
180
190
200
220
240
260
280
300

MOL AR
VOLUME
cu3sc

12.28
12.32
12.61
12.51
12.62

12.73
12.84
12.96
13.69
13.22
13. 36
13.50
13.64
13.82
13.93

1416
14435
14,546
14.75
14.97
15.20
15,44
15.69
15.96
1620

16484
17.51
168425
19. 05
19.92
224 34
25.05
27.91
30.81
33.71

36.58
39.41
42.21
Lbe 97
47.69
53.04
58.28
63. 42
68,36
73.35

78.23%
83.17
88.03
92. 8%
97.66
107.20
116.67
126.10
135.48
14483

* TWO PHA3Z BOUNDARY

THEPMONYNAMIC PROPERTIES OF PARAHYDROGEN

INTERNMAL
ENERGY
J/7G

-3e3.0
-333.3
-294 ,2
-248,.¢
-281.4

-274.5
=26743
-259.9
-252.¢
-244,2
-236.1
=227.6
-218.9
-219.8
-200.¢

~191 .4
~181.8
“171.6
~1EL.8
-1¢1.5
=141.0
-130.3
-119.4
-108.2

-96.9

-73,0
~%).2
~26.¢
-2.1
22.5
4.0
1643.8
202.5
254 .4
306.3

357.3
433.1
459.2
Sil1.1
Sol.t
675.7
791 .4
911.7
1335.4
1161,3

124%8.3
1415.3
1541.6
166647
1790.2
2031.6
2265.9
24933.8
2716.€
29354

ENTHALPY
J/G

-192.5
“189.4
-182.5
-175. 4
-167.8

-159,9
-151.7
-143,2
-136.4
-125.2
-115.93
-10%.1

-%6,.1

-85,7

=750

“blbed
-52.7
-41.0
-29.1
-16.8
-4e3
846
21.8
3504
9.2

7.7
10744
137.6
169.3
201.8
285.1
369.3
451.7
531.7
609.7

58645
76248
839.1
915.8
993.4
1153.0
1315.9
1482.5
1650.7
1821.4

1392.38
2163.3
2333.9
2502.4
2669.1
2336, 4
3315.9
362847
3935.9
4233.9

ENTROPY
J/7G-K

S.16
5.35
S.74
6.13
6.51

6.90
7.28
7.56
8.04
8,41
8.78
9.14
9.51
9.87
10.24

10.60
10.96
11.31
11.67
12.03
12.38
12.73
13.09
13.44
13.79

1het3
15.17
15.85
16.52
17.18
18,77
20.24
21.55
22.74
23.82

24,81
25.73
26.61
27 .4t
284,23
29.75
31.17
32.50
33.75
34.93

36.03
37.07
38.04
38.95
3%.81
41.37
42.76
44,01
45.15
46.19

72

SPESIFIC HE
cv

S5.04
5.12
5.28
Selbb
5.58

5.70
5.81
5.91
5.9
6.07
6.14
6021
6423
6.33
6.38

6 .42
6.6
6450
6453
6455
6.58
6.61
6.62
6.63
6464

6.66
6.63
6e74
6.7%
6.82
693
7.01
7Te14
7.33
7.58

7 .89
8.25
8.64
9.04
.46
10.3%
11.34
11.53
11.99
12.23

12.35
12.36
12.30
12.19
12.04
11.72
11.41
11.14
10.94
10.78

J/G-K

ce OF SOUND

M/S

6.55 1484
6.71 1677
7.01 1463
7.37 1451
T.72 1437
8.05 1423
8.36 1410
8.67 1396
8,96 1385
9.27 1369
9.58 1354
9.90 1337
10,21 1321
1053 1304
10.85 1287
11.16 1270
11447 1252
11.79 1236
12.10 1216
12.42 1197
12.73 1179
13.05 1160
13.37 1142
13.67 1124
13.98 1107
14.58 1072
15.190 1039
15.62 1006
<1605 977
16,41 951
16482 902
16.69 874
16.23 861
15.77 855
15,46 855
15.29 858
15.25 863
15.30 869
15.42 ar7
15.59 886
16. 09 905
16450 927
16.84 952
17.06 975
17.13 1001
17.14 1028
17.07 1056
16.94 1084
16.77 1111
16.58 1138
16.17 1192
15.80 1240
15.49 1293
15.25 1361
15.06 1386

(%)
at verocIty  \9Tly

BAR/K

10.15
10.13
10.02
10.04
10.01

9.95
9.86
9.75
9.62
9.48
9.33
9.17
8.99
8.81
8.61

B.tel
8.20
7.98
7.75
7.52
7.29
7.06
6.83
6.59
6.36

5.90
S.46
5.03
4.63
4.26
3.48
2.87
2.42
2.08
1.82

1.62
1.46
1.33
1.22
1.13
0.99
0.88
0.79
0.72
8.66

0.61
0.57
0.53

0.50

.47
0.43
0.39
0.36
0.33
0.31

&)

BAR-C#3/6G

16922
16654
16123
15535
14931

14336
13812
13277
12825
12284
11752
11229
10721
10236

9745

9291
8839
8398
7976
7573
7186
6816
6460
6132
5822

5246
4773
4369
4034
3760
3353
3212
3258
3400
3585

3799
4029
4268
4516
4761
5258
5750
6233
6685
7153

7616
8073
8525
8974
9418
10299
11170
12034
12891
13744



TABLE VI.

100 BAR ISOBAR

TEMPERA-
TURE
K

* 15.808
17
18
19
20

21
22
23
24
25
26
27
28
29
30

31
32
33
34
35
36
37
38
39
40

LY
bl
4b
48
50
535
60
65
70
75

80
85
9
95
100
110
120
130
140
150

160
170
180
190
200
220
240
260
280
300

MOL AR
VOLUME
cn3ze

12.22
12.23
12.32
12.42
12.51

12.62
12.73
12.84
12.96
13.08
13.21%
13.35
13.49
13.64
13.79

13.96
14,13
14,31
14.49
14.69
14.90
15.11
15, 34
15.57
15.82

16.36
16.94
17.57
18,25
18.99
21404
23434
25.81
28.35
3%.91

33.45
35.9%
38.49
40.97
43.42
48.25
52.98
57.63
62.21
66459

71.05
7547
79.85
84,21
88.55
97. 156
105.71
114,21
122.67
131.09

* TWO PHASE BOUNDARY

THERMCCYNAMIC PPROPERTIES OF PARAHYDRRIGEN

INTERMAL
ENFRGY
J/76

-332.1
=301.0
-295.1
~288.9
-282.5

-275.7
-268.7
-2%1.5
-256 .3
~24b.2
-238.2
=230.C
-221.6
-212.9
=234.0

-194.9
~185.6
=176.C
-1656.3
-196.3
-146.2
-135.8
-125.3
“114.7
-103.8

-31.7
=59.1
-36.5
-13.0

10.7

70.2
128.9
195.3
239.6
292.2

343.8
395.3
447.1
499.7
553.3
665.8
782.5
903.6
1028.1
1154.6

1282.2
1409.F
1536.4
1661.8
1785.6
2027.¢
2262.2
2690.5
2713.6
2932.7

ENTHALPY
J/6

“179.9
-173.6
-171.8
-154.8
-157.3

~149.6
~141.5
-133.1
=124.4
-115.4
-106.1
=95.5
-86.7
=755
-66.1

-55.3
“44.3
-32.9
-21.3
“9.b4
2.8
15.3
28.9
b1.1
Shel

81.9
110.3
139.2
169.5
200.6
283.6
362.3
bh3ets
523.1
001.2

678.4
755.1
832.0C
909.4
387.5
1148.3
1312.2
1479.9
1650.3
1820.5

1392.7
216443
2334.9
2503.9
2671.0
2999.2
3319.3
363246
3940.3
42643.7

ENTROPY
J/G=-K

5.18
5.2k
5.65
6.C3
6.1

6.79
T.17
7.56
7.91
8.28
8.60
2.90
9,36
9.72
10.37

10.42
18.77
11.12
11.47
11.32
12.15
12.50
12.84
13.18
13.52

14.19
14485
15.49
16.14
16.77
18.29
19.72
21.01
22.20
23.27

24.27
25,20
26.08
26,92
27.72
29.25
30.68
32.02
33.28
3446

35.57
36.561
37.58
38.49
39.35
40.92
42,31
43.56
44,70
45.75

73

SPECIFIC 4EAT

Cv

5.93
5.11
5.27
5.43
5.57

5 .69
539
5.932
5.33
64937
beld
6.21
6.23
6.3%
€.39

Beb43
6.43
6.51
£.53
6.57
6.60
&.52
6 .54
6 .65
6.67

6.59
6.70
6.76
6.51
6.85
£33
7.0%
7.17
7.36
7.61

7.92
8.27
8 .65
9.06
9.48
1C¢.35
11.00
11.61
12.01
12.25

12.36
12.38
12.31
12.23
12.05
11.73
11.61
11.15
10.94
18.73

J/6-K

ce

0e58
Hebl
6. 36
7.27
7.61

7.93
3.25
3.55
3.84
3.12
9.1
9.71
17.01
19.31
1).60

17.89
11.19
11.43
11.77
12.06
12.34
12.63
12.91
13.19
13.46

13.98
14,48
14494
15.35
15.69
16423
16.30
16. 09
15.76
15.51

15. 38
15. 35
15.42
15.54
15.71
16.21
16.61
16.93
17.15
17.27

17.21
17.13
15.99
16,82
16.62
16,21
15.83
15.52
15.27
15.08

VELOCITY
OF SOUND
M/S

1503
1501
1489
16475
1454

1450
1436
1424
14190
1399
1385
1370
1354
1333
1322

1397
1290
1273
1256
1239
1221
1296
1187
1170
1153

1121
1090
1059
1031
1005
953
921
901
891
886

886
888
892
898
905
921
942
965
990
1014

1039
1067
1094
1121
1168°
1202
1253
1302
1349
1394

(&

3A/K’

10.22
1¢.21
10.18
10.12
1C.11

10.06
9.98
9.88
9.76
9.53
9.49
9,34
2.18
2.00
8.82

8.63
B.43
8.22

8.01 .

7.79
7.57
7.39
7.13
6.91
6.69

6425
S5.82
Sebt
5.02
4.65
3.85
3.22
2.73
2.35
2.08

1.83
1.65
1.51
1.38
1.28
1.11
0.99
0.89
0.81
0.74

0.68
0.64
0.59
0.56
0.53
.47
0.643
0.40
0.37
0.34

oP
aPly
310-cM3/5

174651
17362
16783
15245
15674

15089
14505
14001
13682
13035
12516
12003
114985
11004
13533

16081
9631
2197
8773
3368
7979
7606
7254
6902
6589

6015
5502
5076
W71
44 06
3891
3656
35616
3703
3856

4039
4247
4468
L7062
4933
5423
5907
6389
6862
7298

7762
32280
8673
9123
9569
10452
11326
12191
13061
139CS



12¢C
TE+PERA-
TUPE
LY

* 17.345
18
19
24

21
22
23
24
25
26
27
28
29
3c

31
32
33
34
35
36
37
33
39
4

95
130
11§
120
130
140
150

160
170
180
192
200
223
240
2hi
280
300

* TWO PHA

TABLE VI.

34 ISOBAR
MOL AR
VOLUME
c®3/6

12.14
12.15
12424
12.33

12,62
12.52
12.62
12.73
12. 84
12.95
13.07
13.20
13.33
13.45

13.61
13.75
13,91
164,07
14423
14440
14e53
16,77
14497
15,17

15.60
16436
16455
17.09
17.65
19.21
20.96
22. 85
24485
26489

28.95
31.01
33.07
35.11
37.14
41.16
45.12
438,01
52. 146
56465

60,40
buel2
67.62
71.27
74,91
82.12
89,27
96,38
103,45
116.50

3Z BOUNDARY

THERMCOYNAMIC PROPERTIES OF PARAHYNROGEN

INTFRNAL

ENFRGY
J/70

=330.1
=-296.4
=290 .4
~284.2

-277.8
~271.1
~2E4.1
-256.9
-249.°%
-241.9
-234.1
=226.0C
~217.8
~259.2

=200.7
-191.8
-182.8
-173,. ¢
-1h4.2
~154.6
~144 .9
-135.0
=125.¢C
-114.9

=94 .2
-73.1
-€2.1
-30.1
=7.9
43.2
194.7
150.0
214413
2o7.7

319.8
372.2
425.0
473.¢
533.1
6U7 ol
765.6
883.1
1013.9
1161.7

1279 .4
1398.9
1526.2
1652.3
1776.7
2319.7
2255.¢2
2u34.3
2733.0
2327.6

ENTHALPY
J/6

~15%4.9
=150.5
~143.06
=135.3

-128.7
-120.9
~112.7
-104.2
=95.5
-85.5
-77.2
“67.6
=37.8
47,7

=374
~26.8
-15.9
“beB
beb
15.?.
33.1
w242
5440
67.1

92.3
119.6
146.0
174.9

"203.9
278.8
356,2
434, 2
512.3
590,

567.3
Tubale
821.9
$99.9
978.3
11641.3
130743
1475.3
1548.2
1821.6

1895,.2
2168.3
2337.7
2507.56
2675.5
3005.1
332645
3640,.3
3949, 4
4253.%

ENTRQJPY
376K

5.22
Set7
5.85
£.22

659
6.96
7.32
7.68
8.046
8.39
BeTl
9.09
9.43
9.77

10,11
10,45
10.78
11.12
1145
11.77
12.10
12.42
12.74
13.06

13.69
14431
14.91
15.51
16.10
17.53
18.88
20413
21.29
22.36

?23.36
24429
25.18
26.02
26483
28.38
29.32
31.17
32.45
33.64

34.76
35,81
36.78
37.70
38.56
40.13
41.53
42.79
43.93
44.98

74

SPECIFIC HEAT

cv

5.15
5.26
Setsl
5.54

5.67
5.79
5.89
5.93
6,07
6.14
6.21
6.28
6030
643

6445
6.3
6.53
6.57
6.59
6.63
6466
6.65
6.7
6.71

6.73
6.76
6432
6485
6499
7.01
7.10
7.23
T.42
7.67

7.97
8.32
3.7)
9.11
9,51
10.39
11.09
11.64

J/7G6-K

12.04%:

12.23

12.40
12.41
12,346
12.22
12.09
11.75
11.43
11.17
10.95
10.80

cP

5.62
6.83
7.13
7.43

7.74
8.04
8.33
8.61
8.88
9.15
Je bt
3.68
9.95

1d0.22

10.48
1074
11,00
11.26
11.50
11.76
11.93
12.22
12.45
12.68

13.13
13.56
13.97
14434
14.65
15.26
15.56
15.63
15.59
15.49

15.43
15445
15.54
15.59
15. 88
16. 38
16.78
17.09
17.30
17.38

17.37

17.27:

17,13
16.91
16.70
16,28
15.89
15,57
15,31
15.12

VELOCITY
OF SOUND
M/S

1542
1534
1523
1512

1501
1489
1677
1463
1451
1439
1427
1414
1400
1386

1371
1357
1343
1327
1313
1297
1282
1267
1252
1237

1207
1178
1150
1124
1099
1045
1007

979

961

949

943
940
939
941
945
956
973
994
1017
1061

1067
"1093
1116
1142
1169
1221
1272
1321
1367
1611

(%)
atly
BAR/K

10.36
10.35
10.33
10.29

10.27
10.21
10.13
10.03
9.92
9.79
9.65
9.51
9.35
9.19

9,02
8.84
B.66
8.46
8.27
8.07
7.87
7.66
7.45
7.25

6.84
6ol
6.05
5.68
5.32
4,52
3.85
3.31
2.88
2.54

2.26
2.04
1.85
1.70
1.57
1.37
1.21
1.08
0.98
0.90

0.83
0.77
0.72
0.68
0.64
0.57
0.52
D.48
O.tb
0.1

ap
9Ply
BAR-CHM3/G

13684
13132
17594
17058

16512
15975
15427
14864
14393
13902
13455
1297e
12501
12025

11561
11138
10709
10289
9890
9496
9135
8777
8432
8102

764713
6919
6458
6043
5691
5016
4623
4435
4391
4459

4593
4756
4943
5142
5352
5801
6261
6732
7198
7664

8126
8582
8981
9432
9880
10766
11643
12512
13374
146230



TABLE v1. THERMOODYNAMIC PROPERTIES OF PARAHYGROGEN

140 BAR I[SOBAR

TEMPERA-
TURE
K

* 17.869
18
19
20

21
22
23
24
25
26
27
28
29
30

31
32
33
34
35
36
37
38
39
40

42
44
46
48
50
55
60
65
70
75

80
85
k1]
95
100
110
120
130
140
150

160
170
180
190
200
220
240
260
286
300

MOL AR
VOLUME
cM3/6

11.99
12.00
12.08
12416

12.24
12,33
12. 642
12.52
12.62
12.73
12. 84
12.95
13.06
13.19

13.31
13.44
13.58
13.72
13.86
14,01
14,16
14.33
14.49
14,66

15,02
15. 41
15.82
16.25
16.71
17.97
19.38
20.90
22.51
24.18

25.89
27.61
29. 36
31.06
32.78
36.20
39.58
42.93
46.23
49.50

52473
55.93
59.1)
62.25
65437
71.39
77.54
83.66
89.74
95.79

* TWO PHASE BOUNDARY

INTERKAL
ENERCGY
J/7C

=298.0
-297.3
~291.5
-235.5

-279.3
-272.8
~266.2
«259.3
-2%2.1
-244.8
«237.3
-229.%
-221.6
-213.5

-205.2
-196.8
~188.1
-179.3
-170.4
-161.3
-152.0
-142.6
-133.1
-123.9

-103.9
~83.8
-€3.9
-43.1
-22.¢C

31.6
86.0
139.9
193.4
2464

293.3
352.2
435.6
459.8
515.0
630.6
750.0
873.7
1000.6
1129.4

1259.0
1388.3
1516.7
1643.5
1768.5
2012.2
2248.6
2478.2
2702.6
2922.7

ENTHALPY
J/6

=130.2
=129.3
-122.5
~115.3

-107.9
«103.2
=92.2
=B8440
-75.4
-66.6
=57.6
~48.3
-38.7
-28.9

-18.9
-3.6
1.9
12.7
23.7
34.9
46.3
57.9
69.8
81.8

10645
131.9
157.5
18444
21240
283.2
357.2
4324
508.4
584.9

661.7
738.8
816+3
894.6
974.0
1137.4
130402
1647447
1647.9
182244

1997.2
2171.3
23441
25164.9
2683.7
3011.6
3334.2
3649.4
3958.9
426348

ENTPOPY
3/G6=K

5.26
Se.31°
5.68
6.05

Balel
6.77
7.12
Teu?
7.62
8.17,
a.;’.
3085
9.18
9.51

9.34
10.17
10,49
10.91
11.13
11.45
11.76
12.07
12.38
12.68

13.28
13,88
164464
15.92
15.58
16,94
18.23
19.43
20.56
2t.6t

22460
23.54
26442
25,27
26.98
27 .64
29.09
30.46
31.74
32.94

36.07
35.13
36,12
37.04
37.90
39.47
40.87
42413
43.28
b33

75

SPECIFIC HEATY

Ccv

5.21
5420
5.39

J75-K

5.52 .

