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Thermodynamic and Related Properties of Parahydrogen from the
Triple Point to 100 °K at Pressures to 340 Atmospheres

H. M. Roder, L. A. Weber, and R. D. Goodwin 3200']

Experimental programs on parahydrogen at this laboratory have provided pressure-
density-temperature relations and heat capacities at temperatures from 15 to 100 °K and
at pressures from 2 to 350 atm. The two ty of data have been correlated to vield a cou-
sistent set of functions. The properties tabulated for selected isobars and isochores are
temperature, volumne or pressure, the isotherin derivative (30P/0p) r, the isochore derivative
(0P/0T),, internal energy, enthalpy, entropy, the specific heats at constant volume and at

constant pressure, and the velocity of sound.

Also presented are the derived Joule-Thomson

inversion curve and some compuarisons with normal hydrogen near 100 °K.
Key words: density, enthalpy, entropy, equation of state, fixed points (PVT), l:iydrogen,

Joule-Thompson data, iatent heat, melting curve, parahydrogen, properties of fui

fic heat, vapor pressure, velocity of sound.

1. Introduction

The current large-scale use of liquid para-
hydrogen {1]' has led to the experimental de-
termination of volumetric properties and specific
heats at this laboratory. The results are used
here for the computation of tables of thermo-
dynamic and related functions. Provisional
tables of some of these properties have been
issued previously [2], “omputed by means of a
modified Benedict-Webb-Rubin equation of state;
however, this equation did not describe the volu-
metric properties within experimental accuracy.
In the present report, therefore, polynomials
representing isotherms and isochores are combined
with numerical methods of computation for
the purpose of improving accuracy, in particular
for the derivatives of the ’-p-T surface.

About 1200 closely spaced /’-p-T points have
been measured for parahydrogen between 15
and 100 °K and between 2 and 350 atmn |3, 4].
The P-p-T surface was approximated by a large
number of polynomials at high densities, while
virial expansions were used at low densities,
to allow extrapolution to pressures helow 2 atm.

s, spec;-

ot

The virial coefficients were extrapolated below
24 °K to permit computations for the vapor
down to the triple point. The results for the
compressed liquid at temperatures below 17 °K
are based on ?imited experimental dsta.

The representation of the I>-p-T surface, and
the specific heats of the ideal gas derived from
spectroscopic data [5, 6] yield thermal properties
ior the vapor at temperatures below critical, and
for all state. at temperatures abnve critical.
Experimental specific heats 7] not only served as
a check on results above critical temperatures,
but were also used as primary data for the com-
pressed liquid states at suberitical temperatuces.
Consistency in this latter region was examined
by means of derived heats of vaporization [8]
and the specific heats of the saturated liquid [9].
Other relations such as the isothermal and
adiabatic compressibilities can be computed from
the various tabulated properties.

Results near 100 °K were also compared with
those for normal hydrogen from other laborato-
ries [5, 10, 11, 12].

2. Symbols and Units

The symbols and units used in this paper are
listed below. Values for fixed points, parameters,
and conversion factors are given where applicable.

R gas corstant; 82.0597 cm® atm/g mole
°K

r pressure, atm
]

wt Vapor pressure
P’neie  melting pressure
)

P, critical opressure, 12.759 atm
P, triple point pressure, 0.0695
atm
P specific volume, cimn?/g mole
T absolute temperature, degrees Kelvin,

where the triple point of water is
273.16 °K; experimental values are

!t Figures in Leackets indicaie the literasture refeences on . 12,

based on the NBS-1955 scale for
platinum resistance thermometers;

T. critical temperature, 32.976 °K
T, triple point temperature, 13.803 °K

p density, g/mole cm?
IS critical density, 0.01559 ¢
mole/cim?®
P density of liquid at triple
poi'?t, 0.038207 g mole/
cmy’

pear 1. saturated liquid density

Paat o saturated vapor density

Pmecr, density of hquid along the
liguid-solid boundary

n n selected density in the
compressed liquid 0.037821
o mole/em®

(0F/0p)r isothern derivative, atm cm?/g mole




(OP/dT), isochore derivative, atin/°K

A, generalized coefficients in approximat-
ing polynomials; numerical values
are distinct for each equation

B the second. virial coefficient, cm®/g mole
C the third virial coefficient, [cm®/g mole!?
Co(T, p)  heat capacity at constant volume at

7 and p, J/g mole °K; (7, heat
capacity at constant volume of the
ideal gas
Co(T, p)  heat capacity at constant pressure at
T and p, J/g mole °K

S(T,p)  entropy at T and p, J/z mols> °K; S°,
entropy of the ideal gas at 1 atm

H(T, p) enthalpy at T and ,, J/g mole; H°
enthalpy of the ideal gas at i atm

U(T, p) internal energy at T and p, Jd/g mole

C, Leat capacity of the sat' rated liquid,

* J/g mole °{(
w velocity of sound, meter/sec; W,

velocity of sound in the ideal gas
Molccular weight, 2.01572 g/g mole*

1 calorie equals 4.184 joules

3. Representation of the P-o-T Data

An accurate wide-range equation of state for
Earal:{ydro n is not yet available. A modified
enedict-Webb-Rubin equation has previously
been used {2] to obtain thermodynamic functions
over wide temperature and pressure ranges. This
equation of state has also been used in this labora-
tory in obtaining thermodynamic functions fer
several other fluids. A comparison of these pre-
vious calculations for parnhydrogen with the
resent calculations and the experimental specific
eats (7] leads to the following generalizations:

a. The modified Benedict-Vszbb-Rubin equa-
tien [2] approximates the P-p-T surface rea-
sonably welF, but not within the experimental
accuracy. The deviations between experimental
data and calculated values ere as high as 2 percent
in pressure or density.

b. The derived properties which depend on the
first derivatives OF the surface, such as entropy,
can be established well enough for most engineer-
ing purposes by the equation of state in [2). The
maximum deviations 1n entropy when compared
‘0 the present calculations are on the order of 3
percent,

c. The representation by the equation of state
from (2] of those derived properties which depend
on the second derivatives of the surface, such as
the specific heats, is rot at all successful. Errors
as large as 20 percent are encountered near the
critical point, and aiso at temperatures near 33
°K with pressures frora critical to nearly 300 atm.

d. The application of the equation of state
from (2] may be justified and successful with
accuracies approaching the experimental precision,
if the surfuce to be described is restricted to
temperatures somewhat above critical. The P-
»-T surface defined by this equation gives neither
a good representation near critical temperatures,
noxl'l will 1t reproduce the suturation boundaries
well.

Attempts to fit an equation of state of the Hirsch-
felder-M cGee-Sutton type to several other gases

*2.01504 on the C1=12.000 sonle Lo be adopted.

{13] at this laboratory were not as successfu!
as using; the modified Benedict-Webb-Rubin
equation

The pirpose of the present calculations is to
obta:n the best possible values for the derived
functions. The P-p-T surface is therolore approx-
imated by a large number of polynomials along
lines of constant temperature, along lines of con-
stant density, and along the two-phase boundaries.
It should be emphasized that the polynomials are
used merely as empirical interpolating devices.
If several afgebraic expressions approximate a set
of data within experimental error, the expression
selected gives the best resuits in terms of the
derived properties. It might have been possible
to place restraints on the derivatives to obtain a
smooth transition at points of change in the repre-
sentation. Instead, the discontinuities that do
occur in the derivatives and thus in the derived
properties, described in detail later in the paper,
are taken as one measure of the errors in the
derived properties.

