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THERMOPHYSICAL PROPERTIES OF PARAHYDROGEN FROM THE FREEZING
LIQUID LINE TO 5000 R FOR PRESSURES TO 10, 000 PSIA®

Robert D, McCarty and Lloyd A, Weber

Tables of thermophysical properties of parahydrogen are presented
for temperatures from the melting line to 5000 R for pressures from 1
to 10,000 psia. The tables include entropy, enthalpy, internal energy,
density, volume, speed of sound, specific heat, thermal conductivity,
viscosity, thermal diffusivity, Prandtl number and the dielectric constant
for 65 isobars. Also included in the isobaric tables are quantities of
special utility in heat transfer and thermodynamic calculations: (3P/3V);,
(3P/3T),, V(dH/3V)s, V(AP/3U)y, -V(3P/3V)y, 1/V(dV/3T)s.

In addition to the isobaric tables, tables for the saturated vapor and
liquid are given which include all of the above properties, plus the surface
tension, Tables for the P-T of the freezing liquid, index of refraction and

the derived Joule-Thomson inversion curve are also presented.

Key Words: Density; dielectric constant; enthalpy; entropy; equation of
state; fixed points; heat transfer coefficients; hydrogen; index of refraction;
Joule -Thomson coefficient; latent heat; melting point; Prandtl number;
specific heat; speed of sound; surface tension; thermal conductivity;

thermal diffusivity; vapor pressure; viscosity; volume,
1. Introduction

The purpose of this document is to assemble, under a single cover, data on many

of the properties of hydrogen commonly used for engineering calculations, over as wide a

temperature and pressure range as possible, and present these data in a form convenient
to the engineer, All of the data presented here have been critically selected and represent

the ""best values' for that particular property at this time,

Thls work carried out at the National Bureau of Standards, supported by NASA -MSC
Contra.ct T- 1813A a.nd NASA-OAR'I‘ Contract W 13 353
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2. Thermodynamic and Related Properties

2.1 PVT Surface

The PVT surface of Roder, et al. (1965), which is based on the experimental data
of Goodwin, et al. (1963), was used to calculate all of the thermodynamic and related
properties for temperatures below 90 K. The computer program used by Roder, et al. (1965)
was modified to allow extrapolation to pressures of 10,000 psi, see Region B, figure 1.
For densities greater than 5 1b/ft®, the representation of the PVT surface by Roder, et al.
(1965) was replaced with an empirical equation of state like that previously used for
oxygen (Weber, L. A., 1970). This equation is cubic in both temperature and density
and fits the experimental data with an average standard deviation of 0.01% in density.
An equation of state of the modified Strobridge (1962) type was used to calculate all of the
thermodynamic and related properties for temperatures above 100 K. To insure a smooth
transition between the two surfaces a weighted average of the low and high temperature
surfaces was used between 90 and 100 K. This average was calculated by equation (1).
P(p,T) = (p,T) [ (100 - T)/10] + P (6, TY[ 1 + (T-100)/10] (1)

Plow range high range

The equation of state developed for temperatures above 100 K has not been

previously published and will be described here. The equation of state is:

P =pRT + (N T+ N, + N, /T + N, /T? + Ng /T*)¢®

atm

+ (Ng T2 + N, T + Ng)p® + Ngp* T

2 (2)

+p% (Nyo /T2 + Ny, /T® 4+ N, ,/T*)e"P
2

+ 07 (Ny, /T2 + Ny, /T® + N, /T*)eYP

s
+ Nygo

where P is in atmospheres, T is in Kelvin, and p is in moles per liter.

The parameters for equation (2) are given in table 1.
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Table 1, Least squares estimates of parameters N; in equation (2)

N, = 1.4961551208 x 10°3 N,o = -3.1263011903 x 10*?
N, = -1.5006828624 x 1072 N,, = 5.3359371204 x 10*2
N, = -2.8434013385 x 10%1 Ny, = 8.8611547530 x 10**
N, = 1.5564502978 x 10+3 N,s = 2.0727677845 x 1071
N, = -2.1545800614 x 108 N,, = -2.2517870830 x 10*}
Ny = -3.5038610714 x 1078 Ny = 6.8278056458 x 10*2
N, = 3.8441135632 x 1075 N, = 4.9195075735 x 1078
N, = 1.4760364722 x 10™° y = -0.0018

N, = 9.7378323406 x 10™8 R = 0.0820535

The PVT data used to estimate the coefficients for equation (2) consisted of the
following: the 90 and 100 K isotherms of Roder, et al. (1965) extrapolated to 700
atmopsheres; all of the PVT sources used by Woolley, et al. (1948) in their compilation;
and all of the isotherms reported by Michels, et al. (1959, 1963). In addition to the PVT

data described above, the derivatives (aP/aT)p, P /a3p) the internal energy and C,

data from the extrapolated 90 and 100 K isotherms of RodTer, et al. were used in the fit.
The internal energy and C, values of Michels, et al. (1959, 1963) were also used in the
fit. As a result of including the internal energy and C, data of Michels, et al. in the
fitting procedure, the disagreement between the calculated internal energies and C.'s
and those of Michels, et al. was reduced by an order of magnitude. At 300 K, the
maximum disagreement is about 2 BTU/1b in U for pressures less than 10,000 psi.

The highest temperature for the experimental PVT data used in the least squares
fit is 673 K. At the time the equation was developed it was desirable to extrapolate the
pressures at temperatures to 3000 K. An investigation of the contribution of the second
and third virial terms in the eéuation of state for temperatures from 700 to 3000 K and
pressures to 700 atmospheres indicated a strong compensating relationship between
the two terms, i.e., -if the results of the least squares estimation produced a small
second virial for these high temperatures a large third virial resulted, and if the second
virial turned out to be too large, the third virial was compensatingly small. Thus the
calculated densities from the two extreme situations agreed to within 0.5%.

The uncertainties listed in table 2 are based on the goodness of fit in the region
where experimental data exist and upon the variation in calculated density between

various extrapolations into regions of pressure and temperature where no experimental

data exist. (See figures 1 and 2.)
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Table 2. Uncertainties in the PVT Data

Temperature Range Pressure Range Uncertainty in Density
700 - 3000K 1 - 700 atm 1 % (extrapolation) Region D, figure 2
100 - 700 K 1 - 340 atm 0.5 %
100 - 170K 340 - 680 atm 1 % (extrapolation) Region C, figure 1l
170 - 700 K 340 - 680 atm 0.5 %
13- 100K 1 - 340 atm 0.1 % (except critical region)
Critical Region Te 1%, p, £20% 6 %
Solid - 100 K 340 - 700 atm 1 % (extrapolation) Regions A and B,
figure 1

2.2 Derived Thermodynamic Properties

The enthalpy H, speed of sound W, entropy S, specific heats Cp' Cy, and
the internal energy U, were calculated for the lower temperature range directly from
the equations taken from Roder, et al. (1965), and should be identical to those of Roder
when proper unit conversion is applied. Except in the critical region, (T_ * 1%, p. * 20%)
and the region of extrapolation, the uncertainty in these derived properties calculated '
from Roder's equations is estimated to be less than 2%. It is difficult to assess the ’
uncertainties of the derived properties in the critical region. For example, the specific
heat near the critical point becomes very large but quantitative estimates are not
available. In the extrapolated region below 100 K, the uncertainty of the derived
properties is estimated to be no greater than 10%. For temperatures between 90 and 100
K, equation (1) was used for each property.

For the high temperature range, T > 100 K, the derived thermodynamic
properties were calculated by means of the equation of state, equation (2), and the

following relationships:

p T
soomn(B2)s [R5 EF) Jeos [ ) F (5



o T
H = TL[-‘%-:—Z(S—%)Q]@+§-RT+L C;dT (4 _
o 2
c, = co -Tfo %(%;%)pdp (5)
2
Cp= C, +T (g—,llf)p / 92@_;1;)1, (6)
c 1
3P\ 12
v [(@)E)]

where P° is 1 atmosphere and the ideal gas properties, C% and C.?, are for parahydrogen
from Woolley, et al. (1948) who estimates the uncertainty in these properties to be less
than 0.3%. The subscript T before the integral signs indicates an isothermal

integration.

In all cases the input variable pair was pressure, P, and temperature, T. The
uncertainty of the derived properties including the specific heat is estimated to be no more
than 2% over the temperature range from 100 to 700 K for pressures less than 350
atmospheres. From 700 to 3000 K the uncertainty of the derived properties is probably
no greater than 5%. At the upper limit of the temperature range dissociation is important
and has been taken into account: For a detailed description of the dissociation
calculations, see Roder, et al. (1972).

At the boundary of the high and low temperature surfaces for pressures below 350
atmospheres the disagreement between the two is no greater than 0.8% in any of the
derived properties including specific heat. For pressures above 350 atmospheres the

disagreement at the boundary of the high and low temperature surfaces is as much as 3%.

2.3 Related Properties

A number of parameters such as the specific heat input [ V(3H/3V)p ] are of use
to the engineer. Several of the more useful quantities of this kind have been tabulated
here for the convenience of the user. These quantities have been derived from the two

PVT surfaces described in section 2.1.

Specific heat input

0 = v (32 RN [(g—pli)r/(-g-g)v] (8)



Energy derivative

¢ - vi5) = o GF) ®)
v v
Isothermal bulk modulus
oo V@) - ()
Volume expansivity
-3 GE) -1 6R) /6,

2.4 Extrapolations

An immediate need exists in NASA's space shuttle program for hydrogen property
data at pressures to 10,000 pisa and temperatures to 5000 R. Since no experimental data
exist for hydrogen properties over much of this pressure and temperature range, see
figures 1 and 2, the existing data were extrapolated to these higher pressures and
temperatures to provide interim values until new experimental data become available.

General methods of extrapolation were investigated with varying results. The
extrapolations to higher temperatures varied little from method to method; however, the
extrapolations to higher densities at the lower temperatures were much more dependent
upon the method used. The largest disagreements, as much as 30%, occur in the derived
properties such as Cp; however, the various extrapolations of density disagree by as much
as 5%. The uncertainty of the tabulated values in appendix E is estimated to be less than
the extremes just mentioned because some of the methods of extrapolation were discounted
on the basis of behavior which was known to be incorrect. The actual methods used for
the calculation of the tabular values varied from region to region and are described in the
individual sections. Plots of some of the properties in the high density region of
extrapolation are shown here in figures 3 through 8. These plots demonstrate the
behavior of the properties in the extrapolated regions and provide a handy reference for

the reader.
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3. Traasport Properties
3.1 Thermal Conductivity

The thermal conductivity values which appear in the tabulations in this document
for temperatures below 100 K have been taken from Roder and Diller (1970). The original
paper by Roder and Diller does not give interpolation formulas and the calculations
necessary for the tabular values appearing here were performed with a computer program
furnished by Roder. Roder and Diller (1970) assign an uncertainty of 3% for their
measurements. In the range of their experimental data-to 150 atmospheres this is a good
estimate. The computer routine furnished by Roder was extrapolated to 700 atmospheres.
The uncertainty of the thermal conductivity in the extrapolated region below 100 K is
estimated to increase from 3% at 150 atmospheres to 10% at 700 atmospheres.

For temperatures of T > 100 K the thermal conductivity was calculated using a
modified Enskog theory (Hanley, McCarty and Cohen, 1971). The uncertainty of the
thermal conductivity calculations in the upper temperature region is estimated as follows.
At 100 K and low densities where the calculations may be compared with the experimental
data of Roder and Diller (1970) the agreement is very good, i.e., 1%. Comparing the two
methods of extrapolation along the 100 K isotherm shows a 2% difference at 100 K and
700 atmospheres of pressure. For temperatures above 100 K no direct comparisons are
possible, however, since similar calculations for other gases differ from experimental

data b‘y as much as 10%, the uncertainty is estimated to be on the order of 10%.

3.2 Viscosity

In the lower temperature range of T < 100 K the viscosities tabulated here are

based on the experimental measurements of Diller (1965). These experimental data

extend to a maximum of 350 atmosphei:es at temperatures below 100 K. Diller (1965)

suggests using an interpolation formula of the type:

M= Mo (T)+ Mg {p,T) (12)

where T, (T) is the dilute gas contribution and Mg (p,T) is called the excess or dense

gas contribution. Woolley, et al. (1948) proposes

Mo (T) = 8.5558 [ T 2 / (T + 19.55) ] [ (T + 650.39) / (T + 1175.9) ] (13)

15



for the dilute gas contribution and Diller proposes

ng(e T) = Alp) oL B(P)/T] (14)

for the excess viscosity contribution. The extrapolation of the functions A(p) and B(p)
as originally published by Diller proved unsatisfactory. Therefore the functions were

modified to the following:

(306. 4636p - 3350. 628p° + 3868, 092p°)

Alp) = > T X 107° (15)
(1.0 - 18.47830p + 110.9150° + 25. 35240°)
=X 3
Blp) = 10.0 + 7. 2[(p/. 01® - (0. 07)%] - 17. 63758 75(p/.0T) (16)

where T is in Kelvin, p is in g/cm3 and n is in g/cm-s X 10-6. Diller (1965)
estimates the uncertainty of his data to be 0. 5%. At the highest densities in the low tem-
perature region of extrapolation the uncertainty in the calculated viscosities could easily
reach 10%.

For temperatures of T > 100 K, the viscosity was calculated using a modified
Enskog theory (Hanley, McCarty and Cohen, 1971), The Enskog theory for viscosity is
very similar to that for therma.i conductivity and the interested reader is referred to the
original publication, The uncertainty of the viscosity calculations in the higher tempera-~
ture region is estimated as follows, At 100 K where the calculated values may be com-~
pared to the experimental data of Diller (1970) the disagreement is about 4% at 5000 psia,
Since the Enskog theory is not as accurate for viscosity as it is for thermal conductivity,
the uncertainty for the viscosity in the upper temperature range of extrapolation is

estimated to be 15%,
4, Surface Tension

Existing experimental data for the surface tension of hydrogen disagree by about
10%. Corruccini (1965a) showed that they could be made to agree by applying corrections
to the data. He then combined the older data with additional recent measurements and

published the following equation:

1,065
Y = ¥, (1-T/T ) (17)

16



where Yo = 5. 328 for parahydrogen and 5, 369 for normal hydrogen, and Tc = 32,976 K
for parahydrogen and Tc = 33, 18 for normal hydrogen. The surface tension, v, is in
dyn/cm. The maximum deviation of the experimental data from values calculated from
the above equation is 1, 3%, the average deviation is approximately 0. 6%. No experimental
data exist above the normal boiling point.

At the critical temperature, equation (17) is constrained to a value of zero, How-
ever, between the critical point and the normal boiling point, experience with other fluids
has shown deviations of as much as 5%, expecﬁa.lly for temperatures above T/Tc = 0. 8.
The values of surface tension which appear in the tabulations were calculated from

equation (17).
5. Dielectric Constant

The dielectric constant of a fluid may be calculated from the Clausius-Mossotti

equation
e-1 1
2 5 - P (18)

where € is the dielectric constant, p 1is the density, and p is the specific polarization,
a property of the substance having dimensions of specific volume. Recent measurements
of the dielectric constant of parahydrogen by Stewart (1964) are used here. Stewart fit

his data to an equation of the form
2
%=A+Bp+Cp (19)

where A = 0,99575, = -0.09069 and C = 1.1227. The density, p, in equation (19) is in
units of g/cm3. Stewart estimates a maximum error of 0, 1% in e-1 using equations (18)
and (19).
6. Index of Refraction
The refractive index of a non-polar fluid depends on the wavelength of the incident
radiation and on the density of the fluid. The dependence on temperature at fixed densities
is usually small enough to be neglected. In addition, the dependence

on wavelength can be treated independently of the dependence on density. The Cauchy

dispersion formula:

2 4
ryo= (0, M) = £ (0) +8 /07 +8,/8 (20)

accurately represents the wavelength dependence of T (specific refraction).

Corruccini (1965b) pointed out the equivalence of the Maxwell's relation

17



€ = n (21)
to

p = r (22)

which allows the calculation of r from the polarizability as a function of density, and

therefore

1 1 2

~ = = 0.99575-0.09069p + 1.1227p (23)

P r ()
where p is density in g/cm3. Combining equation (20) and equation (23) Corruccini (1965b)
found 91 = 0, 7799569 x 106 and 92 = 0.495126 x 1012. The specific refraction (rA) is in

cm” /g, density is in g/cm3, and the wavelength (A) is in A, Values of the index of

refraction in Table 3 have been calculated from equations (20), (23) and (24)

nz-l

n2+2

r =

1
A Ty (24)

A comparison between Diller's (1958) experimentally determined indices of
refraction and those calculated using the method outlined by Corruccini (1965b) agree to
about 0. 1% except near the critical point where the densities are uncertain. Figure 9

shows the variation of n with wavelength and density.

18
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Table 3 Index of refraction of saturated liquid parahydrogen at three wavelengths

Wavelength
Temperature, K 4358 } 5462 A 6939 i
n n n
15 1.1222 1.1204 1,1191
16 1.1208 1.1189 1, 1177
17 1,1192 1. 1174 1.1162
18 1.1176 1.1158 1.1146
19 1.1159 1,1141 1.1129
20 1.1141 1.1124 1,1112
21 1.1123 1.1106 1.1095
22 1.1103 1.1086 1. 1075
23 1.1082 1, 1065 1.1054
24 1.1059 1.1042 1.1032
25 1.1034 1.1018 1.1008
26 1.1007 1.0991 1.0981
27 1.0977 1.0962 1.0952
28 1,0944 1.0929 1.0920
29 1. 0906 1. 0892 1.0883
30 1. 0862 1.0849 1, 0840
7. Thermal Diffusivity
The thermal diffusivity of a fluid is defined as
= = Mp-C) (25)

where o« is the thermal diffusivity, A is the thermal conductivity, and Cp is the specific
heat at constant pressure. The tabulations of thermal diffusivity in appendices D and E
have been calculated'using the above equation and the p, A and Qp in the tables. The
maximum uncertainty of « is estimated 10% except in the critical region and the regions

of extrapolation.
8. Prandtl Number

The Prandtl number, Pr, is frequently used in engineering calculations and is

defined as:

= 26
Pr Cpn/)\ (26)
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where C
P

is the specific heat at constant pressure,

n is the viscosity, and X is the

thermal conductivity. The tabulations of the Prandtl number in appendices D and E have

been calculated from equation (26) using values of m, A and Cp

in the tables.

much as 15% except in the regions of extrapolation.

inversion curve state points in Table 4 were calculated using the relationship:

G2) - o32)

9. Joule-Thomson Inversion Curve

The Joule-Thomson coefficient for a fluid is defined as

The locus of points where J = 0 is called the Joule-Thomson inversion curve,

oT

Table 4 Joule-Thomson inversion curve

)

H

T

Temperature Pressure
K R atm psia
28 50. 4 - 9,87 145.1
29 52,2 15,05 221, 2
30 54,0 20,08 295.1
31 55.8 25. 01 367. 6
32 57.6 29. 85 438.7
34 61,2 39.16 575.5
36 64.8 48, 06 706. 3
40 72.0 64. 59 949. 2
50 90.0 98.93 1454,
60 108.0 124. 4 1828.
80 144.0 153.5 2256,
100 180.0 161, 4 2372,
120 216.0 162.1 2353,
140 252.0 140. 5 2064,
160 288.0 102, 2 1502,
180 324.0 50.97 749.1
200 360.0 . 54 8.6
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30.
29,
29,
29,
29,

29,
28,

27.
26,
24,
20,
17.
14,
10,

1.

3.

0.

from the adjacent entries

Since Pr is a function of both 7 and A, the uncertainty in Pr could be as

(27)

The

(28)

Density

mol/cm3x103

06
90
73
56
40
05
70
99
16
30
58
04
12
86
176
321
036

3
lbm/ft

3
3
3
3
3
3
3
3
3,
3
2
2
1
1
0.
0.
0.

. 783
. 763
. 742
. 720
. 700

. 656
.612

. 523

292

. 058
. 590
. 145
L7177
. 367

9031
4179
0045



10, The Melting Line

The melting curve for parahydrogen is reported by Goodwin (1962). The values

given in Table 5 for T < 25 K were calculated from:

-a/T

P = P +(T- Tt)[Al e +A2T] (29)

atm

where Pt (the triple point pressure) is 0, 0695 atm, Tc (the triple point temperature) is
13,803 K, A1 = 30, 3312, A2

312. 23 atmospheres were included in the determination of the above parameters. For

=2,0/3.0anda = 5,693, No data for pressures higher than

temperatures above 22 K, the equation from Mills and Grilly (1955) was used

P = -270.52 + 2. 53487T 764739 (30)

kg/cm

where T isin K and P is in kg/cmz. At T = 22 K the calculated pressures from the
equations (29) and (30) disagree by less than 0. 1%. At low temperature, i.e,, T = 14 K,

equation (30) becomes negative. At T = 50 K calculated pressures disagree by about 0. 25%.

Table 5 Melting line for parahydrogen

Temperature Pressure Density
K R atm psia mol/cm3x 103 1bm/ft3
14 25.2 5. 89 86.5 38, 38 4. 830
15 27.0 36. 89 542.0 39.19 4,932
16 28. 8 70. 19 1031. 39.98 5.031
17 30.6 105. 7 1553, 40, 76 5,130
18 32.4 143, 2 2105. 41, 50 5.223
19 34.2 182, 7 2685. 42,19 5. 310
20 36.0 224, 1 3293, 42, 84 5. 392
22 39.6 312.2 4588. 44, 10 5. 550
25 45.0 457. 2 6719. 45, 89 5,775
30 54.0 730.1 10730.
35 63.0 1040. 15290,
40 72.0 1386. 20370.
45 8l.0 1767. 25970,
50 90.0 2182, 32060,
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11. Summary

The objective of the previous sections was: to describe how the calculations were
performed in assembling the property tables, and to document the references used in
preparing this document. In some cases, where the procedures of particular calculations
have previously been documented in great length and detail, these descriptions were not
repeated here.

In addition an uncertainty was assigned to every property where it was possible.
Uncertainty is defined here to be an estimate of accuracy of a 95% confidence level. These
assessments are given in the text of the section or subsection concerned with that property.
Finally, the number of digits in the tables of appendices D and E should not be taken as an
indication of the accuracy of the number. The tabulations are a direct copy of computer
printouts where often more digits for a property are present than its accuracy justifies.

The preparatory work which went into the calculation of these tables has solved
some of the existing problems with the PVT surface for hydrogen. In the past all attempts
to join a high temperature PVT surface with the PVT surface of Roder, et al. (1965) at
100 K has been thwarted by the problem of discontinuities in the derived thermodynamic
properties which were too large to allow a mechanical smoothing such as equation (1).

Also the disagreement of the derived thermodynamic properties calculated by an equation
of state such as equation (2) with older calculations such as Woolley, et al. (1948) was
too large to be attributed to randomness in the data. Both of these problems were solved
by including in the least squares fitting procedures the actual values of the derived
thermodynamic properties in question.

Certain other problems which exist with the PVT surface of hydrogen were not
solved and any future work should be aware of these problems. First, the hydrogen fixed
points given here have not been corrected to the IPTS 68 temperature scale. Second, there
is an apparent error in the densities near the critical point. This error may be as much
as 6%, and it would seem that recent dielectric constant and index of refraction measure-
ments offer a possibility of correcting this error. Third, there exists a disagreement of
about 0. 3% in density and 15 J/mol in enthalpy between Michels, et al. (1959, 1963) and
Roder, et al. (1965). All efforts to explain this difference have not provided clear cut

evidence for choosing one source in preference to the other.
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Appendix A, List of Symbols and Units

The calculation of the tables and properties presented here was performed in
many different systems of units, and converted to engineering units at the very end of the
calculations; therefore the reader is cautioned to pay particular attention to the units when
consulting individual sections of this document. All conversion factors have been taken
from the National Aeronautics and Space Administration Report Number SP-7012
(Mechtly 1964).

R = gas constant, 5.32328 ft3 - psia/lbm-R

P = pressure, psia

V = specific volume, ft3/1bm

T = absolute temperature, degrees Rankine
. 3

p = density, lbm/ft

C_ = specific heat at constant pressure, BTU/lbm-R

o

C_ = specific heat at constant volume, BTU/lbm-R

= entropy, BTU/lbm-R
enthalpy, BTU/lbm

a m n<
"

= internal energy BTU/lbm

W= speed of sound, ft/s

(BP/BT)p = isochore derivative, ps;a/R
(BP/Bp)T = isotherm derivative, ft -psia/lbm
6 = specific heat input, B’I‘U/lbm

$ = energy derivative, psia ft3/BTU

o = isothermal bulk modulus, psia

B = volume expansivity, 1/R
n

= index of refraction, dimensionless

-
#

3
specific refraction, ft /1bm
Pr = Prandtl number, dimensionless

= specific polarizability, ft3/1bm

P

J = Joule-Thomson coefficient, R/psia
A\ = thermal conductivity, BTU/ft-hr-R
7 = viscosity, lbm/ft—s

€ = dielectric constant, dimensionless
Y = surface tension, lbf/in

A = wavelength, angstrom

= = thermal diffusivity, ftz/hr
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Appendix B, Fixed Points

Critical Point

Pc = 187,51 psia (12. 759 atm)
T_ = 59.357 R (32,976 K)
o = 1.962 lbm/ft3 (0. 01559 mol/cm>)

Normal Boiling Point

P = 14, 696 psia (1 atm)

T = 36, 482 R (20. 268 K)

Peas = 0-08351 lbm/sfts (0. 0006636 mol{cms)
Pliquia = % 19 b /8> (0.03511 mol/cm’)

Triple Point

P = 1,021 psia (0, 0695 atm)
T = 24. 845 R (13. 803 K)
-3 3 -5 3
4] =7.84x10 " 1b_/ft” (6.23 x10 ~ mol/cm")
gas 3m 3
Pliquid = 4, 808 lbm/ft (0.038207 mol/cm")
Appendix C, Conversion Factors
Temperature 1.8R=1K
Pressure 14, 695949 psia = 1 atm = 1,01325% IOSN/m2

. 00794590 ft3/1bm =1 cm3/m01
. 213405 BTU/lbm = 1 J/mol
.118558 BTU/lme = 1 J/mol-K

Specific Volume 0
0
0
Thermal Conductivity 0.0578176 BTU/ft-hr-R = 1 mW/cm-K
0
3
2
0

Internal Energy, Enthalpy
Entropy, Specific Heat

Viscosity . 067196897 lbm/ft-s =1g/cm-s
.2808 ft/s = 1 m/s

.01594"

. 5710147 x 10> Ib,/in = 1 dyn/cm

(1 dyn = 107° N)

Speed of Sound
Molecular Weight

Surface Tension

On the C12 = 12, 000 scale

3
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TEMP
DEG., R

24,845
24845

25
25

26
26

a7
27

28
28

29
29

30
30

31
31

32
32

33
33

34
34

35
35

36
36

37
37

38
38

39
39

40
40

b1
L 28

42
42

3
43

4
44

5
45

“6
L6

L34
47

L2 ]
48

49
49

50
50

51
51

52
52

53
53

PRESS
P3IA

1.021
1.021

1.073
1.073

1462
1.462

1.950
14950

2,553
2553

3.288
3.28%

4a170
4.170

5.217
56217

.21}
Goisle®

7.877
T.877

9.527
9.527

11.416
11.416

13.561
13.261

15,984
15,384

18594
184,694

21,723
21,723

25.089
25,089

28,813
28,813

32,315
$2.315

37.415
37.415

42,330
42.334

47,693
47.693

53514
53.514

59,317
59,817

66,525
6£.625

73,357
73,357

81.338
81,9838

90.287
90,287

99.329
99.529

108,337
188,337

THERMOOYNAMIC PROPERTIES OF COEXISTING GASEOUS AND LIQUID HYDROGEN

VOLUNE
CU FT/LB

0.,20798
127.58583

0.20817
122. 06824

0.20945
92.80760

0.21078
71.90028

0.21215
56.65205

D.21358
45, 30272

d.21505
36.71097

0.21659
30.10398

0.21819
24,95C46

0.21986
20. 87822

0.,22160
17.62207

0.22842
16,99004

0.22534
12. 841186

0.22735
11.09707

0.22348
9.62028

1.23170

8.38207

G.23406
7.33729

0.23556
6. 45015

0,23323
5.69217

8424207
5. 04065

De26511
4o 47736

0,2u838
3.98762

0.25199
3455350

0.2557¢2
3.18328

0.25389
2. 85095

0.26445
255587

Uo 20348
2429249

0427510
2.05512

0.2814¢
1.84276

0.28363
1,64388

Appendix D, Saturation Propsrties

ISOTHERM

DERIVATIVE OERIVATIVE

ISOCHORE

CU FT-PSIA/LE PSIA/R

2724.08
128.17

26838.34
128.82

2593.05
132.85

2494.23
136064

24604, 74
140.16

2286.74
143.39

21 94,82
146.32

21492.72
148.92

2010.33
151.19

1934.78
153.10

1846.02
154.63

1773447
155.78

1696.09
156.53

160D.61
156435

1520.15
156484

L. 64
156.28
1348434
155.23

1261.17
153.70

1182.83
151,65

1299.37
149,09

1018.64
145.94

936,66
142,30

858.98
138.03

788.15
133.15

702.10
127.60

b21.20
121436

Sub.08
116,38

47429
1d0.00

403,81
97.95

332.87
38.34

76.77
0,04

76465
B.04

75.75
8. 06

T4.56
d.47

T3.57
0+10

72.64
0.12

71.8b
0.15

71.12
O.18

70. 41
8.22

69.68
0.25

68.93
0.31

68414
8.37

67.37
D.43

664 54
0.51

65.59
0.59

bhe b3
0.68

63.59
0.78

62440
0.83

61.1
1.02

59.8
1.1

58.4
1.32

56.9
1,09

53.2
1.69

53.5
1.91

S51.7
2.16

“9.7
2o ble

W7 .7
2.75

“5.5
3,11

3.3
3.53

4140
4oul

INTERNAL ENTHALPY

ENERGY
8Tusid

-132.932
36,241

~132.689
36,467

-131.087
37.759

129,436
39.037

-127.733
40,277

-125.976
4i.476

~124.161
42,632

-122.287
43,741

~120,350
i, 801

-1148.350
45,808

~116.284
46.759

-114,150
47.652

-111.946
48,482

~109.670
49,260

-107.318
49,954

=106,.888
58,573

=102.377
51.120

=99.780
51.562

=97.09¢
51.921

=43t
52.180

“91. 434
52.332

~88.447
52.367

-85.346
52,274

-82.122
52.638

-78.762
S51.645

~15.253
51,074

=71.577
50.302

-67.710
43,239

-63.622
“8.022

~53,273
464419

sru/Le

-132.892
60,357

~132.647
60.699

~131.03¢8
62.879

-129.360
65,002

=127.633
67. 062

~125. 848
69.U56

~123.995
70.977

~122. 077
T72.821

~120.090
The584

-118.029
76,261

~115.693
77.848

~113.678
79.339

~111.380
80.729

-108.997
82,105

-106.524
83.256

~103.956
84.290

-101.289
85,199

~98.517
85.976

~95.636
86,614

-92.637
87.103

-89.,513
87.431

~86.254
87.584

~82. 850
874546

-79.289
87.298

«75.556
80.817

-71.831
d6.077

-67.493
854063

-63.111
83.674

~58. 4kb
81,910

~53. 448
73,630
28

ENTROPY
BTU/LEB-R

1.18566
8.96627

1.19542
8.93163

1.25826
8.71777

1.32059
8.52002

1.38255
8.33642

10466425
8.16526

1.50581
8.00510

1.56732
7.85466

1.62886
Te71284

1.69048
7.57869

175225
7.45133

1.84420
T7.33002

1.87641
7.214086

1.9389%
7.10534

2000383
6.99812

2.06516
6489440

2012902
6.79381

2419346
5469599

2.25855
6.60055

2432640
6.50708

2,33113
6.41516

2445888
6.32439

2.527717
6023433

2.59798
6.14452

260975
6o Q5ku8

2.74334
S.96365

2.81908
5.87141

2.89742
5.77703

2437890
5.67958

306445
5.57784

& &
8TuU /7 L3 =R
1.126 1.557
Lol 2.513
1.129 1.568
1ol 24516
1.151 1.619
1.487 2.532
1.174 1.669
1,491 2,551
1.198 1.723
1-496 2.573
1.221 1.780
1.501 2.598
14245 1,843
1.507 2.627
1.267 1,915
1.513 2.659
1.289 1,985
1,520 2.695
1.310 2.058
1,527 247308
1.329 2,125
1.535 2,778
1.368 24195
1.543 2.826
1.365 2.270
1.551 24879
1,380 2.360
1,559 2.935
1.395 2443
1.567 2.998
1.408 2.532
1.576 3.068
1.420 2.637
1.584 3146
1.431 2.743
1.592 3,233
1641 2.848
1.601 J.331
1.451 2.969
1.610 3,461
1,459 3.097
1.619 3.566
1.467 3.242
1.629 3.709
1.475 3.393
1.639 3.875
1.482 3.567
1.650 «.070
1.490 3.772
1.663 4e300
1,498 “.0286
1.677 4578
1.307 4. 307
1.693 919
1.516 bobll
1.712 Se3hy
1.526 54074
1.7386 5.892
1.537 5,603
1.761 b.523

VELOCITY SURFACE
OF SOUND TENSION
FT/SEC LB/ZIN X &
w177 1.7076
1003
4158 1.6995
1006
f110 1.6469
1024
4853 1.5943
1041
44903 1.5619
1057
3937 1.4896
1872
3887 14370
1087
3837 1.30853
1101
3787 1.3333
1114
37467 1.285
1127
3697 1.2298
1139
3658 1.1782
1159
3616 1.1267
1160
3560 1.0754
1170
3512 1.02643
1179
3464 06,9733
1187
3606 0.9225
1195
3346 0.8718
1202
3291 0.8213
1209
3228 0.771¢0
1215
3165 0.7209
122u
3097 0.6710
1225
3026 0.6214
1230
2949 8.5719
1233
2870 6.522¢8
1246
2778 0.4739
1233
2689 004253
1241
2583 0.3771
1242
2634 0.3292
1262
238w 0.2818
12461



TEMPERATURE
DEG. R

24,845
24.845

25
25

26
26

27
27

28
28

29
29

30
30

31
31

32
32

33
33

34
3

35
35

36
36

37
37

38
38

39
39

(1]
40

w1
oY

W2
L2

“3
“3

bl
(1)

45
45

46
46

o7
7

(1]
L8

(34
49

50
S0

51
51

52
52

53
53

THERMOOYNAMIC PROPERTIES OF COUEXISTING GASEOUS ANU LIQUIO HYOROGEN

OENSITY
LB/CU FT

ho80827
0.00784

b.80377
t.00819

hoT7034
0.a1077

boTu423
0.01391

4.71359
8.01765

4.68219
0.02287

4.65003
0.02724

4461705
0.03322

4.58321
.04003

4e54B4kL
8.04730

4.51286
8.05675

hok7582
0.06671

4ete3782
0.a7787

k39858
0.09021

4.35801
0.10335

4.31600
0.11933

%e27203
0.13629

4.22718
015504

4.18010
0.17568

be13102
0419839

L.07975
0.22335

4.02608
0.25073

3496975
0.28094

3.91067
G.31bits

384786
0.35076

3.78148
0.39126

3.71073
0.43621

3.63503
0.48635

3.55304
0454266

3.46460
G.50647

V(ONIDV%

8TysLa

265460
60.15

264416
60.49

264456
62.85

266.93
bb.76

265 e
66.32

263.30
68.82

262462
7076

261 .41
T2.62

259.71
T bt

259.02
76.12

256,82
77 .74

255.67
79.27

253 .66
40.73

249,56
82.05

246.77
83.26

263 .60
84 .37

238.931
85.35

234 .36
86.22

230.30
86,97

225.43
87.01

220 .46
88.13

21i6.98
88.55

289 .54
88.%6

203.55
83.00

137.28
89417

130.00
39.19

1483.01
89.13

175.70
88.38

167 .97
88.75

159.34
88,44

vVioP/LU),

16177
3.609

14427
3.610

13.780
3.609

13.384
3.609

13.033
3.608

12.705
3.607

12.416
3.605

12.156
3.604

11.918
3.602

11.697
3.601

12.491
3.600

11.296
3.599

11.125
3.608

10.960
3.601

10.792
3604

10.635
3.608

10,479
3.613

10,313
3.619

10.151
3.627

9.980
3.637

9.805
3.608

9.628
3.660

9.431
3.673

9.2206
3.637

9.013
3.701

8.766
3.715

8.529
3.720

3.262
3,740

7.994
3,750

7.699
3.757

-V (OP7DVIy

PSIA-CuU FT/8TU PSIA

13098.11
1.00

12914.17
1.06

12380.10
1.63

11833.37
1.90

11334.96
24067

10706.81
3.17

10205.95
3.99

9708.38
495

9213.78
6.06

4800.21
7.33

8330.47
8.78

7937.70
10.39

7526.95
12.19

7033.52
1he1b

5624.83
16.30

6217.80
18.64

5760.67
21416

5331.20
23.83

L9464 ,.35
264,64

4541.50
29.58

4155.81
32.60

3771.06
35.69

3409.93
38.78

3050.76
41.83

2701.56
476

2349.06
47 .48

2026.39
43.89

1724.07
51.85

14364.92
53.16

1153.26
53.57

(DV/DT%/V

1.0058603
de0ul7855

0.0053353
0.064158483

0.0051184
GeUadbuu7?

0.0003005
0.0333824

0.0054309
0eu336333

0,40078438
0.0377483

0.0070405
0.0371221

0.0073258
0+0300118

0.00764622
0.0352124

09.0079185
0,0353198

0.0032741
0.0357318

0.00385840
0.03584L77

0.8039505
0.0356683

0.0094522
G.0357630

0,0093007
0.83580386

$.,0103939
0403087025

0.0110382
0.0308034

8.0117045
0.037499¢

0.0123677
0.03382948

0.0131689
0.0332710

3.01404657
0.06404560

0.0150803
0.0418864

0.0161905
0.06436108

0.0175231
0.0u55690)

0.0191226
0,0082254

0,0211300
0.0513292

0.0235331
0.0551860

0.0268115
G.0603662

0.0302079
0.0663902

0.0355419
0.0748895
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THERMAL

CONDUCTIVITY
0EG. R BTU/FT=-HR=-R LBIFT-SEC

3006199
q,340719

0.04250
0.00721

0.04351
0. 04739

0.04800
0.00756

0.05004
3.00775

2.05168
0.00793

0.05297
0.,00813

0.05e02
0.008346

0.05489
0. 00856
0.05555
0.00840

0.05601
G.00904

0.05631
J. 00329

8. 35690
0.00362

0,057 w8
0.00998

0.05793
8.01036

0.05824
0.01076

JeL5843
de 01117

0.05351
0.01159

0.05848
0.01204

0.05835
0.01251

0.05811
0e 01301

0.05778
0.,0135%

0.057 34
de01b11

0.05679
0.84472

0.u5616
0.01539

0.05542
J.01612

0.05459
J. 01694

0.053 b4
0.01737

G.05258
0.31895

0.05139
U.02025

VISCOSITY

X 10

1.751
0.05¢

1.730
8.350

1.605
8.u52

1.496
3+356

1.430
G.0G57

1.315
0.059

1.2640
d.061

1.172
0.063

1.112
0.066

1.356
J.ue8

1.006
0.070

0,359
0.072

0.917
8.075

0.877
0.077

0.840
0.079

0.805
J.082

8.773
0.084

0,742
0.087

0.713
3.089

8.685
0.0492

0.659
0,495

Oebdé
0.037

8.609
0.100

0.586
0,103

0.563
0.106

.50
0.109

0,519
0.212

0,497
Ue11b

0.476
0.120

Q54
0.12¢

THERMAL OIELECTRIC
DIFFUSIVITY CONSTANT
SQ FT/HR
0.00361 1.25529
0.36488 1.0003¢
0.00204 1.25503
0.350086 1.40064
0.00589 1.25333
0.27a78 1.00052
4.00606 1.25154
be21326 1.00067
3.0051b 1426970
0.17y58 1.00085
G.u00618 1,26790
0.13836 1.08107
0.00016 1.240U2
8.11361 1.00132
0.00611 1.24010
0.09439 1.40160
0.00603 1.20213
0.07929 1.0019%
0.00595 1.24311
0.06717 1.00231
0.0058% 1.23803
0.05734 1.00274
0.00573 1.23590
0.04928 1.00322
0.00565 1.23374
0.0w291 1.00376
0.0055% 1.23143
0.03775 1.u40436
02005k 1.22910
0.03325 1.00503
0.00533 1.22608
D.0e338 1.060577
2.00519 1.22418
0.02000 1.00659
0.005405 1.22153
0.02313 1.00750
0.00491 1.21889
0.02053 1.00850
0.00476 1.21609
0.01833 1.0036%
0.00u60 1.21318
G.0163% 1.01082
0.00643 1.21013
0.014656 1.01218
0.00426 1.20694%
6.01296 1.01363
0.00407 1.29353
D.01152 1401525
0.00387 1.20006
G.01826 1.01783
0.00365 119033
6.00300 1.u0190L
G.Ud362 1.19238
0.00789 1.02122
0.003138 1.18815
0.00647 1.02368
d.00292 1.18361
3.00533 1.02644
0.00262 1.17463
0.00504 1.62959

PRANDTL
NUMBER

243374
C.5232

2.2378
0.6258

2.3547
0,6425

1.872¢
21.6332

1.7352
0.6759

1.5369
0.6927

1.5581
0.7037

1.4904
0.7203

1.4469
V74623

1,4061
0.75386

1.3736
0.7754

1.3460
0.7328

1.3168
0.8049

1.2961
0.8158

142754
0.8275

1.2605
9.8406

1.2557
0.8551

1.23526
8.8712

1.2503
0.3892

1.2555
0.9094

1.2642
0.9323

1.2800
0.9584

1.2978
0.9638

1.3241
1.0243

1.3606
1.0656

1.4037
1.1151

L7727
1.1751

1.5475
1.2631

1.6513
1.3423

1.8016
Le4030



THEXMODYNAMIC PROPLRTIES OF COEXISTING GASEOUS AND LIQUID HYDROGEN

TEMP PRZSS VOLUNE IS0THERH ISOCHORE INTERNAL ENTHALPY ENTROPY Cy G VELOCLITY SURFACE
USRIVATIVE DERIVATIVE ENERGY OF SOUND TENSION
DEG. R PSIA Cu FI/LB CU FT-PSIA/LE PSIA/R BfusLs aTy/Le 8TU/LEB=R 8TU / Ld =Kk FT/SEC LB/IN X 10°
5t 119.297 0.29702 268,61 38.5 ~54.605 ~4B. Vbl 3.15501 1.549 b.426 2272 0.2348
sS4 113,237 147131 77.83 4.58 Ghobiy 76.912 5.47014 1.792 7.648 1¢39
55 130.299 0.30701 207.33 35.9 ~49.530 ~42.122 3.25236 1.564 7.528 21590 D.1884
55 130.299 1.30700 65.66 .27 41.878 73.413 5.35399 1.831 9.187 1235
56 1424027 0.31335 150, bis 33.0 ~43.904 ~35.505 3.35932 1.584 9.203 2419 D.t827
56 142.027 1.152713 52414 be12 38.627 684943 5+223531 1.881 11.782 1230
ST 154.522 0033548 95.55 29.8 ~37.450 -27.851 3.48136 1.612 12.348 1870 0.0979
57 154,522 1. 00436 38.78 7.15 34.350 63.088 5.07753 1.927 15.978 1221
S8 167.848 0.35906 49,14 261 ~29.515 =18.355 3.63154 1.654 20.904 1696 0.0544
58 167,348 0.85453 23.8% 874 28.00% 54,564 4e88948 2.071 27.211 1206
59 182.136 0. 49705 10.95 13.% ~17.608 -3.480 3.86168 1.892 06.758 1338 0.0431
59 1824130 0.67362 643 11,55 16,563 33,383 4059547 2.208 106.088 1195
59 187.510 0.503b8 =0.03 15.3 “1.129 16.568 4.13953 2.357 =7218.8% 1146 0.0000
59 187.510 0.50368 ~3.09 15.3 -1.325 16,372 4419667 24330 -7218.921 1152
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TEMPERATURE
0EG. R
5S4
S4

55
55

56
56

57
57

53
58

59
59

59,357
53.357

THERMODYNAMIC PROPERTIES OF COEXISTING

GASEQUS AND LIJUIU AYDROGEN

DENSITY V(DH/DV% V(OP/0U) =V (DP/D0V)y (UV/DT%/V THERMAL VISCOSITY ThokMAL OIELECTRIC PRANOTL

CONOUCTIVITY WIFFUSIVITY CUNSTANT NUMBER
LB/CU FT 8TU/L3 PSIA-CU FT/BTU PSIA DES. R STU/FT=HR=-R Ld/FT-SgC SQ FT/HR

X 18

3.36675 150,81 74389 904,36 Ued426133 UeuSdUS 0,433 0.060231 1.17329 1.9333
0.07%7 38.45 3.761 52.76 0.0d08404 0.d2189 0.129 0.00622 1.03320 1.0248
3.2572¢0 141.65 7.343 675.31 D.u535L423 0.04360 dJewld d. 00202 1el16727 242425
0.76511 87 .59 3.760 50.23 001048799 0.32e22 04135 000345 1aU3743 1.8458
3413160 132.13 6.658 “74.23 0.0690535 0.04978 287 G.00173 1.16033 2.5778
0.86751 47 .06 3.752 65,23 9.1353227 0.92772 Jelled g.00271 1.04252 2.1821
2438032 121 .5% 64213 293.76 G.1015951 0.05103 d.3862 ueu0L139 1.15221 3.1559
3439506 86 .24 3.723 33.02 G.18527u6 Ue033G1 Je133 veudaov 1.04392 2.659%0
2.78507 109445 Seb74 136.86 0.,1309568 Je 05695 3e333 J.00u98 la16185 bolQub
1.17023 86.78 3.605 27.86 0.31385541 0. 06557 J.168 (00143 1.857%38 3.6020
2.45657 90 .66 4.261 26.90 0.7 303302 Ue09753 0.¢92 a.u0059 1.12413 7.1351
Le7794 47.22 3.540 9.50 1.21538484 0412523 0.196 0.00380 1.07327 5.9769
1.36202 85 .66 3.308 -0.18 -84.2719721 -=6.99925 Da240 4.00049 1.09818 8.9201
1.96202 85 .00 3.345 “0.18 -84.2719721 <~6.39328 B.cud 0.00049 1.09818 8.9201
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1 PSIA ISO3AR

TEMPERATURE VOLUME

DEG.

R

CyU FT/LB

® 25.0600 131.12050
26

100
105
110
115
120
125
130
135
160
150

160
180
200
220
240
260
280
300
320
340

360
380
400
20
Y4l
460
4«30
500
520
L]

560
580
600
650
T00
800
900
1000
1500
2000

2500
3800
3500
4000
5000

® TWO-PHASE BOUNDARY

136455195
147.38482
158.18709
168.96628
179.72741
190.47402
201.20872
211.93309

222.64991
233.35921
244.06200
254.76032
265445363
276.14292
286.82808
297.51131
308.19116
318.86855

329.54373
340.221694
350.88832
361.55810
372422642
338.89165
425.55022
452420361
©78.85219
505.49732

532.139%0
558.77889
585.61619
612.05159
638.68536
665.31771
£91.94882
718.57884
T45.20788
T98.46349

851.71634
958.14813
1066.63217
1171.11200
1277.58874
1384.06313
1490.53567
1597.00672
170347656
1809. 94542

1916441346
2022468081
2129.34759
2235.81388
2342.27975
2uk8.74527
2555.21068
2661.67543
2768.14015
2874.60466

2961.06900
3087.53318
3193,99723
3460.15683
3726431585
4258.63266
4790.94836
5323.26333
7964.83309
10646440034

13308.07154
15972.80667
18670.408u8
21552.73166
30430.82500

ISOTHERM

ODERIVATIVE DERIVATIVE

TMERMODYNAMIC PROPERTIES OF PARAHYDROGEN

ISOCHORE

Cu FT=PSIA/LEB PSIA/R

129.12
134.67
145.70
156,66
167.58
178445
189.30
200.42
210493

221.71
232 .48
263,24
253.99
264,73
275.46
286.19
296.91
367.62
318.33

329.03
339.73
350.42
361412
37381
398.52
#25.22
#51.91
L78.59
505.26

531.93
558.59
585,264
614.90
638.55
665.19
631 484
718,48
T45.12
738.40

851467
958.13
1064 .64
1171616
1277.63
1386.11
1490.60
1597 .07
1703.55
1810.03

1916.50
2022.97
2129. 44
2235.91
2342.38
2648.85
2555.32
2661.79
2768.25
2874.72

29831.19
3087.65
3194 .42
3460.28
372644
4258.76
4791.08
5323.40
7984.97
10646.54

13308.11
15969.67
18631.24
21292.80
26615.93

0.0408
0.0392
0.0363
0.0338
G.0316
0.0297
0.3280
0.0265
G.0252

C.0240
0.0229
0.0218
g.0209
0.0201
0.0193
C.0186
GeB179
0.0473
Ge0167

00162
0.0157
0.0152
0e01b?
0s0143
001346
0.012%
0.0118
Ge01112
0.0105

0.0100
0.2095
0.0091
d.0087
0.0083
0.5080
0.0077
0.0074
0.0071
U.0067

$.0063
0.0056
0.0050
0.0045
0.0042
G.0038
0.0036
0.0033
0.0031
0.0029

t.0028
0.0026
8.3025
0.0024
0.0023
6.0022
t.0021
0.0020
0.0019
0.0019

.0018
0.0017
0.0017
0.0015
0.0014
0s0013
G.0088
0.0010
C.0007
0.0005

06,0004
o.0003
6.0003
0.,0003
g.0062

INTERNAL
ENERGY
8TuU/LS

36,485
37.988
#0498
#3.972
46. 964
©9. 947
52.927
55,906
58.879

61,852
64, 824
67.79
70,763
73.731
76.699
79,665
82.631
85.59
83.561

91.526
96. 430

97.453%
100.419
103. 385
110.8082
118,231
125.678
133,155
180,675

148.253
155,908
163.660
171.528
179.534
187.700
196,047
204.595
213,363
231.623

250.935
292,941
339,489
390.124
Gl 051
500,340
558,053
616,621
674,868
732.959

790, 4206
847.110
902,956
957.969
1012.202
1065.710
1118.583
1170.896
1222.731
1274.154

1325.155
1375.948
14264549
1552.19¢4
1677.191
1926.062
2474779
2423, 343
3676.800
#969.898

6327.869
T774.055
Gubd. 746
11944, 626
27388.787

ENTHALPY
BIU/LS

60.765
63.273
68,278
73.270
78.252
83.228
88.197
93.162
98.123

103.0081
108.035
112.988
117,938
122.886
127.833
132,778
137,722
142.665
1eT.607

152,568
157.489
162. 430
167.370
172.311
184,666
197031
. 209,414
221.825
234,279

246,791
259.379%
272,063
284,863
-~ 297.801
310.899
3244177
337.657
3514355
379.677

£08.651
470,364
536.531
606.982
680.626
756.601
834,060
912.143
990.306
1068.112

1165.292
1221.593
1297.254
1371.981
1665.928
1519,151
1591.739
1663.767
1735.335
1806.450

1877.168
1947.676
2817.980
2192.921
2367.203
2T14. 646
3061.933
3409.073
5155.375
6941.323

8732.16%4
10731.786
12905.999
15935.6086
33023.752
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ENTROPY
8TU/LB~R

9.00257
$.10097
9.28641
9.45861
9.61939
9.77021
9.91223
10. 04645
10.17368

1029462
10.40987
10.51993
10.62527
10.72627
10.82327
10.91658
13.00648
11.0932%
11.17698

11.25799
11.33642
11, 41264
211.48618
11.55779
11.72827
11,68787
12.03801
12.17989
12.31455

12,44290
12.56573
12,6837
12.79753
12.90765
13.01458
13.11874
13.22047
13.3201¢
13.51408

13,70233
14.06501
16.413886
16.74900
15.06911
15.37332
15.66022
15.92971
16.18196
16. 41752

16.63817
16, 84473
17.03861
17.22088
1739294
17.55569
17.70993
17.85713
17.99756
18.13180

18.25990
18.38347
18.50273
18.78304
19.04161
19.50586
19.91460
20.28014
21.69538
22.72075

23.54613
26.26319
24491679
25.91245
30. 46359

cv cP
BTU 7 L3 <R
1e.h83 2.511
L.483 2,506
LebeB2 2499
1.481 2.493
1ebBl 2.689
1.481 24486
1.480 24483
1.480 2,481
34680 2,479
1.480 2.478
1.480 244677
1.680 2.475
14480 2elTh
1.480 2.474
1.480 2.473
1.480 2.472
1,480 2.472
1.480 2ol
1.6480 2,478
L b8 2.470
1.480 R.470
1.480 2.070
1.480 2.470
t1.481 2.470
1ek83 2.472
1.486 2e4T4
1491 2,479
1.498 2.486
1.508 24496
1.522 2.509
1.539 2.526
1.560 2.548
1.586 2.573
1.616 2.603
1.650 2.637
1.688 2.678
1.730 2.717
1.776 24763
1.877 2.863
1.986 2.973
2.216 3.202
24435 3.421
2.621 3.607
2.762 3.748
2.857 3.843
2.908 3.8%4
24925 3.911
2.916 3.902
2.891 3.876
2.855 LPY T3S
2.813 3.799
2771 3.757
2.731 3.716
2.693 3.678
2.659 3.645
2.629 3.615
2.603 3.589
2.581 3.567
20562 3.548
24547 3.533
2.534 3.520
2.524 3.510
2.505 3,491
24495 3,480
2487 o473
2.486 3.471
2. 488 ZebaThe
2.536 3.522
2.644 3.630
2.791 3.777
3.0290 4.013
3.798 boBlb
6eb9y T7.799
264475 31.705

VELOCITY
OF SOUND
FY/SEC

1006
1027
1067
1105
1162
1178
1213
1247
1279

1311
1343
1373
1403
1432
1460
1688
1516
1543
1569

1595
1621
1666
1671
1695
1754
1811
1866
1918
1968

2016
2061
2404
214k
2183
2219
2253
2286
2317
2375

2430
2533
2632
2733
2834
2937
3041
3145
3250
3353

3456
3558
3657
3755
385¢
3944
4035
4123
4210
4294

«377
4457
4536
“726
4908
5249
5568
5668
7167
8229

9134
9914
10492
10886
12139




THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

1 PSIA ISOBAR

TEMPERATURE DENSITY VI0H/OV) VidP/0U), =V IDP/DVip (DV/DT&{V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER
DEG. R LB/CU FT BYU/LB PSIA-20 FT/BIU PSIA 170G, R BTU/FT=-HR=-R LB/FT-SEC SQ FT/HR
X 1
® 25.000 0.00763 60.56 3.609 0.98 0.0616676 0.00721 0,050 0.37634 1.00037 0.6250
26 0.00732 63.07 3.609 0.99 0.0397332 0.00735 0.052 0. 40042 1.00035 0.6386
28 0.00678 68.10 3.608 0.99 0.0366918 0.00763 3.056 C.45032 1.00033 0.6633
30 0.00632 73.11 3.607 0.99 0.0361031 0.00792 0.061 0.50264 1.00032 0.6860
32 0.00532 78.11 3.600 0.99 0.0318675 0.00824 3.065 0.55911 1.00029 0.7065
36 0.00556 83.10 3.606 .99 0.0293147 0.00856 0.069 0.6191% 1.00027 0.7202
36 2.00525 88.09 3.605 .99 0.0281925 0.00896 0.073 0.687L7 1.00025 0.7285
38 0.00697 93.07 3.600 0,99 0.0266615 0.00947 0.077 8.76791 1.00024 4.7268
&0 0.00472 98 .00 3.604 1.30 0.0252909 0.00998 g.081 0.35309 1.90023 0.7249
o2 0.00649 103.01 3.600 1.00 0.0260563 0.01049 0.085 0.96269 1.00022 0.7227
(1) 0.00429 107.97 3.603 1.00 0.0229382 0.01100 J0.389 1.03672 1.00021 0.7204
b 0.00610 112.93 3.603 1.00 0.0219207 G.01151 0.093 11349 1.00020 0.71480
48 0.00393 117.88 3.603 1.00 0.0203905 0.01202 0.097 1.23720 1.00019 0.7157
50 0.90377 122.84 3.603 1.0 t.0201369 8.01252 d.100 1.34383 100018 0.7132
52 3.00362 127.79 3.602 1.00 0.0193506 0.01303 9.106 1. 454681 1.00017 0.7107
Sb 0.00349 132.74 3.602 1.00 0.0186239 0.01353 0.108 1.57045 1.00087 0.7080
56 0.00336 137.69 3.602 1.00 0.0179532 0.01598 0.111 1.68299 1.08016 0.7082
S8 0.00326 16246% 3.602 1.00 0.0173240 [ I FRLR G.115 1.799640 1.J0016 0.7081
60 0.00316 147 .59 3.601 1.00 0.0167402 0.01488 0.118 1.92020 1.00015 0.7077
62 2.00303 152.55 3.641 1.00 G.016L948 0.04533 0.122 2.0u5186 1.00015 9.70970
(.1 0.0029 157.50 3.600 1.00 0.0155839 0.01578 0.125 2.17397 1.00014 g.7060
66 6.00285 162.46 3.600 1.00 0.0152045 8.01626 0.129 2.30660 1.00014 0.7050
68 g.00277 167 .43 3.599 1.00 0.0147537 0.01669 0.3132 2.44302 1.00013 0.7039
7o 9.00269 172440 3.598 1.00 0.01632% 0.01718 0.135 2.58319 1.00013 0.7026
141 0.00251 186.90 3.593 1.00 00133676 0.01827 B.1bb 2.94889 1.00012 0.6995
a0 0.0023% 197.52 3.585 1.00 8.0125272 0.019440 0.152 3.33592 1.00011 0.6963
45 g.00221 210.32 3.573 1.00 0.0117867 g.02052 0.159 3.76339 1.00011 0.56333
90 9.00209 223.37 3.555 1.00 0.0111291 0.02165 8.167 e 16907 1.00010 3.6906
95 0.00198 236.78 3.531 1.08 0.0105441 0.02277 GadZb 4.61137 1.00010 0.6385
100 0.00188 250.62 3.500 1.00 0.0100123 0.02389 0.182 5.06722 1.00009 0.6872
105 9.00179 264,98 3,460 1.00 0.0095341 0.02502 0.189 5453343 1.00009 2.6867
110 t.00171 279.96 3.413 1.00 8.003099% 0.02623 0.196 6.02670 1.00008 0. 6851
115 3.00163 295.64 3.358 1.00 0.0087030 0.02747 0.203 6.53475 1.00008 0.6837
120 0.00157 312.190 3.295 1.08 0.0083396 0.02872 8.210 T.04646 1.30008 0.6836
128 3.00150 329.38 3.227 1.00 0.00480054 8.029986 0.216 7.559483 1.00007 0.6848
130 0.00145 3ie7 .54 3.154 1.00 0.007537¢ 0.03121 9.223 8.07209 1.00007 0.6871
135 0.00139 366.60 3.077 1.00 0.0078115 0.93245 0.229 8458255 1.00007 0.6304
140 0.00134 386.60 2,998 1.00 0.0071460 0.03370 0.235 9.08925 1.00006 0.6947
150 0.00125 ©29.30 2,837 1.08 0.0065693 0.03662 0.248 10.21332 1.90006 0.6972
160 9.00117 #75.45 2.681 1.00 0.0002520 0.03981 0.260 11.40600 1.00006 0.6982
180 3.30104 576.22 2.403 1.00 0.0055569 0.05175 04307 15.88445 1.00005 0.6846
200 0.0009 686,11 2.186 1.00 8.0050009 0.06130 0,363 19,07601 1.000405 0.68483
220 0.00085 793 .67 2.031 1.00 0.0065660 0.06916 0.368 22.,45534 1.00004 0.6309
240 a.00078 899.46 1.927 1.00 6.0045670 0.07554 0.388 25.74792 1.00004 0.6926
260 0.30072 999.00 1.864 1.00 0.0038464 0.08058 G600 29.02548 1.30003 0.6935
280 6.30067 1090.16 L.831 1.00 0.0035716 0.08646 B.i8 32.33357 1.00003 0.6939
300 0.30063 1173.19 1.820 1.00 0.0033336 0.08761 05431 35.69498 1.00003 3.6938
320 0.000%9 1248 .64 1.826 1.00 0.0031251 0.08962 .2 39.12369 1.00003 0.693%
340 G.00055 1317.99 1.862 1.00 0.0029412 0.09130 0.453 42.62987 1.000403 0.6929
360 0.00052 1382.58 1.865 1.00 0.0027778 0.09262 0.464 46,21638 1.000403 0.6922
380 0.00049 L643.65 1.892 1.00 0.00256316 0.09369 Qobe?h  49.88742 1.90002 0.6915
w00 0.00047 1502.87 1.921 1.00 0.0023000 0.0946% 0,483 53.66kb4 1.00002 8.6308
“20 6.00Q045 1560.86 1.950 1.00 6.0023809 0.09556 0,493 57.48923 1.00002 0.6901
L1 ] 0.00043 1618.50 1.977 1.00 0.0022727 0.09645 0.502 51.42010 1.00002 0.589
460 000041 1676.53 2.002 1.00 0.0021739 ¢.09739 8.511 55.43712 1.00002 0.6888
480 0.00039 1735.00 2.025 1.00 0.0020833 0.039837 0.520 59.54361 1.00002 8.6882
sa0 0.00038 1794.38 2. 0465 1.00 0.0020000 0.09962 0.529 73.739%9 1.000802 0.6877
520 0.00036 1856.71 24063 1.00 0.0019230 0.10053 3.538 78.02643 1.90002 0.6873
540 3.40035 1915.8% 2.078 1.00 0.0018518 0.10169 0.5647 B82.39456 t.00002 0.6869
560 0.0003s6 1978.42 2.090 1.00 0.0017057 0.10293 0.556 86.85574 1.00002 0.6866
s80 8.80032 2041 .66 2.101 1.00 0.0017261 0.10421 0.564 3I1.40776 1.00002 0.6863
600 0.00031 2105.82 24109 1.00 0.0016666 0.1055% 0.573 96.06876 1.00002 0,6861
650 0.00029 2269.30 2.125 1.00 0.0015384 8.10901 0.595 108.04447 1.00001 0.6856
700 0.00027 2436.36 2.134 1.00 0.0016285 0.11265 8.616 120.61295 1.00001 t.6852
800 8.00023 2778.39 2,140 1.00 0.0022500 9412024 0.658 167.44036 1.00001 0.6847
900 0.00021 312428 o402 1.00 0,0018241 0.12790 0.700 176.52427 1.00001 0.6843
1000 0.00019 3473 .84 24140 1.00 0.0010000 8.13562 Q.742 207.82049 1.00001 0.6841
1500 4.00013 5282.69 24099 1.00 0,0006667 Ge17456 0.941 395.76377 1.00001 0.6836
2000 0.00009 7259.72 2.013 1.00 8.0005000 0.27727 1,128 813.25974 1.00000 0.5316
2500 0.08008 Yeb2.18 1.907 1.00 0.0004008 0.33573 1.3061182,96752 1.4400400 G.5282
3030 ¢.00006 12035.99 1.763 1.00 0.0003336 0.40937 1.4721629.50147 1.00000 0.519¢4
3500 0.00005 16918.86 lab0b 1.00 0.0002863 0459644 1.6332298.80871 1.00000 0.4775
4000 0.490005 30820.45 0.830 0.99 0.0002531 1.23093 1.7953423.73169 1.30000 B.4068
5800 0.00003 138651.05 2.230 0.87 0.0002287 6.53184 2.1806269.37164 1.00000 0.3810

* THO-PHASE BOUNDARY
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THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

S PSIA 1S03AR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY cv cp VELOCITY

OERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. R CU FT/LB LU FT=PSIA/LB 33IA/R 8TVU/LB 8Tu/LB 8Tu/LB-R BTU /7 L8 =R FT/SEC
® 24.862 0.20795 2705.08 75. 770 -132.922 -132.7380 118608 1.127 1.560 4166
25 0.20813 2686428 75+662 ~132.702 -132.509 1.19488 1.130 1.569 4156
26 0.20939 2535.00 75. 802 ~131.109 -130.915 1.25741 1.151 1.630 4077
28 0.21211 2349.59 73.612 =127.750 =127.554 1.38194 1.198 1.736 3972
30 0.2150% 2181.25 71.868 -124.168 -~123,969 1.50557 1,245 1,853 3879
* 30.806 0.21629 2120.95 744259 ~122.655 -122.455 1.55540 1.263 1.902 3847
¢ 30.806 31.25716 148,43 0.1743 43.530 72.478 7.88311 1.542 2,652 1098
32 32,62070 155.77 0.1665 45.418 75.520 7.98346 1.505 2.627 1122
3 34.88263 167.73 G.1551 48,565 80,842 8.14173 1.497 2,596 1161
36 37.1235C0 179.57 Bed&5Sh 51.640 86.011 8.289067 14493 2.575 1198
38 33.34L858 191.19 0.1370 54,713 9ielut 8.4282% 1.690 2.559 1233
0 41.56135 202.68 0.1295 57.769 96.249 8.55917 1.488 24567 1268
2 43.76420 214.06 0.122% 60,813 101.333 8.68318 1.487 2,537 1301
biy 45.95890 225.36 f.11869 634847 106.399 8.80102 1.486 2,529 1333
L1 48.14677 236460 0.1115 66.873 111.451 8.91330 1.485 2.522 1364
48 50.32883 267.77 0.1068& 69.892 116.490 9.062053 1e4804 2.517 1395
50 52.50592 258.89 0.1021 72.906 121.519 9.12318 14684 2.512 1425
52 Sk.67870 269.97 0.0930 75.914 126,539 9.22162 1ob84 2.508 1454
56 56.84772 281.02 Ceb942 78,918 133.551 9.31620 14433 2.504% 1483
56 59.01345 292.03 G.08387 81.918 136.557 9. 40722 14483 2,501 1511
58 61.17626 303.01 0.0875 84,915 141.556 Ge 49694 1,483 2.498 1538
60 63.33650 313.96 Ge0 845 87.909 146.550 9.57959 1,682 2.496 1565
62 65, kbt 324 .83 0.0817 $0.901 151.540 9.66139 1,482 2,494 1591
B4 67.65032 335.80 0.0791 93,890 156.525 974053 1.482 2,492 1617
66 69.80u36 346.70 U. 0766 96.878 161.507 9.81718 1.482 2.490 1663
68 71.95673 357.57 040743 99. 864 166.4886 9.89150 10483 2,489 1668
70 T4.10761 368.43 0.0724 102. 850 171.463 9.96364 1,483 2.488 1692
75 79.47911 395.53 0.0672 110.312 183.899 10.13523 1,684 2,486 1752
80 84.84382 422.56 0.0629 117.779 196,333 10.29572 1.487 2,487 1809
85 90.20307 49,53 0.0592 125.259 208.775 10.44658 1.492 2.490 1864
90 95.55786 «76.46 6.9559 132.765 221.239 10.58905 1,499 2.496 1917
95 100.9089¢6 503.36 0.0529 140310 233,738 10.72422 1.509 2.505 1967
100 106,25697 530.22 0.0502 147.911 2464291 10.85298 1.523 2.517 2015
105 111.60238 557 .06 d.0478 155.586 258.315% 10.97617 1,540 2.533 2060
110 116.94558 583.87 0.0450 163,355 271.631 11609647 1.561 2.554 2104
115 122.28688 610.686 Cel436 173,240 284,461 11.20853 1.587 2.579 214k
120 127.62654 637 b4 Celu18 179.261 297.425 11.31887 1.616 2.608 2183
125 132.96477 664,21 0.06401 187,440 310.547 11442600 1,651 Qb1 2219
130 138.30176 630.96 2.0386 195,799 323,868 11.53033 1.689 2,679 2254
135 163.63765 TLi7.72 G.0371 204.358 337,347 11.63222 1.731 2.721 2286
140 148.97257 Thbobld C.D358 213.136 351.065 11.73198 1.777 2.766 2317
150 159.63992 797.87 0:9334 231.414 379.219 131.92619 1.877 2.866 2376
160 170,304652 851.28 0.0313 250.742 408,421 12.11461 1.986 2.975 2430
180 194.61764 958.01 g.0278 292.7880 470.192 12. 47765 2.216 3.204 2533
200 212.93162 1064.69 6.0250 339.3u8 536,494 12.82669 2,435 3,423 2633
2290 234.24136 1171.33 g.0227 389,997 606.873 13.16196 2.621 3.608 2733
240 255.54803 1277.93 0.0208 b43.936 680,539 13.48216 2.762 3.769 2835
260 276.85235 1384.51 0.0192 500.206 756.533 13.78645 2.857 3,863 2938
280 298.15481 1491.07 0.0179 557.958 834,009 L4. 07341 2.908 3.896 3042
300 319.45579 1597.62 d.0167 6164334 912.1086 1634295 2,925 3.911 31466
320 340.75557 1704.15 0.0156 674,788 990.281 14.59525 2.916 3.903 3250
340 362,05435 1840.68 CeD147 732.886 1068.099 14.83084 2,891 3.877 3354
360 383.35232 1917.20 0.0139 790,356 1145.289 15, 05152 2,855 3,841 3457
380 404,.64960 2023.71 0,0432 847,068 1221.598 15.25809 2.813 3.799 3558
‘00 425.94631 2130.21 C.0125 902.898 1297.267 15.,45199 2.771 3.757 3658
20 447.24253 2236.71 G.0119 957.915 1372.00% 15.63428 2.734 3.717 3756
L 131] ©68.53833 2343.21 0. 0114 1012.151 1445,954 15.80636 2.693 3.679 3851
460 “89.83378 26445.70 G.3189 1065.663 1519.182 15.96912 2.659 3.645 3944
.80 511.12893 2556.13 62104 1118.539 1591.775 16.12338 2.629 3.615 4035
500 532.42381 2662.67 00100 1170.855 1663.807 16.27058 2.603 3.589 41246
520 553.71846 2769416 0.0096 1222.692 1735.360 16. 41102 2.581 3.567 4211
Skd 575.01291 2875 .64 0.0093 1274.114 1806.498 16.54527 2.562 3.548 4295
360 596.30718 2982.12 0.0089 1325.120 1877.220 16.67338 2.547 3.533 4378
580 617.60129 3088.60 .0086 1375.915 19%7.730 16.79695 2.534 3.520 «458
600 638.89527 3195.08 0.0083 1426.518 2018.048 16.91621 2.524 3.510 4537
650 692.12971 3461.26 G.0077 1552.167 2132.385 17.13653 2.505 30491 Wr27
700 745.36356 3727.45 0.0071 1677.367 2367.272 17.45511 24495 3.681 #4908
802 851.8300¢ 4259.80 0.0063 192600463 _271e.722 17.91938 2.487 3.473 5249
300 958.29540 479214 6.0056 2174.763 3062.015 18.328142 2,486 3,071 5568
1000 1064.76004 5324047 0.005¢ 2423336 3409.159 18.69366 2.488 3474 5863
1500 1597.07816 7386.09 0.0033 3676.79 5155.472 20.105891 2.536 3.522 7168
2000 2129.39315 10067.67 G.0825 4969.891 6941.420 21.13628 2,644 3.630 8229
2500 2661.71652 13309.25 G.0020 6327, 455 8791.844 21.95949 2.788 3774 9436
3000 3194431357 15970.82 60017 7763.472 10720.973 22.65286 2.965 3.953 9933
3500 3729.85029 18632439 0.,0034 9339.930 12793.266 23.29378 3.379 4,391 10592
4000 4281.91111 21293.95 3,001 11315.269 15279.7138 24014867 4668 5.774 11069
5000 5667.35478 26617.09 0.0010 20073.665 25321.068 2T.1736% 14,270 16.878 12065
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TEM

5 PSIA ISQ8AR

PERATURE DENSITY

0EGe R LB8/CU FT

24,862 4.80887

25 480460
26 477572
23 4. 71658
30 4.65040

30.806 4.62351
30.806 0.03199

32 0.03066
34 0.02867
36 0.026%
38 0.02541
0 0.02406
“2 0.02285
L1 0.02176
6 0.02977
48 0.01987
50 0.01305
52 0.01829
St 0.01759
56 0.01695
58 0.01635
60 0.01579
62 g.gq1527
64 0.01478
66 0.014633
68 0.0139
70 0.01349
75 0.01258
40 0.01179
45 0.01109
90 0.01046
5 0.00991
100 0.00941
108§ 0.008%
11 0.00855
115 0.00818
120 0.00786
125 0.00752
130 $.00723
135 0.3069
140 0.00671
150 0.00626
160 2.00587
180 0.00522
200 3.00470
220 0.00427
260 0.00391
260 6.00361
280 0.00335
340 0.00313
320 0.00293
340 T.00278%
360 0.00261
380 0.00247
04 3.00235
20 0.0022%
L4l 0.00213
460 0.00204
480 0.00196
500 0.00188
529 0.00181
540 0.00174
560 T.00168
580 0.00162
600 0.00157
650 0.001446
700 0.00436
8040 0.030417
900 0.001064
1000 0.00096
1530 9.00063
20480 0.00047
2500 0.00038
3000 0.00031
35380 0.00027
%000 J0.00023
5800 0.00018

THO-PHASE BOUNOARY

V(DH/DV$

8TusL8

264 .40
263.49
260.32
2631 .18
261 .54
261.71
17.27
75.30
80.49
85 .64
.77
9%.30

101.01
106.10
114.18
116,25
121.30
126,346
131.37
136.40
161 .62
146,43

151 .44
156,45
161.46
166,48
171.59
186.29
196.73
209.65
222.77
236.23

250.11
2b4h,.51
273.52
295.23
3.7
329.02
347.19
366.27
386.28
©29.08

475,18
576.03
683.95
793.36
899.39
998.97
1030.17
1173.25
1248.73
1318.11

1382.73
1463.83
1583.06
1561.07
1618.72
1676.76
1735.2%
1794.64
1854.,97
1916.11¢

1373.69
2041 .96
2106411
2269.59
2436 .67
2778.71
3126.61
3478418
5283.06
7260.02

434 40
11859.77
15354.33
22969.65
79269.92

THERMOJYNAMIC PROPERTIES OF 2ARAHYDROGEN

PSIA~Y FT/BTU

1%.1740
1641286
13.785
13.037
12,017
12,200
154079
3. 610
3.615
3.617
3.618
3.617

3.616
3.615
3.615
3.616
3.613
3.612
3.611
3.611
3.610
3.610

3.609
3.608
3.607
3.606
3.604
3.59%
3.591
3.579
3.561
3.536

3.504
3,465
3,617
34362
3.299
3.231
3.157
3.080
3.001
24840

2.5683
24405
24188
2.032
1.929
1.865
14832
t.821
1. 826
1o 842

14866
1. 893
1.922
1.950
1.978
2.003
2.028
24046
2,063
2.078

2,090
2.101
2.110
2.125
2,134
2.1061
2.142
2,140
24099
2,013

1.910
1.796
1.577
1.151
0.397

V(JP/DU% -V(DP/UV%

PSIA

13008.37
12897.01
12106447
114977.33
10143467
9806.24
475
4e78
4081
LXY L3
.86
.83

4089
430
4.91
be32
493
49
oo
4.95
4.95
4.96

“.%6
.96
“o97
4.97
4.97
4.98
4.98
b.98
*.99
4.99

6.99
4.9
4.99
.9
4,99
5.00
$.00
5.00
5.00
$.00

5.00
$.00
S.00
5.00
5.00
5.00
5.00
$.00
5.00
$.00

5.00
5.00
5.00
S.00
5.00
5.00
S.04
5.00
5.00
$.00

$.00
5.00
S5.00
5.00
S.90
5.00
5.08
5.00
5.00
5.00

5.00
5.00
5.00
497
70

(ov/0T) /¥ THERMAL VISCOSITY THERMAL OIELECTRIC PRANDTL
P conpucTIVITY DIFFUSIVITY CONSTANT NUMBER
L/0E5. R BTU/FT=HR=-R LB/FT‘?EC SQ FY/HR
X 10

0,0059015 0.04206 1.713 0.30560 1.25533 2.2886
0.0059%42 0.04251 1.69% 0.00564 1.25508 2.2509
3.0062612 0.04552 1.573 0.80585 1.25338 2.0272
0.0066453 0.05805 1.373 0.00612 1.26980 1.7133
0.0070850 0.05298 1.217 3.00615 1.24605 1.532¢0
0.0672067 0.05382 1.163 0.00612 Lelbbte8 1.4798
6.0367019 0.00633 0.063 0.31208 1.00156 Bs2264
0.0343681 0.00846 0.365 0.18509 1.00163 0.7295
0,0322543 0.00876 3.069 0.11767 1.00138 0.7408
G.0300645 0.00913 2,373 0.13164 1-080130 0. 7661
¢.0281387 0400962 0.078 0.143800 1.30123 047420
0.0265558 0.01012 0.082 .18520 1.00116 0.7382
0.0251169 0.01062 0.085 0.18326 1.00110 D.7345
6.0238366 0.01813 0.389 8.20218 1.00205 0.7309
0.0225883 0.31163 9.093 0.22193 1.4301090 0.7275
4.0216514 0.01213 9.097 0.20247 1.00096 e 7244
0.3207096 0.01262 0.101 0.25388 1.00092 0.7212
0.013850¢0 0.01312 G.108 0.28614 1.000338 6.7140
0.08908617 G.01362 0.108 0.30926 1.00085 0.7148
3.0183359 0.01407 0.1312 0.33200 1.00082 0.7143
0.,0176653 0.01452 0.115 0.355649 1.00079 0.7136
0.0170636 0.01496 0.119 0.37976 1.00076 0.7128
3.0164655 0.01542 D.122 .%Du88 1.0007% 0.7146
3.0159264 0.01587 0.126 G.43077 1.00071 0.7103
0.0154226 0.01632 0.129 Ua5702 1.30069 0.7089
0.214950L 0.01677 0.132 0.48482 1.00067 0.7075
0.0145066 0.01722 0.138 2.51296 1.00065 0.7060
0.8135078 3.0183% d.164 0.58636 1.00061 6.7023
0.0126387 0.01346 0.152 0.66600 1.00057 0.6987
0.0118769 0.02059 0.160 0. 74572 1.00054 0.6953
0.0112029 9.02171 0.167 0.83116 1.00051 0.6923
¢.0106022 0.02233 0.175 0.91975 1.00048 0.65900
0.0%00632 0.02395 0.182 1.01112 1.00045 0.6885
0.009577¢0 0.02507 1.189 1.10456 1.00043 0.6879
8.0091359 0.02628 0.196 1.20361 1.00041 d.6860
0.0087340 0.02752 0.203 1.3052¢0 1.00039 0.6346
0.00a83562 0.02876 G6.210 1.40772 1.00038 0,684t
0.0080283 0.03001 2.218 1.51058 1.00036 0.6855
0.0077168 0.04125 Q.223 1.61320 1.08035 0.6877
3.0074287 0.03249 0.229 1.71533 1.0003% 0.6910
0.0071610 0.033746 0.236 1.81684 1.00032 0.6953
0.0066810 0.03666 0.248 2.06197 1.000340 0.6977
0.0062611 6.03985 0.260 2.28080 1.00028 0.6946
0.8055623 0.05175 0.307 3.09511 1.00025 0.6850
0.0050043 0.06130 0.343 3.81360 1,00023 0.6885
0.00645483 0.06916 0.368 4. 48976 1.00021 8.6911
0.0061686 0.07554 U.388 S.14861 1.00019 0.6328
0.0038470% 8.08058 Q.404 5.80445 1.00017 0.6337
0.0035722 0.08446 0.418 6. 46539 1.00016 046940
0.0033338 0.08741 O0.431 7.13898 1,00015 0.6939
0.0031253 0.08962 [ ZL LY+ 7.82502 1.0001% 3.6936
0.0029413 0.09130 0.453 8.52654 1.00043 0.6930
0.0027778 0.09262 0.464 9.264411 1.00013 1.6923
0.0025315 0.09369 0476 9.97858 1.00082 0.6916
0.0022999 0.0966 0483 10.73025 1.00011 G.6906
0.0023808 0.09556 0,493 11.49945 1.00011 8.6901
0.0022726 0.09646 0.502 12.28586 1.00010 0.689
0.0021737 0.09740 0.511 13.08954 1.00010 0.6888
9.0020831 0.09438 9.520 13.91103 1.00009 0.6383
0.0013998 0.09943 0.529 14,7508 1.00009 0.6878
0.0019229 0010054 0.538 15.60764% 1.00009 0.6873
0.0018516 0.135170 04,547 16.48189 1.00008 D.El{y
0.0017855 001029 0.556 17.37435 1.00008 0.6866
0.0017239 0.10422 0.566 18.28496 1.30008 0.6863
0.0016665 0.10555 0.573 19.21337 1.00008 0.6861
0.,0015383 0.13902 0.595 21.61303 1.00007 0.64356
0.0014286 0.11266 0.616 24.12724 1.000086 2.6852
9.0012498 3.12025 0,659 29.49379 1.00006 0.6847
0.0011110 0.12792 9.700 35.31159 1.00005 0.6803
0.0009999 0.13563 0.742 Ww1.57208 1.60005 0.6841
0.0006666 0.17456 G.941 79.16132 1.00003 0.6836
0.20854090 0.27727 1.128 162465958 1.00002 0.5317
0.0004000 0.33529 1,304 236.49568 1.30002 0.5285
0.0003333 0.43002 1.472 323.21142 1.00002 0.5237
0.0002860 9.51505 1633 437.49580 t.00001 8.5911
0.000251%4 0.83563 1.790 619.73457 1.00001 Ja4453
0.0002129 3.53131 201411185.73541 1.30001 0.3684
35



TEMPERATURE
DEG. R
® 24,883

[]
-
*
.
N
o0
]

1610

3u0

360
380
400
820
440
460
480
500
520
Sud

560

580

600

j 650
‘ 700
800

900

1800

1500

2000

2500
3000
3508
4000
5009

10 PSIA ISOBAR

VOLUME

0.287940
0.208)5
0.20931
0.21201
0421493
0.21810
0.22159
0.22207
16.87591
17.91211
19.08466
20,2410

21.38502
22.51931
23.64569
24.76552
25.,87983
26+98943
28.09497
29.19697
30.29587
31.39206

32.48582
33.577%4
34.66716
3%5.75512
36.84156
39.55179
#2.25507
44,95279
47.64598
50433543

53.02175
55.70546
58.38693
61.06669
6367044l
66.42088
69,09610
T1.77023
Thokt33d
79.78719

85.12824

95.80145
106.46916
117.13264
127.79304
138.45108
149.10728
159.76199
170,41550
181.06802

191,71972
202.3707%
213.02118
223.6711 4
234.32009
24b, 96987
255.61876
266.26738
276.91577
287.56395

298.21198
308.85382
319.50754
346.12632
I72.74453
428.97972
479.21378
532, 44743
798,60878
1064,76728

1330.92809
1597.18539
1864.,48196
2137.62104
2783.49371

®  THO-PHASE BOUNDARY

ISOTHERM

DERIVATIVE DERIVATIVE
CU FT/LB CU FT-PSIA/LB

2718.17
2694.42
2543.06
2357.17
2189.05
2018.55
1846.97
1829.35
154.98
166,54
179.40
191.90

204.15
216.19
228.07
239.82
251 .46
263,00
274 .47
285.86
297.19
308.46

319.69
330.87
352.01
353.43
366.21
391.79
“19.24
L4657
473.81
500.98

528.09
555.15
582.16
609.13
636,07
662.98
689.87
716.73
T63:58
797.22

850.84

957.87
1064.76
1171.57
1278.31
1385.01
1491.67
1598.30
1704.91
1811.50

1918.07
2024.63
2131.17
2237.71
2344424
2450.76
2557 .27
2663.78
2770.29
2876.79

2983.29
3089.78
3196.27
3462449
3728.70
“261.09
4793.46
5325.81
TI87 o488
10649.09

13310.67
15972.25
18633.82
21295.39
26618453

THERMODYNANIC PROPERTIES OF PARANYDROGEN

I30CHORE
S IA/R

75,779
75.688
75.876
73.691
Ti. 964
T0.470
63,935
68.721
Ge3278
0.,3069
0.2866
0.2692

0.2542
0.2409
0.2290
G.2184
0.2087
0.1999
6.1919
0.1845
0.1777
01714

6.165%55
01680
0.1549
G.1501
0.1457
8.1356
0.1268
041191
0.1123
6.1063

6.1009
0.0960
0.0915
G.0875
C.0838
0.0804
0.0773
0BT bdy
0.0717
0.066%9

0.0627
0.0557
0.0501
0.04655
B.0417
0.0385
0.0357
0.0334
0.0343
0.0294

0.0278
0.0263
8.0250
g.0238
g.0227
6.0217
G.0208
G.0200
0.0192
0.0185

0.0179
g.9172
0.0167
0.0154
D.0143
040125
0.0111
0.0100
0.0067
0.005¢0

0.0040
0.0033
0.0029
0.0025
0.002¢

INTERNAL
ENERGY
BTU/LB

~132.918
-3132.730
~131.140
-127.786
=124.210
~120.386
~116.289
“115.729
47,000
49.872
53.110
56,298

59451
62.577
654682
68.771
714847
Tha 911
T7.965
81.011
84,050
87.083

90.109
93.131
96. 169
99.163
102.175
109.695
117.210
124,733
132.276
139.853

16T.483
155.183
162.975
170.879
176,918
1874116
195,489
204.062
212. 852
231.153

250,500
292.578
339,171
389.839
443,793
500.076
557.839
616,225
674,688
732.79%

790.272
846,969
902,825
957 . 847
1042.088
1065.604
1118. 46806
1170.803
1222. 543
1274.068

1325.077
1375.874
1426.479
15524133
1677.136
1926.019
2176aThb
24234313
3676.785
4969.885

5327, 354
7760.962
9314.143
11166.100
18318,726

ENTHALPY
Bru/L8

-132,533
=132.345
-130.752
-127.393
-123.812
-119.982
-115.878
«115.318
78.249
83.040
83.458
93.779

99.05¢0
106,276
109.467
114.630
119.769
124.8088
129.989
135.076
160,150
165.212

150.264
155.308
160.343
165.372
170,395
182.934
195.455
207.374
220,503
233,961

245.665
258,336
271.091
283.958
296.956
330,108
323.436
336.961
350.70G4
378,897

408.134
469.977
536.323
606,737
680,431
7564449
833.946
912.061
990,252
1068.083

1145.285
1221.705
1297.283
1372.025
1445.986
1519.221
1591.820
1663.858
1735.416
1806.559

1877.285
1947.79%
2018.120
2193.065
2367.358
2716.818
3062.118
3409.267
$155.593
6961.545

8791.872
10718.516
12766.659
15124.395
23473.000

36

ENTROPY
BTU/LB-R

1.18622
1.19375
1.25623
1.38067
1.50418
1.62775
1.75210
1.76852
T.41887
7.55529
?2.70153
7.83821

7.96680
8.08436
8,20374
8.31360
8.41850
8.51888
8.61514
8. 70764
8.79666
8.88247

8.96530
9. 04536
9.12284
9419790
9.27070
G371
9.60534
9.75712
9.90035
10.03b14

10.16543
10.28906
10.60774
10.52212
10.63276
10.74813
10, 84467
10.94675
11.04668
11.26118

11.42983
11.79327
12.14255
12.467799
12.79832
13.10270
13.38973
13.65934%
13.91168
14.14738

14.36803
164.57463
14.76856
14.35087
15.12296
15.2857%
15. 44001
15.58722
15.72767
15.86193

15.9%005
16411363
16.23289
16.51323
16.77181
17.23609
17.64485
18.01039
19, 42565
20, 45103

21.27619
21.96869
22.60234
23, 42340
26408940

cv cpP
BTU 7 LB -R
1.427 1.560
1.130 1.567
1151 1.629
1.198 1.736
L2084 1.851
1.289 1.982
1+329 2.125
1,334 2.142
1.537 2.790
1.521 2.730
1.509 2.682
1.502 24608
1.498 2.623
1.49% 2.604
1.493 2.588
1.491 2,575
1.490 2.564
1.489 2.555
1,483 2.547
1.487 24540
1.0687 2.534
1.686 2.528
l.486 2.524
1485 2.520
1.485 2.516
1a085 2.513
1.485 2.510
1.486 2.505
1.489 2.503
1.493 2.504
1.500 2.508
1.530 2.515
1.524 2.527
1.541 24542
14562 2.563
1.587 2.586
1.617 2.614
1.651 2,647
1.689 2.685
14731 2.726
1.777 2.771
1.877 2.870
1.987 2.978
2.216 3.207
2.435 3.425
2.621 3.610
2.762 3.750
2,857 3.845
2.908 3.895
2.925 3,912
2.916 3,903
2.89 3.878
2,855 3.842
2.813 3.800
2.771 3.758
2.731 3.747
2.693 3.679
24659 3.645
2.629 3.615
2.603 3.589
2.581 3.567
2.562 3.548
2.547 3.533
2.5346 3.520
2.526 3.510
2.505 3,491
2.495 3481
2.0687 3,473
2.486 3.471
24488 3.474
2.5306 3.522
2,644 3.630
24787 3.773
2.952 3,939
3.279 4,284
o210 5,293
11.157 13.230

VELOCITY
OF SOUND
FT/SEC

4169
4161
4083
3977
3884
3792
3698
3689
1162
1177
1215
1252

1287
1321
1353
1385
1616
1446
1475
1504
1532
1559

1586
1612
1638
1664
1689
1749
1807
1863
1916
1966

2016
2060
2103
2lkb
2183
2219
2254
2286
23318
2376

2631
2534
2634
2734
2836
2939
3043
3147
3251
3355

3458
3559
3659
3757
3852
3945
4036
4125
4212
4296

4378
4459
4538
b728
4909
5250
6569
5869
7169
8230

9137
9938
10620
11137
12082



THERMODYNAMIC PROPERTIES OF 2ARANYDROGEN
10 PSIA IS08AR

TEMPZIRATURE DENSITY V(DHIDVb VIIP/OU), =VIOP/DVIp  (OV/DTX/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL

SONDUCTIVITY OIFFUSIVITY GCONSTANT NUMBER

DEG. R LB/CU FT BTU/LB PSIA-JVU FI/BTU PSIA 170€G« R BTU/FT=HR-R LB/FT-SEC SQ FT/MR

X 1o

® 24,0883 4.81011 264,93 1%.161 13036.22 0.0058897 d.0421% 1.715 0.00561 1.25540 2.2860
25 4.8G648 264.63 194124 12953.67 0.3059216 0.04252 1.699 0.005%65 1.25519 2.2535
26 #.77765 260.84 13.792 12169.86 0.0062450 0406554 1.577 0.00585 1.25350 2.0302
28 4.71665 . 261.68 13.046 11117.96 0.0066281 0.05008 1.376 0.00612 1.26992 1.7154
30 4.65267 262.06 12,426 10184.93 0.0070638 0.05301 1.220 G.00616 l.24618 1.5332
32 4.58501 260.36 11.925 9255.06 0.0076142 0.05492 1.09% 0.0060% 126224 104220
34 4.5129 256.89 11.492 8335.19 0.0062703 g.05602 0.991 0.00584 1.23805 1.3533
®  34.263 4.50308 256.76 11.438 3237.69 0.0083422 0.05611 0.379 g.00582 1.23748 1.3453
® 34.263 0.05926 18.68 15.060 9.18 0.0356996 0.00706 0.071 9.17311 1.002386 0.2410
36 0.05583 82.7% 3615 9.30 J.0330055 0.00939 8.074 0.06161 1.00270 0.7760
3 0.05240 87.98 3.624 9,40 0.0306856 0.00985 0.078 g.07008 1.00253 0.7661
0 3.06940 93.26 3.628 Feb8 0.02839483 0.01032 g.082 0.07890 1.90239 G.7583
“2 0.04676 98.52 3.629 9.55 0.,0266250 G.01081 0.086 0.38309 1.00226 0.7517
L1 [ XY 21133 103.77 3,629 9.60 0.0250904 9.01129 0.090 0.09768 1.00214 8.7659
“6 0.04229 108.99% 3.628 9.65 0.0237437 0.81178 0.09% 0.10765 1.00206 0.7408
8 0.34038 114.13 3.627 9.68 0.0225494 0.01227 0.097 0.114801 1.00195 0.7362
S0 0.03864 119.37 3.625 9.72 0.0216799 0.01276 8.101 0.12879 1.00187 8.7319
52 0.03705 126.53 3,624 974 0.0205160 0.01325 0.105 0.13997 1.00179 0.7278
St 0.035%9 129.66 3.623 9.77 0.019641% G.01374 0.208 0.151538 1.00172 0.72339
56 0.03625 136.79 3.622 3.79 0.0188435 0.010619 0.112 0.16307 1.08165 0.722%
58 0.03301 139.89 3.621 9.81 0.0181122 0.01463 0.116 0.17492 1.00159 0.7209
60 0.03186 144,99 3.628 9.83 0.0374388 8.08507 0.219 0.18716 1.00156 0,719
62 d.03078 150.07 3.618 .86 0.0168167 0.01552 g.123 g.19981 1.00149 0.717%6
[-13 0.02978 3155.15 3.617 .85 0.0162399 0.91597 8.126 0.23284 1.00146 8.7158
66 0.02885 160.22 3.616 9.87 0.0157032 801642 0.129 0.22624 1.00139 0.714D
68 0.02797 165.29 3.615 9.88 8.0152026 0.01687 0,433 0.24002 1.00135 0.7121
70 8.0271% 170.36 J.613 9.89 0.0147343 9.01732 0.136 0.25416 1.00131 0.7103
75 g0.02528 183.08 3.607 9.91 0.0136853 Qe 01804 [ R XY 0.29103 1.40122 8.7058
a0 0.02367 195,88 3.399 9.92 0.01278405 8.01955 0.152 6.33000 led0114 0.7017
a5 0.02225 208.83 3.586 9.93 0.0119913 0.02067 0.1560 0.37101 1.00107 0.6978
90 0.02099 222.02 3.567 9.9 0.0112962 0.02179 3.168 O.41386 1.00101 0.6365
95 0.01987 235.54 3.562 9.95 0.0106792 0.02290 84175 0.45829 1.00096 0.6919
100 0.01886 24h9.48 3.510 9.96 0.0101273 0.02602 9.182 0.504611 1.00091 8.6901
105 0.01795 263.93 3.470 9.97 .0.0096308 0.02514 g.189 0.55095 1.00087 0.6893
110 0.01713 278.98 3.622 9.97 0.0091816 0.0263% 0.196 8.60050 1.00083 0.6873
115 0.91638 296.72 3.367 9.97 g.a087727 0.02758 0.203 0.65151 1.00079 0.6857
120 0.01563 311.24 3.304 9.98 0.003399% 0.02883 0.210 g.70288 1.00076 0.6854
125 2.01506 328.57 3,235 9.98 0.0080563 0.03007 9.247 0.75442 1.00073 0.6863
130 Ga020467 346.77 3.1862 9.98 0.00774816 8.03131 0.223 0.80585 1.00070 0.6885
135 0.01393 365.36 3,034 9.99 0.047w502 0.03255 8.229 0.85693 1.000867 0.6918
140 0.01343 385.89 3.005 9.99 0.0071802 8.93379 8.236 0.90779 1.00065 0.6960
150 0.01253 428.65 2,843 9.99 0.00669%55 0.03671 0.268 1.02056 1.00060 0.6982
160 0.0117% w7485 2,686 9.99 0.0062725 0.03989 9.260 1.10015 1.90057 0.6930
130 0401044 575.80 2.407 10.40 0.0095690 0.05176 9.307 1.54604 1.00050 0.6854
290 $.00939 683.76 2.190 10.00 0.0050087 0.06130 0.343 1.90581 1.00045 0.6888
220 0.00854 793.49 2.034 10.00 0.0045512 0.06916 0.368 226407 1.00061 0.6914
2460 g.00783 899.29 1.930 10.00 B.00061705 0.07553 0.388 257370 1.00038 0.6930
260 0.00722 998.93 1.866 10.00 0.0038487 0.038058 [ 224 13 2.90182 1.00035 0.6939
280 9.00672 1090.19 1.833 10.00 0.0035731 0. 08546 Jsbt8 3.23299 1.00032 0.6942
300 8.00626 1173.32 1.822 10.00 000333484 0008741 8.431 3.56948 1.00030 0.6941
320 0.00587 1248.84 1.827 10.00 0.0031256 0408962 f.442 3.91269 1.00028 0.6937
3e0 0.00552 1318.27 LeBes 10.00 0.8029415 0.09132 0.453 4.26362 1.00027 0.6931
360 0.00522 1382.92 1.866 10.00 0.0027778 0.09262 .46k 4. 52258 1.00025 0.6926
38 0.004% pUT LY 1 1.89% 18.00 00025345 0.0937¢ 0.474 b.38998 1000026 0.6917
%30 0.00469 1503.30 1.922 10.00 0.0024998 0.09666 0.483 5.36598 1.00023 0.6909
€20 0.00447 1561.33 1.951 10.00 g.0023807 0,09557 0.493 5.75074 1.00022 0.6302
bbl 0.00427 1619.400 1.978 10.00 8.0022724 009647 0.502 6.14409 1.00021 0.6895
[T 1] 0.00408 1677.46 2.043 18.00 $.0021735 8,09781 0.511 6.54606 1.00020 0.6389
hoo 0.00391 1735.55 2.026 10.00 0.0020329 0.033839 8.520 6.95697 1.00019 0.68283
500 0.00376 179.96 2046 10.00 0.001999% 0, 09946 0.529 7.37683 1.00018 0.6878
520 0.00361 1855.30 24064 10.00 0.0019227 0,10055 0.538 T.80555 1.00017 0.56874
540 0.00348 1916445 2,079 10.90 0.0018510 0,10171 8.547 8.24281 1.00017 0.6870
5690 0.00335 1973 .04 2,091 10.00 0.0017853 0.10295 0.556 8.68917 1.00016 0.6867
580 0.00326 2042.29 2,102 18.00 0.0017237 0.100623 0.564 9elbubl 1.00016 0.6864
600 0.00313 2106447 2.110 10.00 0.0016663 0.10556 8.573 9.60895 1.00015 0.6861
650 d.00289 2269.97 2.126 10.00 0.0015381 0,10943 0.595 10.80910 1.00014 0.6856
700 0.00268 2637.05 24135 10.00 0.0014282 0.11268 0,616 12.06654 1.00013 0.6852
800 9.00235 2779.11 2e16d 10.00 008012697 0.12026 0659 14.75047 1.00011 0.6867
9090 0.00299 3125.03 2,142 13.00 0.0011109 0.12793 0.70% 17.66005 1.00010 0. 6843
1093 0.00388 367%.60 24160 10.00 9.0009998 013565 0.742 20.79100 1.00009 0.6841
1500 0.3012% 5283.51 2,099 18.00 $.0006666 0.17459 0.941 39.59068 1.00006 0.6836
2000 0.,0009% 7260443 2,014 19.00 0.0000999 v.27727 1.128 81.33490 1.00005 0.5318
2500 0.00075 9%32.96 1,910 18.00 0.0006000 0.33518 1,305 118.24127 1.00004 0.5286
3000 0.00063 11848.43 1. 804 10.00 0.0003333 0.39781 1.472 161.28694 1.00003 0.5248
3500 0.3005% 14984, 10 1.625 9.99 6.0002859 043574 1.633 215.77101 1.00003 0,5079
%000 0.00047 21093.88 1.269 9.96 0.0002509 0.73920 1.789 298.51987 1.00002 0.4613
5840 9.30036 ©32%8.93 04699 9.50 0.000209% 2.72170 2.126 572.62853 1.00002 0.3721
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*  THO-PHASE BOUNDARY



14.696 P

TEMPERATURE
DEG. R

36.483
* 36,483
38
40

42

36

360
380
400
“20
(211}
46l
“8p
500
520
540

560
580
600
650
700
800
300
1000
1500
2000

2500
3000
3500
4000
5000

®  THO«PHASE BOUNDARY

SIA IS08AR

YOLUME
CU FT/LB

0.20785
0.20798
0.20923
0424193
0.21483
G.21739
0422146
6.223530
0.22629
11.97202
12.58367
13.40923

16.21951
15.01820
15.89777
16.58996
17.36603
18.13695
18.90349
19,66626
20442573
21.18234

21.93641
22.68824
23.4L3808
24.18615
24.93261
26.79277
28.64584
3D.49323
32.33603
Jlel7504

36.03089
37484410
39.67506
%1.50409
43,33147
4515741
46.,98209
48.80567
50.62827
54.27098

57.91092
65+18416
724044993
79.73146
86.96992
96.22602
101.48027
108.73304
115.98461
123.23519

130.48495
137.734603
144.98253
152.23055
159.47816
166472541
173.97236
181.21904
188446549
195.71174

202.95782
210420374
217.44952
235.56367
253.67684
289.90234
326412674
362435061
543.46370
724,57382

305, 68480
1086.84976
1268459802
1453.62588
1879.61030

ISOTHERM

DERIVATIVE DERIVATIVE

Cu FT-PSIA/LD

2714.95
2703.91
2556.81
2364,27
2196.35
2026.01
1854.20
1691.52
1645.33

156.83

167.56

161,23

196,43
207 .27
219.84
232.18
24k, 34
256,34
268,22
279,99
291.66
303.25

314.76
326.21
337.59
348.93
360.22
388.27
416411
wh3.79
71,33
498.76

526.10
553.36
580.56
607.70
634,79
661 .84
688,85
715.83
T42.78
796.61

850.36
957 .74
1064.83
1171.80
1278.67
1385.48
1492.24
1538.95
1705.62
1812.27

1918.89
2025.49
2132.08
2238.65
2365.2.
2451 .76
2558.30
266%.83
2771.35
2877 .87

2984.39
3090.89
3197 .40
3463.65
3729.88
4262.31
4794.70
5327.07
7988.79
10650.42

13312.01
15973.593
18635.17
21296.74
26619.88

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

IS0CHORE
>SIA/R

75.789
76,712
75. 9456
73.766
T2.016
70.5uk
69.014
6r.392
600983
0e675
Ueb1?
Dete228

0.3865
0.3647
0.3456
0.3285
0.3133
0.2995
0.2869
0.2755
0.2649
G.2552

Be2462
0.2379
0.2301
0.2229
0.2161
G.2008
0.16876
0.1764
0.1659
0.1569

0.1488
.1616
G.135¢
0.1290
0.4235
0.1185
G6.1138
0.1096
0.1056
G.0985

G.0923
0.0819
0.0737
0.3669
0.0613
0.0566
0.0526
Ga0490
G. 0460
0eDW33

C.0609
0.0387
0.0368
0.0350
0.0334
0.0325
0.0306
00296
0.0283
6.0272

0.0262
0.0253
Ge0245
0.0226
G.0218
0.0184
0.0163
0.0147
G.0098
6.0073

G. 3055
Ce0049
B.0042
0.0037
0.0029

INTERNAL
ENERGY
BTU/LB

~132.913
«132.757
~3131.168
~127.819
“124.249
=120.431
*116.343
“111.966
=110.856

“8.872

51.469

56.818

58.097
61,326
6Le518
67.682
70.822
73094
77.050
80.142
83.223
86.29

89.356
92 . 410
95.457
96.498
101.53%
109.111
116.673
124.237
131.81%
139. 422

1467.079
156,803
162.616
170.540
178+596
186.808
195,197
203.783
212.585
230.307

258.273
292.389
339.005
389.690
443.659
©99.953
557.728
6164123
674,595
732.708

790.192
8464895
902.757
957.783
1012.029
1065.548
1118.432
1170.754
12224597
12744025

1325.036
1375.836
14264442
15524101
1677.108
1925.9%9
2174.725
2423.304
3676.778
4969.880

6327.309
7759.900
9303. 242
11103.068
17575.283

ENTHALPY
atu/sis

~132.348
~132.191
-130.599
«127.242
~123.6646
-119.838
“115.740
«141,351
=110,240

81.452

85.713

91.309

96.783
102,196
107.536
112.828
118.081
123.300
128,692
133,660
138.808
163.938

149,051
156.151
159.239
164.316
169.384
182.022
194.5627
207.218
219.810
232.423

245.075
257.788
2704584
283.485
296.514
309.695
323.0049
336.598
350,360
378.595

407,866
469.775
536.163
606.609
680,330
756.371
833.886
912.9018
990.224
1068.068

1145.281
1221.711
1297.298
1372.049
1446.017
1519.258
1591. 863
1663.906
1735.468
1806.616

1877.345
1947,.864
2018.188
2193.140
2367.439
2714.908
3062.214
3409.368
5155.706
594i.563

8791.350
10717.545
12755.479
15058.801
226904268

38

ENTROPY
BYU/LB=R

1,18639
1.19268
1.25512
1.37948
1.50287
1.62630
1.75051
1.875%0
1.90658
7.16221
7.27660
T.42015

7.55393
7.67960
7.79831
7.91092
8.01813
8.12049
8.21846
8.31243
B.40275
8.48978

8.57354
8.65450
8.73278
8.80856
8.88202
9.05640
9.21912
9.3717¢
9.51571
9.65210

$.78189
9.9059¢4
10.02498
10. 13967
10.25057
10.35818
10. 46293
10.56519
16.66528
10486004

11.046891
11.41273
11.76223
12.09782
12.41826
12.72274
13.00984
13,27950
13.53189
13.76757

13.98832
14,19495
14. 38889
14.57122
14.74333
14.90612
15.06043
15.20763
15. 34809
15. 48235

15.61048
15.73607
15.85333
16.13368
16. 39228
16.085657
17.26533
17.63038
19.04615
20.07153

20.89668
21.56881
22.21939
23.02614
25.53754

cv cr
8TU 7 LB -R
1.128 1.560
1,130 1.566
1.152 1.628
1,197 1.733
L1244 1.850
1.289 1.980
1.329 2.122
1.365 2,273
1,372 2.316
1.555 2.904
1.536 2.834
1.52¢ 2.767
1.511 2.719
1.505 2.684
1.501 2.657
1,498 2.635
1.496 2.617
1,484 2.682
1.493 245910
1.492 2.579
1.491 2.569
1.490 2.561
1.6489 2.553
1.488 2.567
1.488 24561
1.488 24536
1.488 2.532
1,488 2.524
1,691 2,519
1.495 2,518
1,502 2.520
1.511 2.526
1.525 2.536
1.542 2.550
1.563 2.569
1.588 2.592
1.618 2.620
1,652 2.653
1,690 2.689
1.732 2.730
1.777 2e775
1.878 24874
1.987 20982
24217 3.209
2,436 3.426
2.621 3.611
2.762 3.752
2,857 3,846
2.908 3.896
2.925 3.913
2.917 3.904
2.891 3.878
2.855 3.842
2,814 3.800
2.772 3.758
2,731 3.717
24693 3.679
2.659 3.645
2.629 3.615
2.603 3.569
2.581 3.567
2.562 J.548
2.547 3.533
2.534 3.521
2.524 3.540
2.505 3.492
24495 3.481
2,487 3.473
2,486 J.u72
24488 LI Y4
2.536 3.522
2.644 3.630
2.787 3.772
2.946 3.933
3.237 4.238
4.024 5. 091
9.818 11.678

VELOCITY
OF SQUND
FY/SEC

L1772
4166
4087
3982
3389
3798
3706
3613
3586
1165
1197
1236

1273
1309
1343
1376
1607
1438
1468
1497
1526
1554

1581

1608
1634
1660
1685
1746
1805
1861
1914
1965

2013
2859
2103
2166
2183
2219
2254
2287
2318
23717

2431
2534
2634
2735
2836
2939
3063
31468
3252
3356

34659
3560
3660
3757
3853
3946
4037
%126
“212
297

4379
4460
4539
4729
4910
5251
5570
5870
7169
8230

9137
9940
10632
11171
12408



14.696 PSIA ISOBAR

TEMPERATURE DENSITY

DEG. R

36.483
36. 483
38
0

340

360
3810
200
420
L1
4640
(311
500
520
S4d

560
580
500
650
700
800
900
1000
1500
2000

2500
30a90
3500
%800
5000

TWO-PHASE JOUNOARY

L8/Cu FT

4.81128
4.80822
4o 779065
#.71859
654380
458733
Le5150k
bol3861
bo41902
0.08353
007947
0.07458

0.07033
0.06659
0.06326
0.06023
0.05758
0.,05514
2.05290
0.05085
0.048%
g.064721

0.34553
0.06408
0.04267
02046135
0.06011
0.03732
0.03491
0.03279
0.03093
0.02926

0.02777
0.02642
0.02520
0.02409
0.02308
0.02214
0.92128
0.02049
0.01975
0.01843

0.04727
0.01534
6.01380
0.01255
8.01150
G.02061
0.009385
0.00920
8.00862
0.00811

0.00768
0.00726
0.00690
0.00657
6.00627
9.00600
8.00575
0.00552
0.00531
0.00511

0.00693
3.00476
6.00460
0.00425
040039
0.00345
0.00307
9.0827%
0.00184
0.00138

0.00110
0.00092
9.00079
0.00069
0.00053

V{0H/0V)

265.43
265.33
26134
262416
262457
260489
257 445
253.23
251 .35

81.37

85.42

30.80

96.20
101.58
106.93
112.20
117.55
122.82
128.06
133.27
138,46
163,63

168.78
153.92
159.05
166,18
169.30
182.13
195.02
208,06
221.32
234,90

248489
263,39
278448
294,25
310,79
328.15
346437
365,48
385.52
428.32

4Tk 5%
575.58
683.55
733,04
899.20
398.90
1096.21
1173.39
1268.95
1318.42

1383.10
1464,25
1503.53
1561 .58
1619.26
1677 .36
1735.08%
1795.26
1855.64
1916.76

1979.36
2042.62
2106.81
2270.32
2637.41
2779.43
3125 .42
3475.00
5283.94
7260.92

Fe32.61
11801.22
14827 .66
20299,.61
56272.01

P
aTu/Ld  PSIA-JU FT/BTU

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

14.152
19.122
13.799
13.055
12.435
11+ 936
11.502
11.127
11. 046
3.600
3.619
3.632

3.638
3.6060
3.640
3.638
3.637
3.635
3.633
3.632
3.630
3.629

3.628
3.626
3.625
3.623
3.621
3.815
3.606
3.592
3.574
3.568

3.516
3.475
3.427
3.371
3.308
3.239
3.166
3.088
3.008
2. 846

2.689
2.409
2.192
2,036
1.931
10867
1.834
1.823
1.828
1. 844

1. 867
1.894
1,923
1.952
1.979
24006
2.027
2. 067
240646
2,079

2.092
2.102
241112
2,126
2.135
2elb1
2,143
2.160
2.100
240106

1.911
1.807
L.666
1.327
0.563

VIDP/DU), =V (DP/OVY

PSIA

13062.39
13000.97
12190.49
11156.05
10223.57
9293.95
8372454
7508.02
7270.73
13.10
13.32
13.52

13.67
13.80
13.91
14,00
14.07
14413
14419
14.20
14.28
14.32

1435
14.38
1h.00
14043
14445
16049
14453
14.55
$4.58
16.59

14,64
16,862
14.63
16.66
14.65
16.66
14.66
16.67
14.67
14,63

14468
14.69
1670
14.70
16.70
16479
14.70
171
1671
16.71

1471
1671
171
14.71
14.71
14.71
ibh.78
1471
1%.70
14.70

16.70
16.70
14.70
14.70
ie.70
14.70
16.70
14,70
16070
1h.70

1470
14,70
14.63
14.65
14416

(Qvzs0TiI sV THERMAL VISCOSITY THERMAL OIELECTRIC PRANDTL

CONOUCTIVITY DIFFUSIVITY CONSTANT NUMBER
1/0EG. R BTU/FT~HR-R LB/FT-SEC 5Q FT/HR
X 10
6.0058786 G. 04222 1.716 8.00562 1.25547 2.2835
0.0053085 0.04254 1.703 0.00565 1.25529 2.2559
0.0062300 0.04556 1.580 0.30585 1.253630 2.0330
0.00608122 .05011 1.379 0.00613 1.250403 1.7173
0.0070b6L 3.05305 1.222 6.00616 1.24630 1.5344
0.0075903 0.056497 1.097 0.00605 1.24237 1.8227
0.0082429 8.05607 0.993 0.00585 1.23819 1.3537
0.0089761 0.085691 0.906 0.00564 1.23375 1.3029
6.0092127 0.057290 0.887 8.00559 1.23261 1.2926
0.0356912 0400979 0.078 0.04037 1.00404 0.8090
0.0331737 0.01010 0.079 0.06437 1.0038¢ 0.7954
0.0306692 0.0105% 6.083 0.05109 1.00360 0.7815
000282697 0.01200 0.087 0.05750 1.00340 0.7708
0.0264268 0.01347 6.090 0.06415 1.00322 0.7620
3.0268487 0.01294 9.094 0.07103 1.00306 G.7547
0.0234756 Ded1262 0.098 0.073815 1.00291 07485
0.0222656 0.01289 0.102 0.38555 1.06278 0.7429
0.0211886 0.01337 0.105 0.09321 1.00266 0.7378
0.0202220 0.01386 0.109 0.10114 1.00256 0.7330
0.01934483 0401430 0.113 0410904 1.00246 0.7305
0.0185538 0.01676 0.116 0411719 1.00236 G.7282
0.0178274 0.01518 0.120 0.12558 1.00228 8.7259
6.0171605 8.01563 0.123 0.13426 1.00220 0.7235
0.0165454 0.01607 0.126 0.16318 1.00213 0.7212
0.0153760 0.01652 0.130 0.15235 1.00206 G.7189
8.0156471 0.01696 0.133 016178 1.00200 0.7166
0.0143562 B.0176% 0.136 Be17165 1.0019 07144
0.0138565 0.01852 0.145 0.19665 1.00180 0.7093
0.0129161 0+01963 0.153 0.22327 1.00169 0.7045
8.0121002 8.02075 0.160 0.25127 1.00158 a.7003
0.0113349 0.02186 0.168 0.28052 1.00169 0.6966
0.0107521 0.02297 0.175 0.31083 1400161 0.6937
0.01018480 0.02609 0.183 0034209 1.0013% 3.6916
$.0095816 0.02520 0.190 0437405 1.00128 0.6906
0.0092243 0.02641 0.197 Gele0 764 1.00122 0.6885
0.0088093 0. 02764 0.203 Vo263 1.00116 0.6867
0.00843086 0.02832 0.210 0. 47766 1.00111 0.6863
0.0080838 0.03012 0.217 0.51280 1.003107 0.687%
0.0077 648 0403136 0.223 0.54786 1.00103 0.6892
0.0074705 0.03259 0.230 0.58264 1.06099 0.6925
0.0071979 3.0338¢6 0.238 0.61732 1.00095 0.6966
2.0067091 0.03876 G268 0+690617 1.00089 0.6937
0.0062831 0.0399 0.260 0.77567 1.00083 0.6994
0.0055753 0.05477 0.307 1.05158 1.0007% 0.6858
0.0050127 0.06130 Ce362 1.29619 1.00067 0.6892
0.0045538 0.06916 0.368 1.52648 1.00068 0.6916
0.0041722 0.07553 0.388 1.75091 1.00056 0.6932
0.0038498 0.08058 Voledle 197631 1.00051 0. 6942
0.0035738 0,08446 Q.418 2419979 1.00068 0.6%4
0.0033348 0408761 [ L 23] 2.42808 1.000 4% 0. 6342
0.00312%9 0.08962 Q.42 2.66253 1.00042 0.6938
0.0029416 0.09131 0.453 290144 1.00039 0.6932
8.0027779 0.09263 [ 1213 3.14561 1.00037 0.6925
“ 0.0026310 0.0937¢ Q.76 3.39592 1.00035 0.6917
0.0026397 0.09467 d.483 3.65187 1.00033 0.6910
0.0023805 0.09557 0.493 3.91378 1.00032 8.6302
0.0022722 0409647 0.502 4e18154 1.00030 0.689
0.0021734 0,09741 0.514 &e 05515 1.00029 0.6889
S.0020827 0.09339 3.520 e 734085 1.00023 0.6834
0.001999 0.09964 0.529 5.02064 1.00027 0.6879
0.0019225 0.10056 0.538 5.31245 1.00026 0.687¢4
0.0018512 0.10871 0.547 5.61007 1.00025 0.6870
0.0017851 0.10296 0.556 5.91389 1.00026 0.6867
0.0017235 0010624 8.565 6.22388 1.00023 0.6864
0.0016661 0.10557 0.573 6053993 1.00022 0.6861
0.0015379 0.10904 0.595 735679 1.00020 0.6856
0.03014280 0.11269 0.616 8.21262 1.00019 0.6852
3.0012496 0.12027 0.659 10.03336 1.00017 0.6847
0.0011107 0.1279% 0.701 12.01962 1.00015 0.6843
8.0009997 8.,13566 0,742 14.15056 1.00013 0.6841
0.0006665 Gel7461 0,942 26494551 1.00009 0.6836
00004999 0.27727 1.128 55.36825 1.00007 0.5318
0.0003999 0.33514 14305 80.458h2 1.00005 0.5287
0.0003333 0.39687 14472 109.65920 1.00004 0.5253
0.0002858 0.48757 1.633 145.93852 1.000046 0.5110
0.0002508 3.69840 1.789 199.43043 1.00003 Cs 4695
0.3002075 2.36829 2.120 381.17027 1.30003 0.3763

39



THERMODYNAMIC PROPERTIES OF PARAHYDROGEN
15 PS14A ISQ8AR

TEMPERATURE VOLUNE ISOTHERM 150CHORE INTERNAL ENTHALPY ENTROPY cv ceP VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND
DEG. R CU FT/LB CU FT=PSIA/LB 23IA/R BTU/ZLB BTusLB BIU/ZLB-R 8Tu 7 LB -R FT/SEC
S 24,904 0.20784 2715.26 75.789 ~132.913 ~132.336 1.18640 1.128 1.560 Wi72
25 0.20797 2704.52 Toa T2t «132.758 -132.181 1.19262 1.130 1.565 4167
26 0.20922 2551.09 730958 -131.170 -130.589 1.25508 1.152 1.628 4088
28 8.21192 2364.73 73.771 -12T7.821 -127.232 1379460 1.197 1.733 3982
30 0.21483 21956.82 72,026 *126.251 -123.655 1.50278 1,264 1,849 3890
32 0.,21798 2026043 704549 =120 436 -119.829 1.62621 1.289 1.980 3798
k1% 0.22145 1854 .67 63,019 =116.346 «115.,731 1.75040 1.329 2+s122 3704
36 0.22529 1692.05 67.397 =111.968 “111.3463 1.87579" 1.365 2,273 3613
® 36.608 8.22655 16364.45 65. 880 ~110.571 ~109.942 1.91439 1374 2.326 3580
® 36.608 11.75296 156.87 Q.4766 48,968 81.613 7.146838 1.556 2.942 1166
38 . 12.30213 166.76 D 4523 61,357 85,527 7.25330 1.538 2. 845 1195
40 13.11369 180.52 0.4215 S54.719 Flelbb 7.39735 1.522 2.775 1235
2 13.90975 193.79 0.3955 58.007 96,643 7.53151 1.542 2.726 1272
el 14.63408 206.68 8.3730 61.243 102.058 7465746 1.506 24690 1308
13 15.46920 219.29 0.,3533 blokn2 107.409 7.77640 1.502 24662 1342
w8 16.23688 231468 0.335% 67.610 112.720 7.88920 1.499 2.639 4375
50 16,99840 243.87 b.3202 70.755 117.370 7.99657 1,696 2.621 1u07
52 17.75475 255.91 0.3061 73,881 123.196 8.09906 1.495 2.606 1438
St 18.50669 267 .82 0.2932 76.990 128,394 8.19715 1693 2.592 1468
56 19.254683 279.61 0.2815 80.086 133,568 8.29122 1.492 2.581 1497
58 19,9998 291.30 8.2707 83.169 138.720 8.38162 $e491 2.571 1526
60 20.74265 302.91 02607 86,243 143,855 8.46866 1.490 2.563 1554
62 21.48107 3lbobh 0.2515 89.307 148.972 8.55256 1.489 2.55% 1581
(13 22.21824 325.90 0.230 92.363 154.076 8.63358 10489 2+568 1608
66 22595343 337.31 C.2350 95,412 159.167 8.74191 1.4688 2,543 1634
68 23.68683 348,66 0.2276 98. 455 164248 8.78774% 1.488 2.538 1660
70 26.41863 359.96 b.2207 2101.493 169,318 8.8612%6 1.4088 2.533 1685
75 26.24211 388.04 0.2051 109.073 181.363 9.03578 1.488 2.525 1746
80 28.05849 415.91 0.1916 116,639 196,574 9.19849 1,491 2.520 1605
85 29.86919 443.61 C.1798 124,206 207.169 9. 35120 1.495 2.518 1861
90 31.67%529 471.17 Ue1694 131.784 219.765 9. 49520 1.502 2.521 1914
95 33.47760 498.62 De.1602 139.39 232.382 9.63162 1.511 2.526 1965
100 35.27675 525.97 0.1520 147,053 245.037 9.76145 1.525 2.536 2013
105 3r.07325 553.25 Cel bt 154,779 257.753 9.88552 1.542 24551 2059
110 38.86751 580446 0.1378 162,593 270.551 10. 00459 1.563 24569 2103
115 ©0.65984 607.61 0.1317 170.518 283,454 10413930 1.588 2.593 214b
120 42.45051 634471 G.1261 178.575 296.486 10.23022 1.618 2.62% 2183
125 423974 66177 0.1209 186,783 309.568 10.33784 1,652 2.653 2239
130 46.02771 688.79 0.1162 195.178 323.024 10.44260 1.690 2.690 2254
135 ©7.83459 715.77 Ge1119 203.765 336.574 10.54487 1.732 2.734 2287
140 ©9.60048 T42.73 0.1078 212.568 350.338 1064498 1.777 2.775 2318
150 53.16978 796.58 0.1005 236.891 378.57% 10.83975 1.878 2.876 23717
160 56.73630 850.33 8.0942 2504258 “07.848 11.026864 1.987 2.982 2431
180 63.86290 957.73 0.0836 292.377 469,762 11.39248 2.217 3.209 2534
200 70.95175 1066.33 0.0752 338.39% 536.152 11.746199 2.436 34427 2634
220 78,09647 1171.81 U.0683 389.680 606.601 12.07759 2.621 3.611 2735
260 85.20811 1278.70 0.0626 443.650 680.323 12.39804 2.762 3.752 2836
268 92.31739 1385.51 .0578 ©99.945 756.366 12.70252 2.857 3.846 2939
280 99.42482 1492.27 0. 05306 557.724 833,882 12.98363 2.908 3,896 3043
300 106.53077 1598,.99 0.0501% 6164116 912.016 13.25930 2.925 3.913 3148
320 113.63552 1705.67 0.0669 674.589 990.222 13.51169 2.917 3.904 3252
340 120.73928 1812.32 0a0b62 732.702 1068.067 13.74737 2.89¢ 3.878 3356
360 127.84222 1918.94 0417 790.187 1145.281 13.96812 2.855 3.842 3459
380 136494448 2025.55 0.0395 Bub. 891 1221.742 16.17475 2+814 3.800 3560
“0D 162.04617 2132.44 0.0375 902.752 1297.299 14.36870 2.772 3.758 3660
W20 169.14737 2238.71 0.0357 957.779 1372.050 14.55103 2.731 3747 3758
b0 156.24816 2345.27 Ca0341 1012.025 1446.019 14472314 2.693 3.679 3853
L1:1] 163.34859 26451 .82 0.0326 1065.545 1519.261 14,88593 2.659 3.645 3946
«80 170444872 2558.36 0.0313 1118.428 1531.866 15.04022 2,629 3.615 4037
500 177.54858 2664.90 g.0300 1170.751 1663.909 15.1874%4% 2.603 3.589 4126
520 184.60822 2771 .42 0.0289 1222.59% 1735.472 15.32790 24582 3.567 4213
Sl 191.74765 2877.9% G.0278 1274.022 1806.619 15.46217 2.562 3.548 4297
560 198, 84691 2984 446 g.0268 1325.033 1877.369 15.59029 2.547 3,533 “379
580 205.94601 3090.97 G.0259 1375.833 1947.868 15.71388 2.534 3.521 4460
600 213.04497 3197 .47 0.0250 14264440 2018.192 15. 83315 2.524 3.510 4539
650 230.79187 3463.72 G.0231 1552.099 2193.145 16.11350 2.505 3,492 4729
700 2h8.53820 3729.96 0.0214 1677.106 2367, bbb 16.37209 2.495 3.481 4910
300 284,02961 4262.39 0.0188 1925.995 2714.914 16.83638 2.487 3.473 5251
soc 319.51991 479 .78 0.0167 2174726 3062.220 17,2515 24486 3,472 5570
1000 355.00949 5327.16 0.0150 24234303 3409.375 17.61069 20488 JebTh $870
1500 532.45233 7988.88 0.0100 3676.777 5155.713 19.02597 2.536 3.522 7169
2000 709.89199 16650.50 0.0075 4969.879 6941.5671 20.05135 2.644 3.630 8230
2500 887.33245 13312.10 G.0060 6327.307 8791.956 20.87649 2.787 3.772 9137
3000 1064.82525 15973.68 0.0050 7759.648 10717.500 21.56861 2. 946 3.933 9940
3500 12642.88371 18635.25 0.0043 9302.718 12754.944 22419904 34235 4,236 10633
4000 1426.12258 21296.83 0.0038 11100.022 15055.656 23.00514 4.016 5.081 11173
5000 1840.83856 26619.96 0.0030 17539.593 22652.694 25.50308 9.754 11.604 12102
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15 PSIA ISO3AR

TENPEZRATURE ODENSITY

DEG. R

360
360 ¢

560
580
800
650
700
[11]
940
1000
1500
2000

2500
3000
3540
©800
5000

THO-PHASE BOUNDARY

LB/Cu FT

4.81135
+.80433
477956
hoT1872
426549
4.58748
4.51561
hots3879
holibll
8.08508
0.08129
0.07626

0.07189
2.06205
0.06464
0.06159
0.05883
0.05632
0.05403
0.0519%
0.05800
g.04821

0.04655
0.06501
0.06357
0.046222
0.04095
0.03811
0.03564
0.03308
8.03157
8.02987

0.02835
0.02697
G.02573
0.02459
0.02356
8.02263
8.02173
0.8209
9.02016
0.31882

0.01763
0.01566
0.01409
0.01280
0.0187%
0.03083
9.01006
0.00939
0.30880
8.00828

0.00782
0.08761
0.00704
0.00670
0.00640
0.00612
9.00587
0.00563
0.00542
0.00522

0.00503
0.00486
8.00469
0.00433
0.30402
0.00352
0.40313
0.00282
G.00188
0.00142

0.00143
0.0009%
G.00080
G.00870
0.00056

V(DNIDV%

THERMOOYNANIC PROPERTIES OF PARAHYDROGEN

vir/ou -V(DPIDWT

8Tu7L8 PSIA-3U FT/BTU  PSIA

205046
265.37
261 .38
262.19
262.61
260.93
257 .49
253.28
250.95

81456

85.25

90.65

36.05
101 . b
106.80
112.13
117 b
122.71
127.95
133.17
138.37
143,56

148.70
153.00
158.98
16k.21
169.23
182.07
196.97
208.01
221.28
236.86

268.86
263.35
278,44
294,22
310.76
328.12
346430
365.46
385.50
»28.29

Wl4.52
$75.56
683.54
793.03
499,19
998.90
1090.21
1173.39
1248.96
1318.42

1383.11
Lebb .26
1503.54
1561.60
1619.28
1677.35
173%5.86
1795.27
185%.63
1916.78

1979.38
2042.65
2106.83
2270434
2637 Jble
2779.54
3125 bole
3675.03
5283.97
7260 9%

32.60
11800.41
16820.16
20261 .27
55933.54

150152
1e.122
13.799
13.05%
124435
11934
11.501
11.127
11.026

3.601

3.618

3.532

3.638
3. b4l
3.640
3.639
3.638
3.636
3.634
3.632
3.631
3.629

3.628
3.627
3.625
3.524
3.622
3.615
3.606
3.593
3.574
3.569

3.516
3.476
3.428
3.372
3,309
3,260
3.166
J.088
3.008
24847

2,689
24409
2.192
2.036
1.931
1.867
1.834
1.823
1.028
1,844

1.0867
1489
1.923
1.952
1.979
2.004
2.027
2,047
24064
2.079

2.092
2.102
2,111
2.12%6
2135
2e1b1
2a143
2.140
2.100
2.014

1.911
1,807
L. 647
1.330
3.566

13066.08
13000.22
12193.44
11158.51
10226.07
9296,47
8376.95
7510.66
7216.67
13.35
13.56
13.77

13.93
14407
14.18
16,27
16.35
16,01
Lieod?
14,52
14.57
14,60

16,66
16.67
14.78
1h.72
1he76
146.79
16.82
14,85
16.88
16089

16.91
16.92
14.93
1,9
16095
1449
14,96
14.97
16.97
16,98

14.99
15.00
15.00
15.00
15.0L
15.02
15.08
15.0t
15.00
15.42

15.01
15.01
15.01
15.01
15.04
15.01
15.01
15.04
15.01
15.01

15.01
15.01
15.01
15.01
15.01
15.01
15.04
15.01
15.00
15.00

15.00
15.400
14.99
14.9%
Lb.46

(DVIOT%/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL

SONDUCTIVITY OIFFUSIVITY CONSTANT  NUMBER
1/DES. R BTU/FT-HR-R LB/FT-SEC SQ FT/HR
X 102

0.0058779  G.04222 1.716  0.00562 1.25%548 2.283%
0,0058992  0.04254 1.703  0.00565 1.25530 2,2560
0.0062290  0.04556 1.580 0.00585 1.25361 2.0332
0.0066112  0.05011 1,379  8.00613 1.25004 1.7176
0.0070423  0.05305 1.223  0.00616 1.24631 1.5345
0.0075888  0.056497 1.097  0.00605 1.26238 1.4228
0.0082411  0.05607 0.99%  0.08585 1.23820 1.3537
0.0089736 0.05692 0.906 0.00566 1.23376 1.3029
0.0092700 0.05727 0.882 0.00558 1.23233 1.2900
0.0357072  0.00984 0.076  0.03972 1.00611 0.810%
0.0333702  0.01012 0.079  0.04377 1.00393 0.7975
0.0306169 0.01056 0.083 0.04388 1.00369 0.7832
9.0283852  0.01102 0.087 0.05617 1.00347 0.7721
0.026519%  0.01148 0,090  0.66269 1.00329 0.7632
040249265  0.01195 0.096  0.069%k 1.00312 9.7557
0.0235386 0.01242 0,098 0.07643 1.00298 8.7493
0.0223187  0.01290 0.102 0.08368 1.00286 0.7436
0.0212339 D.01338 0.105 0.09118 1.00272 g.7384
0.0202609 0.01386 0.109 0.09896 1.00261 0.7336
0.0893820  0.01430 0.113  0.10671 1.00251 0.7310
0.0185832 0.01675 0.116  0.11470 1.00242 0.7286
0.0178532  0.01519 0,120  0.12292 1.00233 0.7263
0.0171832  0.01563 0.123  0.13143 1.00225 0.7239
0.0165656 0.01608 0.126  0.14017 1.00217 0.7215
0.0159940 0.01652 0.130  0.16917 1.00210 0.7192
0.0156632  0.01697 0,133 0.15840 1.00206 0.7169%
0.0169687  0.01762 0.136 0.16788 1.00198 Be7147
0.0138677 0.01853 0.145 0419257 1.00184 0.7095
0.0129249  0.01966 0.153  0.21867 1.00172 0. 7067
0.0120073  0.02075 0.160  0.24610 1.00162 0.7006
0.0113907 0.02186 0.168  0.27476 1.00152 0.6967
9.0107563  0.02298 04175 G 304u7 1.00168 0.6938
0.0101919  0.02409 0.183  8.33510 1.00137 0.6917
0.0096843  0.02%521 0.190  0.36642 1.00130 0.6307
0.0092271  0.02641 0.197  0.39953 1.00124 0.6385
0.0948116  0.02765 0.203  0.43361 1.30113 g.6868
0.0084327 0.02889 0.210 0.4679% 1.00284 0.6864
0.0080855 0.03013 8.217  0.56237 1.00809 0.6872
0.0077663 0.03137 0.223 0.53673 1.00105 0.6893
0.0074718  0.03260 0.230  0.57080 1.00101 0.6926
6.0071991  0.03384 04236 0.60678 1.00097 0.6966
0.0067100 0.03676 0.268 0.568009 1.00092 0.6387
0.0062832  0.0399% 0.260 0.75994 1.00088 0.6995
0.0055787  0.05177 0.307 1.03023 1.00076 0.6858
0.0050130 0.06130 0.3482 1.26988 1.00068 0.6892
0.3045540  0.06916 0.368  1.49551 1.00062 8.6916
0.0061726 3.07553 t.388 1.71540 1.00057 0.6932
0.00386499  0.08058 Qo406  1.93w28 1.00052 9.6341
0.0035739  0.08646 0.618  2,15520 1.00049 0.694h
0.0033349 0.08761 0.431 2.37965 1.00065 0.6963
0.0031259 0.08962 0.442 2.60858 1.00042 0.6938
0.0029446  0.09131 0.453  2.84266 1.00060 0.6932
0.0027779 8.09263 0.464 3,08208 1.00038 0.6925
$.0026316  0.09370 D.674  3.32712 1.00036 0.6917
0.0024997 0.09467 0.483 3.57789 £.0003% 0.6910
0.0023845 0.09557 0,693  3.83450 1.00032 0.6902
0.0022722  0.09647 0.502 4.09634 1.00031 0.6396
0.0021733  0.09741 8.511  6.36492 1.00030 0.6889
0.0020827  0.09840 0.520 %.63895 1.00028 0.68806
0.001999%  0.09944 0.529 4.91895 1.00027 0.6879
0.001922¢  0.10056 0.538 5.2048% 1.00026 0.6874
040018512  0.10172 0.567  5.43645 1.00025 0.6870
0.001785L 0.10296 0.556 5.79812 1.00026 8.6867
0.0017235 0.10624 0.565 6.09783 1.00023 0.6364
0.0016661  0.10557 0,573 6.40748 1.00023 0.6861
0.0015379  0.10906 9.595 7.20779 1.00021 0.6856
0.0016280 0.11269 0.616 8.06630 1.80019 0.6852
0.0012495 9.12028 0.659 9.83602 1.30017 0.6847
9.0011107  0.12795 8.701 13.77820 1.00015 0.6243
8.0009997 0.13566 04742 13.86397 1.00014% 0.6861
0.0006665 0.17462 8.942 26.39979 1.00009 0.6836
0.0006999  0.27727 14128 54.22674 1.00007 0.5318
0.0003999 0.33513 1.305 78.82788 1.00005 0.5288
0,0003333 0.39683 1.472 107.43262 1.00005 0.5256
0.0002858 0.48718 1,633 162.93487 1.38004 0.5112
0.0002508 0.69643 1.789 195.20752 1.00003 0.4699
0.0002075 2.35417 2.119 372.93989 1.30003 0.3765
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THERMODYNAMIC PROPERTIES OF PARAKYDROGEN

20 PSIA ISO03AR

TEMPERATURE VoLuUME ISOTHERM ISJCHORE INTERNAL ENTHALPY ENTROPY cv CP VELOCITY

DERIVATIVE OERIVATIVE ENERGY OF SQUND

DEG. R CU FT/LE CU FT-PSIA/LB 35IA/R 8Tu/LB BTUZLE aTusLB-R 8TU 7 L3 =R FT/SEC
T 24.925 g8.20779 2720.36 75.799 ~132.908 ~132.139 1.18659 1.128 1.560 “175
25 0.20789 2744460 TieT40 -132.786 ~132.016 1.19149 1.130 1.564 w172
26 0.20914 2559.11 75.026 -131.200 ~130.426 1.25387 1.152 1.627 4093
28 0.21179 2386.19 73.872 -127.872 -127.087 1.37756 1.197 1.729 3996
30 0.21469 2213.06 72,315 ~124.304 ~123.508 1.50103 1.264 1.846 3900
32 G.21787 2034.39 73.627 =120, 483 -119.676 1.,62468 1.288 1.978 3804
3 0.22132 1862.33 63,103 “116¢ 403 ~115.583 1.74872 1.329 2.119 3710
36 0.22514 1700.61 67,479 ~112.9035 -111,201 1.87393 1.364 2.269 3620
38 8.22942 1522.37 65.61% -107.338 ~106.489 2.0013C 1,395 Celels2 3514
® 38,446 0423044 16485.13 65.157 ~106.248 ~105.3%5 2.02982 1.401 24481 3491
S 38, kb 904340 156.65 0.6263 50.239 83.731 6095161 1.571 3.029 1183
40 9.53159 168.42 645892 53.010 88.31¢0 706834 1,568 2.936 1216
w2 10.15855 182.91 0.5686 56. 463 G4.091 7.20940 1.530 2,851 1257
(1] 10.77121 196.79 0.5146 59, 840 99.730 734058 1.519 2.791 1294
b 11.37304 210.22 0,853 632146 105.266 7.46361 1.512 2e746 1330
48 11.96635 223.31 G597 66,406 110.722 T.57973 1.507 2.712 1364
50 12.55275 236411 0.6371 69,628 116,217 7.68984 1.503 2.684 1397
52 13.13300 2408.68 04168 72.822 121.461 T.79u64 1.501 2,661 1429
564 13.70934 261 .06 0,3985 75991 1264763 T+89469 1,499 2.642 1460
56 16.28115 273.27 00,3818 79.140 132.030 7.9904b 1.497 24625 1490
58 1he 84964 285.35 0.3667 82.272 137.266 8.08233 1.495 2.611 1519
60 15. 41467 297.30 0.3527 85.389 142,076 8+17065 1.496 2.599 1568
62 15.97723 309.15 0.3399 88.6492 147.6863 8.25569 1.493 2.588 1576
(13 16.53743 320.92 8.,3280 91.584 152.829 8.33770 1.492 2.579 1603
-1 17.09556 332.57 G.3170 94, 666 157.978 8.41692 1.491 2.570 1630
68 17.65184 3b46al? 0.3067 97.739 163.112 8449355 1.491 24563 1656
70 18.20647 355.70 8.2972 100.805 168,232 8.56776 1.490 2.557 1681
75 19.58685 384,29 0.,2757 108. 445 180.985 8474373 1.491 24545 1743
80 20.95935 412.58 0.2573 116,063 193.687 8.90769 1.492 2.537 1002
85 22.32727 460,65 0.2413 123.673 206.361 9.06135 1,496 2.533 1859
90 23.68990 468.53 6.2272 131.29 219,025 9.20613 1.503 2.533 1913
95 25.04870 496.26 Ge21467 138.934 231.701 934319 1.513 2.538 1964
1090 26.40430 523.86 0.2035 146,621 244,409 9.67355 1.526 2.546 2013
105 27.75723 551 .35 0.1935 1544373 257.171 9.53308 14542 2.559 2059
118 29.10789 578.76 0.1044 162.210 270.018 9.71754 1.563 2.577 2102
115 30.45662 606409 0.1761 170.156 282.951 9. 83258 1.589 2+600 2144
120 31.80368 633.35 G.168b 178.232 296.01% 9. 94378 1.618 2.627 2182
125 33.14929 660.56 0.1617 186. 462 309.229 10.05165 1.652 24659 2219
130 34.49365 687.71 8.1553 1944867 322.612 10.15663 1.690 2.695 2254
135 35.83689 Tihe82 0.1495 203.467 336.188 10.25909 1.732 2.735 2287
140 37.17916 Tti.90 Galbtl 21242084 349.375 18.35937 1.778 2.780 2318
150 39.86119 795494 0.1343 230.629 378.254 10.55443 1.878 2.878 2377
160 42.540045 849.87 0.1258 250.016 el7.562 10.74355 1.987 24985 24632
180 47.09354 957.59 G.1118 2924175 469,547 11.10779 2.217 3.212 2535
200 53.23811 1064.91 Ced008 338.817 535.982 11.45753 2.436 3.428 2635
220 58,5784k 1172.06 0.0912 389.522 606,465 11.79330 2+622 3.613 2736
240 63.91569 1279.09 0.,0835 463,507 680.216 12.11387 2.763 34753 2837
260 69.25059 1386.02 00771 499.815 756.282 12441845 24857 3.847 2940
280 T4.58363 1432.88 0.0716 5574602 833.819 12.70563 2.908 3.897 304k
300 79.91520 1599.68 0.0668 616.008 911.970 12.97536 2.925 34914 31469
320 85.24556 1706,.43 0.3626 674,489 990.192 13.22782 2.917 3. 905 3253
340 30.57494 1813.14 0.0589 732.610 1068.051 13, 46352 2.891 3.879 3357
360 95.90350 1919.82 0.35%6 790,102 1145.277 13.68431 2.855 3,863 3460
380 101.23138 2026.07 0.0527 846,812 12231.718 13.89097 24814 3.801 3561
«00 106.55868 2133010 G.,0500 902.680 1297.315 14.0849% 2.772 3.759 3661
#20 111.88550 2239.71 0.0677 957.712 1372.075 14.26729 24734 3.718 3759
440 117.21191 2366.30 0.0455 1011,962 1446.051 1463942 2.693 3.680 3854
460 122.53796 245288 Q. G435 1065,486 1519.300 14.60223 2.659 3.646 3967
480 127.86371 2559.45 C.0417 1118.373 1591.911 14.75652 2.629 3.616 4038
500 133.18920 2666.01 . 0400 1170.699 1663.360 14.90376 2.603 3.590 4127
520 138.51445 2772.55 4.0385 1222, 545 1735.528 15. 04423 2.581 3.568 4214
540 1643.83951 2879.09 2.0370 1273.976 1806.680D 15.17851 2.562 3.549 4298
560 149.16638 2985.63 0.0357 1324.990 18774614 15,3066 2.547 3.534 4380
580 154.48911 3092.15 e 0345 1375.792 1947.936 15.43023 2.534 3.521 TIP3
6500 159.81369 3138.67 0.0335 1426,4601 2018.265 15.54951 24524 3.518 4S540
650 173.12465 346495 0.0308 1552.065 2193.224 15.82987 2.506 3.492 4730
700 186.43503 3731.21 G.0286 1677.076 2367.531 16.08347 2.495 3,481 911
690 213.05456 4263.68 0.0250 1925.974 2715.009 16.55278 2.087 3.473 52%2
900 239.67238 4796410 De0222 2174.704 3062.323 16.96155 24486 3.472 5571
1000 266.29067 5328.50 G.0200 223,286 34D3.483 17.32710 2488 3,474 5871
1500 399.37409 7998.27 Ge0133 3676.769 5155.834 18.746239 2.536 3.522 7170
2000 532.45434 10651.32 C.3400 4969.874 5941.797 19.76777 2. 644 3.630 8231
2500 665.53475 13313.52 0.0080 6327.278 8792.058 20.59290 2.786 3.772 9138
3000 798.64901 15975.11 0.0067 7759.186 10716.347 21.28479 2,942 3.929 9942
3500 932.13064 18636.69 0.0057 9295.907 12748.014 21.91330 3.209 4,208 10641
“000 1367.67810 21298.26 0,0050 11060.631 15014.732 22471064 3.900 4,954 11196
5000 1374.01405 2662140 G304y 17074,776 22163.369 25.11774 8,910 10.632 12121
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THERMODYNAMIC PROPERTIES OF PARAHYDROGEN
20 PSIA IS08AR

TEMPERATURE OENSITY V(DHIOV!P ViDA/0U), =V IDP/OVY (DVIDI'b/V THERMAL VISCOSITY THERMAL DOIELECTRIC PRANOTL

GONOUCTIVITY DIFFUSIVITY CONSTANT  NUMBER

DEG. R L8/CU FT BTU/LB PSIA-3J FT/BFU PSIA 1/0EG. R B8TU/FT-HR-R LBIFT-?EC SQ FT/HR

X 10

® 264,925 4.81253 266440 1ee1243 13091.97 0.0058661  0.04231 1.718  0.00563 1.25555 2.2818
25 4481016 266441 1%.119 13057.67 0.0058770  0.04255 1.707  0.00566 1.25561 2.2586
26 678167 261,91 13,306 12236.29 0.0062131 0.04558 1.584 0.00586 1.25372 2.0363
28 wo72172 263,74 13.066 11266.90 0.0065566  8.05015 1.386  0.00614 1.25022 1.,7179
30 465778 263.82 12,446 10307.96 0.0069960 0.05310 1.226 0.00618 1.24608 1.5346
32 %.5899% 251,51 11,964 9337.75  0.0075636  0.05501 1,100  0.00606 1.20252 1,235
TS 4451829 258.08 114511 414,57 0.0082123 0.05612 0.996  0.00586 1.23836 13561
36 elb1?3 253.39 11.136 7553.66  0.0089333  0.05698 0.909  0.00565 1.23393 1.3025
38 4.35885 266,96 10,79 6635.76 0.0098881L  0.05794% 0,833  C.00544 1.22914 1.2635
®  38.446 4.33952 265 ke 11.719 6444.75  0.0101101 0.05858 0.817  0.00539 1.22803 1.2570
* 38.4h6 0.11058 83.77 3.505 17.32  0.0361539  0.01054 0.080 0.03146 1.00535 0.8322
40 0.10692 88.03 3.627 17.67  0.0333470 0.01083 0.083  0.03516 1.00507 0.8141
2 0.09844 a3.56 3.662 18404  0.0304710  0.0112% 0.087  0.064006 1.080476 0.7966
P 0.09284 99,09 3,669 18.27  0.0281660 0.01168 0.091  0.04508 1.00669 0.7832
46 0.08793 104.59 3.651 18.48 0.0262563  0.01213 0.095 0.05025 1.00425 0.7726
48 6.08357 110.06 3.651 18,66 D.0246359  0.61259 0.099  0.05557 1.0060% 0.7639
50 0.07966 115.50 3,649 18.81  0,0232382 0.01305 0.102  0.06106 1.00385 0.7565
52 0.07616 120.89 3.647 18.93  0.0220103  0.01352 0.106 0.06674 1.00368 0.7499
56 0.0729 126.26 3.645 19.84  0.0209247  0.01399 0.109 0.07261 1.00352 0.7439
55 0.07002 131.36 3.663 19.16  0.0499566  0.01443 0.113  0.07850 1.06338 0.7602
58 0.0673% 136.85 3,661 19.22  0.0193805 0.01487 0.117  0.08455 1.00325 0.7368
60 0.06487 162.10 3.639 19.29 0.0182883 0.01530 0.120 0.09078 1.00313 0.7336
62 0.062539 147 .33 3.638 19.35  0.0175659  0.01575 0.123  0.09721 1.00302 0.730S
64 0.06067 152.5% 3.636 19.40 0.0159062 0.01619 0.127 0.10382 1.00292 0.7275
66 0.05863 15770 3.636 19.45 0.0162952 0.01663 0.130 0.11061 1.00283 0.7246
68 0.05665 162.92 3.633 19.50 0.8157322  0.01707 0.136  0.11758 1.006276 0.7219
70 0.05493 168.11 3.630 19.56  0.0152099  3.017%2 8.437 0.12673 1.00265 0,7193
78 0.05105 181.06 3,624 19.62  0.01405¢s  0.01862 0e145  0.16334 1.00267 0.7132
80 0.06771 196,07 3.616 19.68 0.0130721  0.01973 04153  0.16299 1.0023¢ 0.,7078
85 006479 207.20 3.600 19.7%  0,0122251  0.02083 0.161  0.18364 1.00216 0.7030
90 0.04221 220454 3.581 193.78  0.0114563  0.0219% 9,168  0.20521 1.60204% 0.6989
as 0.03992 234,19 3.555 19.81  0.0108356¢  0.02305 0.176  0.22756 1.20193 0.6357
108 0.03787 208.26 3.522 19.84  0.0132570  0.026417 9.183  0.25060 t.00183 0.6334
L5 1.03603 262.78 3,481 19.36  0,0097393  0.02528 0.190  0.27415 1.00174 0,6922
110 0403435 277.91 3.433 19.88  0.0092731  0.02648 0.197  0.2990% 1.00166 0.6398
115 0.03283 293.72 3.377 19.90 0.0088506 0.02771 04204  0.32466 1.00159 0.6879
120 0.03146 310.29 3.313 19.91  0.0006660  0.02895 0.210  0.35047 1.00152 0.6373
125 0.03017 327.68 3,204 19,93  0.0081142 0403019 0.217  0.37635 1.00146 0.6881
130 0.02899 345.92 3.17¢ 19,96  0.0077911  0.03142 0.223  0.40217 1.00140 0.6900
135 0.02790 365.06 3.092 19.95 0,0074933  0,03265 0,230  0.2774 1.00135 9.6933
140 0.02690 388.12 s.012 19.95  0,0072179  0.03389 0.236  0.45323 1.00130 0.6373
150 0.02509 427,96 2.850 19,97  0.0067245 0.03681 0.248  0.50386 1.00t21 0.6993
160 0.02351 W76.20 2.692 19.98  0.006295%  0.03999 0.260 0.56983 1.00113 0.6999
180 0.02088 ~. 575,33 Tobil 19.99  0.0055824  0.05178 0.307  Q.77212 1.038108 0.6863
200 0.01878 683,36 2,194 20.00 0.0050173  0.06130 0.342  0.95192 1.00091 0.6395
220 0.01707 792.88 2.037 20.01 0.0045568 0.06916 0.368 1.1212% 1.00082 0.6919
260 0.01569 899.10 1.933 20,01 0.0081742 0.07553 0.388 1.28625 1.00076 0.6935
260 0,066k 298.86 1.868 20.01 0.0038512  0.08057 D 404  1.45052 1.00070 0.6343
280 001361 1290.23 14835 20,82  0.0035747  0.08446 0.418  1.61630 1.00065 0.6346
300 0.01251 1173.46 148204 20402  0,0033356  0.08761 Do631  1.78474 1.00060 046944
320 0.01173 1249.08 1. 829 20,02 0.0031262 0.08962 Beb42  1.95653 1.30057 0.6940
380 0.01104 1318.58 1. 845 20.02 040029417  0.09131 6,453  2.13217 1.29053 0.6933
360 0.01043 1383.30 1.6868 20.02 0.0027779  0.09263 0.h66 2.31183 1.00050 0.6926
380 0.00988 16kt 48 1.895 20402  0.0026314  0.09371 0.676  2.49569 1.00068 0.6918
“30 0.00938 1503.79 1.924 20.02  0.0024996  0.03467 0.483  2.63385 1.00045 0.6311
420 0.0089% 1561 .86 1.952 20.02 0.002380% 0.09558 0.493  2.87038 1.00043 0.6903
(YY) 0.00853 1619.56 1.980 20402  0.0022720  0.09648 0.502 3,07321 1.00061 0.6896
460 0.00816 1677465 2.005 20402  0.0021732  Q.09762 BeS11  3.2743% 1.00039 0.6890
480 0.00782 1736.16 2.027 20.02 0.0020825  0.09840 0.520  3.4799% 1.00038 0.6884
500 0.00751 1795.59 2.067 20,02 0,0019992  0.09945 8.529 3.69001 1.00036 0.6879
52¢ 9.00722 1855.96 24065 20402 0.0013222 0.10056 0.538  3.90451 1.00035 0.6875
540 0.00695 1917.12 2.080 20.92 0.0018510 0410172 0.567  L.12327 1.00036 9.6870
560 0.00670 1979.73 2,092 20.02 040017843  0.40297 0.556  4.34659 1.00032 0.6867
580 0.00647 2043.00 2.103 20.02 0.0017233  0.10625 0.565  4.5Thbb 1.00031 0.6864
600 0.00626 2107.19 2,181 20.02 0.0016659 0.10558 0.573  4.8067% 1.00030 0.6862
650 9.00578 2270.71 2.127 20401  0.0015377  0.1390S 0.595 S.40714 1.430022 0.6856
700 0.00536 2437.82 2.136 20401 0.0014279  0.11270 0.616 6.03618 1.00026 0.6852
800 0.00469 2r19.92 2,162 20,04 0.,00126%  0.12029 0.659 7.37880 1.00023 0.6867
900 0.00617 3125.86 2,163 20.01 0.0011106 9.12796 0.701  8.43428 1.00020 0.6843
1000 0.2037% 3675445 2.161 20.01  0.0009996 0.13568 0.762 10.40006 1.00018 0.6841
1500 0.00250 5286.02 2.100 20.01 0.0006664 Q.17464 0.342 19.80636 1.00012 0.6336
2000 0.00188 7261402 2.014 20.01  0.0006999 g.27727 1.129 40.67267 1.00009 0.5319
2500 0.00153 432,59 1.911 20.00 0.0003999 0,33511 1.305 59.12232 1.00007 0.5239
3000 8.00125 11789.87 1.810 20.00 040003333 0.392& 1.473 80.53466 1.00006 0.5257
3500 8.00107 16722.61 1.660 19.99  0.0002858  0.48208 1.633 106.79223 1.00005 0.5132
4000 0.0009 19764461 1.369 19.95 0.0002506 0.67089 1.789 144,58911 1.00005 0.4756
5000 0.00073 51699,77 1.617 19.37  0.0002065 2.1268% 20115 274485339 1.00004 0.3806
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THERMODYNAMIC PROPERTIES OF PARANYDROGEN

25 PSIA ISOBAR

TEMPERATURE VOLUME ISOTHERN IS0CHORE INTERNAL ENTHALPY ENTROPY cv [~ .4 VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. R CU FT/tB CU FY-PSIA/ZLB 23]A/R BIU/LB 8TursLe 8Tu/LB-R BTU 7 LB =R FT/SEC
26,945 0.20774 2725.46 754809 ~132.903 -131.942 1.18677 1.129 1.560 #178
25 0.20781 2726 .65 75.766 ~132.81% «131.852 1.19036 1.430 1.562 Liv8
26 G.20906 2594494 764075 -131.229 =130.262 1.25274 1.152 1.621 L1143
28 0.21170 2394.34 73.939 ~127.907 =126.927 1.376390 1.197 1.728 4001
30 0.21459 2224 .47 72.187 “126.340 ~123.351 1.49966 1244 1. 864 3906
32 0.21775 2062427 78.70a5 «120.531 ~119.523 1.62316 1.283 1.97% 3810
34 D.22119 1869.96 63.186 =116.459 «115.435 1.74704 1.328 2.117 3716
36 0.22499 1709.14 67,561 -112.101 -111.059 1.87208 1.364 2.265 3626
38 0.22925 1530.96 65,711 «107. 417 -106.356 1.9992¢0 1.39% 2,437 3521
*  39.975 023400 1350.56 63,517 ~102. 441 -101.358 2412740 1.420 2.635 3407
s 39.975 T7.36165 155.26 Q7772 51.098 85.177 6.79632 1.586 3o Lb4 1195
LY T.36419 155.4b 0.7768 S51.141 85,232 6.79769 1.583 3,143 1196
L 7.89501 171.482 0.7163 Sk, 820 91.369 6,947 63 1.553 3.004 1239
bk 8.40808 186,456 - 0.6673 58.354 97.278 7.08488 1.535 2.910 1280
b 8.90823 200.83 G.6261 61.789 103.029 7.21269 1.524 2,843 1318
48 9.39854 214463 0.5907 65.153 108.662 7.33258 1.516 2.793 1353
50 9.88105 228,16 0.5598 63.463 114,206 T.44575 1.514 2.753 1388
52 10.35724 241431 0.5324 71.732 119.679 7.55308 1.507 2.721 1428
54 10.82819 254.19 05079 Th.967 125,094 7.65526 1.504 2.695 1452
56 11.29472 266.85 o859 78.173 130.460 7.75285 1.502 24672 1483
58 11.75769 279.33 0.4658 81.356 135.786 7.84628 1.500 2.653 1513
60 12.21704 291 <64 Dot 75 84.520 141.070 7.93596 1.498 2.637 1542
62 12.67371 303.81 0e4307 87.665 146.335 8.02218 1.497 2.622 1870
13 13412794 315,87 Bek152 90.79% 151.567 8.10524 1.495 2.610 1598
66 13.58001 327.81 D009 93.910 156.776 8.18539 14494 2.599 1625
68 16.03016 339.66 0.3876 97.015 161.965 8.26283 1.493 2:590 1652
70 1be.67860 351 .42 0.3752 100,110 167.136 8,33778 1.493 24581 1678
75 15.59334 380.52 C.3476 107.813 180.000 8.51528 14493 2.565 1761
1] 16.70062 ©09.25 03240 115.483 192.796 8.680u6 1.494 24554 1800
85 17.80201 437.69 0.3035 123,138 2054549 8.83509 1.498 2,548 1857
90 18.89863 #65.90 0.285%5 130.795 218.282 8.98065 1.504 . 2.546 1911
95 19.99137 493,91 0.2697 138,672 231.018 9.11836 1.514 24549 1963
190 21.08088 S21.76 Ge2555 166,189 263,779 9.24927 1.527 2,556 212
105 22.16769 S4g.47 0e2428 153,966 256.588 9.37425 1.543 2.568 2058
110 23.25221 S77.08 0.2313 161.827 269.469 9.49440 1.564 2,565 2102
115 24433478 604,58 02209 169.793 282.647 3.60947 1.589 2.607 2143
120 25,1568 632.01 0.2114 177.888 295,546 9.72096 1.619 2.633 2182
125 26,49513 659436 042026 186,135 308.789 9.82908 1,653 2.665 2219
130 27.57331 686 .65 0s1946 1944555 322.201 9.93428 1.691 2.700 2256
135 28465037 713.88 0.1872 283.170 335.802 10.03693 1.733 2,740 2287
140 29.72646 Thl.07 01804 241.999 349.613 10,13738 1.778 2.784 2319
150 31.87613 795.31 0.1681 230.368 377.933 10.33273 1.878 2,882 2377
160 34.02302 849,42 0e1574 249.773 407,277 10.52207 1.988 2.988 2432
180 38.31204 957 .46 0.4397 293974 469,333 10.88678 2.217 3.214 2536
200 42459197 1064.99 0.1256 338. 640 $35.812 11.23669 2,436 3.430 2636
220 46.86767 1172434 Oeltal 3894364 606.329 11.57262 2.622 3.615 2736
240 51.16028 1279.48 0.1045 443,366 680.109 11.89332 24763 3.754 2838
260 55441054 1386.53 G.0964 499.685 7564199 12.19799 2.857 3.848 2941
280 $9.67895 1493 .48 0.0895 557.483 833,757 12. 48525 2.908 3.898 3045
300 63,94508 1600.37 U.0835 615.899 $11.926 12.75504 2.925 3.915 3150
320 68.21161 1707.19 0.0782 674.389 990.163 13.00754 2.917 3.906 3254
340 72.47636 1813.96 0.0736 7324519 1068.035 13.26329 2,891 3.880 3358
360 T6.74029 1920.70 0.0695 790.047 11465.273 13. 46412 2.855 3.863 3661
380 81.00353 2027 ¢ 40 0.0659 84be736 1221.725 13.67080 2.814 3.801 3562
L00 85.,26621 2134.07 0.0626 902.607 1297.332 13.86480 2.772 3.759 3662
420 89.528410 2240.71 0.05%% 957, b4t 13724100 14, 04717 24734 3.718 3759
(LY 93.73018 2347 434 02569 1011.898 146,083 14.21932 2.693 3.680 3855
60 98.05160 2453.95 0.0544 1065.427 1519.339 14.38214 2.659 3.646 3948
“80 102,31272 2560 454 C.0522 1118.318 1593.956 14.53645 2.629 3.616 4039
500 106,57358 2667 412 0.0500 1170.647 1664.,011 14.68370 2.603 3.590 L128
520 110,83420 2773.69 C.Du81 1222.697 1735,584 14,82618 2.581 3.568 h21b
540 115.09463 2880.25 0.D463 1273.930 1806.7412 16.95846 2.562 3.549 4299
560 119,35488 2386.80 Ce0b&7 1324, 967 1877.679 15.08660 2.547 3.534 4381
580 123.61497 3093.3¢ Ce0431 1375.752 1948,005 15.21020 2,536 3.521 h462
600 127.87433 3199.87 00617 1426.363 2018.337 15,32948 2.524 3.5190 4563
650 136.52432 3466.19 0.0335 1552.,031 2193.304 15. 60986 2,506 34492 4731
700 149.17313 3732.47 0.0357 1677.046 2367.617 15, 86847 24495 3.481 4912
800 170.46953 4264498 0.0313 1925.947 2715.105 16,33279 2.487 3473 5253
900 191.76481 L7937 03 v.0278 2174.685 3062.428 16. 74157 2,486 3472 5571
1000 213.05938 532%.84 G.0250 2423.270 34609.590 17.10713 2.488 3474 5872
1500 319,52715 7991 .66 0.0167 3676.761 5155.955 18.52242 2.536 3.522 7170
2000 425.99174 10653.33 G.0125 4969.869 6941,922 19.54781 2.6064 3.630 8231
2500 532.45618 13314494 0.0100 6327.257 8792.168 20,3729 2.786 3.772 9138
3000 638,307 15976.546 0.0083 7758.729 10716.611 21.06467 2.940 3.927 9943
3500 T45.69607 18638.12 0.0072 9291.258 12743,326 21.69187 3.491 4o188 10646
4000 853,.92568 21299.790 0.0063 11033,769 16986.846 22.48290 3.820 4.867 11212
5000 1095.60366 26622.84 0.0050 16757.437 21829.340 26, 82022 8.332 9.968 12138
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TEM

.