5.65
S.77
5.87
5.97
6406
Belle
6.21
629
6435
604

645
651
655
6453
6463
6.66
6.69
6e71
6.73
674

6477
6.80
6.87
6091
6.96
7.06
7.15
7.29
Tou3
T.72

8.02
8.37
8.75
9.15
9.53
10.43
11.12
11.63
12.07
12.32

12.43
12,404
12.37
12.29
12.19
11.77
11445
11.19
10.97
10.81

cP

6.67"

6.71
7.930
7429

7.57
7.85
3.14
3.b14
B.67
3,93
3.18
9.43
9,67
9.91

10.16
13.6d
10.63
10.87
11.09
11.32
11.53
11.74
11.9¢6
12.14

12.51
12.89
13.29
13.63
13.93
14453
14492
15.15

15.26

15.32

15,38
15445
15.58
15.76
15.986
16449

"16.90

17.21
17.42
17.50

1747
17.37
17.20
17.00
16.77
164 30
15.94
15.61
15.35
15,16

VELOCITY
0F SOCUND
M/S

1578
1577
1567
1557

‘1547
1536
1526 .
1515
1503
1489
1479
1466
1454
14462

1430
1616
1403
1390
1377
1363
1350
1336
1323
1310

1233
1257
1229
1204
1180
1128
1086
1054
1030
1012

1000
992
988
986
987
993

1006

1024

1045

1068

1092
1117
1142
1167
1193
1241
1291
1339
1385
16429

(&),

BAR/K

10.5¢0
10.50
10.49
10.647

10.43
10.38
10.36
10.27
10.17
10.06
9.93
9.80
9.65
9.51

9.36
9.19
9.03
8.85
8.67
8.49
8.30
8.11
7.92
7.73

7.35
6.97
6.60
6.24
5.89
5.10
LY ¥
3.85
3.38
2.99

2.68
2.41
2.20
2.02
1.86
1.62
1.43
1.28
1.16
1.06

0.98
0.91
0.85
0.80
0.75
0.67

0.61 .

0.56
0.52
0.48

14
apl;

3aR~-CH3/6

194RY
19420
18900
13381

17863
17347
16306
16299
15786
15246
14801
14336
13880
13441

12997
12549
12135
11723
11321
10926
10569
19213

9365

95 30

8910
3334
7800
7352
6958
6179
5657
5344
5199
5165

5222
5335
5480
5648
5834
5234
6667
7113
7567
3026

8477
8931
9382
9825
119275
11090
11968
12939
13702
16561



TABLE VI,

160 dAR ISOBAR

TEMPERA~-
TURE
K

* 18.378
19
20

21
22
23
24
25
26
27
28
29
30

31
32
33
36
35
36
37
38
39
49

95
100
110
120
130
1460
150

163
170
180
190
200
220
240
260
289
300

* TWO PHASE

MOL AR
VOLUME
cM3/c

11.88
11.93
12.02

12.08
12.17
12.25
124 34
12.43
12.53
12.63
12.73
12.83
12.94

13.06
13.17
13.29
13.42
13.55
13.68
13.82
13.96
14.10
14.25

14.57
14,97
15.25
15.62
16.01
17.08
18.23
19.49
2C. 84
22.¢4

23.68
25415
26463
28411
29.60
32.56
35.50
38442
41431
Luol?

47.01
49,81
52460
55436
58.11
63.54
68475
74012
79,46
84.76

BOUNDARY

THEQMOCYMAMIC PROPERTIES OF PARAHYODROGEN

INTERNAL
ENERCGY
J7G

=295.8
-292.3
=286.4%

“28d .0
~27 .2
-267.7
-281.0
-254.2
-247.1
-239.8
~232.3
=224 .7
-216.9

-238.9
-270.8
-192,5%
-184.0
=175.4
-166.6
-157.8
-148.7
-129.¢
-13.3

-111.5
-92.4
-73.3
=53.4
-33.1

18.5
T1.1
123.6
176.2
228.9

281.¢€
334.8
388,.5
L43.2
498 .8
615.4
735.48
86044
948.2
1117.9

1248,3
1373.4
1507 .4
1634.9
1760.5
2005.5
22u42.2
2472.5
2697 .4
2918.¢

ENTHALPY
J/76

-105.7
-101.4
~%L. 4

-87.1
=73.5
-71.7
“63.6
~55.3
“4ba7
-37.8
-28.7
-19.4

-3.8

-0.0
13.0
20.2
30.7
4l.4
5242
83.3
74.6
86.0
97.7

121.5
14640
173.5
136,5
223.90
2391.5
362.7
435.5
509.0-
58447

560.5
737.2
814.6
893.0
972.3
1136.3
1303.8
147542
1649.2
182446

2000.4
2175.4
234940
2520.7
2690.2
3022.1
3342.3
365844
3963.7
427442

ENTROPY
J/G-K

5430
5.52
5.88

6e24
6.59
6494
7.28
7.62
7.96
8,30
8.63
8.96
9.28

3.60

9.92
10.23
10.55
10.85
11.16
11.46
11.77
12.06

12.36 -

12.3¢4
13.51
14,35
14,61
15.15
16,45
17.69
18.86
19.95
20.99

21.97
22.90
23.78
244563
25.45
27.01
28,46
29.84
31.13
32436

33.47
34.53
35.52
3645
37.32
38.90
40,30
41.56
42.71
43.77

76

SPECIFIC HEAT

cv

5.27
5.37
5.51

5463
5.75
5.36
5.96
6405
613
€.21
6.23
6.35
6abl

Bola?7
6452
6455
6.51
6.65
6.68
6.71
674
6.75
6.73

6.81
6.3
6.91
6.95
7.01
7.11
7.20
7.34
7.53
7.73

8.08
8.42
8.30
9.13
9.69
10.46
11.16
11.71
12.11
12.35

12.46
12447
12.41
12.29
12.14

11.8)

11.47
11.20
10.99
10.82

J/76-K

ce

6.71
5.89
7.16

Tolls
7.70
7.96
3.22
8449
Be74
8.98
9.22
9.45
3.67

9.90
19.12
10. 34
10.56
10.77
10.98
11.18
11.37
11.56
11.73

12.07
12. 41
12.76
13.10
13.41
13.98
14,39
1471
14.93
15.09

15.26
15.40
15.57
15.77
15.99
16.55
16.98
17.31
17.5%
17.59

17.56
17,46
17.29
17.08
16. 84
16437
15.98
15.66
15.39
15,19

VELOCITY
OF SOUND
M/S

1614
1608
1599

1590
1580
1570
1560
1550
1540
1528
1515
1505
1493

1481
1470
1458
1446
1634
1621
1409
1397
1385
1373

1349
1325
1300
1275
1251
1200
1159
1124
1096
1074

1057
1045
1037
1032
1030
1030
1040
1055
1073
1094

1117
11461
1165
1190
1215
1264
1309
1357
1602
1446

9P
atly

BAR/K

10.65
10.65
10.63

10.61
10.57
10.51
10.46
10,61
10.31
10.20
10.07

9.94

9.80

9.65
9.50
9.3%
9.19
9.03
8.86
8.68
8.51
8.33
8.15

7.79
Tels3
7.07
6.73
6.39
5.61
4,92
4.34
3.84
3.2

3.08
2.78
2.54
2.33
2416
1.87
1.65
1.48
1.34
1.23

1.13
1.05
0.98
0.92
0.86
0,77
0.70
0.64
0.59
0.55

(5%),

BAR-CHM3/G

20467
20154
19650

19146
18644
18144
17648
17121
16643
16160
15646
15220
14777

14315
13908
13493
13074
12691
12300
11922
11572
11224
10892

10266
9677
9145
8634
8177
7333
6720
6302
6057
5943

5913
5968
6071
6209
6362
6716
7106
7529
7967
8408

8856

9299

9745
10190
10636
11506
12300
13171
14036
14896



TABLE VI. THERMCOYNAMIC PROPERTIES OF PARAHYDROGEN

180 BAR ISOBAR

TEMPERA~-
TURE
K

* 18.876
19
20

21
22
23
24
25
26
27
28
29
30

31
32
33
34
35
36
37
38
39
40

42
by
46
48
50
55
60
65
70
75

8o
85
0
95
100
110
120
130
1ug0
150

160
170
180
1990
200
220
240
260
280
300

MOLAR
VOLUME
cM3/6

11.78
11.79
11.86

11.94
12.01
12.09
12.18
12.26
12.35
12. 44
12.53
12.63
12.73

12.83
12.94
13.05
13.16
13.28
13.40
13.52
13.65
13.78
13.91

14419
14,48
14.79
15.11
15.45
16. 36
17.36
18.43
19.58
26,78

22.02
23.29
24.58
25.87
27.17
29.77
32.37
34.95
37452
40.06

42.58
45,08
47.56
50.02
52,47
57,31
62,09
66071
71,46
76.19

* TWO PHASE BOUNDARY

INTERMNAL

ENERCY
/G

-293.4
-292.7
-287.1

-281.2
=275.¢
-268.9
~2€2.4
-255.7
-248.9
-241.8
=234 . €
=227.2
=219.6

-211.9
=204.0
-196.0
-187.8
=179.5
-171.0
-162.4
-153.7
~144.9
-136.0

-117.8
=99,3
=-81.0
-€1.7
~42.2

7.8
58.¢
110.2
1€1.9
214.C

26645
319.6
373.5
428.4
4364.3
601.6
T722.7
848.1
376.7
1107.1

1238.2
1369.0
1498.7
1626.8
1753.0
-1999.1
2236.9
2467.3
269244
2913.5

~

ENTHALPY
J’6

-81.3
-83.5
=73.5

~66e¢4
-58.9
=51.2
~43.3
=35.1
-26.6
-17.9
-9.0
Jel
9.5

19.1
28.9
33.9
49,1
59.5
70.1
80.9
91.9
103.0
1164

137.5
161.3

185.,2

21042
235.9
302.2
371.3
442.1
5144
588.0

662.9

738.8
815.9
894.1
9734
1137.5
1305.4
1677.3
165249
1828,2

2004.7
2180.5
2354.8
2527.2
2697 .4
3030.6
3354.5
3668.0
3978.7
4284.9

ENTROPY
6K

5.33
S.38
$5.73

6.08
6.3
6.77
7.11
7.45
7.78
8.10
8.43
Re75
9.37

9.38

9.69
10.00
10.30
10.61
10.914
11.20
11.49
11.78
12.37

12.64
13.19
13.72
14.25
16,77
16.04
17.24
18.37
19.45
20.46

21443
22435
23.23
24,08
24.89
26,45
27.91
29.29
30.58
31.80

32.94
36420
35.00
35.93
36.80
38.39
39.80
41.06
42.21
43.27

77

SPECIFIC HEAT

cv

5.33
5.35
5.49

5.62
5.73
5.84
5.96
6.04
6412
6427
6.23
6.35
6etl

647
6.52
6.57
6462
6.66
6.70
6.73
6.76
6.79
6.9

6.84
6.87
6.94
7.00
7.05
7.15
7.26
7.39
7.59
7.83

8012
3,47
8.84
9.24
9.64
10.50
11.19
11,74
1214
12.33

12.43
12.51
12.44
12.32
12.17
11.83
11.50
11.22
11.00
10.84

J/6-K

cP

65475
6.79
7T.06

7.32
7.58
7.83
8.07
8.32
8.55
8.81
9,04
9.26
943

9.69

9.90
1J.10
10431
19,651
10.70
10.89
11.08
11.25
11.41

11.74
12.04
12,37
12.67
12.95
13.55
13.97
14432
14.61
14.86

15.08
15.30
15,52
15.75
1600
16457
17.03
17.37
17.58
17.66

17.64
17.53
17. 36
17.15
16.91
16,43
16. 00
15.66
15,063

15,22

VELOCITY
OF SOUND
M/S

1648
1647
1638

1630
1621
1612
1603
1593
1584
1574
1564
1553
1541

1531
1520
1508
" 1697
1696
1475
1463
1652
1461
1430

1408
1386
1363
1340
1318
1267
1225
1189
1158
1133

1113
1097
1085
1077
1072
1069
1074
1086
1102
1122

1143
1165
1189
1212
1236
1284
1331
1373
1420
1463

(&),

BARZK

10.79
10.79
10.79

10.77
10.74
10.70
10.64
10.57
10.49
10.43
10.32
10.20
10.07

9.93
9.79
9.64
3.50
9.34
9.19
9.02
8.86
8.69
8.52

8.18
7.84
7.50
7.17
6.84
6.07
5.38
4.78
.27
3.83

3.46
3.14
2.87
2.64
2.44
2.12
1.88
1.68
1.52
1.39

1.28
1.19
1.11
1.06
0.97
0.87
0.79
0.72
0.67
0.62

(32)
oriy
3ar-cM3/6

21424
21362
20873

20383
19893
19404
18918
18435
17958
17453
17002
16544
16058

15652
15228
14808
16382
13993
13618
13243
12874
12534
12194

11549
10970
10428
9915
9455
8487
7785
729¢C
6963
6763

5678
6664
6711
6806
6927
7236
7548
7980
8392
8818

9253

9690
10129
10565
11002
11875
12729
13509
14374
15234



TABLE VI. THERMCDYNAMIC PROPERTIES OF PARAHYDROGEN

200 BAR ISOBAP

TEMPERA-
TURE
K

* 19,360
29

21
22
23
24
25
26
27
28
29
30

31
32
33
34
35
36
37
38
39
40

35
100
110
120
130
146
150

160
170
180
190
200
220
2u0
260
280
300

MOL AR
VOLUME
cM3zg

11.69
11.73

11.80
11.88
11.95
12.03
12.19
12.19
12.27
12. 36
12.45
12.54

12.63
12.73
12.83
12.93
13.04
13.15
13.25
13.43
13.49
13.61

13.86
14413
16,40
14.69
14,99
15.79
16.66
17.60
18.69
19.64

20.73
21.84
22.97
24,12
25.27
27.59
29.90
32.21
34,51
36.80

39.06
41.32
43455
45.77
47.97
52.33
56405
60.92
65415
69. 33

* TWO PHASZ SOUNDARY

INTERNAL
ENERGY
J/6

-291.0
=2E7 .4

-281.7
-275.8
-269.7
-2€3.4
-256.9
-250.3
-243.4
-236.4
-229.2
-221.8

-214.3
~206.7
-198.9
-190.9
-182.9
“174.6
-166.3
-157.9
-149.3
~140.6

-123.0
-1065.1
=873
-68.6
~49,.¢

-1.1

48 .8

99.0
149.9
201.3

253 .4
306.3
3ed.2
415.2
471.3
589.1
710.8
836.8
966.C
1097.0

1228.7
1360.1
1490 .4
1619.1
1745.8
1992.9
2231.7
2463.1
2688.5
2919,3

ENTHALPY
J/76

-57.2
-52.8

=45.7
-33.3
=30.7
-22.9
-i4.8
~6+6
2.0
10.7
19.7
28.9

38.3
47.9
57.8
67.3
79.0
83.3
93,3
109.6
120.6
131.6

1542
177.4
200.7
225.1
25041
31446
382.0
45141
521.8
594,2

668.0
Te3al
819.7
897.6.
976.8
116J.8
1308.8
1481.0
165642
1832.9

201040
2186.4
23614
253444
2705.2

3039.6 -

336446
3681.4
3991.5
4295.9

ENTROPY

J/76-K

78

cv cP OF SOUND

J76-K u/s

5.38 6.79 1681
5.47 6.96 1676
5.60 7.22 1668
5.72 7.47 1660
5.83 7.71 1652
5.93 7.95 1643
6.02 8.18 1634
6e11 o b1 1625
6.20 8.64 1616
6.28 8.86 1607
6435 9,10 1597
6ebl 9.30 1588
6ets7 9,51 1577
6.53 9.71 1566
6458 9,90 1556
6.63 10.09 1546
6.67 10,29 1535
6.71 10,48 1523
6.75 10.66 1513
6.78 10.83 1503
6481 10.99 1493
6.83 11.15 1482
6.87 11.46 1462
6.9 11.75 1641
6.98 12.06 1419
7.03 12.34 1398
7.09 12.60 1378
7.20 13.20 1328
7.30 13.63 1286
744 13.99 1249
7.63 14432 1217
7.87 14062 1190
8417 14,90 1167
8451 15.17 1148
8.83 15,44 1134
9.29 15.71 1123
9.68 15.97 1115
10.56 16.58 1107
11.23 17.04 1109
11.77 17.61 1118
12.17 17.63 1132
12,41 17.72 1149
12.53 17,70 1169
12454 17.59 1190
12.47 17,42 1212
12.35 17.21 1235
12.22 16,97 1259
11.856 16449 1305
11.53 164 05 1350
11.25 15.67 1394
11.03 15437 1436
10.85 15,22 1478