The application of a polynomial approximation
of such high degree is perhaps unconventional.
As an alternate procedure the “spline-fit” [14] was
considered. The basic teclinique (a cubic polyno-
mial between two adjacent points) was tested on
the specific heat data of the ideal gas and on the
experimental points of the 33 °K isotherm. In
both cases interpolations were obtained with
deviations to one part in 1000. The “spline-fit”
technique resulted in good interf olations between
adjacent points, provided that the initial entries
were smooth, owever, ‘‘spline-fit” did not
appear to be a satisfactory way of smoothing
experimental data, which is subject to random
errors. This technique may place an unacceptable
inflection point between two experimental points.
Also, the “spline-fit” imposes ?inear changes in
curvature between two adjacent points while
rapid changes in curvature are encountered in the
Precise definition of the specific heats. The
‘spline-fit"’ method was slso con bined with a
least squares technique. The cubic polynomials




were least squared over several range: of approxi-
mately seven dats points each with appropriate
restrictions on the derivatives of the adjacent
ranges. In the case of the 33 °K, isotherm this
amounts to at least six ranges, none of which have
constant curvature. The number of arbitrary
constants used in this procedure is very nearly
equal to the 15 used in the polynomial approxima-
tion, and while the first objection above may have
been overcome, the second still applies.

Isotherms. The experimental P-p-T data pro-
vided 39 isotherms, which, as described in [4],
have been represented by

P=RTp+Z,Ap"", where i=1,2,3 . . . 15. (1)

The maximum value of : is 15 for the 33 °K
isotherm. The value is smaller for all other
isotherms, ranging down to 4 for the 17 °K
isotherm and 5 for the 100 °K isotherm. Addi-
tional isotherms at 13.8, 14, 15, and 16 °K were
established from a more limited number of experi-
mental points and from the properties on the
saturation boundaries. The functional form of
these isothermns is also that of eq (1). Coefficients
for all isotherms are given in table I, while repre-
sentative deviations for selected isotherms are
shown in vable II. The deviations are with'n
tlie experimental precision as described in [4].
The coefficients were obtained frem the data given
in table 1 of [4], applying the slight shift in densi-
ties as described in {4]. The coefficients will
reproduce table 2 of [4], but care must be taken
to avoid round-off errors. This is particularly
true of the 33 °X isotherm. The form of eq (1)
is such that A, will reproduce RTB within 0.3
percent, while A, approximates RTC, where B
and C are the second and third virial coefficients,
respectively. The other coefficients in the power
series have no significance.

Isochores. The isotherm polynomials permitted
calculation of pressures at even increments of
densiiy as given in table 2 of [4]. The pressure-
temperature pairs so obtained for a given dcnsity,
including the intersections at the appropriate
lines of saturation, were fitted by a lecst squares
procedure to

P=A4T+ AT+ A+ AJT+ AT (2)

A total of 90 sets of coefficients fcr (2) describes
the lines of constant density between 0.0005 and
0.0450 g mole/cm®. Numerical values for the
coefficients of (2) are given in table 111, while
representative deviations in pressure are shown

Low density. At densitie> of 0.007) g mole/ecm?
and less, the isochore polynomials (2) were re-
placed by the truncated virial expansion

P=RTp+RTBe+RTCo 3)

Values of RTB and RTC were obtained from
the low-density data on all isotherms from 24 to
100 °K as described in [3]. The virial coethcicnts
were approximated by

q RTB=AT+ A+ A,/T+AJT? (4a)
an

RT(J’=I1|T’+A27'+A3+ 114/T+A5/P+A5/Tn.
(4b)

One set of coefficients for (4b) was used bctween
13.8 °K and T, a second set between 7. and
55 °K, while between 55 °K and 100 °K the
relation used was

RTC=RTAe",/T[1 --eth=Tavd]. (4)

A number of functions car “e found which will
fit the RTC data within «xperimental accuracy;
however, relations (4b) and (4c) were selected on
the basis of the behavior of their first und second
derivatives. Values for tii coefficients for eqs
(4a), (4b), and (4¢), are found in table V.

Two-phase boundaries. 'Tie densities of the
saturated liquid and vapor, respeciively, have
been represented by

Paat L:pc+ Al(Tc_ 7’)0'380+A2(7‘r_ 71)+’443(Tc
— T4 AT T ATo= TV, (58)

and

paar 6=p:+ A (T, — T)* "+ A (T, — T)
+A(Te— T+ A(T.—T)*%, (5b)

as given in [8]. However, the saturated vapor
densities below the normal boiling poirt are cal-
culated from (3), (41), (4b), and the vapor pressure
equation rather than by (5b).

The melting pressures are given by Goodwin
(1&] as

Paew=P +(T=T)Ae~*"+.4,T),  (6)
while the saturated liquid densities along the

irqrid-solid boundary from (16] are approximated
",V

; ~MT-T T
in table V. Pmett .=+ prAy[1— e~ T T/ T}, (7)
TaBLe V. Coefficients for equations 4a, 4b, 4c

! A-1 l A-2 ‘ A3 i A4 h-5 A-o
Fquation 43 . [ 16307T41X100 | —1.9279522X100 | —2.289008110¢ | 1. 0B40RBX 10"
Fquation b T<Te_. . . ¢ LOBAITIeX100 | —1 eM7141X107 1. 0431411 X100 | ~3 233871810 10 5 14068X101 | 3, 312345310 11
Fojuation ¢b T.< T<A8°K .. . 16971204100 | —5 ms4223 X108 6.72M18X107 | ~3 845171100 107#9413X10 1 | —1, 1515642101
Fqostionde. ... . o 38K, (82 4.5 0.60 20.0 1.0




Additional data. The vapor pressvre equation
from [17], the heats of vaporizatiop and critical
parameters as given by [8], and ihe properties of

the ideal gas at 1 atm [5, 6] have been used either
directly or as supplemental information for com-
parisons and tests.

4. Calculation of Thermodynamic Properties

A computer program has beer. developed which
will determine a value of density corresponding
to arguments of temperature and pressure. An
interpolation scheme utilizes the isotherm equa-
tions, the isochore equations, and the functions
representing the saturation boundaries. Both
the isotherm derivative (OP/dp), and the isochore
derivative (QP/OT)p are obtained and used in this
interpolation scheme. In the region near tho criti-
cal point, direct differences in the table of pressures
14] are used rather than the isochore polynomiuls.
After the point on the P-p-T surface is thus de-
fined, the program calculates the remaining
properties.

Thermodynamic properties, regions. 'Thermo-
dynamic functions have been calculated for
regions 1 and II as defined in figure 1. Region 1
covers the gas at densities typical of the vapor at
temperatures above saturation. It also includes
gas at higher densities above 46 °K and up to 3
pressure of 350 atm. Region IT covers the fluid
at liquid densities, up tov 46 °K, and to the same
limit in pressurc. For values in region I, the
computations proceed from tue preperties of the
ideal gas at 1 atm [5, 6] as the line of reference.
In region II, or on the liquid-solid boundala', an
auxiliary table of smoothed experimentally deter-
mined values of C, for a particular constant
density (p,=0.037821 g mole/cin?), is utilized as
the line of reference; these values are presented
in table VI. The properties on the vapor pressure
curve are determined with the appr.priate den-
sities for the saturated liquid or saturated vapor.