25 PSIA ISOBAR

PERATURE DENSITY V(DNIDV%
0EG. R LB/Cy FT
2644945 4.81382 266.53
25 4.81200 266435
26 4.78332 266049
28 %.72377 266,31
30 4.66001 264.39
32 4.59239 262409
34 4.52097 258.67
36 o bl 465 254.69
38 4.36213 247.70
33975  %.27355 239.02
39.975 0.13584 85.33
0 0.13579 35.39
2 0.12666 91.06
(13 0.11893 96.72
46 0.11226 102.37
48 0.10640 107.98
50 0.10120 113.55
52 0.09655 119.06
Sie 0.09235 126.53
56 3.0885%. 129.95
58 0.08505 135.33
69 0.08185 140.66
62 0.07890 145.96
64 0.07617 151.26
66 3.07364 156.50
168 0.07128 161.75
70 0.06307 166.38
75 0.06413 180.90%
80 0.,05968 193.17
85 0.05647 206439
9 3.05291 219.80
9s 0.0%902 233.52
1490 0.04744 247.62
105 0.06511 262.21
119 0.04301 277.38
115 0.06109 293.23
120 0.03935 309.83
125 0.03774 327.24
130 2.03627 345.50
135 0.03430 364.66
140 G.03364L 384,70
150 0.03137 «27.59
160 0.02939 473.87
180 0.02610 575.140
200 0.02348 683.13
229 0.02436 792.73
260 0,01955% 899.01
260 0.01805 998.83
230 0.01676 1090.26
300 0.01564 1173.54
320 .01466 1209.29
300 0.01380 1318.74
360 0.01303 1383.43
380 0.03235 Lebbe70
400 0.81173 1506.03
4210 0.01117 1562.12
L1 ] 0.01066 1619.84
460 0.01020 167749
“88 0.00977 1736047
500 0.00938 1795.94
s20 9.00902 1856428
540 8.00889 1917 .46
560 0.00838 1980.07
580 0.00889 " 2043.35
500 8.00782 2107.55
650 0.00722 2271.09
790 0.00670 2638.21
800 0.00587 2780.32
900 0.0052% 3126.27
1000 0.00469 36475488
1500 0.00313 528%.57
2000 8.00235 7261.89
2500 ° 0.00188 F32.76
3000 0.30157 11782.85
3500 0.030136 14656.21
4000 0.001L7 19625.62
5000 0.00091 48445.60

THQ~-PHASE GQUNGARY

B8TU/LB  PSIA-JU FI/BTU PSIA

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

THERMAL

V(3P/0U) -V(DPIDV&
M CONOUCTIVITY

tovV/DTI /Y
4

x 10

18,136 13119.87  0.0058546  0.04239 1.719
16,127  13111.00 0.0058%550  0.04257 1.711
13.809  12412.38  0.0061289  0.04560 1.588
13,073 11310.31  0.0063373  0.05018 1.387
12,455  10350,70 0.006974%  0.05313 1.229
11.953 9378.90  0.0075388  0.05506 1.102
11.520 8456.06  0.0081838  0.05617 0.938
11,164 7596,56  0.0088936  0.05706 0.911
10.804 5678,23  0,0098395 0.05801 0.835
10,483 5770L.70  0.0110222  0.05843 0.769
3.613 21,09 0.0368492 0.01116 0,084

3.613 21.11  0.0368026 0.01116 0.08%

3.662 21.71  0.0329896  0.01151 0.088

3,655 22.18  0.0300882  0.0119 0.092

3,661 22,56  0.0277723  0.01233 04095

3.662 22486  0.0258609  0.01277 0.099

3,660 23,09  0.0262449  0.01322 8.103

3.658 23,30 0.022853%  0.01367 0.106

3,656 23,47  0.0216380  0.01613 0.110

3.653 23,63  0.0205642  0.01456 0.113

3.651 23476  0.0195066 001499 9.117

3.649 23.87  0.018745%  0.01543 8.120

3,667 23.97 040179661  0.01586 0.124

3.6646 264.06 0.0172567 0.01630 0.127

3,64k 26.16  0.016607  0.0167% e.131

3.662 26421 0.016010%  0.01718 G.134

3.639 24.2T  0.0154585 0.01762 0,137

3.632 26,00  0.0162656  0.01872 0,165

3.621 28,51  0.0132213  0.01982 0.153

3,507 26,59  0.0123447  0.02092 0.161

3.587 26,65 0.0115830  0.02202 9.168

3,561 26,71 0.0109146  0.02313 04176

3.528 26.75  0.0103225  0.02626 0.183

3,087 26479 0.0097941  0.02535 0.190

3,438 24,82  0,0093192  0.02656 0,197

3,382 26.86 0.0088898  0.02778 8.204

3.318 26.87  0.0084395  0.02901 0.211

3,269 26.89  0.0081430 0.03025 0.217

3e174 26.90 0.0078160 0.03148 0.22%

3.096 24.92  0.0075149  0.03270 0.230

3.016 24,93 0.0072366  0.03394 8.236

2,853 26,95 0.0067389 0.03686 0.249

2.695 26,97  0.0063064  0.04003 8.261

24013 26499  0.0055891  0.05179 0.307

2,196 25.08 0.0050216 0.06130 04362

2,039 25,01 0.0045597  0.06915 0.368

1.934 25.02 040061761 0.07552 G.388

1. 869 25.02 0.0038524 0.08057 QaleOi

1.836 25.05 0,0035755 0.08446 0,418

1.825 25.03  0.0033359  0.08763 0,431

1.830 25,03 0.0031265 0.08962 0,042

1,866 25,03 0.0029619 0.09133 0.453

1.869 25.03  0.0027779  0.09263 [T

1.896 25,03  0.0025313  0.09374 Qeb76

1,924 25.05  0.0024995  0,09468 0,086

1.953 25.03  6.0023802 0.09558 0.493

10980 25.03  0.0022719  0.09649 0.502

2.005 25,03  0.0021730  0.09743 0.511

2.028 25,03  0.0020823  0.09861 0.520

2.068 25,03  0.0019990  0.09946 0.529

2.065 25.03  0.0019229 0.10057 0.538

2.080 25.03  0.0018508 0.10173 0,567

2.093 25.02  0.0017847  0.10298 8.556

2,103 25,02  0.0017231  0.10426 04565

2,112 25.02 0.00153656 0.10559 0.573

2.827 25,02 0.0015375 0.10306 8.595

2.136 25.02  0.0016277 0.1127% 0.616

20142 25.02 0.0012692 0.12030 0.659

24143 25402  0.001110%  0.12796 8.701

2.161 25.02 0.0009995 0.13570 0.762

2,100 25.01 0.0006666 0417467 0,942

2,014 25.01  0.0004998  0.27727 1.129

1.911 25,01  0.0003999  0.33509 1.305

1,811 25.00  0.0003333  0.39584 14473

1.669 26499 0.0002858 0.47860 1.633

1.397 25,96  0.0002506  0.6534i
0.657 20,30 0.0002058 1.97229
45

VISCOSITY

THERMAL

0.0056%
0.00566
0.00588
0.00615
0.00618
6.00607
0.00587
0.00567
0.00546
0.00519
0.02612
9.02615

0.03026
0.03441
0.03864
0.04298
G.06704
0.05203
0.,05677
0.06154
0.06644
0.07348

0.07667
0.08200
¢.08747
0.09308
0.03883
0.11379
0.12958
0.14616
B.16368
G.18141

0.13990
0.21879
0.23875
3.2533¢0
0.27999
0.30074%
0,32364
0.34190
0.36238
G.40772

0.45577
0.61726
0.76415
0.89667
1.02877
1.16026
1.29297
1.62779
1.56530
1.70589

1.864968
1.99683
2e14742
2.30151
2.45906
2.620400
2.78453
2.95268
3.12630
3.29937

3. 47007
3.66041
3.86630
.32675
. 83011
Se4h?
7.06912
8.32235
15.86708
32.54022

47029942
5400685
85.20732

1.789 114.63711
2.132 216.77108

OIELECTRIC
OXFFUSIVIFY CONSTANT
1/0EG. R BTU/FT~-HR-R LBIFT-?EC SQ FT/HR

1.25562
1.25551
1.25383
1.25034
1.24661
1.24267
1.23851
1.23409
1.22933
1.226246
1.00657
1.00657

1.00613
1.00575
1.005643
1.00516
1.00689
1.00667
1.00646
1.004238
1.004118
1.00396

1.00381
1.00368
1.00356
100344
1.0033%
1.00310
1.00239
1.00271
1.030256
1.00242

1.00229
1.00218
1.00208
1.00138
1001940
1.00182
1.00175
1.00189
1.20162
1.00151

1.00142
1.00126
1.00113
1.00193
1.008036
1.00087
1.00381
1.0007%
1.00071
1.00067

1.00063
1.00060
1.000857
1.00054
1.00051
1.00049
1.00047
1.00045
1400064
1.00062

1.00840
1.00039
1.00038
1.00035
1.00032
1.00028
1.00025
1.00023
1.00015
t.00011

1.000409
1.00008
1.00006
1.00006
1.00006

PRANDTL
NUMBER

2.2783
2.2612
2,032
1.7197
1.5357
1. 42062
143545
1.3021
1.2628
1.2678
6.8536
0.8533

0.8262
0.8067
0.79193
0.7832
0.7706
0.7623
0.755%0
0.7499
07454
0.7413

8.7373
0.7337
0.7302
g.7270
0.7239
6.7170
0.7110
9.7057
0.7012
8.6977

0.6351
0.6936
0.6911
8.6890
0.58838
0.6889
0.6908
0.6941
0.6980
0.6398

0.7003
0.6867
0.63938

0.6935

0.6927
0.6919
0,6911
0.690%
0.6897
0.6890
0.6884
0.6879
0.'6875
0.6871

0.6867
0.6864
0.6862
0.6856
0.6853
0.6847
0.6844
0.6861
0.6836
0.5320

0.5290
B8.5260
0.5146
0.4798
0.3843



30 PSIA ISO0BAR

TEMPERAT URE VoL UME

DEG. R Cu FT/LB

24,966 3.20768

25 0.20774
26 0.20898
28 0.23160
30 8.21449
32 0421763
34 0.22106
36 De22484
38 8.22907
0 0.2338%

41.299 0.2373%
41.299 6.21091

42 6.37309
L1} 6.82350
46 7.25829
L8 7.68157
50 8.09600
52 8.50337
Sk 8.90498
56 9.30181
58 9.69460
60 10.08395
62 10.47031
(1] 10.85408
65 11.23560
68 11.61512
70 11.99288
7% 12.93071
80 13.86090
85 16.78508
90 15. 704463
95 16.61983
100 17.53197
185 18.44138
140 19434869
115 20.25363
120 231.15710
125 22.05910
130 22.95983
135 23.85%5
140 24.75808
150 26055284
160 28.30482
180 31.92442
200 35.49459
220 39.06052
2640 42.62338
260 46.18387
280 49.76253
308 53.29970
320 56485567
340 60.41066
360 63.96483
380 67.51832
400 71.07124
«20 74.62367
b4l 78.17570
460 81.72737
480 85.27873
500 88,82984
520 92.38071
540 95.93138
560 99.48188
580 103.03222
604 106.58243
650 115.45744
700 124.33187
800 142.07951
S00 159.82604
1000 177.57185
1508 266429585
2000 355.01668
2508 463.73715
3600 532,47585
3500 621lel il
4000 T11.47764
5000 919,.78118

TWO-PHASE BOUNDARY

ISGTHERM
QERIVATIVE
Cu FT=-PSIa/LB

2730.56
2734 .67
2604455
2602.46
2229.25
2056.14
1877.55
1717.63
1539.50
1356.20

1235.47
153.16
159.20
175.62
191.07
205.81
220.00
233.77
247.20
260434
273.23
285.92

298.43
310.79
323.02
335.13
36413
376.75
405492
436474
463427
491.56

519.66
547.60
575.40
603.09
630.67
658.17
685.59
712.95
T40 .24
794.69

848,97
957 .33
1065.07
1172.56
1279.87
1387 .04
1494.09
1601.06
1707.9%
1814.79

1921.58
2028.32
2135.03
2241 .72
2348.38
2455.01
2561.63
2668.23
2774 .82
2881 .40

2987.97
3094.53
3201 .07
3467 42
3733.73
4266.27
4798.75
5331.18
7993.06
10654.74

13336437
15977.97
18639.55
21301413
26626428

THERMODYNAMIC PROPERTIES OF ARAHYDROGEN

ISOCHORE

DERIVATIVE

FSIA/R

75, 820
75,791
75.10%
74.006
72,260
70,7846
63,269
67,642
65,800
63,696

52,033
0,9300
0.9019
63331
Le7770
8.7298
L6891
0.,5536
8.6220
0.5938
0.5683
C.5451

0.5260
0.5046
0.4868
B.4702
De%549
0.4208
0.3917
0.3666
C.3446
6.3252

0.3079
8.2925
G6.2785
0.2659
Go256k
U.2638
0.2341
0.2252
G.2169
g.2021

0.1892
0.1678
.1508
2.,1370
6.1255
G.1157
C,107%
C.1002
0,039
G.0884

0,0835
6.0790
0.0751
0.0715
U.0582
0.0653
0.0625
0.9600
0.0577
L.0556

0.0536
0.0517
0.0500
0.0062
D.0429
0.0375
0.0333
0.0300
G.0200
0.0150

0.0120
0.0100
G.0086
6.3075
¢.0060

INTERNAL
ENERGY
BTU/LB

-132.89
~132.862
~131.259
«1274941
~124,.385
-120.581
-116.515
~112.166
*107.496
~102.469

~98.985
51.679
53.036
56,773
604361
63,846
67,256
70.608
73.915
T7.186
80,423
83.635

86. 826
89.993
93+ 145
96.282
99.407
107.176
114.900
122.600
1306.296
138.007

1454755
" 1534559
1614443
169,430
177544
185,808
1964244
202,873
211,715
230,106

269,531
291.772
338,463
329,205
w43, 221
499,556
587,365
615,791
676,290
732.427

789,933
8464656
902.534
957.576
1011.835
1065.368
1118.263
1170.596
1222, 448
1273.885

13264,904
1375.711
1426.320
1551,997
1677.016
1925,923
2174,665
2423.253
3676.753
4969. 864

6327 .241
7758.393
9287.826
11013.905
16523.125

ENTHALPY
BTU/LB

~131.745
~131.5688
-130.098
=126.766
~123.,193
-119.372
-115.287
~110.917
~106.223
-104.170

-97.5667
86.182
88.440
94,5679

100.682

106.519

112.234

117. 866

123.384

128.858

1344278

139.654

164,389
150.299
155.561
160.807
166,030
179.008
191.900
204,730
217.537
230.334

26434148
2564004
268.927
261,943
2395.07%
308.350
321,790
335.416
349.250
377.612

406.992
469.118
535,662
606,194
680.001
756.116
833,594
911.884
9904134
1068.019

1145.269
1221.732
1297.348
1372.125
1446.116
1519.378
1592.002
1664.062
1735.6460
18064801

1877.544
1948.07%
2018.409
2193.384
2367.703
2715.201
3062.529
3603.5698
5156.076
6942.048

8792.283
107164396
12739.300
14966.296
21582.7414

46

ENTROPY
BTu/LB=-R

118696
1.18324
1.25457
1.3750%
1449829
1.62158
1.74537
1.87024
1.99711
2.12667

2.21286
6.66720
6e72142
6.86656
7.80000
Tel2621
7.2u081
7.35093
Te k5543
7.55696
7.65007
TeT4119

7482866
7.91281
7.99391
8.07221
8e14792
8.32708
8.49361
8.64903
8.79539
8.93376

9.06521
9.19066
9.31089
9. 42060
9.53838
9.64675
9.75237
9.855082
9495563
10.15127

104346084
10.70587
11.05609
11,39219
11.71301
12.01777
12.30511
12.57496
12.82751
13.06331

13,28416
13.49088
13.68490
13.86729
14.03946
14020229
14.35662
164.50380
1664437
14.77866

14.90681
15. 030461
15. 14970
15. 43009
15.68871
16.15304
16.56183
16.32739
18. 34270
19.36808

20.19321
20.88682
21.511 06
22.29759
24.59018

cv ce
8TU 7 LB =R
1.129 1.560
1.13¢0 1.561
1.152 1.619
1.197 1.727
1.2060 10862
1.288 1.972
1.328 2.114
1.364 24261
1.394 2.433
1.420 2.632
12436 2.776
1.595 3.261
1.581 3.19%
1.554 3.053
1.537 2.955
1.527 2.484
1.520 2.830
1.515 2.787
1.514 2.752
1.508 2.723
1.505 2.698
1.503 2.677
1.500 2.658
1,499 2.643
1.497 2.629
14496 20617
1,495 2.606
1.495 2.586
1.496 2.572
1,499 2,563
1.506 24559
1.515 2.560
1.528 2.566
1.564 2,577
1.565 2.593
1.590 2614
1.619 24640
1.653 24671
1,691 2.706
1.733 2.745
1.779 24789
1.879 2.885
1.988 24992
2,218 3.247
2,436 3,632
2.622 3.616
2.763 3.756
2.857 3,849
2.908 3.899
24926 3.916
24917 3.906
2.891 3.880
2,855 3,804
2.814 3,802
2.772 3.760
2.731 3.719
2.693 3.680
2.659 3.646
24629 3.616
2.603 3.590
2.581 3.568
2.562 3.549
2.547 3.534
2,535 3.521
2.524 3.511
2,506 3,492
2.495 3,481
2.487 3473
2. 486 3,472
2,488 JouTe
2,536 3.522
24644 3.630
2.786 3.772
2.938 3.925
3.178 belle
3.762 o804
7.903 G478

VELOCITY
OF SOUND
FT/SEC

4183
4183
#119
4006
3911
3819
3721
3633
3528
3412

3328
1204
1221
1264
1304
1342
1378
1442
1hb4
1676
1506
1536

1565
1593
1621
1648
1674
1738
1798
1855
1910
1962

2011
2058
2102
2143
2182
2219
2254
2287
2318
2378

2433
2536
2637
2137
2839
2942
3046
3151
3255
3359

3462
3563
3663
3760
3856
3949
40460
4129
4215
«300

4382
4463
45642
4732
4913
5254
55712
5872
71T
8232

9139
9944
10651
11225
12153



TEM

30 PSIA ISOdAR

PERATURE DENSITY
0EG. R L8/Ccu FT

24,966 4.81505

25 “e81382
25 478521
28 4,72582
30 e 66224
32 e 59694
34 4.52363
3 Lokt 756
38 4.36540
0 .27607

814299 4.21329
©1.299 0.16101

w2 3.15691
bl 0.14655
46 0.13777
4“8 0.13018
59 0.12352
52 0.1176Q
54 0.11230
56 0.10751
58 0.10315
690 0.09917
62 0.0955¢
B4 0.09213
66 0.0890
68 3.08643
70 0.08338
75 0.07736
80 29.87215
85 0.06764
90 0.06368
95 0.060417
100 0.05704
105 0.05423
110 0.05168
115 0.04937
120 s.04727
125 0.04533
130 0.04355
135 0404191
140 0.06033
150 0.03766
160 3.03528
180 0.83132
200 0.02817
220 0.02560
260 %.02346
260 0.02165
280 8.020410
3049 0.01876
320 0.01759
348 0.01655
360 0.01563
380 0.01484
»00 8.,01607
420 0.01340
bkl 0.01279
460 0,01224
4ag 0.01173
500 0.01126
5290 0.01082
54 0401042
560 0.01005
580 0.0097¢
500 0.00938
650 0.00866
700 0.00804
800 0.00704
900 0.00626
1000 2.00563
1500 8.00376
2000 6.00282
25090 9.00225
3000 0.00138
3500 0.00161
%000 0.00141
5000 0.00110

THO-PHASE BOUNDARY

V(DH/DVb
8Tu/Le  PSIA=U FT/BTU

267.06
267.59
265.20
256,87
264.97
263.18
259.25
255.39
248444
239.62

232.95
86.46
38.50
946 .33

100.13

105.88

111.53

117.23

122.81

128.33

133.81

139.23

164,60
149,96
155.27
163.57
165.86
179.06
192.27
205,58
219.07
2352.85

247.01
261 .65
276.86
292.7%
309.37
326.80
365.09
364,27
384,36
427.25

“73.55
574.88
682.94
792.58
898.92
998.80
1090.28
1173.61
1269,.32
1318.90

1383.68
1444.92
1506.28
1562.39
1620.12
1678.24
1736.78
1796.24
1856.61
1917.80

1980.42
2043.71
2107.91
2271 .46
2638.53
2780.72
3126.63
3476.30
528%,.33
7262.36

932.98
11777.80
146Q7.33
19175.41
46176444

THERMOOYNAMIC PROPERTIES OF PARAHYDROGEN

14.125
14.115
13.808
13.080
12,463
11.962
11.530
11.153
10,0813
10.489

1).265
3. 622
3.635
3.658
3.668
3.674
3.671
3.669
3.666
3.664
3,661
3.658

34657
3.655
3,653
3. 5651
3.648
3.640
3.629
3.614
3,594
3.568

3.534
3,493
J.bbie
34387
3.323
3,253
3.179
3.10¢
3.u20
2.857

24698
2,416
2.197
24041
1.935
1.871
1. 837
1.826
1.832
1,807

1,870
1.897
1. 925
1.954
1.981
2.006
2.029
2,069
2,066
2.081%

2.093
2.104
2,112
2.127
2.136
2,142
24160
2,141
2.100
2.014

1,911
1.812
1.676
1.418
0.691

VIIP/DU), =V LDP/OV)p

PSIA

13147.80
13164.24
12463.32
11353.62
10393.32
447 .82
3493.37
7639.27
6720.51
5799.20

5205.39
24466
24.98
25.74
26.32
26.79
27.17
27 .49
27.76
27.99
28.18
28.35

28.50
28.63
28.75
28.85
28.96
29.1%
29.29
29440
29.50
29.58

29,66
29.69
29.74
29.78
29.81
29.84
23.86
29.88
29.90
29.93

29.95
29.99
30.04
30,02
36.03
30.03
30.04
30.06
30.06
3006

30406
30.04
30.0%
30.06
30.06
30.06
30.04%
334064
30.04
30406

30.06
30.03
30.03
38.03
30.03
30.03
30.02
30.02
30.02
30.01

30.0¢
30.01
36.00
29.9%
29.23

(DVIDYb/V

0.0058428
0.0058333
0.0061062
0.,00605182
0.0063525
0.0074922
0.0081556
0.0088545
0.0097918
0.,01094835

0.0119171
0.0377198
0,0361040
0.0323680
6.0295170
0.0272393
0.u253602
0.023772%
0.0224071
0.0212156
00201640
0.0192262

0.0183849
0.01752339
0.0163313
0.0162976
0.0157145
0.016b410
G.0133747
340124661
0.0116810
0.0103946

0.0103886
0.0098492
0.0093655
0.0089291
$.0085330
0.0081717
0.00784u8
0.0075364
0.0072554
0.00675383

0.0063176
0,0055958
0.0050258
0.00645625
9.0061780
G.0038536
0,0035763
0.0033364
8.0031267
d.0029420

000027779
0.0026313
0.002699¢
0.0023804
0.0022717
0.0021728
g.0020821
0.30319988
0.0019218
0.0018586

0.00178%5
0.0017229
0.0016654
0.0015373
0.0016275
0.0012691
0.00141103
$.0009993
0.0005663
0.0004998

6.0003999
0.0003333
0.0002858
0.0082505
6.0002053

a7

THERMAL

SONDUCTIVITY
1/0EG. R BTU/FT=-MR-R LBIFT°;EC SQ FT/HR
X 10

0.06247
0.04258
0.04562
0.035021
0.05317
0.05519
0.05623
0.05710
0.05808
0.05851

0.05851
0.01273
0.01183
g.01217
0.01256
0.01297
0.01339
0.01383
0.014627
0.01470
0.01512
0.0155%

0.01598
0.01642
0.01685
0.01729%
g.08772
0.01882
4.01991
g.02100
0.02210
0.02321

0.02432
0.025-2
0.02661
0.0278
3.02907
0.03031
0.03154
0.03276
0.03399
0.03691

0.04008
0.05188
0.06131
0.063915
0.07552
0.38057
0.08445
0.08741
0.08962
0.09132

0.09264
0.03372
0.09468
0.09559
0.09649
0009743
0.09842
0.09947
0.10058
0.10174%

0.10299
0.10627
0.10560
0.10908
0.11272
0.12032
0.12799
0013571
Je17469
g.27727

0.33507
0439555
0.47603
U.64056
1.85745

VISCOSITY

1.722
1.715
1.592
1.394
1.232
1.105
1.001
0.913
0.837
0.770

0.730
0.087
0.089
0.092
0.096
9.100
0.103
0.107
0.110
O.116
0.117
g.121

B.42%
0.128
0,131
d.134
0.138
O0.146
0154
0.164
0.169
G.17%

0.183
9.190
9.197
8.204
g.211
0.247
0.224
0.230
0.237

0.249

8.261
0.307
0.362
G.368
0.338
Deblh
0.418
0.438
G.442
0,453

[ Fy2-T3
[ FLY4]
Qe84
0.493
9.502
0.511
g.520
0.529
0.538
Go547

0.556
0.565
0.573
0.595
0.616
0.659
9.701
0.762
0.9u2
1.129

1.305
1.473
1.634
1.789

THERMAL DIELECTRIC
OIFFUSIVITY CONSTANT

0.00565
0.00567
0.00539
2.00615
0,00619
0.00608
0.00588
0.00568
0.00547
0.00520

0.30500
0.02233
0.02359
g.02720
0.03084
0.03453
0.03831
0.04219
0.04618
0.05021
0.0543%
8.05859

0.06295
3.06743
0.97203
0.37673
0.08156
0.09409
0.10731
0.12118
0.13565
0.15065

8.16610
0.18138
0.193856
g.21572
0.23300
0.25033
0.26762
0.28468
0.30178
0.33963

0.37973
0.51403
0.63397
0.74697
0.85711
3.96676
1.07761
1.18983
1. 30408
1.42170

1.541%8
1.66426
1.78981
1.91827
2.04959
218377
2.32093
2.46107
2.60416
2.75010

2+ 89906
3.05105
3.20600
3.60649
4.02607
4.92158
5.89235
6.93695
13.20890
27.11860

39.,41769
53.66014
70.86636
94.87555

2,110 178.49359

1.25569
1.25562
125394
1.25046
1.206746
1.26281
1.23867
1.23426
1.22952
1.22639

1.22079
1.00779
1.00759
1.80709
1.00667
1.00633
1.00597
1.00569
1.00563
t.00520
1.00699
1.00679

1.00662
100445
1.00630
1.00016
1.00603
1.00376
1.00369
1.00327
1.00308
1.00291

1.00276
1.00262
1.00250
1.00238
1.00228
1.00219
1.00210
1.00202
1.00195
1.00182

1.00170
1.00151
1.00136
1.00126
1.00113
1.00105
1400097
1.00091
1.00085
1.00080

1.00075
1.00071
1.00068
1.00065
1.00062
1.00059
L.00057
1.00054
1.00082
1.00050

1.00069
1.00067
1.00065
1.00062
1.00039
1.00034
1.00030
1.00027
1.00018
1.0001¢6

1.00012
1.00009
1.00008
1.00007
1.00005

PRANDTL
NUMBER

2.2757
2.2639
2.0346
1.7215
1.5369
144236
1.3549
1.3018
1.2621
1.2469

1.2469
0.8751
0.8626
0.8344
G.8141
0.7386
0.7861
0.7758
9.7670
0.7603
047545
0.7493

0. 7445
0.7L01
0.7301
0.7323
0.7287
0.7209
0.7142
0.7084
0.7035
0.6996

0.6968
0.6951
9.6924
0.6901
0.6893
0.6898
0.6916
0.6348
1.6387
0.700%

8.7008
0.6872
0.6902
0.6324
0.6939
Te 6947
0.6949
0.6947
0.6942
3.6336

0.6328
0.6920
9.6912
0.6905
0.6897
0.6891
0.6885
0.6880
0.6875
0.6871

0.6868
0.6865
0.6862
g, 6857
0.6853
0.6847
0.6844
0.6864%
0.6836
G.5321

0.5290
0.5262
0.5157
0.4831
0.3876




35 PSIA ISO0BAR

TENPERAT URE VOL UME
DEG. R CU FT/LB

® 24,987 0.20763

25 0.20768
26 0.20889
28 0.21151
30 0.21439
32 6.217%2
34 0.22093
35 D.22670
38 0.22830
&0 0.23365
42 0.23914

S 2,475 0.264055
* L2.475 5.37081
bl 5.68236
46 6.07313
48 6.45027
59 6.81724
52 T.17630
Sk 7.52902
56 T7.87652
58 8.21969
80 8.55918
62 8.89551
[-13 9.22913
66 9.560358
68 9.88957
70 10.21693
75 11.02858
80 11.83239
a5 12.63006
90 13.42283
95 14,21160
100 14.99707
105 15.77978
110 16.56047
115 17.33859
120 18.11532
125 18.89058
130 19.66456
135 20.43743
140 21.,20931
150 22.75056
160 24.28932
180 27.36187
200 30.42506
220 33.48402
240 36.53930
260 39.59342
280 42.64510
300 45.69530
320 48, 74430
340 51.79231
360 56.83951
380 57.88604
400 60.93199
420 63.97745
b40 67.02251
460 70.06721
480 73.11161
508 76.15574
520 79.1995
540 82,26336
560 85.28689
580 88.33026
600 91.37350
650 98.98110
709 106.58812
800 121.80093
900 137.01263
1000 152.22362
1500 228.27349
2000 304.32028
2500 380.36642
3000 456442702
3500 532.64622
4000 609.75789
5000 779.20905

® THO-PHASE BOUNDARY

ISOTHERM

ODERIVATIVE OERIVATIVE

CU FT-PSIA/LB

2735.67
2744.67
261b.14
2410.57
2237.31
2064.36
1885.11
1726.08
1547.99
1370.83

1184.54
11463.05
150.50
164417
180.88
196.62
211.62
226.07
240.08
253.72
267.06
280,14

293.04
305.69
318.20
330.57
342.82
372.98
#02.59
431.79
460.6%
«89.22

517.57
545.73
573.73
601.60
629.34
656.93
684,56
712.02
739,43
794.07

848.53
-957.20
1065.16
1172.82
1280.27
1387.55
1694.70
1601.75
1708.72
1815.62

1922.46
2029.25
2136.00
22462.72
2349.44
2456.08
2562.72
2669.35
2775.96
2832.56

2989.14
3095.71
3202.28
3468.65
3730.98
4267 .57
4800.07
5332.53
7994 445
10656.16

13317.73
15979.39
18640.98
21302.57
26625.72

THERMODYNAMIC PROPERTIES OF >ARAHYDROGEN

IS0CHORE
?SIA/R

75.830
764817
75,133
Te.D72
72.332
T0.858
63,351
67.723
65,900
63.806

61.193
67.530

1.085

1.015
0.9397
C.8780
0.8258
0.7806
Ge?610
0.7059
06704
0.6459

0.5200
0.5964
0.5747
045547
0.5361
0.4952
0.4604
o304
Qe 043
0.3813

0.3608
0.3425
03261
Ce3112
0.2976
0.2852
0.2738
0.2633
0.253b
0.2362

0.2211
G.19690
0.1761
0.1599
0.1465
C.1351
0.1254
0.1170
G.1090
G.1031

Ged970
0.0922
0.0876
G.0834
0.0796
0.8762
0.0730
0.0701
0.0674
0.0669

0.0625
0. 0604
0.0584
0.0539
0.0500C
G.0438
0.0389
0.2350
0.0233
0.0175

0.0140
0.0117
Q.010C
0.0088
0.0070

INTERNAL
ENERGY
8TU/LB

-132.893
~132,86%
-131.289
-127.976
=126 425
~120.629
~116.571
-112.232
«107.576
~102.566

“97.134
~95.786
52.057
55,079
56,852
62.479
664002
69. 448
72,834
76.171
79,4669
82.735

85.970
89.181
92.370
95.541
98,697
106.533
11k.313
122.060
129,796
137.5462

145.319
153,150
161.058
169.067
177.199
185.480
193.932
202.575
211.430
2294864

269,289
291.570
338.286
389. 047
443,078
499.420
557,267
615.683
674,190
732.335

789,848
846.577
902.462
957.509
1011.772
1065.309
1118.208
1170.5064
12224399
1273.839

1324, 860
1375.670
1426.285
1551.963
1676.986
1925.899
21744645
2423.237
3676.745
4969.859

6327.227
7758.132
9285.158
10998.481
163460,.984

ENTHALPY
BTU/LB

-131.548
~131.523
-129.935
~126.605
~123.036
~119.219
~115.139
~110.775
~106.090
-101.052

~95,584
-94,227

86.865

91.307

98.213
104,284
110.185
115.958
121.630
127.219
132,761
138.207

143,623
148.995
154,331
159.636
164,914
178,010
190.999
203.%16
216,790
229.648

262.516
255,420
266.385
281.439
294.606
307.911
321.379
335.032
348.888
377.292

406,707
4b8.906
535.472
606.058
679.895
756,033
833.632
911.836
990,105
1068.00%

1145.266
1221.740
1297.365
1372.150
1446.149
1519.418
1592.048
16640113
1735.696
1806.862

1877.509
1968163
2018.482
2193. 464
2367.789
2715.297
3062.631
3409.806
5156,197
6942.174

8792.402
10716.259
12737.266
14950, 354
21391.079

48

ENTROPY
BTU/LB=R

1.18714
1.18882
1.25041
1.37379
1.49692
1.62007
176378
1.86840
1.99503
2.12423

2.25759
2.28971
6.55595
6.67258
6.81275
6094196
7.06242
7017563
T.28266
7.38631
T.48120
T7.57385

7.66263
TeTu792
7.83002
7.90921
7.98570
8.16641
8.33407
3.49069
8.63786
8.77690

8.90891
9.03u82
9.15545
9.27149
9438357
9.49219
9.59783
9.70087
9.80166
9.39758

10.18738
10.55281
10.90326
11.23952
11.56046
11.86533
12.15274
12.42265
12.67525
12,91109

13.13198
13.33872
13.53277
13.71518
13.88736
14,05028
16,20455
14.35182
14,49232
14.62662

16.75478
14.87839
14,99769
15.27809
15.53672
16.00106
16. 40986
16.77542
18,19074
19.21613

20.04125
20.73278
21.35826
22434130
24.39600

cv cP
8TV /7 LB =R
1.430 1.560
1.130 1.559
1.152 1.618
1.197 1.72%
14243 1,860
1.288 1.969
1.328 2.112
1.363 2,258
1.396 2428
1.420 2.621
foletst 2.867
1okt 2.905
1.605 3.381
1.577 3.227
1.553 3.087
1.539 2.989
1.529 2.916
1.522 2.859
1.517 2.814
1.513 2.777
1.510 2.746
1.507 2.718
1.504 2.696
1.502 2.677
1.500 2.660
1.499 2.645
1,498 2.632
1.497 2.607
1.698 2.590
1.504 2.578
1.507 2.572
1.516 2.572
1.529 2.576
1.545 2.586
1.566 2.601
1.591 2.621
1,620 2.646
1+65% 2.676
1,692 2.711
1.733 2.75¢8
1.779 2.793
1.879 2.889
1.988 2.995
2.218 3.219
2. 436 3434
2.622 3.618
2.763 3.757
2.857 3.850
2.908 3.900
2.926 3.916
2.917 3.907
2.891 3.881
2.855 3. 844
2.814 3.802
2.772 3.760
2.731 3.719
2.693 3.681
2.659 3.647
24629 3.616
2,603 3.590
2.581 3.568
24562 3.549
2.547 3,534
2.535 3.521
2.524 3.511
2.506 3,492
2,495 3.601
2.487 3.473
24486 3.472
2.488 Sebll
2.536 3.522
2.664 3.630
2.786 3.772
2.937 3,924
3.167 4o.163
3.716 ho754
7.569 9.097

VELOCITY
DF SOUND
FI/SEC

4183
4188
4324
4012
3917
3825
3727
3639
3535
3024

3293
3262
1212
1248
1291
1330
1367
1602
1636
1669
1500
1530

1560
1589
1647
1644
1671
1738
1796
1854
1909
1961

2010
2057
2101
2143
2182
2219
2254
2288
2319
2378

2634
2537
2638
27138
2840
2943
3067
3152
3256
3360

3463
3564
3664
3761
3857
3950
4041
4130
4216
4301

“383
bbbl
4542
L732
4914
5254
5573
5873
7172
8232

9139
9945
10654
11235
12166



TEM

3% PSIA ISOBAR

PERATURE DENSITY

DEG. R LB/CU FT

26,987 6.81629

25 4.81565
26 L.78740
28 4.72786
30 b.664L46
32 4.59736
34 4.52623
36 445006
38 436864
40 4.27986
w2 he18158

42,6475 4.15706
42.475 0.18619

bele 0.17593
o G.16466
8 0.15503
50 014669
52 0.13935
54 0.13282
56 0.126%
58 0.12166
68 0.11683
62 0.11242
(.13 0.10835
66 0.10460
68 0.10112
7o 0.09788
75 0.09067
30 0.08451
85 0.07918
90 0.07650
95 0.07037
100 0.06668
165 0.06337
119 0.06039
115 0.05767
120 0.05520
125 0.052%
130 0.05085
135 0.06893
140 0.06715
150 0.04395
160 0.06117
180 0.0365%
240 0.03287
220 0.02986
240 0.02737
260 3.02%26
280 0.02345
300 0.02188
320 0.020%52
340 3.01931
360 0.01824
380 0.01728
#00 0.016061
W29 0.01563
LX) 0.014692
460 0.01427
489 0.01368
500 0.01313
520 0.01263
540 0.01216
560 0.01173
580 0.01132
600 0.0109
550 g.010190
790 0.90938
800 g.00821
300 0.00730
1000 0.00657
1500 3.00438
2000 9.30329
2500 0.30263
3000 8.90219
3500 0.00188
“000 0.00164
5000 0.00128

THO~PHASE BOUNDARY

V(DNIDV%

BTU/L8 PSIA-CU FT/BTU

267 .60
268.32
265,91
265,064
265,56
263.79
259.83
256.09
249.17
260.98

230.46
225.01
87.29
91.88
97 .85
103.76
109.6L
115.38
121.08
126.72
132.29
137.80

143.26
148.65
156.403
15943
164,76
178.07
191.39
206,78
218.35
232.49

266.40
261 .09
276.34
292.25
308.91
326.37
Jbb 68
363.88
383.99
426491

473420
576.65
682.74
792,46
898.83
938.77

1090.31

1173.69

1269,.44

1319.06

1383.88
1665416
1506.52
1562.65
1620.40
1678.54
1737.09
1796.55
1856.9%
1918.14%

1980.77
2044.06
2108.27
2271.83
2638.98
2781.12
3127.14
347673
5285.78
7262.84

9433.28
117746.00
14569445
18981.30
LLTT LR 1Y

THERMOOYNAMIC PROPERTIES OF 2ARAHYOROGEN

vi32/0u),

14,117
leel1s
13.807
13.086
12.471
11.970
11.539
11.161
10.823
10.500

10.455
10.072
3.632
34657
34674
3.680
3.681
3.680
3.677
3.6704
3.671
3.668

3. 666
3.665
3.6862
3.660
3.657
3.648
3.637
3.622
3.601
3.574

3.540
3.498
3. 449
3.392
3.328
3.258
3.183
3.104
3.02%
2,868

2.702
2o418
24199
2.042
1.937
1.872
1.838
1.827
1.832
1.848

1.870
1.898
1.926
1.954
1.962
2.087
2.029
2.069
2.067
2.082

2.094
2,104
24113
2.128
2.137
2.343
2olbte
2e142
2.180
24044

1.911
1.813
1.6382
1,436
0.721

=¢ (OP/0OV)

PSIA

13175.75
13217.36
12514.16
11396.82
104635.83
9490 .61
8532.56
7681.86
6762.60
5866.9

4953.26
4751.73
28,02
28.89
29.78
30.48
3106
31.50
31.89
32.21
32.43
32.73

32494
33.12
33.28
33,03
33.55
33.82
36.02
34.19
34.32
3b.42

34.51
34.58
34465
36.70
3876
36.78
34.81
34,86
3486
3490

34,93
34.98
35.08
35.03
35.06
35 .34
35.05
35.05
35.05
35.06

35.06
35.06
35.06
35.05
35.08
35.05
35.05
35.05
35.0%
35.08

35.05
35.05
35.05
35.06
35.06
35406
35.03
35.03
35.02
35.02

35.01
35.01
35.00
3.9
3617

T

(DV/DT%IV THERMAL VISCOSITY THERMAL OIELECTRIC PRANOTL

SONOUCTIVITY DIFFUSIVITY CONSTANT  NUMBER
1/70EG. R BTU/FT-HR-R LB/FT-SEC SQ FT/HR
X 100

0.0058312  0.04255 1.722  0.00566 1.25577 2.2732
0.0058118  0.04259 1.720  0.00567 1.25573 2.2665
0.0000837  0,04564 1.596  0.08589 1.25605 2.0364
0.005699  0,05023 1,39  0.00616 1.25058 1.7233
0.0069311  0.05320 1.235  0.00620 1.24687 1.5381
0.0076662 0.05515 1.108  0.00609 1.24295 1.4242
0.0081278  0.05628 1,003  0,00549 1.23882 1.3553
0.0088159  0.05716 0.915 0.00569 1423443 1.3015
0.0097448  0,05815 0.839  0.00548 1.22971 1.2614
8.0108756  0.05860 0.772  0.00522 1.22460 1.2633
8.0123542  0.05851 0.711  0.00431 1.21898 1.2460
0.0127386  0.0580L3 0.698 0.00484 1.217%8 1.2487
0.0387341  0.01226 0.090  0.01948 1.00902 0.8971
0.0351255  0.01247 8.093  0,02196 1.00852 0.8677
0.031551%  0.01230 8.097  0.02519 1.00797 0.8398
0.0248045  0.01318 0.100 0.02844 1.00750 0.8193
0.0266013 0.01358 0,106  0.03175 1.00710 0.8034
0.0247797  0.01399 0.107  0.03513 1,00674 2.7906
0.0232391 001642 0.111  0.03858 1.00642 0.7799
0.0213131  0.0168% 0.115  0.04209 1.00614 0,771
0.020755%  0.01526 0.118  0.06569 1.00588 0.7662
0.019733%  0.01568 04121 0.06936 1.00565 0.7578
0.0188238  0,01611 0.125 0.05315 1.00544 0.7520
0.0180067 0.01656 0.128  0.05702 1.0052% 0.7468
0.0172675 ©6.01697 0.131  0.06099 1.00506 0.7621
0.0165946  0.01740 0.135 0.06505 1.00689 0.7377
0.0159785  0.01783 0.138  0.06921 1.00673 0.7337
B.0166416  0.01892 Oel46  0.08001 1.00638 0.7249
0.0135303  0.02000 G.154 0.03139 1.00608 0.7175
0.0125893  0.02109 9.162  0.10333 1.00383 t.7811
0.0117801  0.02219 0.169 0.11578 1.00360 2.7058
8.011075«  0.02328 0.176  0.12867 1.00340 0.7016
0.0104551  0.02438 © 0.186 0416195 1.00322 0.6985
0.0099046  0,02549 0.191 0.15552 1.00306 0.6966
0.009%121  0.02668 0.198 0.16985 1,00292 0.6936
0.0089685  0.02791 0.206 0.18459 1.30279 0.6912
0.0085666  0.02913 0.211  0.139%4k 1.00267 0.6903
0.0082005  0.03037 0.218  0.21433 1.00256 0.6907
0.0078657  0.83160 0.224 0,22918 1.00246 8.6923
0.0075580  0.03281 0.230 0,26381 1.00236 046956
0.0072742  0.03406 0.237  0.25849 1.00228 0.6993
0.0067677  0.03695 8.243  0.29099 1.80212 8.7009
0.0063288  0.04013 0.261  0.32542 1.00199 0.7012
0.0056025 0.05181 0.307 . 0.44029 1.80176 0.6876
0.0050301  0.06131 0,382  0.56313 1.00159 0.6905
0.0045653  0.06915 0.368  0.64006 1,001 54 0.6927
0.0041798  0.07552 0.388  0.73450 1.00132 8.6941
0.0038568 0.08057 B.u0b 0.82854 1.90122 0.6949
0.0035771  0.0844S 0.418  0.92345 1.00113 0.6951
0.0033368  0.08761 0.431  1.01986 1.00106 0.6949
0.0031270  0.08963 O 442  1.11818 1.00099 0.6964
0.0029421  0.09132 0.453  1.21870 1.00093 0.6937
0.0027780  0.09266 D.46k  1.32151 1.00088 0.6929
0.0025312  0,09372 0.470  1.42671 1.00083 0.6921
0,0026993  0.09469 D.48s  1.53437 1.00079 0.6913
0.0023799  0.09560 0.493  1.6L452 1.08075 0.6905
8.0022715 0.09650 8.502 1.75712 1.00072 0.6398
0.0021726  0.0974k 0.511  1.87248 1.00069 0.6891
0.0020813  0.09843 8.521 1.98979 1.00066 0.6385
0.0019985 0.09948 0.538  2.10995 1.00063 0.6880
0.0019216 0.10059 0.538  2.23264 1.00061 2.6876
0.0018506  0.10175 8.547 2.35776 1.00059 0.6871
8.0017842 0.16299 0,556  2.48548 1.00057 0.6868
0.0017227  0.10428 0,565 2.61580 1.00055 0.6865
8.0016652 0.10561 0.573  2.74865 1.00053 0.6862
0.0015371 0.10909 0.595  3.09202 1.00069 0.6857
0.0016273  0.1127% 0.616  3.45175 1.00045 0.6853
0.0012689  0.12033 8.659  4.21952 1.00060 0.6847
0.0011102  0.12801 0,702 5.05180 1.00035 0.6844
0.0009992  0.13573 0.742  5.94737 100032 0.6861
0.0006663  0.17672 0.962 11,32649 1.00021 0.6836
0.0006998  0,27727 1.129 23.24601 1.00016 0.5322
0.0003999  0.33506 1.306 33.78738 1.00013 8.5291
0.0003332  0.39532 1,673 45.98670 1.00811 0.5264
0.0002857  0.47403 1.636  650.64943 1,00009 0.5166
0.0002505 0.63054 1.790 80.87540 1.00008 0.4857
0.0002049  1.76775 2.108 151.42496 1.00006 0.3906
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#0 PSIA ISQ8AR

TEMPERATURE VOLUME
DEG. R cu FTszLe
® 25,008 0.20758

26 0.20881
28 0.21142
30 0.21629
32 0,21740
36 0.22080
36 022455
38 022874
40 023345
LT v.23890

® 43,536 0.26368
® 43,536 h.T2852
bl f.81663
“6 5.17749
L8 5.52194
50 5.85458
52 6.17827
54 6449492
56 6.80590
58 7.131218
60 743455
62 7.71356
[-13 8.00972
66 8.30341
68 8.59495
70 8.88460
75 9.60175
80 10.31087
85 11.03374
90 11.71161
95 12.40564
100 13,09592
108 13.78363
110 16.46899
115 15.15237
120 15.83405
12% 16.514626
130 17.19318
135 17.87098
140 18.54780
150 19.089831
160 21.24724
180D 23,9398
200 26.62295
220 29.30168
240 31.97732
260 34.65061
280 37.32205
3o00 39.99202
326 42.66079
360 45.32857
368 47.99554
380 50.66183
400 53.32756
20 55.99280
(X1} 58.65762
460 51.32210
48t 63.98627
560 66.65018
520 69.31386
S56g 71.97734
5610 T, 64065
580 77.30380
600 79.96681
550 86.62384
T00 93,28030
801 106.59199
900 119.90257
1908 133428244
1500 199.75672
2000 266,29784
2500 332.33437
3000 399.39061
3500 466.07263
4000 533.48514
5000 680.77514

® TWO=-PHASE BOUNDARY

ISOTHERM
DERIVATIVE
Cu FT-PSIA/LB

2740.77
2623.70
2618.64
2245.83
2072.55
1892.64
1734449
155643
1380.27

1194.33
1057 .22
167.49
151.99
170.21
187.08
202.99
218.19
232.82
267400
260.80
276430

287.53
300.54&
313.35
326.00
338.49
369.19
399.26
428484
458,02
486.89

515443
543488
572.08
6004142
628402
655,61
683.5)
714410
738,63
79347

368.09
957 .08
1065.2%
1173.08
1280.67
1388.07
195,32
1602.45
1709.43
1816.45

1923.34
2030.18
2136.97
2243.73
2350 .45
2457.15
2563.82
2670 .4b
2777.10
2883.74

2990.31
3096.90
3203.48
Je63.88
3736.24
4268.86
4301 .40
5333.87
7995.85
10657.57

13319.21
15980.82
18642.42
21304,.00
26627 .16

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

I30CHORE

DEUVATIVE

2SIA/R

75,840
75.162
740138
72,404
70.932
69,433
67.803
65. 994
63.906

61.317
59. 044
12064
1.216
1.116
1.037
L9706
0e9103
0.8654
0.8224
7842
074699

0.7188
C.5906
0.6648
Deblyl
Ue0191
0.5709
0.5301
0.4951
Uelibleb
0e6379

De6li2
0.3930
03740
C.3568
Ge3ail
e.3268
0.3137
0.3018
C.2904
D.2704

042531
.2242
0.2014
0.1829
0.1675
Ge1545
Ue1433
01337
C.1253
8.1179

G.1113
0.1054
G.1001
0.0954
d.0914
0.0870
00830
0.0801
0.0770
0.0741

0.,0715
0.0690
0.0667
0.0616
0.0572
g.0500
00645
0.0400
Ge0267
0.0200

0.0160
0.2133
0.0114
0.0100
0.008¢

INTERNAL
ENERGY
BTusLs

-132.888
-131.319
~128.010
~124+4%65
~120.67¢
=116.626
-112.296
~107.651
=102.658

=97 .247
~92.782
52.276
53.248
57.249
61s043
64,696
68,247
7i.721
75.133
78,495
81.817

85,102
88.356
91.585
h.792
97,983
105. 865
113.721
124.516
129.293
137.074

Lk, 883
152,741
160.672
168.702
176,854
185.152
183.619
202.277
2116145
229.582

269.047
291.369
338.108
388,888
4424935
499,296
557.128
615.574
6744091
732.244

789.76%
8464493
302,389
957 . bl
1811.709
1065.250
1118.152
1170.492
1222.351
1273.793

13264817
1375.623
1642b.247
15514923
1676.956
1925.875
2174.626
2423.221
3676.736
4969.854

6327,.216
1757.920
3283.007
10986, 049
16194.145

ENTHALPY
8Tu/LB

~131.351
~129.772
~126s blsts
~122.878
~119.066
~114.991
~310.633
~105.957
~100.929

“95.477
-90.977

87.300

88.924

95.598
101.344
108.061
114,009
119.828
125.543
131.174
136.736

142,236
147.684
153.088
158.454
163.787
177.004
190.093
203.094
216.060
228.360

241.883
254.835
267.843
280.335
294,136
307.672
320.968
334.606
348.527
376.972

406.423
4608.590
535.302
605.923
679.7886
755.350
833.569
911.782
930.076
1067.389

1145.263
1221747
1297.382
1372.175
1446.1082
1519.458
15324093
1664.165
1735.753
1806.923

1877.674
1908.212
2018.554
2193544
2367.876
2715.393
3062.734
3409.314
51564318
6942.308

8792.522
107164173
12735.168
14937,528
21236,590

50

ENTROPY
BTU/LB-R

1.18733
1026924
1.37255
1,49556
1.61857
1.74206
1.86658
1.99297
2.12189

2.25485
2.36008
6.45761
bet9672
6,64308
677814
6.90300
7.01966
74129647
7233460
7.33220
7.42648

7.51665
7.60313
7.68627
7-76637
7.84367
8.02605
8.19501
8.35265
3.50064
8.64035

8.77292
8.89930
9.02033
9.13671
9.24907
9.35795
9.46381
9.56705
9.66801
9.86421

10.05425
10.42007
10.77075
11.10718
13.42824
11.73320
12.02069
12.,29067
12.54331
12.77919

13.,00012
13.20689
13.40096
13.58340
13.75559
13.91846
14.07281
14.22009
14.36060
16e 049491

14.62308
14.746670
14486600
15. 14641
15.40505
15. 86940
16.27821
16.64378
18.05911
19.08450

19.90962
20.60108
21.22595
22.00617
Res23034

cv cp
BTU / L3 ~R
1,131 1,560
1.152 1.616
1.197 1.724
1.243 1.839
1.287 1.967
1.328 2,109
1,363 2,254
1.393 2,424
1.420 2,614
1.641 2,838
1,455 3,034
1.615 3.506
1.604 3. 4k
1.572 3,264
1.552 3.109
1.540 3.012
1,531 2.939
1.525 2.882
1.520 2.835
1.516 2.797
1.512 2,764
1.508 2.736
1,506 2,712
1.503 2.692
1.502 2.674
1.500 2.659
1.699 2.629
1.499 2.608
1.502 2,594
1.508 2.586
1.517 2.583
1.530 2.586
1.546 2.595
1.566 2.609
1,591 2,626
1.621 2,653
1.654 2,682
1.692 2.717
1.734 2.755
1.779 2.798
1.879 2.893
1.988 2.998
2.218 3,222
2,436 3,436
2.622 3.619
2.763 3.758
2.857 3.851
2.909 3.901
2.926 3.917
2.917 3.908
2.891 3.881
2.855 3.845
2.814 3.803
2.772 3.761
2.731 3.719
2.693 3.681
2.659 3.647
2.629 3.617
2.603 3.591
2.581 3.569
2.562 3.549
2.547 3.534
2.535 3.521
2.524 3.511
2.506 3.48¢2
2,495 3.481
2.487 3,676
2.486 3.472
2.488 3.474
2,536 3.522
2,604 3.630
2.786 3.772
2,936 3.922
3.159 4,154
3.680 4716
7.300 8.789

VELOCITY
OF SOUND
FT/SEC

4186
129
4037
3922
3830
3733
3645
3541
3431

3301
3195
1218
1230
127¢
1318
1356
1393
1628
1461
1493
1524

1556
1584
1612
1640
1667
1732
1794
1852
1307
1360

2010
2057
2101
2143
2182
2220
2255
2288
2320
2379

24634
2538
2633
2739
2841
2%k
3048
3153
3257
3361

3464
3565
3665
3762
3858
3951
4042
4131
#217
L302

“334
485
4543
8733
4915
5255
5574
5874
7172
8233

9140
9946
10657
11244
12178



TEM

40 PSIA ISOBAR

PZRATURE OENSITY

DEG. R LB/CU FY

25.008 4.81751

26 e 78899
28 #e729%
30 ©.66667
32 ©.59978
34 4.52892
386 beb5330
38 4.37187
0 % 28343
b2 4.18580

43.536 4.10380
434536 0.21148

' 0.20761
46 0.,1931%
48 0.18110
50 Q.17081
52 0.16186
St 0415397
56 0.146933
58 0.16060
60 0.13487
62 B.12964
64 0.12485
66 0.12863
68 8.11635
r0 0.11255
14 0410615
a0 0.09698
85 0.09080
90 3.08539
95 0.08061
100 0.07636
105 0.07255
1190 0.06911
115 0.06600
120 0.06316
125 0.06055
130 0.05816
135 0.055%
140 0.05391
150 9.05025
160 0.04706
180 0.06177
200 0.0373%6
220 9.03413
2460 0.03127
260 9.02886
280 0.02679
300 0.02500
320 002304
340 0,02296
360 0.02084
380 0.01976
«00 0.01875
420 0.01786
(17 0.01705
460 0.01631
%80 0.01563
500 0.01500
520 Ge01043
Shl 0.01339
5640 0.01340
580 0.0129
600 0.01251
650 0.01154
700 0.01072
8040 0.00938
900 0.00834
1000 0.30751
1500 G.00501
20090 0.00376
2500 0.00300
3000 0.00253
3500 0.00215
4000 0.00187
5000 Q.d0147

TWO~PHASE BOUNDARY

/ 0V},
V(O b

8Tu/Ld

268.13
266.62
266400
266.118
260 .40
260 e01
256.78
269.90
261 .86

231,40
222.93

87.91

89.35

35.52
101.6%
107.61
113,53
119.35
125.+10
130.77
136.36

161.88
147.36
152.51
158.23
163.63
177.08
190.50
203.99
217.63
231 454

265.80
260.53
275.82
291.77
308.46
32549
344,28
363.43
383.62
#26.57

472.93
S74 .43
682.55
792.29
398.74
998 .74
109036
1173.77
1249.57
1319.22

1384.07
1445.37
1504.77
1562.92
1620.69
1678.84
1737.40
1736.38
1857.28
1918.48

1981 .11
206k oted
2108.63
2272.21
2839.36
2781 .53
3127.52
3677.15
5286.24
7263.32

9%33.62
11774.03
16539.03
18824.36
42978 .54

THERMODYNAMIC PROPERTIES OF 2ARAMYOROGEN
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V(DP/DU),  -V(OP/OV)  (OV/OT)/¥  THERMAL  VISCOSITY THERMAL DIELECTRIC
SONDUCTIVITY DIFFUSIVITY CONSTANT
PSIA-3J FT/8FU  PSIA 170EG. R aTU/FT=HR-R LBIFT-;EC Sa FT/HR
X 10
14,108 13203.72  0.0058196 0406264 1.723  0.00567 1.25584
13.805 12564.89 0.,0060615 0.06566 1.606 0.00530 1.25416
13,093 11439.93  0.0064806 0.05026 1.397  0.00616 1.25069
12,479 10678.22  0.0069099  0.0532% 1.238  9.00620 1.24700
11.978 9533.27  0.0074405 0.05519 1.110  0.00610 1.24310
11,548 8571.61  0.3081004 0.05633 1.006  0.00590 1.23898
11.17¢ 7726.30 0.0087779 0.05721 0.917  0.00570 1.23660
10,833 68064.50 0,0096986  0.05822 0.841  0.00543 1.22989
10.509 5912.36  0.0168089  0.05868 G.774  0.0052& 1.22681
10.167 4999,2¢  0.0122652 0.05361 0.713  0.00493 1.21922
9.886 4338.61 0.0135083 0.05823 0.670 0.00468 1.21455
3,643 31,19 0.0398786  0.01278 0,093  0.0172% 1.01024
3.652 31.56 0.0385457 0.01282 0.09¢  0.01793 1.01006
3.678 32.87  0.0339616  0.01309 9.097 0,02089 1.00935
3.688 33.88 0.0306006 0.01342 0,101  0.02383 1.00877
3,691 34,67 0.0273928  0.01378 0.105 0,02679 1.00827
3.690 35,32 0.0258883  0.014i7 0.108  0.02980 1.00783
3,687 35,85 0.0261428 0.01658 0.112 0.03286 1.00745
3.683 36,29 0.0226622 0.01499 0.115 0.03599 1.00711
3.680 36,67 0.0213858 0401540 0.118  08.03917 1.00680
3.677 37.00 0.0202690 0.01582 8.122 0.04263 1.00852
3.676 37.28  0.0192843  0.01624 0.125 0.04578 1.00627
3.674 37.52  0.0184063 0.01666 0.129  0.04920 1.00604
3.672 37.7¢ 0.0176169 0.01709 8.132  0.05270 1.00582
3.669 37.93  0,0169021 0.01751 8.135 0.05528 1.00563
3.666 38.10  0.0162508 0.0179% 0.138 0.05994 1.00544
3,657 38.45 0.0168466 0.01982 0.146  0.06945 1.00504
3.645 38.72 0.0136389  0.02009 0.156  0.067945 1.00469
3.629 38,96  0.0127144  0.02118 0.162 0.0899% 1.00439
3.608 39.41 0.0118803  0.02227 0.169 0.10087 1.00613
3.581 39.25 0.0111569  0.02335 0.477  0.11219 1.00330
3.546 39.36  0.0105222 0.02446 0.184  0.12384 1.00369
3.504 39.46 0.0099603  0.02556 0.191  0.13575 1.00351
3,654 39.5%  0.0094588 0.0267% 0.198 0.14832 1.00334
3,397 39.61  0.0090080 0.02797 0.205 0.16125 1.00319
3,333 39.66 0.0085002 0.02920 0.211  0.17427 1.00305
3.262 39,71 0.008229%  0.03043 0.218 0.18733 1.00293
3.187 39.75  0.0078905 0.03166 0.224  9.20035 1.00281
3.109 39.79 0,0075795  0.03286 0.231  0.21315 1.30270
3,027 39.82 0.0072929 0.03409 0.237  0.22603 1.00260
2,864 39.87 0.0067821 0.03700 0.249 0.25452 1.00243
2.706 39.92  0.0063400 0.06017 0.261  0.28469 1.00227
2.420 39,98  0.0056092 0.05181 0.307 ©£,35499 1.00202
2.201 ©0.04  0,005034k 0.06131 0.342 0,47500 1.00181
2,064 40.03  0.0065681  0.06915 0.368  0.5598%4 1.00165
1.938 «0.05 0.0041817 0.07552 0.388  0.64255 100151
1.873 40.06 0.0038561 0.08057 Delelb Ge72088 100139
1.839 40,07  0.0035778 0.08445 0.418  0.80797 1.00129
1.828 #0.07 0.0033373 0.08741 0.431  0.89238 1.00121
1.833 40,07  0.0031273  0.08963 B.442  0.97846 1.00113
1. 848 80,07  0.0029422 0.09132 0.453 1.06646 1.00107
1.871 ©0,07  0.3027780  0.09266 Gokbl  1.15646 1.00101
1.898 40,07 0.,0026312 0.09372 0.474  1.20855 1.00095
1.927 80,07  0.0024991  0.03469 0.48% 1.34279 1.08091
1.955 40.07 0,0023798 0.09560 0,693  1.63921 1.00086
1.982 %0.07  0.002271%  0.09651 8.502 1.53778 1.00082
2.007 80,07 8.002172% 0.09745 0.512 1.63849 1.00079
2.030 60.07 0.0020817 0.09843 0.521  1.761463 1.00075
2,850 40.07 0.0019983  0.09949 0.530  1.84661 1.000872
2,067 0.07 0.0019216 0.10060 0.538 1.95399 1.60070
2.082 40.06 0.0018502 0.10176 0.547 2.06351 1.00067
2.096 60,06 0,0017840 0.10300 0.556 2.17530 1.00065
2,105 40,06 0.0017225 0.10429 0.565 2.28936 1.00062
2,113 0,06 0,0016650 0.10562 0.573  2.40564 1.00060
2.128 ©0.06 0.0015369 0.10910 0.535 2.70616 1.00056
2.137 40.05 0.0016271 0.11275 0.616  3.02101 1.00052
2,143 40.05 0.0012688 0.12034 0.659  3.69297 1.00045
2. 14k 40,06 0,0011101 0.12802 8.701  4.42139 1.00040
2,162 40,06 0.0009991% 0.1357% - Q.73  5.20519 1.00036
20101 40,03  0.0006662 0.17674 0.942 9.91118 1.0002%
2,014 60,02 0.,0004997 0.27727 1.129 20.34157 1.00018
1.911 40,02 0.0003998 0.33505 1.306 29456577 1,00015
1814 ©0.01  0.0003332 0.39513 1,676 40,23327 1.00012
1,686 40.00 0,0002857 0.47242 1,634 53.00260 1.00010
14450 39,93 0.0002506 0.62246 1.790  70.46546 1.00009
1.746 39.11  0.0032045 1.69516 2,107 131.30273 1.00007

PRANDTL
NUMBER

2.2707
2.0385
1.7251
1.5392
1.4248
1.3557
1.3012
1.2608
1.2417

1.2637
1.2568
0.9198
0.90484
0.8700
0.8430
0.8227
30.8069
0.7939
3.7833
0.7744
0.7668

0.7599
0.7538
G.7483
0.743s
0.7388
0.7290
0.7208
0.7139
0.70081
0.7036

g.7002
0.6980
0.6949
0.632¢
0.6313
0.6915
3.6931
0.6963
¢.7000
047014

8.7016
0.68381
0.6908
0.6930
0.6944
0.6951
0.6953
0.6350
0.6945
0.6938

0.56930
0.6922
0.56914
0.6906
2.6899
0.6392
0.6886
0.6881
0.6876
8.6872

0.6868
0.6865
0.6862
0.6857
2.64853
0.6847
G.68044
0468461
3.6836
0.5322

9.5292
1.5266
0.5173
0.4880
0.3933
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TEMPERATURE VOLUME ISOTHERM I30CHORE INTERNAL ENTHALPY ENTROPY cv cP VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

0EG. R CU FT/ZLB CU FT-PSIA/LB 2SIA/R BTusL8 stusLe 8YY/LEB-R BTU /7 L3 =R FT1/SEC
® 25.029 0.20752 2745.89 75. 851 -132.883 -131.154 1.18752 1.131 1.560 4189
26 0.20873 2633.26 T6.191 ~131.368 ~129.609 1.24809 1.152 1.614 4135
28 0.21133 2426.70 Tea 204 =128, Dbl ~126.283 1.3713¢0 1.197 1.723 #0822
30 0.2118 2253.33 72. 475 =124.505 =122.728 1e49021 1.243 1.837 3928
32 8.21729 2080.79 71.005 -120.728 -118.342 1.61708 1.287 1.965 3836
34 0.22068 1910.02 63.514 -116.681 ~116,042 1.74041 1.327 2.103 3764
36 De22441 1742.87 67.883 ~112.360 ~310.494 1.86476 1.363 24250 3651
38 0.22857 1564.82 65.088 -107.727 -105.823 1.99092 1.393 2,419 3568
40 0.23326 1389.65 64005 -102.769 ~130.806 2411957 1.419 2.607 3439
2 0.23866 1204404 61e439 ~97.3%9 =-95.370 2025214 1ebbl 2.829 3310
b 0.24498 1021.58 55,436 ~91.495 =89. 454 2.38972 1,459 3.094 3168
* 44,508 0.24674 976.77 57.619 ~89.931 -87.875 2042541 1.463 3.169 3130
* 44,508 ho22020 144,18 1.406 524365 87.531 6.36894 1624 3.636 1223
46 Lok 7374 158.95 1.3130 55,533 92.811 6. 43565 1.593 Job36 1260
&8 he 79436 177.15 1.208 59.528 99.483 6.62765 1.567 3.250 1304
S0 5.10226 194,08 1.125 €3.332 105.848 675758 1.551 3.122 1345
52 5.39935 210.10 1.055 67.003 111.99% 6.87811 1.540 3.028 1383
54 5.68860 225441 0.3957 70.573 117.975 6.99098 1.532 2.956 1619
56 $.97461 240.16 0.9439 74,067 123.827 7.09739 1.526 2.898 1453
58 6026954 254 .46 G.2981 T7.498 129.574 7.19824 1.521 2.851 1486
60 6.52329 268,39 0.8573 80,882 135,239 T.29426 1.517 2.811 1518
62 6. 79347 282.01 0.82006 84.219 140.827 7.38588 1.513 2.778 1569
-1 7.06064 295.35 7874 87.519 146,354 Tet7362 1.509 2.750 1579
66 732524 308,48 0.7572 96.783 151.829 7.55785 1.507 2.725 1608
68 T.58760 321 .40 0.7294 9.033 157.259 7.63890 1.505 2.705 1636
70 7.84799 334415 0.7039 97.254 162.650 7471704 1.503 2.687 1663
75 B.49179 365.40 [Ty -134] 105.231 175.991 Te9ullh 1.501 24651 1729
a0 9.12736 395.93 0.6008 113.126 189.182 8407141 1.501 2.626 1791
85 9.75654 425.89 045606 120.970 202.269 8.23009 1.504 2.609 1850
99 10.38065 455,41 0.5257 128.788 215.288 8.37892 1.509 24599 1906
95 11,00066 484 .57 Got951 136,605 228.27¢ 8451931 1.518 2.595 1959
100 11.61728 51362 C.4680 1hbo bS5 241.269 8.65245 1.531 2.597 2009
105 12.23110 542.03 Goel39 152.330 256.2649 8.77930 14547 2604 2056
110 12.84257 570.43 D.w222 160.286 267.360 8.90072 1.567 2.617 2101
115 13.45203 598.65 0.4026 168.337 280.430 9.01745 1.592 2.636 2843
120 14.05979 626.71 0.3849 176.509 293.666 9.13011 1.621 24659 2182
12% 14,66606 656.65 0.3636 184,826 307.033 9.23924 1.655 2.688 2220
130 15.27105 682,47 6.3537 193,307 320.557 94 34532 1.693 2.722 2255
135 15.87492 710.19 0.3400 201.979 334.261 Se4u875 1.736 2.760 2288
140 1647779 737.83 Go3274 2106.860 348.166 9.54988 1.780 2.802 2320
150 17.68102 792.87 Ce3048 229. 329 3760652 974638 1.8380 2.897 2379
160 18.88145 847.66 0.20851 2484806 406,139 9,93664 1.989 3.002 24635
180 21.27855 956.96 0.2526 291.167 468.476 10,30285 2.219 3.225 2538
200 23.66578 1065.34 0.2268 337.931 535.133 10.65377 24436 3.438 2639
220 26.04876 1173.35 0.2059 388.73¢0 605.789 10, 99036 2.622 3.621 2740
240 28.42867 1281.07 0.1885 “u2.792 679.581 11,31155% 20763 3.760 2842
260 30.80622 1388.59 0.,1739 499.166 755.867 11,61661 2+858 3.852 2945
280 33.18192 1695.93 Ue1613 $57.010 833.507 11,90417 24909 3.902 3049
300 35.55615 1603.15 0.1505 615,466 911.748 12,1742 2.926 3.918 3154
320 37.92918 1710.26 Oelbl0 673,991 990.047 12.42690 2.917 3.908 3268
340 40.30123 1817.28 0.1327 732.152 1057.974 12.66282 2.892 3.882 3362
360 42.67266 1924.,22 0.1253 789,679 11465.260 12,88378 2.856 3.845 3465
380 45.04302 2031.12 G.1186 846. 421 1221.75% 13.09059 24814 3.803 3566
00 87.42301 2137 .9 0.1127 9024316 1297.399 13.28468 2.772 3.76% 3666
420 49,78251 2ub T4 0.1073 957.374 1372.200 13.46714 2,731 3.720 3763
b4l 52.15161 2351.49 1028 1011, 647 1h4b.216 13.63935 2.693 3.682 3859
460 54.52035 2658.21 0.0979 1065.191 1519.497 13.80223 2.659 3.647 3952
480 56.88879 2564.91 L.0938 1118.097 1592.139 13.95660 2.629 3.617 L0463
500 59.25697 26741.58 G.0901 1170.0861 1664.216 164,10389 2.603 3.591 4132
520 61.62432 2778.23 0.0866 1222.302 1735.809 1h,24441 2.581 3.569 4218
540 63.99267 2884.87 0.083¢ 1273747 1806.984 14.37873 2.562 3.550 4303
560 66.36024 2991 .49 00804 1324.776 1877.739 14.50690 24547 3.535 4385
580 63.72706 3098.09 © 0.0776 1375.588 1948.281 14.63053 24535 3.522 4666
600 7109494 3208.68 0.0750 1426.208 2018.627 16.76983 24524 3.542 w544
650 77.01265 Ju71.12 6.0693 1551.895 213345624 15.93025 2.506 3.492 4734
700 82.92978 3737.50 0.0643 1676.926 2367.962 15,28898 2.495 3,481 4915
aoon 9%4.76282 4270436 0.0563 1925.851 2715.489 15.75327 2.487 3a674 5256
900 106.59475 4802.72 0.0500 2174.606 3862.037 16.16208 2. 486 3.472 5575
1000 118.42597 5335.21 0.0450 2623.204 3410.022 16.52766 2. 488 JebTh 5875
1500 177.57701 7997 .24 0.0380 3676.728 51564439 17.94300 2.536 3.522 7173
2000 236.720689 10658.98 0.0225 ©369.849 5942.6426 18,96840 2,644 3.630 8234
2500 295.87212 13320.64 G.0188 6327.206 8792.b643 19.79352 2.786 3.772 9140
3000 355.02909 15982.25 0.01580 T757.745 10716126 20, 48491 2.935 3.921 9947
3500 416.29480 18643.85 0.0129 9281.225 12733.453 21.10929 3.152 bolb? 10660
©000 WThed7272 2130544k 0.0113 10975.750 14926.928 21,88717 3,669 fe 684 11251
5000 604437575 26628.53 0.0090 16072.506 21108.634 26k,08603 7.076 8,534 121089

® TWO-PHASE BOUNDARY
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TEM

.

45 PSIA ISOBAR

PERATURE DENSITY
DEG. R LB/CuU FT

25.029 4&.8187

26 479088
28 4.73193
30 4,66887
32 4.60219
34 4453154
36 b.45621
33 437507
0 4.28708
42 4.18998
ol ©.08193

#4.508 4,05241
44,508 0.23696

46 0.22353
“8 0.20855
L])] 0.1959
52 G.18521
S& 0.17573
56 0.16746
58 0.1600¢8
60 0.15330
62 0.14720
[-13 0.14163
66 0.13651
63 0.13179
14 0.12742
75 0.11778
80 8.10956
85 G.10250
90 0.09633
95 0.09090
100 0.08608
185 2.08176
110 0.07787
115 0.07434%
120 0.07182
125 0.06818
130 0.06548
135 0.06299
140 0.06069
150 0.05656
169 0.05296
180 2.04700
200 0.04226
220 3.03839
260 0.03518
260 0.03266
280 0.03014
300 0.02812
320 0.02636
340 0.02481
350 0.02343
330 0.02220
400 0.02109
»20 0.02009
(11) 0.01917
460 0.01836
80 0.01758
500 d.01688
$20 0.01623
540 0.01563
560 0.01507
580 0.01455
500 0.01407
659 0.01298
700 0.01206
800 0.01055
9360 0.00938
1000 0.00844
1500 0.00563
2000 G.004622
2500 0.00333
3000 0.00282
3500 0.00241
%300 0.00211
5000 0.00165

THO-PHASE BOUNDARY

V(OH/0V) v(P/0W) -v(DP/DV% (DV/0T) /¥ THERMAL VISCOSITY THERMAL OIELECTRIC
L4 v SONQUCTIVITY DIFFUSIVITY CONSTANT
8TU/LB PSIA-JU FT/8TU PSIA 1/0EG. R BTU/FT-HR-R LB/FT-SEC SQ FT/HR
X 19
268.66 16,100 13231.72 0.0058081 0.04272 1,725 0.00568 1.25591
267 .92 13. 804 12615.53 0.306039 8.04567 1.604 8.00591 1425627
266,56 13.100 11682.95 3.0066621 8.05029 L.400 0.00617 1.25081
266 .68 12,488 10523.50 0.2068890 8.05328 1.261 0.00621 1.206712
265.01 11.987 9575.79 0.0074151 0.05524 1.113 0.00611 1024324
261.85 11.557 8655.32 0.0080313 0.05638 1.008 0.00592 1.23913
257 47 11.178 7766.59 0.0087406 0.05%727 8.920 g.00571 1.23476
250.62 10. 842 6846.21 0.00953532 0.05829 G.863 0.00551 1.23008
242.70 10.518 5957 .56 801074635 0.05875 8.776 0.00526 1.22502
232.3% 10. 178 5066.91 0.0121786 6.05370 0.715 0.00695 1.21946
220.7% 3. 811 4170.02 0.0160133 0.05316 3.659 0.00461 1.21330
217.70 3716 3958.64 840165553 8.05795 J.648 0.00651 1.21165
88,36 3,654 b7 J.0411492 0.01328 0.096 0.01541 1e01168
93.13 3.679 35.53 0.0368742 0.01341 0.098 0.04767 1.01083
99 .42 3. 695 36.96 6.0325882 0.01368 0.102 0.02018 1.01010
105.59 3.699 38.06 0.0295663 0.01401 04105 0.02289 1.00969
111.6% 3.699 38,91 0.0271179 0.01437 0.109 0.22562 1.00897
117,62 3.696 39,62 0.0253285 0.01475 0.112 0.02839 1.00851
123.48 3.693 40.22 0,3234693 0.01515 0.116 0.03122 1.00811
129.25 3.690 “0.72 0.0220578 0.01555 t.119 0.03609 1.007706
134.9 3.687 4lelle 0.0208356 0.01596 0.122 0.03703 1.00742
140.52 3.685 Wi.5% 0.0197631 0.01837 0.126 0.06004 1.007122
146.07 3.684 41.83 0.0188237 0.01679 0.129 0.06311 1.00685
151.58 3,681 42011 8.0479804 0.01724 6.132 0.0062% 1.00660
157.06 3,678 42.36 0.0172235 001763 0.136 0.06345 1.00638
162.52 3,575 ¥2.58 0.0165317 0.018u5 0.139 0.05273 1.00616
176.09 3.666 ©3.03 0.0150968 0.01912 Qe167 0.06123 1.00569
189.62 3,653 43.38 0.0138506 0.,02019 0.155 0.07016 1.00530
203.20 3,637 43.65 0.0128414 0.02t127 g.162 0.07952 1.00696
216.91 3.615 «3.87 0.0119818 0.02235 0.170 0.05928 130466
230,88 3.587 44,05 0.0222392 0.02344 0.177 0.09937 1.00639
265,21 3,552 b6.19 0.0105897 0.02653 0.184 0.10976 1.00616
259.98 3.510 bb.32 0.0100166 6.02563 0,191 0.12037 1.00395
275.31 3,460 blhoted 0.0095057 0.02681 g.198 8.13157 1.00376
T 291.30 3,602 4450 0.0030476 0.02804 8.205 G.14310 1.00359
308.01 3.338 to.57 0.0085339 4.02926 g.212 0.15469 1.00344
325.52 3.267 L1 2% 13 0.0082583 0403049 0.218 0.16633 1.00329
363,48 3.192 84569 0.007915¢4 0.0317% 0.225% 0.17793 1.00316
363.11 3.113 i Tl 06.,00756010 0.0329% 0,231 0.18931 1.00304
383.26 3.031 4hho78 0.0873117 0.03415 0.237 0.20079 1.00293
426.23 2.867 b 80 0.0067965 0.03705 0.269 0.22615 1000273
4r2.62 2,707 54.89 0.0063512 0.04022 0.261 0.25301 1.00256
574420 2,422 44.97 0.0056158 0.05182 0.307 0.36197 1.00227
682.35 2.203 45.02 0.00503386 0.0643% 0,362 B.02202 1.00204
792.15 2,045 45.006 0.00645708 0.06919 0.368 0.49746 1.00185
898.66 1.940 45.06 0.00641835 0.07552 0.388 g.57103 1.00170
998.74 1.87% 45.07 0.0038573 0.08056 Dokt 0.564426 1.00157
1090.37 1.8460 #5.08 0.00355786 0.08445 Q.418 0.71816 1.00146
1173.485 1.829 45.09 0.0033378 0.087%1 Bab31 0.7932% 1.00136
1249.69 1.836 45.09 0.0031275 0.08963 Qetoe2 0.86979 1.00127
1319.38 1,843 45.09 0.002342¢ 0.09132 0.453 0.94805 1,00120
1384427 1.872 45.09 0.0027780 0.09265 Qolble 1.02808 1.00113
1465.59 1.899 45.09 0.0026311 0.09373 O.b76 1.10998 1.00107
1505.01 1.927 45,09 0.0026499% 0.09670 Qo8 1.19379 1.00102
1563.19 1.956 45.09 0.002379 3.09563 04493 1.279%3 1.00097
1620.97 1.983 *5.09 6.0022712 0.09651 0.502 1.36718 1.00093
1679.13 2,008 45.09 0.0021722 009746 6.512 1.45673 1.00089
1737.71 2,031 45.09 G.0020815 0.09846 0.521 1.564826 1.00085
1797.20 2.050 45.08 0.0019981 0.09949 0.530 1.64179 1.00081
1857.61 2.068 #5.08 2.0019212 0.10061 0.538 1.73727 1.00078
1918.82 2.083 #5.08 0.,0018499 0.10177 0.5647 1.83465 1.0007%
1981.46 2.095 45.08 0.0017838 0.10301 0.556 1.93405 1.00073
2046.77 2.105 45.08 0.0017223 0.10630 0.565 2.03546 1.00070
2108.99 2.114 45.08 0.0015648 0.10563 0.573 2.13885 1.00068
2272.58 2.129 45.07 0.0015367 0.,10911 0.595 2.40606 1.00063
2439.75 2.138 #5.07 0.0016270 0.11276 0.617 2.68599 1.00058
2781.93 24104 45.06 0.0012486 0.12036 0.659 3.28364 1.00051
3127.96 2,145 45.06 0.0011100 0.1280% 0.701 3.93107 1.60365
3677.58 201042 45.05 0.0009990 0.13577 0.703 b.6279% 1,00061
5286.69 2,101 45.06 0.0006662 0.17677 0.962 8.81194 1.09027
7263.79 2,015 45.03 0.0004997 e.27727 1.130 18.002%56 1.00020
9433.99 1.912 45.02 0.300399 0,33505 1.306 26.28187 1.00016
11768.66 1.815 #5.02 0.0003332 0.39438 Leb?76  35.759062 1.0001%
14513.92 1.69¢ 45.00 0.0002857 0e67108 1,634 47.06519 1.00012
18694 .68 1.462 44.93 040032506 0.61577 1.790 62.37833 1.00010
41779.25 0.769 bi.06 0.0002043 1.63084 2.106 115.77629 1.00008

FHERMODYNAMIC PROPERTIES QF 2ARAHYDROGEN
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PRANDTL
NUMBER

2.2683
2.0406
1.7269
1.560%
1.4255
1.3535
1.3009
1.2602
1.24902

102415
1.2625
162711
00,9630
0.9060
0.8702
0. 84kt
0.8248
0.8091
0.7961
0.7856
0.7763

8.7682
0.7611
0.7568
0.7492
0.7661
0.7332
0.72042
0.7167
0.71905
0.7056

0.7019
0.6995
0.6962
0.6935
0.6923
0.592¢
0.6339
0.6971
0.7007
9.7020

0.7021
0.68385
0.6912
0.6933
0.6366
0.6353
0.56954
4. 6952
046346
0.6939

0.6331
0.6923
0.6915
0.6907
0.6899
0.6892
0.6886
0.6861
0.6376
0.6872

-
8.6369
0.6865
0.6863
0.6857
0.6853
0.6348
0.6844
0.68%1
0.6336
0.5323

0.5293
0.5268
0.5130
644898
0.3958



50 PSIA IS03AR

TEMPERATURE VOLUME
DEG. R CV FI/LB

*  25.049 0.20747

26 0,20865
28 0.23124
30 0.21408
32 0.21717
34 0.22055%
36 0.22426
38 0,22840
o0 0.23306
42 0.23843
L2} 0,26469

45.406 0.26978
® 45.406 3.806935

46 3.9029%
48 4,20819
S0 ho49677
52 4.77357
54 S.04154
56 5.30265
58 5.55825
60 5.80935
62 6.05665
(-1 6.30079
66 6.56222
68 6.78133
70 7.01839
75 7.60304
a0 8.18045
85 8.75074
99 9.31567
95 9.87685
190 10.4344D
105 10.98912
110 11.54147
115 12.09181
120 12.64063
125 13.18756
130 13.73340
135 164.27811
140 146.,82184
150 15.90675
160 16.98887
180 19.14943
200 21.30007
220 23. 44646
240 25.58976
268 2r.73072
280 29.26983
300 32.00747
320 34.16393
340 36.27936
360 38,.41401
380 “0.54738
400 42.68138
»20 44810630
b4l 46,94680
460 49.07896
“80 S51.21081
50D 53.346240
520 55.,47377
568 57.60493
560 59.73532
580 61.86675
600 63.99745
650 69.32370
700 7T4.64937
800 85,2938
900 95, 94849
1000 106.59679
1500 159.83324
20900 213.06653
2500 266,29912
3008 319.53937
3500 372.87363
4000 426,73003
5000 543.36348

® TWO-PHASE BOUNDARY

ISOTHERM

DERIVATIVE DERIVATIVE

THERMODYNAMIC PROPERTIES OF 2ARAHYDROGEN

ISOCHORE

CU FT-PSIA/LB PSIA/R

2751.00
2642.75
2434.72
2261 .30
2088.82
1918.28
1751.20
1573.17
1338.38

1213.67
1031.87
906.88
140 .64
146.98
166.76
184.85
201.79
217.84
233.21
248.03
262.42

276,43
290.13
303.57
316.78
329.79
361.60
392.60
422.95
452.81
“82.25

511,36
S540.19
568.73
597.18
625,43
653.50
681.45
709.29
T37.06
792.28

8470246
356.85
1065, 4t
1173.61
1281 .48
138%8.11
1496455
1603.85
1711.03
1818.11

1925411
2032.04
2138.92
2245.75
2352.,53
2459.28
2566.00
2672.70
2779.37
2886.02

2992.66
309%.28
3205.89
3472435
3738.76
4271 .46
804,00
5336456
7996.63
10660439

13322.06
15983.68
186645.28
21306.87
26630.03

75.86¢
75.219
Tee 270
T2.547
71.079
69.591
67.963
65,180
blh. 104

614560
53.579
$5.202
1.57¢
1.52%
1.3393
1.283
1.204
1.132
1.071
1.016
$.9683

0.9255
.8869
0.8518
0.0198
0.790%
0.7263
0.6726
0.6269
05874
0.5528

0.5223
Co4951
G.4708
Doles 88
0.4289
0.4107
0.3940
C.3787
03645
0.3392

63173
G.2809
0.2522
0.2289
£.2096
0.1933
0.3793
0.1673
0.1567
Ge1475

0.1392
8.2319
0.1252
0.1192
0.1138
0.1088
0.1043
6.1001
0.0962
g.0927

0.0894
60863
0.0834
8.277¢
0.3715
0.0625
0.0556
8.0500
0.0333
0. 0250

0.0200
0167
0.0143
0.0125
0.0100

INTERNAL
ENERGY
8Tu/LB

-132.878
«131.378
~128.078
=124.545
=120.769
~116.736
-112.424
-137.803
~102.840

“97.469
~91.631
~87.202
524345
53.680
57.92%
61.903
65,709
69.388
72.971
76,478
79,927

83.320
86.670
89.982
93.265
964521
1064.574
112.528
1204420
128.281
1364136

144,005
151.918
159,699
167.972
176,162
186,095
192,99
201.680
210,575
229.058

248,562
290,965
337,754
388.572
Lh2,649
499,036
556.891
615.358
673.892
732,061

789.595
Bub,343
302.244
957.306
1011.586
1065,132
1118.062
1170.389
1222.25¢
1273.704

1326.731
1375.547
14264169
1551.861
1676,.896
1925, 827
2176.587
2423.188
3676.720
4969, 844

5327.197
7757.59
9279.747
10967.038
15963.590

ENTHALPY
8Tu/L8

=130.957
~129. 4446
-126.122
~122.563
-118.759
114,694
~1106.348
~105.689
~100.682

=95.262
-89.366
~84.890

87.593

89.316

96.883
103.537
109.906
116,066
122,066
127,940
133,714

139,397
145,006
150.555
156,051
161.502
174,972
188.266
201,440
214,533
227.580

240,614
253.663
266,757
279.925
293,196
306,594
320,147
333,876
347,805
376,333

405.856
468,263
534.9b4
605,654
678,575
755.785
833,646
911.703
990.018
1067.959

1145.257
1223.762
1297.416
1372.226
1ebbo207
1519.537
1592.185
1664.267
1735.865
1807.045

t877.805
1948.350
2018.699
2193.705
2368.048
2715.585
3062.940
3410.130
5156.560
6942.552

8792.766
10716.,103
12732.0822
14917.988
21000.400

54

ENTROPY
8Tu/LB-R

1.18770
1.24693
1.37006
1.49286
1.61559
1.73877
1.86295
1.98888
2.11726

2.24946
2.3865%
2.48670
6.28776
6.33641
648684
6.62267
6.74758
6.86383
6437295
7.07601
7.17388

T.26705
7.35611
Telisd &7
7.52351
7.60252
T.78838
7.96000
8.11974
8.26342
8441050

8.56421
8.67154
8.79336
8.91043
3.02338
9.,13277
9423907
e 34269
Febbi 00
9.64078

9.83128
10.19788
10.56903
10.88579
11.20710
11.51225
11.79990
12.06999
12.32274
12.55870

12.77969
12.98653
13.18064
13.36312
13.53535
13.69825
13.85263
13.99993
14,14046
14.27479

14. 40296
14.52668
14.64591
16.92635
15.18500
15.64939
16.05821
16.42379
17.83914
18.86454

19.68966
2038100
21400495
21.78086
23.95832

Cv cP
8TU 7 LB -R
1.132 1.560
1.152 1.613
1.197 1.721
1.243 1.835
1.287 1.963
1.327 2,100
1.363 24247
1.393 2.415
1.413 2.601
pRL TR} 2.821
1.459 3.081
1e470 3.297
1.633 3.773
1.618 3.670
1.585 3.416
1.564 3.247
1.550 3.127
1,561 3.037
1.533 2.966
1.527 2.909
1.522 2.862
1.517 2.822
1.513 2.789
1.510 2.760
1.508 2.736
1.5086 2.715
1,503 2.674
1.503 2,645
1.505 2.625
1.511 2.613
1.519 2.607
1.532 2.607
14508 2.613
1.568 2.625
1.593 2.643
1.622 2. 566
1.655 2.6%6
1.693 2.727
1.735 2,765
1.780 2.807
1.880 2.901
1.989 3.005
24219 3.227
24437 EZE YY)
2,622 3.622
247863 3.761
2.858 3.853
2.909 3.903
2.926 3.919
2,917 3.909
2.892 3.883
2.85¢6 3.646
2. 814 3,804
2.772 3.762
2.731 3.720
24693 3.682
24659 3.6648
24629 3.617
2.604 3.591
2.581 3.569
24563 3.550
24548 3,535
2.535 3.522
2.524 3.511
2,506 3,492
2,495 3.482
2.487 3476
2.486 3,472
2,488 Jeu?b
2,536 3.522
2,644 3.630
2.786 3.772
2.934 3.921
3.146 bedbd
3.624 4.553
6.886 8.319

VELOCITY
OF SOUND
F1/SEC

4192
L1060
4027
3933
3842
3750
3658
3555
34t

3318
3177
3870
1227
1243
1291
1334
1373
1610
1446
1479
1512

1543
1576
1603
1632
1660
17286
1789
1849
1908
1958

2008
2056
2100
2143
2182
2220
22%%
2289
2329
2380

2435
2539
2640
2741
2643
2946
3850
3155
3259
3363

3466
3567
3667
3764
3860
3953
LDbd
4133
4219
4304

4386
L4b7
4545
4735
4916
5257
5575
5875
7174
8234

9141
9967
10662
11258
12199



50 PSIA ISOdAR

TEMPERATURE
DEG. R

® 25.069
26

.
&
"
.

&
o
L

150

160
180
200
220
240
2690
280
390
320
3460

3690
380
“ng
20
46l
460
“80
500
529
540

560
580
600
650
Too
800
30¢
1004
1500
2000

2%00
3000
3500
4000
50040

® TWO-PHASE BOUNDARY

Q2.

OENSITY

L8/CU FT

4.81997
4.79276
4.73395
4.67106
4.60459
4.53416
4.45907
4.37826
4.29066

4419413
4. 00679
4.00355
0.26268
0.25622
0.23763
0.22238
0.20969
6,19835
0.18858
0.17991
0.17214

0.16511
0.15871
0.15285
0.14746
0.14248
0.13152
0.12224
0.11428
0.1073%
g.10125

1.0958
4.09100
0.08664
0.08270
9.07911L
0.07583
6.07282
4.07006
3.06747
0.06287

0.05886
.05222
0.0669%
0.06265
0.03908
0.03606
0.03343
0,03124
0.02929
0.0275%6

0.02603
0.02466
G.02343
8.02231
0.02130
0.02038
1.01953
3.01875
0.01803
0.01736

0.01676
0.01616
0.01563
0.01443
0.01340
g.01172
0.01042
0.00938
0.00626
0.00463

0.00376
0.00313
0.00263
0.2023%
0.001846

ViOH/ DV, VIDP/DU), =~V(DP/DV)p (DV/DT&/V THERMAL VISCOSITY THERMAL DIELECTRIC
SONDUCTIVITY OIFFUSIVITY CONSTANT
8TU/LB PSIA-JU FT/8IU PSIA 1/0E5. R BTU/FT=HR-R LBIFT-;EC SQ FT/HR
X 10
269.20 160091 13259.73 0.0057966 0.04280 1.726 0.00569 1.25598
268403 13.803 12666.06 0.0060176 8.04569 1.607 0.00591 1.25638
267 .41 13.106 11525.86 0.0064438 8.05032 1.604 .00618 1.25093
267,26 12,496 10562.67 0.0068682 0.05331 Le2b4 0.08622 1.24725
265.61 11.995 9618.18 0.0073900 0.05528 1.116 0.00612 1.26338
262449 11.566 8697.80 0,8080020 0.05643 1.018 0.00593 1.23328
258.16 11.186 7808.76 0.0087034% 0405733 0.922 0.00572 1.23033
251436 10.851 6887.73 0.0096085 0.05836 0.846 0.00552 1.23026
243.55 10.527 6002.53 040106795 0.05883 0.778 0.00527 1.22522
233.26 13.190 5090.28 0.0120937 0.05879 0.718 0.00497 1.2197¢
221.81 3.825 4217 .02 0.0138911 8.0%827 0.661 0.00463 1.21358
213.00 3.549 3630.7¢ 0.,01567 3% 0.05761 0.6246 0.00636 1.20885
38.63 3. 665 36,94 0.0425679 0.01377 6.098 0.01389 1.0127%
90 .66 3.677 37.66 00604840 G.01379 8.099 G.31467 1.01242
97.18 3.699 33.63 8.0351521 0.01398 9.103 0.01722 1.01152
103.5% 3.707 fl.11 0.031363¢4 0.01425 0.106 B.01974 1.01077
139.77 3.708 42.27 9.02808838 8.01458 0.109 G.02225 1.01015
115.87 3,706 43.21 G.0262087 0.0193 3,113 0.02479 1.08961
121.85 3.792 43.93 0.0263418 0.01532 0.116 0.02738 1.00913
127.73 3.599 44 .62 6.0227760 0.01571 0.120 9.03001 1.00871
133.51 3.696 45.17 0.0214360 d.01010 0.123 0.03269 1.00833
13947 3.695 45 .64 0.0202772 0.01651 8.126 0.03543 1.00799
144.78 3.693 46,05 0.0192643 0.01692 0.139 0.03823 1.00768
150.36 3.691 46460 0.01835481 0.01733 6.133 0.04108 1.00748
155.90 3.688 468,71 3.0175504 9.0177% G136 6.06399 1.00718%
161 .42 3.6485 46.99 0.0168217 0.01817 0.139 0.045696 1.00689
175414 3.674 47 .56 0.0152723 0.G1922 Qeli? 0.05465 1.00636
188.74 3. 661 “7.99 0.0140154 8.02029 0.155 0.36273 1.00591
20241 3 .64l 48.33 0.012374038 0.0213% 0.163 0.07119 1.00553
216.20 3.622 48461 0.0120845 0e02204 0.170 0.08000 1.00519
230 .26 3.594 ©8.83 0.0113223 8.02352 0.477 8.08911 1.00689
24k .62 3.558 43.01 8.0106577 0002461 Geldle 0.09349 2.00463
259,46 3.516 49.16 9.0100727 0.02570 0.192 0.10807 1400640
274,081 3. 465 49.28 0.0095529 002638 0.198 g.11818 1.00419
290.82 3.407 49.39 3.0030870 0.02810 0.205 0.12857 1.00400
337.57 30342 ©3.48 0.0085677 0.02932 B.212 0.13303 1.00382
325410 3.272 49,55 0.0082872 0.03055 0.218 0.16953 1.00366
343448 3.196 49.62 §.0079403 0.03177 0.225 0.15999 1.06352
36274 3.117 49.68 2.0076226 0.03297 a.231 0.17024 1.00338
382.91 3.035 4973 0.007330% 0.03420 0.237 0.18059 1.00326
42%.30 2.870 49.81 0.0068108 0.03710 0,250 0.20346 1.00304
472.351 2.719 49.87 0.0063623 0.04027 0.262 0.22767 1.00284
573.99 2,424 49.97 2.0056225 0.05183 0.307 0.30757 1.00252
682416 2.205 50.02 0.00500629 0.06132 Ge302 0.37963 1.00227
792.01 24047 50.06 0.9005736 0.06915 0.368 0.bk?757 1.00206
898.57 1.9641 50.08 0.0041853 2.07551 0.383 8.51381 1.00189
998.69 1.876 50.09 0.0033583 9.08056 Dokl 0.57976 1.00174
1090.40 1.842 50.10 0.003579 8. 084s5 0.418 0.66631 1.00162
1173.93 1.830 50.11 0.0033383 0408741 Q.431 0.71392 1.00151
1249.81 1.835 5011 0.0031278 0.08363 Botb2 0.78285 1001461
1319.55 1.85¢8 50.11 3.0029625 0409133 D653 0.85332 1.00133
1384 .45 1.873 58.114 8.0027780 0.09265 Q.46 0.92539 1.00126
1465.81 1.900 SU.11 0.0026310 009373 0.470 8.99913 1.00119
1505426 1.928 58.18 0.0024989 009470 Dotedts 1.07853 180113
1563 .45 1.956 50.11 0.0023795 0.09561 0.493 1.15178 1.00108
1621.25 1.98¢ 50.11 a.0022710 0.09652 9.502 1.23089 1.00103
167943 2.009 58.11 8.002t720 8.09746 0.512 1.31132 1.00098
1738.32 2,038 50.11 $.0020813 0.098%5 0.521 1.39373 1.00094
1797.52 2,051 59.10 8.0019979 0.09950¢ 0.530 1.47793 3$.080091
1857 .94 2.068 50.10 0.00192190 0.10062 0.539 1.56389 1.00087
1919.16 2,083 50.10 0.3018497 010178 D567 1.65156 100084
1981.81 2.09% 50010 0.0017835 0.10302 0.556 1.764105 1.00081
2045.12 2.106 50.10 6.00817221 0.10432 0.565 1.83236 $.00078
2109.35 2.114 50.03 0.0015646 0.10564 0.574 1.92542 1.00075
2272.96 2.129 50.09 0.3015365 0010912 3.595 2.16597 1.00070
244013 2.138 50.08 0.0014268 0.13277 G617 2441797 1.00065
2782.33 2elbs 50.08 0.0012485 6.12037 0.659 2.95581 1.00057
3128.35 2e145 50.07 2.0011098 0.12805 0.701 3.53881 1.00050
3678.00 2.102 50.06 0.0009989 0413578 0,743 bel6616 1.00045
5287 <44 2.101 50.06 0.00058661 0.17479 0.942 7.93255 1.00030
7264427 2.015 50.03 0.0006997 8.27727 1.130 16.27535 1.00023
34346.38 1.912 50.03 0.0003998 033504 14306 23.65477 1.00018
11766.76 1.815 50.02 0.0003332 0439485 Leb764 32.18106 1.008015
14692.77 14693 50.00 0.,0002857 0446995 1.635 4&2,32207 1.30013
18585.06 1.672 49.93 0.0002503 0.61011 1.790 55.95556 1400011
40768.97 Je789 49.01 0.0002040 1.58368 2.105 103,44468 1.00009

THERMODYNANMIC PROPERTIES OF PARAHYOROGEN

- 55

PRANOTL
NUMBER

2.2658
2.0626
1.7287
1.5616
1.4261
1.3537
1.3006
1.2597
1.23388

1.2396
1.2592
1.2858
0.9634
8,93497
d.39021
8.86990
0.8647
0.8257
0.8099
0.7971
0.7863

0.7769
1.7687
0.7616
0.75%3
047495
0.7375
0.7277
0.7196
0.7129
0.7077

0.7037
0.7011
8.6975
0.6946
0.6933
8.6933
0.6947
0.6979
0.7014
0.7025

0.7025
0.6890
0.6915
0.6335

0.6948
0.6340

0.6332
0,692
0.6915
0.6907
0.6900
0.6893
0.6887
0.6881
0.6877
t.6872

6.6869
0.6366
0.6863
0.6857
0.6853
0.6848
0.684%
0.6841
0.6836
0.532¢

0,529
0.5269
0.5135
0.4915
0.39381



100 PSIA ISO3AR

TEMPERATURE VOLUME

25.255 0.20635

26 0.20785
28 0.21036
30 0.21310
32 0.21607
34 9.21931
36 0.22287
38 0.22680
“0 0.23120
w2 0.23620
e 8.24135
46 0.24870
48 D.25687
50 B.26720
52 0.28127

52,072 0.28130
52.072 1.82826

Sk 2.04310
56 2.23222
58 2.40376
60 2.56397
62 2.71598
66 2.86201
66 3.00339
68 3.14103
TO 3.27561
163 3.60163
80 3.91653
85 4.22339
90 he5241 4
95 4.82013
108 5.11229
105 5.40135
110 5.68785
115 5.97221
120 6.25477
125 6.53578
130 6.81566
135 7.09397
140 To37148
150 7.923392
160 8.47354
180 9.56911
200 10.65503
220 11.73668
2460 12.81526
260 13.89148
280 14.96587
300 16.03879
320 17.11053
340 18.28229
360 19.25125
380 20.32054
“00 21.38927
420 22.45752
Yl 23.52536
460 26.59286
480 25.66006
500 26472699
520 27.79371
540 28.86022
560 29.92657
580 30.99276
600 32.05888
650 34472346
700 37.38754
[14] W2.71648
900 #B.06034
1000 53.36548
1500 79.98623
2800 106.6038%
2500 133.22060
3000 159, 83999
3580 186, 49209
«000 213.329°%
5000 270.15881

TWO-PHASE BOUNDARY

ISOTHERM

DERIVATIVE OERIVATIVE
DEG. R CU FT/LB CU FT-PSIA/LS

2819.91
2736.47
2513.71
2338.52
2168.27
1998.99
1832.61
1662.64
1489.08

1311.65
1129.67
349.68
773.36
589.85
£33.94
398.83
97.30
128.17
154,30
177.19
197.97

217.22
235.36
252 .64
269.22
285.23
323,31
359.32
393.80
427,13
459.56

491.24
522.32
552.92
5834490
612.92
642,45
671.72
780.76
729.61
786.79

Bh3obl
955,92
1066.63
1176448
1285.74
139 .48
1502.08
1610.99
1718.87
1826455

1934.07
2061 .45
2168.73
2255.91
2363.04
2670 .04
2577.01
2683.93
2790.89
2897 .64

3004, 44
3111.21
3217.96
Ju84.72
3751.38
4284 .44
4817 .29
5350.00
8D012.56
10674.51

13336.27
15997.95
18659.58
23321.19
2664k +38

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

I50CHORE
>SIA/R

75.976
75.503
T4 917
73,2460
71.793
70,352
68,769
67,073
65.056

62,716
59.959
$5.775
53,008
“3,.614
“3. 400
43,183
3.562
3.092
2.770
2,532
24343

2.190
2,462
1.952
1.856
1.772
1.594

Debla2
05682
0.5090
0.4612
04217
D.3885
0.3602
0.3358
Ga3145
0.2957

6.2791
0e2642
0.2509
0.2389
042279
0.2180
0.2088
0.2006
0.1927
6,1855

0.1788
t.1727
0.1669
De1560
0.1630
0.1251
0.1112
Ge1000
06,0607
C.0500

0.0400
0.2333
0,028b
G.025L
G.0200

INTERNAL
ENERGY
BTU/LB

-132.824
=131.662
~128.408
~126.929
-121.220
-117.263
-113.041
~108.53
-103.705

~98.517
~92.919
-86.828
-80.115
=72.559
~63.682
-63.320
474919
She212
59.652
64.515
69.030

73.265
77.307
81.206
84,992
88.688
974636
106.269
116,747
123.075
131.323

139,538
147,745
155,982
164,283
172.676
181,190
189,852
198,686
207.715
226,435

246,139
288.943
335,961
386.988
bbi, 228
497,741
555.711
614,278
672.903
731.149

788,753
845,564
901,521
956,634
1010.957
1064,.547
1117, 496
1169,.875
1221.770
1273.246

1324.304
1375.142
1625,.785
1551,524
1676,599
1925.589
2174.392
2623.026
3676.640
4969.79

5327.133
7756.780
9271.546
10919.856
15412.223

ENTHALPY
BYU/LB

~128.992
~127.813
~1264.513
~120.9483
=117.219
-113.202
~108.914
~104.332

-99.423

“94.143
-88,439
-82.223
«75.359
-67.611
=58.0474
~58,100

81,774

32.045
100,987
109.027
116.508

123.557
130.304
136.820
163.15%
1649.363
164.329
178.813
192.952
206,850
220.579

234,204
247.763
261.306
274,872
288.497
302.215
316,056
330.047
34k.215
373364

403.846
466,137
533.284
6044320
678.526
754,973
832.838
911.273 .
989.742
1067.817

1145.234
1221.845
1297.593
1372.487
146,583
1519.940
1532.649
1664.786
1736.434
1807.659

1878.460
1969, 044
2018.428
2194.509
23664914
2716.546
3063.963
3611.210
5157.769
6943.810

87944018
10716.583
127246.874
16870.132
204146.833

56

ENTROPY
BTU/LB=R

1.18956
1.23557
1,357 8%
1.47959
1.60102
1.72275
1.84529
1.96914
2.09499

2,22378
2.35646
2. 49456
2.64059
2.79867
2.97776
2.98494
S.67245
5.86629
6.02894
6.17004
6.29687

6,41245
6.51956
6.61983
6.71439
6.804608
7.01090
7.19789
7.36935
7.52822
7.6766%

T.81647
T.94878
8,07678
8.19538
8.31136
8.42335
8.53191
8.63752
8.74056
8,94026

9.13307

9.50349

5.85708
10.19541
10.51795
10.82406
11.41246
11.38317
11.63641
11.87279

12,09612
12.308524
12.49560
12.67828
12.85068
13.01373
13.16824
13.31565
13.45628
13.59069

13.71895
13.84265
13.96202
14, 24258
16.50433
14.96584
15.37474
15 74037
17.15583
18.18126

19.00038
19.69745
20.31310
21.08631
23.14586

cv ceP
BTU 7 LB =R
1137 1.558
1.153 1.598
1.197 1.709
1e261 1.820
1.285 1.942
1.325 2.074
1.360 2.214
1.391 2.370
1.417 2.562
1.438 2.740
14457 2.975
14473 3.261
1.4387 3.618
Le506 4153
1.526 5.0878
1.527 5.109
1.736 5.538
14676 4.789
1.638 4,208
1.612 3.857
1.591 3.617
1.571 3462
1.557 3.311
1567 3.209
1.539 3.128
1.533 3.062
1.524 2,940
1.520 2.858
1.520 2.801
1.523 2.7680
1.532 2.733
1.541 2.716
1.556 2.709
1.576 2.709
1.599 2.718
1.628 2.733
1,661 2.755
1.698 2.782
1.739 2.815
1784 2.853
1.823 24939
1.992 3.038
2e222 3.253
2438 3459
2.623 3.638
2764 3.774
2.859 3.864
24910 3.912
2.927 3.927
2.918 3.91%
24893 3.889
24857 3.852
24,815 3.809
2773 3,766
24732 3.724
2.694 3.685
24660 3.651
248630 3.620
2.604 3.594
2.582 3.571
24563 3,552
2548 3.537
2,535 3.524
2.525 3.513
2.506 3.49%
2,495 3. 483
2.488 3,474
24426 J.4u73
2.488 3.475
2.536 3.522
2o biis 3.630
2.786 3.772
2.930 3.916
3.115 4.107
3.485 4.501
5.856 7.150

VELOCITY
OF SOUND
FI/SEC

h231
4192
4078
3986
3897
3808
3718
3623
3518

3402
3269
3121
2952
2746
2496
2487
1242
1303
1355
1401
1ebb

1485
1523
1558
1592
1624
1790
1769
1833
1894
1950

2003
2052
2999
2143
2183
2222
2258
2292
2325
2385

2l
2546
2648
2749
2852
2955
3060
3164
3269
33713

3476
3577
3677
37746
3870
3963
4054
L1462
4229
4313

4395
4470
4555
YL 13
4925
5265
5583
5883
7180
8240

9146
3953
10676
1129%
12269



TEMPERATURE DENSITY

DEG.