1.4
SPECIFIC HEAT VELOCITY (OT v

BAR/K

10.94
10.946

10.93
10.91
10.87
10.82
10.76
10.69
10.61
10.52
10.44
10.32

10.19
10.06
9.92
9.78
9.63
9.48
9.33
9.18
9.02
8.86

8.53
8.21
7.88
7.56
Te24
6449
5.80
5.20
L.67
4.22

3.82
3.49
3.19
2.94
2.73
2.37
2.10
1.88
1.70
1.56

1.43
1.33
1.24
1.16
1.09
0.97
0.88
0.80
0.74

0.69

(3%,

BAR-CM3/G

22361
22056

21579
21101
20623
20146
19672
19201
18735
18276
17799
17371

16939
16482
16090
15687
15279
14863
144696
tutay
13796
13445

12804
12211
11651
11147
10672
9632
3864
8299
7894
7626

7462
7399
7397
7445
7533
7788
8102
8452
8843
9246

3670
10097
10522
10957
11391
12246
13106
13951
14794
15576



220 BaR ISOBAR

TEMPERA-
TURE
K

* 19.835
20

21
22
23
24
25
26
27
28
29
30

31
32
33
34
35
36
37
33
39
40

42
Lo
46
L8
S0
55
60
65
70
75

80
85
90
95
100
110
120
130
140
150

160
170
180
190
200
220
240
260
280
306

MOL AR

VOLUME
cH3se6

11.60
11.51

11.68
11.75
11.82
11.89
11.96
12.0¢4
12.12
12.20
12.28
12.37

12.45
12.54

T 12.64

12.73
12.83
12.93
13.03
13.14
13.24
13.35

13.58
13.82
14.07
14,33
1460
15.31
16.09
16.92
17.81
18.73

19.69
20.68
21.69
22.71
23.74
25.82
27.91
29.99
32.07
3414

36420
38.25
4G.28
42.30
Lu. 30
48.27
52.20
56.08
59.93
63.76

* TWO PHASE BOUNDARY

INTERMAL

ENERGY
J/76

-248.5
-287.¢

-282.0
«276.2
=270.3
-264.1
-257.8
-2%1.3
=244.6
-237.8
-210.8
-223.6

~216.3
-208.8
-201.2
-193.%5
-135.6

=177.6

=169.%
-1€1.3
-153.0
~144.%

=127.4
-109.9
~22.6
LT
-55.9
-846
60.2
89.5
139.6
190 .4

242.0
294.7
348.°¢
L4034
459,7
577.8
699.9
826.4
956.0

1087.6

1219.8
13¢61.7
1482.6
1611.8
1739.0
19¢87.1
2226.7
2459,0C
2685.2
2906.5

ENTHALPY

J/76

-33.2
-32.1

-25.1
-17.8
-19.3
=2.6
5.3
13.5
21.9
32.5
39.4
L2 P

57.7
57.1
T6e8
8646
96.6
106.8
117.2

127.7

13844
163.3

171.4
194.1
21649
240.8
26542
328.3
394,.2
461.8
531.3
6024

67502
749.6
825.6
903.0
982.0
1145.9
1313.9
148642
1651.6
1833.7

2016.3
2133.2
2368.7
2542.3
2713.6
3049.1
3375.1
3692.9
4003.8
4339.1

ENTROPY

J/7G-K

S.40
S5.46

S.%0
6.14
€7
6.80
7.12
Tebb
7.76
8.18
8.39
8.69

9.00
9.30
9.5%9
9.49
10.18
10.46
10.75
11.93
11.31
11.58

12.12
12.65
13.16
13.66
14,16
15.36
16.51
17.59
18.62
19.60

20.54
21445
22.31
23.15
23.96
25.52
26.98
28436
29.66
30.39

32,93
33.10
34411
35,04
35.92
37.52
38.94
40.21
41.37
42442

79

TABLE VI. THERMCOYNAMIC PROPERTIES OF PARAHYLRIGEN

SPECIFIC HEZAT

Ccv

Seb2
5.+45
5.3
5.70
5.81
5.92
6.01
6.10
6.19
6.27
6434
6e61

6el?
6.53
€.59
6.64
6.68
6.72
6.76
.80
6.82
6.85

6.83
6.93
7.0
7.07
7T.12

J/76=-K

7.24

734

T8

7.67
7.92

8.21
8.56
8.93
9.32
9.72
10.57
11.25
11.3)

" 12.20

12444

12.55
12.57
12.50

12.38 -

12.23
11.89
11.57
11.29
11.06
10.38

cP

VELOCITY
OF SOUND

M/S

1712
1711

1704
1697
1689
1681
1673
1665
1656
1647
1638
1629

1620
1611
1601
1590
1581
1571
1560
1549
1540
1531

1512
1492
1471
1451
1432
1386
1343
1306
1273
1263

1219
1197
1181
1167
1157
1145
1146
1150
1161

L1177

1195
1215
1236
1258
1281
1326
1370
1612
1453
1493

(&,

BAR/K

11.08
11.08

11.08
11.07
11.04
11.00
10.94
10.88
10.81
10.72
10.63
10.53

10.43
10.31
10.18
10.06
9.90
9.76
9.61
.47

9.32

9.17

8.86
8.54
8.23
7.92
7.61
6.87
6.19

" 5.58

S5.05
L.58

bal?
3.81
3.51
3.24
3.00
2.62
2.31
2.08
1.88
1.72

1.58
1.47
1.36
1.28
1.20
1.07
0.97
9.88
6.81
0.75

aP
aPly
8ar-cM3 /6

23280
23204

22739
22273
21806
21338
20872
20408
13948
19492
13044
13603

18159
17750
17340
16913
16536
16152
“15757
15352
15002
14678

14032
13607
12849
12333
11840
10786
9928
9306
3832
8499

8292
38157
8111
8117
8164
8368
8644
8961
9310
9700

10100
10513
10937
11362
11785
'12639
13485
14328
15157
15992



TABLE VI. THERMCOYNAMIC PROPERTIES OF PARAMYDRAGEN

240 BAR ISOBAR

TEMPERA~-
TURE
K

* 20.300
21
22
23
24
25
26
27
28
29
30

31
32
33
34
35
36
37
38
39
40

42
44y
46
48
50
‘55
60
65
79
75

80
85
90
95
100
110
120
130
140
150

160
170
180
190
200
220
240
260
280
300

MOL AR
VOLUME
cM3/6

11.52
11.56
11.63
11.69
11.76
11.83
11.90
11.98
12.05
12.13
12.21

12.29
12.37
12.46
12.55
12.64
12.73
12.83
12.92
13.02
13.12

13.33
13.55
13.78
14402
14.26
14.91
15.61
16436
17.15
17.98

18.84
19.72
20.63
21.55
22.48
24437
26.26
28416
30.05
31.94

33.83
35.70
37.56
39,41
41.25
44,89
48.50
52.06
55.59
59.10

¥ TWO PHASE BOUNDARY

INTERNAL
ENERGY
J/76

~235.9
-282.1
=276.4
=270.6
~2E4.b
-258 .4
-252.1
~245.6
-238.9
=232.0
=225.0

-217.9
-210.6
-203.2
-135. ¢
-187.9
-180.1
-172.2
-164.2
-156.C
-147.8

=131.1
=114.90
-97.1
-79.3
~€1.3
-14.9
32.9
81.4
130.7
180.9

232.1
284 .4
338.0
392.9
449.1
567 .5
690.0
816.8
Wb.8
1078.8

1211.5
1343.9
16475.2
1604.9
1732.6
1981,5
2222.0
2455,1
2682.1
2904.2

ENTHALPY
J/7G

“9.4
4.5

246
10.49
17.6
2545
33.6
41.8
50.3
59.0
68.0

77.1

86.4

95,9
165.6
115.5
125.5
135.7
146410
156.5
167.2

18941
211.3
23346
257.1
281.0
342.9
437.5
473.9
5642.2
612.3

684,.2
757.8
833.1
910.1
938.8
1152.3
132043
1492.6
166841
1845.4

2023.4
2200.7
2376.7
2550.8
2722.6
3059.0
338540
370446
4016.3
4322.5

ENTROPY
J/G=K

S.bb
S.567
6.00
6433
6.66
6.98
7.30
7.61
7.92
8.22
8452

8.82
9.12
9. 41
9.7¢C
9.99
10.27
10.55
10.82
11.16
11.37

11.90
12.42
12.91
13.41
13.90
15.08
16.21
17.27
18.28
19.25

20.18
21.37
21.93
22.76
23.57
25.13
26.59
27.97
2%9.27
30.49

31.64
32.71

33.72,

34.66
35.54
37.15
38.57
39.84
41.00
42.06

80

SPEC
cv

Seu7
5.56
5.68
5.89
5493)
6.9)
6.03
6.1%
6.20
6430
6440

647
6453
€459
6.64
6469
6.73
6.77
6.81
6.84
6.85

6.91
6.95
7.03
7.19
7.15
7.23%
7.39%
7.52
771
7.96

8.26
8.6
8.97
9.36
9.7
10.61
11.29
11.84
12.23
12.47

12.58
12.63
12.53
12.41
12.26
11.93
11.60
11.32
11.09
10.92

IFIC

J/6=K

{EAT
ce

6.87
Telte
7.28
751
TeTl
7.96
8.18
8.33
8460
3.81
9.01

9.21
9,641
9.59
9.77
9. 94
10.11
10.27
10.43
13.59
10.75

11.02
11.29
11.58
11.85
12.10
12.64
13.09
13.48
13.84
14.20

14.55
14.90
15.23
15.56
15.88
16.55
17.05
17.43
17.68
17.80

17.79
17.69
17.52
17.34
17.07
16,59
16014
15.76
15,45
15.20

VELOCITY
OF SOuND
M/S

1743
1739
1732
1725
1718
1710
1702
1694
1686
1677
1669

1660
1651
1642
1633
1624
1614
1605
159%
1586
1575

1558
1540
1520
1500
1482
1438
1398
1359
1325
1295

1268
1246
1227
1211
1199
1183
1179
1182
1191
1205

1221
1240
1260
1281
1303
1346
1389
1431
1471
1509

(&),

BAR/K

11.23
11,23
11.22
11.2¢C
11.16
11.11
11.06
10.99
10.91
10.83
10.74

10.64
10.5¢4
10.42
10.29
10.16
10.02
9.88
9.74
9.60
.45

9.15
A.85
8.55

8.25 .

7.35
7.23
6.56
5.94
S.40

4.92.

4.50
4.13
3.31
3.52
3.27
2.86
2453
2.27
2.06
1.88

1.73
1.60
1.49
1.40
1.31
1.17
1.06
0.396
0.88
0.82

op
aPly
3aRr-cu3/6

241 84
23867
23412
22956
22498
22040
21583
21129
20678
20232
19783

19361
18938
13528
18138
17748
17352
16989
16622
16242
15848

15208
14604
14026
13476
12947
11905
11017
10315

9748

9403

9127
8957
8861
8824
8837
8973
9204 -
9493
9815
10169

10550
10944
11360
11776
12195
13034
13875 __
14708
15538
16350



260
TEMPERA-
TURE

K

* 20.756
21
22
23
24
25
26
27
28
29
36

31
32
33
34
35
36
37
33
39
4C

(¥4
44
46
48
50
55
60
65
79
75

80
85
90
95
100
110
120
130
140
152

166
170
130
130
200
220
240
260
280
300

TABLE VI.

343 ISOBAR
MOL AR
VOLUME
cm3zG

11,64
11.45
11.52
11.53
11.66
11.71
11.78
11.84
11.92
11.99
12.06

12.14
12.22
12.3¢0
12.38
12.47
12.56
12.64
12.73
12.83
12.92

13.11
13.31
13.52
13.74
13.97
14,56
15,20
15.88
16.53
17.34

18.12
18.93
19.75
20.58
21.43
23.15
24489
26452
28.36
30.19

31.83
33.56
3%.27
36.98
38.638
42.04
45,37
48.66
51.92
55.16

* TWO0 PHASE BDUNDARY

THERMCDYNAMIC PROPERTIES OF PARAHYDROGEN

INTERMAL
ENERGY
J7C

-283.2
-29%1.9
=276.4
-270.7
-2€E4.8
-258.8
-252.F
-246.2
-239.7
-233.¢
-226.1

-219.1
-212.0
-204.7
-197.3
-139,¢8
-182.2
-174.4
~16646
-158.6
-150.6

-134.2
-117.5
-100.9
-83.¢
-65.8
-20.4
26.6
74.3
122.9
172.6

223.3
27543
328,7
383.4
439.7
55841
680.8
838.0
938.4
1070.7

1203.7
1336.5
1458.2
1598,
1726.4
1976.2
2217.5
2451 .4
2679.1
2991.9

ENTHALPY
J/76

1442
15.9
23.0
30.3
37.8
45.6
5346
61.8
7041
73.7
87.5

96.5
105.7
115.1
12446
13444
14,3
154.3
164.5
174.9
185.3

206.7
22847
25047
273.7
297.3
358.2
421.7
487.1
554.4
62345

69445
76744
B4241
918.6.
996.9
1160.1
1327.9
1500.2
1675.8
1853.2

2031.3
2209.0
2368543
255%.8
2732.0
3069.3
3397.1
3716.6
4029.0
433641

ENTROPY
J76-K

Sele7
5.55
5.88
6.20
€.52
6.84
7.15
7.46
T.77
8.07
8.37

8.66
8.95
9.24
9.53
9,81
10.99
10.36
10.64
10.90
11.17

11.69
12.20
12.69
13.18
13.66
tb.82
15.93
16.98
17.97
18.33

19.84
20.73
21.58
22,41
23,21
24,76
26.22
27.60
28.90
30.13

31.28
32.36
33.36
34,31,
35.19
3¢.30
38.22
39.50
40.66
41.72

81~

SPECIFIC HEAT
cv ce

S5.51
5'5"
5.67
5.78
5.89
5.99
6.03
6417
6.25
6.33
6.40

Bols7
6.53
6459
6.64
6.69
6eTl
6.78
6.82
6.85
6.37

6.92
6.97
7.06
7.12
7.13
7.31
7.42
7.56
7.75
8.00

8.30
8.64
9.01
9.40
9.79
10.65
11.33
11.87
12.26
12.5)

12.561
12.62
12.5%
12.44
12.23
11.9
11.63
11.35
11.12
10.95

J7G-K

He91
6' 97
7.20
7.43
7.65
7.87
8.08
8.29
8.49
3.69
8.89

3.08
9.27
9.46
3.64
9.80
9.95
10.12
10.28
10.42
10.56

10.85
11.12
11.49
11.65
11. 90
12.43
12.87
13.27
13.65
14.01

14439
14786
15.13
15.48
15. 82
16453
17.05
17.43
17.69

17.82

17.82
17,73
17.56
17.35
17.12
16.63
16.18
15.80
15.49
15.24

VELOCITY
OF SOUND
M/S

1773
1772
1766
1759
1752
1745
1738
1730
1722
1714
1706

1698
1689
1681
1672
1664
1655
1647
1638
1629
1621

1601
1584
1565
1547
1529
1487
16448
1611
1375
1344

1316
1292
1271
1254
1240
1220
1213
1215
1221
1232

1247
1265
1284
1304
1325
1367
1409
1450
1489
1526

(5,

BAR/K

11,37
11.37
11.37
11,35
11.32
11.28
11.23
11.16
11.09
11.02
10.93

10.84
10.74
10.64
10.52
10.39
10.26
10.13
10.00

9.86

9.72

9.43
S.14
8.85
8.55
8.26
7.55
6.89
6.28
5.73
S5.24

4.81
443
4.10
3.80
3.54
3.09
2474
2.46
2.23
2.04

1.88
1.74
1.62
1.52
1.43
1.27
1.15
1.04
0.96
0.89

aP
ably

Bar-cu3/6

25074
24967
24523
24076
23628
23179
22729
22281
21836
21394
20956

20525
20101
19686
19281
18906
18535
18162
17796
17446
17095

16350
15744
15172
14627
16115
13000
12078,
11338
10742
10314

9977
9760
9622
9549
9523
9595
9782
10043
10329
10655

11018
11395
11796
12198
12610
13440
14266
15098
15920
16739



TABLE VI. THERMOODYMAMIC PROPERTVIES OF PARAHYDRIGEN

28C BAR ISOBAR

TEMPERA- MOL AR
TURE VOLJME
K cHdse

* 21,205 11.36
22 11,61
23 11,47
24 11.53
25 11.59
26 11.66
27 11.72
28 11.79
29 11.86
30 11.93
31 12.00
32 12.08
33 12.15
34 12.23
35 12.31
36 12.39
37 12.47
38 12.56
39 12.65
40 12.73
42 12.91
4y 13.10
46 12.3¢C
.48 13.50
50 13.71
55 14.25
60 14.84
65 15.46
70 16412
75 16.80
80 17.51
85 18,25
30 19.00
95 19.76