Fgquations. The integrations indicated in the
equations below are accomplished in closed form
in the low-density region, that is, for densities up
to 0.0070 g mole/em®.  For higher densities the ap-

SOLID
SOLID-LIQUID
1k '
T
> JCCR
rle e
»|a St
2| |varor-LiquiD \RIPRK .- " .t o .
wl| L CRITICAL JSOCHORE
o g L Q. '. ‘. '. .'. -l
A .
< [« " REGION 1. " J
> .. .‘ .‘ .. “ C‘ I.
L L e e
7 VABOR " oo b et T ]
A! AL 4‘. A. A. A ° L‘ -l M L. J. L. l.
]
¢ TEMPERATURE %
Fioune 1. Regions for thermodynamic computations.

[Jropriate derivative: of the isochores sre caleu-
ated at all intermediate tabulated densities [4],
ard thn integration is pe.formed numerically by
emplogmg the trapezoidal rule. In the region
near the critical point (at temperatures from 32 to
37 °K, and at densities from 0.007 to 0.0210 g
mole/cm?®) the isochore derivatives are found by
direct differences from the table of pressures re-
ported in [4] rather than from the isochore
equations.
The following isothermal equations are used in
region I:
»1 (P \
CTo=C-T[ % (§m)de.

—Qo_p RTp f’ E_}_QI_)]
S(T,=8~Rln P, )+ o Lo p2<bf">p de,
(9

where Py=1 atm;

_ T f’[L’,Z QB)]
H(T, =1+ -—RT+ [ pz(ar o

(10)

EI‘he]values of €7, §° and H° are obtained from
5, 6].

TabLe VI.  Heat capacity at constant density
{(m=0,037821 g mole/cmd)

Temperature C. Temperature Cy
°K Jig mote ° K °K Jlg molz°K
13.5 9.355 30.5 12,97
14.0 ! 9. 44 31.0 13.029
14.5 ! 9.728 315 13.088
15.0 9. 904 32.0 13. 142

2.5 13. 196
15.8 10. 075 33.0 13. 247
6.0 10.238 33.5 13.207
16.5 10. 397 3.0 13.347
17.0 10. 348 3.5 13.347
17.8 10. 604 35.0 13. 443
18.0 10.832
18.5 10. 966 35,5 13, 489
19.0 1,092 36.0 13. 535
19.5 11.2113 3.5 13. 581
20.0 11,326 3.0 13.623

4.5 13. 665
20.5 11,435 8.0 13. 703
2.0 11. 539 3.5 13. 736
2.5 11. 640 39.0 13.770
2.0 11. 7% 39,4 13. 709
2.5 11. 832 40.0 13832
2.0 11. 016
3.5 12. 000 40.5 13. 862
4.0 12. 083 41,0 13.495
4.5 12. 163 a5 13.024
25.0 12.23% 42.0 3,958

<25 13.991
2.5 12.314 43.0 14,025
2.0 12.385 43.5 14. 058
2.5 12, 450 4.0 14. 092
2.0 12, 527 “.5 14,125
27.% 12, 508 45,0 14150
2.0 12, 685
8.5 12,732 4.5 14097
0.9 12.798 4.0 | 14, 226
2.8 12. 858
30.0 12.012

|
I
|
|
|
r
I
|




For region II the values of the thermodynamic
properties at 7'=46 °K and p, serve as the starting
point. Property differences are first calculated
along the path of constant density to the desired
temperature, and then along sn 1sothermal path
to the desired density. Considering first the incre-
ments along the line of constant density, no incre-
ment is caleulated for C,(7), p,), which is interpo-
lated directly from table VI. The entropy is

S(T, p) =8(46°, o) + I:m [CAT, )/ THT, (11)

while the enthalgiv is computed through the in-
ternal energy as H=U+P-V

Thus,
T
H(T, ) = U6", )+ [ CLAT, p)dT+ P(Tig0)
(2

Finally, the isothermal contribations are caleu-
lated as follows:

CAT, ) =CAT,p)~T f " (O PIOTY Iy, (1)

S(T, p)=S(T, p) — [:,) [OP/OT) o/ pldp. (14)

and
H(T, p)=H(T, p)) -+ ﬁn UP—T(3:°/dT) ) p)dp
+Plo—P(T, p)/o. (15)

In both regions the internal energy and the specific
heat at constant pressure are computed from

U(T.p)=H(T, p)—P’p, (16)

and
Co(T, p)=CAT, p)+T(OP/OT):/0*(dP[dp)r. (17)

The derivative (3//9p)7 was found when interpo-
lating for density, while (0P/0T),, at the desired
temperature T, is the isochore slope linearly in-
terpolated from the two tabulated isochores
bracketing the density p.

5. Related Functions

Two related functions are treated in this report,
the velocity of sound, and the Joule-Thorson in-
version curve. Other related properties such ax
adiabatic and isothermal compressibilities may be
derived from the tabulations where values of iso-
therm and isochore derivatives have been included
to facilitate such computations.

The velocity of sound. The velocity of sound,
W, was calculated by means of (17) and the

TasLE VII. Compurison of calculated an:l erperimental
velocities of sound in normal hydrogen

: : :
- . -
. » | 3 (Normal | ¥ (Normal] | ¥ (rary
(other sources) i (cale., this  |(thisresearch)
' research)

°K atm Gnajat ’ Ref. {30) i

70.13 0 Lew | 1.018 1012
70.13 0 1067 | 106 1052
70.13 L] L1 | L% 1120
7% o TS Lot
7% | 4 noes | 1,08 1051
e om0 e
7.4 i I . .

90. 10 ﬁ ' 1.0% 102 | 1,019
0. 10 1.060 1.086 1,050
¥0. 10 o0 ‘ 1.103 L L
.10 70 i L7 | 1,132 IRtH

P Retpuy ! !
. 15 ») 1. | Lo | Lo
w15 200 1125 1A% 1118
98,15 240 L | w0 L
xt I TR B
15 520 Low | e 1 L
.15 00 LR (" B W
1
.00 0l Re&. ;3.",3 ; 0, i 0,9
433 o 20 0w cliﬁo . (lvfgs:
Wi . : R &

100, 00 0 M| 242, Ln

]
}
i
|

relation
W'=K C,(0P0p) 1/ .. (18)

The constant of proportionality, A, is 50.26 where
W is in meter/sec, (', and C, are in J; mole °K,
I’ is in atm, and p is in g molerem®.  Figure 2
illustrates the variation of velocity with tempera-
ture along a few selected isobars, while tubles V11
and XV give a comparison with other sources.
The detailed discussion of this comparison will be
found in the appendix. The agreement between
the calculated velocities and the other sources
considering the errors discussed in section 9, is
favorable, and is taken as a further indication of
the internal consistency between the I’-p-T sur-
face, the various derivatives, and the specific beats.

1600 - #‘ P A,
1400
/ . N 20g

g

VELOCITY OF SOUND ., meters /second
- e
g g

8

‘4 20 30 40 350 €0 70 80 90 100
TEMPERATURE , *K

Fioure 2. Velocily of sound in parahydrogen as a Junction
of temperalure on selericd (sobars,

SIoand SV orepresent saturated liquid and satuested vapor. respectively.
A1 represents Haukd ot the sielting line.




The Joule-Thomson inversion eurve. The locus
of the maxima of the isenthalpic curves with
respect to temperature has been calculated from
the P-p-T data and the definition of the Joule-
Thomson coefficient, u=(dT/dP)y. When u=0,
the relation

TQP/dT),=p(0P/0p)r (19

defines the P-p-T coordinates of the inversion
curve. The results are presented in table VIII.
The fourth column in table VIII, labeled un-
certainty, is the uncertainty in the inversicn
curve due to an assumed uncertainty of 0.5 percent
in either the isorherm or the isochore derivatives.
The calculated curve satisfies the criterion,
pointed out by Brown [18], that the inversion
curve should intersect each isochore only once.
The inversion curve represented in table VIII is
in fair agreement with the results given by
Brown (18}, which are based on earlier mensure-
ments of the inversion curve of normal and para-
hydrogen. Q}lxmntitutive comparison isdifficul’, how-
ever, due to the small scale of the graphs gene:ally
presented to illustrate this property in the litera-
ture. Koeppe [19], using the data for normal
hydrogen of Johnston et al. {20], calcuiated the
intersection of the inversion curve with the vapor
prossure curve to be 27.05 °K. Qur value of
27.08+0.04 °K is in excellent agreement with
that result.