25

340

364
380
“00
820
L1
460
.30
500
520
23]

560
sa0
600
650
700
800
300
1000
1500
2000

2500
3000
3500
%000
5000

THERMODYNAMIC PROPERTIES OF 2ARAHYDROGEN

100 PSIA ISO3AR

vV (DH/DV) vi)?2/0uW °VlDPIDV&
) v

R LB/CU FT BTU/L3 PSIA-JY FT/8TU PSIA

+255 4.83213 275.77 16,010 13626.18
4.81123 274.96 13.792 13165,.90
be75385 272.53 13.169 11969,86
#.693261 272.79 12,573 10978.45
4.62807 271.51 12.073 10034.92
©e55973 268.76 11. 5648 9114.86
4.48693 264.78 11.270 8222.69
% 40915 259.02 1. 360 7330.85
ke 32522 251.69 10.615 6h4D.62
4.23376 242.58 13.298 5553.22
4413316 231 .66 3. 956 4669.10
*.02089 219.33 3.587 3818.55
3489295 205.51 3.154 3080.64
3.74258 188,58 8.634 2207 .49
3.55533 168.03 8,000 1436445

2072 3.54733 167 .40 7.973 1414.80

«072 0.54697 88.73 3.751 53.22
0448945 9747 3.77¢ 62.73
G.06738 105.00 3.775 69.13
0.41601 112.29 3.776 73.74
0.39002 119.19 3.775 77.28
0.36819 125.68 3.785 73.98
0.34940 132.04 3.789 82.26
6.33296 138.34 3.790 S4h.12
0.31837 1hb. 008 3.787 85.71
0.30529 150.58 3.783 87.08
0.27765 165.57 3767 83.77
0.25533 180.28 3747 91.76
1.23678 196.85 3.724 33 .26
0.22106 209.41 3.696 L LYY 3N
0.20746 224.09 3.662 95.36
0419561 239.01 3.622 96.09
0.18516 254.28 3.575 96.70
0.17581 270.03 3.521 97.21
016700 286.37 3.460 97 .63
0.159%8 333.39 3.392 97.99
0.15300 321.17 3.318 98.30
0.14673 333.75 3.240 98.56
0.1409% 359.19 3.158 98.78
0.13566 373.52 3.076 98.98
0.12620 “22.80 2.905 99.29
0.11801 469445 2e7861 99.56
0410450 $71.90 2447 99.9
0.09385 630,37 24220 108.11
0.88520 790.79 2,063 100.2%
0.07803 897 .84 1.955 100433
0.07299 938.53 1.888 100.33
8.06582 1090.78 1.852 100 .62
3.06235 1174 .81 1.840 100 .64
0.0584% 1251.13 1o 800 100.45
0.05500 1321.2¢ 1.859 100.46
0.8519¢ 1386.47 1.881 103.46
d.06921 1668440 1.907 100,46
0.04675 1507.77 1.935 100.46
0.06453 1566.16 1.963 100.45
0.04251 16264412 1.990 100 .45
0.04066 1682 .44 2.015 100 .46
0.034897 1741.16 2.037 100.43
0.03742 1800.76 2.057 100.42
3.03598 1861.27 2,070 100.41
0.03463 1922.57 2.089 180.40
0.03342 1985.30 2.101 100.39
0.43227 2048.568 2.111 100.39
0.031519 2112.97 2.119 100.38
0.02880 2276.71 24136 100.36
0.02675 26kb .00 2,142 100.34
0.02301 2786.37 2,148 100.30
0.02082 3132.51 2. 148 108.28
0.01874 3482.26 2.1645 100.2%
0.01250 5291 .69 24103 100.47
0.00938 7269.03 2.016 100.13
0.00751 938.76 1.913 108.11
0.00626 11758.71 1.819 100.09
0.00536 14380.68 1.711 100.006
0.00469 17993.65 1.530 99.95
0.00370 35268 .25 8.923 98.62

THO-PHASE BOUNDARY

tov/or) /v THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
P ONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER
1/0€6. R BTU/FT=-HR-R LB/FT-SEC SQ FT/HR
X 10
0.005649¢ 0.04362 1a7064 0.00579 1.25%70 2.2383
6.0058107 0.04588 1.646 0.30597 125547 2.0643
0.0062593 0.05059 1.437 8.00623 1.25210 Le 7677
0.0066720 0.05366 1.273 0.00628 1.24851 1.5543
0.00715ke 8.05571 1.162 0.00620 1.26076 1,633
0.007718%6 0.05634 1.034% 0.00602 1.26077 1.3567
0.0083631 0.05791 0.964 0.00583 1.23654 1,2996
0.0091495 0.85902 0.867 0.00565 1.23200 1.2526
G.0104009 9.05960 0.799 0.00542 1.22722 1.2265
0.0112937 0.05968 0.738 9.00515 1.22196 1.2192
0.3128416 0.05930 0.682 0.00482 1.21622 1.2317
0.0148682 0.05846 0.630 0.00606 1.20984 1.2648
0.0176068 0.85713 0.580 08.00406 1.240260 1.3218
8.022022% 2.05525 0.530 0.00355 1.19615 1a43bl
0.030219 6.05262 0.428 0.030291 1.18372 1.6605
0.0305221 0.05250 Gadl0 9.00290 1418327 1.65675
8.0663217 0.01903 0.120 0.00586 1.02666 1.3461
0.0492883 0.01807 0.121 0.00771 1.02383 1.1592
0.0409758 0.01785 0.12% 0.00947 1.02179 1.0508
0e03030676 0.01788 0.126 G.0811% 1.02923 0.98290
0.0303008 0.01802 0.129 0.01278 1.01895 0.9337
2.0273802 3.01824 9.132 G.014640 1.01789 0.8975
0.02%0727 0.01852 0.13% 0.01600 1.81697 0.8699
0.0232033 0.01881 G.138 0.01760 1.01616 0.8680
0.0216508 0.01313 0.141 0.01921 1.01545 0.8302
" 0.02033466 0.01967 O0.140 0.02083 1.016081 0.8153
0.0177593 0.02038 9.152 0.02496 1.01307 0.7869
0.0158545 08.02133 9.159 0.02923 1.01238 0.7665
0.0163737 0.02232 4.166 9.03366 1.01147 07509
3.0131816 0.02333 0.173 8.0382¢4 1.01071 0.7387
0.0121965 0.02035 0.182 0.04295 1.01005 0.7293
0.0113646 0.02539 0.187 0.06779 1400947 0.7219
0.0206527 0o 0260bk 0.19% 0.05273 1.00896 0.7167
0.0100341 0.02759 9.201 8.05791 1.00851 0.7110
9.009%997 0.02878 0.208 8. 06323 1.00810 0.7063
0.2090086 0.92997 8.216 8.06859 1.0077% 0.703%
0.0085776 0.0317 G.221 0.07395 1.00740 0.7022
2.0081891 0.03237 0.227 0.07930 1.00710 0.7023%
0.0078371 2.03351 0.233 0.08448 1.00682 0.7055
0.0075163 0.03472 0.239 0.08973 1.00656 0.7082
0.0069524 0.03760 0.252 0.10137 1.00610 0.7879
0.0066718 0.04075 0.263 0.11365 1.00571 0.7068
0.0056682 0.0519¢ 8.308 8.15277 1.0050% 0.56934
0.0050846 0.06136 0.362 0.18892 130454 0.6948
0.0046008 0.06914% 0.368 8.22306 1.00612 0.6962
2.0002032 0.087550 0.387 0.,25638 1.00377 0.6972
6.0038702 0.08055 0,404 0.28956 1.00348 0.6975
0.0035868 0.08445 0.418 8.32303 1.00323 0.697¢6
0.00330628 0s08742 0.4638 8.35701 1.00301 4.6969
0.0031303 0.08965 0. te3 0.39166 1.00282 0.6964
0.0029435 0.09138 04454 B.62707 1.00266 90,6952
¢.0027730 0.09269 0460 0. 46327 1.00251 06942
0.0026303 0.09378 Gab76 0.50030 1.00238 3.6933
0.0026977 0.09676 04486 0.53819 1.00226 0.6923
0.0023779 8.09568 0.493 0.576%6 1.00215 0.691%
G.0022692 8.09659 0.503 0.61654 1.0020% 3.6906
9.8021700 0.09754 0.512 0.65700 1.00196 0.6898
0.0028792 0409853 e.521 0.69835% 1.00148 0.6891
0.0019958 9.09958 4.530 0+740%9 1.00181 0.64885
0.0019288 d.1007¢0 8.539 8.78370. 1.0017% 0.6880
0.0018476 0.101287 0.548 6.82767 1.00167 0.6875%
0.00173815 G.10312 0.557 0.87255 1.00161 0.6872
0.0017200 0010441 0.565 0.91833 1.30156 0.6868
8.0016626 0.1057% 8574 0.96499 1.00151 0.6865
0.0015360 8.10923 0.596 1.08%%3 1.00139 0.6859
0.00146250 0.11289 0.617 1,219 1.00129 .6854
0.0012670 8.12051 0.660 1.48148 1.00113 0.6848
0.0011085 0.12821 0.702 1.77367 1.00100 0.6346
0.0009978 3413595 0764 2400804 1.00090 0.6841
0.0006656 0447504 0. 9%k 3.97528 1.000640 0.6836
0.000299 8.27727 14132 8.16298 1.00045 0.5332
0.0003996 0.33501 1.308 11.83318 1.00036 3.5303
0.0003330 0.39615 1.6477 16.08715 1.00030 0.5281
0.0002856 D.46386 1.637 21.06457 1.20026 0.5219
0.0002501 0.57943 1.793 27.46301 1.00023 0.5014
8.0002028 1430652 2.103 &9.238779 1.00018 Geterh9
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THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

150 PSIA ISOBAR

TEMPERATURE YOLUNE ISOTHERM 130CHORE INTERNAL ENTHALPY ENTROPY cv ce VELOCITY

DERIVATIVE OQERIVATIVE ENERGY OF SOUND

DEG. R CU FI/LB Cu FT=-PSIA/.8 3SIA/R BTusLs 3tused BTU/LB-R BTU 7 L3 -R FI/SEC
® 25,460 0.20644 2873.16 77.102 «132.765 -127.031 1.19143 1.162 1.558 4264
26 0.20797 2827.77 75.780 -131.930 -126.179 1422455 1.154 1.584 4261
28 4.20950 2590 .46 75.546 ~128.720 -122.301 1.34597 1.197 1.698 “127
30 0.21216 2415.23 73.926 -125.292 ~119.399 1. 46675 1.240 1.806 4036
32 8.21502 224k 476 72,481 “121.645 ~115.672 1.58699 1.283 1.924 3949
36 0.21814 2076.41 71. 081 -117.758 -111,700 1.70739 1.323 2,051 3863
36 0.22155 1910.49 63.552 -113.618 ~107.464 1.82840 1.358 2.186 3775
38 0.2253¢0 1746.60 67.885 -109.209 -102,954 1.95039 1.388 2.331 3686
(11 0a22947 1576.71 63.971 ~104.505 -98.132 2.07397 1.415 2.482 3586
42 0.23416 1401.75 63.790 =99.473 -92.96% 2.19989 1.437 2.675 3477
bl 8.23%9 1229.15 61.206 ~9%.075 -87.423 2432886 1.456 2.880 3356
4“6 0.24566 1055.96 58,241 ~88.248 ~81.425 2.46216 1471 3,123 3222
8 0.25294 378.02 Slee 843 ~81.,912 ~76.887 2.60126 1.485 3.433 3066
51 0.26178 706462 50.951 =Tes927 ~67.656 2.74881 1.500 3.837 2890
52 0.27305 535.82 450443 «67. 065 =59,460 2. 90947 1.516 bolt06 2686
S4 0.28863 362.93 41.130 ~57.738 -49,721 3.09315 1,537 5.420 2435
56 o314kl 184.90 344179 ~45.481 ~36.748 3.32878 1.575 8.053 2093
® 56,645 6.32917 116,72 31.023 -39.860 ~30.717 3.43582 1.601 10,973 1925
® 56.645 1.05663 43.83 5.739 36,013 65.363 5.13275 1.913 14.029 1224
58 1.234680 81.39 5.538 45.126 T9.424 5.37837 1.806 7.976 1290
60 1.41189 119.30 e 651 53.588 92,804 5.60534 1.721 5.737 1357
62 1,55532 149,00 o119 60.060 103,261 5.77685 1.659 L. 822 1617
64 1.68238 174.62 3.7462 65.621 112,351 5.92119 1.620 4,310 1467
66 1.79934 197.67 3.452 70.642 120.620 6.04845 1.594 3.980 1512
68 1.90933 218.95 3.219 75.303 128.337 6.16364 1.577 3.749 1553
70 2.01419 238.893 3.02% 79.709 135.655 6.26972 1.564 3.577 1591
rs5 2.26063 284 .64 2.668 89.977 152.768 6.50597 1.546 3,294 1676
80 2.49190 326.36 2,371 99.563 168.778 6.,71267 1.537 3.122 1752
85 2.71305 365.36 2,156 108.729 184,086 6.89832 1534 3.008 1822
90 2.92696 402.37 1.98% 117.619 198,918 T.06789 1.536 2.929 1885
95 3.13541 437.88 1.837 126.328 213.418 7.22669 1542 2,874 1945
190 3,33958 L7218 1.713 134.937 227.696 T.37118 1.551 2.835 2000
105 3.54037 505.53 1.608 1636471 241,808 7.50889 1.565 2.81% 2051
110 3.73843 538.11 1.516 151,991 255.829 7.63934 1.583 2.799 2099
115 3.93423 570.06 Le435 160.537 269.814% 7.76367 1.606 2.796 2164
120 be1201 4 601, kb 1.36%8 169,147 283.810 T.88280 1.634 2.803 21886
125 4032064 632.37 1.298 177.853 297.857 T«99769 1666 2.817 2226
130 4e51137 662,32 1.240 186.687 311,995 8.,10838 1.703 2.839 2263
135 L.70112 693.12 1.187 195.676 3264254 8.21600 1743 2.866 2298
140 4. 88984 723.03 1.138 204,845 340,665 8.32082 1.788 24899 2331
150 S.26467 782.89 1,053 223.809 370.040 8.52345 1.886 2.979 2392
160 5,63668 84D o34 be9807 243,718 400.282 8.71860 1.994 3.072 2649
180 6.37657 955,41 0.8619 286.916 464,031 9.09272 2.225 3.279 2554
200 7.10750 1068.18 8.,7703 3340207 531.625 3. 64859 2,440 3479 2656
2290 7.83416 1179.68 0.6967 385.406 603.007 9.78865 2.625 3.653 2758
240 8.55775 1290.25 Ce5363 439.796 677.495 10.11246 2.765 3.787 2864
260 9.27899 1400413 8.5856 4964449 756,182 10.41950 24860 3.875 2965
280 9.99841 1509.46 Ge5425 5544535 832.256 10.70365 2.911 3.922 3069
300 10,71637 1618.36 0.5054% 613.203 918.860 10.97997 2.928 3,935 3174
320 11.43315 1726.91 Cets731 671.916 989.482 11.23370 2.919 3.924 32719
340 12.146897 1835.17 Babith? 7306262 1067.691 11.47068 2.894 3.895 3383
360 12,86400 1943.19 C.43196 787.917 1145,226 11.69215 2.858 3.857 3486
380 13.57836 2051.02 0.3972 844,790 1221.961 11.89955 2.816 3.814 3587
L00 14.29216 2158.68 0.3770 900.803 1297.782 12. 09415 2.774 3.770 3687
420 15.00549 2266.20 0.3589 955.967 1372.758 12.27703 2.733 3.728 3784
b4l 15.71843 2373.60 Ge 3424 1010.335 1446,929 12. 46961 2.695 3.689 3880
“60 16.43102 2480.90 0.3273 1063.966 1520.352 12.61280 2.661 3.654 3973
480 17.14331 2588.11 0.3136 1116.950 1593.421 12,767 44 2.631 3.623 4064
500 17.85535 2695.25 €.3009 11639364 1665.313 12. 91497 2.605 3.596 4152
520 18,56716 2802.32 Ue20893 1221.290 1737.011 13.05569 2.583 3.574 4239
S48 19.27878 2909.33 0.2785 1272479 1608.281 13.19019 2.564 3.554 “323
560 19.99023 3816.30 0.2685 1323.875 1879.423 13.31852 24548 3.539 4605
580 20.70153 3123.22 0.2592 1374.739 1969.743 13.44228 2.536 3.525 4485
600 21.41269 3230.09 0.2505 14254404 28204162 13.56171 2,525 3.515 4564
650 23.19012 3497 .45 G.2311 1551.190 2195.317 13.84239 2.506 3,495 4753
14 1 24.96698 3764403 Ge21bb 1676.303 2369.784 14.10123 2.496 3o kBl 4934
a00 28.51951 4297 .45 0.1877 1925,353 2717.509 14.56586 2.488 3,475 5274
300 32.07096 %83D.56 0.1668 21744199 3065.000 16.97484 2.486 3.473 5591
1000 35.62171 5363 .45 0.1501 24622.865 34612,291 15, 34054 24488 34475 5891
1500 53.,37052 8026.49 0.,1000 3676.562 5158.978 16.75610 2.536 3.522 7186
2000 Ti.11624 10688.61 0.0750 4969.749 6945.069 1T.78156 2644 3.630 8245
2500 83.36104 13350 .46 0.0600 6327.088 8795.,287 18.60668 2,786 3.772 9151
3000 106,60710 16012.18 g.0502 T756.406 10717.518 19.29763 2.928 3.914 9958
3500 124.37088 18673.85 0.0429 92674917 12722.434 19.91827 3.101 4. 091 10686
4000 162.23530 21335.48 0.0375 10898.947 14849.665 20.67874 3.423 holb3t 11315
5000 179.68284 26658.70 L0380 15165.260 20156.099 22.68893 5.398 6.633 12312

*  TWO-PHASE BOUNDARY
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THERMODYNANMIC PROPERTIES OF PARAHYDROGEN
150 PSIA IS0BAR

TEMPERATURE DENSITY leHIDV)P V(JP/DU% -V(DPIDV& KOVIUT$IV THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL

CONDUCTIVITY OLFFUSIVITY CONSTANT NUMBER

DEG. R LB/CU FT BTU/LB PSIA-ZU FT/BTU PSIA 1/0€G. R BTU/FT=HR-R LBIFT;?EC SQ FT/HR

x

® 25.460 6L.84412 281.22 13.936 13917.91 3.0055398 DeDbiets2 1.755 6.00589 1.25740 2+2159
26 4.82932 281.74 13.783 13656.20 3.0056226 0.84605 1.686 9.00602 1.25653 2.0873
28 4.77320 277.91 13.227 12364.81 G.0001098 0.05085 1.47L 0.00627 1.25323 1.7678
30 e71345 278.13 120645 11386.07 0.0064938 0.05401 1.302 0.00634 1.24973 1.5688
32 4.65067 277415 12,1467 10639.61 0.0009429 0.05612 1.168 J.00627 1.24606 1.4418
L L3 8584625 2Thwe?2 11,724 9518.79 0.007467% 0.05762 1.058 0.30611 1.26219 1.3611
36 851370 271406 11.350 8623.36 3.0080656 0.05847 0.966 0.00593 1.23809 1.3005
38 4.63852 266.17 131.018 7752.33 0.0837567 9.05%68 0.887 0.00577 1.23374 1.20679
40 h.35738 259.52 10.0699 6871.12 G.0095012 0.06033 0.819 0.00556 1.22909 1.2174
W2 ®.27063 251.00 10.396 5986,.38 0.0106558 0,06051 9.757 0.0053¢0 1.22008 1.2050
(13 #.17558 261,69 10.070 5132.40 3.0119254 0.06027 9.702 0.00501 1.21866 1.2072
“b £.07063 230446 3724 429867 0.03135693 0.05958 0.650 0.00469 1.21266 1.2266
(1] 3.95358 217.31 Fe 360 3471.32 2.0157989 0.05847 0.601 0.0043¢ 1.20602 1,2711
50 3.81995 202.72 8,893 2691 .61 0.0189296 J.05691 0.554 G.0038¢ 14196693 1.364%9
s2 3.66228 186.138 3.363 1962.33 0.0235672 J.05681 0.5086 0.00340 1418967 1. 4659
54 346463 165.72 T.723 1257 .42 0.,0327093 0.0519¢ 0.456 0.00277 1.17869 1.7138
56 3.18029 138.55 6.822 583,05 9.0581229 0.0L347 0.397 0.00193 1.16306 2.3253
® 56,645 3.03790 125,41 5379 354458 0.0874930 3.05038 g.371 0.00151 1.15530 2.9114
® 56,645 0.94640 86,48 3.723 41.5h 0.1622275 1.03065 G.168 .00231 1.04645 2. 4387
58 0.80935 96096 3.786 65,91 0.0840159 0.02428 0.142 0.00376 1.03965 1.6850
60 0.70827 106.23 Se8ib 84.50 0.0550405 G.92203 [ PR TEE 9.30562 103662 1.3232
62 0.6429 112.13 3.863 95.40 0.0430009 0.02127 0.102 0.00686 1.03139 1.1578
b6 D.534640 119.564 3.387 103,79 3.0383555 0.021900 D.143 0.00820 1.02899 1.0601
66 0.55576 126.65 3.897 109.86 0.031425%59 0.02095 D146 0.00367 1.02709 0.9950
68 8.52376 133.55 3.898 114,67 0.0280691 0.02103 0.148 0.31472 1.02551 8.9482
70 De49643 140.29 3.894 118.60 0.3254968 0.021208 0.150 0.01193 1.02617 0.9127
75 0.464235 156.63 3.873 125.91 0.02510310 8.02180 6.157 8.014696 1.02152 0.8527
L1 0.40130 172,44 3.844 130.97 0.013106% 0.022%6 G.163 0.01800 1.01951 0.8146
85 0.36859 187.94 3.812 134.67 0.0160083 G.02361 0.170 0.02111 1.01790 8.7879
90 0.34165 203.22 3.776 137..47 OeQttlerldy 8.02632 B.477 0.02630 1.01659 0.7682
95 0.318% 218.53 3.735 139.66 0.0132505 6.02526 [T L.L3 0.02756 101548 8.7533
100 3.2994% 233,97 3.639 141.39 0.0121185 0.02624 0.191 8.030%0 1.01453 0.7618
185 0.28246 269.66 3.637 162,79 0.011260¢ 0.02723 0.197 0.03430 101370 ° 0.7336
110 0426743 265.76 3.580 163.9% 4.0105313 8.02833 D.204 0.03735 1.01297 0.7252
115 0.25418 282.40 3.519 1eb.89 0.009902% 0.02949 0.210 0.04148 1.01232 2.7186
120 3.26224 299.68 LEEY X} 145,69 0.0093532 D.03065 Q.217 0.04513 1.01176 9.7439
125 0423146 317.67 3.366 166,37 0.0088684 8.03182 8.223 0.04879 1.01122 0.7114
130 0.22166 336.45 3.285 1646.9% 0.0086367 0.03299 8.229 0.052643 1.01076 0.7105
135 g.21272 356.05 3.200 147 s b 0.0080493 8403407 0.236 0.055489 1.01030 0.7133
140 0.20451 376.53 J.1t4 167,86 0.0076993 8.03526 0.242 0.05948 1.00991 6.7154
150 0.18995 “20.07 24940 168,55 0.0070306 3.03812 0.254 8.06737 1.00920 0.7133
160 8.17741 ©66.36 2.772 149.08 0.0065779 006126 8.265 0.97568 1.008%9 1.7t
180 0.15682 579.03 2o 70 169.33 0.0057528 0.05205 6.308 0.10322 1.00759 0.6980
200 0.14072 678.77 2. 244 150.29 0.00512%2 0.06138 04342 0.12540 1.006861 0.6982
224 0.12765 789.59 2.0840 150.58 3.0045279 0200915 0.367 0.14827 1.00617 0.6990
260 0.11685 a97.27 1969 153.77 0.0042202 0.07549 0.387 0.17061 1,00565 0.6995
260 0.10777 998,52 1.900 150,39 0.0038811 0.08055 0eu0b 0.19286 1.00521 0.6395
280 0.10002 1991.33 1-863 150.97 0.0035937 Uel8bb5 Oeb1d 0.21530 1.00606 - 0.6991
300 0.09332 1175.81 1.850 151.02 0.0033469 0.08743 Gob31 0.23808 1.006451 0.6384
320 0.08746 1252.55 1.853 151.06 0.0031326 0.08967 Qotete3 0.26129 1.00423 0.697%
340 J.0823 1323.02 1.867 151.06 060029443 0.09138 0454 8.28501 1.00398 0.6964
360 0 07774 1388.97 1.889 151.06 0.0027778 0.09273 Qelebis 0.30926 1.00376 0.6953
380 0.07365 1450.45 1.915 1%51.05 0.002529% 2.09383 Dele?l 0433405 1.00356 0.6941
00 0.06997 1510.35 16943 151 .06 0.0026963 S.0981 [ E2 2.1 0+35941 1.00338 0.6931
“2¢ 0.06664 1568.92 1.970 151.02 0.0823762 0.09574% 0.496 0.38534 1.00322 g.6321
ol 0.06362 1627.05 1.997 151,01 0.0022673 G.09666 0.503 Q41184 1.00307 8.6312
460 $.06086 1685 .50 2.021 150.99 0.00216380 @.39761 0.512 0.643891 1.00294 0.6303
480 0.05833 174 .33 2,063 1%0.97 0.0020771 3.09861 0.521 0.46657 1.00282 0.6896
500 0.05601 1304 .06 2.063 156.95 0.0019936 0.09967 0.530 0449482 1.0027% 0.6889
520 0.05386 1864 .64 2,080 150.93 0.0019166 0410079 0.539 0.52365 1.00260 0.,688%
540 0.05147 1926.03 2,094 150.91 G.0018454 04131986 0.548 0.55308 1.00251 0.5879
560 0.35002 1988,.83 2.106 150.89 9.0017793 0.10321 0.557 0.58306 1.00242 0.687¢6
580 0.04831 2052.27 2.11% 150.87 0.0017178 0.104651 8566 0.61366 1.00233 8.56870
600 0.04670 2116.62 2.124 150.85 0.0016605 0.10585 0570 0.66486 1.00226 0.6867
650 0.04312 2280.43 2.138 150.40 0.0015327 0.10934 3.59% 0.725467 1.00203 0.6360
700 0.040805 2447.88 20147 150.76 0.00146232 0.11301 0.618 0.80990 1.08193 0.6855
800 0.03506 2790 .42 2.151 150.68 0.,0012454 0.1236% 0.660 0.99005 1.00169 0.6843
900 0.03118 3136.68 2,151 150.62 g.0011072 0.,12836 0.703 1.18529 1.60151 0.6844
1000 0.02807 3486.52 2,148 150.57 0.0009967 0.13612 a7kl 1.39534 1.00136 0.6841
1500 0.01874 5296.23 2.105 150.39 4.,0006650 0.17539 D.945 2.65620 1.00090 0.6836
20040 J.014086 7273.79 2,017 150.30 0.0006990 0.27727 1,133 5.43210 1.00068 0.5340
2500 0.01125 Fuu3 . g 1.910 150.24 0.000399 0.33499 1.310 7.8928¢0 1.0005¢4 0.5311
3000 0.,00938 11758.05 1.821 150.29 0.0003329 0.39334 1,479 10.72639 1.00045 0.5292
3500 0.,00804 14336403 1.719 150.15 0.000255% 0.46113 1,640 14,01713 1.00039 0.5239
4000 0.00703 17734.63 1.558 150.08 0.30602500 0.56583 1.796 18.15212 1.0003% 8.5066
5000 2.00557 32801.27 B.999 148.37 0.0002022 1.17970 2,106 31.95922 1.00027 0.4258
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THERMODYNANIC PROPERTIES OF PARAHYDROGEN

187.510 PSIA ISOBAR

TEMPERATURE VOLUNE ISOTHERNM, I50CHMORE INTERNAL ENTHALPY ENTROPY cv ce VELOCITY

QERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. R Cu FT/LB QU FT-PSIA/LB PSIA/R BTU/LY BTu/L8 8TU/LB-R B8TU /7 L3 =R FI/SEC
* 25.612 0.206086 2912.75 T7.142 ~132,717 “125.562 1.19284 1.146 1.557 “282
26 8.20650 289%4.77 75.983 ~132.122 ~124.952 1.21658 1,154 1.576 L2177
28 9.20889 2664.08 75.930 ~128.943 ~121.690 1.33732 1.197 1.686 170
30 0.21146 2679.20 74s39¢ ~125.558 ~118.215 1.45716 1.240 1.79% #077
32 0.21426 2309.46 72,970 ~121.950 ~114,510 1.57672 1.282 1.909 3992
36 0.21729 2140422 71. 601 -118.112 ~110.567 1.69622 1.324 2,033 3906
36 0.22061 1973.50 70.1145 ~116.027 -106.367 1.81624 1.356 24164 3820
38 2.22423 1806,97 68.468 ~109.688 ~104.902 1.93692 1.387 24305 3730
“0 9.22825 1638.72 654634 ~105.067 -97.142 2.05898 1ebld 2.459 3634
2 0.23273 1471.03 ko527 ~100.140 «92.059 2.18296 1436 2.628 3532
(11 0.23780 1297.47 62.067 -94.870 ~86.513 2.30960 1.455 2.823 3415
46 0.24360 1129.55 53.25¢ -89,215 -808.757 2.43975 1.470 3.061 3290
48 0.25035 959.35 564069 ~83.106 =Thetdld 2.57471 1484 3.310 3148
50 G.25840 792.05 52. 450 -7b, 4] “67.469 2.71641 1.498 3.645 2988
52 0.26831 625.39 480304 ~69.060 *59.7 ey 2.86786 1.512 4,103 2806
54 0.281206 460,94 43.857 -60.655 =-50.,891 3.03484 1.529 e, 798 2589
56 0.29959 299.88 38,075 ~50.576 “40.174 3.22961 1.5582 6,052 2327
58 0.33245 133,49 30.5607 «36.722 -25.178 3.49235 1.601 9.931 1959
60 0.81309 35.33 Je1060 29.491 57.723 4.83156 2.003 19.369 1258
62 1.03453 8706 54735 &5.077 80.998 S.27603 1.781 3.184 1361
(-1 1,17924 123.12 5.678 53,930 94.875 5049451 1.691 6,006 1623
&6 1.29733 153.13 5.0460 60.770 105,837 5.66324 1.641 5.067 1678
68 1.40332 179.35 he582 66.639 115.365 5.80558 1.610 4,514 1526
70 1.50030 283,12 “e229 71.922 124,016 5.93090 1.590 4.159 1569
75 1.72017 255.70 3.599 83.643 143.370 6219826 1,562 3,663 1662
80 1.92035 302.16 3.167 hoib9 160.827 B.42358 1.548 3.363 1743
85 2.10844 3k 73 24846 103,968 177,176 6.62187 1.545 3.189 1816
90 2.28827 384.60 24593 113.355 192.808 6.80059 1.545 3.071 1882
95 2046209 422 445 24388 122,459 207,947 696432 1.550 2.989 1963
180 2.63126 458.70 2.218 131.398 222.759 7+11629 1.5%9 2,934 1999
105 2479686 493.73 2.071 140,201 237.313 7.25831 1.571 2,893 2082
110 2.95958 527.77 14946 348,950 251.712 7.39228 1.589 2,869 2101
115 3011997 560.99 1.837 157.693 2664024 7.51952 1.631 2.858 2147
120 3.27840 593.53 1,740 166,476 280,306 7.64109 1.638 2.857 2190
12% 3.43520 625,49 1.654 175,332 294.508 7.75785 1.670 2.865 2230
130 3.59060 656.96 1.577 184.300 308.372 7.87052 1.706 2.881 2267
135 3.T0b80 688.02 1.508 193,410 323.436 7.97969 1,747 2.905 2302
140 3.89796 718.68 1. bbb 202.687 338,031 8.08585 1.791 2.93% 2336
158 #.20167 779.10 1.333 221.838 367.727 8.29070 1.889 3.008 2398
160 4.50253 838.50 1.239 261.906 398.240 8.48759 1.996 3.096 2455
180 5.09975 955 .30 1.087 285,392 “b2.465 8. 86642 2.227 3.299 2560
200 5.68862 1069.59 69692 332.876 530,395 9.22207 2olts 34493 2663
z20 6.27321 1162.30 0.8756 384,222 602,038 9.56337 2.625 3.665 2765
240 6.85472 1293.86 L7989 ©38.729 676.737 9. 88808 24766 3.796 2868
260 Tet3331 1404 .55 D.7348 495,483 753.601 10.19585 2.861 3.884 2972
280 8.01127 1514.56 0.6803 553.656 831.821 1048557 2.912 3.929 3077
300 8.58718 1624403 0.6335 612,400 910.562 10.75733 24929 3,948 3182
320 9416193 1733.07 0.5928 671,179 989.298 11.011464 2.920 3.929 3287
34D 9.73572 1841.75 0.5571 729.565 16567.607 11.24852 2.895 3.900 3391
360 10.30872 1950 .14 0.525% Te7.292 1145,229 1147044 2.858 3,861 3493
380 10.88106 2058.29 Geb872 84b.212 1222.022 11.67805 2,817 3.818 3595
400 11.45285 2166423 Oee720 900.268 1297.931 11.87282 24775 3.774 3694
420 12. 02417 2274400 Lobb9l 955, 489 1372.969 12.05585 2.734 3.731 3792
LYY} 12.59510 2381.62 Del28n 1009.871 1447.195 12.228560 24695 3.692 3887
460 13.16568 2689.12 Be4096 1063.532 1520.668 12.39187 2.66%1 3.656 3980
430 13.73597 2596.51 0.3923 11316.564 1593.481 12.56659 24632 3.625 4071
590 14.30601 2703.80 043765 1168.983 1665,713 12.69421 2.605 3.598 4160
520 14.87583 2831.02 C.3619 1220.932 1737.448 12.83500 2583 3.576 h24t
560 15. 44545 2918.16 C.3433 1272.458 1808.751 12. 96956 2.564 3.556 4330
560 16.014692 3825.24 0.3358 1323.558 1879.623 13,0979 24549 3.540 b2
S80 16458428 3132426 03261 1376,439 1958.272 13.22176 2.536 3.527 4492
600 17.15338 3239.264 043133 1625.120 2020.716 13434123 2.525 3.516 4571
650 18.57583 3506.50 0,2890 1550941 2195.927 13.62200 2+507 3,696 4760
700 19.99772 3773.56 0.2683 1676.0L83 2370.440 13.88091 2+496 3.485 4940
800 22.84032 4307 .26 0.234b 1925.178 2718.2346 14434563 2.488 3.476 5280
900 25.68185 “Bub .52 0.2085 21764.056 3065.775 14,75467 24486 3.674 5597
1000 28,52267 5373.55 G.187% 2422.746 3613.404 15.12041 2,488 3.475 5896
1500 42,72194 8036.93 0.1250 3676.504 5159.885 16.53605 2.536 3.522 7191
2000 56.91813 10699.18 0.2938 4969.715 6946.013 17.56153 2o 6kt 3.630 8249
2500 71.11339 13361.03 0.0750 $327.060 87964243 18.38666 2.786 3.771 91564
3600 85,30945 16022.85 0.0625 77564225 10716.321 18.07756 2.927 3.3 9962
3500 99.51813 18684 .54 0.2536 9266.208 127214654 19.69772 3.094 4. 084 10689
4000 113,79882 21346019 0, 0469 10889.119 14860.416 20. 45596 34396 bets02 11325
5000 143,59035 26669042 .0375 15049.181 20036¢.893 22.44202 5.182 6.389 12337

®  TWO-PMASE BOUNCARY

€0



THERMODYNAMIC PROPERTIES OF 2ARAHYDROGEN

187.510 PSIA ISOBAR

TEMPERATURE DENSITY V (DH/0V)y VOP/DUY -V(DPIDV%
0EG. R LB/CuU FTY atusLd PSIA-Jy FT/BIU  PSIA
& 25.612 4.85300 285.33 13.878 14135,.56
28 4480256 286.6% 13.776 14018.07
28 478729 283.22 13.25% 12753.72
30 4.72902 282.76 12.690 11724.46
32 4.66722 281,99 12.197 10778.77
36 %.60209 279.87 13.727 9848 .97
36 4.532% 276.13 11,406 8945.76
38 o 45964 271.25 11.072 8058 .4
L1 “.38120 264.96 18.760 T179.55
42 4.29678 257 .42 10,460 6320.70
L1 .20922 268.10 10e 107 5654.88
46 8.10512 238,02 3. 815 4636495
(L] 34994461 226421 J.0457 3832.04
50 3.86998 213.03 3. 047 3065.20
52 3.72700 197.82 8.577 2339.81
S 3.55613 180.15 8,031 16393.20
56 3.33791 159.09 Te348 1009.97
58 3.00795 138.23 3.355 «01.52
60 1.22988 92.09 3.709 43 .45
62 0.96662 102.26 3.913 Bholl
64 0.34801 110.45 3.9%9 106,61
66 877045 118.37 3.985 117.98
68 8.71260 125.89 5.993 127.8:
70 3.66653 133.16 3.991 135.38
75 0.58136 150.48 3. 964 148.65
40 0.52074 167.08 3. 926 157.35
85 Do7423 183.20 3.884 163.50
20 0.43701 139.0¢6 3,840 168.07
95 0.40616 214.79 3.733 171.58
100 0.38005 230.59 3.741 174.33
105 0.35754 266.57 3. 686 176,53
110 0.33789 262.91 3.625 178.33
115 0.32052 279.75 3.557 179.8¢
120 0.30503 297.21 3.482 181 .04
125 6.29110 315.35 3.403 182.08
130 0.2785¢ 334425 3.319 182.97
135 0.26706 353.97 3.233 183.72
148 0.25654 374,56 3elbt 184437
150 9.23800 ©18.26 2.967 185,43
160 G8.22210 465.28 2.795 186.23
180 0.19609 568.71 2. 488 187.32
200 0.17579 677.69 2.2%9 188.02
220 0.15941 788.87 2.092 188,47
249 0.16588 896,96 1.980 188.75
260 0.13652 998.62 1.909. 188.9
280 0.120682 1091.79 1.872 183,05
300 0.,11645 1176.64 1.8%7 189.12
324 3.10915 1253.63 1.860 189.16
340 d.10271 132643 1.8746 189.17
360 80.09701 1390.20 1.895 189.47
380 909190 1452.27 1.921 189,16
40 0.08732 1512.33 1.948 189.16
“29 g.08317 1571 .06 1.97% 189.12
(17} 0.07940 1629.28 2.002 189.0%
460 0.0759 1687 .83 2,026 189.06
480 0.07280 1746.75 24048 189.03
500 0.0639% 1806.53 2.067 183.00
520 0.06722 1867.20 2.08% 188.97
Su0 0.06474 1928.64 2,098 188.93
560 0.06240 1991.49 2.1190 188.90
5480 ¢.06030 2054.99 2.120 188.87
600 0.05830 2119.38 2,128 188,86
650 0.05333 2283.3% 2.142 188.77
700 0.05001 2450.01 2,150 188.70
800 0.04378 2793 .46 24156 186,58
300 0.038% 3139.81 2,154 188.48
1000 0.03506 3489.72 2.151 188.48
1590 0.02341 5299.63 2,106 188.12
20400 0.01757 7217.36 2.018 187 .97
2509 0.01406 Feh?.1d 1.915 187.88
3000 0.01172 1175%9.20 1. 822 187.82
3540 9.04005 16313.62 1.723 187.75
4000 0.00879 17684 au? L4572 187.58
5300 0.0069% 31643.09 1.039 185.73

* THO-PHASE BOUNDARY ~

(OV/0FA/V  THERMAL  VISCOSITY THERMAL DIELECTRIC PRANDTL
SONDUCTIVITY DIFFUSIVITY CONSTANT  NUMBER
1/0€G. R BIUW/FT-WR-R LB/FT-SEC SQ FT/HR
X 185

0.0056573  0.04501 1.766  0.00596 1.25793 2.1993
0.0054917  0.04619 1.7¢6  0.00606 1.25731 2.135¢6
0.0053536  0.85104 1.496  0,00632 1.25406 1.7790
0.0063456  0.05426 1,325  0.00640 1.25064 1.5772
0.0067698  0.05643 1.188  0.00633 1.24703 1. 4468
0.0072699  0.05778 1.076  0.00617 1.24323 1.3633
0.0078378  0.05887 0.983  0.00600 1.23921 1.3003
0.0084965 0.06013 0.903  0.00585 1.236496 1.2457
0.0092811  0.06085 0.833  0.00565 1.23043 1.2423
0.0102088 0.06111 0.772  0.00541 1.22558 1.1947
0.0213783  0.06095 9.7t6  0.00513 1.22033 1.1939
0.0127781  0.06037 0.665 0.0048¢0 1.21062 1.2056
0.0166317  0.05939 0.627  0.00449 1.20833 1.2370
0.0171216  0.05800 0.570  0.00611 1.20131 1.2904
0.0207413  0.05617 0.525  0.00367 1.19328 1.3803
0.0266331  0.05377 0.479  0.00315 1.18376 1.5373
0.0380379  0.05033 0.6429  9.00249 1.17170 1.8557
0.0762266 0.04968 0.367 0.00166 1.15368 2.6633
0.2403338  0.03309 0.175  0.0016% 1.06069 3.1170
0.0800469 0.02679 0.159 0.00339 1e06707 1.7458
0.0563788  0.02439 0.155 0400479 1.064155 1.3761
0.0427195 0402347 0.155 0.00602 1.03770 1.2000
0.0358545  0.02307 0.155 0.00717 1.03483 1.0947
0.0312370  0.02292 0.157  0.80827 1.03255 1.0241
0.0262093  0.02309 0.162  0.01090 1.0283% 0.9186
0.020130%  0.02362 0.168 0.01349 1.02536 0.8590
0.0176051  0.02633 0.176  0.01609 1.02308 G.8206
0.0154290  0.02513 0.180 0.01873 1.6212% 8.793t
0.0139172 0.02640 0.187 0.02142 1.01974% 0.7731
0.0127121 0.02692 04193  0.02416 1.01867 0.7579
0.0117316 0.02786 0.200 3.02696 1.61736 0.7467
0.0109120 0.02892 0.206 0.02984 1.01640 0.7363
0.0102146  0.03004 8.243  0.93280 1.01556 9.7279
0.0096123  0.03117 0.219  0.03577 1.01480 8.7220
0.0090857  0.03232 0.225 0.0387% 1.01412 8.7183
0.0086206  0.03347 0.231  0.00270 1.01351 0.7166
0.3082061  0.03459 0.237  G.0bisked 1.0129% D.7192
0.0078339 0.03568 00243  0.06740 1.012064 0.7202
0.0071915  0.03851 0.255 0.05379 1.01153 0.7173
0.0066550  0.04161 0.267  0.06051 1.01076 0.7162
0.0058002  0.05215 0.308 0.08062 1.00950 0.7016
0.0051548  0.06141 0,302  0.10001 1.00851 0.7007
0.0066460 0.06916 0.367 0.11838 1.00772 0.7011
0.0062325 0.u7550 0.387 0.13632 1.00706 0.7013
0.0038889 5.08055 0.406 0.15419 1.00651 9.7010
0.0035986 0.08446 D.%18 0.17222 1.03604 9.7004
0.0033497  G.0874b 0.431  0.19051 1.00563 0.6335
0.0031338  0.03969 O.uh3  8.20915 1400528 0.6984
0.0029447 B.09141 G.454  0.22819 1.00497 0.6373
0.0027775  0.09276 Q.066  0.20765 1.00669 0.8960
0.0026286  0.09387 0.675  0.2675% 100644 0.6948
0.00264952 0.09436 Q.48h 0.28789 1.00622 8.6337
0.0023749  0.09579 0.49%  0,30870 1.00402 0.6926
0.0022657 0.09673% 0,503 0.3299¢ 1400384 0.6916
0.0020664  0.09767 0.512 0.35167 1.00367 0.6907
0.0020754  0.09867 0.522 0.37385 1.00352 0.6899
040019919  0.09973 0.531  0.396590 1.00338 0.6892
0.0019269  0.10086 0540  G.61962 1.00325 0.6886
0.0018437  0.10203 04568  D.64319 1.00313 0.6881
9.0017776  0.10329 0.557  0.46726 1.00302 0.6876
0.0017162 0410458 0.566 0.49178 1.80291 0.6872
0.0016589 0.10592 0.575 0.51679 1.00282 0.6869
0.0015312  0.10943 0.597  0.53160 1.00260 0.6862
0.0014218  0.11310 0.618 0.64907 1.00242 0.6856
0.0012443  0.1207% 0.661  0.79343 1.00211 0.6849
0.0011663 0.12847 0.763  0.9%989 1.00180 0.6845
0.0009959  0.13625 0.765  1.11820 1.00169 0.6842
0.0006646 0.17568 0.946  2.12845 1.00213 0.6836
0.0004988  D.27727 1136 834754 1.00085 045387
9.0003992  0.33498 14312 6.31533 1.00068 0.5318
0.0003328  0.39369 1.481  8.58232 1.00057 0.5299
0.0002854 0.45986 1,662 11.20448 1.00049 8.52%1
0.0002499  0.55%43 1.798 14.46202 1.00062 0.509%
0.0002019 1.12084 2.106 25.18893 1.00034 0. 4320
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200 PSIA ISOBAR

TEMPERATURE
0EG. R
» 25.682

340

360
380
400
%20
bbl
460
480
500
520
Skl

560
580
600
650
700
800
900
1009
1500
2000

2500
3000
3500
4000
5000

® TAO-PHASE BOUNDARY

voLuMeE
Cu FI/LB

0.20593
0.20634
0.20868
0.21124
0.21401
8.21702
0.22030
0.22389
0.2278%

0.23228
0.23726
0.24295
0.24955
0.25737
0.26692
0.27934%
0.29607
0.32377
0.43496

0.88259
1.0b4D3
1.16762
1.27390
1.37002
1.5840L9
1.77738
109574k
2.12887
2429410

2.45456
2.61138
2.76529
2.91683
3.06641
3.214633
3.36085
3.50616
3.65064
3.93636

4021945
4.78097
5.33435
5,88346
B.4298
6.97318
7.51508
8.05550
8.59477
9.13308

9.67061
10.20748
10.74380
11.27966
11.81512
12.35023
12.88506
13.42964
13.95399
Lhou8815

15.02214
15.55599
16.08970
17.42350
18,7567 4
28.462204
24.08627
26.74981
40.06263
53,372358

66.68121
79.99071%
33.31167
106.69800
134.58751

ISOTHERM
DERIVATIVE
Cu FT-pPSlA/LB

2925.82
2890,.38
2684 .81
2498,23
2328.76
2159.51
1993.19
1826.61
1658, 84

1492 .54
1319.02
1152,.70
983.78
818.28
653,23
439,97
333.52
176.18

12.87

64,05
10%.19
137.61
165,86
191.13
246.16
294.26
338.05
378.87
417,49

454 .39
489.97
524443
558.13
591404
623.33
855.1)
6864062
717 .34
778.20

837.97

955431
1070.11
1183.21%
1295.10
1406.05
1516.23
1625.95
1735.15
1843.97

1952.48
2060.73
2168.77
2276.62
2386,31
2491.87
2599,32
2706466
2813.92
2921.11

s028.22
3135,28
342,23
3509.62
3776.73
4310.508
4843 .84
5376.92
8640.40
10702.70

13364.62
16026440
18688.093
21348.75
26672.99

THERMODYNAMIC PROPERTIES OF PARAMYDROGEN

ISICHORE
OERIVATIVE
35IA/R

77,154
77,0346
73.012
T4.537
73.126
71.766
70.294
68,558
65. 850

6L. 761
62,366
53.573
554453
52.904
48,903
bl 384
33.091
32,382
18,375

3.166
6.610
5.714
34133
e 99
3.953
3. 456
3.092
2.809
2.581

2.391
2.231
24094
1.974
1.869
1.776
1.692
1.617
1.548
1.428

1.327

1.162

1.036
0.9356
0.8533
Do7847
Ga7264
0.6763
0.5328
0.5945

2.5607
Gs+530b
0.5036
Gola792
Bet571
4370
o188
G.4015
0.3860
G.3718

0.3582
0.3458
043342
0.3083
U.2862
G.2503
Ge2224
0.2001
Ge2 334
0.1000

L.0888
0.0667
6.0571
8.0500
0.0400

INTERNAL
ENERGY
BTU/LS

=-1352.700
=132.177
-129.016
-125.642
=122.067
-118.226
*114.159
~109,862
~105.2647

~100.352
~95.123
=-89.519
-83.677
~76.906
-69.664
-61.,4088
-51.858
=39,.346
-10.792

37.607
“8.97%
56.901
63.380
69.068
81.403
92.269
102,333
111.802
121.147

130.203
139.104
167.929
156,740
165.580
1764483
183.503
192.654
201.5968
221.182

2414301
284,884
332.433
383.820
438.374
495.162
553. 364
£12.133
670.935
729,341

787.085
Bbb.021
900.090
955.303
1009.717
1063,388
1116.409
1168.857
1220, 814
1272. 346

1323.452
1374.339
14254026
1550.859
1676.010
1925.120
24174.009
2422.706
36764485
#969.703

5327.051
T756.176
926578
108864478
15617.99

ENTFHAALPY
BTusig

-125.074
«124.536
-121.287
-117.819
-114.121
~1180.189
-106.008
=~101.550

-96.809

~31.750
-86.336
-80.521
~T6.235
~67¢375
~59.,779
-51.150
~60.893
=27.355

5.316

70,293

87.638
100,164
1310.559
119.806
148,084
158,093
174,826
130.744
206.108

221.107
235.812
250,340
264,764
279,143
233,531
367.971
322.503
337.160
366,364

397.567
461,966
529,348
601.717
676.488
753,011
831.681
910,465
989.239
1067.580

1165.,232
1222.050
1297.982
1373.041
16447,284
1520.774
1593.602
1665.848
1737.59%
1808.908

1879.791
1950.449
2020.901
2196.131
2370.658
2718.476
3066.036
3613.374
5160.187
69u6.327

8796.561
10718.599
12721.507
14837.994
20002.383

62

ENTROPY
BTU/LB=R

1.19331
1.21610
1.33446
1445409
1.57338
1.69258
1.81225
1.93254
2.05412

2417751
2.30341
2443283
2.56637
2.70636
2.85528
3.01805
3.2044b
3.44175
3.99290

5.06563
5434129
5.53382
5.68933
5.82339
6.10343
6.33601
6.53895
6.72095
6.88711

7.04180
7.18450
7.31967
7446790
7.57030
7.68776
7.8u183
7.91072
8.01732
8.22291

8.42039
8.79810
9.15634
9.49806
9.82307
10.13108
10.42098
10.69290
10.946712
11.18431

11.40631
11.61399
11.8p882
11499190
12416465
12432799
12.48275
12.63039
12.77121
12.90579

13,03419
13.15803
13,27751
13.55831
13.81724
14.28200
14,69106
15.05680
16, 472467
17.49796

18,32309
19.01397
19.63601
20, 39105
22.37123

cv cP

8TU 7 L3 =R
1.147 1.557
1.154 1,575
1,197 1.683
1.233 1,791
1,281 1,905
1,321 2,028
1.356 2.158
1.386 2.297
1,613 2,449
1.435 2,810
1,450 2,806
1.470 3,018
1,484 3.277
1.498 3.595
1.511 . 023
1.527 4,659
1.548 5,712
1.586 8.287
2,013 57,170
1.844 11.154
1.722 7.088
1.661 5.614
1.623 4.869
1.599 PREY
2.567 3.780
1.553 3.453
1.548 3.254
1.548 3.121
1.553 3.030
1.561 2,985
1.574 2.921
1.591 2.893
1,623 2.878
1.660 2.875
1.871 2.881
1,207 2.896
1,748 2.918
1.792 2.946
1.889 3.018
1.997 3.105
2,228 3.305
2. 64l 3.498
2.626 3.663
2.767 3.800
2.861 3.886
2.912 3.931
2.929 3.94d
2.921 3.931
2.895 3.902
2.859 3.863
2.817 3.819
2.775 3.775
2.734 3.732
2.69 3.692
2,662 3.657
2.631 3.626
2,605 3.599
2.583 3.576
2.564 3.556
2,549 3.541
2.536 3.527
2.526 3,516
2.507 3,497
2.496 3.485
2,488 3.476
2.486 3474
2.489 3.476
2.536 3,522
2. 644 3.630
2.786 3.774
2.927 3.913
3.093 4,083
3.386 40394
5.124 6.324

VELOCITY
OF SOUND
FT/SEC

“290
4275
4182
4089
4004
3919
3834
3744
3650

3549
34634
33114
72
3017
2838
2632
2388
2065
1301

1340
1416
1468
1518
1563
1659
1761
1814
1881
1943

1999
2053
2102
2168
2191
2231
2269
2304
2338
2400

2457
2562
2665
2768
2871
2975
3079
3184
3289
3393

3496
3597
3697
3795
3890
3983
4074
4162
w248
4332

4hld
4495
4573
4762
4943
5282
5599
5898
7193
8251

2156
9963
10691
11328
12364



TEMPERATURE

200 PSIA 1S08AR

DEG. R

160

Jul

360
380
©00
#20
b4
460
«80
503
520
540

560
580
600
650
700
L1 ]
900
1000
1500
2000

2500
3000
3500
4000
5000

TAO~PHASE BOUNDARY

DENSITY

LB/CU FT

©.8559%
4.84643
4.7919¢%
4e73000
L.67260
4.60790
4453925
b.46652
4.38876

4.30521
4a214706
411605
4.00723
3.88547
3. 764651
3.532064
3.37761
3.08860
2429908

1.13303
0.95785
0.85644
0.78499
8.72992
0.63112
0.56263
0.51087
0446973
0.43590

0.40740
063829%
0.36163
Go36280
032611
0431111
0.29754
0.28521
842739
0.25404

0.23700
0.20910
0.18746
0.16997
0.15553
014301
0.13307
0e.l2614
0.11635
0.10943

0.10342
0.09797
0.09308
B.08865
0.03464
0.08097
0.07761
0.07452
0.07165
6.06902

0.06657
0.06628
0.06215
0.05739
0.05331
0.24668
0.34152
0.03733
0.0249
0.01874

0.01500
0.31250
0.01072
0.00937
0.30743

V(DH/DVb

8TusLa

286.70
286.38
284,78
284,14
283.42
281.17
277.71
272.90
266.72

259 .40
250.20
260.38
228.85
216.06
201.32
184.26
1ok .62
139.25
.06

99.13
108,04
115.79
123.54
130.92
148.57
165.062
181.74
197.74
213.63

229.55
245.61
262.03
2784 3%
296 .44
3164638
333.58
353.33
373.93
417.70

864,77
568,30
677.36
788.65
836,88
998.67
1091.96
1176494
1256.09
13264491

1390.75
1452.83
1513.00
1571.75
1630.038
1638.6¢
1747.56
1807.36
1868.05
1929.51

1992.38
2155.89
2120430
2284429
2651.79
2796 .48
3140.86
3690.78
5300.77
7278.55

6.3
11759.75
14308.40
17582.45
31331.64

THERMODYNAMIC PRQPERTIES OF 2ARAHYOROGEN

PSIA-3J FT/8TU

13.853
13.773
13.256
12.703
12.212
11.793
11,624
iL.088
1.779

10,480
10.171
. 8lets
3.493
3.092
3.636
8,116
Tet?7
3.610
3.971

3.909
4. 007
%.017
4. 028
4,026
3.997
34355
3.909
3.863
3.813

3.7%9
3.703
3.600
3.571
3.496
3,615
3.331
3,243
3,156
2.975

2,803
24494
2.264
2.096
1.983
1.912
1.874%
1.860
1.862
1.876

1.897
1.923
1.950
1.977
2.004
2.028
2,050
2,069
2.085
2.100

2,118
2,121
2.129
24143
2,154
2.155
2,155
2,151
2.107
2,019

1.915
t.822
1.724
1.575
1.G51

VP/0Uly, =VIDP/ODVIp

PSIA

14207.61
14008.05
12865.44
11826.62
10881.38
3950.83
9047.57
8158.560
7280426

66425.72
5559.32
W744.57
3942.26
3179.40
2047.34
1755.38
1126449
Shbelb
29.58

72,57
100.76
117.85
130.20
139.48
155.36
165.56
172.70
177.97
181.98

185.12
187.63
189.67
191.35
192.75
193.92
194,92
195.78
196.51
197.63

198.60
199.82
200 .61
201.11
201,43
201.64
201.77
201 .3k
201.88
201.99

201.90
201.88
201,86
201.83
201.80
201.77
201.73
201.69
201.66
208 .62

201.58
201.5%
201.51
201 .43
201.35
201.22
201,10
201.01
200.70
200.53

2004563
200.35
200.28
200410
198.18

(Qv/0Tyv THERMAL VISCOSITY THERMAL OIELECTRIC PRANOTL
CONQUCTIVITY DIFFUSIVITY CONSTANT NUMBER
1/0EG. R OBTU/FT-HR=R LG/FT;;EC SQ FT/HR
X 1

0.0056305  0.04521 1.770 0.00598 1.25810 2.1939
0.0054993  0.04622 1.725 0.00606 1.25754 2.1156
0.0059082  0.0511t 1.504  0.00634 1.25434 1.7830
0.0063026  0.05436 1.332  0.00661 1.25094 1.5805
0.0057203  0.05653 1,195  0.00635 1.26730 1.4433
0.0072121  0.85789 1.082  0.20620 1.26357 1.3645
0.0077693  0.05300 0.988  0.00602 1.23958 1.3006
0.0086154 0,06028 0.308 0.00588 1.23536 1.2452
0.0091823  0.06103 0.838  0.00568 1.23087 1.2110
0.010078¢  0.06131 0.776  0.00545 1.22606 1.1920
0.0112164  G.06117 8.721  0.00517 1.22087 1.1902
0.0125560 0.06062 0.669  G.00488 1.21524 1.1999
0.0143200  0.05968 0.621  0.00454 1.20906 1.2285
0.0166397  0.05834 0.576  0.00418 1.20218 1.2768
0.0199822  0,05659 0.531  6.0037S 1.19438 1.3581
0.0252857  0.05431 0.485 0.00325 1.18522 1.4989
0.0347016  0.05109 0.437 0,00265 1.17388 1.7604
0.0595100 0.06939 0.381  0,00193 1.15808 2.3035
0.6211455 0.08664 0.273  0.00066 1.11580 6.4786
0.1125254  0.03096 0.170  0.00245 1.05581 2.2103
0.0655093  0.02625 0,162 0.00387 1.06703 1.5715
0.0436820  0.02463 0.159  0.00512 1.06197 1.3058
0.0394201  0,02393 0.159 0.00626 1.03842 1.1634
0.0336912  0.02362 0.160  0.00734 1.03569 1.0729
0.0254427  0,02358 0.i66 0,00388 1.03080 0.9446
0.0208770  6.02401 0,169 0.01236 1.027063 0.8758
0.0179065  0,02666 0.175  0.01483 1.02088 0.8322
0.0157847  0.025u2 0.181  0.01734 1.02286 0.8020
0.0161817 0.02626 0,188  0.01388 1.02120 0.7801
0.0129144  0.02715 0.19%  0.02248 1.01980 0.7635
0.0118908  0.02808 0.201  0.02510 1.01861 0.7513
0.0110399  0.02912 0,207 0.02784 1.01756 09,7601
0.0133188  0,03023 0.213  0.33063 1.01665 0.7311
0.0096986  0.03135 8,220  0.03344 1.01583 0.7247
0.0091577  0.03249 0.226  0.03624 1.01510 8.7207
0.0085813 0.03363 0.232  0.03903 1.01644 0.7187
0.0082577  0.03465 04238 0Q.J4164 1.01383 0.7211
0.0078781  0.083582 G.206  0.04439 1.01328 0.7220
0.0072245  0,03864 0.256  0.05060 1.01232 0.7187
0.0066802 0.0417% 0.267 0.05672 1.01149 0.7153
0.0058158  0.05218 0,308 0.075068 1.01013 0.7025
0.0051645  0.06143 0342 0.09367 1.00308 8.7016
0.0006522 0.06917 0.367 0.11091 1.00823 0.7018
0.0042366  0.07550 0.387  0.12776 1.00753 g.7018
0.0038915  0.08055 S.404  0.16458 1.00694 0.7015
0.3035001  0.08646 0.418 0.16146 1.00644 0.7909
0.0033506  0.08745 0,431  G.17863 1.00600 0.6999
0.0031342  0.08970 G.443  0.19613 1.00563 0.6948
0.0029448  8.09142 0.456 0421400 1.00529 0.6975
0.002777%  0.09277 0.465 0.23227 1.00500 8.6963
0.0026284  0.09388 0.475 0.25096 1.00474 0. 6950
0.0026948  0.09487 0.486  0.27004 1.00650 0.6939
0.0023744  $.09580 0.49 0.,28956 1.00629 8.6928
0.0022652 0.09673 0.503  0.309%51 1.00409 0.6317
0.0021658 0.09769 0.513  0.32988 1,00391 0.6908
040020743 0409869 8.522 0.35069 1.00375 0.6300
0.0019913  0.09975 0.531  0.37195 1.00360 0.6893
0.0019163  0.10088 04540  0.3936% 1.00346 0.6887
0.001863t  0.10205 0.549 0.41575 1.6033% 0.6882
0.0017771  0.10331 0.557 0,43832 1.00322 0.6877
0.0017457  0.10461 0.566 0.06136 1.90311 0.6873
0.0015536  0.10595 0.575 0.048480 1.00300 6.68693
0.0015307  0.10345 0.597  0.56542 1.00277 8.6862
0.001621%  0.11313 9.618  6.60890 1.00258 0.6857
G.0012439 0.12078 0.661  0.76433 1.00225 8.6850
0.0011060 0.12851 0.703  0.89110 1.00201 0.6845
8.0009956  0.13629 0.745  1.06899 1.00181 0.6841
0.0005645 0.17555 0.946  1.99666 1.00121 0.6836
0.0004987  0.27727 1.135  4.07669 1,30090 0.5349
0.0003992  0.33698 1,313 5.92263 1.00072 0.5320
0.0003328  0.39365 1,481 8.066% 1.00060 0.5301
0.0042853 0.4595% 1.643 10.50277 1.00052 0.5255
0.0002499 0.55771 1.799 13.56410 1,00045 9.5102
0.00020618  1.10496 2.105 23.51643 1.00836 0.4338

€3



THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

210 PSIA 1SO03AR

TEMPERATURE VOLUME ISOTHERM I50CHORE INTERNAL ENTHALPY ENTROPY eV CP VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. R CU FY/LB CU FT-PSIA/LB PSIA/R BTU/LB 8Tu/LB aTu/sLe=-R 8Tu 7 LB =R FT/SEC
® 25.702 0.20583 2936.26 77.165 =132.687 -124.683 1.19369 1.148 1.557 4295
26 0.20619 2905.33 77.061 ~132.226 ~3126.208 1.21204 1.15% 1.573 w282
28 0.20852 2701.30 76.077 ~129.073 -120.965 1.33219 1.197 1.680 4191
30 0.21106 2513.37 T4« 650 ~125.708 -117.501 1.45165 1.239 1.788 4099
32 D.21382 2364.10 73,250 «122.125 -113.810 1.57073 1.281 1.901 “014
36 0.21680 2174.93 710897 ~138.316 -109.585 1.68969 1.320 2.024 3930
36 0.22006 2008.81 70,436 ~114.260 =105.706 1.80909 1.356 24152 33645
38 6.22361 1845448 68,812 =109,964 ~101.268 1.92905 1.386 2.289 3758
L] 0.22754 1674.77 67.020 ~105.389 *96.541 2.05027 L.413 2ebbl 3662
42 6.23192 1509.54 6he 946 «100.519 =91.501 2.17320 1,435 2.604 3562
b 0.23684 1341.58 624561 -95.322 -86.112 2423852 1454 2.787 3452
46 0.24245 1170.89 59. 826 -89.757 ~80.329 2.42706 1.470 3.001 3327
L1} 0.206893 1002.91 55,753 -83.767 =74.087 2.55983 1484 3.253 3191
50 0.25657 838468 53.258 =77.267 ~67.290 2.63854 1.497 3.559 3839
52 0.26585 674.68 43,334 -70.128 =59.790 2. 834558 1.518 3.966 2864
S5& 0.27760 516 .48 ko937 -62.118 -51.,323 3.00530 1.525 4.538 2668
56 0.29355 360.26 33,838 ~52.79% “41.379 3.18604 14565 S5.481 2433
58 0.31833 205.08 33.580 “41.066 ~28.587 3.40854 1.577 7.562 2134
60 0.37815 55.02 24,012 =21.635 -6.930 3.77646 1.674 18,323 1670
62 0.75821 b4 o.36 3.818 29.556 59.038 4. 85957 1.915 16,256 1324
64 0.94321 90.09 Tob71 blo 409 81.087 5.21019 1.749 8.282 1496
66 1.07220 124495 5,357 53.503 95.197 Se2746 1.679 6.224 1465
68 1.18016 154,99 5.618 60.600 106,492 5.59 14 1.634 5.206 1512
14 1.27614 181 .47 5.107 66,671 116.295 5.73826 1.607 b.600 1558
75 1.43725 238.58 “.251 79.557 137.391 6.02364 1.571 3.899 1656
80 1.67511 288.01 3.697 90.735 155.873 6.26832 1.557 3.529 1739
85 184950 332.77 3.296 101,008 172.926 647515 1.551 3.308 1813
90 2.01497 374.35 2.987 110.726 189,081 6+65986 1.554 3.163 1881
95 2.317407 #13.60 2.739 120.089 204.5630 6.82803 1.555 3.063 1943
100 2.32832 #51.01 2.533 129,241 219.781 6.98347 1.563 2.992 2000
105 2.47887 487.02 24361 138.216 234,610 7.12818 1.575 24943 2053
110 2.62667 521.92 2e21% 147.108 269,262 7426433 1.592 20912 2103
115 2.77169% 555.89 2.086 155,975 263.756 7.39336 1.614 2.895 2149
129 2.91492 589.10 1974 164,863 278.213 7.51642 1.642 2.890 2192
125 3.05650 621.66 1.874 1734814 292.670 7.63445 1.672 2,894 2233
130 3419667 653.66 1.785 182,865 307.172 T.74820 1.708 24907 2270
135 3.33563 685.20 1.705 192.0u48 $21.758 7.85830 1768 2.928 2306
160 3.47355 716,32 1.632 201,392 336,465 7.96526 1.792 2.955 2339
150 3.76676 777.52 1.505 220,657 366,354 8017145 1.890 3.026 2602
160 4o01713 837.59 1.397 240,818 397.030 8.36939 1.997 3.131 2459
180 455311 955+ 34 1.223 284. 478 461531 8.76781 2.229 3.310 2564
200 508111 1070.54 1.090 332.078 529.664 9.10652 2atebl 3.502 2667
220 5.60485 1183.96 0.3838 383.510 601,462 Yo bb857 2.626 3.672 2769
240 6.12550 1296410 0.8971 438,090 6764289 9.77382 2.767 3.802 2873
260 6.64383 107,27 0.8247 494.905 753,259 10.088202 2.861 3.888 29717
280 7.1603¢6 1517.68 0.7633 553,130 831.569 10.37208 2.912 3.933 3081
300 T.67561 1627449 0.7106 611.920 910,389 1066611 2,930 3.945 3186
320 8.18932 1736.82 Cobbud 670.740 989.192 10.89843 2.921 3.932 3291
340 8.76227 1845.75 0.5246 729.162 1067.560 11.13569 2.895 3.903 3395
360 G.21lbbh 1954436 0.5891 786,919 1145,235 11.35777 2.859 3.864 3498
380 9.72595 2062.69 Ge5574 843,867 1222.074 11.56550 2.817 3.820 3600
400 108.23691 2170.80 0.52980 899.948 1298.024 11.76038 2.775 3.776 3699
420 10.74741 2278.71 0.5033 955.171 1373.098 11.94350 2,734 3.733 3797
44 11.25752 2386.47 D.4801 1009.59% 1647.357 12.11628 2.696 3.683 3832
463 11.76728 2694 .08 0.4590 1063.273 1520.859 12.27965 2.662 3.658 3385
«80 12.276795 2601.57 Dew396 1116.3062 1593.699% 12. 43444 2.631 3.620 4076
520 12.78598 2708.96 Geb218 1168.756 1665.956 12.5821¢0 24605 3.604 4164
520 13.29498 2816.25 Gete (54 1220.719 1737.711 32.72294 24583 34577 4é59
544 13.80379 2928 .47 003933 12724250 1863%.035 12. 65754 24564 3.357 L3346
560 1he38263 3036.62 G.3762 1323.368 1873.925 22.96595 2.549 Se5bi bllb
380 14482092 3137.71 3631 1374264 1959.591 13.10460 2.53% 3.528 497
600 15.32928 324k .74 6.3509 142644951 202i.050 13.22929 2.526 34517 4575
850 16.59970 3542.12 8.3238 155C.793 2196.294 i3.51011 2.507 3.497 L764
700 17.86956 3779.28 0.3005 16750952 2370.834 23.70906 2,496 34485 [X1T3
800 20.40812 4313.11 6.2628 1925.073 2718.5670 14423385 2.488 34070 5284
900 22494560 L8406 .50 G.2335 2173.971 30bo.240 1664292 2,486 3ebe74 56061
1000 25,48240 $379.61 Ge2101 2422.675 3413.591 15.U3868 2ok 3.4676 5900
1500 38.16150 8043.18 Col600 3676.469 5160.429 16042637 24536 3.522 7194
2000 50.863754 10705.51 (e1050 4969.69% 6946.579 1l.44986 2. 644 3.630 8252
2500 63.51206 13367.46 Col 840 63274543 8796.816 18.27499 2.7866 3.771 9157
3000 76.18838 16029.24 Ge 0780 7756.139 10718.824 18.96587 2.927 3.913 9964
3500 88.87473 18690.9¢ 0.0600 9265.410 12721.424 19.585981 Je 092 o081 10692
4000 101.62133 21352.60 0.0525 10884.535 148364233 20634301 3.381 he387 11330

5000 128.15618 26675.84 00426 14995.050 19978.433 22.31781 5.081 6.276 12368

® TWO-PHASE BOUNDARY

64



210 PSIA I[S0BAR

TEMPERATURE

DEG. R

25.702
26

540

560
580
500
550
700
800
900
1000
1500
2000

2500
3000
3500
%000
5000

TWO-PHASE BOUNDARY

QENSITY

L8/CU FT

4085829
e 84990
4. 79564
473797
4.67687
4.61252
Lo 54426
4e47290
439475

be31187
w.22227
bel12460
4.31726
3.89752
3.76154
3.60234
3.40661
3.104137
2.64b48

1.31889
1.06021
0.93266
0.84734
0.78364
0.67238
0.59698
0.54083
8.49629
0.45997

0.42%9
0.4603061
0.3807%
0.36073
0.34306
0.32717
0.31283
0.29979
g.28789
0.26690

0.26893
0.21963
0.19681
0.17862
08.16325
8.15052
0.13966
0.13029
0.122311
0.11691

0.10853
0.10282
0.09769
0.99305
0.082583
0.08498
0.08145
0.07821
0.07522
0.07244

0.06987
0.06747
0.06523
0.0602¢
0.05596
G.04900
0.04358
0.0392%
0.02620
0.01967

0.0157%
0.01313
0.01125
0400984
0.00780

{
v DN/DVE

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

VlDP/DUb -VlDPIDV%

BTuU/LB PSIA-ZJ FT/8TU PSIA

287.80
287 .54
286.01
285.23
284456
282.35
278.96
274449
268.11

260.96
252.38
242.22
236.92
218,41
2064.00
187.88
168.86
165.07
111.03

96.87
105.88
116.09
121.69
129.21
147.10
164413
180.61
196.75
212.74

228.75
244 .88
261.35
278.31
295.85
314.08
333.95
352.43
373 .46
e17.27

464.38
567 .93
877.10
788.49
896.82
998.71
1092.41
1177.18
1254 401
1325.30

1391.20
1453,.38
1513.564
1572.32
1630.63
1689.24
1768.21
1808.03
1868.7¢
1930.21

1993.10
2056.62
2121.06
2285.05
2452.57
2795.29
3141.69
3631 464
5301.67
7279.50

b9 .28
11760.25
14304 .64
17558.98
31102.55

13.837
13.767
13.257
12.713
12.225
11,806
11437
11.103
10796

10. 496
18.190
3.867
9.522
34126
8.682
8.179
7.570
3.776
5e 425

3.888
ke 028
40059
4.057
44056
be 024
3.978
3.930
3.881
3.830

3.773
3.716
3.652
3.582
3.507
34425
3.300
3.252
3.162
2.983

2.810
2o b398
2.268
2,100
1.986
1,915
Le877
1.862
1864
1.878

1.899
1. 924
1.954
1.979
2,005
2.029
2.051
2.070
2.087
2.101

20312
24122
2.130
2. 144
2.152
2.156
2.155
2.152
20107
2.019

1.915
1.822
1.225
1.578
1.059

16265419
16090.35
12954 .49
11908.25
10963.07
10031.88
9128 .54
8252.97
7360.20

6508.96
5664.51
4829.52
4028494
3268.78
2537.83
1860.53
1227.27

644,25

145.50

58.51

95.51
116.56
131.33
142,20
160.42
171.93
179.93
185.78
198.24

193.70
196447
198.71
200.56
202.10
203.39
20648
205.42
206.22
207.52

208.50
209.82
210.69
211.24
211.59
211.82
211.96
212.06
232.08
212.40

212410
212.08
212.06
212.02
211.9
211.95
211.91
211.87
211.83
211.79

211.75
211.71
211.67
211.58
211.49
281.3%
211.22
211.1
210.77
210.58

210,47
210.33
210.31
210.12
208.15

{OV/0T) 1Y THERMAL YISCOSITY THERMAL OIELECTRIC PRANDTL
CONOUCTIVITY DIFFUSIVITY CONSTANT NUMBER
1/0E5. R BTU/FT-HR=R LBI?T-;EC $Q FT/HR
X 10

0.0054393 0.06536 1.772 G.00600 1.25824 2.1897
0.0054689 0,04626 1.733 0.00607 1.25775 2.1204
0.0058728 8.05116 1,511 8.00635 1.256455 1.7862
0.0062688 0. 05641 1.338 0.00642 1.25117 1.5832
0.0066815 2.05661 1.200 0.00637 1.24759 144507
0.0071669 0,05798 1.087 0.00621 1424384 1.3655
040077160 0.05911 0.992 0.00604 1.23987 1.3009
0.0083379 0.06040 0.912 9.00590 1.23568 1.2441
0.0091058 0.06116 0.842 0.0057¢9 1.23124 1.210¢
0.0099779 0.06146 8.780 0.00547 14226kt 1.1900
0.01104643 0.06134 B8.724 0.00521 1.22131 1.1851
0.,0423875 0.06082 0.673 0.00491 1.28573 1.1956
0.014086% 0.,05991 0.625 0.00458 1.20963 1.2222
0.0362928 0.05861 0.580 0+00423 1.20286 1.2669
040194395 0.05691 0.535 0.00382 1.19522 1. 3626
0.0241527 0.05472 0.491 0.00335 1.18633 Lebeblble
0.0324606 0.05565 [ PLYTY 0.00277 1.17548 1.6954
0.0521235 0.04957 0.391 0.00209 1.16093 241472
0.1650289 0.05339 0.314 0.00110 1.13012 3.83851
0.1678078 0.03745 0.1385 0.00175 1.06519 2.8956
0.2782230 0.02820 D.168 0.00321 1.05215 1.7812
0.05456495 .02579 0.164 0s00kkb 1.04577 144206
0.0627791 0.02072 0.162 0.00560 1.046152 1.2288
0.0359120 0.020206 6.162 0.00667 1.03835 1.1178
0.0265025 0.02400 0.165 0.00945 1.03284 8.9675
0.0215026 0.02043% 0.179 J.01455 1.92912 48941
0.0183169 0.02493 G.176 0,01396 1.02635 0.8621
0.0160756 0.02566 0.182 0.01635 1.02416 0.809¢4
3.0143965 0.02647 0.139 0.01879 1.02238 0.7858
0.0130780 0.02734 2.195 0.02128 1.02089 0.7680
0.0120190 6.02825 0.201 0.02379 1.01961 0.7550
0.0111425 0.02928 2.208 0.026061 1.01850 e 7432
0.0104023 0.03038 0.216 0.02909 1.01752 0.7337
0.0097673 Ge03149 0.220 0.03177 1.01666 0.7269
0.0092151 0.03262 0.226 0.03845 1.01548 0.7226
0.0087297 8.03376 0.232 8.03712 1.01518 9.7203
0.0082988 0.03476 0.238 0.83960 1.01455 0.7227
0.0073133 2.03593 0.264 0.06223 1.01396 0.,7233
0.0072507 0.03875 0.2586 0.06798 1.01294 047197
0.0067002 G.04L086 0.267 0.05402 1.01207 0.7161
0.0058283 0.05221 0.308 0.07181 1.010646 0.703%
0.0051722 .06 4é 0.342 0.08916 1.040953 6.7023
0.0046571 0.06917 0.367 0.10558 1.00864 0.7023
0.004239 0.07550 G.387 0.12166 1.00790 0.7023
0.0038935 _ 0.030%6 Gty 0.13764 1.00728 9.7020
0.0036014 0.08446 PRL3Y ) 0.15377 1.00676 9.7012
0.0033513 0.087465 De.b31 0417014 1.00630 9.7002
0.0031346 0.08970 Qolss3 0.186483 1.00591 0.6390
0.00294438 0.09163 Q.54 0.20386 1.0055%6 0.6978
0.0022773 d.09278 B.455 d.22127 1.00525 0.6965
0.002628: 0.09389 0.475 0.23907 1.00497 0.6952
0.8024945 0.09488 Gel8iy 0.25727 1.00672 0.6940
0.0023740 0.09582 [ RYS- 1 0.27588 1.00650 8.6929
0.0022648 0.09676 0.503 0.29689 1.00629 0.6919
0.002165% 8.09770 0.513 0.31430 1.00611 0.6309
0.00207 06 0.09870 8.522 0e3306104 1.0039% 0.6901
0.0019909 0.09977 0.531 0.35439 1.00378 0.689
0.,0019139 9.10090 0.540 0.37507 1.00363 0.6883
3.0018427 a.10207 0.549 0.3961%% 1.00350 8.6882
0.0017766 0.10333 0.557 O0.41765 1.30338 0.6877
0.0017152 0.10463 08.566 Ge43958 1.00328 0.6873
0.0016579 0.10597 0.575 Q6196 1.00315 0.6870
3.0015303 0.10948 0.597 0.51970 1.00291 0.6862
0.0014210 0.11315 0.618 0.58019 1.00270 0.6857
0.0012436 0.12081 0.661 0.70923 1.00237 0.6850
0.0011057 0.12854 0.70% Ge 84907 1.00210 0.6845
0.3039954 8.13633 3.745 2+99951 1.00190 0.6841
0.0006644 3.17560 04947 190244 1.00427 0.6836
0.0004987 e.27727 1.135 3.83306 1.00095 0.5350
0.0003991 0.336498 1,313 5.664118 1.00076 0.5322
0.0003327 0.39362 1.482 7.66422 1.00063 0.5303
0.0002853 0.45926 lebbs 10.00132 1.00054 0.5258
0.0002499 2.55645 1.800 12.888483 1.00047 0.5108
0.,0002018 1.09329 2.106 22.32575 1.00038 J. 4352
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220 PSIA ISQdAR

TENPERATURE

DEG. R

100
105
110
115
120
125
130
135
160
150

160
180
200
220
240
260
280
300
329
340

360
380
400
428
L4
460
.80
S00
520
540

560
580
600
650
700
800
900
1000
1500
2000

2500
30400
3500
4000
5000

®  TWO-PHASE BOUNDARY

VOLUME
Cu FT/a8

0.20573
0420604
0.20836
8.21089
0.21362
0.21659
0.21982
0.22334
0.,22724

0.23156
0.23642
0.,24195
Do2ud32
0,25579
0.26482
0.27614
0.29125
0.31383
0.35906

0.62308
0. 84691
0.986L35
1.09380
1.19015
1.39666
1.58209
1.75139
1.91147
2.06502

2.21361
2.35847
2.50034
2.63981
2.77728
2.91308
3.047468
3.16056
3.31279
3.570604

3.83325
4036599
4.85092
5.35159
5.86317
LY LT0% 4
6.83738
7.32989
7.82074%
8.31063

8.79975

9.28821

9.77612
10.26356
10.75061
11.23733
11,72375
12.20992
12.69588
13.18164

13.66723
14,15268
16.63739
15.85079
17.06304
19.48637
21.90863
24433020
36.43319
48.53314

60.63215
T2.73470
84.84116
97.00727
122,.30776

ISOTHERM
DERIVATIVE
Cu FT-PSlasL8

2946.68
2926.32
2717.74
2528 .43
2353.34
2190.23
2024.31
1861.39
1690 .54

1526.35
1359.61
1188,.80
1021.66
860,95
6598.91
539.26
384.50
235.67
90.38

27.57
75.5%6
113.38
166,13
171.87
231.07
281.83
327 .57
369.91
409.77

447,68
bok.13
519.40
553.70
687.20
620,02
652.26
684,01
715,33
776.87

837424

955,39
1070.99
1184.72
1297.12
1L08.50
1519.29
1629.05
1738.50
1847.54

195b.20
2064.66
2172.84
2280.82
2388.63
24696429
2603.83
2711.25
2818.59
2925484

3033.02
31460.13
3247419
3514463
3781.83
£315.72
4849.16
5382.31
8045.96
10708.33

13370.29
16032.07
18693.78
21355.44
26678.69

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

ISOCHORE

DERIVATIVE

SSIA/R

77.476
77.089
754142
Tee763
73.373
72.028
70,577
bB. 954
67.189

65,129
62,7735
60,075
57.048
$3.608
43.753
45, 464
40.540
34.626
25. 495

12.381
8.509
7.051
8.171
5.545
4.56%
3,946
3.585
3.168
2.900

2.678
2,496
2.336
2,199
2.0880
1.974
1.879
1.783
1.716
1.58¢

L. 468
1,284
1e380
1.032
L3409
0.8648
C.8003
G.7450
0.6389
B.6547

Cebi74
6.5842
05540
0.3275
L5031
0.6809
0.4b08
ok
Qe 248
Oe4089

0.3%42
Ge3805
8.3677
0.,3392
0.3149
0.2754
Ce2be?
Gt.2202
0.1467
0.1300

.0880
L.0733
0.0629
0.05%50
Ue 0 bt

INTERNAL
ENERGY
BTusLB

~132.673
-132.275
~129.130
-125.77%
-122.20)
~118. 406
-114,367
-110.084
=-105.529

~3100.604
«95,517
-89.990
-84.051
-77.622
=70.577
-62.717
+53.660
~42,.536
-26.222

174 8kt
39148
49.812
57.643
644163
77.664
89.17%
99,663
109.540
119.023

128.274
137.327
166.286
155.208
164,144
173,138
182.226
193442
200.845
220.132

260.338
284071
331.723
383.195
437.807
494 . B43
552.897
611.707
6704544
728.981

786.754
843.716
899.806
955,039
1009.472
1063.158
11164194
11684655
1220.624
1272.167

1323.284
1374.180
1424.876
1550.727
1675.89
1925,027
2173.933
2422.643
3676, 454
©963.686

6327.037
7756.105
9265, 094
10882.726
14973.692

ENTHALPY
Biu/siL8

-124.292
-123,.881
-128.642
«117.183
-113.499
~108.581
-105.412
=100.98%

-86.272

~91.251
~85,886
~80.134
~73.935
~67.201
~59,78%3
~51.467
~41.795
~29.752
~11.595

43.227

73.650

89.913
102,202
112.6648
134,642
153,625
171,041
187.409
203,148

218,452
233.407
268,145
262.748
277.28%
291,811
306.374
321.01%
335,772
365,747

396,495
4b1.118
529,340
601.208
6764091
753,108
831,459
910.312
989.146
1067560

1145.238
1222.098
1298.066
1373.157
1447.630
15204945
1593.797
1666.064
1737.829
1809.461

1880.060
1950.7338
2021.199
2196.457
2371.009
2718.863
I0bbsubs7
3413.808
51604671
6946.831

8797.072
10719.052
12721.357
164834.613
19956,270
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ENTROPY
BTV/LB-R

1.19406
1.2099¢4
1.32994
1.44922
1.56810
1.68683
1.80595
1.92564
2404646

2+16894
2.29371
2042153
2455362
2.69084
2.83615
2.99314
3.16893
3.380098
3.68736

4.58388
5.06810
5.31856
5.50210
5.65355
5.95738
6420254
bel1341
6.60092
S.T7113

6492816
T+07409
7.21122
7+34105
Te46079
7.58338
7.69761
7.80812
7.91545
8.,12223

8.32064
8.69975
9.05394
940132
9.72682
10.03521
10.32541
18.59756
10.85198
11.08932

11.31146
11.51925
11471618
11.89734
12.07015
12.23355
12.388386
12.53605
12.67690
12.81152

12.93995
13. 06381
13.18332
13. 46416
13.72312
164.18793
14.59702
14.96279
16.37850
17440600

18.22913
16.92000
19.53985
20429665
22.26701

Ccv cp
BTU 7 L3 «R
1.149 1.557
1.154 1.570
1.197 1.677
1.239 1.785
1.281 1.898
1.320 2.019
1.355 20147
1.386 2.282
1.412 20430
1,435 2.59%
1454 2.77%
1.470 2.984
Lotbl 3.229
1.497 3.519
1.518 3.902
1.524 holtbe?
Le542 5.302
1.574 6.952
1.638 12.764
2,019 26.802
1.782 9.927
1.702 6,896
1.646 5.628
1.615 L. 899
1.576 4.026
1.560 3.609
1.553 3.364
1.553 3.205
1,557 3.096
1.565 3.019
1.577 2,966
1.59 2.932
1.615 2,912
1.642 2.904%
1.673 2.907
1.709 2.919
1.769 2.939
1.793 2.965
1.891 3.033
1.998 3.118
2,229 3.316
2o kb2 3.506
2.626 3.675
2.767 3.805
24862 3.891
2.913 3.935
2,930 3.947
2.921 3.933
2.895 3.904
2.8%9 3.865
2.817 3.821
2.775 3.776
24734 3.733
2.696 3.694
2.662 3.658
2.632 3.627
2.606 3.6060
2.583 3.577
2.564 3.557
2.549 3.561
2.536 3.528
2.526 3.517
2.507 3.497
20496 3. 485
24488 3.476
2o486 3,474
2.489 3.476
2.536 3.522
2,664 3.630
24786 3.771
2.927 3.913
3.090 4. 080
3.375 L. 382
Sel4i 6231

VELOCITY
OF SOUND
F1/SEC

4301
©290
4200
4108
4824
3940
3855
3769
3674

3875
3467
3360
3210
3062
2892
2760
2475
2198
1806

1302
1396
1459
1511
1554
1654
1738
1813
1881
1943

2000
2054
210%
2150
2194
2234
2272
2307
2341
2403

2460
2566
2669
2771
2875
2979
3083
3188
3293
3397

3500
3602
3704
3799
3894
3987
4078
4166
4252
4336

hols
4498
4577
4766
4946
5285
5603
5901
7195
8253

9158
9965
10693
11333
12354



TEM

220 PSIA ISO8AR

PZRATURE

DEG. R

25.742
26

560
589
600
650
700
800
900
1000
1500
2000

2590
3000
3500
4000
5000

TWO-PHASE BOUNDARY

QENSITY

L8/Cu FT

4.86063
4.85335
4479933
he74193
468112
4.61710
454922
L7780
heb0064

4031846
4.229067
413310
4.02710
3.9093%
3.77614
3.62129
3.43350
3,18649
2.78504

1.60492
1.18076
1.01530
0910624
0.84023
0.71497
0.63208
0.57098
1.52316
0.48426

0.45175
G.42400
0.39995
0.37882
0.36006
0.34328
0.32814
Ge3lbid
0.30186
0.,2797%

6.26083
0.23000
G.,20615
0.18686
U.170%
2.15762
0.14624
0.13663
G.12787
0.22033

0.1136%
3.10766
0.10229
0.097438
0.09302
0.08899
0.08530
0.08190
0.07877
0.07586

0.07317
0.07066
0.06832
0.06309
0.05861
0.05132
0.04564
0.064310
0.02745
0.02060

0.01649
0.01375
0.01179
0.01031
0.00818

VIOH/TV), VII2/0U)y =VLDP/0VIT  (DV/OT )YV THERMAL VISCOSITY THERMAL DIELECTRIC
CONDUCTIVITY OIFFUSIVITY CONSTANT

BTU/L8 PSIA-3J FT/BTU  PSIA 1/0EGe R BTU/FT=-HR-R LB/FV—?EC S1 FT/HR

X 10

288.8) 13.821 14322.69 0.0053884 0.06552 1.775 0.00602 1.25838
288.69 13.761 14173.36 0.0054330 0.06629 L1e76b1 8.00607 1.25795
287.24 13.258 13043420 0.0058376 0.05121 1.518 8.00636 1.2577
286.31 12.7238 11989.5L 0.0062357 0.05667 12344 0.00643 1.25440
285.69 12.237 11066.35 0.0066435 0.05669 1.205 0.00638 1.267846
283.53 11.819 10112.48 0.0071226 0.05807 1.092 0.00623 1.206640
280.20 114451 9209.05 0.0076639 8.05921 0.997 0.00606 1.24015
275.82 11.117 8334419 0.0082749 2.06052 8.916 0.00592 1.23599
269.48 10.810 7439.55 3.009031 2.06130 0.846 0.00572 1.23156
262,50 10.%512 6591 .46 0.0038808 0.06161 0780 0.00550 1.22682
25%.14 10.208 5754.70 0.0109158 0.06454 g8.728 0.00524 1.22173
244.03 9.889 8G13.43 0.0122266 0.06101 0.677 0.00495 1.21621
232.91 3,548 4114034 0.0138655 0.06013 8.629 0.00462 1.21019
220.95 9160 3265.80 0.0159273 3.058388 0.584 0.000628 1.20353
206.97 8.72% 2639.18 3.0188517 8.05723 0.540 0.00388 119604
191.00 3,238 1952.81 g.0232812 0.05511 d.496 G.00342 1.16738
172.66 7.65¢6 1320.20 0.0307079 0.05217 0450 0.00287 1.17697
150.77 3.918 750.96 0406610848 0.06974 2.399 0,00225 1163440
121.26 5.887 251.74 0.1052616 0.05002 0.334 0.00161 1214165
95.78 3.821 44,25 0,2798223 0.05030 0.210 0.00117 1.07976
104,09 4o 043 89.22 0.0953716 0.03077 0et77 0.00262 1.05821
112.63 4e 077 115.18 0.0612137 0.02709 0.169 0.00387 1.04993
128 .14 “e 100 131.76 0.0468452 0032564 0.166 0.00498 1.06485
127.59 ba087 Lbb. bt 0.0383972 0.02691 3.165 0.00605 1061127
165.69 4. 052 165421 0.0276314 0.020063 0.167 0.,00849 1.03495
162,90 4,003 178,16 8.0221537 002067 0.172 0.03082 1.03085
179.52 3.952 187406 0.0187405 g.02520 0.477 0.013t2 1.02784
135.78 3.300 193.52 6.0163718 0.02590 3.183 0.01506 1.,02568
211 .88 3. 846 198,43 0.0146140 0.02668 0.190 0.01779 1.02357
227.97 3.7388 202426 0.0132627 0.,02753 0.196 0.02019 1.82198
244416 3.729 205.28 040123678 0.02843 0.202 8.02260 1.02062
260.79 3.665 207.73 0.0112452 002965 s.208 8.02512 101904
277.70 3.594 209.75 0.0104858 0.03054 0.216 0.82768 1.01860
295.29 3.517 211.43 0.0098360 0.03164 0.221 d.03025 1.01749
313.546 3,636 212.84 0.009272s 0.03276 0.227 D.032483 1.01667
332.55 3.35¢C 216,03 0.0087779 0.03389 04233 0.03538 1.01593
352.35 3.261 215.05 0.0083397 0.03488 0.239 0.03776 1.01526
373.00 3.172 215.93 0.0079482 0.03605 0.245 J.06028 1.01665
#16.485 2.990 217.34 0.0072768 0.03385 9.256 0.04578 1.031357
464,00 2,816 218,61 0.0067199 0.36194 0,268 0.05156 1.01265
567.563 24503 219.83 0.0058406 0.05224 0.308 0.06847 1.01115
676.85 2,272 220.78 0.0051799 006145 0,342 G.08503 1.00998
788.33 2,103 221,38 0.0066619 0.06918 0,368 0.10073 1.00905
836.70 1.989 221.76 0.0082427 0.07551 0.387 0.11608 1.00828
998.77 1.947 222.01 0.0038954 0.08056 Oelelb 0.13137 1.00763
1092.27 1.879 222.16 0.0035025 0.084467 0,413 Oo16678 1.00708
1177 .42 L. 864 222.25% 0.0033519 0e08746 Qete3t 3.16243 1.00660
12564.73 1.866 222.29 0.0031349 0.08371 Qolele3 Q.47837 1.00618
1325.69 1.879 222.31 0.3029449 0.091 64 D454 0.1%664 1.00582
1391 .65 1.900 222.31 0.09027772 0.09279 0.465 6.21127 1.00%50
1653.88 1.926 222.29 0.0026279 0.09390 Deu?S 0.22828 1.00521
1514.07 1.953 222.2%6 0.0026942 0.09490 0.485 0.24567 1400695
1572.93 1.98: 222.22 0.0023736 0.09583 0490 G.26308 1.80671
1631.23 2.u06 222.19 0.002264% 0.09675 0.503 9.28160 1.00450
1689.87 2,030 222,14 0.0021649 g.09772 0.513 0.30015 1.00430
1768.86 2,052 222.10 0.0020740 0.09872 0.522 0.31909 1.00612
1808.70 2,071 222.08 0.0019904 2.909379 0.531 0.33340 1.00396
1869.42 2.088 222.01 0.00191 36 0.10092 0.540 0.354818 1.900381
1930.94 2.102 221,96 0.0018422 0.10209 04549 0.373831 1.00367
1993.41 2.113 221.32 0.0017762 0.10335 0.558 0.39885 1.00354
2057 .35 2.123 221.8 0.0017148 0.10465 0.566 0.41980 1.00341
2121.78 2.131 221.83 6.0016575 0.10599 0.575 0.44115 1.00330
2285,.82 2.145 221.73 0.0015299 0.10950 0.597 0.49632 1.00305
2453 ,35 2.153 221.64 8.0014206 0.11318 0.619 0.55408 1.00283
2796.11 20157 221 .47 0.0022433 0.12083 0.661 C.67732 1.00248
3162.53 2.156 221.34 0.0011054 0.12857 0.7046 0.81087 1.00220
3692.49 2.152 221.22 0.0009952 0.13636 G.7646 0.95453 1.08198
5302.58 2.107 220.8% 0.0006643 0417565 8.9647 1.81678 1.00133
7280 .45 2,319 220 .64 0.0006986 g.27727 1.136 3.70703 1.00099
9450.26 1.916 220.51 0.0003991 0.33498 1.313 5.38%32 1.00080
11760.78 1.823 220.43 0.0003327 0.39360 1.482 7.31631 1.00066
14301.22 1.728 220.36 0.0002853 0.45903 1.6644 9.54556 1.00057
17537.21 1.581 220 .14 0.0002498 0.55527 1.800 12.29383 1.00050
30889.25 1.068 218.143 0.0002017 1.08242 2.106 21.24709 1.0003%
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PRANOTL
NUNBER

241856
241255
1.7895
1.5859
124524
1.3665
1.3013
1.2438
1.2093

1.1881
1.1820
1.1916
1.2164
1.2560
1.3263
1.4392
1.6458
2.0099
3.0695

440259
2.0602
1.5468
1.3108
1.1688
0.9922
0.99054
06,8525
G.8170
0.7917

0.7727
0.75%88
0.7663
0.7363
8.7292
0.7265
0.7219
0.7263
G.7207
0.7208

0.7170
847043
0.7029
0.7029
0.7028
0.70264
0.7016
6.700S
0.6993
0.6980

0.6967
0.6954
0.6942
0.6930
0.6920
0.6910
0.6902
0.6895
0.68388
0.6883

0.6878
0.6874
0.6870
0.6863
0.6357
0.6850
0.6845
0.6861
0.6436
0.5352

0.5323
0.5305
0.5261
0.5114
0.4365



THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

230 PSIA IS03AR

TEMPERATURE YOLUME ISOTHERMN IS0CHORE INTERNAL ENTHALPY ENTROPY 4 cp VELOCITY

DERIVATIVE UDERIVATIVE ENERGY OF SOUNG

DEG. R CU FT/LE CU FT-PSIAZLB >SIA/R 8TusLs aTusLe 8Tu/LB-R BTV / LB =R FT/SEC
¢ 25,782 0.20564 2957.07 Tr.188 ~132.659 -123.901 1419644 1.150 1.556 307
26 0.20530 2935.19 17.116 -132.323 «3123.554 1.20786 1.154 1.568 4298
28 0.2082¢0 2734.04 76.205 -129.186 =120.319 1.3277¢ 1.197 1.674 4209
30 0.21073 2543.37 74.875 ~125.839 ~3116.865 1.44680 1.239 1.783 4117
32 08.21343 2374 .48 73,495 =122.277 ~113.187 1.56549 1.281 1.895 4036
34 0.21637 2205 .42 72,157 ~118,492 ~109.277 1,68398 1.320 2.815 3950
36 0.21958 2039.70 70.717 114,469 -105.117 1.80284 1.354 203142 3866
38 0.22308 1877.17 63,115 -110.202 -100.701 1.92220 1.385 2.276 3780
40 0.22693 1711 .43 67.355 =105.668 ~96.003 2404269 1612 2.423 3689
42 0.23122 1542.96 634310 =100.846 -90.999 2.16473 1ebe30 2.584 3588
(13 0.23602 1377.40 62,983 -95.709 -85.557 2,28896 1454 2.761 3681
46 D.24106 1206443 60.319 -90.219 =79.935 2.41611 144790 24967 3359
(1] Ge26772 1045.13 57.329 ~B84.329 ~73.778 2.547114 leteBé 3.199 3231
50 0.25505 881.02 63,948 -77.963 -67.101 2.68338 1.497 3.486 3083
52 D.26384 720.52 53.17¢6 -71.010 =59.773 2.827086 1.509 3.851 2918
54 0.27477 561.06 45,968 ~63,289 =51.586 2.981468 1.523 40366 2738
56 0.28913 407.19 41.198 =Sk, 470 ~642.156 3.15290 1.540 5.153 2512
58 030990 262.94 35.580 ~43.6853 «30.655 3.35456 1.565 6.531 2254
60 0.34730 123.62 28.277 -29.309 -16.517 3.62776 1.618 10.286 1308
62 0.49198 24.89 15.261 24124 23.077 4,24206 1.996 31.522 1349
64 0.75380 61.75 9.789 324961 65.065 %.91081 1.822 12.272 1388
66 0.90156 101.18 7.839 W5.7462 84,140 S.200604 1.72% 7.762 1452
68 1.01504 136,22 b.768 S5k.513 97.Thb 5.40782 1.661 6,088 1540
70 1.11130 . 162.364 5.028 61,536 108.851 S.56888 1.623 S5.204 1553
75 1.31759 223 .65 o894 75.720 131.836 S.88644 1.580 hel62 1652
ae 1.49722 275.75 4. 205 87.586 151.348 6.13846 1.563 3.692 1737
85 1.66183 322 .45 3.721 98,303 169,080 6,35353 1+556 3.422 1813
90 1.81701 365.54 34354 108.343 185.729 6456391 1.555 3.249 1881
95 1496551 «06.01 3.064 117.950 201.560 6.71620 1.559 34131 1943
100 2.10835 LITPER | 2.820 127.302 217.122 6.870085 T 14567 3.047 2001
105 2424860 481.31 2.628 136.436 232,203 7.02202 1.579 2.989 2055
110 2.38525 516,94 24459 145,460 2h7.068 7.16016 1.595 24951 2105
115 2.519%6 551 .57 2314 156,439 201,763 7.29078 1.617 2.929 2152
120 2.65166 585.35 2,188 163,425 2764358 7.41519 1643 2.919 2195
125 2.78220 618,43 2.074 172.461 290.954 7.53435 1.674 2.920 2235
130 2.91131 650.92 1.973 181.586 305.578 7.64907 1.710 2.931 2273
135 3.03921 682.86 1.883 190.836 320,275 7.76000 1.750 2.9%9 2309
140 3.16607 T1k.37 1.801 208.239 335.08¢ 7.86769 1.794 2.974% 2342
150 3.41715 T76.26 1.659 219.607 365.142 8.07506 1.891 3.0u1 2405
160 3.66539 836,91 1.539 239. 853 395.962 8,27393 1.998 3.125 2462
180 4.15630 955,66 10345 283.664 460.706 8.65374 2.230 3.321 2568
200 4.66077 1071 .45 1.198 331.368 529.017 9.013460 2ebi2 3.510 2671
220 5.12037 1185.50 l.088 382.879 600,954 9.35611 2.626 3.678 2773
240 5.59689 1298.45 0.9848 437,523 675,893 9.68185 2.767 3.807 2876
260 6.07109 1409.74 0.9050 494, 392 752.958 9499043 2+862 3.893 2981
280 6.54348 1520.50 0.837% 5524 664 331.349 10.28078 2913 3.937 3085
300 TeD1bb3 1630.61 0.779% 611,494 910.237 10.55306 2.930 3948 3190
320 7T.48422 1740.19 0.7290 670.349 989.108 10.80757 2.921 3.935 3295
340 7.953006 1849.34 05848 728.802 1067.521 11,0499 24895 3.905 3399
360 8.42112 1958.13 Le5457 186.588 1145.242 11.26719 24859 3.866 3s582
380 8.88853 2066.63 0.5109 843.561 1222.122 11.47504 2.818 3.822 3604
«00 9.35639 2174,88 £.5798 893,664 1298.108 11.67001 2775 3.777 3703
%20 9.82179 2282.93 0.5516 954,907 1373.215 11.85321 2.734 3.734 3s01
4D 10.28780 2390.79 0.5261 1009.348 1647.503 12.02606 2.696 3,696 3896
%60 10.75340 2498.50 6.5029 106304k 15214.031 12.18949 2.662 3.659 3989
#80 11.21884 2606.09 Qo817 1116.087 1593.895 12434433 2.632 3.628 4080
500 11.68397 2713.55 Geb622 1168.555 16664172 12.49203 2.606 3,601 4368
520 12.14888 2820.92 Gelibiez 1220.530 1737.947 12.63291 2.583 34577 4254
5490 12.61359 2928.21 Coets270 1272.078 1809.288 12,7675 2.564 3.558 4338
560 13.07814 3035.42 Geb122 1323.200 1880.195 12.89598 24549 3.562 420
580 13.54255 31462.586 Ce.3972 1374101 1950.875 13.01985 24536 3.528 #500
6500 14.00682 3249404 Ge3845 1426.801 2021.368 13.13937 24526 3.517 4579
6550 15.16701 3517413 0.3547 1550.561 2196.5621 13.42024 2,507 3.497 4768
T00 16.32666 3784.38 0.3292 1675.836 2374.184 13.67922 24496 J.486 498
800 18.64477 4318.34 0.2879 1924,981 2719.057 lb. 14606 2.488 3eb77 5287
900 20.96133 “851 .82 G.2558 2173.895 3066.655 14,55316 2486 30474 5604
1000 23.27820 5385.00 .2302 2622.612 316,025 14,9139 2.489 3,476 5903
1500 34.85518 80u8.74 0e153¢ 36760439 5160.913 16.33468 24536 3.522 7196
2000 4b.02912 1071134 0.1150 4969.677 6947.082 17.36018 2.6kt 3.630 8254
2500 58.00213 13373.11 0.0920 5327.030 8797.327 18,18531 2.786 3.771 9159
3300 69,.57561 16034.91 6.0767 T756.073 10719.282 18.87617 24926 3.913 9966
3500 81.15835 18696.62 0.0657 9264.800 12721.315 19. 49594 3.089 4,079 10694
4000 92,79410 21358.23 0.0575 10881.037 14833.116 20,25235% 3.370 “.376 14335
5000 116497147 26681 .54 Ga0W60 1953.7642 19935.530 22.21857 S.004 6.389 12359

® TWD=-PHASE BOUNDARY

€8



TEMPERATURE DENSITY Vv (OH/ 0V VIOP/DU)  -VIDP/DVY,  {DV/DT)/V  THERMAL  VISCOSITY
P v P SONGUCTIVITY
DEG. R LB/CU FT 8TU/LB PSIA-3J FT/BIU PSIA 170€6. R BTU/FT=-HR~R LB/FT=
X 19
® 25,782 4.8629 289.97 13.806  14388.10  0.0053677  0.04567 1.778
26 4. 85679 289.83 13,755 14255.57  0.0054095  0.04633 1.749
28 . 80299 288.46 13.259  13131.56  0.0058032  0.05126 1.525
30 4474583 287.39 12,733 12070.43  0.0062031  0.05456 1.350
32 %.68534 286.81 12,249 11125.23  0.0066062 0.05577 1.210
36 4.62164 284,69 11,832 10192.65 0.0070793  0.05817 1.096
36 4e55415 281,43 11,464 9289.09 0.0076129 0.05932 1.001
38 . 48275 277.13 11,131 8416.87  0.0082135 0.06064 0.320
40 4.40655 271.33 13,824 756,76  0.0089309 0.06143 0.850
] 4. 32697 264,01 10,527 6673,26  0.uU097868 0.06176 0.788
e 9,23698 255,81 13.226 5836.02 0.0107921  0.06168 0.732
6 Gollll 245.80 9.910 4996.33  0.0120727 0.06121 0.681
8 4.,03679 235,40 3.573 4218.96  0.0135884  0,06035 0.633
50 3.92086 223.23 3.193 3656.35 0.0156175  0.05913 0.588
52 3,79023 209.62 8.770 2739,93  0,018372¢  0.05753 0.506
54 3.63946 193,95 8.294 2001.96  0.0225119  0.05549 0.500
56 3.45867 176416 7.735 1408.33  0.0292529  0,05267 0.456
58 3.22688 155.75 7,04t 868,48 0.0619342  0.05003 04407
60 2.87934 129.47 5.071 355.9%  0,0796438  0.0490% 0,308
62 2.03258 98.06 %, 009 50.58 0.3214705  0.05934 0.268
6l 1.32662 102.639 6. 051 81.92  0.1195033  0.03u28 0.189
86 1.10918 111.05 4,097 112.15 0.0698961  0.02868 0.175
58 0.38513 118.9 4e135 132.23  0,0511806 0.02663 0.170
70 0.90009 126415 ..126 146.12  0.0612511  0.02566 0.168
75 0.75896 14k,35 4. 082 169.74  0,0288325  0.02690 0.169
80 0.66795 161,71 24029 184,18  0.0228308  0.02502 0.173
85 0.60175 178,47 3.974 194,03  0.0191752  0.02543 9.179
90 0.55035 194.85 3.919 201.18  0.0166732  0.02614 0.180
95 0.50877 211.05 3,863 206.57  0.0168339  0.02690 0,190
190 047017 227.22 3.803 210.73  0.0136086 0.02773 9.197
105 Dolbete72 203,48 3.703 214.05  0.0122770  0.02861 0.203
110 0.641926 260,06 3.677 216.73  0.011368L  08.02962 2.209
118 0.39691 2717.11 3.606 218,92  0.0105692  0.03069 0.215
120 0.37712 29k, 70 3.528 220.75  0.0099065  0.03179 0.221
125 0.35943 313.03 3.44b 222,28  0.009329%  0.03290 8.227
130 0034303 332.06 3.359 223.58 0.0088258  0.03402 0.233
135 0.32903 351,89 3,276 226.68  0.0083806  0.03500 0.239
140 0.31585 372.57 3.179 225.63 0.0079630  0.03616 0.265
150 0.29264 416,45 2.997 227.16  0.0073026 0.03896 0.257
160 0.27282 463.63 2.822 228.35  0.0067395  0.06204 0.268
180 0.24056 567.38 2.508 229.85 0.0058529  0.05227 0.308
200 0421548 676.61 2.276 230.88 0.0051875  0.06147 D.362
220 0.19530 788,18 2.108 231,53 0.0066667 0.06918 0.368
260 0.17867 896.72 1.992 231.9¢  0,0062658  0.07551 0.387
260 0.16672 998.83 1.920 232,20 0,0038973  .08056 04404
280 0.15282 1092.43 1.881 232,37 040036037  0.08447 G.418
300 0414256 1177.67 1.866 232,46 0.0033526  0.08746 0.431
320 0.13361 1255.06 1868 232 .51 0.0031352 0.38971 Gatels3
340 0.1257% 1326.93 1.881 232 .53 0.0029443 0.0914b Ge454
360 0.11875 1392.10 1,902 232.53  0.0027770  0.09280 0.465
380 0.11250 1454 .38 1.927 232,51 0.0026277  0.09391 0.475
400 0.10689 1514.62 1.956 232.47  0.0026938  0.09491 0.485
.20 0.10181 1573.47 1.982 232.43  0.0023733  0.095864 8.49%
Y] 0.09720 1631 .84 2.008 232.39  0,0022640 0.09677 0,504
480 0.09299 1690.50 2,032 232.34  0.0021645  0.09773 8.513
“80 0.0891% 179,51 2,053 232,30 0.0020735 0.0987% 0.522
500 0.08553 1809.37 2,072 232.2%  0.0013900  0.09980 0.531
520 0.08231 1870411 2.089 232.20  0.0013130  0,10093 0.540
S48 0.07928 1931.62 2.103 232.15  0.0018418  0.10211 0.549
560 0.07646 199%,53 2,114 232.10  0.0017758  0.10337 0.558
580 0407384 2058.08 2.126 232,05  0.00171é  0.10667 0.566
600 0.07139 2122.52 2.132 232.00 0.0016571  0.13601 0.575
650 0.06593 2286.58 2,146 231.89  0.0015295  0.10952 0.597
700 0.06125 2654413 2.153 231,79 0.,0014203  0.11320 0.619
a00 8.05363 2796.92 2.157 231,61 0.0012430  0.12086 0.661
900 0.06772 3143.37 2.157 231.46  0.0011052 0.12360 a.706
1000 0.042% 3493. 3¢ 2,183 231,33  0.0009950 0.13639 0.746
1500 0.02869 5303.49 2.108 230.92  0.0006642 0.17570 0.947
2000 0.02156 728101 2.020 230.70  0.0004985 0.27727 1.136
25400 0.01726 51,23 1.916 230.56  0.0003990  0.33498 1,310
3000 0.01437 11761 . 36 1.823 230.47 040003327  0.39357 146483
3500 0.01232 14298.09 1.727 230.37  0.0002853  0.45881 1,645
%000 9.01078 17516.95 1.583 230.17  0.0002698  0.55617 1.801
5090 0.00855 30630.01 1.075 228.18  0.0002017  1.07227 2.107
® TWO-PHASE BOUNDARY
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THERMAL

0.00603
0,00608
0.00637
0.00645
0.00639
0.0062%
0.00608
3.00596
0.00575

0.080553
0.00527
0.004698
0.00467
0o 0UL33
0.0039%
0.00349
0.00296
0.00237
0.00166

0,00093
0.00211
2.00333
0.000ik
0.00548
0.00788
0.01015
0.01238
0.01462
0.01689

0.01919
0.92152
3.02394
0.02640
0.02887
0.0313%
0.03380
6.03607
0.03349
0.06378

0.04932
0.06543
0.08127
0.09631
0.11101
G.12564
Q.140%0
0.15538
0.17064
0.18623

0.20215
0.21843
0.23507
0.25209
0.26947
g.28722
0.3053%
0.32387
0.34277
8.36203

0.38169
0,40176
0.42217
0ob7497
0.53025
0.664819
9.77598
0.91346
1.73858
3.54631

$.15171
6.99866
9.12957
11.75117
20.26551

OIELECTRIC
OIFFUSIVITY CONSTANT
;EC $Q FT/HR

1.25852
1.25815
1.25498
1.25163
1424809
1.26637
1.2460068
1.23630
1.235189

1.22720
1.22215
1.21669
1.2107%
1.20618
1.19683
1.18839
1.17836
1.16561
1.14672

1.10185
1.06558
1.05461
100840
1.06415
1.03713
1.03262
1.02935
1.02682
1.02678

1.02308
1.02163
1.02038
1.01929
1.01832
1.01766
1.01668
1.01597
1.01533
1.01620

1.01323
1.0116&
1.01064
1.00946
1.00865
1.00797
1.00740
1.006990
1.30646
1.30608

1.00574
1005046
1.30547
1.00692
1.00673
100650
1.00431
100615
1.00398
1.00383

1.00370
1.00357
1.008365
1.00319
1.00296
1.00259
1.00230
1.00207
1.00139
1.00104

1.00083
1.30069
1.00059
1.00052
1.00001

PRANDTL
NUMBER

241815
2.1307
1.7928
1.5887
1.4543
1.3675
1.3017
142435
1.2069

1.1864
1.1791
1.1879
1.2077
1.2673
1.3106
1eh172
1.6050
19142
2.6302

boTli8
2.4368
1.7081
144006
1.2292
1.0190
0.9210
0.8632
0.82648
0.7977

Se7774
0.7626
0.7495
0.7339
0.7314
0.7264
0.7236
0.7258
0.7261
0.7219

0.7178
0.7053
0.7036
0.7036
0.7033
0.7028
0.7019
0.7008
0.6996
2.6982

0.69%9
0.6956
0.6943
0.6932
4.6921
8.6912
0.6903
0.6896
0.6889
0.6883

0.6879
0.6874
0.6870
0.6863
0.6857
0.6850
08.6845
0.63842
0.6336
0.5354

0.5325
0.5307
0.5263
0.5119
0.4378



240 PSIA ISOBAR

TEMPERATURE
DzG. R

® 25.822

340

36l
380
40
420
bbd
60
B0
500
520
545~

560
580
630
650
740
830
940
1040
1504
2300

2530
3603
3500
40060
S350

® TWO-PHASE BGUNDARY

voLuME
CuU FT/LB

0.20554
0.20575
0.20805
0.21054
0.21324
0.21616
0.21954
0.22281
0.22664

0.23087
0.23562
0.24099
0.24744
D.25432
0.26289
0427365
0.28715
0.30645
1.33865

0.42436
0.66348
0.82367
Ce94101
1.63929
1024313
1.41922
1.57977
1.73049
1.87435

2.01338
2.14796
2.27981
2.40920
2.53658
2,66228
2.78655
2.90961
3.03162
3.27302

3.51157
3.96359
LYY 8
4.90863
5.36565
5.82054
0.27362
6.72527
7.17576
7.62530u

8.,07406
8.52217
8.96974
9. 41604
9.8635%
10.30993
10.75601
11.20185
11.64746
12.09289

12.53815
12.9832¢
13.42804
14.564021
15.65164
17.87331
20.09333
22.31386
33.40866
b4e 50043

55.59127
66.68253
77.78248
88.33212
112.08137

ISOTHERM

DERIVATIVE DERIVATIVE

CU FT=-PSIA/LS

2967 o 43
2949.98
2750.28
2558.25
2389,52
2220451
2054496
1892.81
1727.89

1559.39
1394.97
1223.79
1064.35
900.62
T4la43
586.35
434.63
287.15
143.53

42.59
49.63
£5.65
123.70
153,93
216.33
269.75
317 .62
3o0l.25
402,32

bl .26
478454
Sika56
549,49
583.56
616.89
649.59
681.76
713 .40
775.68

836462
955.54
1071.93
1186.29
1299.13
1410.99
1521.92
1632.18
1741.89
1851 .14

1960.03
2068 .61
2176493
2285.04
23392.96
2500.72
2608,35
2715.80
2823.26
2930458

3037.82
31464.93
3252.49
3519.04
3786.93
4320.95
485k .43
5347 .79
80351.53
15713.93

13375.94
16037.75
18649.47
21301.13
Zno84.39

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

I130CHORE
2SIa/R

77.201
77,143
76.269
744986
73.617
72. 286
72. 850
63. 265
674515

65,488
634190
60.561
57+.604
Sks281
50.582
454460
41.835
36,458
23.75%

13.882
1l.406
8743
7e415
6.549
5. cml
bot?73
3.942
3.545
3.232

2.976
2764
2584
24430
22946
2,175
2.069
1,978
1.887
1.737

1.610
1,407
1.252
14129
10029
0.9452
0.8745
G.6138
f0.7011
Ge7109

Ga6741
Gebd78
Jenl52
6.5758
Gedb92
8.5249
be3027
Ue4820
o636
Lebibe

Cet301
o152
[PY 7 ¥3
0.3701
L3435
0.3004
6.2669
Je24ib2
C.1600
B.12804

U.0800
CedB30
i.0680b
[PXT-1%
Col480

INTERNAL
ENERGY
BTu/Le

-132.645
-132.371
«129.242
~125.904
-122.352
~118.579
“114.570
«110.319
~105.8064

=101.006
~95.898
=90, bige
-8k 600
«~78.296
~T1.429
-63.838
~55,236
-45,036
-3l.721

-8.834
254587
414254
510133
58.814
73.723
85.975
96.927
107.135
116.870

126,325
135.540
144,033
153.669
162,706
171.783
180. 946
190,280
199.663
219.082

239.374
283.257
331.0143
382.564
437,240
494,130
552,431
&11.281
©70.15%
728.023

786,423
Bud. b9
899,523
954.776
1089.225
1062.929
1115.980
11684 45%
1220.435
1271.983

1323.110
13740022
16426.726
1550.5%
1675.778
19240935
2173.857
2422.581
Jo76. 420
4969.068

6327.02s
77560 w42
Gib6ue 524
13879,456
14935.05¢

ENTHALPY
BTU/LB

~123.511
-123.227
~119.996
~116.547
~112.875
-108.972
~104.822
=100.417

-95.,732

-30.746
-85.427
=79.73¢
~73.617
-56.993
«59.74b
~51.685
42,472
“31.417
-16,671

10.025
55.373
77.859
92.353
135.002
128.969
149.3462
167.134
184,040
208.109

215.790
236,999
2654951
260.738
275.433
290.098
304.785
319,537
336.393
304,540

395.431
860.294
528.695
8d0.702
8754697
752.809
83L.240
910.162
989.050
1067.5353

1145.247
1222.147
1298.153
1373.274
147,576
1521.118
1533.995
1660.281
1738.066
1839.415

1880.330
1951.017
2921.497
2196.785
2371.366
2719.251
3006.862
3al4.242
51b1.155
697,336

8797.582
13719.514
12721.293
164831.730
139916.11%

70

ENTROPY
8TU/LB-R

1.19682
1.20579
1.32547
lebibbdl
1.56289
1.68116
1.79975
1.91882
2.03895

2.16057
2.284627
2.41377
2.54093
2.67609
2.81819
2.97025
3.13772
3.33158
3.58128

4.01798
4.73420
5.08528
5.31375
5.48546
S5.8166z2
6. 9759
Bel9534
6.48566
6.66309

©.82357
6. 37180
72110892
T.24238
736747
7.48720
7.60240
T.71374
7.82179
8.0297¢

8.22910
8.00959
8.96372
S.312/6
9.63876
9. 34752
10.23802
10.51042
1d.765(3
11.0u253

11.22480
11. 43270
11.62771
11.81095
1l.98384
12.14730
12.36218
i2.44988
12.59078
12472542

12.,85388
12.97777
13.09739
13.87819
13.63719
14.10205
14.51117
14.87696
16.29271
i7.31822

18.14336
18.83422
19.45390
20.20996
22.17228

cv ce
8Tu 7 LB -R
1.151 1.556
1.154 1.566
1.197 1.671
1.239 1.780
1.280 1.891
1.319 2.012
1.354 2.138
1.385 2.2780
1.412 2.415
1ob3d 24574
1.458 2.748
1eb76 20952
1.483 3.17b
1e496 J.456
1.509 3.805
1.522 4e275
1.538 4.981
1.561 6.2340
1.603 a1/
1.818 21.008
1.861 15.530
i.747 8.816
1.677 6.633
i.634 5.533
1e584 o308
l1e506 3.779
1.559 J.uBe
1.554 3,293
1.561 3.166
1e50Y9 3.075
1.584 delis
1.597 £e 971
1.618 2.946
1e6bk 24934
1.675 2.933
1.711 2.942
1,751 2.959
1.795 2.984
1.89¢ 3,349
1999 3,151
24230 3.326
2ol 3.514
2.627 3.681
2.767 3.814
2.862 3.895
24913 3.939
2.930 2.950
2e92a 30936
2.8% 3.906
24859 d.867
2e818 3.823
2.775 3.778
2e734 3.73>
2.696 3695
24662 3.b60
20632 3.6248
2.60b 3.031
2a 084 3.578
24504 3.558
2.543 3.542
24536 3.529
2.5¢6 3.513
24547 Se498
2.496 3.486
2. 488 3aull
2e480 3ok7u
2e483 3476
24536 s.522
24041 3.633
2.780 3.771
249co 3.91<
3.084 bou7d
3.360 Lel371
4.9619 Celbu

VELOCITY
OF SOUND
FI/SEC

4312
4305
“218
wi27
L0bk
3960
3877
3r9e
3701

3601
3496
3375
3249
3104
2943
2762
2554
2304
1988

154¢C
1385
1446
1565
1554
1651
1737
4813
1881
194k

2a01
2050
216
2153
2196
2237
22715
2310
2344
2406

2664
2569
2873
_2775
2878
2983
3087
3193
3297
3401

3504
J6L6
37¢5
38063
3898
3991
#J81
4170
4256
L340

“u22
4562
«581
&709
«950
5289
56Ub
5904
7138
8255

916¢
9967
10690
11337
12304



THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN
240 PSIA ISOBAR

TENPERATURE DENSITY V(DHIDV5 V(BP/DU% -V(UPIDV& (DVIDTélV THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL

CONDUCTEIVITY OIFFUSIVITY CONSTANT NUNBER
DEG. R LB/CuU FT B8Tu/L8 PSIA-U FT/BTU  PSIA 1/DEGe R BTU/FT~-HR=R LBIFT-?EC SQ FT/HR
X 13
® 25.822 4.86529 291.06 13.790 1463742 0.0053473 G.04583 1.78¢ 0.00605 1.25865 2.1775
26 “.86021 230.97 13.750 16337.50 0.0053805 3.06636 1.757 0.00609 1.25835 2.1358
28 4.80664 289.68 13.260 13219.58 0.005769 8.05132 1.532 0.00639 1.25%28 1.79%4
30 474973 288.46 124743 12151.09 3.0061712 0.35460 1.356 0.00546 1.25186 1.5915
32 4.68953 287.32 12.260 11205.72 3.006509% J3.35686 1.216 d.0006064 1.24833 1.4501
3 be62616 235.85 11. 844 102472.39 0.G670369 3.05826 1.102 0.00626 126463 1.3687
36 4.35905 232.63 1le478 9%68.67 3.0075030 0.05942 1.005 0.00610 1.26073 1.3021
38 4208806 278,03 13145 3495.0% 940031536 Ue06376 Q.92¢6 Ve 00596 1.23661 1.2433
“ bob1237 272.76 10.838 7624409 0.008855% 0. 06156 G.854 0.00578 1.23223 1.2058
2 33140 265451 10542 6754.33 0.0096957 6.06191 G.791 0.00555 1.22757 1418467
L 1] bo20420 257 +49 104 24k 5920.50 8.0106734 0.06185 8.73% 8.00530 1.22256 1e1764
(13 belWd62 247 .54 34938 surs.27 0.0119254 J.u6160 3.684 G.00502 1.21716 1e1844
“8 bo Q4627 237 . 4is 9.597 £306.64 0.0133757 0.036057 0.637 0.30672 1.21128 1+2018
50 3.93208 225444 94225 3541.32 0.0153278 0.05339 0.592 0.00637 1.20681 1.2393
52 3.8039L 212.13 8.812 2820.56 0.0179332 0.05783 G548 0.004400 1.19759 1.2983
5% 3.85691 197.28 8.348 2344,23 0.0216676 0.05546 0.505 4.00357 1.18937 1.3915
56 3o 48265 180.22 7.811 1513.77 00276365 0.05314 [RTY:38 4.00306 1.17967 1.5564
58 3.26317 160.11 7158 437 .02 6.0383080 0.05037 0.415 0.00248 1.16759 1.8455
62 2.952% 135.74 54285 41455 0.0673870 S.04908 8.360 0.00482 1.15070 2.4154
62 2.35651 106.04 e b4 0 100.36 0.1981082 0.05300 0.282 0.00107 1.11883 ke0163
b4 1.50721 101.89 4e 066 74.80 0.1526827 0.03309 0.206 d.00167 1.07676 2.9241
66 1421408 139.76 40123 108.86 0.08032532 0.03057 0,183 8.00286 1.05989 1.9049
68 1.062869 117.60 40160 131,46 1.0564074 J.02778 G.175 C.u039% 1.05228 1.5070
70 8.96220 125.19 4165 168.17 040441956 0.02647 d.172 0.00497 1.06725 1.2950
75 0.80442 163.07 bel13 176.02 0.0301104 2.02538 e172 0.00733 1.03939 1.0681
L.1] 0.70461 160.57 4e 055 190.07 0.0235341 0.02538 0.175 0.00953 103004 3.9379
85 0.563300 177 .46 3.996 200.93 0.01356208 0.02578 0.180 Q.01170 1.03090 1. 8704
90 0.57787 133.95 3. 938 208.76 0.0169796 0402639 0.185 0.01387 1.02818 0.8329
95 0.53352 210.25 3.880 214,65 0.0150562 0.02712 0.191 0.01606 1.02599 0.8038
100 0.49675 226.50 3. 818 219.19 0.0135756 0.02793 0.197 D.01828 1.02619 0.7822
105 8.46556 242,82 3.757 222.79 0.0124067 0.02879 0.203 0.02053 1.02265 G.70664
140 0.43863 259.45 3.690 225.89 G.01146511 0.02978 g.210 0.02285 1.02133 07526
118 0.41508 276454 3.617 228.08 0.0106524 0.03085 0.216 0.02523 1.02018 0e7615
120 B.39423 234,21 3.539 230.06 0.0033729 0. 03193 8.222 6.02762 1.01916 0.7336
125 0.37562 312453 3. 456 231.71 3.00393862 3.03304 8.228 0.02998 1.01825 0.7233
130 0.35887 331.59 3.369 233.12 6.0088735 0.03415 Ue236 0.03235 1.01763 8.7252
135 0.34369 351 .45 3.279 234.31 0.0084207 . 03512 Ge2060 G.03453 1.01669 0.7270
1460 0432986 372.14 3.187 235.34 G.0080174 0.03627 0.246 0.03686 1.01601 0.7275
150 0.30553 416407 3,004 236.99 0.d073282 6.033907 2.257 0.0419% 1.01482 d.7229
160 0.28477 463.28 2,829 238.25 0.6067589 0.06234 0.269 0.04726 1.01381 3.7186
140 3.25103 567 .09 2.513 239.87 0.005865¢8 0.0523¢C 0.308 0.06264 1.01217 0.7062
200 D.22081 676.38 2.28¢C 260,98 0.0051950 G.00148 G.342 0.07783 1.61089 0470463
224 1.20373 788.06 2,319 241.68 0.0046715 0.00919 0.368 8.0922% 1.00987 0.7040
240 0.18637 396.63 1.995 262,13 0.0042488 0.07552 0.387 3.10635 1.309432 0.7037
260 Ge17181 938,49 1.922 262,42 0.0038993 0.08057 [RLY I Ue12340 1.30832 0.7032
240 3.15940 1392.59 1,883 262.59 0.0655049 Do udbad 0.418 0.13456 1.00772 G.7023
300 J.16869 1177 .92 1.868 2642.69 2.0333532 Q08747 Gew3L G.14893 1.007193 0.7012
320 0.13936 1255.39 1.869 262.75 d3.0631355 0.03972 Dobb3 0.16356 L.00676 0.69938
ELY) 0.13116 1326.48 1.883 242.76 0.0029450 0.09145 PR 1Y Gel17851 1.0063¢% 0.69485
360 0.32385 1392.56 1.933 262.76 0.0027769 0.39241 0.465 0.19378 1.08599 0.6971
380 Ga11736 1654.89 1.929 202,73 0340026274 G.09392 G.675 0420940 1.00567 046957
00 Je11143 1515.15 1.956 262.70 0.0026935 3.094992 0.485 2.22536 1.00539 0.6945
~20 0,40619 1574.95 1.983 2642065 0.0023729 Ced9546 04496 Ge2k168 1.00513 0.6933
“hi 0.10138 1632 .43 24009 262464 8.0022636 0.09678 de504 025835 1.00690 0.6922
460 0.09699 1691.13 2.033 242455 d.00210648 0409775 8513 G.27537 1.30089 0.6913
4840 0.0929?7 1750416 2.059 262.50 0.0020730 0.09875 de522 06.29276 130649 0.6904%
502 0.08927 1810.06 24074 242,45 0.6019895 d.09982 3.531 0.31352 1.G0632 0.689¢
520 0.08586 1870.83 24090 262.39 0.0019125 0.10095 G560 0.32364 1.00415 0.6890
540 V.08269 1932.32 2.106 262434 0.3018413 U.10213 ie549 Gad6711 L.00600 0.6884
560 0.07976 1995.25 24115 262.29 0.0017753 0.10339 0.558 0.36596 1.30335 0.6879
580 g.07702 2058.81 2.125 2u2.23 0.0017139 de10469 0.567 0.38518 1.00372 0.6875
600 0s07047 2123.26 2,133 262.18 0.0016567 0.10603 0.575 OQeel78 1.00360 de88712
850 3.06877 2287.35 20467 b2 .00 0.001329 030954 0.597 B.45540 1.00332 0.6863
700 0.06389 2654 .92 24154 2k1.95 00316199 0.11323 0.619 0.50840 14003949 0.6458
800 0.05595 2797.74 2.158 241.75 00012627 0.12089 3.662 Ge62140 1.0u270 0.6850
900 0.04977 3lb .28 20157 261.59 0.0011049 0.12863 B.70% Q.74401 1.00240 0.6845
1002 0.04482 3494 .20 2.154 2143 3.0009947 3413643 Qe746 0.a7582 1.00216 0.6842
1500 0.32993 5304.44 2.108 241.00 0.0000b41 0.17575 Ge 907 1.66689 1.00145 0.6836
2000 0.02267 7282.36 2.020 240.76 8.0000385 0.27727 1.136 3.394948 1.00108 045355
2500 0.01793 9652.21 1.916 240.61 0.0003990 0.33498 1e316 #.93756 1.00087 0.5327
3000 0.01500 11761.9% 1.823 200451 0.0003326 0.39355 14483 6,70749 1.00072 0.5309
3500 0.012806 16295.23 1.727 2h0.41 0.0002852 0.45860 14645 8.74834 1.00062 0.5266
4000 0.0112% 17498.05 1.585 2¢d.20 G.0002498 0.55314 14801 11.25426 1.00056 Ge5124
5040 0.00892 30503.36 1.083 238.08 0.0002016 1.06275 2,107 19.36858 1.00043 004390

® TWO-PHASE BQUNDARY

7l



THERMGUYNAMIC PROPERTIES OF >ARAHYDROGEN

250 PSIA ISO3AR

TEMPERATURE VOLUME ISOTHERM I30CHORE INTERNAL ENTHALPY ENTROPY cv cp VELOCITY

DERIVATIVE ODERIVATIVE ENERGY OF SOUND

DEG. R CU FT/LB CU FT=PSIA/ZLB PSIA/R BTuU/L3 aTu/sLe 8Tu/LB-R 8TU 7 LB =R FT/sSEC
* 25.862 0.20564 2977.78 77.214 «132.631 -123.121 1.19520 1.152 1.556 4318
26 0.20561 2964.70 77-170 -132.418 -122.899 1.20373 1.154 1.563 #4313
28 8.20789 2766.43 764333 -129.297 -119.673 1.32325 1.197 1.669 4227
38 0.21037 2573406 75.097 =125%.968 -116.229% 1.466202 1.239 1.778 4136
32 0.21305 2004 .47 73.738 =122,426 ~112.563 1.56031 1.280 1.888 4054
36 0.21595 2235.48 724413 ~118.665 -108.668 1.67836 1.319 2.008 3970
36 9.21912 2070.41 70.993 -114,670 =104.526 1.79669 1.354 2,133 3887
38 8.22255 1908.32 6. b1t ~110.435 -108.132 1.91567 1.384 2.264 3803
0 0.22634 1744 .16 67.573 ~105.939 ~95.461 2.03525 1,411 2.408 3743
b2 0.23053 1575466 65.665 ~101.164 «90.491 2.15646 1434 2.565 3614
LT3 9.23522 1412.32 63.39% ~96.08% ~85.19% 2.2796% 1,453 2.736 3510
46 0026051 1246.77 60.798 -90.667 ~79.533 2440546 1469 2.930 3394
48 0.24657 1063.23 57.875 =84 ,865 ~73.451 2.53687 1.483 3.454 3267
50 0.253614 919.80 56,606 -78.620 ~66.868C 2.66896 1.496 3.427 3124
52 0.26197 761.87 50.978 =71.835 ~59.707 2.80959 1.509 3.763 2967
St D.27221 608.34 45. 981 =64 .36k ~51.762 2.95967 1.521 4.205 2791
56 8.28532 “57.43 b2, 4637 =55.952 ~h2.763 3.12361 1.536 4.860 2589
58 0.30336 315.12 37.273 ~46.119 ~32.075 3.31050 1.557 5.915 2355
60 0.33184 178.79 31.025 =-33.709 “18,3467 3.54300 31.593 8.180 2062
62 0.39335 67 .46 22,533 -14,951 3.258 3.89667 1.730 15,0080 1660
(-1 0.57877 42.72 13.439 17.042 43.805 454018 1.882 18.667 1601
66 0.75027 79.06 9.788 36.288 71.021 4.95960 1.765 16.101 1448
638 8.87201 114,13 B.131 47.519 87.887 5.21158 1.69¢4 Te260 1503
T0 0.97165 145.00 7.102 55.905 100.886 S5.40008 1e6L7 5.903 1552
75 1.17449 209.15 5.604 71.671 126.042 5.74776 1.588 bo bl 1650
80 1.34753 263.87 4. 751 84 o326 146.708 6e0iLT1 1.569 3.870 1737
85 1.50431 312.48 8170 95.533 165.173 6.23869 1,561 3,564 1813
90 1.65096 357.05 3.739 105,917 182,344 6.43506 1.560 3.339 1882
95 1.79056 398.71 3.403 115.782 198.873 6.61164 1.563 3.204 1945
100 1.92496 438.12 3.128 125430446 2144456 6.77359 1.572 3.103 2002
185 2405544 475.83 2.902 1344642 229.795 6.92328 1.582 3.036 2057
1110 2.18287 512.20 2.711 143,803 264,855 T.063640 1.598 2.99¢ 2107
115 2.30783 547 .46 2e54L7 152.898 259.734 7.19569 1.619 2.963 2154
120 2.43076 581,81 2.403 161,982 274.510 T.32146 1.646 2,949 2198
125 2.55201 615,39 2.277 171,166 269.245 Tebbl?6 1.677 2.947 2238
130 2.67183 648.32 2,165 180,306 303,993 7.55745 1.712 2.95% 2276
135 2.79043 680.69 2. 064 189.623 318.8012 7.66921 1.752 2.970 2312
140 2.90738 712.58 1.973 199.086 333.706 7.77762 1.795 2.993 2346
150 314045 775.13 1.815 218.558 363.939 7.98618 1.893 3,057 2608
160 3.37009 836.35 1.682 238.890 394.902 8.18598 1.999 3.138 2466
180 3.82647 955 .64 1.469 282.850 459.883 8.56716 2.231 3.331 2571
200 427036 1072.42 1.306 330.658 528.375 8.92777 2okl 3.518 2675
220 LaT1347 1187.08 le178 382,208 600.450 Se27114 2.627 3.684 271t
240 5.15292 1300.24 1.073 436,957 675.502 9.59738 2.768 3.812 2881
260 5.59004 1612.25 G.3856 493.880 752.661 9.90633 2.862 3.897 2985
280 6.02536 1523.36 0.9117 552,198 831.131 10.19698 24913 3.961 3090
300 6.45925 1633.76 0.3483 631,069 910.088 10, 46969 2,931 3.951 3195
320 6.89198 1743.59 0.7933 669,960 989.012 10472420 2.922 3.938 3299
340 T.32376 1852.95 07451 728,444 1067.485 10.96478 2.896 3.908 3403
360 T.75677 1961.93 0.7025 786.258 1165.252 11.18411 2.8860 3.868 3506
380 8.18512 2070.60 0.6646 843,256 1222.372 11.39207 2.818 3.0824 3608
“00 8.61494 2178.99 0.6300 899.3381 1298.194 11.58713 2.776 3.779 3707
«20 9.04429 2287 .10 0.5000 954 . 6ib 1373.3346 11.77063 2,735 3.736 3805
bhl d.47325 2395.14 0.5722 1009.103 1447.650 11.94333 2.696 3.696 3900
460 9.90188 2502.95 0.5469 1062.815 1521.205 12.10681 2,662 3.660 3993
480 10.33021 2610.62 B.5238 1115.873 1594.092 12.26170 2.632 3.629 4083
500 16.75830 2r18.17 §.5025 1168,.354 1666.390 12.40945 2.606 3.602 w172
520 11.18617 2825.61 D.4830 1220.341 1738.185 12455036 2.584 3.578 4258
40 11.61384 2932.96 0,649 1271.900 1809.543 12.68502 2.565 3,558 L3262
560 12.04136 3040.22 [ RLTY B8 1323.032 1880.465 12.81350 24549 3.543 oh24
580 12.46872 3147.42 0.4325 1373.943 1951.160 12.93739 2.536 3.529 504
600 12.89595 3254 .55 D.bidt 1424651 2021.646 13.05694 2.526 3.548 4582
850 13.96356 3522445 0.3856 1550.530 2196.948 13.33785 2.507 3,498 W771
700 15.03062 3789.48 0.3579 1675.720 2371.536 13.59687 2.496 3.486 4952
800 17.16357 4323457 Ge3130 1924.888 2719.445 14.06175 2.488 3,477 5290
990 19,29546 4857.15 Ge2781 2173.820 3067.069 16467089 2.4386 3476 5607
1000 21.42667 5390 .40 6.2502 26422.549 3416.459 16.83669 2,489 3.476 5906
1500 32.07787 8054431 0.16867 3676.609 5161.397 16.25246 2.536 3.522 7199
2000 b2.72604 10716.76 0.1250 4969.659 6947,.585 17.27798 43 113 3.630 8256
2500 $3.37327 13378.77 041000 6327.017 4797.838 18.10311 . 2.786 3.771 9161
3600 64.02089 16440.58 0.0833 7756.036 10719.747 18.79395 2.926 3.912 99648
3300 T6.67665 16702,.31 Ce0710 9264.264 12721.288 19. 41358 3.087 ko076 10697
4000 85.37918 21363.98 040625 10877.967 14830ckbde 20416930 3.361 he366 11339
5000 107.58377 26687 .24 .0500 14917.495 19897.895 22.12797 4.936 6.113 12368

® THO=-PHASE BOUNDARY
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TEMPERATURE

QEG.

150

160
180

220
260
260
2818
300
320
340

360
38¢
s00
L ¥4 ]
(11
460
(31
500
529
S40

560

250 PSIA ISO8AR

500
650
rT03
800
900
1000
1500
2000

2500
3000
3500
4000
5000

THO~PHASE BOUNDARY

DENSITY

LB/CYU FT

4. 86761
£.86361
#.81026
4475361
469369
463064
4456390
bo09332
boblble

433777
be25132
4.15777
4405559
3.94305
3.81721
3.67366
3.50480
3.29638
3.013068

2.54223
1.72780
1.33285
1.14678
1.02917
0.85143
Q.74210
Ve66676
0.60572
0.55849

0.51950
0.48651
0.45811
0.43331
$.41139
0.39185
0437628
0.354837
0436388
0.31843

8.29673
0.26149
0.23614
0.21216
0.19406
0.17889
0.16597
D.15482
Ge14510
3.13654

8.12895
0.12217
0.11608
0,11057
0.10556
0.10099
0.09680
0.09295
0.08940
0.08610

0.08305
0.08020
0.07754
0.07161
0.06653
0.05826
0.05183
0.06667
0.03147
G.02340

B.0187%
0.01562
1.01333
0.01171
0.00930

V(DH/DV)
b4

8TU/Ld PSIA-2J FI/BTU

292,14
292.10
290.89
289.53
289.02
287.00
283.85
279.72
27817

266,98
259.13
269,86
239.43
227.60
214465
200.18
183.60
166484
142,06

116.78
102.%2
108.7%
116.54
126406
141 .87
159.49
176.50
193.10
209.48

225.81
242.18
258.87
276.00
293,70
312.05
331.146
351.02
371.73
#15.69

£62.9%
556 .40
676.15
787.9
896.65
998.97
1092.76
1178.18
1255.73
1326.89

1393.02
1655.40
1515.71
1574.63
1633.06
1691.77
1750.82
1810.72
1871 .49
1933.03

1995.97
2059.56
2126.30
2288.114
265%.70
2798.55
3165.0%
3495 .05
5305.30
7283.31

53.19
11762.5%
14292.61
17680.35
30328.03

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

13.775
134744
13.261
12.752
12.272
11.857
11,691
11.159
10,852

10.5%7
10.261
9. 952
3e621
3.255
8,853
8e401
7.881
7.262
bbb

5.182
be133
s 160
b.187
9.191
bolh5
“.082
4.019
3.958
3.897

3.833
3.774
3.703
3.629
3.550
3.466
3.378
3. 288
3.195
3.012

2.835
2.518
2,284
24113
1.997
1.925
1.885

vir/ow) -V(DPIDVE
v

PSIA

14496.66
14u13.16
13307.27
12231.24
113285.82
10351.72
Yiske7 o 88
8574.69
7705.85

63387
604,17
5183.78
»393.12
3526.81
2908.21
2234.83
1503.20
1038.77

538.78

171.54

73.82
105.38
130.08
169.23
178408
195.82
207.72
216427
222.67

227.60
231.50
234 .66
237,22
239.35
261.16
202,65
203 9%
269.04
266.82

208.17
2649.90
251.10
251485
252.33
252,66
252,42
252.93
252.99
253.01

253.00
152.97
252.93
252.88
252.83
295278
252,72
252.66
252460
252 .54

252,48
252.43
252.37
252.26
252.12
25190
a%1.72
251 .57
251.09
250.03

250466
250,95
250 o boe
#50.22
268.06

(DVIDY%/V THERMAL VISCOSITY THERMAL OIELECTRIC PRANOTL

CONDUCTIVITY DIFFUSIVITY CONSTANT  NUMBER

1/0€6. R BTU/FT-HR-R LB/FT-SEC SQ FI/HR
X 105

0,0053271  0.04593 1,784 8.00607 1.25879 241735
0.0053519  0.04639 1.765 0.00610 1.25855 2.1610
0.0057362 0.05136 1.538  0.00640 1.25561 1.7935
0.0061397  0.05467 1.362  8,00647 1.25208 1.5943
040065337  0.05692 1,221 0.00642 1.24858 1.4580
0.0069953  0.05835 1.106 0.00628 1.240689 1.3698
0.00875143  0.05952 1,010  0.00611 1.26101 1.3026
0.0080952 0.06087 0.928 0.00598 1.23691 1.2431
0.0087820 0.06169 0,858 0.00580 1.23256 1,2069
0.0096075 0.06206 0,795 0.00558 1.22793 1.1831
0.040558¢  0.06202 0.739 0.00533 1.22297 1.1739
0.0117285 0.06159 0.638 0.00506 1.21762 1.1783
0.013174¢ 0.06078 0,660 0.00475 1.21180 1.1963
0.0150561 0.05964 0,595 0.004b1 1.20543 1.2319
0.0175291  0.05813 0.552  0.00405 1.19834 1.2870
0.0210041  0.05622 04510  0.00364 1.19030 1.3725
0.0264702  0.05359 0,467  0.00315 1.18091 1.5234
0.0358826 0.05066 0.421  0.00260 1.16962 1.7709
0.0575841  0.04911 0.370  0.00199 1.15398 2.2187
0.1313813  0.04969 0.303  0.00130 1.12867 3.3152
0.1820860 0. 060429 04223  0.00137 1.08607 3.3807
0.0928826  0.03285 0.193  0.00244 1.06590 241335
040621243  0.02966 0.181  0.00350 1.05650 1.6260
0.0475891  0.02737 04176  G.00450 1.05060 1.3696
040314675  0.02590 04176  0.00681 1406172 1.0796
0.0242636 0.0257% 0.477  0.00897 1.03629 0.9556
0.0200770 0.02609 0,181  0.01107 1.03246 0.8860
0.0172908  0.02665 0.186 0.01318 1.02955 0.8412
0.0152807  0.0273¢ 0.192 0.03530 1.02722 048101
0.0437436  0.02013 0,198  0.0174% 1.02530 0.7871
0.0125366 0.02897 0,204  0.01961 1.02368 0.7704
0.011554t  0.02995 0,210 0.02106 1.02229 0.7558
0.0107355 0.03101 8.216 0.02415 1.02107 0.7442
0.0100610  0.03208 8.222  0.02645 1.02000 0.7359
0.0094427 0.03318 0.220  0.02874 1.01906 0.7302
0.0089209  0.03429 0.234 0403101 1.01818 0.7269
0.0086609 0.03526 0,260  0.03311 1.01761 0.7290
0.0080516 0.03639 0.266 0.03536 1.01670 0.7288
040073535  0.03917 0,258 0.04025 1.01545 047240
0.0067781  0.34225 0.269  0.04537 1 01640 0.7195
0.0058773 0.05233 0.309 0.06007 1.01268 0.7071
0.0052025 0406150 0,342  0.07467 1.01135 0.7050
0.0006762  0.06920 0.368  0.08853 1.01028 0.7045
0.0042518  0.07552 0.387 0.10208 1.00960 0.7042
0.0033012  0.08057 Ge406  0.11557 1.00866 0.7036
0.0036060 0.08448 0.418 0.12918 1.00803 0.7026
0.0033539 Q. 08747 Qab3t 0.14299 1.00749 2.7015
0.0031357 0.08973 [ P T § 0.15705 1.00782 0.7001
0.0029650 0.09146 0.456 0.37161 . 1.00661 0.6987
0.0027768  0.09282 0.465 0.18609 1.00624 0.6973
040026271  0.09393 0.475  0.20109 1.00591 0.6959
0.0026932 009493 0.6485 0.21642 1.00561 0.6946
0.0023725 0.09%87 0.49%  0.23210 1.00535 046934
0.0022631  0.03680 0.506  0.26812 1.00510 0.6923
0.0021636 0.09776 0,513 0.26447 1.00488 0.691¢6
0.0020726 0.09877 0.522 0.28117 1.00068 0.6905
0.0013890  0.09984 2.531  0.29823 1.00649 0.6897
0.0019120  0.10097 0,560  8.31564 1.00632 0.6891
0.0018409  0.10215 0.549 0.33338 1.00616 0.68685
0.0017769  0.10341 0.558  0.35149 1.00602 0.6830
0.0017135  0.10671 0.567 0.36995 1.00388 0.6875
0.0016562 0.10605 0.575 0.38877 1.060375 0.6871
0.0015207  0.10957 0.597  0.43739 1.00346 0.6863
0.0014195  0.13325 0.619 0.48830 1.00321 0.6858
0.0012626 0412092 0.662 0.59691 1.00261 0.6850
040011067  0.12866 0,704  Q.71458 1.0u250 0.6845
0.0009945  0.13646 0.766 0.84118 1.00225 0.6842
0.0006640 0.17580 0.948 1.60093 1.00151 0.6336
9,0004986  0.27727 14137 3.2634s 1.00113 0.5357
0.0003990  0.33498 14315 4476055 1.00090 0.5329
0.0003326  0.39353 1686  6.43962 1.00075 0.5311
0.0002852  0.45841 1,646  8.39769 1.00065 0.5269
8.0002498 0.55218 1.802 10.79755 1.30057 0.5130
0.0002016 1.05381 24108 18,5592 1.00045 Do 4402
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TEMPERA

DEG.

340

360
380
©00
420
LT Y]
460
480
580
520
540

560
580
500
6590
700
800
308
1000
1500
2800

2500
3000
3500
4000
5000

® TNO~PHASE S80UNDARY

260 PSIA ISOBAR

TURE
R

VOLUMNE
CU FT/LE

0.20534
0.20567
0.20773
d.2202¢0
0.21286
0.21575
0.21888
8.22229
0.22605

0.23019
0.23683
0.24005
0.24602
D.25232
0.26109
0.27402
0.28359
0.30058
032624

0.37540
0.50802
0.68148
0.80762
0.90876
1.113082
1.28137
1.63470
1.57757
1.71327

1.86366
1.97010
2.09345
2.214631
2433316
2.45027
2.56598
2.68066
2.79389
3.01813

3.23954
3.67704
hellT62
4.53353
“.95657
5.37729
5.79621
621370
6.63004
TeD4543

746004
7.874602
8.28744
8.70040
9.11298
9.52522
9.93717
10.34887
10.76036
11.17165

11.58278
11.99376
12,40462
13.03127
14.45738
16.50842
18.55842
20.60772
30.8494¢
41.008813

51.32589
61.56339
71.80976
82.09962
103.43327

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

ISQTHERM ISICHORE
DERIVATIVE DERIVATIVE
CU FT=PSIA/LB PSIA/R

2988.10 T7.228
2979.35 77.197
2782.50 75.396
2587.75 75.207
2419.32 73.858
2250436 72.540
2085.15 71.130
1923.70 63.561
1760.24 67.830
1596.15 654863
164294 b 63.596
1264.88 61.028
1101.78 5%.140
938.57 Ske 924
T81.70 51.364
628454 Q7. 404
482.43 43.012
338.67 38.027
206.62 324145
92.87 244652
43.73 15.802
70.17 13.993
106,70 8.927
136.21 7.701
202.12 54990
258.11 3.040
307 .64 be W05
352.93 3.939
395.18 3.577
435.07 3.283
473.19 3,042
589.91 2.839
S45.48 2.665
580.11 2.513
613.94 2.380
647.09 2.262
679.67 20155
711.74 2.060
T7heb1 1894
836.12 1.754
955.76 1.531
in72.93 1.361
1187.9 1.227
1381.31 1,217
16413.52 1.020
1524480 0.9489
1635.35 t.8828
1745.30 0.8255%
1854.77 Q.7753
1363.84 0.7309
2072,.59 G.6914
2181.05 3.6561
2289.28 Leb241
2397.31 0.5952
2505.18 0.5689
2612.89 GoSkibs
2720 .48 0.5227
2827 .95 0.5024
2935.34 Do4d36
3062.63 0.4661
3149.85 G.4499
3257.01 0. 6348
3524 .66 CetsDil
3792.03 g.3722
4326.19 0.3255
4859.81 0.2892
5393.09 D.2602
8057.09 Ga1734
10719.58 0.1300
13381.59 el 0dl
16043.42 t.0867
18705.15 0.0743
21366.82 0.0658
26690.09 s.0520

INTERNAL
ENERGY
8lusLe

-132,617
=132, bk
-129.351
-126.033
-122.499
~118.750
=114,768
=110.549
~106,071

-101.324
~96.266
=90.884
-85.125
~78,937
-72.229
~66,869
-56.637
~47.112
=35. 412

~18.945
8,222
30,817
43,653
52.8u8
69,563
82,654
9. 124
104.688
114,688

124,358
133,740
142,971
152.125
161,259
170,425
179.665
189.016
198,510
218,033

238,408
282.443
330.303
381,933
436.67%
493,624
551.965
610.857
669,765
728,265

786,09
843,106
899,240
954.513
1008,.983
1062.701
1115.766
1168,254
1220, 267
1271.812

1322.949
1373.864
1424.576
1550.465
1675,662
1924, 842
2173.782
2422,518
3676.394
4969.,651

5327.010
7755.986
3264.020
10876.566
14900.960

ENTHALPY
8Tu/Le

~122.730
-122.572
~119.350
~115.311
~312.250
-108.363
~106.238

~99,846

~95.188

~90.238
~84+360
~79.3286
~73.282
~66.760
~59.559
~51.821
~42.383
~32.561
~19.705

-0.871
32.681
63.527
82.536
36.501
123.053
164.366
163.197
180,640
197.173

213.121
228.591
243.760
258.733
273,588
288,394
303.204
318.067
333.022
363.341

394,376
459,474
528.055
600,199
675.307
7524513
831.024
910.015
938,968
1867.467

1165.257
1222.198
1298.238
1373.39¢6
167,724
1621.292
1594.190
1666,499
1738.303
1809.571

1880.608
1951.303
2021.796
2197.113
2371.712
2719.b4D
3067.276
3ulb.676
5161.639
6947.837

8798.093
10719.982
12721.298
14829.249
19880,751

74

ENTROPY
BTU/LB-R

1.19558
1.20169
132105
143964
155774
1.67557
1.79365
1.91215
2.03159

2.15233
2.27508
2.40028
2.52891
2.66198
2.801290
2.949106
3.10972
3.29110
3.51022

3.81861
435046
4. 82750
$.11004
5.31399
5.67970
5.95477
6018365
6.38290
6.56172

6.72536
6.87632
Te01747
7.15058
7.27703
7.39791
7.51408
7.62626
773500
7.94419

8.1bb46
8.52631
8.88739
9.23109
9.55757
9.86672
10, 15751
10.43014
10.68495
10.92260

11.14500
14.35302
11.54813
11,731 4k
11.90439
12.06731
12.22282
12.37059
12451152
12.64620

12.77469
12.83860
13.01815
13.29909
13.55813
14.02303
14483219
14.79799
16.21379
17.23931

18, 06645
18.75528
19.37484
20.13024
22.08548

cv cP
8TU /7 LB ~R
1.152 1.556
1.155 1.561
1.197 1,666
1.239 3.775
1.280 1,885
1.319 2,004
1,353 2,128
1.386 2.259
1.411 2.400
1434 2.553
14453 2.724
1.469 2.915
1,483 3.134
1.496 3.400
1.508 3.724
1.520 o142
1.535 4. 733
14554 5,697
1.585 T.498
1.652 12,239
1.835 19.298
1.779 11.565
1,709 7.960
1.659 6.319
1.592 4.635
1.571 3.965
1.563 3.607
1.562 3.385
1.565 3,237
1.573 3.132
14584 3.060
1.600 3,011
1.621 2.980
1.647 2.964
1.678 2.964
1.713 2.966
1.753 2,980
1.796 3.003
1,893 3,065
2.000 3,244
2.232 3.336
24443 3.522
24627 3.688
2.768 3,815
2.863 3.699
2.914 3.9642
24931 3.953
2.922 3.939
2.896 3.909
2.860 3.869
2.818 3,824
2.776 3,780
2.735 2,737
2.696 3.697
2.662 3.661
2.632 3.629
24606 3.602
2.584 3.573
2.565 3.559
2.558 3.543
2.537 3.529
2.526 3.518
2.507 3.498
2.496 3. 486
2.488 3.477
2.486 3,474
2.489 3.676
2.536 3.522
20644 3.630
2.786 3.771
2.926 3.912
3.086 4.075
3.357 4.362
4s905 6,078

VELOCITY

OF SOUND
FT/SEC

4323
4320
4236
4145
4063
3980
3898
381
3724

3629
3526
3409
3284
3143
2990
2819
2625
2398
2128

1785
1460
1454
1503
1550
1651
1737
1823
1882
1946

2003
2058
2109
2156
2199
2240
2278
23146
2348
2610

2668
2573
2677
2779
2883
2987
3892
3197
3302
3406

3508
3610
3709
3807
3902
3995
L085
W17
%260
4344

4426
4506
4584
4773
4953
5292
5609
5907
7200
8257

9162
9969
10698
11361
12372



TEMPERATURE DENSITY

DEG.