100 20.54
110 22.12
120 23.71
130 25.32
140 26.92
150 28.52
160 30.13
170 31.72
180 33.32
190 34.90
200 36448
220 39.60
240 42.69
260 45.75
280 48.78
300 51,78

* TWO PHASE BOUNDARY

INTERNAL
ENERGY
J7é

-280.5
=276.2
-270.6
-2€&4.9
=259.0
-2%2.9
~246.6
-240.2
-233.6
=226.9

-220.1
-213.1
=206.0
-198.7
-191.4
~-183.9
-176.3
-168.6
~1€0.8
-1%2.9

-136.8
-120.4
=1J4.2
-87.1
-69.8
=25.1
21.1
681
116.1
165.3

215.6
267.2
320.3
374.9
431.1
- 549,5
672.4
799.8
930.5
10€3.1

1136.5
1329.6
14€1.6
1592.1
1720.6
1371.1
2213.2
2447.8
267643
2899.8

ENTHALPY
J/6

37.7
43.3
50.5
58.0
65.7
73.5
81.6
89.9
98.4
107.1

116.0
125.9
134.3
1643.7
153.3
163.1
173.0
183.1
193.3
203.7

224.8
2ub. b
269%.1
290.3
314.0
37440
436.6
501.1
56745
635.7

70640
778.1
852.3
928.3
1006.2
1158.9
1336.4
1508.7
1684.3
1861.8-

2040.0
2217.8
2394.5
2569.3
2741.9
3080.0
340846
3728.8
4042.1
4349.6

ENTFOPY
J/G-K

5.50
5.76
6.08
6e0
6.71
7.02
7.33
7.53
7.93
8.22

8.51
8.30

9.08 -

9.36
9.64
9.92
10.19
10.46
10.72
10.99

11.50
12.00
12,49
12.97
13.44
14.59
15.68
16.71
17.69
18.63

19.54
20.42
21.26
22.08
22.88
26,43
25.89
27.27
28,57
29.80

30.95
32.02
33.03
33.93

34.86 -

36447
37.90
39.19

40.35"

41.41

82

SPECIFIC
Cv
J76G=-X

5.55
5.65
5.7%
5.87
5.97
6.07
.16
6.24
6.32
6.39

6.45
6.53
6.59
6464
6.70
6.75
6.79
6.83
6.85
65489

6.34
6.39
7.038
7.14
7.21
7.3
7445
7.60
7.79
8.04

8.33
8.67
9.04
9.43
9.83
10.63
11.35
11.930
12.29
12.53

12.64
12.85
12.59
12.47
12.32
11.99
11.65
11.33%
11.16
10.98

AZAT
cP

6095
7.13
7.35
7.57
7.78
7.99
3.13
3439
8.59
.78

3.97
9.15
9. 34
9.51
3.63
9.85
9.39
13.14
10.28
1J.42

10.68
10.96
11.24
11.49
11.72
12.25
12. 693
13.09
13.47
13.85

14,24
14.64
15,02
15. 40
15.75
16.50
17.04
17.43
17.70
17.82

17. 84
17.75
17.59
17.39
17.16
16.67
16.22
15. 84
15.52
15.27

M/S

1802
1738
1792
1785
1779
1772
1765
1757
1749
1742

1734
1726
1718
1709
1701
1693
1685
1677
16869
1661

1645
1626
1608
1591
1574
1532
1694
1458
1424
1391

1362
1336
1314
1295
1280
1257
1248
1247
1251
1261

1274
1290
1308
1327
1347
1248
1429
1468
1566
1543

VELOCIT (Qg)
" Y
of sounoe V9Tl

BAR/K

11.51
11.51
11.50
11,07
11.43
11.3¢9
11.33
11.27
11.19
11.11

11.02
10.93
10.83
10.73
10.62
10.51
10.36
10.23
10.10

9.97

.69
941
9.13
8.84
8.56
7.36
7.21
6.61
6.05
5.55

5.11
4.72
4,37
4.07
3.79
3.33
2.95
2.65
2041
2.20

2.03
1.88
1.75
1.64
1.54
1.37
1.24
1.13
1.03
0.96

(),
3ar-cM3 /5

25952
25607
25171
24732
24291
23849
23408
22968
22530
2209¢

21666
21243
20826
20418
20019
19631
19293
13937
18582
18245

17572
16858
16274
15738
15222
14060
13110
12345
11722
11234

10843
10577
10396
13245
10231
10238
19379
10608
10864
11172

11498
11861
12235
12636
13034
13853
16674
15491
16309
17120



TABLE vI. THERMCOYNAMIC PROPERTIES OF PARAHYNROGEN

300 34R ISOBAR

TEMPERA-
TURE
K

* 21.645
22
23
24
25
26
27
28
29
30

31
32
33
34
35
36
37
38
39
49

42
by
46
48
50
55
60
€5
76
75

80
35
90
95
100
1135
129
130
140
150

160
176
180
130
200
220
240
260
28¢C
360

MOL AR
VOLUME
cM3z6

11.29
11.31
11.37
11.43
11.49
11.55
11.61
11.67
11.74
11.61

11.87
11.9¢4
12.02
12.09

12.16
12,24
12.32
12,40
12,43
12.56

12.73
12.91
13.C9
13.28
13.47
13.98
14,52
15.10
15.70
16.33

16,99
17.066
18.35
19,06
19.77
21.23
22.71
24.19
25.68
27.17

28.66
3014
31.82
33.10
34.57
37.49
Lie37
43,23
45.06
48.86

* TWO PHASE S3JUNDARY

INTERNAL
ENERCY
JICG

=277.8
-275.9
=270 ¢4
~2E4.8
=-258.9
-253.0
-246.8
“240.5
-234.1
-227.5

-220.8
-213.9
=207.¢C
-193,.8
-192.6
-185.3
-177.8
=170.2
-162.5
-154,8

-139.0
-122.9
~137.4
=-30.2
-73.14
-29.2
16.3
62.7
110.2
158.8

208.7
2h0.C
312.¢
367.3
423.2
Su1.7
6€h,. 7
792.3
923.1
1956.0

1189.7
1323.1
1455 ,4
15%6.2
1715.1
1965.3
2229.1
2Lt b
2673.6
2897.7

ENTHALPY
J/6

61.0
63.5
70.6
78.0
35.6
93. 4
101.5
109.7
118.1
12647

135.4
14l b
153.5
162.8
172.3
182.9
19t.3
201.7
211.9
222.1

24209
25443
285.6
308.1
331.0
399.2
452.0
515.6
581.3
648,49

71%.3
783.8
B63.4
93%.9
101645
1178.6
1345.9
151840
1693.6
1871.1

20434
2227.4
2604.2
2579.3
275243
309140
3620.3
376143
495542
4363.5

ENTROPY
J/7G-K

5.53
S.64
.96
6.28
6.59
6.39
7.20
7.50
7.79
8.08

8,37
8.65
8.93
9.21
9.49
9.76
10.03
10.29
10.56
10.82

11.32
11.82
12.29
12.77
13.24
14.37
15. 44
16.46
17.43
18.37

19,26
20.13
20.97
21.79 -
22458
24413
25.58
26.96
28.26
29,49

30.64
31.72
32.73
33.67
34.56
36.17
37.61
38.89
40.36
41.12

83

SPECIFIC HEAT

cv

54593
5.63
5.75%
5.86
5.95
6.06
6.15

J/6-K

6423

632
6.39

646
6.53
6.59
6 .65
6.70
6475
673
6480
6.87
6.93

6,95
7.01

7.10

7.17
7.23
7.37
7.48
7.63
7.82
8.07

8.37
8.71
9,08
9.47
9.86
10.71
11.33
11.93
12.31
12.55

12.65
12.59
12.61
12450
12.35
12,01
11.69
1141
11.19
11.01

ce

6.98
7.06
7.28
7.50
T.71
7.91
3.11
8.39
8.50
8.68

8.87
9.05
9.22
9.40
9.57
9.73
9.89
10.05
1).16
10.23

19.55
10.89
11.10
11.35
11.57
12.09
12.52
12.93

13.31

13.71

14410
14,51
14.92
15.31
15.69
16. 46
17.01
17,62
17.69
17.83

17.84
17.77
17.62
17. 42
17.19
16.71
16+ 26
15,87
15.56
15430

VELOCITY
OF SOUND
M/S

1831
1829
1823
1817
1811
1805
1798
1791
1783
1776

1768
1761
1753
1745
1737
1729
1721
1716
1706
1699

1684
1668
16648
1631
1615
1575
1538
1503
1470
1436

1406
1379
1355
1336
1319
1294
1282
1278
1281
1249

1301
1315
1332
1350
1369
1409
1448
1487
1526
1560

(&),

BAR/K

11.65
11.65
11.64
11.62
11.59
11.54
11.49
11.43
11.36
11.28

11.20
11.11
11.02
10.92
10.82
10.71
10.60
10.48
10.33
10.20

9.94
9.67
9.39
9.11
8.83
8.15
7.50
6.91
6.35
5.85

5.40
5.00
4.64
4.32
4.08
3.55
3.16
2.84
2.58
2.36

2.18
2.02
1.88
1.76
1.65
1.47
1.33
1.21
1.11
1.02

),

dAR-CM3/G

26818
26668
26241
25811
25379
24945
24511
24077
23644
23213

22786
22364
21947
21537
21135
20742
20359
19988
19686
19330

18697
18050
17371
16808
16302
151165
14141
13326
12695
12142

11745
116413
11183
11034
10947
10898
139938
11188
11426
11703

12009
12337
12700
13071
13472
14271
15079
15888
16703
17509



TABLE VvI. THEMCOYNAMIC PROPERTIEZS OF PARAHYDRIOGEN

320 BAR ISORAR

TEMPERA- MOL AR
TURE VOLUME
3 cM3/e

* 22.078 11.22
23 11.27
24 11.33
25 11.38
26 11,060
27 11.50
28 11.56
29 11.63
30 11.69
31 11.75
32 11.82
33 11.89
36 11.96
35 12.03
36 12.10
37 12.18
38 12.25
39 12.33 |
40 12,041
42 12.57
[ 12.73
46 12.92
48 13.08
50 13.26
55 13.73
60 164.26
65 14,78
70 15434
75 15.92
80 16,52
85 17.15
a0 17.79
95 184 44

100 19,11
110 20.46
123 21.83
130 23.21
140 24460
150 25.99
160 27.38
170 28477
180 3C.15
1990 31.53
200 32.91
220 35,04
24) 38435
260 41,02
280 43.68
300 46430 .

* TWO PHASE BOUNDARY

INTERMAL
ENERCY
J/6

-275.°0
«273.8
-264.5
-258.7
-252.9
-246.8
-240.7
“234.3
-227.9

-221.3
~214.5
-207.7
«200.7
~193.6
-186.4
-179.0
-171.¢€
-164.0
-156.4

-140.9
-125.1
-109.4
-92,9
-76.1
~32.8
12.1
57.9
104.8
153.0

202.6
253.6
336.1
360 .4
416.2
534.5
657.5
785.2
916.32
1049.4

1183.3
1316.9
1449.6
1580.7.
1799.8
19€1.7
2205.2
2671.0
2895.8

ENTHALPY
J/6

84,1
9.7
98.0
105.0
113.3
121.2
129. 4
137.7
14642

154.9
163.7
172.8
182.9
1314
200.9
210.6
22044
230.4
240,06

251.2
282.3
3034
325.5
348.2
406.7
467.3
530.7
59546 "
662.5

731.4
802.3
87543
950.5
1027.6
1189.1
1356.1
152841
170346
1881.1

2059.4
223744
261445
258947
2762.9
3102.3
3432.3
375440
- 406846
4377.5

ENTROPY
J/6-K

5.56
5,85
6416
Bats?
6.77
7.07
7.37
7.56
7.95

8.23
8.52
8.79
9.07
9.34
9.61
9.37
10.14
10.40
10.65

11.16
11.65
12.12
12.59
13.05
14.16
15.23
16.23
17.20
18.12

19,01
19.87
20.70
21.51
22431
23.804
25. 30
26467
27.97
29,20

30.35
31.43
32,44
33.39
36.28
35.89
37.33
38462
39.78
40485

SPECIFIC
cv
J/76-K

5.53
5.73
5485
5.95
6.09
6e1b
6423
6.31
6.38

o4
6.52
6.59
6464
6.79
6.75
6.30
6480
6.87
6.91

6098
7.02
7.11
7.18
7.25
740
7.51
7.66
7.86
8.11

8.t
B.706
9.11
9.50
9.990
10.75
11,42
11.96
12.34
12.53

12.69

1271

12.64
12.52
12.37
12.04
11.72
11.44
11.22
11.06

HEAT
cpP

7.32
7.22
Tebd
Tebl
7.83
3.03
3.22
et
8.59

Re77
8.95
9.12
9.29
.43
9,62
9.73
3.93
10.07
19.18

10.43
19.67
10.95
11.21
11. 44
11.95
12.33
12.78
13.19
13.57

13.948
14,40
14,82
15.23
15.62
16,41
16.99
17442
17.89
17.82

17.85
17.78
17.64
17,44

17.22

16474
16.29
15.91
15.59
15. 30

VELOCITY
OF SOUND

M/S

1858
1854
1848
1842
1836
1830
1823
18186

' 1809

1802
1794
1787
1779
1771
1764
1756
1749
1741
1734

1720
1706
1689
1671
1654
1617
1579
1545
1511
1480

1448
1420
1395
1374
1357
1330
1315
1309
1311
1317

1328
1341
1356
1373
1391
1429
1468
1505
1542
1577

("_”
aTly
Ba/K

11.79
11.78
11.77
11.7¢6
11.69
11.65
11.59
11.52
11.45

11.37
11,29
11.20
11.10
11,00
10.90
10.79
10.68
10.57
10.42

10.16
9.91
.64
9.37
9.10
8.42
7.78
7.1¢
6.64
6.13

5.67
5.26
4.9C
4.57
4,28
3.77
3.37
3.03
2.75
2.52

2.32
2.15
2.01
1.88
1.76
1.57
1.42
1.29
1.18
1.09

ap
ariy
8AR-CH3 /G

27673
27249
26869
26445
‘26019
25592
25164
24736
24310

23887
23466
23050
22640
22236
21840
21452
21074
20707
20411

19739
19153
18529
17888
17361
16179
15141
14310
13609
13084

12612
12252
11977
11789
11665
11580
11626
11770
11996
12249

12533
12843
13171
13535
13912
14691
15497
16301
17101
17903



TABLE VvI. FTHERMCOYNAMIC PROPERTIES OF PARAHYDROGEN

340 34R ISOBAFR

TEMPERA- MOL AR
TURE VOLUNME
K . ¢cMd/c6
» 22.504 11.15
23 11.18
24 11,26
25 11.29
26 11.35
27 11440
28 11.456
29 11.52
35 11.58
31 11.64
32 11.71
33 11,77
34 11,86
35 11.90
35 11.97
37 12.04
38 12.11
39 12.19
40 12.26
42 7 12461
uh 12.57
46 12.73
L8 12.89
50 13.06
55 13.51
60 ' 13.99
65 164,49
70 15.01
75 15.56
80 16412
85 16.70
90 17.29
95 17.90
100 18.52
110 15.78
120 21.36
130 22.35
146 23.65
150 24,95
160 26426
170 27.55
180 28.85
190 30415
200 31045
226 34.02
240 36.56
260 39.08
240 41.58
300 44,05

* TWO PHASZ BJIUNDARY

INTERNAL
ENERGY
J/7G

-272.1
-269.5
-2 €6.0
-253 .4
-2%2.6
“246.7
-240. ¢
=234.6
-228.C

-221.€
-214.9
-208.2
-201.3
-194.3
-1¢87.2
~180.C
-172.7
-155.2
-157.7

-142.5
-126.9
-111.5
-35.2
=786
-35,.9
8.4
3.6
132.1
147.9

197.1
2u7.8
300.1
354.1
409.¢8
527.9
6%0.9
778.7
910G
1043.2

1177 o4
1311.2
144643
15754
1704.9
1957.4
225145
2438.1
260845
28% . L

ENTHALPY
J/76

107.2
113.7
118.9
1254
133.1
14140
14949
157.3
16547

17443
183.1
19249
201.1
21044
213.8
229%. 4
233.2
2649.1
259.1

279.5
300l
321.3
343.2
365.6
42345
483.9
54642
51745
67648

74541
815.4
887.9
96246
103%.4
1200.3
1367.0
1533.8
171402
1891.7

2070.0
224%.1 -
242541
260046
2774e 0
3113.9
bbb,
376549
4082.2
4391.7

ENTPOPY
J/7G-K

S.59
Se7b

6.05

6436
6.66
6.96
7.25
7.54
7.32

8.11
_A.38
8.56
8.93
9.20
9.47
9.73
9.99
10.25
10.50

11.00
11.48
11.95
12.61
12.487
13.37
15.03
16.02
16.98
17.89

18.77
19.52
206 .45
21.26
22.05
23.58

© 25403

26441
27.70
28.93

30.08
31.16
32.17
33.12
36,01
35.63
37.07
38.36
39.53
40460

85

SPECIFIC HEA
cv

5 .66
5.72
5.83
5.9
6.03
6.13

J/7G-K

6.22
6.30.