\

TasLe VIII. Joule-Thomson invrraion curve for para-

Aydrogen
|
Temperature : Pressure Density l Uncertainty®
‘K ‘ atm ¢ maole/cm3 l w“um
2, 000 0.87 0. 03006 o1
.00 | 13.08 . 03990 3
N0 | W08 L0073 Bt
31. 000 25.00 . 07058 15
32,000 2088 | o0 16
i
33, 000 ! .61 008 Y
3. 000 ni6 . 02908 | 0
38000 | 43.66 02888 | .20
38000 | 48,08 02800 21
37.000 | 23 l L 02852 n
|

B0 | sesa 0 omu | u
»o0 ! 8060 | .om17 N
40.000 | 4% | - 02700 ¥
42. 000 j 72.23 Lozes “3
.00 | .46 ‘o | M

i
L TR ¥ -] . 02000 I 3
4. 0 2mn 02652 | 41
50. 000 | 0616 .43
5. 000 112950 | .02523 .56
0.0 . 1M 42 - 02430 KH

| ! :
65,000 | 1324 | .7 K
70. 000 142, 4 | LozM3 "
000 M487 | . 02151 11
80, 000 . 1.3 : . 02058 1.3
83000 139 | “01988 14
0.000 | 103 . 01875 17
95000 | 1811 01791 Ly
100. 000 ] 162. 4 . 01714 L2

*The uncertainty tn the inversiou pressure due to an
assumed uncertainty of 0.5% ineither WP, iror QPO T),.

6. Results

The resuits of the calculations are presented in
tables IX, X, and XI. The comparison of the
oxperimental versus the calculated specific heats
at constant volume is shown in table XII. Units
nave been indicated in section 2, and are also
entered in the column heauings of the tables.
The number of digits in any given column is not
intended to represent accuracy; digits were

n r T Jj =

1] S
I I i

<

i i
e b

|

|

!

selected for publication in consideration of the
errors discussed in section 9, and to facilitate
interpolation.

The results are presented graphically in the
form of a tempera ure-entropy chart in Ggure 3,
in the form of an enthalpy-entropy chart in figure
4, while the generai behavior of the specific heat
at constant pressure is illustrated in figure 5

-7 _ —

| I

.

o T

o e e 3 o+ e e [ P i

TEMPERATURE, "X

Fioums 8.  ThAe apecific heal el conslant pressure as a function of lemperatlure on aslecled inohars.
6




O IR ey .y

7. Normal Versus Parahydrogen Near 100 °K

The present tabulations are compared to the
results of others which are, however, restricted to
normal hydrogen. Only the temperature range
near 100 °K is considered here, as the deviation
between the I’-p-T behavior of the two modifica-
tions is expected to increase with lowered tempera-
tures. The values for parahydrogen are computed
at the temperature and pressure reported by the
other authors and are compared as follows:

1. Along the 98.15 °K isotherm to the smoothed

P-p-T vulues and the derived properties of Michels
et al. [10, t1];

2. Along the 100 °K isothern to the smoothed
1’-p—lT[v]nlues and the derived properties of Woollev
et al. [5];

3. Along the 100 °K isotherm io the smoothed
P-p-T values of Johnston and White [12].

In the case of Michels et al. and Woolley et al.,
the comparisons are at approximately integral
amagat densities.

8. Internal Comparisons anud Tests

Values for #~ PV/RT are compared directly in
fraure 62, and are seen to differ by no more than
4 parts in 1000,  The heat capacity fromn Michels
can also be compured directly. The differences
in heat capucities are shown in figure 6b; they
vary little from the difference in the ideal gas,
4.226 J.g mole °K, calculated from spectroscopic
data. For entropy und enthalpy the two modifi-
cations have different numerical values in the
ideal gas state; furthermore, different authors pre-
fer different reference states. For entropy and
enthalpy, therefure, isothermal increments were
calculated from the lowest density of comparison.
The differences between the entropy increments
are shown in figure oe; the maximum difference
between all sources is 0.054 J ¢ mole °K. The
differences between enthalpy increments are as
high as 14.6 {/g mole and are plotted in figure 6d

Fhe differences in the denved functions can
stobably be related directly to the differecces in
Z. 'The difference in the P-p-T behavior, how-
ever, cannot be unambiguously assigned to the
different modificaticus of the gas, but must be
attributed to differences in the experimental
determinations.

Erperimenial versus caleulated C,. This compari-
son 1s amony the more stringent tests that may be
upplied.  Error estimates in €, allow direct com-
putation of errors in entropy, and indicate the
quality of the calculated thermodynamic proper-
ties. 'The discussion that follows i3 a summary of
the resnlts presente:’ in table XIL

Using eq (3), €, was computed at the 121 experi-
mental points published by Younglove and Dilier
{7} for temperatures greater than 7. Deviations
(Ce gp— (' e ) have been plotted in figure 7 as

Frovre 6. Normal versus parahydrogen.*
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FIGURE 7.

a function of temperature for 12 densities. Mean
deviation for all 121 experimental points is 0.071
J g mole °K, or about twice the crror estimated by
the experimenters. The 20 points nearest the
eritical temperature contribute heavily to the
overall mean deviation, mnging up to 4 percent
error in (. Errors of this magnitude illustrate
the difficulty of obtaining accurate second deriva-
tives from the ’-p-T data near the critical point.
For the remaining 101 points above 7', all of which
lie at temperatures above 36.1 °K, the maximun
error= correspond to 1 percent in ,, with n mean
devintion of 0,042 J ¢ mole °K which is the exti-
mated error in the experimientnl values of €. The
statistically enleulated contribution (€7) i< npproxi-
mately 90 percent of the total value of ¢, und the
contribution frem the P-p- 7 integral about 10
percent. The P-p-T contribution 1o €, involving
wcond derivatives ol the smoothed F-p- T dnta ean
he computed within 7 percent: the error in this
contribution becomes ns Inrge as 15 percent near
the eritical ~oint.

Difference  etween experimental and calculated heal capacities at constunt volume rs. temprrature.

At temperatures below 7, in region II a
smoothed table of (°, (table VI) was used as the
line of reference. The values of (', computed at
experimental conditions merely show the internal
consistency among the various calorimetric runs,
as the I’-p-T contribution is small. The devia-
tions, experitnentul minus caleulated ¢, are also
plotted in figure 7. The maximum deviation in
this range iy twice that estimuted for the experi-
mental values; however, the mean deviation for
the 42 points in this range is less than 0.017
J g mole °K.