25
256

ELY ]

360
3a0
400
s20
LT ]
460
»810
500
520
540

560
530
600
650
ras
(314
900
1000
15090
2600

2500
3000
3503
4900
5000

THERMODYNAMIC PROPERTIES OF PARAMYDROGEN

260 PSIA I[S034AR

ViDH/ DY), VIiDR/0DUN, -VlDP/DVE

R LB/CuU FT 8TU/Ld3 PSIA-ZU FT/8TU PSIA

+902 4.86992 293.21 13.760 16551.80
4e 86700 293.22 13.739 14500.49
4.81387 292.03 13.262 13394.62
be 75747 290.59 12.762 12311.13
469783 290.12 12,283 11365.55
4.63509 288.446 11.869 10430.63
be56872 255.0% 11,506 9526.49
be49854 280.99 11.172 8653.86
442385 275.57 10. 865 T787.06
e 3lie)5 268.85 18.572 6933,.92
4.25835 260.76 10.278 6087.06
416573 251 .64 9.972 5269.16
4al6WTl 261.38 3. 664 4478.45
3.9%5378 229.70 3,285 3710.08
3.83014 217 .04 8.892 2994.01L
3.68981 202.96 8.650 2322.87
3.52623 187.19 Te67 1701.16
332691 168.81 74355 1126472
3.06527 167.73 5.618 633.36
2.66379 122.83 3.602 267.39
1.96844 105.13 “ 374 86.09
1.46739 108.26 4o 214 102.97
1.23820 115.60 4,219 129.64
1.10039 123.00 “e218 1649.88
0.90007 163.78 ha180 181.93
0.730618 158.47 “o1tu 201.43
0.69701 175.58 boQb2 234443
0.63389 192.28 3.978 223.712
g.58368 208.75 3.915 230.66
0.56240 22514 3,868 235.98
0.50759 241 .57 3,786 260.19
0.47768 258.30 3.716 243.57
Q.45161 275.48 3. 6418 246 .34
0.062861 293,21 3.561 2b8.606
8.40812 311.59 3.476 250.56
9.38972 330,70 3.388 252.18
9.37307 350 .60 3.297 253.56
0.35792 371.34 3.204 254.75
0.33133 415.34 3.019 256.65
0.30869 462462 2,862 258.10
0.2719 566.53 2.522 253493
0.264346 675.93 2,288 251.22
9.22058 r87.77 2,147 2562.03
0.20175 896.62 2,000 252454
0.18597 999.04 1.927 252.87
0.37253 1092.93 1L.888 263.07
0.16093 117864 1.872 263.18
0.15083 1256.07 1.873 263.24
0.1619 1327.29 1.886 253.26
Q.13405 1393 .48 1.907 253.2%
0.12700 1455.9 1.932 263.22
0.12066 1516.26 1.959 263.18
0.11349% 1575.22 1.98¢6 253.142
0.14973 1633.67 2.042 263.07
0.10498 1692.40 2.035 253.00
0.10063 1751 .48 2.057 262 .9
0.09663 1811 .40 2.076 252.88
0.99293 1872.43 2.092 252,81
0.08951 1933.73 2.106 262.75
3.0863¢ 199663 2.118 262.69
3.08338 2060.27 2.127 252.62
0.08062 212474 2.135 262,56
0.07445 2288.88 24149 262 .42
0.06917 245649 2,156 262,29
0.06058 2799437 20159 262.06
0.05388 3145.88 2.159 261.87
0.04853 3495.91 24155 261.70
0.03242 5306.21 2.109 2h1.47
0.02463% T284.26 2.020 260,89
0.01948 WS4.156 1.916 260.72
0.01626 11763.20 1.826 260.80
0.01393 14290.20 1.729 260.48
8.01218 17463.75 1.590 260.25
0.00967 30162.93 1.096 258400

THO-PHASE BOUNDARY

(OV/0T)/V  THERMAL  VISCOSITY THERMAL DIELECTRIC PRANDTL
CONDUCTIVITY OIFFUSIVITY CONSTANT  NUMBER
17065, R BTU/FT-HR-R LA/FT-SEC SQ FT/HR
X 105

0.0053071  0.04614 1.787  0.00609 1.25893 2.1697
0.0053238  0.04643 1.773  0.00611 1.25875 2.1463
0.0057035 0.05141 1.545  0.00661 1.25562 1.8029
0.0061088  0.05473 1.368  0.00648 1.25231 1.5972
8.1064984  3.05708 1.226  G.00644 1.20882 1.4599
0.0063545  0.0584k 1.111  0.00629 1.24515 1.3710
0.0074666  0.05963 Ledté 0000613 1.26123 1.3032
0.0080382 0,06099 0.932 0.00600 1.23721 1.2630
0.00871067 0.06183 0.861  0.00582 1.23289 1.2060
0.0094958 006221 0.799  ¢.30561 1.226830 1.1303
0.0106678  0.06218 0.743  0.00536 1.22337 141715
0.0115822 0.00178 0.692 0.00509 1.21807 1.1746
0,0129823  0,06100 0.646  0.00479 1.21232 1.1912
0.0168307  0.05988 0.539  0.00445 1.29604 1.2250
0,0171557  0.05861 0.556  0.00410 1.19907 1.2768
0.020407%  0.05656 0.514 0.00372 1.19120 1.3556
0.0252841  0.05602 0.472  0.0032¢ 1.18210 1.4881
0.0337503  0.05099 0,428  0,00269 1.17109 1.7201
0.0507531  0.04930 0.373  0.00215 1.15679 2.0749
0.0996673  0.04864 0.319  0.00149 1.13515 2.8921
0,1835558 0,077 9.245  0.00125 1.09351 3.5816
0.1068226  0.03550 0.204  0.00209 1.07273 2.3919
0.0688570  0.03054 ¢.188  0,00310 1.06111 1.7665
0.0513773  0.02836 C.181  0.00408 1,05417 1. 4560
8,0329229  0.02665 9.177  0.00634 1.04415 1.1145
0,0250191  0.0261% G.178  0.00845 1,03819 0,974
0.0203435  0.02640 0.183  0.01050 1.03406 0.8981
0.0176064  0.02691 0.188  0,01256 1.03094 048497
8.0155072  0.02757 00193  0.01453 1.02846 0.8165
0.0139128  0.02833 0.199 0.01668 1.02643 0.7920
0.0126668 0.02916 0.205 0.01877 1.02672 0.7743
9.0116570  0.03812 0.211  0.0209% 1.02325 0.7591
0.0108185 0.03117 0.217  0.02316 1.02197 0.7469
0.0101089  0,03223 0.225  0.92537 1.02086 0.7381
0.0094990  0.03332 0.229 0.02758 1.01986 0.7321
0.0089680  0.03042 0.235  6.02978 1.0189% 0.7285
0.0085007 0.03%36 0.261  0.03180 1.01812 8.7306
0.0080856 0403651 8.247  0.83397 1.01738 0.7302
0.0073787  0.03928 0.258 0.03369 1.01608 0.7250
0.0067971  8.06235 0.269 0.04363 1.01698 0.7203
0.0058893 0.05236 0,309  0.05778 1.01319 0.7080
0.0052099  0.06151 0.342  0.07175 1.01180 0.7057
0.0066809  0.06921 6.368 0.08508 1.01063 0.7051
0.0062548  0.07552 0.388  0.09813 1.00977 047047
0.0039030  0.08057 0.608 Q.11111 1.00900 0.7040
0.0035071  0.08448 0.418 0.12421 1.00835 0.7030
0.0033545 Ge087408 Geb31 0.13750 1.00779 f.7018
0.0031360  0.08974 0.443  0.15104 1.00733 G.7004
0.0029450  0.09147 0,454 0.16486 1.00687 2.6989
0,0027766  0.09283 0.465 0.17898 1.00648 0.6975
0.0026269  0.09395 0.475  0.19342 1.00614 0.6961
0.0026928  0.09495 0.485 9.20818 1.00584 0.6948
0.0023721  0.09588 0.49%  0.22326 1.00556 0.6336
0.0022627  0.09681 0.506  0.23867 1.00533 0.6926
0.0020631  0.09778 0.513  0.25461 1.00508 0.6915
0.0020721  0.09879 8.522 0.270648 1.00687 0.6906
0.0019886  0.09986 0.531 0.28689 1.00667 9.6898
0,0019116  0.10099 0.540  0.30366 1.00649 0.6891
8.0018406  0.10217 0.549 0.32071 1.00433 0.6885
0.0017764  0.10343 9.558 0.33813 1.00617 0.6880
0,0017230  0.10473 0.567 0.35589 1.00003 0.6876
0.0016558  0.10607 0.576  0,37400 1.00390 0.6872
0.0015283  0.10959 0.597 0.42077 1.00360 0.56864
0.0010192  0.11327 0.619  0.46975 1.00334 0.6858
0.0012428 0.1209% 0,662 0.57423 1.00293 0. 6350
0.0011044  0.12869 0.706  0.68743 1.00260 0.6845
0.0009943 0.13543 0.746  0.80921 1.00234 0.6862
0.0006638 0.17585 0.96¢8 1.54005 1.00157 0.6836
0.0004983  8.27727 1,137  3,13833 1.00118 0.5358
0.0003989  0.33498 1.315  4.55869 1.00096 8.5330
0.0003326  0.39351 1.68%  6.19237 1.00078 1.5313
0.0002852 0.45323 1,646  8.07409 1.00067 8.5271
0.0002698  0.55127 1.803 10.37636 1.00059 0.513%
0.0002015 1.04538 2.109 17,78875 1.00067 0. bbll
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THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

270 PSIA ISO03AR

TEMPZRATURE  VOLUME ISOTHERM . ISOCHORE  INTERNAL  ENTAALPY  ENTROPY cv cp VELOCITY

GERIVATIVE DERIVAYIVE  ENERGY OF SOUND

DEGe R CU FT/ALB CU FT-PSIA/LB >SIA/R BTU/LB 3TU/LB  BTU/LB-R BTU 7 LB =R FI/SEC
® 25,942  0.20526 2998.39 77.243 -3132.602  -3122.34D 1.19596 14153 1.556 4329
26 0.20532 2993.93 77.224  =132.510 ~122.24% 1.19966 1.1855 1.559 w327
28 0.20758 2798.50 75,459  ~-129.405 ~=119.026  1.31886 1.197 1.663 4265
30 0.21003 2602,37 754316  =126.093 ~115.593 1.43728 1.239 1.773 154
32 0.21268 2434.08 73.977  -122.57%  ~111.938 1.55520 1.286 1,882 «073
34 0.21556 2265.14 72.666  =118.83% -108,057 1.67281 1.318 2,000 3990
36 0.21865 2100.08 71.266  ~114,866 -103.934  1.79063 1.353 | 2.124 3908
38 0.22204 1938.96 63.707  -110.661 ~99.560 1.9088% 1.384 2,253 3826
o8 8.22576 1776.20 67.986  -106.203 ~94.915 2.02795 1,611 2,393 3736
w2 0.22987 1612.84 £3.018  -101.474 -89.981  2.14831 1,433 2,504 3642
P B.23445 1446.36 63,796 -96, 4kb ~84.726  2.27057 1,653 2.713 3537
P 0.23960 1282.74 61,255 -91.09% “79.117 2.39517 1,469 2,908 3625
48 0.24548 1120.02 53,402 -85.380 -73.107 2.52308 1,483 3.116 3301
50 6.25225 956,94 55,235 -79.246 -66.634  2,6551k 1,496 3.374 3162
52 0.26023 805.20 51.735 -72.611 -59.500 2.79305 1.508 3.676 3015
54 0.26988 650.01 47.851 -65.356 51,864 2.93900 1.520 4. 085 2845
56 0.28197 504,97 43,562 -57.284 ~43.186  3.09574 1.534 4,832 2658
58 0.29804 365.18 33,737 48,036 -33.135 3.27302 1,551 5,471 2043
60 0.32146 233.32 33,151 -36.909 -20.838 3.48135 1.578 6.986 2187
62 0.362438 118.04 25.309 -22.089 -3.966 3.75767 1,632 10,477 1874
66 0.45802 52.9? 13,160 0. 650 23.549 €.19384 1,783 17.260 1561
66 0.61820 63.83 12.391 24,897 55.805 4. 69076 1784 13,019 1469
68 BTh760 96.61 J. 811 39.528 76.905 5.00607 1,723 B.736 1506
70 0.85033 128.26 3.349 49,668 92,157 5.22725 1.671 6.765 1551
75 1.05387 196,37 3,384 67,460 120,150 5.61428 1,598 4,799 1653
80 1.22013 252,48 5.339 80,953 141,955  S.89595  1,57% . 064 1738
1 1.37030 302.92 4. 647 92,698 161,208  $.12950 1,566 3.672 1814
90 1.50970 348.91 bl 103,449 178.928  6.33216 1.564 3.433 1883
95 1.641786 391,73 3,754 113,587 195,678  6.51321 1.567 3.276 1947
100 1.76846 432.09 3,440 123.368 211.785  6.67856 1,575 3,161 2008
105 1.89115 470,62 3.185 132.836 227.387  6.83082 1.585 3.084 2059
110 2.01072 507.68 2.969 142,137 2642.667  6.97299 1.601 3.031 2110
115 2.12778 543.56 2.785 151.350 257,732 7.10693 1,622 2,998 2157
120 2.24281 578.46 2.625 160,536 272.669  7.23407 1,648 2.979 2201
125 2.35613 612.58 2. 080 169.746 287.54k 7.35552 1.679 2.973 2242
139 2.46802 645.91 2.359 179,026 302,417 7.47218 1.714 2.977 2280
135 2.57869 678.68 2.248 188,409 317,335  7.58679 1.753 2.991 2316
140 2.68630 710.93 2.407 197,936 332,340 7.69392 1.797 3.012 2350
150 2.90491 776.13 1.973 217.509 362.745 7.90367 1.89 3072 2612
160 3.11869 835,91 1.827 237,927 393,852 8.10640 2.060 3,151 2470
180 3.54083 955.90 1.593 282.036 459,065 8, 48692 2.232 3.362 2575
200 3.95601 1073.65 1,416 329.948 527.736  8.84848 2. 443 3.525 2679
220 #.36692 1188.7% 1.27% 381,618 599,950 9.19251 2.627 3.691 2781
24 0 77477 1362.59 1.161 36,391 675.41&  9.51923 2.768 3.817 2885
260 5.18031 143480 1.066 ©93.368 752,366  9.82856 2.863 3.901 2989
280 5.58405 1526.25 0.9862 551,733 830,917 1011951 2,914 3,964 3094
300 5.98635 1636.9 0.3174 610.645 909.342 10.39226  2.931 3,955 3199
320 5.38751 1747.02 G.8578 569,571 988,925 10.64716 2.922 3,960 3304
340 6.78772 1856.60 2.8055 728.087  1067.450 10.88489  2.896 3.910 3408
360 7.18716 1965.76 0.7594 785,929 1145.263  11.10736 2.860 3.870 35190
380 7.58595 2074.58 0.7183 B42.952 1222.224  11.31542 2.818 3.825 3612
%00 7.98420 2183.12 0.6815 899.099 1298.282 11.51058  2.776 3.781 3711
w20 8.38199 2291.41 P 954,382 1373.454  11.69394 2.735 3.737 3809
ol 8.77940 2399.50 0.6183  1008.858  3467.793  11.86692 2.697 3.697 3904
460 9.17646 2507 .61 0.5909  1062.586 1521.379 12.03047  2.663 3.662 3997
480 9.57324 2615.16 0.5659  1115.659  1594,290 12.18540 2.632 3,630 4087
500 9.96978 2722.79 0.5630  1168.153  1666.603  12.33319 2.606 3.603 4176
520 10.36609  2830.30 0.5218  1220.153  1738.423  12.47414 2.584 3.579 262
540 10.76222 2937.72 0.5022 1271.723  1809.798  12.6088& 2.565 3.559 4346
560 11.15818 3045 .06 0.6841 1322.865 1880.737  12.7373¢ 2,550 3.543 4u2s
580 11.55399 3152429 D.4672 1373.785  1951.446 12.86126 24537 3.530 4508
500 11,9097 3259.47 0.4515  162¢.502 2021.946 12.98083 ~ 2.526 3.518 4586
550 12.93861 3527.17 0.4165 1560.399  2197.277  13.26179 2,507 3.498 4775
700 13.92659 3794.59 0.3866 1675.805 2371.888 13.52084 2.496 3,486 4955
800 15.901a0 4328.81 0.3386 1924.797  2719.634 13.36578  2.488 3.477 5254
900 17.87596 486248 0.3003 2173.745  3067.484 16,3949k 2.486 3,624 5610
1000 1948494 5395.79 6.2702 2422.487  3414.893  16.76076 2.489 3.476 5909
1500 29.71200 8059.87 0.180%  3676.379 5161,881  16.17658 2.536 3.523 7201
2000 39.57155  10722.39 0.1350  4969.642 6948.088 17.23210 2,664 3.630 8258
2500 49.43017  13384.42 U.1080 6327.004  8798.548  18,02724 2.78 3.1 9163
3000 59.28908 16046425 6.0900 7755.960 10720.218  18.71807 2.926 3.912 9370
3500 69.15523  18707.98 60771 9263.789 12721,322  19.33757 3,085 4.074 10699
4000 79.06306  21369.66 0.0675 10875,26k 14828,135 28:09267 3.353 4. 357 11342
5080 99.59119  26692.93 De054L  14885.353 10864.583  22.04466 4876 6,046 12377

®  THO-PHASE BOUNDARY

76



278 PSIA ISQBAR

TEMPERATURE

BEG. R

340

360
380
400
420
L1 ]
460
*80
500
520
S40

560
580
600
650
rag
ad¢
900
1008
1500
2008

2500
3090
3548
4000
%000

THO-PHASE BOUNDARY

DENSITY

Lescu F1

4.87223
4.87037
hel81740
be76130
be7089%
e 63952
4.57351
450371
4,42951

».35038
4.26533
17358
4.07373
3.96429
3.84272
3.70541
3.54648
3.35531
3.11082

2.75873
2+18333
1.61760
1.33761
1.17602
0.34388
0.81959
0.72977
0.66233
8.60909

0.56547
0.52878
349730
046997
0. 4b587
Do t2642
1.40518
0.38779
0.37198
De30426

0.32065
0.28242
0.25278
2.22893
0.20963
0419304
0.17998
0167905
0.15656
Delb?732

0413914
0.13132
0.1252%
0.11930
0.11390
010897
010646
8.10030
0.29647
0.09292

0.08962
1.08655
0.08368
0.07723
0.07181
2.06289
8.055%
8.05038
0.03366
a.02527

g6.02023
8.01687
0.0144b
0.08265
0.01304

VIDHIDV%
8Tu/sZL8 PSIA-JJ FT/8TU

29% .29
2930
293.28
291 .64
291.21
289.26
286.23
262.25
276.95

270.36
262.36
253.41
263,29
231.75
219.82
205.62
190.42
173.08
152.35

129.68
109.933
108,48
115.05
122.21
140.08
157.51
176,74
191,50
238.0%

224,51
240.99
257.76
274.97
292474
311.15
330.29
350.21
370.96
14,99

462.30
566.26
675,72
787 .65
896,60
999.13
1893.12
1178.71
1256441
1327.70

1393.935
1456 .42
1516.81
1575.80
1634428
1693.04
1752414
1812.07
1872.88
1936 .40

1997 .08
2061.01
2125.49
2239.65
20457 .28
2800.43
3166.72
3496.76
5307.12
7285.28

4S5S .10
11763.87
14287 .93
1746810
30007.10

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

vi0P/0Uu) -VlQPIDV%
v

13.746
13.733
13.263
12,774
12.295
11.882
11.516
11.1386
13.879

10.587
19.295
3.990
3. 667
9. 314
3,928
8.498
3,009
Tabb2
8.753

34845
4,665
4e296
4.257
be20e8
8210
4138
4. 066
3.998
3.933

3. 863
3.799
3.729
3.653
3.572
3. 487
3.397
3.306
3.212
3.026

2.868
2.527
2.292
2.120
2,003
1.930
1.890
1.876
1.875
1.888

1.908
1,933
1.960
1.987
Z.013
2.037
2.058
2.077

PSIA

14508.86
14581.57
13481.65
12390.63
11644,90
10509.146
950474
8732,50
7867.67

T016.45
6169.17
5353.60
4562.66
3793.80
309i.17
21408.54
1790.86
122%.30

725.83

325 .66
115.66
103.25
129.23
150.83
186 .34
206.93
221.06
231.11
238.60

264,33
268.85
252 .43
255.46
257.92
259.97
261.71
263419
264 .68
266.49

268.03
269.97
271.35
272.2%
272.76
273.11
273.32
273.45
273.51
273.52

273 .54
273.48
273.43
A3.37
273.34
273.26
273.17
273.10
273.93
272.97

2r2.90
272.83
ar2.77
272.61
272.47
272,22

272,01

271 .84
arL.2?7
270.9

270.77
270.66
270.52
270.29
268.03

Lov/0TI 2V THERMAL VISCOSITY THERHMAL OIELECTRIZ PRANOTL
SONDUCTIVITY DIFFUSIVITY GCONSTANT NUMBER
1/0€G. R BTU/FT=HR-R LBIFT-;EC SQ FT/HR
X 10

0.005287%  0.04629 1.790  0.00611 1.25906 2.1658
0.0052960  0.04646 1.781  0,00612 1.25895 2.1515
0.0055713  0.05145 1.562  0.00642 1.25584 1.4064
0.0060785 0,05679 1.376¢  0.00649 1.25254 1.6001
0.0066637 0,05707 1,231 0.00645 1.24906 1.4619
0.0069145  0.05852 1.115  0.00631 1.245061 1.3722
0.0079199  0.05973 1.019  0.00615 1.24157 1.3038
0.0079825 0.06110 0.936  0.00802 1.23751 1.2430
0.0085012  0.06196 0.865 0.0058¢ 1.23322 1.2032
0.0096093  0.06236 0.803  0.00563 1.22866 1.1787
0.0103%11  0.06235 0.746  0.00539 1.22377 1.1692
0.0114418  0.06196 0.695 0.00512 1.21852 1.1712
0.0127999  0.06120 0.548  0.00482 1.21283 1.1864
0.0105601  0,06012 0.603  0.00443 1.20663 1.2186
0.0167203  0.05869 0,560 0.00416 1.19977 1.2634
0.0198672  0.05689 0.519  0.00376 1.19208 1.3408
0.0243246 0056k 0.477  0.00331 1.18322 1.4606
0.0316146  0,05146 0,436  0.00280 1.17266 1.6600
0.0456735  0.04956 0.387 0.00228 1.15927 1.9640
0.0807931  0.04832 0.332  0.00167 1.14026 2.5951
0.1570138  0,047938 8.265 0.08127 1.10972 3.4373
0.1200053  0.03836 0.217  0.00182 1.08061 2.6476
0.0759183  0.03217 0.196  0.00275 1.06616 1.9177
0.0553510  0.02963 0.187 08.00370 1.05797 1.5452
3.0342603  0.027090 8.179  0.00593 1.04658 1.1486
0.0257999  0.02655 0.180  0.00797 1.06016 0.9943
0.0210198 0.02671 3.184  0.00997 1.03568 0.9107
0.0173262  0.02718 0.189 0.01195 1.03235 0.8536
0.0157354  0,02781 8.19%  0.0139% 1.02972 0.8231
0.0140813  0.02854 0.200  0.01597 1.02757 0.7971
0.0127971  0.02935 0,206 0,01300 1.02576 0.7784
3.0117598  0.03030 8.212  8.02010 1.02621 0.7623
0.0133011  0.03133 0.218  0.0222% 1.02287 0.7698
0.0101764  0.03238 0.22%  0.02638 1.02163 0.7404
0.0095549  0.03346 0.230  0.02652 1.0206% 0.7361
2.0090148  0,03456 0.235  0.02864 1.01970 0.7302
0.0085403  0.03548 8.261  0.030%9 1.01886 0.7322
0.0032193  0.03662 0.247  0.03280 1.01807 0.7316
0.0076036  0.03339 0.259  0.03726 1.01671 0.7261
0.0068160  0.04245 0.270  0.06202 1.01556 8.7211
0.0053013  0.05239 0.309  0.05551 1.01370 0.7089
8.0052173  0.06153 0.3542  0.0690% 1.01225 0.7064
0.0005856  0.06921 0.368 0.08190 1.01110 8.7057
0.0042577  0.07553 0.388  0.09647 1.01014 8. 7051
0.0039048  0.080S8 0.40% 0.10699 1.00935 0.7060
0.0036082  0.08449 0.419 0.11962 1.00867 0.7033
0.0033551 B.08703 Son3t 613243 1.,00809 0.7021
6,0031362 0.089746 Dobe3 0.14548 1.00758 0.7006
0.0029450 0,09168 T.456  0.15880 1.00713 5.6932
9.0027765  0.0928% 0.465  0.172h1 1.00673 0.6977
0.0026266 0.09396 0.475 0.18632 1.00633 0.6963
0.0024925 0.09496 0.485 0,20054 1.00606 0.8949
0.0023717  0.99590 0.49¢  0.21508 1.00577 0.6937
0.0022623  0.09683 0.50%  0.22993 1.00551 0.6926
0.0021627 0.09779 0.513  0.24509  1.00527 0.6916
0.0020717  0.03880 0.522 0.26058 1.00505 0.6307
0.0019681  0.09987 0.531  0.27639 1.00685 0.6899
8.0019111  0,10101 04540 0.292%3 1.00466 0.6892
0.0018600 0.10218 9.549  0.30898 1.00669 0.6886
0.0017740  0.10345 0.558 0.32576  1.00433 0.6881
0.0017126  0.10475 0.567 0.34288 1.00018 0.6876
0.0016556 0.10609 0.576  0.36032 1.00606 0.6872
0.0015279  0.10961 0.597 0.40539 1.0037% 0.6864
0.0014188 0.11330 2,619  0.45257 1.00347 0.6858
0.0012417  0,120897 0.662 0.55323 1.00306 0.6850
0.0011041  0.12873 0.70% 0.66229  1.00270 0.6845
0.000994%  0.13653 0.746  0.77961 1.00263 3.6862
0.0006637 0.17590 0.948 1.48368 1.00163 0.6836
0.0006933  0.27727 1.137  3.0228 1.00122 0.5360
0.0003989  0,.33698 1.315  4.39030 1.00098 0.5332
0.0003326  0.39349 1,485 5.96343 1.00081 0.5315
0.0002852  0.65306 1.647  7.77453 1.00070 0.527%
0.0082497  0.55061 1.803  9.38672 1.00061 0.5139
0.0002015  1.03742 2,109 17.08963 1.00048 0. 4425
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TEMPERAT URE

DEG.

100
105
110
115
120
125
130
135
140
150

160
180
200
220
260
260
289
300
320
340

360
380
«00
%20
“h0
460
480
500
520
Su0

560
580
600
6550
700
800
900
1000
1500
2000

2500
3000
3500
4000
5000

TWO-PHASE BOUNDARY

280 PSIA ISO8AR

R

VOLUME
Cu FT/LB

0.20515
0.20518
0.20742
0.20986
0.21249
0.21534
ge21842
0422179
0.22567

0.22954
0.23407
0.23916
Ds26494
0.25380
0.25940
0.26877
028044
0.29570
0,33731

0435276
0.42523
G.56213
0.69194
0.79593
0.99924%
1.16329
1.31056
Leleteb74
157547

1.69870
1.81790
1.93396
2.04750
2.15898
2.26876
2.37711
2448623
2.59038
2479982

3.00651
3.61436
3.81563
he21224
4.60598
499741
5.38705
5.77525
6.16231
654843

6.93377
7.31847
7.70263
6.08633
8.46964
B.85262
9.23532
9.61776
9.99999
10.38203

10.76330
1114563
11.52723
12.48075
13443373
15.33852
17.24226
19.14532
28.65581
38.316330

47.66986
57.17667
66.69033
76.24345
96402441

ISOTHERM
DERIVATIVE
CU FT=-PSIA/LB

3008.66
300845
281k bt
2616.92
2048.75
2279.81
2116.90
1956.09
1792.04

1629.35
1463.08
130034
1137.96
981.10
825,48
673.72
526,51
388.03
259.32

145407
68450
61.52
89.39

120.53

189.68

247401

298,31

3eh.99

388,37

429.19
“68,.11
505.52
S41.70
576.86
611,18
Bk 77
677 .74
710.47
773.68

835.74

956.06
1073.99
1189.58
1303.48
1616.09
1527.72
1638.55
1748.75
1858.43

1967.68
2076.59
2185.19
2293 .54
2401.68
2509.64
2617 L 44
2725.14
2832.66
2940.10

3047 .46
3156.73
3261 .94
3529.69
3797 .14
4331043
4865.14
5398.49
8062,65
10725.20

13387.24
16049,.08
18710.82
21372.50
26695.78

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

I30CHORE
DERIVATIVE
3SIA/R

77.258
77.251
75.522
75. 425
T4.095
72.791
71,601
63,852
68.140

66.191
63,993
61.479
58,659
55.538
52,0890
48,284
4, 087
33, 400
3e. 064

er.712
20.259
13. 949
10.788
3.082
6.806
54649
. 895
6. 352
3.936

3.601
3,329
.10
2.906
2.737
2,589
2,458
24341
2.235
2.053

1.900
1.656
Le871
1.325
1.206
1.107
1.024
G.3521
0.8901
0.8358

0.7879
0.7452
0.7070
0.5726
b.6414
0.6130
6.5874¢
0.5632
G.5412
0.5209

0.5021
DebB4b
0.4683
Q.0320
0.0009
0.3506
0.3115
g.2802
06.1867
B.14G0

0.1120
¢e0933
0.0800
0.3700
6.0560

INTERNAL
ENERGY
BTu/L8

«132.587
~132,555
=129.458
~126.155
~122.643
~118.917
=114.962
-110.772
-106.332

~101.624
~96,623
-91.306
-85.630
=79.548
-72.983
«65.831
-57.902
-48,899
-38.248

~26.608
~5.127
18,748
35,153
46.205
65.241
79.223
91,255
102.199
112.479

122.373
1331.928
141.301
150,574
159,811
169.066
178.333
187.803
197.358
216.985

237.047
281,628
329.59%
381.303
436.108
493,112
551.501
610433
669.377
727.909

785,765
842,800
893,958
954.254
1008.736
10624473
1115.552
1168.053
1220.059
1271.635

1322.782
1373.706
1426.427
1550, 334
1675.547
1926.751
2173.708
2422.456
3676.364
4969.633

6326.998
7755.936
3263.571
10873.993
14870.589

ENTHALPY
8Tu/sLe

~121.351
-121.917
~118.703
-115,274
~111.62%
-187.752
~103.637

=99,273

=94.b41

-89,723
-B4.0u87
-78.306
«72.330
~66,503
=59.534
~51.896
-43.361
-33.567
-23.796

~6.318
16,920
47.893
71.029
87.553
117.050
139.538
159.208
177,210
194,164

210,408
226,183
241,574
256,734
271.751
286.597
301.632
316,606
331.661
362.151

393,330
458.658
527.418
599.701
674921
752.220
830.810
909,870
938.883
1067.436

11465.270
1222.251
1298.327
1373.515
1447.874
1521.467
1594.389
1666.719
1738.542
1808.927

1880.873
1951.589
2022.096
2197441
2372.064
_2720.028
3067.5891
315,110
5162.123
698,360

8798.504
10720.455
12721.359
14827.095
13849.303

78

ERTROPY
8IU/L8-R

1419634
1.19763
1.31668
104349
1552686
1.67006
1.78763
1.90559
2.02436

2.16433
2.26611
2439013
2.51728
2.64843
2.78506
2.92917
3.08432
3.25609
3.45551

3.70%06
4407751
4.55435
4.90006
S.13971
S. 54760
5.83815
6.02675
b. 28264
6. 46601

6.63310

6.78666
6.92386
7.06464
7+19247
T+31650
7.43165
7.54u67
T.65617
7.86451

8.06570
8.44889
8.81092
9.1%528
9.48225
9.79177
10.08286
18,35572
18.61072
10.84854

11.07107
11.27919
11.474L39
11.65779
11.83080
11.99438
12,1693
12.29715
12.43812
12.57283

12.70135
12.82528
12+ 4486
13.22584
13.484691
13.94987
16.35905
14.72488
16414072
17.16625

17.99139
18.68221
19. 30165
20.05647
22.00539

cv cP

BTU / LB -R
1.156 1.556
1,155 1,587
1.187 1.661
1.238 1.770
1.279 1.879
1.318 1.996
1.353 2.119
1.383 z.268
1.411 2,386
1,433 2.535
10453 2.702
1,469 2.685
1.483 3.095
1,496 3,338
1.508 3.637
1.519 4,019
1.532 4,543
1.549 5.307
1.573 6.576
1.617 9,180
1,731 14,571
1.779 13,993
1.735 S9.584
1.682 T.264
1,605 4.992
1,577 4.167
1.568 3.760
1.566 3,481
1.570 3.311
1.577 3.191
1.587 3.108
1.603 3.052
1.623 3.015
1.669 2.994
1.680 2.986
1.715 2.989
1.754 3.001
1.798 3.021
1,89 3.080
2.001 3.158
2,233 3.347
2. 4bt 3.529
2.628 3.694
2.768 3.820
2.863 3.904
2.914 3.946
2.931 3.956
2.922 3,942
2.897 3.911
2.860 3.871
2.818 3,826
2.776 3.781
2.735 3.738
2.697 3.698
2,663 3,662
2.632 3.630
2.606 3.603
2,584 3.580
2.565 3.560
2.550 3504
2.537 3.530
2.526 3.519
2.507 3,499
2,496 3.487
2.488 3.477
2,487 3.475
2,489 3.476
2.536 3.523
2.644 3.630
2.786 3.771
2.926 3.912
3.084 4074
3.350 4,353
4. 849 6,015

VELOCITY
OF SOUND
FT/SEC

4335
4335
4254
4163
(3] 74
4000
3918
3835
3748

3654
3551
ELTY )
3317
3185
3837
2873
2689
2682
2242

1953
1634
1497
1513
1553
1653
1739
1815
1885
1948

2006
2061
2112
2159
2203
2244
2282
2318
2351
2414

24672
2577
2681
2783
2887
2991
3096
3291
3306
34180

3513
3614
3713
3811
39086
3999
4089
4178
4264
4348

4430
4510
4508
W777
4957
5295
5612
5910
7203
8259

9164
9871
10760
11344
12381



280 PSIA ISQ3AR

TEMPERATURE

DEG. R

360

540

560
580
500
659
m
800
900
1000
1500
2000

2500
3000
3500
4000
5000

THO-PHASE BOUNDARY

DENSITY

LB/CU FT

4e 87453
4.87373
4.82103
4476512
#.70603
4.64391
#e57825
4.500884
be 43511

4435654
4.27217
“e18132
L.08258
3.97460
3.3550)
3.72064
3.56584
3.38186
3.15153

2.830082
2.35163
1.778%
1406521
1.25639
1.00076
0.85963
8.76303
0.69121
0.63473

0.58863
0,55009
0.51707
O.48840
9.46318
Os 46077
0442068
B. 40256
3.38606
0.35717

9.33261
0.29288
0.26209
0.23740
0.24711
0.20010
0.18563
0.17315
0.16228
6.15271

Oalbb22
2.13664
0.12983
0.12367
0.11807
0.11296
0.10828
0.1039%7
0.10000
0.09632

0.09290
0.08972
0.08675
0.08012
0,074kt
0.06520
0.05800
0.05223
0.03490
0.02620

8.02038
0.01749
0.01499
0.01342
0.01061

vioH/DVdy

8rysLd  PSIA-JU FI/BTU

295.36
295 .46
29 .47
292.69
292.29
290.38
287 ol
283.50
278.32

271.85
263.93
255416
245416
234440
222.22
208.63
193.47
176,73
157.82

136.22
115.85
109.79
116,76
121.53
139.22
156.61
173.83
190.76
207.33

223.90
240443
257.25
274443
292,23
310.73
329.89
349.83
370.60
ol .66

462401
566.00
675.52
787 .54
396.53
999.22
1093.30
1178.98
1256476
1328.412

1396 .62
16456.93
1517 .37
1576.39
1634.90
1693.68
1752.80
1812.75
1873.58
1335.15

1398.13
2061 .74
2126423
2290 .41
2458.06
2801.02
3147.56
3497.62
5308.03
7286.16

456,12
11766.556
16285.95
1763344
29859.72

THERMODYNAMIC PROPERTIES OF 3ARAHYOROGEN

13.732
13.728
13.265
12.781
12.306
£1.893
11.529
11.199
10,892

10.602
10. 311
13.009
3.689
9. 341
9.962
845643
3.068
7.522
6.872

3.0u46
4. 977
Y007
“. 303
4.282
4. 236
“4.168
4. 031
4,019
3.950

3.879
3.813
3. 742
3.665
3.583
3,697
3.407
3,315
3.221
3.034

2.855
2,532
2,296
2.123
2,086
1.932
1.892
1L.876
1.877
1.890

1.910
1.335
1.962
1.988
2.016
2.038
2,059
2,078
2.095
24109

2.120
2,129
20137
2,150
24158
2,161
2.160
2,156
2.110
2.021

1.917
1.82%
1.7380
1.593
1.109

vRsou, -V(DPIDV&

PSIA

14665.83
14662.37
13568.35
124669.33
11523.89
10587.25
9682.57
8810.68
7947.75

7098.33
6250 .54
5437.45
4645 .82
3899.48
3182.23
2506.66
1877.45
1312.25

817 .25

411.23
161.08
109,44
129.18
151 .4l
189.82
212.34
227.62
238.46
266451

252.66
257.50
261 .39
264.57
267.19
269,39
271.2%
272.81
274,16
276.33

277 .98
280.01
281.49
282.41
283.00
283.37
283.59
283.72
283.78
283.80

283.78
283.75
283.69
283.63
283.56
283 .49
283 .42
283.34
283.27
283.19

283%.12
283.05
282,98
282.84
282.66
282.33
282.16
281.97
281.3%6
281.03

280.83
280.69
280.56
280.32
278.01

(DV/DT%IV THERMAL VISCOSITY THERMAL OIELECTRIC PRANOTL

SONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER
1/DEG. R BTU/FT-HR-R LB/FT-SEC SQ FT/HR
X 10

0.0052679 0. 04644 1.793 0.00612 1.25920 2.1621
8.0052686 0.,04649 1.789 0,00643 1.25915 2.1568
0.0056397 0.05150 1.559 0.00643 1.25605 1.8098
0.3060486 0.05486 1.380 0.00650 1.29276 1.6030
0.0064297 0.085715 1.237 8.00646 1.24930 1.4639
0.0068753 0.05861 1.120 9.00632 1.24567 1.3736
0.0073742 0.05983 1.023 0.00617 1e20184 10300k
0.0079281 d.06122 0.940 0.00604 1.23781 1.2630
3.0085735 0.06208 0.869 0.00587 1.23354 1.2025
340093248 3.06250 0.806 0.00566 1.22901 1.1773
0.0102340 0.06251 0.750 0.,00541 1.22616 1.1671
0.0113071 0.06216 0.639 0.00515 1.21896 1.1679
6.0126261 0.06141 0.651 8.00486 1.21334 1.1819
0.0162620 0.06035 0.607 0.00455 1.20721 1.2085
0.0163689 0.05896 0.564 0.00%20 1.20047 1.2533
2.019262¢ 0.05722 9.523 0.00383 119293 1.3222
0.0234824 0.05483 D.482 0.00338 1218630 1.4367
0.0303280 0.05197 0,439 0.00290 Lel7612 1.6154
0.0416813 0.04386 0.395 Ge00241 1416449 1.8738
0.0673877 0.04820 0.344 0.00135 1e1bk32 243553
0.1257677 B.04747 0,283 0.00139 1.11858 3.1306
0.2274573 0.06095 0.232 G.00164 1.0887¢ 2.8358
0,0835090 0.03399 9.205 0.00245 1.07162 2.0818
0.0597707 0.03061 0.193 6.00335 1.06203 1.6475
0.0358537 0.02761 0.183 0.00553 1.04918 1.18289
0.0266047 0.02697 0.183 0.00753 1.06213 1.0152
0.0215052 0.02706 0.186 0.00948 1.03733 0.9239
0.01826497 0.02745 8.190 0.01161 1.03377 0.8677
8.0159652 0.02304 0.195 0.01334 1.03098 0.8298
0.0342511 0.02375 0.201 §.01531 1.02871 0.8022
0.0129276 0402954 06.207 0.01727 1.02681 0.7824
D.0118623 0.03047 0.212 0.01932 1.02518 0.7657
0.0109835 0.03149 0.218 0.02139 1.02378 .7523
0.0102437 0.03254 0.224 9.02346 1.02254 0.7427
0.009610% 0.03361 0.230 0.02553 1,021 46 0.7360
0.0090613 0.03669 2.236 0.02759 1.02045 0.7319
0.0085795 0.03561 0.262 0.029467 1.01957 0.7337
0.0081527 0.03674 0,248 0.03150 1.01876 0.7330
0.3076283 0.03950 0.259 0.03590 1.01735 g.7272
0.0068346 3.04255 0.270 2.04052 1.01615 0.7219
0.0059132 0.05242 0.309 0.05348 1.01421 0.7099
0.0052246 0.06154 0.362 0.06653 1.01271 0.7074
0.0046902 0.06922 0.368 0.0789% 1.01151 0.7062
0.0042606 0.07554 g.388 0.03108 1.81052 0.7056
0.0039066 0.08058 Oobelle 0.10316 1.00963 07048
0.0036093 0.086069 0.419 0.11535 1.00899 9.7037
0.0033556 0.08749 Jete31 0.12772 1.00838 G.7024
0.0031365 0.08975 0o0h3 0e14032 1.007 85 0.7009
0.0029450 0.03149 0. 450 d.15317 1.00739 6.5699%
0.0027763 0.092a8% 0.465 0.16630 1.00698 0.6979
0.0026263 0.09397 B.475 8.17973 1.00661 0.5964
0.0026921 0.09497 0485 0.19345 1.00628 0.6951
0.0023713 0.09591 0.49% 0.20748 1.00598 0.6938
0.0022618 0.09684 0.506 6.22181 1.00871 0.6927
8.0021622 0.09751 0.513 0.23644 1.00546 0.6917
0.0020712 0.09882 8.522 0.25138 1.0052% 0.6908
0.0019876 0.393989 0.531 0.26664 1.00503 0.6900
0.0019107 0.10402 0.540 G.28221 1.00683 0.64893
0.0018395 0.10220 0.549 0.29800 1.006466 0.6886
0.0012735 010367 0.558 0.314628 1.00469 0.6881
0.0017122 0.10677 0.567 0.33079 1.00634 0.6877
0.0016549 0.10611 0.576 0.36762 1.00419 0.6873
0.0015275 0.10963 0.598 0.391180 1.00387 0.56864
0.0014184 .11332 0.619 043662 1.00360 0.6859
0.0012414 0.121080 0.662 0.53373 1.00315 0.6851
0.0011039 0.12876 0.705 0.6389 1.00280 06845
0.0009939 29.13656 0.747 0.75212 1.00252 0.6842
0.0006635 0.17595 0,948 1.03134 1.00169 0.6836
G.0006982 g.27727 1.138 2.91491 1.00127 0.5362
0.0003988 0.33497 1.316 #e.23396 1.00101 0.533%
0.0003325 0.39347 1.485 5.75086 1.0008% 8.5316
0.0002851 0. 45790 1.667 T.43642 1.00072 8.5276
0.0002497 0454959 1.806 9.62520 1.00063 045144
0.0002024 1.02989 2.110 16.44219 1.00050 004435
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290 PSIA ISOBAR

TEMPZRATURE

DZG. R

340

360
380
#00
420
bL6D
“60
480
500
520
540

560
580
500
650
700
800
900
1000
1500
2000

2500
3000
3500
4000
5000

® THWO-PHASE BOUNDARY

VOLUME
Cu FT/LB

0.20505
6.20727
0.20969
0.21231
0.21543
0.21820
0.22154
0.22519

0.22922
0.23370
0.23872
O0e26kb2
0.25096
0.2580
0.26772
0.27839
0.29351
0.31363

034496
0.48297
0.51510
B.6L087
0.76540
0.96866
1.311062
1.25500
1.38820
1.51379

1.63382
1.74977
1.86255
1.97280
2.08099
2.18747
2.29252
2.39634
2.49910
2.70201

2.9021¢C
3.29664
3.68457
4.06824
Gelil 884
4.8274 4
$.20364
5.57872
$.95265
6.32565

6.69787
7.06945
7T.4lO48
7.81107
8.18126
8.55112
8.92070
9.29003
9.65914
10.02806

10.39682
10,7654%
11.13332
12.05466
12.97485
16.61408
16.65226
18.48975
27.67267
36.85217

46.03094
55.20994
64,39542
73.61834
92.70637

ISOTHERM
DERIVATIVE
Cu FT=PSIA/LB

3018.91
2830 .24
2631.33
2663,.33
2294.39
2129.62
1969.10
1807.68

1645.69
1482.42
1317.71
1158.72
1000.24
845.27
694,27
547416
412.09
283.45

169.75
86.97
63 .43
84,24

114.32

183,467

241.70

293.83

3ul.17

385.09

426436
465467
583.41
539.89
575.32
609.86
5463.67
676.83
709 .4k
773.27

835.59
956.23
1074.55
1180, 44
1304.58
1417 .40
1529.19
1640.16
1750.43
1860.27

1969.61
2078.59
2187.27
2295.68
2603.88
2511.88
2619.78
272743
2835.01
2942.43

3049.87
3157.17
3264.40
3532.21
37938.70
#334.05
4867 .81
5401.19
8065 .42
10728.00

13390.07
16051,91
18713.66
21375.34
26698462

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

ISOCHORE
DERIVATIVE
ASIA/R

77.274
75,584
75.534
74.213
72.915
71.535
69.996
68.293

66.362
64,189
61.699
58.912
55, 834
524435
48,697
4h. 591
0o D43
3ke 908

2B8.931
22.068
15.610
1l.860
3.813
Te2469
35+969
54151
4.565
40120

3.763
3.475
3,236
3.028
2,850
2.695
2.557
2o 3b
2.320
24433

1.973
1.719
1.526
1.374
1.250
1.148
1.061
L.3867
B.9224
0.8661

C.816%4
0.7721
0.7325
0.5968
0.6645
0.6350
0.6084
0.5834%
G.56006
0.5396

0.520%
0.5020
o851
O.44?5
Go153
0.3631
0.3226
0.2903
041934
01450

Ge1160
6.0967
0.0829
0.0725
0.0580

INTERNAL
ENERGY
8YuU/LB

«132.572
=129.510
=126.216
“122.714
~118.999
«115.057
-110.882
=106.459

-101.773
=96.799
=91.511
~85,875
“79.843
=73.345
-66.285
~58, 092
-49.717
=39.461

-26.731
-9.527
12.753
30,575
42,780
62.968
77,465
89,796

100,940

111.365

121.37¢
131.018
140,466
149,797
159.086
168,385
177.762
187.19
196.781
2164 462

236.967
281,221
329.239
380.9068
«35.826
492,857
552.269
610.221
©69.183
T727.730

785.601
Bl2.643
898,817
954.120
1008.614
1062.359
1115, 446
1167.954
1219.965
1271.547

1322.699
1373.627
16424.353
1550.269
1675.489
1924.705
2173.670
2422.425
36764350
4969.625

6326.991
7755.912
9263, 364
10872.302
16856.5%

ENTHALPY
8TuU’LB

~121.561
-118.380
~114.956
-111.312
~107.b4b
~103.340

~98.986

-94.367

-89, 464
~84.249
-78.692
~72.750
~66.367
=59,458
-51.909
~43.511
-33.955
=22.519

-8.207
12.113
40.413
64,990
82.808
113.901
137.095
157,189
175.486
192.656

209,110
224.9814
240,483
255.737
270.835
285.853
300.850
315.879
330.384
361.560

392.810
58,251
527.104
599,453
674,729
752.075
830,705
909.799
988,842
1067.419

1145.277
1222.278
1298.372
1373.57¢
14467.949
1521.555
1594.489
1666.829
1738.662
1810.255

1881.009
1951.733
2022.246
2197.606
23724241
2720.223
3067.699
3615.328
5162.365
6948.592

8798.859
10720.694
127214407
1e826.123
198344834

80

ENTROPY
8IU/LB-R

1.19672
1031451
1.43260
1.55015
1.66733
178466
1.90235
2.02079

2. 14039
2.26166
2.38516
2.51159
2.64185
2.77730
2091973
3. 07240
3.26000
3. 43207

3.66818
3.99043
4.42593
4e79313
5.05155
5.43158
5.78131
602510
6.23433
6.42003

6.58888
6.74376
6.88800
7.02362
T.15214
727474
7.39238
7.50582
7.61568
7.82661

8.02827
8.41212
8.77462
9.11931
9. 44652
9.75623
10. 04747
100320465
10.57555
10.81364

11.03603
1124421
1143946
11.62289
11.7959%
11.959564
12.11453
12.,26236
12.40335
12.53808

12.66661
12.79056
12.91015
13.19115
13.45024
13.91522
1h.32642
14.69026
16.10612
17.13166

17.95680
18.64762
19.26699
20.02154
21.96755

cv
BTY

1.155
1.197
1.238
1273
1.318
1.352
1.383
1ebeil

Low33
1.453
1. 469
1,483
1.496
1.508
1.519
1.532
1.567
1.568

1.606
1,690
1.765
1743
1.693
1.612
14579
1.57¢
1.569
1.572

1.579
1.589
1.604
1.625
1.650
1.681
1.716
1.755
1.798
1.895

2.002
2.233
2aleiely
2.628
2.769
2.863
2.914
2.931
24923
2.897

2.860
2.819
2.776
2.735
2.697
2.663
2.632
2.606
24586
2.565

2.550
2.537
2.526
2.507
2.496
2.488
20487
24489
2.536
2.6l

2.786
2.926
3.083
3.346
4,823

CP
/7 LB =R

1.556
1.658
1.768
1.876
1.993
2.145
2.242
2.379

2.%526
2.689
2.871
3.073
3.313
3.602
3.967
bbbl
S.147
6,272

Bo342
12.466
16.223
10.378

7.759

5.191

o271

3,809

3.531

34349

3.221
3.133
3.072
3.032
3.009
3.000
3.001
3.012
3.031
3.082

3.164
3.352
3.533
3.697
3.823
3.906
3.948
3.958
3,963
3.913

3.872
3.827
3.782
3.739
3.699
3.663
3.631
3.604
3.580
3.56¢8

3.564
3.530
3.519
3499
3.487
3677
3.475
3.476
3.523
3.63¢

3.774
3.912
4,073
4.350
5.985

VELOCITY
OF SOUND
FI/SEC

300
4263
w172
4091
4009
3928
3846
3759

3666
3566
3456
3336
3204
3059
2898
2718
2520
2290

2021
1724
1539
1524
1558
1654
1740
1817
1886
1950

2007
2962
2113
2161
2205
2246
2284
2320
2353
2616

2474
2579
2683
278%
2889
2993
3098
3203
3308
3612

3515
3616
3715
3843
3908
4001
4091
4180
4266
4350

“L32
4512
4590
779
4959
5297
5616
5912
T204
8260

9164
9972
10701
11346
12384



THERMODYNAMIC PROPERTIES OF PARAMYDROGEN

290 PSIA ISO03aR

TEMPERATURE DENSITY V(DNlﬂVb V(OPZOU), =V IDP/OV
DEG. R LB/CU FT 8TU/LB  PSIA-3J FI/BTU PSIA
® 26,021 .87643 296.43 13.717 14722.71
28 482459 295.65 13.266 13654.73
30 4.76891 293.73 12,796 12548.85
32 “.71009 293.36 12.317 11602.52
34 o 64827 291.50 11906 10664 .98
38 b.58297 288.57 11.542 97%9.97
38 #e51390 2846474 11.212 83488.39
© Wl L. b14067 279.67 10.905 8027.29
42 4.36265 273.32 10.616 7179.58
(1 b.27902 265.76 13.328 6363.32
L1 4.18895 256.87 18.028 5519.83
“8 4e09131 267.31 3711 Ww740.67
50 3.986470 236.51 3.368 3985 .64
S52 3.86638 224,54 8.995 3268.63
Sh 3.73525 211.23 8.585 2593.28
56 3.58440 196.36 8.123 1961 .26
58 3.40707 180447 7.537 1404.,01
60 3.18802 162.28 5. 981 902.80
62 2.89891 141,89 5.216 492.09
[-13 2.48155 124.92 34261 215.82
66 1.94138 112.19 6.556 123.14
63 1.56038 115.02 e 361 131 bt
4] 1434156 121.27 321 153.37
75 1.05434 138.51 o264 193,044
a0 0.90056 155.78 s 196 217.67
85 0.79681 173.13 “e116 234,13
9 0.72036 190.406 4o G40 245.76
95 0.66059 206.75 3.989 254439
100 8.61206 223.33 3. 895 260.96
105 057150 239.90 3.827 266413
110 0.5369%0 256.76 3.755 2r0.24
115 0.50689 274400 3.677 273.67
120 0.48056 291.86 3.995 276.46
125 0.45715 310.32 3.507 278.80
130 0.43620 329.50 3.617 280.77
135 0.41730 349.47 3.324 282,44
149 0.40816 370.26 3.229 283.88
159 8.37009 414 .35 3.0061 286.18
160 0.304658 W61.72 2.861 287.93
180 0.30336 565.75 2.537 290.06
200 0.27240 675.32 2.300 291.63
229 0.24531 787 .43 2,127 292.62
260 0.22478 896.59 2.009 293.26
269 0.20716 999.31 1.935 293.63
2890 0.19217 3093.49 1.89 293.87
300 0.17925 1179.26 1.878 294 .00
320 0.16799 1257 .12 1,879 294.07
340 0.15809 1328.53 1.891 294.08
360 0.14938 1396.39 t.912 294.07
380 D.14145 1657.65 1.937 294,03
(11 OGe13040 1517.92 1.963 293.97
%20 0.12802 1576.38 1.990 293.90
(11] 0.12223 1635.52 2,016 293.43
460 041169 1694 .33 2.039 293.75
+80 0.11210 1753.46 2.061 293.67
500 0.10766 181343 2.079 293.59
520 0.10353 187627 2.096 293.5%
540 0.09972 1935.86 2,110 293.43
560 0.09618 1998.35 20121 293.35
580 0.09289 2062.47 24130 293.27
600 0.08982 2126.98 2.138 293.19
6590 0.0829% 2291.18 2.151 293.02
7090 0.07707 2458 .85 2.158 292.85
8408 3.067%0 2801.82 2.162 292.56
900 0.06005 3148.43 2.161 292.32
1000 0.05408 3498.48 2,156 292.12
1500 0.0361% 5308 .96 2.1180 291 .46
2000 0.02716 r287.11 2.021 291.11
2509 0.02172 957.40 1,917 296.89
3000 0.01811 11765.26 1.826 290.74
3500 0.01553 14284.08 1.736 290.61
4000 0.01358 17419.56 1.595 290.35
5000 0.01073 29720.05 1.115 288.00
® TWO-PHASE BOUNDARY

(DV/0TL/V  THERMAL  VISCOSITY THERMAL OIELECTRIC PRANDTL

CONOUCTIVITY DIFFUSIVITY CONSTANT  NUMBER
1/DEG. R BTU/FT-MR=R LB/FT-SEC SQ FT/HR

X 105

0.0052485  0.04659 1.795 0.006164 1,25933 2.1584
0.0056086 0.05155 1.566 0.00644 1.25625 1.8136
0.0060192  0.05492 1.386  0.00651 1.25298 1.6060
0.0063963  0.05723 1.262  0,00648 1.20953 1.4659
0.0068369  0,05370 1.125  0.00634 1.26592 1.3747
0.007329%  0.05993 1.027  0.00618 1.26212 1.3051
0.0078763  0.06133 0.94%  0.00606 1.23811 1.2431
0.0085076  0.06221 0.873  0.00589 1,23386 1.2018
0.0092432  0,06264 0.810 0.00568 1.22936 1.1759
0.0101192 0.06267 0.75¢  0.00545 1.22456 1.1641
0.0111777  0,06232 0.702  0.00518 1.21940 1.1648
0.0126278  0.06161 0.655 0.00690 1.21383 1.1761
0.0140089  0.06059 0.611  0.00659 1.20779 1.2020
0.0160420  0.05923 0.568  0.00425 1,20114 1.2440
0,0187783  0.05754 0.527 0.00388 1.19376 1.3084
0.0227360  0.05522 0.686  0.00345 1,13533 1.6157
0.0285202 0.05246 0,445  0.00299 1,17551 1.5717
0.0386658 0.05020 0.401  0.00251 1.16350 1.8056
0.0587926  0.04839 0.353  0.00200 1.16778 2.1932
01022507  0.04714 0.298  0.00152 1.12545 2.8600
0.1267723  0.06293 0.2645  0.00155 1,09711 2.920¢6
0.0902297  0.03586 0.215 0.00221 1.07748 2.2368
0.0639638  0.03186 8.200 0.00306 1.06636 1.7502
0.0376746  0.02825 0.186 0.00516 1.05186 1.2312
0.0276202 0.02760 0.185 0.00712 1,017 1.0368
0.0219991  0.02738 0.187  0.00902 1.03901 0.9375
0.0185766 0.02773 0.191  0.01090 1.03522 0.8778
0.0161962  0.02828 0.196  0,01279 1.03226 0.8367
0.0166211  0.02898 0.202  0.01669 1.82986 0.8076
0.0130576  0.02973 0.207 0.01661 1.02786 0.7866
0.0119647 0.03065 0.213  0.01858 1.02616 0.7690
0.0110656 0.03165 0.219  0.02059 1.02668 0.7551
0.0103105 0.03269 0.225 0.02261 1,02339 9.7450
0.0096658 0.03375 0,231  0.02061 1.02226 0.7380
0,0091075  0.03433 0.236 0.02661 t.02121 0.7338
0.00856185 0.03573 0.242  0,02843 1.02029 9.7353
0.0081858 0.03686 0.248 0,03039 1.01945 0.7344
0.3076527  0.03964 84259  0.03466 1.,01798 g.7282
0.0068531 0.04266 0.271 0.03913 1.01673 e.7228
0.0059251  0.05246 0.309 0.05159 1.03672 8.7108
0.0052319  0.06156 0.343  0.06620 1.01316 0.7077
0.00645987  0.06923 0.368 0.07519 1.01191 0.7068
0.0062635  0.07554 0.388 0.08792 1,01089 9.7061
0.003908¢  0.08059 0.40%  0.09960 1.01003 0.7052
0.0035103  0.08450 0.413  0.11138 1,00931 0.704%
0.0033562 0.08750 0.632  0.12333 1,00868 0.7027
0.0031367 0.08976 [ P * ) 0.13550 1.00813 0.7012
0.0029450 0.09150 V.bSh 0.14793 1.00765 0.69396
0.0027761  0.09286 0.465 0.16062 1.00722 9.6981
0.0026260 0.09398 0.647%  0.17359 1.00686 0.6966
0.0026918  0.03499 0,485 0.18685 1.00650 0.6952
0.0623709  0.09593 0.495  0.20041 1.00619 0.6940
0.0022616  0.09686 0.506  0.21425 1.00591 0.6328
0.0021618 0.09783 0.513  0.22839 1.00566 0.6918
0.0020707  0.0988% 0.522  0.24282 1.00562 0.6908
0.0019872  0.09991 0,531 0.25757 1.00520 8.6900
0.0019102 0.10104 0,540  0.27261 1.00504 0.6893
0.0018390  0.10222 0.569  0.28796 1.00082 0.6887
040017731 0.10349 0,556 0.30358 1.00665 0.6882
0.,0017117  0.10479 0.567  0.31954 1.00643 0.6877
0.0016545 0.10614 0.576 0.33580 1.00636 0.6873
0.0015271  0.10966 0.598  0.37780 1.00601 0.6865
0.0016182  0.11335 0.619  0.42177 1.00372 0.6859
0.0012411  0.12102 0.662 0.51557 1.00326 0. 6851
0.0011036 0.12879 0.705 0.61721 1.00290 0.6845
0.0009937 0.13660 0.747  0.72653 1.00261 0.6842
0.0006635 0417600 0,949  1,38260 1.00175 0.6836
0.0000982 0.27727 14138 2.81675 1,00132 0.5363
0.0003988  0.33497 1.316  ©.08837 1.00105 0.5335
0.0003325  0.39345 1.486 5,55295 1,00087 0.5318
0.0002851 0.45774 1.648  7.23756 t.00075 0.5279
0.0002497  0.54882 1,804  9.284889 1.,00066 0.5148
0.0002014  1.02276 2.110 15.84096 1.,00052 YIS

8l



TEMPERA

DEG.

160

3460

360
380
400
420
LT 1
460
480
500
520
540

560
580
600
650
700
800
900
1000
1530
2000

2500
3000
3500
%000
5000

® THO-PHASE BOUNDARY

300 PSIA ISOBAR

TURE VOLUNE
R Cu FT/LE

+061 0.20495
0.20712
0.20953
0.21213
0.21493
0.21798
0.22129
0.22491

0.22890
0.23333
0.23830
0.24391
0.2503%
6.25782
0.26671
0.27759
0.29149
0.31032

6.33851
0.38738
Oe 47774
0.59480
0.69865
0.96109
1.06114
1.20322
1.33363
1.45631

1.57333
1.68624
1.79597
1.90315
2.00826
2.11165
2421364
2.314630
2eb1602
2.61076

2.80468
3.18678
3.56265
3.53335
he30219
4.66823
5.03248
5439530
5.75698
6.11772

6.47769
6483703
7.19582
7.55416
7.91211
8.26972
8.62700
8.98414
S.34302
9.69770

10.05422
10.41059
10.76683
11.65697
12.54657
16.32460
16.10159
17.87790
26.75467
35.62844

b4.50128
53.37432
62.25352
71.16829
89.60633

ISOTHERM

DERIVATIVE DERIVATIVE

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

ISOCHORE

CU FT=-PSIA/LB PSIA/R

3029.13
2845.99
2645.77
2677.083
2308.88
2146.23
1983.99
1823.21

1661 .87
1499.33
1334.85
1176.90
1019.01
864.59
714,24
571.60
433.78
307441

191.39
106.59
70.29
81.51
108.68
177.52
236.58
289.48
337 .40
381.91

423.62
#63.30
531.37
538.14
573.82
608.60
642461
675.97
708.75
772.89

835,468

956,42
1075.12
1191.31
1305.69
1618.74
1530.67
1641.79
1752.23
1862.11

1971.5%
2080.61
2189.35
2297 .83
2406.07
2554413
2622.01
2729.76
2837.37
2964.88

3052.29
3159.62
3266487
3534.72
3802.26
4336.67
“870.47
5403.89
8068.20
10730.81

13392.689
16054.74
18716449
21378.43
26701 .46

77.291
764646
754641
7The 330
73.038
71,667
70.138
68,604

65.532
6bo 377
61,917
53.162
560125
52.773
49,098
45.082
40,649
33.699

30.039
23.580
17.285
13.016
10.632
7.715
5.293
5.413
he 784
4308

3,929
3.623
3.369
3.152
2.965
24802
2.657
2.529
20413
2,213

2,047
1.782
1.581
1.423
1.295
1.188
1.098
1.021
0.9548
08964

D.8649
6.7991
6.7580
0.7210
0.6876
0.6571
0.6292
G.6036
0.5801
0.5563

0.5381
05194
0.5019
C.4629
0.4296
0.3757
0.3338
0.3003
0.2002
0.1500

0.1200
0.1000
0.0857
0.0750
0.06uU0

INTERNAL
ENERGY
sTu/sLs

-132.557
=129.562
-126.277
~122.784
-119.080
~115.151
-110.991
~106.586

-101.919
~96.970
-91.713
-86.115
-80.,132
~73.698
-66.725
=59.G64
-50.481
~60.581

-28.561
=12, 890
Te334
25,886
39,145
60.637
754685
88,321
99,670
110,264

120.374
136.105
139.624
149.019
158.360
167706
177.100
186.589
196,205
215.938

236,487
280,814
328,884
380.673
435.543
492.602
551,037
610.010
568,990
72r.553

7854437
B62.496
898.677
953,390
1008,493
1062.245
1115.340
1167.854
1219.871
12714458

1322.615
1373.549
14240279
15504204
1675.432
1924,659
2173.633
2422+ 39
36764335
©969.617

6326.985
7755.890
9263.167
10871.682
14843.308

ENTHALPY
sTusLB

-121.171
-118.056
=114.637
-110.999
«107.1%0
-103.,042

~98.698

~94.091

-89.,203
-84.008
“78.075
=72.565
~66.225
=59.375
=51.909
“43.5463
-34.288
~23.343

-9.756

8.629
33.872
58.928
77.957
110.695
1344633
155.162
173,756
191.1 64

207.772
223.779
239.393
2544742
269.922
285,040
300.070
315.155
330.309
360.971

392,292
457,806
526.785
599.206
674,538
751.331
830.5L1
909.729
968.801
1007404

1165.,285
1222.346
1298.,418
1373.637
1448.025
1521.64%
1594.583
1666.940
1738.782
1810184

1881.146
1951.877
2022.396
2197.771
2372.417
2720.438
3068.106
3415.545
51624607
6968.843

8799.115
10720.933
12721.466
10825.214
19821.108

82

ENTROPY
B8TU/LB=-R

1.19710
1.31238
1.63028
1.54765
1.66462
1.78171
1.89913
2.01726

2013669
2.2573%
2.38026
2.50601
2.63540
2.7637C
2091056
3.06084
3.22491
3.41037

3.63298
3.92458
b.31272
4.68716
4.96315
5.41600
572540
5.97 k07
6018711
6.37519

B.54581
6.70202
6. 84731
6498377
7.11298
7.23617
7.35430
T.46816
7.57838
7.74990

7.99202
8.37652
8.73950
9.08451
9.41197
9.72187
10.01325
10.28635
1056154
10.77952

11.00218
11210460
11.40570
11.58917
11.76226
11.92589
12.08090
12.22875
12.36976
12.50450

12.63305
12475701
12.87661
13.15766
13,4167
13. 88175
14.2909%
14.65681
16.07269
17.09823

17.92338
18.61419
19.,23351
19.98781
21.93106

cv

cp

BTU 7 LB =R

1.156
1.197
1.238
1.279
1.317
1.352
1.383
1410

1.433
1.452
144669
1.483
1.496
1.507
1.518
1.531
14545
1.565

1.597
1.661
1.737
1e746
1.701
1.619
1.583
1.573
1.571
1.574

1.581
1.591

-1.606

1.626
1.651
1.682
1.717
1.756
1.799
1.896

2,002
2.234
24 teleis
2.628
24769
2.864
24915
2.932
2.923
2.897

2.861
2.819
2,777
2.735
24697
2.663
2.633
2607
24584
2.565

2.550
24537
2.526
2.507
2.496
24488
2.487
2.489
24536
2.644

2.786
2.926
3.083
3,343
4e798

1.556
1.656
1.768
1.874
1.989
2111
2.237
2.373

2.518
2.678
24858
3.055
$.289
3.569
3.919
4372
S.u021
6.000

7.799
10.937
13.592
11,005

8.283

5.401

4.376

3.879

3.581

3.387

3.251
3.457
3,093
3.050
3.024
3.813
3.013
3.022
Je 04l
3.096

3.17%
3.357
3.537
3.700
3.825
3,908
3.950
3.959
3.945
3.914

3.873
3.828
3.783
3.740
3.699
3.663
3.638
3.604
3.581
3.561

3. 564
3.531
3.519
3. 499
3.487
Jeul8
3.475
3.4706
34523
3.630

3774
3.912
4,072
ba346
5.958

VELOCITY
OF SOUND
FI/SEC

4346
271
“181
L1014
«019
3938
3856
3776

3679
3579
3469
3352
3222
3080
2922
2750
2555
2337

2081
1803
1596
1543
1566
1656
1740
1819
1888
1951

2009
2064
2145
2163
2207
2247
2286
2322
2356
26418

2676
2581
2685
187
2891
2995
3180
3205
3310
il

3517
3618
317
3815
3910
4003
%093
«182
4268
«352

633
4514
4592
4780
4960
5299
5615
5913
7205
s2e1

9165
9972
10702
11348
12388



300 PSIA 1S0dAR

TEMPZ RATURE

.

0EG. R

26.061

340

360
380
400
“20
L17]
460
“80
500
520
S4l

560
580
600
650
T80
800
900
1000
1500
2000

2500
3000
35690
“000
5000

TWQ-PHASE BOUNJARY

QENSITY

LB/CU FT

hed7912
4.82812
4.77268
4.71413
4.65261
4.58765
4.51899
botb1d

#.36863
4.28573
4.19648
4e09948
3.99461
3.87868
376303
3.60238
3.43067
3.22253

2.95412
2.58145
2409331
1.68126
1.43133
1.10976
0.964238
Q.83110
0.76983
0.58667

0.63559
0.59303
0.556380
0525065
0.497%
0. 47356
0.45175
0.43209
0.41425
G.3a303

0.35655
0.31380
0.28071
0.25420
0.23204
0.21621
0.1967%
0.18535
8.17370
0.16346

0.15438
0.14626
0.13897
0.13238
0.12639
8.12092
0.11591
0.1113L
0.10705
0.10312

0.09946
0.09606
0.09288
0.08579
0.07970
0.06981
0.06211
2.05593
0.03738
0.02847

0.022467
0.01876
0.01606
0.01405
0.01116

V{JH/OV)
P

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

V32700
v

~¥ (QP/LV)
o T

8fu/Ld PSIA-CJ FT/BTU  PSIA

297.49
290.82
294.76
294443
292.60
289.72
285.96
281.01

274 .77
267.35
256455
269.13
238.56
2¢6.80
213,74
199.68
183,83
166.50

146479
127 .63
115.70
115.87
124.18
137.90
155.01
172.41
189,061
206.16

222.79
233,40
256.29
273.60
291 .45
309.9
329.14
349,12
369.93
LITRN )

461 .45
565451
675.14
787.33
836.59
999.41
1093.69
1179.56
1257 4 67
1328.%6

1395.36
1457 .97
1518.48
1577 .57
1636.14
16964.97
1754.13
1814.42
1874.97
1936.58

1999.58
2063.21
2127.72
2291.95
2459.664
2302.64
3149.24
3499.33
5309.34
7288.06

9458.08
11765.92
14282.35
17406043
29587 .45

13.704
13.267
12.799
124328
11.916
11.554
11.225
10.918

10.631
10343
10,040
3.732
9394
3.026
8.625
8.176
7.068
7.080

6.369
5500
40755
bo b3l
b.366
40293
e 218
belb2
062
3.987

3.910
3o 801
3.768
3. 689
3.006
3.518
34426
3.333
3.238
3.048

2. 068
2.542
2.304
2.130
2.012
1. 937
1.897
1.880
1.881
1.893

1.913
1.938
1.964
1. 991
2.047
2.061
2,062
2.081
2.097
2,111

2.122
2.131
2.139
2,152
2,159
2,162
2.161
2.197
2,118
2.021

1.917
1.824
1.732
1597
1.122

16779.50
13740.79
12627 .44
11680.79
10742.31
9836.96
8365.04
8106.31

7260.21
8425.70
5601.67
4825.13
0749.55
3353 .47
2677.89
2059.13
1488.15
990.65

565.38
275.17
147.13
137.06
155.56
197.00
222.95
269.59
253,03
262.25

269.25
27475
279.17
282.76
28%5.73
288.21
290.30
292.08
293.60
296 .04

297.89
300.12
301.79
302.84
303.49
303.91
306.46
304.30
304037
304.38

304.36
304,31
304.25
304.18
304.10
304,02
303.93
303.486
3e3.75
303.67

303.58
303.50
303.42
303.23
303.05
302.74%
302.48
302.27
301.56
301.19

300.96
300.80
300.65
300.39
297 .99

(ov/urilv THERHAL VISCOSITY THERMAL UIELECTRIC PRANOTL

CONOUCTIVITY DIFFUSIVITY CONSTANT  NUMBER
170€5. R BTU/FT=HR-R LB/FT-SEC Sa FI/HR
X 105

0.0052296  0.0467% 1.798 B.00616 1.25947 2.1567
0.0055780  0.905160 1,573 0.00646 1.25646 1.8169
0.0059902  3.05698 1392 0.60652 1.25320 1.6030
0.3663635  3.05740 L1.267 Ged0649 1.24977 1.4680
043007991 0405479 1,130 U.30638 1.24618 1.3761
0.3072855 04060063 1.032  0.0u620 1.26239 1.3058
0.0073230  U.0biuS 0.9648 3.00608 1023840 102032
0.0089435  g.d6236 G.877  0.G0591 1.23618 1.2012
0.0091639  0.06279 0.81%  0.00571 1.22971 1.1746
0e0100186 (. 06283 G.757 0460547 1.22696 1.1620
0.0140533  0.00250 0.706  0.06521 1.21983 1.1619
0.0122612  2.05182 0.659 0.00493 1.21632 1.1718
0.0137881  0.06081 O.016 0.00663 1.20835 1.1960
3.0157363 0.05349 8.572  0.00430 1.201890 1,2355
0.0183346  0.05785 0.531  0.0039% 1.19654 1.2958
0.0218987  §.05559 0.491  0.G0353 1.18633 1.3901
3.0273152  0.05293 0.450  0.60307 1.17681 1.5380
0.0360359  0.05053 0.408 0.00261 1.16537 1474460
0.053130%  0.04873 0.362  0.00242 1.15076 2.0863
0.0856922  G.04704 0.311  0.00167 1.13076 2.5008
0411764762  3.04606 0.259  0.900155 1.10504 2.8765
0.0969790  0.33768 04225 0.00204 1.08367 2.3646
0.0683492  0.03320 0.207  6.00288 1.07090 1.8584
0.0391636  0.02893 04190  0.00683 1.05664 1.2764
0.0282269  0.02784 0.187 0.00675 104626 1.0586
0.0225003  0.02772 0.189  0.00860 1.06072 0.9516
0.0183066  0.02801 0.193  0.01063 1.03668 0.8867
0.0164283  0.02853 0.197  0.01227 1.63355 0. 8437
0.0145914  0.02918 04203  0.01612 1.03102 0.8128
0.0131877  0.02992 0,208 0.01598 1.02892 0.7908
0.0120667 0.03083 0.21%  0.01790 1.02716 0.7726
0.0141472  0.03182 0.220 0.01986 1.02568 0.7579
0.0103770  0.03284 0.225 0.02181 1.0262% 0.7673
0.0097206  0.03390 0.232 0.02376 1.02305 007399
0.0091533  0.03%97 0.237  0.02569 1.02198 0.7352
0.0086571  0.03585 0,263  0.0274% 1.02101 0.7369
0.3082186 0.03697 0.2649 0.02936 1.02014 0.7358
0,0074770  9.03972 0.260 0.03350 1.01861 0.27293
0.0068713  0.04276 0.271  0.03783 1.01732 0.7236
0.0059368  0.05249 0.309 0.04982 1.01523 0.7187
0.0052591  0.06158 d.363  0.06202 1.01361 0.7086
0.0006992  8.06924 0,368  0.07362 1.01232 0.7073
0.0042663  0.07555 0,388  0.08497 1.01126 0.7066
0.0039102 0,08059 0.404  0.09628 1.01038 0.7056
0.0036116  0,08451 0.419 0.10767 1.00962 0.7044
0.0033567  0.08750 0.432 0.11926 1.00897 0.7030
0.0031369 0.08977 Detete3 0.13101 1.008462 0.70146
0.0029450 0.09151 0+455 0.14303 1.00791 0.6999
0,0027759  0.09287 0.465 0.15531 1.00767 0.6983
0,0026257  0.09399 0.475 0.16786 1.00708 0.6968
0.002691¢  0.09500 0.485 0.18069 1400672 0.6956
0.002370%  0.0959% 0e495  0.19381 1.00640 0.6961
0.0022609 0.09687 0,504 0.20720 1.00613 0.6929
0.0021613  0.09784 0.513  0.22087 1.00585 0.6919
00020733  0.09885 0.522  0.230686 1.00562 0.6309
0.0019867  0.99993 0.532 0.24909 1.00538 0.6901
0.0019097  0.10106 8.540 0.26364 1.00518 9.639
0.0018386 0.10226 0.549 0.27847 1.00499 0.6888
0.0017726  0.10351 0.558 0.29360 1.00681 0.6882
0.0017113  0.10681 0.567 0.30903 1.00464 0.6878
0.0016561  0.10616 0.576  0.32476 1.00649 1.6873
0.0015267  0.10968 0.598 0.36538 1.00615 0.6865
0.0016277  0.11337 0,619  0.40791 1.00385 0.6859
0.0012408  0.12105 0,662 049863 1.00337 0.6851
0.001103¢  0.12882 0.705 0459692 1.00300 0.6845
0.000993% 0.13663 0,747  0.70265 1.00270 0.6842
0.0006636 0.17605 0.949  1.33712 1.00181 0.6836
0.0004981  0.27727 1.138 2.72127 1.00136 0.5365
0.0003988  0.33897 1.317  3.95250 1.00108 045337
0.0003325  0.39343 1.486 5.36823 1.00890 2.5320
0.0002851  0.45760 1.669  6.99596 1.00078 D.5261
0.0002497  0.54809 1.805 8.97523 1.00068 0.5153
0.0002014 1.,01598 2,111 15,28120 1.0005¢4 0.4456
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350 PSIA ISOBAR

TEMPERATURE

DEG.

340

360
380
400
“20
bad
60
“80
500
520
560

560
580
500
650
700
890
300
1000
1500
2200

2590
3600
3500
4000
5000

® THO-PHASE BOUNDARY

R

VOLUME

ISOTHERM

DERIVATIVE DERIVATIVE

THERMODYNAMIC PROPERTVIES OF 2ARAHYDROGEN

ISOCHORE

CVU FT/LB CU FT~-PSIA/LB PSIA/R

0.204088
0.20638
6.20872
0.21424&
0.21396
0.216990
8.22008
0.22356

0.22737
0.23158
0.23626
0.24150
0424743
0.25423
0.26214
0.27155
8.28302
6.29753

0.31676
0.346388
0.38457
Ooletse99
0.52186
0.70823
0.86003
0.99370
1.,10874
1.21921

1.32372
1.423397
1.5209%
1.61533
1.70763
1.79820
1.58733
1.97524
2.06210
2.23321

2.60153
2.73192
3.05673
3.37729
3.69481
4.01004
bo32368
4.63553
b.94643
5425641

5.56563
5.87421
6.18227
6.468987
6.79709
7.30398
7.41059
7.71695
8.02310
8.32907

8.63488

8.94054

F.2u607
10,00943
10.77226
12.29677
13.82025
15,.34306
22.95237
30.55870

38.16412
45.76961
53.37996
61.01853
T6.77877

3079.88
2912.52
2726.66
2554.75
2389.67
2226022
2063 .56
1903.82

1740.46
1582.08
1624026
1263 .80
1112.99
961 .74
316.95
676.66
543.87
419846

307.88
212.58
1642.86
107.60
105.31
156.06
215.82
270.66
320.72
367 .49

411.16
452456
492.15
$30.26
567.16
603.03
638.03
672.28
705.89
771.50

835,35
357.67
1078.21
1195.87
13131.45
14254 bk
1538.22
1650.03
1761.06
1871 45

1981.32
2090.76
2199.84
2308.61
2u17.12
2525.41
2633.50
2741043
2849.22
2956488

3064. 43
3171.88
3279425
3547.35
3815.09
4349.80
4883.82
5417.,39
8062.09
1074k o B4

13406.99
16068,88
18730.65
21392.35
267315.05

77.382
75.947
75.087
74.8686
73.616
72,296
70.828
63,182

674355
65,283
62956
60.354
57,495
54,361
5).968
47.295
43,334
33.043

34,384
23,338
240149
13.201
15. 434
10.399
8.1206
6. 805
5. 944
5.303

40795
e 396
4. 067
3.791
3.555
3.350
3.170
3.010
2,868
2.624

20421
2,101
1.860
1.672
1.518%
1.393
1.287
1.196
1,117
1048

6.3878
0.9340
0.8858
0.3425
0.8032
0.7675
La7349
0,7069
0.5773
6.6519

0.6283
0.6063
0.5859
Qe5404
C.5014
D.u384
0.3895
Ua3504
6.233¢6
9.1750

0.1400
Bes167
G.1000
0.0875
6.0700

INTERNAL
ENERGY
BYu/LB

«132.479
-129.811
~126.569
-123.126
=119.472
=115, 606
-111.516
«107.,192

=102.622
-97.791
-92.675
-87.251
«81.486
=754 334
-68,736
=61.595
-53.790
~45.119

-35.283
~23.831
-10.228
5.233
20.519
88,278
66.496
80.795
93.187
1044552

115.301
125.503
135.402
145,112
1544720
164,294
173.890
183,555
193.328
213.327

234.096
278.777
327.113
379,102
434,134
491330
549.882
608.956
668,025
T26.666

784.620
BhleTh2
897.977
953, 300
1007.887
1061.680
1116.811
1167.358
1219.4605
1271.020

1322.292
1373.158
1423.903
1549.881
1675. 147
19264432
2173448
2422.242
3676.262
©969.575

6326.956
77554791
92624313
10866.797
14785, 648

ENTHALPY
atysie

-119.226
=116.435
~113.062
~109.434
~105.605
=101.567

~97.253

«“92.702

~87.886
-32.782
-77.363
~71,500
«65.450
-58.857
51,744
-43,996
“35.847
-35.836

~14.754
~1l.50k
14.696
36,073
Shedal
Fbei?9
122.233
145.003
165,045
183.570

201.091
217.791
233.975
269.803
265,393
280,837
296.209
311.572
326.974
358.063

389.738
455,834
525.2218
597.986
673.597
751.222
830.089
909.387
988.606
1067.337

1145.333
1222.452
1298.653
1373.951
1468.410
1522.092
1595.095
1667.497
1739,387
1810.831

1881.833
1952.599
2023.152
2198.597
2373.302
2r21.332
3069.1486
3416.633
5163.817
6950.101

8800.393
10722.1463
12721.895
16828.440
19761.720

84

ENTROPY
8TU/LB-R

1.19900
1.30189
1.41892
1.53532
1.65136
1.76733
1.88339
2.00008

2.11755
2,23626
2.35669
247934
2.60482
2.73409
2486829
3.010914
3,15941
3.32198

3.50361
3.71320
3.96294
4.25212
4. 54611
5.00714
5.45978
$.73609
5.96531
6.16569

6.34550
6.50848
6.65907
6.79979
6. 933250
7.05859
717917
7.29513
Te40715
7.62162

7.82663
8.21372
8.57906
8.92572
9.25440
9.56522
9.85734
10.13103
10, 38669
10.62505

10. 84804
11.05653
11.25206
11.43572
11.60897
11.77274h
11.92787
12.07583
12,21693
12.35176

12. 48038
12460640
12.72406
13.00520
13.26439
13.72952
1h.13881
14.500671
15.92069
16.94626

17.773068
18, 46220
19.08129
13.834438
21.76576

cv cpP
BTU /7 L3 =R
1.160 1.555
1.196 1.645
1.238 1.752
1.278 1.85¢8
1316 1.970
1.35% 2.088
1.381 2.210
1.409 2.339
1,431 2.479
1.451 2.629
1468 2.791
1.482 2.977
1.495 3.179
1.507 3.419
1517 3.702
1.528 4,055
1.539 4.509
1.553 S.124
1.571 5.99
1.598 7.271
1,640 9.020
1.684 10.227
1.706 9.704
1647 6. 474
1.604 4.955
1.585 4,229
1+581 3.837
1.583 3.584
1.590 3.605
1.599 3.282
1.613 3.197
- 1.632 3.138
1.657 3.101
1.687 3.079
1.721 3.071
1.760 3.075
1.803 3.087
1.899 3.435
2.005 3.203
24236 3.383
24446 3.556
2.629 3.745
2.770 3.838
24865 3.919
2.916 3.959
24933 3.967
2.924 3,951
24098 3.920
2,862 3.879
2.820 3.833
2777 3.787
2.736 3.763
2,698 3.703
2,664 3.666
2.633 3.634
2.607 3. 607
2,585 3.583
2.566 3.563
2,550 3.546
2,537 3.532
2,527 3.521
2.508 3.500
204697 3.468
2,489 3. 478
2.487 3.475
2,489 3.477
2.536 3.523
2eb4i 3.630
2.786 3.771
2.925 3.911
3.079 4o 068
3.328 4.330
4,690 5.837

VELOCITY
OF SOUND
FT/SEC

4374
4308
4228
4148
“e7e
3991
3911
3827

3737
3643
3542
36429
3311
3180
3039
2885
2717
2533

2333
2117
1908
1740
1665
1686
1757
1829
1899
1963

2020
2075
2126
2173
2217
2258
2297
2333
2366
2829

2687
2591
2695
2798
2901
3005
3110
3216
3320
34624

3527
3629
3728
3825
3920
4013
4103
w192
4277
4361

Lhbd
«523
4601
4789
4969
5307
5623
5921
7248
8267

iy
9977
10707
11355
12405



THERMODYNAMIC PROPERTIES OF 2ARAHYDROGEN
350 PSIA ISO8AR

TEMPERATURE DENSITY V(DHIDV)p V(DPIDU% -VﬁDPIOV)T (DVIDT%/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL

SONDUCTIVITY DIFFUSIVITY CONSTANTY NUMBER
DEG. R LB/CU FT aru/L8  PSIA-ZU FT/BTU PSIA 1/0€5., R 8TVU/FT-HR=-R LBIFT;;EC SQ FTI/MR
X1

® 264258 %.89069 302.746 13,640 15062.43 0.0051376 0.006709 1.813 0.00624 1.2601% 2.1372
28 4, 86535 301.77 13.273 16112.45 3.0054526 0.05186 1.607 0.00650 1.25743 1.8367
30 be79118 306.78 12,829 1i066.86 2.0058238 0.05529 1.422 0.30659 1.25629 1.6214
32 b.73403 300.17 12437 12094.25 0.006190 0.05768 1.274 8.40&856 1.25094% 1.4773
36 4.67385 298.86 11.968 11163.99 0.0065941 6.05922 1.153 0.00643 120742 1.3809
35 4.61046 296.11 11.610 1(254.68 ¢.2070500 0.36052 1.053 0.00629 1.26372 1.3079
38 4.56375 232,53 11,286 4376.34 0.3075540 0.06200 0.969 0.00618 1+23984 1.2628
“0 bot7293 287 496 10.981 4516406 0.0081237 0.06296 0.896 0.00602 1423573 1.1979
W2 4039804 281.78 10.699 7654459 0.0087993 0.063%8 .832 3.00582 1.23140 1.1695
(1% 4, 31818 274497 10. 416 6827 .37 0.0085619 0.06360 0.775 G.00560 1.22681 1.1529
L1 4.23269 267.28 10,131 6028445 0.0804431 9.00336 0.723 0.00536 1.22190 1.1469
48 414085 258.09 9.832 5233.21 0.0115330 0.06278 0.676 6.00509 1.216865 1.1537
S0 406156 248,71 3.513 ©498.21 0.0127818 0.0619% 0.632 0.00482 121101 1.16385
52 3.93347 237.93 9.172 3782.97 0.0143698 0.0607% 2.591 0.00452 1.20489 1.1968
St 3.81671 226433 8.809 116,42 0.01635456 0.05329 2.551 g.08420 1.193820 1.238%
56 3.568259 213.66 8.408 2491.87 0.0189798 8.05729 0.512 0.00384 1.19080 1.3058
538 3.53332 199.948 7.968 1921 .65 8.0225502 0.05499 .46 0.00365 1.18249 1.4006
60 3.36103 185.18 T.682 1411.09 0.02756690 0405234 0.436 0.00304 1.17297 1.5374%
62 3.15693 169.45 5.933 971.95 0.0353758 2.05037 G.397 8.00266 1.16178 1.7020
64 2.90801 153.22 .31 613.19 Ga0U74500 0.06837 0.357 0.080229 1.106827 1,931
66 2.60032 138.72 5.662 37142 0.0650180 0404623 0.315 0.00197 1413176 2.215%
68 2.24725 128.79 5.070 261,81 2.0796042 3.004338 0.277 0.00189 1.11308 2.3508
4] 1.91622 126,66 b 727 201 .42 0.0766287 0.,03959 0.248 0,00213 1.09580 2.14878
75 1.41198 137.19 beb?1 228.36 0.0471902 0.03271 0.213 0.00358 1.06992 1.5159
80 1.16275 153.05 %4355 250.95 0.0323718 0.03030 0.201 8.008526 1405731 1.1855
85 1.00933a 169.76 4,253 2r3.20 3.3243100 3.02955 0.199 0.90692 1.049612 1.0247
90 0.90192 186.75 441869 289.27 0.0205679  0.02952 6.240 0.00853 104424 0.9376
95 0.82020 203,74 40083 308 .42 0.0175930 0.02981 04200 0.0101% 1.06017 0.8813
100 0.75545 220,54 3.992 310.61 0.0154386 0.03030 0.208 0.01178 1.03695 0.8608
105 g8.70226 237.32 3.915 317.82 0.0138312 0.03093 0.213 0.01342 1003632 0.8126
110 0.65749 256.32 3.835 323.58 8.0125691 0.93175 0.218 0.01510 1.083210 0.7898
115 0.61907 271.75 3.751 328.27 0.0115481 0.03267 0.223 0.01682 1.03021 0.7721
120 0.58561 289.74 3.663 332.13 0.0107023 0.03363 8.229 8.04852 1.02856 0.7591
125 0.55611 308.29 3.571 335.35 |, 0.0039885 0.03460 0e234 0.02023 1.02711 0.7499
130 0.52985 327.58 3.476 338.06 0.0093766 3.03567 0.2640 0.02192 1.02581 0.7437
13% 9.50627 347.63 3.379 340,35 0.0088448 0.03668 8.245 0.02343 1402465 0.7449
140 0068434 368,51 3.2380 3u2.32 0.0083779 8.037%7 0.251 0.02510 1.02361 0. 7627
150 0.44779 %12.76 3.086 365.47 0.00759461 g.04028 6.262 9.82369 1.02178 0.7345
160 0. 41640 “60.27 2.904 367 .8k 3.006959 0.04329 9.273 0.03245 1.0202% 0.7277
1480 0.36604 56b .43 2,567 350.55 0.0059943 0.05266 0.310 0.062%2 1.01778 0.7163
200 0.32715 674.32 2.325 352.73 0.0052741 0.06168 03863 0.05301 1.01588 0.7119
22 029610 796.95 2.167 354.09 0.0047212 0.06930 0.368 0.06300 1.01436 0.7101
240 0.27065 896.69 2.026 356,90 0.0002799 0.07559 0.388 8.07277 1.01312 0.7089
260 0.28937 1000.01 1.950 355.47 0.0039185 0.08063 [ ZXY 13 0.08251 1.01209 0.7077
280 0.23123 1034.75 1.908 355.76 0.0035162 0.08454 0e419 0.09233 1.01121 0.7062
300 0.21573 1181.02 1.830 355.95 0.3033592 0.08754 0.432 0.10229 1,01045 0.7045
320 0.20217 1259.31 1.890 356.03 0.0031377 0.08981 Valohle 0.11242 1.00979 0.7028
300 0.4902¢6 1338 .11 1.902 356.03 D.00294647 V09555 0.455 8.12277 1.90921 0.7010
360 0.47967 1397.79 1.921 355.99 048027749 0.09293 G. 465 0.13336 1.00870 0,6993
380 0.17026 1460.62 1.946 355.92 0.0025242 0.09605 0.476 Qoibltt 1.0082% 0.6977
400 0.16175 1521.32 1.972 355.83 0.0026895 0.09506 0.485 G.15518 1.00783 0.6962
»20 G.15409 1580.57 1.998 355.73 0.0023683 0.09601 0.495 0.16646 1.00746 0.6968
Y40 S.14742 1639.27 2.024 355.61 0.0022587 3. 0969% 0.50% 0.17738 1.00712 0.6935
460 0.14077 1698.22 2,0h7 355.49 0.0021590 0.09792 8.514 0.1897¢6 1.00681 0.692¢
480 013496 1757 oie? 2.068 355.37 0.0020679 0.09894 0.523 0.2017% 1.00653 0.6914
500 0.12958 1817.55 2.087 355 .25 0.0019843 ¢.10002 0.532 0.21400 1.00627 3.6905
520 0.12460 1878.48 2.102 355.13 0.0029073 0.10115 08.562 0.22651 1.00603 G.6897
S40 0.12806 1940.15 24116 355.01 0.0018362 0.1023% 0.550 0.23926 1.00581 0.6891
560 0.315381 2003.22 2.127 354.89 0.0017703 0.10360 0.559 0.2%226 1.00560 6.6835
580 0.11135 2066491 2,135 356.78 0.3017090 0.10091 08.568 0.26552 1.00541 0.6330
600 0.10815 2131 .07 2atbete 354.66 9.0016519 0.105826 0.576 0.27904 1.00523 0.6875
650 3.09991 2295.81 24157 35k .40 0.0015247 0.10979 0.598 0.31395 1.00683 0.6867
700 0.09283 2663.59 2.163 354.16 0.0014159 0.11349 0.620 0.35049 100669 0.5860
830 0.08132 2806.73 2.1686 353.7% 0.0012393 8.12119 09,663 0.4208463 1,30393 0.6852
F11 0.07236 3153 .44 2.164 353.38 0.0011021 0012897 0.706 0.51287 1.00350 0.6846
1000 0.06518 3503.62 2.160 353.08 0.0009923 0.13680 0.748 0.60369 1.00315 0.6342
1500 0.06357 5314.38 2.112 352.12 0.0006629 0.17630 0.950 1.106868 1.00210 0.6836
2000 0.03272 7292.81 2.023 351.64 0.00064978 0.27727 1.140 2.33401 1.80158 0.5373
2500 0.02620 b2 .99 1.918 351.30 0.0003986 033097 1.319 3.38960 1.00127 8.5346
3000 0.02185 11769.79 1.626 351.08 0.0003323 0.39336 1.489 4.60304 1.00105 0.5329
3500 0.01873 14275.57 1.733 350,89 0.0002850 0045697 1.651 5.99562 1.00090 8.5293
4000 0.01639 17350.22 1.604 350.59 0.0002%96 0.54691 1.808 7.67833 1.00079 0.5173
5000 0.01302 29012445 lel4b 367.9% 6.0002012 0.98653 24114 12.97753 1.00063 0. 4502
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THERMOOYNAMIC PROPERTIES OF PARAMYOROGEN

400 PSIA ISOBAR

TEMPERATURE VOLUME ISOTHERM IS0CHORE INTERNAL ENTHALPY ENTROPY cv cP VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. R CU FIZALB CU FT-PSIA/LE 3>SIA/R 8TusLB BTU/LB BTU/LB=R BTu /7 L3 =R FT/SEC
* 264454 0.20401 3130.03 T7.4L88 ~132.396 -117.285 1.20090 1.164 1.555 L1 B8
T 28 6.20566 2982.8¢ 77.161 «130.850 ~114.816 1.29158 1.19% 1.634 4345
30 0.20793 2800.61 754437 =126+ 847 =111.446 1.40783 1.237 1.739 4269
32 0.21038 2626424 75.374 -123.446 =-107.863 1.52340 1.277 14845 4192
34 8.21302 26462.70 760172 “119.860 =104.0686 1.63850 1.315 1,953 4117
36 0.21586 2297 .43 72.901 =1164034 =100.045 1.75339 1.369 2.0068 4039
38 D.21894 2137.19 Ti.484 -112.610 ~95.7 94 1.86829 1.380 24186 3961
&0 B0.22228 1380.10 63.893 =107.762 -91.298 1.98359 1.407 2,310 3881
«2 8.22533 1822.99 68.132 «103.283 =86.549 2.09942 1.430 2ok 3796
b 0.22934 1664.93 654142 =98.555 =81,524 2421630 1.451 2,583 3ro6
[13 Ge23437 1506.91 63.926 ~93.565 =76.205 233449 1468 2.736 3608
48 0.23929 1352.90 61,457 -88.293 «70.569 2445441 1e482 2903 3504
50 G.26481 1199.71 58,741 ~82.713 ~b4k.580 2.57663 1.495 3,094 3390
52 8.25106 1055.42 55.798 =76.792 -58.196 2.7018% 1.507 3.297 3271
S 0.25822 911.82 52.626 «70.492 =51.366 2483069 1.516 3541 3141
56 D+26655 773,45 ©3.223 -63.750 ~44,007 24906448 1.526 3.834 3000
58 0.27642 644,36 #3.589 ~56.482 ~36.008 3.10480 1.536 o183 <851
60 0.28839 523.83 41.719 484584 =-27.223 3.25368 1.547 4.617 2692
62 0.30332 412.27 37.620 ~39.901 =17.435 Se41412 1.559 5.185 2520
64 0.32257 Jlu.78 33.297 -30.250 ~6.357 3.58991 1.570 5.919 2341
66 Be34826 234 .46 28.818 =194407 6.388 3.78595 1,598 6848 2157
68 0.38317 177.40 2o 401 ~7.298 21.083 ©.0052% 1.626 7.831 1989
70 0.42932 145.83 20.393 5.696 37,496 4,26309 1.654 8.468 1860
75 0.57463 152.24 13.619 35.499 78.062 4480360 1.656 T.243 1756
80 0.73293 203.02 10.27% $6.809 109.615 S.21148 1.620 5.534 1793
a5 J.83368 256479 8.409 72.398 134.748 5.516504 1.598 be611 1853
90 0.94231 307.30 T.216 86.597 1564393 5. 76407 1598 440946 19146
95 1.06283 355.39 6.362 98,749 175.991 5.97608 1.592 3.771 197%
100 1.13832 “d1.02 5.729 110,156 194,456 6.16556 1.599 3.564 2034
105 1.22870 443,81 5.220 1204854 211.863 6.33540 1.607 J.409 2089
112 1.31598 484.66 4.807 131.154 228.624 6e09143 1.620 S.3062 2139
115 1.40066 523.93 4e463 141,190 244,935 Beb36465 1.639 3.227 2186
i28 1.48325 561.87 bel7e¢ 152,073 260.936 6. 77205 L.663 3.177 2230
125 1.56412 598.70 3.921 160,383 2764736 6.90165 ie632 3,140 2271
130 1.64355 634.59 3.702 170,684 292.420 7.02469 1.7¢6 34130 23u9
135 1.72177 669.65 3.509 1806.528 308.058 T.14272 1.764 d.i27 2345
140 1.79835 704.01 3.338 190, 4bd 323.707 7.25054 1.807 3.i36 2379
50 1.95075 776.96 3.065 210,728 355.218 747393 ie982 34473 2462
160 2.09979 835.97 2. 804 231,714 337,244 7.68059 24007 34235 2499
180 2.39116 959,40 o027 276 T4u 453,851 8.0713¢ 2.239 3.409 2602
250 R.67776 1081.72 2elbb 3254348 523.683 8.43902 24647 3.5706 2706
228 2.96015 1200.79 1.923 377 .535 596.790 8.78732 2.631 34731 2809
240 3.23951 1317.50 1. 746 «32.730 672.678 9411729 2.771 34850 2912
260 3.51660 1632045 1599 «90,063 7504534 9.42895 24866 3.929 3018
280 3.79192 1546.01 1.476 548,732 829.597 9.72179 2.917 3.968 3121
300 4. 06585 1658.48 1.371 607.908 909.063 3.99606 2.934 3.975 3226
320 4.33866 1770.08 1.280 667,066 988.427 10.25220 24925 3.958 3331
340 4o 61056 1880.96 1.201 725,785 1067.285 1049394 2899 3.326 3435
360 4.88169 1991.26 1.131 783.808 1165.391 10471425 2.863 3.884 3538
380 5.15220 2101.06 1.069 840,991 12224611 10.92301 2.821 3.838 3639
400 5.42219 2210.46 1. U1k 897,282 1298.899 11.11876 2.778 3.794 3738
420 5.69173 2319.52 Ge3602 952.69% 1374.275 11.30288 2.737 3747 3835
b4l 5.96089 2428.28 0.9191 1007.285 144L8.8046 11.47603 24699 3.700 3930
460 6.22973 2536.79 0.8782 1661.118 1522.549 11.6399¢ 266k 3.669 4023
480 6.49829 2645.09 G.8407 1134.2865 1595.608 11.79519 24634 3.637 4113
500 6.76661 2753.20 B.8064 1166.865 1668.062 11.94325 2.608 3.609 L2081
528 T.03472 2861415 07748 1218.942 1739.938 12.086k4 2.585 3,585 4287
540 T.30264 2968.95 0e7450 1270.584 1811.485 12.21935 2.566 3.565 4373
560 7.57041 3076.64 0.7185 1321.791 1882.525 12.34804 24551 3.548 ©453
580 7.83803 3J18u.21 0.6934 1372.774 1953,327 12.47212 2.538 3.534 4532
600 8.10552 3291.69 0.6700 1423.543 2023.912 12.59183 2.527 3.523 610
650 8.77380 3560403 0.6178 1549.560 2199.428 12.87309 2.508 3.502 4799
ro00 9. 44155 3827.96 0.5733 1674.864 23744191 13.13237 24497 34489 4978
8080 10.77591 4362,.98 G.5011 1924.207 2722.370 13.59761 24489 3.479 5315
908 12.10925 4897 .18 0e6452 2173,265 3070.187 14.00698 2487 3 476 5631
1000 13.44193 5430.90 Ge4005 2622.089 34617.722 16.37293 24439 3.4677 5329
1500 20.10062 8095.97 0.2668 36764191 5165.028 15. 783082 2.536 3,523 7218
2900 26.75638 10758.86 0.200U 4969.535 6951.358 16.81461 2,644 3.630 8272
2500 33.01122 13421.06 C.1600 6326929 8801.671 17.63978 2.786 3.771 9175
3000 40.06606 16082.99 0.1333 7755.,709 10723.369 18.33054 2.925 3.914 9982
3500 46.72484 18744.78 O0e1163 9261.623 12722.493 18. 94944 3.077 4,066 10712
4000 53.408672 21606.49 6.1000 10862.859 14818.5650 19.70174 34317 ko318 11362
5000 67.16606 26729.80 0.0800 14739.168 19714.402 21.62334 heb04 5.73% 12420
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TEM

400 PSIA ISOBAR

PERATURE

0EG. R

2b. 456

340

360
330
00
b20
(1Y)
£1-1
“80
5040
$20
540

560
580
630
650
00
800
900
1000
1500
2000

2500
3000
3500
4000
5400

DENSITY V(DH/DV&

THERMODYNAMEC PROPERTIES OF PARAHYOROGEN

VOP/0U} =V IOP/OV),
v T

LB/CU FT 8Tu/L8 PSIA-CJ FT/8TU PSIA

490171 307.39
4.86236 307.13
*.80927 306.35
4.75331 305.50
4e69447 30642
4.63262 301.88
4456754 298,55
4.49876 296,42
het2617 289.02
4034893 282.72
4.26682 275.23
17904 267.97
%, 08479 257.90
3.98305 268 .01
3.87263 237.62
3.75166 - 226.01
3.61767 213.89
3.46755 201.01
3.29681" 187.33
‘3.10016° 173,46
2.87144 - " 159.99
2460983  148.59
2.32925 141400
1.74025 140.91
1.40266 153 .40
1.19950 168.38
1.06123 185.17
0.95892 202.00
0.87864 219.10
0.81387 235.89
0.75989 252,96
0.71395 270,05
0.67420 288,47
063934 307,10
0.60844 326444
0.58080 346455
0.55588 . 367.67
0.51262 411,82
De47626 5942
0.41821 563457
0.37345 673.71
0.33782 786,76
0.30869 896.95
0.28437 100074
0.26372 1095.93
0426595 1182.61
0.23049 1261.25
0.21639 1333.36
0.20485 1400.29
0.19409 1463 .36
018443 1526.22
0.17569 1583.62
0.16776 16642 .45
9.16052 1701.51
0.15389 1760.86
0.24778 1821.02
0e16215 1882.02
041369 1943.76
0.13209 2006.89
0.12758 2070.63
0.12337 2135.24
0.11398 2299.69
0.10591 2467 .56
0.09280 2810.84
0.08258 315765
0.07439 3507.90
0.04975 5318.92
0.03737 7297.56
0.02993 9%67.91

0.02496 11773.86
0.02140 16271.1%
0.01872 17305.98
3.01483 28549.65

THWO-PHASE BOUNOARY

13.582
13.266
12. 84l
124415
12.016
11.663
11e 362
11. 040

10.762
10. 484
10.208
3. 922
3.616
9.298
8.963
8.597
. 842008
L1779

7.318
5817
54280
3749
5293
4.725
4.522
4387
4.271
4. 167

. 077

34992
3. 905

3. 815 .

3.722
3.625
3.528
3,425
3.324
3.123

2.933
2.592
24346
24164
2.061
1.962
1.919
1.900
1.899
1,910

1. 929
1.953
L.979
2,005
2.030
2,053
2.07%
2,092
2.108
2122

24132
201kt
2.149
2.161
2.168
2,170
2.168
24163
2,116
2,024

1.919
1.827
1.736
1.610
Lelb7

15362.53
1450349
13468.91
12483.35
11561.07
10663.13

9761.71

8907.99

8064 .45
7280475
6629.70
5653.81
4900.57
‘%203.80
3531.16
2901.72
2331.08
1816.42

1359419
© 975.87
673.25
462.99
339.67
264,93
284.76
308.02
326.11
340.79

352.35
361.20
368.29
374.06
378.84
382.77
386411
388,93
391.35
395.24

398.12
404.23
403.96
485465
406.70
«07 .36
“07.71
407.90
407.98
©07.97

407.90
407.80
Wg?.67
407.52
407.37
407.21
«07 .06
4«06.88
406.72
406,56

406,40
406.25
4«06.10
w05.76
40544
40%.88
L0bel2
406,03
402.77
402.10

“01.69
“«0Llebt
40117
400.82
397.97

(ovzuT)sv THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
P conOucTIVITY DIFFUSIVITY CONSTANT NUMBER
1/0EG. R BTU/FT=-nR-R LB/FT-?EG SQ FI/nR
X 10

0.00505405 0.04823 1.827 9.00633 1.26080 2.1209

0.0053201 0.05207 L.642 9.00855 1.25868 1.8556
0.0056750 0.85559 1.452 0.00665 1.25535 1.6366
0.0000380 0.05804 1.300 0.00662 1.25207 1. 4877
3.0004156 0.05366 1.177 0.00650 1.24862 1.3877
0.0068495 0.06100 1.075 0.00637 1.24501 1.3118
0.0073229 0.0625¢ 0.989 0.00626 1.26122 1e20k2
0.0078461 0.06357 0.914 0.00612 1.23723 1.1963
0.0084485 0400415 0.850 0.005%% 1.23303 1.1642
0.0891348 0.06435 3.792 0.00573 1.22858 1alibi
040099423 0.06619 0,740 0.00550 1.22386 1.1361
8.0108700 0.0837¢ 0.693 0.00525 1.21883 1.1368
0.0113866 3.06293 0.5643 0.00498 1.21346 1.1680
0.0332733 0.06189 0.608 0.00671 1.20769 1.1664
8.0149032 . 06059 0.569 0e004642 1.20146 1.1978
0.0169632 0.035879 8.532 0.00609 1.19666 1.2689
‘00135572 0.05675 04696 0.00375 1.18718 13156
0.0229678 0.05445 0. 460 0.00340 1.17885 1eb05D
0.0276779 0.05207 Beh24 0.00305 1.16944 1.5213
- 040301206 0.05023 0.389 0.0027¢% 1.15869 1.6493
00428049 0.06821 0.353 0.00245 1.16630 1.806%
0.0527037 0.06597 0.319 0.00225 l.13227 1.9562
0.0600390 0,04363 0.288 g.00229 1.11739 2.0233
040514055 0.033680 0.240 0.00292 1.08671 1.6976
040360784 8.03310 8.219 0.00426 106944 1.3244
0.02730407 0.03t62 6.212 0.00572 1.05916 1.1106
0.0221088 §.03115 0.210 0.00717 1.052290 0.9926
0.0186681 0.03317 8.211 g.30862 1.04708 0.9188
0.0162601 0.03150 Qo214 0.01006 1.043048 0.8711
0.0144522 0.03199 0.218 0.01153 1.03985 0.8358
0.0130518 8.3327¢ 0.222 0.01304 1.03717 0.8081
0.0113317 0.03355 0.227 8.01456 103690 0.7868
0.0410127 0.03665 0.232 0.01609 1.03293 0.7743
0.0102632 8.03540 8.238 0.01760 1.63122 0.7600
0.0095881 3.03638 §.243 a.01910 1.02968 0.7523
0.0030225 0.93712 Q268 002044 1.02832 0.7529
0.00852385 0,038149 0.256 0.02192 1.02709 G. 7496
00077044 0.04086 0.265 8.02512 1402697 0.7398
0.0870421 0.04382 0.275 0.028644 1.02318 0.7317
0.006069% g.05286 0.310 0.03707 1.02033 0.7209
0.0053675 0.06179 0.343 0.06627 1.0181% 0.7153
0400674127 0.06937 0.368 0.05505 1.01660 0.7129
d.0082927 0407564 0.383 0.06364 1.01698 0.7113
0.0039262 0.08067 0.405 0.07220 1.01379 0.7097
0.0036205 0.08458 0,019 0.08083 1.01279 6.7079
0.0033613 0.08758 G.632 0.08958 1.01192 0.7061
0.0031343 0.08386 Q yllete 3.09850 1.03117 Ga7062
000294462 0.09161 d.455 0.10759 1.01051 g.7022
0.0027737 0.09299 0.466 0.11687 1.00992 0.7003
0.0026225 0.09412 0.476 0.12636 1.00940 0. 6985
00026875 0.09513 .080 8.13605 1.00893 0.6369
8.0023561 0.09609 B.495 0.14596 1.00851 0. 6954
2.0022563 0.09703 0.505 0.15607 1.00812 0.6941
0.0021565 8.09801 34514 0.16639 1.00777 0.6929
0.0020654 0.09902 8.523 0.17693 1.00745 0.6918
0,0019849 0.10018 ¢.532 0,18769 1.09715 0.6909
0.0019049 0.10125 G.541 0.19866 1.00688 0.6901
0.0018339 G.10243 8.550 G+20985 1.00662 8.6834
0.0017680 0.10370 0.559 0.22126 1.00639 0.6888
0.0017068 0.40501 0.568 0.23290 1.00617 0.6882
0.0016497 0.10637 0.577 0.24475 1.00597 0.6378
d.0015227 0.10990 0.599 0.27537 1.00551 0.6868
0.0014140 0.11361 0.621 0.30743 1.00512 0.6861
0.0012377 0.12132 0.664 0.37578 100649 0.6852
9.00311008 0.12912 0.706 0.44983 1.00399 0.6846
0.0009912 8.13597 0749 0.52948 1.00359 0. 6842
0.0006623 0.17655 0.952 1.00735 1.00240 0.6836
300004975 g.27727 14142 2006356 1.00180 8.5381
' 0.00039383 0.33497 1.321 2.96763 1.00165 0.5356
0.0003322 0.39330 1491 4s02920 1.0012% 6.5338
0.0002849 0.45846 1654 5024590 1.00103 045304
0.0002695 8.54235 1.811 6.70849 1.00090 0.5191
0.0002010 0.96277 24117 11.26743 1.00072 0a4543
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450 PSIA ISOBAR

TEMPERATURE
DEG. R
* 26.647

340

360
380
400
220
440
460
L80
EY 1)
520
540

560
580
600
650
700
800
900
194
1506
2000

2500
3600
3500
4003
5600

® THO-PNASE BCUNDARY

VOLUME
Cv FT/Le

0.20355
0020496
0e26747
0.20955
0.21211
0.21487
0.21784
0.22106

0.22457
0.22840
0023260
0.23725
0e26263
0.24823
0.25479
0.26230
6.27132
8.28129

0.29363
0.30878
032774
0.35184
G.382643
G.48705
0.60565
071557
2.81549
0.90730

0.99482
1.07825
1.15781
1423481
1.30376
1.38297
1.45479
1.525061
1.59502
1.73169

1.86565
2412646
2.38329
2.63595
2.88560
3.13299
3.37865
J.62232
3.86608
4e10833

bo34984
£.59973
Lo 83110
5.07103
5.31058
5.54982
5.78878
6.0275¢0
BecH631
6.50435

6474252
6.98055
T.21846
7.81277
8.40656
9.59382
1077847
11.96326
17.88259
23.79900

29.714650
35.62395
41454866
47,4867 4
53.59455

ISOTHERN

DERIVATIVE DERIVATIVE

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

1S0CHORE

Cu FT=PSIA/LB PSIA/R

3179.66
3051449
2872.57
2695 0%
2533.61
2368.31
2208.30
2053 .43

1897.03
1743.60
1589.30
1434 .00
12b68.08
1146.75
1004.23
87043
741.65
621.06

S11.04
411.80
326099
259.57
211 .04
171 .58
201.97
249.88
299.32
347017

392450
“37.19
479.01
519,21
558403
595 .67
6832.32
668.10
703,12
771.27

837 .34
961464
1085.64
1206.05
1323.87
1439.71
1556404
1667415
1779.29%
1830 .64

2001434
2111.5)
2228 .21
2330.5%
2439.55
2548.27
2656.76
2765.05
2873.15
2961.1¢0

3038.91
3196.60
3304.18
3572475
3840 .87
4376.14
4810.56
Sibb 43
8109.85
10772.85

13435011
16097 .07
18758.88
21420.60
2676332

77.570
77.369
76.777
75.867
ThoT11
73. 486
724417
70.576

68.870
65.960
6Le 837
62.48Y
59,900
57.142
S4.115
50.926
47.5648
43.989

40.252
36.375
32.399
284423
24624
17.093
12.699
10.198

8.622

7.530

be 720
5.091
5.587
5.168
4o 816
4.515
4254
e 025
3.822
3.477

3,195
2.759
2,432
2.178
1.975
1.807
1,667
1548
lebbote
1.35%

1.276
1.205
1e143
1.086
1,035
0.9891
U.9468
0.3C80
D.8723
G.839%

G.8089
0.7805
Be75412
B.5954
0.6452
0.5639
£.5009
Geb506
Ge3001
0.2256

Je1 680
01560
Gel286
b.1125
C.0300

INTERNAL
ENERGY
BTu/LB

-132.309
-130.275
-127.111
«123.752
=120.196
=1164 441
=112.478
-108.300

-103.902
~99.269
-9h. 392
894255
-83.835
-78.111
=72.055
654621
-58.76U
=51 4Dl

-43.469
=344 852
«25.457
-15.221
—&.228
23.837
474107
654078
79.910
924934

104, 564
116,182
126.887
137.262
1674428
157,478
167,486
177.54%
187.603
208.142

229,349
274,705
323.577
375.972
£31,332
488,801
547,588
606,866
666.112
726.910

783.002
840.246
896.591
952.052
1006.688
1C60.560
1143.763
1166.376
1218.483
1276.152

1321.384
1372.386
1423.179
1548.262
1674.583
1923.984
2373,084
2421.940
3676,422
4969, 497

03264904
7755.641
9261.051
10859.597
14700.668

ENTHALPY
8TUZLE

~115.348
~113.196
~109.848
=106.290
-102.522
-98.,537
-94.325
-89.879

-85.189
-80.238
~75.0140
=69.485
=63.63%
=57.426
=50.825
-63.764
~36.177
-27.965

=19.001
~9.22¢

1.853
16,097
27.639
bh. 423
97.574
124.705
147.863
168.587

187,860
206.330
223.365
240.156
256.565
272.718
288.71%0
304.621
32L.512
352,440

384,810
451,899
522.172
595.620
671.782
749.867
8494123
908.75¢0
988.264
1067.248

1145.464
1222.782
1299.156
1374.610
169,207
1523.014
1596.129
1668.634
1740.616
1812.245

1883.223
1954.060
2024.677
2200.263
2375.083
2723.350
3p71.231
3418.812
5166.238
6952.615

88U2.949
10724.606
12723.211
14816.563
196744884

88

ENTROPY
BTusLB-R

1.20280
1.28156
139704
1.51182
1+62603
1.73990
1.85373
1.9677%

2.08215
219731
2431348
2e4310b
2455044
2.67217
2079673
2492509
3.05820
3.19737

3e30k31
3.50110
3.66993
3.85264
beu889
4e55641
4498500
531426
5.57917
5+80336

6.00117
6.17869
6433979
6048908
6.62876
6076064
6.88609
7.00618
7.12177
Te34203

7.55092
7096457
8.31459
8.66451
8.99559
930825
9.60182
9.87666
10.13326
10.37238

10.59600
16.80503
11.00100
11.18505
11.35862
11.52267
11.67806
11.82621
11496749
12400267

12423123

12435538

12.467514
12475651
13,01587
13448123
13, 89068
14.25667
15.67246
16409849

17.52366
18, 21441
18,83316
19.58672
21.49831

cv cP
8TU 7 L8 =R
1.168 1.555
1196 1.623
1.237 1.726
1.277 1.832
1.31% 1.938
1348 2.850
1.379 24165
1406 2.284%
1.429 2.430
1.450 2.543
1.467 2686
1482 24804
144956 J.011
1.507 3.197
1.516 3.409
1.525 3.651
1.535 3.939
1.543 4e283
1.553 b.692
1,565 5.195
1.579 5.794
1.597 [T YY)
1.616 TeG63
1.640 7+256
1.627 5.966
1.608 ke 362
14599 44351
1.599 3.967
1606 3786
1.614 3.538
1.627 3.466
1,645 3.315
1.668 3,252
1.697 3.212
1.730 3.188
1.768 34178
1.810 3.180
1.905 3,220
2.009 3.267
2,241 3.435
Qobky 3,595
24632 3.746
2.773 3.863
2.867 3.960
2,918 3.977
2.935 3.983
2.926 3. 965
2.%00 3,932
2.864 3.889
2.822 3. 842
2.779 3.796
2.738 3.751
2.699 3.709
2,665 3.672
2.835 3.640
24608 3.014
2.586 3.587
2.5e7 $.567
24554 3.550
2.538 3.536
2.528 3.524
2.509 3.503
2497 3.490
24489 3,480
2.487 3.470
24483 3.478
2.536 3.523
2e 604 3.630
2.780 3.772
2.925 3.911
3.075 4,063
3.307 4,307
4532 5.658

VELOCITY
OF SOUND
FI/SEC

4428
«380
%309
4234
4161
4085
4008
3931

3849
3764
3672
3571
3466
3355
3234
3167
2970
2825

2674
2517
2357
2203
2067
1872
1852
1890
1943
1997

2051
2105
2156
2202
2245
2286
2323
2359
2392
2456

2511
2613
2117
2820
2923
3027
3132
3237
3362
3446

3548
3656
3769
3846
3941
4033
4123
K211
4297
4381

bobe
45862
4620
4808
4987
53264
5639
5936
7224
8278

9186
9986
10717
11369
12634



TEM

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

450 PSIA ISOBAR

PERATURE DENSITY V(DH/DV)p U()P/Duk -V(DP/DVH

DEG. R LB/Cu FT BTU/LB PSIA-2U FI/BIU  PSIA
260647 H.91280 313.05 13.522 15621.01
28 b 87899 312.35 13.260 16888.17
39 ©.82693 311.76 12. 858 13865.66
32 477208 310.67 124454 12860475
34 he71449 309.83 12.662 1194467
36 b.65408 307 .45 11.713 11022.32
38 4.59051 306.33 11396 10137.22
L1 4.52356 300,61 11,097 9288.83
b2 bo 45301 295.60 18.820 847 .49
ol 437833 289.91 10+ 548 7634400
L1 4.29915 283.08 10.279 6832.63
8 bo21692 275.13 10.003 60646, b6
50 4412496 267.10 9.710 5313.26
52 #.02856 258.19 Fe408 #611.71
54 3.92487 268,30 3.093 3941 .46
56 3.8126 237.92 8.757 4318.45
58 3.68982 226.72 84397 2736456
60 3.55505 284496 8.017 2207.83
62 3.40560 202.86 7.608 1763.39
[-13 3.23854 19048 Tel?78 1333.66
66 3.05119 178,461 6.723 997.71
68 2.84219 167 .38 3.261 137.75
79 2.61486 158.28 5.826 551.83
75 2.05316 169.53 34059 352.25
[ 1] 1.65112 156.66 b 727 333.48
a5 139748 169.91 #.539 349.24
90 1.22626 185426 b 397 387 .05
95 110146 201 .43 4.275 382.39
100 1.00%520 218.10 b 163 394461
1056 0.92743 235.15 4. 069 405.47
110 0.36370 252.23 3.977 “13.72
115 0.80984 269.71 3.880 420.48
120 0.76351 287.73 3.782 426.06
125 0.72308 306.38 3. 680 430.72
130 1.68733 325.76 3.577 434,65
135 0.65556 34L5.87 3.472 437.98
160 0.62695 366.01 3.368 S40.83
150 0.5774%7 wil.21 3.162 #65.39
160 0.53601 #58.88 2.967 hb8,82
180 Q.07027 562.93 2.618 452,23
210 Ge%1959 673.30 2.367 455 .52
220 0037937 786.72 2.182 457 .54
2u0 0.34655 897.33 2.055 458.78
260 0.31918 1001.63 1.975 459.53
280 0.29538 1097 .24 1.930 459.9%
308 2.27602 1184.34 1.910 460.17
329 2.25866 1263.29 1.908 060.23
360 Oe24361 133%5.63 1.919 4608.20
360 0.229489 1602.087 1,937 460.10
380 0.21783 1466.12 1.961 459.95
«00 0.20699 1527.18 1.986 459.77
“20 6.19720 1586.72 2.012 459.58
(11} 3.18830 1645.68 2.037 ©59.37
460 0.18019 1706.84 2.060 459.16
40 8.17275 1764.28 2.080 458.95
580 8.16591 1824.52 2.098 #58.74
520 0415959 1885.63 24414 453,53
Sed 315370 19467 .40 2.127 “58.32
560 016831 2010.58 2.136 458.12
580 0.14326 207%.37 241467 457.93
6080 0.13853 2139.04 2.154 857 .76
659 0.12800 2303.59 2,166 ©57.30
780 0411895 2671 .56 2,172 456.89
800 de10424 2814.96 2.173 456.18
900 g.09278 3161.87 2.17% #55.59
1900 0.08359 3512.20 2.166 455.10
1500 0.05592 5323 .46 24116 “53.51
2000 0.04202 7302.30 2.025 ©52.66
2500 6.03365 72480 1.920 452014
30400 0.02807 11778.11 1.828 #51.78
3500 8.02407 14268.39 1.737 #5149
4000 4.02106 17270.28 1.615 451.09
$040 0.01675 28167.02 1.186 hb8.01

TWO-PHASE BOUNOARY

(DV/DT) /¥ THERMAL  VISCOSITY THERMAL OIELECTRIZ PRANDTL

P CONDUCTIVITY OIFFUSIVITY GCONSTANT  NUMBER
1/0€G. R BTU/FT-HR-R LB/FT-SEC S FI/MR

X 105

0.0063658  0.064395 1.861  0.00641 1.26146 2.1056
0.0051967  0.05230 1.678  0.00660 1.25946 1.8747
0.0055372  0.05588 1,482  0.00671 1.25639 1.6684
0.0058973  0.05839 1.327 0.00668 1.25317 1.4989
0.0062547  0,06005 1.208  0.00657 1.24979 1.3952
0.U066670  0.06146 1,097  0.00644 1.24626 1.3166
0.00711¢1  0.06307 1.009  0.00635 1.26256 1.2065
0.0075980  0.06415 0.933  0.00621 1.23866 1.1960
0.0084527  0.064480 0.867 0.00604 1.23058 1.1613
0.0087712  0.06506 0.809  0.0058% 1.23027 1.1384
0.0094893  0,06638 0.757  0.00563 1.22571 1.1265
0.0103383  0.06457 0.709 0.00539 1.22088 1.1250
0.0112737  0.06389 0.666 0.0051k 1.21575 1.129%
0.0123842  0.06296 0.625 0.00489 1.21027 1.1425
0.0137296  0.06180 0.587 0.00462 1.20640 1.1650
0.0153465 0.06014 0.550 0.00432 1.19807 1.2021
0.017375¢  0.05829 0.515  0.00601 1.19120 1.2527
0.0199261  0.05624 0.481  0.00369 1.18370 1.3180
0.0231283  0,05398 0.447  0.00338 117563 1.3997
0.0272751  0.05196 D.6l%  0.00309 1.16624 1.4920
0.932073%  0,05013 0.382 0.0028¢ 1.15603 1.5905
0.0385261  0.0681¢ 9.351 0.00263 Ledbte72 1.6930
0.0646217 0404602 0.322 0.00249 1.13256 1.7787
0.0485256 0404039 0.267  0.00271 1.16292 1.7265
0.0380798  0.03605 0.239  0.00366 1,08213 1.42068
0.0292035  0.03385 0.226 0.00488 1.06918 1.1939
0.0234900  0.03293 0.221  0.00617 1.06051 1,0511
0.0136918  0.03264 0.220  0.00747 1.05422 0.9612
0.0170299  0.03276 0.221  0.00877 1.04940 0.9020
0.0150226  0.03309 0.226  0.01010 1.04551 9.859%
0.0135048  0.03370 0.227 0.01146 1.06233 0.8273
0.0122917  0.034k6 0.232 0.01286 1.03965 0.8022
8.0113039  0.03529 0.236  Q.01621 1.03735 0.7838
0.0104821  0.03618 G.241  0.01558 1.03535 0.7704
0.0097865  0.03712 0.246 0.0169% 1.03358 0.7611
0.0091889  §.03778 9.251  0.01813 1.03201 0.7610
0.0086632 0.03881 0,256  0.01947 1.03060 0.7566
0.0078074  0.04is2 0.267 0.02234 1.02816 8.7450
0.0071192  0.06436 0.277  0.02533 1.02612 0.7357
0.0061019  0.05336 0.311  9.03285 1.02289 0.7255
0.005339.  0.06192 0,384  0.06105 1.02040 0.7188
0.0067612  0.G6946 0.369 0.04838 1.01843 0.7158
0.0043046 0.07570 0.389  0.05055 1.01683 0.7137
0.0039332  0.080372 0.405 0.06420 1.01549 8.7117
0.003524  0.08663 0.420  0.07190 1.01636 0.7097
0.0033630 0.08764 0,432  0.07972 1.01339 0.7076
0.0031 3485 0.08991 Doishele 0.68767 1.0125% 0.7056
0+0829435 9.09167 0.456 0.09579 101180 8.7033
0.0027723  0.09305 0,666 0.10407 1.01114% 0.7013
0.0026206 0409419 0.676 0011254 1.01055 0.699%
0.0024853  08.09521 0.486 0.12118 1.01003 0.6977
9.0023637 0.09616 0.6496 0.13082 1.00955 0.6961
0.0022539  0.09711 0.505 0.13904 1.00912 8.6346
0.00215640  0.09839 0.514 0.16826 1.00872 0.693%
0.0028629  0.09911 0.526 0.15764 1.00836 8.6922
0.001979%  0.10020 0.533 G.16723 1.20803 0.5913
3.0013025 3.1GC13% 0.542 0.17701 1.30772 0.6306
0.0018315  0.10253 0,551  G.16698 1450764 0.6897
0.3017657  0.10386 04560  0.19715 1.60718 0.6890
0.0017u45  Ue10511 G.569 9.20752 1.60693 0.5884
040016475 0410647 8.577  0.21809 1.00670 0.6880
0.0015207  0.11d42 0.599  G.26537 1.00619 8.6870
0.G016122 0.11373 0.621  0.27393 1.30575 0.6862
0.0012362 0422146 0.666  0.33684 1,00504 0.63853
0.0010995  0.12927 U747  0.40381 1.00648 0.6846
0.0009961  0.13716 G.749  0.47176 1006t 0.6862
0.0006618  0.17680 0,953 U.69743 1.00270 0.6836
0.0000973  8.27727 1.163  1.81766 1.00203 G.5390
0.0003981  0.33696 1,323 2.63907 1.00163 0.5363
0.0003320  0.39325 1.49%  3.58291 1.00136 0.5348
0.0002868  0.45603 1.657  4.66312 1.00116 0.5315
0.000249%  Q.54023 1.814 5.95598 1.00102 0.5208
0.0002009  0.94306 2.120  9.94908 1.00081 0.4580
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500 PSIA ISOBAR

TEMPERATURE

DEG. R

340

360
380
400
420
44l
460
480
500
520
540

560
580
600
550
700
800
300
1000
1500
20090

2500
3000
3500
4000
5300

*  THO-PHASE BOUNDARY

VOLUMNE
CU FT/LB

0.20310
G.20428
0.20643
0.20875
0.2112%
0.21392
8.21679
0.21990

9.22327
0.22694
0.23095
0.23537
D.24024
0.264566
0.25173
0.25859
0.26642
0.27548

0.28609
0.29869
0.313a85
0.33231
0.35684
0.43157
0.52829
0.62591
0.71748
0.80225

8.88235
0.95860
1.03182
1.10328
1.17189
1.23892
1.30457
1.36905
1.43253
1.55701

1.67885
1.91502
2.14798
2.37681
2.60266
2.82628
3.06817
3.26%69
3.48842
3.70665

3.92404
bel4162
h,35829
4e57452
479039
5.00534
5.22121
5.43625
$.65109
5.86574

6.08024
64,29460
6.50883
704397
7.57859
8.64672
9.71385
10.78033
16,1081 4
21.43308

26475711
32.08103
37.4077¢6
42.75096
53.72071

ISOTHERM
DERIVATIVE
CU FT-PSIA/LE

3228.59
3118.65
2942.83
2768.87
2606.64
2445.98
2286.07
2129.96

1976403
1822.18
©1666.10
1519.65
1373.17
1228.80
1093.13

959 .41

831 .kt

713.09

606,47
505.22
h16.70
342.54
285.03
210.97
214.63
251.35
296.75
342.88

388.54
432.11
47454
516416
555.6%
593.9%
631.25
667.63
703.23
T7244n

839.46
966 .42
1089.93
1211.68
1330.54
1047 .25
1562.30
1676.02
1788.69
1900.49

2013.58
2122.08
2232.09
2341 .68
2450.92
2559.85
2668.53
2776.98
2885.23
2993431

3101.25
3209.05
3316.73
3585.52
3853.81
4389.36
4923.96
5457,96
8123.71
10786.83

13649.14
16111.13
18772.95
21434 .58
26758.01

THERMODYNAHIC PROPERTIES OF PARAHYDROGEN

I30CHORE
DERIVATIVE
PSIA/R

77.623
77.573
77.110
76.302
75.206
74.022
72.713
7i.228

63.577
67,741
©5.698
63, bl
60.982
58.319
55,478
524465
3,296
43.970

42.508
33.937
35.301
31.654
29,106
20. 455
13.294
12.145
10.148
8.783

7.7586
7.020
Sebll
5,908
3.0687
5.131
h. 824
4,556
%320
3.820

3.595
3.098
724
2. 436
2.206
2.017
1.859
1.725
1.609
1.509

1.420
1e342
1.272
1.209
1.152
1.100
1.083
1.010
0.3704
0.9334

Ue8994
0.8678
Be83084
0.7730
C.7172
€.6267
65567
0.5007
0.3335
0,2508

0.2000
1667
0.1429
60,1250
6.1000

INTERNAL
ENERGY
BTU/LB

-132.218
=130.489
«127.361
“124. 041
~120.530
-116.824
-112.921
~108.808

=106, 485
=99, 940
=95.164
=90. 16t
~84.867
-79.314
~73.463
-67.285
~60.746
-53.798

-46.390
-38.468
«29.978
~20.882
-11.209
1%.315
37+ 946
57.260
73.231
87.109

99.786
111.486
122.601
133,382
163.793
156.086
164,303
174.510
184.763
205.573

227.000
272.67%
321.816
374,445
429.939
w87 .5ub
5464450
605.829
665.164
724,060

782.200
839.506
895.905
951,415
1006.09
1063.006
1113.245
1165.89)
1218.027
1269.723

1320.979
1372.004
1422.818
1548.926
1674.305
1923.76k
2172.905
2421.792
3676.053
4969.460

6326.881
7755.581
9260.568
10856.839
14668.098

ENTHALPY
BTu/LB

“113.414
-111.575
«108.248
=104.713
«100.972
-97.018
~92.849
~88.bu8

-83.813
-78.928
-73.781
-68.353
-62.625
=56.570
«50.157
“43.343
-36.079
~28.292

-19.302
~10.814
-0.920
3.885
21.5kb
54.273
86.858
115,211
139.632
161.386

181.480
200.240
2184134
235,484
252,294
268,793
285.088
301.266
317.396
349,731

382.439
449.979
520.690
594.475
670,910
Tu9.221
828,569
908.466
988.117
1067.225

1165.550
1222.964
1299.424
13744954
1449.520
1523.488
1596.659
1669.214
1761.241
1812.811

1883.%27
1954.799
2025.448
2201.102
2375.979
2724.333
3072.276
3419.906
5167.449
6953.872

8804.226
10725.851
12724.018
14814,999
19641.908

90

ENTROPY
BTU/LB=R

1.20471
1.27379
1.38654
1.50058
1.61396
1.72694
1.83963
1.95249

2.06554
2417915
2429354
2.40905
2452595
2.64468
2.76568
2.889356
3.01700
3.16897

3.28650
3.43075
3.58295
3. 70421
3.91462
4306662
4.78567
5.12973
5.40908
Sebutiu2

5.85066
6.03376
6.20027
6435453
6. 49763
6.63233
6.76016
6.88227
6499959
7.22267

Teu3374
7.83016
8.20249
8.55602
8.88628
9.19985
B.49413
9.76954
10.02659
10.26610

16.49003
10.69932
10.89551
11.07974
11.25347
11.41766
11.573146
11.721461
11.86279
11.99785

12.12668
12.25088
12.370790
12465218
12.91163
13.37711
13.78662
14.15267
15.56896
16059461

17.41979
18.11053
18.72914
19.48008
21.38692

cv
BTU 7 L3

1.171
1.195
1.237
1.276
1.313
1347
14377
1.405

1.428
1eht9
14467
1482
1.496
1.507
1.517
1.526
1.534
1.542

1550
1.559
1,570
1.582
1.595
1.624
1.625
1.613
1.605
1.606

1.611
1.619
1.632
1.650
1.673
1.701
1734
1.772
1.014
1.907

2.012
20244
24450
2+633
2774
2+869
24920
2.937
2.928
2.901

2.865
2.823
2.780
2.739
2.700
24660
2,635
2.609
2.587
24587

24552
2.539
2.528
2.509
2.498
24483
2.487
24489
24536
2644

2.786
2.924
3.673
3.299
bet71

ce
=R

1.554
1.613
1.715
1.819
1.922
2.030
2.162
2.258

2.378
2.506
2.5064
2.786
2.943
3.116
3.303
3.515
3.762
LYY T¥S

40359
4a732
S.170
54649
6.118
6.754
6.131
5.231
4.580
o152

3.860
3.657
3.510
3.403
3.327
3.276
3.245
3.229
3.225
3.267

3.298
3,460
3.6146
3.761
3.875
3.950
3.986
3.990
3.972
3.937

3,896
3.847
3.800
3.754
3.742
3.675
3.6042
3.614
3.589
3.569

3.552
3.537
3.526
3.506
3,491
3.4081
3.477
J.4L78
3.523
3.630

3.772
3.910
4,068
4298
5.590

VELOCITY
OF SOUND
FT/SEC

4455
#415
4348
4276 .
4205
4133
4059
3982

3904
3821
3730
3638
3538
3430
3320
3200
3073
2942

2806
2665
2521
2381
2251
2016
1837
1943
1981
2027

2077
2126
2174
2220
2262
2302
2339
2374
2407
2468

2525
2625
2729
2831
2934
3038
3143
3248
3353
3457

3559
3660
3759
3856
3951
4043
w134
4221
4367
4390

L4772
4551
4629
4847
4996
5332
5647
5944
7230
8283

9185
9990
10723
11375
12446



DEG.