6.33

6.45
6.52
6453
64604
6.70
6.75
6.30
6.85
6.33
6491

6.97
7.03
7.13

7.20

7.27
742
7.5
7.69
7.93
8.1l

8 olele
8.78
9.15
9.54
9.93
10.78
11.45
11.98
12.37
12.60

12.72
12.73
12.65
12.55
124,40
12.07
11.74
11,47
11.25

v
cP

7.06
7.16
7.37
7.57
7.77
7.9%
8.15
3.34
8.51

R.69

8.86

9.03
9.20
9.36
9.52
3.67
9.82
9,96
10.10

10.32

1357 .

10.83
11.08
11. 32
11.82
12.25
12.66
13.06
13,45

" 13.86

11.97

14.29
14,72
15.15
15.55
16. 36
16.96
17.40
17.69
17.83

17.8%
17.78
17.65
17,46
17.24
16.77
16,32
15.94
15.62
15.37

VELOCITY
0F SOUND
M/S

1885
1883
- 1878
1873
1867
1861
1854
1848
1861

1836
1827
1819
1812
1805
1797
1790
1782
1775
1768

1755
1740
1726
1710
1693
1656
1620
1585
1552
1521

16490
1461
1435
1613
1394
1364
1348
1340
1340
1345

1356
1366
1380
1396
16413
1450
1488
1524
1560
1594

(&),

BAR/K

11.93
11.92
11.91
11.88
11.84
11.80
11.74
11.68
11.61

11.53
11.45
11,37
11.27
11.18
11.08
10.98
16.87
10.76
10.65

10.38
10.13
9.87
9.61
9.35
8.69
8.05
7.46
6.91
€.40

5.9
5.52
515
4.81
4.51
3.99
3.56
3.21
2.92
2.67

2447
2.29
2413
2,00
1.88
1.67
1.51
1.37
1.26
1.16

(5);

3ar-cM376

23519
28317
27906
27491
27073
26652
26231
25809
25388

24964
24550
24136
23726
23322
22924
22533
22150
21777
21414

20803
20153
19611
19009
18408
17207
16154
15272
14556
14005

13520
13101
12800
12564
12407
12261
12263
12372
12563
12796

13067
13358
13674
14002
14367
15134
15920
16716
17512
18301



TABLE VI. THERMCNYNAMIC PROPERTIZS

360 BAR ISOBAK

TEMPERA-
“TURE
K

* 22.924
23
24
25
26
27
28
29
30

31
32
33
34
35
36
37
38
39
&)

42
Ly
4o
48
50
55
6
65
70
75

890
85
90
95
100
119
120
130
146
150

160
170
180
130
200
220
240
260
280
300

* TWO PHASE

MOL AR
VOLUME
cmd/se

11.09
11.10
11.15
11.20
11.25
11.31
11.36
11.42
11,48

11.54
11.60
11.66
11.72
11.79
11.85
11.92
11.99
12.05
12.12

12.27
12,42
12.57
12,73
12.89
13.31
13.76
14,22
14,72
15.23

15.75
16.29
16.85
17.42
17.99
19.18
20. 34
21.59
22.81
24l 04

25426
2648
27.714
28.93
3015
32.57
34.98
37.36
39.71
42.05

BOUNDARY

INTERNAL
ENFRCY
/G

$=269,3

-26h8.9
~2€3.°%
-258.(
~252.3
=246.4
~2u0.b
-234.3
-228.1

-221.7
=215.1
-208.°¢
-201.7
~194.9
-187.48
-130,7
-173.5
-166.2
-158.8

-143.8
-128.4
-113.2
-97.2
-80.8
-38.7
5.1
49.9
95.9
143.3

192.2
242.5
294 . €
3484
403.9
521.8
LLRY]
7T72.7
904.1
1037.5

1171.8
13965.6
1438.9
1570.5
1700.1
1963,2
2197.9
26435.1
2666.2
2892.,2

ENTHALPY
J/76

130.1
13746
137.8
16542
152.8
16045
16846
176.8
135.2

193.7
202.4

21142

220.3
229.5
233.8
243,38
257.9
267.7
277.7

297.9
318.0
339.3
361.10
383.1
G4d ek
500.3
562.0
625.7
691.5

759.3
829.1
901.2
97544
1051.7
1212.2
1378.4
1550.0
1725.3

1902.9

2081.2
2259.3
263644
2611.9
2785.5
3125.8
3457.1
3779.9
4095.8
440640

ENTFOPY
J/G=-K

5.62
S5.664
5.95
6.25
.55
E.84
7T.13
742
7.73

7.38
8.26
8.53
8.80
9.6G7
Q.33
9.59
9.45
10.10
10. 35

10.45
11,33
11.79
12.25
12.70
13.79
14434
15.42
16.77
17.68

18.55
19.40
20.22
21.02
21.81
23.33
26,78
26.15
27 .45
28.68

29,83
30.91
31.92
32.87
33.76
35.38
36.82
38.12
39,29
40.36

86

OF PARAHYDRIGEN

SPECIFIC +HEAT

cv

5.7)
S.70
582
5.92
6.02
6412
6.21
6429
6437

6.45
6.52
6453
6 .54
6.70
6.75
680
6.85
6.89
6.92

6.93
7.05
T.14
7.22
7.29
744
7.57
7.72
7.92
8.17

847
8.81
9.13%
9.57
9.95
10.51
11,619
12.01
12.49
12.63

12.74
12.75
12.083
12.57
12.42
12.09
11.77
11.43
11.27
11.13

J/7G-K

cep

7.23
7.11
7432
7.51
7.71
7.90
3.08
8.27
3o bk

8.61
8.78
3.95
3.11
.27
.42
3.57
.72
.86
9.99

19.25%
13,46
13.73
13.96
11,20
11.71
12,13
12.54
12.95%
13. 36

13.76
14.20
14.62
15.07
15.48
16. 32
16.93
17.39
17.68
17.82

17.85
17.78
17.65
17.47
17.26
16.89
16,35
15.97
15.65
15.39

VELOCITY
OF SOUNC
M/S

1912
1912
1997
1902
1896
1890
1886
1878
1872

1865
1858
1851
1844
1837
1829
1822
1815
1808
1801

1787
1774
1759
1746
1730
1692
1659
1623
159t
1559

1529
1499
1474
1449
1430
1398
1380
1371
1369
1373

1341
1391
16404
1419
1435
16471
1507
1543
1577
1611

(5%,

BAR/K

12,06
12.06
12.05
12.02
11.99
11,94
11.89
11.83
11.76

11.69
11.61
11.53
11.44
11.35
11.25
11.15
11.95
10.94
10.83

10.561
10.34
10.09
9.84
9.58
8.93
8.30
7.71
7.16
6.66

6.19
5.77
.39
5.05
4o74
4,20
3.76
3.39
3.09
2.83

2.61
2.42
2.26
2.11
1.99
1.77
1.60
1.45
1.33
1.23

(3);
3aR-cM3/6

29356
23326
28924
28517
28107
27694
27279
26863
26L4L7

26031
25617
25206
24797
24393
23994
23601
23215
22837
22468

21760
21201
20570
20070
19488
13199
17163
16225
15478
14866

16388
13950
13648
13361
13155
12945
12911
12980
13142
13355

13605
13883
16175
14496
-14829
15569
16349
17132
173908
13711



TEMPERA-
TURE

K

24
25
20
27
28
23
30

31
32
33
34
35
36

TABLE VI. THERMCOYNAMIC PROPERTIZS OF PARAHYDROGEN

330 YA TSCBAR

23.338

37

33

39 -

40

42
(N
46
8
50
55
60
65
70
75

80
85
90
95
100
110
120
130
140
15¢

160
170
180
193
200
220
249
269
280
300

MOL AR
VOLUME
cM3/6

11.03
11.06
11.11
11.16
11.22
11.27
11.33
11.38

11.44
11.50
11.55
11.61
11.68
11.74
11.80
11.87
11.93
12.00

12.14
12.248
12.642
12.57
12.72
13.12
12.54
13.99
14445
14.93

15.463
15.93
16445
16.39
17.53
18.64
19.77
20.91
22406
23.22

244 37
25.53
26.568
27.84
28.99
31.28
33.56
35.481
38.05
Lhe?5

* TWO PHASE BOUNCARY

INTERNAL
ENERCGY
J/76

-256.3
-262.8
=2S7 o4
-2%1.8
~2L6.C
~240.1
-234.1
«227.9

-221.6
-215.2
-208.6
=262, .
~195,.2
-189.3
-181.3
“174.7¢
-167.0
-159.7

~luu.8
-129.7
~114.7
-93.18
-82.7
~41.1
243
46 €
a2.2
139.2

187.7
237.8
283.6
343.2
398.6
51642
633,72
767.1
898.5
1022.1

1166.6
1330.8
143441
1565.8
1695.7
1949.¢
2194 .4
2432.3
2663.6
2880 .5

ENTHALPY
J/76

152.8
157.6
164.9
172.5
18J.2
188.2
196.3
204.6

21341
221.7
23044
239. 4
24845
257.8
267.2
27647
28644
29643

31643
336.9
357.3
375%.8
400.8
45746
516,.,9
57841
64143
70645

773.9
343.3
314.9
984.7
10647
122445
1390.4
1561.8
1737.0
1914 .4

2092.8
2270.8
244%8.0
2623.6
279742
313840
3469.7
3793.2
4109.6
t423.3

ENTFROPY
J/76-K

S.b4
5.35
6.15
Balsts
6.73
7.02
731
7.59

7.87
8.1
8.1
8.68
8.9
9.219
9.46
9.72
9.97
10.22

10.70
11.18
11.64
12.10
12.54
13.63
14.66
15.64
16.57
17.47

1R 34
19.19
20.00
20.80
21.58
232,10
24.55
25,92
27.22
28444

29.59
30.67
31.08
32.63
33.52
35.15
36.59
37.39
39.06
40.13

87

SPECIFIC HEATY
cv

5.73
583
Se91
6.01
6.11
6.20
6429
6.37

baoll
6.51
6.53
6.64
6.79
6.76
6.81
6.85
6.89
6.93

6493
7.05
7415
7.23
7.39
740
7.59
7.75
7.95
8.29

8.50
8.8%
9.21
9.6
9.993
10.84
11.51
12.04
12.42
12.66

12.77
12.77
12.71
12.59
12,44
12.11
11.79
11.52
11.39
11.13

J/76G-K

ce

7.13
7.26
7.46
7.65
7.86
8.02
8.29
8.37

8.54
.71
8.87
3.03
9.138
9.34
Je b8
3.63
9.76
9.89

10.15
10.40
10.63
10.88

11.09

11.61
12.02
12.63
12.84
13.26

13.68
14010
14455
14,97
15,61
16.27
16.90
17.37
17.68
17.83

17.85
17.79
17.65
17.48
17.27
16.82
16,38
16.00
15.6%
15,43

VELOCITY
OF SOUND
M/S

1938
1935
1930
1925
1919
1914
1907
1901

1895
1888
1881
1875
1868
1861
1853
1846
1840
1833

1819
1805
1792
1777
1766
1729
1695
1661
1627
1596

1566
1538
1510
1487
1465
16431
164t
1401
1397
1399

1407
1416
1429
1443
1458
1491
1527
1561
1595
1627

(5,

BAR/K

12.20
12.19
12.17
12.13
12.09
12.04
11.98
11.91

11.84
11.77
11.69
11.60
11.51
11.42
11.32
11.22
11.12
11.01

10.79
10.56
10.29
10.05
9.80
9.17
8.55
7.96
7.1
6.90

Bl
6.01
5.62
5.27
4.95
b4l
3.95
3.57
3.25
2.98

2.75
2.55
2.38
2.23
2.10
1.87
1.69
1.54

1.641

1.30

(3),
8ar-cM3/G

30185
29924
2952¢
29124
28718
28310
27900
27489

27078
26668
26259
25853
25450
25051
24657
24269
23888
23515

22794
2211¢b
21604
20992
20531
19225
19145
17204
16394
15751

15233
14833
14438
14175
139114
13644
13564
13601
13716
13909

14155
146401
14694
14992
15317
16020
16783
17557
18339
19107



TABLE vI. THERMCDYNAMIC PRNOPERTIES 0OF PARAHYORIGEN

400 BAR IS0BAR

TEMPERA- MOL AR
TURE VOLUME
K cM3z6

* 23,745 10,97
24 10.93
25 11.03
26 11,08
27 11.13
28 11.18
29 11.24
30 11.29
31 11.34
32 11440
33 11.45
34 11,51
35 11.57
36 11,63
37 11.69
38 11,75
39 . 11.82
4 11.88
42 12.01
uy 12.14
46 12.28
43 12,43
50 12.57
55 12.95
60 13435
65 13,77
72 " 14,21
75 14.66
80 15.13
85 15.61
90 16,10
95 16460

100 17.11
110 18,15
120 19.22
130 20. 30
140 21.39
150 22.48
160 23.58
170 24467
180 25.76
190 26486
200 27.95
220 30.12
240 32.28
260 34,43
280 36455
300 38,65

* TWO PHASE BOUNDARY

INTERNAL
ENERGY
JI7G

-2063.4
-282.1
=256.7
=251.2
-245.5
-239.7
-233.7
-227.6

221 .4
-215.1
-208.6
-202.0
-195.3
-138.5
-131.6
-17 .6
=167.5
-1€0.3

-145.7
-130.7
-115.¢
=100.3
-84.3
-43.1
=0.3
43.6
88.9
135.5

183.7
233.6
285,1
338.5
333.7
511.2
8534.0
761.9
893.4

1327.1

11€1.7
1296.1
1429.5
15€L.4
1691 .5
1945 .4
2191,
2429.5
2661.7
2888.9

CNTHALPY
J/6G

175.4
177.3
184.6
192.1
199.8
207.7
215.7
223.9

232.3
240.9
249,6
258.5
267.5
27647
28641
295.5
305.1
31449

334.7
35541
37544
396.8
41R.5
47449
533.7
594 .4
53741
721.9

783.8

85749

329.1
1002.5
1078.1
1237.3
1402.8
1573.9
1749.0
1920.4

2104.7
2282.9
24600
2635.6
2809.3
3153.3
3482.5
380546
4123.6
4434.8

ENTPOPY
/6=

5.67
5.75
€.05
6.3
6.062
6.92
7.20
7T.48

7.75
8.03
8.29
8.56
8.32
9.98
930
9.59
9.84
10.38

10.57
11,04
11.49
11.95
12.39
13.47
14449
15.46
16.39
"17.28

18.15
18.99
19.80
20.53
21.37
22.88
24432
25.69
26.99
28.22

29.37
30.45
31.46
32.41
33.30
34,92
36.37
37.67
38.84
39.92

88

SPETSIFIC
cv
J7G-X

5.76
5.73
5.39
6.00
6.1
6.13
6.23
he3d

6obl
€.51
6.58
6.6%
5.7
6.75
65.81
6.86
5.90
6,93

7.00
7.07
715
7024
7.32
7e43
761
777
7.93
8.23

8.53
8.87
9.24
9.63
10.02
10.87
11.56
12.07
12.45
12.68

12.79
12.3)
12.73
12.61
12.47
12.14
11.82
11.5%
11.33
11.16

HEAT
cp

7.156
7.22
7e61
7.60
7.78
7.97
delt
.31

B.u8
3.64
8.80
3.95
.11
9.26
3.4
J.54
9.68
9.81

12.06
10.31
13.53
10.78

11.01

11.51
11.93
12.33
12.75
13.17

13.60
14.02
14,45
164.92
15. 35
16,23
156.87
17.35
17.66
17.82

17.85
17.79
17.66
17449

17.28 .

15. 84
16. 41
16.C3
15.71
15.45

VELOCITY
OF SOUND

M/S

1963
1962
1953
1953
1948
1942
1936
1930

1924
1918
1911
1906
18948
1891
1884
1877
1870
1864

1850
1837
1822
1810
1795
1763
1730
1697
1663
1631

1601
1574
1547
1520
1499
1463
16442
1630
1425
1426

1432
1441
1452
1465
1480
1512
1546
1540
1613
1644

(0_"
atly
BAR/K

12.33
12,33
12.31
12.27
12.23
12.18
12.13
12.06

11.99
11.92
11.84
11.7¢
11.67
11.58
11.48
11.38
11.28
11.18

10.97
10.75
10.52
10.25
10.01
ERLY
8.78
8.20
7.65
Telle

6.67
6.24
S5.85

5.49 -

5.17
4.61
41t
3.74
3.41
3.13

2.89
2.68
2.50
2.35
2.21
1.97
1.78
1.62
1.48
1.37

1
Py
GAR-CM;/G

31008
30908
39519
30124
23726
29325
23921
23516

28110
277063
27298
26895
26493
26095
25701
25312
264929
24553

23822
23127
22474
22012
21416
20209
19094
13164
17310
16628

15076
15683
15301
14916
14677
14338
14218
14223
14313
144801

14694
14948
15207
156490
15806
16473
17214
17984
18762
19533--



TABLE VI.