Heats of raporization. The heats of vaporiza-
tion have heen derived from the saturated liquid
and vapor densities and the derivative of the vapor
pressure (/0> dT) using the Clapesron equation
and are reported in [8).  Values so calculated are
listed in column 2 of table XIII. ‘The heats of

vaporization obtained in the present method are
listed in column 3 of table XIIT s enthalpy
differences betweea saturated vapor and liquid.
and in column 4 as entropy differences multipliad




TasLE XII1. Heats of vaporization and entrepy differences along the saturated liquid line

Heats of vaporization, J/g mole Entropies, J/g mole °K N
‘Temperature ! (Nr.p. =10.018) +
Clapeyron Al i T AN Maximum Saturated j Cour Diflerence
equation difference liquid (*33-)41‘
eV T
!
” |
13.803 %€07. 1 903. 6 905. 8 1.5 10, 000 | 10, 016 —0.016
14 908. 3 908. 5 908, 9 1.8 10. 188 ! 10. 20t -. M3
15 913. 4 910.8 9109 2.6 11,13 1125 013
16 914. 2 03,2 913.2 1.0 12,079 I 12 054 023
17 913 ¥ 914, 5 $13.6 0.3 13.012 i 12 987 LG28
i
18 811.7 N6 9117 .1 13. 045 i 13.920 [L25)
19 907. 1 207.3 o7, 4 ~.3 14,882 | 14. 862 [121]
20 900. 4 o0, 2 9N, 4 1 L2 15.8% \ 15,811 o
2. 208 8. 7 898.3 898, 6 t .4 18,078 ¢ 16, 067 012
n 889. 1 890. 6 890, 9 -L5 18. 778 i 18, 79 .08
; |
2 76, 5 877.3 877.8 -3 17.7480 i 17. 7% I U4
23 860. 2 8680, 5 %61. 0 -0.8 18,719 ] 15,719 b .00
24 840. 1 839.7 840, 3 .4 19.719 { 19.719 .00
25 815. 9 ' 5146 815, 1 1.3 20.740 i 20, 740 . 000
2 785. 8 : 843 T8N 1.5 21T : 7 ) . 000
i
5 9.8 l 480 748 4 1Lx 2ol | : .00
n 705.3 T04.3 TH.T 1.5 24. 041 [ L0
Pt} 651.9 H 851,3 851, 6 0.6 25. 267 ! L0
0 186, 2 | 45,8 5858 .6 w60 ! 08
3t S0L. 2 500. 6 ¢ 500. 8 .8 2. 146 | .03
32 | 379.9 | 379.6 | 379.7 .3 30. 083 | g
! i

i
|

by the appropriate temperatures. A comparison
of columns 3 and 4 indicates that the present
method is thermodynamically consistent, while a
comparison of columns 2 and 3 shows that the
heats of vaporization derived by the two different
methods agree within 0.3 percent.

Entropy along the saturated liquid line. A com-
parison of the entropies of the saturated liquid
calculated by the present method with the integrul

T
f (o T)T
Jr,

shows the internal consistency of two distinet
celorimetric experiments |7, 9]. The comparison
suggests a value of 10.016 J/g mole °K as entropy
of the liquid at the riple point. Values and differ-
ences are given in table XIII as a function of
temperature. It is seen that the agreement is
excellent, with deviations reaging up to 0.025 J/g
mole °K except near the critical point. The

error near the critical point was anticipated by
Younglove and Diller [9], who represented C,,,
by

Ca (g et At T+ AT
J\‘ 115T3+.‘16T‘+il7'1"5. (20)

The authors used n==0.1 to give the best average
representation of the experimental data. whereas
n=10.6 is required to yield the proper value of the
integrated function near the critical point.

Preliminary caleulations. In a preliminary tabu-
lation of thermodynamic functions the P-p-T
surface was described by an equation of state [2];
assuming the equation to be thermodynamically
correct, the present method was compared to these
earlier results. No gross inconsistencies were
detected as all deviutions corresponded closely
to the errors anticipated in the preliminary
computation.

9. Discussivn of Errors

The magnitude of the nbsolute error in entropy
can be determined by completing a closed-loo
calculation utilizing the Third Law. As will
be seen, the detailed computation is complex. We
examine only the entropy for one particular point
in the phase diagram, calculated on two different
paths.  Ideally the resulting entropies should be
the same. The point selected for the comparison
is 100 percent para, saturated vapor at a pressure
of 1 atm and a temperature of 20.268 °K. One
path assumes zero entropy for the ideal crystal at
0 °K, and utilizes the heat capacity of the solid
the experimental value of the heat of fusion, and

tabulated values of entropy for saturated liquid
and vapor. The second path includes the entropy
of the ideal gas at 20.268 °K calculated from statis-
tical mechanies, and the small correction for the
difference between real and ideal gas at 20.288 °K.
The value obtained in following the latter path is
the one given by this tabulation. [t should be
recalled that values tabulated arz for 100 percent
parahydrogen under the sssumption that the
*p-T surface for 100 percent parnhydrogen is
idantical with that determined experimentally for
99.79 percent parahydrogen.

- ——




The entropy contributions in J/g mole °K are
as follows:

(a) Solid, from 0 °K to 13.803°K________ 1.647 £.016
(b) Fusion, (28.03 cal/g .nole at 13.803 °K). 8.496+.045
(e) Liquid, from 13.803 to 20.268 °K____ . 6.079+.048
(d) Vaporization, at 20.268 °K_ . ___.____ 414. 334+ . 080
@) Entropy, first path____..____________ 60.556
() Entropy, second path, value from table
IX o . 60. 41 +.042
Discerepancy in entropy___ ... ... _.__. 0. 146
RMS combination of individual un-
certainties_ . _____________________ L
Contributir)r_x (a) was derivpd from the experimental
heat capacities of the solid given by Ahlers [21]

whu indicated an uncertainty of 1 percent in the
experimental values. A slight correction was ap-

lied to account for the orthoh drogen present
in the sample (0.0021 R In 3). Contribution (b)
is based on the heat of fusion measured by several
workers {5, 21, 22], while the uncertainty in this
coutribution is that calculated by Johnston et al.
{22). Contribution (c) is the entropy difference
between the liquid at the boiling point and the
triple point, as given in table The corre-
sponding uncertainty was chosen to reflect the
entropy differences s{own in table XIII and also
the experimental uncertainty in O, given by
Younglove and Diller [7]. Contribution (d) 1s
the entropy differerice between values for saturated
liquid und vapor at 20.268 °K in table IX. This
contribution is in agreement with the experimental
heat of vaporization of Johnston et al. (22), and its
uncertainty is that indicated by the experimenters,
The uncertainty in the calculation of the entropy
of the ideal gas [5] is given on line (f).

The actual -iiscrepancy, 0.146 J/g mole °K, is
in reasonable agreement with the statistical com-
bination of the uncertainties in the individual
contributions. The ugreement is interpreted to
mean that no physiczﬁr anomaly has been over-
looked, as only a slightly nonrandom addition of
the individual uncertain‘ies is required to account
for the observed discrepancy. The discrepancy
is in accord with the \'afues for errors in entropy
given in table XIV.

A rigorous calculution of other errors has not
been attempted. As a guide to the user, “nomi-
nal” and “maximum” errors are specified in table
XIV. These errors have been established from
internal closed loop calculations, and from calcula-
tions of discontinuities along the critical isochore
and critical isotherin; they are based on the inter-
nal checks of section 8, and in part on the compari-
son to normal hydrogen. However, the author's
best judgment was also a consideration. In this
context & “‘nominal” error is n mean or average
error. The ‘“nominal’”’ errors include the dis-
continuities discussed below, and may occur any-
where in the phase diagram. A “maximum”
error occurs only in areas of special difficulty such
us near the critical point, or the triple point in
the liquid. or ulong the saturated vapor boundary.