340

360
388
400
w20
(1]
60
»w84
500
520
Sud

584
580
600
650
7006
aa0
900
1000
1500
2000

2500
Jooo
3500
«000

THERMUOYNAHIC PROPERTIES OF PARAHYDROGEN

500 PSIA ISO9AR

TEMPERATURE DENSITY VIDH/OV),  VIDP/DUL, =V (OP/DV),
R LB/CU FT 8TusL8  PSIA-IU FT/8TU PSIA
B840 4492375 318.22 13,460 15896.77
4.89524 31748 13.256 15266.53
bo8lbll 317.02 12,873 1425555
4.79032 316.18 12,484 13263.79
4e733930 315.44 12.100 12339.58
“a6T472 313.61 11,757 114636427
4461276 310.68 11 bl 10545.12
bo5h747 307.06 114149 9685.94
bok7886 302.51 10.876 8850.37
o bl642 297.03 19.608 8023.29
4.32986 290 .31 134344 7213.99
e 24869 283.54 10.076 6456.55
4¢16255 275.83 3.795 5715.90
4e07074 267.23 3.505 5002.12
3.97258 258435 3.208 4342455
3.86714 248457 8.893 3710.18
3.75347 238.13 8.561 3120.78
3.63006 227.53 3.212 2'588.56
3.4954k 216.68 7.843 2112.8%
3.34800 205.56 7.453 1591 .48
3.18624 19k .45 7.087 1327.69
3.0092% 183.96 34650 1330.79
2.81813 176.85 be25h 303.25
2.31712 161442 5.435 “88.85
1.8929 162.86 %e 971 #0628
1.59769 172.98 4.713 401.57
1.39436 186474 “e 534 w13.77
1.24650 202.05 40390 W27 40
1.1333¢6 218.33 “.263 Wi oS0
1.06319 234.80 be157 450.77
0.96916 251.83 4. 053 459,90
0.90645 269.50 3.949 w67 .87
0.85332 287 .48 3.863 76415
0.80716 306,44 3.730 W79.42
0.76654 325.45 3.629 483.87
073044 345,57 3,520 487.66
0.69807 366.52 Joks2 490.90
0.64226 410.93 3.200 496.10
0.59565 458,63 3.000 500.02
0.52219 562451 2,644 503.62
0. 46555 673.10 2.388 G507 445
0.42073 786,80 2.199 509.79
0,38422 837,97 2,070 S11.22
0.35382 1802.65 1.988 512 .07
0.32807 1098.58 1.961 £12.56
0.30593 11864122 1.920 §12.75
0.28663 1265 .43 1.918 512.79
0.26979 1338.20 t.927 S§12.72
0.2%5481 1405.52 14945 512.58
026145 1468,97 1.969 $12.38
0422945 1530.19 1.99% 512415
0.21860 1589.88 24019 511.90
0.20875 1648.95 2406l 531.63
0.19976 1708.21 2.066 £11.36
0.19153 1767.74% 2.086 511.09
. 0418395 1828.06 2.104 510.83
0.17636 1889.20 2.119 510.56
0.17048 1951.07 2,133 510.30
016447 201%.30 2e143 510.08
0.15887 2078.14 2.152 509.81
0.15364 2142.86 2.159 589.57
0.14197 2307.50 2.17¢ 509.02
9.13195 2075.54 2,176 508.51
0.11565 2813.09 24177 507.63
0.10295 3166409 2.1706 506.90
0.09276 3516.50 2.169 506.29
0.06208 5327.99 2,118 504432
0.04666 7307.05 2.027 503.28
0.03737 77.76 te321 502.6%
0.03147 11782.58 1.828 502.20
0.02673 14266.87 1.739 501.85
0.02339 17240.93 1.620 501.38
0.01861 27844 .00 1.202 498.09

3

5004

™

0-PHASE BOUNDARY

(OV/DTL/V_ THERMAL ~ VISCOSITY THERMAL OIELECTRIC PRANOTL
SONDUCTIVITY OIFFUSIVITY CONSTANT  NUMBER
1/0EG. R BTU/FT-HR-R LB/FT-SEC Sa FT/HR
% 103

0.0048829  0.04966 1.856  0.00649 1.26210 2.0905
3.0050812  0.05252 1,716  0.00665 1.26002 1.8946
0.0056091 0.05617 1.513  0.00676 12571 1.6629
0.0057526 0.05874 1.356 000674 125424 1.5092
0.0060347  0s06045 1.225  0.00664 1.25093 1.4024
040064737  0.06191 1.118  0.00652 1.26747 1.3200
0.006835% 0.06358 1.029  0.00643 1.24385 1,2677
0.0073537  0.06472 0.952 0.00630 1,24005 1.1954
0.0078614  0.06563 0.885  0.00614 1.23607 1,1580
0.00384367 0.06575 0.826 0.00595 1.23189 1.1332
0.0091070 0.06573 0,773 0.0057% 1.22748 1.1196
0.0098262  0.06540 0.725 0.00552 1.22282 1.1126
0.0106689 G.d6u81 B.682 0.00529 1.21789%9 leltit
0.0146588  0,06397 0.6641  0.00506 1.21266 1.1260
0.0127755 8.06291 0.603 0.00480 1.20710 1.1390
D.01e16407  0.06139 0.567  0.00452 1.20115 1.1689
0.0157960 0.085969 0.533 0.00u23 1.19476 1.,2089
040177588  0.05782 8.500 0.0039% 1.18787 1.2572
0.0201182 0.05579% D.468 0.00366 1.18039 1.3156
0.0230198  0.05359 0.437 0.00338 1.17226 1.3877
0.0265878  0.05187 0,406  0.00315 1.16338 1.4580
0.0307088  0.05009 0.377  0.00295 1.15375 1.5319
0.0349909  0.04819 0.350 $.00280 1.106363 1.5386
0.0418425  0.04326 0,293  0.00276 1.11675 1.6482
0.0376438  0.03390 0.259 0.00335 1.09659 1.4713
1.0302426  0.03616 04262  0.006433 1.07939 1.2597
040205266  G.03u77 8.233  0.0054& 1.06902 1.1056
040205493  0.03418 0.229 0.00660 1.06153 1,0035
0.0175781  0.03407 0,229 0.00779 1.05583 0.9335
0.0155741  0.03426 0.230 0.00898 1.05130 0.8851
0.0139397  0.236476 8.233  0.01021 1.04759 0.8475
0.0126265 0.03540 4.236 0.01148 1. 0046 0.8183
0.0115713  0.03616 0.201  0.0127% 1.06182 8.7967
0.010702¢  0.03699 0.265 0.01399 1.03952 0.7811
0.009969  0.03787 0.250 0.01523 1.03750 8.7700
040093426  0.03845 8.2564  0.01631 1.03571 0.7592
0.0087993  0.03945 0.259 0.01752 1.03611 0.7636
0.0479025 0.04201 0.270 0.02016 1.03135 G.7502
0.0071903  0.04491 0.280 0.02286 1.02905 0.7397
0.0061515  0.05328 0.312  0.02949 1.0254 2.7301
0.0053689  0.06206 0.345  0.03689 1.02265 8.7223
0.0047792 0.069%6 0.369 0.064396 1.02046 0.7186
0.0063155  0.07578 0.389  0.05089 1.01867 0.7161
0.0039396 G.08079 0.4096 0.05780 1.01718 0.7138
0.0036277 0.08469 G.420C G.06677 1.01592 0.7115
0.0033643 0.08769 Qo33 0.07183 1010684 0.7091
0.0031385 0.08997 0elotsS 0.07902 1.01391 0.7068
0.0023425  0.09173 0.456 0.08635 1.01308 0.7045
0.0027707 0409312 0.466  0.09384 1.81235 8.7023
0.0026187 0.09426 0.477  0.10148 1.01170 0.7003
0.0024831  0.09526 0.487  0.10929 1.01112 0.6984
0.0025613  0.0962% D.k96  0.11727 1.01059 0.6967
0.0022516  0,09719 0.506  0.12501 1.01011 0.6952
0.0021515  0.09817 0.515  0.13372 1.00967 0.6939
8.0020606  0.09920 g.526  0.16221 1.00927 0.6927
0.0013768 0.10029 0.533 0.15086 1.00891 0.6917
0,0019000  0.10143 0.542  0.15969 1.00857 0.6308
0.0018290  0,10263 0.551 0.16869 1.00825 0.6900
0.0017633  0.10390 0.560 0.17767 100796 0.6893
0.0017022 0.10522 0.569  0.18723 1.00769 0.6887
0.0016453  0.10658 9.578  0.19676 1,007463 0.6882
0.0015186  0.11013 0.600 0.22138 1.00687 0.6871
0,0014103  0.11385 0.622  0.24714 1.00638 3.6864
0.0012346  0.12160 0,665 0.30208 1.00559 0.6853
0.0010982  0,12943 0.708  0.36159 1.00498 06847
0.0009831  0,43730 9.750  D,42558 1.00648 0.6862
0,0006613  0.37705 0.95¢  0.80950 1.00300 0.6836
0.0006968  0.27727 1.145  1.63693 1.00225 1.5398
0.0003379  0.33496 1.325  2.37639 1.00180 0.5372
0.0003313  0,33324 1.496  3,22539 1,20151 0.5357
0.0002847  0.45568 1,660  4,19711 1.00129 0.5326
0.0002493  0.53843 1.817  5,35520 1.00113 4.5223
0,0002008 0.92638 2.126  8,90253 1.00090 0.4613
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THERMOOYNAMIC PROPERYIES OF »ARAHYDROGEN

$50 PSIA ISO8AR

TEMPERATURE voLuNE ISOTHERM 150CHORE INTERNAL ENTHALPY ENTROPY cv cp VELOCITY

DERIVATIVE DERIVATIVE ENERGY - OF SOUND

DEG. R CU FT/LB CU FT=PSIA/LB ASIA/R arusLs 8Tu/LB 8TU/LB=-R BTU 7 L3 =R FI/SEC
* 27.030 0.20265 3250474 77.696 =132.126 ~111.485 1.20661 1.175 1.556 [12:34
28 0.20362 3184.0C 77.757 -136.691 -3109.953 1.26229 1.195 1,603 bk
38 0.20572 3007433 77.379 =127.59% ~106.6446 1.37639 1.236 1704 4383
3¢ 8.20793 283750 75.672 -124,.317 -133.135 1.48360 1.275 1.806 4345
36 0.21040 2675.53 753.680 =120.848 -99.420 1.6L219 1.312 1.909 4266
36 6421300 2516.57 The 543 “117.49 -95,498 1.71427 1.346 2.086 “177
38 0.21578 2356450 73.286 =113.340 ~91.364 i.82602 1.376 20123 4i1b6
40 0.21879 2201.06 71.854 -109.289 -87.406 1.93777 1okl ¢.236 4030
e 0.22204 2049,.37 70.253 ~105.035 -82.6821 2404961 1627 20351 3954
ok 0,22557 1896.95 68,430 «1G60.570 ~77.598 2.16179 Lobb9 24473 3874
4o 0.2290 1747.71 86.512 -95.886 -T2.522 2.27457 Ll.46b 2.602 379¢
48 0.23360 1599.72 644350 =90.97% -67.183 2.38818 1.482 2.737 3700
50 D.23821 1452 .96 61.996 =85.824 ~61.563 2.58287 1.49 2.886 3603
52 0026332 1513.90 53¢ bolale “80.428 ~55.638 2.61306 1.508 3. 041 35084
54 8.24896 117616 55,734 =T4elbi -49,388 2.73698 1.517 3.213 3397
56 0.25530 1047.08 53.866 ~68.773 -42.778 2.85716 1.526 3.399 3287
58 0.262¢4 922.92 0. 863 “624499 =35.771 2098010 1.534 3.608 3171
60 0.27057 804.09 47.730 ~55.875 ~28.319 3.10640 1.542 3,846 3049
62 8.2799¢ 693.06 bbe bBb ~68.873 ~20.366 3.23677 1.549 beta? 2921
(13 0.29076 592.97 41,153 =kl o458 =11.846 3.37201 1.556 hobrs 2792
66 0,30348 504.67 37.765 -33.597 -2.689 3.51287 1.565 heT46 2663
68 0.31851 425.64 36371 ~25.273 7.165 3.65995 2574 5.119 2533
70 0.33633 363.11 31.038 -16.500 17.753 3.81339 1.582 Se472 2612
14 0.39544 264424 23.522 6. 813 47.083 he21784 1.606 6.15% 2165
80 0.47306 240 .54 17.919 29.767 77.946 4.61629 i.618 6e043 2040
85 0.55766 261.94 16,200 49.790 106.585 e 96396 1.614 5.382 2012
90 0.64043 330,07 11.774 6606846 131.877 5.25326 1.689 4e76% 2029
95 0.71822 343 .62 a0.113 81.3u0 154,491 5.49790 14609 4e313 2065
100 0.79219 387.63 3.909 Gl o 643 175.323 S5.71172 1.615 3.995 2197
205 0.86273 430,91 7.99¢ 106.838 194.703 5.90087 °  1.623 3.769 2153
113 0.93046 #73.26 7.270 118.355 213.117 6.07223 1.636 3.605 2198
115 0.99591 513.96 54681 1294409 230.838 6.22979 1.655 3.489 2243
120 1.06000 554.78 6.188 14604124 2k8.130 6237698 1.678 3,401 2283
125 1.12186 593.59 5.770 150.716 264,970 6.51067 1.706 . 3.360 2320
130 1.18238 631.37 5,412 161,140 281.560 664460 2738 3.300 2356
135 1e24177 668,25 5.103 171.530 297.998 6.76868 1.776 3.278 2394
140 1.30019 704.33 b 831 181,963 314.361 6.88770 1.817 3.269 2423
158 leblibl TThoh5 374 203.023 347.094 7.11353 1.930 3.283 2483
160 1.52645 842.30 he 208 226,670 380.132 7.32673 2.016 3.328 2539
180 1.76233 967.75 LR T 27046468 be8,096 7.72577 2.246 3.485 2638
200 1,95570 1094.78 3.021 320.060 519,238 8.10038 2.452 3.633 2741
220 2.16438 1217.867 2.697 372.863 593.356 8.45358 2.635 3,776 2863
240 237133 1337.52 2,440 428,552 670.061 8.78594 2.775 3.887 29486
260 2.575647 1455.05 2.229 4860297 748.596 9,10141 2.870 3.960 3050
280 2.77790 1570.79 2,053 Sk5.318 828,234 8.39639 2.921 3994 3155
386 2.37098 1685.40 1.904 604.799 938.193 9.67236 2.938 3.998 3259
320 3.17898 1798.27 1.77% 5644222 987.985 9.92987 2.929 3.978 3364
34 3.37809 1910.50 1.664 7234175 1067.216 10.16975 2.903 30963 3468
360 3457647 2021.97 1.565 781408 1145,649 10.3$3399 2.866 3.899 3s70
380 3.77424 2132.79 1479 838.770 1223.158 10.60354 2.824 3.851 3671
“00 3.97151 223,09 1.401 895.224 1299.703 1079994 2,781 $.806 3774
420 4.16835 2352.93 1.331 950.782 1375.308 10.98436 2.740 3.758 3867
bal 4e36882 2462.39 1.269 1005.505 1450.041 11015824 2.702 3716 3961
w60 4e56039 25781 .53 1.212 1059.456 1523.9790 11.32256 24667 3.678 L0564
+80 475688 2660.38 14159 1342.731 1597.195 1147817 2.636 3.6645 hlb4
500 4295254 2788.99 1.112 1165.408 1669.800 11.62654 2.610 3.616 4231
520 5.14799 2897.39 1.068 1217.57¢ 1T41.872 11.76800 24587 34592 4317
S4b 5.34327 3005.60 1027 1269.297 1813.4483 $3.903314 24568 3.571 4404
560 5.53840 3113.65 0.990¢ 1320.578 138445637 12.03203 2.552 3.554 681
580 5.73328 3221.56 0.955¢ 1371.625 1955.542 12415630 2.539 3.539 45621
800 5.92825 3329.34 d.9228 14224460 2026.223 1227617 24529 3.527 4639
650 6o b1b496 359843« ve8507 1548613 2201.945 12.55776 2.509 3,505 “826
700 690117 3806.80 8.7892 1674.029 2376.873 12+ 81729 2698 3,492 5004
800 7.87248 “el2 .60 C.6896 19234545 2725.318 13.28289 2.490 3,481 5349
900 8.84L280 ©937.38 Ge0124 2172.728 3073.323 13.69247 24487 Se477 5655
1000 Ge81247 5471 .51 0.5509 24234645 3420.997 14, 05857 20489 3.478 5951
1500 14465631 8137.57 G.3668 3675.986 5168.660 15. 47498 2,537 3.528 7236
2000 19.49730 10800.40 0.2751 4969.424 6955.129 1650064 24644 3.630 8288
2500 24433740 13463.15 g0.2200 6326.859 8805.504 17+ 32583 2.786 3.772 9190
3008 29.17730 16125.16 0.1833 7755.538 10727.103 18. 01656 2.924 3.940 9995
3500 34401971 18786.93 01571 9260.152 12724.893 18.63506 3.074 4.060 1072¢
Q00 38.87637 21648.73 6.1375 10854 bbb 16813.834 19.38546 J.292 o291 11380
5600 48.83537 26772.07 6.1100 14640.078 19613.720 21428646 beblld 5.531 12457

®  THO-PMASE BOUNBARY
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THERMQOYNAMIC PROPERTIES UF PARAHYUROGEN
550 PSIA ISO3AR

TEMPERATURE DENSITY V(DH/DV)p V(JP/DUDv -V(UPIDV& {ov/0T) /v THERMAL VISCOSITY THERMAL OLELECTRIC PRANDTL

CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

DEG. R LB/CY FT 8TusL8 PSIA-CJ FTI/8TU FSIA 1/70EG. R BTU/FT=-HR-R LBIFY-?EC SQ FT/HR

X 10

® 27,030 493457 321.32 13.405 1604%1.02 0.0008436 0.05036 1.870 9.006656 31.26274 2.0808
28 #.91113 322.39 13.250 15637.06 0.9069726 0.05274% 1.750 6.00673 1.,26136 1.9149
30 4.360087 323.92 12,0880 14618.21 0.0052934 0.05645 L4544 0.00682 1.25839 1.677%
32 4. 80817 321 .02 12.504 136463.47 0.0056198 0.05908 1.381 0.00080 1.25529 1.5199
36 b.75285 320.71 12.136 12716.39 0.0059514 3.06084 1.249 000671 1.252006 1.4105
36 469493 319.16 11.798 11315.13 3.0063091 0.06236 1.160 0.00660 1.24865 1.3252
38 be 63429 316.37 11. 490 10920.72 0.0067107 0.06608 1.069 0.00651 1.20512 1.2507
0 %+57056 313.00 11.198 10060.08 0.0071425 g.06527 0.97¢ 0.00639 1,201 40 1.1963
2 4.50368 308.86 10.928 9229.73 0.0076115 0.06606 0.902 0.00624 1.23751 1.1565
L 13 hak333L 303.76 10.664 84039.77 0.0081429 0.06662 0.863 0.08836 1423344 1.1296
b6 %. 35911 297 .96 10. 405 7618445 0.0087306 006646 0.789 0.00586 1.22916 1.1121
"8 4e28077 291.32 10. 1446 686804 0.,0093963 0.06620 Qo701 0.00565 1.22466 1.1036
50 %.1979% 283.90 3. 872 6099.49 0.0101642 0.06568 0.697 0.00562 1.21991 1.1029
52 411006 276.23 9.593 5400.20 0.01100677 0.06493 0.557 0.00520 1.21690 1.1072
54 4.01666 267.57 3.310 #7247 0.0120094 0.06396 0.619 0.0049%6 1.20960 1.1192
56 3.91700 258.80 3.011 810101 0.0131336 0.06254 0.583 0.00470 1.20396 1.1611
58 3.81038 249,46 8.700 3516.66 0.0144635 0.060986 U.549 Be00463 1.19796 1.1706
60 3.69592 233.47 8.377 2971.85 0.0153606 0.05926 8.517 0.00417 1.19155 1.2088
62 3.57257 229.18 3.038 2476.00 0.01796862 0.05739 J.486 0.08390 1.18067 1.2557
(-1 3.43926 218.93 7.688 2039.38 0.0201786¢ 0.05540 0.456 0.30365 1.17729 1.3098
66 3.29503 208.97 1324 1662.93 0.0227098 0.053404 deo4h27 0. 30342 1.16935 1.3664
88 3.13960 199.03 3.957 1336.33 0.,0257203 8.05182 0.400 0.60322 1.16084 14217
7a 297330 190.35 84597 1079.63 0.32874485 3.05008 0.3706 6.00368 1.12180 1.4693
75 2.52909 176,78 3.791 668.32 0.0352117 J.04560 0.317 0.002933 1.42797 1.5615
80 2411389 171.648 54240 508.48 0.03526140 Selblud 8.279 0.00325 1.106069 1.4546
85 L.79321 178.06 4. 906 469.71 0.0302316 3.03845 g.258 8.00398 1.08944 1.2985
90 1.56219 189467 e B84 463.77 0.0251159 0.03667 0.246 0e00493 1.07757 1.1504
35 139234 203.92 be513 W78 bl 0.0211379 0.03577 0.263 Ge00596 1.00892 1.0612
130 1.26233 219.42 4369 489.32 d.0182071 Ve03543 0.238 0.00703 1.06233 0.9644
105 1.15912 235.5) he249 499 .47 0.0160055 e 33545 3.238 0.00811 1.05712 0.9036
110 1.07474 252.25 4134 508.63 0.01642931 Geld541 0.239 0.30924 1.05288 0.8670
115 1.00612 269.43 beg22 516.07 03129468 0.03638 G.262 $.01038 1649304 0.8351
120 G.964340 287.67 3.909 $23.38 0.0118236 0.43705 .25 361155 1.566351 0.8195
125 6.39138 306.26 3.795 529.11 0.0109059 2.03781 G.249 g.01270 Le04371 2.7923
130 086575 325.56 3.681 533.98 0.0231360 J.03360 0.254 601384 1.0061 04 6.7791
135 0.80530 365065 34569 538,14 0.3096827 0.033914 0.258 0.01483 1.03943 8.7775
140 - 0.76912 366.57 3.457 Sele72 0.0089181 Qe04010 8.263 8.01595 1.33763 067707
150 0.7069 #10.96 3.239 54746 40607989 0.04260 $e272 0.01835 1.03655 0.7555
160 0.65511 458,68 3,030 551.80 0.007255% Ge0u546 0.282 0.02085 1.63199 0.7436
180 0.573% 562.33 2.676 55544k 0.0061980 0.G5352 0.313 0.02676 1.02798 07346
200 G.51133 673.40 20480 553.79 0.0053967 0.06222 02345 0.03350 1.02690 0.7257
220 G.46190 787.22 2.247 562 o ble 0.00607961 0.00967 0.370 0.93995 1.02207 de72%%
240 0.42170 898.71 2.085 564406 0.0063255 3.975860 0.389 0.04628 1.62050 0.7186
260 0.38828 1003.81 2,000 S6bb .37 0.0033452 0.080386 0.406 005258 1.61887 0.7158
280 0.35998 1100.24 1.952 565446 $.0036305 0408475 0.420 005094 1.01768 3.7132
300 0.33569 1188.03 1.930 565.66 0.0033652 0.08776 0ah33 0.06539 1.01633 07106
320 0.31457 1267 .66 1.927 565.68 0.0031382 2.09003 Q.405 0407195 1.U1527 0.7081
340 0.29603 1340.60 1.936 565.56 0.0029413 C.09180 0.456 G.07864 1.01436 0.7056
360 0.27961 1608.264 1.954 565.35 0.0027689 0.09319 0.467 0.08547 1.01356 8.7033
— 388 0.264% 1671.88 1.976 $65.09 0.0026165 V409433 V0?7 0.09245 1.01285 0.7011
00 8.25179 1533.26 2,001 564.79 0.0024807 8.09536 0.487 6.09957 1.01221 0.6392
s20 0.23990 1593.08 2.0286 564,48 0.00235388 6.09632 0.497 0.10685 1.01163 0.697%
(171 0.22910 1652.27 2.050 564.14 0.0022488 0.09727 ¢.506 0.11427 1.01110 0.6958
460 0.21928 1711.63 2.072 563.81 0.0021489 0.09826 0.515 0+32185 1.01062 0.6944
»80 8.21022 1771 .26 2.092 563 47 0.0020578 0.39929 0e526 8.12958 1.01018 0.6931
500 0.20192 1831.63 24110 563156 060019763 0.10038 0.5346 0.13768 1.00978 0.6920
520 0429425 1892.84 20125 562.82 0.0018975 0.10153 0.543 00146553 1.009%1 0.6911
540 0.18715 1954476 2.138 562.50 0.0018266 0.10273 3.552 0.15373 1.00906 0.6902
560 0.180%6 2018.05 24148 $62.19 0.0017609 0.10600 8.561 0016209 1.00874 0.63895
580 0.174062 2081.94 2.157 561.90 0.0016999 0.10532 G6.569 0.17062 100844 0.6889
600 0.160868 2146.63 2.163 561.61 0.0016031 3.10669 0.578 0,17931 1.008147 0.6834
650 0.15589 2311 Jble 2.175 560.9% 0.,0015166 0.11024 0.600 0e20175 1.06754 0.6873
700 0.14490 2679.55 2+180 560.31 0.0016086 0.11397 G.622 0422523 1.00701 0.6365
800 g.12702 2823.23 24181 559.204 0.0012331 0412173 0.666 0.27528 1.0061% 0.6854
900 0.11309 3170432 2.177 $58.35 0.0010969 0.12958 0.709 0.32950 100567 0.6847
10400 0.10191 3520 .80 24471 $57.61 0.0309480 de137427 a.75% 0.38780 1.30433 0.6843
1500 0.06823 5332.53 2.120 555.23 0.0006607 0017730 0.956 0.73755 1.00330 0.6836
2009 0.05129 7311.78 2,028 553.9 0.0004965 d.27727 1.147 1.48906 1.00268 045406
2500 3.04109 P82.68 1.922 553.19 0.0003977 3.33696 1.327 2.16167 1.001938 6.5380
3000 0.03427 11786.99 1. 829 552.66 G.0G603317 d.39318 140499 2.93381 1.00166 0.5366
3500 0.032939 14266431 1e701 552.26 0.0002846 Ue 45537 1.663 3.81604 1.00142 0.5336
000 0.02572 17216444 L0624 §58.72 0.0002492 0.53689 1.821 b,8b450 1601246 Ge5238
5000 0.G2048 27566 .84 1.216 548.21 0.0032007 G.91202 2.127 8.05212 1.03099 Do bloiy
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THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

600 PSIA ISOBAR

TEMPERATURE voLUME ISOTHERM 150CHORE INTERNAL ENTHALPY ENTROPY cv cp VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. R CU FY/LB Cu FT=PSIA/LB >SIA/R BTU/LS srusee BTU/LB=-R BTU /7 L3 =R F1/SEC
*  27.220 0.20221 3301.70 77.788 -132.025 -109.559 1.20852 1.178 1.555 4495
28 06.20298 3248.20 T7.876 -130.882 ~108.330 1.25301 1194 1.593 L4680
30 0.20503 3073.25 77.642 ~127.822 =105.042 1.36641 1.235 1.693 L1310 ]
32 0.20723 2904 .52 77.833 -1244579 -181.555 1.47891 1275 1,794 4353
34 0.20959 274266 75.262 ~121.153 «97.865 1.53074 1.311 1.896 ©286
36 D.21211 2585.20 75.050 -117.538 -93.972 1.70198 14345 1.998 4218
38 B.21481 2424484 73.842 ~113.738 -89.872 1.81283 1.375 2.105 Liae?
40 0e23773 2269.85 72. 460 ~109.74b -85.554 1.92354 1.403 2.215 4075
“2 d.22087 2120.1% 70.905 =105,554 -81.015 2.03425 1e427 2.326 4082
44 0.22426 1968.81 63.191 =101.164 ~76.2u8 2.14512 Lebets8 Lokl 3924
46 0.22794% 1822.68 67.290 =96.565 “71.240 2.25642 14466 2.566 3844
L8 0.23195 1675.92 65.209 -91.752 -65,982 2.36831 1.482 2.695 3758
50 0.23633 1536.68 624945 ~86.,712 ~50e455 2.48110 1.496 2. 831 3668
52 Da24114 1392.42 60,502 ~81,439 “Shkebl8 2.59497 1.508 2.980 3570
54 D.24b04 1259.87 57.902 -75.,920 ~48.539 2471025 1.518 3,134 3474
56 8.25233 1128.34 554163 ~70.139 -42.104 -2.82725 1.527 3.307 3365
58 0.25892 1007.29 52.297 “bL.077 =35.310 2. 94644 1.535 3490 3257
60 0.26631 888.50 49.331 ~57.719 -28.131 3.06811 1.542 3.700 3143
62 0427469 778.93 45.258 «51.637 ~20.518 3.19292 1.549 3,929 3025
64 0.208427 673.42 43,107 =l ,009 -12.426 3.32136 1.555 4.175 2906
66 0429527 588.14 39. 915 ~36.619 ~3.5813 3.45386 1.562 boltbed 2786
68 0.30800 508.86 35.723 ~28.857 5.363 3.59001 1.569 4a735 2667
70 0432276 440480 33.570 -20.732 15.128 3.73234 1.575 5.028 2553
75 0.37033 322 .87 ¢5.270 0.828 41.973 4010253 1.593 5.6865 2306
80 0e43332 277.56 20. 450 22.728 70.872 4,07552 1.608 S5.802 2154
85 0.50561 281.66 15304 42 .868 99.042 LeB1743 1.642 5,410 2892
90 0.57929 310.57 13.472 60.392 124,754 5411151 1.611 L. 880 2087
95 0.65065 348.96 11.510 75.713 1648.082 5.36301 1.613 hottb0 2110
100 0.71891 390.52 10.087 89,579 169.453 5.58317 1.619 4e113 2145
105 0.78430 " #32.57 3.041 102,206 189.383 5.77770 1.627 3.872 2184
110 D.8472% 474.03 8,166 114,349 208.277 5.95353 1.640 3.896 2225
115 0.90802 515.19 720483 125.529 226. 412 64116478 1.658 3.566 2266
120 8.9670% 555.12 6.917 136.550 243.993 6.26k044 1.681 30473 2305
125 1,02461 594.19 Sebbi 147.339 261.177 6.0604T0 1.710 3.406 2342
130 1.60123 632.69 Be026 158.000 278.129 6.53772 1742 3.358 2377
135 1.13631 669.95 5.665 168.57¢ 294,824 6.66373 1.779 3.325 2408
140 1.190640 706462 5+35% 179,148 311,412 6.78639 1.820 3.312 ikl
150 1.29642 T77.30 4. 837 200.496 344,533 7.01289 1.913 3.318 2499
160 1.39987 845.87 4o 420 222.360 377.891 7.22817 2.017 3.387 2554
180 1.59870 371.67 3,798 268.628 Li6.2:49 7.62969 24248 3.510 2651
200 1.79569 1100.02 3.322 318.310 517.817 8.00655 20453 3.651 2754
220 1.98865 1224 .02 2,962 371.318 532.265 8.36124 24636 3.790 2856
240 2.17872 1344.80 2.675 k27,172 669.236 8.69584 24777 3.899 2958
260 2.36660 1463.12 20442 485,056 747,993 9.01120 2.871 3.970 3062
280 2.55280 1579.52 2,248 Sht.193 827.818 9.30687 2.922 4,003 3166
300 2.73766 1694.39 2,083 603,774 907.338 9.58340 2,939 L. 005 32n
320 2.92145 1808.03 1.942 663.285 937.869 9.84136 2.930 3.985 3375
340 3.10636 1920 .68 1.819 722.315 1067.221 10.08161 2904 3.949 3479
360 3.28656 2032.50 1.711 780.612 1145.761 10.30615 24867 3.904 3581
380 3.46815 2143 .64 1.616 838,039 1223.364 10.51595 2.825 3.856 3682
“00 3.64925 2256.21 1.531 894,547 1299.992 10.71257 2.782 3.807 3781
420 3.82992 2364 .30 1.455 950.153 1375.5672 10.89717 2.740 3.761 3877
bal 4o 01023 R473.97 1.386 1004.920 1450.471 11.07121 2.782 3.719 3972
464 4219023 2583.30 1.323 1058.910 1524.461 11.23567 24667 3.681 w06k
480 4.36997 2692.32 1. 2686 1112.220 1597.740 11.39139 2.637 3.667 4154
500 454947 2801.08 1e214 1164.930 1670.393 11453986 24610 3,618 4241
520 b.72878 2909.62 1.166 1217.125 1742.510 11.68140 2.588 3.594 4327
540 4.90791 3017.96 1.122 1268,874 1814.161 11.81662 24568 3.572 4410
560 5.08689 3126.12 1.081 1320.180 1885.352 11.94558 24553 3.555 4691
580 5.26573 3234.13 1043 1371.250 1956.291 12.06991 24540 3,541 “570
600 Selibeteu5 3342.01 1.007 14224104 2027.003 12.18983 24529 3.529 4668
650 5.489080 3611.20 G.9284 1548.302 2202.783 12.47153 24510 3.507 4835
700 6.33666 3879.82 t.8612 1673.755 377,781 12.73114 24498 3,493 5013
803 T.22728 4415.87 0.752% 1923.328 2726.306 13.19685 244980 3.482 5349
910 8.11692 4950.82 L.6682 2472.552 3074.372 13.60651 2,488 3.478 5663
1000 9.00592 5485.07 0.601¢C 2421.501 3422.092 13.97265 24490 3.479 5959
1500 1344645 8151442 0.46902 3675.921 5169.872 15,38914 2,537 3.523 7263
2000 17.88415 1081476 0.3001 4969.389 6956.385 1681480 2,64l 3.631 8294
2500 22432096 13477.14 G.2400 5326.838 8806.781 17.24005 2,786 3.772 9194
3000 26475762 16139.16 G.2000 7755.485 10728.,357 17.93077 2.924 3.910 9999
3500 31.19635 18801.01 0e1716 9259.790 12725.821 18.54317 3.070 4,058 10730
4000 35.64704 2314062.75 0.1500 108524397 14812.984 19.29911 3,286 4.284 11386
5000 b4,76593 26786.10 Ge1200 14615.638 19589,300 21.19503 4.373 S.480 12467
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600 PSIA ISOBAR

TEMPERATURE OENSITY

-

DEG. R

150

160
1380
200
2210
240
260
288
300
320
340

360
380
400
&20
ikl
%60
“30
500
520
540

560
580
600
650
700
800
300
1000
1500
2000

2500
3040
3500
4000
5000

THO-PHASE BOUNDARY

LB/CU FT

4094526
“.92671
487735
4o 82560
be771482
4e71457
4.65519
%.59291

4.5276%
4.%45916
4.38714%
he3113%
4.23140
belt703
% 05772
3.96301
3.86226
3.75505

3.64047
3.51784%
3.38670
3.24670
3.098246
2.70026
2.30776
1.97782
1.7262%
1.53693

139099
1.27502
1.18035
1.10130
1.03407
0.97598
0.92487
0.88000
0.84001
d.77136

0.71435
0.62551
0.55689
0.50285
G.45899
6.42255
0.39173
8.36528
0.34230
0.32213

030427
0.28834
0.27403
0.26110
0.264936
0.23865
0.228483
0.21984
0.21147
0.20375

0.19658
0.,18993
.18387
0.16976
8.15781
0.13836
0.12320
G.11104
G.07637
0.05592

0.04480
8.03737
2.03206
0.92805
0.02234%

VIDHIDV)p vi3r/0uL, mV(DPIDV)T IDVIDTH/V THERMAL VISCOSITY THERMAL ODIELECTRIC
CONOUCTIVITY DIFFUSIVITY CONSTANT

8TusL8 PSIA-JU FT/BTU  PSIA 1/0EG. R BTU/FT-nHR=R LBIFT-;EC SQ FT/HR

X 10

326.50 13.356 16327.79 0400647642 0.05104 1.885 0.00664 1.26338
327.37 13.236 16002.95 U.00080863 0.05295 1.786 0.00675 1.26228
326.92 12.887 14989,.38 0.0052798 0.05673 1.575 0.00687 1.25936
326,50 12.525 14016.07 0.0054960 0.05941 1.408 0.00686 1.25631
325.82 12.171 13086.14 0.0058185 0.06122 1.273 0.00677 1.25312
324.52 11.837 12188.12 0.00615756 0.06279 1.162 0.00666 1.24980
321.86 11.533 11238.08 0.0065416 0,06456 1.068 0.00659 1.24633
318.70 11.245 10425.24 0.0069504 0.06581 0.989 0.00647 1.24270
3t6.% 10.977 9599.21 0.0073865 0.06663 0.920 0.00633 1.23890
310.14 10.716 3779.25 d.0078812 3.06707 0.859 0.00615 123493
304.87 10,662 7996.36 0.008%151 0.06717 0.805 0.00597 1.23077
298.63 10207 7225.47 0.0090248 0.06697 0.757 8.00576 1.22641
292.08 3,943 6493,85 0.0095930 0.06651 0.713 6.00555 1.22183
284 .42 3.673 5776462 8.0104776 0.06584 0.672 8.00533 1.21701
276.63 Jab01 5112.19 8.0113262 0.06496 0.634 G.00511 1.21193
268.11 3147 “471.64 0.0123363 0.06363 0.599 0.004685 1.20656
259.61 3,822 3890.42 0.0134426 0.06215 0.565 0.000661 1.20087
250.24 5.5214 3336.35 0.0147860 0.06055 0.534 0.00436 1419685
240.82 3.204 2835.68 0.0163129 0.05883 0.5063 0.00611 1418805
231441 7.879 2389.05 0.0180430 0.05700 [ LY LS 0.00388 1418163
221.99 7.545 1991 .84 0.0200393 0.05507 O.uk4b 8.00366 1417638
213.01 7.209 1652415 0.0222276 0.05337 0.620 0.00347 1.16669
204 .5% 6.878 1365.69 0.02v5818 0.051748 0.39% 8.00332 1.15858
187,99 5.196 871.83 0.030132¢ 0.04766 0.339 0.00312 1.13710
181.67 S.541 640 .53 0.0319359 004375 0.299 0.00327 1.11626
186,84 3e112 557.08 0.0292674 0.04063 0.273 0.00380 1.09900
19&.18 GoBbt 536.12 0.0251291 0.03857 0.259 0.00458 1.08599
206.89 4aBW3 536.33 0.0214598 0.03739 0.251 0.00548 1.07628
221 .46 4o 79 543.149 0.0185699 0.03683 Q.2u47 0,006k 1.06885
236,97 4o 345 551 .54 0.0163384 0.03667 0.245 0.00743 1.06297
253.26 40220 §59.52 0.0165945 0.03690 0.246 g.00846 1.0%5819
278.40 %.098 567 .38 0.0131888 0.03737 0.248 0.00951 1.056422
288.17 3.979 574.03 0.0120507 0.03796 0.250 0.01057 1.05084
306.68 3.860 579.91 9.0111052 3.03866 04256 0.01163 1.04794
326.03 e 740 585.16 0.010298% 0.03342 0.257 0.01269 1.06538
346.09 3.618 589.59 0.0096082 0.0398% 0.262 8.31361 1404315
366,97 3.502 533,40 00090249 0.04076 0.266 0.81465 1.04115
h11.30 3.278 599.57 0.0080682 0.04320 0.275 0.01688 1.03774
459.00 3.068 604,25 0.0073143 0.04602 0.285 0.01919 1.03492
562,40 2.697 607.79 0.00624310 0.85377 0.315 0.02449 1.03053
673.31 2. 432 612.59 0.0054224% 0.106239 3.366 G.03068 1.027146
787.75 24234 615.50 0.0048115 0.06379 G.370 0.03662 1.02649
893%.62 2.099 617 .25 0.0043366 0.07596 0.390 G.062406 1.02233
1005.11 2.013 618.26 0.30339502 0.0809% 0.406 0.04824 1.0205%
1201.91 1.964 618474 0.0035329 0.08083 0.421 0.05410 1.01904
1190.05 14940 618.92 0.0033658 0.038783 D634 0.06003 1.01776
1269.98 1.936 618.88 0.0031375 0.09010 0. 446 0.06606 1.01662
1343.13 Le 965 618.70 0.0029399 0.69187 04657 8.07222 1.01563
Lib11.03 1.962 618443 0.0027670 0.33326 Q.467 0.07850 1.01676
1674 .86 1.984 618.09 0.0026242 0409442 04677 0.08492 1.01399
1536.39 2.008 617.72 0.0026782 0. 09544 0.687 0.09147 1.01329
1596.34 2,033 617.32 0.0023562 0.09640 0.497 0.09816 1.01266
1695.63 2.057 616.92 0.0022461 0.09736 0.506 0.30699 1.01209
1715.08 2,079 616.50 0.0021462 0.09835 0.516 0.11196 1.01157
1774.77 2.099 616,10 0.0020551 0.09938 0.525 0.31907 1.01109
1835.23 2.116 615.69 0.0019717 0.10047 0.534 0.12633 1.01065
1896.51 2.131 615.30 0.0018949 0.10163 0.543 0.13372 1.0102%
195848 20143 614.92 0.0018241 6.10283 0.55%2 0.14326 1.00987
2021.82 2.183 614,54 0.00175385 .10611 0.561 0.14895 1.009%52
2085.76 2.162 616.19 0.3016976 010543 0.5790 0.15679 1.00920
2150.55 2.168 613.86 0.0016408 3.19679 0.579 0.16477 1.00889
2315.39 20179 613.02 G.0015145 0.11036 0.601 0.18539 1.00822
2083.58 2.18% 612.28 0.0014065 G.11409 0.623 0.20696 1.00764
2827.38 20184 611.00 0.0012315 0.12187 0.666 0.25295 1.00669
3174.56 2.180 603.% 0.0010956 0.12973 0.709 9.30276 1.06596
3525.141 20174 609.05 0.0003869 0.13764 0.752 0.35632 1.00537
5337.06 2.122 606.21 0.0006602 0.1775% 0,957 0.677%9 1.00359
7316.52 2.029 604471 0.0806962 0.27727 1.169 1. 36584 1.00270
987,61 1923 603.79 0.0003975 0.33496 1.329 1.98236 1.00216
11791 .55 1.830 603.16 0.0083316 0.39315 1.501 2.69041 1.00180
14266.43 Le 742 602.67 3.0002845 0.455140 1.665 3.49852 1.0015%
17195.73 1.627 602.08 0.0002691 0.5355% 1,826 ho45621 1.00135
27325.70 1.229 598.36 0.000200% 0.89949 2.131 7.367820 1.002908
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PRANDTL
NUMBER

2.0675
1.93068
1.6926
1.5311
1.6191
1.3310
1.2544
1.1980

1.1560
1.1272
1.1072
1.0964
1.0918
1.0949
1.10146
1.1205
1.1629
1.1740

1.2099
1.250%
1.2980
1.3405
1.3788
1.4508
1.4252
1.3102
1179
1,0725

0.9922
0.9328
0.8865
3.8508
0.8243
08046
0.7893
08,7859
0.7778
9.7607

8.7476
0.7391
8.729%
0.7262
0.7208
0.7479
0.7150
9.7122
0.703
0.7068

0.7043
0.7020
0.6999
0.6980
0.6964
046349
0.6936
0.6928
0.6914
0.6905

0.6398
0.6891
0.6486
0.6874
0.6866
0.6855
0.6848
0.6843
0.6835
Q.5414

2.5389
0.5375
0.5366
0.5252
0.4673



650 PSIA ISOBAR

TEMPZRATURE

0EG. R

34D

360
380
400
420
L4l
460
480
500
520
540

560
580
600
650
700
800
300
1000
1500
2800

2500
3000
3500
4000
5000

TWO~-PHASE BOUNDARY

VOLUME
Cu FT/L8

0.20178
G.20235
0.20435
0.2065¢8
0.20880
0.21126
8.21388
D.21671

0.21974
0.22301
0.22655
6.23039
0.23456
0.23913
0.26413
0.24965
0.25576
8.26256

0.27018
0.27877
0.28851
0.29958
9.31222
0.35132
0.40406
046567
0.53038

0.59584

0.65873
0.71938
077794
0.834L64
0.88973
0904304
0.99535
1.04743
1.09812
1.19684

1.29313
Lea7703
1.66050
1.839%2
2.01588
2.18998
2.36243
2.53355
2.70362
2.87282

3.04131
3.20921
3.37661
3,54360
3.74023
3.87655
4o 06261
4420845
4.37408
4453955

4470486
4.87003
5.0353%
Selba?30
5.85900
6.6813¢6
7.50271
8.323u5
12.42270
$16.51915

20.61473
24,710L3
28.80735
32.91571
41.3238¢0

ISOTHERM

DERIVATIVE DERIVATIVE

CU FT-PSIA/LB

3352.16
3311.11
3137.81
2970404
2810.98
2655.76
2699.99
2345.14

2194.46
2045.80
1898.52
1768.70
1610.73
1473.85
1361 .42
1212.08
1030.58
976.79

864455
Toh. 47
672,43
590.01
516.28
387.12
323.01
309.95
326498
359.20

337.36
#37.37
477 .84
518.28
55770
596.72

634.93 .

672.83
709449
780.97

850,16
976419
1105.73
1230.75
1352.40
1471 .40
1588.47
1703.38
1817.98
1931.02

2043.18
2154 .02
2265 .45
2375.77
285,05
2595.16
2704 .35
2813.25
2921.92
3030.38

3138.65
3246.76
3354.72
3624011
3892.89
4429016
4964 .27
5498 .64
8165.26
10828.67

13491.13
16153.14
18814.93
214T6.74
26800.09

THERMODYNANMIC PROPERTIES OF PARAHYDROGEN

IS0CHORE
PSIA/R

77.898
77.992
77.899
77.380
75.571
75.521
Te.355
73.0380

7L.530
63. 868
68,034
65.029
63,840
614496
58. 994
55,365
53+ 622
50.785

47.859
Uios 867
41.83%
38.802
35,800
28.737
224845
18.393
15.209
12. 954

11.309
10.066
3. 094
8.309
7.663
T.120
64655
5.254
5.898
3.31¢0

4o 843
he150
3.027
3.228
2.913
2,657
20 bbe
24264
2.109
1.975

1.857
1.754
1.661
1.578
1.503
1.435
1.373
1.316
1.264
1.216

1.171
1.130
1.092
1.006
G.9333
0.8154
Ca7260
G.6512
Cot336
0.3251

6.2600
8.2167
del1857
Ga1625
61300

INTERNAL
ENERGY
BTu/LB

-131.92%
~131.062
~128.036
-124.828
-121.4639
-117.867
-114.116
“116.177

-106.048
-101.725
-97.205
-92.481
=87. 564
-82.387
~77.004
-71.382
-65.507
«59,369

-52.951
~46.237
~39.216
-31.885
~24.251
-4.069
160 T4t
36.604
Sk bS7
70.282

B84, 640

97.734
110,005
121.6986
132.966
146,007
154,861
165.630
1764378
197.993

220.073
266.617
316.567
369.780
425.799
483,819
S63.074
602.755
662.354
721.461

779.826
837.313
893,875
949.529
100&.339
1058, 368
1111.743
1164454
1216.678
12684455

1319.784
1370.876
164214752
1547499
1673, 486
1923.114
2172.379
24214358
3675.857
4968, 356

6326.819
7755.445
3259.471
10850.573
16594.077

ENTHALPY
BYuU/sLB

-107.636
~106.707
103,439
-39.974
=96.307
~92.440
-88.372
-84.093

~79.599
~74.8383
=69.936
~64e751
~59.311
-53.605
~47.620
~41.334
~3he724
-27.767

«20.4631
~12.683
~4. 490

4ai74
13.329
38,289
£5.378
92.652
118,367
141.999

163,327
184.321
203.640
222.155
240,077
257.561
274,736
291.702
308.551
342,047

375.717
bbbl
516,429
591.201
668,435
TaZ.610
827.421
907.700
987.768
1067.240

1145.885
1223.581
1300.292
1376.045
1450.911
1524.359
1698.292
1670.993
L1743.154
18144845

1886.872
1957.045
2027.787
2203.644
2378.588
2727.296
3075.423
3423.188
5171.083
6957.bbt

8808.058
10729.616
127264793
14812.387
19567.908

96

ENTROPY
8TU/LB=R

1.21042
1.26397
1.35667
146848
1.57961
1.69010
1.80007
1.90978

2.01940
2.12910
2.23903
2034936
2.46039
2.57227
2.68521
2.79950
2.91567
3.03339

3.15363
3.27662
3.406267
3.53198
3.66466
L.,00887
4.35846
4.68945
4098353
5.23917

S.bb422
S.66328
584306
6.00769
6.1602%
6.30302
6443775
6.56581
6.68836
631946

7.13675
7.54063
7.91969
8.27593
8.61168
8.92791
9.22427
9.50135
9.75975
10.00036

10.22521
10. 43526
10.63209
10.81687
10.99106
11.15565
11.31148
11.46005
11.60169
11.73698

11.86601
11.99039
12.11037
12.,39217
12.65187
13.11769
13.52742
13.89361
15.31019
16033592

17.16113
17.85185
18.47017
19.21969
21011113

cv ce
BTU 7 L3 =R
1.181 1,555
1.193 1.583
1.23% 1.683
1274 1.783
1.330 1.883
1.364 1.983
1.376 2.086
14402 24193
1,426 2.301
1e447 2.414
1.466 2.532
1.682 24658
14496 24785
1.509 2.921
1.519 3.065
1.528 3.222
1.536 3.388
1.542 3.569
1.549 3.769
1.555 3.980
1.561 4209
1.567 boleS1
1.572 L.708
1.585 S.254
1.600 5.508
1.609 5.334
1.612 4.936
1.615 “.532
1.622 b.208
1.630 3.961
1.643 3.776
1.661 3.637
1.685 3.537
1.713 J. 463
1.746 3421
1.783 3.377
1.826 3.356
1.916 3.352
2.019 3.386
2.251 3.534
2.455 3.669
2.637 3.805
2.778 3.911
2.873 3.980
2.924 40012
2.940 4o043
2,934 3.991
20905 3.954
2.868 3.909
2.826 3.860
2.783 3.811
2.741 3.765
2.703 3.722
2.668 3.6864
2,637 3.650
2.611 3.624
2.588 3.596
2.569 3.576
2553 3.5%57
2,540 3,542
2.529 3.530
2.510 3.508
2,499 3.49%
2.490 3,683
2.488 3479
2.490 3.479
2.537 3.524
2. 644 3.631
2.786 3.772
2.924 3.940
3.069 L. 057
3.281 4.278
4e332 S.435

VELOCITY
OF SOUND
FT/SEC

4522
4511
4452
4389
4326
4261
4193
4122

4051
3976
3898
3312
3rer
3636
3541
J4ky
3339
3232

3122
3011
2898
2787
2677
2438
2270
2182
2154
2161

2186
2219
2256
2293
2329
2364
2398
2430
2460
2516

2570
2665
27167
2868
2970
3073
3178
3282
3386
3690

3592
3693
3791
3888
3982
74
4164
4251
4337
4420

4501
4580
4657
(313
5022
5357
5674
5966
7249
8299

9199
10006
10735
11391
12476



650 PSIA ISO3AR
TEMPERATURE DENSITY
DEG. R LB/CU FT
® 27,408 4.95583
28 894197
30 #e89349
32 e 84266
346 boT8932
38 b.73359
38 Lo 67563
»0 be61456
w2 $.55084
(1) e 68405
Wé bob1402
8 4e34054
L1 ] 426323
52 be18189
Sh beQ9617
56 Le00567
58 3+90995
60 3.80864
62 3470123
66 3.58717
66 3.46611
68 3.33796
70 3J.20287
7% 2484156
a0 2.47488
85 2014746
90 1.88332
95 1.67831
100 1.51806
108 1.39008
110 1.28545
115 1.19813
129 1.12393
125 1.95995
130 1.00407
135 0.954671
140 0.9106%
150 0.83556
168 0.77332
180 0.67685
200 9.60223
220 0454359
240 0449606
260 0.45662
280 0. 42329
300 0439470
320 0436988
38 0434009
364 d.3288t
330 0.31160
“80 G.29615
»290 8.28220
(1] ] 0.26953
60 0.2579¢
»89 0.26736
5940 8.23762
520 0.22862
560 9.22029
560 0,21255
580 0,2053¢6
630 0.19861
656 0.183%58
784 3.17068
(1] 0.14967
900 0.13329
1000 0.1201%
1500 0.08050
2008 8.3635%
2500 G.06851
3000 0.040067
3500 0.03474
4080 2.0303%
5000 0.02620

THO-PHASE BOUNDARY

Von/ov) VAIP/DUI -VIOP/OV)  (DV/DT)I/V  THERMAL _ VISCOSITY
? v P ZONDUCTIVITY
BTU/L3 PSIA-CJ FI/BIU  PSIA 1/DEG. R BTU/FT=-HR=-R LB/FT-
X 10
331.59 13.312 16612.76  0.0006890  0.05172 1.899
332.21 13.22%  16363.37  0.0047662 0.05316 1.823
331.79 12,896  15354.85 0,0050732 0.05700 1.607
331.05 12.545  L382.86  0.0053804  0.05976 L.436
331.07 12.200  13462.70 0.0056876 0.06i60 1.297
330.07 11.871 12571.28 0,0060076%  0.3632% 1.184
327.98 11.571 11688.5L  0.0063616  0.06506 1,088
320.98 11.288 10821.8%  0.006768¢  0,0665% 1.007
321.32 11,023 9986.63  0.0071625 0.06721 0.937
316.98 10.766 9173.48  0.0076163 0.00778 0.876
311.84 10,515 8380.10 0.0081185 0.06785 0.821
305.55 104266 7590.28 0.0085991  0.0677% 0.772
299.60 10.007 5866.92 0.0092968 0.06732 g.727
292.81 3. 747 ©163.48  0.0099774  0.06671 0.687
285.45 3. 484 5494.70  0.0107365  0.06590 0.649
277.50 3.211 4855.21  0.0115032  0.06465 0.614
269441 8.93¢0 w264.10  0.012575¢  0.06326 0.581
260.91 8.645 3712.62  0.0135790  J.06176 0.549
252.02 8,347 3199.90  0.0149563  0.06016 0.519
243.27 5,04k 2742.30  0.0163611  0.05846 0.491
234.49 7.733 2330.73  0.0179513  0.05667 0.464
225.89 7.420 1969.646  0.0197020  0.0548% 0.438
217 .07 7.112 1653.58 0.0216502 0.05333 0,413
201.18 3.38C 1100.00  0.0261263  0.04948 0.359
192,72 5.770 799,61  0,0235776 0.04578 0.317
193.06 5.323 ©65.60 0,0276535  0.08267 0.289
199.85 5.010 615.81  0.02¢6979  0.04042 0.272
210.95 $.779 602.96 0.0214848  0.03901 0.262
226,05 #.593 603.22 0.0187482  0.03826 0.256
239.22 PP 607,94  0,0165563  0.03791 0.254
285.05 307 614,26  0.0168052 0,03802 8.253
271.82 w175 620.96 . 0.0133807 0.03837 0.25%
289.31 4047 626.88  0.0122240  0.03889 0.256
307.66 3.922 632.49  0.011257¢ 0.03951 0.258
326.78 3.797 637.%51  0.0106397 004022 9.262
346.85 3.675 642.36  0,0097365 0.04055 0.265
367.55 3.552 646,09 0.0091295  0.04143 0.269
411,34 3.318 652,53  0,0081382 0.0u6381 0.278
#59,59 3.102 657+ 040073670 004659 0.287
562.70 2728 660.7¢  0.0062804  0.0506 8.316
673.73 2.453 665.90  0.0054468  0.06257 0,347
788,45 2.282 669.03  0.0068256  0.06993 0.371
900.68 2,114 670.88  0.0043427 0.d7607 0.391
1006.55 2,026 671.90 0.0033546  0.08103 8.407
1103.71 1.975 672.39  0.0036347 0.086491 g.021
1192.17 1.950 672,53 0.0033660 0.08790 B.430
1272.38 14949 672,03 0.0031366 0.09018 0obis
1345.83 1.953 672.17 0.0029383 0.09194 D457
1413.89 1,970 671.81  0,0027649  0.09336 0.468
1477 .89 1,992 671.39  0.0025118  0.09449 0.478
1539.57 2,015 670,93 0.0024756  0.09552 0.488
1599.64 2,040 673.%k  0.0023535 0.09649 0.497
1659.03 2,063 669.95  0.002243% 0.09745 0.507
1718.57 2,085 869,65 0.0021435  0.09806 0.516
177834 2.105 668,96  0,002052% 009947 9.525
1838.87 2.122 568.48 0.0019690  0.10057 0.535
1900.20 2,136 668,01 040018923 0,10172 0.5hh
1962.23 2,149 667.55 0.0018216  0.10293 8.553
2025.62 2,159 667.11  0.0047561  0.10821 0.562
2089.60 2,167 660,68 0.0016952  0.10553 0.570
2156 .43 2.173 666,27 0.0016385  0.10690 0.579
2319.35 2,186 665,30 0.001512¢  0.11047 0.601
2687.62 2,188 666,43 D.D0140%7  0.11422 9.623
2831.54 2.188 662,91  0.0012300 0.312200 0.667
3178.81 2,184 561,66 J.0010943 0.12988 0.710
3529.43 2.177 660,62 0,0009858 G.13781 9.753
534160 2.123 657,29 0.000659 0.17780 0.958
7321.25 2,031 $55.52  D.0004959  0,27727 1.150
9492.53 1.926 65k 0,0003973  0.33696 1.332
11796.18 1.831 653.74  0.0003315  0.39312 1.506
16267.27 1,763 653.13  0.0002843  0.454487 1.668
17178.20 1.630 652,48  0.0002491  0.53435 1.827
27113.57 1,240 648,56  0,0002004 0.88843 2.136
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THERMAL

DIELECTRIC

OIFFUSIVITY CONSTANT

?EG SQ FT/HR

G.000671
0.00679
0.00692
0.30692
0.00683
0.20673
0.00667
0.00656

0.00642
8.00625
0.00607
0.00587
6.00567
0.00546
G.00525
0.00501
0.00478
0.006456

0.00431
0.00409
0.003388
6.00363
0.30354
0.00331
0.00336
0.20372
0.00635
8.00513

0.00599
0.006389
g.00783
0.00881
0.00978
0.01076
G.0L17%
0.01258
0.01355
0.01564

0.01779
6.32259%
0.02832
0.03381
0.03920
0.06458
0.05080
8.05550
0.06109
0.06679

8.07261
8.07856
0.08462
6.09082
0.09714
0.10359
0.11018
0.11689
0.1237%
G.13072

0.13783
0.16509
0.15247
0.17155
0.19151
0.23406
0.28013
0.32964
0.62686
1.26157

1.83081
2. 480647
3.22995
4.11119
6.75513

1.26600
1.26318
1.26032
L.25732
1.25618
1.25091
1426751
124396

1.24025
1.23637
1.23233
1.22809
1.22365
1.21900
1.21411
1.20897
1.20356
1.13786

1.19184
1.13548
117877
L.17470a
116629
1.14469
1.12509
1.107846
1.03410
1.08352

1.07532
1.068480
1.06350
1.085909
1.05535
1.05216
1.04934
104587
1.06467
1.06493

1.03784
1.43306
1.02938
1.02649
1.02615
t.02222
1.02058
1.01918
1.01797
1.01690

1,01596
1.01512
1.01637
1.01369
1.01307
1,01251
1.01199
1.01152
1.01108
1.01067

1.01030
100995
1.00962
1.00889
1.00828
1.00724
1.00645
1.00581
1.00389
1.80292

1.00234
1.00195
1.00168
1001067
1.00117

PRANOTL
NUMBER

2.0552
1.955¢
1.7030
L.5428
1.6277
1.3365
1.2568
1.19886

1.1552
141240
1.1027
1.0910
1.0837
1.0827
1.3865
1.1010
141193
Le1428

141736
1,2033
142408
t.2800
1,3136
1.3728
1.3732
1.3003
1.2948
1.0352

1.0151
8.9535
0. 9044
0,8659
90,8372
0.8155
0.7992
8.7957
0.7858
0.7660

0.7516
3.7435
80,7325
9.7270
9.7232
0.7199
0.7167
0,7137
0.7107
2.7079

8.7053
0,7029
g.7007
8.6987
0.6969
0.695k
0.6940
0.6928
0.6917
3.6908

0.6901
0.689%
0.6888
0.6876
0.6867
0.6855
0.6848
0.6843
0.5835
0.5622

0.5397
0.5384
2.5357
0.5266
0.4700
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TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY cv cP
DERIVATIVE UERIIVATIVE ENERGY
DEG. R CU FT/LB CU FT-PSIA/LB 2SIA/R BTU/LE 8Yu/LB 8TU/LB=-R 8TU / L3 =R
27.59% 0.20138 3402.05 78.023 ~131.818 -105.718 1.21231 l.184 1.554
28 0.20174 3372.77 78.105 -131.,233 -105.084 1.2351¢ 1.192 1.574
30 0.20370 3201.11 75,147 -128.238 ~101.834 1.34721 1.236 1.674
32 0.20580 3036.71 77.698 =125.064 ~98.388 1.45838 1.273 1.772
34 0.20883 2876.27 754956 -121.712 ~94. 747 1.56874 1.310 1.871
36 0e21043 2722454 73.977 -118.182 =90.906 1.67849 1.343 1.96%
38 0.21298 2568.10 Tho 854 ~114.475 ~86.868 1.78763 1376 24070
40 0.21572 2413.32 73.583 ~110,587 -82.625 1.89644 1401 24175
b2 0021866 2263.20 72.133 -106.515 ~78.172 2.00507 1,425 2.280
bh 0.22182 2116456 70.513 ~102.257 =73.504 2.11364 1e4b?7 2.389
46 6.22523 1970.22 68,746 ~97.808 “68.614 2.22231 1.465 2,502
L8 0.22892 1828.12 65.802 ~93,165 -63,433 2.33127 14482 2.619
S0 0.23291 1687.85 64,694 -88,322 ~58,133 2444067 1.497 2.742
52 9.23725 1568.20 62,438 -83.273 -52.52¢0 2.55073 1.509 2.874
S4 De24139 1418.45 60.02% -78,01¢ ELT-N T 2.66161 1.519 3.007
56 0.24718 1292.43 57.491 ~72.529 ~60.489 2,77352 1.529 J.169
58 0.25289 1169.05 S4. 857 ~66.819 ~34.039 288667 1.537 3.305
60 0.25921 1055.39 52,128 ~60.,868 =27.2735 3.00342 1.543 3.465
62 0.26620 FLTAY T3 43,339 ~-5i,672 -20.167 3.11786 1.550 3.646
64 0.27402 8462457 Lbo 478 ~48.216 -12.697 3.23643 1.555 3.837
66 0.28277 752.85 43,578 ~b41.492 ~4.839 3.35732 1.561 4,026
68 0.29260 668,54 4D.578 -34.504 3,423 3.48063 1.566 4,234
T0 0.30368 594 .24 3r.802 «27.257 12.106 3.60647 1.570 bolibete
75 0,33773 453 .14 30.360 -8.175 35.602 3.93050 1.580 4,931
80 0.38183 373.16 25.071 11.642 61.136 4.26000 1.593 5.231
85 B. 43466 3l 055 234425 31.019 87.360 4.57821 1.605 S.206
90 Qe 09232 350.39 16.959 48.941 112.756 L. 86862 1.612 40927
95 0.55108 374451 144430 65.108 1364535 S.12584 14617 4,587
100 0.60889 “08.18 12,566 79,865 158.789 5.35624 1.624 4.280
105 0.66513 445,01 11.153 93.336 179.551% 5.55688 1.632 4,037
110 €.71970 48b.21 10,048 105,943 199.232 S.74002 1.645 3.845
115 8.77269 523.33 9.161 117,928 218.085 5.90766 1.664 3.763
120 8.,82425 562.05 ‘8. 0631 129,473 236.314 6. 06284 1,688 3.595
125 0+ 87455 501,43 7.819 160.717 2544078 6.20789 1.716 3.515
130 6.92376 639.55 T.298 151,770 271.508 6. 30462 1.769 3.459
135 8.97199 677.09 5,048 162.714 288.704 6elkZ7uh2 1.786 3.422
140 1.01935 7313.86 5. 455 173.618 305,767 6.59839 1.827 3.399
150 1.21187 785.46 3.796 195,517 $39.640 ©.83223 1.918 3.587
160 1.20198 855,14 5274 247.810 373.611 7.05146 2.021 3.413
180 137374 981.35 4e512 264,615 b42,681 7445757 2.253 3.557
200 1.54482 1111.91 3,935 316,833 515.075 7.83879 2456 3.687
220 1.71223 1237 .87 3.498 368.250 590.165 8.19656 2,639 3.619
260 1.87643 1360.32 3.1453 424,433 667.658 B8.53343 2.779 3.923
260 2.03871 1480.06 2,874 482,590 746,850 8485053 2,874 3,990
280 2419935 1597.66 2.641 541,961 827,043 9.14757 2,925 4,020
300 2.35869 1713.57 2o b5 601,743 907.479 9.42518 24942 4,020
320 2.51698 1828.10 2.277 661,429 987,683 9.68403 2+932 3.997
340 2.6Tu42 1941,.52 2.132 720.613 10867,273 9.92500 2.906 3.960
360 2.83115 2056.01 2.00& 779.045 1146.,022 10.15016 24869 3.914
380 2.98731 2165.74 1.892 836.592 1223.810 10 36044 2.827 3.86%
$00 3.14297 2276.82 1.791 893.207 1300.602 10.55748 2.784 3.815
420 3.29822 2387.36 1.702 948.909 1376.428 104742432 2.742 3.768
b 3.45312 2497 .43 1.620 1003.761 1451.358 10.31678 2.703 3.725
460 3.60772 2607.11 1.547 1057.823% 1525.465 11.08150 2.669 3.687
“80 3.76205 2716446 14480 1111.209 1598.851 11423764 2.638 3.652
500 3.91617 2825.51 La29 1163.983 1671.600 11.38611 2.642 3.623
520 4.07008 2934,.30 1.362 1216.236 17643.804 11.52783 2.589 3.598
54D 4.22383 3D42.87 1.310 1268.038 1815.535 11.66319 2.569 3.576
560 437742 3151 .24 1.262 1319.392 1886.798 11.79229 2.554 3.559
580 4453089 3259.45 1.218 1370.506 1957.805 11.91673 2.561 34544
600 468423 3367.50 1.178 1421,402 2028.577 12.03676 2.530 3.532
650 5.06716 3637.06 1,084 1547.689 2204.499 12. 31867 2.510 3.509
700 Sebb960 3905.99 1.005 1673.215 2379.597 12.57844 2.49% 3.495
800 6.213410 b2 .48 C.8783 1922.901 2728,289 13, 04437 2.490 3.483
908 6.97625 W37T .74 0.779% 2172.207 3076,476 13, 450618 2,488 306?79
1000 7.73848 5512.22 0.701% 2421.217 3424,286 13.82062 2.490 3,480
1500 11.54519 8179.03 De6bb 3675.795 5172.295 15.23710 2.537 3.526
20639 15.34915 10842.58 0.3501 ©969.324 6958.897 16.26285 2ebbi 3.631
2500 19.15224 13505.04 6.2800 6326.802 8809.334 17.08807 2.786 3.772
3000 22.95513 16167.10 C.2333 T755.410 10730.878 17.77879 2.924 3,910
3500 26.75363 18828.95 0.200C 9259,188 12727.799 18,39702 3.068 4.056
4000 30.57410 21490.70 0.1750 10848.950 14811.99% 19.14618 3.276 4,273
5000 38,37435 26814.05 Dol 14574,870 19548.394 21.033862 4.296 5,395
THO-PHASE BOUNDARY

VELOCITY
OF SOUND
FY/SEC

4549
45642
4685
4425
4363
4300
4234
4165

«096
4024
3948
3869
3785
3696
3606
3512
3413
3313

3209
3103
2999
2894
2792
2560
2383
2275
2228
2219

2232
2258
2290
2323
2356
2389
2423
2451
2681
2535

2587
2680
2781
2881
2983
3086
3190
3294
339¢
3501

3603
3704
3602
3899
3993
4085
w1746
4261
4347
4430

4510
4589
4667
4853
5031
5365
5679
5974
725%
8305

9204
10008
10739
11396
12485



THERMODYNAMIC PROPERTIES OF 3ARAHYDROGEN

700 PSIA IS08AR

TEMPERATURE DENSITY v (OH/DVY, V(IR/0UY, =V (OP/OVY,
DEG. R LB/CU FT BTU/LB  PSIA-3U FI/BIU  PSIA
® 27.5% 4.96628 336.60 13,272 16895,53
28 4.95692 336.93 13.214 16718.56
30 4.90922 336454 12,902 15716496
32 485920 336,33 12,560 16755.9
3 4,80692 336,10 12,223 13625.98
36 4. 75222 335.30 11,903 12938.08
38 4.69518 333,43 11.607 12057.71
40 4.63558 350460 11,329 11187.15
42 4457326 327.16 11.067 10350.20
i 4.50808 323.21 10,812 9561.53
46 4. 43988 318.35 10.566 6767456
48 4.36843 313.06 12,324 7985.99
50 4.29355 307.10 10,068 7246488
52 4.21493 300,37 2.815 6525.63
54 4.13243 293.60 3.561 5861 .65
56 4.06561 286.38 3.297 6228.69
58 3,95428 278,49 3.028 4622.75
60 3.8579 270467 8,754 4074.62
62 3.75651 262.28 Bo Tl 3569.18
64 3.66940 253.83 8,188 3074.86
66 3.53642 245,97 7.8% 266240
68 3.41759 237.82 7.601 2286.80
70 3.29297 230.05 7.31% 1956.81
75 2.96095 213.63 5,618 1341.73
80 2.61893 203.92 5.009 977,27
85 2.30066 202.03 5,531 792.69
90 2.03121 206.77 30181 711,71
95 1.83472 216.02 4,913 679.62
100 1.64235 228.32 4,711 670.38
105 1.50346 242.16 4,565 669.0%
110 1.38946 257 .07 44395 672.80
115 1.290618 273.75 4. 254 677.28
120 1.21322 291,05 %118 682.61
125 1.14304 309.20 3,385 687.70
130 1.08254 328.20 3.855 692.36
135 1.02882 368406 3.727 696,60
140 0.98102 368.77 3.602 700,32
150 0.89938 412.82 3.359 706443
160 0.8319 460 .4k 3,137 711,45
180 0.7279 563,26 2.751 714,36
200 0.66732 676,37 2,475 719.76
220 0.58610 789,34 2,270 723,06
260 0.53293 901.98 2.129 726,95
260 0049054 1008.12 2.038 725.98
280 B.05468 1105.62 1.988 726 .43
300 0. 42396 1194 .40 1.961 726.49
320 0.39730 1274 .88 t.955 726.31
340 0.37391 1348.56 1.962 725.96
360 0.35321 1615.82 1,978 725.50
380 0.33678 1680.99 1.999 726.98
“00 0.31817 1542.80 2,022 724,62
w20 0.30319 1602.99 2,087 723.83
wad 0.28959 1662.48 2,070 723.24
%60 0.27718 1722.18 2,091 722,65
480 0.26581 1781.35 2,111 722.07
500 0.25535 1842.56 2.127 721.50
520 8.24570 19083.92 2.142 720.94
540 0.23673 1966.00 2,158 720441
580 0.22844 202944 2,164 719.89
380 0.22071 2093.46 2,172 713.38
600 021344 2158.33 2,178 718,90
650 0.19735 2323.34 2,188 717,77
700 0.18350 2691.68 2,193 716,75
800 0.1609% 2835.71 2,191 714.98
900 0416336 3183.07 2,187 713.53
1000 8.12922 3533.75 2,188 712.51
1500 0.08662 5346.13 2.125 708,64
2000 3.06515 7325.38 2,032 706 .40
2500 8.05221 W97 .45 1.925 705.14
3000 0.043%56 11800.36 1.832 706.29
3500 0.03737 1426854 1.745 703.63
4300 0,03271 17163.12 1.633 702,91
5000 8.02606 26925.16 1.250 698.75
® TWO-PHASE BOUNDARY

(DV/0T)/V  THERMAL  VISCOSITY THERMAL DJELECTRIC PRANDTL
CONOUCTIVITY DIFFUSIVITY CONSTANT  NUMBER
1/70€G. R BTU/FT-HR-R LB/FT-SEC SQ FT/HR
X 18

0.0046180  0,05238 1.913  0.00679 1.26462 2.0439
0.0046718  0.05337 1.861  0.00686 1.26607 1.97%9
0.0063728  0.05727 1.638  0.00697 1.26125 1.7238
0.0052655  0.06005 1.463  0.00697 1.25829 1.5541
0.0055660 0.06197 1.322  0.00689 1.25522 1.4365
8.0058723  0.06363 1.205 0.00680 1.25200 1.36429
0.0062080 0.06550 1.108  0.00674 1.20866 1.2608
0.0065775  0.36635 1,026 0.00663 t.26518 1.2009
0.0069692 0.06777 8.95%  0.00650 1.26455 1.1558
0.0075907 0.06831 0.892 0.00634 1.23777 t.1227
0.0078589  0.06852 0.837  0,00617 1.23382 1.0997
0.0083649  0.06842 0.787 0.30594 1.22970 1.0844
0,0089271  0.06809 0.742 0.30578 1.22539 1.0760
0.0095681  0.06754 0.701  0.00558 1.22089 1.0742
0.0102601  0.06680 0.663 0.00538 1.21618 1.07468
0.0109956  0.06562 0.628  0.00515 1.211284 1.0852
0.0118667  0.06431 0,595  0.00692 1.20606 1.1011
0.0128326 0.06289 0.564  0,00470 1.20063 1.1190
0.0133016  0.06439 0.535 0.00448 1.1949% 1.1632
0.0151155 0.05979 0.507  0.00427 1.18895 1.170%
0.0163680  0.05812 0.480  0.00408 1.18266 1.1970
0.0178036 0.05639 0.455  0,00390 1.17609 1.2290
0.0193186  0,0547¢ G.431  0.0037% 1.16923 1.2587
0.0230743  0.05113 0.377  0.30350 1.15113 1.3091
0.0255545  0.04761 0.535  0.00368 1.13275 1.3231
0.0257663  D.0WL5S 0.304  0.00372 1.11589 1,2795
0.0238285 0.06220 0.285 0.00422 1.10278 1.1963
0.0212325  0.04061 0.273  0.00688 1.09085 1.1089
0.0187647  0,03966 0.266  0.00564 1.08168 1.0326
0.0165700  0.03917 0.262 0.00645 1.07457 0.97186
2.0169343  0.03916 0,260 0.00733 1.06877 0.9203
0.0135267  0.03940 6.260  0.00822 1.06394 0.8806
6.0123512  0.03982 0,261  0.00913 1.05985 0.849%
3.0113692  0.04037 00263  0.01004 1.05633 0.8259
0.0105406  0.04182 0.266 0.01095 1.05327 0.8083
0.0038303  0.04128 0.269 0.01173 1.05058 048042
0.0092171  0.04212 0.273  0.01263 1.00819 0.7937
0.0082047  0.04443 0,281  0.01459 1e0bitt 0.7718
0.0076135  0.04716 0.290 0.01661 1.06075 0.7557
0.0063159  0.05632 0.317  0.02098 1.03559 0.7478
0,0056674  0,06278 0.368  0.02630 1.03160 0.7359
0.0048383  0.07008 0.372  0.03142 1.02648 0.7298
0.00436499  0.07619 0.391  0.03644 1.02596 0.7256
0.0039582  0.08113 0.408  0.04145 1.02388 0.7219
2.0035360  0.08540 0,422 0.04650 1.02212 0.7185
0.0033658 0.08798 0.435 8.05162 1.02062 0.7152
00031354 0.09026 [ P 1Y4 0.05683 1.01931 0.7120
0.0029365  0.09202 0.458  9.06215 1.01817 0.7091
0.0027626  0.09342 0.468 0,06757 1.01715 0.7063
0.0026693  0.09457 0.478  0.07311 1.01625 0.7037
0.00260729  0.09560 0.488 0.07876 1.01564 0.7014
0.0023507 0.09658 0,698  0.08453 1.01671 0.6993
0.0022606  0.097%4 0.567 0.09042 1.01405 0.6975
0.0021407  0.09853 04517 0.09643 1.01344 0.6958
0.0020697  0.09957 0.526  0.10256 1.01289 0.694k
0.0019663 0.10067 0.535 0.10881 1.01238 0.6932
0.0013897  0.10182 0.544 0.11519 1.01191 0.6321
0.0018190 0.16303 0.553  0.12168 101147 0.6911
0.0017536  0.10431 0.562 0.12831 1.01107 0.6903
0.0015928  0.10564 0.571  0.13506 1.01069 0.6896
0.0016362  0.10701 0.580 0414193 101036 0.6890
0.0015104  0.11059 8.602 0.15969 1.00956 0.6877
0.0016028 0.11436 0.624 0.17827 1.00888 0,6868
0.0012286  0,12214 0.668 0.21786 1.00779 0.6856
0.0010930 0.13003 0.711 0.26076 1.0069 G.6848
0.0009847  0,13797 0,754 0.30685 1.00625 0.6843
0.0036591 0.17305 0.959  0.53338 1.00419 0.6835
0.0004956  0.27727 1.152 1.17220 1.00315 0.5631
0,0003971  0.33496 1.33%  1.70091 1.00252 0.5406
0.0003313  0.39310 1.506 2.30795 1.00210 0.5393
0.0002842  0,.45465 1.674  2.99982 1.00180 0.5367
0.0002690  0.53329 1.830 3.81581 1.00158 0.5279
0.000200% 0.873%6 2.138  6.24969 1.20126 0.4725
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THERMODYNAMIC PROPERTIES OF PARANYDROGEN

750 PSIA ISOBAR

TEMPERATURE VOLUME ISOTHERM JSOCHORE INTERNAL ENTHALPY ENTROPY cy cP VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. R Cu FT/LB Cu FT-PSIA/LB 2S1A/R |Tu/Ld 8TusLe BYU/LB~R BTU 7 L3 ~R FT/SEC
* 27.780 0.2009% 3451 .42 78,131 -131.710 =103.80% 3.21420 1.187 14554 4576
28 0.20114 3439,.95 T78.214 -3131.39 ~103. 463 1.22642 1.191 1.564 4575
30 0.20306 3263.23 78.358 ~128.430 =1060.230 1.33792 1.233 1+664 4517
32 0.20511 3100.56 77.999 ~125.2689 ~96.804 LobbeBi5 1.272 1.761 459
34 0.20729 29340.08 77,332 - =121.973 -93.184 1.55815 1.309 1.859 £398
36 0.20963 2787.66 75. 421 ~118.482 -89.369 1.66718 1.342 1.9%6 338
38 0.21212 2634 o 4b 75.340 ~114,.8518 -85,359 1.775%5 14373 2.055 “274
Lo 0021478 2479.58 Thel2l -110.978 -83.150 1.88350 1400 24157 “207
2 0.21763 2336.96 T2.747 =106.959 =76.735 1.99120 1e426 2.259 L3138
el 0.22069 2188.58 Ti.148 -102.760 =72.111 2.09873 1ebbb 2.364 4071
b 0.22397 2039.33 69,433 «98.380 ~B7.274 2.20622 1.465 2.475 3995
&8 0.22752 1899.64 67,546 ~93.813 -62.215 2.31388 1.482 2.587 3920
50 0.23134 1760.13 65.510 -89.055 -56.926 2442183 14497 2.708 3839
52 023549 1626.82 63.321 ~8k.101 =51.396 2453826 1.510 2.826 3756
54 6.24000 1496.67 ©0.998 =78.948 ~45.618 2.63929 1.520 2.952 3669
56 024430 1367.15 58.553 “73.593 ~39.581 2474905 1.529 3.089 3577
58 0.25028 1269.19 56, 009 -68.025 ~33.266 2.85984 1.538 3.227 3485
60 0.25617 1134476 53.383 -62.239 ~26.662 2.97177 1.545 3.375 3390
62 0.26266 1026.31 50+ 696 ~56.232 =19.754 3.08503 1.558 3.530 3292
64 0.26984 923.38 7. 947 49,993 «12.517 3.19989 1.556 3.705 3181
66 0.27781 831.32 “5.172 -43.519 ~4.937 3.31652 1.561 3.377 3092
68 0.208667 T45.77 “2.387 -36.812 3.000 3.43498 1.566 4.059 2993
70 0.29654 668.70 33.618 ~29.381 1i1.382 3.55530 1.569 Lelll 2895
75 0.32637 518.89 32. 988 ~11.694 33,632 3.86327 1.577 4.079 2671
as G.36602 4#27.25 274140 T e269 57.860 4o17590 1.589 “.980 2491
85 0.41017 384.61 22.37& 26,067 83.031 bot8132 1.6062 S5e 048 2370
9% 0.46112 378.79 18.688 43,874 107.914 4. 76583 1.611 4.878 2305
95 0.51419 394.55 15.920 60.227 131.637 Se02242 1.618 4.605 2281
100 0.56728 422.89 13. 846 75.286 154,009 5.25264 1.620 4w.327 2283
105 0.61961 45640 12.267 89,076 175.039 5.45791 1.636 e 094 23031
110 0.67031 492.95 11.028 101.982 195.07% 5.04378 1.648 3.906 2327
115 0.7199:1 531.02 10.032 114,236 214,217 5.81399 i.667 3.758 2355
120 0.76828 568499 9.2147 126.622 232.72¢ 5497151 1630 3.669 2385
125 8.81553 637.30 3.534 137.479 256.740 6.11864 1.719 3.565 2416
130 0.86177 645.21 7.956 148.721 268.%04 6.25722 1.752 3.505 2645
135 0.90711 082.47 7,453 159. 835 285.815 6.38864 1.789 3,463 2674
1490 0.95165 719.34 T.017 170.893 303.059 6514006 1.830 3.437 2502
150 1.03864 791.56 5.293 193.061 337.307 6.75036 1.92¢2 3.b21 2555
160 1.12329 860.81 3.713 215.571 371.573 6.97150 2.023 Jebbl 2604
180 1.284612 987.15 .. 879 262.624 L40.963 7.37972 24255 3.560 2695
200 1.44476 1118.58 o248 313.108 513.755 7.76305 2.458 3.705 2795
220 1.60161 1245.36 3.772 366.728 589,159 8.12231 24640 3.833 2894
240 1.7557¢0 1368.55 3.396 423.075 666.907 8.46029 2,781 3.935 2995
260 1.90771 16488.93 3. 092 481.368 Tube311 8.77824 2.875 4. 000 3098
280 2.05810 1607.08 2.840 540,855 826.684 9.07595 24926 4.028 3201
300 2.20721 1723 46 2.628 600.737 907.2746 9.35410 20943 4,027 3305
320 2.35529 1838, 41 X 11 660.510 987.612 9.61337 2934 4o 004 3409
340 2.50253 1952.18 2. 289 719.770 1067.320 9.85670 2.907 3.965 3512
360 2.64907 2064 .98 2.152 778,269 1166.171 10.08013 2.870 3.919 3614
380 2.79504 2176.98 2,030 835.876 1224.050 10.29068 2.828 3.869 3715
«00 2496052 2288.30. 1.922 892.544 1306.922 10.48793 2.785 3.819 3813
420 3.08560 2399.05 1.825 948,293 1376.820 10.67306 2e7463 3.772 3909
b4l 3.23033 2509.31 1.738 1003.188 1451.815 10.84755 2,704 3.728 “003
460 3.37476 2619.16 1.659 1057.295 1525.980 11.01240 24676 3.689 “095
480 3.51893 2728.65 1.587 1110.709 1599.417 11.16845 2.639 3.655 4186
500 3.66258 2837.83 1.521 1163.514 1672.214 11.31722 24612 3.625 4272
520 3.3066% 2946.75 1. 461 1215.79 1764.461 11.45902 2.589 3.600 356
Sul 3.95023 3055.42 1.405 1267.625 1816,231 11.5%446 2.570 3.578 439
560 4409367 3163.93 1.353 1319.003 1887.530 11.72362 24554 3.561 4520
580 4023697 3272.19 1.306 1370.139 1958.569 11.84812 24541 3.545 4599
600 438017 3380.32 1.261 1421.055 2029.,374 11.96820 2,530 3.533 4676
650 L. 73772 3650.06 1.162 1547, 386 2205.359 12.25028 2.511 3.510 4862
700 5.09478 3919.12 1.072 1672.948 2380.510 12.51007 2.499 3. 496 5040
800 5.80786 4455 .82 0.9412 1922.691 2729.284 12.97611 24491 J.484 5374
300 6.51998 4991.23 0.3357 2172.0637 3077.531 13.38598 2,488 3.480 5686
1000 Te23149 5525.81 0.751%6 2421.077 3425.385 13.75227 2.490 Jeb82 5981
1500 10.78468 8192.92 0.5003 3675.734 5173.507 15.16304 2.537 3.524 7261
2000 16.33513 10856447 0.8751 4969.29 6960.152 16419682 2ebbt 3.631 8310
2500 17.88472 13518.96 0.3000 53264786 8813.5610 17.02005 24786 3.772 9209
3000 21430411 16181.03 0.2500 7755.379 10732.142 17.71076 2.924 3.910 10012
3500 24.98494 18842.88 6.2143 9258.935 12728.835 18.32893 3.067 4. 055 10743
4000 28.5447% 21504 .64 6.1875 10847.493 14811.778 19.07776 3.274 4e268 11461
5000 35.81889 26827.98 0.1500 14557.619 19532.136 20.961b64 Le266 5,358 12494

® THO-PHASE BOUNDARY
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750 PSIA ISOBAR
TEMPERATURE DENSITY
OEG. R LB/CU FT
® 27.780 w.37661
28 Lo 971727
33 he92472
32 #.87552
1Y 4082612
36 4.77039
38 he71b42
[ 1 4.65601
2 4459500
[0 053132
(1) hobh82
48 4.39528
50 b.32257
52 he24bhl
Se 4416672
36 b.08323
58 3.99559
60 3.90366
62 J.80721
(-1 3.70592
66 3.59964
63 3.48839
(] 3.37227
75 306400
8 2e7hill
(11 2.43803
9% 2416862
95 1.94682
100 1.76281
105 1061643
110 1.49185
115 1.38907
120 130161
125 1.22620
130 1.16040
135 110240
1460 1.95080
150 0.96279
160 0.89024
180 0.77874
290 8.69216
220 0.620437
240 0.56957
260 0.52619
280 0.43588
300 0.45306
3290 0. 42454
340 0.39960
360 037743
380 0.35778
400 0.34008
L2090 0.32409
bl 0.30957
60 0.29632
480 0.28418
500 0.27301
520 0.26270
$40 0.25315
560 Qe2bb28
580 0.23602
508 0.22838
650 0.21107
700 0.19628
800 9.17218
900 0.15337
1000 0.13828
1500 a.09272
2000 9.06976
2500 8.0559
3300 0.04665
3500 d.04002
%000 9.03503
5000 0.02792

TWO-PHASE BOUNDARY

V(OH/DV) VIP/0UN, =VIOP/DVY,  (DV/OT)/V  THERMAL  VISCOSITY
P v P CONDUCTIVITY
8Tu/Le  PSIA-3U FT/8TU PSIA 1/0E5. R BTU/FT-HR-R LB/FT-SEC SQ FT/HR
X 10
3ei.61 13,232 17176439  0.0065488  0.05304 1.928  0.00686
342.05 13,206  17102.63 0.0065732  0.05357 1.899 0.00689
341.26 12,905 16070476  0.0068758  0.05753 1,671 6.00702
36l .38 12,574 15116.85 0.00651597 0.06037 1.491 0.00703
341.00 12,2647  16183.27  0.005652%  0.06233 1.346  0.00695
J40.38 11.934 13298.23 0.0057407 J.06604 1.227 0.60086
338.73 11,642 12619,87 0.0060661 0.06596 1.128 d.0068%
336400 11,368  115644.%  0.0064202 0.06736 1.006  0,30671
333.25 11,109 10729.05  0.0067775  0.06832 0.971  0.00658
329.52 10. 457 9917.12  0.G071743 0406891 8.908  0.00643
324460 10.614 9105.2%  0.0376256  0.06916 0.852 0.00626
319.75 10,372 8349.4s  0.0080899  0.06912 0.802 0.00608
316.16 10.125 7668.28 9.00361046 0.06834 0.757 0.305389
308.29 9.877 6908.18  0,0091661  0.06835 0.715  0.00570
301.78 9.631 6236.20 0.0097812 0.06767 0.677  0.20550
294,52 3.376 5582.37 0.0106889  0.U6655 0.642 0.00528
287.59 9.116 ©991 .27 0.0112213 d.36530 0.609 0.005036
280.10 3.854 “429.70  0.0120511  3.66396 0,578  D0.Ga485
272401 8.586 3907.38  0.0129746  0.U6254 0,563 0.00465
264439 8.314 3021.97  0.0143115  0.06104 04522 0.00445
256481 8.037 2992.46  0.0150952  0.35946 6,495  0.00426
249.10 7.7690 2601.53 0.0162930 0.05783 0.470  G.00408
261.59 7.488 2255.00  0.0175687 0.05616 Q.67  0.00392
225.53 5,827 1589.90  0.0207485 0.05265 8.39¢  0.30367
215.16 5,226 1172.63  0.0231482  3.04929 0.351  0.00361
211.56 5.729 937.70  0.0238583  0.04630 0.319  0.00376
214,02 5.350 821,45  0.0227505  0.04330 0,297  0.00415
221.97 5.060 767,33 0.02076470  0.04217 0,286  0.00471
232.99 8. 831 705,48  0.0185733 6.06106 0,275 0.00538
245.90 4,649 736,83  0.0160479  0.04043 0.270  G.00612
260.46 v 486 735,60  0.0149958  0.04027 0.268  0.00691
276.33 4o 334 737.62  0.0136011  0.06043 8,267  0.00776
293.17 “e189 T40.62 0.0126455 0.06077 0267 0.00858
311.08 8,069 Thi.68  0.0114606  0.06125 0.269  0.00943
329.91 3,912 T8 71 0.0106231  0.04183 0.271  0.01329
349.50 3,779 752435  0.0099069  0.064281 8.274  0.01100
370.25 3.649 755,89  0.0092835 0.04280 8.277  0.01185
wiha27 3.401 762.11  0.0082572  0.04506 0.285 0.01368
b1 .52 3.172 766433 0.0074551  0.04774 0.293  0.01558
S66.07 24779 768.74 F.0063672 005662 0.319 0.019%9
675.22 2.497 7764426 0.0054864  0.06299 0.349  0.02457
790.41 2,288 T77.57  0.006849%  0.07024 8.373  0.02935
903.27 2,144 779,49  0.0643561  0.07632 0.392  0.03405
1009.82 2,051 780.48  0.0039612  0.08124 0,408  0.03874
1107.65 1.997 780.86 0.0036369  0.08509 0.423  0.04347
1196.72 1.971 780.83  0.0033653  0.08807 0.435  D.04827
1277 .47 1.964 780.5¢  0.0031340 0.09035 0.7  0.05315
135L.37 1,971 780.408 0002934 0.09211 B.458 0.05813
1619.82 1L.986 T79.51 0.0027602 0.09350 0.469 0.06320
1484 .10 2,007 778.87 0.0026066 009466 0.479 0.06839
1546.08 2.030 778,19 0,0024703  0.09569 0.489 0.07368
1606438 2.3453 777.50  0.0023479  0.09667 0.498 0.07908
1665.97 2.076 776,80  0.06022377  0.09763 8.508 0.08460
1725.67 2.098 776.10  0.0021379  0.09863 0.517  9.09922
1785.548 2.117 775.62  0.0020469  0.09966 9.526 0.09596
1846.23 2,133 776.75  0.0019636 0410076 0.535 0.10181
1907.67 2,167 776,11 0.0018871  0.10192 0.565  0.10778
1969.80 2.160 . 773.48  0.0018165  0.10313 8.556  G.11385
2033.28 2.169 772,88  0.0017511  0.10442 0.563  0.12005
209736 2,177 772.29 0.00169056  0.10574 0.571  0.12637
2162.25 2.183 771473 0.0016339  0.10712 0.580 0.13280
2327.34 2.193 770.43  0.0015083  2.11070 04603  G.18981
2695.75 24197 769,26 0.J014009 0.11646 0.625 0.16679
2839.83 2,195 767.21  0.0012268  0.12227 0.668 0.20383
3187.33 2.190 765.53  0.0010917  0.13013 0.712  3.2639
3538407 2.183 766,13  0.0009836 0.13814 0.755  0.28706
5350 .66 2,127 759.68 0.0000586 0.17830 04961  0.54569
7336.71 2,033 7%7.33 0.0004953 Be27727 1.154 Lad9474
9502.37 1.926 755.89  0.0603969  0.33436 1.336  1.58832
11805.58 1.833 754,92 0.3033312  0.39307 1.509 2.35497
16270422 Le746 754417 040002841  Qus5647 1.674 2.40043
17150414 1.636 753.37  0.0002489 0.53234 1,833 3.56209
267T56. 48 L.260 T48.99 d.0002003 0.86370 2elbl 5.81367

THERMOQDYNAMIC PROPERTIES OF PARAHYOROGEN
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THERMAL QIELECTRIC
DIFFUSIVITY CONSTANT

1.26523
1.26635
1.26216
1.25926
125623
1.25307
126979
1.24637

1.24282
1.23911
1.25526
1.23126
1.22706
1.22269
$.21813
1.21337
1.20840
1.26321

1.19778
1.19210
1.186138
1.18000
1.17359
1.15672
1.13945
1.12316
1.10895
1.09728

1.08787
1.008025
1.07398
1.06875
1.06632
1.06051
1.05719
1.05027
1.051638
1.06728

1.06366
103812
1.03382
1.03067
1.02777
1.02553
1.02365
1.02204
1.02065
101962

101834
1.01738
1.01651
1.01573
1.01502
1.01438
1.01378
1.01326
1.01274
1.01227

1.011846
L0131 bb
1.81106
1.01022
1.3095%
1.00833
1.00742
1.60669
100443
1.60337

1.00270
t.00225
1.60193
1.00169
1.008135

PRANDTL
NUMBER

2,033
1.9963
1.7396
1.5662
14458
1.3498
1.2654
1.2038

101561
1.1215
1.0977
1.0804
1.8705
1.0649
1.0639
1.0733
1.0841
1.0990

1.1175
1.1397
141625
1.1884
1.215%
1.2603
1.2767
1.2523
1.1897
1.1149

160440
0.9850
0.93463
0.8929
0.8611
8.8362
0.8172
0.8125
9.8009
0.7776

0.7598
0.7520
0.7392
0.732%
0.7279
0.7239
0.7202
0.7167
0.7133
0.7102

0.7073
0.7046
0.702¢
0.7000
0.6980
0.6963
0.6948
0.6935
0.6924
0.6914

06306
0.6398
0.6892
0.6879
0.6869
0.6857
e 6849
0.6843
0.6835
0.5439

0.5415
0.5402
G.5377
0.5292
B.0749



THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

800 PSIA IS084aR

TEMPERATURE VOLUME ISOTHERM 1S0CHORE INTERNAL ENTHALPY ENTROPY cv cp VELOCITY

OERIVATIVE DERIVATIVE ENERGY OF SOQUND

DEG. R CU FT/LB CU FT-PSIA/LB 3SIA/R BTu/LB Jrusie 8TU/LB=-R 8TU 7 LB =R FT/SEC
® 27.964 0.20053 36499.91 78.230 -131.598 ~101.693 1.21608 1.189 1.553 4602
28 0.20056 3501494 78+ 240 =131.548 =-101.838 1.21801 1.190 1.555 604
30 0.20263 332h.27 78.565 «126.613 -98.625 1.32884 1.232 1.655 4548
32 0.200b4 3163.142 78+ 294 -125.503 -95.218 1043874 1.271 $.751 4493
34 0.20657 3002.49 77.701 -122.221 ~91.620 1.54781 1.308 1.848 4433
36 0.20885 2853.41 76. 847 -118.768 -87.830 1.65612 1.342 1963 «376
38 0.21128 2703.33 754799 ~115.143 =83.844 1.76384 1,372 2.039 4345
(Y] 0.21387 2552.21 The 619 ~111.349 -79.667 1.8709¢ 1.400 2.139 4251
w2 0.21663 2602.92 73.271 -107.381 -75.289 197774 1,624 2.239 L3¥ .11
bl 0.,21960 2257.38 7L.752 -103.239 -70.708 2.08430 1,446 24362 b1ie
46 0.22277 2114422 70. 085 ~98.920 -65,919 2.19073 1.465 2. 447 4045
48 0.22619 1973.31 68.259 -4, 423 -60.316 2.29718 1.482 2.555 3971
50 0.22987 1835.69 65.288 =89, 74k =55.692 2,40380 1.497 2.668 3893
52 6.23384 1698.26 b4e 165 -84.880 ~50.,240 2.51071 1.510 2.787 38310
54 0.23813 1569.88 . 61,923 -79.827 b, 550 2.61807 1.521 2.906 3728
56 0.24279 1446,00 53.555 ~74.583 -38.616 2.72597 1.530 3.030 3642
58 0.24786 1326445 57.094 -69.143 =32.625 2.83460 1.539 3.160 3553
60 8.25340 1210.50 54,560 -63.504 =25.966 2.94406 1.546 3.300 3460
62 0.25946 1103.72 51959 =-57.660 -19.225% 3.05458 1.552 3443 3368
(-1 0.26611 1000 0 bbe 43324 -51.608 -12.187 3.16629 1.557 3.598 3a2r2
66 0.27343 908,36 3. 645 ~45,34b ~4.838 3.27936 1.562 3.751 3179
68 §.28151 821.33 43,956 ~-38,875 24828 3.39377 1.566 3.914 3083
70 0.29063 762.51 bl.286 -32.205 10.819 3.50959 1.569 L. 079 2990
75 0.31699 586.60 344845 -14.763 32,196 3.806462 1.576 bbbl 2775
ap 0.35038 483.68 23. 065 3,422 55.326 e 0289 1.586 o762 2594
85 0.39046 429.07 260226 21.673 79.516 4,39640 1.599 bo881 2463
98 D 43566 411.79 20379 39.247 103.786 467307 1.610 4.800 2385
95 0.48360 418,85 17.408 55.658 127.298 4092817 1.618 44595 2347
100 0.53228 46D .89 15.142 70.924 149,775 5.15885 1.623 4.356 2338
105 0.53861 470.93 13.397 84,972 176.963 5.36584 1.636 4,134 2348
118 0.62810 506.82 12,025 98.137 191,182 5.55380 1.650 3.952 2367
115 0.67457 540.65 10.924 110.634 210.564 S.72614% 1.669 3.808 2390
120 0.72002 $77.78 10.018 122,641 229.304 5.88568 1.693 3.694 2417
125 0.76450 614.75 3.263 134,300 247,552 603467 1.722 3.610 2hishy
130 0,80808 65217 8.622 145.722 265,431 6017492 1.755 3.5647 2471
135 0.85084 683.31 8.070 157.000 283,042 6030786 1,792 3.502 2498
140 0.89285 725.71 7.590 168.205 300.470 6,43663 14833 Jeb74 2524
150 0.97433 738.16 5.794 190,631 335.056 6.67326 1.925 3,452 2575
160 1.05480 868.23 8158 213.361 369.617 6.89630 2.026 3.466 2623
180 1.2059¢ 993 .64 3.252 2604647 439.293 7.30645 2.257 3.602 2711
200 1.35737 1125.75 4564 311.393 512,473 7.69182 2,459 3.722 2809
220 1.50543 1253.25 ke lbb 365,215 588.182 8.05254 2.641 3,847 2908
2640 1.65018 1377.40 3,640 421.72% 666.180 8.39161 2,782 3.946 3008
260 1.79318 1498.06 3.311 480,156 765,793 8.71040 2,877 4o 010 3110
280 1.93460 1616.73 3,040 539.757 826,34t 9.00876 2.928 4.037 3214
300 2.07474 1733.56 2.811 599.738 907.087 9.287 44 2,944 4,036 3317
320 2.21388 1848.89 24616 659,597 987,557 9.54714 2.935 | 4.010 3421
340 2.35218 1962.99 2.bk7 718,933 1067.380 9.78882 2.908 3.971 3524
36 2.648980 2076.09 2.299 T77.499 1146.333 10.01654 2.871 3.924 3625
380 2.6268¢4 2188.34 2.169 835,164 1224.301 10.22533 2.829 3.873 37126
«00 2.76342 2299.83 2053 891,885 1303.253 10. 42278 2,786 3.823 3824
420 2.89958 2410.84 1. 950 u7.682 -1377.221 10.60808 2e70b 3.775 3920
(10 3.03541 2521.28 1. 856 1002.619 1452,280 10.78273 2.705 3.734 4014
460 3.1709% 2631.29 1.772 10564764 1526.502 10.94770 2,670 3.692 4105
L80 3.30622 2740.93 1.695 1110.213 1599.991 11.10387 2.639 3.657 4195
500 3.4k128 2850.24 1.624 1163049 1672.834 11.25272 24613 3.628 4282
520 3.57614 2959.26 1.559 1215.360 1745.,123 11.39461 2.5%0 3.602 4366
540 3.71084 3068.05 1.500 1267216 1816.932 11.53012 2.571 3.580 b9
560 3.8453%9 3176.61 Lebts 1318.616 1838.266 11.65935 2.55% 3.562 4530
580 3.97981 3284.99 1,393 1369.774 1959.337 11.78390 24542 3.547 4609
600 hellbi2 3393.20 14346 1420.718 2030.170 11.90403 2.531 3.534 4686
650 bLabb347 3663.10 1.240 1547.005 2206.222 12.18615 2.511 3.518 4471
700 e78433 3932.30 1e150 1672.684 2381.426 12.44608 2.500 3,497 5049
800 545301 4b69.19 1.004 1922.482 2730.282 12.91223 2.491 3.485 5382
900 6.12075 500474 0.8916 21731.86% 3078.587 13.32218 2,688 3.480 5694
1000 6.78788 5539.41 t.8018 2620.940 326,485 13.68851 2.490 3.480 5989
1500 10.11922 8206.73 Ge5337 3675.674 5174.718 15.10538 2.537 3.524 7267
2000 13.4478¢ 10878.35 0.4001 4969.265 6961.408 16.13118 2,644 3.631 8315
2500 16.77564 13532.86 G.5200 6326.771 3811.886 16495642 2.786 3.772 9213
3000 20.10321 16196.93 0.2667 T755.352 10733.407 L17.664713 2.923 3.310 10017
3500 23.43207 18856.79 G.2286 9258.707 12729.89%4 18.26524 3.066 4e054 10748
4000 26.76908 21518.54 0.2000 10846.176 14811.703 19.01377 3.268 Le264 11406
5000 33.58344 26841.87 0.1600 14542.016 19517.007 20.89438 40235 5.326 12502

® THO-PHASE BOUNDARY

102



THERMODYNAMIC PROPERTIES OF PARAHYDROQGEN

800 PSIA IS08AR

TEMPERATURE OENSITY V(DNIDVIp vR/0W, °V(DPIDV&
OEG. R L8sCu FT 8TusLd PSIA-JY FT/BTU  PSIA
® 27.964 .98683 346454 13.192 176453447
28 4.38616 346,91 13.188 17461.26
3 433902 365,88 124909 16421.62
32 ©.89152 34b.11 12.589 15472467
34 448409 345.76 12,276 14534.89
36 4.78818 345451 11,963 13662.66
38 ©.73309 344,26 11674 12795.11
0 4.67583 342.05 1le 402 11933.69
42 4.61612 338.99 11.1468 11092.16
b 4055382 335.51 10.898 10279.74
46 4.63885 331.33 10.658 9490 .62
48 bat2108 326.60 1)e420 5724418
S0 4.35035 321 440 10.178 7985.91
952 4.27652 315,44 3,935 7262 .64
S4 4.19936 309.35 3.696 6592.47
56 4.11873 302.93 o bl 5955.63
58 4o 03445 296.23 34196 5351.52
60 3.94637 288.94 8.9b4 4777.09
62 3.85422 281.84 8.686 4253.99
13 3.75788 27%.25 Se028 3753455
66 3.6572) 267.15 3.163 3321.97
68 3.55227 259.78 7.899 2917.58
70 3.44316 252.59 Teb62 2556.59
75 3415466 237.08 7T.014 1850.53
80 2.85408 226417 30022 1380.48
85 2456106 221401 34916 1098.88
90 2.29534 222.63 3,515 F45.20
95 2.086782 228.61 3.202 866410
100 1.87871 238.28 4. 952 328.30
105 1.72232 250.31 4.753 811.10
110 1.59211 264413 4.577 803.73
115 1.482463 279.37 hetlS 801.47
120 1.38834 295.88 4¢261 802.45
125 1.30806 313.36 eellt 804012
130 1.237%0 331.97 3.971 807 .06
135 1.17530 351.55 3.832 810.15
1460 1.12001 372.00 3.696 812.80
150 1.02571 “l5434 ETE LYY 818.69
160 0.36805 403.27 3.206 823.12
183 3.82923 565414 2.807 823.95
200 1.73872 676,28 2.519 829.36
220 0.66440 79L.67 2. 306 832.66
240 8.60599 334.81 2,159 834,51
260 8.55767 1011.686 2.066 835.42
280 0.51690 1109.79 2.009 835.89
300 0.48199 1199.16 1.981 835,55
320 Os45170 1280.13 1.973 835 .16
36d 0.42514 1354.25 1979 834456
360 D0.40164 1622.88 1994 833484
339 0.38068 1487.35 2. 014 833.07
400 0.36147 1569,.42 20037 832.26
“29 De3ttds 1609.382 2,060 831,40
Lol 0.329064 1663.49 2,083 830.62
“60 0.31536 1729.27 2.104% 829.81
480 0.302ub 1789.25 24123 829.02
500 8.29059 31849.36 2.133 828.25
520 0.,27963 1911.45 2,153 827.50
540 1.263463 1973.62 24165 826.78
560 0.26005 2037 .14 24474 826.08
580 d.25127 2101 .24 2.182 829.41
600 0.24307 2166413 2.188 82477
650 0.22475 2331.36 2.197 823.27
700 0.209402 2699.83 2.20t 821 .0
8§08 0.18338 2844,048 2.198 819.58
300 0.16338 3191.59 2,193 817.67
10400 el6732 3542.40 2.188 816.07
1500 3.09882 §355.49 24129 811.00
2000 0.37436 7335.43 2.035 806.33
2580 C.35961 9567.28 1.927 806.70
3000 000697 11810.34 1.834 805.59
3500 0.04263 14272.23 1o 747 80k o704
4300 0.03730 17138.91 1.638 803.86
5690 0.02973 26004438 14209 799.26
® TWO-PHASE BOUNDARY

(OV/DTH/v  THERWAL ~ VISCOSITY THERMAL DIELECTRIC PRANDTL

SONDUCTIVITY DIFFUSIVITY CONSTANT  NUMBER
17066 R BTU/FT-HR=-R LB/FT=SEC $SQ FT/HR

X 105

0.0044822 0,05368 1.962  0.00693 1.2658¢6 2.0228
0.0064811  0.05377 1.937 0.00696 1.26580 2.0164
0.3047842  0.05779 1.703  0.00707 1.26306 1.7558
0.0050632 0,06468 1.519  0.00708 1.26020 1.5786
0.053458  0.06268 1,371 0,06701 t.25722 144555
0,0056245  0.06646 1.250 0.00693 1.25611 1.3568
040059240  0.06640 1.148 0.00688 1.25088 1.2696
0.0062528 0.06785 1,062 0.00678 1.26753 1.2056
0.0066056 0.06846 0.989  0.00666 1.26405 1.1574
3.0069800 0.06949 0.926  0.00652 1.26062 1.1212
0.0073848  0.06979 0.867 0.00635 1.23665 1,0948
0.0078261  0.06980 0.817 0.00618 1.23273 1.0764
1.0083097  0.65956 8.771  8.008599 1.22866 1.0646
0.0083550  0.06312 0.729  0.00580 1.22641 1,0587
0.0093930 0.06850 0.691  0.00561 1.21999 1,0557
0.0693997  0.06763 0.656  0.00540 1.21540 1.0610
2.0105687  0.06625 0.623  0.00520 1.21060 1.0701
0.0114212  0.06697 0.592  0.00499 1.20562 1,0830
0.0122162 0.G6362 0.563  0.uD480 1.20042 1.0972
0.0131196  0.06220 0.536  0.00460 1.19501 1.1159
0.0160443  0.06071 0,510  0.00443 1.18938 1.1361
0.0150658 0.05917 0.485 0.00426 1.18354 1.1555
0.016489  0.05759 0.462 0.00410 1.17750 1.1779
3.018829 005606 0.410  0.00386 1.16166 1.2180
0.0210543  0.25083 0.367 0.00374% 1.14536 1.2361
0.0220462  0.04792 8.333  0.00383 1.12967 1.2229
040215601  0.04550 0,318 0.00443 1.11561 1.1772
0.0200936  0.04368 0.29  0.004860 1.10368 1.1149
0.0182805 0.0624% 0.285 0.00519 1.09386 1.0513
040165172  0.04167 0.278  0.00585 1.08579 0.9366
0.0149620  0.06lky 0,275  0.00658 1.07910 0.9450
0.0136296 0.04146 0.273  0.00735 1.07350 0.3040
0.0124864  0.04172 8.273  0.00813 1.06874 0.8711
0.0115197  0.04212 0.276  0.00892 1,066 0. 8457
0.0106833  0.04265 8.276  0.00972 1.06108 0.8258
0.0099613  0.04275 0.278  0.01039 1.0579% 0.8204
0.0093376  0.04350 9.281  0.01118 1.05516 0.8081
0.008298%  D.04569 0.288  0,01290 1.05042 0.7831
0.00768318  0.04332 0.296  0.01670 1.06654 0.7638
8.0063762  0.05493 0.320 0.01839 1.06062 0.7561
0.0055029  0.06322 0,350 0.02306 1.03603 0.7425
0.004859t  0.07042 0.374  0.02755 1.03205 0.7353
0.0063613  0.07646 00393  0.03197 1.02956 0.7302
0.0039635  0.08135 8.409 0.03638 1.02718 0.7260
0.0036373  0.08520 0,423  0.06083 1.02518 0.7220
0.003364s  0.08817 0.436  0.04536 1.02346 0.7182
0.0031323 0090 bie BetlbeB 0.04993 1.02297 Ge7146
0.0029321 0.09220 Q459 0.05461 1.02067 0.7113
0.0027576  0.0935% 0,469 0.05939 1.01952 8.7082
0.0026038 0.0947% 0479  0.06426 1.01850 0.7054
0.0024672  0.09578 D.489  0.0692¢ 1.01758 0.7029
0.0023450 0.09676 04499  0.07432 1.01675 0.7006
0.0022348  0.09772 0.508 0.07950 1.01599 0.6986
0.0021353  0.09872 0.518 0.08479 1.01530 0.6968
0.0020441  0.09976 0.527  0.09418 1.01468 0.6953
0.0019609  0.10086 8.536 0.09568 1.04613 0.6939
0.001884¢  0.10202 0.565 0.10129 1.01356 0.6927
0.0018139  0.10323 0.554  0,10701 1.01307 0.6917
0.0017686  0.10652 0.563 0.11283 1.01261 0.6308
0.0015480 0.10585 0.572 0.11377 1.01218 0.6300
0.0016316  0.10723 0.581 0.12481 1.01178 0.689%
0.0015062 0.11082 0.603  0.14042 1.01089 0.6880
0.0013990  0.11458 9.625 0.15675 1.01012 0.6870
0.0012253  0.122641 3.669  0.19155 1.00888 0.6857
0.0010904 0.13033 0.713  0.22923 1.00791 0.6849
0.0083825 0.13831 9.755 0.26975 1.00713 0.6863
0.0006580 0417855 84962  0.51272 1.00478 0.6835
0.0004950 0.27727 1.155  1.02697 1.00359 2.5447
0.0003967  0.33495 1.338  1.48981 1.00288 0.5423
0.0003310  0.39306 1.511 2.02111 1.00240 0e5611
0.0002840  0.45429 1.677 2.62599 1.00206 0.5386
0.0002488  0.53148 1.836  3.33655 1.00180 0,533
0.0002602 0.86168 24145  5,43377 1.001 bt 0.4772
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850 PSIA ISOBAR

TENPERATURE VOLUME

DEG.

e 28

340

360
380
400
420
(17
#60
«80
500
520
540

560
580
600
850
700
(111
900
31000
1500
2000

2500
3000
3500
4000
5000

THWO~PHASE BOUNDARY

R Cu Fi/zLe

o147 0.20012
0.20182
0.20376
0.20587
0.,20808
0,21046
0.21298

0.21567
0.21855
B.22162
0.22492
0.22846
0.23227
0.23638
0.24082
0.24563
0.25085

0.25654
8.26274
0.26953
0.27697
0.208512
0.30908
0.33878
0037431
Oelilib
G.45802

0.50267
0.54766
0459176
0.63536
0.67813
0.72007
0.76123
0.80165
D.84138
0491904

0.99463
113718
1.28064
1.42013
1.55718
1.69222
1.82569
1.95793
2.08915
2421957

2.34930
2ek7808
2.60718
2473549
2486345
2.99113
3.11855
3.24576
3.37278
3.499%3

3.62634
3.75292
3.87939
4019513
“e51040
5.13991
5.76849
6.39646
9.53205
12.66496

15.79702
18.92887
22.06188
25.2023%
31.61143

ISOTHERM

DERIVATIVE DERIVATIVE

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

ISOCHORE

CU FT-PSIA/LB PSIA/R

3547 .67
338612
3224 .46
3069.76
2916.45
2768.28
2618.18

2669.02
2326 .12
2182, 4k
2042.29
1806.59
1773.42
1645.13
1517.73
1399.49
1287 .41

1175.93
1077.52
980 .96
895.96
815.32
653 .47
561.21
76.78
#68.90
47 .33

462.92
“88.48
518.70
552 .87
588.15
624.49
660,58
637.19
733.65
805.51

875.25
1000.81
1133, 44
1261.53
1385.97
1507 .46
1626.60
1743.85
1859 .54
1973.96

2087 .34
2199.84
2311.60
2622.74
2533.35
2643.51
2753.28
2862.71
2971.85
3080.78

3189.39
3297 .84
3406.12
3676.18
3945.54
4482.59
5018.26
5553 .02
8220 .54
10884423

13546, 76
16208.81
18870.67
21532441
26855474

78,348
78,768
78.584
78,043
T7.243
T6he 244
75.106

73.809
72,338
70.715
68, 9u7
67.030
64. 976
62.799
60.508
53.123
55. 666

53.151
504597
§8.005
b5.413
h2.826
35,562
30.859
25.986
22.016
18.880

16. kbl
14.536
13.036
11. 826
10.835
10.005
3.301
8. 697
8.171
7.302

Be610
5.630
4, 884
be324
3.886
3.532
3,243
2. 995
2.786
2.606

2o bl
2309
24185
2,074
1.975
1.884
1.802
1.727
1.658
1.594

1.536
1.481
10431
1.318
1.222
1.067
0e9bTbe
0.8520
G.5670
Qo251

0.3400
0.2833
0.2629
0.2125
0.1700

INTERNAL
ENERGY
B8YU/LE

=131.4684
~128.786
-125.707
~122.457
=119.040
=115.456
-111.703

«107.783
=103.693
«99, 434
~95.003
-90.396
~85.613
~80.651
~75.510
~70.185
~64.673

~58.975
~53,085
~&47.005
~40.737
~34.291
“17.477
0.049
17.761

51,400

66.796

81,041

Y4, 421
107.133
119.3461
133.185
142,778
154,211
165,558
188,234

211.176
258,685
309.690
363.712
420,384
“78.967
538.665
5984745
658,690
718.101

776.733
834,458
891.231
947.076
1002, 056
1056.237
1109.720
1162.588
1214,926
1266.807

1318.233
1369.413
1420.369
1546.787
1672.422
1922.275
2171.703
2420.804
3675.6186
4969.237

6326.758
7755.328
32568.501
1084k4.5979
14527.808

ENTHALPY
aTu’sLB

=99.985
-97.020
=-93.,632
=90.054
~86.2086
-82.327
~78.188

-73.836
=69.295
~64.551
=59.60%
~5b.k37
~49.054
“43.6445
-37.606
-31.523
«25.190

~18.597
-13.731
“%.582
2.856
10.586
31.171
53.372
76.676
100,301
123.497

145,914
167.210
187.562
207.137
226.076
2664522
2624593
280.387
297.989
332,888

367.728
437.673
511.227
587.236
665.479
745,298
8264024
9064917
987.517
1067.454

1146.507
1224.563
1301.593
1377.632
1452.753
1527.031
1608.571
1673.461
1745.792
1817.639

1889.008
1960.111
2030.373
2207.088
2382.345
2731.282
3079.645
3627.587
5175.931
6962.663

8813.161
10734.675
12730.974
164811.750
19503.351

104

ENTROPY
BTU/LB-R

1.21795
1.3199¢6
1.42925
1.53771
1.64537
1.75238
1.85873

1.96468
2.07032
2417574
2.28107
2.38646
2.49202
2.59786
2.70403
281074
2.91810

3.02618
3.13518
3.24515
3.35618
3.46820
3.75213
4.03860
4e32136
ha 591464
boB4231

5.07237
5.28021
5046960
5.64365
5.80687
5.95548
6.09724
6.23156
6.35960
6.60038

6.82524
T.23722
7.62457
7.98671
8.,32686
8.64647
8.94548
9.22468
9.686480
9.72682

9.95283
10.16386
10.36151
10.54698
10.72177
10.88687
11.04315
11.19210
1133407
1i.46965

11.59894
11.72355
11. 84373
12412595
12. 38596
12.85222
13.206223
13.62861
15404557
16. 07140

16, 89665
17.5873%
18.20541
18.95366
20.83132

cv
8TV 7 L3

1.192
1.231
1.271
1.307
1.341
1.371
1.399

1.423
1ob45
1,465
1.482
1.497
1.511
1.521
1.531
1.540
1547

1.553
1.559
1.564
1.567
1.570
1.575
1584
1.597
1609
1.019

1.629
1638
1.652
1.67%
1.695
1.724
1.757
1.79%
1.836
1.928

2.830
24259
24460
2.643
2.783
2.878
2.929
2.946
2.936
2.909

2.872
2.830
2.787
2.745
24766
2.671
24640
2.613
2+591
2.571

2.555
2.542
2.531
2.512
2.500
200498
2.489
24490
2.537
2. 6h44

2.786
2.923
3.065
3.264
4,208

cP
-R

1.553
1.646
1.762
1.837
1,931
24026
2.123

2.221
2.321
2.423
2.528
2.636
2.747
2.861
2.982
3.104
3.238

3.369
3.502
3.649
3.794
3.940
4.289
4.575
Le720
4,783
o560

be 361
40159
3.989
3.846
3.735
3.668
3.584
3.538
3.507
3.481

3,493
3.624
3.738
3.860
3.957
4.019
4. 065
doObl
b.016
3.976

3.928
3.877
3.826
3.778
3734
3.695
3.660
3.630
3.604
3.582

3.564
3.543
3.536
3.513
3,498
3.4085
J.081
3.481
3.524
3.631

3.772
3.909
4,053
4.260
5.296

VELOCITY
OF SOUND
FI/SEC

4628
4578
4525
b0
412
4353
£290

4225
4159
*090
4018
3943
3865
3786
3700
3615
3529

3437
3349
3257
3168
3079
28714
2691
2555
2465
2416

2396
2397
2409
2428
2450
2674
2698
2523
2548
2596

2641
arar
28246
2922
3021
3123
3228
3329
3433
3538

3637
3737
3835
3931
4024
4116
4205
4292
4376
4659

4539
4618
4695
«880
5057
5390
5702
5996
r273
8320

9218
10021
10752
116131
12509



THERMOODYNANIC PROPERTIES OF PARAHYUROGEN

850 PSIA ISOBAR

TEMPERATURE OQENSITY V(DNIDV)p V(DPIDUL -V(ﬂPIDVlT (0V/70T) /v THERMAL VISCOSITY THERMAL OIELECTRIC PRANOTL

CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

0EG. R LB/CU FT 8Tu/L8 PSIA-ZU FT/BTU PSIA 1/0EG. R BTU/FT-HR-R LB/FY-?EC $Q FT/HR

X 10

®  28.147 4.996% 351,36 13.158 17727 .49 0066196 0.05632 1.956 0.00700 14266064 2.0132
30 ke 95080 350.34 12. 915 16767 .80 0.00u6976 2.05804 L.736 6.00742 126334 1.772%
32 b.90720 350.73 12. 6046 15823.08 00049664 3.06098 1.548 0.00713 1.26113 1.5914
34 4.85760 350.9% 12. 289 16911.03 8.0052339 0.063d3 1.396 0.00706 1.25819 1s 4605
36 4.80552 350 .43 11.988 16015.05 0.0055116 006483 1.272 0600699 1.25513 1.3661
38 h.75100 3609 .45 11.704 13153.21 0.0057966 0.066846 1.168 d.00696 1.25195 1.2747
0 4.69%19 37445 11,435 12292.84 8.0061097 0.06833 1.081 Ue.00686 1.24866 1.2088
“2 4.636646 344,56 11.185 1107096 B.006b476 . 06933 1.306 0.0067% 1.24524 1.1592
(1) 4.57565 3h1.28 10,939 10634.36 0.0068023 6.07006 0.9460 0.00660 1.24169 1.1216
6 4.51214 337 .06 13.704 D47 49 BedG71810 0.073460 0.883 0.00644 1.23830 1.0936
8 holt601 332.96 10,467 9(180.04 0.0075933 3.07045 D.831 0.00827 1423417 1.0740
50 #.37740 328.20 10.228 8345.34 9.0080320 0.07027 8.785 000609 1.2350270 1.060%
52 430531 322,86 9.990 7635.13 0.0085101 0.06987 Q.763 0.00591 1.22607 1.0521
54 423065 317.05 9.757 6959.63 00090234 8.06930 §.705 0.008573 1.22177 100675
56 bel15249 310.61 9.515 6302.34 0.0096008 0.06829 0.669 0.08551 1.21732 1.0526
58 4.07128 304429 3.274 5697.58 8.0102016 0.06716 0.636 0.00531 121269 1,053
60 3.98640 297.77 3.027 5132.14 0.0108455 0.0659 0.606 08.00512 1.20788 1.0681
62 3.89808 290.51 8.778 ©583.85 0.0515954 0.06465 0.577 0.30492 1.20289 1.0819
64 3.80600 283.88 8.529 4102.05 0.0123377 0. 06329 04550 Q. 00675 1.19771 1.0967
66 3.71016 276467 8.275 3639445 0.0131902 0.06188 0.524 0.00457 14192346 1.1128
68 3.61056 270.03 8,024 3234.84 0.01403089 8.06041 G.099 Qe 004h1 1+18678 1.1281
14 3.507 3% 263.09 T.778 28%59.61 0.0169701 J.05391 0.076 0.00u420 1412105 1o1468
75 3.23542 268.03 7174 2116.25 040172930 3.05535 Vo240 0.006399 1.16607 142844
80 2.95176 236.87 54600 1597.51 0.0193166 8. 05227 0.381 0.00387 1.15063 1.2016
85 2.67160 231.38 54091 1273.77 3.0200008 0406363 0.367 0.00392 1.13557 1.1942
30 24411472 231.26 Se67% 1082.63 0.0203361 G. 06702 0.322 0400415 1.12175 1.1609
95 2.18333 235.87 3.361 976.67 0,0193308 3404513 8.305 24004653 1.10972 1.1100
100 1.98338 Qb e29 5.072 320.93 Je0178513 0.06379 04296 9.00505 1.099640 1.0537
145 182660 255.30 4857 892426 8.0162916 0.04290 G.287 0.00565 1.09116 1.8007
110 1.68987 268.23 e 569 876 .54 Je01687206 0.04253 G.202 0.30631 1.08612 0.9536
115 1.5739 282.97 e 496 87817 0.0135902 0.06269 0.280 0.047482 1.07817 0.9127
120 1447465 298.97 8334 367 .31 D.0126927 0.04267 0.279 0.00775 1.07310 0.8802
125 1.38876 316.21 G178 467.27 309115357 0.04300 9.280 0.00849 106874 3. 8539
130 1.31367 EELTY 3Y ke 029 467.79 J.0:07185 [PYLELY 4 G.281 0.580923 1406493 0.8338
135 Le20763 353.78 3,884 469.70 de0i00002 0el4350 .283 0.90986 1.66158 0.8280
140 1.18852 374018 3a 704 871.9 040093713 O0.04420 8.285 8.01061 1.65860 Gedla7
150 1.08809 #17.85 3.480 876,47 0.0083316 Q.04632 4.291 0.d1223 1.85355 0.7886
160 1.00548 464.99 3.239 879.97 0.0075111 0.06590 0.299 0.01393 104962 0.7633
180 0.87937 566447 2.835 880.08 0.0063968 0.05%25 9.322 0.01736 106311 0.7604
208 0.78098 677.57 2.561 385.19 2.0055170 0.06346 9.352 0.0217% 1.63822 007457
229 0.70416 793.10 20323 888.32 0.0068673 0.97061 0.375 0.02598 1.03641 8.7380
240 0.64219° 906.49 24174 390.05 0.0063656 0.07661 04394 0.03016 1.0313% 0.7320
260 0.5909 1013.63 2.077 890.82 0.0039651 0.03143 0.4l 0.03431 1.02882 0.7280
280 0.54770 1112.05 2.020 490.95 0.0036372 008531 Beb20 0.03852 1.02669 0.7237
398 0451076 1201.66 1.991 8490.66 0.0033631 2.008827 0.637 0.06276 1.02687 0.7197
320 0.67866 1282.83 1.983 890.09 0.0031304 d.09053 Bo4b8 0.36730 1.02330 047159
360 0.45056 1357.20 1.988 389.35 0.0029297 0.09229 0.459 0.05152 1.02192 0.7124
360 0. 42566 1426.00 2.002 888.49 0,0027548 0.09368 Q.670 0.05602 1.02070 9.7092
380 000347 1490.61 2.022 B87.58 9.0026009 de096384 04480 0.06063 1.01961 0.7063
400 8.38356 1552.80 2. 00b 386463 0.0024642 0.09587 .490 08.06532 101864 0.7036
420 0.36557 1613.30 2.067 885.67 0.0023419 3.09685 0.499 0.07012 1.01776 0.7012
bid 0.34923 1673.06 2.490 884,72 8.0022318 0.09782 3.5089 9.07501 1.01696 0.6991
h60 0.33432 1732.91 2.110 883.78 0.0021320 0.09882 0.518 8.08000 1.01623 0.6973
480 0.32066 1792.95 2.129 882.87 0.0020412 0.09986 0.527 §.08509 1.01556 0.6957
580 0.30809 1853.71 2.165 881.98 0.0019588 8.18096 0.536 9.09028 1.01495 0.6343
520 0.29649 1915.25 2.159 881.13 0.0018017 g.10213 0.546 0.09557 1.021438 0.6931
40 0.28574 1977 .47 2.170 380.30 0.0018113 8.10333 0.55% 0.10096 1.01386 0.6920
560 8.27576 2041.03 2.179 879.%0 0.00174661 0.10663 0.564 0.10646 1.01337 0.,6911
580 " 0426646 2105.17 2.187 878.76 0.0016856 0.10596 0.573 0.11206 1.01292 0.6903
600 0.25777 2170.15 2.192 878.01 0.0016293 04107346 9.581 0.11776 1.01250 0.6896
650 8.23837 2335.3% 2.201 876.30 0.00150461 0.11093 G.606 0.13269 1.01155 0.6882
700 8.22171 2503.93 2.205 874.76 0.0043971 0a11670 0.626 0.16789 1.0107% 0.6871
800 0419456 2848.28 2.202 872.11 0.0012237 0.12255 03.670 0.18072 1.00942 0.6858
900 0.17336 3195.87 2.196 869.9% 0.0010891 013048 8.713 8.21626 1.00839 0.6349
10400 0.15634 3546.73 2.188 868.14 0.000981% 0413847 0.756 Qe25447 1.00757 0. 6844
1500 0.104692 5359.73 20131 862.41 0.0006575 6.17880 0,963 0.48363 1.00507 0.6835
2080 9.07896 7340415 2.036 859.40 0.0004946 0.27727 14157 0.96716 1.00382 0.5455
2500 0.06330 9512.49 1.928 857 .55 0.0003965 033695 1.380 1.40239 1.00306 0.5432
3000 0.0%5283 11815.12 1.835 856.30 0.0003309 0.39306 1.516 1.90301 1.00255 8.5420
3580 0.04533 14274456 1.768 855,35 0.0002839 O k5014 1.680 2.47211 1.00219 0.5396
4000 0.03968 17129.47 1.661 854.38 0.0002487 0.53070 1840 3.43948 1.00192 0.5316
5000 8.03163 26466.40 1.277 869.56 0.0002008 0e85438 2e149 5.09990 1.00153 0o 79

*  TWO-PHASE BOUNDARY



THERMODYNANMIC PROPERTIES OF PARAHYOROGEN

900 PSIA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY cv cpP VELOCITY

OERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. R Cu FT/LB CU FT=PSIA/LB 3SIA/R 8TU/LB BTu/LE BTU/LB=-R BYU 7 L3 -R F1/SEC
s 28.328 8.19972 3594463 78. 482 -131.366 -98.,082 1.21982 1.194 1.552 4653
30 0.20123 3442.90 78.967 ~128.950 =85.415 1.31127 1.230 1.637 4608
32 80.20315 3286.65 78.85¢% =-125.908 =92.044 1.62003 1.279 1.732 4558
34 0.20519 3131.91 73.372 -122.682 ~88.486 1.52784 1.307 1.826 4504
36 0.20736 2978.10 77.631 =119.299 ~BLa760 1.63488 1.340 1.920 Lllbeb
38 0.2098 2831.73 75.679 -115.750 -80.,807 1.74121 1.370 2.013 4390
40 0.21213 2682.50 75.580 ~112.061 ~76.688 1.84684 1.398 2.108 4328
b2 0.21475 2537.98 Tee332 ~108.165 =72.376 1.95202 1.423 2.203 «267
fole 0.21754 ~ 2393.88 72,905 ~104.126 ~6T.872 2.05678 1.445 20301 4203
“6 0.22052 225274 7i.324 =-99.922 -63.170 2416126 1.464 24400 4136
48 0.22371 2113.78 63,610 ~95.552 ~58.269 2.26555 1e082 2.501 4066
50 g.22712 1974.89 67,7kt ~91.014 -53.462 2.36977 1,497 2.607 3991
52 0.23079 1842.36 654754 ~86.300 47,843 2.47L07 1.511 2,715 3916
S4 0.23473 1715.50 63,634 -81.427 ~42.308 2.57852 1.522 2.823 3839
56 : 0.23897 1593.32 6l.felds -76.378 =36.552 2,68318 1.532 2+934 3760
58 0426355 1475.12 53,098 ~71+157 «30.568 2.78817 1.561 3.049 3677
60 0.24850 1358.65 95. 711 -65.763 -24.349 2.89358 1.548 3.172 3591
62 0.25386 1252.74 She2706 -60.193 -17.886 2.99954 14555 3.295 3507
64 0.25968 1152.07 51790 R TLTY ) ~3114171 3.10614 1.560 3,421 3621
66 026631 1055,.52 43,293 -h8.527 ~hel9% 3.213067 1.565 3.556 3333
68 0.27291 969.02 454773 “42,435 3.047 3.3215% 1.569 3.686 3248
70 0.28042 887.24 bes 260 ~36.180 10.554 3.43035 1.571 3.821 3162
75 0.30227 719.75 38.155 -19,9086 30,468 3.70503 1.575 ke162 2961
80 0.32902 601.25 32.539 -2.952 $1.881 3.98134 1.583 Lolk07 2785
85 0.36083 526.87 27,851 16,258 74e393 4.25649 1.596 4.570 2644
90 0.39706 489420 23.594 31.208 97.380 4.51727 1.609 4.598 2545
95 0643642 479,14 20, 324 470463 120.194 4.76399 1.620 4.508 2u86
100 0.47762 488.21 17.731 62,904 142,469 4.99256 1.631 &.349 2456
105 0.518%% 508.52 15.685 77.287 163.770 50200466 1648 bot?73 2448
110 0.56032 535,84 14.057 90.844 184225 5.39080 1.654 4e013 2h54
115 0.60123 567 .01 12.743 103.740 203.938 5.560608 1.673 3.878 2467
120 0.64151 600,29 11.661 116.128 223.039 5.72869 1.698 3.769 2685
125 0.68112 635.48 10.758 128.142 261,555 5.88069 1.727 3.682 2506
138 0.72006 67114 3.991 139,893 259,895 6.02378 1.760 3.617 2528
135 0.75834 706.46 3.333 151,473 277.855 6.15934 1.798 3.570 2550
140 0.79601 Te2.32 8.762 162,955 295.615 6.28853 1.839 3.538 2572
150 0.8698 814,05 T.818 185.871 335.809 6.53135 1.932 2.509 2617
160 « QeSuitl 883.61 7.067 209.020 365.911 6.75789 2.033 3.517 2661
180 1.07627 1008.69 3.012 256.739 436,105 7.17161 2.260 3640 2745
200 1.21221 1141 .00 5.207 307.999 510.021 7.56087 2ebb2 3.754 2840
229 1e34470 1270.22 Lo B0 362.213 586.320 T.92640 2.644 3.873 2936
24l LelThbl 1395.16 “e 133 419.951 664,804 8.26559 2.785 3.968 3035
260 1.60256 1517.13 3.755 L77.749 Tak.824 8.58601 2.879 4,028 3136
280 1.72836 1636.71 3. 4463 537.580 825.722 8.88566 2,930 4053 3238
390 14856415 1754 .33 3.181 597.753 906.763 9.16537 2.967 he0b8 3341
320 1.97834 1870.37 2.957 657.789 987.492 9,42591 2.937 ho022 LYY
340 2.10173 1965.09% 2.765 717.275 1067.541 9.66827 2.914 3.981 3547
360 24224406 2098.73 2.596 775.973 1146,692 9. 89456 2.873 3.933 368
380 2.34603 2211 46 2okl 833.756 12244835 10.10583 2,831 3.881 3748
400 2.468304 2323042 2.317 890.5381 1301.94k 10.30368 2.788 3.830 3846
»20 2.589%5 2634475 2,199 Qbbb b7l 1378.051 10.68932 24746 3.782 3941
L4l 2.71063 2545.52 2.093 1001.493 16453,234 10.66425 24707 3.737 4035
460 2.83432 2655.82 1.997 1055.713 1527.568 10. 82947 2.672 3.697 4126
480 2.95176 2765.72 1.910 1109.231 1601.459 10.98585 2e641 3.662 4215
500 3.,0719% 2875.206 1.83U 1162.130 1674.094 11.13490 2.614 3.632 4302
520 3.19203 2904.50 1.757 1214.4986 1746.466 11.27695 2.591 3.606 4386
S40 3.31191 3093.48 1.689 1266,403 1818.351 11.41261 24572 3.584 4469
560 3.43164 3202.22 1.627 1317.852 1889.755 11.54196 2.556 3.566 4549
580 3.5512%5 3340.75 1.569 1369.054 1960.890 11.66663 245638 3.550 628
600 3.67075 3419.10 1.515 1420.030 2031.780 11.78685 2.532 3.537 L7064
650 3.96907 368%.31 1.396 1546,491 2207.959 12.06317 2.512 3.514 «890
700 4.26692 3958.75 1.294 1672.162 2383.268 12.32926 2.500 3.493 5066
800 4.86160 496,01 1.130 1922.078 2732.284 12.79563 2.491 3.486 5399
908 5,45536 5031.80 1.003 2171.539 3080.705 13.20574 2,483 3.481 5710
1000 6.04852 5566 «65 0.9022 2420.669 3428.690 13.57213 2e491 3.481 600
1500 9.010114 8234034 0.6004 3675.559 5177.144 14.98918 2.537 3.524 7280
2000 11.96904 10898.06 Us6e503 ©969.211 6963.918 16. 01504 2.645 3.631 8326
25080 14.92713 13560.59 0. 3600 6326.746 B814.436 16.84030 2.786 3.772 9223
3000 17.88500 16222.66 g.3000 T755.307 10735.943 17.53100 2.923 3.909 10025
3500 20.84393 188384.51 0.2571 925843164 12732.872 18.14900 3.0064 ke 052 10756
4000 23.8096% 21546.25 b.2250 10863.885 14811.903 18.89701 3.261 4.257 11415
5000 29.85890 26869.57 0.1800 16514.804 19430.958 20.77196 hellh 5.269 12517
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900 PSIA [SO3AR

TEMPERATURE

BEG.

150

160
180
2080
220
240
260
280
300
320
360

360
38D
400
»290
ied
460
«80
500
s20
$60

560
580
600
650
700
800
300
1000
1530
2000

2500
3000
3500
4000
5080

THO-PHASE BOUNDARY

R

DENSITY

La/Cu Fr1

5.00695
4.96952
4.32243
4.87353
b.822u47
4476327
be71407

4465657
4.596384
4e53467
4.47005
4.40237
403329
©.26023
4.18459
4.10593
beD2421

3.93921
3.85090
3.75922
3.66425
3.56608
3.30832
3.03932
2.77138
2.5185)
2.29133

2.09459
t.92702
1.78463
1.66326
1.55882
1.46815
1.38877
1.31866
1025626
1.149485

1.060224
3.92914
3.82696
0.74366
0.6781%
0.62600
0.57838
0.53933
0.50547
D.47580

0.44955
0. w261k
G.40513
G.38615
0436892
0.35319
0.33878
0432552
0.31328
0.3019

0429341
0.28159
0.27242
0.25195
0.23436
0.20%63
0.18334
8.16533
0.11099
0.08355

0.06699
3.05591
G.06798
8.04200
2.03303

V(DH/qu

THERMODYNAMIC PROPERTIES OF PARAMYCROGEN

VAIP/0UL, =VIOP/OV)

8TusuLd PSIA-3U FT/BfU PSIA

356.03
356.72
355.42
355.70
355,22
356 .43
352.69

350,33
347.30
343.73
339.52
334466
329.59
328.13
318,54
312.53
305.3%

299.54
293,02
286.23
279.82
273.13
258.43
247.51
241431
240412
263.53

250.8)
268.76
272.98
287.00
302.43
319.135
337.38
356.37
376.56
420.12

467 .43
568.05
679.06
734.72
308.33
1015.73
11lb.61
1204.24
1285.72
1360.23

1429.18
1493.93
1556.23
1616.83
1676466
1736.53
1796.69
1857.50
1319.38
1981.34

2004496
2109.11
2174.13
2333, 46
2508.0%
2852.49
3200.15
3551 .07
5364.26
734b.87

9517.10
11819.92
14277.03
17120.71
26340.55

13.128
12.922
12.617
12,308
12,013
11.733
11.467

11.221
10,977
10. 7461
10.511
13.275
10.042
3.813
3.578
9. 340
3.102

8,862
8.621
8.378
8,137
7.901
7.321
3.762
3,252
50824
3.470

50191
e 962
“.761
4.578
b0 407
ba 244
“.087
3.937
3.792
3.520

3.272
2,363
2.564
2,341
2.189
2.090
2.031
2.001
1.992
L2996

2,010
2.029
2,061
2,076
2.096
2+11b
2.135
24151
2,164
24176

2,186
2.192
2,197
2.206
20209
2.206
2.199
2,191
2,132
2,037

1.929
1.835
1.769
1.643
1.285

17998.09
17109.43
16178.49
15263.45
14361.79
13505.28
12665.47

11818.29
11006.27
10215.45
Fh8.63
86935.17
7982.87
7308.42
666739
6056.76
5457.50

L934.67
L3652
3957 .93
3550.7%
3153.97
2381.18
1827.39
1450415
1232406
1037.89

1022.60
979.96
956 .32
993.09
935.75
932.98
932.06
931.58
932456
936.03

938.60
937.22
Jele78
Yk .61
J46.12
946.69
F4b.64
Yba17
45 . 62
b 50

3.8
2 408
941429
h0.18
939.09
938.02
936.97
935.9
934.99
934405

933eln
9%2.28
931445
929.52
RWT.78
924480
922436
9333
91.3.90
910.52

908.45
947.085
906.00
904.9%
899.483

T

IDVIDYbIV THERMAL VISCOSITY THERNAL DIELECTRIC PRANDTL
SONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER
1/0EG. R BIU/FT-HR=-R LB/FT-;EG SQ FTI/MR
X 10

0.0043606 0.0569 1,971 0.00707 1.46703 2.0045
0.,00646154 0.35829 1.770 0.00716 1.266381 1.7893
0.00648740 0.06128 1.576 0.00719 1.26203 1.6040
0.0051346 0.06338 L1e021 0.00712 1.25914 La b7l
0.,00564054 3.06522 129 0.00706 1425613 1.3718
0.0058777 0.06727 1.189 0.00701 1.25300 1.2802
0.0059768 0.06381 1.099 0.00692 1.20977 12125
3.0062895 8.06390 1,023 0.00682 1e246461 1.1607
040066251 d.07062 0.956 0.00668 1.24292 1.1217
8.0069820 0.07100 0.898 0.00652 1.23931 1.0924
0.0073672 0.07109 0,846 8.00636 1.23556 1.0713
0.0677910 0.07095 0.799 6.00618 1.25164 1.0573
0,00823689 0.07260 8.757 0.00600 1.22765 1.0677
4.0087069 0.07008 0.718 0.00583 1022348 1.00616
3.0092111 0.06311 0,683 0.00563 1.21915 1, 0433
1.009757% 0.06803 0.650 0.30543 1.21467 1.0682
0.0103725 0.06686 0.619 G.0052% 1.21002 1.0569
0.0109986 0.06563 0.599 0.0050e 1.20521 1.0660
0.01156735 006433 0.563 0.00488 1.20023 1.0772
0.0120228 0.06298 0.537 0.00671 1.19509 1.0918
0.0131728 0.06158 0.513 0400456 1418978 1,1083
0.0133847 0.06015 0,490 0.00661 1.18631 1.1208
0.0160238 0.05658 0.439 0.00613 1.17007 1.1558
d.0178062 2.05360 0.33% G.0Q400 1.15538 1.1794
0.0189369 0.050864 0.361 0.00401 1.46091 1.1672
0.0191502 0.06845 0.335 0.00418 1432741 1014634
0.0185122 004653 0.316 0.00450 L1e31540 1.1020
0.0173387 0.064510 0.303 0.00495 1.10508 1.0%27
0.0160061 [Py LT3 24295 0.30549 1.09636 1.0068
0.0146993 006365 0.290 0.00640 1.08900 0.9594
0.0435115 0.04353 0.287 0.00675 1.08275 0.9199
0.0126618 8.0&362 9.285 0.00742 107760 0.33738
040135311 0.04389 0.285 0.00812 1.07277  ° 0.8615
0.3187195 0.04429 0.286 0.00882 106874 0.8406
0,0100186 0o Qw5 0.287 8.369460 1.086518 0.3349
0.0093956 0o 0449l 0.290 0.01010 1.06202 0.8212
0.0083522 0.04696 6.295 0.01164 1.05666 0.7938
04007529 0.04369 0.302 0.31325 1.05226 0.7725%
040064147 0.05559 0.320 0.01642 1.04560 0.7639
0.005528% 0.06372 .353 4.02057 1.06040 0.7489
0.00087460 0.07081 0.376 0.02058 1.03637 0.7407
0.00036488 0.07677 0.39% 0.02853 1.03313 0.7349
3.3039660 g.08162 [ TL28Y C.03267 1.03045 0.7293
0.0036366 D.08543 0,425 G.03644 1.028290 G.725%
0.0033615 .08838 0.437 0.04068 1.02628 0.7212
G.g031280 0.09063 Qatstad C.0b058 1.02661 V.7172
0.002%270 0.09239 G.460 0.06877 1.02316 0.7136
0.0027519 0.09378 Gab?0 1.05304 1.02187 8.7102
0.0025379 0.09493 0.080 0.05760 1.02072 0.707%
0.0026611 0.09597 0.490 0.06185 1.01969 0.7063
0.0023389 6. 09695 0.500 0.06639 1.01876 2.7019
3.0022288 0.09791 0.509 0.07302 1.01792 0.6997
0.0021291 0.39892 0.519 0.07575 1.01715 0.6378
0.0020383 1.03396 0.528 8.08057 1.04665 0.6961
0.0019553 0.10106 0.537 0.08548 1.01580 0.6946
0.0018790 0.10223 0.5646 0.09049 1.01520 0.693%
9.0018087 0ell3tie 0.53585 ¢.09%560 1.04685 0.6923
0.0017436 04100673 0,564 0.10080 1.01640 0.6913
3.0016832 0410607 8.573 0.10640 104366 2.6905
0.0016270 0010748 0.582 0.111%0 1.01321 0.6398
0.0015019 0.11105 0.606 0.12544 t.01224 0.6833
0.0013952 0e114482 0.626 4.16002 1.041386 0.0872
0.0012221 0.12268 0.670 0.17309 1.00996 0.6858
9.0010873 6.13063 GeT1t 0.20473 1.00888 0.6850
0.040034803 0.13864 G.757 0.24089 1.00800 Da68ht
0.3005570 0.17905 0.965 0.45776 1.00537 9.6835
0.0004343 Q0.27727 1.159 0.91400 100606 0.5463
0.0003963 0. 33495 143062 1.32563 1.00326 0. 5001
0.90033a7 0.39302 1.516 1.79803 1.00270 0.56429
t.0002838 le45400 1.683 2.33535 1.00232 8.5406
0.0002685 0.52998 1,843 2.96444 1.00203 8.5328
0.0002300 084769 - 2.152 4080420 1.00182 G.4816
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TAERMODYNAMIC PROPERTIES GF PARAMYDROGEN

950 PSIA ISOBAR

TEMPERATURE YOLUME ISOTHERM 130CHORE INTERNAL ENTAALPY ENTROPY oV cP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND
DEG. R Cu FT/LB LU FT-PSIAZLB 2SIA/R 8Tu/LB aru/Le B8TU/LB=-R 8TU 7 L3 -R FT/SEC
! ® 28.508 0.19933 3p40.73 78.632 “131.246 -96.182 1.22167 1.196 1.552 4679
i 30 0.20065 3507.52 73.127 ~129.105 ~93,808 1.30281 1.228 1.628 4640
; 32 6.20253 3346450 73.1290 ~126.,086 ° =90.457 144109 1.269 1.723 “589
34 0.20453 3192.83 78.695 «122.897 ~86.918 1.51819 1.306 1.816 4536
36 0.20665 3038 e 7%.010 =119.5k6 ~83.193 1.620464 1.339 1.909 4480
38 0.20891 2895.71 774102 “116.034 ~79.283 1.73030 1.378 2.00¢0 4426
! 40 0.21131 2750.20 75.032 -112.362 ~75.43¢ 1.83528 1.398 2.093 4368
42 0.21386 2603.63 T4 823 -208.530 =70.9130 1.93968 1.4622 2.187 4307
(1) 0.21657 2459 .87 73e bt ~104.539 ~6bsb il 2404361 Lo bbb 2.282 4244
b Be21946 2319.52 71.942 -100.387 «61.780 2414724 f.hblb 2,379 hi7s
(1} 0.22255 2181469 T0.242 ~96.074 -56.924 2.25083 10482 2.477 “i12
59 B.22585 2046496 68.432 -91.599 «51.869 2435371 1.498 2.578 L0460
52 0.22938 1915.73 654 496 ~86.961 ~46.609 2. 45684 1.512 2.681 3967
St 0.23317 1788.39 blheb3b ~824159 ~4l.162 2.56001 1.523 2.785 3892
56 0.23723 1662.19 62.281 77197 “35.465 2.,66323 1.533 24895 3813
58 0.20160 1545455 60,028 =~72.070 ~29.569 2476667 1.562 3.004 3734
60 0.24630 1433419 57.708 ~b6,780 *23.452 2.87036 1,550 3.116 3656
62 D.25138 1326462 550336 ~61.326 ~§7.104 2.97642 1.556 3.231 3572
(13 0.25687 1222.03 524925 ~55.740 ~10.522 3.078%0 1.562 3.354 3487
66 8.26201 1128.57 50,693 ~49. 930 =3.698 3.18389 14567 JebTh 3405
68 0.26925 1061.06 45.039 ~43.992 3.373 3.28943 1.570 3.5%96 3322
70 0.27622 958.75 45.606 ~37.905 10.687 3.39544 1.572 3.718 3241
75 0.29632 785.79 33. 645 “-22.102 30024 3.66216 14576 Lo 015 3045
L1 0.32065 660 .46 34ks117 ~5.5651 50,756 3.92968 1.583 4.267 2872
85 034940 577.75 23.239 11.099 72,563 4.19430 1.595 ko439 2729
90 0.38218 531.45 25.11b 2T.718 9he 968 45018 1.608 hab98 2624
95 0.41802 513.89 21,732 43,812 117348 e 69241 1.620 balte5 2556
100 D.45572 515.59 13.008 594245 139.413 be91884 1.632 e 327 2516
105 G.49427 531.58 15.829 73.719 1604667 S.12627 14642 4.173 2501
110 0.53292 554.66 15.082 87,411 181.159 5.31694 1.656 4,029 2500
115 0.57135 582.99 13.664 100,461 200.969 5.49309 1.676 3.902 2508
120 0.60934 614,96 124495 113.008 220.201 5.65680 1.70¢0 3.795 2522
125 0.648679 648.06 11.520 1254176 238.955 $.80993 1.729 3.712 2539
130 0.68368 682.66 10.591 137.673 257.348 5. 95417 1.763 3,646 2558
135 0.7200¢ 747.73 9.978 168,789 275,447 6.09084 1,800 3.598 2578
i 140 0.75578 753.00 3.388 160. 400 293,353 6.22108 1.662 3.565 2598
J 150 0.82581 823,38 8o 340 183.545 328.816 6. 46576 1.935 3,535 2640
J 160 0.8%402 892.48 7.531 206.893 366. 164 6.69390 2,036 3.561 2681
185 1.02197 1017.30 5. 399 254,812 434,591 T.10927 2.262 3.663 2763
200 1.15132 1150.36 5.533 306.321 508.855 7.50036 2,463 2.770 2856
220 1.27733 1279.31 4887 3604736 565.436 7.8652% 2,646 3.886 29%1
240 1.400083 1606,.67 4e 383 417728 bbhe156 8.20745 2.786 3.979 3048
260 1.52261 1527.07 3,978 4764559 The$73 8.52866 2.881 4.038 3149
280 164268 1647 .04 3,646 5364504 825,440 8.8289% 2.932 4.060 3251
300 1.76135 1765.01 3.367 596.779 906.626 9.10915 2.948 4. 055 3354
320 1.87925 1881.36 3.129 656,895 987.481 9.37010 2,939 4.028 3456
340 1.99635 1996.36 20924 716,454 1067.541 9.61279 2.912 3.987 3558
360 2.11280 2110.25 2a 706 775,218 1346.898 9.83936 2.875 3.938 3659
380 2,22870 2223.20 24588 833,059 1225.119 18.05086 2,832 3.885 3759
400 2.34014 2335.36 20 449 889,936 1302.304 10.26390 2.789 3.834 3857
%20 2.45919 2446.85 2324 945,873 1378.479 10.43471 2.747 3.785 3952
440 2.57391 2557.78 2.212 1000.936 1653.724 10.60979 2.707 3.740 4046
60 2.68835 2668.,21 24110 1055.194 1528.113 10.77513 2,673 3.7040 4137
(3. 2.80255 2778.23 2.018 1108.745 1601.753 10.93162 2.642 3.665 4226
500 2.918653 2887.89 1.933 1161.675 16744733 11.08376 2,615 3.634 4312
520 3.03032 2997.23 1.856 1214.070 1767.147 11.22289 2.59 3.608 4396
540 3.146396 3106.29 1.784 1266.002 1819.069 11.35864 2.572 3.585 4679
560 3.25745 J215.42 1.718 1317.4674 1890.507 11.48803 2.557 3.567 #559
580 3.37082 332371 1.657 1368.698 1961.673 11.61275 2,568 3.552 4637
500 3.48408 3432.13 1.600 16419.693 2032.592 11.73303 20532 3.539 w714
650 3.76681 3702.48 lebe7h 15466.198 2208.833 12.01545 2.542 3.515 4899
700 404907 3972.03 1,367 1671.904 23844194 12.27561 2.501 3.500 5075
800 4.61259 4509 .45 1.193 1921.868 2733.288 12.74208 2,692 3.487 5407
900 5.17520 5045.36 1.059 2171.376 3081.767 13.15223 2,489 J.682 5718
1000 5.75721 5560.28 Ge9524 2420.536 3429.784 13.53870 2.491 J.481 6011
1500 8.54310 8248 14 0.6338 3675.503 5178.356 14.93584 2.537 3.524 7286
2800 11.346306 10913.89 0+4751 4969.186 6965.172 15.96173 2.645 3.631 8331
2500 1ho16880 135706.43 G.3800 6326,735 8815.711 16.78699 2.786 3.772 9227
3000 16.9510¢0 16236 .49 0e3167 7755.289 16737.212 17.47763 2.923 3.909 10030
3500 19.75448 18898.34 02718 9258.143 12733.184 18.09564 3.064 4,051 10760
£000 22.56364 21560.07 0.2375 10842.080 14812.147 18.84343 3.258 4253 11420
$000 28.29116 26883.37 0.1900 14502.843 19479.661 20.71589 b.162 5,263 12524

® TWO-PHASE BOUNDARY
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TEM

»

950 PSIA ISQ8AR

IPERAT URE
BEG. R

28.508

3460

360
ELY)
400
420
40
460
480
500
s2¢
Shd

560
580
600
650
141
804
900
1000
1500
2000

250¢
3000
3500
4000
5000

THO-PHASE BOUNOARY

DENSITY

LB/CU FT

S.01686
438382
93759
4808934
4.83906
b.T8676
ba73264

#.67606
4461745
4+55657
©e49336
b 2771
e 35955
4.28875
%.21531
4413909
4.06002

3.97799
3.89302
3.80502
3. 71400
3.62025
3.37478
3.11869
286207
2461660
2.39223

2.19431
2.02320
1.37646
1.75025
1.64111
1+54609
1.46268
1,38849
1.32313
1,2109

1.11856
0.97853
G.86857
0.78289
0.7138
0.65685
0.60883
0.56775
0.53213
0.50091

0.67338
0. 44863
0.42660
Q. 40660
8.38851
8.37198
0.35682
0.34287
S.33000
9.31807

8.30699
0.29666
a.28702
0.26548
.20697
0.21680
0.19323
0.17430
0.11705
0.08813

1.07068
0.05899
0.05862
0.04432
0.03535

V(DHIOV%
8TU/L8 PSIA-3J FT/BIY

360 .60
359.62
359.90
360.30
359.38
359.57
358.23

355.83
352.97
349.60
345.71
341 .45
336.72
331.5%
325.70
320.11
316016

308.11
301.49
295,61
289.26
282.96
268.59
257 .64
251.02
249402
251 .07

257.56
266.68
278.02
291.37
306.48
322.85
340.57
359.46
379.46
422,59

469.43
569.89
680,77
796.51
918.32
101796
1116.89
1206.98
1288.63
1363.32

1632443
1697.30
1559.71
1620439
1680.31
1760.29
1800 .64
1861.31
1922.9%
1985.23

2048.87
2113.07
2178.12
2343.50
2512.1%
2856.70
3206 bl
3555.42
5368.79
7349.58

9522.04
11826.75
16279.85
17113.35
26225.22

THERMOOYNANIC PRQPERTIES GF PARAHYOROGEN

V(JPIDUL °'(0PIDVH

13,103
124926
12,631
12.327
12,037
11.76U
11.496

11.253
11.013
10.780
13.5%2
10.329
10.091
3.866
9.5636
.40t
9.173

8.939
8.796
S.471
8.237
3.012
726453
34910
Sebe0b
34968
5.606

3.307
3.065
4,852
4.659
bo 79
%.309
bedh7
3.990
3.840
3,560

3.3086
2.891
2,586
2.359
2.206
2.102
2.042
2.011
2.001
2.005

2.018
2.037
2.358
2.081
2.103
2.123
[ 2R3
2.156
2.170
2.181

2.190
2,197
2.202
2.210
2.213
2.209
2.282
24194
24136
24038

1,930
1.836
1.7%0
1.645
1.292

PSIA

18264,95
17682.82
16523.65
15610.86
16703.17
13861.07
13015.15

12174%.69
11358.36¢
10569.07
9803.12
9063.35
835L.74
7569.95
7006465
6397.17
5818.78

5377.29
4757 .66
#294.23
3866.53
3470.92
2651 .87
2053.76
1653 .56
1390.60
1229.35

1131.36
1075.49
19460.79
1020.39
1089.21
1001.97
398,51
996,86
396.32
397.06

998.28
995 .43
39917
1001.55
1002.74
1003.06
1002.77
1002.08
1001.13
1003.01

998.79
997 .53
996 .25
394498
993.73
992.51
991.32
990.18
989.08
988.02

987.00
986 .03
985.09
382.92
980.97
977 .64
974494
972.65%
965.47
9%1.71

959.40
957.85
956 .68
455 +52
950.2%

(DV/DT%IV THERMAL VISCOSITY THERMAL DOIELECTRIC PRANDTL
SONOUGTIVITY DIFFUSIVITY CONSTANY NUMBER
1/0E5. R BTU/FT=HR-R Lﬂ/FT-gEC SQ FT/HR
X 10

0.0063051 0.05556 1.965 8.00713 1026762 1.9966
G.0065260 8.05853 1.803 g.00722 1426566 1.8050
G.0047883 G.06158 1.605 0.00724 1.26292 1.6172
0.0050410 0.086371 Lelboe? 0.00717 1.26007 1. 4846
0.0053056 0.06560 1.317 6.00710 1.25711 1.3799
0.035562¢ G,06770 1.209 0.00707 1.25403 1.2858
0,005384618 0.06927 1.118 0.00699 1.25084 1.2158
0.00624657 0.07040 1.040 0.00688 1e24754 1.1629
0.0064663 0.07116 0.972 0.00675 1.26412 1.1227
3.0068040 6.07159 0.943 0.00660 1.24053 1.0928
0.0071653 0.07172 0.360 0.00644 1.23691 1.0697
8.007550% 0.07162 0.813 0.00627 1.23312 1.0537
0.3079619 0.07131 0.770 0.00610 1.22918 1.0626
0.0034008 0.07083 0.731 0.00593 1.22511 1.0352
0.0088888 0.06390 8.696 0.00573 1.22091 1.0370
0.0033835 3.063887 0.662 0.0055% 1.21655 1.0401
0.0099176 0.96775 g8.632 0.00536 1.21206 140u58
0.0106856 0.06657 0.603 0.00518 1.20741 1.0530
0.0111241 0.06533 0.576 0.00500 1.20261 1.0638
0.0117586 0.06403 0.550 0.00484 1.19766 1.0743
0.0124244 0.06268 0.526 000670 1.19256 1.0855
0.013139 0.06134 0.503 0.00456 1.18732 1,0984
G.0169500 3.05783 G.452 0.80627 1.47373 1.1298
0.0165636 0405487 0,409 0.00412 1.159790 L1o1643
0.0176826 0.05218 0,374 0.00611 1.,14579 lelbb1
0.5180616 0.04981 0.346 0.00423 1.13263 1.1262
0.0176773 B.04786 0.327 0.004650 1.12072 1.0919
0.0108006 8.04638 0.313 0.00688 1.11030 1.0504
0.0156474 0.04531 g.303 0.00537 1.10136 1.0955
0.0245910 Qe 00675 0.297 0.00592 14093746 0.9631
0.0133911 0. 04455 0.293 89.00652 1.08722 0.9253%
0.0223811 0.04b57 8.291 0.00716 1.08161 0.893%
0.01414372 Delua?7 8.291 0.00780 1.07675 0.8679
0.0107067 0.04511 0.291 0.00846 1.07269 0.86470
0.0100097 0.04504 0.292 0.00901 1.0687% 0.8408
0.0093944 0.06562 0.29% 0.080967 1.06561 0.8263
0.0083647 0.04761 0.299 0.08112 1.05974 0.79388
040075436 0.05008 8.305 0.01264 1.05508 8.7768
0.00642808 0.05593 0.326 0.01560 1.04806 0.7675
0.0055376 0.06399 0.355 0.0195% 1. 04258 0.7519
0.0068791 0.07102 0.377 0.0233% 1.03832 0.7633
8,0003711 0.0769% 0.336 0.02709 1.03489 0.737%
0.0039663 0.08176 0.412 0.03083 1.03207 0.7319
0.0036355 0.08555 0.426 0.03461 1.02970 0.727%
0.005359% 0.08869 G.438 0.33844 1.02768 0.7227
0.003125% 0.0907% 0.450 0.00623% 1.02592 0.718%
8.0029242 0.09269 Q.4b1 0.04631 1.02639 0.7247
0.0027489 0.09388 0.471 0.05037 1.02303 0.7112
0.0025947 8.09503 G.481 0.05451 1.02183 0.7079
0.0024500 0.09607 0.491 0.05874% 1.02074 0.7051
0.0023357 0.09704 9.500 0.06306 1.01977 0.7025
g.a4022257 3.09601 0.540 0.06746 1.01888 0.7002
0.0021260 0.09901 0.519 0.07194 1.81807 0.6983
08.0020353 0.14006 0.528 g.07652 1.01733 0.6965
0.001952% 0.10116 0.537 0.08119 1.01665 0.6950
0.0018762 0.10233 0.547 0.08595 1.081602 0.6937
0.0018660 0.10354 0.556 0.09080 1.01564 0.6925
0.0017411 0.10084 0.565 0.09574% 1.01490 0.69156
0.0016807 0.10617 0.576 0.10077 1.01439 0.6997
0.0016246 0.10756 0.583 0.10590 1.01392 6.6300
0.0014998 8.11116 0.605 0.,11913 1.01287 0.6884
8.0013932 0411694 0.627 0.13298 1.01197 0.687%
0.0012206 0.12282 0.671 0.16247 1.010850 0.6859
0.0010865 0.13679 0.715 Go19641 1.00936 0.68590
0.00039792 0.13881 8.758 0.22870 1.00804 0.6844
0.0006566 0.17930 0.966 0.43463 1.00566 0.63835
0.0004940 0.27727 1.161 0.86644 1.00626 0.5672
0.0003961 0.33495 L1.304 1.25650 1.00342 0.5449
0.0003306 0.39301 1.519 1.70410 1.00285 0.5638
0.0002837 045386 1.685 2.21301 1.00245 0.5416
0.0002445 0.52932 1.846 2.8879% 1.0021% 0.5340
0.00801999 0.84156 2.156 4. 54054 1.0017¢ 0. 4836
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THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

1000 PSIA ISO8AR

TEMPERATURE VOLUME ISOTHERN I3JCHORE INTERNAL ENTHALPY ENTROPY Cv cp VELOCITY

DERIVATIVE ODERIVATIVE ENERGY OF SOUND

DEG. R CU FT/Le CU FT~PSIA/LB 3SIA/R BTusLs BTU/LE BTU/LB-R 8Ty 7 L3 -R FT/SEC
¥ 28.688 0,198%4 3685.92 78.79 =-131,123 ~34.285 1.22351 1.198 1.553 4703
30 0.20008 3567.11 73.280 ~129.253 -92.203 1e29447 1.227 1.6198 4669
32 D.28192 3405.28 79.381 ~126.253 ~88,869 1.40204 1.268 1.715 4620
34 6.20388 3252.59 73.011 -123.101 “85.348 1.50875 1.305 1.807 4568
36 0.20596 3105.32 78,374 -119,783 -B8l.6u5 1.61456 1.338 1.6898 4516
38 0.20817 2957.29 77.505 ~116,304 ~77.757 1.71966 1.369 1.988 [11-31
40 0.21061 2813.586 76,671 -112.66% =73.589 1.82398 1,397 2.07¢ 4405
42 0.21299 2667 .66 754301 -108.879 ~69.439 1.92765 1.421 2.171% 4345
bl 0.21563 252441 73.974 -104.932 ~65.003 2.03082 Tolebes 2.265 4283
46 0.21844 23840 4D 72,4684 -100.829 ~60.380 2.13358 1ebbk 2,359 4220
.8 0422144 2267.52 73.855 -96,571 -55.567 2023598 1481 24455 4154
50 0,22463 2113.46 £3.097 ~92.155 ~50.560 2.33817 1.498 2.553 4085
52 0.22804 1583 .41 67.208 -87,582 ~45.,356 2.44022 1.512 2.852 4015
S4 8.23168 1856.94 65,207 -82.853 -39.951 2Z.54228 1,524 2.753 392
56 0.23559 1734.92 63.134 -77.969 ~34.345 Reblbbll 1.534 2.855 3868
58 0.23977 1618.45 60,916 ~72.928 -28.530 2.74517 1.543 2+959 3791
60 0.24426 1505.76 58.657 ~67.734 -22.505 2.84830 1.551 3.065 3713
62 B.26308 1395.93 S3. 344 -62.386 ~16.262 2.95003 1.558 3.177 3632
b D.25428 1295.58 53,999 ~56,884 -%.799 3.05323 1.563 3.288 3553
66 0.25948 1200.51 51.623 -51.232 -3.1110 3.15615 1.568 3,400 3473
68 8.26592 1110.11 43.250 45,438 3.810 3.25943 {.572 3.517 3392
70 0.27243 1028.34 45,870 =39.493 10,955 3.36298 1.574 3.629 3314
75 0.29105 852 s 4% 414047 -244101 29.7 9% 3.62285 1.577 3.903 3126
80 0.31336 719.93 35,603 ~8.0986 ©9.330 3.88268 1.584 4e105 2954
85 0.33957 630.07 304743 8.236 71.115 4013974 1.595 He318 2811
90 0.369+2 576.64 25.573 24,529 92.336 4.38917 1.609 Le394 27013
95 0.40221 $50.70 23.106 400433 124,912 4eB2B82 1.621 4.380 2625
100 0.43637 S546.49 20.268 55,813 1364727 ke 85067 1.634 b, 291 2579
105 D.47277 556.60 17.969 70.331 157.875 5.05706 1.644 4e165 2556
110 0.50835 576.45 15.107 Bho127 178,370 5426777 1.659 44033 2548
115 0.54507 601.89 14,590 97.304 198.236 S.42440 1.678 3,915 25514
120 0.58091 630.93 13.338 109,985 2174555 5.58886 1.702 3.816 2560
125 3.61636 662.25 12,287 122.290 2364423 5474292 1.731 3.736 2573
130 0.65136 695.61 11.397 134,319 2544933 5.88812 1.765 3.672 2589
13% 0.68587 729.71 10.630 146,162 273,106 6.02575 1.803 3.624 2607
140 0.71990 766425 3.965 157.893 291,200 6015693 1.845 3.590 2625
150 0.78659 833.67 8,868 181,257 326,913 6e40334 1.938 3.559 2663
160 0.85162 902.63 7.999 206,798 362,494 6.63297 2040 3.563 2703
180 0.987330 1026.b% 5.789 252.904 433,134 7.06987 2.264 3.682 2781
200 1.09666 1159.62 3.86¢ 304.658 507.729 Tebb272 2,465 3.785 2872
220 1.21680 1288.82 5.172 359,266 584,584 7.80890 2.647 3.899 2965
240 1.33452 1414.54 4. 634 416. 415 663.531 8.15211 2.788 3.990 3062
260 1.453035 1537.27 o204 475.327 763,946 8.47430 2.882 b 066 3162
280 1.56471 1657.59 3.850 535,434 825,176 B.77499 2.933 4,068 3264
300 1.67789 1775.89 3.553 595.807 906,506 9.05570 2.950 Ll.082 3366
320 1.79011 1832.53 3,301 656,006 987.486 9.31705 24940 4e030 3468
340 1.90154 2007.73 3.084 715,640 1067.754 9.56007 2,913 3.992 3570
360 2.01234 2121.90 2,695 774,469 1167.099 9.78692 2.876 3.942 3671
380 2.12259 2235.06 2,729 832,367 1225.413 9.99864 2.833 3.889 3778
400 2.23239 23467 .40 2.581 889,29 1302.673 10.19688 2.790 3.837 3868
20 2,34180 2459.05 2o b9 945,278 1378.917 10.38286 2747 3,788 3963
840 2.45089 2570.12 2,331 1000.383 1454.221 10.55807 2.708 3.763 4056
460 2.5597¢0 2680.69 2.223 1054.678 1528,665 10.72354 2.673 3.702 biG?
480 2.66827 2730.82 2.126 1108.263 1602.354 10.88013 2.642 3.667 L2386
500 2.77663 2900.58 2.037 1161.223 1675.379 11.02936 2.615 3.636 L322
520 2.88480 3010401 1.955 1213.646 1747.833 11.17157 24593 3.610 4406
540 2.99282 3119.16 1.879 1265.604 1819.792 11.30737 24573 3.587 4489
560 3.10009 3226.06 1.810 1317.100 1891.264 11443684 2.557 3.569 4569
580 3.20864 3336.74 Le745 1368.34b 1962.461 11.56162 2.5 34553 Lb4?
600 3.31608 3465.21 1.685 1419.360 2033.408 11,6819 24533 3.500 4723
650 3.5B478 3715.69 1.562 1545,907 2209,711 1196446 2.513 3.516 4908
700 3.85301 3985.35 1439 1671.649 2385.122 12.22678 2.501 3.504 S084
80 4.38848 4522.92 1.256 1821.667 2734.295 12.69128 24492 3,487 5415
908 ©.92305 5058.93 1.115 2171,215 3082.830 13.10149 2.489 3.482 5726
1000 5.45703 5593.92 1.003 2420, 405 3430.899 13.46800 2.491 3,482 6019
15080 8.12279 8264.92 U657 3675, 449 5179.569 16.,88524 2.537 3.524 7292
2000 10.78535 10925.70 0.5001 4969,162 6966.428 15.91114 24645 3.631 8336
2500 13.44829 13588.24 Get30C ©326.726 8816,385 16.73642 2.786 3.772 9232
3800 16.11039 16250.29 0.3333 7755.273 108738.482 17.42712 2.923 3.909 10034
3500 18.77339 18912.13 6.2857 92587.987 12734.310 18.04503 3.063 4,051 16764
#0900 21.44221 21573.85 42500 10841.9564 14B12.670 18.79260 3.255 L.250 11424
5000 26.88043 26897.14 0.2000 16691.793  19469.320 20.66276 belbl 5.220 12531

® TWQ-PHASE BOUNDARY

HO



TEM

.