450 34 I[SOAAR

TEMPERA-
TUFE
K

* 2u.762
25
26
a7
28
29
30

31
32
33
36
35
36
37
38
39
40

42
Lo
L6
4
50
55
60
65"
70
75

80
as
90
35
100
110
120
130
140
150

160
170
180
196
200
2240
240
260
280
300

* TWO PHASE

MOL AR
VOLUME
CMI/ZG

10.83
13,84
10.89
10.94
10.98
11.03
11.08

11.13
11.18
11.23
11.23
114306
11.39
11446
11.50
11.55
11.61

11.73
11.85
11.97
12.10
12.23
12.57
12.92
13.29
13.69
14,08

14,49
14.91
15, 34
15.78
16.22
17.13
18.07
19,02
19.97
20.93

21.90
22.85
23.83
24,79
25.7%
27.68
29.60
31.53
33.38
35.25

BIUNDARY

THERMCOYNAMIC PROPERTIES OF PARAHYDRIGEN

INTERMAL
ENZRCY
J/C

-255.9
=254.6
«249.2
-243.7
-233.1
~232.3
=226.4

-220.4
=214.2
-238.92
=2%1.6
-195.1
-188.5
~181.8
-175.C
-168.1
-161.1

-146.2
-132.4
-118.1
-1N2.8
~87.3
=47.2
-5.3
37.7
R2.0
127.8

175.2
22445
275.6
328.5
333.3
50041
622.6
7.6
8R2.C
1015.9

1150.7
1285.4
1419.2
15%1.5
1682.C
1936.8
2183.5
2423.1
2650.6
2885,.2

ENTHALPY
J/G

231.5
233.4
2u0.8
2434
256.1
26L.3
272.1

280.4
288.3
2974
30%.1
315.3
32440
333.1
3u2.4
351.9
361t

38J.9
4008
420.7
Lhi.7
483.2
513.04
57643
635.9
697.6
7613

827.2

835.4

965.9
1034.5
1113.4
1271.1
1435.6
1606.1
1780.7
1957.9

2136.1
23143
2491 .4
2667.2
2840.9
3182.3
3515.4
3840.6
6153.9
b471.6

ENTROPY
J/6-X

Se74
S.81
6410
6.39
6.67
6.95
7.22

7.49
7.76
8.02
8.28
8.54
8.79
9.05
9.29
9.54
9.78

10.26
10.72
11.16

11.561 -

12.05
13.10
14.11
15.06
15.97
16.35

17.70
18.53
19.34
20.12
20.89
22.39
23.82
25.19
264438
27.70

28.85
29.93
30.95
31.89
32.79
LY S
35.86
37.16
38.34
39.42

89

SPECIFIC
cv
J/G6=-K

S5.84
5.37
5.93
6.08
6.17
6425
6435

.43
6452
6.57
6404
6.7
6.75
6481
6.86
6.99
6.9

7.02
7.09
7.19
7.2%
7.35
7.53
7.67
7.83
3.04
8.30

8.61
8.95
9.32
9.73
10.12
10.94
11.61
12.14%
12.52
12.75

12.85
12.86
12.79
12.67
12.52
12.19
11.87
i1.61
11.33
11.22

HEAT
ce

7.25
7.30
7.49
7.67
7.8¢4
8,01
8.18

8.34
3.59
8465
8.80
8,34
9.09
9.23
9.36
9. 49
9.61

9.85
10.09
10. 36
10.61
1J.84
11.31
11.73
12.13
12.53
12.96

13.41
13.86
14.32

14.75

15.138
16.10
16. 80
17.30
17.63
17.80

17.85
17.79
17.66
17.49
17.30
16.87
16.46
16,09
15.77
15.52

M/S

2025
2023
2019
2015
2010
2004
1999

1993
1988
1982
1975
1969
1963
1956
1950
1943
1937

1924
1911
1896
1882
1868
1839
1811
1780
1749
1716

1684
1655
1627
1604
1582
1542
1515
1500
1493
16491

16494
1501
1510
1522
1535
1563
159
1626
1657
1687

VELOCIT (22
Y
oF souno 0TIV

BAR/K

12.66
12.66
12.62
12.58
12.54
12.48
12.42

12.35
12.28
12.21
12.13
12.04
11.95
11.86
11.77
11.68
11.58

11.38

11.17
10.95
10.73
10.50
9.90
9.32
8.75
8.20
7.59

7.22
6.78
6.38
6.01
5.67
5.08
4.59
4.16
3.81
3.50

3.24
3.01
2.81
2.63
2.48
2.21
2.00
1.82
1.67

1.54

9P
Py
34R-CM3/G

33029
32934
325659
32180
31796
316408
31017

30624
30230
298 34
294 39
290064
28651
2326¢C
278712
27487
27106

26361
25642
24954
24301
23690
22490
21434
20458
19628
13872

18200
17674
17230
16940
16641
16144
15873
15798
15824
15924

16084
16289
16520
167385
17052
17656
13338
19074
19840
20592



TABLE VI.

SCC BAR ISOBAR
TEMPERA- MOL AR
TURE VOLUME

K cM3/6

¥ 25.708 16.79
26 10.72
27 10.76
28 10.80
29 10. 85
30 10.83
31 10.94
32 1093
33 11.03
3 - 11.083
35 11.13
36 11.18
37 11.23
38 11.28
39 11,33
40 11.38
42 11.48
by 11,59
46 11.71
48 11.82
50 11.94
55 12.25
60 12.56
65 12.90
70 13,24
75 13.60
80 13.96
85 14,36
30 14472
95 15.11
100 15.51
110 16,31
120 17414
130 17.98
140 18. 84
150 19.70
160 20456
170 21,42
180 22.28
190 23e14
200 24,01
220 25.73
240 27445
260 29.16
280 30.86
300 32.54

* TWO PHASE ROUNCARY

INTERNAL
ENERGY
Rrad

-248.3
-246.8
=241l .4
=236.C
-2W.b
=22446

-218.8
-212.¢
=206.7
=234
=194.1
~187.7
-181.2
~174.5
~1h7.8
-161.0

=147.2
-133.1
-119.1
-104.2
=-99.1
-49.9
-3.9
3.3
76.9
122.0

168.9
217.5
2649.1
320.6
375.¢
431.2
613.3
7ul.8
872.4
1096.4

116t.4
1276.4
14104
1543, (
1673.8
1929.3
2176.8
2417.3
2652.0
2831.8

ENTHALPY
J/6

286.9
289.0
295.5
30ue2
312.0
3200

328.1
33604
Jub .9
3563.5
362.2
371.1
389.1
389%.3
393.5
407.9

42745
Lbbbe6
46642
486.8
507.9
5624
019.3
67841
739.0
801.9

86740
934.3
1004.0
107641
1150. 4
1306.9
1476.3
164341
1814,2
1991.1

2169.2
2347.3
2524.5
2700.2
287442
3215.7
3549.2
287543
4194,.38
4508.7

ENTFOPY
J76-K

5.80
S.88
6416
6olte
6.71
6+39

7.25
7.52
7.78
8.03
8.29
8.54
8.78
A.03
9.27
9,51

9.97
10,43
10.36
11.30
11.73
12.77
12.76
14,79
15.50
16,47

17.31
18.13
18.93
19.70
20047
21.96
23.38
26,74
26.03
27.25

28.40
29.438
30.49
.44
32.33
33.96
35,061
36.72
37.90
38.98

90

SPEC
cv

5.92
S$.35
695
0413
6.25
6.33

6.41
6.493
6.55
6.63
6471
6.75
6.32
6.87
6.91
6.35

7.0%
7.11
7.22
7.31
7.39
7.57
7.72
7.8%3
8.19
8.37

8467
9.32
9.39
9.78
10.17
11.01
11.6%
12.21
12.53
12.81

12.91
12.92
12.85
12.73
12.58
12.24
11.93
11.656
11.45
11.2%

THERMCDYNAMIC PROPERTIES 1JF PARAHYNRIGEN

IFIC

J7G-K

4247
ce

7.34
7.39
7.57
7e74
7.91
3.07

3.22
3.38
83.53
8.67
3.81
3.95
9.08
9.21
3.33
9 445

9.63

3.91
1J.18
10.42
10.65
11.17
11.57
11.97
12.37
12.79

13.24
13.71
14.18
14.63
15.06
15.99

16,71
17.24 .

17.60
17.78

17,84
17.79
17.67
17.50
17.30
16.89
16,49
15. 14
15.84
15.58

VELCCITY
OF SOUND
M/S

2083
2082
2078
2073
2069
2054

2C59
2053 -
2048
2042
2036
2030
2024
2018
2012
2006

1993
1980
1966
1952
1938
1906
1838
1854
1824
1794

1763
1732
1703
1678
1657
1615
1586
1568
1557
1553

1554
1559
1566
1576
1588
1613
1661
1671
1701
1730

(LP
aT
BAR/K

12.98
12.97
12.93
12.88
12.83
12.77

12.7¢
12.63
12.56
12.48
12.40
12.31
12.22
12.13
12.04
11.95

11.75
11,55
11.35
11.13
10.92
10.37
9.80
9.25
B8.71
8,20

7.72
7.28
6.87
6.49
3 4
5.53
S.01
4,57
4e18
3.85

3.57
3.32
3.10
2.91
2.74
2.45
2.22
2.02
1.86
1.71

5),

8aR-CM3/G

35015
34910
34549
Ju183
33811
33436

33057
32675
32291
31906
31520
31134
30748
30364
23981
23601

28852
28120
27411
2673C
2608¢
24621
23579
22640
21801
21059

20363
13736
19223
158812
13543
17962
17593
17402
17339
17387

17493
17643
178490
18065
13325
18867
19487
20173
23912
21669



TABLE vI. THERMCOYNAMIC PROPERTIES OF PARAHYDROGEN

55C B4R ISOBAR

TEMPERA-
TURE
K

* 26.b4d
27
28
29
3¢

31
32
33
34
35
36
37
38
39
40

5
100
110
129
130
140
150

160
170
13u
190
200
220
2490
260
280
300

MOL AR
VOLUHE
cM3/c

10.58
10.50
10.64
10.68
18.72

10.77
10.81
10.85
10.99
10.94
10.99
11.03
11.08
11.13
11.17

11.27
11.37
11.47
11.58
11.68
11.96
12.25
12.55
12.87
13.19

13.52
13.86
14,20
14455
14.91
15.64
16+ 3%
17.14
17.91
14.68

19.46
25e 24
21.02
21430
22.958
24414
25.69
27424
28.78
3C. 32

* TWO PHASE BOUNDARY

INTERMAL
ENERGY
J7G

-2L0.6
-238.7
-233.4
-227.9
-222.3

~216.6
-210.7
“204 .8
-193.7
-192.5
-186.3
-179.9
-173.4
~166.9
-160.2

-146.7
-132.°
-119.2
~104.7
=-%9.9
-f1.5
-11.2
e2
3.1
117.7

1€3.9
212.1
26242
3143
3563.4
484.1
605.6
732.9
864,04
398 .4

1133.5
1268.6
1402.9
1535.7
166648
1922.9
2171.0
2412.3
2647.7
2878.6

ENTHALPY
376

3u41.6
364.2
351.8
353.0
36745

375.5
383.7
332.1
40%.6
409.2
418.0
425.9
435.9
445.0
454,3

473.1
492.4
511.7
532.38
552.7
H06al
652.8
720.7
780.9
843.2

907.6

97443
10643.3
1114.8
1183.5
134442
1505.6
167545
1849,.2
202548

220346
2381.7
2558.9
273446
2908.5
325043
3584.0
3913.5
4235.9
454041

ENTROPY
J/G=-K

S.85
5.95
6.23
6.50
6.77

7.03
7.29
7.55
7.80
8.35
8.30
8,54
8.78
9.02
9.26

9.72
10.16
10.59
11.02
11.45
12.47
13.45
14 .38
15.27
16.13

16.96
17.77
18.56
19.33
20.09
2157
22.98
26,32
25.62
26.84

27.939
29.27
30.08
31.03
31.92
33.55
35.00
36.31
37.50
38.58

91

cv

6.00
6.4
614
€.23
6.32

6ot
6.43
6456
6463
6.70
6.76
6.82
6487
6.92
6.95

7.06
7.12
724
7.33%
Ta62
7.61
7.75
7.94
8.16
8.643

8.74
9.03
9.46
9.85
10.24
11.03
11.75
12.27
12465
12.37

12.93
12.98
12.91
12.73
12.63
12.30
11.91%
11.71
11.59
11.34

J/7G=X

SPECIFIC HEAT
ce

Tetd
749
7.66
7.82
7.98

8.13
8,28
Bab2
8.56
3.70
8.83
8,96
9.09
J.20
9.32

3.54

J.76
10.02
10.25
10.48
11.00
11,44
11.83
12.24
12.65

13.11
13.57
14.05
14.52
14.97
15.88
16.62
17.18
17.56
17.76

17.83
17.78
17.67
17.50
17.31
16.89
16.51
16.18
15.89
15. 66

()
veLocIty 9Tl

OF SOUND
M/S

2139
2138
2134
2129
2125

2120
2115
2110
2105
2099
209
2088
2082
2076
2071

2659
2046
2032
2018
2005
1972
1942
1920
1893
1865

1835
1805
1775
1748
1724
16864
1653
1632
1619
1613

1612
1615
1620
1629
1638
1662
1687
1715
17463
1771

BAR/K

13.29
13.28
13.23
13.17
13.11

13.04
12.97
12.90
12.82
12.76
12.65
12.57

12.48 -

12.39
12.29

12.10
11.91
11.71
11.50
11.30
10.76
10.22

9.69

9.17

8.66

8.19
T.76
7.33
6.94
6.58
5.94
5.0
4.9
4.54
4.20

3.89
3.62
3.39
3.18
3.00
2.69
2.43
2.22
2.04
1.88

(52)
ariy
BAR-CM3/G

35968
36846
36497
361462
35782

356417
35049
34677
34303
33927
33549
33171
32793
32415
32039

31291
30556
29836
29137
28463
26909
25583
26756
23898
23178

22441
21805
21221
20739
20338
19788
19312
19017
18886
18860

18909
13026
19183
19378
19598
20097
20650
21282
21977
22728



600 BAR ISOBAR

TEMPERA- MOL AR

TURE VOLUME

I3 cM3so

* 27.553 10,67

28 10,49

29 10.53
30 10.57
31 10.61°

32 10.65
33 ’ 16.69

34 10.73
35 10.77

36 10.81

37 10.86

38 10,90

39 16494

40 10.99

42 11.68

44 11.17

46 11.26
48 11.36

50 11.46

: 55 11.71
| 60 11.98
: 65 12.26
i 70 12454
| 75 12,84
: 80 13.16
i 85 13.45
‘ 90 13,76
? 95 14,08
? 100 1ha1
110 15.07
| 120 15,74
a 139 16,43
; 140 17.12
1 150 17.83
| 160 18.54
170 19.25

180 19,96

: 190 20.67
| 200 21438
: 220 22481
240 24.22
260 25. 64

280 27.05
300 28446

* TWO PHASE BIUNDARY

INTEREAL . ENTHALPY. ENTROPY

ENERCY
J/7C

-232.7
~230.4
-225.1
-219.6

=214.¢C
-2n08,2
-252.5
-196.5
-190.5
=184,2
-173.1%
-171.7
~165.3
-158.8

“145.5
~132.C

~118.6°

1044
-89,8
-52.2
-12.6

2842
73.5
114.5

1€0.2
237.9
257.6
309,46
363.2
478.3
5499.5

726.5

857 .7
991.7

1126.8
1262.1
1396.5
1529, ¢
1660.8
1917 .6
2166. 1
2407.9
2644 .1
2875.7

J/6

395,7°

393.1
405.7
414,56

42245
439%.7
433.9
4u7.3
45549
4dh.6

7364

482.3
491.3
500.5

519.1
533.1
557.1
57741
597.6
650.5

706.2°

763.7

323.1.

88449

943,.8
1014.9
10834

115643

1227.5

1382,3 .