10

TasLe XIV. “Neminal” and “marimum’ errors in the
thermodynamic properties
I Errors
Varfatle ' . Remarks
‘ Nominal Maximum®
Temperature ... .| 0.001°K._.... | 0.02°K The maximum is the
uncertainty in the
platinuam thernom.
! eter scale.
]
Volume . . I 0.02 percet | 0.1 percent . Maximum near critical
and along the satu-
: rated vapor bound-
| ary. Originally
| estimated at 0.1 per-
j cent in ref. {3).
|
Pressure. . 0.001 atm .. 02atmi... .} Not better than 0.01
percent.
DPR pir. . L 0.5 pereent. | 5 pereent. See discussion (sec. 9).
PR . ‘0.3 percent .| 1 percent See discussion (sec. 9).
internal energy ’ 0.8J/g mole.. | 26Jx mole Maximum nesr critical
and enthalpy. aud along saturated
| | vapor boundary.
Entropy. . ; 0.616 J g mwole , 0.170 J/g mole [ Maximum near liquid
I K. I °K. tripie point, critical
i point, and along
; I ssturated vapor
. boundary.
Cy . | lessthan t 4 percent Maxinuin near critical
percent point and at low
I temperatures along
! i satucated vapor
i ! bounary.
Co. 1 percent. P i Not defined near criti-
; I cal, see discussion.
)
Velocity of sound ; 0.5 percent I 4 percent
i

| See discussion (sec. 9.

“Oceurs only in areus of special difficulty such as nea; **«

I ritical point, or
the triple point in the linquid, or along the saturated

*apor boundary.

The isotherm derivatives (2/°/p), and the iso-
chore derivatives (3”/d T)p ure accurate within 0.5
percent and 0.3 percent respectively in the interior
of the region defined by the experiments. These
unces tainties probably increase to 2 percent and
1 percent respectively near the upper limits of
temperaiure and pressure. In the compressed
liquid below 17 °K' the isotherm derivatives may
be in error by as much as 5 percent due to the
scarcity of d- 1 points. The isochore first deriv-
atives at the saturated liquid boundary have an
uncertainty of about +0.05 atm/°K ‘except as
noted below. On the vapor side of the two-phase
boundary, the uncertainty is about 1 percent.

It is perhaps inevitable that discontinuities will
occur whenever the numerical representation of
the P-o-T surface is changed. While each region
has been selected to give ihe best overall fit, the
derivatives at the various boundaries were not
constrained to match. Such a discontinuity
oceurs aloug the boundary of region [ and II, as
described ir. figure 1, where near the critical tem-

erature, the enthalpy is discontinuous by 0.93
J/g mole, the entropy by 0.024 J/g mole °K, and
C, by 0.22¢ J/z nmﬁe °K. This discontinuity de-
creases to zero at 46 °K.  Another discontinuity
arises along the 55 °K isocherm where the repre-
sentation of the third virial coefficient, R C,
changes from eq (4b) to (4¢). As the density in-
creases to 0.007 g mole/cm?, the discontinuity in
enthalpy increases to 0.58 J/g mole and remains




constant to higher densities, while the disconti-
nuities in entropy and C, are negligible. Figure
6b shows a minimum near 0.007 g mole/cmd.
This discontinuity exists only in ¢, and C,, and is
attributed to the change in second derivatives
between the viriai expansion and the isochore
representation, a change which cannot be detected
in comparison to experimental values at 90 °K.
For the saturatied liquid, between densities 0.0210
and 0.0215 g mole/cm?, there is a discontinuity in
the isochore derivative which amounts o 0.115
atm/°K, or 4 percent. This in turn causes dis-
continuities of 3.7 percent and 8 percent iu the
velocity of sound and C,, respectively. These
discontinuities are caused by a change in the
representation of the P-p-T surface. They de-
crease rapidly in the compressed liquid and amount
to only Ealf of the above values at 33 °K. The
discontinuities in these quantities are a measure
of their uncertainties in this region. The un-
certuinty in the isochore derivative at saturation
drops from n maximum at density 0.0215 g mole/
cm?® to about 0.1 percent at the critical point.
For the same reason there is a 4.4 percent dis-
continuity in C. of the saturated vapor at 32 °K.

Errors in the specific heats and the isotherm
and isochore derivatives contribute to the error
in the velocity of sound. Due to the form of
egs (17) and (18), however, the errors involved
are pardally compensating. The calculated veloc-
ities are estimated to be accurate within 0.5
percent, with the exceptions noted below. Near
the high-pressure boundary (340 atm) the un-
certainty increases to about 1 percent; thus the
entries for 340 atin below 40 °K have a randola
scatter of 0.3 percent about a smooth curve, while
the entries for the melting curve scatter by about
1 percent at the higher pressures. Uncertainties
are larger for the saturated liquid and also in the

X and XI the velocity values approach the ideal
gas values at zero pressure due to the nature of
the functions used. The uncertainty in the value
of 350 meter;/sec assigned to the critical point is
roportional mainly to the uncertainty in C..

his value of C, was taken to be 19.87 J/g mole
°K. and its accuracy is difficult to estimate since
it involves an uncertain extrapolation of the experi-
mental heat capacities. Several recent publica-
tions {23, 24, 25] have brought up the possibility
that ', may become infinite at the critical point.
As a result the velocity of sound could have a
value of zero. Our data on parshydrogen seem
to be in contradiction to this possibility. Our
calculations show that C,, at critical temperature,
has & maximum at somewhat less than ecritical
density. This same behavior bas been observed
for isopentane by Young [26] and for carbon
dioxide by Michels et al. {27].

The entire set of tables has been subjected to
checks by differencing; and the derivatives
(0P/dp)r, (QP/0T)p, ang (0*P/0T*p were tested
for the proper sign. For a small region near the
critical point, at densities from 0.0150 to 0.0160 g
mole/em® and temperatures from 32.975 to 32.984
°K, the interpolation of (3P/0p)r results in the
wrong sign. Calculation of (', near the critical
point is subject to large errors, and values of C,
over 200 J/g mole °K should be treated as un-
certain.

The authors are grateful to R. D. McCarty,
R. D. Weekley, and L. J. Ericks for the prepara-
tion of fizures 3 and 4. We thank D. E. Diller,
J. W. Stewart, and B. A. Younglove for much
valuable comment and discussion. R. J. Cor-
ruccini and R. B. Scott provided encouragement
and support for the completion of this phase of
the investigation. The entire project has been

compressed liquid below 20 ° These problems  supported by the National Aeronautics and Space
are discussed further in the appendix. In tables  Administration.
10. Appendix

Caloodated velocities rif sound compared to results
of others. In general, published experimental
measurements of the velocity of sound in hydrogen
below 100 °K have been restricted Lo the saturated
liquid and to the gas at pressures below one atmos-
phere. Van Itterbeek, Van Dael, and Forrez 28
measured the velocity in saturated liquid para an
normal hl{drogen from 14 t0 20.4 °K. Between 14
and 16 °K our calculations agree with their experi-
mental values within 1 percent. From 17 to
20°K, however, our values are consistently 2 per-
cent lower. This may perhaps be attributed to the
relatively few P-p-T and C, data points measured
in the liquid below 20 °K. The agreement at 14
and 15 °K is probably fortuitous. The experi-
mental work in progress at this lahoratory on the
velocity in the compressed liquid may resolve these
differences.