THERMQOYNAMIC PRQPERTIES OF PARAMYORGGEN

1000 PSIA ISO03AR

PERATURE DENSITY V(DH/DV)p ViIP/DUY, ~VIDP/DVy
DEG. R LB/CU FT 8TusL8  PSIA-JU Fis8TU PSIA
28,688 S5.02664 365.07 13.0380 10527475
39 4.99798 364.05 12.927 17828.35
32 435243 364 .27 12, 645 16864.40
34 490486 364 .80 12.346 15953 .47
36 4.85542 365.09 12,060 15077.63
38 4.80386 364 04 11.78b 1420643
“0 Le75043 363.38 11.524 13365.74
“2 4.69503 Jol.la 11.283 12524.75
LT3 463752 358.45 11.0467 11705.6%
L1 4.57786 355.29 16.817 11915.40
“8 ©s51535 351 .67 10.591 10149,67
50 4e45176 347 .60 10. 363 3408 .61
52 4.38521 343425 1J.136 #6937 .66
S4 431621 338.33 3,916 3314.96
56 4e24475 333.13 3.691 7364.30
58 4.17069 327.88 Jo bt 5750.07
80 4.09406 322.16 3.239 5164.68
62 4e01u76 31606 3.010 5604 .52
13 3.93272 310.21 8,784 $5095.16
13 3.86799 304.29 3.555 #619.56
68 3.76057 2398.15 3.332 174465
7 3.67064 292.27 8,113 3774 .66
75 3.43581 278 .47 7.573 2928.82
a0 3.19118 267.47 7.066 2297 .43
35 2494491 260.61 Be543 1855.50
90 2.70693 258.09 54103 1560494
95 2.48628 259.56 3.732 1363.19
102 2.28851 264,81 5,421 1250.65
105 2411521 272.90 34167 1177.32
119 1.96484 283.84 4o 963 1132.63
115 1.834563 296433 4o 740 1104.25
120 1.72143 310.77 4552 1086.10
125 1.62262 326.69 40374 1076 .4t
130 1.53526 34b.09 “. 206 1067.9
135 1.45601 362.71 [2% 110 1663.92
140 1.38908 382.50 3.889 1061.60
150 1.27131 425.33 3.600 1059.85
160 1e17424 472.10 3,340 1059,.90
180 1.02743 571.93 2.919 1054.80
290 0.91186 682.72 2,608 1057 .64
220 0.82133 796.49 2.377 1059.17
240 0.74933 I12.46 2.219 1059.96
260 0.68949 1020.32 2,115 1659.93
2340 2.6391u 111947 2.054 1053.36
300 0.59599 1209.78 2.021 1058.61
320 0.55863 1291.83 2,010 1057.22
EL Y] 0.52589 1366.63 2.013 1655.87
360 349694 1635.746 2.0286 1054.45
380 Q7112 1500.73 2.045 1052.99
400 0elt795 1563.24 2.066 1058.52
420 0.42702 1624.00 2.088 1650.07
440 0.40801 1683.98 24109 1048.65
60 #+39067 1764403 2.129 1047.27
480 0.37477 1804.26 2a 147 1045.93
500 036015 1865.15 24162 1044 .64
520 0304664 1926.82 2.175 1063.40
540 0433613 1389.15 2.186 1062,22
560 0.32254 2052.82 2,195 1064.08
580 0.31168 2117.06 2,202 1039.98
600 8.30156 2182.13 24207 1038.9¢
650 0.2789% 2367.58 2.215 1036.52
rag 025954 2516.29 2.247 1034.35
800 G.22787 2860.93 24213 1030.66
900 0.20313 3208.73 24205 1027.60
1000 0.18325 3559.7% 24197 1025.09
1500 0.12311 5373.32 2.136 1017.13
2300 9.09271 7354.29 2. 040 1012.96
28909 0.07430 9526.91 1.931 1010.61
3000 3.06207 11829.59 1.837 1008.63
3500 0.05327 14282.79 1.751 1007.39
%000 3.04666 17106.96 Le 647 1006414
5000 8.03720 26119.06 1.298 1000.62

TWO-PHASE BOUNDARY

(DVIDY%/V THERMAL VISCOSITY THERMAL ODIELECTRIC PRANDTL

CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER
1/0EG. R BTU/FT=-HR-R LB/FT-SEC SQ FT/HR

X 10

0.0042529 0.05617 1.999 6.00720 1.26820 1.989
0.0064469 0.85878 1.837 0.30726 1.26650 1.8218
9.00u7070 0.06187 1.635 0.00729 1.26380 1.6308
06.0069526 0.06405 Lets72 0.09723 1.26099 1.4952
0.0051980 0.06597 1.340 0.00716 1.25807 1.3872
0.0054556 0.06811 14229 0.00713 1425504 1.,2919
0.005721¢ 0.06973 1.136 0.00706 1.25190 1.2199
0.0080122 0.07090 1.457 0.00695 1.24865 1.1655
0.00863195 8.07170 0.988 0.00682 1.2464529 1.1241
0.00656405 0.07216 0.328 0.00668 1.24182 1.0924
0.0069811 0.07233 0.375 0.00652 1.23822 1.0687
0.0073441 9.07227 0.827 0.00636 1.23451 1.051%6
G8.0077272 g.067200 04784 0.00619 1.23066 1.0392
0.0081357 0.87156 0s7kte 0.00602 1.22669 1.0397
0.0085690 0.07067 0.708 0.00583 1.22299 1.0301
0.,0030260 0.06%68 0.675 0.80565 1.21836 1.0318
20.0095150 0.068640 0.6kt 0.00547 1421399 1.0360
0.0100534 0.06767 0.615 0.00529 1.20943 1.0429
0.0195981 0.96627 0.588 0.00513 1.20485 1.0502
0.01117438 0.06502 0,563 0.30697 1.20007 1.0591
0,011797% 8.06373 8.539 0.00482 1.19516 1.0699
0.0126178 0.06262 0,516 0.00469 1.19013 1.0798
0.01601467 0.05908 8,465 0.00443 1.17709 1.1058
0.3156970 0.05606 0.622 0.00426 1416365 t.1220
0.01656856 0.05340 6.386 0.004280 1.15026 1.1228
2.0170237 0.05110 0.358 0.00430 113746 1.1082
0.0168759 0.06914 0.337 0.80451 1.12570 1.0815
0.0162055 0.06760 0.322 0.30485 1.11525 1.0448
0.0152626 8. 04647 0.311 0.30527 1.10616 1.0051
0.0162213 g§.064584 0.305 0.00578 1.09832 0.9646
0.0132125 0.8055%8% 6.300 0.00634 1.09158 0.9285
0.0122803 0.0455% 0.298 0.00693 1.08574 0.3982
0.0110360 0.06565 0.296 0.00753 1.08066 0.8731
0.0106717 0.045% 0.296 0.00815 1.07620 0.8525
0.0099918 0.06577 0.297 2.00866 1.97226 0. 8464
0.0093868 0.04634 0.298 0.00929 1.06875 9.8322
0.0083672 0.04825 0.303 0.01067 1.06278 0.8036
0.0075468 0.05068 0.308 .01241 1.05789 d.78408
0.0064365 0.05629 2.327 C.03488 1.05054 0.7710
0.0055440 0.06427 8.356 0.01862 1.06473 0.7549
0.0063826 2.071 26 0.379 0.0222% 1.06025 0.7459
0.0063723 g.07712 0.397 0.02580 1.03665 0,739
0.00396593 0.08191 J.413 8.32936 1.03369 0.7339
0.0036340 3.08568 Q.426 0.03296 1.03120 0.728%
6.0033573 0.08861 0.439 8.03661 1.82907 8e7202
0.0031228 0.09085 0.450 0.04032 1.02723 8.7198
0.0029212 0.09259 Qobbl Oedbtsil 1.02562 0.7158
0.0027457 0.09398 Q.72 0.06797 1.02629 0.7121
0.0025915 3.09513 G.082 0.95192 1.02293 0.7088
0.0026547 0.09647 0.491 0.05595 1.02179 0.7058
0.0023325 0.097%4 0.501 0. 06006 1.02076 0.7032
0.0022225 3.09814 0.510 0.06425 1.01983 0.7008
0.0021229 0.09912 g9.520 0.06a852 1.01898 0.6987
0.0020324 0.10026 0.529 8.07288 t.01821 0.6969
0.001949% 0.10127 0.538 0.07733 101749 0.6954
0.0018735 0.10240 0.567 0.08186 1.01683 0.6940
0.0018036 0.10365 9.556 0.08648 1.01622 0.6328
0.0017 385 0010695 0.565 0.09118 1.01565 0.6918
0.00156783 0.10628 0.574 0.09598 1.01512 0.6909
0.0016222 0.10767 1.583 0.10086 101463 0.6901
0.0014977 0.11128 0.605 0.11346 1.01353 0.6886
0.0013913 0.11507 0.628 0.12664 1.01258 0.6875
0.0012190 0.12295 0.672 0.15472 1.01404 0.6360
0.0013852 3.13394 0.718 0.18512 1.00984 0.6850
0.0009781 0013897 0.759 0.21781 1.00887 0.68044
0.00056559 0.17955 8.967 0.41380 1.00595 0.6835
3.0004937 0.27727 1.162 0.82363 1.00648 0.5480
0.0003959 0433695 1.346 1.19628 1.003%9 05658
0.0003305 9.33299 1.521 1.61357 1.00300 0. 5447
0.0002836 0e45370 1.688 2.10291 1.00257 0.5426
0.0002485 0.52871 1.8649 2.66720 1.00225 8.5352
0.0001999 0.83585 2.160 be30601 1.00180 0.4856



THERNODYNAMIC PROPERTIES OF PARANYOROGEN

1200 PSIA 1IS03AR

TEMPERAT URE voLUNE ISOTHERM I50CHORE INTERNAL ENTHALPY ENTROPY cv cp VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

BEG. R CU FT/L8 CU FT-PSIR/LE 2SIA/R 8Tu/L8 3Tv/Le BTU/LB=R 8TU 7 L3 =R FT/5&C
® 29,393 0.19738 3827.54 82,140 -130.639 -86.780 1.22928 1.240 1.584 4818
30 0.19789 3783.60 81.989 =129.784 -85.812 1.26188 1.222 1.609 4803
32 0.199%3 3bki.19 804332 -126.877 -82.517 1.368210 1.263 1.681 4739
34 Ds20064 3489.55 80.214 -123.826 =79.004 1.47284 1.301 1.772 45693
36 8.26336 3347 .54 73.734 ~128.623 =75.456 1.57652 1.335 1.858 Lbs7
38 0.20533 3201.75 79.02¢ -117.269 -71.630 1.67938 1.366 10965 4596
L7 0.20753 3058.39 78.133 ~113.769 =57.695 178134 1394 2.081 4543
2 0.20979 2919.45 77.082 =110.126 -53.507 1.88251 1619 24116 “490
bl Ge.21218 2778.00 75.910 -106.338 =59.190 1.98¢92 1ebi2 24203 L3
46 0.21471 2644435 74e59% «102.409 ~54.598 2.08274 1e 463 2.289 4379
8 0.21739 2510.69 T3.124 ~98.339 “50.033 2.38201 1.461 2.376 4319
54 8.22022 2379.97 71.530 “94.128 ~45.193 2.28080 1e498 20 kbt 4258
52 0.22323 2251.56 63,827 ~89.779 ~60.176 2.37318 1.513 2.552 4194
S4 0.22641 2127 .48 ©8.010 -85.292 =36, 381 2.47720 1.526 2,640 4134
56 0.22979 2007 .04 65.109 -80.674 -29.b613 2.57482 1.537 24730 4063
58 0.23338 1691.15 64117 =75.921 “24e363 2.67218 1.547 24819 3995
60 0.23718 1779.69 62.068 7140460 ~18.336 2.76927 1.558 Z+909 3926
62 0e24124 1670 .48 $3.960 -66.029 ~12.424 2.86618 1.563 3,001 3855
64 De24554 1569.28 67.820 =60.89 ~6.335 2.96285 1.569 3.091 3res
66 0.25012 1473.53 55,655 =55.642 -0.063 3.05935 1.575 3.182 3714
68 0.25500 1383.15 53.480 -50.272 64391 3.15568 1.579 3.272 I644
10 0.26019 1297.81 51.299 ~hb.791 13.025 3.25183 1.581 3.360 3575
75 0.27467 1109.80 434934 -350.658 30.376 3.49118 1.584 3.576 3407
80 0.29169 961.52 40.811 -16.018 ©8.753 3.72832 1.589 3.770 3250
85 0.31079 848,54 3b. 685 -1.022 68.037 3.96234 1.600 3.933 3109
90 0.33254 76775 31.865 16.119 88.012 419067 1.632 4. 050 2989
95 035654 7i6.76 28.169 29.182 108,417 b.41130 1.626 4,105 2895
100 0.38238 688.28 25.046 blhe113 129.080 4.62331 1640 beil8 2826
105 0.40957 677 .49 22,386 58.511 149.520 L. 82277 1.652 44065 2779
110 0.43703 680.97 20.156 724428 169.672 5.01029 1.667 3.995 2749
115 0.46617 693.32 13.280 85,874 189.460 5.18622 1.687 3.919 2732
120 0.49430 711.99 15718 98.905 208.875 5435149 1.722 3847 2723
125 0.52364 735.09 13,393 111.59 227.952 5.50725 1.740 3.786 2r22
130 0.55227 761.12 14.260 124.028 266,748 5.65469 L7746 3.736 2ras
135 0.58073 790.06 13.283 1364274 265.316 547986 1.813 3.695 2732
160 0.60896 820.51 12. 632 168,400 283.715 5092869 1.855 3.666 2741
150 Ge6bUH2 883,54 11.026 172.515 320.199 6018042 1949 3.637 2764
160 0671917 949.66 3.912 196.743 356,548 6.41501 2.0852 3.637 2793
188 0.82082 1071.37 8.385 245,501 427894 6.83719 2.271 3. 764 2861
200 0.92476 1202.05 7.2006 298,165 503.655 7.23618 2472 3.839 2941
220 1.02607 1330.89 503314 353,507 581.507 7.60743 20653 3.945 3828
240 1.12526 1457 .13 5.656 411.264 661.306 7.95405 2.794 “.029 3120
260 1.22278 1580.76 S5.116 470.739 T42.650 8.27897 20888 4. 080 3217
280 1431894 1752.05 4. 676 531,235 8244313 8.58220 2,939 e 097 3318
300 1ebiuil 1821.32 4.309 591.986 9064191 B.80479 24955 4o 087 3616
3a¢ 1.50820 1938.87 3.997 652.516 987.048 9.12768 20945 4.056 3517
340 1.60165 2054.97 3.730 712,439 1068.336 9.37198 2.918 Lo 024 3638
360 169449 2169.84 3.498 771.523 1148.051 9.59989 2.880 3.9640 3737
380 1.78682 2283.68 3.294 829.649 12264694 9.81250 2.837 3.905 3816
«00 . 1.87873 2396464 3.114 886.779 1304.246 10.01149 2.793 3,851 3912
420 1.97027 2508, 84 2,953 Qb2+ 942 1380.750 10.1981¢ 24751 3.800 w007
b4l 2.06150 2620 .41 2. 808 998.203 1456.290 10.37336 2.712 3.754 %099
460 2415266 2731441 2.678 1052.651 1530,945 10.53980 24676 3.713 4190
480 2+24320 2841 .94 2.559 11064370 16U4.825 10.69680 24645 3.676 4278
500 2.33373 2952.08 2,651 1159.450 1678.022 10. 84638 2.618 3e6b4 4363
520 2.42609 3064 .83 2.352 1211.983 1750.634 10.98890 2.595 3.617 bleb?
540 2.51430 3171.24 2.262 1264.041 1822.736 11412496 2.575 3.594 4528
560 2.60437 3280 .40 20177 1315.62% 1894.339 11.25468 2.559 3.575 4608
580 2469432 3389.31 2.099 13664957 1965.6586 11.37967 2546 3.559 4685
500 2478417 S438.00 2.026 1418.051 2036.715 11.50018 24534 35645 4761
650 3.00841 3768.93 1.866 154b.767 2213.258 11.78308 2+51k 3.520 ©9%4
700 3.23220 4038.95 1.729 1670.649 2388.867 12.04362 2.502 3.505 5119
800 3.67882 4577.03 1.509 1920.884 27384345 12.51060 24493 34490 5448
900 4.12458 5113.37 1.339 2170.589 3087.14G0 12.92107 24490 3.484 5757
1000 4e56977 564859 1.204 2619.897 3435.334 13.28776 2,491 3e068s 6049
1500 6.79175 8316.939 0.8006 36750246 51860423 14.70535 2.537 3.525 7316
2004 9.01123 10980.79 0.6001 4969.079 6971.41 15.73135 24645 3.631 8357
2500 11.22993 13643.27 0.4800 5326.702 8822.076 16.55666 2.786 3.772 9251
3008 13444339 16305.26 0.4000 7755.233 10743.566 17.24736 2.923 3.909 10051
3500 15.66769 18967.03 0.3428 9257.479 12738.913 17.86512 3.061 L0469 10780
000 17.89102 21628.70 0.3000 10838,864 14814.384 18.61198 3,246 bo240 11661
5000 22.41473 26951.90 De240C 16454. 751 19435.471 2047044 4.071 Selb2 12556

® TWG-PHASE BGUNUARY
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1200 PSIA ISOBAR

TEMPERATURE DENSITY

DEG. R

29.393

360

360
380
400
420
440
460
46840
500
$20
540

560
580
500
650
To0
sdao
9400
1000
1500
2000

2500
3000
3509
4000
5900

THO=PHASE BOUNJARY

LB/CU FY

5.06642
5.05334
$.00918
©e96417
“e91747
b.86887
©.81862

».76664
ho71296
6.65743
,60007
beS4 084
beo7975
he41669
©.35181
4e28693
h.216106

ho146531
#.07263
3.99802
3.92156
3.84332
3.64063
3.43069
3.21765
3.00713
2.80467%

2.61522
2.84160
2.20504
2+.14516
2.02063
1.90972
1.81069
1.72497
1.64215
1.56661

1.39049
1.21829
1.008138
0.976459
0.88868
0.81781
¢.75818
0.70721
0.66300
0.62436

0.59015
0.55965
8.53228
0.50755
0.48508
006458
0406579
0. 42850
G.41253
0.39773

0.38397
0.37145
0.35917
0.33240
0.30939
0.271383
0.26245
0.21883
0.14720
0.11097

0.08905
0.076436
0.06383
0.05589
G.04461

V(DH/0V)
P

THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN

VIDP/DU) ~VI(DP/OV)
v T

8TU/LB  PSIA-JU FT/8TU PSIA

373.87
37%.12
381.70
382.63
383.70
383.64
383.07

381.97
379.97
377 .9
375.24
372.18
368 .69
364478
360.63
356427
351.62

346458
341 .63
336.581
331.86
326.73
314.57
304.63
297.56
293 .61
292.76

295.22
300,36
308.38
318.70
331.08
345.27
361.05
378.47
397.28
#3845

484,58
582.85
692448
808414
92249
1030.98
1130.85
1221.87
130%.37
1379.79

1649.53
1516493
1577.77
1638.82
1699.05
1759.30
1819.68
1880.75
19462.57
2005.03

2068.82
2133.17
2198.35
2364.03
2532494
2877.91
3225.97
3577.20
5391 .40
7373.14

9546.48
11849.06
14296.02
17088.99
25766 466

13,400
13.277
12,708
12. 423
12.146
11. 884
11.630

11.395
11.168
10.958
13.733
10.514
10.300
18.092
3.882
9.670
Jo bbb

2.254
9. 068
S.841
8.638
Se b3
T.364
To485
7.010
5.572
5.181

3.839
5.550
$5.291
5.054
4.836
4,632
be 39
. 256
4. 082
3.7690

Jeb7a
3,031
2.697
24 49
2.278
2.166
2.098
2.062
2e 047
2.048

2.058
2.075
2.094
2,115
2.135
2.154
2.170
2.185
2.197
2,207

2.218
2.224
2,226
2.232
2.233
20227
2.218
2.208
2143
2.065

1. 935
1,840
1.755
1.653
1.321

19391.77
19120.12
13239.40
17322.73
16461.41
15588.91
18737.21

13915.95
13092.61
12315.85
11569.37
10805.70
10086.44
93964061
8734.28
8103 .04
7503 .41

6924466
6391.10
$891.19
542ke13
«987.89
4040443
3298.69
2730.32
2308.72
2010.34

1800.01
1656.17
1556.05
1487.28
1438.67
1403.31
1378.45
1360.46
1367 .40
1329.39

1320.50
1305.26
1299.84
1297.08
1294492
1292.76
1290.46
1288.05
1285.55
1283.03

1280.53
1278.07
1275.67
1273.35
1271412
1268.97
1266.92
12606.95
1263.08
1263.28

1259.57
12579
1256.39
1252.80
1249.60
1264446
1239.73
1236.08
122057
1218.57

12146.90
1232403
1230.60
1208.91
1202442

(OV/0T) /v THERMAL VISCOSITY THERMAL OIELECTRIC PARANOTL
CONDUCTEIVITY DIFFUSIVITY CONSTANY NUMBER
1/0EG. R 3TU/FT~HR-R LBIFT-;EC SQ FT/HR
X 10

0.0042358 d.05854 2.061 0.00730 1.27057 2.0070
0.0002881 0.35973 1.981 0.090735 1026979 1.9203
0o004%043 606299 1.755 4007448 1426717 1.5860
0.0066306 0.06533 1.577 0400763 1.26650 15392
0.0068437 0.06741 1,432 0.00738 1.26173 1.4212
00050695 0.06971 1.312 0.30736 1.2588% 1.3177
0.0053017 0.07148 1.212 0.080730 1.29590 1423893
0.0055391 d.07280 1.126 G.00722 1.25285 1.1782
0.0057979 0.0737% 1.052 0.00710 1.24970 1.1313
0.0060568 0.0743% 0.988 0.00697 1.246486 1.0953
0.0063315 0.07465 0.932 6.00683 1.26311 1.0672
0.0066196 007472 0.881 0.00668 1.23967 1.0459
0.0069229 Ge07460 0.836 0.06652 1.23613 1.0297
0.0072379 0407030 8.795 8.00637 1.23208 1.0170
0.0075689 0.07355 0.758 0.00619 1022874 1.0126
0.0u79123 0.07269 g.723 0.400602 122690 1.0100
0.00827193 6.07176 0.692 0.005385 1.2209% 1.0096
0.0086590 0.07077 0.662 0.00569 1.21691 1.0113
0.,0090470 8.06973 0.635 0.00554 1.21277 1.8137
0.00944672 0.06863 0.610 0.00540 1.20854 1.0173
0.0098597 006751 0.586 0.90526 1.206422 1.0217
0.0102847 0.06635 8.563 0.005146 1.19981 10264
0.01136086 0406339 g.512 0.00487 1.18846 1.0400
0.0323719 0.06046 0.669 0.00468 1.17681 1.0515
0.0132164 0.05789 G.432 0.,00658 1.16510 1.0559
6.0138019 6. 05570 0.402 8.00457 1.15363 1.0510
0.0360224 0.05375 9.377 0.00467 1e10271 1.037%
0.01391468 0.05213 8.35%9 0.00485 1.13256 1.0171
0.0135333 0435081 Qs 304 G.00512 1.12333 0.9917
0.0129536 04046997 0.336 0.00547 1.11506 0.9613
0.0122952 3. 04906 0.327 0.00588 1.10772 0.9319
0.0116209 0.06918 8.322 0.06633 1.10122 0.9061
0.0309649 0.04920 04319 8.00679 1.09546 0. 8863
0.0103469 0.04919 0.317 0.00727 1.09036 0.8661
0.0097639 0.0u4882 0.316 0.00767 1.08577 0.8611
0.0092268 804921 0.316 0.006817 1.08167 0. 8478
0.0382940 0.05085 0.318 0.00929 le07463 3.8194
0.0075061 3.05307 ¢.322 G.01043 1.06882 0.7950
0.0064241 0.05784 0.336 0.01268 1.06011 0.7832
00055435 0.06551 0. 363 0.,01578 1.05321 847660
0.0068813 0.0722% 0.384 0.01879 1.047087 8.7558
040043675 00779 0.402 0.02177 1.06354 G. 7681
0.0839578 8.048260 0.417 0.02475 1.04005 3.7415
0.0046230 0.08628 0.430 0.02777 1.03709 0.7355
0.0033450 0.08915 [ P T 0.030846 1.03456 0.7390
0.3031096 0.0913%6 0,653 80.03397 1.03238 0.7249
9.0029072 8.09306 G.ibh 0.03715 Le03847 0.7202
0.00827316 0. 09642 [ PLYL) 0.06061 1.02878 0.7159
0.002577% 0.09556 [ RLY 13 0.06373 1.02728 0.7121
0.0020408 0.09659 0ele9le 0.00712 1.02593 0.7087
98.0023189 0409756 8.503 ¢.05058 1.02672 0.7056
0.0022093 0.09853 $.513 8.05611 1.02361 0.7030
90.0021102 0.09953 8.522 6.05774 1.02261 g.7006
¢.0020204 0410058 0.531 8.06138 1.02169 0.6986
0.0019377 0.10169 8.540 0.06512 1.02084 0.6968
0.0018621 0.10286 0.5649 8.06893 1.02005 0.6353
0.0017925 .10608 0.558 0.07281 1.01933 0.6939
8.001723¢ 8.10538 0.567 0.07677 1.01866 0.6928
0.00166383 0.10673 8.576 0.08080 1.01803 0.6918
0.0016127 0.10812 0.585 8.084691 101744 0. 69309
0.0014891 0411175 0.608 0.09550 1.0161k 0.6892
0.0013236 D.14556 0.630 0.10658 1,01501 0.6879
0.0012127 0612349 0.675 6.13018 1.01318 0.6362
0.0010800 0.13154 0.719 0.15572 1.01175 0.6852
0.0009737 0413964 0.762 0.183419 1.010640 056845
0.0006538 0.18054 0.972 0.34786 1.00742 0.6835
0.0006925 0.27727 1.169 0.68807 1.00537 0.5513
0.0003951 0433495 1.355 0.99724 1.00630 0.5493
0.0003299 3.39295 1.531 1.35187 1.90359 0.5483
0.0002832 e 65330 1.700 L.75439 1.06308 0. 5405
0.0002481 U.52667 1.862 2.22212 1.00270 0.5397
0.003199 0.81676 2.175 3.56006 1.00215 0.4929
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C3

1400 PSIA ISOJAR

TEMPZIRATURE

0EG. R

150

160
180
200
220
240
260
280
300
320
340

360
382
w00
420
bl
[1:-3]
480
500
520
S4l

560
580
600
859
700
8090
300
1000
1500
2000

2500
3000
3500
«000
5080

THO=PHASE dOUNJARY

VOLUNE
Cu FT/Lb

8.1953¢6
0.19753
0.193922
0.20100
8.20288
0.20485

0.20693
0.20912
0s21163
0.21385
0421641
0,21911
0.22195
0.22494
0.22810
0.23143

0.23434
0.23864
0.24254
0.24666
0.25101
0.,26233
0.27650
0.29178
0.30884
0.32749

D.34766
0.3696
0.39142
Dobelbnds
0.43789
0,46159
U.48540
0.50923
0.53303
0.58028

0.62633
0.71409
0.80350
0.89107
0.97678
1.06102
1414496
1,22610
1.30731
1.38785

L.46782
1.54731
1.62660
170514
1.78358
1.86178
1.93975
2401754
2.09515
2417263

2426937
2.32720
240433
2.59678
2.78880
3.17133
3.55423
3.93539
5.86033
TeTW3us

9.64528
11.54684
13.644389
15.35445
19.22649

ISOTHERM
DERIVATIVE
CU FT=-PSIa/LB

4000.31
386k .48
3720433
3580.67
3438.97
5296.83

3157.34
3022.13
2890.97
2758.30
2629.485
2506 .19
2380.81
2262.935
2147415
2037.7b

1930.10
1830.20
1733.37
1661 .43
1554 .38
1357.70
1198.56
1069.88
970.93
499,88

851.81
823.21
809.08
807.72
8146.88
828.41
846,45
868.83
832.93
8ol

1008.37
1127.68
1253,03
1379.58
15044335
1628.49
1750.04
1869.75
1987.81
210643

2218.82
23344148
2447 .52
2560.13
2672.03
2783.33
2894.22
30ub.60
3114.59
3224.24

3333.59
3442.68
3551.53
3822.793
4033.06
4631.51
5168.07
STd3.42
8371.94
11035.61

136937.96
16559.84
19021.50
21683.09
27006.1%

THERMODYNAMIC PROPERTIES OF

I3JTHORE

DERIVATIVE

33IA/R

83,011
82e 541
Bil.318
81.008
8. 421
73.650

73.716
77.638
75.453
75.137
73.688
72.127
70,468
68,721
654895
65,002

63.058
bi. 0756
53.07¢
57,049
55,023
43,398
43,1463
D584
35.408
32.664

23.366
25.493
26.014
21,882
28.055
18.480
17.133
15,960
1l 934
13.231

11.874
10.018
8.582
7.518
8.638
3.040
5.5186
3.07%
4. 702
4.383

4,107
3.86¢6
3.650
3.460
3.289
3.135
2.995
2,868
2.751
2,644

2. 54%
2,453
2. 368
24179
2.019
Le761
1.563
1. 405
0e3341
C.7001

0.560¢
Ue 666
63999
4. 3500
0.2800

INTERNAL
ENERGY
8TusLa

~130.103
~127.387
~126.423
-121.320
~118.074%
~114.689

-111.168
~107.516
-103.731
~99,817
~95.773
-91.6083
~87.310
-82.897
~78.365
=73.719

-68,963
=6L.100
=59.134
~54, 069
~48.912
~35%.655
=21.954

~7.912

6337
20.654

35.009
49,051
62.812
76.257
89.398
102.269
116,923
1274418
139.809
164,472

189,243
238.519
291.966
347,972
406,295
4664254
527.167
588,282
649,129
709.331

768,663
827.008
884,334
Yu0. 673
996.093
1050.683
11064.53¢
1157.723
1210.36%
1262.524

1316.202
1365.613
1i41b.782
1543.064
1669.683
1920.130
2169.989
2419, 414
3675.065
496%.618

6326.699
7755.226
9257.113
10836495
16425.994

ENTHALPY
3TusLB

~79.30¢
~76.180
“r2.777
~69.21%
-65.480
~61.583

~57.523
-53.302
~48.921
44,377
-39.670
~34.801
-29.771
~24.582
~19.233
~13.724

=8.058
~2,234
3760
9.877
16,160
32.508
49.725
67.729
864392
105,553

125.137
146727
1640284
183.698
202.918
221.932
240,760
259,432
277.392
314.906

354.769
423,601
500.294
578.976
659.517
Tul.316
823.75%
906,137
988.040
106%.121

1349.184
1228.136
1305.96%
1382.717
L1458.479
1533.334
1607.396
1680.759
1753.521
1825.761

1897.489
1968.921
2040.086
2216.859
2392.0658
2762.429
3091.396
3433.788
5189.280
6976.453

8827.161
10748.652
12743.630
14817,013
19410, 308

4

PARAHYDROGEN

ENTROPY
8Tu/7LB8-R

1423584
1.33642
143354
1.54138
1.64231
1.74224

1.864129
1.93945
2.03683
2013350
2.22959
2.32506
2441997
2.51433
2.60818
2.70156

2+ 73445
2.88690
297887
3.070461
3.16148
3.38700
3.60918
3.82769
LaO4l1Dl
be24B820

bolb913
4. Bb4U29
4, 82225
e 994 86
5.15846
5.31374
S5.46140
5.60235
5.73735
5.99203

6.22994
6.65626
7.05995
T+43485
7T.78500
8.11255
8.41791
8.7022%
8.96658
9.21207

Da 0937
9.65642
985612
10.04134
10.21762
1038400
10, 54138
10.69130
10.83411
10.970 44

11.10038
11.22557
11.34627
11.62954
11.89035
12.35773
12476846
13.13531
16455324
15.57333

16. 40667
17.09537
17.71302
18.45936
2D0. 31580

cv CcP
BTU 7 L3 -R
1.222 1.590
1.259 1.666
1.296 1.740
1.331 1.825
1.363 1.907
1.391 1.990
1.417 2.070
1.440 2.151
14462 2.231
1.481 2.313
1,498 2.334
1.514 24475
1.528 24555
1.560 2.635
1.551 2.715
1.560 24794
1.568 2.873
1.575 2.950
1.581 3.028
1.585 3.104
1.588 3.17%
1.592 3.360
1.597 3.523
1.607 3.670
1.619 3.789
1.633 3.870
1.647 3.913
1660 3.918
1.676 3.900
1.696 3. 864
1.720 3.823
1.749 3.784
1.783 3.750
1.821 3.722
1.864 3.703
1.959 3.685
2,063 3.691
2.277 3.789
2.477 3.882
24659 3.984
2,800 L2311
24894 botlt
2.945 holt
2.961 bo111
2.950 4.077
2.923 4,030
2,835 3.97%6
2.841 3.919
2.797 3.864
24755 3.812
2.715 3.764
2.680 3.722
2.648 3,685
2.621 3.652
2.598 3.625
2.577 3.601
2.561 3.581
2.568 3.564
2+536 3.550
2.516 3.524
24504 3.508
2.494 3.492
2,491 3,486
2.492 3,485
2.538 3.525
24645 3.631
2.786 3.772
2.923 3.909
3.060 boDb7
3.239 4,233
4a017 5.082

VELOCITY
OF SOUND
FT/SEC

49148
4868
L811
4769
w722
4673

4623
4573
4522
Lieb8
bt12
4354
4295
4235
4173
4112

4048
3986
3922
3859
3797
3643
3500
3364
324t
3143

3062
3008
2953
2920
2897
2881
2872
2868
2867
2875

2891
2949
3017
3095
3181
3274
3370
3468
3567
3666

3765
3862
3958
%051
4163
4232
4319
b0l
Li8?7
4568

b647
G724
4799
4381
5154
5482
5788
6078
7340
8378

9269
10068
10796
11458
12578



TEM

1400 PSIA ISOdAR

IPERATURE

DEG. R

340

360
380
403
420
i
#60
80
500
520
540

560
548
600
650
700
800
900
1000
1500
2000

2500
3040
3500
000
5000

TWO-PHASE BOUNDARY

DENSITY

LB/CU FT

5.10298
5.06262
5.01964
4,97526¢
4092913
4.88159

b, 83208
4.78189
4.72976
£.67608
£l 62077
4.56393
4.50552
4.44557
4038408
4032102

4.256048
4019061
4.122%
L.056112
3.98393
3.80323
3.61670
3.42726
3.23831
3.05352

2.87636
2.70957
2.55481
2.41289
2.28368
2.16643
2.36015
1.96374
1.87608
1.7233

1.59508
1.40033
1.24440
1.12226
1.02377
0.94249
0.87408
0.8156)
0.7643¢
0.72054

0.68128
0.64628
0.61486
0.58646
0.56067
0.53712
0.51553
0.49565
Q47729
0.46027

0., 4bblusS
0.,42970
0.%1592
0.38509
0.35858
0.31527
0.28135
0.2507
0.17121
0.12914

0.10368
3.08660
0.07436
0.06513
9.085201

VIOH/0V)

?

THERMOOYNAMIC PROPERTIES OF PARAHYDROGEN

v r/ou), ‘VKDF/UV%

8Tu/L8 PSIA-JU FT/BTU PSIA

391.02
394.39
399.64
402,27
402,01
402.00

401,31
«00.39
399.06
396.97
39%.76
392,12
388.92
385.73
382.12
378,43

374,37
370.46
366,36
362.12
357.74%
346.99
338.27
331.538
327.23
325.53

326.50
329.87
335,72
Juk 5
356 .76
367.32
381.60
337.87
415,42
455.19

499.99
597.35
705.61
820.47
934.78
1043.55
1143.86
1235.483
1318.27
1396.13

1464.,18
1529.88
1592.97
1654.23
1714 ,.,b3
1775.34
1835.55
1896. 76
1958.67
2021.23

2085.12
2149.55
2214.82
2380.69
2549.77
2895.03
3243 .30
359%.70
5409,.5%
7391.488

9565.99
11364 .64
14310.88
17073.76
254937.72

13,347
12.952
124499
12,232
11.974
11.727

114697
18.272
i1.061
10.4853
10.642
10. 436
10.239
10.038

9.839

J. 644

Felebe8
9.256
3.064
8,876
8.697
8.258
7.815
7.363
34903
3.552

34197
5.890
5.609
30308
3.100
4. 878
4,666
Y.462
“e 273
3.92¢

3.609
3.102
2.785
2,520
2,337
2.217
24163
2.102
2,084
2.08¢

2.094
2.10%
2.122
2,142
24161
2.178
24194
2.208
2.219
2.228

2235
242618
24245
24249
20249
2e240
2.230
2.219
2,150
2.050

1.939
LeBhs
1.758
1.65%9
1.3640

20613.53
19564.38
18674475
17814068
16951.15
160696.07

15257.77
14451 .46
13673.6¢
12898.01
12158.91
114628.97
10726476
1006U.10
In13.27
3805420

3215 .40
7669.29
7146460
565677
5192455
5163 .64
¥W334.85
3666476
3ib4.19
2747.79

2650410
2230.56
2067.05
1368.95
1860.91
1794.69
1743.81
1706415
1675.21
1634.38

1608,.44
1579.43
1559431
1548.23
150,73
1534.82
1529.68
1526.9%
1520.53
1516.33

1512.32
1508.51
1504.89
1501 .42
1498.1%6
1695.02
1492.05
1689.26%
1486.57
1486.03

1481.62
1479.32
187714
1472413
1467.68
1468.15
L454.06
1649.06
1033.32
1425.15

1420.47
1416.82
1414.36
1612.17
1404.63

(DVIDT&/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDOTL
CONDUCTIVITY DIFFUSIVITY CONSTANT NUNMBER
1/0€G. R BTU/FT=HR=R LB/FT-?EC SQ FT/HR
X 18

0.2040665 0.06077 2.118 0.007%9 1.27275 13947
3.00421489 0.06405 1.381 0.00759 1.270346 1.7618
0.0063544 0.06655 1.685 0.00762 1.26779 1.5863
0.0065673 0.06878 1.527 0.00758 1.26515 1.4587
0.0067 443 0.07123 1.397 0.007s3 1.262462 1.3066
0.0049490 0.07313 1.288 0.00753 1.25961 1.2616
6.005159 0.07658 1.196 0.007465 1.25672 1.1952
9.0053723 0.87565 1.117 0.,0073S 1.25374 1.14633
0.0055913 0.07637 1.008 G.00726 1.25069 1.1025
0.0058255 0.07680 0.988 0.00710 1424755 1.0714
0.0050639 8.07699 1.935 0.00696 126632 1.0462
0.0063109 0.07698 g.887 0.00682 1.20101 1.0266
0.0065695 0.07680 G.844 0.0G667 1.23762 1.0111
0.0068310 3.07615 8.305 0.00659 1.23615 1.0031
0.0071064 8.07540 0.770 0.00633 1.23060 0.9988
0.0073823 0,07458 0.737 0.00618 1.22697 0.9961
0.0076756 0.07370 0.707 0.00603 1.22326 0.9923
0.0079637 0.07277 0.679 0.08589 1.21948 0.9911
0.0082655 0.07179 0.653 0.00575 1.21564 0.9915
0.0085726 G.07078 0.629 0.00562 1.21272 0.9926
0.00883853 3.06976 0.606 0.00551 1.20776 0,9961
0.0096828 0.06706 0.555 0.00525 1.19756 1.0002
0.0104139 0.06438 8.510 0.00505 1.18713 1.0055
0.0110682 0.08182 0,473 0.00492 1.17662 1.0104
340115793 0.05960 Oatbet 0.004386 1.16623 1,309
0.0118873 0.05771 0.415 0.00488 1.15615 1.0012
0.0113856 0.05607 2.393 0.006498 1.14656 0.98385
G.0118772 0.05469 0.377 0.00515 1.13760 0.9712
040115177 0.05373 0.363 0.00539 1012934 0.9496
0.0112278 0.05308 0.353 0.00569 1.12181 0.9263
0.0107787 0405264 04346 0.00803 1411099 0.9043
3.010304% 0.05240 0,301 0.00639 1.10688¢4 0.8862
g.0098252 0.05232 0.337 0.00677 1.10328 0.8704
0.0093543 0.05182 0.335 Ge00709 1.09827 0.8663
0.0089148 0.05205 0.336 0.00749 1.09372 0.8553
0.0080953 0.05344 0,336 0.00862 1.08584 0.8289
0.0073826 0.05546 0.336 8.00942 1.07926 0.8055
0.0063435 $.05953 0.346 f.01122 1.06933 8.7323
0.0055036 G.06690 B.371 0.01385 1e0b142 0.7754
0.0068559 8.07340 0.391 0.01642 1+05527 0.7647
B.0063470 0.07830 0.408 0.01897 1.05033 0.7563
0.0033395 0.08342 8.422 0.02153 1.04626 0.74488
0.0036058 0.08699 0.435 3.02613 1.04285 G.7420
0.0033278 0.08977 Oole46 0.02677 1.03996 0.7356
0.0030892% 0.09191 0.457 0432947 1.03742 0.72938
d.00283407 1.09358 8.487 8.03223 1.03522 8e7245
0.0027154 0.09692 Dabe?7 0.03504 1.03328 0.7196
0.0025618 0.0% 04 g.687 0.03792 1.03155 0.7153
0.0024258 0.09705 0.596 d.04085 1.03900 0.7115
0.002304b 0.09862 0.506 0.04384 1.02860 8.7081
0.0021954 0.09398 0.515 0.ue690 1.02733 0.7051
0.0028969 0.09998 0.52% 0.05001 1.02617 0.7225
0.0020073 d.10102 0.533 0.05318 1.02511 0.7002
8.0019255 0.13213 0.562 0.05642 1.02613 0.6982
8.00185u8 8.10330 0.551 0.05971 1.02323 0.6965
0.0017814% Go10452 0.560 0.06307 1.022%0 0.63950
0.0017175 0.10583 8.570 0.06649 1.02162 0.6338
0.0015582 G.10718 2.579 0.36993 1.02090 0.6327
0.0016630 C.10857 0.588 0.07353 1.02022 0.6917
0.00148004 0.11222 0.610 0.08268 1.01872 0.6837
0.0013758 0.11605 0.533 8.09226 1.01742 0.6883
0.0012064 Ge12406 G.677 0.11265 1.01530 0.6865
0.0010747 0.13213 0.722 G.13473 1.01365 0.6853
0.000969% 0.14029 0.766 G.158647 1.01232 0.6346
0.0006517 Ge18153 8.9378 G.30076 1.00329 0.6830
0.0004913 8.27727 1.176 0.59124 1.00625 0.5546
0.0003943 0433495 1.3638 0.85650 1.00504 0.5527
9.00032933 0.39291 1.561 1.16087 1.00619 9.5520
2.0002828 0.45302 1.711 1450554 1.00359 0.5503
0.0002478 0.52508 1.875 1.90483 1.00315 .Skt
0.0001998 0.80192 24190 3.03385 1.0025¢ 0. 433

s



TEM

1600 PSIA ISOBAR

PERATURE
DEG. R

30.757

340

360
380
800
820
b4l
460
480
530
520
S4l

560
580
500
650
700
800
900
1000
1500
2000

2500
3000
3500
%000
5000

TWO-PHASE BOUNDARY

VOLUNE
CuU FT/Le

D.19462
0019558
0.19718
0419883
g.20058
0.20242

0.20435
0.20637
0.20850
6.21072
6.21306
8.21551
0.21808
6.22078
0.22360
8.22657

8.2298
0.23294
0.23636
0.23935
0.24370
0.25389
8.26530
0.27792
8.29196
6.30720

0.32361
0.34107
0.35939
0.37840
0.39732
0.41780
0.43791
0.45816
Get7848
3.51914

0.55958
0.63541
GaT1407
C.79080
0.86624
0.94037
1.01304
1.08562
1.15705
1.22784

1.29011
1.36793
1.43737
1.50649
1.57533
1.64392
1.74231
1.78052
1.84857
1091667

1.984286
2.05134
2411952
2.28811
2445630
2.79178
3.12647
3.46053
5.12776
6.79258

8.45670
10.12058
11.78484
13.45197
16.83619

ISOTHERN

OERIVATIVE OERIVATIVE

CU FT-PSIA/ZLB

4169.78
4083.35
394440
3801483
3667 .92
3530.09

3390.50
3259.96
3128.20
2997.37
2868,46
2744.90
26264.04
2504.62
2395,9%
2286.24

2180.24
2079.01
1981.26
1889.18
1800.81
1599.064
1429.43
1289,.95
1177.62
1089.66

1027.22
981.88
954,27
937.93
933.72
938.34
948.06
962.24
981.01

1025.46

1078.19
1194.63
i312.39
1634470
1557 .89
1680.35
1801 .47
1921.10
20389.27
2156.10

2271.73
238b.31
2499.97
2612.83
2725.00
2836,.55
2947.58
3058.14
3168.30
3278.140

3347,.58
3496.79
3605.75
3877.23
blal.67
4686,33
5222.99
5758.39
B8426.76
11090.19

13752.32
16416.01
19675.55
21737.04
27059.90

THERMODYNAMIC PROPERTIES OF PARAHYUROGEN

IS0CHORE
PSIA/R

83. 8548
83.584
83.069
82.199
81.733
814056

80.223
73+ 250
73,147
Toe 96
75.627
Tee194
72.661
TL. 045
634353
67.593

65.782
63+ 929
62. 068
60.150
58,246
53.500
LB, 864
TR0
D369
35. 624

33.254
35.261
27.618
¢54298
23.213
21.50%
13,965
18.645
17.428
150 bbo

13.859
11.666
9.978
8,724
Te?57
5.990
6.367
5. 850
50415
5.043

“e721
be k39
e 191
3.970
3.772
3.594
3,433
3.286
3.151
3.028

2.914
2.808
2.710
24494
24310
2.014
1.787
1.606
1.068
G.8001

06399
0.5332
0e4571
63999
G.3199

INTERNAL
ENERGY
BTusLs

=129.534
~127.804
~124.913
-121.896
~118.745
=115.461

“112.048
~108.510
«106.848
«101.066
-97.162
=83.140
-89.005
-84.760
-80., 407
=75.949

-71.392
~66.739
=61.99%
=57.161
~52.248
=39, 645
~26.643
“13.317

04201

13.928

27.756
431.396
Sk 885
68.188
81.287
9%.196
106. 94
119.569
132.117
157 ¢ Lbsie

182.347
2324009
286.800
342.688
461,523
461,932
523.238
584,697
645, 848
706.349

765.8868
8244445
881.961
938.471
994 . 649
1048,772
1102.746
1156.058
1208.802
1261.0G54

1312.819
1364.311
1615.55%
15424598
1668.751
1919.40b
2169. 417
2418.956
3674.905
4968.976

6326.716
T755.246
9256.868
10834.618
164024843

ENTHALPY
atusLe

=71.872
-69,858
~bb. 492
~62.986
~59.317
=55.488

=51.504
~47.366
~43.076
~38.634
=34.038
-29.289
“24.393
=19.349
-14.159

~8.821

~3.343

20277

8.335
13.930
19.356
35.577
51.959
63.842
36761
104 Jbb

123.635
142.446
161.364
180.299
199.182
217.98¢
236.b86
255.311
273.880
310.354

348.100
420,585
497.662
877.001
6564169
T4le5401
823.497
906,341
988,654
1070.160

1150,489
1229.732
1307.822
1384.808
1468.782
1535.829
1610.06%
1683.584
17564489
1628.,860

1900.709
1972.251
2043.517
2220.511
23964493
2Tebe545
3095.716
364,260
5194a140
6981. 464

8832.238
10753.736
12748.421
16820.323
193391.018

e

ENTROPY
aTu/L8=R

1.24232
1.30654
1.40853
1.50871
1.60790
1.70689

1.80328
1.89951
1.99486
2.08938
2418318
2.27630
2.36870
2.46042
2.551 48
2.64196

2.73178
2,82099
2.90956
2.99756
3.086490
3. 30040
3.51181
3.71916
3.92146
b.11628

4.31008
b.49360
4. 66361
4,83796
4. 99869
5.15217
5.29891
5.43949
5.57456
5.83034

6.07012
6. 49369
6430666
T.268469
7.63757
T.96742
8.27470
8.56063
8.82628
9.07288

9.30274
9.51695
9.71732
9.90511
1G. 08188
10,24868
10040644
10.55668
10.69977
10.83635

10.96651
11.09189
11.21276
11.49638
11.75747
12.22522
12.63619
13.006326
14, 42146
15.446763

16.27302
16.96371
1r.58127
18,32715
20.17879

cv cP
BTV 7 L3 =R
1.233 1.597
1.257 1.645
1.293 1.7214
1.327 1.795
1359 1.875
1.388 1.953
lebit 24031
L0638 2.107
14660 2.183
1.480 2.259
14498 2.336
1.515 2,412
1.529 2.486
1.542 2.561
1.554 2.632
1.563 2,703
1.572 2.77%
1.580 2.864
1.586 2.913
1.591 2.980
1.595 34045
1.600 J.262
1.605 3,307
1.615 3,479
1.027 3.593
lebbl 3.686
1.655 3.743
1.668 3.778.
1.685 3.787
1.705 3.785
1.729 3.770
1.758 3.769
1.792 3,732
1.830 3.719
1.872 $.710
2e9067 3.709
2.07¢ Se723
24263 3.4818
2,482 34915
2.605 4.U1d
Ce800 o094
2.963 4ed3d
2.951 %a169
2.966 4e133
2.956 4. 096
2.928 Yo b7
24889 3.994
248406 3.938
2.801 3.877
2.758 3.823
2.718 3.77%
2.683 3.731
24651 3.693
2.624 3.660
2.600 3.631
2.580 3.607
2.564 3.587
2.550 3.570
2.538 34555
2518 3.528
2.505 3.541
2.495 3.495
2.492 3,487
2.493 3.486
24538 3.526
2,645 3.632
2.786 3.772
2.923 3.909
3.058 o U45
3.233 40226
3.974 5.033

VELOCITY
OF SOUND
FT/7SEC

5902
4975
“932
b882
4841
4797

4749
4703
4655
%605
552
4499
b6
«390
4336
4279

4222
4366
4106
L0468
3991
3851
3716
3588
3671
3367

3280
3209
3153
31d6
3ar:
3045
3025
30190
3301
2993

2996
3042
3097
3165
3245
3333
3420
3521
3618
3716

3813
3909
4003
4996
4187
4275
4361
bbb
4528
4608

4686
4762
4837
5017
5190
5515
5819
6108
7364
8399

9287
10084
10812
11474
12599



1600 PSIA ISO0BAR
TEMPERATURE DENSITY
0EG. R LB/CU FT
® 30.757 5.13817
32 5411295
36 5.07163
36 5.,02933
38 #.98566
@0 be94018
2 4.89356
[ 13 *.84560
46 ».79627
48 474562
50 %.69357
52 4.64016
54 4458505
56 4052946
58 bou7221
60 hob136)
62 b.35385
64 b.29288
66 4.23080
68 4e16758
70 £.10336
75 3.93870
(1] 3.76935
85 3.59740
30 3.42516
935 3.25523
100 3.090100
135 2.33197
110 2.78251
115 2.64270
120 2.51306
128 2.39352
130 2.28358
135 2.18265
160 24089%
150 1.92626
160 1.78706
180 1.57280
200 140042
220 1226445
240 L.15602
260 1.063461
280 0.98674
300 J.92813
320 0.86427
LY ] 0.8 4640
360 8.77035
380 0.73103
400 0.69571
.20 0.66379
(17 ] 0.63479
460 0.600830
80 0.58601
500 0.56163
520 0.5409%
S40 0.52179
560 0450397
580 0.48736
600 O0.67182
650 Q.43706
T80 ge.40712
800 0.35819
900 0.31985
1000 9.28896
1500 8.19502
2040 B.14722
2500 0.11825
3000 0.09881
3500 0.08485
4300 0607436
5000 0,05940

TWO-PHASE BOUNDARY

v{0H/70V)
P

THERMODYNAMIC PROPERTIES OF 2ARAHYDROGEN

v (\'.I’IDU)v =¢ (OP/DV),

T

8TusLe8 PSIA-3J FT/BTU  PSIA

#07.92
410.78
16,54
437.63
419kl
420.26

#20.02
#19.96
«19.09
#17.67
415.93
416403
ol2.64
»08.89
406.60
#03.55

400.35
397.01
393.54%
390 .06
386.28
376.95
369.06
363.13
359.02
356.82

357.29
359.39
364.13
370.87
386.14
391.57
k7%
#19.64
436401
L70.28

517 .86
614,89
72116
835.25
969,17
1057.89
1158.33
1250.05
1333.25
1409.33

1679464
1545 .52
1608.78
1670.17
1730.69
1791.20
1851.81
1913.08
1975.09
2037.72

2101.68
2166.18
2231.51
2397 .54
2566476
2912.26
3260.7L
3612.26
5627 .64
T410.61

9585 .45
11888.27
16326482
17076.39
25285.26

13.239
13,008
12.666
12.316
12.062
11.847

13.591
11.370
11.160
10.957
10.753
10.555
104364
10.172

J.981

3.795

3.609
9. 428
3265
3. 069
$.902
8.492
8.075
7.652
7,263
5.857

50501
54186
3.892
54616
5,356
3elil
b 880
be 661
Yo 455
4. 0706

3e7063
3.249
2.878
2.589
2.395
24266
2.187
21461
2.1290
2.115

2.1212
2,136
2.150
2.168
2.186
2.202
z.217
2.230
2.260
24289

2.255
2,260
2.263
2.266
24265
24254
242062
2.229
2.157
2.055

Le 982
1. 846
1.761
1. 664
1. 355

21425.01
20877.99
20003.72
19120.64
18286.25
17433.28

16591.61
15796.4k
15003.69
10224.37
13463.32
12736.77
12032.39
11344.57
10715443
10090.56

9492.46
8924.95
3382.29
7873.31
7389.37
6298.13
53588.01
Lbed b
4033.53
$547.03

3174022

2878.485
2655.26
26478.66
2346.49
2245492
2164.98
2100.33
2053.26
1975.36

1926.80
1878.91
1837.9%
181611
1798.45
1786.90
1777.58
1769.59
1762.48
17%56.01

1750.03
1768606
1739.26
1734.38
1729.80
1725.48
1721.40
171756
1713.92
1710.468

1707.23
170416
1701.28
1694.51
1688.%9
1678.62
1670.57
1663.97
1643.36
1632.69

1626.20
1621.485
1618.65
1615.90
1607.25

(DVIDT%IV THERMAL VISCOSITY THERMAL OIELECTRIC PRANDTL

CONQUCTIVLTY OIFFUSIVITY TONSTANT  NUMBER
1/0EG. R 8TU/FT=-HR-R LB/FT-SEC SQ FT/HR
X 105

0.0039140  0.06292 24176 0.00767 1.27485 1.9863
0.00640035  0.365087 2,012 0.0077¢ 1.27336 1.8310
0.0001527 3.06770 1.797  0.0677% 1.27087 1.6452
0.0042990  0.07007 1.626  0.00776 1.26836 1.4996
0.0044696  0.07267 1,486  0,00777 1.26576 1.3787
0.0086479  0.07670 1367 0.0077¢ 1.26308 1.2865
0.0048352  0.07627 1.267  0.00767.  1.26032 1.2167
0.0050170  8.07746 1.182  0.00759 1.25749 1.1578
0.0052085 0.07329 1.109 0,00748 1.25459 1.1130
0.3054093 0.07882 1.065 0.00735 1.25162 1.0780
0.0058172  0.07911 0.988  0,0072% 1.24857 1.0505
0.0058252  0.07320 0.938  0,00708 1.20545 1.0279
0.0060383  0.07912 0.893  0.0009 1.24226 1.0095
0.0062625 0.07856 0.852  0.00677 1.23901 2.9995
0.006672% 0.07790 0.815 0.00662 1.23569 0.9909
0.0066986 0.07716 0.781  0.00647 1.23230 0.9849
0.0069299  0.07637 0.750 0.00632 1.22886 0.9805
0.00701630  0.07552 8.724 0.00619 1.22535 0.9772
0.0074023  0.07463 0.69%  0.00606 1.22179 0.9756
0.0076397  0.07370 0.669 0.0059% 1.21818 0.9740
0.0075826  0.07275 0.646  0.00582 1.21452 0.9732
0.0086346  0.07028 8.59%  0.d0557 1.20518 0.9738
0.0090690  0.06779 0.549 0.00537 1.19565 0.9757
0.0095818 0406539 0.510 000522 1.18605 0.9778
0.010008% 0.06314 0.478  0.00513 1.17651 0.9783
0.0103252 0.06126 0,650  0.00510 1.16716 0.9767
0.90106761. 0.05957 0.427  0.00515 1.15814 0.9648
0.010511%  0.05816 0,608  0.00525 1.14956 0.9530
0.0106012 0405715 0.392  0.00542 1.16151 0.9357
0.0102062  G.05641 8.380  0.060564 1.13602 8.9179
0.0099181  0.05587 0.371  0.00590 1.12712 0.9003
0.309575%  0.05550 0,363  6.00618 1.12678 0.8839
046092218 0405529 0.358  0.00649 1.11499 3.8702
0.008863L  0.05472 0.354  6.30674 1410969 0.8670
0.0085306  0.05682 0.352  0.00707 1.10686 0.3572
0.0078198  3.05598 9.350  0.0078& 1.03632 0.8337
0.0071950  2.05783 0.350 0.00869 1,08912 9.8120
0.0062089  0.06131 0.356  0.0102¢ 1.07812 0.7985
0.0054288  0.068643 0.380  0.012648 1.06933 0.7831
0.0048087 0.07¢68 0.399  0.01470 1.06264 0.7727
0.0063132  0.07998 Ueel5 6401692 1.05689 0.7638
0.0039119  0.08634 0.428  0.01916 1.05231 0.7557
0.0035817  0.08778 0,460  0.0214& 1.04847 0.7482
0.0033060 0.09047 0.651  0.02377 1.04520 0.70611
0.0030722  0.0925% 0,461  0.02614 1.04236 0.7346
0.0028715 0.09416 0.7t  0.02857 1.03988 8.7286
0.0026975 Q.09546 D.0k81 29.0310% 1.03769 0.7233
8.0025047 0.09655 0.490 0.03358 1.0357% 0.7185
0.3020096 3.09755 G099 0.03617 1.0300 0.71462
0.0022891  0.09850 0.508 0.03881 1.03262 0.7105
0.0021808 0.09945 d.518 0.04151 1.03098 g.7072
0.0020830 0.10064 0.527  0.04425 1.02968 0.7043
0.0019942  0.10168 0.536  0.04705 1.02848 0.7018
0.0019130  6.10259 0.565 0406991 1.02738 0.6996
0.00183856 0.10376 0.554 0.05282 1.02636 0.6978
0.0017700  0.10498 0.563 0.05578 1.025642 0.6961
8.0017067 9.10629 0.572  0.05383 1.026454 0.6947
040016679  0.10764 0.58%  0.06187 1.02372 0.6935
0.0015932  0.1090% 0,590 - 0.06500 1.02296 0.6926
0.0016717 011270 0.612 0.07308 1.02126 0.6903
0.0013680 0.11654 0.635 0.08153  1.01979 0.6388
0.0012000 0.12458 0.680  0.09952 1.01760 0.6867
0.0010695 0.13273 0.725 0.11899 1.01552 0.6856
0.0009650 0.14095 6,769  0.13993 1.01602 045846
0.000649  0.18251 0.983  0.26544 1.00946 0.6836
0.0300301  Q.27727 1.185  0.51861 1.00782 0.5579
040003935  0.336495 1.372 0.75093 1.00572 9.5562
2.0003288  0.39288 1,551  1.01726 1.05478 8.5557
0.0002826 5445277 1.723 1.51897 1.00618 045542
0.0302475  0.5238 1.888  1.66722 1.00359 0,568
3.0001991  0.78994 2,206 2.64236 1.00287 3.5059

nz



THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

1800 PSIA ISO3AR

TEMPZRATURE VOLUNE ISOTHERM IS0CHORE INTERNAL ENTHALPY ENTROPY cv ce VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. R Cu FT/LB CU FT-PSIA/LB PSIA/R 8Tu/L3 dTu/LB 8Tu/LB=~R BTU 7 L3 =R FT/SEC
®  31.418 6.19334 4336.15 B4, B84 ~128.93¢ ~bbo 4930 1.26871 1.264 1.603 5089
32 0.19377 4296.37 844569 -128.136 ~63.550 1.27835 1.255 1.625 5077
34 0.19528 4159.80 84.117 ~125,315 -60.225 1.373%11 1.291 1.700 5037
36 0.19636 4023 .54 83,575 -122.367 =56.752 1.47835 1.325 1.773 4995
38 0.19850 3887.76 82.943 -119,296 -53.133 1.57619 1.356 1.846 4953
40 8.20020 3754.85 82,379 -116.108 ~49.380 1e67241 1.385 1.922 4912
42 0.20200 3620010 81.627 -112.789 ~45,461 1.76800 1o412 1.996 4869
bl 8.20388 3482.89 80743 =109.351 -41.396 1.86255 1.436 24070 4823
46 0.20585 3357 .43 73.732 -105.796 -37.185 1.95614 1e458 20142 4779
4“8 0.20731 3229.08 78.607 -102.126 ~32.829 2404883 1.479 2.214 733
50 0.21006 3101.11 77.387 =98, 343 ~28.328 2414069 1.498 2.287 4683
52 De.21231 2975.67 75. 089 “Gl, bht ~23.683 2.23180 1.515 2,359 4633
54 0.21456 2860.656 744649 “90. 447 -18.897 2.32209 1.533 2.428 4586
56 0.21712 2745.11 T3.140 ~86.341 -13.372 2441166 1.54% 24496 4535
58 0.2199% 2632.17 71.560 ~82.136 ~8.910 2450047 1.558 2,565 4483
60 0.22238 2522432 69,916 ~77.83% =3.714 2.58854 1.567 2,631 4430
62 0.22518 26T 47 68,217 =73.433 1.615 2.67592 1.576 2.697 4378
64 8.22810 2314.68 65,477 -68.957 7.073 2.76256 1.584 24761 @324
65 0.23115 2218.33 64,732 ~6k.383 12.557 2684847 1.591 2.824 4270
68 G.23434 2123.08 62.909 ~59,743 18.365 2493366 1.597 2,886 4216
70 8.23766 2034.88 61,097 =55.022 244193 3.04813 1.601 24304 Libl
75 0.,24658 1832.80 55.589 ~2.932 39,257 3.22595 1.607 3.082 4336
80 0.25646 1654.53 52,152 -30.4677 55.003 34429186 1.613 3.215 3908
85 0.26732 1506.65 “7.888 =17.709 71.391 3.62809 1.624 3.336 3787
90 0.27919 1381.15 “3.878 ~he704 88.352 3.82195 1.636 J.ib? 3672
95 0.2920%5 1284.76 40.166 8o b7 105.810 be 03072 1.649 3.533 3571
100 0.30585 1205.67 36.77¢C 21.832 123.774 4419503 1.664 3.606 3479
105 0.32051 1149,84 33,707 35.088 145.916 4e 37205 1.677 3.850 3405
110 0.33592 1109.13 30.961 48.280 160,266 4.54259 1.693 3.680 3362
115 0.35197 108246 23.512 61.375 178.691 470657 1.713 3.695 3288
129 0.36853 1066.63 26,341 76,352 197.187 4o 86400 C1.738 3,701 3246
125 0.38548 1060 .41 24e 419 87.210 215.696 5.01513 1.767 3,761 3208
138 0.40273 1061.55 22.720 99.966¢ 234.198 5.16026 1.800 3.699 3179
135 Ce42018 1068.17 21.217 112.637 252,686 5.29981 1.838 3.698 3155
160 0.43777 1080.47 13.887 125.263 271175 Sel3429 1.880 3,698 3138
150 Gob7316 1114.03 17.649 150.510 308,218 5.68986 1.975 3.713 3115
160 0.50860 1158.18 15. 846 175,958 345,480 5493033 2.080 3.742 3107
180 0.57631 1270.74« 13.313 225.992 #18.081 6.36245 2.289 3,833 3140
200 0.64553 1379.25 11.382 280.588 495.749 677168 2.488 3.938 3180
220 8.71377 1495.90 3. 940 337.671 575.580 7415185 2.672 4o 062 3238
240 0.78094 1615.72 8,827 396,962 657.259 7.50096 2.812 40119 3311
260 0.84708 1736.23 74944 457.781 7ul.124 T.83877 2.906 44162 3394
280 0.91231 1856.24 T.227 $19.453 823.536 8e14774 2,956 4a171 3483
360 G.87674 1375.28 6,633 581.237 906.796 8443511 2.972 hoi52 3576
320 1.06050 2093.15 50134 64L2.675 989.484 8470198 2.961 4a11b 3674
340 1.10367 2209.83% S.707 703,402 1071.269 8.94960 2.933 L. 063 3766
360 1.16636 2325.51 5.339 763.200 1151.961 9418030 24894 4.006 3862
380 1.22863 2440416 5.018 821,961 1231.677 9.39528 2,850 3.946 3956
400 1+29054 2553.91 4.735 879.659 1309.812 9.59628 2,805 3.883 4050
“20 1.35215 2666.89 o483 336.333 1387.021 9.78460 2.762 3.834 LIT 33
L4l 1.41350 2779.17 4,258 992,060 1463.194 9.96184 2.722 3.784 4231
460 1.47461 2890 .84 4,056 1046,918 1538.422 10.12905 2.686 3,700 4318
480 1.53553 3001.98 3.872 1101.013 1612.822 10.28716 24654 3.701 bWl
500 1.59627 3112464 3.705 1154.437 1686.493 10.43771 2.626 3.667 Lo87
520 1.65687 3222.83 3.553 1207.283 1759.535 10.58107 2.603 3.638 4568
S0 1.71733 3332.78 3.413 125%.627 1832.031 10.71788 2.582 3.613 4648
560 1.77767 3eb2.34 3.284 1311.473 1903.395 10. 84825 2.566 3.592 4725
580 1.83731 3551.61 3,164 1363.048 1975.5643 10.97382 24552 3.575 4801
500 1.89805 3660.63 3. 054 141640364 2047.006 11.09485 2.540 3.560 4875
650 2.04808 3932.23 2,809 1541.566 22244243 11.37881 2.519 3.532 5054
700 2.39770 4202.75 2.681 1667.850 2400.370 11.64016 2.507 3.515 5225
800 2449611 474,48 2.268 1918.709 2750.593 12.10828 24496 3.497 5547
900 2.79375 5278.14 2.011 2168.870 3100.059 12.51947 2,493 3.489 5850
1500 3.09089 5813,.50 1.807 24318.522 3448,750 12.88664 2,494 3.487 6137
1508 4.57301 8481.48 1.201 3676.765 $199.002 14030521 2.538 3.526 7388
2000 6.05293 11144452 L.9000 4968.955 5986, 464 15433147 2.645 3.632 8419
2500 7.53217 13806.35 a.7199 6326.753 8837.309 16.15688 2.786 3.772 9305
3000 9.01117 16467 .82 C.5998 7755.291 10758.817 16, 84758 2.923 3.909 10101
3500 10.49049 19129.16 0.5141 9256.661 12753.260 17.46507 3.057 boBbb 10827
%000 11.97222 24790.49 et 499 10833.099 14823.573 18421058 3.228 hs221 11489
5000 14.97759 27113.16 0.3599 143834715 19375.915 20.05822 3.938 4.993 12618

©  TNO-PHASE BOUNDARY

He



TEM

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

1830 PSIA ISOBAR

PERATURE DENSITY vtuu/uvg VIDPIDU% *V(DPIDV%
DEG. R Le/sCcu FT 8fusLd  PSIA-Zu FT/BIU  PSIA
3i.018 S.17211 424,61 13.166 22u27.07
32 5.16063 426,04 13.06% 22172.22
34 5.12079 430.33 12.722 21301.47
36 5.37980 433.66 12.419 20438.78
38 S5.03763 435.38 12,144 19585.32
LY 499510 «37.60 11.903 18755.8¢
42 4.95059 #38.22 11.678 17921.66
b 4+90690 438.02 11.461 17083.26
46 “. 85800 438.15 11.253 16310.41
8 4.80989 £37.43 11.052 15631.12
53 4.76059 436.23 10.852 1476311
52 4a71008 434,53 10. 653 14015.65
54 #.65846 433,36 13,674 13326.27
56 4.60565 #31.52 131.287 12643.06
53 4455180 429.37 10.103 11981.10
60 4.49690 426.38 9.925 11342.63
62 L.44032 426,39 747 1073579
-1} *.38393 421.50 3.573 10167.55
66 4.32610 418.81 34399 9596.98
o8 %.26735 #15.61 9.232 9059.94
70 %.20772 ©12.51 3.072 a562.19
75 e05562 #06.081 8,686 Ta32.75
L1 3489929 397.693 8,291 645108
85 347h080 3392.59 T.8846 5636413
90 3.58182 388.59 7T.489% 4947406
35 3. 42607 336,38 7.113 ©399.09
100 3.26961 386.62 3.759 3942.08
105 3.120086 388.52 346063 3587.57
110 2.97631 392.60 3.143 3301.78
115 2484115 398.51 5.857 3075.39
129 2.71349 406.66 5.586 2896.28
125 2.59416 “16.92 3.328 2750486
130 2.48305 29.12 5,088 2635.89
135 2.37995 “43 .08 4.850 2542418
148 2.28433 «59.02 .53 2668.16
150 2.11347 495.39 %.229 2350447
163 136618 537.74 3.87¢ 227713
189 1.73519 634,82 3.35¢ 2204497
200 1.54913 739.2% 2.953 2136.66
220 lewl100 452.29 24656 2095.76
240 1.28050 365 .47 2,451 20689
260 1.18052 1073.488 2,315 2069.65
280 1.09612 1174.22 2.230 2036467
309 1.02381 1265.96 2.180 2022.31
320 0.96108 1349.26 2.156 2011.693
3ad 3.908607 1425.42 2,148 2002.29
36a 0.85737 1695.83 2.152 1993.82
380 d.81391 1561 .84 2.163 19856.08
(31 ) 0477687 1625.14 1978.9%
20 3.73956 1686.61 1972.33
bild 0.70747 1767.19 1966.17
460 G.6781 1307.7% 1960061
4890 0.6512¢ 1868.42 1955.01
580 0,62646 1929474 1963.94
529 0.60355 1391.79 2.262 1945.17
540 0.58230 2054 .43 2.274 1960.68
560 0.56253 21318.43 2.275 1936443
580 0.540610 2183.06 2,279 1932.42
600 0.52686 2268042 2.282 1928.62
650 0.48826 2ulse .50 2,263 1919.96
700 0.45532 2583 .83 2.281 1912.33
800 0.40062 2929.59 2.267 1899.54
900 03573 3278.20 24254 1889.27
1090 6.32353 3629.87 2,260 1880.85
1500 0.21867 S56445.73 2,164 1854.68
2000 0.16521 76429.30 2.0%9 1841.18
2500 0.1327% 9604.84 1.946 1832.99
3000 G.11097 11907.92 1. 8069 1827 .69
35080 2.09532 14363451 le76% 1823.48
40040 3.08353 17877 .19 1.668 1820.09
5000 0.06677 25113.08 1.369 1610425

THQ-PMASE BOUNDBARY

(OV/UT)/V  THERMAL  VISCOSITY THERMAL DIELECTRIC PRANDTL
SONDUCTIVITY OIFFUSIVITY CONSTANT  NUMBER
1/0€Gs R 9TU/FT-HR-R LB/FT-SEC SA FT/HR
X 197

0.0037760  0.06506 2.231  g.00784 1.27688 1.9795
0.0038142  0.06604 2.151  0.30788 1.27619 1.9052
0.0039489  0.06881 1.915  0,00791 1.27381 1.7029
0.0000890  0.07130 1.727  0.00792 1.27137 1.5462
040062343  0.07402 1,573 0.00796 1.26886 1.4129
0,0063922 0.07620 1.447  0,0079% 1.26633 103162
0.0065546 0.07788 1.560 0,00788 1.26369 1.2363
0.0067265  0.07917 1,249 0.00780 1.26099 1.1756
0.0368886  0,08011 1.170 0.08770 1.25822 1.1264
0.0050613  §.08073 1.102 0.00758 1.25539 1.0876
0.0052619  0.08112 1,042 0,00745 1.25249 1.0571
0.305¢275  0.08130 0.988 0.00732 1.24953 1.032%
2,0056017 0.08130 0.9%1 0.00719 1.24652 1.0111
0.0357850  0.08281 0.898 0.00703 1.26300 0.9983
0.0059728  0.08022 0.859  U.00687 1.26030 0. 9885
0.0001640  0.,07955 0.82% 0,00672 1.23712 0.9806
0.0063541  0.07883 3.791  0,00658 1.23388 0.9762
0.0065510  6.07806 0.761 0.00b45 1.23059 2.969%
0.0067613  g,07724 0.73%  0.00632 1.22726 0.9655
0.0063436 0.07638 0.708  0.00620 1.22389 0.9630
0.0071357  0.07549 0.684 0.00610 1.22047 0.9602
0.007613¢  0.07318 0.631 0.00586 1.21179 09562
0.0080837  0.0708% 0.585 0.00565 1.20296 2.9557
0.0086967 0.06356 0.546  0.00549 1.19606 0.9556
0.008869  0.06641 0.512  0.00538 1.18519 0.9560
0.0091306  0.06443 0.483  0.00533 1.17645 0.9528
0.0093276  0.06272 0.458  0.00532 1.16795 0.9479
9.0093955 0.06129 0.437 0.00533 1.,15977 0.937%
8.0093770  0.06026 0.420 0.00550 1.15202 0.9236
0.0092712  0,05368 0.406  0.00567 1.14466 0.9983
0.0091613  0.95386 0.395 0,00586 1.13784 0.8939
0.3088769  0.05841 0.386 0,00608 1,13143 0.8805
0.0085196  0.05810 0.379  0.00633 1.12553 0.8687
0.0083461  0,05750 0.374  0,00653 1.12007 0.8656
0.0080575  D.05747 0.370  0.00680 1.11583 0.8570
0.0074953  0.05846 0.365 0,00745 1.10607 0.8357
0.0069585 0.06014 0.366  0.00818 1.098393 0.8158
0.0060376  0.06316 0.367 0.00950 1.08645 0.8022
0.0053270  0.0700% 04590  0.01148 1.07691 0.7892
0.0047438  0.07606 0.407  9.04343 1,06938 0.7795
0.0062666  0.08117 0,422  0.01539 1.06325 0.7707
0.0038758  0.08535 0,636 0.01737 1,05820 0.7622
0.0035519  0.08866 0.445  0.01939 1.05336 0.7540
0.0032800 0.09125 0.456  §.02146 1.05033 0.7463
0.0030690  0,09326 0.465 0.02358 1,06219 0.7392
0.0028505  0.09488 Q.475  0.02575 1o06h bl 8.7327
0.0026779 0.09606 [ T9 0.02797 1.06202 0.7268
0.0025265 0.09711 0.493 B.0302% 1.03986 0.7216
0.0023925 0.09808 0.502 0.03255 1.03792 0.7169
0.0022730  0.09901 0,511  0.03092 1.03617 0.7128
0.0021657  0.0999% 0.520 0.0373s 1.03658 0.7092
0.0020687  0.10092 4.529  0.03980 1.63313 0,7061
0.0019807 0.10196 0.538  0,04230 1.03180 0.703%
0.0019302 0.10306 0.547  0.04486 1.03057 0.7010
0.0018265  0.10423 0.556  0,06707 1.02944 0.6990
0.0017585  0.10545 0.565 0.05012 1.02840 0.6972
0.0016957 0.10675 0.57% 0.05283 1.02742 046957
0.0045375 0.10810 0.583  0.05558 1.02651 0.6943
0.0013833  0.10951 0.592  0.05839 1.02567 0.6932
0.0014629 0.11318 0.615 0.06562 1.02377 0.6909
0.0013602 0.1170% 0.638 0.07319 1.02214 0.6892
0.0041937 0.12512 0.683 0,08930 1.01967 0.6870
0.0010643  0.13332 0.728  0.10675 1.01738 0.6856
0.0009607 0.14160 0.772  0.12551 1.01570 0.6847
0.0006475 0.18350 0.988  0.23797 1.01059 0.6834
0.0004888 0.27727 1.196 0446211 1.00800 0.5611
0.0003927  0.33495 1.381  0.66882 1.0U642 0.5597
0.0003282 0.39286 1.562  0,90571 1.00537 1.5593
0.0002820  0.45255 1.735 1,17333 1.0046% 0.5581
0.0002672  0.52273 1901 1.068265 1.00406 8.,5527
0.0001983  0,78002 2.221  2.33988 1.00323 0.5118
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TEMPERATURE

2000 PSIA ISO3AR

DEG.

340

360
380
400
420
440
460
480
500
520
540

560
580
800
650
T00
800
900
1008
15¢0
2300

2540
3800
3500
4000
5006

THO=PHASE BOUNDARY

VOLUME
CuU FTsLB

8.19213
8.19351
0.19500
0.19655
0.19817

8.19983
0.20159
0.20343
0.20535
0.20735%
3.20943
0.21160
0.21387
0.21623
0.21809

0.22124
0.22398
0.22656
8.22353
8.23252
Ge26043
0.24921
0.25873
6.26905
0.28018

0.29207
0.300666
0.31793
0.33175
0.34605
036073
3.37573
039096
0.40637
0.43751

0.46889
0.5297%
0.59156
0.65281
g.71328
d.77292
6.83179
0.88936
D.94753
1.00457

1.06118
1.11736
1.17323
1.22882
1.28415
1.33927
1.3920
144896
1.503%8
1455807

1.61240
1.66674
1.72093
1.85608
1.99085
2425959
2.52757
2.79508
£.12917
5.46114

6079247
8.32357
Fe45694
13.78835
13.49105

ISOTHERM

DERIVATIVE DERIVATIVE

THERMODYNANIC PROPERVIES OF PARAMYDROGEN

ISOZHORE

CU FT=PSIA/LB PSIA/R

©499.63
4369.72
©235.64
4L02.03
3969.06

3840.84
3708.82
3581 .61
3453.22
3328.01
3202.67
3087.18
2971.38
2859.81
2750.77

2bhb,.12
2543.33
244914
2355.41
2265.84
2059.03
1874.92
1720.33
1587 .38
1677.63

3391440
1322.80
1268.99
1231.50
1200.36
3191.82
1184.57
1183.76
1189.60
1212.13

12466.17
1354.33
1452.76
1562.67
1678.16
i795.91
1914.20
2032.15
2148.30
2265.64

2381.07
2695.58
2009.28
2722.22
28384,51
2946413
3057435
3168.05
3278.32
3388.23

3497.81
3637.44
3716418
3987475
4258.27
4790494
5333.51
5868.74
8536.08
11138.61

13864 .00
16521.24
19182.37
21863.51
27165493

85.492
85.109
844627
84,058
83401

824 Ghie
82.131
81.205
80.163
79.018
77.786
76469
75,057
73.57¢0
72.024

70,425
68.777
67.10u
65% 393
63.674
59.355
55.097
50. 469
67.G368
43.367

33,976
36.872
3. 056
31.528
29,240
27,200
25.376
23.T4e
22.288
13.820

17.817
140 964
12.784
11.161
9. 936
8.905
8.093
7.422
5.858
3.377

50962
5.600
5.281
4. 998
4o 746
be51%
e 313
4,126
3. 955
3.799

3.654
3.521
34897
3.124
2,893
2.521
2.235
2,006
1.334
1.0000

0.7338
D.0664
Qe371¢
Cew 998
G.3999

INTERNAL
ENERGY
BTU/LY

~128.306
=125.630
~122.75%
-319.757
=116 641

113,413
~110.063
-106.602
-103.0631
=99.352
-95.568
~91.682
-87.697
-83.616
=79, k4o

-75.183
~70.8068
=66.423
-61.935%
-57.372
~45.701
-33.686
~21.372
~8.038
3.922

164891
29,798
42.701
55.569
©8,385
81.141
93,845
1064509
119.159
144.518

17041243
220G« 460
275,440
332.930
392.6193
453,607
515.615
577.902
639.€12
7004581

7604597
8194554
877.428
934.260
9906.131
1465.113
31099.333
1152.865
1205. 809
1258.c44

1310.178
236i.825
1413.,214
1540.508
1666.981
ES PY-PRVIDY
2168.344
2418.111
3676, 000
©968.953

63264013
7755.361
9250.538
10831.0850
14367.566

ENTHALPY
BIV/Ls

=57.15¢&
~53.973
=56.539
~46.965
~43.251

=39.406
=35.406
~31.262
~26.381
~22.561
~18.005
-13.315
~8.4L90
~3.536
1.544

be747
1¢.072
17.514
23.072
28.739
43,368
Scedly
Thotle?
SueB24
107.663

1¢54058
ih2.b34
160444
1780431
1960548
214737
232,996
251.300
263.657
306,550

3434795
L1651
494,521
574.695
656,778
T4l.055
823,864
967 495
940.525
1072.519

1153.593
1233.364
1311.930
1389.3467
1465.711
15414111
1615.5b8
1689.,481
i7o2.b54
1835.27¢C

1907.344
1973. 093
20504550
2227.360
2404.286
2754.869
3104,425
3u53.250
5233.807
6991.464

8842.3/72
107863.892
12758.1 34
14827.271
19363.913

120

ENTROPY
8Iu/Ls=R

1.25508
1352 34
1.64940
1454538
Lebbllé

1.73502
1.82830
1.92017
2.01125
2.10166
2+19081
2.27931
2.36704
245396
2.54007

2.05538
270990
2473363
2.87659
2.95873
3.16040
3.3572¢
354950
3.73609
3.91898

e 39724
4e26874
LR RLT 1]
e 59435
Lo 74851
4. 89706
5.04028
5.17845
5.33196
5.5064%

5.80685
6,24091
6.650399
7.03300
7.38985
T.72332
8.03376
8.32261
Be59038
3283894

9+ 07045
9.28611
948770
9.07654
9.854L22
10.02181
10.18025
30.33109
1047471
13.61475

10.74232
i0.46806
10.98925
11.27354
11.53514
12. 00363
12.41503
12.7d235
l4é.2u122
25.2275%

16005299
16 T437Y
17.36113
16e1ub33
19.95059

cv (44
BTU 7 L3 =R
1254 1.610
1.289 1.680
1,323 1.751
1.354 1.822
1.383 1.893
1.409 1.966
Py > 14 2.837
1.457 2.106
1478 2.175
10497 Qe 2l
1.515 2.318
3.531 2.379
1.545 20 bis
1.55¢8 2e.5C8
1.569 24571
1e579 24033
1.588 2.698
1.596 Z.754
i.602 2.800
1e60b 248640
1.613 2.987
1.620 3e414

le03¢

leokl

14658

1e07¢

1.685

1.762

1722

1747 3.632
1.775 3.645
1.809 3.65%
1.846 3.666
1.888 3.676
1.982 3.705
2.087 3.766
20295 3.837
24494 3.952
2.677 bod61
2.4618 bo lbD
24913 betsd
2.962 “e190
24377 heli70
2.966 e 130
Z.93¢ “a 078
2.899 beli29
2.854 3.958
2.809 3.099
24760 Se bt
2725 3.793
2.689 3.748
2.657 3.708
2.029 Seb74
24005 S.6ha
24385 3.013
24568 3.598
2554 3.584
24542 3.564
2.5¢1 3536
2.508 3.513
24497 30494
2494 Sebyl
FEes-11 S.488
2.539 $.527
24640 3.682
247806 3.772
2.923 3.909
3.057 boukd
Se224 4217
3.907 e 959

VELOCITY
OF SOQUND
FI/5¢:C

51738
513¢%
5097
5057
5017

4982
©939
4897
4853
&807
4759
715
4667
©619
#5708

4519
4eT0
L4222
4372
324
4263
«083
3967
3857
3755

3666
3588
3519
3460
3639
3367
3331
3380
3276
3240

3219
3239
3266
3314
3379
3457
3542
3631
3726
3817

J911
400w
4096
“186
&275
#36¢
bhio
4529
L4609
L0088

L7646
»839
4913
&090
5260
6580
5881
bleé
7412
ba3g

9323
10117
16662
1150¢
i263¢



2000 PSIA ISQ3AR

TEMPERATURE DENSITY

»

0EG. R

32.066
36
36
38
(Y]

e

360

360
380
400
“20
40
«60
»80
500
5290
5S4l

560
580
600
650
700
(11]
940
1000
1500
2090

2500
3090
3530
4330
S000

TWO-PHASE BOUNDARY

L3/7Cy FT

$.204690
5.16763
5.12823
$.08776
S.04620

S.00622
44960068
4.91565
5+86977
4.82280
477479
4.72579
%.67569
Lo 62467
4.57276

4.5199
bou6631
holk1188
4.35669
4e384079
4.15835
4.01270
3.86506
3.71677
3.5691%

3.42343
3.28247
3.14530
3.31433
2.88977
2.77213
2.66147
2.55779
2.46080
2428564

2.13269
1.38783
1.69065
1.53186
1.40198
1+29380
1.20223
1012364
1.05533
0.99545

0.94236
B.34949
0.85236
3.81379
0.77873
3.76668
9.71726
1.69015
0.66508
0.66182

§.62017
9.59998
d.58108
Ve.53877
8.50230
3044256
0.39564
0.35777
Q.26218
0.18311

0.16722
0.12310
0.19576
0.09269
Ge07442

VIOR/ 0V
P

8Tu/ed  PSIA-CJ FT/8lu

bai.d0
L4571
w9452
#52.37
454k eld

©55.49
4560.13
4568.57
#56.28
#55.485
454475
«53,82
452.45
430 .9%
“49.33

446,48
baieo 74
ve2.82
t4l.36
437.64
©30.91
4lk.68
423438
h17.24
@15.34

415.50
416.87
©39.94
425,408
©33.37
w277
45423
467 .43
282.77
517.92

558.85
856..67
759.25%
871.00
83.45
1091 430
1191.37
1252.95
1366.16
144233

1512.73
1578.68
1642.082
1703.50
1764409
1824.67
1385.35
1946.639
2038.77
2071.47

2135.52
2200.10
2265.51
263170
2601.16
2947.03
3295.76
3647 .56
5463.82
Taul.95

9624418
11927.56
16360.72
17081.05
24970.80

THERMOOYNAMIC PROPERTIES OF PARAHYDRUGEN

VdP20W -VIHPIDV%
v

13.180
12.776
12,476
12,206
11.952

11.764
1l.544
il.339
1l.146
104962
13.752
18.572
10.390
10.211
10.038

9.866
3.694
3.532
3.371
3.219
84849
3.473
8.408¢
1.697
7.330

5.982
6.666
3.363
8. 072
3.793
5.526
3.272
5.028
4. 797
4. 375

4. 003

3. 450

3.032
2.722
2.507
2.363
2.273
2.219
24192
2.182

2.183

1.331

PSIA

23420 .64
22581 .36
21721.37
206870.18
20028.93

19220.39
18397.55
17545.96
163816442
16150.33
15292.07
16589.36
13893.28
13225.67
12573.59

11351.29
11559.30
10805.33
10261.77
74k 72
8562.19
7523.48
6647.90
5901.77
5273.92

#763.91
4341.65
3991.42
3712.16
3486.10
3363.89
3152.6%
3627.81
2927.37
2770.49

2657.69
2556.95
2455.81
2393.76
2352.75
2323.55
2301.31
4283442
$268.39
2255.37

2243484
2233.46
2224.00
2215.32
4207.30
2199.86
2192.91
23864463
2180434
2374.63

2163425
2164.17
2159.38
2148.48
2138.9
2122.93
2110.13
2099.67
2067 .26
2050.60

2040.50
2033.76
2028.82
20264.73
2013.63

IDVIDYG{V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL

GONDUCTIVITY OIFFUSIVITY CONSTANT  NUMBER

1/065. R BTU/FT-HR-R LB/FT-SEC SQ FT/HR
X 105

0.0036503 0.36709 2.287 0.0080¢ 1.27886 1.9755
0.0037690  0.26988 2.039 0.00805 1.27661 1.7643
0.3038960 0.07249 1,836 G.008067 1.27425 1.5367
0.0048277  1.07534 1.667  0.00813 1.278 8% 14512
G.0061643 0.07762 1,529  0.00813 1.26937 143626
0.0063156  0.07962 le615 000807 1.26687 1.2605
0.30ukoa3  0.080681 1.917 6.006800 1.26628 141346
3.0045123 0.081346 1.232  0.00791 1.26163 1.1617
0.0047669  G.08255 14159  G.00779 1425892 1.0997
0.0069232  0.08302 1,095 0.00767 1.25615 1.0660
0.0050867 0.08328 1.039  0.0075% 1.25333 1.0388
0.0052616  0,08336 0.989  0.00742 1.25045 1.0155
0.0054326  0.0829% 0.943  0.00726 1.24752 1.0009
0.0055027  0.08241 0.903 0.00718 1.24455 0.9890
3.0057259  0.08140 0.866 0.00696 1424152 0.979%
0.0058327  0.08114 0.832  0.00682 1.23846 0.9717
3.0060547 3408042 3.801 0.30669 1.23535 0.9651
0.002299  0.07966 3772 0405657 1.23220 6,959
3.0063725 0.07885 0.745  G.0064S 122962 329551
0.0065342  0.07802 0.721 0.00n3é 1.22581 0.9512
000069322  3.37585 d.666  0.005611 1.21765 0. 9463
3.04732353  0.07362 0.619 0.00590 1.20937 0.9617
0.0076669  0.071ké 64573  0.00573 1.20103 0.9401
040079701 0.06936 Ue5h  G.00561 1.19271 0.9387
0.0082229 006743 Je516  0.00558 118448 0.9368
0.0083913  J.06568 0.488  0.60550 1.17663 09326
0.00869€6  0eJdoki1b 0.466  0.303552 1.16864 0.925¢
0.038532¢  3.06312 Gob?  0.6G560 1.16415 3.9161
0.0086911  0.0623%1 0e032 . GG372 125402 6.9011
0.0383876  0.06164 0.419  0.00587 1.14729 0.8836
0.0082327  G.06113 Oe9u8  0.06605 1414095 0.8768
3.0030490 3.06076 G.600  9.0062% 1013503 0.8666
G.5078427 O.uol1t 0.395  G.00641 1.12950 648634
0.6076438  0.06002 6.388 U.G0664 1442635 0.8559
043370539  3.96085 00382  0.06719 1.11513 0.8363
0.0067038 106240 0.379  0.00781 1.10707 0.818¢
300058655  0.06503 .379  0.60898 1.09632 D.8061
0.0052058  0.G7172 0,400  Q.01073 1.08615 0.7938
G.0606627  0.077538 de416  0.31246 1.47602 0.7353
0.3562096  0.08243 Geu33  C.u1420 1.06941 0.7768
04060383525  0.0864k Joutel 0001597 1.06392 0.7681
0.5035163  0.08961 Se0S1  0.01779 1.05930 8.7545
0.0032505  0.092093 Ge461  0.G1965 1.05534 0.7513
0.0030232 0.09399 Ge670  0.32156 1.55191 0.7436
0.0028278  0.09549 0.479  0.02852 1.06891 0.7366
0.0026569  0.99669 Jek88  0.02553 1.04626 0.7303
0.3025872  $.09771 0.497  G.02758 1004339 G.7246
0.0023746 0.09864 0.506 0.02968 Le06177 8.7195
0.0022563 0.09955 0.514 0.03183 1.03985 0.7151
0.0021501  0.10046 00523  0.03401 1.03811 0.7112
040020561  0.10143 0.532 0.0362% 1.03652 0.7079
0.0019668  0.10245 0.541 0.03852 1.03506 0.7043
3.0018872  0.1G354 We550 0.04084 1.03372 0.7026
0.3018161 0.13671 0.559 0.%4320 1.03248 0.7002
0.0327469  G.13592 0.568 D.i43561 1.03133 0.6983
0.0016847 030723 3,577  U.06800 1.03026 0.6966
040016270 0.10458 U.386 0.U5056 1.62927 0.6952
04G0i5703  0.30998 04595  0.05310 1.02833 0.6939
040336561 411366 04617  G.05966 1.02625 0.6916
640013523 5.11756 0.660 0.06652 1.026446 0.6896
060011876 012566 0,685  0.08116 14021538 8.6872
000020592  G.a3391 8.731  0.09696 1.019238 0.6857
0.0009566  0.14225 04776  0.11398 1.01738 0.6848
0.0006455 J.184948 0.993  0.21640 1ed1176 0.633%
0.0000875 0.27727 1,197  0.%1891 1.00887 0. 564k
0.0003920  0.33494 1.389  0.60312 1.00712 0.5633
0.0003277  0.3928« 1.572  0.81648 1.0059% 0.5630
0.0002816  3.45238 1.767  1.0578% 1.30511 0.5620
540002669  0.52184 1.915  1.33514 1.0Gk4s 0.5569
0.0001986  3.77162 2.237  2.0933% 130358 6.5176
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2200 PSIA ISOBAR

TEMPERATURE

0EG. R

340

360
380
400
420
il
460
480
500
520
5S40

560
580
600
650
To00
(11
900
1000
1500
2000

2500
3000
3500
4800
5000

THO-PHASE BOUNDARY

VOLUME
CuU FTze

0.19096
0.19185
0.19326
0419473
0.19626

0.19785
019949
0.20123
6.20301
0.20488
0.20682
G.20884
0.2109%
0.21313
0.21539

0.21775
0.22018
g.22271
0.22533
0.22805
0.23526
0.24310
0.25159
0.26073
0.27054

0.28099
0.29206
0.,30364
8.31574
0.32827
0.34118
0.35439
0.36784
0.38148
0.40917

0.43719
D.69203
0.54808
0.60350
5.65338
8.71263
0.76623
0.81923
C.87169
0.92368

0.97526
1.02667
1.07738
1.12802
1.17842
1.22862
1.27864
1.32850
1.37823
1.42783

1.47733
1.52673
1.57685
1.69902
1.82163
2.06606
2.30978
2.55303
3.76598
4.97690

6.18720
7.39729
8.60759
9.81968
12.27699

ISOTHERM

OERIVATIVE DERIVATIVE

THERMODYNAMIC PROPERTIES OF PARAHYODROGEN

ISOCHORE

CU FT-PSIAZLB PSIA/R

4660 .58
4574466
bot2.59
%310.98
4179.98

#049.78
3925.55
3795.97
3672.95
3547 41
3425.35
3309.13
3192.12
3079.56
2971 .67

2865.75
2768.31
2670.55
2576l
248541
2277.54
2091.82
1930.09
1787.99
1671.33

1575.21
1497.52
1635.97
1388.76
1353 .64
1329.182
1313.64
1307.20
1305.44
1316.68

1343.06
1443.79
1531.88
1636.40
1744482
1859.16
1975.17
2098 .60
2207.79
2323 .41

2638.33
2552452
2665,99
2778.79
2890.96
3002.57
3113466
3224454
3334.55
Shikote2

3553.97
3663.23
3772423
Wo43.77
4314.21
4852470
5389.07
5926 .11
8590.57
11252446

13913.45
16574429
19235.15
21896.09
27258.20

85.283
85.052
85,625
85.114
B8k.518

283,837
83.432
82.572
81.608
80.543
73. 383
78414k
75,824
754425
73.959

T2a 043
73.885
63,285
67. 660
66,017
61.873
S7.762
53.758
©3.918
45.290

2,98 %
33.796
35, 940
36,338
31,980
234846
27.921
23.186
24 B24
214947

13.762
15.551
18,177
12.381
12. 983
9. 870
8.964
8.215
7.586
7.069

5.587
5.184
5.830
5.516
5,235
4,983
4. 755
4548
4,359
be 186

4. 026
3.878
3.742
3o kel
3.186
2.774
24459
2.209
1,468
1.100

0.8797
C.7330
0.6283
06.5498
0.4338

INTERNAL
ENERGY
BTu/sLS

~127.652
*125,885
=123.066
«120.133
=117.086

-113.929
“110.665
-107.287
-103.806
-100.217
=96.529
“92,745
~88.865
-8le 894
~-80.836

«76.697
“T2.478
~68.184
-63.820
=59,.390
~48, 067
=36, k20
2k, 482
-12.303

0.069

12.695
25.292
37.926
50,571
63,210
75.839
88,458
101.077
113.711
139,109

164,834
215,392
270,649
328,469
388.497
4504013
512.327
574.69%
636,658
697.857

758.079
817,222
875.266
932,251
988.260
1043.376
1087.703
1151.339
1204.380
1256.903

1308.918
1360.640
1612.095
1539.603
1666.143
19317.399
2167.851
2417.723
3674e507
4968.971

5326.887
7755, 453
9256.467
10830. 814
16353.71¢

ENTHALPY
Bru/L8

~49.858
~47.729
~&.335
=0.804
=37.135

-33.331
-29.398
~25.317
-21.102
~16.754
=12.274%
=7.667
-2.931
1.930
6.9114

12.009
17.221
22.545
27.377
33.512
“wl 773
62.513
78,009
93.315
110.282

127.163
144,262
161.622
179.196
196.942
214,827
232.827
250.928
269.119
$05.798

362.937
416,000
493.328
574.322
656.709
740.323
8246073
908.432
991.768
1074.146

1155.380
1235.388
13144470
1391.7684
1468.326
1563.890
1618.595
1692.565
1765.843
1838.574

1910.752
1982.599
2054145
2231.750
24608.239
2759.073
3108.811
3457.779
52084735
6996,461

8867.429
10768.962
12763.031%
14831.158
19356.304

122

ENTROPY
BTU/LB=-R

1.26120
1.32503
1.42201
1.51768
1.61155

170435
1.79581
1.88651
1.97620
2.06494
2.15279
2.23973
2.3258%5
2.bl111b
2. 49557

257914
2.66188
2.74379
24824688
2.90511
3.10164
3.29337
3.48027
3.66209
3.83904

©.01225
#.17909
be34060
4. 49683
be64T88
4.79391
4.93510
5.07173
Se2060%
5.45708

5.69676
6.13227
6.54264
6.92569%
7.28387
7.61869
7.93039
8.22017
8.48913
8.73855

8.97080
9.18711
9.3892%
9.57857
9.75667
9.92462
10.08338
10.23450
10.37836
10.51561

10.64637
10.77229
10.89363
11.17824
11.44008
11.90888
12.32051
12.68798
Le10714
15.13355

15.95901
16.649373
17.26711
18.01206
19.85339

cv cP
8Tu 7 LB =R
1,264 1.0616
1.287 1.662
1.321 1.732
1.352 1.800
1.381 1.868
1.0607 1.9386
1.432 2.007
1.455 24475
1.476 2161
1,497 2.207
1.515 2.273
1.531 2.336
1.546 2.399
1.560 2,461
1.574 2.520
1.582 2579
1.591 2.634
1.600 2.689
1.606 2.742
1.611 2.793
1.619 2.911
1.627 3. 024
1.639 3.131
1.652 3.23¢
1.6680 3.317
1.681 3.390
1.694 3. 447
1.710 3,495
1.730 3.533
1.755 3.564
1.784 3.590
1.817 3.611
1.854 3.629
1.896 3.648
1.989 3.690
2.094 3.760
2.301 3.835
2.500 3.960
2.683 4. 075
2.824 4e156
2.919 4.200
2.968 4207
2.983 4,186
2.973 4e145
2+943 4,091
2.903 4,031
2,858 3.969
2.813 3.909
2.769 3.8538
2.729 3.501
2.692 3.756
2.660 3.715
2,632 3.680
24608 3.650
2.587 3.624
2.57¢0 3.603
2.556 3.584
24564 3.569
24523 3.540
2.510 3.521
24499 3.501
2.495 3.u92
2.495 3.490
2.539 3.527
2,646 3.632
2.787 3.772
2.923 3.908
3.056 o062
3.224 4.213
3.801 4.929

VELOCITY
OF SOUND
FT/SEC

5255
5232
5195
5157
5119

5080
5046
5007
4967
4923
4379
«836
4790
4745
4699

4652
4608
4561
45146
4468
4356
L2463
4133
4025
3926

3837
3758
3687
3624
3569
3520
3678
Jab2
3411
3364

333
3339
3353
3398
3649
3520
3601
3688
3777
3869

3961
4052
4143
4232
4320
L6005
4489
4570
4650
4728

4806
«878
4951
si27
5295
5613
5912
6195
7635
8459

9341
10433
10857
11519
12653



2209 PSIA ISOBAR

TEMPERATURE

*

DEG,

340

360
380
400
»20
(1Y)
460
480
soa
s20
540

560
580
500
650
700
800
300
1004
1500
2000

2500
3000
3500
4000
5000

THO-PHASE BOUNDARY

CENSITY
LBsCu FY

5.23664
5.212%1
Se17433
5.13531
5.09535

5.054643
5.01287
4.969488
4,92591
83099
4,83511
“.73835
bo70062
4.69206
4.64266

4.59252
4.54165
ho49008
43784
».38502
“.25066
4.11360
3.97679
3.83531
3.69630

3.55889
3.42420
3.29340
3.16719
3.04625
2493103
2.82179
2.71857
2.62135
2.44396

2.28733
2.03073
1.82454
1.65701
1.51088
1.40326
1.30510
1.22066
1.14719
1.08262

1.02537
0.97062¢
.32018
0.88651
0.84859
0.81392
0.78208
2.75273
0.72557
0.70036

3.67690
0.65500
0.63450
0.53857
0.54896
Qele8h01
0.46329¢
0.39169
0.26553
2,20093

D.16362
¢.13518
0.11618
8.1018¢4
0.08147

V(OH/0V}

457.19
460.57
464 .38
468,22
470.846

472.57
“73.62
474400
474h.53
w7%.53
W74417
473.61
“72.57
W71e42
470.08

466,51
#6719
465+61
063061
461407
#5546
450 .42
biad 79
b43.87
G42.63

442 .85
LITTYSY
bl bt
52453
459.57
468.54
479443
492.46
506.99
561.10

581.46
679.28
780.72
891.36
1002.88
111014
1209.68
1300.96
1383.92
16459.91

1530.20
1596439
1659.38
1720.80
1781.35
1861.31
1902.57
1963.91
2025.98
2088.69

2152.75
2217.35
2282.78
2649.07
2618.55
2364 .55
3313.39
3665.25
5631 .90
7466.57

W3 46
11967.17
14378.32
17087.26
26851 L4k

P
aru/L8  P51A-3y FT/8TU

THERMOOYNAMIC PROPERTIES OF PARAHYDROGEN

13. 040
12.827
12.530
12.261
12.012

11.787
11.620
11. 447
11.228
11.025
10.837
10.660
10. 482
10.307
10,138

3.974
9.809
Fe 647
34492
. 346
8.991
%.629
1,251
7.878
7.517

T.17%
3.862
5.559
6. 265
50982
5.708
50445
3.494
4.955
o514

bel26
3.542
3.108
2,785
24560
2,410
2.334
2.2506
2,225
2.213

2.213
2.221
20233
2,247
2,261
2.274
2.285
2.296
2,300
24310

2e314
2.316
2.318
2.317
24311
24294
2.277
2,260
24477
2.069

1.953
1. 855
1.77¢6
1.676
1.391

vi3p/0uy, -U(OPIOV&

pPSia

24405.78
23845.02
22987 .43
22138.22
21298.46

26469.32
19678.26
18465,.52
18092.63
17314.86
16%61.97
15045 .26
15132.65
16469.43
13795,53

13161.03
12572,.68
11990.99
11433.85
10698,.57
9680.91
8604.90
T671.74
6857 .49
6177.72

S606.01
5127.8%
4729424
#398.45
#123.93
3495.71
3706.82
3%53.70
322,08
3217.91

3072.08
2931.93
2794.98
2708.21
2650.16
2608.89
2877.79
2553.43
2532.76
2515.38

2500.20
2486,69
2474.51
2463.42
2453.25
2u63.85
2¢35.146
2427.03
2619.45
241236

2405.67
2399.40
2393.48
2380.06
2368.32
2348.76
2333.15
2320.482
2281.09
2260.9%

2268,.75
2240.%9
2234467
2229.82
2217.37

(DV/DI¥IV THERMAL VISCOSITY THERMAL ODIELECTRIC PRANDTL

CONDUCTIVITY OIFFUSIVITY CONSTANT  NUMBER
1/DEG, R BTU/FT-HR-R LB/FT-SEC SQ FT/HR
X 105

0.0035353  0.06905 2.363  0.00816 1.28075% 1.9782
0.0036088 0.07091 2.168  0.00819 1.27929 1.829%
0.0037249  0.07364 1.945  0.00822 1.27701 1.66462
0.0038447 0.07663 1.766  0.00829 1.27468 1.4921
0.0039683  0.07900 1.615 0.00830 1.27229 1,3753
0.0060957  0.08089 1.491  6.00827 1.26986 1.2843
0.0062398  0.08239 1.586 0.00819 1.26739 1.2159
0.0063769  0.08350 1.296  0.00810 1.26686 1,1533
0.0065106  0.08429 1.218  0.00799 1.26223 1.1135
0.0066517  0.08684 14150 0.00787 1.25958 1,0771
0.0067931  0.08517 1.090  0.0077% 1.25687 1.0470
0.3043317  0.08532 1,037  0.00763 1.25412 1,0216
0.0050767  0.08635 0.989 . 0.0874? 1.25132 1.005%
0.0052199  0,08448 0.946  0,00732 1.24848 8.9920
0.0053641  0.08392 0.907  0.00717 1.20559 0.9807
0.0055044  0.08332 0.872 0.00703 1.24267 0.9716
0.0056380 0.08265 0.839 0.00691 1.23971 0.9630
0,005778%  0.08193 0.810 0.00679 1.23672 0.9566
0.0059175  0.08117 0.782 0400667 1.23370 0.9511
0.006057% 008039 0.757  0.00656 1.23065 8. 9462
0.0063912 0.07831 0.700 0.00633 1022293 0.9367
0.0067127 0.07618 0.652 0.00613 1.21510 0,9315
0,0070073  0.07499 0.611  0.00595 1.20722 0.9209
0.007279%  0.07207 0.575  0.00%582 1.19936 0.9275
0.0074930  0,07019 0.54%  0.00573 1.19157 0.9247
0,0076550  0.06846 0,517 0.00567 1.18391 0.9210
0.0077608  0.06690 0.493  0.00567 1417646 0.9153
0.0078113 0.06576 0.473  0.00571 1.1692% 8.9058
0.0078069  0.06494 0.457  0.00580 1.16234 0,894
0,0077555 0.064264 D.462  0.00592 1.15576 0.8837
0.0075613  0.06369 D.431  0,00605 1.14951 0.8738
0.0075323  0.06326 - 0.421  0.00621 1014362 0. 8650
0.0073686  0.06265 0.%13  0.0063% 1.13808 0.8612
0.0071957  0.06245 0e407  0.00653 1.13288 0.8552
0.0068202 0.06316 0.398 0.00700 1.12345 0.8368
0.0066328  0.06459 0.393  0.00755 1.11518 0.8192
0.0056452 0.06690 0.390 0.00859 1.10175 0.8048
0.0050726  0.0730é 0.421  0.01016 1.09106 0.7972
0.0045716  0.07905 0.026  0.0117%1 1.08243 0.7902
0.0061443  0.08376 0.438 0.01327 1.07536 0.7823
0.0037831  0.08760 Dokb8  0.01486 1.06967 B.7736
0.0034776 0.09063 0.458 0.01651 1.06449 0.7647
0.0032178  0.09299 0.467 0.01820 1.06023 0.7561
0.0029951  0.09480 Q.75  0.0199 1.05652 0. 7679
0.0028025 0.09622 0.486  0.02172 1.05328 0.7606
0.0026346  0.09736 0.492  0.02355 1.05061 0.7336
0.0024869 0.09833 0,501  0.02563 1.04785 8.7275
0,0023560 0.0992% 0.509 0.02735 1.04555 g.722¢
0.0022391  0.10011 0.518  0.0293% 1.06367 8.7170
0.00213640 0.10101 0,526  0.03131 1.04158 0.7832
0.0026391  0.10196 0,535 0.0333% 1.03986 0.7096
0.00198%28  0.10296 0,546  0.03543 1.03828 0.7064
0.0018740  0.3040% 0.553  0.037%6 1.03682 0.7037
0.0018017  0,13520 0.561 0.03972 1403567 0.7014
0.0017351  0.10641 0,570  0.06192 1.03423 0.6993
0.0016735  0.30771 0.573  0.06417 1.83306 0.6975
0.0016164  0,10906 0.588  0.04646 1.03198 0.6960
0.0015633  0.11047 0.597 0.06879 1.03097 0.6947
0.0014453  G.1161S 0,620 0.05479 1.02870 0.6920
0.0013645 0.11804 0,643  0.06108 1.02675 0.6900
0.001181%  0.12619 0,688 0.07446 1.02356 0.6875
0.0020540 0.13650 0.73¢  0.08896 1.02106 0.6859
0.0009528  0.14290 0.779  0.10654 1.01903 0.6849
0.00066436¢  0.18546 8.998  0.19802 1.01288 0.6833
0.0006864  0.27727 1.206  0.37992 1.00973 0.5677
0.0003912  0.33696 1,398 0.56936 1.00782 0.5668
0.000327¢  0.39282 1.582  0.76346 1.00654 0.5667
0.0002812 0.45222 1.758  0.96291 1.00562 0.5659
0.0002465  0,52106 1928  1.2185% 1.00492 0.5611
0.000198¢ 0.76439 2,253 1.90347 1.09394 0.5231
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THERMODYNAMIC PROPERTIES OF PARAMYUROGEN

26400 PSIA ISOdAR

TEMPE RATURE voLuMe ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY cv cP VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. R CU FT/LB CU FI-PSIAZLB 23IA/R BTU/LB 8Tu/Le 8Tu/LB-R 8TU 7 t3 =R FI/SEC
* 33.327 0.18385 4829.00 87.059 «126.976 ~42,605 1e26731 1.273 1.628 5335
34 0.19029 #775.07 85,951 ~126.071 ~b1.504 1.30001 1.285 1e6k6 5323
36 £.19163 4644 .85 884577 ~123.308 «38.144 1.3902 1.319 1e714 5288
38 3.19323 #515.08 85.119 =120+ 436 =34.65¢ 1.490467 1.350 1.78§ 5253
40 GadGhu7 4385.90 85.579 =3117.450 =31.0238 1458348 1.379 1.867 5216
“2 G.19598 425748 Bh, 955 ~114.360 ~27.264 1.67517 1+405 14912 5180
o 0.19754 4130400 86,249 “1ii.166 -23.375 1.76561 1.430 1,977 5162
46 0.1996 #0873 83,848 ~107.868 =19.359 1.85u88 1e454 24046 5113
“8 0.20085 3886 .43 82. 948 ~1Ghe 463 -15.202 1.94333 14475 24110 5475
50 C.20261 3762453 81.957 -100.959 =10.918 203077 1.496 24176 5034
52 20443 3p4Da1b 80.876 ~97.357 «6.506 2411728 1.515 24238 4991
St 0.20632 3525419 73.706 =93, 661 -1.971 2.20286 1,531 2,298 “951
56 0.20828 3409419 76. 457 -89.875 2.688 2.28758 1.547 2.359 4908
58 0.21031 3295404 77.342 =86.001 7.466 237140 1.561 2+419 48646
60 0.21262 3185.58 15.757 ~82.043 12.3060 2445437 1.573 2.476 ©820
62 8.21460 3084,95 74,310 ~78.066 17.366 2.53644 1.586 2.531 #7778
(-1 0.21686 2983.80 T2.822 “73.893 22.483 2.61768 1.59 2.585 4734
66 0.231920 2885.54 71.299 -69.708 27.706 2.69803 1.603 2.637 4690
68 0.22161 2790.62 63,745 ~55.455 33.032 2.77753 1.610 2.688 Lb4b
70 d.22411 269%.02 63,167 =61.141 38.455 2.85613 1.615 2.736 4602
75 0.23070 2088 .67 64,180 =50.115 524413 3.04869 1.624 2,848 36
80 C.23783 2299.93 60.201 -38.780 66.915 3.23584 1.633 2.956 4389
85 0.24550 2134.00 56315 81,943 3.41829 14646 3.056 “Z84
90 0.25373 1989.59 52.564 97.458 3.59563 1.660 3,149 4182
95 8.26251 18366.74 W8.984 113.418 3.76820 1,674 3.232 4086
100 0.27182 1760.93 43,627 129.883 3.93713 1.689 3.306 3936
105 0.28165 1673.61 42,509 2144065 146,572 . 09997 3702 3.367 3917
110 0.29195 1603.17 33.627 33.792 163.541 4.25784 1.718 3.419 3844
115 0.30279 1547 .64 35.982 4bo224 180.748 bek1082 1.739 3.463 37719
120 J.31384 1504.21 34,562 55.688 198461 4e 55903 1.763 3.501 3720
125 0.325314 1671.36 32,357 714177 215.750 4e70263 1792 3.535 3667
130 0.33708 1650,.07 30.35¢2 83.693 233.496 “eB84183 i.825 3.563 36zt
135 0.34909 1435.25 28,532 96.262 251.382 4. 97683 1.863 3.590 3540
140 9.36129 1426460 25.879 106.835 269.397 S.10787 1.904 3.617 3544
158 3.380614 1428.88 240023 136,219 305.823 535916 1.997 3,669 3488
160 J.43137 1abh .30 21.069 159,991 344809 5.59784 2,100 3.730 34bs
180 0.46190 1537.67 18.129 210.754 416,030 8. 03435 2.307 3.827 3638
200 Ge51236 1685.54 15.555 266,204 493.913 [ TEYTLN ] 2.506 3.963 3640
220 0.56286 L7106, ke 13,594 324,282 S7h.426 6.82810 2.689 084 .09
240 U.61302 1815,24 12.063 384.596 657.031 T.18722 2,830 4.3169 3519
266 3.6627G 1925.70 13.83% $46,400 T46.315 7.523812 2.925 4ellile 3585
286 ' s.71186 2038.96 3.838 508.949 825.352 7.83589 2.974 ho221 3662
336 3.760851 2153.47 9.011 571.613 909.596 8.12665 2.989 4200 3744
326 0.8086% 2268.3¢ 8.317 633.813 993.247 833649 €977 4,158 3831
340 Ue.856k4 2382.98 T.72% 695,228 1075.842 8.64670 2947 4ol 3921
360 J.9u3d18 2437.21 7.219 7554647 1157.315 8.87963 2.906 bobb3 4011
380 U.95086 2610.90 5773 814.968 1237.543 9. 09653 2.863 3.980 4102
4d0 . Ue99761 2724.00 b.381 873.172 1316.526 9.299319 2.817 3.919 4190
420 1.04681 2836.51 6635 9304334 139,325 9.48896 2.778 3.862 &278
~40 1.09040 2348.47 5.726 9860447 1471.036 9.66745 2.732 3.810 5364
460 1.13649 3058.90 5,449 1041.683 15464754 9.83575 2.6906 3.763 Shk9
480 1.18261 3176.66 5.199% 29964122 1821.601 9. 99481 2.663 3.722 4531
500 1.226818 3281.39 4.972 1149.4861 1695.681 10.14619 2.635 3.687 [ 374
520 1.27382 3391.58 4e763 1262.995 1769.098 16.29029 2,611 3.656 4691
540 1431934 3501.31 “e573 1255.003 13414338 1042775 2,590 3.629 “768
560 1.36476 3610.78 e 398 1307.697 1914.218 10.55869 2.573 3.608 “w343
580 1.41009 3719.96 4. 236 1358.492 1936.158 10684677 2,558 3.589 4317
600 1.4553¢6 3828.90 ko086 16311.015 2057.789 10. 80626 24566 3.573 4989
650 1.56816 4100.27 3.756 1538,671 2235.583 11.09116 2,525 3543 5163
700 1.68062 4370.55 3.476 16654334 24124227 11.35323 2.511 3.523 5330
ao0o0 1.90480 4908.75 3.028 1916.783 2763.303 11.82236 2.500 3.503 5645
300 2.12828 Skt .83 2.683 2167.377 3113.217 1223429 2.496 3.494 5943
1000 2435131 5979.60 2. 610 2417.358 3462.316 12.560180 2,496 3.491 6224
1500 3,46329 Bbik,95 1.601 367L.4b67 5213.605 1be 32124 2.540 3.527 7458
2000 4.57331 11306.08 1.200 4963%.008 7001.455 15, 04773 2.646 3.632 8479
2500 5.68275 13966.53 0.9595 53260982 8852.479 15. 87322 2.787 3.772 9359
L3000 6.79198 16626.97 0.7995% 1755.567 1077&.026 16456394 2.923 3.908 10169
3500 7.90141 19287.53 4.6853 9256. 462 12767.945 17.18327 3,055 bo D02 10872
#0080 9.0123% 21948.23 0.5997 10829.948 14835.191 17.92598 3.218 4.210 11533
50060 11.26175 27269.99 G.k798 14342.567 19346.560 19.76478 3.858 ko904 12670
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THERMODYNAMIC PROPERTIES OF PARAHYDRUGEN
2400 PSIA ISO08AR

(DV/DT%/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL

TENPERATURE DENSITY VADH/0V) VEDP/OU), =V (OP/DV),
? v CONDUCTIVITY OIFFUSIVITY CONSTANT  NUMBER

DEGe R LB/CU FT  BTusLB PSIA=3U FT/8TU PSIA 17066, R ATU/FT-NA-R LasFT-SEC  SQ FI/WR

X 16

® 33.327 5.26741 %73.19 12.982  25383.65  0.0034297  0.07095 2,339 0.00836 1.28253 1.9753
36 5,25520 “75.00 12,877  25093.95  0.0034650  J3.07191 2,304 0.00831  1.28186  1.8982
36 5.21835 479.78 12,581  20238.47 040035713 0.G7475 2.46L  G.G0436  1.27965 1.7007
38 5.18064 483,59 12,316 23390.99  0.4038817  0.07784 1,365 Q.uGdhe  1.27733 1.5355
0 5.16205 86,67 12,069  22552.56  0.0087946  0.38333 1,706 G.006846  1.27508  1.4133
42 $.10259 488.46 11,847  21724.18  0.039106  0.08232 1.570  0.00844  1.27272 1.3127
DN 5.06223 490,58 11,634  20907.u5  0.0340297  0.04389 1,457  Q.00830  1.27032 1.2362
6 $.02111 491.20 11,488  2012d.58 0.d041656  Q.u8510 14361 0.06828  1.28747 1.1781
#8 4.97882 w3221 11,293 19369.82 0.00642868  $.08596 1.278  0.06818  1.26536  1.1290
50 4.93571 492.69 11,106 18570.77 0.0064132 0406658 1,205 0.420807 1.26281 1.0896
52 4.89171 %92.69 10.915 17806450 J.0065419  0.08598 ielel  0.u6795  1.26021  1.0572
54 4e80691 492.65 10,760  17086.25 0.0046648  3.03719 1.085  0.60783  1.25757 1.029%
56 4.80121 492.13 10.565 16368425 0.0047933  3.03688 1,035 0.00767  1.25488 1.0113
58 4e 75480 491,25 100394 19667.23  3.0063233  0.08645 0.983  0.06752 1.25216 0.34960
60 470762 430.20 100230 14996.50 0.5350516  0.0659% 0,349  0.40737  1.24939 0.9844
62 4.65978 489.59 13.065  16375.18 0.0351693  G.08534 0.912  G.60726  1.24659 8.9727
6l 4.61123 488.35 9.907  13759.28 0.0052926  G.Gas76 0.878  0.30711  1.24376 0.9635
66 4.56214 486.96 3,750  131bk.le  0.3056162 0.08448 G867  G.00693  1.24090 0.9561
68 #.51239 485,34 9.599  12592.33 0.d055387  4.04336 Ge818  G.00B87 1.25802 9.9636
70 L6217 433.33 F.058  12003.47 040056601 0408262 0,792  0.00677 1.23511 0. 9457
75 433459 #78.65 9.115  10787.35 0.0653496  0.08063 3.733  0.20653  1.22775 3.93521
80 4.20672 474,50 8.765 9670457 0.0062252 0.07858 0,686  0.00635  1.22030 9251
a5 4.07328 471.68 8.399 8692.39  0.0064787 0.07655 0.661  0.00615 1.21281 0.9214
90 3.90123 #69.85 3.036 7801.61  0.0067029 4.07459 Geodk  0.u066L  1,20533 0.9185
95 3.80945 «69419 7.682 7111.25 0.0098882  0.07274 8.572 0030592  1.19798 3.9151
100 3.6789 469,45 7.306 6478.36  G.0070431  0.G7103 0.5  G.00584  1.19060 0.9120
105 3.55055 #70.70 7.034 5942425 0.0071538  0.06948 8.520  G.00581 1.18365  0.9072
110 3.42519 w73.78 6e733 5691.17 0.00721466  0.06831 0.499  0.00583  1.17651 0.8991
115 3.30360 a78.77 Bo 438 5112.78 0.0072332  0.06740 U481 0.00589  1.16981 2.88397
120 3.18638 #85.56 3.151 4792.93  0.0u72193  0.06668 3.466  2,u0598  1.10339 C.8801
128 3.07398 496,16 5.873 #522.92  0.0071540  4.35669 3.453  0.00608  1.15726  0.8715
130 2.96667 504.99 5605 ©301.89 0.8070556  Q.38502 2.442  0.00621  1.i516k 9.8633
135 2.86461 517.38 5348 4111.43  0.0069398  6.36503 B.433  0.96632  1.14593 0.3598
140 2.76786 531 .46 5,101 3948.79 0.0058068 Q.06677 3,425  0.00647  1,14072 0.8547
150 2.58977 565.20 *. 640 3700461 000064920 0406537 0.elé  0.00688  1.15120 0.8370
160 2.43091 604,55 o204 3512.41  0.0001695  0.08671 0.408  0.00736  1.12276 6.8205
180 2.1649 702.81 3.629 3328.99  0.0056458 0.06877 0.402 0.00830  1.10876  0.8046
200 1.95168 803.26 3.180 3153.22  0.0069331  0.07518 0.421  0.00972  1.09766 0.73%
220 1.77664 912.89 2. 845 3038.83  0.00644735  0.08062 0.436  0.01111  1.04858 0.7943
260 1.63127 1023.54 2.612 2961.20 0.0368729  Cl.u851k 0.447  $.31252  1.08111 3.7871
263 1.50897 1330.02 2,455 2905.82 00037289  G.0ba81 G.436 0401397  1.07445 0.7786
280 1.40476 1229.30 2.355 286426 Qaucsk3us  0.09170 Gotble  0.0i546  1.06955 2.7695
300 1431490 1319.81 2.293 2831.61  0.003182¢  0.23393 0e672  Gaii701  1.0699 asTBUb
320 1423657 160246 2.259 2806.93  0.0029030  0.G9504 Gee8s  U.u2860 1496143 Ga 7520
340 1416763 1478.19 2.245 2782.43  G.0027765  2.09899 0.488  3.02024 1.0575% GoTionl
360 1.106462 15608.27 2.203 2762.98 Vau26113 0.09%307 Qo937 B.G2i92 AT T 7Y 4 Ve7368
380 1.05168 16816.00 2. 249 2765 o84 G+3026658 3.09899 G.505 Geuw2369 1.031748 Ga73G04
%00 1.36239 1677.16 2,259 2730.52 0.0023367  0.09986 0,913 a.32542 1.04926 3,746
%22 0.95775 173848 2.272 2716.67  3.0522286  $.10370 Ge521  G.02723 1.an702 0.7196
%40 0.91710 1798.95 2.285 2706408 340021176 3410157 30930 G.02967  i.0ek93 G.7L5L
460 0.87991 1859.45 2,297 2692.42  0.0020238  u.10250 0,538  G.u3035  L.0esSlé Ge7113
“81 2.84573 1920.48 2.338 2681.70  0.0049385  G.10343 G567 0403288  leablie 3.7079
500 0.81621 19681 .35 2.317 2671475  0.0018606  J.16456 0.555  Q.03488  1.08987 0.7350
520 0.78504 20463.62 2.324 2662.43  G.00.17891  Q.10571 056k 0.33683  1.03842 4. 7025
s4d 0.7579% 2106.11 2.330 2653.83 0.0017232 d.16691 3.573  G.03386  1.037u8 3.7003
560 0.73273 2170417 2.333 2645.72  0.0016623  0.10821 $.582  d.a4d%  1.03583 0. 6385
58 0.79917 236,77 2.335 2638.10  0.0018058  G.30395 04391 0.ak305 1.03066  0.6368
500 0.68713 2366.21 2.336 2630.93 0,0015532  3.11396 0600  0.08520  1.03357 8.6954
650 0.63769 2466.53 2333 2614071 0.00le3b6  O.11466 0.622  0.05374  1.03113 3.6925
700 0.59502 2636.06 2.320 2600.55 0.G013366  0.11854 3+045  G.05054  1.0¢902 0.6304
806 0452499 2382.16 2.307 2577.06  0.0011748  6.12673 0,691  6.0689C 1.02557 .  0.0877
900 G.46986 3331.08 2.288 2558.32  0.0010489 3.13509 0.737  0.38229  1.02287 0.56860
1000 0.42529 3683.02 2.271 2543.09  0.00U9478  D.i435h ¥.782  $.09663  1.02063 0.6349
1500 0.2887% 5499.97 2.183 2096417 046006413  J.18643 1,063  0.13335  2.01401 1.6433
2006 1.21866 7485.15 2,074 2072.19  0.G006853  S.2/727 1.211 G.$6910 1.01059 6.5710
2500 8.17597 962 .64 1.957 2057.71  4.00039u6  Gad3496 1.497  G.50456  1.0085¢  0.57u3
3000 0.14723 11966.75 1.858 2048.03  0.0003266  0,33280 1,593  ¢.68260  1.00712 0.5705
3530 0.12650  14336.2% 1.772 2041.03 00002808  0.45209 1,770 0.88380 1.00612 0.56498
w300 0.1109 17095.25 1.679 26435.36  0.0002462 0.52039 1.9681  1.11433  1.00557 0.5654
5000 0.08880 24750.10 1.400 2421.47 0.0001981  0.75369 2.269  1.76099  1.00829  0.5285
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THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

2600 PSIA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISJCHORE INTERNAL ENTHALPY ENTROPY cv cP VELOCITY

DERIVATIVE DERIVATIVE ENERGY QF SOUND

DEG. R Cu FT/LB CU FT=-P3IA/(B 23IA/R aru/ie sTy/LB BTU/LEB=-R BTV /7 L3 =R FT/SEC
® 33,941 0.18878 4975.12 67,821 -126.273 =35.392 1427333 1.282 1.629 5612
34 0.18881 4971.33 87,812 =126.200 ~35.296 1.27615 1.283 1.631 5611
36 0.,19010 4B42.82 87.486 ~123.489 ~31.967 1.37127 1.317 1.697 5378
38 0.19142 471470 87.079 -120.669 -28.507 1.46679 1.348 1.762 5344
40 0.1928¢C 4587.27 85.,590L “117.743 ~24.918 1.55684 1.377 1.827 5316
L T4 0.219423 #4560 .51 85,020 “116.713 =-21.200 1.64752 1.406 1,890 5275
L1 0.19571 4334.64 85.369 ~111.583 ~17.356 1.73692 1.429 1.953 5240
46 8.19725 4209.85 84.639 ~108.353 -13.387 1.82514 1.452 2.016 5204
4“8 0.19885 ©090.54 84,201 ~105.024 =9.290 1.91232 1eb74 2.083 5175
50 0.20050 3971.68 83,269 ~101.59%% =5.061 1.99862 1.495 24165 5138
52 g.20222 3850.41 82,257 ~98.069 =0.7190 2.08395 1.514 2.206 5098
54 0.20400 3731 .47 81.163 ~9%, 453 3.761 2.16832 1.531 2.266 5058
56 0.2058¢ 3620.35 73.978 ~90.750 8.352 2.25179 1.547 2.323 5019
58 0.20775 3507.57 78.733 ~86.962 13.056 2433433 1.562 2.381 4977
60 0.20971 3396.05 77. 426 ~83.094 17.873 2.41598 1,575 2,437 4935
62 0.21175 3294 .67 75. 054 ~79.148 22.800 2.49675 1.587 2.490 895
64 0.21386 3193.64 T4e625 ~75.128 27.834 2457666 1.597 2.542 853
66 0.21603 3095.24 73.163 ~71.039 32.968 2.65566 1.606 2.592 [ 13%)
638 0.21827 2999.35 71.674 «bb.884 38.202 2.73378 1.614 246061 4769
70 0.22058 2911.36 70.162 -62.670 43.529 2.81099 1.619 2.686 4730
75 0.22667 2699.30 65,318 -51,903 57.227 2.99997 1.629 2.792 4629
80 0.23321 2508.23 62,465 -40.837 7iekiS 3.18346 1.639 2,893 4528
85 8.24022 2337.00 58.672 ~29.496 86,159 3.36210 1.653 2,990 L4426
90 0.24770 2187 otk 55,0803 -17. 914 181.343 3.53566 1.667 3.081 4328
95 0.255686 2057 .42 StebB& ~6.126 116.960 3.70451 1.681 3.162 4234
100 0e26607 1946,82 484149 S5.961 133.075 3.86985 1.697 3.234 4346
105 0.27291 1851 .63 43.036 18.015 149.6409 4.02923 1.700 3.296 4067
110 0.28218 1772.65 42.165 30.178 166,034 4.18390 1.726 3.352 3993
115 0.29184 1708.37 33.468 424611 182.915 4. 33397 1.7467 3.401 3925
120 0.30184 1657 .98 37.004 She 795 200,026 447962 1.774 3443 3864
125 0.31216 1617 .67 34,742 67.053 217.340 4.62097 1.800 3.483 3808
130 0.32274 1589.41 32,674 79.456 234,841 4.75825 1.833 3.518 3759
135 0.33356 1567.70 30,783 91.922 252.515 4.89165 1.87¢ 3.552 3714
140 034458 1554466 23,054 104,457 2704353 5.02140 1.912 3.583 3674
150 0.36705 1544 .80 254043 129.788 306,505 5.27079 24004 34647 3609
160 0.38935 1551.75 23.535 155.567 363,307 5.50829 2.107 3.715 3560
180 Beb3bL? 1634,.80 13.674 206,508 416.646 5494543 2.314 3.817 3535
200 0.48257 1703.11 15,914 262.085 W3batlb 6035696 2.512 3.961 3527
220 0.52884 1790.15 16.797 320.361 574.969% 6.73876 2.695 4089 3547
240 0.57495 1889.11 13.13¢ 380.911 657.721 7.09852 2.836 4o178 3590
260 8.62073 1995.22 11.800 4424964 74ia814 7.43525 2.930 4,225 3651
280 B.66609 2105.36 10.711 505.800 8264489 ToT4890 2.980 4.233 3ra3
300 0.71102 2217 .62 3.808 568.658 910.979 8.04051 2.994 4.212 3802
320 0.75554 2330.82 9. 049 631.078 994,833 8.31114 2.982 4.170 3886
340 8.799%8 26b4.,29 3,602 £92. 69 1677.700 8.56205 2.952 4,145 3973
360 B.84348 2557.63 Tebdik 753,298 1159,.391 8.79560 2.912 4,053 4061
380 0.88698 2670.65 T.359 812.788 1239.823 9.01305 2.867 3.999 4149
«00 0.93021 2783.23 5.933 871,147 1318,394 9.21620 2.821 3.928 4237
420 0.97320 2895.35 5.555 928,419 1396.965 9.40639 2.777 3.870 4326
40 1.01598 3006.98 5.218 964,690 1473.836, 9.58525 2.736 3.817 4409
460 1.05859 3118.16 5.916 1040.063 1549.700 9.75387 2.699 3.770 4492
480 1.10133 3228.31 3.bld 1094.590 1624.682 9.91322 2.666 3.729 4574
500 114333 3339.24 54395 1148.427 1698.885 10.06485 2.638 3.692 4654
520 1,18551 3469.22 5.168 1201.652 1772.416 16.20917 2.613 34661 4732
540 1.22758 3558.86 % 961 12544 3t 1845,361 10.34683 2.592 3.634 4808
560 1.26955 3668.20 w771 1306.515 1917.737 10.47795 2.57% 3.612 4882
580 1e31143 3777.27 4.595 1358.380 1989.766 10.60419 2.561 3.593 4955
600 1.35323 3886.0%9 4. 0632 16409.969 2061.480 i0.72581 2.549 3.577 5027
650 Leb5744 #157 .22 b.072 1537.769 2239.454 11.01101 24526 3.546 5198
700 1.56132 wb27.27 3.768 1664.553 24164249 11.27330 2.513 3.526 5365
soeo 1.76834 4965.06 3.281 1916.192 2767.559 11.706274 2.501 3.505 5678
9040 1.974b9 5500.78 2.907 2166,927 3117.643 12.15478 2.497 3.495 5973
10080 2.18061 6835.20 2.611 Q617,016 3466.869 12.52252 24497 3,492 6253
1500 3.20713 8699,22 1.736 3674, 407 5218.478 13.94223 2.540 3.528 7431
2000 Le23177 11359,46 1.299 £969.083 7006.445 14.96879 2.647 3.632 8499
2500 5.25585 14019.30 1.039 6327.097 8857.523 15.79430 2,787 3.772 9376
3000 627974 16679.28 G.8661 7755.702 10779.082 16. 48502 2.923 3.908 10165
3500 7.30380 19339.50 Ge78623 9256.458 12772.870 17.10232 3.055 o041 10887
“000 8,32925 21939.94 Ge5490 10829.224 14839.339 17.84682 3.216 4,207 11547
5000 100400449 27321.30 1.5197 16331.082 19340.317 19.68338 3.838 4881 12686
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THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