1544430
1712.1
1885,2
2061 .4

2239.1
2417.0
259,11
2769.8
29343.8
3285.8
361946
394644
4267.3
4583.3

J/G=K

5.91
6.03
6.30
6.56

6.83
7.28
7.34

" 7.59

7.806
8.08
8,32
8.56
8.7
9.33

.48

9.32
10.34
10.77
11.19
12.20
13.16
16,09
14.97
15.82

164564
17 b4
18.23
18.99
19,74
21.22
22.53
23.97
25.25
26,47

27.Hh2
28.69
29.71
30.66
31.55
33.18
34.63
35.94
37.13
38.22

92

SPECIFIC HEZATY

Ccv

7.35

TABLE vI. THERMCOYNAMIC PROPERTIES JOF PARAHYLDRIGFN

J/6-K

cpP

7.51
7.59
7.75
7.90

-3.05
8.20
3.34
8.47
8.61
8.74
%.86

R.98

9.19
.20

9. 42
.64
9.88
10.11
10.33
10. 84
11.29
11.72
12.13
12.56

12.99
13. 46
13.9¢4
14,42
14.88
15.81
164,53
17.11
17.51
17.73

17.81
17.78
17.67
17.50
17.31
16.9¢0
16,52
16.20
15.92
15.69

VELOCITY
QF SOUND
M/S

2193
2191
2187
2183

2179
2174
2170
2165
2159
2154
2149
2143
2138
2132

2121
2109
2095
2082
2068
2035
2004
1974
1954
1927

1901
1871
1843
1816
1799
17u6
1715
1692
1677
1670

1667
1668
1672
1679
1687
1708
1731
1756
1783
1809

(&),

34/K

13.560
13.57
13.51
13.45

13.38
13.31
13.23
13.15
13.07
12.98
12.90
12.81
12.72
12.62

12.44
12.24
12.05
11.85
11.64
11.13
10.60
10.07

9.58

9.929

8.62
8.17
7.75
7.36
64939
6.33
5.77
5.30
4,89
4,52

4,20
3.92
3.67
3.45
3.25
2.91
2.64
2.41
2.22
2.05

),

8aR-CM3 /5

38892
38745
33407
33062

37712
37358
36999
36637
36271
35903
35534
35163
34792
34421

33680
32946
32223
31514
30824
29206
27776
26571
25872
25086

24476
23786
23207
22692
22211
21499
21023
20644
20413
201339

20341
20410
23525
20687
20867
21324
21832
22400
23046
23751



TASBLE VI. THEOMCCYNAMIC PROPERTIES OF PARAMYDROGEN

€50 84 ISOBAR dP P
TEMPERA~ MOLAR INTERIMNAL ENTHALPY ENTROPY SPECIFIC HEAT VELOCITY (5? v 5; T
TURE VOLUME ENERCY cv cP OF SOUND .
K cM3/6 J76 J/7G J/7G-K J/7G-K M/S BAR/K BaR-CM3/G
* 28.4u49 1037 -224.8 449.3 5.96 6.15 7.60 2245 13.89 40792
29 1C. 39 -221.9 453.5 6.11 6.21 7.69 2243 13.86 40613
30 10463 -216.6 451.3 6.37 6.30 7+84 2239 13.79 40285
31 19.47 -211.1 469.2 6.63 6.39 7.99 2235  13.72 39949
3z 106.50 -205.5 477.3 6.89 6.7 8.13 2231 13.64 39609
33 10.54 -199.8 485.5 7.1 6.55 8.27 2226 13.56 39263
3 10.53 -193.9 493.8 7.39 6.62 B8e40 2221 13.48 38913
35 10.62 -188.¢0 502.3 7.63 6.69 8.53 2217 13.40 38559
36 10.H5 -1482.0 510.9 7.38 6.75 B.606 2212 13.31 38201
37 10.70 ~175.8 513.6 8.11 6.82 8.78 2206 13.22 37841
38 1C.74 -169.6 5284 8.35 6.89 8.90 2204 13.13 37479
39 10.78 -153.3 537.4 8.58 6.93 9.01 2196 13.0% 3711¢
40 10.82 -156.9 54544 ‘8.81 6.98 J.11 2191 12.94% 36750
42 10.990 -143.9 564.9 9.26 7.97 9.32 2180 12.75 36320
4y 10.99 -130.6 583.7 9.70 7.15 9.53 2168 12.56 35291
46 11.063 -117.5 602.5 - 10.12 7.27 .77 2155 12.37 34569
48 1t.16 -103.9 52242 10.54 7.37 9.99 2142 12.17 33856
50 | 11.26 -89.2 642.4 10.35 7o47 10.20 2129 11.97 33158
55 11.49 -c2.1 094.7 11.95 7.69% 10.71 2096 11.47 31495
60 11.74 -13.2 7439.7 12.90 7.85 11.16 2064 10.96 299838
65 11.99 27. ¢ 806.6 13.81 T 8406 11.59 2033 10.44 28677
70 12.286 8.8 86546 14.69 8.27 12,03 2003 9.92 27581
75 12,53 112.2 926.9 15.53 8.54 12.46 1984 9,48 26987
80 12.81 157 .6 339.2 16.35 8.%6 12.92 1956 9.01 26253
a5 13.09 20448 1055.9 17.15 9.21 13.36 1932 8.56 25729
90 13.38 254, ¢ 1124.0 17.92 9.59 13.84 1904 8.14 25107
35 13.67 305.6 1194%.4 18.69 9.98 14.33 1877 7.75 24553
120 13.97 359.1 1267.2 19.43 10.38 14.80 1853 7.38 24089
110 14,58 473.8 1421.3 20.90 11.23 15474 1807 6.71 23296
120 1%5.19 594.7 1582.2 22.30 11.89 164 46 1773 6.12 22699
130 15.82 721.3 1743.7 23.64 12.61 17. 04 1747 5.63 22236
140 16. 46 352.3 1922.1 24,92 12.78 1745 1732 5.20 21955
150 17.10 986.1 2097.9 2613 13.00 17.790 1722 4.83 21782
160 17.76 1121.3 2275+ 4 27.28 13.10 17.79 1719 4.50 21757
170 18.41 1256.6 245341 28.35 13.110 17.77 1719 4,20 21786
180 19,05 1391.2 263% .4 29.37 13.02 17.66 -1722 3.94 21877
190 19,72 152444 2805.9 30.31 12.90 17.50 1728 3.70 21999
260 20437 1655.9 2973.9 31.21 12.75 17.32 1734 3.49 22141
220 21,08 1912.9° 3322.0 32.84 12.4) 16.94 1753 3.13 22548
240 22.98 2162.1 365640 34.29 12.08 16.52 1774 2.84 23020
260 24429 24004, 4 3383.0 35.60 11.81 16.20 1797 2.60 23534
280 25.59 2641 .1 L3304 a1 36.79 11.69 15. 95 1821 2.39 24118
300 26.88 2873.3 4620.7 37.88 1144 15.73 1846 2.22 24776

* TWO PHASE BOUNDARY
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TABLE VI. THERMCOYNAMIC PROPERTIEZS OF PARAHYDROGEN

| 700 BAR ISOBAR 13 arp
TEMPERA- MOLAR  INTERNAL ENTHALPY  ENTROPY SPESIFIC HEAT  VELOCITY 9T}y, arly
TURE VOLUME  ENERGY cv CP  OF SOUND
K CH3sG J/6 J/6 J76-K J76-K M/S  BAR/K 3ar-CM3/G
* 29.318 10.27  -215.8 502.4 6.01 6.22 7.63 2295 14,18 42668
30 10,30 -213.2 507.7 6.19 6.29 7.78 2292 14,13 42454
31 10,33 -207.9 51545 6,45 6433 7.93 2289 16.05 42133
32 10.37  -202.4 523.5 6.70 6.47 8.07 2285 13.97 41807
33 10,41 -196.8 531.7 6495 6.55 . 8.21 2280 13.89 41474
34 10.44  =191.0 569.0 7.20 6.62 8,34 2276 13.81 41137
35 16.48  -185.2 54844 7.4 6.59 B.47 2271 13.72 40794
36 10,52  -179.3 55649 7.68 6,75 3.59 2267 13.63 40448
37 10.55  ~-173.2 565.5 7.92 6.83 8.71 2262 13.54 40098
38 10.59  -167.1 5743 8.15 6.99 . 3.82 2257 13.64 39745
39 10.63  =-160.9 583.2 8.39 6.94 8.93 2252 13.35 39389
40 10,67  -154.6 592.2 8.61 6.99 9.03 2247 13.26 39032
42 10.75  -141.8 61044 9.06 7.09 9.24 2236 13.06 33313
44 10.83  -128.7 629.1 9.49 7.17 9. 44 2225 12.87 37592
46 16,91  -115.8 647.7 9.91 7.29 9.67 2212 12.67 36876
48 10.99  -102.0 55743 10.32 7.33 9.89 2199 12.48 35162
50 11.07 -87.9 587.2 10.73 7,43 19.10 2186 12.28 35459
55 11.29 -51.4 73940 11.72 7.71 10.59 2154 11.78 33767
60 11.52 ~13.6 793.3 12.66 7.89 11,03 2122 11.28 32203
65 11.76 26.7 849.6 13.56 8.09 11.48 2091 10.78 30808
70 12.09 68 . ( 908.1 14,43 8.32 11.92 2059 10.28 29606
75 12,25 110.9 963.8 15.27 3.61 12.36 2028 9.78 28609
80 12451 155.8  1031.8 16.08 8.92 12. 84 2011 9.37 28107
85 12.78 202.7  1037.1 16.87 9.27 13.31 1982 8.92 27392
90 13.05 251.7 116448 17.64 9.65 13.77 1958 8.50 26882
95 13.32 302.7  1234.9 18.40 10.05 14,24 1936 8.11 26391
100 13.59 356.0  1307.3 19.15 10,45 14,72 1909 7.74 25859
110 14,15 470.3  1460.8 20.61 11.29 15.68 - 1865 . 7.07 25057
120 16,72 590.8 162141 22.00 11.95 16,41 1830 6.46 24421
130 15.30 717.3 1788410 23.34 12.48 16.96 1802 5.94 23897
140 15.88 848.0  1959.7 24461 12.85 17440 1781 5.50 23431
150 16448 981.6  2135.0 25.82 13.06 17.66 1772 5.12 23235
160 17.08  1116.7 231242 26.96 13.16 17.78 1766 4.78 23088
170 17.69  1252.0  2491.90 28,04 13.15 17.76 1767 447 27148
180 18.29  1336.7  2667.1 29.35 13.08 17.66 1770 4,20 23222
190 18.89  1520.1  2842.6 30.00 12.96 17.50 1775 3.95 23321
200 19.50 1651.7  3016.6 30.89 12.80 17.32 1780 3.73 23432
220 2C.71 1909.2°  3358.8 32.52 12,45 16,92 1796 3.35 23769
240 21,92 2158.8  3692.9 33.98 12.13 16.53 1816 3.04 24200
260 23,12 2601.6 402041 35,29 11.86 16.21 1837 2.78 24683
280 24432 2638.7 434144 36.48 11.65 15.96 1858 2.56 25198
300 25.52  2871.5  4658.2 37.57 11.49 15.75 1881 2.37 25801

* TWO PHASE BOUNDARY

94




TABLE VI.

750 3AR ISOEAR

TEMPERA-
TURE
X

¢ 30.168
31
32
33
34
35
36
37
38
39
40

42
bu
46
48
50
55
60
65
70
75

80
85
90
95
100
110
120
130
146
160

160
17¢
180
19¢
200
220
240
260
280
300

* TWO PHASE

MOL AR
VOLUME
culse

10.18
10.21
10.25
10.28
16.32
10.35
10.39
10.42
10406
10.49
10.53

10.60
10.68
10.75
10.83
10.91
11.11
11,32
11.54
11.77
12.01

12.25
12.50
12.75
13.00
13.25
13.77
14430
14.84
15.38
15.93

16.49
17.05
17.62
18.18
18,74
19,886
26.99
22.11
23.23
244 34

8JUNDARY

THERMCDYNAMIC PROPERTIES OF PARAHYDROGEN

INTERNMAL
ENERCY
J/7G

-298.8
-204.4
-199.0
-133.5
~1497.8
-182.1
-176.3
-170.3
~164.3
-158.2
-1%2.0

-139.4°
~126.4
-113.7
=100.1
~86.2
-%0.2
-12.2
27.0
67.8
110.4

156.8
201.3
250.0
300.8
353.8
467.6
5¢7.9
714.2
84k .8
978.1

1113.1
1248 .4
1393.1
1516.6
16L8.4
1306.2
2156.3
2399.5
2637.1
2870.3

ENTHALPY
J/G

555.0
561.5
559.5
577.6
585.8
594.1
502.6
611.2
6519.9
628.7
637.7

655.8
67443
692.7
712.1
731.9
783.2
837410
892.7
959.6
1010.9

1073.4
1138.5
1205.9
1275.6
1347.8
1500.5
1660.5
1827.0
19938.1
2172.6

234946
2527.0
2704.2
2879.8
3053.9
3396.0
3730.3
4057.05
4379.1
4696.1

ENTROPY
J76-K

6.06
6.27
6.53
6.78
7.32
7.26
7.50
TeTl
7.97
8.20
8.43

8.87

9.390

9.71
10.12
10.52
11.50
12.44
13.33
14.19
15.02

15.83
16.61
17.38
18.14
18.38
20.33
21.73
23.06
24432
25.53

26.67
27.75
28.76
29.71
30.60
32.23
33.69
35.00
36.19
37.28

95

SPECIFIC HEAT

cv

6430
6.37
6.46
6.54
6452
6.69
6.75
6.83
6.89
6.94
6.393

7.09
7.13
7.31
7.41
7.51
TelTh
7.32
8.13
8.38
8.65

8.99

9.33

9.72
10.11
10.51
11.35
12.03
12.55
12.92
13.13

13.23
13.22
13.14
13.02
12.85
12.52
12.19
11.91
11.70
11.54

J7G-K

ce

7.77
7.89
8.03
8.186
8.29
8.41
8.54
3.65
3.76
8.87
8.97

9.17
9. 36

9.59 -

9.80
10.00
10.49
10.92
11.36
11.82
12.28

12.73
13.24
13.72
14,19
14.65
15.63
16.36
16.92
17. 32
17.61

17.74
17.76
17.66
17.50
17.32
16,92
16.54
16.22
15.96
15.77

VELOCITY
OF SOUND
H/S

2343
2340
2336
2333
2328
2324
2319
2315
2310
2305
2300

2290
2279
2267
2254
2241
2209
2178
2146
2113
2081

2050
2036
2006
1984
1962
1917
1885
1856
1833
1816

1812
1808
1814
1819
1824
1837
1855
1875
1895
1915

(&)
aTly
BAR/K

14.46
14.39
14.31
14,22
16.13
14.04
13.95
13.85
13.75
13.66
13.56

13.36
13.17
12.97
12.77
12.57
12.08
11.58
11.09
10.60
10.11

9,63
9.27
8.84
Bolels
8.07
7.39
6.79
6.25
5.77
5.38

S.04
4.73
445
4.19
3.96
3.56
3.23
2.96
2.73
2.53

(37)
ap T
Bar-cud/c

44524
44269
43956
43637
43312
42982
42646
42307
41963
416186
L1267

40562
39851
39140
38431
37727
36017
34611
32343
31660
30561

29652
29222
28502
28054
27636
26711
26127
25555
25082
24582

24476
24341
24499
24627
24729
24974
25372
25825
26321
26825



TABLE VvI. THERMCBYNAMIC PROPERTIZS OF PARAHYDRIGEN

800 BAR IS0BAR

TEMPERA- MOL AR
TURE VOLUME
K cM3/s6

* 30.999 10.10
31 10.10
32 10.13
33 10.16
34 10.20
35 10.23
36 10426
37 10. 30
33 10. 33
39 10.36
49 10,40
42 10447
4y 10,54
46 10.61
48 10.68
50 10.76
55 10.95
60 11.14
65 11.35
70 11.56
75 11.78
80 12401
85 12.24
90 12.48
95 12,71

100 12.95
1190 13. 44
120 13.93
130 14443
1490 14,93
150 15444
160 15.96
170 16449
189 17.01
190 17.54
200 18,07
220 19,12
240 20417
260 21.22
280 22.26
300 23.31