A more recent publication by Van Itterbeek,
Van Dael, and Cops {29] contains experimental

11

velocities in the compressed liquid from 14.8F to
20.50 °K. Table XV gives a comparison with our

Tapre XV. Comparison of experimental and calculate’

velocities of sound in parahydroger.™

Temperature | Pressure | 100(Wep—Wew)
! Wl‘.
e ] -
K ' ATM

4.8 ;4% 0.0m

14.88 118 —0.08

1485 , W -0.07

w0 | sve | 1.7

16. 08 218 } 0.78

16.00 5. 36 i 074

18.28 808 21

18.25 | 42 ! 0. 9%

(LTINS X 0.™

00 | e | LM

20,50 7.46 | 0.77

2. %0 mao 008

*Experimental values from reference (29).



values at a few points selected to cover the region
of the experimental work.

Van Itterbeek et al. [30) have published experi-
mental data for normal hydrogen at pressures up
to 70 atm along three isothorms, 70.13 °K, 77.25
°K, and 90.10 °K. Their results are compared
with ours at selected pressures in the first section
of table VII. The values are more easily com-
pared when reduced by the velocity in the ideal
gas, W,, which is, in general, not the same for
normal and parahydrogen. In table VII, column
4 is the reduced veiocity taken from smoothed
curves published by Van Itterbeek et al. Column
5 is the reduced velocity in normal hydrogen
calculated from our results for Earahydrogen on the
assumption that the two ortho-para forms have
the same P-o-T bebavior. This assumption is
reasonable at least for temperatures above 50 °K.
Column 6 is the reduced velocity in parahydrogen
calculated from our data. Comparison of columns
4 and 5 shows that the values from [30] are consist-
ently higher than ours. This difference increases
to about 1 percent at the lower pressures. In
addition their data, extrapolated to zero pressure,
yields values which are about 1 percent higher than
the calculated ideal gas values.

Van Itterbeek and Vermaelen ‘5311 have pub-
lished velocities for normal hydrogen gas at
pressures less than one atvmospgero from 50 to
100 °K. Comparison with our results is not useful
here, however, since both are within 0.3 percent of
the respective ideal gas values. Van Itterbeek
and Keesom [32] measured the velocity in normal
hydrogen at 20.42 °K from 0.15 atm to 0.92 atm.

Xtrapolation of their results to 1 atm leads to a
valne of 357.6 meter/sec, whereas we calculate
356.9 meter/sec. The ideal gas value is 374.4
meter/sec for both normal and para at this tem-
perature.

Michels et al. [11) have calculated velocities
in normal hydrogen from PV7 data in the range
—175 °C to 150 °C. Their results are compared
with ours in the second section of table V‘iI at
—175 °C (98.15 °K). The deviations are all less
than 0.6 percent.

Brown [33] has calculated the velocity in com-
pressed normnal h{dro en up to a density of 500
amagat, usinﬁ the §VT data from Woolley,
Scott, and Brickwedde [5]. His results are
compared with ours at four points in the last
section of table VII. The agreement is quite good
except in the region of the critical point.
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TABLE 11. REPARESENTATIVE DEVIATIONS FOR SELECTED ISOTHERNS
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0.00t49 -0.2 0.01 0.00149 -0.2 0.00 0.00149 0. 0.00 0.00148 0.6 0.0l

0.0021% [ D 0.00 0.0021% -0.1 0.00 0.0021% 0.1 0.00 0.00214 -0.4 0.00

0.00256 Q.8 0.01 0.002% 0.4 ©€,01 0.002%% 0. 0.00 0.002%% -0.5 0.00

0.00333 ~1.1 0.02 0.00332 -0.4 0.00 0.00332 -0.6 0.01 0.00331 0. 0.00

0.00398 0.4 0.01 0.00397 1.4 0.01 0.00397 0.0} 0.0039% -0.5 0.00

0.00496 -1.0 0.01 0.0049% -~1.2 0.0 0.0049% 0.00 0.0u+94 1.0 0.00

0.00678 1.6 0.01 0.00677 -0.8 0.0t 0.00676 0.00 0.00678 1.9 ¢.01

0.00830 ~0.1 0.00 0.008%0 ~1.3 0.01 0.00828 0.00 0.00826 0.% 0.00

0.0101% ~1.2 0.01 0.01013 %.7 ¢.03 9.01012 0.00 0.01009 -3.7 0.01

0.01182 ~1.1 0.01 0.01160 -0.2 0.00 0.0117¢ 0.00 0.0117% -1.9 0.00

0.01s410 -1.3 0.0l 0.01408 -6.1 0.02 0.01409 0.00 0.0140% ~1.0 0,00

0.0151) 0.4 0.00 0.01412 -1.8 0,01 0.01509 0.01 0.01504 0.4 0.00

0.015%2 2.% 0.02 0.015%11 1.4 0.01 0.01633% 0.00 0.016% 1.2 0.00

0.01640 2.2 0.02 0.015%31 ~0.1 6.00 0.01806 0.00 9.C1000 3.0 0.00 N

0.01812 “1.4 0.01 0.01638 ~4.% 0.02 0.0197¢ 0.00 6.01947 3.9 0.00

0.01980 ~11.7 0,09 0.01438 6.1 0,02 0.02064 0.00 0.02087 8.9 0.01 &

0.02070 ~T.4 0.0¢ 0.01809 0.1 0.0¢ 0.02158 0.02347 -0.2 0.00

0.02182 1.9 0.01 0.01978 0.3 0,00 0.02264 0.022%6 -0.4 0.00

0.02272 8.3 0.08 0.02068 2.9 0.01 0.02374 0.02368¢ -5.1 0.00 -

0.02303 10.2 0.07 0.0213%9 5.2 9.01 0.02600 0.02471 -9.% 0.0l

0.02489 11.0 0.10 0.02269 0.8 0,00 0.02%543 0.02%35 -7.0 0,00 3

0.025% 8.2 0.04 0.023719 -4,9 0,01 a.02011 0.02601 -7.9 0.00

0.02021 ~24.7 0.12 0.02403 s.4 0.00 .02684 0.02674 -1.2 0.0

0.02694 ~17.6 0.08 0.029% ~3%.3 0,01 0.027%2 0,02741 -79.8 0.04 ;

6.02782 ~%.7 0.02 0.02617 -17.8 0.0) 0.02030 0.02810 93%.3 0.0+ 1

0.02041 -29.9 0,09 0.026% -7.2 0.01 0-0291¢ 0.02904 3.9 0,02

0.02928 2¢.4 0,07 0.027%8 3.9 0.01 0.03002 0.029%0 44.0 0.02

0.03014 -2.0 0.00 3.028% 14,6 0,02 0.030% 0.03004 -56.6 0.02

0.03109 N.s 0,04 0.0292) 28,2 0.04 0.031% 0.03101 30.7 0.01

0.03207 -3.* 0,01 0.03008 6.3 0.00 0.03301 0.03208 -153.6 0,03

0.03313 -24.3 0.03 0.03103 -360.1 0.0s 0.0138) 0.03330 143.3 0.04

0.033177 1.0 0.0) 0.03202 1%.7 001 0.0)a18 0.03403 -28.8 0.01

0.03430 3.2 0.00 0.03309 -40.2 0.09 0.03472

0.0348¢ ~6.6 0.01 0,03318 49.2 0.04 0,035M

0,03543 -3.9 0.00 0.03424 0.6 0.02 8.035395

0.03610 -43.0 0.0) 0.03400 -39.6 0.0) 0.03%84d

0.9387¢ 1%.0 0.02 0.03%3¢ 5.4 0.00 0.037147

0.03712 0. 0.00 0.03603% -23.% 9,01

0.03)8%0 8.1 0.00 0.03610 2.9 0,00

0.03920 2.9 0.01 0.0376% 32.8 0,01

0.0)90s - 28.0 0.01 0.03043 1.0 0.00 1

0,04043 -31.4 0,01 0.03914 -#l.? 0,02 -
_ 0.04097 -28.1 0.01 a,03917 .1 0.2 !
= 0.00040 -38.4 0,02 0.04037 -13.,3 9.00 K