2600 PSIA ISO0BAR

TEMPERATURE DENSITY viDH/ OV, vViD2/0UL, =¥ (OP/OVi
036, R L8/CU FT BTU/LB PSIA-3J FT/BTU PSIA

® 33.941 S5.297238 488.87 12,933 26354459
36 5.29626 489,04 12.92% 26329.35
36 5.26051 496,26 12.634 25479.75
38 5.22398 ©98.50 12,368 24629.80
1) 5.18663 502.02 121246 23792.49
2 5.10867 504 .64 11.906 22964 .82
(1) 5010949 506.83 11696 22147+ 86
46 5.06963 $08.37 11.497 21362.64
o8 5.02900 508435 11.359 20571.33
50 4.987463 510.24 11.167 19803.58
52 4.94511 510.79 10.985 19040.70
S4 4.90201 510463 10.8%4 18291.72
56 4.85812 510.96 10.641 17588.07
58 4.8135%9 510.640 13.472 16884.00
60 476838 509.74 18.312 16193.66
62 4.72252 509.46 10.151 15559.16
64 4.67602 508.65 3. 995 14933.55
66 4.62901 507.69 9. 841 14327488
68 458147 $06.38 32594 137461 .46
14 42533467 505.21 9.558 13198.60
75 4ole1l71 501.35 3226 11908.55
L1 ».28789 #98.05 8.886 10755.02
45 4.16281 495.86 8,529 9728.49
90 4.03706 94,65 8.175 8830.83
35 3.91150 ©%%. 306 7.829 8047.61

100 3.786% 495.24 7o9% 7372.50
105 3.66415 496,57 7.188 6784460
1190 3.54381 499.57 5.839 6281.94
115 3.42658 504.36 5.59% 5853.86
120 3431299 5ii.16 5.305 5492.88
125 3.20352 519.55 el 5182.25
130 3.0986k 530.17 5.752 4924069
135 2+997% S562.28 304389 ©700.05
140 2.9021¢ $56.39 5.237 4511.60
150 272042 589.36 4770 4208.67
160 2456445 628.18 e 356 3973.39
180 2.29111 726.72 3.711 3765.51
200 2.,07226 826.53 3.249 3529.28
220 1.890% 335.38 2.903 3385.07
240 1.73928 1045.20 2,662 328%5.69
260 1.61104 1150.91 2,499 3214432
280 1.50130 12649.22 24394 3160.78
300 1,40643 1339.48 2.329 3118.92
320 1.32355 1621.63 24293 3084496
340 1.25050 1697.36 2.276 3056.57
360 1.185%6 1566.87 2.272 3032.23
380 1.42762 1632.37 2.277 3010.96
%00 1.07%03 1695.34 24286 2992.06
20 1.02754 1756.51 2,297 297%.08
1] 0.98427 1816.86 2.309 2959.67
460 0.94465 1877 .26 2.320 2945.58
“30 0.90824 1937.80 2,335 2932,.61
530 0.87463 1999.06 2.338 2920.62
320 084352 2061.05 24345 2909.48
540 0.81461 2123.72 2,356 2899.09
560 0.78768 2187.75 2.352 2089.38
580 8.76253 2252.34 24353 2880.28
600 0.73897 2317.73 2,353 2871.72
650 G.68613 268h.11 2o349 2852041
700 J.640068 2653.67 2.3061 283%.60
860 0.56550 2999.84 2.320 2807.7%
00 0.50641 3348.83 2.300 2785.66
1000 0.45859 3700.82 2.28% 2767 .67
1500 0.31181 5518.06 2.189 2712.46
2000 0.23631 7503.63 2.078 2684.33
2599 J.19026 96081 .85 1.960 2667.37
3000 0.1592% 11986.30 1.861 2656.06
3500 0.13691 Lbbll 32 1.775 2667.87
4000 3.12006 17104469 1.683 2661.29
50090 0.0961¢ 24663.21 1,409 262%.92

® TWO-PHASE BOUNDARY

(OV/0TA/V  THERMAL  VISCOSITY
CONDUCTIVITY
1/0E5. R BTU/FT-HR-R LB/FT-SEC SQ FT/MR
X 105

0.0033323  0.07279 2.455  0.00843
0.,0033352  0.07287 24446  0.00844
0.0034361  0.07583 2.182  0.00849
0.0035355  0.07903 1.970  0.00858
0.003639  0.08162 1.796  0.00861
0.00376457  0.08370 1.652 0.00869
0.0038545 0.08536 1.531  0.00855
0.0033657  0.08664 1.428  0.00848
0.0040931  0.08758 1.339  0.00836
0.0062037  0.08826 1.261  0.00825
0.0063200 0.08872 1.19%  0.00813
0.0044372  0.08899 1.13¢  0.00801
0.0045473  0.08872 1.081  0.00786
01.0046632 0.0883% 1,933 0.00771
0.0047822 0.08783 0.990  0.00756
0.0048880 0.08736 0,951 0.00743
0.0049971  0.08677 0.9316 0.00730
0.0051063  0.08613 0.883  0.00718
0.0052159  0.08545 0.854  0.60706
0.0053159  0.08473 0.826 0.00696
0.0055690 0.08282 0.765 6.00672
0.0058u80 0.08083 0.7tk  0.00652
0.0060310 0.07886 0.671  0.00633
0.0062286 0.076% 0.633  0.00619
0.0063976  0.07513 0.600 0.00607
0.0065308  0.07344 0.574  0.00600
0.0066380 0.07189 0.546  0.00595
0.0067090 0.07372 0.526  0.00595
0.0067623  0.06378 0.505 0.00599
0.0067368 0.06898 0.488 0.00605
0.0067039 0.06836 0.676  0.00643
0.0065347 0.06786 0.462 0.00623
0.0065495  0.06729 0.452 0.00632
0.0064396 0.06698 0.6k 0oD06kN
0.0061880 0.06750 O.b31  0.00679
0,0059143  0.06875 0.422 0.30722
8.0052527  0.07062 0.613  0.00307
0.004792  0.07692 0.432 0.00937
0.0063716  D.08221 0.645  0.02363
0.003997%  0.08656 0,455  0.01191
0.0036711  0.89007 O.u66  0.01323
0.0033888  0.09261 Qo7 0.01460
0.0031448  0.09492 0.479  0.01602
0.0029333 0.09653 0.406 0.01769
0.0027688  0.09779 0.493  0.01900
g.0025870 6.09881 0.502 6.02056
0.0020641  0.09968 8.509 0.02216
0.0023170  0.10050 0.517  0.02380
0.0022033 0.10132 0.525 0.02548
8.0021010 0.10215 0.533 6.02719
0.002008%  0.10306 0.561  0.0289
0.00192621  0.10403 0.550 0.03072
9.0018474 0.10509 0.5%8 3.03254
0.0017764 D.10622 0.567 0.03639
0.0017113 9.10762 0.57¢ 0.03628
0.0013511  0.10871 0.585  0.03821
0.0015952  0.1100% 0.59%  0.04017
040015632  0.11145 0.603  0.24217
8.0014276 0.11514 0,625  0.06732
0,0013288 0.11305 0.648 0.05271
040011685  d.12727 0.69% 0.06420
0.0012437 0.13567 0,740 0.07665
0.0003435 U.14418 G786  0.09004
0.0006393  0.187¢41 1.008 0.17037
0.000684L  0.27727 1.218 0.32302
0.0003896  0.33490 1,415 0.46665
0.0003261  0.39279 1.503 0.63111
0.0002806  0.45197 1.782  0.81687
0.0002459 0.51979 1.95%  1.02922
000001979  8.75252 2.286  1.60405

127

THERMAL DIELECTRIC
DIFFUSIVITY CONSTANTY

1.20639
1.268633
1.28218
1.27999
1.27775

1.27546
1.27314
1.27076
1.2683%
1.26588
1.26337
1.26082
1.25823
1.25561
1.25295

1.25026
1.24754
1.204890
1.24203
1.23924
1.23219%
1.22507
1.21791
1.21075
1.20365

1.19664
1.18977
1.13307
1.17659
1.17033
1.16433
1.15859
1.15314
1146795
1.13839

1.12985
1.11538
1.10392
1.09%469
1.08666
1.08007
1.0T046
1.06963
1.065643
1.06173

1.05846
1.05583
1.05290
1.05052
1.04L835
1.04637
104655
1.04288
1.06133
1.03989

1.03855
1.03731
1.03614
1.03352
1.03127
1.02757
1402466
1.02231
1.01513
1.011465

1.00921
1.00771
1.00662
1.00581
1.00465

PRANDTL
NUMBER

1.9778
1.9729
1.7583
1.5814
1obt?s

1. 3630
1.2611
1.1959
1.1463
1.1035
1.0686
1.0393
1.0188
1.0023
0.988%

0.9762
0.9657
0.9572
03498
0. 9425
249290
0.9204
8.9156
0.9122
0.9089

0.9051
0.9007
0.8936
G.8854
0.8774
G.8697
0.8624
G. 8588
0.8541
0.8378

0.8247
0.3060
0.8013
0.7976
8.7913
0.7831
07740
0.7648
047559
0. 7476

0.7400
Ge7331
0.727%
0.7217
0.7170
0.7129
6.709
0.7063
0.7037
0.7013

0.699%
0.6376
0.6961
80,6931
0.6909
9.6880
0,6862
0.6850
0.6833
0,574t

0.5739
8e5742
0.5738
0.5696
0.5338



THERMOOYNAMIC PROPERTIES OF PARAHYDROGEN

2800 PSIA 1S08AR

TEMPERATURE VOLUME ISOTHERM I30CHORE INTERNAL ENTHALPY ENTROPY cv ce VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. R Cu FT/LB CU FT-PSIA/LB 3S5IA/R 8Tu/Le aTu/ie BTusLe-R B8Tu /7 L3 -R FI/SEC
% 34,546 6.18775 5129.07 88.571 ~125.561 -28.217 1.27924 1.290 1.635 5688
36 0.18864 5036.85 83,359 ~123.614 -25,805 1.34763 1.315 1.682 5465
38 8.18991 4910.38 87.99¢ “120.844 -22.377 144030 1.3486 1.746 5433
40 8.19123 4784046 87.558 -117.971 ~18.822 153146 1.375 1.808 5400
W2 0.19259 4659.25 87.638 -114.997 =15.142 1.62123 1.602 1.871 5367
[ 1] 0419400 4536489 85,439 ~111.926 -11.339 1.70868 1.427 1.932 5334
46 0.19546 hi1l.55 85.761 ~108.757 ~Tellb 1.79691 1.450 1.993 5299
L] 0.19697 428%.40 85.006 =105, 4% =3.367 1.88301 673 2.054 5264
50 0.,19854 4168.63 840173 -102.137 0.801 1.96809 14480 2.115 5228
52 0.20017 4055.48 83,541 -98.680 5.166 2.05251 1.514 2.178 5199
56 0.20185 3936.76 82,511 -95.137 9.519 2413577 1.531 2.236 5160
56 0.20359 3825.23 81.405 ~91.509 144048 2.21813 1.548 2.292 5123
58 0.20538 3714417 80.215 -87.798 18.689 2.29956 1.563 2,348 5084
60 D.20723 3604.17 73.972 ~84.010 23437 2.38004 1.576 24402 S50hi
62 0.20914 3495.23 77.675 =80 .145 28.292 2.45964 1.588 24455 5003
64 g.21412 3398.33 75.313 ~76.209 33.251 2053835 1.599 24504 4965
66 0.21315 3300.16 T4e907 -72,205 38.309 2.61618 1.609 2.553 4925
638 0.21524 3203.99 7T3.470 -68.136 43,461 2.69308 1.617 2.600 4335
70 0.21760 3115.40 72,012 -bbk.013 48.704 2.76907 1.623 2.643 Lbud
75 0.22306 2902.06 68.298 =53 .474 62.177 2.954L95 1.634 2,745 4752
80 0.22912 2709.02 64,559 42, bbik Téal48 3.13526 1.645 2,861 4656
85 0.23558 2536.25 60.866 =31.545 90.597 3.31068 1.659 2.935 4559
90 0.24264 2379.77 57.273 -20.207 105.695 3.48096 1.673 3.2 #ho3
95 0.24972 2245.19 53.814 ~-8.658 120.816 3.64662 1.688 3.103 “372
180 08.25738 2126424 50.521 3,477 136.627 3.80884 1,704 3.176 4285
105 0426543 2022.74 W7ol 15.030 152,651 3.96520 1.717 3.260 4204
110 0.27386 1963.24 b, 507 26.992 168.982 4e11713 1.734 3.291 4134
115 0.28261 1872414 41,816 39. Dby 185,572 426461 1.755 3.363 4065
120 0.291569 1813.12 39,318 514172 202,07 %.40791 1.779 3.391 4001
125 0.30105 1767.156 37.012 63.382 219.470 ke 54722 1.808 Jeull 3943
130 0.31065 1732.02 34,889 75.674 2364740 468268 14841 36?4 3891
135 0.32068 1703.32 32941 88.045 254,210 be 81454 1.878 3.518 3843
140 0.33050 1685,.02 31.150 100.511 271.870 4o 94299 1.919 3.550 3800
150 0.350698 1664 .43 28.004 125.763 307,740 5419084 2.011 3.623 37er
160 0.37190 1663.02 25,358 151.522 Shto3hi 5.42665 2.116 3.698 3671
180 0.61496 1736.28 21.185 202.646 417.766 5.86412 2.320 3.806 3630
200 G.45734 1793.59 18.251 258.269 495,378 6.27281 2.518 3.957 3613
220 0.49996 1872.92 15,988 316.693 575,913 6.65652 2,708 4,098 3625
240 8.54257 1965.88 14,200 377.436 658,753 7.01666 24842 bo184 3662
260 0.56497 2067 .42 12.762 439,706 743,001 7.35601 24936 402346 3716
280 0.62704 2174.15 11.584 502.757 827.870 7.66838 2.985 LYY{1} 3784
390 0.66876 2283.87 10. 600 565,828 912.57% 7.96074 2.999 4.223 3860
320 0.71012 2395.18 9.782 628,449 996.5638 8.23203 2.987 be181 3941
340 0.75115 2507 .23 3.088 690,254 1079.714 8.48357 2,957 be125 #025
360 0.79187 2619.51 8.4675 751.031 1161.604 8.71769 2.917 4,063 4111
380 0.83231 273170 7.948 810,682 1242,222 8.93565 2.871 3.999 4198
400 0.87251 2843 .64 Tele86 869.187 1321.568 9s13924 2.825 3.937 4284
420 0.91248 2955.24 T.070 926459 1399.782 9.32983 2.781 3.878 #370
L4u0 0.95226 3066.46 6,711 982.98% 1e76.722 9.50904 2.739 3. 824 LTS
«60 0.99187 3177.29 5.383 1038,455 1552,725% 9.67797 2.702 3.777 4536
480 1.03133 3287 .74 6,087 1093,106 1627.834 9.83758 2.669 3.735 W617
500 1.07065 3397 .84 5.819 1147.038 1702.15¢% 9. 98946 2.640 3.698 4695
520 1.10986 3507.00 5.574 1200.350 1775.,793 10.13399 2.616 3.667 L772
540 1.14845 3617.05 54350 1253.124 1848.838 10.27184 2.595 3.639 Y848
560 1.18796 3726.22 Selble 1305.369 1921.307 10440313 2.578 3.617 4922
580 1.22688 3835.13 4o 953 1357.304 1993.421 10.52954 2.563 3.597 #9946
630 1.26572 3943.80 4.777 1408.957 2065.215 10.65127 2.551 3.581 5064
650 1.3625¢ 4214.60 4. 388 1536.898 2243.363 10.93675 2+.528 3.543 5236
700 1.45%9)6 “e8b.36 . 060 1663.8061 26420.303 11.19926 24515 3.529 5400
(11 1.65138 5021 +64 3.534 1915.626 2771.838 11.66900 24502 3.507 5710
900 1.84304 5556+ 90 3.132 2166.499 31z22.086 12.08126 2.498 3,097 6003
1000 2.034628 6090.92 2.842 2616.692 36471.435 12444910 2.498 3,493 6282
1500 2.98753 8§753.33 1.867 3674, 366 5223.353 13.86907 24541 3.528 7504
2000 3.93897 11412462 1.399 4969.137 T014.632 14.89569 24647 3.633 8518
2500 4.88989 14071.76 1.119 6327.230 8862,560 15.72123 2.787 3.773 9393
3000 5.84063 16731 .20 0.3325 7755.858 10784.132 16.41196 2.923 3.908 10180
3500 6.79152 19391.08 0.7993 9256.509 12777.803 17.02922 3.054 4o Ob1 10901
4000 7.7T4365 22051.21 06995 10828.618 14843.580 17.77353 3,213 4. 204 11561
5000 9.66974 27372.13 0.5596 1321.693 19335.300 19.60811 3.820 b.861 12701

& TWO-PHASE BOUNDARY
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THERMOOYNAMIC PROPERTIES OF 2ARAHYDROGEN

2800 PSIA ISOBAR

TEMPERATURE DENSITY V(DNIDV)p V()?/DU% 'VIDP/DVE (Dlel¥/V THERMAL VISCOSITY THERMAL OIELECTRIC PRANDTL

CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

DEG. R LB/CU FT 8rusLe  PSIA-CU FT/8TU  PSIA 1/0€G. R BYUW/FT=HR=R LB/FTE§EC SQ FT/HR

X1

® 34,546 5.32631 504.36 12,887 27319.03 0.,0032421 0.07657 2.511 8.00856 1.28616 1.9820
36 530100 508,35 12.680 26700.37 0.0033093 9.07687 2.309 0.00862 1.28461 1.8190
38 5.26554 513.00 12,419 2%855.80 0.0034036 6.08018 2.079 0.00872 1.28248 1.6298
40 5.22932 516.93 12.177 25019.49 6.0334996 0.38287 1.892 G.60876 1.28031 1.4866
2 5.19236 $19.96 11.959 26192461 0.0035977 0.0850% 1.737 0.00876 1.27809 1.3752
Lt $.15460 522.52 11.752 23375.54 8.0036978 0.08678 1.607 0.00871 1.27583 1.2877
46 5.11610 524,54 11.557 22569.91 0.0037998 g.08813 14496 6.00864 1.27353 1.2180
o8 5.076384 526.08 11.370 21776.58 0.0039035 0.0891¢4 1.401 0.90855 1.27119 1.1621
50 5.03633 527.47 11.18% 20996.67 0.30640089 0.08989 1.319 C.0084k 1.26881 11874
52 4.99571 528.16 11.046 26259.97 0.0041234 0.09040 1.247 0.00831 1.26637 1.0813
54 4.95417 528.45 10.878 19503.34 0.0062306 0.09072 1.183 0.00819 1.26390 1.0699
56 4.91188 529.06 10.709 15789.06 0.0063326 0.09050 1.127 0.00804 1426140 1.0277
58 4.86897 $29.25 10.542 15084.19 0.0044357 0.09016 1.877 0.00789 1.25887 1.0094
60 4082550 528.90 10. 386 17391.95 0.0065%07 0.0897¢ 1.032 0.00774 1.25631 049968
62 G.T81460 528.24 10.228 16712.10 0.00666T8 0.08925 0.991 0.00760 1.25372 0.9813
-1 b.73676 528.22 10.076 16097.28 0.0067407 0.08870 04954 0.007468 1.25110 0,969
66 ©.69156 527 .68 3.924 154682.92 0.00648380 0.08809 G.920 0.00735 1.24845 0.9597
68 4.64596 52676 3.780 14885.55 0.0009356 808704 9.889 0.0072¢ 1.24579 0.9513
14) 4.59989 525.89 3. 646 14330.47 0.0050251 0.06675 0.860 0.00746 1.26310 009432
75 448345 522,84 9.323 13010.37 0.0052495 0.08490 0.797 8.00690 1.23632 0.9279
40 4e3646% 520.3% 5.993 11823.80 0.0054601 0.08297 0,745 0,00669 1022948 0.9178
a5 he24492 519.07 8.645 13766.18 0.0056535 0.08104 06.5699 9.00654 1.22260 0.9118
90 bel2671 518.20 3.290 9815.85 0.0058348 0.07917 0.662 8.00635 1.21574 0.9082
95 e 00656 S18.448 7.959 3999.96 0.3053854 0.07738 0.827 0.00623 1.20891 0.9046
1080 3.8852 $19.461 7T.631 3260.% 0.0061156 0.07570 0.597 0.00643 1.20217 0.9015
145 3.76746 528.73 7.327 7620.58 0.0062218 0.07417 0.571 0.00608 1.19555 0.8975
110 3.65156 S524.74 7.029 7095.85 6.0082723 0.07300 0.548 2.900607 1.18907 0.8893
115 3.53839 529.62 3735 5624436 0.0063126 0.07295 8.528 0.00609 1.18277 0.8818
120 3.42832 536.13 3. bbb 5215.9% 0.0063253 0.07122 0.510 9.00613 1.17668 0.8750
125 3.32170 S4u .67 34162 5870.06 0.00863052 0.07052 0.495  0.00618 1.47081 0.8635
130 3.21901 $55.43 3.887 5575.39 0.0062577 0.06998 0.482 0.00626 1.16518 0.8620
135 3.12029 567.07 5.621 5316.7% 0.0061958 0.06345 0.471 0.00633 1.15978 0.8583
140 3.02572 581,36 54364 5098 .42 0.0061097 0.06310 0.462 0.00663 1.15464 048542
150 2.0&?17 613.62 4. 886 742,25 0.2059051 0.06954 0.b4b? 0.0067% 1.14510 0.8390
168 2.68892 652.18 “albl bb?1.74 0.0055707 0.07073 0.437 8.00711 113649 0.8232
180 2.40988 750.77 3.789 4179.61 0.0050690 0.07204 0.425 9.00790 1.12165 0.8031
200 2.18663 450,28 3.314 3921.83 0.0045536 0.07%66 0. 0603 4.00909 1.10990 0.802%
220 2.00017 958.56 2,959 37u6.17 0.0062678 0.08384 0,455 0.0102% 1.10016 0.8004
240 1.86306 1067 .65 2.711 3623.26 0.0039193 0.088012 [ LY-1% [ PE P RN SN 1.09201 3.7950
260 1.709¢9 1172.60 2,562 3534.23 0.0035109 0.99136 Q.072 0.01262 1.08513 8.7873
280 1.59478 1270.20 20433 3467.30 0.0033409 0.09395 0.479 0.01388 1.07924 . 7782
300 1.49%530 1359,.85 2.365 3415.07 0.0031056 0.089595 0.35 0.01519 1.07616 0.7688
320 1.40820 1641.53 2.326 3372.90 9.9029002 0.09746 0,492 0.01655 1.06972 8.7596
340 1.33129 1516.43 2,306 3337.85 9.0027203 0.09863 0.499 0.01796 1.06582 0.7509
360 1.26283 1585.9% 2.301 3308.00 0.0025620 0.09958 1.506 0.019%1 1.06236 0.7430
3s0 Le20%67 1651 .15 2.3046 3282.06 Q.002421868 0.10039 0.513 0.02390 1.05926 8.7358
“00 1.16612 1713.88 20312 3259.16 0.0022968 0.10117 8.521 8.02262 1.05647 0.729%
#20 1.09591 1774.86 2.322 3238.68 0.0021849 0010196 0.529 6.02399 1.0539% 0.7238
440 1.05013 1835.35 2.333 3220.18 0.00208M1 9.10275 0.537 0.02558 1.05165 0.7189
»60 1.00820 1895.32 24363 3203.33 9.0019927 06.10363 G545 g.02722 1.00956 0.7146
&880 0.96962 1955.76 2.352 3187.87 90.0019096 0.10459 0.553 0.02888 1.04762 G.7108
504 0.93401 2016.92 2,399 3173.62 0.00138335 0.10563 0.561 0.03058 1.04586 67076
520 0.90102 2078.87 2,365 3160.461 0.0017637 0.10675 0.570 8.03231 1.04419 0.7068
540 0.87035 2161 .49 2.369 J148.12 0.0016993 8.10793 0.579 0.03408 1.04266 0.7024%
560 0.84178 2205.49 2.371 3136466 0.0015398 8.10922 0.587 . 0.03588 1.04226 0.7003
580 0.61508 2270.06 2.371 3125.92 0.0015846 0.11956 0.596 0.03771 1.083991 0.6964
50D 0.79006 2335.48 2,371 3115.85 0.0015334 0411195 0.605 0.03957 1.03867 0.6968
650 0.7339¢ 2501.30 2,365 3093.16 0.0016188 0.11564 0.628 0.06439 1.03589 8.6936
700 0.68537 2671.37 2,356 J073.05 0.0013210 0.11956 0.651 0.06943 1.03348 0.6913
800 0.60556 3017.60 2.332 3040.38 0.0011623 0.12784 0.697 0.06018 1.02956 0.6882
9090 0.54258 3366.64 2,313 3015.08 0.0010386 0.13626 0.743 0.07182 1402666 6.6863
1000 0.49157 3718.65 2.290 2994.14 0.0009393 0.14682 6.789 0.08436 1.02393 0.6854
1500 0.33472 5536.10 2196 2929.97 0.0006373 0.18838 1.013 0.15951 1.01625 0.6833
2009 0.25387 7522.20 2.082 2897.36 0.0006829 s.27727 1.225 0.30865 1.01231 0.5777
2500 0.20650 9700.97 1.963 2877.73 0.0003889 0.33694 1020 Q. 43635 1.00991 0.5775
3000 Ge.17124 12008.80 1.863 20864463 0.0003255 0.39278 1.614 0.58697 1.00829 0.5780
3500 0.34726 14432.59 1.777 2855.19 s.0002800 0. 45186 1.795 0.75951 1.00712 0.5777
4000 0.1291% 17115.29 1.686 2867 .65 0.0002656 0.51926 1.969 0.95648 1.00625 0.5738
53400 3103042 24588.12 t.416 2830.78 0.0001977 Qo 70757 2.303 1.48709 1.00500 0.5390

*  TWO-PHASE BOUNDARY
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THERMODYNAMIC PROPERTIES OF PARAHYDROGEM

3600 PSIA ISO8AR

TEMPERATURE VOLUME ISOTHERM ISJCHORE INTERNAL ENTHALPY ENTROPY cv cP VELOCITY

DERIVATIVE DERIIVATIVE ENERGY OF SOUND

DEG. R CU FT/ZLB CU FY=PSIA/LB PSIA/R BTU/L3 aTu/Le 8TU/LB=R 8TV 7 (3 -R FT/SEC
® 35.142 0.18676 5281.00 83,310 ~124.826 -21.080 1.28507 1.299 1.641 5561
36 0.18727 $227 .23 83.198 ~123.690 ~19.859 1.32500 1.313 1.668 5548
38 B.18848 5102.25 88,0882 =120.966 =164260 1.41688 1.304 1.731 5518
0 8.18974 4977 .81 &8, 487 ~118.1462 -12.737 1.50723 1.373 1.793 Su87
b2 0.19104 #854.05 83,016 -115,228 ~9.091 1.59616 1.400 1.853 5456
LTy 0.19239 4731.40 87.463 ~112.202 -5.326 1.68374 1,425 1.913 S424
6 0.19378 4609.13 85,834 ~109.090 ~l.bbl 1.77007 1,449 1.972 5391
L1} 0.19522 “488.29 85.130 ~105.887 2.562 1.85525 1471 2.031 5358
S0 0.19671 4368.75 85,350 =102.591 6.5684 1.93937 1.493 2,090 5323
52 0.19824 4250.71 B8hsh95 =99,206 10.923 2.062250 1,513 2.149 5288
54 0.19935 4138.10 83.770 -95.726 15.29% 2430501 1.531 2.208 5258
56 0.20150 4021.61 82,724 ~92.166 19,768 2.18634 1,568 24264 5221
58 0.20319 3916.33 81.605 -88.526 24,351 2.26675 1.563 2.318 5185
(-] 0.20494 3806.57 80. 416 -8k, 809 29.0440 2.34622 1.577 2.370 5148
62 0.20674 36968.92 73.176 ~81.019 33.830 2. 42475 1.590 2.422 5109
(-1 0.20860 3599.49 77. 885 ~77.158 38.721 2.50240 1.601 2.470 5072
66 0.21051 350030 76.541 -73.231 43.710 2.57916 1.611 2.518 5034
68 0.21247 3406.62 75,156 -69,242 48,792 2.65508 1.620 2.563 4996
70 0.21450 3315.39 T3 7hle ~65.19 53.960 2.72992 1.626 2.605 4968
75 0.21979 3099.50 70.152 ~5k. 862 67.2354 291305 1.638 2.704 4868
80 0.22543 2903.55 66.519 —lelo 2063 80.988 3.09056 1.65¢0 2.797 «77%
85 8.23143 2726.586 62,917 -33.359 95.205 3.26316 1.664 2,888 4682
%0 0.23778 2568.51 53.395 -22.236 109.8586 3.43063 1.680 2974 4590
95 Do24b09 2628.17 55.990 -10.900 124.919 3.59350 1.695 3.053 4501
100 0.25155 2310.57 524734 0.730 140.470 3.75305 1.711 3.221 bbl9
1405 3.25890% 2203.86 43,652 12.389 1564233 3.90686 1.725 3.183 #3431
110 0.26664 2109.18 43.751 264160 172.284 4,05619 1e741 3.262 4265
115 0.27466 2031.80 bho D38 36. 040 188.618 “.20139 1.762 3.295 4196
120 6.28296 1971.89 41.51% 48,021 205.211 bo306263 1.787 3.362 ©133
125 0.29152 1917 .46 33.175 60.096 222.239 o f8001 1.816 3.390 072
130 0.30031 1875.27 37,008 T12.273 239.098 4.61383 1.849 3. 434 4017
135 0.30930 1843.29 35,011 84,552 256,371 e 70420 1,886 J.476 3967
140 0031867 1816.54 33.166 96. 943 273.859 4. 87140 1.927 3.519 3920
150 0.3372% 1787.81 23.902 122.097 309.449 5.11691 2.019 3.599 3843
160 D.35648 1777.69 27,136 167,814 345,844 5.35178 2.121 3.680 3780
180 0.39652 1835.42 22.663 199,064 419.316 5.76929 2.327 3.793 3723
200 0.43565 1886414 13.565 254,734 496.745 $.19701 2.524 3.951 3698
220 B.47515 1958.22 17.164 313.265 577.219 6.58042 2.707 4.091 3703
240 B.51472 2045,.17 15.258 374163 660.099 6.9407% 2.848 “e188 3733
260 0.55416 21641.99 13.718 4364612 Tah,458 7.27853 2.942 4o 261 3782
280 0.59336 2245.10 124 454 499.858 829.482 Te59347 2.991 h.252 3845
390 8.63227 2352.06 11.602 563.120 914,360 T7.88642 3.005 4,232 3918
320 0.67088 2461027 10.515 625,926 998.5613 8.15834 2.992 4.190 3996
360 0.70919 2571.72 3.759 687.906 1081.876 8.41045 2.962 4.135 #0708
360 0.74723 2682.75 3.106 T4B, 847 1163.946 8.64508 2.921 ko072 4162
380 0.78501 2793.97 8.538 808. 648 12444736 8.86351 24876 4007 4247
400 0.82257 2905.15 8. 040 867.293 132622464 9.06751 24829 3.9044 4332
420 0.85992 3016.13 7.598 924,829 1402.529 9.25847 2.78% 3.885 LT3}
LT Y] 0.89709 3126484 7.205 981,342 1429.690 9.43801 24743 3.831 4498
460 0.93409 3237.25 5851 1036.916 1555.823 9. 60723 2.705 3.783 4580
480 0.97096 3347.35 5.533 1091.068 1631.053 3.76710 2.672 3,740 4659
500 1.00769 3457.14 Sellb 1145.692 1705.485 9. 91920 2.643 3.703 4737
520 1.06432 3566.63 3.980 1199.090 1779.228 10,0639 2.619 3.671 4813
540 1.08084 3675.84 5.739 1251, 941 1852.368 10.20196 2.597 3. 644 L8088
560 1.31727 3784.73 $.517 1304.260 1924.926 10.33341 2.580 3.62% 4961
580 1.15362 3893.50 30312 1356.262 1997.122 10445995 2,565 3.601 5032
600 1.18990 4002.00 5.123 1407.977 2068.992 10.58183 24553 3.584 5102
650 1.28033 4272.39 4.705 15364057 2247.307 10.86758 2.530 3.552 sare
700 1437045 4561,80 he352 1663.076 2424.387 11.13029 24516 3.531 5634
800 1.55000 5078.46 3.788 1915.084 2776.140 11.60033 2.504 3.509 5T43
900 1.72893 5613.20 3.356 2166.093 31264547 12.0127% 2.499 3,498 6034
1000 1.90765 614b. 74 3.013 2416.390 3476.014 12.38074 24499 3. 494 6310
1500 2.79718 8807 .46 2.000 36744343 5228.230 13.80096 2.541 3.528 7527
2000 3.68518 11465.56 1.499 4969.230 7016.416 14.82765 2.647 3.633 8538
2500 4.57268 164123.92 1.199 6327.382 8667.591 15.65320 2.788 3.773 9410
3000 S.46002 16782.84 0.3990 7756.033 10789.17% 16434394 2.923 3.908 10195
3500 634769 19442.25 0.8563 9256.59 12782.741 16.96117 3.056 o040 10916
4000 7.23608 22102405 0.7493 10828.115 14847.895 17.70532 3.211 4,202 11575
5000 9.03299 2742249 0.5995 14343.302 19331.299 19.55810 3.804 o843 12716

® TWO~PHASE BOUNDARY
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THERMODYNAMIC PROPERTIES OF 2ARAHYDROGEN
3000 PSTA ISOBAR

TEMPERATURE DENSITY V(DNIDV& VR /0u), ~J(DPIOV)T (0VID!¥IV THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL

GONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

DEG. R LB/CU FT 8TU/LB PSIA-JU FT/BTU PSIA 1/70EG. R BTU/FT-HR=-R LB/FT-;EC SQ FT/HR

X 10

® 35.142 5.35456 519.68 12. 845 28277.39 6.0031583 0.07629 2.566 0.00868 1.28786 1.9877
36 5.33998 522.09% 12.727 2791.3.28 0.0031955 0.07789 2ok2 0.00870 1.28696 1.8829
38 5.30549 §27.12 12,468 27069.9¢ 0.0032630 0.98130 2.193 0.00335 1.28489 1.6808
40 5.27033 531 .44 12,224 26234.53 0.0033729 0.088409 1.991 0.00890 1.28277 ‘1.5280
42 5423439 534,84 12,013 25407.96 0.0034640 0.086346 1.824 0.00890 1.28061 1.08392
(1) 5.19777 537.80 1t.807 26591147 0.0035567 0.08816 1.685 8.00887 1.27841% 1.3159
6 5016046 S4l.17 11.615 23785.13 0.00355038 0.08958 1,566 a.00880 1.27618 1.2615
48 S.122061 562.14 11,429 22990.85 0.0037463 0.09066 1.465 0.00871 1.27391 1.1818
50 5.08368 543.36 11.245 22209.35 040038430 D.09148 1.378 0.00861 1.27160 1.1336
52 S.06427 545,31 11.069 21bbl 70 00033667 3.0920% 1.301 0.00349 1.26925 1.0939
St $.00371 565,84 10.935 20705.87 0.0040457 0.09240 1.236 0.00836 1.26684 1.0615
56 4.36289 566.31 18.768 19958.78 2.0061048 0.09222 1176 0.0082¢ 126662 1.0380
53 4.92145 S47.47 13.606 19264.15 8.0002361 0.09192 1.121 0,00806 1.26197 1,0179
60 b. 87966 S47.38 10. 450 18573.97 040043295 0409153 1,076 0.00791 1.25949 t.0008
62 bho83697 547.21 10.295 17891.55 0.004425% 0.09108 1.031 0.00778 1.25698 0.9867
64 4.79392 Su7.27 104147 17255467 0.0045136 0.039055 0.992 0.00765 1.25445 0.9740
66 4.75040 S546.96 3.999 16626.90 0.03066034 0.08997 0.956 0.00752 1.25190 0.9635
68 4.70645 546,06 9.857 16023.67 0.00456903 0.08335 0.92¢ 0.00741 1.24932 0.93541
70 4.66211 545,91 3.726 15656.73 0.0067710 0.08869 0,894 0.00730 1.24673 0. 9451
75 bo54984 563,48 3,011 14102.21 0.0063745 0.08690 0.829 0.00706 1.24019 0.9282
80 bet3593 541.60 3.089 12879.96 040051645 0.08501 0.776 0.00685 1.23359 0.9470
85 b.32093 S4b.85 8.74%3 11781.51 3.0053403 0.08312 0.728 0.00666 1.22697 0.9103
90 4.20555 540.83 8.408 10801.99 0.0854985 g.08128 0.688 0.00650 1.22035 0.9057
95 4.09014 Su1.069 8.078 9931.56 0.0056376 0.07951 0.653 0.00637 1.24377 0.9021
100 3.97539 543.67 7.753 9185.41 0.00574611 G.07785 0.622 0.00627 1.20726 0.8973
1058 3.86195 545.62 TabSh 8511.19 0.0058337 0.07631 0.595 0.00621 1.20086 0.8935
110 3.75036 548457 7.158 7910.20 0.0059103 9.07515 0.571 0.00618 1.19459 0.8876
115 3.64083 553,57 5,364 7397.56 0.0059530 0.07420 0,551 0.00618 1.18847 0.8802
120 3.53405 560.97 3.576 6968,.77 0.0059572 0.07336 0.532 0.00621 1.18253 G.8729
125 3.43035 569.20 5.289 6577 .55 0.0959558 0.07263 0.516 0.0062% 117679 0.8676
130 3.3299% §79.63 S.011 6244 .56 0.0059266 0.07201 0.582 0.00630 1.17426 0.8626
135 3.23315 591.72 3.742 5959.63 0.0058767 0.07151 0.490 0.00636 1.16595 0.8582
140 3.14002 635.21 54482 5703.98 0.0058146 0.07112 0,480 0.00644 1.160086 0.8552
150 2496512 637.99 4990 5301.08 0,0056408 0.0715%4 Qo tabin 2.00670 1.15136 0.8403
160 2.80822 676.46 4.564 »9868.81 0.00544156 0.087263 0.452 08.00706 1.14273 0.8251
180 2.52197 T76.79 3.862 #628.86 0,0068961 8.07422 0.436 8.00776 1.127%9% 0.8021
200 2429543 874.28 3.377 #329.52 0.0085190 0.03038 O0+454 0.00806 1.11561 048034
22¢ 2010461 982.23 3.013 #121.29 0,006t647 0408543 0,466 0.00992 1.10560 0.8027
240 1.96282 1930.72 2,757 3973.38 0.0038401 0.08366 B.476 0.01099 1.09718 0.7383
260 1.80453 1194.95 2,584 3865.30 0.0035490 0.09267 0.480 0.04211 1.09002 0.7910
280 1.68531 1291 .83 2,471 3783.63 0.0032915 0.09513 0.486 0.01327 1.08338 0.7821
300 1.58153% 1380.82 2. 399 3720.00 0.0030651 0.09700 0,492 Q.016069 1.07857 0.7726
320 1.49058 1661.93 2,358 3668.72 0.0028662 G.09861 0.498 0.04576 1.07392 1.7631
3ut 1.41005 1536.33 2.337 3626.26 6.3025941 0.09950 8.506 0.01707 1.06982 0.7542
360 1.33828 1605.43 2.329 3590.27 8.0025364 0.10038 8,511 0.0%842 1.06617 0.7459
330 1.27387 1670.3J 2.331 3553.15 2.0023990 0.10113 0.518 0.01981 1.06291 0.7384
400 121571 1732.75 24337 3531.38 0.002276% 0.10186 08.525 0.02124 1.05998 0.7318
L20 1.16290 1793.49 243067 3507 .46 0,0021663 0.10259 0.532 0.02271 1.05731 0.7259
L1 ] 1114672 1853.49 2,357 36485.55 0.0020670 0.10337 0.540 0.02%20 1.05489 s.7207
460 1.47056 1913.6% 2,366 Jub5.66 0.0019769 010622 . 0,568 0.02573 1.05267 0.7462
480 1.02991 1973.92 2.37¢ JbbT 07 0.0018949 0,10%15 0.556 0.02730 1.05063 0.7123
500 0.99236 2034.98 2.380 Ju3de74 0.0018199 G.10618 0.%565° 0.02889 1.06875 0.7089
520 0.95756 2096.35 2. 385 3615.27 g.02a17599 0.14729 3.573 8.03052 1.08701 0.7059
5S40 G.92521 2159.41 2,388 3400.91 0.001587% 0.10846 0.582 8.03217 104540 0.703s
560 6.89504 2223.37 2. 389 3387.53 0.00152485 0.10974 0.530 8.03306 1.84389 8.7014
540 3.866483 2287.9 2.389 3375.02 0.0015739 0.11107 0.599 9.03558 1.04249 8.6992
500 0.86040 2353.30 2.308 3363.29 0.0015231 0.11246 0.608 0.03733 1.00317 0.6975
650 0.78105 2519.58 2,381 3336.9% 0.0016099 0.1161% 2.630 8.04186 1.03822 0.6942
700 0.72969 2689.15 2.370 3314.09 0.0013132 0.22006 0,653 0.04659 1.03%68 0.6917
800 0.64516 3035.01 2,345 3276 .42 0.0011561 0.12834 0.699 8.0%5669 103150 0.6885
900 0.57833 3384 .07 2,322 3265463 0.00L0336 0.13684 0.766 0.06763 1.02820 0.6865
1000 0.52426 3736.53 2.300 3222.49 0.0009354 0.14508 0.792 0.07961 1.02554 8.68%92
1500 0.35750 5554.15 2.202 3168.6% 0.0006353 0.1893¢ 1.019 0.15010 1.01736 0.6833
2000 0.27136 7540.68 2.087 3111.26 0.00060817 0.27727 1.232 0.28127 1.01316 0.5810
2500 0.,21869 9720.0% 1.967 3038.76 g.00032861 0.3369%% 14433 0.40598 1.01059 0.5810
3800 0.18315 12025.26 1.866 3073.77 0.0003250 0.39277 1.624 0.54870 1.00887 0.5318
3500 0.15754 14450.98 1.780 3062.98 0.0002796 0.45177 1.807 0.70979 1.00762 0.5817
#000 0.13820 17126,.84 1.688 3054 .42 0.0002453 0.51879 1.983 8.89346 1.00669 8.5784
S900 0.11072 24522.82 lab24 3035.81 9.0601975 0.74311 24319 1.30605 1.00535 0. 5442

® THO-PHASE BOUNDARY
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THERMODYNAMIC PROPERTIES OF PARANYDROGEN

3200 PSIA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISQCHORE INTERNAL ENTHALPY ENTROPY cv cpP VELOCITY

DERIVATIVE OERIVATIVE ENERGY OF SOUND

DEG. R CU FI/LB CU FT-PSIA/LB PSIA/R 8Tu/Le BYU/LB BTU/LB-R BYU / L3 -R FI/SEC
* 35.729 0.18530 5431.00 90.038 =124.076 -13.978 1.29379 1.306 1.6467 5633
36 0.18596 Skib.22 90.007 -123.720 =13.530 1.30328 1.318 1.655 5629
38 0428713 5290 .64 83,733 -121.064 =10.158 1039443 1.342 1.717 5600
0 0.18833 5167 .53 83.381 -118.262 ~6.664 1. 48403 1.374 1.777 5571
L2 0.18958 5045.19 88.952 ~115.387 ~3.850 1.57218 1.398 1.836 5541
bl 0.19087 4923.58 88. 446 ~112.419 0.681 1.65896 1.423 1.895 5513
46 0.18220 ©802.89 87+ 864 =109.368 4.528 1eTlbb? Lo447 1,953 5480
48 0.19357 4683.29 87.207 ~106.210 8,691 1.82480 1.470 2.040 S448
S0 0.196499 4564.93 860476 -102.972 12,570 191204 1.492 2.068 5415
52 B.19645 Lib? .98 83.671 ~99.645 16.76% L.99428 1.512 2,125 5382
54 0.19796 «332.63 84e 795 =96.236 21.07C 207554 1.531 2.181 5346
56 0019954 4219.58 83.961 -92.733 25.508 2.15622 1.548 2.238 5316
58 0.20115 “118.47 82.902 -89.157 30.037 2423569 14564 2.291 52681
60 0.20281 «002.15 81.771 «85.506 36.670 2.31422 i.578 2.362 5245
62 8.20452 3897.52 80.582 -81.783 3Gkl 2039183 1.591 2.391 5209
64 0.20627 3796.77 73.347 -77.99%1 44,235 246852 1.603 2.439 5173
66 0.20807 3696.68 78,065 =Thaile ©9.166 254430 1.614 2.486 5136
68 0.20993 3599.93 75.739 -70.2106 54177 261919 1.623 2.530 5100
70 8.21183 3510.62 75.375 ~66.262 5$9.279 2469314 1.629 2.571 5065
75 0.21681 3293.647 71.866 -564082 72,377 2.573383 1.642 2,657 #977
a0 0.22209 3096.67 68.351 ~45.662 85.940 3.04887 1.655 2.757 4889
85 0.22770 2918 544 64,836 =34+ 963 99.953 3.21961 1.670 24845 L800
90 8.23361 2759.46 61.387 ~24.039 114,389 3e38403 1.686 2.928 w712
95 0.23934 2615.06 58. 041 -12.895 129.223 3. S5q461 1.702 3.065 “626
100 0.24638 2688.23 She 822 —1.451 Lek.540 3.70157 1.718 3.07¢ 4543
105 0.25321 2377.70 51.750 10.03¢ 160.076 3.85310 1.732 3.130 4460
110 0.26033 2284434 48,863 21.636 1754894 4. 60032 1.749 3.192 4395
115 0426771 2197.72 454153 33.355 191.987 4e14338 1.769 3.260 «3246
120 0.27535 2126457 43.610 . 45.192 206,353 ho28269 179 3.301 4257
125 P.28323 2071.79 4te237 S7.146 2244975 4o %1839 1.823 3,367 4198
130 0429132 2021.42 33.038 69.207 241.831 4.55061 1.856 3.396 4139
135 0429970 1984.79 36. 996 810393 2584924 4.67362 1.893 Y Yy 4088
140 9.30806 1953.19 35.109 93.7de 27b.246 4o 80561 1.934 J.487 4038
150 0.32538 i912.08 3le Tl 118.750 311.557 5e 04920 2.026 3.570 3954
160 0.34315 1895.21 28,868 1bb. 409 387,743 5.28271 2.428 3.662 3887
180 0.38052 1937.70 2k.109 195,757 421.233 5.72005 24334 3.761 3814
2a0 O.n1686 1980.51 20.856 251457 498,467 6.12673 2.530 3,960 3782
220 G 45361 20465,57 184324 310.062 578.850 6.50370 24713 4. 089 3779
240 0.49051 2126461 16,306 371.082 661,732 6.87003 2,854 40191 3804
260 0.52735 2218.66 14.668 433.684 T46.166 7.20811 24948 be26b 3848
280 0.56402 2318.00 13.324 ©97.097 831.310 7.52350 2,996 “.259 3907
300 0.60046 2422.03 12.196 560.532 916.336 7.81696 3.010 La200 3976
320 0.63664 2528.97 11.247 623507 16004751 8408940 2.997 L.198 4051
340 8.67256 2637 . 6% 10,437 6850648 1084.178 8.34201 24967 “. 143 4131
360 0.70824 2747 .29 9.738 TubeT42 11664412 8.57711 2.926 4. 080 213
380 0.76369 2857.41 3.129 806.685 1267.360 8.79596 2.880 4. 015 4296
“06 8.77832 2967 .70 8.594 8654463 1327.017 9.00035 2.833 3.952 “379
%20 0.81337 3677.97 8.12¢ 923.1¢2 1405.443 9.19165 2.788 3.892 bhb2
LYY ] 0.84835 3188.09 7.698 9794748 1482.736 9437149 2.746 3.838 4543
46D 0.88357 3298.01 7.320 1035. 427 1558.9392 9+ 54099 2709 3.789 4623
«80 0.91817 3407 .68 66978 1090.275 1634.,337 9.70110 2.675 3,760 4702
500 0.95263 3517.490 b.669 114b.388 1708.875 9.85342 24640 3.709 &779
520 0.98700 3626.28 be 386 1197.868 1782.736 9. 99835 Z.621 3.676 4854
540 1.02120 3735.23 5.128 1250.796 1855.948 10.13655 20500 3.6u48 L9928
360 1.065644 3843,90 50890 1303.186 1928.590 10.26815 2.582 3.625 50060
580 1.08954 3952.38 5.671 13554254 2000.865 10039483 24567 3.605 5076
600 1.32357 4060.66 5,468 1407.030 2072.608 10.51684 24555 3.588 5140
550 1.208460 4330.58 5.021 1535.245 2251284 10.80284 2.532 3.555 5308
700 1429292 #599.57 Go bl l 1662.377 2428.506 11.00576 2.518 3.534 5469
800 1.46134 5135.52 boGll 1914566 2780.463 11.53607 24505 3.511 5775
900 1.62908 5669.65 3.580 2165.709 3131.024 11.948068 2.500 3499 6064
1000 1.79646 6202.66 3.234 2416.108 3480.606 12.31679 2.500 3495 6339
1500 2.,63060 8861 42 2,133 3674.338 5233.109 13.73r25 24562 3.529 7550
2000 3.46307 11518.28 1.598 4969.341 7021.397 Lhe70w00 20648 3.633 8557
2500 4029508 16175.73 1.279 ©327.553 8872.616 15.58957 2.788 3.773 927
3000 5.12633 16834409 1.065 7756.229 10796¢.210 1628031 2.926 3.908 10211
3500 5.95891 19693.03 0.3133 92564709 12787.581 16.89751 3.054 4.040 10930
«000 6479191 22152.467 0.7992 10827.699 14852.271 17.64i52 3.209 L2049 11588
5000 8.47586 27472.38 046394 143054752 193¢28.150 19.47267 3.790 Lo827 12730

® THO-PHASE BOUNDARY
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3200 PSIA IS03aR

TEMPERATURE OENSITY

DEG. R

354729
36

38
LY

349

360
380
806
20
(X1
~64
480
530
520
540

560
583
600
650
734
8040
934
1950
1500
2000

25040
3ud0
35049
4000
5000

La/sCu FT

5.38207
5.37757
5.364398
5.30973

5.27480
5.23920
502029
3.16603
Se12840
5.09026
5.05142
S.01142
4.97133
4.93072

4.88960
fedLBJL
».30539
4.76355
472075
“.612W
“.50261
b.39183
5428059
816945

«.05882
$.96930
3.86131
3.73561
3.63172
3.5306%
3.43263
3.33776
3.26616
3.37329

2.91613
2.62801
2.3980
2.20454
2.03871
1.89628
1.77298
1.66533
157074
Le48685

1.61295
1034465
1.28382
1422854
1.17807
3613477
2008913
1.04972
1.01318
0e37918

Ge34747
0.91782
0.89002
382754
Qe 77344
3.68632
Ge 61386
(55665
0.38014
d.28876

g.23282
419505
G.106782
Je16723
0.11798

TWO-PHASE BOUNUARY

VAOR/0V) VWP/DUY | =VIDP/OV), (DV/OT)/V  THERMAL  VISCOSITY THERMAL
? v ? CONDUCTIVITY
8Tu/Ld PSIA-3U FT/BTU PSIA 1/0EG. R 3TU/FT-HR-R LB/FT-SEC SQ FT/HR
x 10
534,67 12,809  29230.03  0.0030803  0.0783% 24622 0.00884
535,49 12.772  29115.32  0.003091%  0.07888 24581 0.20886
540,89 12,515  28273.08 0.0031738  0.08239 2.312  0.00898
545 .54 12,278  27438.47  0.0032575  0.58527 2.99%  0.00904
549,34 12,065  26612.35 0.0035425 0.38761 1,915  G.00935
552,56 11,861  25795.61  0.0354287  3.d8350 1.766  J.00902
555 .40 11,676 26989.19  0.00$5161  0.539039 1.639  0.0089
557.74 11,487  24196.32  0.0U36045  0.09213 1.531  G.c0887
$59.93 11,305 23411.09  0.0536938  J.09239 1,438 0.00877
56169 11,136 22661.38 0.0037838  0.09462 14357 0460365
562491 10,967  20885.93  G.003874k  G.09404 1.286  G.0Go5e
563.65 10.822  21166.09  0.00397G5  0.09389 10222 G.50837
564450 10.662  20434.53  0.0043569  0.09362 1.166  G.d0822
565.12 160508  19733.48  G.0081438  0.09326 1.116  0.00808
585 .57 16,356 19G57.33  0.004228+  0.05284 1,071 0.00794
555.42 100210  18436.78 040063168  G.59234 1eddi 04306781
565.78 104065 17766423  G.0u93940  0.09179 0,993  d.c3766
565448 34927  17168.46  0.0066756  0.05113 “0.959 §.0G757
565.24 3.799  16572.75  G.0Gs5481 3409055 00928 0.G074%o
563.52 3.489  15190.87 0.0067322  0.08881 0e860  G.d722
562,42 301764 13963.G9  0.0049022  G.08696 3.808  d.00701
562446 8,841  1.617.28  0.0050585 0.085i1 8,755 Q.00681
563.43 8.5084  11812.10 0.0051970  0.08329 G.716  0.00665
564,52 8.3131  10903.35 0.0053232  0.08154 0.678  0.00651
566.57 7.863  10099.30  0.0054283  0.07989 0,047  0.00640
56900 7.568 9390.26  0.6055117  0.07836 0.619  0.30633
573412 1.275 8774.85 0.0055685  0.07720 2,59  0.66630
577.82 509603 8209.39  0.0056219 0.07625 0.573  0.00628
584456 5.693 7723.09  0.0056467  0.07540 §.556  0.00629
533,74 e 407 T346.76  0.0056376  0.0746% 0.537  0.00632
603.70 6.127 6936.79  0.0056261  0.07401 0.522  0.00635
616411 5,856 €626.71  0.0055845  0.07348 0.509  0.00660
629.70 5.592 634038  0.0055376  0.97306 0.498  0.00645
461496 3.098 §876.37 0.0054019  0.07340 0.480 0.00668
700.59 “.655 §523.00 0.0052269 0.07448 G.467  0.00698
798.69 34931 5092.31  0.u047343  0.07598 G.4a7  G.00765
898.38 3.446 4751.07  0.0043897  0.08209 0.465 0.00068
1036.21 3.064 4509.55  0.0040636  3.38701 Geb76 0430965
1114.24 2.803 4335.55  0..087609  0.39093 0.483  Qd.ul0ba
1217.84 2,624 4207419 3.0034865  0.63399 G.e89  Dauliel
1314403 2,507 «109.78  G.0332412  G.39632 Je49%  Gadl276
1402.82 2,433 «033.62  0.0030237  d.39808 3.499  G.01389
1482.83 2.339 3972.36  0.002831k  0.09338 Gezlh  $.01507
4556473 2.366 3928477  0.0026612  6.18039 64316 001630
1625.31 2.357 3879.03 0.0025103 O0e1biLs G516 401757
1633.70 2o 357 JBh2.23 Qe023759 0.20189 0.522 8.G1887
3751.91 2.363 3810.00 0.0022556  0.16256 0.529  4.02022
1812449 2,371 3781.42  0.0021475  0.30325 5.536  0.02159
1872.17 2.380 31755.78 0.0020498  4.10600 G.54  G.G2300
1932.18 2.388 3732.57  0.0019011  0.10483 04952  Ga0200k
1992.26 2.395 3711440 0.0018802  0.1057$ 04560 002532
2053.21 2,401 3691.98  0.0018062  0.1067% 0.568 0.u274<
2116499 2,405 1679405 G.0617382  5.10783 0.576  ©.02895
217767 2.4dv 36570 G.0016754  G.10899 $.585  3.03051
2241.37 2.407 1661.99  G.0ildi7?3 0,110 ©e593  0.332L0
2405.86 Zoaa? 3627.56  0.a015633  3.11158 1.602  0.33$73
2371.22 2,455 3614065  0.dGi31e0  Gei1297 0.611  .03538
2537 .40 2.396 3583.76  0.0014012  d.1166% 0.633  0.23965
270701 2.385 IG557.51  0.0013055  0.12058 G.556  Qechelid
3053.24 2,357 $510.35 040031499  G.12835 3.782  0.55364
3402. 30 2,333 3480429  G.0010285  4.13761 G789 G.06397
3754400 2,310 3452472 G.9009309  S.14608 $e796  G.a7509
5672420 2,208 3368459 0.0006333  0.19u3l 1.026  U.14187
7559.13 2.091 3320.03  0.0004806 0.27727 1239 G.26431
9739.08 1.970 3300047  0.000387%  Go3349% 1,462  0.38132
12044467 14808 I283.46  0.0003245  0.39276 1.635 G.51522
14469.46 1.782 3275.24  0.0002792  0.45168 1.819  0.66629
17139417 1.691 3261.59  0.0002650 0.51836 1.997  6.8383¢
24485.73 14430 3261425  0.0001973  0.73308 2.336  1.29789

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN
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1.28951
1.28923
1.2872%
1.2851h

1428304
128093
1.27872
2427651
se274827
1.27199
1.26968
1.26730
1.20692
1.26252

1.26039
1.25783
1.25516
1.23267
1.25016
1024383
1.23745
1.231 06
1.226465
1.21829

1.21199
1.20578
1.139970
1.1937%
1.18796
118234
1.17692
1.17169
1.16666
1.15723

Le14860
113326
1.12137
1.1100d0
1.10217
1.09%77
1.08846
1.08286
1.07801
1.07373

1.06991
1+06650
1.06342
i.06062
1.05808
105575
1.05360
1.65169
1.04980
1.04810

1.04651
106503
1.04364
1.34353
1.03785
1453303
2402995
182713
1e01847
1e01601

1.01128
100945
1.00812
1.00712
1.00571

DIELECTRIC PRANDTL

OLFFUSEIVITY CONSTANT NUMBER

1.93846
1.9501
1.7343
1.571%

1.%450
143456
1.2664
1.2028
1.1513
11489
1.0733
1.04438
1.0272
1.0089

0.9931
0.9795
0.3681
0.9580
Ge 9482
0.9295
0.9169
0.9091
0.9036
0.8397

C.8961
0.8917
0.3845
0. 8786
0.872%
0.8666
0.8627
6.8585
8.8559
0. 8424

0.8272
9.8011
0.8040
0.8007
0.8012
Go 704
3.7857
Je 7763
1.7665
0.7573

0.7487
07469
0.7340
0.7279
G.7225
2.7178
$.7137
9.7101
0.707¢
0.7043

de7020
7800
0.6982
0.6947
6. 6921
0.6387
Ge 6306
Ge5453
C.6433
Ge 5863

Ue 5846
0.5856
0.5857
8.5823
G.56493



TEMPERATURE

3400 PSIA IS034R

DEG.

38
40

340

360
380
400
«20
bkl
L60
480
500
520
540

560
580
500
650
700
800
9080
1000
1500
2000

2500
3000
3500
4000
5000

THO-PHASE BOUNDARY

364308

VOLUME

Cu FT/LB

B.18488
0.18583
0.18699

0.18819
0.18343
0.19070
0.19202
0.19337
0.19477
0.19621
0.19769
0.19925
0.20082

0.2024%
0.20411
0.20582
0.20757
6.20937
0.21407
0.21904
0.22430
0.22984
0.23566

0.24175
0.24811
0.25672
8.26157
0.,268565
0427595
0.28364
0.29111
0429894
0.31531

0.33150
0436649
0.40039
Do k3474
0.46927
0.50381
0.53824
D.57268
0.60651
0.64032

0.67390
0.70728
0.74046
0.773067
0.80632
0.83903
0.873161
0.90408
0.93644
0.96871

1.00090
1.03301
1.06506
1.16493
1.22451
1.38303
1.54096
1.69851
2448359
3.26707

4405010
4.83299
5.61600
6.39996
7.98428

1SOTHERM

DERIVATIVE DERIVATIVE

CU FT-PSIA/LD

5579.20
5475.79
5354 .05

5232.94
5112.59
993,13
#874.70
4757 .46
4641 .57
4527 .18
bhlbob?
4300.37
%194,88

4088.86
3386.97
3889.89
3792.02
3698.03
3684 .41
3283.75
3101.30
2942.79
2797.98

2666 .73
2551 .94
2450,.99
2368.61
2287.76
2222.14
2171.75
2125.06
2091 .43
2040.84

2013.46
2040.80
2076.18
2134457
2209.86
2297 .14
2392.64
2693.61
2598 .14
2706.90

2813,03
2921 .94
3031.25
3140.72
3250.16
3359.51
3468.71
3577.71
3686,51
3795.14

3903,51
4011.73
4119.76
4389.13
4657 .65
5192.81
5726.26
6258.68
8915.29
11570.79

16227.36
16864.93
195643.43
22202.47
27521.80

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

I30CHORE
PSIA/R

90.758
90.554
99,243

83.856
83.393
83,855
83,243
87.557
83.799
85.970
85,072
84,120
83,045

81.907
80.716
73,4385
7%.215
75+ 909
73.515
70,075
650 641
63.260
53.970

56e 794
53,749
50.867
48.150
43.605
43.219
4D. 982
38,909
356.977
33.527

30.553
25.523
22,124
13,4668
17.342
13. 611
14,182
12. 988
11.978
11.114

10.368
3.719
3. 148
8.643
8.193
7.78%
Tob2u
T.09%
5,793
5.517

50264
5.030
3.814
5.338
4.93b
e 294
3.803
3. 445
2.266
1.698

1.358
1.132
0.9702
0.8490
0.6793

INTERNAL
ENERGY
BTusLe

-123.310
-121.071
-118.335

“115.504
=112.583
-109.572
~106.473
-103.287
~100.015
~96.660
~933.224
-89.,702
-86.111

~82. 450
~78.722
~T4.929
«71.076
~67.167
~57.184
~4b6.927
~36.408
-25.651
-14,679

-3.405
7.915
19,366
30,946
420645
Sl 474
66. 636
78.525%
90.760
115,686

141.275
192.728
2484416
307.067
368.182
430.911
49, 471
558,059
621.188
683.478

Thba714
804,793
863.696
921.473
978.205
1033.985
1088.926
1163.126
1196,.,686
1249.688

1302.146
1356.278
14060314
1534, 461
166314705
1914.070
2165.345
2415.846
3674.351
4969.469

6327.761
7756, hisis
9256.854
10827.362
14298.921

ENTHALPY
BYusL8

~6,311
4072
~0.605

2,979

6.578
10,492
14418
18,458
22.610
26,872
31,242
35,741
40,324

45.00¢6
69.781
54,650
$9.607
Bheb49
77.590
90.980
104,810
119,056
133.691

1648.800
1640122
179.735
195.628
211.785
228,208
244,887
261.805
278,371
3140012

349,386
423,466
500.500
580,771
663,628
Te8.805
833.340
318,488
1003.041
1086.615

1168.995
1250.087
1329.883
1408.440
14685.857
1562.229
1637.682
1712.321
1786.256
1859.575

1932.299
2004.649
2076.662
2255.294
24324640
2784.807
3135.516
3485,210
5237.990
70264375

8877.635
10799.239
12792.621
14856.698
19325.725

134

ENTROPY
BTU/LB=-R

1.29642
1.37286
1.46176

1.54919
1.63523
1.71998
1.80353
1483597
1.96739
2.00781
2.12727
2.20621
2028390

2.36062
2+ 43645
2.51136
2.58536
2.65843
2.83697
3.00977
3.17770
3. 36054
3.49878

3.65379
3.80329
3.94855
4.08984
4,22736
4o 36144
e 49227
4.61996
boT7lku81
4. 98654

5.21868
5.65563
6.06126
6.44370
6,80391
7.14216
T.45789
7.75177
8.02465
8.27770

8.51323
8.73247
8.9372¢
9.12883
9.302896
9.4787%
9.63906
$.79159
9.935870
10.07507

10.20682
10.33362
18.45575
10.74200
11.00511
11.4757¢0
11.88848
12.25671
13.67741
Lbo 70421

15.52980
16.22055
16.83772
17.58159
19.61127

cv cP
8TU 7 L3 -R
1.313 1.653
1,340 1.704
1.369 1.763
1.396 1.821
1.421 1.878
1.445 1.935
1,468 1,991
1.490 2.048
1.511 2.306
1.53u 2.158
1,548 2.212
1.565 2.266
1.579 2.316
1.593 2.365
14605 2.412
1.616 2,457
1.625 2.501
1.632 24561
1.646 2.633
1.659 2.722
1.675 2.809
1.691 2.888
1,708 2.983
1.726 3.034
1.739 3.096
1.756 3.151
1.776 3.203
1.801 3.259
1.830 3.312
1.863 3.359
1,901 3,610
1,941 3.456
2.033 3.551
2.135 3,644
2,340 3.769
2.536 3.936
2.718 4.085
2.859 4191
2.953 4. 249
3.002 4. 266
3.015 o247
3.002 .206
2.971 4,150
2.930 4.087
2.884 4,022
2.837 3.958
2.792 3.898
2.7590 3. 80k
2.712 3.795
2.678 3.751
2.649 3.713
2.624 3.681
2.602 3.652
2.585 3.629
2.570 3.608
2.557 3.591
2.536 3.558
2.519 3.536
2.506 3.513
2.501 3.501
2.501 3.496
2.542 3.529
2,668 3.633
2.788 3.773
2.924 3.908
3.054 4,039
3.208 4.198
3.777 4,812

VELOCITY
OF SOUND
FT/SEC

5763
5680
5652

5624
5595
5565
5535
5504
5672
5440
5406
5372
5338

5383
5268
5234
6199
5164
5081
«996
4909
«825
b743

4661
4587
4514
LTI )
4379
316
4259
4293
4153
W064

3990
3802
3864
3855
3874
3913
3968
40346
41086
h184

4264
4345
426
4508
4588
4667
Yok
4820
4895
4968

5039
5109
5177
5344
5503
s807
6094
6367
572
8576

Qhisdy
10226
10944
11602
12745



TEM

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

3400 PSIA ISOBAR

PIRATURE

DEG. R

36,308
38
0

62
ke
L1}
4“8
S0
LT4
56
586
58
60

340

360
380
3.1
s20
b4l
460

300
s2o
54

560
530
600
650
rae
800
300
1000
1500
20090

25400
3000
3500
4000
$000

DENSITY V(DN/DV)p VPOV, =V (DP/DVN

L8/CU FT B8TU/L8 PSIA-IU FT/8TU  PSIA

5.60889 569,49 12.776 30177.30
Se38144 554,33 12.562 29465.98
Se347746 559.36 12,326 28632.09
5.31372 563,40 12.115 27806.36
5.27906 567,13 11,913 26983.66
5.24378 570.21 11.724 26132.87
5.20738 572.91 11,5643 253836488
S$e17137 57547 11.362 24602.62
5413427 577.60 11.189 23831.06
5.09658 573.19 11.028 23073.10
S.05834 580.58 10.860 22329.78
5.0189 581.45 10,712 21533.16
#.97952 582,50 10.561 20848.50
493971 583,14 10. 410 20137.77
4039942 583.60 13.266 19533.84
4.85873 584,17 10. 124 18839.91
4.81767 586,06 9.989 18268471
k. 77625 583.63 . 864 17662.71
4.67143 583.06 9.559 16277.18
4.56533 582.36 3.251 14991.61
bel5828 582.40 8.924 13826447
#.35077 584 .61 8.597 12803.640
44204335 586,68 8.277 11872.82
413647 588.90 7.362 11022.57
4.03047 591 .98 7.670 10285.53
3,925488 596.0¢ 7.38C 9622.29
3.82301 602.22 7.091 9054.46
3.72230 608.57 3.80¢ 8515.74
3.62387 617.07 5.516 8052.77
3.52802 6528.01 8.230 7684 .98
3.43512 839.72 5.960 7299.83
3434512 653.91 5.694 6996.27
3.174658 686.22 34195 64Ll8.67
3.01656 724446 e This 6073.72
2.72858 822.38 3.997 5558.47
2.49753 922.47 34093 5185.36
2.30025 1030.37 Jelle 4940.03
24130937 1138.09 2,846 4709415
1.38487 1261 .12 2,664 4559.53
1.85791 1336.62 2.543 L4045.31
1.74677 1426.24 2,466 ©355.77
1.64877 1504409 2. 420 #283.72
1.56172 1577 .4l 2.395 4226.31
1.48389 1645.52 2,384 4174425
1.461387 1709.57 2,386 4131.25
1.35051 1771.36 2.388 ©0933.72
1.29287 1831.52 2.395 4060.53
1.26020 1891.05 2,403 4030.86
1.19185 1950.78 2,610 4004406
Lel0730 2010.78 2,416 3979.65
1.10610 2071.59 2.%21 3957.34
1.06788 2133.26 2. 424 3936.74
1.03230 2195.65 2.426 39L7.70
0.99910 2259443 2.425 3900.02
0.964806 2323.92 2,424 3883.52
0.93892 2389.25 2,422 3868.10
0.87302 2555 .42 2,612 3833.5¢6
2.81666 272% 4% 2.399 3803.70
3.72305 3071.22 2,370 3754.67
0.64895 3u20.29 20343 3716.03
0.58875 3772.38 2.319 3684.80
0.40264 5590 .25 o214 3589.68
0.30609 7577 .55 2.095 3541.64
0.26691 9758.03 1.973 3512480
1.20691 12064.03 1.871 3493.69
0.17806 16488.01 1780 3679.95
0.15625 17152447 1. 6% 3469416
8.12525 24b15.61 L.u36 Shi7.00

TWO=-PHASE BOUNDARY

(DV/DT&/V THERMAL VISCOSITY THERMAL OIELECTRIC PRANDTL
SONODUCTIVITY DIFFUSIVITY CONSTANT NUMBER
1/70€6. R BTU/FT-HR=R LBIFT—?EC $2 FT/HR
X 190

0.0030075 0.08045 2.678 0.00900 1.29113 1.93056
0.0030732 0.083466 2,437 0.00910 1.28945 1.7906
0.0031518 0.08643 2.202 0.00917 1.28743 1.6172
0.0032315 0.08885 2.009 0.006918 1.28538 1.46825
0.0033124 0.09081 1.849 0.00916 1.28329 1.3769
0.0033936 0.09236 1.71% 0.00910 1.28117 1.2927
0.8034759 0.09356 1.599 0.00902 1.27902 1.2250
3.0035589 0.09608 1.500 0.00892 1.27683 1.1702
0.0036423 0.09516 1.413 0.00883 127462 1.1249
3.0037260 0.09563 1.338 0.00869 1.27237 1.0870
3.0038098 0.09552 1.271 000854 1.27009 1.0600
0.0038975 0.09527 t.212 0.003838 1.26774 1.0376
0.0039756 009694 1.159 0.80823 1.26541 1.0177
0.0060553 0.09455 1.111 0.00809 1.26305 1.0008
0.0061321 0.09408 1.069 0.0079 1426067 0.9861
08.0042356 0.09355 1.030 0.0078% 1.25827 0.973%
0.0062813 9.09297 8.99% 0.00772 1.25585 0.962%
0.0063543 0.09235 0.962 0.00761 1.25361 6.952%
0.0065165 ¢.09065 0.891 0.00737 1.24727 0.9316
0.0046746 0.08384 9.832 0.00715 1.26109 0.9180
8.0068198 0.08701 g.783 0.00695 1.23488 0.9096
0.0049409 3.08521 0,740 0.00673 1.22868 0.903%
040050510 0.08348 0.703 0.00664 1.22251 0. 8985
0.3051525 0,081086 0.671 0.00652 1.21641 0.8952
0.0052257 0.,08032 0.642 0.00644 1.21038 0.8904
0.00523863 0.07315 0.617 0.00660 1.20646 0.,8339
0.0053178 g.07820 0.59% 0.00639 1.19867 0.8766
0.0053555 0.07734% 0.575 0.00638 1.149302 0.8717
0.0053670 0.07658 0.557 0.00638 1.18753 0.8673
8.0053487 0,07593 0.562 0.00641 1.18229 0.8626
6.0053301 0.97538 8.528 000644 1.17706 0.8599
0.0052853 0.07693 0.516 0.006648 1.17209 0.8573
0.0051749 0.07522 0.497 0.00667 10162746 DeBibsl3
0.0053303 g.07626 0.482 0.0069¢ 1+15415 0.3299
0.0065835 0.,07770 0.458 0.00755 1.13862 6.8001
0.0062666 0.08377 0.476 8.003852 1.12629 0.804%
0.0039649 0. 08360 0,486 0.00943 1.11586 D.8064
0.0036826 0.09240 Be092 0.01035 110698 0.8038
0.0034239 0.09533 B.497 0.01130 109936 0.7976
0.0031906 0.09753 g.501 0.01231 1.09278 0.7890
0.0029818 0.09917 2.506 0.01337 10087046 0.779%
0.0027961 0.10038 1.510 0.01448 1.08201 0.7696
0.0026310 0.10130 0.515 0.01563 107755 0.7602
0.0024839 8.10203 8.521 0.01682 1.07353 0.751%
0.002352% 0.10266 0.527 0.01805 1.07001 076306
0.0022347 0.10329 8530 0.01932 1.06679 0.7362
0.0021285 0.1039% 0.540 0.02062 106337 0.7298
0.0020325 0.1066% 0.548 0.02195 1.06121 0.7262
8.0019652 0410544 §.555 0.02331 1.05677 0.7193
0.0013655 0.10633 0.563 08,0247 1.05653 0.7150
8.0017925 0.10731 0.571 0.92613 1.05446 9.7113
040017254 0.10839 9.57% 0.82753 1.05254 0.7081
0.0016634 0.10954 0.588 9.02905 1.05075 0.7353
0.0016060 8.11079 0.59 0.030%6 1.04909 0.7029
0.0015527 0.11214 0.605 0.83209 1.006756 0.7008
0.0015030 11369 0614 8.03366 1.04688 0.6939
0.001392¢ 0.11716 0.636 0.03770 1.06282 0.6952
0.001297s8 8.12109 2.659 0, 06193 1.03999 0.6925
0.0811438 0.12942 0.705 0.0%095 1.03535 0.6890
0.001023% 0.13799 0.752 8.86074 1.03168 0.6868
0.0009267 0.14671 0.799 0.07128 1.02871 0.6856
0.0006313 G.19127 1.029 013464 1.0195%7 8.6333
0.0006796 8.27727 1,246 0024930 1.01485 0.5876
0.0003866 033490 1.451 0.35957 1.01197 0.5882
0.0003240 0.39275 1.645 0,48568 1.01002 0.589%
0.,0002788 3.45161 1.832 2.62790 1.00862 3.5898
0.00026047 0.51797 2.041 0.78973 1.00756 0.5866
0.0001974 0.73541 2.354 1.22031 1.00606 05544
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THERMOOYNAMIC PROPERTIES OF PARAHYDROGEN

3600 PSIA ISOBAR

TEMPERATURE VOLUME ISOYHERM ISOCHORE INTERNAL ENTHALPY ENTROPY cv cp VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. R CU FT/ZLB CU FT=-PSIA/LB 2SIA/R aTusiLs 8TU/LE 8TU/LB=R 8Tu 7 L3 ~R FT/SEC
® 36,879 0.18339 5725.68 91,469 ~122.531 g.121 1.30196 1.32¢0 1.658 5772
38 0.18460 5657.92 91.350 =121.061 1.999 1.35210 1,338 1.691 5757
L] 0.18572 5537441 91.077 ~118.365 5.4kl 1.44035 1.367 1.750 5730
W2 0.18687 5417.53 93.730 -115.576 8.997 1.52710 1.394 1.807 5703
iy 0.18806 $298.37 90.308 ~112.698 12.666 1.61245 1.420 1.863 5676
&6 0.18928 5$180.07 83,811 -109.732 16.048 1.69650 1o043 1.919 5668
b8 0.19054 5062.77 8342412 ~106,680 20,340 177932 1.466 1. 974 5619
S50 0.19184 4946460 38.599 ~103,543 2403064 1.86103 1.489 2.029 5589
52 0.19318 4831.71 87.885 -100,322 28.457 1.94169 1.510 2.084 5559
54 019456 4718.26 87.100 =-97.019 32.678 2.02134 1.528 2.137 5528
56 0.19598 4606.40 8be 247 ~93.637 37.005 2.10002 1.547 2.190 5697
58 0019744 4496.32 85.326 ~90.177 bieb38 2447779 1.56% 2.262 Subt
60 0.19836 4380.68 840253 ~86.,636 45.394 2.25502 1.58¢0 24293 5427
62 0.20050 4279.00 83.164 -83.032 50.626 2.33095 1.5% 2.340 5395
(-1 0.20208 4174.75 82,017 ~79.361 55,353 2.40599 1.606 2.386 5360
66 9.20374 #078.40 80.821 -15.627 60.170 2.48010 1.618 24430 5327
68 0.20538 3981.49 73.595 =71.834 55.074 2.55330 1.628 2.473 5294
70 0.20708 38085.67 78,338 -67.986 70.060 2462556 1.635 2+513 5260
75 0021153 3670.86 754053 -58.156 832,858 2.80213 1,650 2.604 5180
80 8.21624 3469.00 71.698 =48,055 96,093 2.9729% 1.664 2.5690 5098
85 0.22120 3286.06 63.336 =37.69 109.760 3.13889 1.680 24770 5014
9% 0.22642 3122.65 65.024 -27.097 123.833 3.29975 1,697 2,853 4932
95 0.23187 2972.79 63,793 -16.282 138.289 3. 45605 1.743 2.928 4851
1080 0.23758 2838.59 5%. 665 -5.162 153,213 3.60917 1.731 2.998 w773
185 0.24352 2722.86 554646 6.010 168.349 3.75686 1e745 3.056 «700
110 0.24970 2617.83 52.769 17.321 183,775 3.90038 1.762 3.133 4629
115 0.25609 2526.35 504053 28,764 199.481 4. 04000 1.783 3.168 4560
129 0.26269 2649.082 47,504 0,362 215.458 417600 1.808 3.220 4496
125 0.26949 2380.25 450106 52,057 231.702 4o 30860 1.837 3274 4433
130 0.27646 2318.37 42,859 63,912 248.206 4. 43306 1.870 3.328 4372
135 0.28360 2271 .69 Wle745 75,915 264.969 4.56459 1.908 3.377 4316
140 0.29089 2228.37 38,784 88,070 281.982 4. 68833 1.949 J. 429 4262
150 0.30585 2169441 35.25%0 112.875 316.763 4.92826 2.040 3.528 4169
160 0032124 2135.95 32,195 138,387 352.532 $.15907 2edh2 3.625 4093
180 0.35409 28440 4b 26.907 189,928 425.370 5.59544 2.347 3.758 3988
200 0.38535 2172.83 23.369 245,590 502,805 6.00001 2562 3.928 3944
220 0.41806 2224.88 23.595 304,266 582,352 6.38186 .724 bo 081 3930
240 0.45069 2294 .62 18,367 365,453 665.763 6.74186 24865 4e191 3943
260 0.48299 2377.20 15566 428.288 750,257 7.08019 24958 4.252 3979
2389 Q.5154612 2468 .82 15,039 491,974 835.558 739616 3.007 4,269 4030
300 0.54770 2566 .65 13.776 555,698 920.805 7.69038 3.020 4.252 4092
320 0.57980 2668.66 12.706 618,966 1005.476 7.96366 3.007 ho212 4162
340 0.61172 2773 .40 11.790 681.395 1089.178 8.21708 2.976 4457 4236
360 0.64343 2879.91 12.998 742,763 1171.691 8.45298 2,935 4.096 4314
380 D.67496 2987.50 10.308 802,968 125249146 8.67258 2.888 be028 4394
&00 T 0.70632 3095.74 J.702 861,990 1332.837 8.87765 2eBh1 3.965 Lol4
W20 0.737514 3204.30 3.165 919.876 1411.546 9. 06957 24795 3.906 4553
b0 0.76855 | 3313.01 8.687 976714 1689,049 9.24997 2.753 3.849 4632
k60 0.79%6 3421.73 8.257 1032.590 1565.,530 9.41996 2.715 3.800 4718
480 0.83025 3530.39 T.87G 1087.620 1641.085 9.58053 2.681 3.756 Wwr87
500 0.86093 3638.92 T.519 1141,.904 1715.820 9.73325 2.652 3.748 862
520 0.89152 3747.31 7.199 1195.541 1789.845 9.87854 2.627 3.685 4935
540 0.92201 3855.55 5. 906 12484615 1863.248 18.01706 2.605 3.656 5007
560 0.95243 3963.61 5637 1301.140 1936.049 10414895 2.587 3.633 5078
580 D.98277 4071.52 5.389 1353.334 2008.472 10.27588 2.572 3.612 5147
600 1.01305 #179.28 54160 1405,226 2080.552 10.39813 20559 3.594 5215
650 1.08852 bh48.046 5.656 1533.704 2259.333 10.68462 2.536 3.561 5379
T80 1.1637¢0 471604 5.228 1661.057 26364805 10. 94792 2.521 3,539 5538
604 1.31345 525031 ko548 1913.5% 2789.170 11, 41877 2.508 3.514 5838
S0 1.46263 5783.02 e 027 2165.002 3140.024 11.83172 2.502 3.502 6123
1000 1.611464 6314.80 3.615 2615.604 3489,825 12.20007 2.502 3,497 6395
1508 2.35289 8969.06 2.399 3674.382 5242.873 13.62099 2.543 3.523 7594
2000 3.09281 11623.08 1.797 4969.615 7031.350 1664784 24668 3.633 8595
2500 3.83230 14278.65 1.438 6327.948 8882.548 15447345 2.788 3.773 9660
3008 4e57168 16935,.55 1.198 7756.678 10804.260 1616420 2,924 3,908 10261
35080 5.31116 19593, b4 1.027 9257.025 12797.562 16.78135 3.054 4. 039 10957
4000 6.05151 22252.05 0.8988 10827.09% 148b61.167 17.52509 3.206 4.196 11615
5000 7.54731 27570.75 0.7192 14292.7130 19323.920 13.35342 3.765 ko798 127158

®  TWO-PHASE BOUNDARY
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T4ERMODYNAMIC PROPERTIES OF PARAHYDROGEN
3600 PSIA ISO8AR

TEMPERATURE DENSITY V(DNIDV% V(DP/DU% -V(DP/DV'T (DVIDT%IV THERMAL VISCOSITY THERMAL OIELECTRIC PRANDTL

CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

0€G. R LB8/CU FT 8TU/LB PSIA-IU FT/BIU  PSIA 1/0€6. R BTU/FT-HR-R LBI'T-;EC SQ FT/HR

X 10

®  36.879 5.63507 S6k.1b 12.746 51119.49 0.0029393 0.08251 24730 0.00916 1e29R71 1.9780
38 5.41707 567 .45 12,607 30569.34 0.0029405 0.08450 2.567 0.00922 1.29162 1.8696
“0 5.38647 572.01 12,373 29416.05 0.0030546 0.08756 2.318 0.00929 1.28965 1.6650
.2 5.35128 $77.23 12.1646 28990.67 0.0031296 0.09006 2.107 0.00932 1.28765 1.5219
(13 5.31708 581.23 11. 964 28173.99 0.00832054 9.09209 1.936 0.00930 1.28561 1.4098
46 5.28310 584465 1L.777 27366086 0.0032817 0.09371 1.791 0.00924 14283546 1.3203
48 Se20814 587.69 11,597 26570,09 0.0033587 0.09696 1.668 0.00917 1,281 44 1.24846
50 5.21260 5$90.59 114418 25786.62 0.0034361 0.09593 1.563 0.00907 1.27930 1.1902
52 5.17650 593.08 11247 25011.32 0.0035138 0.09665 1.471 0.00896 1.277 1% 1.1420
(13 5+13984 595.02 11.087 264251.11 6.0035916 0.09717 1.391 0.00885 1.27495 1.1016
56 54106266 596.87 13.9286 23504.94 0.0036693 0.09710 1.321 0.00869 1.27273 1.0727
58 5.06496 598 +46 10.769 22173.67 0.0037467 0.09689 1.259 0.00853 1.27048 1. 04385
60 5002619 $599.12 10.610 22018.12 0.0038265 0.09657 1.202 9.00838 1.268148 1.0275
62 498754 000,48 104 461 21341.67 9.0038968 0.09621 1.152 0.00824 1.26588 1.0091
(.11 Lo FhBlb 501,064 18.318 20658.52 0.0039701 0.09576 1.107 0.00811 1.26357 0.9934
66 #.90897 602.01 10.176 20020.74 0.0060369 0.09526 1.067 0.00798 1.26123 0.9796
68 4.86914 602.30 10. 043 19386.40 0.00602057 0.09470 1.029 0.00786 1.25888 0.9677
70 ©.82899 601.97 9.920 18763.85 0.0061750 0.09640 09.995 0.00775 1.25651 0.9571
. 75 b 72736 601.99 3.622 17353.46 0.0063250 0.09263 0.922 0.90751 1.25055 0.9307
80 8.62657 601.93 30319 16062.63 0.0064692 0.09066 0.861 0.080729 1.24456 0.9197
8s #.52088 603.16 8.997 14855.37 0.00645999 0.08085 0.810 0.00708 1.23851 9.9102
90 bab1678 605.23 3.677 13792.04 0.0087146 0.08707 0.766 0.00691 1.23268 0.9034
95 ho31272 607 .55 8.362 12820.88 0.0048197 0.0853% a.728 0.00676 1.22649 0.8988
1400 b.20914 610.53 8.056 11968.02 0.0069109 0.08372 04696 0.00663 1.22055 008954
105 4.10636 614013 T+765 11181.03 0.3043768 0.08219 0.665 0.008655 1424469 0.8902
110 400483 618,54 Tots76 10483.95 9.0050333 0.081403 0.639 0.00650 1.20093 0.8837
115 3.904L86 624 .01 7T.188 9865.05 2.0050738 0.08007 0.616 0.00647 1.20327 0.8771
120 3.80676 632.22 3.902 9325.83 3.0050938 G.07921 0.595 0.00646 1.19775 0.8712
125 3.71077 641,03 6.616 8832.58 0.0051065 0.0784% 0.577 0.006486 1.19238 0.8670
130 3.61718 651419 3.335 8385.97 0.0051108 d.07777 0,561 0.00646 1.18715 0.8641
135 3.52610 663.88 5.058 8010.21 0.0050866 0.07719 06.547 0.00648 1.18209 0.8607
140 3.43776 677.35 3.790 7660.61 0.0050628 0.07672 0.53% 0.00651 1177210 0.8592
150 3.26954 709.96 5.285 7092.98 8.0049697 0.07698 0.513 0.00667 116794 0.8668
160 3.1129 Tu8.72 829 6649.42 0.0068420 0.07799 0.497 0.00692 1415938 0.832%
180 2.82617 845.83 4,059 6056.32 G.006bk208 0.07938 0.469 B.00768 1.14375 0.7993
230 2.59169 b, 46 3.547 5631.32 G.00610498 0408542 0.486 0.00839 1.13130 0.8067
220 239202 105459 3.161 5321.97 0.0038698 0.09017 0.496 0.0092¢ 1.3207% 0.8079
260 2.21979 1162.15 2.888 5093.57 0.0036059 0.09386 9.502 0.010093 1.11164 0.8062
260 2.07046 1264472 2.702 4921.%8 0.0033618 0.09667 0.506 0.01098 1.10382 6. 8006
230 1.94020 1359.58 2.578 4790.00 0.0031397 3.09876 8.509 8.01192 1.09706 0.7921
300 1.82583 1446453 2.498 4686.27 0.002939 g.10028 0.513 0.01292 1.09112 0.7826
320 1.72672 1525.72 2o 450 4602.70 0.0027605 0.10139 0.517 0.01396 1.08591 - 0.7727
340 1.63475 1598.47 2,423 4533.81 0.0026006 t.10222 0.52% G.0150% 1.08129 0.7630
360 1.55616 1666.03 2. 612 4475.85 0.0024573 0.10288 0.526 0.01617 1.07716 0.7540
380 1.48156 1729462 2.409 b426.47 0.0023290 0.10345 8.532 0.01733 1.07346 07457
«00 1.41579 1791.01 2,412 4382.92 0.0022136 0.10002 0.538 0.01853 1.87011 0.7383
s290 1.35592 1850.85 20418 43lb.T77 0.0021095 0.100663 0.545 0.01976 1.06707 0.7317
4l 1.30115 1910.12 2,425 «310.72 0.0020151 0.10538 8.552 0.02103 1.06629 0.7259
460 1.25084 1963.63 2e0631 4280.04 0.0019293 8.10607 8.559 9.02232 1.06175 0.7208
&8 1.20445 202944 2,637 4252419 0.0018508 0.10693 0.566 8.02363 1205901 0.7164
500 1.16153 2090.1¢ 2alebed 4226.72 0.0017789 0.10789 0.574 0.02498 1.05725 0.7128
520 1.12169 2151 .66 2o 443 “203.31 0.0017127 0.1039% 8.582 0.02636 1.05526 0.7092
5S40 1.08453 2213.95 2. 445 4181.67 0.0016515 9.11008 0.59% 0.02776 1.05338 0.7063
560 1.04995 2217.74 2.443 #161.60 0.0015948 0.11133 0.599 0.02919 1.05166 0.7038
580 1.01753 23682.08 2.b41 6142.90 0.0015422 0.11263 9.608 0.6306% 1.05001 0.7016
600 0.98711 2607.36 2.438 4125.63 0.0016931 B.11401 G.616 0.83213 106869 0.6996
650 0.91868 2573 .45 2. 4027 2086.33 0.0013837 0.141767 0.639 0.03597 104507 0.6958
700 0.85933 2742.93 2,013 4052.63 0.0012901 0.12160 0.661 0.03999 1.046212 0.6930
800 0.76135 3089.18 2,382 3997.35 0.0011376 0412995 0.708 0.006857 1.03725 0.6892
900 0.68370 3438.26 2,354 3953.85 ° 0.0010185 1.13857 Q.755 0.05787 1.03340 0.6869
1000 1.62956 3790.35 2.329 3918.73 0.0003226 Go 16736 0.802 0.067%0 1.03028 0.685%
1500 0.42501 5608.23 2.229 3811.93 0.0005293 0.19223 1.036 0.12815 1.02067 0.6833
2000 0.32333 7595 .96 2,099 3758.10 0.0000783 g.27727 1.253 0.23606 1.01%69 0.5909
2500 0.26094 9776.96 1.976 3725.87 0.0003859 0s33696 1.460 0.34023 1.01265 0.5919
3000 0.2187% 12083.35 1.873 3704445 0.0003236 0.39274 1.656 9.459461 1.01060 0.5933
3300 0.18828 14506.61 1.786 3689.11 0.0002786 0.45153 1.844 0.59378 1.00912 0.5938
#000 0.16525 17165.72 1.696 3677.11 0.0002444 0.51761 2.025 0.74653 1.00800 9.5909
5000 0.13250 26371 .46 1ehb2 3653.05 0.0001969 0.73205 2.371 1.15152 1.00642 0.559%
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3800 PSIA ISOBAR

TEMPERATURE

DEG. R

® 37,443

38
40

340

360
330
400
420
b4t
460
«80
500
520
540

560
580
600
650
700
800
908
1000
1500
2000

2580
3600
3500
4800
5000

THO-PHASE BOUNDARY

YOLUME
CU FT/L8

0.18313
0.18342
B.18450

0.18561
8.18676
6.18793
0.18915
0.19039
0.19168
0.29300
0+49436
8.19575
0.19749

0.19868
0.20019
0.20174
0.20332
0.20495
0.20918
0.21364
0,21833
0.22326
0.22841

0.23378
0.23937
Be24516
0.25115
0.25733
0.26369%
6.27022
0.27689
0.28371
0.29771

0.31211
0.34302
0.37289
0.40321
0.43377
Do bblb3
0.49506
0.52558
0.55596
0.58618

0.61622
0.64609
8.67580
0.70536
B.73678
0.76408
0.79327
0.82235
0.85133
0.88024

0.90907
8.93783
8.96653
1.03805
1.10829
1.25119
1.39253
1.53352
2.23593
2.93686

3.63740
bo33783
5403836
5.73970
T+15634

ISOTHERM

DERIVATIVE DERIVATIVE

THERMODYNAMIC PROPERTIES OF 2ARAMYDROGEN

IS0CHORE

CU FT-PSIA/LB PSIA/R

5870.54
5837.20
S5717.88

6599415
S481.13
5363.94
5264778
5132.56
5018.64
#906.09
4795.07
4685.73
4578024

4460.88
4362.75
4260418
b167.07
4071.60
3849.93
3651436
364,35
3299.42
3148.44

3013.09
2892.10
27681.82
2688.62
2600.91
2532447
2470.33
26415.13
2371 .43
2302.24

2257.90
2248.54
2270.23
2316425
2330.64
2458.60
25456.36
2641.01
2740041
2843.05

2947.84
3054.03
3161.18
3268.71
3376460
3684, 64
3592.70
3700.71
3808.65
3346447

4024418
#131.75
%239.20
#507.30
477472
5308.02
5839.93
6371.00
9022.73
11675.16

14329.65
16985.77
19643.07
22301.22
27619.25

92,172
92.120
91.885

91.576
9i.192
90.735
90.205
83.604
83.931
88,189
87.379
85,501
85.559

844365
83.262
82,103
80.902
73.678
75.511
73.226
63,942
65,693
63.511

60,428
57.453
544587
51.870
434312
454917
e 648
42,526
4g.522
35.922

33.7990
28.263
24,592
214706
19. 380
17.473
15.890
14.560
13.432
12. 464

11.627
10.897
10.256
9.687
9.180
8.726
8.316
7T.94%
7.605
71.295

T.011
e Ths
5.505
3.971
5.520
4.801
ke 251
3.816
2.532
1.897

1.517
1.264
1.08%
0.9486
C.7590

INTERNAL
ENERGY
BTu/LB

=121.73%
=121.014
-118.356

~115.606
=112.76%9
=109. 846
-106.838
“103.746
-100.572
-97.317
-93.986
=90.577
=87.096

-83.536
~79.919
=76.239
-72.501
~68.710
~59,021
~49. 064
~38.848
-28.397
-17.726

~be74b
L.288
15.469
26.789
38.269
49,856
61,615
73.530
85,611
110.291

135.718
187,337
242.960
301,666
362.885
425,800
489.600
553, kb
616. 0840
679,395

TulB.887
801.209
860,343
958,335
975.272
1031.241
1086,357
1140.721
1194, 432
1247.576

1300.166
1352.421
Lulb.372
1532.973
1660. 434
1913.14%
216L.678
2415.380
3674.429
4969.779

6328.172
7756.930
9257.223
10826.389
14287.039

ENTHALPY
atfusLe

7.121
8.053
11.470

15.001
18.543
22.395
26.256
30.226
368,303
38,487
42,774
47.165
51.656

56,265
60.945
65.714
70.569
75.504
88.169
101,266
11,784
128.703
162,997

157.757
172.723
167.930
203.516
219.324
235.4086
251.756
268.368
285.247
319,770

355.335
428.708
505.349
585.365
668.412
752,604
837.951
923.276
1008.047
1091.862

1174.492
1255.834
1335.875
1414.667
1492.308
1568.892
16b4s5hb
1719.371
1793.480
10866.963

1939.838
2012.331
2084.476
2263.402
244D0.995
2793.551
3144,545
3494.451
5247.758
7036.322

8887.655
10809.274
12802.500
14865.671
19322.650

138

ENTROPY
BYU/LB-R

1.30739
1.33209
1.41972

1.50585
1.59055
1.67394
1.75609
1.83711
1.91708
1.99601
2407397
2.15101
2.22714

2430269
2.37697
2.45036
2.52282
2459435
2476908
2.93811
3.10226
3.26133
3.41590

3.56734
3.71336
3.85531
3.99343
e 12798
4.25927
4.38751
#.51290
4.63566
4, 87385

5.10331
5.53895
5¢94250
6.323712
668345
7.082176
7.33790
7.63239
7.90598
8.15976

8.396060
8.61591
8.82128
9.01348
9.19413
9.36435
9.52513
9.67803
9.82349
$.96216

10.09419
10.22124
10.36360
10.63032
10.89380
11.36691
11.77803
12.14648
13.56762
146,59453

15.42015
16411090
16.72803
17.47166
19.29874

cv cP
8TU /7 L3 -R
1.327 1.664
1.336 1.680
1.365 1.737
1.392 1.783
1.418 1.849
1.bb2 1.903
1eb64 1.958
1.487 2.012
1.508 2.066
1.527 2.118
1.566 2.170
1.564 2.221
1.580 2.270
1.595 2.318
1.608 2.362
1.620 2.407
1.630 2,448
1.638 24487
1.654 2.578
1.668 2,668
1.685 .74k
1.702 2.822
1.719 2.895
1.736 2.963
1.751 3.323
1.769 3.080
1.790 3.134
1.815 3.191
1,840 3.243
1.877 3.295
1.914 34350
1.955 3.400
24047 3.505
20148 3.608
2.354 3.767
2,548 3,919
2.729 4.076
2.870 4.189
2.963 4.253
3.012 4e272
3.025 4,257
3.014 “.217
2.980 4,163
2.939 4,100
2.892 4034
2.6845 3.970
2.799 3.918
2.756 3.854
24718 3.805
2.684 3.761
2.655 3.722
2.629 3.689
2.607 3.660
2.590 3.636
2.57¢ 3.615
24561 3.598
2.538 3.564
2,523 3.541
2.509 3.516
2.503 3.503
2.503 3.498
2.543 3.530
246549 3.633
2.789 3.773
2.924 3.908
3.853 4.038
3.205 s 194
3.753 4785

VELOCITY
OF SOUND
FT/SEC

5839
5832
5806

5781
5755
5728
5701
5672
5643
5614
5584
5553
5521

5480
5450
5415
5384
5352
5273
5195
5113
5034
4956

4880
809
4737
4670
4603
4542
“483
h425
W371
#273

4191
Lo72
4023
4003
4012
4043
%090
4149
4216
4289

4365
Lbb3
#521
4599
w677
4756
4829
49063
4976
S047

5116
5185
5252
5415
5572
5870
6153
6623
7616
8613

9urT7
10255
10971
11628
12772



TEM

3800 PSIA ISOBAR

PERAT URE

DEG. R

37443
33
40

42
bl
(2
43
50
52
56
56
58
50

360

360
380
«00
w20
“al
460
“a0
598
520
540

560
580
600
650
raa
800
900
1000
1500
2000

2500
3800
3500
4000
5000

TWO-PHASE BOUNDARY

DENSITY

LB/CU FT

S.46064
S.45186
S.42001

5.38753
54354593
$.32106
5.28693
5425229
§.21741
S.18161
Se14521
$.10852
$.07137

5.03328
4.99531
%.956%
4431826
4.87926
4.78060
“.68076
b.58013
bek7910
4.37808

4277467
4417766
40075892
3.98161
3.88601
3.79227
3.70078
3.61159
3.52469
3.35899

3.20402
2.91525
2.68174
2.48012
2.30536
2.15319
2.01997
1.90265
1.79863
1.70597

1.02280
1.54777
1647973
1a.b1771
1.360%
1.30876
1.26061
1.21633
1.17463
1.13605

1.10003
1.06629
1.03463
0.96335
0.90148
0479924
0.71812
0.65210
Delets726
0.34050

0.27692
0.23053
0.19848
0.17423
013974

VIDH/OVI

THERMODYNAMIC PROPERTIES OF PARANYOROGEN

VIP/ 0Vl -VGDPIDV*

BTU/Ld PSIA-CU FT/BIU PSIA

578.57
580.28
585.96

590 .69
595.00
598.73
602.08
605,32
608416
610 .42
612.62
614,56
816.32

816.91
618.36
519.26
620.06
620.07
620406
621.06
622.53
625.29
628.29

631.97
635.71
660,31
646.83
653.93
663.77
674,77
687.00
T08.38
73000

772,42
869.04
970.30
1373.32
1186.32
1288.52
1382.81
16469.11
15467 .65
1619.79

1686.380
1769.93
1830.89
1870.39
1929.36
1988.563
2048.25
2108.79
2170.10
2232.35

2296.43
2360.33
24625.55
2591 .55
2780.938
3107.20
3456.26
3808.36
5626.33
7614.30

3795 .84
12102.61
16525,.25
17179.72
24332.48

12.720
12.652
12,420

12.212
12.014
11.828
11.650
11.473
11.303
11a14b
18. 985
10.829
10.63¢C

13.509
10.367
10.225
10.091
9.978
3.679
3.379
9.063
3,748
8.439

3.136
7.852
7+565
7T.278
5.992
3.748
3.428
3.151
5.580
3370

. 9309
%a119
3.600
3.207
2.929
2,738
2.612
2,530
2,480
2,451

2.338
2.103

1.979
1.876
1.789
1,699
Lolte?

32056.87
31823.64
30990.98

30465.91
293469.22
2854173
27744.26
26957.66
26382.7¢
256820.48
26671.65
23937.18
23217.97

22452.89
21793.28
21117445
2043%.72
19866.42
18804.95
17091.47
15867.17
14770.43
13784.09

128388.39
12082.16
11346.80
10705.064
10107.15
9633.80
3142.49
8722.23
8358.59
7733.19

723%.37
6555.06
6038.16
57ie6.58
5458.22
5293.83
5113.56
5024.91
4929.13
©850.16

4783.75
L72649%
4677.57
Lb34e09
#595.37
4560.55
#528.99
450049
LY PYLY
Lish9.33

L4671
44015466
4366401
4342440
4306.29
4242.38
4193474
h1%h .50
5035.34
3975.39

3939.53
3915.73
3898.79
38865.43
3859.41

(DV/DYE/V THERMAL VISCOSITY THERMAL OIELECTRIC PRANDTL
CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER
1/D€5. R BTU/FT-HR-R LBIFT-;EC 5Q FT/HR
X 10

0.0028753 0.08453 2.790 8.0093¢% 1.29027 1.9766
0.0028947 0.08552 2.703 0.00934 1.29373 19114
0.0029649 0.08366 2.438 0.00942 1.29180 1.7152
0.0030357 0.091246 2.209 0.00964 1.28986 1.5632
3.003L071 6. 03334 2,025 0.00963 128785 Teloiens2
0.003179 0.09502 1.871 0.00938 1.28582 13693
$.0032513 0.09632 1.740 0.00931 1.28377 1.2730
0.0033239 0.09736 1.628 0.00921 1.28168 1.2112
8.30339686 0.09811 1.531 0.00910 1.27957 1416401
0.0036692 0.09867 1.446 0.00899 127743 1.1172
0.0035417 0.09863 1.372 0.00883 t.27527 1.0862
0.0036137 0.09846 1.306 9.00868 1.27308 1.0602
0.00363%0 0.098128 14247 0.003853 1.27086 1.0381
0.003757% 0.09782 1.196 0.00838 1.26860 1.0135
0.0038205 0.89740 L.147 0.00825 1.26636 1.0013
0.0038879 0.09691 1.104 g.00812 1.26407 0.9869
0.0039475 8.09637 1.065 0.004802 1.26178 0.9737
0.0040107 0.09579 1.029 0.00789 1.25948 0.9621
0.0061571 0.09416 0.953 0.00764 1.25367 0.3388
0.0062844 0.09241 8.889 0.00742 1.24782 0.9220
0.0044080 0.09063 0.836 0.00721 1.26135 0.9118
0.0065129 0.08886 B.791 8.00703 1.23609 Qe 904t
0.0046075 0.048715 2.752 8.00688 1.2302% 8.839
0.005880 0.085%2 0.718 0.00675 1422447 048949
0.00607552 0.08399 0.687 0.00665 1.21875 4. 89186
G.3048108 0.08283 0.661 0.00659 1421313 00343
0.0068453 G.08188 0.637 0.00656 1.,20761 Ce877%
00008789 g.08100 0.616 0.00653 1.20221 0.8727
0.0048852 0.08022 0.597 23.80652 1.19694 6.8681
0.0048837 3.0795% 0.580 0.00652 1.19181 0.8648
0.00648756 0.0789% 0.565 0.00653 1.18684 0.8627
0.0048480 0.07845 ¢.552 0.00655 1.18201 0.8606
0.00477465 0.07868 0.529 0.00668 1.17286 0.8690
6.00606707 3.07966 0.513 0.00689 1.16636 0.8357
0.0063116 0.08106 G.480 0.99762 1.14866 G.7985
G.0060393 2.08705 0,497 g.00828 1.13611 0,8050
0.0037785 8.09173 0.506 0.00907 1.12537 0.8092
0.0035311 8.09532 d.511 0.00987 1.11613 0.,8083
0.0033006 0.09802 0.516 6.01070 1.10834 0.8031
0.0030892 0.09998 6.517 G.0119%9 1.10119 3.7359
0.0028976 O0e30200 0.520 0.01252 1.09510 0.7855
0.0027249 010261 0.523 0.03350 1.08972 0.7755
0.00256948 04106316 a.527 0.01453 1.0849% 0.7658
0.0024306 0.10375 0.532 0.01559 1.08068 07565
0.0023054 0.10425 0.537 8.01670 1.07684 0.7480
0.0021925 0104678 Je543 G.01783 1.07336 Je7%0b
0.0020904 0.1053% 34549 g.G1308 1.0702% 0.733%
0.0019978 8.10597 0.556 0.02020 1.06732 0.727%
0.0019133 0.10671 0.563 0.02143 1.06468 0.7223
0.0018361 010754 0.57¢0 0.02268 1.0622% 9.7177
0.0017652 0.10848 9.578 .02396 1.05999 0.7137
9.0017000 0.109%2 0.586 8.02527 1.05790 0.7303
0.0016396 0+11066 0.59% 0.02661 1.05596 0.7072
8.0015837 d.41187 8.602 2.02797 1.05415 0.70066
0.0015317 0e12317 0.611 0.02936 1.05246 0.7023
0.0010832 0.11453 0.619 8.03077 1.05087 0.7003
0.0013751 8.11819 0,668 G.03043 1.04730 0.6963
8.0012825 0.12212 0.664 0.03826 1.04422 0.6936
0.0011316 0.130649 0.711 Bo.0b643 1.983913 0.6895
0.0010136 94139104 0.758 8.85531 1.03510 0.6871
0.000914% B.14796 0.806 0.06487 1.03184 0.6856
8.0006273 0.19319 1.039 0.12238 1.02176 0.6433
0.0004772 o.27727 1.260 0. 220613 1.01653 0.5942
0.0003851 0e33096 1.469 0.32292 1.01333 0.59%5
0.0003229 0039273 1.667 0.43591 1.01117 0.5972
0.0002780 0. 45147 1.857 0.56325 1.00961 0.5979
0.,0002641 0.54728 2.039 8.70789 1.00863 0.5953
0.0001967 B8.72896 2.388 1.09011 1.00676 0.5645
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THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

4000 PSIA ISOBAR

TEMPERATURE YOLUME ISOTHERM 1S0CHORE INTERNAL ENTHALPY ENTROPY cv cP YELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. R CU FT/L8 Cu FT-PSIA/LE 3SIA/R BTU/LE stu/Le BTU/LB=R 8TU 7 L3 =R FY/SEC
® 38.000 0.18229 6013.085 92.869 ~120.935 14,090 1.31274 1.334 1.669 5905
38 0.18229 6013.82 92. 869 ~120.934 16.090 1.31276 1.334 1.669 5905
40 0.18334 5895.62 92.669 -118.311 17.485 1.39981 1.363 1.J26 5880
b2 De18461 5777.93 92.396 ~115.598 20.992 1.48535 1.390 1.781 5856
LT3 0.18551 5661406 92.058 =112.799 24.608 1.56945 1okl 1.835 5831
w6 0.18665 554k« 92 91.630 ~109.916 284332 1.65222 1e640 1.889 5806
hs 8.18781 5423471 91.139 ~106.943 324163 1.73375 1e463 1.942 5780
59 0.18902 5315455 90.576 «103.901 36.102 1.81413 1485 1.996 5752
52 0.19025 5202456 83.943 -100.770 4d.146 1.89344 1.507 2.049 5725
St 0.19152 5090.83 83.261 -97.562 44,295 1.97172 1.526 2,100 5697
56 0.19282 4980 .68 83,471 ~94.277 48.545 2.04300 1e545 2.151 5668
58 8.19416 4872408 87.635 -90.916 52.897 2.12536 1.563 2.201 5638
60 8.19553 4765423 86.733 ~87.482 57.343 2.20081 1.579 2.250 5608
82 0.19694 46606430 85.769 -83.979 61.896 2.27536 1.595 2.298 55717
64 0.19839 “557 446 BheT43 -80.408 66,537 2.34904 14609 2. 344 5546
66 0.19989 hbbo55 83.342 -76.775 71.279 2.42199 14628 2,384 5504
68 0.20440 4345451 82.168 -73.087 76,0688 2.43378 1.632 2.426 5470
70 0.20295 4255438 80.964 =69.3467 80.976 2.56663 1.640 2.4638 Shsl
75 3.20698 ©028.28 77.881 -59.791 93.518 2.73766 i.857 2,954 5362
84 0.21123 3830412 74,669 -49.965 106.489 2.96506 1.672 2.534 5287
a5 0.21568 3661435 Tie 458 =39, 884 119.871 3,06755 1.690 2.740 5268
k17 8.22035 3473.67 68.260 «29.567 143.64k06 3.22564 ie707 2.7938 5131
95 0.22523 3319.55 65141 -18.629 L47.795 3.37799 1725 2.8b5 5055
100 0.23030 3182.34 62.108 -8.181 162,483 3.52787 1a742 2.933 #982
105 0.23558 3058466 53.160 c.727 177.218 J.67242 1.757 2.992 ©91¢
110 UeZhils 2946445 554327 13.788 19¢.323 3.81295 1775 3.050 4342
115 0+24668 2849.12 53. 610 26996 207.706 3.94971 1.797 3.104 175
120 0.25269 2758 .81 514043 36,345 223.360 4. 08295 i.821 3.159 4708
125 8.25846 2683,01 43,629 47869 239,29 4e213040 14850 3.213 4646
130 0.26459 2616487 “bo383 594513 255494 4o S0010 1.884 3.269 4587
135 0.27080 2560.81 wee229 71345 271.972 o bbl4? i.921 3.322 4530
148 d.27727 2512.21 42e 217 83,353 288.721 “. 58630 1.962 $.376 75
150 0.29060 2434.82 38,549 107.911 $23.011 «.82283 24054 3. 484 L3374
160 0.30394 2384443 350361 133.251 3584374 5.05102 2+155 3.589 4289
180 3.3332% 2352.96 23.592 184,933 431,650 5.48576 24360 3.737 4154
200 0.36127 2368.20 25.79% 2404511 508.103 5.88832 2,553 3.911 4100
220 0.38930 2408, 40 22. 8080 299.192 587.984 6.26889 2,736 4,071 “076
240 0.41878 2467 .70 ¢Ds 380 360,468 670,657 6.62829 2.875 belb7 4080
260 0464779 2541 .17 18,391 H23.458 755.131 6096653 2.968 4253 4107
280 0.47680 2625.09 16.734 487 .345 840.505 7.28277 3.017 ko270 4151
300 0.50574% 2716.54 150339 551.297 925.891 Te57747 3.030 be261 4207
320 0.53456 2813.29 1k. 156 614,805 1010.746 7.85133 3,016 4o 222 4271
340 0.56323 2913.75 13.13% 677,475 1094.658 8.10540 2.985 belbl 4361
360 0.59176 3016474 12.255 73%.082 1177.39% 8034194 2.943 44105 Lol5
380 0.62014 3121.45 11,485 799.515 1258.844 8.56215 2.896 Yo Ditd 4693
400 0.64836 3227.29 10.608 858,755 1338.992 8.76780 24849 3.976 #5684
420 0.67645 3333.87 10.209 916.847 1417.890 8.96025 2.803 3.915 4545
LY Qe704bd 3440.90 3.674 973.878 1495.632 9el4idt 2.76U 3.859 W21
460 8.73226 3548448 30194 1029.935 1572.313 9.31158 2.721 3.810 L7797
4890 0.75939 3655.60 8.761 1085.135 1648.056 Se 47254 2.687 3.765 “871
500 2.78763 3763.06 8.369 1139.576 1722.969 9.62563 2.658 3.727 L9k
520 0.81518 3870.50 8.011 1193.360 1797.160 9.7712% 2.632 3.693 5016
S6d 0.84265 3977.88 7.684 1246.571 1870.719 9.91006 2.610 3.664 5086
560 0.87005 4D85.18 7.384 1299.224 1943.5666 10. 046228 2,592 3.640 5155
580 0.89739 #192.40 7.107 1351.538 2016.225 10.16938 2.576 3.619 5223
600 0.92466 4299.51 3. 851 14603.544 2088.433 10.29185 2.564 3.601 5289
850 0.99262 4566.38 6.287 1532.269 2267.498 16.57879 2.540 3.566 5451
700 1.06033 4833.67 5.812 1659.83¢ 2445.209 16.84244 £.525 3.543 5606
800 1.19515 5365.93 5.053 1912.712 2797.950 11.31382 2.511 3.518 5902
903 1.329%4 589696 o bTh 216ke376 3149.080 11.727068 2.504 3.504 6183
1000 1.46338 6427 .29 4o 016 2415174 3499.087 12.09564 2,500 3+499 6451
1508 2413064 9076.31 2.664 36740494 5252.6%4 13.51699 2,544 3.530 7638
2000 - 2.79b08 11747 .05 1.99¢ 4969. 960 T041.281 14.54395 2,649 3.633 8632
2500 3.46196 14380.37 1.597 6328+ 4146 8892.656 15.36959 2,789 3.773 9493
3000 4012733 17035.65 1331 7757.201 10814.280 16060634 2.9246 3.908 10270
3500 4e79284 19692.82 1.461 3257445 128067.436 16.67745 3.053 4. 038 10984
4000 5.45904 22349.97 0.9983 108264741 14870.205 17.429097 3.204 4,193 116641
5600 680446 27667.28 C.7989 16281642 19321.840 19,24691 de7438 Le774 12785

&  TWO-PHASE BOUNDARY

140



4000 PSIA

TEMPERATURE OENSITY

0EG. R

38.000
38
LT3

240

340

360
383
00
«20
bt
460
440
$a0
520
540

560
580
600
650
740
8409
900
1000
1500
2004

2500
3090
3500
4900
5000

THO=PHASE BOUNDARY

LB/CU FT

$.48562
S.48562
5.456446

S.62275
5.39049
5.35771
S.3264Q
5.29057
5.25624
5.22162
5.18613
5.15038
Se11419

5.07758
S.06053
5.00288
4.96524
“e92731
4.83136
Le73425
6e63643
4.53819
#4399

6034209
be20688
bel4873
4.05388
3.96061
3.86904
3.77940
3.69189
3.60664
3043068

3.29017
3.00219
2.76799
2.56479
2.38787
2.23320
2.09733
1.97732
1.87071
1.77546

1.68987
1.61255
1.54235
1.473830
141962
1.36564
1.31580
1.26963
1.,22672
1.18673

116935
111435
1.48143
1.00743
8.946311
0.83671
0.75220
0.68335
0.46934
8.35799

0.28885
3.24229
0.20865
0.18318
0.14696

1S08AR

V(DH/0V)
?

THERMOOYNAMLIC PROPERTIES OF PARAHYDROGEN

VIDP/DU) =¥ (DP/DV)
v T

8Tu/LB  PSIA-JU FT/8TU  PSIA

592.83
592.33
538.81

603.83
608,046
612.47
516413
613.69
822.83
925 .43
627.96
830 .24
632.13

63391
635.35
636.38
636495
637.83
637,95
639.72
641.78
644,93
640.30

652.50
656.67
661.83
668.67
676.29
685.93
697.07
710.08
724456
757.52

796.62

891,99

993.96
1102.94
1210.53
1312.46
1406.24
1691.93
1569.81
1661.34

1707.79
1770 .40
1830.95
1890.09
1948.75
2007.77
2067 .37
2127.50
2188.77
2250.83

2316.42
2373.65
2643 .81
2609.71
2779.08
3125 .25
374,29
3826435
S644.36
7632 .64

9816.68
12121.43
14563.91
17194.13
26297.99

12. 695
12,695
124 465

12.259
12. 062
11.879
11.702
i1.526
11.358
11.200
1L.042
10. 4887
10.740

10.592
13. 454
10.27¢4
10,139
10.016
3,728
9. 432
o122
8.811
8.507

8.219
7.938
T.6047
7.361
7.075
3.792
64516
84237
3966
Se451

e 984
bel76
3.650
3.251
2.969
2,774
2.645
25640
2.509
2.479

2. 64
2.459
2,466
2. kbt
2,469
2.676
20478
24488
2.484
2.4681

2.47Y
2. 475
2. 471
20457
24461
2. 4006
2,375
2,367
24231
2,107

1.982
1. 878
1.791
1.702
1.452

32949.72
32943.53
32157.39

31332.60
30515.9u
23708.38
28909.94
28122.28
27365.93
26%61.71
2583U.4b
25093.04
26370.29

23663.07
22972.23
22245.60
2157648
20967.55
13662.08
18132.75
16842.87
15764.20
16738.98

13818.02
12963.65
12224401
115649,.97
10926.58
10380.66
9890.21
Gtk 23
9060.66
8382.51

7845.09
706404
6555414
6177.20
5892.54
5674.93
5505 .67
5371.45
5262.86
517326

5097.91
5033.50
977 .60
4928446
“884.75
@805 .54
4810.04
#777.68
«748.00
«720.65

©695.32
»671.73
6382
4600.81
4558.67
2489.75
44l5.07
©392.08
©259.89
4193.50

£153.83
4127452
bil8.72
4094.12
4066.05

(ov/oT) /v THERMAL VISCOSITY THERMAL OIELECTRIC PRANDTL

CONDUCTIVITY DIFFUSIVITY CONSTANT  NUMBER

1/DEG. R BTU/FT-HR-R LB/FT-SEC SQ FT/HR
X 105

0.0028151  0.08652 2,846 0.009645  1.29578 1.9763
0.002815L  0.48652 2.846 0.00945 1.29578 1.9762
0.0028817  0.G837% 2.556  G.00953 1.29389 1.7676
0.0629489  0.03239 2.315  0.00957  1.29197 1.6066
0.3033166  0.09456 2.118  0.00956  1.29002 1.4802
3.0030843  0.09630 1.956  0.0035% 1.28803 1.37396
0.0031525 0.09766 1.816  G.0034b  1.28602 1.2988
5.0332208  2.09873 1.695  0.u0935 1.28399 1.2333
0.0032891  0.09956 1.592  G.00926  1.26192 1.1792
J.6033572  0.10013 1.502  0.00913 1.27983 1.1337
0.0034251  0.10u12 1.423  (.00898  1.27772 141005
0.G334926  §.U9998 1.356  0.00882  1,27558 1.0728
0.3335590  0.09973 1.292  G.0GB67  1.27362 140690
0.0035246  0.09961 1.236  0.06852 1.27123 1.0288
0.0036890  0.09901 1.187  G.00838  1.26903 1.0113
0.0037466  0.09853 1.162  0.00826 1.26679 0.9944
6.0038082  0.09800 1.201  0.06316 1.26656 0.9808
0.0038616  0.09744 1.066  0.00303 1.26231 0.9679
0.0060017  0.09585 0.98%  0.00777  1.25665 0.9432
0.0041179  0.09622 0.918 0.00755  1.25095 8.9250
0.0042326  0.89235 0.863 0.00738  1.24523 9.9139
0.0063301  0.09059 0.816  0.00715 1.25951 9.9058
0.0064197  0.08889 0.776  9.00699  1.23382 9.9003
0.0066947  0.08720 0.7640  0.00685 1.22818 0.8960
0.0003565 0.08573 0.709  0.00675 1.22260 0.8914
0.0008079  0.08457 0.682 0.00668 1.21710 0.8351
0.00466156  0.08361 0.657  0.00665 1.21171 0.8786
0.0066715 0.0827% 0.635 0.00661 1.20642 0.8736
8.0006846  0.08195 0.816 0.00659  1.20126 0.8695
0.0066898  0.08126 0.598  0.00658 1.19622 0.8669
0.0046783  0.08064 9.583  0.00657 1.19132 0.8640
0.0056593  0.08012 0.569 0.00658  1.18657 0.8630
0.0045987  0.08033 0.546  0.00670 1.17752 0.8519
0.0065049  0.08128 0.528 0.00688  1.16308 0.8385
0.0041891  0.08266 0.490 0.00737  1.15337 0.7979
0.0039349  0.08465 0.507 0.00819  1.14073 0.8052
0.0036911L  0.09327 0.516 0.00893  1.12987 0.8106
0.0034587  0.09676 0.520 0.00968 1.12049 0.8103
0.0052487  0.09936 0.523  0.01066  1.11234 0.8056
0.003039%  0.10122 8.525 0.01129  1.10522 0.7977
0.0028557  0.10253 0.527  0.01217  1.09897 0.7883
0.0026893  0.1C345 0,536 0.31310 1.09344 0.7783
0.0025392  0.1041% 8.533  $.01607  1.08852 C.7644
0.0026038  0.203462 0.537  0.01508  1.086¢12 3.7589
5.0022817  6.10507 0.542 ©.01613  1.08€15 0.7552
U.0021710 016554 Ce5a7 Ge.di721 1.G7656 Q7424
0.0320714 dellbU6 G553 d.01832 1.07329 Je7356
3.a013806  0.10665 3.560  0.u1947  L1.a7330 8.7232
1.001897%  0.10735 $.567  0.02063  1.06756 G6.7238
3.0018215  G.1d81b G.576  0.02188  1.06506 6.7190
0.4047547  d.103u8 6.581  6.32335  1.06273 0.7149
$.00i6873  J.11310 0.589  1.02630 1406053 0.7113
i.0015278  0.11120 6.597 0.3255/  1.05851 0.7082
3.0015726  G.112#42 3.505 0.02087 1.35663 3.7055
0.0d15212  4.11371 G.61k  G.s2820 1.35087 0.7031
1.3016733  3.11506 3.622 0.629%5  1.05342 5.7010
0.0U13665  3.13871 J.b6k  G.U3304  1.G4951 0.6969
3.0012749  0.12263 1.667  G.0367¢ 1.04629 3.6938
0.0611255  3.13102 So706  D.0k452 1404099 6.6898
0.0010085 0.13971 b.761  3.55306 1.03679 0.6872
0.0U0914s  0.14358 0.809  (.36215 1.03338 0.8857
0.000625%  se19614 L.04k  3.11718 1.02286 0.6832
8.060e763  0.27727 1.267  0.21361 1.01737 0.5976
0.0003846  0.33494 1.078  0.30734 1.01401 0.5991
2.000322%  0.39272 1.678  G.41475 1.0117% 0.6011
0.0002777  G.45141 1.869 0.53577  1.01011 0.6320
0.0002438  0.51697 2.056 0.67312  1.00887 0.5349
0.0001965 0.72610 2.406  1.03495 1.00711 0.5695
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$000 PSIA ISOBAR

TEMPERATURE voLume

DEG.