* TWO PYASE BIUNDARY

INTERNAL
ENERGY
J/7G

-290.7
~230.7
~195.4
-190.0
=184.4
-178.8
-173.¢
-167.2
-161.2
-155.2
-149.1

-136.6
-123.8
-111.3
-97.8
-84.1
~48.5
-11.C
27.8
68.3
110.5

154 . €
200.8
249.0
299.6
352.3
465.7
585.7
711.9
8u42.u
975.7

1110.4
1245.6
1380.3
1513.8
1645,.,7
1903.9
21544
2398.0
2636, (
2869.7

ENTHALPY
J/6

607.2
607.2
6515.1
523.1
531.3
633.6
548410
85646
56543
67440
682.9

709.9
719.3
737.6
756.8
776.5
82743
880.6
935.8
993.3
106341

1115.2
1179.7
1247.1
1316.4
1383.4
1540.7
1763.1
1866.4
2037.¢
2211.0

2387.2
256446
2741, 4
2917.,2
3091.4
343346
3768.43
4095.6
b417.2
473443

ENTROPY
J/G-K

6.11
6.11
6.36
6.61
6.85
7.09
7.32
7.56
T 7.80
8.02
8.25

8.69
9.12
9.52
9.93
10.33
11.30
12.23
13.11
13.96
14.79

15.59
16.37
17,14
17.49
18.63
20.98
21,47
22.80
26406
25.26

26440
27.48
28.49
29.44
3033
31.96
33.42
34.73
35.92
37.01

96

SPECIFIC HEAT

cv

6.37
6437
645
654
6452
6.79
6.77
6 .84
6.99
6.95
7.00

7.10
7.19
7.32
7.43
7.53
7.76
7.96
8.17
8.42
8.71

9.04

9.490

9.78
10.13
10.58
11.643
12.10
12.62
12.99
13.21

13.29
13.29
13.21
13.08
12.92
12.58
12.25
11.97
11.75
11.59

J/6-K

cep

7.85
7.85
7.99
8.12
3.25
8.37
8.49
8.69
3.71
3.82
8.91

J.11
9.30
3.52
9.73
9.92
10.39
10.82
11.26
11.72
12.19

12.66
13.13
13.66
14.13
14.60
15.58
16. 34
16,89
17.28
17.53

17.71
17.72
17.68
17.51
17.32
16493
16,55
16.23
15.97
15.77

VELOCITY
OF SOUND
M/S

2390
2390
2387
2383
2379
2375
2370
2366
2361
2357
2352

2342
2332
2319
2307
2294
2263
2231
2199
2166
2133

2101
2070
2058
2033
2008
1964
1932
1308
1885
1864

1849
1851
1849
1859
1866
1878
1893
1912
1930
1949

("_E
aTly
BAR/K

14,73
14.73
14.64
14,55
14,45
14,36
14.26
14,16
14.06
132.96
13.86

13.66
13.46
13.25
13.05
12.85
12.36
11.87
11,38
10.90
10.42

9.95
9.48
S.17
8.75
8.37
7.69
7.10
6.55
6.05
S5.62

5.27
4.97
4.68
4o42
4.18
3.76
3.42
3.13
2.89
2.68

oP
arly
3aR-cM3/6

46369
45360
46062
45756
456443
45125
44801
Lyu7e
L4138
6380C
43459

42769
L2070
41367
40663
39962
38241
36603
35088
33728
32542

31537
30708
32330
29772
29215
28313
27648
27217
26716
26197

25677
25679
25629
25819
25996
26206
26521
26958
27422
27920



850
TEMPERA-
TURE

K

*  31.816
32
33
34
35
36
37
38
39
40

42
44
46
48
SC
55
60
65
70
75

80
85
30
35
100
119
120
130
140
153

1690
170
18]
190
200
220
2439
260
280
300

* TWO PHA

TABLE VI,

BAR ISOBAR

MOL AR
VOLUME
cMdse

10.02
16.02
10.05
10.09
10.12
10.15
10.18
10.21
16425
10.28

10.35
10441
10.48
10.55
16.62
10.80
10.98
11.17
11.37
11.58

11.79
12,00
12.22
12.45
12.68
13.13
13.60
14.07
14454
15.01

15,49
15,98
16,48
16497
1747
18446
19,45
20443
21,41
22.39

SE SOUNDARY

THERMCDYNAMIC PROPERTIES OF PARAHYODROGEN

INTERNAL
ENERCY
J/G

-192.6
-191.¢
-186.3
~1%0.8
-175.2
-163.5
-1€3.8
-157.9
-1%1.9
-145.9

-133.6
-121.0
-134.5
-95.3
-81.7
464
-9.3
29.2
69.3
111.2

155.0
200.9
2u8.9
299.0
351.¢
464 .6
584,73
710.2
840.8
97 .1

1108.7
1243.7
1378.3
1511.8
1643.8
13902.2
2153.1
2397 .1
2635.¢
2869.7

ENTHALPY
J/6

658.9
56043
65844
67645
684.8
693.2
701.7
710.3
719.0
727.9

745.8
764a1
782.2
801.4
820.9
871.3
924.2
379.0
1036.0
1095.3

1157.1
1221.2
1287.8
1357.5
1429.1
158d.8
1764041
1906.9
207545
2250.1

242547
2602.1
2779.1
295443
3129.1
3471.5
3806.0
4133.7
445545
477247

ENTROPY
J7G6=-K

6.15
6.20
645
6.69
6.93
T.17
7.40
7.63
7.86
8.08

8.52
8.94
9.35
9.75
10.15
11.11
12.03
12.91
13.75
1457

15.37
16.15
16.91
17.66
18.40
19,84
21.23
22.55
23.82
25.02

26415
27.22
28.23
29.18
30.07
31.71
33.16
Jbob?
35467
36.76

97

SPECIFIC HEAT
ce

Cv

bbb
6.46
6.54
6.62
6479
6.77
6.364
6.90
6.96
7.01

7.11
7.21
734
7 .45
7.55
7.79
7.99
8.21
Beu7
8.75

9.13
CXY T4
9.85
10.24
10.65
11.59
12.15
12.69
13.06
13.28

13.37
13.35
13.27
13.14
12.93
12.63
12.30
12.02
11.81
11.64

J/6-K

7.93
7.95
8.09
8.21
8.33
8.45
8.56
8.67
8.77
8.87

9.06
9.24
9. 46
9,66
.86
10. 32
10.74
11.17
11.63
12.11

12.59
13.407
13.5¢4
14410
14.54
15.54
16431
16. 89
17.25
17.48

17.62
17.71
17.64
17.55
17.34
16.94
16455
16.24
15.97
15.77

VELOCITY
OF SOUNG
M/S

2435
2435
2431
2428
2624
2419
2415
2411
2406
2602

2392
2382
2370
2358
2345
2314
2283
2251
2217
2184

2151
2119
2089
. 2079
2057
2005
1973
1951
1935
1915

1894
1882
1388
1887
1902
1916
1931
1946
1964
1982

op
atly
BAR/K

14.99
14.98
14,88
14.78
14.68
164.57
14.47
14,37
14.26
14,16

13.95
13.74
13.53
13.33
13.12
12.63
12.14
11.66
11.18
10.71

10.25
9.79
9.33
9.07
8.67
7.96
7.36
6.83

6.33

5.88

S5.49
5.18
4.89
Lebl
L.t
3.96
3.60
3.30
3.064
2.82

(QE
apl;
BAR-CM3/G

48179
48126
47833
47533
47227
4691t
4659¢
46272
45944
45612

44936
44250
43557
42860
42163
40438
38777
37220
35739
34537

33448
32531
31774
31425
30983
29746
29043
28600
28346
27861

27222
26719
26834
26649
27089
27386
27708
28038
28510
28979



TABLE VI.

900 BAR ISO0BAR

TEMPERA-
TURE
K

* 32.614
33
34
35
36
37
38
39
40

42
Lo
46
48
50
55
60
65
70
75

80
85
90
95
100
119
122
130
140
150

160
170
180
190
200
220
240
260
280
300

MOL AR
VOLUME
ctM3se

9.94%
9.95
9.98
10.01
16.04
10.07
10.11
10. 14
16.17

10,23
10.29
10.36
10.42
10.49
10.66
10.83
11.01
11.20
11.39

11.59
11.79
12.00
12.20
12.43
12.85
13.29
13.73
14.19
14.63

15.08
15,53
15.99
16446
16.93
17.87
18.80
19,73
20465
21.57

* TWO PHASE BOUNDARY

THERMOOYNAMIC PROPERTIES OF PARAHYDRIGEN

INTERNAL
ENERGY
J/7G

-18u4.4
-182.4
-177.0
-171.5
-165.9
-1€0.2
~154.4
-148.5
-142.5

-120.3
-117.8
-105.6
-92.4
-78.9
-44.,0
-7.2
0.9
70.7
112.3

155.9
261.6
249.4
299.3
3c1.4
464 .2
583.6
709.3
839.7
973.1

1107.8
1242.7
1377 .1
1510.5
1642.5
1901.2
2152 .4
2396.8
2635.7
2870.2

ENTHALPY
J/6

710.2
713.3
7214
729.7
738.0
74645
755.1
763.8
772.%6

790.4
808.6
826.7
845.7
86541
915,.2
967.8
1022.1
1078.7
1137.6

1199.0
126249
1329.1
1397.8
1470.9
1621.1
1779.9
1945 .4
211644
2289.8

246448
2640.3
281644
2991.7
3166.2
3509.5
384445
417241
4434.0
4811.6

ENTROPY
J/7G-K

6.20
6.29
6.54
6.77
7.01
7.24
Tel7
7.70
7.92

8.35
8.78
9.18
9.58
9.98
10.9¢%
11.85
12.72
13.56
14.37

15.16
15.9%
16,70
17 .44
18.18
19.82
21.00
22.32
23.59
24,79

25.92
26.98
27.99
28,93
29.83
.47
32.92
34423
35.43
36.52

98

SPECIFIC
cv
J/G-K

6.51
6454
6.62
6.79
6.78
6485
631
6.97
7.02

7.12
7.22
7.35
74?7
7.57
7.81
8.02
8.24
8.51
8.81

9.15

3.53

9,92
10.32
10.71
+1.57
12.24
12.76
13.13
13.35

13.044
13.43
13.34
13.21
13.04
12.69
12.36
12.08
11.85
11.89

HEAT
cP

8.01
3.06
8.18
8.30
.42
8.53
8.64
8e74
8.83

3.01
3.20
J.b1
3.61
9.80
19.25
10.66
11.69
11.55
12.03

12.52
13.02
13.50
13.36
14.53
15.49
16.24
16.87
17.24
17.45

17.55
17.66
17.64
17.50
17440
16.95
16455
16424
15.99
15.79

(O_P
VELCCITY \gT
OF SOUND

M/S

2480
2478
2475
2471
2467
2463
2459
2454
2450

2441
24390
2419
2407
2295
2364
2332
2300
2267
2233

2199
2167
2136
2108
2100
2050
2018
1989
1978
1963

1945
1915
1913
1924
1921
1951
1968
19880
1995
2012

v
BAR/K

15.25
15.21
15.10
15.00
14.89
14.78
14.67
14.56
16,45

14,23
16,02
13.81
13.59
13.39
12.88
12.39
11.91
11.45
10.98

10.52
10.07
9.63
9.19
8.97
8.23
7.61
7.08
6.60
6.13

5.72
5.37
5.08
4,83
4.59
4.16
3.78
3.46
3.20
2.97

(Q_P
Pl
8AR-rM3/5

43981
49872
49585
49291
48989
48682
48368
48050
47726

47067
46394
45712
45023
46331
42607
409390
33338
3786€
36539

35374
34376
33540
32849
32494
31377
39692
293925
29816
29492

28962
27872
27700
27949
27675
28496
28917
239175
23545
29982



350
TEMPERA-
TURE

K

* 33.398
34
35
36
37
38
39
40

S5
1909
110
120
130
140
150

160
170
180
193
209
220
240
260
280
300

TABLE VI.

84R [SOBAR

MOL AR

VOLUNE
cHu3d/se

9. 87
S.88
9.91
9.94
9.97
10.03
10.03
10.G6

10.12
10.18
10.24
1C.31
10,37
10.53
10.70
16.87
11.04
11.22

11.41
11.60
11.79
11.99
12.19
12.61
13.901
13.44
13.86
14,28

14,71
15.13
15.55
15.98
16. 44
17.33
18.22
19.09
1%.9%
20.83

+ TWO PHASE SOUNDARY

THERMCOYNAMIC PROPERTIES OF PARAHYDROGEN

INTERMAL
ENERGY
J/76

-176.2
-173.0
-1567.6
-152.1
-156.4
-120.7
=144 .8
-138.9

-126.9
-114.5
-102.2
-89.3
-76.0
~41.3
~4.8
33.0
2.5
113.9

157.2
20247
2%0.2
330.2
352.2
464.4
58345
739.¢C
839.2
972.6

1107.5
1242.5
1376.9
1510.1
1642.0
1908.7
2152.2
2397.1
263644
287143

ENTHALPY
J/6

761.1
766.0
774.2
782.6
731.0
799.6
808.3
817.0

83L.8
852.9
870.9
889.9
909.2
959.9
1011.2
1065.2
1121.4
1180.0

1241.0
1304.5
1370.6
14 39,0
1509.8
1652.0
1819.7
1985.3
2155.7
232945

250447
2679.A8
285446
3028.4
320346
3546.9
388340

421049 |

4532.9
485045

ENTROPY
J/7G-K

6.24
6.39
6.63
.86
7.09
7.32
7.54
7.77

8.20
8.h2
9.02
9.42
9.82
10.77
11.68
12.54
13.37
14.18

14,97
15.74

16.49 -

-17.23
17.96
19.41
20.78
22.11
23,37
264,57

25.70
26476
27.76
28.70
29.60
31.24
32.70
34.01
35.20
36.30

99

SPECIFIC HEAT

cv

6.58
6.63
6.71
6.78
6.85
6.92
6.98
7.03

T.14
7.24
7.37
7.49
7.59
7.84
8.05
8.23
8 .55
8.86

9.21

9.58

9.93
10.39
10.73
11.64
12.31
12.83
13.20
13.42

13.52
13.51
13.42
13.23
13.11
12.75
12.42
12.14
11.92
11.75

J76-K

cp

8.09
8.16
3.28
8.40
3.51
8.61
8.71
8.80

8.98
9.16
9.37
3.56
9.75
10.19
10.59
11.02
11.47
11.95

12. 45
12.96

13.45

13.93
14,37
15,40
16.20
16483
17.26
17445

17.52
17.53
17.59
17.51
17.34
16499
16.56
16.25
16.00

15.80 -

VELOCITY
OF SOQUND
M/S

2523
2520
2517
2513
2509
2505
2501
2496

2487
26477
2466
2454
2442
2411
2380
2348
2314
2280

2246
2213
2182
2152
2125
2107
2055
2025
2009
2004

1992
1975
1942
1944
1958
1978
2001
2013
2026
2062

5,

BAR/K

15,50
15.643
15.32
15,20
15.09
14.97
14.86
14.75

14,52
14.29
14,07
13.86
13.64
13.13
12.63
12.15
11.69
11.23

10.78
10.34
9.90
.47
9.04
8.50
7.84
7.30
6.83
6.38

5.95
5.58
5.25
5.00
4.76
Lol
3.95
3.62
3.34
3.10

(3)
oriy
BAR-CH3/G

51768
51601
51319
51029
50732
50429
50120
498086

49163
48504
47833
47153
4LeL67
L4748
43059
41439
39924
38539

37306
36234
35323
34562
33930
33547
32102
31259
30868
30894

30604
30068
28769
28651
28988
29384
30026
30279
30574
31005



TABLE VI. THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

1000 BAR ISOBAR P 9P

TEMPERA- MOL AR INTERNAL ENTHALPY ENTROPY SPECIFIC HEATY VELOCITY T v ar T

TURE VOLUME ENERGY cv ce OF SOUND

K cMdse J/G 36 J/G-K J/6-K M/S BAR/K 3aR-CH3/G
* 34,169 9,80 -168.0 811.7 €.28 6.65 3.16 2564 15.74 53539
35 9.82 -1€3.6 318.5 Eel8 6.71 8.26 2561 15.64 53314
36 9.85 -158.1 826.9 6.72 5.79 8.33 . 2558 15.52 53035
37 9.88 -1%2.5 835.3 6.95 6.86 3.49 2554 15.40 52749
38 9.91 ~146.8 843,38 7.17 6.93 3.59 2550 15.28 52456
39 9. 94 -141.0 852.5 7.40 6.39 3.68 2546 15.16 52157
40 9.96 -135,¢ 8561.2 7.62 7.04 8.78 2541 15.04 51852
‘ Y4 10. 02 -123.2 878.9 8.905 7.15 3.95 2533 14.80 51225
| Ly 10,08 -111.6 897.0 847 7.25 9.13 2523 14.57 50581
| 46 10.14 -98.9 914,9 8.87 7.39 9. 34 2511 14,34 49922
: 48 10.20 8640 933,8 9,27 7.51 9,53 2500 14,11 49251
50 10.26 -12.7 953.0 3.66 7.52 9.71 2488 13.89 48573
{ 55 10.41 ~38.4 1002.7 10.61 7.87 10. 14 2457 13.36 46862
| 60 10.57 -2.1 105446 11.51 8.08 10.53 2426 12.86 45165
: 65 10.73 35.5 1108.3 12.37 8,31 10.95 2394 12.38 43523
70 10,89 .7 115641 13.20 8.53 11.40 2360 11,92 41969
75 11.07 115.8 1222.3 14.00 8.90 11,88 2326 11.47 40534
80 11.24 158.9 1283.0 14,79 9.25 12.39 2291 11.02 39238
: 85 11.42 204.2 1346,2 15,55 . 9.64 12.90 2258 10.59 38097
| 90 11.60 2¢1.7 14612.0 16431 10.00 13.41 2226 10.16 37114
: 95 11.79 301.4 1480.3 17.04 10.45 13.90 219 9.73 36284
100 11.98 353.4 1550.9 17.77 10.36 14436 2169 9.31 35592
110 12.35 465,2 1700.3 19,19 11.72 15.23 2118 8.50 34527
120 12.76 S84.C 1860.2 20,58 12.38 16420 2088 8.07 33349
130 13,15 709.3 202447 21.90 12.91 16,84 20590 7.50 32233
140 13,55 839.4 2194.6 23.16 13.2% 17.25 2039 7.03 31990
150 13.96 972.6 2368.5 24,36 13,50 17.50 2030 6.60 31779
| 160 14,37 1107.6 2544 .7 25.50 13.59 , 17.53 2031 6.18 31975
| 170 14,77 1242.8 2719.9 26,56 13.53 17.50 2021 5.79 31698
: 180 15,17 1377.4 2894.2 27.55 13.49 17.42 2005 S.bb 31147
| 190 15,57 1510.7 3067.3 28.49 13.35 17.47 1968 Selb 29608
1 200 15.98 1642, 4 3239.9 29.37 13.18 17.36 1971 4.91 29505
220 16. 84 1900.9 3585.1 31.02 12.82 17,09 1981 4,49 23423
240 17.68 21%2.6 3320.9 32.48 12.48 16.60 2025 4.12 30868
260 18.52 2397.8 4249.6 33.80 12.29 156,26 2044 3.78 31326
280 19. 34 2637.5 4571.7 34,99 11.98 16. 00 2057 3.49 31690
300 20.16 2872.9 4889.,2 . 36,09 11.81 15.80 2069 3.24 31993

* TWO PHASE BOUNDARY

100
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