R Cu FT/LB

40.688 0.37848

42
bt

160

340

360
380
400
420
b4l
“60
480
500
520
540

560
580
600
650
700
800
900
1000
1500
2000

2500
3600
3500
«000
5000

THO-PHASE BOUNDARY

0.17908
0.18003
0.18099
0.18198
0.18300
0.18404
0.18510
0.18620
0.18734
8.108845

0.18962
0.19082
0.1920%
8.19328
0.19455
0.19784
6.20122
0.20u478
0.20850
0.21236

0.21636
0.22050
0.22476
0.22913
0.23364
0.23826
024296
0.24776
0.25265
0.26269

0.27305
0.29535
0.31731
0.339%4
0.36225
0.38502
G.60789
8.43077
0.45363
D.b76h4

0.49917
0.52181
0.54437
0.56683
0.58920
0.61149
0.63370
0.65584
0.67793
0.69931

0.72186
0.74375
0.76559
0.82002
0.87622
0.98214
1.08958
1.19672
1.73031
2.26273

2+ 79430
3.32703
3.85927
#e39207
S5.46708

ISOTHERM

DERIVATIVE OERIVATIVI

CU FI-PSIA/LB

6709.59
6635.68
6523.52
6412.05
6301.37
6191.59
6082.81
5975.13
5868.67
5763.53
5659.85

5557.72
5457.28
5358.65
5261.96
5167.32
#9460 .57
4705.03
“76.20
4306.37
#126.57

3385.8%
3849 .47
3734026
3613.30
3522 .86
3hil.31
3357.83
3282.04
3204.58
T 3877.9%

3019.24
2879.49
2863.63
2877.52
2913.46
2966.27
3032.05
3107.80
3191.13
3280.18

3373.53
3670.07
3568.98
3669 .64
3771.59
3876.48
3978.06
4082.15
4186.53
4291.29

4396 .17
4508.18
#606.27
4869.19
5132.21
5658.18
6184.03
6709.89
9342.88
11983.51

14629.92
17280.18
19933.05
22587 474
27900.71

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

IS0CHORE
IS5IA/R

95.263
95,182
95.001
95.T48
95. 4286
954 034
%575
96047
93656
92,796
92,074

91.290
90, 445
83,561
88.581
87.564
864796
81,058
77.959
Teo967
72.042

63,2463
65,472
63.832
61.255
58.732
56.367
Se. 021
51.787
43.718
450952

%2.559
35.878
31.517
28,046
25.298
22.843
20,853
19,160
ir.708
154452

13.359
14.400
13.554
12.802
12.130
11.527
10.982
10. 687
10.037
3.625

9,265
9.897
8.575
7.865
7.267
50314
5.588
5.014
3.325
2,491

1.993
1.661
1. 424
Le247
0.9977

INTERNAL
ENERGY
8Tu/Ls

-116.766
~115.031
=112 447
~109.733
~106.943
=104.075
~101.132
-98,115
-95,027
~91.867
~88.639

-85 34k
~81.985
-78.563
~75.082
=71.547
~62,493
-53.202
~43.662
-33.885
-23.893

-13.578
«3.193
7.365
18.089
28.99%
40,082
51,348
62.805
784459
98.420

123.323
175.178
230,471
289.013
350.312
L13.0471
877,642
541,959
605.884
669.000

731.062
791,968
851.632
910.152
967.592
1024.038
1079.605
1134.393
1188.505
1242.020

1294.966
1367.552
1399.813
1529.113
1657.173
1910.852
2163.126
2hli. 405
3675.,062
4971.122

6329.879
7758.828
3258.902
10826.712
14261.317

ENTHALPY
BTUZLB

b8.0482
50.726
54.232
57.840
61.548
65.355
69.262
73.266
77.365
81.559
85,845

90.221

94,686

99.237
103.87%
188.583
120.676
133.108
145.938
159.162
172.723

186,745
200.956
215,462
238.237
2454309
2604674
2764294
292.197
308.375
361.632

376,133
448,533
524.255
603.475
685.703
769,949
855.288
940.795
1025.887
1110.318

1193.226
1275.078
1355.643
1434.960
1613.116
1590.199
1666.329
1741.512
1816.155
1890.047

1963.308
2036.164
2108.650
2288.340
24664586
2820.176
3171.931
3522.407
5277.098
7066.098

8917.582
10839.210
12832.060
14893.175
19323.097
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ENTROPY
8TU/LB=R

1.33811
1.392490
1.47395
1.55413
1.63303
1.71074
1.78735
1.86290
1.93743
2.01101
2.08366

2415542
2.22628
2.29630
2.36546
2.43375
2.60060
2. 76094
291684
3.06799
3.24061

3.35849
3.49715
3.63210
3.76345
3.089174
4. 017138
%.13970
4. 25973
4.37739
L.60680

4.82945

5.25628
5.65646
6.03387
6.39133
6.72865
T«06b76
T7.33987
Teblets
7.86953

8.10713
8,32843
8453514
8.72862
8.91047
9.08180
9424359
939743
9.54374
9.68318

9.81591
9.94360
10.06653
10. 35448
10.61893
11.09162
11.50544
11.87450
13.29680
14,32397

15.14966
15. 84042
16.465743
17.20052
19.02177

cv cp

BTU 7/ L3 =R
1.363 1.694
1.380 1.728
1,406 1,779
1.430 1.829
1,453 1.879
1.477 1.929
1.498 1.978
1.518 2.026
1.538 2.073
1.557 2.120
1.575 2.166
1,592 2,211
1.607 2,254
1.622 2.297
1.636 2,337
1.647 2.37%
1.670 2.461
14691 2.528
1.712 2.608
1.732 2.678
1,751 2.749
1.770 2.813
1.786 2.871
1.805 2.92%
1.827 2.988
1.853 3,060
1.882 3.095
1.916 3.151
1.953 3.207
1,994 3.270
2.085 3.400
2.186 3.512
2.393 3.692
2.580 3.873
2.753% 4043
2.898 4,170
2.991 4207
3.0640 w277
3,052 4.270
3.038 4. 236
3.006 4,185
2.963 4.125
2,915 4. 060
2.867 3.997
2.820 3.936
2.776 3,880
2.737 3.829
2.702 3.784
2.672 3.745
2,645 3.710
2.623 3.680
2.604 3.655
2.588 3.633
2.575 3.614
2.550 3.578
2.533 3.563
2.518 3.525
2.511 3.510
2.509 3.503
2.547 3.531
2.651 3.634
2.791 3.773
2.926 3.908
3,053 4.037
3.199 4,187
3.702 w727

VELOCITY
OF SOUND
FI/SEC

6217
6204
6184
6164
61463
6121
6099
6077
6053
6029
6005

5980
5955
5928
5902
5876
5808
5709
5621
5553
5478

5417
5354
5297
5232
5175
5120
5058
4997
4335
4822

4T40
4537
4463
420
L407
hel?
Glbb
4488
4540
4600

4664
L7732
4801
4871
4941
S011
5080
5148
5216
5282

5346
5410
5473
5626
57746
6058
6328
6588
7746
8723

9572
10341
11049
11702
12846



TEM

5060 PSIA IS08AR

PERATURE

0EG. R

150

160
180
200
220
260
260
280
300
320
340

360
380
«00
420
(XY ]
60
80
500
520
560

569
540
600
650
700
800
900
1000
1500
2000

2580
3900
3500
4000
5000

TWO~-PHASE BOUNDARY

DENSITY

La8sCy FT

5.60291
5.58399
5.55478
5.52513
5.49505
5.46456
5.43366
5.40237
S.37074
5.33863
5.30631

5.27362
5.24062
$.20733
5.17379
5.14000
5.05469
4.96970
4.88326
4. 79605
4270899

4.62185
4.53523
G.44919
e 36425
%.28017
4.19718
4.11593
#.03616
3.95810
3.80682

3.66229
3.38581
3.15151
2.36428
2.76056
2.59726
2445167
2.32182
20204462
2.098%0

2.,00333
1.91639
1.83699
1.76420
1.69720
163536
1.57802
1.52676
1.47513
1.42875

1.38532
Lo 34450
1.30647
1421948
1.16387
1.01819
0.91778
0.83562
0.57793
B0kl

0.35779
0.30057
0.25912
0.22768
0.18291

vow/ UV)p

THERMODYNAMIC PROPERTIES OF PARANYDROGEN

VoP/ouy, °V(DPIDV*

8Tu/id PSIA-IU FT/BTU PSIA

561.59
665,52
871.43
676475
681 .75
686469
891.25
695,25
699.25
703.02
706,42

T09.74
712.76
715.68
718.2%
720.23
726.86
729.39
731.32
T37.74
Th1.51

768.37
7561t
762.01
769.20
780.56
793.21
806.12
820,35
834.31
866.90

912.37
1003.39
1199.07
1221.39
1330.61
1632.36
1526.53
1607.75
1682.75
1751.33

1814.36
18764.939
1933.26
1990.42
2067.38
2104.97
2163.17
2222.53
2282.9%
2364432

2407.37
267t.46
2535 .9
2701.19
2870.47
3215.97
3564 .80
3916.71
5734.50
7728402

9308.29
12217.23
14637 .26
17270,.50
24176.42

12,609
12,083
12,294
12.118
114948
11.778
11.616
11. 465
11.312
11,162
11,019

13.876
10.738
10.600
10. 468
10.346
104 0b&
.646
3.32%
3.026
8.736

8.463
8.205
7.949
7.6483
T.406
74130
54850
3569
54300
5.790

5.315
e 429
3.877
3. 453
3.150
24940
2,798
2.70%
2. 644
2.608

2,587
2.578
2.574%
2.573
2.574

24572
2,569

2.563
2.557
2.550
24530
2.508
2. 483
24425
2,392
2.259
24128

1.996
1.889
1.600
Le712
1474

37593.24%
37053.60
36236.71
354027 .61
36626.39
33834.33
33051 .9
32279.89
31518.91
30769.68
30032.94

29309.29
28599.52
27904.27
27226.23
26563.03
26973.08
23382.87
21858.37
20653.55
19631.99

18621.92
L17458.24
1661 4.8
15769.34
15078,45
Louhd, 82
13820.62
132u6.82
12684404
11717.17

11057.33
749,40
9624.756
sur72.21
80462.78
770%.16
7433.60
721%.50
7034.80
6884.79

67158.28
6650.00
6556419
6473.96
6401.15
6336409
6277 .48
652264431
6175.76
6131.19

6090.08
6052.00
6016.59
5937.09
5870.59
5761.10
5675.60
5606.89
$399.52
5296.03

5234.50
5193.87
5164.98
5162.84
5103.40

(DVIDIE{V THERMAL VISCOSITY THERMAL OIELECTRIC PRANDTL

SONOUCTIVITY DIFFUSIVITY GCONSTANT  NUMBER
1/086. R BTU/FT-HR-R LB/FT-SEC SQ FT/HR
X 105

0.0025606 0.09596 3.127  0.0%011 1.30293 1.9876
0.0025958 0.09786 2.91%  0.01815 1.30177 1.8526
0.0025493  0.10034% 2.640 0.01016 1.29999 1.6851
0.0027027 0.10236 2,613 0.01013 1.29019 1.5523
0.0027559  0.10396 2.222 0.01007 1.29636 1.4459
0.0028088 0.10525 2.061  0.00999 1.29650 1.3597
0.0028616 0.10626 1,923  0.00989 1.29263 1.2885
0.0029135 0.16703 1.803  0.00978 1.29073 1.2288
0,0029650  0.1971% 1,700 0.00962 1.28882 1.1840
0.0030158 0.10712 1.609  0.00946 1.28689 141463
0.0030658 0.10697 1.529  0,00931 1.28093 1.1161
0.0031147 0.1067% 1.457  0.00916 1.28297 1.0865
0.0031625 0.10643 1.394  0.00901 1.28098 1.0627
0.0032083 0.10604 1.337  0.006887 1.27099 140423
0.0032537  0.10559 1,285  0.00873 1.27698 1.0263
0.0832969 0.10508 14239 0.00861 1.27496 1.0080
0.0033355 0.1036% 1.160 0.00833 1.26987 0.9749
0.0034665 0.10201 1.061  0.00812 1.26482 0.9467
0.0035666  0.10031 0.995 0.00788 1.25971 0.9316
0.0036298 0.09858 0.940 0.00768 1.25458 0.9190
0.003707% 0.09689 0.893  0.00748 14206967 8.9118
0.0037587  0.0952% 0.852 0,00733 1.20438 0.9056
0.0038075  0.03370 0.816  g.00728 1.23934 0.9003
0.0038420 0.09252 0.785  0.00710 1.23436 6.8937
0.003886% 0.09155 0.756  0.00702 1.22946 0.8889
0,0038951  0.09063 0.731  0.0069% 1.22662 0.8833
0.0039025 0.08979 0.709 0.00691 1.21987 1.8797
0.0033087 0.08903 0.688 0.00686 1.21526 0.8772
0.003909% 0.08336 0.670 0.00683 1.21070 0.8757
0.0039197  0.08777 0,654  0.00678 1,20628 0.3768
0.0039217 0.08789 0,625 0.08679 1.19776 9.8705
0.0038489 0.00876 0.602 9.00698 1.18967 0.857¢
0.0036800 0.09032 0.5t  0.00722 1.17636 0.7957
0.0834923  0.09627 0.557  0.00789 1.16149 0.8064
0.0033103  0.10064 0,564 0.00845 1.15023 0.8152
0.0031360 0.10378 0.566 0.00901 1.14033 0.8182
0.0029650 0.10593 0.565 0.00960 1.13160 0.8158
0.0028052 0.10733 0.564  0.0102¢ 1.12386 2.8993
0.0026558  0.10819 0.563 0.01092 1.11698 0.8006
0.0025173  0.10868 0.563 0.01164 1.11083 8.7903
0.0023897 0.10896 0,566 0.01240 1.10532 0.7799
0.0022726  0.10913 0,566 0.0:321 1.10032 0.7698
0.0021655  0.10927 0,568  0.01404 1.09582 0.7603
0.0020673  0.10948 0.572  0.01691 1.09170 0.7516
0.0019775  0.10977 0.576  0.81581 1.0879 0.7638
0.0018950 0.11016 0.581  0.01673 1.08649 0.7368
0.0018192 0.11070 0.587 0.01768 1.08132 0.7307
0.001759%  0.11136 9.593  0.01365 1.07838 9.7252
0.0016849 0411215 0.599  0.01964 1.07566 0.7205
0.0016252 0.11307 0.606 0.02066 1.07313 B.7164
0.0013698 0.11408 0.616  0.02170 1.07077 0.7127
0,0015182 0.21523 0.621  0.02276 1.06856 0.7096
0.0018701 011645 0.629  0.02334 1.06649 0.7068
0.0016251  0.11776 0.638  0.02495 1.06455 0.7046
0.0013265  0.12133 0.6%59  0.02781 1406017 0.6995
0.0012379  0.12%523 0.681 0.03081 1.05636 0.6959
0.0010960 0.13368 0.728 0.03725 1.05005 0.6911
0.0009845 0e14253 0,776  0.04425 1.00503 0.6831
8.0008943  0.15164 8.825 0.05181 1.06094 0.6862
0.0006158 0.19887 1.069 8.09745 1.02818 0.6832
0.800470¢  0.27727 1.382  9.17266 1.02450 D.6102
0.0003808 0.3349% 1,523  0.20811 1.01738 0.6176
0.0003199  0.39270 1,733 08.33632 1.01458 0.6209
0.0002758  0.45116 1,934  0.43133 1.01256 0.6231
0.0002624 0.51573 2,128  0.54185 1.01103 0.6219
0.0001955 0.714k8 2.498  0.82640 1.00886 045349

143



THERMODYNAMIC PROPERTIES OF YARAKYDROGEN

5500 PSIA ISO0BAR

TEMPERATURE VOLUME ISOTHERH IS0CHORE INTERNAL ENTHALPY ENTROPY cv cp VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. R CV FT/LB CU FT=-PSIA/LB ISIA/R BTu/LB BTU/LB BTU/LB=-R 87U 7 LB =R FY/SEC
®  41.979 0.17676 7045.97 97.916 -114.606 65,416 1.34997 1.374 1.705 6363
w2 0.37677 Thuk 83 97,915 -114.580 65,451 1.35081 1.375 1.705 6363
L 1] 0.17765 6336 ,74 97.807 =112.014 68.912 1.43130 1,601 1.755 6345
46 0.17855 6825.30 97.628 -109,372 72.472 1.51042 1.425 1.804 6327
48 0.17%7 6718.60 S7.380 ~106.655 76.129 1.58823 1.669 1,853 6309
50 0.18042 6608.75 97.063 -~103.8863 79.883 1.66486 1.072 1.901 6289
52 0.18138 6501 .82 964679 ~100.,997 83.73¢ 1.746038 1.494 1.949 6269
54 0.18237 6395.93 95,228 -98.060 37.679 1.81482 1.514 £+996 6249
56 0.18339 6291 .16 95.711 ~95.053 91.717 1.88824 1.534 24042 6228
58 0.18462 6187.63 954129 -91.976 95.848 1.96071 1.554 2,088 6207
60 0.18548 6085, 44 Yo 484 -88.832 100.068 2.0322% 1.572 2.132 6185
62 0.18656 5984.63 93.777 ~85.623 104,377 2.10288 1.589 2.176 6162
[-13 0.18766 5885.49 93. 009 -82.350 108,772 2017265 1.605 2.219 6139
66 0.18878 5787.96 92.182 -79.016 113.25% 24241586 1.621 24260 6115
68 0.18993 692,20 91.298 -75.622 117.812 2.30964 1.635 24300 6091
70 0.19110 5598,.32 90,358 “72.174 122449 2.37685 1.647 2.337 6067
75 0.19411 $372.62 87.778 -63.338 134.354 2.56109 1.673 2,423 6005
a0 0.19725 5161.15 84.893 ~56.220 1464671 2.70004 1.697 2.502 5937
85 0.20066 4953.26 8i.060 -4ie 869 159.296 2.85333 1.721 2.560 5842
30 0.20378 4684 .50 77.835 -35.313 172.225 3.00112 17064 2.639 5731
95 0.20729 4536.33 The 953 -25.5264 185.588 3.14560 1.765 2.701 5671
100 0.21090 4365,72 72,104 -15.423 199.366 3.28697 1.784 2.765 5599
108 0.21463 216,13 63, 495 -5.250 213.338 3,42329 1.801 2.827 5536
110 0e21847 4100.56 65489 S5.102 227.607 3.55604 1.820 2.880 Sk
115 0.22261 3966.16 6ls 405 15.626 282,144 3.68528 1842 24943 S419
120 0.22647 3880.80 €1.973 264340 256,984 3.81159 1.868 2.995 5370
125 0.23064 3807.78 53,664 37.255 272,150 3.93541 1.897 3.068 53246
130 0.23486 3679.32 57.364 48,352 287.542 4. 05614 1.931 3119 5247
135 6.23920 3642.45 554184 59.673 303.283 bel7496 1,969 34165 5208
140 026357 3568415 53.055 71.187 319,267 %.29106 2.010 3.223 5149
150 0.25253 3421.36 L3.138 9,882 3524073 451748 2,101 3.351 5028
160 0.26177 3276.63 43.699 119.532 386.135 4.73729 2.201 3.495 4909
180 B.28154 3146.10 38,825 173,408 4584143 5.16285 244008 3.676 4716
200 0.30130 3116.26 3e.221 226.545 533.409 5.55915 2.592 3.856 4633
229 0e32142 3115.40 304540 2844979 612,325 5.93511 2.770 4o 030 4582
240 0.34178 3140.56 27.516 346,231 694,322 6.29156 2.909 hoi61 4562
260 0.36233 3183.90 24.987 “09.403 778.416 6.62828 3.002 o201 4565
280 0.38297 3241.29 22. 847 L73.638 863.578 6094409 3.050 ho274 4588
300 0e40366 3309.58 21.019 538.060 949,172 7.23916 3.062 4. 271 624
320 0.42636 3386.36 13,445 602.120 1034.306 7.51392 3.048 40239 #671
340 0.44502 3669.67 18,080 665,391 1118.619 7.76920 3.015 44190 4726
360 0.46563 3558,02 13,887 727.621 1201.840 8.00713 2.973 44131 4786
38D B.48617 3650.23 15,839 788,681 1283.826 8.22879 2.924 4.067 4850
400 0.50665 3745.37 14,911 848,540 13644539 8.43588 2.876 Lo 004 4916
«20 0.52705 3842.75 1. 086 907.233 16b4.011 8.62974 2.828 3. 944 4982
LT 0.54738 3941 .84 13.348 964 . 843 1522.325 8.81195 24784 3,488 5050
460 0.56764 4062,22 12,685 1021.453 1599.566 8.98364 2745 3.837 5117
480 8.53783 #143.59 12.085 1077.178 1675.853 914576 2.709 3.792 5183
500 0.60735 4245,70 11.541 1132.116 1751.287 9.29991 2.679 3.752 5269
520 8.62802 4348,.38 11.045 1186.372 1825.376 9. 44b50 2.652 3727 5314
5S4l 0.64803 4451.50 1).590 1240.027 1900.008 9.58621 2.629 3.687 5378
560 8.66738 4554 .94 1).173 1293.098 1973.404 9.71918 2,610 34661 Shby
580 0.68789 4658 .64 3.789 1345.806 2046.387 9.84710 24596 3.639 5503
500 0.70775 4762,.52 3,433 1398.184 2118.995 9.97024 24580 3.620 5564
050 C.75724 5022.80 8.651 1527.747 2298.959 10.25862 2.555 3.583 5743
700 0.80652 5283.57 T.992 1656.037 2ulT. 043 10.52342 2.538 34557 5857
880 06.90463 5805.82 2.942 1910.094 2831etib 10.99643 2.522 3.528 6134
900 1.00230 6328.61 3.142 2162.062 3183.654% 11.41078 2.514 3,542 6400
1000 1.099%38 6851 .84 5.511 24140172 3534141 11.78906 24512 3.505 6655
1500 1.58463 9%75,37 3.65% 3675.490 5289.338 13,20280 2.549 3.532 7799
2000 2.06847 312109.99 24738 ©971.839 7078.478 14.23005 2.653 3.634 8766
2500 2.55214 14752 .24 2.191 6330.768 8929.996 15.05576 2.792 3.773 9610
3000 3.03579 17399.48 1.826 7759.806 10851.612 15, 74651 2.926 3.908 10375
3590 3.51956 20050406 1.566 9259.830 120844.326 16.36348 3.054 4,036 11081
4000 4400384 22702.95 1,371 10827.067 14904.777 17.10639 3.198 be184 11733
5000 4.98061 28013.29 1.097 14253,606 19326.115 18.92579 3.686 4 708 12875

®  THO-PHASE BOUNDARY
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5500 PSIA ISO03AR

TEMPERATURE DENSITY

DEG. R

#1.979
w2

300
LY

360
388
»00
420
40
460
480
500
520
540

560
580
630
650
r0d
800
900
1900
1500
2000

2500
3900
3500
4300
5000

THO-PHASE BOUNDARY

L8/Cu FY

5.65739
5.65710
5.62910
5.60069
5.57148
5.54270
S5.51316
S.08322
5.45297
5.42238
S.39167

5.36028
5.32880
$.29707
526510
5.23292
5.15169
5.06969
4498842
£.90729
b, 82426

be74162
4.65921
4.57719
be 9610
4.41568
4.33573
4.25792
%.18066
410567
3.95990

3.82010
3.55189
3.31890
J.11124
2.92582
2.75993
2,61115
2.47731
2.35652
2.24711

2.14764
2.0%687
1.97375
1.89734
1.82688
1.76168
1.70147
1.64486
1.59231
1.56315

1.49705
1.45372
1.63292
1.320%58
1.23989
1.10543
2.99771
9.90936
0.63197
0.48345

0.39183
0.32960
0.28613
0.24976
2.20073

V(DNIDVIP

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

V(JP/DU% -V(DP/DVH

BTU/LE PSIA-Jy FT/BIU PSIA

69 .08
694.15
700.61
706.43
712.05
717.59
722,75
727,35
731.98
736,41
T48.46

T4k 045
Ted.13
78L.77
755.06
757.78
Tobhall
77105
780 .08
779.42
788.54

793.82
798.73
808.20
814.95
828.27
843.53
851.69
873.16
889.93
923.86

957.37
1057 .42
1166.77
1278.93
1389.40
1491.53
1583.45
1665.83
1739.67
1806.95

1869.26
1928.03
1985.16
28el.29
2097.37
2154.20
2214 .74
2270.5%3
2330.52
2391.52

2454.25
2517.77
2582.35
2T67.22
2915.97
3261 .56
3610.22
3962.03
5779.55
7769.53

9954.77
12264 .51
14683.83
17310.50
24138.76

12.592
12.590
12,405
12.231
12.065
11.898
11.738
11.590
11.439
11.292
11.151

11.009
13.873
13.737
10.606
10.485
10.185
3.869
J. 440
3.095
8,804

3.523
8,280
8.032
7.778
7.515
7.253
64977
3.796
3430
3.907

S. 430
4.539
3.978
3.544
3.233
3.016
2.869
2.774
2.708
2.668

2.645

39861.80
39853.34
39436.32
38226.37
37420615
36630.29
35865.46
35070.31
34305.50
33551.67
32809.49

32079.60
31362.63
30659.23
29970.01
29295.59
27678.09
26165.42
24708.96
22988.23
210884.36

20700.58
13634.53
18769.082
17832.27
17136.40
16509.72
15666.26
15227.82
14649.65
13543.26

12517.06
11174459
10335.385
9692.75
9188.73
£787.36
8463 .67
4198.86
7980.40
1796.72

7641.35
7508.06
7392.41
7291.01
7201.25
T121.10
7048.97
€983.60
6923.99
6869.33

60818.97
6772.37
6729.08
6633.03
6551.03
64617.90
6316.09
6230.76
8$979.62
5854.55

57680.35
5731.45
5696.76
5670.30
5626447

(DV/DIE{V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL

SONDUCTIVITY DIFFUSIVITY CONSTANT  NUMBER

1/0EG. R BTU/FT=HR-R LB/FT-SEC SQ FT/HR
X 165

0.0020564  0.10061 3.269  0.01041 1.30626 1.9984
0.0020569  0,10044 3.266 0.01061 1.30625 1.9962
0.0025055 0,10306 2,963 0.01043 1.30653 1,803
0.0025539  0.10520 2.677  §.01081 1.30279 1.6526
2.0026021  0.10692 2,655 0.01036 1,30100 1.5312
8.0026498  0.10831 2,267  0.01028 1.29926 1.6330
0.0026974  0.10960 2.108 0.01018 1.29746 1.3520
0,0027638  0.11025 1.971  0.01008 1.29566 1.2862
0.0027900  0.11063 1,852  0.00992 1,29380 1.2328
0.0028353  0.11065 1.7648 0.00976 1.29195 1.1896
2.0028798  0.11035 1.657  0.00960 1.29007 1.1526
0.0029233  0.11016 1.576  0.0094é 1.28819 1.1209
0.0029656 0.10988 1.5064 0.00929 1.28629 1.0936
0.0030067  0.10952 1.640  0.00915 1.28438 1.0701
0.00306463 0.10909 1,383 0.00901 1.28246 1,069
0.0030846  0.10860 1.331  0.00888 1.28052 1.0309
0.0031716  0.10718 1.220  0.00859 1.27566 0.9933
0.0032445  0.10556 1.132  0.00832 1.27076 0.9659
0.0032806 0.10391 1.061  0.0081% 1.26593 0.9410
0.0033859  0.10225 1,002  0.00790 1.26113 0.9306
8.00364269 0.10055 6,950 0,00772 1.25623 0.9189
0.0036832  0.09891 0.906 0.0075&  1.25138 0.9122
0.003539%  8.09734 0.868 0.00739 1.26656 0.9076
0.0035640  0.09615 0.836  0.00729 1.206178 0.8998
0.0036347 0.89516 0.80% 0.00719 1.23707 0.8957
0.0036165  0.09623 0.778  0.00712 1.23262 0.8900
0.0036139  8.09335 0,753  0.00706 1.22782 .8857
0.0036617  0.09256 0.732  0.00697 1.22335 0.887¢
0.0035265 0,0918%4 0.712  0.0063% 1.21893 0.8833
0.0036216  0.09123 0.69 0.00689 1.216865 0.8831
0.0036263  0.09132 0.666 0.00688 1.20638 0.8767
6.0036509 0.09217 0.638  0.00690 1.19850 0.8713
0.0034744  0.09391 0.565 0.00720 1.18352 0.7951
0.0033109  §.09985 9.580 0,00780 1.47065 0.8074
0.0031509 0.10814 0.587 0,0083% 1.15929 8.8173
0.0029945  0,10713 0.588  0.00880 1.14923 0.8216
0.0028435 0.1091t 8.586 0,00932 1.16030 0.8200
0.0026995  0.11032 0.586  0.00988 1.13234 0.81861
0.0025637  0.11099 0.581 0.01049 1.42522 0.8055
0.0026367  9.11130 0.580 0.01iie 1.11883 0.7954
0.0025189  0.11140 0.580  0.01183 1.11307 0.784%9
0,0022100  0.11144 9.580 0.01256 1.10785 0.7746
0.0021096 0.11142 0.582 0.01332 1.10311 0.7648
0.0020171  0.11149 0.585  0.01611 1.09879 0.7558
0.0019320  0.11167 0.588  0.01492 1.09682 0.7476
0.0018536  0.11197 0.592 0.01577 1.09118 0.7403
0.0017813  8.11262 0.597 0.01663 1.08781 0.7339
0.00171406 0.11380 0,603 9.031752 108670 0.7282
0.0016525 0.11373 0.609 0.01843 1.08181 0.7232
0.001595:1  0.11459 8.615 0.01936 1.07911 0.7188
0,0015417  0.11556 0.622 0.0203% 1.07660 0.7149
0.0014919  8.11666 8.633  0.02128 1.07425 0.7116
0.0014656 0.11786 0.638 0.02228 1.07206 0.7087
0.0014018  0.1191& 0.646  0,02329 1.06996 0.7061
8.0013042 0.12266 0.666  0.02592 1.06528 8.7039
$.0012199  0.12653 0.689 0.02869 1.06120 0.6970
0.0010817 0.13500 8.735 0.03061 1.05642 0.6918
0.0009728  0.16393 0.786  0.04108 164902 0.6886
0.0008845 0.15315 0.833  0.06806 1.04461 0.6865
8.0006110  0.20121 1,081  0.09028 1.03080 0.6432
0.0006677 0.27727 1.320  0.15783 1.02353 8.6226
0.0003790  0.33694 1.546  0.22656 1.01906 0.6269
0.0003186  0.39269 1.762  0.30505 1.01599 8.6311
0.0002749  0.45107 1,968  0.39333 1.01378 0.6339
0.0002437  0.51526 2.166  0.49305 1.01211 0.6333
0.0001950  C.70990 2,546  0.75100 1.00972 0.6078

145




THERMODYNAMIC PROPERTIES OF SARAHYDROGEN

6000 PSIA ISOBAR

TEMPERATURE voLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY (4] cP VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. R Cu FT/LB CU FT-PSIA/LB 3SIA/R 8Tu/LB BIU/LB 8Tu/LB=R BTUu /7 L3 =R FT/SEC
¥ 43.260 8.17515 7375.68 93,567 =112.406 82.169 1.36131 1.386 1716 6504
LT 0.17546 7334461 93.524 =111, 44b 83,504 1.39139 1.396 14734 6498
46 0.17631 T227.04 93. kb -108.868 87.018 1.46955 14420 1.782 6482
(1} D.17717 7120.18 93.235 ~106.218 90.529 1454640 Lalblets 1.830 6466
50 0.47806 7014.10 98. 988 =103.494 94.336 1.62205 1.467 1.877 T2 )
52 0.17896 6908.91 93.673 =100.698 96.137 1.69659 1.489 1.924 6430
54 0.17989 6804.68 98.292 ~97.833 102.032 1.77005 1.500 1.969 6612
56 0.18083 6701.51 97. 846 -9,898 106.015 1.84249 1.530 2.015 6393
58 D.18180 6599.50 97.335 -91.896 110,089 1.91398 1.550 2.059 6374
60 0.18278 6498,76 95.761 ~88.828 114,252 1. 98654 1.568 2.103 6354
62 0.18379 £399.32 95.125 ~85.695 118,508 2. 05420 1.586 20146 6333
(13 B.18481 6301.35 95,428 ~82,500 122,834 2412299 1.603 2.188 6312
66 0.18586 6204493 U.671 ~79. 263 127.251 2.13094 1.619 2.229 6291
68 0.18692 6110415 93. 858 ~75.928 131.768 2+25806 1634 24268 6269
70 0.18800 6017.12 92.988 ~72.559 136,321 2.32630 1.646 2.305 6247
75 0.19079 5792.86 90.579 -63.,917 168,061 2.48631 1.674 2.390 6190
80 0.,19369 5581 .72 87,859 ~S4.986 160,214 2.64315 1.708 2,469 6127
85 0.19669 5385.22 84,861 ~45,783 172.752 2.79541 1.728 2.582 6058
90 0.19972 5215.92 81.100 -36.367 185.530 2494147 1.754 2.592 597%
95 0.20289 4979 e m7.727 ~26.748 198.674 3.0835% 1.777 2,655 5872
100 0.20616 W7ub.74 7e.832 ~16.828 212.226 3.22256 1.798 2.727 5775
105 0.,20952 4591,.31 72,050 ~6. 845 225.935 3.35630 1.816 2.781 5708
110 0.21301 e419.87 63,543 3.319 239.982 3.48700 1.835 2.846 5636
115 8.21661 £326.28 6r.161 13.672 254,334 3.61459 1.857 2.899 5594
120 0.22027 4215.03 6794 6 .206 268.932 3.73885 1.883 2,957 5538
125 0.22409 145,82 62.569 36,962 283.937 3.86135 1.912 3.010 5498
130 0.22792 3999.31 614332 45,906 299.138 3.98060 1.9646 3.084 5,19
135 0.23187 3983.11 58,207 57.085 314,706 4. 09810 1.984 3.127 5393
160 0.23583 3861.90 55,162 68,465 330.480 ©.21283 2.025 3.202 5319
150 0.2643314 3783.52 52,212 91,923 362.320 hel366k 2.117 3.307 5233
160 0.25233 3631.92 48,591 1164395 396,741 4o 65489 2.247 3e4b63 5112
180 0.26995 3u35.63 410659 168,200 468,124 5. 07654 24423 3.657 4887
200 0.28791 3367.02 35,834 223.181 S543.062 S.471132 2,604 3,041 «797
220 0.30620 3355.17 32.960 281.497 6254594 5.84572 2780 4. 017 4739
240 0.32473 3369.64 29.763 342,682 703.467 6420120 2.919 4,151 4712
260 D.36363 3403.79 27.079 “05.838 787.402 6,53727 3.012 4.235 «709
2890 0.36224 3653.08 2%. 799 470,106 872.568 6.85273 3.059 h,271 4726
300 0.38131 3516.18 22,844 534,596 958,925 T.14767 3.072 ko270 4757
320 D.40000 3584 .57 214154 598.756 1063.168 Tolk2266 3.857 o263 4800
340 0.41887 3662.23 13. 684 662,148 1127.531 7.67789 3.025 8.193 4850
360 0.43771 3745.59 18.397 724,516 1210.831 7.91604 2.982 4.136 4906
380 0.45651 3833 .40 17.262 785,720 1292.919 8.13798 2.933 4.073 496t
400 B.47525 3324.69 15.257 845,729 1373.749 8.34537 2,884 ke040 5028
420 0.49393 4018.67 15.361 906.573 1453.349 8.53354 2.836 3.95848 5092
440 0.51255 “l16.77 14.558 962,332 1531.796 8.72206 2.792 3.894 5157
460 0.53111 4212.50 13.836 1019.088 1609.172 8.089405 2.752 3. 844 5221
480 0.5491 4311.51 13,182 1074.955 1685.594 9.05646 2.716 3.799 5285
500 0.56806 411451 12,589 1130.031 1761.162 9.21088 2.685 3.759 5348
520 0.58645 4512.30 12. 048 1186417 1835.980 9.35773 24659 3.724 5411
540 0.60479 L613.71 11.552 1238.199 1910.139 9.49767 2.635 3.693 5473
560 0.62308 4715.59 11.096 1291.390 1983.655 9.63087 2.616 3.667 5534
580 0.64133 4817.86 10.677 1340.213 2056.754 9.7589¢ 2.600 3.645 5594
600 0.65954 4920 .43 10,288 1396.700 2129.472 9,88231 2.586 3.625 5653
650 070491 5177.83 9e b3l 1526.512 2309.690 10.17110 24560 3.588 5798
rT00 0.75008 5436.15 8.716 1685.022 2688.394 10.43623 2,543 3.561 5939
800 0.84001 5954, 36 7.569 1909, 441 2862.723 10.90973 2.526 3.531 6210
900 0.92952 6473.80 5,695 2162.295 3195.029 11.32438 2.517 3.514 6471
1000 1.01876 6994 .17 3.007 2434,033 3545.918 11.69387 2.515 3.506 6724
1500 1.46311 9607 .36 3.98¢2 3676.010 5301.584 13.11701 2.5%1 3.532 7851
2000 1.90649 12235.35 2. 984 4972.661 7090.864 1ha 16433 2.654 3.634 8810
2500 2.34972 14873.01 2. 388 5331.758 8962.382 14497005 2.793 3.773 9648
3000 2.79296 17516.88 1.991 7760.889 10863.973 15.66079 2.927 3.908 10408
3500 3.23632 20164489 1.707 9260.881 12856.559 16.27772 3.054 4,036 11114
4000 3.68016 22815.77 1.494 10827.627 14916.421 17.02048 3.197 bo 182 11760
5000 4.57510 28123.16 1.196 16247141 19330.254 18.83827 3.672 he692 12902

®  TWO~PHASE BOUNDARY



6000 PSIA ISQ3AR

TEMPERATURE OENSITY

DEG. R

43.240

360

380
L00
420
LT Y]
“64Q
&80
500
$20
540
560

580
600
650
700
800
390
1000
1500
2000
2500

3000
3500
4000
5200

THO-PHASE BDOUNDARY

LB/CU FT

570948
5.69919
567186
Sebb417
5461612
5.58772
$.55899
552995
5.50060
S5.4709
5ebis104

5.41088
5.38047
536985
5031904
5.24128
516281
S.08402
5.00699
4.92869
4.85058

4e77291
4269460
4.61653
#253989
e 46245
438742
431268
4o 20039
$,09991
3.,96309

3.70439
3.47328
3.26587
3,07950
2.91180
2.76053
2.62391
2.50002
2.38736
2.28460

2.19053
2.104615
2.02457
1.95102
1.88285
1.81947
1.76039
1.70519
1.65348
1.60693

1.55926
1.51621
1.41863
1.33318
1.19046
1.07582
0.98158
0.68347
0.52652
0.42558

0.35804
0.30899
0.27173
0.21857

VOH/OVY,  VIDP/DUN, =VIDP/OV), (DV/DTL/V  THERMAL _ VISCOSITY
P CONDUCTIVITY
aTU/L8 PSIA-3U FI/BTY PSIA 170G, R BTU/FT-HR-R LB/FT-SEC SQ FI/HR
X 10
725.91 12,580  42111.28  0.0023639  0.10469 3.412  0.01069
728,47 12.512  43801.31  0.0023809  0.10569 3.277  6.01069
736.85 12,342 40990.77  0.002¢253 0.1079% 2.966  0.01068
740,92 12,179 40187.46  0.0024693  0.10978 2.708  0.01063
747.00 12,016 39392.01  08.0025129  0.11126 2.432  0.01055
752471 11,857  38605.04  0.0025560 0.11244 2,308 0.01346
757.86 11,711 37827.16 0.0025985 0.11336 2,151 0.01036
763,06 11.563  37059.00 0.0026403 0.11359 2.015  0.01020
768.08 1l.617 36308.17 0.0026813 8.11365 1.897 g4.01003
772.73 11,278 35554.30 0.0027235 0.11359 1.793  0.00987
77734 11,139 34818.99  0.0027607  0.11344 14702 0.00972
781.65 11,006  30095.8%  0.0027988  0.11319 1.621  1.003956
785,94 10,869  33385.45 0,0028357 0.11285 14549 0.00961
789.86 10,739 32683.41  0,0028713  0.1i245 1.086  0,00927
793.24 10.619  32005.29 0.0023054 0.11198 1.626  0.00913
801.22 12.322 30361.99 0.0029833 d.11058 1.503 G.00843
809.96 10.006  28817.31 0.0030488 0.10899 1.206  0.00855
820.27 3.659  27378.57  0.0030996 0.1u731 1.126  0.00830
834,61 3.237  26116.0% 0,0031056  0.10567 1.062  0.00816
838.46 8.875 24542.11 0.0031671 0.10399 1.0Q7 0.0079%
838.9 8.580  23024.33 0.0032501  0.10237 0,950 0.00774
845.69 8.315  21913.92 0.0032879  0.10081 0.920 0.00760
849,11 8,075  20749.52  0.0033515  0.09902 0.384  0.00748
861.97 7.835  19972,62 0.0033627  0.09860 9.852  0.00737
87347 7.581  19135.77 0.0053860 0.09766 0.823  B.00728
889,99 7.332  18500.55 0.0033820 0.09674 0.797  0.00720
297.02 7.066  17546.65 0.0036386 0.09592 0.77%  0.00709
922.80 50804  17177.89  0.0033885 0.09517 8.753  0.00706
933.77 80541  16375.80  0.0034295 0.09452 0.736  0.00696
982.56 5.017  15512.08  0,0833659 0.09460 9.702 0.00698
1019.9¢ $.531  14393.63  0.0033759  0.09540 0.676¢  0.00699
1110.70 %eb642  12652.81  0.003292¢  0.09735 0.588  0.06719
1219.48 6073 11695.60 0.0031497  0.10330 0.603  0.0877%
1335.41 3.630 10957.63  0.0030080  0.10752 0,609 0.00820
1447.21 3,311 10376.81  0.8028682  0.11038 0.609 0.00864
1550.02 3,088 9911.16  0.0027322  0.11221 0.606 8.00910
1641.80 2.936 9532.61  0.0025015 $.11325 9.603  0.00960
1723.57 2,836 9220.89 0.002877%  0.1137% 8.599  0.01015
1796. 4l 2,768 3963.%7  0.0023606 0.11388 0.597  0.01074
1862456 2.725 8743.67  0.002251k  0.11383 0,595  0.01137
1923.65 2.701 8557.16  0.0021693 0.11370 0,595 0,01203
1981.22 2.687 8397.20 0.0020557  0.11357 0.596  0.01273
2037.25 2.679 8258.15 0.0019686 0.11352 0.597  0.01345
2092.38 2,675 8136.10 0.0018380  0.11359 0.600 0.01%20
2147.56 2.673 8028.00 0.001813%  G.11380 0,606  0.01498
2203.63 2670 7931 .48 00017 bkt Oelilib 2.608 0.01577
2260 .52 2.667 7 845.65 0.0015806 Qeli6b? 0.613 0.01653
2318.75 24563 7766.100 0.00t6210 0.11533 0.619 C.01743
2378.27 2.658 76346,.33 0.001%658 011614 0.625 0.01829
2438.87 2.651 7628.66  0.0015143  Q.11706 0,631 0.01317
2501.29 2. 603 7568.21  0.0016662 0.11812 0.638  0.02007
25646 .54 24636 7512.31 0.0018212 6.12927 0.646 0.02099
2628.90 2.624 7e60.82  0,001379¢  0.12053 0,654 002193
2793.37 2.598 7345.61  0.00128643  0.12399 0.674  0.02436
2961.87 2.571 7267.37  0.0012026  0.1278% 0.696 0.02693
3397.18 2.517 7088.43  0.0010677 0.13632 0.7643  0.03243
3655.71 2.472 696665  0.0009613  0.14531 0,791 0.03843
%007, 61 2,433 6865.35  0,0008750 0.15464 0.861  0.04493
5824 .60 2,284 §566.38 0.0006064 0.20354 1.098  0.08431
7814.95 2,164 6417.73  0.0004650  0.27727 1337 0.16547
10001,05 2.009 6329.70  0.0003773  0.33494 1.569  0.20859
12311.53 1.899 6271.80 0.008317¢  0.39268 1.790  0.28065
14730.28 1.809 6230.80 0.0002740  0.45098 2.002  0.36166
17351.27 1.720 6199.67 0.0002610 0451482 2.206  0.45305
20111.96 1,490 6147.00  0.00619%  0.70590 2.595  0.68835

TYERMODYNAMIC PROPERTIES OF PARAHYDROGEN
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THERMAL DIELECTRIC
DIFFUSIVITY GCONSTANT

1.30946
1.30883
1.30715
1.30546
1.3037%
1.30200
1.30025
1.29848
1.29%69
129489
1.29308

1.2912%
1.28%41
1.28756
1.2857¢0
1.28102
1.27632
1.27162
1.26704
1.26248
1.25778

1.25322
1.26863
1.26407
1.23961
1.23542
1.23079
1.22649
1.2223%
1.21432
1.20656

1.19202
1.17917
1.36774
1.15756
1e16847
3.14033
1.133082
1412643
1212046
1,11504

1.11010
1.10558
1.10143
1.0976%
1.0%07
1.¢9079
1.08775
1.08490
1.08225
1.07976

1.07762
1.07522
1.07025
1.06592
1.05870
140529
1.04822
1.03339
1.02555
1.02089

1.01739
1.01699
1.01318
1.01059

PRANDTL
NUMBER

2.0133
1.9360
1.7630
1. 6250
1.513%
1. 4217
13449
1.2866
1.2372
1.1950
1.1589

1.4277
1.19009
1.0774
1.0563
1.0140
0.9833
0.9608
0.,9379
4.9259
1.9208

0.9133
3.90¢88
0.9013
0.8973
0.8931
0.8363
0.389190
0.8958
0.8833
0.8759

0e7946
0.8078
2.8193
0.8246
0.8239
0.8185
0.8102
8.8002
0.7896
0.779¢

0.7690
0.7597
0.7513
0.7437
0.7369
0.7310
0.7257
0.7211
8.7474
0.7136

0.7105
0.7077
0.7022
6.6981
0.692%
3.68930
0.6868
0.6833
0.6310
1.6364

Deblett
0.6450
0.6450
0.6209



THERMQDYNAMIC PROPERTIES 0OF PARANYOROGEN

6500 PSIA ISOBAR

TEMPERATURE VOLUMNE ISOTHERM ISOCHQRE INTERNAL ENTHALPY EKTROPY cv CP VELOCITY

DERIVATIVE ODERIVATIVE ENERGY OF S0UND

DEG. R Cu FTZLB CuU FT=-PSIA/LB >SIA/R 8Tu/sLs dTu/La BTU/LB-R 87U / L3 -r FT/SEC
LR T PXY S8 0.17363 7699.30 101.160 «110.173 98.810 1.37216 1.396 1.720 6641
4«6 017424 7618445 101.119%9 -108.242 1d1.077 1.4311¢2 1415 1.762 6630
L1 8417505 7513.29 101.095 =-105.652 135.048 1.58710 1.433 1.809 0615
51 G.317589 740b.88 100.823 ~302.991 168.711 1.58188 i.bk62 1.855 6399
52 8.17674% 7335.34 100.575 ~3100.259 112.468 165554 14685 i.901 6583
S4 0.17761 720264 100.259 -97.458 116,324 1.72812 1.505 14945 6567
56 617849 7100.98 93,879 ~94.591 120.25¢ 1.79968 1.526 1990 6550
58 0.179¢0 7000441 G3. 434 ~91.,656 124,274 1087029 1.546 2,034 6533
60 0.18032 6901.01 9%.926 ~88.656 126.365 1.93997 1.564 2,677 6515
62 0.18126 6802.88 98.355 -85.593 132.581 2.00876 1.583 2.119 6496
64 8.38222 6706.12 9r.724 ~82.468 136.860 2+07669 1.600 2.160 6677
66 0.18320 6610.80 97.033 -79.282 141.221 2414378 1.616 2.201 6457
68 0.18419 6517.0¢2 95. 285 ~76.038 145,662 2.21006 1.632 2.239 5437
70 0.18520 6426488 95.479 ~T2.760 150,177 2427550 1645 24276 [13%4
75 0.18781 6202.29 93.229 ~64.275 162,772 2e43546 1.675 2,361 ©365
L1 0.19050 5991 .94 90.663 ~55.514 173.781 24590 bl 1.704 2olebl 6307
85 0.19329 5795.22 8T.811 ~hbo 471 186.182 2474104 1.734 2.516 6242
90 0.19616 561343 3705 «37.475 198.930 2.088675 1.761 2.584 6173
95 0.19901 5504.07 81.175 ~27.683 211,847 3.02645 1.786 2.621 6116
100 0.20499 526511 77.66% ~17.889 225.230 3016374 1.811 2.676 6004
106 0.20506 4952.18 The 631 ~8. 047 238,766 3.29578 1.830 2.750 5871
110 0.20826 4834.59 71.918 1.974 2524637 3eb2081 1,856 24795 5817
115 0.21169 4650 ¢ 4t 63,461 12.143 266.069% 3.5u976 1.873 2.861 5737
120 D.2343D 4536 67.275 22.536 281.196 3.67318 1.898 2.922 5688
125 0.21834 55 .96 65.053 33.421 295.923 3.79343 1.928 2.976 5645
130 0.22186 4303.17 62,928 W3.9212 3510.958 3.91137 1.96¢ 3.052 5569
135 0.22549 4288456 60,873 5k 966 326,377 4.02776 1.999 3.097 5548
140 G6.22%12 4166043 53.903 6b.222 361.995 bal4136 20040 3.1473 5479
150 0.23648 4054455 55.128 89.458 3744093 4e36284 24432 3.296 5389
160 24407 000 .32 51,451 113.723 407,487 4578464 24233 3.401 5313
180 0.26206 3686.51 bhe 389 165.461 L78.478 99782 20437 3.641 5053
200 3.27652 362234 33, 364 220.288 553,109 5439077 2.615 3.826 4955
220 0.29327 3596.97 354312 278.480 631,472 5.76409 2.790 4005 4891
24l 8.31627 3600.58 3l.954 339,584 713.629 6.11863 24928 e lb2 4857
260 0.32743 3625.58 29.12% #02.706 796.805 B.45400 3.021 40228 4849
2810 0.34470 3666493 23.732 466,979 681.867 6.76914 3.069 4.267 4860
300 £.36203 3721 .0¢ 26,636 $31.515 967.269 7.06388 Jeudt Le268 4887
320 303790 3785.16 22.83% 595.746 1052.04d2 7.33863 3.066 he2h1 +925
3ul 0.39670 3857.26 21.260 659.235 1136.790 7.5%15 3.033 4e195 4971
360 Gollbil 3935.68 13.888 721.712 122041465 7.83240 2a390 4.139 S024
380 Bebdru2 #019.09 18.670 783,039 1306¢.330 8.05459 2.901 b 72 5380
400 Je4b4869 4106467 17.589 843.176 1383.233 8,26223 2.892 4. 315 51460
423 Oo 46531 4196.99 1be 624 902.151 1662.937 8. 45665 2o Bil 3.956 520G
LTT) 0.48309 ©290.00 15.759 866.042 1541.496 8.63%44 24799 3.900 5262
460 8.50021 #384.98 14.979 1016.929 1618.988 8,81168 2.759 3.850 5324
480 0.51727 “e81.58 14e273 1072.924 1695.527 Be97434 24723 3.805 5385
500 0.53629 4579.32 13.631 1128.125 1771.21¢ 9.12900 2.69¢ 3.765 Sua?
520 0.55126 4676.11 13,045 1182.632 18464147 9.27607 24065 3.730 5507
S4o 0.56819 «777.70 12.509 1236.529 1920.417 941623 24641 3.699 5567
560 8.58508 4877.92 124,016 1289.833 1994063 9.54962 2.622 3.673 5626
580 0.60192 4978.67 11.564 1342.762 2867.248 9.67792 2.605 3,650 5684
680 0.61873 5079.84 11.140 1395.351 21460.067 9.80142 2.591 3.630 5742
650 0.66060 5334.15 10.214 15254399 2320.518 18.09059 24565 3.592 5883
700 0.70238 5589.83 Jobe3n 1654.118 2499.428 10.35602 2.567 3.565 60240
800 0.78530 6103.67 8.193 1908.849 28564.093 30.82996 2.530 3.534 6285
980 0.86791 6619.55 7.247 2162.021 3206.652 11,24492 2.521 3.517 6541
1000 6.95025 7136.85 3.501 2413.983 3557.73¢0 11,61462 2,518 3.508 6787
1500 L.36024 9738.88 4. 309 3676.618 5313.835 13.03812 24553 3,532 7902
2000 1.76934 12359.65 3.230 4973.576 7103.196 14.06550 2.656 3.634 8852
2500 2017833 14992.26 2.584 53324845 8954.739 14.89122 2794 3.773 9684
3000 2.58737 17632.42 24155 ?762.076 10876.2%6 15.58195 2.928 3.908 10641
3500 299654 20277 .61 1. 848 3262.052 12868.757 16.19885 3.054 4. 035 11160
4000 340616 2292626 1.618 10828.372 14928.087 16.941067 3,196 4.180 11787
5000 4.23187 28230.37 1,295 16241.699 19335.282 18.75782 3.660 ko677 12929

* THWO=PHASE BOUNDARY
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6500 PSIA ISO3AR

TEMPERATURE

0EG. R

9du
1002
1534
2006
2530
3040

3500
4004
$800

THWO-PHASE BOUNDARY

OENSITY

La/Cu FT

5.75942
5.73923
S.71251
5468546
$5.65808
5.63039
5.60261
5057416
5.54560
5.51680
S.48777

S5.45852
5+42906
539943
5.32467
5.26923
5.17349
5.097385
5.02493
#.95075
4.87665

4.80170
ho72842
©+655334
4.57993
4.50733
4o 63469
4. 36455
4022865
&£.09725
3.84523

3.61643
3.40977
3.22302
3.05411
2.90108
2.76216
2.63575
2.52039
2.61482
2.31794

2.2¢870
2.16632
2.67003
199918
1.93321
1.87163
1.31401
1.75997
1.70918
1.6013Y

1.61622
1.51377
L.42388
1427340
1.15220
1.05235
0.73516
0.56518
0.45907
0.38649

0.33372
0.29359
0.23630

V{DH/0V) VE{IPZDU) -y {OP£DV) (DV/U'&{V THERMAL VISCOSITY THERMAL OIELECTRIC
? v T SONOUCTIVITY
8TU/L8 PSIA-3U FT/BTU PSIA 1/0E5. R BIU/FT-HR=R LB/FT-SEC SQ FT/MR
X 13
756.75 12.578  4363.52  0.0022813  0.10886 3.556  0.01095
761.96 12451  3726.05 0.0023127  0.11061 3.286  0.0109%
768.50 12. 290 92919.77 0.0023533 0.11254 2987 0.01089
275207 12.128  42122.89  0.0023936  G.ileiti 2.736  0.01082
781.28 11.97% 133600  0.0024352 0411537 2.525  0.01073
786.92 11.830  40553.73  0.0026723  0.11637 2.345  0.31062
792 .65 11.683 39782.57 040025106 0a11664 2.190 0.01d46
798.21 11.560  39021.22  0.0025482  0.11575 2.055  0.01040
803.41 11.403  38270.23  0.0025843  0.11672 1.938  0.01013
408.60 11.265  37530.17  0.0026207 0.11660 1.835  0.40997
813.48 11.131  36801.63  0.002655¢  0.11548 1.7%  0.00982
818,37 19.997  36085.16  0.0025890  0.11606 1.662  0.66966
822.30 130869 35381.33  0.0027213 0411567 1.590  0.00951
8426.87 10.750 J4690.68 040027523 0.11522 1.525 9.00938
436,48 18. 455 33025.16 G.3828230 8.11385 1.388 0.00900
806.85 10.133  31453.13  0.0028825  0.11227 1.281  0.60876
859.06 3.791  29981.53  0.029288  0.11059 1.194  0.00850
871.93 Fe 433 286164k G.03023600 Ge10888 1.122 0.3G827
392.36 3.Ces  27657.59  0.0G2935¢  0.10728 1.06k  G.00815
498.28 8.663  26066.25 G.00237%  6.10566 1.d16  0.40797
889.76 9,363  24150.05  G.0030903  0.10413 0.971  G.63776
302.28 8.G95  28214.22  3.0G30980  U.10290 0.332  0.40767
305.66 7.84s  21989.26  0.0031589  ¢.10192 0.299  0.aG753
316.39 7.616  21111.92  0.0031866  0.10092 0.368  9.0C742
333 .64 7.367 20408.28 0.303t1876 0.10001 Qe8068 0.490736
240 .53 7.117  19395.84  U.0052kkw  0.09916 1.817  G.60721
967 .66 Be 867 19018.43 0032307 Gs 09346 047 Go00716
979.68 5.615 18184.56 660632392 0.,09767 8774 Ga0G70%
1025.16 50115  17165.28 0.0032156  0.09773 0.733  0.33701
1083.50 5.626  16392.76  G.0031386  3.09856 6.712  8.43707
1163.39 . 737 14183.143 0.0031297 Je1u067 G.610 de G719
127358 “e162  13093.95  0.5330G43  0.13663 G.626  6.06771
1390.96 3.712  12264.86  0.0028791  0.11079 0.631  0.00811
1504.09 3.386  11606.76  0.0027536  0.11356 9.636  0.00851
1607.62 3.157  11072.92  0.6026362 0.11523 G.626  0.00892
1699 .47 3.001  10638.06  G.2025109  0.116i1 0.622  6.00938
1780.79 2.895  10278.07 0.0023969  0.11646 0.517  0.00988
185286 2,826 9976.72  0.5322890  d.11644 0.616  0.01082
3191796 2.782 9721.80  4.0021875  0.11626 0.611  0.31099
1977.92 2.754 9503.9¢  0.0420926  G.11597 3.510  0.d116d
2036238 2.739 8315.91  0.G32u0kl  0.1.571 2.509  0.01224
2089.36 2.729 $152.09  0.4619219  G.I1585 0.618  0.aic91
2163.51 2.728 908,07  0.0018455  0.11952 3.512  G.0:361
2197 .43 2,719 3880 ,.461 Qeul7 746 d.11563 Je015 dedibde
2253.14 2.718 8766.36  3.0017047 3.11591 0.619  §.01506
2309.38 2.711 8663.76  0.001647%  0.1.635 3.623  0.0158¢
2367.406 2.785 8570.81 G.3315906% “elib95 d.a28 0.01660
2426411 24698 8486415 0.d015373 011769 Ged3b V.017%3
2686.32 2.691 d403.61 UedGl6876 de11856 G.0bu J.Jdtddl
2548.41 2,681 8337.¢6  0.0014412  G.21958 3.667  3.01905
2611.39 2.671 6271.32  0.6013977  G.12076 G.656  C.01391
2675452 2.660 521034  0.0013569  3.12492 0.562 002078
283958 2.831 5074.65  0.0012650  3.12533 3082  0.42305
3007.82 2.601 7959.28  4.3il853  0.12915 3.706  G.d2544
3352.08 2.544 7772.42  3.0010548 013763 0.75G  3.33058
3701.25 20495 7627.9¢  $.0009501  G.14669 3.799  6.u3620
$052.85 2,453 7510.47  0.00086%6  G. 15611 GeBed  0.44229
500965 2.296 7159.68  0.0006348  J.23585 1.106  @.97927
7860 .28 2.152 6985.46  0.000+523  6.27727 12355  4.13506
10047217 20615 6882.45 0.GGu3755  0.33434 1.593  2.1933s
12358.32 12904 6314.41  0.0033162  0.339267 1.820  0.25999
16776.58 1.813 6767.01  2.0302731  0.45091 2.637  0.33686
17392.58 Le 724 6730.86 VedWul2403 JaBlilele 2.200 J.41920
26093.81 1.498 0670.89  0.0001361 0476247 2.6 0.63547

THERMOOYNANIC PROPERTIES OF PARAHYOROGEN

149

OLFFUSIVITY CONSTANT

1.31253
1.31129
1.30965
1.30799
130631
1.30661
1.30290
1.30117
1429943
1.29768
1.29591

1.2%14
1.29235
1.29056
1.2860%
1.28150
1.27696
127244
1.268135
1.26370
1.2593¢

1.25691
1.25061
L.20642
1.26196
1.23772
1.235352
1.22947
1.22167
1.21617
1019992

1.18711
1.17566
1.16539
1.15618
1.16790
1.14082
1413365
1.12751
1.12191
1.11680

131218
1.10778
1.10380
1.10011
109668
1.83349
1.09051
1.08772
1.08511
1.082065

1eud030
2407510
1.67052
1.06289
1.65678
L005176
233595
1.02755
1.62234
1.018738

1.616210
1edib24
1.01145

PRANOTL
NUMBER

2.0305
1.8844
1.7278
1.6016
144979
1.4113
1.3450
1.2891
102613
1.2004
1.1650

1e1347
1.1081
10843
1.0366
1.0025
0.9777
0.9578
0.9360
0.9247
0.9230

0.9117
0.9088
0.3069
G.9010
0.9047
8.%001
0.9053
0.897s
0.8823
D.7342

G.8084
0.8211
0.8275
0. 8275
0.8226
0.81%5
3.8046
6.7933
0.7832
0.7730

0.7636
.7547
0.7469
0.7399
0.7337
G.7282
0.7236
9.7192
0.7155
d.7122

0.709¢%
0.7035
§.6991
3.6932
.6895
£.6871
0.6433
C.56394
e 6659
G.8519

J.0562
0.6570
0.06342



7000 PSIA ISOBAR

TEMPERATURE

DEG. R

® 45,676

46

400
420
bild
460
«80
500
520
540
560
580

600
650
T00
800
900
1000
1500
2000
2500
3600

3500
4000
5000

TWO-PHASE BOUNDARY

VOLUME
CU FT/8

0.17219
D.17232
0.17309
0.17388
0.17460
0,17550
017634
017719
0.17836
0.17895
01.17985

0.48077
0.18170
0.18265
0.18509
0.18762
0.19023
0.19291
0.19564
0.19863
0.20141

0.20398
0.20700
0.21005
0.21319
0.21649
0.21982
0.22317
0.22993
9.23727
0.25151

0.26668
0.28215
0.29783
0.31368
0.3294%
G.34567
0.36487%
0.37782
0.39388
0.40992

8.42593
0.b4190
0.45783
0.47372
0.48955
0.50534
0.52110
0.53681
0.55249
0.56812

0.58373
0.62261
8.66132
0.73837
0.81505
0.89149
1.27200
1.65170
2.03134
2441106

2479089
3.17115
3.93757

ISOTHERM

DERIVATIVE DERIVATIVE

CU FT-PSIA/LB

8017.35
8000.52
7896.96
7794 .10
7692.04
7590.86
7490.62
7391.42
7293.33
T196.45
7400.34

7006.61
6313.64
6822.61
6601 .84
6392.59
6196.13
6013.70
5846.38
5695.13
5541.06

5149.35
5084,.32
4869.72
4688.08
46647 .58
4558.58
&453.30
#351.483
4322, 48
3965.02

3880.55
3841.006
3833.44
3849.16
3882.58
3929.74
3987.73
405435
4127 .87
4206.90

4290.36
4377.37
#467.23
4559.39
4653.39
WToB.83
4845,.59
4943.28
S041.76
5140.91

5240.60
5491 .64
574453
6253.74
6765.82
7279.85
9869.95
12482.93
15110,.05
17746416

20388.25
23034 .45
28334496

THERMODYNAMIC PROPERTIES OF PARAMYDROGEN

ISOCHORE
PSIA/R

102,757
102.755
102.702
102.583
162.396
102,143
101,826
101+ 441
160.995
100+ 486

93.917

99,287
98,600
97,855
95. 754
93.331
90,615
87.636
Bh. 426
81.016
7T.288

The 377
71.779
63,281
67.188
65.180
63,140
61.305
57,688
56,086
WTe 024

410818
37.602
344093
314425
28.587
250396
24,692
22,0826
21360
20.062

18,908
17.876
15.95¢0
15.144
15356
16.667
16,037
13,461
12.930
12,441

11.988
10.991
10.3452
3.814
7.796
5.993
4o 634
3o474
2.781
2.319

1.988
1.748
1,394

INTERNAL
ENERGY
stu/Le

-107.913
=-107.509
=104,975
-102.372
~99.698
-96.958
-84, 152
-91.279
=88.302
~85.343
-82.282

=79.162
-75.983
=72.749
=bh. bbb
~55.842
~464946
-37.783
-28.386
-18.679

-8.488

0.937
11.006
21.238
31.673
42.353
53.258
64391
87.483

111.599
163.120

217.795
275.860
336.875
399,949
4b4e213
528.773
593.057
656.648
719.1846
780.613

840,859

899.949

957,956
1014.960
1073.071
1126.385
1181.003
1235.008
1288.415
1341.445

139,130
1526401
1653.320
1908, 429
2161.833
2414.016
3677.310
4974 .582
6334.029
763,364

9263.337
10829.287
164237.116

ENTHALPY
8Tu/sLs

115,287
115,850
119,383
123,008
126,723
130.527
134,419
138,398
162,462
1466.630
150,840

155.151
159,561
164.005
175,469
187.350
199.627
212.264
225,213
238,526
252,186

265.336
279.327
293.504
308.018
322.968
338.197
353,664
385,438
419.152
483,132

$63.671
641,579
722.929
806,547
891,500
976.838
1061,945
1166.342
1229.732
1311.955

1392.952
172,742
1551.395
1628.987
1785.629
1781,417
1856.655
1930.827
2004.552
2077.853

2158.765
2331.433
2510.535
2865.516
3218.316
3569.575
5326.092
7115.535
8967.069
10888.583

120880.948

14933,764
193431.027

150

ENTROPY
BIU/LB-R

1.38255
1.39483
1.47001
1.54399
1.61685
1.68863
1.75939
1.82920
1.89809
1.96610
2.0332%

2409957
2,16509
2.22979
2.38796
2.54127
2.69038
2.83482
2437482
3.11142
3.24456

3.36681
3.49118
3.61186
3.73037
3.,84766
3.96263
he 07514
bo29h bl
4.51207
4.92548

5.31690
5.68900
6.04263
6377 44
6.69281
6.98663
7.26130
7.51684
T.75525
T.97754

8.18537
8.38000
8.56300
8.73567
8,89834
9.05322
9.206049
9.34084
Fob7hb1
9.60289

9. 72654
10.01605
10.28177
10.75613
11.17138
11.56126
12.96512
13.99255
14081827
15.50898

16.12584
16.86833
18.68341

cv ce
8TU 7 L3 =R
1.406 1.736
1.410 1aT44
Lokl 1.789
1457 1.835
1,400 1.880
1.501 1.924
1.521 1.968
1.542 2.011
1.560 2.053
1.579 2.095
1.596 2.135
1.614 2.3475
1.629 2.214%
1.643 2.250
1.674 2.335
1.705 2.416
1.738 2.492
1.768 2.560
1.796 2.617
1.820 2.661
1842 2.692
1.865 2.776
1.889 2.814
1.915 2.882
1.945 2.958
1.978 3.009
2015 3.073
2.050 3.146
24447 3.270
24248 3.376
2.450 3.626
2.626 3.813
2799 3.993
2.937 4,132
3.029 4e222
3.077 4.263
3.089 4.266
3.074 o261
3042 4.497
2.998 [YRTSY
2,949 4080
2.900 4,019
2.852 3.960
2.807 3.905
2.766 3,855
2.730 3.010
2.699 3.770
24674 3.735
2,640 3.70%
2.628 3.678
2.611 3.655
2.597 3.635
2.570 3.596
24552 3.569
2.534 3.537
2.524 3.519
2.521 3.509
2,555 3.533
2.657 3.634
2.795 3.773
2.929 3.908
3.055 4,035
3.195 4178
3.649 L.665

VELOCITY
OF SOUND
FI/SEC

o7r3
6770
6757
6743
6729
6715
6699
6684
6668
6651
6633

6615
6597
6579
6531
6677
6417
6351
6282
6210
6125

5958
5923
5826
S747
5723
5674
5618
5541
5485
5214

5109
5038
4999
4985
4992
5016
S048
5091
5139
5193

5249
5307
5366
5425
5485
5544
5602
5660
5717
5774

5830
5967
6101
6360
6610
6852
7952
8833
8720
10672

11169
11814
12954



7000 PSIA ISO3AR

TEMPERATURE DENSITY

DEG. R

180

200
220
240
260
280
300
320
340
360
380

200
420
el
460
w80
500
520
540
560
580

600
650
141}
s8q0
940
1500
1500
2000
2500
3000

3500
#000
s00¢

THO-PHASE BOUNDARY

LB/CU FT

5.807u1
5.80326
5.77701
5,75126
5.72677
5.69800
5.67095
5.64363
5.61606
5.58825
5.56021

5.53197
5.50353
5.47493
5.40278
5.33000
5.25690
5.18384
5.11131
S.03961
4e96431

4.90248
4.83083
4.76082
469055
#.61917
be54907
4.48092
4.34919
4.21459
3.975%

3.7069377
3.540627
3.35759
3.1879%
3.03358
2.89291
2476043
2.64682
2.53886
2.43950

2.34781
2.2629
2418426
2.11300
2.06270
1.97885
1.92903
1.86286
1.81000
1.76018

1.71312
1.60615
1.51212
1.35633
1.22691
1.12172
0.78616
0.60544
3.49229
Gobid76

0.35831
0.,3153%
0.2539%

V(DN/DVb
BTU/LB PSIA-U FT/BTU

786.77
787.93
794.89
801.91
408.58
814.68
820.89
826,95
832.65
338.37
843.73

§49.206
854,32
858,85
869.85
881.9%0
895,91
910.78
926.29
J42.57
958,32

2.4
962.78
964,28
968.05
991.15
1008.76
1023.87
1072.98
1137.30
1215.64

1326464
16445.73
1560413
166k .0t
1756.41
1337,.01
1908.78
1972.97
2031 .94
2087.35

2143,.32
2194.56
2248.05
2302.64
2358424
2615.37
2673.96
2533.77
2595.55
2658.25

2722416
2885.81
3053.80
3398.60
3746482
4098.29
5914.72
7905.56
10093.16
12404.89

14822.72
17634 .30
24082.64

THERMODYNAMIC PROPERTIES OF PARAMYORQGEN

12,584
12.557
12.399
12,240
12,088
104946
11,802
11.660
11.525
11.388
11.256

11.124
10.996
11.878
134585
13.269
9. 922
3.560
9.196
8.831
8,451

3.133
7.866
7.598
7.365
74134
3.888
5,655
5.177
3,709
b 827

b 267
3.790
3.457
3.223
3.062
24954
2.882
2,835
2.8906
2,789

24777
2,770
24765
2,759
2,753
20746
2.738
2.729
2.718
2.707

2,695
2.663
24631
2.569
2.517
24673
2.308
241660
2.021
1. 908

1.817
L.728
1.504

VIIP/0Uly =V(DP/DV)g

PSIA

#6560 .06
#6429.12
45623.956
44829.78
46035.17
43252.69
42478.92
6174443
40959.77
$0215.50
39482.18

34768.3%
38050.55
37353.29
35668.33
34072.46
32572448
31176427
29882.66
28701 .24
27510.88

25244499
2464561 «49
23183.83
21989.67
21467.97
20737.36
19954.91
18926.9%
18217.50
1576477

14551.18
13613.76
12871.11
12270.90
11778414
11368.38
11023.82
10731.12
10480.07
10262.75

10072.96
9905.83
9757 .49
9624487
9505448
9397346

9298.82

9208461
9125.61
9048.92

8977.80
8820.37
8686.41
8469.62
8301.06
816%5.93
7759.39
7557 o861
7438.48
7360.37

7305.28
7263.75
7196.06

(nV/orb/v THERMAL VISCOSITY THERMAL OIELECTRIC PRANDTL

CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER
1/DE3. R BTU/FT-HR-R LB/FT-SEC SQ FT/HR
X 105

9.0022079 011283 3.701 0.01119 131549 2.0505
0.0022132 0.11320 3.638 9.01219 131524 2.0178
0.0022511 g.,11523 3.292 0.01245 131364 1.8404
0.0022885 9.116238 3.006 0.01107 1.31203 1.6979
0.0023253 0.11822 2.761 0.01093 231040 1.5810
0.0023615 0.11928 2.555 0.01088 1.30876 1. 6836
0.0023970 0.11961 2.378 0.01072 1.30710 1.4086
0.0024318 0.11975 2+226 8.01055 1.30542 143455
8.0026657 0.1197% 2.093 0.01039 1.30373 1.2916
0.0024987 0.11966 1.976 0.01022 1.30203 1.2455
0.0029307 0.11946 1,874 0.01006 1.30032 1.2057
1.0025616 9.11917 1783 0.00990 1.29860 1.1715
0.0025913 0.11879 1,704 .00975 1.29687 1.1415
0.0026197 2.11836 1.629 0.00964 1.29513 te1167
0.0026845 0.11702 Le0T? 0.00927 1.29076 1.0613
0.002739R 0.11562 1.358 0.0089% 1.28636 1.0232
0.0027820 014370 1.262 0.00868 1.28196 0.9959
0.0028812 g.11202 1.184 0,008k 1.27758 0.9746
0.0028252 0.11032 1.420 0.00825 127326 0.9563
0.0028227 0.10468 1.066 0.00810 1.26097 0.9391
0.002809 0.10698 1.017 g.q0s00 1.26056 0,921%
0.0029462 0.10609 0.981 g.00780 1.26085 0.9243
0.0029226 2.10506 Q945 0.00773 1.25662 0.9111
0.302988% 0.104611 0.913 0,30759 1.252851 8.9102
0.0030554 0.10319 0,885 000744 1.24839 8.9131
0.0030382 0.10228 3.858 4.00736 120422 8.9092
0.00304068 0.10146 0.835 3.04726 1.24015 8.9497
0.0030722 010074 0.513 0.00715% 1.23619 0.9144
0.0030479 8.10077 0.777 0.00708 1.22859 0.3876
0.0029689 0.10142 [ XL TY 0.00713 1.22087 0.38916
G.0029828 G.10386 8.632 e.00720 1.20729 0.7938
0.0028738 0.10985 0.668 0.00768 1+1956 ¢.8090
0.0027620 0,11395 0.652  0.00805 1.18310 8.8229
3.00264488 0.11661 0.651 8.00840 1.17278 8.8302
0,0025365 0.11817 0.646 0.,00878 116348 0.8309
0.0026272 0.11892 Q.640 0.00920 1.15507 0.8264
0.0023219 0011912 0.635 0.,00965 14147465 0.8186
d.0022217 0.11396 0.630 0.01015 1.14056 0.8347
0.0021271 D.11862 0.627 C.01068 10130626 0.7980
0.0020381 0.11822 0.624 008124 1412849 0.7872
0.0019548 G.1178% 0.623 - 0.01184 1.12322 Q7767
0.0018771 6.11758 6,623 0.01246 1.11837 8.7670
0.0018046  0.11745 0.626  0.01310 1.11390 0.7580
0.0017371 04117467 8.027 0.01377 1.10977 0.76499
0.0016742 0.11767 0.630 0.01446 110596 e 7627
0.0016155 0.31803 0.636 6.01517 1.10237 0.7363
C.0015607 0411857 0.638 0.01589 1.09905 0.7306
0.0015096 0.11926 0.646 0.01664 1.09595 0.7257
0.0014617 g.12008 0.650 0.,027%0 109304 0.7212
8.0014169  0.52108 0,656  0.01319 1409031 0.7176
8.00837468 0122146 0.663 9.01899 108774 0e7140
0.0013353 0.12333 0.679 0.01981 1.08531 0.7110
0.0012661  0,12668 0.690  0.02193 1.07982 D.7048
0.0011687 0.13046 d.711 002418 1007502 8.7002
0.3010407 0.13093 8.757 0.02900 1.06699 0.6960
00009391 G.146805 9.806 0.83429 2.06054 8.6300
2.0008563 0.157%87 0.8%7 0.06003 1.05520 06370
0.0005973 0.2081% 1.118 007496 1263868 2.5833
0.0004597 0.27727 14373 0.,12602 1.0295%4 0.6678
0.0003738 D¢ 33494 1.617 0.18833 1.02397 0.6556
0.0003150 0.39266 1+849 Q. 26228 1.02016 0.6625
0.0002722 G 45084 2.072 0.31185 1401740 0.6677
0.0002397 0.S1411 2287 0.39019 1.01530 0.66932
0.0001937 1.69923 2.698 2.594025 1.01232 0,6679

151



7500 PSIA 1S034AR

TEMPERATURE

DEG.

® 4k

200

220
24D
260
280
300
320
34
360
380
400

20

580
600

850
780
300
900
1000
1500
2000
2500
3600
3500

4000
5000

TWO-PHASE BOUNDARY

R

voLune

Cu Fr/Ls

0.17083
0.17125
0.17200
0.17276
0.17354
0e17434
0.4751 4
0.17597
0.17681
0.17766
0.17853

0417962
0.18030
0.18260
0.18498
C0elB744
0.18935
0.19253
0.19514
0.19778
0.20058

0.20315
0.20580
0.20865
0.21160
0s21483
0.21796
0.22438
8.23095
Be26403
0.25818

0.27245
0.28701
0.30173
0031657
033147
De34bul
0.36137
G.37633
Ge39127
0.40619

0.%2107
Be43592
0.45073
D.46551
0.48024
004934
845090
B.52422
0.53881
0.55338

0.58%¢6
0.62578
b.89767
0.76322
0.84052
119567
1.54958
1.90385
2.25813
2.61256

2+96738
3.68240

ISOTHERM

DERIVATIVE DERIVATIVE
Cu FT=-PSLA/LB

8330.26
8272.01
8170.63
8070.00
7870.21
7871.33
TT73 .43
7676.60
7580.90
Ta86 .44
7393.27

7301.49
T211.17
6992.31
6784.30
6588.51
6405,92
6237 .64
6084.58
5947.50
5895.86

5580.9%
5257 .46
5144.09
4913.90
“827 . 9%
WI94.75
#701.57
bb47 .48
#245429
“l41.92

“087.69
4068.39
40746458
4099.96
tiu0.16
©192.03
“253.28
4321.85
396452
676435

#559.53
4bub,.21
735.49
4826.89
4920.02
S¢14.57
5110.28
5206.96
5304 04b
5402.58

5650419
6900.15
640k eted
6912.56
Tu23.14
10600.60
12605.22
15226442
17858.15
20496.86

23140.40
28436.97

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

130CHORE
3SIA/R

10%. 341
104,336
104275
104,107
103.953
103.693
103,369
102.981
102,538
102.020
101, 409

108,818
100,131
98.169
95,882
93.295
90. 437
87,337
8,026
80.536
77,448

Thoth?2
71.558

' ©3.059

6b. 952
65,136
63,208
53.768
55. 393
“3.57¢6
44. 200

33.833
35.183
33.08%
304427
28.126
25321
26,363
22.813
2le k38
20.213

13.116
18.130
17.239
154631
15. 696
15,023
16,407
13.840
134316
12.832

11.765
10.066
9046323
8,343
Tet83
. 959
3.718
2,976
2.482
2.129

1. 864
1.4692

INTERNAL
ENERGY
BrU/LE

=105.628
104,202
=101.651
-99.L033
~96.348
~93.598
~90.783
-87.905
~84.965
=81,964
=-78.903

»75.734%
-72.611
-blh o457
=55.999
~4&7.240
~38.201
-28.910
~19.291
~9.620

0.238

10.187
206.296
30.616
414241
51.952
62.978
85.816
109.750
161.2189
215,644

273.581
334.503
397.520
461.762
526,330
590,650
654267
716,900
778.420
838.764

897.949
956. 060
1013.168
1069.384
1124,.802
1179.522
1233.626
1287.430
1340.253
1393.028

1523.511
1652.622
1908.058
2161.728
2614.129
3676.083
4975.8675
6335.306
7764.752
9264734

10830.360
16233.257

ENTHALPY
BTU/LB

131.625
133.6386
137.224%
160.302
144,668
148.519
152.456
156.478
160.582
164,768
169.033

173.377
177.794
1894141
200.365
213.072
225.507
238,470
251.719
2654057
278.806

292.321
306,114
320.39%
335.015
350.312
365.684
397.430
430.496
500,031
5764092

651.954
733.1038
816,566
901,408
986.676
1071.749
1150.142
1239.554
1321.819
1402.874%

1682.735
156i.469
1639.147
1715.879
1791.759
1066.889
1941.353
2015.168
20884557
2161.555

2342.423
2621.705
2876.986
3230.035
3581.447
5338.35¢
7127.862
8978.373
10900.833
128934043

14951443
13347.358

152

ENTROPY
8Tu/L8=R

1.39248
1.43487
1.50811
1.58024
1.65128
1.72431
1.79039
1.85856
1.92585
1.99229
2.05792

2.12275
2.18677
2.34331
2449513
2.66288
2.78017
2092525
3.06119
3019133
3.31914

3.43917
3.55653
3.67313
3.78786
3.90333
4. 01514
4023413
bal?752
4085862
5.20357

5.61950
5.97226
6.,306064
©.6207¢
6.914698
7.18954
Tebu507
7.08354
7.305%%
8.1139¢

8.30872
8.49191
8.66457
8.82764
8.98270
9.13015
S.27068
9o 0442
9.53304
9.65684

9. 94667
10.21266
10.68742
11.10296
11447301
12.89720
13.92667
1kl 75057
15.44107
16.05789

16.80026
18.61418

cv cP
BTU 7 L3 =R
1.415 1. 746
1.429 1.772
Le452 1.817
1.475 1.861
1.496 1.90%
1.547 1967
1.537 1,990
1.556 2.031
1.575 2.073
1.593 2.113
1.610 2.152
1.626 2.191
1641 2.227
1673 2.312
1.706 24393
14740 2,471
17740 2.542
1.804 2.602
1.832 2.650
1.853 2.683
1.877 2.711
1.904 2.769
1.932 24849
1.962 2.897
1.996 2.979
2.032 3.046
24972 3.100
2.163 3.225
20263 34345
24463 3.642
2.636 3.799
2.808 3.982
24945 halll
3.038 he215
3.085 we258
3.697 ho264
3.082 welld
3.050 %197
SeUub Loelbs3
24957 “e 083
2.9G7 bolcs
2.859 3. 964
2814 3.909
20773 3.859
2.737 J.814
2.705 $.774
2.676 3.739
2,654 3.708
2.634 3.682
24617 3.659
2.602 3.639
2,575 3.600
24557 3.572
2.538 3.539
2.528 3.521
24524 3.511
24557 3.533
2.659 3.634
2.797 3.773
2930 3.9067
3.056 4. 034
3.494 4177
3.639 4.653

VELOCITY
OF SOUND
FT/SEC

6901
6894
6881
6869
6856
6842
6828
6814
6798
6783
6766

6750
6733
©689
6640
©583
6521
6455
6380
6315
6281

6133
5993
5931
5829
5790
5764
5699
5641
5370
5259

518¢
5137
5118
5120
5138
5168
5207
2253
5303
5357

5412
5468
5525
55483
5639
5096
5752
5807
5862
5916

65050
6180
6633
6679
6916
8001
8934
9755
10503
11197

11839
12978



7500 PSIA I5034R

TEMPERATURE OENSITY

0EG. R

200

220
240
260
280
300
329
3464
360
320
00

w20
LY
45

630

650
rag
834
300
1000
1500
20090
2503
3030
3509

%000
S000

THO-PHASE BOUNJARY

LB/CU FT

5.85363
5.33926
5.81383
5.78822
5.76227
S5.7360%
5.70958
5.68237
5065532
5.62877
5.00342

5.57389
5.56620
5.47636
540590
5433514
Se26401
5419409
5.12452
5405612
4.98549

4e32268
£.85903
4479263
b.72582
beb5477
4.58795
b.45678
».32990
4009781
3287448

3.67040
3480613
3e31418
3.15889
3.01686
2.88671
2.76721
2.65723
2.35576
2446191

2.37648
2.29398
2.2186¢
2.16820
2.08229
2.02046
1.96233
1.30753
1.85533
2.8470%

1469591
259800
1.43333
1.39002
1.18973
3.83643
0.64530
0452525
Je.b6284
d.358277

0.33700
0.27156

V(DH/DV)p
8Tu/sLB PSIA-IU FT/BTU

815.97
820.20
827 .63
834,72
841.23
347.89
356 .41
360 .548
366.79
a72.71
478.68

884,28
889,33
961 .68
915.27
931.00
Ju? .72
965.18
983.50
1001.73
1028.79

1026.13
1016.98
1036.13
1033.¢26
1050.84
1078.17
1130.7%
1193.51
1267.55
1379.41

1699.87
1615 .45
1720 445
1812.66
1893.40
1964.13
2027.56
2045.69
2160 .05
2193.99

2245.46
2298.15
2352 .04
2407402
2463 .62
2521.76
2381.19
2562.83
273533
2768.78

2932.33
3039.76
Jhes 32
ST32 .43
w1377
5953.73
7950.73
10138.97
12651.26
14868.63

1747633
26077.22

THERMOQYNAMIC PROPERTLIES OF PARANYOROGEN

12,597
12,507
12. 350
12,230
12.061
11.918
13.778
11.645
i1.509
31.379
ile 247

11.121
11.000%
10.7142
10.397
10.067
3.685
9.318
8.950
8.5%
8.276

7.912
7.622
7.302
7.039
2.887
8.652
2.201
5754
8.912
ve 328

30864
3.526
3.280
3.122
3.089
2.936
2.887
2.856
2,837
2.824

2. 816
2,809
2.802
2,795
2,786
2.727
2.767
2.755
24762
2.729

2,696
2,660
2e 594
2.539
2.492
24349
2.167
2. 026
1.91¢
1,820

1.731
1.510

V(OPIDU% -V(DPIDVH

PSIA

48762.28
48302.48
“7503.11
46710.9%
45926.50
4515034
383,018
«3625.406
@2877.03
22139, 544
f1412.83

40697.70
39994.57
38292.41
36675455
35150.62
33723 .46
32398.85
31180.59
300714.25
23393.66

27472.06
25546.17
24653.70
23¢22.23
22472.96
21998.05
20953.88
20123.13
17396.40
16067.75

15003.64%
14175.02
13503.88
12951.32
126490.28
12101.21
11769.54
11486.16
11236.40
11019.61

10828.33
10658.32
16506.16
10369.10
10244.83
16131.72
10028.08

9932.73

LI

9762.95

9582.49
Fe28.45
$179.77
8986 .48
8831.56
8365.39
8134403
7997.68
7908.38
7845.52

7798.27
7722.41

{pv/uT)/
1} pV

0.0021398
0.00216401
040021951
0.0322296
0.0022635
33022966
0.45023290
G.0023600
G6.0023913
0.0026210
G.0020697

0.0024772
0.0025036
0.0025637
0.0G26163
0.0026542
0.0026817
0.0026957
0,0025944
d.0026782
0.0025348

0.0026938
0.0028011
0.0028042
Jeud28831
0.0028984
0.0028752
0.0028524
0.002802¢0
0.002869%6
000275463

0.0025549
0.00255¢6
0.3020500
0.0023493
0.0022518
0.0021586
0.3020730
0.0013865
0.3319079
0.0018343

00017654
0.0017010
340015409
0.30815840
0.0015320
0.00146828
8.0014367
0.0013933
0.30813526
Ged0i3ib3

0.0012278
Jed11526
dedbl0276
0.0009288
0.0Ud8467s
0.0005928
0.3008571
0.J003721
0.0033138
J.0002713

0.0002390
0.0001933

153

THERMAL

SONOUCTIVITY
1/0EG. R BTU/FT-HR-R LBIFTE?EC SQ FT/HR
X1

0.11667
0.11784
0.11958
0.12399
0.12212
0.12249
3.12267
Ge12270
012264
0.12246
Ge12218

0.12182
6.12139
0.12006
Ge11848
0.11678
0e13i504
0.11331
Je11i66
0411006
0.10880

0.19796
0.10713
Je1d824
0.3G537
0o 10043
0.10366
0.10358
0410632
B8.1069%6
0.11297

0e11703
0411959
0e12104
0,12166
8.12172
04121463
0412097
04120465
0411997
G.119606

012937
3+11931
Vel11943
8.11972
0.12019
0.12083
8.12160
0.12253
J.12358
2032673

d.12802
de3dL77
Gel6023
“sld360
8.4590¢
G.21042
0.27727
o334k
0.39265
0a05078

0.51381
0.63641

VISCOSITY

3,867
3.628
3.296
3,018
2.783
2.582
2.409
2.258
2.127
2.8142
1.910

1.819
1.738
1.570
1.638
1.333
1.248
1477
1.118
1.069
1.0246

0.989
8.958
9.928
0,901
0.875
8.852
g.812
0.779
.653
1,669

8.673
8.671
0.665
0.659
0.652
0.6467
B.6642
0.639
0.637
0.636

0.637
0.0638
0.641
G.644
0.6648
0.653
8.059
G+5685
B.671
3678

0.098
6713
Ge765
GeB1
d. 8065
1.130
1.393
1.641
1.880
2.169

2.330
2.752

THERMAL DIELECTRIC PRANDTL

8.011062
0.04139
0.01132
0.01123
0.01113
0.32097
J.J1080
C.d1063
Uellinb
0.01333
V01013

0.00998
0.00983
3.00968
G.00916
9.00886
0.00860
8.00832
8.40822
S. 005811
0.030805

0.00792
0.0077%
6.00765
0.00748
0.00737
0.008729
g.00722
0.00720
0.00723
9.00767

0.00801
0.06832
8.00866
6.0090%
0.30946
0.06992
0.01062
031096
0.01150
6.01208

0.01268
0.01330
0.01395
0.01461
0.01529
3.01599
8.C1671
Cell7lte
0.013820
3e0id97

C.52097
0.32308
Geu2764
Ue 3264
Geu3307
d.67120
0.11826
0.16902
0.22692
0.29192

0.36504
0.55113

DIFFUSIVITY CONSTANT

1.31835
1.31766
1.31589
1.31631
1.31272
1.31410
1.30947
1.30783
1.306018
1.30651
143023846

1.30116
1.29947
1.29522
1429095
1.28667
1.28241
1.27819
1.27003
1.26996
126576

1.26203
1.25828
Le25438
1+25046
1.24630
1.26201
1.23480
1.,22748
1.21620
1.20156

1019012
1.17977
1.17039
1.16189
1.15616
1.16712
1416069
1.33680
1.12939
1012640

1.11980
111553
1.11157
1410788
1ellbid
1.10122
1.09819
1.09535
1.09268
1.090145

1e08043
107941
147430
1.00bb24
1465867
1.04098
1.03150
1.02%59
14021546
1.018640

1.01636
1.01317

NUMBER

2.4727
1.9633
1.8029
1.6714
1.5622
Le6?77
1.4067
13461
102343
1e2496
1.2212

1.1776
Le 3077
1.0380
1.0655
1.0154
0.9923
0.9731
0.9558
0.9379
0.9188

0.913%
0.9107
449140
0.9170
0.9183
0.9172
0.9105
008930
8.7934
0.8096

0.8245
8.8327
G,83062
0.8301
0.8224
0.8126
0.4019
0.7909
0.7803
0.7703

G762
8.7529
07655
307388
0.7330
0.7278
0.7233
J.7193
.7157
07126

G.7062
0.7013
Ge6u7
3.6995
G.6472
0.6883
0.6563
0. 6653
0.6733
0673

0.6817
0.6618



8000 PSIA ISOBAR

TEMPERATURE

DEG. R

®  48.015

50
s2

220

2460
260
280
300
320
340
360
380
400
420

(13]
460
480
500
520
560
560
580
300
550

700

800

900
1000
1500
2000
2500
3000
3500
4000

5000

TWO-PHASE BOUNDARY

voLUME
CuU FT/B

0.16954
0.17025
0.17098
0.17372
0.17247
0.17324
0.17402
0.17482
0.17563
D.17645
0.17728

0.17813
0.18031
6.318256
0.18488
0.18726
.18969
0.19215
0.19464
0.19715
0.1997%5

g.20215%
0.20466
0.20763
D.21020
0.21309
0.21901
0.22515
0023763
0.,25053
0.26391

0.27750
0429124
0.30509
0.31902
0.33298
0.34697
0.36096
0.37494
0.38390
0.40284

0.41674
0.43062
[PV
0.45826
0.47203
0.48577
0.49947
0.51315
0.52630
0.56080

0.59466
0.66203
0.72908
B.79589
1.12046
1.46036
1.79223
2.12424
2445662
2.78897

3.45903

ISOTHERM

DERIVATIVE DERIVATIVE

THERMODYNAMIC PROPERTIES OF PARAMYDROGEN

ISJICHORE

CU FT=PSIA/LB PSIA/R

8638,.43
8539.19
8439.92
8341 .45
8243.86
8147.22
8051.57
7957.03
7863.66
7771 .54
7680.73

7591.32
7374462
7167.83
6972.90
6790.53
6621.77
6467.52
6328.53
6205.38
6302.42

5986446
Shib 93
5415.01
5122.29
4900.38
#895.77
LB4be .58
4529.30
#406.60
4337.09

©305.61
4301.92
4319.05
4352.20
4397 .92
4453465
4517 s 42
4587 .72
4663 .32
4743.25

4826472
4313.08
5001.83
$092.55
5184489
5278.58
5373.39
5469414
5565.67
5809.72

6056.62
6555.37
T059.74
756674
10430.83
12726.56
15341 .41
17368.42
20603.49
2324ba1k

28536, 45

103.914
105,909
105,837
105.699
105,496
103,228
104,896
106,502
104, (45
103,529
102.953

302,320
108,491
98,332
95,868
93,124
90.131
85,916
83,509
79. %41
rr.720

Te.180
73.253
68.826
65,603
&b, 861
61.540
58.397
52,033
45,516
42,009

38.228
35,006
32,234
29.828
er.rer
25.880
24,248
22,798
21.505
20, 345

13.300
13,356
17,499
15,717
15,003
15.347
16.74h
16,187
13.671
12,535

11.577
10,050
8.887
7.971
5,282
3.961
3.171
2. 645
2.269
1.988

1.594

INTERNAL
ENERGY
8Tu/Le

~103.325
=100.842
~-98.275
«95.642
“924945
=90.164
~87.360
~84.LT5
~81.530
~78.525
“75.462

«72.345
~bk.331
=56.008
~47.378
«38.457
=29.263
~19,733
-10.122
=0.365
9.563

19.632
29.863
0,313
50.973
61.876
B, bB3
1084224
159.412
213.790
271.599

332.426
395.377
459,588
524,154
588.496
652,155
7164853
7764439
836,859
896,136

954.338
1011.540
1067.851
1123.363
1178.177
1232.374
1285.968
1339.179
1392.039
1522.723

1652.017
1907.774
2161.701
26414.317
3678.933
4976, 854
6336.675
7766.237
92664239
10831.581

14230, 039

ENTHALPY
BrTL/LB

147.833
151.362
155.005
158.735
162.549
166,448
170,431
1740495
178.639
182.863
187.164

191.539
202.779
21436
226.501
238,964
251.729
264,918
278.2290
231.684
305,472

319,095
333.0446
347,601
362,367
377.538
408,919
441,762
§11.132
584,925
662.550

743,503
826.815
911,566
996.739
1081.771
11664151
1249.574
1331.870
1412.973
1492.892

1571.694
169,447
1726.258
1802.229
1877.4633
1951,981
2025.878
2099.348
2172.42%
2353.480

2532.932
2888.497
32614745
3593.342
5350.5616
Ti60.178
8991.654
10913.050
12905.133
14963.316

19354.173

154

ENTROPY
BTU/LB-R

1.40199
1.47401
1.56545
1.61582
1.68517
1.75359
1.82109
1.88772
1.95354
2401849
2.08269

2.14610
2.30116
2+45160
2.59813
2,74035
2.87858
3.01390
3.44370
3.26897
3.39149

3.50738
3.62125
3.73544
3.84690
3.,95726
Le17383
b.38590
4. 73650
5418504
5455484

5.90674
60206032
6.55616
684819
7.12261
7.37810
7.61660
7.83909
8.04719
8.24213

8. 42548
8459830
8.76156
8.91677
9.06639
920507
9.33896
9. 46772
9.59166
9.88179

10.14803
10.62317
11.03895
11.40919
12.83369
13.86119
14.68689
15,37756
15.99434
16.73661

18.54948

cv cp
8TV 7 LB =R
1.424 1.756
Lobb4? 1.800
1.470 14863
1.491 1.886
1.512 1.928
1.533 1.974
1.552 2.012
1.571 2.052
1.589 2.092
1.607 2.131
1.623 2.169
1.638 2.205
1.672 2.290
1.706 2.372
1.762 2.451
1.778 2.526
1.811 2.588
1.842 2.661
1.867 2.678
1.890 2.705
1.916 2.730
1.947 2.782
1.979 2.883
2,016 2.920
2.051 3.007
2,091 3.101
2.180 3.211
2.280 3.337
2.475 3.5968
2. 645 3.787
24817 3.971
2.953 4.115
3.045 4,209
3.093 4,254
3.105 4.261
3.090 4239
3.057 e 187
3.014 bolbl
2.964 4.085
2.914 4. 025
24866 3.967
2.821 3.913
2.780 3.863
2703 3.818
2.714 3.779
2.684 3.743
2.660 3.712
24640 3.686
2.622 3.663
24608 3.643
2.580 3.603
2.561 3.575
24542 3.542
24531 3.523
2.527 3.512
2.559 3.533
24660 3.634
2.798 3.773
2.931 3.907
3.056 Lo 034
3.194 4.175
3.631 b.663

VELOCITY
OF SOUND
FY/SEC

7025
7014
7003
€991
$979
6967
6954
69460
6926
6911
6896

6881
6841
6795
6742
6683
6620
6554
6686
6415
6451

6295
6062
6631
5899
S803
5779
5732
5523
5406
5322

5272
5248
5246
5260
5287
5322
5365
5412
5463
5515

5569
5624
5679
5734
5788
5843
5896
5949
6002
6132

6259
6506
6746
€980
8050
8974
a78%
10533
11224
11865

13002



TEM

8000 PSIA ISOBAR

PERATURE

DEG. R

48,015
50
52

220

240
260
280
340
$20
Jb4o
360
380
400
“20

(X1
460
+80
548
529
540
560
580
600
650

790

800

300
1003
1500
2000
2500
300
3500
4000

S000

TRO-PHASE BOUNDARY

DENSITY

LB/CU FT

$.89822
5.37374
5.84879
5.82358
5.79811
5.77260
5.7L645
5.72029
5.69392
5.66737
5.64066

561376
S.54597
5.47758
5.40889
534028
5.27187
5020421
5.13760
$.07237
5.00622

4.9L679
488614
©.82093
ba 75727
4.69291
456602
belblbolu2
4.21183
3.99150
3.78918

3.60364
3.43360
3427770
3.13464
3.00316
2.88209
2.77038
2.66703
2.5713%
2448239

2.39956
2.32226
2.24995
2.18247
2.11851
2.054860
2.00211
1.36875
1.89827
1.73317

1.68164
1.51050
1.37860
1.25645
0.88616
0.68477
2.55796
0.47076
0.40710
0.35856

0.2891)

H/
V{0 DV)p

THERMQDYNAMIC PROPERTIES OF PARAHYDROGEN

v (DPIDU)v “V(OP/0V),

T

8Tu/LB PSIA-CU FT/BTU PSIA

84k .56
352.31
859.78
866,69
873.76
880.70
887.30
893.96
930.30
306.83
912.89

8.2
332.05
367.08
964 . 40
982.9
1002.23
1022.58
10h2.82
1065.26
1108.25

1110443
1076.64
110743
1100.25
1099.58
1166439
1229.62
1319.17
16431.78
1553.50

1670.16
1775.85
1863.25
1348.79
2019.03
2081.68
2138.87
2192442
2244453
2296.12

2348 .08
2401 .28
26455.67
2511.7%
256947
2628.52
2639.68
2751.86
2815433
2978.19

3145469
3690.02
3837.98
4189426
6008.89
7995.96
10184.70
12497 .45
14916.49
17518.50

24076.5%

12.613
12,459
12. 311
12,176
12.033
11.895
11.763
11.629
1i.500
11.379
11.245

11.128
1J.438
10.523
10.172
3.808
.439
3.067
8.708
8.338
8,104

r.702
7.367
7.990
6.827
34611
3,181
5.767
4. 992
Lo k06
3.936

3.592
34308
3.180
3.065
2,988
2,937
2,904
2,884
2. 878
2.860

2.851
2,843
2,835
2. 825
2.815
2.803
2.790
2.776
2,762
24725

2,688
2.618
2,560
2.510
2.329
2,176
2.031
1.316
1.823
14734

1.516

50951 .34
501569
43363.35
48577.13
47798.80
47028491
45267.99
4551695
L477512
“hlbb.19
43324.28

©2615.87
40893.32
39262.75
37745.67
36262.483
346909.09
33658.35
32543.42
314675.97
31551 .29

29613.78
26604.68
26105.39
26368.09
22997.06
22356.20
21516483
19076.63
17588.9%%
16434,00

15515.88
164771.06
14156.56
13642.59
13207 .66
12835.81
12515.00
12235.85
11990.99
11774460

11582.00
11409.40
11253.88
11112.83
10984.25
10866.48
10758.12
10658.00
10565415
10359.76

10185.06
9902.61
9683.11
9547.47
8977.57
8714.79
8559.9%
3458.75
8387.62
8334038

B249.85

(DVIBI&{V THERMAL VISCOSITY THERMAL OIELECTRIC PRANDTL
SONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER
1/70EG. R BTU/FT=-HR-R LB/FT-?EC SQ FT/HR

X 10

0.0020787 0.12040 3.995 0.01163 1.32111 2.0972
0.0021116 0.12221 J.017 0.01156 1.31960 1.9176
0.0021449 0.12370 3.299 0.01147 1.31805 1.7699
0.0021759 0.12688 3.034 0.04137 1.31649 1.6475
d.0022071 0.12529 2.802 0.01121 1.31692 1.5526
g.0022375 0.12551 2.606 0.08103 1.31333 1.4730
1,0022674 0.12557 2,636 0.01336 1.3117% 1.4050
0.0022959 0012553 2.289 0.01069 1.31013 1.3470
0.0023237 8.12537 2.159 0.01952 1.308521 1.2970
0.00235086 0.12531 2,065 0.01036 1.30688 1.2544
0.0023763 0.12676 1.943 8.01020 1.3052% 1,2165
8.0024010 0.12634 1.853 0.08004 1.30359 1.1832
0.0026571 0.12302 1.666 0.00969 1.299646 1.1167
0.0025045 0.12143 1.521 §.00935 1.29529 1.0695
0.0025419 0.11972 l.bk06 6.08903 1.29113 1.0361
0.00256380 0.11796 1.312 0.00875 1.28698 1.0109
0.0025819 8.11624 1.236 0.00352 1.28286 0.9905
0.0025823 0.11650 1.172 0.00833 1.27580 0.9728
0.0025685 0.11288 1.118 0.00820 1.27681 0.9551
9.0025397 0.11171 1.073 0.0081% 1.27092 0,9351
0.0026633 0.11069 1.932 0400810 1.26699 0.9163
0.0025049 0410991 1.000 0.00799 126347 0.9107
0.0026782 0.10911 0.9790 0.0077% 1.25988 0.9228
0.0026365 0.10821 0,961 6.00769 1.25604 0.9142
0.0027332 0.10739 0.916 0.00751 1.25230 0.9229
0.0028204 0.10661 0.892 0.00733 1.24853 0.9339
0.0027529 3.10652 0.85¢0 g8.00727 1.26113 ‘049226
0.0027140 g.20723 0.815 0.00723 1023391 0.9128
0.0027276 0.10992 0.673 9.00725% 1.22071 1.7929
2.0026440 0+11599 0.683 6.007867 1.20817 g.8100
0.0025562 0.12002 0.693 6.00798 1.19677 0.8259
0.002u638 8.12250 0.691 0.00826 1.18640 0.8351
0.0023699 0012383 0.6864 0.00857 1.17697 . 0.8371
0.0022769 0.12634 0.677 0.00892 1.16839 3.8338
0.0021864 0012628 0.669 0.00931 1.16057 0.8261
0.0020993 0.12387 0.663 0.00973 1.15342 0.8164
0.0023162 0.12329 0.657 6.01013 1.14687 0.8056
6,0049375 0.12266 0.653 0.01068 1.14086 0o 7345
03.0018632 0.32207 0.651 6.01120 1.13533 0.7837
0.0017334 8.12468 3.549 8.01175 1.13022 0.7736
0.0017278 G.12128 0.649 0.0123¢ 1412549 0. 7642
0.0015664 0.12113 0.650 0.91290 1.12110 0.7557
0.0016088 0.12118 0.652 0.01351 1.11702 0. 7488
0.0015549 0.12161 0.655 0.08613 1.11322 17413
0.0015043 0.12182 8.658 0.01477 1.10966 0.7353
0.0014569 0.12260 0.663 0.01563 110633 8.7300
0.0014120 0.12312 0.668 0.01611 1.10329 a.7252
0.0013705 D.126018 0674 0.01680 1.10026 0.7211
0.0013311 0.12502 0.680 0.01751 1.09749 0a7174
040012940 0.12614 4.647 1.01826 1.09487  0.7162
8.0012099 G6.12937 2.706 0.02013 1.08892 0.7075%
3.008L366 3.13308 0.726 0.02213 1.08369 0.7024
06.0010149 0a16153 0.772 0.02645 107693 1.6955
0.0009178 6e15076 0.821 2.03120 1.06786 0.6910
3.000830% 0.16065 0.873 0.33636 1.06203 0.6881
3.0035804 0.21268 1,143 0.06793 1.04305 0.6834
0.0004545 0.27727 1.409 0.11142 1.93345 0.6648
0.00037 0% Ge33096 1,665 8.15911 1.02729 0.6751
0.0003126 0.39265% 1,910 0.21367 1.02291 0.6843
0.0002705 0.45072 2.166 0.27447 1.01979 3.69146
0.00023483 08.51353 2.373 0.34303 1.017462 0.6946
0.0001928 0.69345 2.807 0.51636 1.01402 0.6761
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THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

8500 PSIA ISO8AR

TENPERATURE VOLUNE ISOYHERM ISO0CHORE INTERNAL ENTHALPY ENTROPY cv cP VELOCITY

DERIVATIVE DEIIVATIVE ENERGY OF SOUND

DEG. R Cu FT/LB CU FT-PSIA/ZLD PSIA/R 8TusLB BTU/LB BTU/LB-R BTu 7 LB =R FT/SEC
®  49.152 0.16831 8942 .19 107.479 ~101.004 163.916 f.41111 1.432 1.765 7146
50 0.16860 8900, 41 107.492 ~9%.955 165,422 1661468 P Y Y ¥4 1.784 T142
52 0.16930 8802 44 107.4746 ~97.435 169.033 1.51229 1.465 1.827 7132
54 0.17000 8765.24 107.390 -94,851 172.729 1.58203 14686 1.869 7122
56 8.17072 8608.87 107.240 =92.206 176,508 1.65076 1.507 1.911 Tii1
58 De17146 8513.41 107.025 “89,493 180,372 1.71855 1.528 1.953 7100
60 g.17220 8418.93 106. 747 ~86.721 184,318 178544 10567 1.993 7088
62 0.1729%96 8325.50 1030406 -83.887 188.345 1.85345 1.567 2,034 7076
b 8.17373 8233.19 105.003 -80.99% 192,452 1.9166% 1.585 2,073 7063
66 047451 8142.08 105539 ~T8.062 196,637 1.981 0% 1.603 2,112 7050
68 0.17534 #8052.23 1054015 -75.632 200.899 2.04465 1,620 2.150 7036
70 0.17612 7963.72 1064433 ~71.968 205,235 2410749 1.635 2.185 7023
75 0.17819 7768.78 102,732 -64.085 216,375 2.26118 1.670 2,270 6986
80 0.18032 7543.79 109,695 -55.890 227.93% 2041037 1.705 2,353 694t
85 0.18252 7349.82 984347 “4?, 381 239.907 2.55576 LaT63 2.433 6894
90 D,18478 7167.93 95.714 ~38,.572 252,265 2.69701 1.781 2.508 6839
95 0.18708 6993%.07 92.822 ~29.483 266,976 283445 1.817 2.575 6779
100 0.1892 684k .10 83.700 «20.029 278,109 2496919 1.850 2.631 6715
108 0.19178 6703.76 85,375 -18.478 291.376 3.09864 1.878 2.674 6650
110 0.19415 6578.66 82.877 -0.757 304,832 3.22383 1.905 2.707 65480
115 6019652 6469424 73,232 9,106 318,427 334469 1.931 2.736 6508
120 0.19897 6757 .73 78,950 19,113 332,288 3.46265 1.958 2.75% 6632
125 0.20123 6lleg .39 76,203 29.339 386,075 3.57520 1.994 2.795 [-13:2.]
130 g.20380 $906.97 70.738 39,756 368,533 3.58856 2,030 2.877 6228
135 g.20622 5576 .37 68,553 50.33% 374,315 3.79708 2.089 24965 6084
140 0.20880 543678 65,227 61,146 389.798 3.30532 2.110 3.022 6006
150 0.21397 439948 63, 685 83,482 420,270 4.11567 2.200 3.213 5815
160 9.21970 4995.98 60,023 107.017 452.815 4.32605 2.299 3.330 5790
180 Be23154 #816.95 53,6418 157.96) 522,401 4.73852 2.486 3.585 5672
200 0.24380 4674 .68 “8.769 212,196 595.936 5.12570 24654 3.774 5548
220 0.25633 4589, 40 Luo 134 269.877 673.330 549400 2824 3.961 5468
240 0.26906 4545.28 40.22% 330.603 7544093 5.84547 2,961 4,106 5404
260 8.2819% 4531.32 35,891 333,488 837,255 6.17845 3.053 ho202 5376
280 0.29493 4539.94 3. 010 457.660 921.875 6.49188 3.100 he269 5369
300 0.30800 4565.87 31,503 522,215 1006,992 6.78564 3.112 Le258 5379
320 0.32110 4#605.33 29. 308 586,569 1091.978 7.05991 3.097 “.237 5602
340 033424 #655,55 27,376 650,260 1176.339 7+31534 3.064 “.197 5435
360 0.34738 W71k 45 25.665 713.005 12594765 7.55385 3.021 4e 145 5474
380 036051 4780436 26, 103 T74e651 1362.083 Te77640 24971 k086 5519
“00 0.37363 4852.02 22.782 835,161 1623.222 7496459 2.821 4,020 5567
“20 0.38673 #928.37 21,561 894,49 1503.191 8.17966 2,873 3.970 5617
440 0.39980 5008.60 2D, 60 952.777 1582.050 8.36314 2.827 3.916 5669
460 Ge1284 5092.02 19,463 1018.064 1659.869 8.53611 2.787 3.867 5724
s80 De42586 5178.08 18.558 1066.461 1736.750 8.69950 2.750 3.822 ST7¢
500 De03884 52656.34 17.732 1122.060 1812.786 8.85487 2.718 3.782 5827
520 0.45180 5356.42 16.976 1176.961 1888.074 9.0026% 24690 3,747 5380
560 Dahbb72 Suid .03 13,282 1231.243 1962.597 9e14347 2.665 3.716 5932
560 Oob7761 5540.92 13,643 1284L.921 2036.674 5.27749 2. 645 3.690 5984
580 0.49048 5634.90 15,053 1338.245 2110.216 9.40639 2.628 3.667 6035
600 0.50332 5729.78 14.506 1391.156 2183.366 9.53045 2.613 3.6647 6087
650 0.53531 5970.15 13.301 1522.031 2364.596 9.82286 2.585 3.607 6213
700 0.56717 6213.87 12.284 1651.500 2544.207 10.08733 24566 3.578 6336
8ad 0.63056 6707.83 13.664 1907.562 2900.003 10.56284 2.5u6 3.544 6578
900 0.69363 T207 +34 Folb3i 2161.748 3253.501 10.97887 2.535 3.524 6813
1000 0.75648 774054 8.457 2414.576 3605.258 11.34928 2.531 3.51% 7042
1500 1.06929 10260.68 5.605 3679.858 5362.882 1277408 24561 3.536 8098
2000 1.38145 12866.93 4,203 4978.115 7152.483 13.80160 24662 3.634 013
2500 169367 15455.08 3.365 6338.134 9003.912 1h.62728 2.800 3.773 9823
3000 2.00602 18077.02 2.807 T767.818 10925.234 15031792 2933 3.907 10563
3500 2+31856 20708..7 2.408 9267.850 12917.187 15.93466 3,057 4,033 112590
#0800 2.63146 23345.72 2,109 10832.942 14974779 16.67682 3¢194 bodVh 113389
5000 3.26184 20633441 1.689 16227.35 19361.392 18.608874 3.623 %#.633 13024

®  THQ=PHASE BOUNDARY
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8500 PSIA ISO8AR
TEMPERATURE DENSITY
DEG. R LB8/CU FT
® 49,152 5.96130
50 $.93108
52 $5.90680
S 5.88225
56 $.85745
S8 5.83243
60 5.80717
62 S.7817L
64 5.75606
66 S.73022
68 S.70421
4] 5.67805
75 5.61210
80 5454557
85 S.47872
90 Sele1186
95 5.34529
100 5.27935
145 S5.21434
118 5+15061%
115 S.08847
120 5.02585
125 4.96936
130 4430676
135 bo.84920
10 4.78916
159 bo67348
1690 £.55169
188 . 31886
210 4.10166
220 3.90126
240 3471666
268 3.546383
280 3.39062
300 3424680
320 3411425
340 2.99189
360 2.87872
380 2773385
400 2.67645
29 2.58580
(1] 2.50125
«60 2.42222
480 2.30L820
500 2.27872
521 2.21339
540 2415186
560 2.09376
s8¢0 2.03882
600 1.98684
650 1.86897
700 176316
8080 1.58589
900 Le44169
1009 1.3219
1500 0.93520
2000 G.72387
2500 8.59064
30400 0.49850
3330 0.83130
4000 0.38002
5000 0.30658

THO=-PHASE SOUNDARY

VI(DH/0V)
b4

THERMODYNANIC PROPERTIES OF PARAHYDROGEN

V{IP70U) -V (DP/DVD
v T

aTusLe PSIA-2J FT/BTU  PSIA

872.62
876,03
883.86
891.11
838.56
905.94
912.90
319.33
926.89
933.749
940426

966,20
961.07
977 .46
996,38
1016.57
1037.72
1059.93
1082.13
1106.63
1134.03

1197.09
1205.76
1178.82
1169455
1188.06
1189.83
1261.55
1370.53
1483.82
1606.71

1724.38
1330.68
1923.26
2003.60
2073.36
2135.32
2191.71
226i442
2295.76
2346.52

2397 .74
2450.32
2806 .14
2559.75
2617 .04
2675.73
2736.60
2798.53
2861 .80
3024.29

3191.56
3535.69
3883.55
4234.75
6050.01
8041.13
10230.32
12563447
14960.13
17560.85

24079.86

12.631
124567
12.421
12.286
12.147
12,011
11.8840
11,7468
11.620
114490
11.366

11.251
13.962
10,648
10.296
3.930
9+558
3.1483
8.820
8,445
8.062

7934
Te489
7.402
64833
5.55%
5.135
3.737
5.068
“e %30
4.005

3.656
3.407
34235
3.118
3.038
2. 986
2,954
24929
2.91%
2,902

2.893
2,884
2.074
2.863
2,851
2.839
20824
2,810
2,794
2,755

2,715
2,661
2.580
2,523
24340
2.181
2,036
1.920
1.826
1.737

1.521

53128.28
52789.09
51994.20
51206.3%
50426.06
49653,81
46893.17
%8135,.63
£7390.70
46655.87
#5931.62

45218.45
43486.99
41834.58
40267.63
38791.83
37612.07
36132.36
34955.72
33880,13
32918.54

33963.34
32009.45
28983.9%
27041.15
26037.62
23364.94
22740.19
20803.73
19173.9%
17904.37

164893.25
16071.83
15393.15
14824404
14342,.16
13926.93
13571.60
13260.04
12986.18
12743.79

12527.75
12333.98
12159.16
12000.5¢
11855.84
11723.27
11601.27
11488.%4
11383.98
11152.65

10955.9%
10637.90
10390.76
14192.61
9%9%5.82
9299.61
9125.22
9011.38
8931.50
0871.78

‘8T78.30

lDV/DT;IV THERMAL VISCOSITY THERMAL DOIELECTRIC PRANOTL

CONDUCTIVITY DIFFUSIVITY CONSTANT  NUMBER
1/0EG. R BTU/FT-HR-R LB/FT~SEC SQ FT/MR
x 105

0,0020230  0.12¢82 o145 0.01182 1.32379 2.1237
0.0020362 0.12679 3.969  0.01179 1.32315 2.0425
2.0020670  0.12634 3.605 0.01172 1.32165 1.8769
0.0020972 0.12758 3,300  0.D1161 1.32012 17400
0.0021267 0.12803 3,040 0.01164 1.31859 1.6337
0.0021554 0.12828 2.819  0.01126 1.31704 1.5445
0.002183¢ 0.12837 2.627 0.01109 1.31548 1.4686
0.0022105 0.12836 2.461  0.01092 1.31391 1.64038
0.0022368  0.12821 2,316 0.01074 1.31233 1.3480
0.0022621  0.12797 2.188  0.01057 1.3107% 1.3002
0.0022863  0.12763 2.075  0.01041 1.30914 1.2583
0.0023095  0.12722 1.975 0.04025 1.30753 1.2212
0.002362%  0,12590 1.767 0.00988 1.30349 1.1476
0.0026070  0.12631 1.607 0.00953 1.29943 1.0950
0.0026423  0.12258 1.480 0.00919 1.29536 1.0581
0.002667%  0,12080 1.379  0.00890 1.29131 1.0305
0.0026811  0.1190% 1.295  0.00865 1.28728 1.0086
0.0026825 0.11728 1.226  0.00844 1.28331 0.9902
0.0024740  0.11561 1.168  0.00829 1.27941 0.972%
0.0020459  0.1lkbl 14119  0.00821 1.27559 9.9528
0.0026063  0.1134S 1,077  0.80817 1.27188 0.9327
0.0022981  0.11268 1.060  0.00816 1.26816 0.9153
9,0023181  Q.11174 1,009  0.00804 1.26680 8.9998
0.0024406 0.11084 0.979  0.00785 1.26110 0.915%
0.0025352 Q.11014 0.954  0.00766 125771 0.9249
0.0025435 0.10940 0.930 0.00756 1.25417 0.9251
0.0027600  0.109%2 8.890 0.00729 1.26739 0.9333
0.0026395 0.11019 0.852 0.00727 1.24030 0.9268
0.0026158  0.11280 8.693  0.00729 1.22686 0.7926
0.0025635 0.11893 0.709 3.00768 1.21442  "0.8103
0.0020650 0412293 0.713  8.00736 1.20307 0,8273
0.0023816  0.1253% 0.710  0.00821 1.49270 0.8373
0.002295%  0.12657 0.703  0.00849 1.18324 0.8400
0.002209%  0.12696 0.69  0.00881 1.17460 0.8368
0.002125t  Q.12679 0.686 0.00917 1.46678 0.8296
0.0020635 0.12626 0.679  0.00957 1.15946 0.8199
0.0013656  0.12557 0.672  0.01000 1.15281 0.8091
0.0018911  0,1268% 9.668 0.01046 1.14669 0.7980
0.0018207 G.124ib 0.664  ©0.01095 1.14105 0.7870
0.0017546  0.12358 8.662 0.01146 1.13583 8.7767
0.0016919  0.12318 D.661 0.01200 1.13099 0.7672
0.0016332  0,12295 8.662 0.01255 1.12649 0.7585
0.0015780  0.12293 0.663  0,01313 1.32230 0.7507
0.0015262  0.12309 0.665 0.01372 1.11839 0.7437
0.0016776  0.12344 0.669  0.01632 1.31473 0.7375
0.0016319  0.12397 0.673  0.01495 111130 0.7320
0.0013889 B.12664 ¢.677 0.01589 L.10807 Q.7272
0.0013686  0.12%49 0.683  0.0162% 110504 0.7229
0.0013102  0.12646 8.669 0.01692 1.10217 0.7191
0.0012742  0.12755 0.695 0,01760 1.09947 0.7157
0.0011926  0.1307% 0.78%  9.01940 1.09331 0.7088
0.0011212  0.13639 9.73%  0.02130 1.08789 0.7035
0.0010025 0.14281 8.779  0.02541 1.07879 0.6962
0.0009075  0.15206 0.829 0.02993 1.07143 0.6916
0.0008298  0,16186 9.881 0.03485 1.06536 9.6885
0.0005841  0.21493 1.155  0.06504 1.04590 0.6834
0.0006519 0.27727 1.427 0.10540 1.03539 0.6733
0.0003688 0.33494 1.69¢  0.15037 1.02880 0.6851
0.0003215  0.39264 14942  0.20159 1.02627 0.6955
0.0002696  0.45068 2.186  9.25906 1.02097 0.7036
0.0002377  0.51329 2.418  0.32360 1.01846 0.7077
0.000192¢ 0.69153 2.866 0.48685 1.01688 0.6908
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THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

8000 PSIA ISOBAR

TEMPERATURE VOLUME ISOTHERM IS0CHORE INYERNAL ENTHALPY ENTROPY cv cp VELOCITY

OERIVATIVE DERIVATIVE ENERGY OF SOUND

0EG. R CU FT/LB CVU FT=-PSIA/LB 2SIA/R BYU/LB 8Tu/sLB BTU/LE=-R BTU 7/ L8 =R FT/SEC
® 50.268 0.1671 4 9241 .86 103,036 ~98.669 179.880 1041986 1.6kl 1,775 7264
s2 0.16772 9158.11 103,062 -96.522 182.985 1.43060 1460 1.812 7256
Sk 0.16839 9062.11 163. 03¢ ~93.985 186.5650 1.54375 1.481 1.853 7247
56 0.16908 8966.92 108,932 =91.384 190.397 1.61709 1.502 1.895 7238
58 0.16978 3872.61 108.769 -88.721 194.228 1.68510 1.523 1.936 7228
60 0.17049 877924 108.542 -85,997 198,140 1.75141 1.543 1.976 7218
62 0.17122 8686.88 108.251 -83.213 202.132 1.81680 1.562 2.816 7207
(.23 0.17195 8595 .60 107.899 -80.369 2064204 1.88149 1.581 2.055 7196
66 8.17270 8505.47 107.485 ~77.466 210,353 1.96533 1.599 2.094 7184
68 0.17346 416,56 107.012 ~74.506 214.579 2.00840 1.616 2,132 7171
70 017423 8328.94 106. 479 ~Ti.491 218.872 2.07071 1.631 2.1867 7159
75 0.17621 8115.97 106,898 -63.732 2294927 2.22313 1.667 2.252 7126
a0 0.57824 7912.56 102.98¢ «55.659 241,396 2.37415 1.704 2.335 7087
85 0.18034 7719.75 100,784 -4l .265 253,261 2.51550 LeThé 2.m7 7040
90 0.18249 7538.53 98.217 -38.564 265,560 2.65584 1.783 24493 6988
95 B.18468 7369.84 95,423 -29.569 278,203 2479254 1.821 2.562 6931
100 0.186%0 7214.51 92.391 «20.195 291,282 2.92673 1.857 2.622 6870
105 0.48915 7073.28 89,146 -10.706 304,515 3.05585 1.888 2.669 6807
110 3.19140 6946.75 85.717 =1.026 317.961 3.18094 1.918 2.707 6740
115 0.19366 6835.40 82,131 8.825 331.573 3.30195 1,948 2736 6669
120 0.19591 673954 78, 412 18.2818 345,305 3.41884 1.978 2.756 6596
125 0.19812 5659.34 74,585 28.932 359.113 3.53157 2.007 2.766 6521
130 0.20076 6830.96 Te. 010 39.367 373,948 3.64788 2.043 2.821 6610
135 0.20286 6388.01 70.757 “9.928 388.000 3.75382 2.085 2.891 6406
1460 0.20503 5751.76 63.213 60,681 402.340 3.85807 2.129 3.010 6138
150 D.20988 S364415 63.993 82,919 432.702 4. 06757 2.220 30154 S942
160 0.21537 5169.75 61.270 106,278 #65.,187 4.27738 2316 3,314 5854
180 0.22626 $168.05 §$5.731 156.733 533.812 L. 68419 2,497 3.572 5818
200 0.23778 494bo1l 50.962 210.829 607.097 5.07005% 24663 3.762 5690
226 B.24955 LBbb. T k50210 268,384 684,267 5.43768 2.832 3.950 5595
240 0.26152 4787.53 42.190 329.009 Tohe842 5.7879% 2.968 4.098 5534
268 0.27364 #762.91 38,742 391.823 867,857 6.12032 3.060 L1896 5501
280 0.28587 4762.71 35,756 455,952 932,365 6.43330 3.107 4e245 5690
300 8.29817 4781.20 33,152 520. 489 1017. 406 6.72683 3.119 44255 5497
320 0.31052 Y8lk.27 30,868 584,846 1102.341 7.00095 3.104 4. 235 5516
3460 0.32289 4858.91 28.852 648.560 1186.677 7.25630 3.071 4.196 5545
3690 0.33528 4912.85 21.065 7114364 12704191 TebIu81 3.028 Lo 145 5582
380 8.34766 4374434 25,473 773.039 1352.4633 Te71740 2.978 4,088 5624
00 0.36003 5042.01 4. 047 833.589 1633.602 7.92566 2.928 44029 5669
«20 0.37239 5114.77 22.766 893,009 1543.612 8.12083 2.880 3.972 5737
&0 0.384672 5191.73 21.609 951.366 1592.522 8430443 2834 3.919 5767
460 0.39703 5272.47 20.564 1008.729 1670.397 8.47752 2,793 3.870 5817
480 0.40381 5355451 19.608 1065.204 17647,361 8.66504 2.756 3.825 5868
5900 0.42156 Skkl.27 13.739 1120.886 1823, 443 8.79655 2.724 3.786 59
520 0.43379 5529.06 174942 1175.864 1898.799 8. 94446 2.696 3,751 5970
540 044599 5618.55 17.211 1230.226 1973.492 9.08541 2.671 3.720 6021
560 D.45816 5709.48 15.536 1283.983 2047.535 9421956 2.651 3.693 6071
580 0.4703% 5801.63 15.913 1337.355 2121.150 9.34858 2.633 3.670 6121
600 0448243 5894, 82 154336 1390.372 2196.368 9.67276 2.618 3.650 6170
650 0.51263 6131.40 14,063 1521.429 2375.762 9476343 2.590 3.640 €293
roo 8.54271 6371.85 12.988 1651.,067 2555,525 10.03043 2.571 3.581 b1l
800 0.60256 6860.38 11.275 1907, 428 2911.620 10.50598 2.550 3.567 6649
900 0.66209 7355.31 3.970 2161.864 3265.280 10.92225 2,539 3.526 6879
1008 0.72142 7854 .61 8.941 261644903 3617.190 11.29282 2.534 3.515 7105
1500 1.01664 10390.16 5.925 3680.855 5375.150 1271791 24564 3.534 8146
2000 1.31428 12966.55 o bl 4979.457 7164.777 13.74545 2.664 3.634 2052
2500 1.60598% 15567 .45 3,559 6339.680 9016.1438 14.574 10 2.801 3.772 9855
3000 1.90086 18183.99 2.969 7769.493 10937.347 15.26171 24934 3.907 10591
3560 2019593 20810.95 2,547 9269.564 12929.206 15.87842 3.058 4,033 1127e
4000 2.49136 23645.17 2.231 10834.637 164986.427 16.62048 3.194 4,173 11912
5000 3.08648 28727.91 1.787 14225.165 19368.951 18.43154 3.616 L. 624 13040

®  TWO-PHASE S8OUNDARY
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THERMODYNAMIC PROPERTIES OF PARAHYOROGEN
9000 PSIA ISO8AR

TEMPERATURE DENSITY VADH/OVY, V{0P/0U), -V(DPIDV& (DVIDT%IV THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL

CONDUCTIVITY OIFFUSIVITY COMSTANT NUMBER

DEG. R L8/CU FT 8Tu/LE8 PSIA-IJ FT/BTU  PSIA L/0EG. R BTU/FT=HR-R LBIFT-;EC SQ FT/HR

X 19

® S50.268 5.98301 399.96 12.654 55293.98 0.0019719 0412754 ».29% 0.01201 132639 2.1516
52 5.96263 907.04 12.530 54605.03 0.0013973 0.12892 34940 0.01194 1.32541 1.9932
Sk 5.93856 914.53 12.397 $3815.68 0.0020260 0.13023 3.593 0.01186 1.32362 1.8603
56 Se914636 922.39 12.260 $3033.56 0.0020540 0.13072 3.299 0.01167 1.32212 1.7213
58 5.48995 930.10 12.125 52259.19 0.0020813 6.13100 3.068 0.01169 1.32060 1.6217
60 5.86532 937 .47 11.996 51493.07 ¢.0021079 0.13111 2.833 G.01131 1.31908 1.5371
62 S+ 86050 64495 11.865 - 530735.69 0.0021336 0.13112 24646 0.01113 1.31754 1. 4649
66 5.81548 952416 13.738 $9987.% 040021585 0.13099 24684 0.01096 1.31599 1.4029
66 5.79029 959.49 11.610 49269.15 0.0021 825 0.13076 20341 0.01078 Le3lbbl 1.3497
68 Se764L9% 966 .47 11,487 48520.95 0.0822055 0.13063 2.215 0.01064 1.31287 1.3032
70 573944 972.88 11.372 47803.43 0.002227¢6 0.13002 2.103 0.01045 1.31130 1.2620
75 5.67514 988.84 11.085 46059.32 0.0022775 0.12872 1.87%6 0.01007 1.3073% 1.1803
80 5.61027 1006.51 10.771 L6391 .66 0.0023198 de12712 1.697 0.00970 1.30338 1.1223
85 5.54509 1026492 10,19 42806.70 0.0023535 0.12536 1.558 0.00935 1.29940 1.0816
90 S.u7987 1068.72 10.051 41310.16 0.0023775 0.12355 1ebb? 0.00906 1029543 1.0514
95 5.414630 1071.61 3.677 39906.95 0.0023911 0e12170 1.356 0.00877 1.29149 1.0275
100 5.35049 1095.66 9.298 38601.47 6.0023935 0.11996 1.281 0.00855 1.28760 1.0081
105 5.286% 1119.75 8.932 37396.01 0.0023838 0.11826 1.218 0.00838 1.28377 0.9899
110 5.22456 1146.25 3.55¢6 36293.72 0.0023618 0.11703 1.165 g.00827 1.28002 0.9785
115 5.16365 1175.77 8.166 3529%5.59 0.0023269 0.11603 1.120 0.00821 1.27637 0,9510
120 5.10650 1208.96 T.768 34401.97 0.0022793 8.11510 1.082 8.000818 1.27284 0.9322
125 5.04739 1246452 7.363 33612.29 0.0022190 0.1127 1.0638 0.00818 1.26946 0.9136
130 4.98102 1297 .04 7.272 34025.41 0.0021752 0.11318 1.016 0.0080% 1.26550 0.9101
135 4032959 1286.79 5. 884 31490.30 6.0022470 0.112640 0.990 0.00790 1.26245 8.9151
160 b.87783 1238.06 6.569 28056.12 0.0024313 8.11205 0.968 0.00763 125939 0.935%9
150 476455 1259.50 5.05¢ 25557.78 8.0025039 0.11213 8.925 0.00766 1.25273 0. 93361
160 464327 1298.42 5.697 2L006.52 0.0025524 0.11273 d.884 8.00733 1024563 0. 9362
180 4441965 1621.65 5.140 22575.83 0.0025129 g8.115640 0.732 0.00732 1.23265 0.7919
2430 %.20563 1535.58 44551 20801.65 0.0024499 0.12179 9.729 0.00770 1.22035 0.8106
220 w.00727 1659.57 b 072 19616.18 0.0023882 0.12576 0.733 0.00794 1.20906 0.8285
240 3.82384 1778.18 3.718 1830676 0.0823046 0.12810 0.729 0.00618 1.19871 0.8393
260 365645 1885.0% 3.465 17405.83 0.0022258 0.12925 0.721 0.00843 1.18923 0.8427
280 3.49813 1977.77 3.290 16660.56 0.0021461 0.12953 0.712 8.00872 1.18054 0.28399
300 3.35380 2057.91 3.169 16035.19 0.0020673 0.12925 0.703 0.00906 1.17257 0.8329
320 3,22043 2127.13 3.088 15504.02 0.0013909 G.12862 0.695 0.009643 1.16525 0.8233
342 3.09701 2188.49 3.033 15048.09 0.0013473 0.12782 0.688 8.00986 1.15852 0.8125
360 2.98261 2240 .13 2.997 14653.12 0.001847¢C 0.12698 0.682 0.01027 1.15230 0.8012
380 2.87638 2296.00 2.97% 14308.09 0.0017803 0.12620 0.678 0.01073 1148656 0.7992
00 2.77756 2346.60 2. 957 14006.37 8.0017172 8.12555 0.675 8.01122 1e16124 0.7797
»20 2.68538 2396.62 29406 13735.12 0.0016575 9.12506 0.673 0.01472 1.13630 0.7700
44l 2.59930 2647 .15 2.93s 13496.85 0.00156013 0.12676 0.673 6.01225 1.13171 0.7611
460 2.51872 2699.12 2.923 13279.10 0.0015686 0.120667 0.674 9.01279 1412762 0.7532
480 2. 4h316 2552 .41 2.9142 13086.26 0.3014986 0.12676 0.676 0.01335 142341 0.7460
500 2.37212 2607.55 2.900 12907.35 0.0016548 0.12506 0.679 0.01393 1.11965 0.7397
521 2.30%526 2666 . bl 2,887 12745.93 G.0080077 9.12553 8.682 0.01452 1.11613 0.7341
Skl 2.24221 2722.80 2.0874 12597.95 0.0013661 0.12616 0.637 0.01513 1.11281 0.7291
560 2.18264« 2783.38 2.858 12461.72 g.0013270 0.32696 8.692 0.01575 1.10969 0.72067
580 2.12627 2865408 2.8062 12335.81 g.00812900 8.12790 0.698 0.01639 1010674 G.7208
600 2.072846 2908.15 - 2.826 12219.02 0.0012558 0.12895 6.70% 0401704 1.10395 0.7173
650 1.9%071 3870.29 2,784 11960.58 0.0011758 0.13235 G.722 0.01875 1.09759 0.7104
700 1.84260 3237.36 2.742 11760.79 0.0011063 0.13569 0.742 9.020%6 1.89199 0.7046
8449 1.65960 35381.31 2.664 11385.40 8.0009903 0e14409 0.787 G.02608 1.08256 0.6970
9100 1.51036 3929.409 2.600 11109.18 0.000897% 0.15338 0.836 0.02880 1.07493 0.6924
1000 1.38615 4280426 24545 10887.20 0.00082142 0.16326 0.889 0.03351 1.06860 0.6889
1500 0.98363 6095.16 2.350 10220.405 0.000579s 0.24717 14167 0. 062063 1.84832 0.6835
2000 0.7626% 8086.28 2.187 9088.47 0.000449% 0.27727 1465 0.10005 1.0373¢1 0.6818
2500 0.62267 10275.87 2.040 9693.38 9.0003671 08.33493 171k 0414259 1.03039 0.6952
3009 0.526408 12589.34 1.923 9566.18 0.0003103 0.39266 1.973 0013103 1.02563 0.7069
3500 0445539 15005.62 1.829 677.05 0.00026488 0.45063 2.223 §.264536 1.02236 0.7162
“000 J.40139 17603.29 1.748 94610.60 0.000237¢0 0.51306 2,463 0.30633 1.019%4 G.7212
5000 0.32399 24086457 14525 9307.67 0.0001920 0.63940 2.923 Q.46013 1.01573 0.7059

*  THO-PHASE BOUNDARY
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THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

9500 PSIA ISO3AR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY cv cP VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. R CU FT/L8 CU FT-PSIA/LB PSIA/R BTusLs 8lu/ue 8Yu/iL8-R BTU 7 L3 =R FT/SEC
® 51.366 0.16602 9537 .65 119.588 ~96.322 195.729 1.42826 1ebbd 1.784 7379
52 0.16622 9507 43 110.607 ~ 954 Sl 1964864 1.45022 1.455 1.797 7376
54 0.16687 9612459 110.625 -93.45¢0 200.439 1.51881 1.476 1.838 736%
56 0.16753 9318.52 1i0.577 -90, 495 204,216 1.58640 1497 1.879 7361
58 0.16820 9225.31 110. 463 -87.877 208.018 1.65307 1.518 1.920 7352
60 6.16889 9133.01 i10.286 ~85.199 211.896 1471884 1.538 1.960 7363
62 0.16958 9041.68 118,045 =82.460 215.856 1.78375 1.558 2.000 7333
-1 0.17029 3951 .48 103.741 =79.063 219.8%4 1.86786 1.576 2.039 7323
(1] 0.17100 8862.23 103.376 -76.807 226.010 1.91119 1.595 24077 7313
68 0.17173 8774.23 108.951 ~73.895 228,202 1.97375 1.612 24114 7302
70 0.17247 8687 o48 108.466 ~70.927 232.467 2.0355¢ 1.628 24150 7291
75 0.17436 8476.48 107.003 ~63.286 243,430 2.18681 1.665 2.235 7261
80 0.17630 8274 .69 105,196 -55.328 2540814 2.33373 1.703 2.318 7225
85 0.17830 8083.12 103.068 ~47e0b4 2664619 247710 1a7464 24401 7181
90 0.18035 7902.73 100.643 =38. 446 278,824 2.61659 1.785 2.479 7182
95 0e182044 7734442 97.945 =29+ 543 291.6403 2.75260 1.825 24551 7078
100 0.18457 7579.01 95,000 -20.248 304,032 2.88628 1.863 2.614 7019
105 0.18671 T437.23 91834 -10.820 317.631 3.01507 1.896 2.665 6959
110 C.18887 7309.69 8B, 474 ~1.181 331.065 3o 14004 1.929 2.707 689¢
115 d.19102 7196.87 Bl 945 84650 3444689 3.26117 1.962 2.741 6825
120 0.19317 7099.13 81.274 18,649 358. 464 337841 1.995 2.767 6753
125 0.19529 7016.69 77.483 28,797 3724365 3e 49174 2.029 2.784 6679
130 0.19738 6949,.64 73.595 39.075 386.291 3.60113 2.062 2.793 6604
135 0.20002 7364.15 Thodué 49.632 401.693 3.71579 2.098 2.848 6806
140 0.20185 6979.59 70.912 60.406 415.493 3.81753 2etls 2.905 6619
150 J.20582 5922.69 65.872 82.587 bbb.550 4.01876 2e261 301063 6164
160 0.21052 5395.58 62.021 105.706 476.096 #e22203 2360 3.276 5916
180 022149 5402442 58,974 155.704 545,341 he63311 24508 3.560 5961
200 023234 5220.90 53,099 209. 665 618.386 5.01770 24671 3.750 5828
220 0.243064 5103.13 4B8.240 267409 695,336 5038428 2.839 3.940 5728
240 0.25473 5032447 thalll 327.618 775.728 S.73374 2.975 4.090 5062
260 0.26617 4996.8U 406.559 390,358 858.596 606553 3.066 be189 5624
280 0.27772 4987 .45 37,474 W54 k40 942,994 6.37814 3.114 42060 5609
300 0.20935 4996.25 34,777 518.953 1027.953 6.671356 3.1286 4e251 5612
320 0.30102 5024.75 32.406 583,308 1112.838 6+ 94531 3.311 %.2338 5628
340 0.31271 5063.67 30,310 647.037 1197.146 7.20057 3.078 4195 5654
360 0.32643 5112.58 280448 709.851 1280.501 7.43305 3834 4o ll5 5688
380 0.33614 5169.59 25.787 771.589 1362.903 7.66167 2.985 LoUBS 5728
400 2.34786 5233,.24 25.299 832.191 Lhblb 094 7.86999 2.935 L0312 5771
s20 0.35953 5302.36 23,959 891,671 15244439 8,06524 2.886 3.974 5816
bid 0.37320 5376.01 224748 950.092 1603.092 B8.24895 284l 3921 5364
460 0.30285 5453 .44 21.650 19007.524 1661.019 8.42215 2.799 3.872 5912
»80 0o39u48 5534 .02 20.651 1064.0671 1758.018 8.58579 2.76¢ 3.828 5901
580 G.40638 5617.25 13.738 1119.824 1834.180 8. 74142 2.736 3.789 6010
520 Q.41766 5r02.71 18.902 1174.879 1909.599 8.88945 2702 3. 754 6059
540 G.42921 5790.05 18.133 1229.318 1984.356 9.03852 2.677 3.7238 6108
560 Q.b4D74 5878.98 17424 1283.167 2058.463 9.10479 2.656 3.697 6156
580 B.45224 5969.27 16.769 1336.592 2132.142 9429593 2639 3.673 6205
600 0.46372 6060.72 16+ 161 1389.681 2205.425 9.41821 2.624 3.053 6253
650 0.49232 6293 .42 140821 1520.911 2386.973 9.70913 2.595 3.613 6372
700 0.52080 6530.50 13.689 1650.713 2566.879 9.97604 24575 3.584% 6489
800 0.577467 7013.34 11. 884 1907.363 2923.221 10.45222 24554 3.549 6719
900 0.63385 750365 10.508 2162.040 3277.077 10.86372 2,543 3.528 6945
1600 0.69002 7998.90 e 423 2415,296 3629.137 11.23945 2.538 3.516 7166
1500 096951 10519.29 30245 3681.921 5387.419 12.66482 2.566 3.534 8192
2000 1024844 13085.2¢6 he 684 4980.876 T177.062 13,69237 2.666 3,634 9090
2500 1.52748 15678.56 3.751 6341,312 9028.364 16.51799 2.803 3.772 9887
3000 1.80670 18289.37 3.130 T771.260 10949.510 15.20857 2,935 3.907 10619
3500 2.08614 20911.87 2.686 9271.380 12941.192 15.82522 3.059 4,033 11301
000 2436592 23542.53 24352 10836.060 14998.057 16.56720 3,194 4a171 11935
5000 2.92949 28819.97 1.865 16223.412 19376.798 18,37741 3.610 4.616 13066

® THWHO=-PHASE BOUNDARY
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TEM

3500 PSIA ISOBAR
PERATURE DENSITY
0E6. R LB/Cy FT

$1.366 6.02342
52 64016065
56 $+99267
56 5.96905
58 5.94521
6J 5.92116
&2 5.89691
(13 5872068
(13 5.84787
68 5.82311
70 $.79821
75 $5.73542
L1Y 5.67206
85 5.60837
90 G506
95 S.u8111
140 5.41810
105 5.35587
110 Se29672
115 5423492
120 S.17677
125 5.12082
130 5.06642
135 ».9995%
140 4e95413
150 “. 85865
166 bo75021
180 Le514383
200 *e 30402
223 Lo10782
240 3.92570
260 3.756%
28y 3.60071
300 345608
320 3.32209
340 3e19781
360 3.08237
380 24970497
400 2.874687
%20 2.78139
bl 2.6939%
460 2461196
a0 2.534698
500 2446256
$20 239430
540 2.32987
560 242689
580 2.21123
600 2615649
6850 2.03128
700 1.92011
800 173168
900 1.57766
1003 Lebb923
1500 1483145
2000 0.80100
2500 0.65467
3q00 0455349
3500 Gaa7936
%000 G.42267
5000 d.34136

TRO-PHASE BOUNDARY

V(DH/OV) V(IP/DU) -V(DP/OVE, (OV/DTL/V  THERMAL  VISCOSITY THERMAL DIELECTRIG
» v CONDUCTIVITY DIFFUSIVITY CONSTANT
BTU/LB PSIA=3U FT/8TU PSIA L/DEG. R 3TU/FT-HR-R La/rr-gzc SQ FI/MR
X 10
926470 12,682  57449.26  0.0019250 0.13096 Loke8  0.01219
929.30 12.638  57197.22 0.0019338 0.13146 4,307  0.01216
937.18 12.507  56406,49  0.0019612  0.13282 3.912  0.31206
945 .30 12.372  55622.70 0.0019880 0.13335 3.580  0.01189
953,35 12,238 54006.36 0.0020160 U.13366 3.297  0.91171
961407 12,111 56077.9%  0.002039%  0.13380 3.055 0.01153
968.92 11.981  53317.96  0.0020639  0.13382 2.845  0.01135
976.51 11.856  52566.88 0.0020876 0.13371 2.663  0.01117
984023 11,728  51825.49 0.0021105 0e13349 2.50%  0.01099
991.61 11.606  51093.36  0,0321326  3.18517 2.366  0.01082
99841 11.492  50371.85 3.0021533  0.13277 2,248 0.01065
101546 11.207  48616.16  0.0022010  0.13146 1.986 0.01326
1034433 10.89%  ©6934.51  0,0022613  0.12984 1791 0.00987
1056.15 10,560  5333.17  0.0022736  0.12808 1.639  0.00951
1079.50 10,172 43817.77 0.0022969  0.1262% 1.517  0.00918
1104.36 3,796  #2393.25  0.0023106  0.12639 1.448  0.00890
1129.87 9,413  #1063.82 0,0023135 0.12258 1.337  0.00866
1155.79 9.043  39832.80 0.0023055  0.12084 1.269  U.u0847
1184.23 8.662  38702.69 0,0022860 0.11357 1.212  0.0083%
1215.51 8.270  37675.05 0,0022547 0.11853 1.164  0.00826
1251.16 7.868  36750.58 0.0022115 011757 1.123  0.00821
1290.98 7.459  35929.15 0.0021565 0.11670 1.087  6.00819
1336417 7.045  35209.82 0.0020302 $.11593 1.056 G.00419
1610.46 74690  36817.32 0.002049¢ 011480 1.022  0.00806
1416468 5,675  36577.76 0.002053d8  0.11439 1.001  0.30795
1355.59 5,050  28776.31  0.0022891  0.11490 0.962 0.00762
1353.68 5,580  25630.12 0.0026198 0.11577 0.926  0.00744
1672.52 5,209  26390.88  0,0024173  0.11831 0.730  0.00736
1587.08 8,620  22670.86 0,0023630 0.12456 0.768  0.00772
1712.15 4,136  20962.75 0.0023012 J.12853 0.752  0.0079%
1851.63 3.777  19755.9%  8.0022329  0.13581 G.747  0.00815
1939.01 3.521  18772.68  0.0021605 0.13187 0.739  0.00838
2031 .43 3,462  17958.39 0.0020867  0.15205 0,729  0.00865
2111.75 3,219  17274.36  0.0020132 0.13167 0.719  0.00896
2180455 3.136  16692.66¢  0.0019613  0.13093 a.710 8.00931
226122 3.079  16192.66 0.0018718  0.1300s 0.702  2.00969
2296413 3.042  15758.88  0.0018052 0.12910 0.696  0.01010
2347.28 3.017  15379.40 0.0087418  0.12823 0.691  0.01056
2397.10 2,999  15004.88 0,0016816  0.12750 0.688  0.U1100
2646 .40 2.985  16747.93  0.0015246  0.12693 0.686 0.01148
2496223 2,973 14482.64  0.0013707 0.12656 9.685 0.01198
2547.68 2,961  16266.18  0,0015260 0.12639 0.685  0.01250
2608045 2,989 16028.65 0.0016721 0.12643 0,687  0.01303
2655415 2.936  13832.62 0.0016269 012667 0.689 0.01358
2711.66 24922 13654.02  0.0013843 0412709 0.692  0.01414
2769.63 2.907  13690.05 0.00134%2  0.12767 0.696  §.01672
2830.01 2.891 13339.03 G.0013062 Gel2844 0.702 €.02532
2891.48 2.87%  13193.42 0.0012704  0.12933 0.706 0.01592
2956.38 2,857  13069.88 0.0012365 0.13036 0.712  0.01655
3116.19 2.812  12783.18  0.001159  0.13339 0.730  0.01818
3283.06 2.768  12539.29 0.0010917 0.13699 3.7609  0.01991
3626.87 2,687  12164.87 0.0009785  0.14537 0.79%  0.02365
3974.60 2.619  11838.26  0.0008876 3.15469 0.844  0.02779
#325,72 2.562  11592.28 0.0008129 0.16465 0.897 0.03231
6160 .36 2.359  10850.16 0.0005755 0.21939 1.179  G.96019
8131.638 20193 10681.28 0.000v669  0.27727 1.463  0.09526
10321.35 2.065  10266,35 0.0003655  0.33493 1.740  0.13562
12635.08 1927  10123.06 0.0003092  0.39263 2.006 0.18158
15356.96 1.832  10024.21  0.0002679  0.45059 2.262  0.23309
17645.73 1. 762 9950.67 0.0002364  0.51285 2.510  0.29087
26396,17 1.529 9837.89  0.0001916  0.6870L& 2.98%  0.43620

THERMODYNAMIC PROPERYTIES OF PARAHYDROGEN
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1.32891
1.32845
1.32699
1.32552
1.32603
1.3225%
1.32103
1.31952
1.31800
1.31646
1031493

1.31106
1.30716
1.30326
1.29937
1.29551
1.29169
1.28792
1.286246
1+28064
1.27716

1.27379
1.27857
1.26659
1.26390
1.25826
1.25189
1.23816
1.22599
1.21677
1420445

1.19496
1.186206
1.17821
1.17083
1016602
1.15772
1.15189
1146438
lelb1 45
1.13676

1.13238
1.12828
Lel26bb
1.12083
1.11763
2411622
1.11119
1.10832
1.10178
1.09600

1.08627
1.67836
1.07181
1.45071
1.03922
1.03197
1.02698
1.02333
1.02055
1.01657

PRANDTL
NUMBER

2.1811
2.1196
1.9630
1.8161
1.7050
1.6108
1.5306
1e4627
1.4027
1.3512
1.3057

1.2153
1.1513
1.1061
1.0727
1404672
1.0265
1.0077
049881
0.9699
0.9510

0.9335
0.9159
0.9132
0.9156
0.9358
0.9413
0.7910
0.8108
G.8296
0.8412

0. 3452
0.84238
0.8361
0.8266
0.8157
Ge8004
0.7932
0.74826
Q.7727
07637

0.7556
0e76483
QeTH18
0.7361
0.7309
0. 7266
0472206
0.7188
Ge711h
8.7057

0.6978
0. 6927
0.6893
0. 6835
06904
0.70853
0.7185
0.7290
0.735¢
0.7215



10000 PSIA ISOBAR

TEMPERATURE VOLUMNE

DEG.

R Cu FT/L8

524 bbb 0.16494

260

280
300
320
340
360
380
400
820
(17
460

%80
500
520
540
560
580
600
650
700
800

900
1000
1500
2000
2500
3800
3500
#3008
5000

TWO-PHASE BOUNDARY

016563
0.16607
6.16671
0.16737
0.16883
0.16871
0.16940
0417010
0.17081
0.17262

017468
8.17640
0.17836
0.,18037
0.18248
0.18445
0.18652
G.180858
0.19064
8.19268

0.19468
0.19664
0.19921
0.20282
0.20705
G.21716
0.22741
0.23790
G.24859
0.25%2

6.27036
8.28137
0.29264
0.30353
0.31463
8.32574
0.33685
0.36796
0.35902
0.37808

0.3811%
0.39213
0.40312
B.llbDb
0.42503
0.43535
O.bkbdS
D.b74D2
0.50106
0.55488

0.60840
0.66173
0.92704%
1.19184
1.45676
1.72130
1.98725
2.25295%
2.78812

ISOTHERM

DERIVATIVE DERIVATIVE

CU FT=PSI1A/LB

9829.86
9757.08
9664 .11
9571.95
9480.68
9390.35
9301.04
9212.80
9125.70
9039.80
8330.74

8630.60
BiebeD o ke
8260.89
8093.12
7937.85
7795.79
7667 .56
7553.65
7454 .45
7370.22

7301.10
T2647.10
7999.90
7028.19
6218,28
5699.72
5498.83
5364 .55
5280.44
5233.08

5214.27
$217.11
5236.82
5269.488
5313.64
5366.08
5625 .66
5491.08
5561 .39
5635.76

5713.56
579 .22
5877.31
5962 .45
6049,35
6137.75
6227 .43
6456,15
6689.78
7166.83

7652.33
8143.41
10648.08
13203.15
15788.46
18393.19
21010.97
23637 .84
28909.62

THERMODYNAMIC PROPERTIES QOF PARAHYDROGEN

ISOCHORE
3SIA/R

112.134
112.179
112.179
112,114
111.985
111.791
111.535
111,217
110.838
110,399
103.049

107.35¢
105,328
163.001
100,395
97.535
Yuo b
91.154
87.684
84, 061
80. 308

Tbe 467
72. 498
74,916
67949
63.313
6Ll.154
55.182
S50.225
45.997
424 345

33.165
36,378
33.923
31.750
23,816
25,088
26,538
254401
23,877
22.730

21.685
20.730
13,855
134049
18,306
17.619
15.982
15.575
16,386
12. 489

114043
9.903
be563
4. 923
3. 9hk
3.291
2.824
2o kT4
1.982

INTERNAL
ENERGY
8Tu/sL8

«93.966
-92.055
=89.542
-86,967
-84.332
~81.638
~78.886
~76.075
~73.207
-70.285
~62.756

-54,908
~46.730
-38.230
-29.447
-20.199
~10.833
-1.238
8.569
18,569
28,742

39.073
49.542
60.182
82.462
105.632
154,852
208.679
265.985
326,408
389,072

453,106
517.590
581,937
645,675
708.513
770.287
830,934
890. 466
48e 946
1006, 4k

1063.054
13118.875
1173.999
1228.506
1282.407
1335.921
1389.078
1520. 475
16504433
1907.366

2162.291
2415.746
3683.054
4982.372
6343,029
T773.118
8273.296
10837.807
16222.053

ENTHALPY
aTusid

211.468
214,277
217.966
221.736
225.586
229.516
233.523
237.607
2641.767
246.000
256,882

268.188
279.917
292.052
304,570
317.551
330,712
364138
357.772
371.582
385.527

399,569
413.668
29.070
458,034
489.039
556,971
629.782
7064518
786.729
8694453

953.739
1038.5618
1123.449
1207.726
1291.129
1373.475
14Sheb86
1534.758
1613.749
1691.721

1768.771
1864.987
1920.463
1995.279
2069, 647
2143.186
2216.528
2398.222
2578.265
2934.845

35288.8%0
3641.,095
5399.689
7189.337
9040.560
10961.605
12953.4 b
15009.669
19384.891

162

ENTROPY
BTU/LB=R

1.43631
1.48911
1.55618
1.62232
1.68758
1.75200
1.81561
1.87845
1.94055
2,00189
2.15202

2.29792
2.44037
2.57907
20 T2442
2. 846760
2.97608
3.10093
3.22213
3.33968
3.45353

3.56367
3.67009
3.768197
3.98175
4.18191
4.58492
4.96828
5.33384
5.68251
6.01372

6.32592
6.61386
6489263
7.14780
7.38625
7.60887
T+81724
8.01256
8.19636
8.36966

8.53341
8.68915
8.83729
8.97848
9.11285
9.24209
9.36648
9. 657 bk
9.92475
10.40125

10.81797
11.188085
12.614648
13.64204
14.46763
15.15817
15. 77478
16.51667
18.32612

cv
BTU 7 L3

1.454
Leb?1
1,692
1.513
1.533
1.553
1.572
1.590
1.608
1.624
1.662

1.700
1.743
3785
1.827
1867
14903
3939
1.975
2.011
FYL1]

2.085
2.122
2.156
2.257
24359
24517
2.678
2.846
2.981
3.073

3.120
3.132
3.117
3.085
3.041
24991
24941
2.892
2. 846
2.805

2.768
24736
2+707
24682
2.662
2+ blely
2.629
24600
2.580
2.558

24546
2.544
2.569
2.668
2.804
2.937
3.060
3196
3.604

cp
-R

1.792
1.826
1.865
1.905
1,945
1.984
2.023
2,061
2.098
24134
24219

2.303
2.387
2.466
2,540
2.606
2.660
2.707
2.746
2.777
2.800

2.815
2.823
2.877
3.008
3.173
3.5469
3.739
3.930
082
“e183

4.235
he248
be231
4el96
4e iS5
4.089
5,032
3.97¢
3,923
3.875

3.83%
3.791
3.757
3.726
3.700
3.676
3.656
3.626
3.587
3.551

3.530
3.518
3.534
3.634
3.772
3.906
4. 032
4o 170
4.609

VELOCITY
OF SOUND
FT/SEC

7491
Thb?7
7480
7672
Tubh
7456
Tibk?
7637
7428
Tels
7391

7358
7317
7274
7219
7163
7105
70462
6975
6905
6832

6r%8
6683
7034
6587
6229
£101
5963
5858
5787
5745

5726
5725
5738
5762
5793
5839
5870
5914
5959
6005

6852
63100
61467
6196
6241
6288
6334
6450
6564
6789

7010
7227
8239
9127
9919
10647
11325
11957
13086



10000 PSIA ISQ8AR

TEMPERATURE

DEG. R

52, 446

280
289

900
1068
1500
2000
2500
3000
3500
#000
5000

THO-PHASE BOUNDARY

DENSITY

LB/CU FT

6.06263
6e0hbit
6402173
5099842
5.97688
5095116
5.92727
$.90320
5.87898
585462
5.79320

Se73121
5.66890
5060651
Se54430
5.48255
5.42152
S+36149
5230273
5.26549
5.19084

5.13661
5.08541
5.01977
4.,93043
4eB82967
4.60692
4039733
4.20338
#.02269
3.85471

3.69875
3.55393
3.41955
342946560
3.17830
3.,06990
2.36870
2.87405
2.78538
2.70215

2.62390
2.55020
2.48067
2.41469
2.35278
2.29383
2.23787
2,10964
1.99576
1.80228

1.64365
1.51118
1.07870
0.83904
9.68645
0.58075
0.50321
0. 4L385
0.35866

VIOH/70V)p

THERMODYNAMIC PROPERTIES OF ARAHYDROGEN

Vr/0uN -V(ﬂPIDV&

8Tu/7L8 PSIA-JU FT/BTU  PSIA

952.61
358.33
967.36
975.73
383.77
991.96
999.90
1007.99
1015.75
1022.33
1040.96

1061.01
1084.17
1109.00
1135.15
1162.67
1190 .34
1220.67
1256 .26
1291.68
1333.69

1381.16
316435.10
1542.38
1536.02
1507 .58
1523.15
1638.35
1764648
18684,.81
1992.64

2085.52
2165.19
2233.51
2293.55
2347.75
2398.15
2447.25
2495.37
2545.13
2595.97

26468426
2702.53
2758.68
2816.40
2876.48
2937.73
3000 .%5
3161.97
3328.67
3672.37

#020.08
4371.19
6185.5%
8176.59
10366.78
12680.70
15096.16
17688.32
26108.26

12,717
12,616
12,483
12.351
12.225
12,096
11.972
11.846
11,7246
11.612
11.328

11.015
10.661
10.2930
3.911
3.526
34154
8.769
5.373
7.968
7.555

T.138
84718
34923
5.105
5+556
5.275
e 685
e 199
3.836
3.575

3.39%
3.268
3. 182
3.124
3.085
3.059
3.039
3.02¢6
3.012
2,999

2,986
2.372
2.956
2,941

59594.483
$83979.97
58194 .64
STul6 .47
56645,%
55883.54
55129.75
56385.03
53669,.86
32924.65
51158.29

$9463.81
S7867.02
$6316.73
44 870.73
43519.67
©2265.05
41109.53
#0054.90
39102.28
38251.78

37502.89
36854.46
40157.65
34652.04
30032.22
26246479
24180445
22549.26
2126034
20172.03

19286.3L
18541 .56
17907.60
17362.12
16888.36
16473.36
16107.141
15782.64
15490.56
15228468

14991.79
1477601
14579.65
146339.12
146232.78
14078.95
13936.20
1362013
13351.19
12916.10

12577.73
12306.20
11686.05
11077.9
10838.06
10681.9%
10572.83%
10691.93
10368.87

(DV/D”FIV

0.0018816
0.0019020
0.0089277
g9.0013527
8.0013769
8.0020004
0.0029231
0.3020450
0.0020659
g8.0028860
0.0021316

0.0021703
0.0022013
0.0022239
0.0022374
0.0022612
0.0022346
0.0022173
0.0025891
0.0021 498
0.002099%

0.0020384
0.0019671
0.0018656
0.0019609
0.0921082
8.0023299
0.0022821
0.002227¢4
0.00216556
0.0020992

0.0020307
0.0019620
0.0013943
0.0018287
0.0017655
0.0017051
0.0016476
0,0015930
00015614
8.0014925

0.0014465
0.0014029
0.0013618
0.0013229
0.0012862
0.0012516
G.0012185
0400811435
0.0010775
0.000967¢

0.0008780
0.0008047
0.0005714%
Ge000bbbb
0.0003639
0.0003081
0.0002671
0.0002358
0.0001912
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THERMAL

SONOUCTIVITY
L1/70£6. R BTU/FT=HR=-R LBIFT-gEC SQ FT/HR
X 10

0.13629
0.13537
0.13593
g.13627
Ge1364k
0.13648
0.13638
0.13617
8.13586
8.13568
0.13615

0.13252
0.13073
0.12886
0.42698
0.12513
0.122335
0.12205
0.12097
0.11997
0.11906

0.11825
0.11756
Go116hé
0.117087
0.118120
0.12094
n.12727
0e13124
0.13346
0.13604

0.134653
0.13405
0.13321
B.13222
8.13120
J.13026
012942
0.12878
0.1283%
0.12811

0.12809
0.12827
0.12864
0.12918
0.12930
0.13876
0.13176
013673
0.13828
6.14663

0.15599
0.16602
8.22160
9.27727
0.33493
0.39263
0.453055
0.51266
0.68563

4.602
4e261
3,885
3.566
3.296
3.959
2.856
2.678
2.522
2.385
20104

1.890
1.723
1.590
1e083
1.395
1.321
1.260
1.208
1+164
1.12%

1.093
1.064
1.032
0.993
0.955
0.749
0.767
8.770
0.766
0.757

0.7646
0.735
0.726
0.787
9.710
3.704
0.700
0.698
0.696
0.696

0.697
0.699
8.702
0.706
0.710
0.715
9.721
0.738
0.757
0.50%

0.851
0.906
34191
1.482
1.765
2.039
2.303
2.5%9
3.048

0.06L236
8.01228
0.08211
0.01192
0.9117%
0.01156
0.01137
8.01119
0.01101
0.0408%
0.01064

0.0100%
0.00966
0.00932
0.00902
0.00876
0.003855
0.00851
0.00831
0.00824
8.00819

0.08812
0.00819
0.00806
0.00789
0.00769
0.08780
0.00774
0,0079%
g.00843
0.0083%

6.00859
6.00888
0.00921
0.00957
0.00996
0.01037
0.01081
0.01127
0.01174%
0.01226

0.0127%
8.01327
0.081380
0.01436
0.014692
0.01551
0.01618
0.01766
0.01932
0.02291

0.02689
g.03123
0.05813
0.0909¢
0.1293%
0.17306
0.22205
0.27695
Qebla??

VISCOSITY THERMAL DOIELECTRIC
DIFFUSIVITY CONSTANT

1.33136
1.3302%
1.32880
1.32735
1.32588
1e326060
1.32292
1.32142
1.31992
131861
1.31462

1.31089
1.30697
1.30315
1.29935
1.29560
1.29189
1.28826
1.28472
1.26128
127795

1270675
1.27170
1.26779
1.26250
1.25655
1.26339
1.23136
1.22022
142099
120045

1.19170
1.18364
1.17620
1.16932
1.16295
1.15706
1415155
felbbll
1e14167
1.13720

1.13302
1412909
1412540
1.12192
1.11863
1.21553
1.11258
1.10587
1.09993
1.08990

1.0817%
1.07497
1.05308
1.06118
103354
1.02832
1+02650
1.02159
1401742

PRANDTL
NUMBER

2,2113
2.0667
1.9185
1.7963
1.690L
1.6012
1.5268
1.4595
1.4025
1.3523
1.2527

1.1821
1.1322
1.09%5
1.0676
1.0655
1.0258
1.0059
0.9870
0. 9695
0.9528

0.9364
0.9200
0.9177
0.9182
0.92%1
0.7909
0.8109
0.8306
0.8430
0.8476

0.3456
8.8394
G.8297
0.8189
0.8075
8.7962
Ge 7856
0.7754
0.7662
8.7580

0.7506
0.7439
8.7380
0.7328
0.7232 -
0.7240
0.7203
0.7127
g.7068
0.6986

0.6933
0.6397
0.6836
0.6990
4.7156
0.7303
0.7421
07493
0.7375