0.04197 13.4 0.00
0.042¢48 -22.6 0.01

o SATURATION DENSITY (i
e¢ A8SOLUTE VALUE 17




Ta’LE M1, COEPPICIENTS A, POR 1SOCHORES IN EQUATION (2)

OENS TV Al A2 [} ) A4 1}
-7 -2 -2 -1 [
0.000% -8.0377310 x10 A 1871141 X100 =3, 731847} 210 -3.,40852970 X10 1.0761335 x10
-6 -2 -1 ] 0
0.0010 1.2281448 x10 $.3013088 x10 ~1.8093034 X10 ~2.33209%9 x10 2.012%519 x10
-6 -1 -1 (] 1
0.0013 =2.1099322 x10 1.202094? x10 “4.9784230 110 ~2.0682478 210 ~1.0050820 210
-4 -1 -1 [ 1
0.0020 -3.8:73024 110 1.738171) v3) ~8.873739% x10 =3.2143717 210 «3.7102004 x10
-8 -1 0 0 t
R 0.0023 ~0.773237 xi0 2.2031%47 x10 =1.443% 0% xl0 ~2.6094%43 x10 ~0.4642049 X10
-8 -1 0 (] ?
0.0030 -1.32%9414 110 2.0079578 X410 ~2.130010% xl10 ~1.2007244 x10 ~1.5703%4 x10
-5 -1 ] o 2
0.0033 =2.6339328 110 3.19359518 130 =3.0133132 110 3.2160063 X10 =2.13130¢) X10
-9 -t [ 3 2
0.0040 ~4.1334%96 X190 3.723%940 al0 -4.094801C x10 1.1342612 x10 ~4.3130837 x10
-3 -1 ] 1 2
0.0048 ~6.3240410 110 4.2009084 M0 ~5.43%1331 x10 2.537002% 110 “7.077610)3 210
- -1 ] \ 3
0.00%0 -9.%41122t 110 4.8806042 X10 -7.0633434 X10 4.49942%4 (10 =1.04464%0 210
-4 -1 [ \ 3
0.00%9% =1.3180607 x10 3.3501%63%8 x10 ~0.9079311 xto 6.9444052 110 ~1.4487078 %10
-4 -1 1 1 )
0.0080 ~1.70i%a%6 110 $.1401927 110 ~1.0091%0) M0 9.91410% x10 ~1.0692702 x10
~4 -1 1 ? ) '
0.0069 ~2.1073437 x1C 4.0175290 210 43194912 10 1.,2800170 x10 =2.34801% 10
-4 -1 \ 2 3
0.0070 -2.992233% 110 7.4802%07 210 ~1,3409¢9) 110 145493204 210 -2.8047078 x10 .
-4 -1 1 H ]
0.007s =% 0173108 12 0.20)0192 xl0 -1.7982300 110 1.9099%0) x10 =3, 3410002 x10
-4 -1 1 2 ) ]
0.0000 =3.039723) v 9o 9.931632) 210 ~2.0441264 110 2.2%40166 110 =3,8%99030 x10
-4 -1 1 2 3
0.008% -4.2257714 xi0 $.4009%37 x10 -2.3494003 x10 2.620097% x10 “4,3063916 110
-4 0 t H ]
6.00% -4,3%41749 1]0 1.0393301 210 ~2.3027529 110 2. 7566444 212 ~4,9%542%1% X10
-4 [] ] H 3
0.009% -3.0%2730% xi0 t.1190471 x10 ~2.0801%20 x10 3.007372) x1C -4, 8094049 1iC
- 0 1 ? ]
0.0100 =3.40%21%8 110 11910010 110 =3.1270310 210 3.1701%01 xj0 -3.0)90444 21C
-4 (] 1 H v
0.010% ~3.8649%04 110 l.269%0110 x10 ©3.2008)01 K10 3,257,079 n10 -9.0769%43 r1¢
-a 0 t ? 3
0.0110 ~6.1710419 x40 12038317 x10 ~3.631290) xic 3.2330676 R1O -4, 9279047 130
-4 ) 1 H )
0.0119% ~6.400907 xj0 1.419%44) x10 ~3.0676009 x1C 1.1249379 210 ~4,027%00% x50
-4 e ] 2 »
9.2120 -8.3027104 10 1.4930978 x10 -4,0170123 210 2.0002)00 10 -4 0173764 240
-. . 1 H ]
0.202% -$.9701080¢ 110 1.969787) n10 -4.2021120 112 2.410%4% 110 ~3,279909% 110
18
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TAGLE 115, COCFEICIENTS A, FOR 1SOCHORES IN EQUATION 12)-CONTINVED

OENSITY Al A2 a3 A4 AS
-4 [ 1 2 3
0.0130 ~$.4924140 210 1.8636929) 110 ~4.4037432 X10 1.822871% x10 =2.1730548 210
-4 0 1 ? 2
0.013% ~6.2002272 x10 1.7084442 110 ~4.32918% X110 1.064778s X10 -8.3493872 210
-4 0 1 1 >
0.0140 ~3.9382117 210 1.77137100 110 -4.6171278 x10 1.1968%43 x10 1.4010910 x10
-4 0 1 1 3
0.0168 -3.,502134¢ 210 1.8403582 X110 ~4,06823811 x10 ~9.60472164 110 2.4316170 x10
-4 0 1 2 3
0.0150 ~4.9970493 X10 1.90%4678 x10 ~4,718%93%4¢ X10 -1.2003220 110 4,71423%0 %10
-4 0 1 2 3
0.015%% —4.364390) x10 1.971 3462 X10 =4,7400820 x10 ~3.3521484 210 6.949129% X10
-4 9 1 2 3
0.0160 =3, #9909 x10 2.0390411 X320 -4. 7608307 X10 ~4.9429203 210 9.2604127 X110
-4 [+] 1 2 4
0.01a8 -3.29008688 10 2.1107021 x30 -4,7991743 X10 -5.3011102 210 1.192402% x10
-4 L] 1 2 4
a.0170 -2.9138311 110 2.1864%1 110 -4.8607001 x10 ~7.3967443 X 10 13605515 x10
~4 o 1 2 4
0.017% ~2.7009731 210 2.2692060 x10 -4.,95030435 Xx10 -8.7793619 X110 1.5672403 X10
-4 0 1 2 4
0.0180 ~1.7664972 x10 2.360%86% x10 -S$.11%4808 x10 ~9.7611348 X 1C 1.7362219 xic
-4 [+] 1 3 4
a.0103 ~2.9012312 x10 2.4377371 X110 -3.3068123% x10 -1.0620%80 x10 1.0840751 K10
-4 ] 1 3 )
0.01%0 -3.3004392 210 2.5047236 X10 =5.5648849% R10 ~1.1236298 210 1.9943022 xl0
-4 ] i ] L]
0.019% ~44209%002 x10 2.479%942 210 ~$,8727170 xl0 ~1.1006%448 X100 2.0737481 x10
\ -4 [+] 1 3 L]
0.0200 -$.2401202 x10 2.0029003 %10 “6.2332982 X10 ~1.1896026 X10 2,120%185 X10
-4 e 1 3 4
¢.020% ~$.4123%92 x10 2.9331340 %10 ~6.6339776 21O -1.1963203% X16 2.138842) xi0
-4 ] t 3 )
0.0210 ~7.8212499 X10 3.071384) 210 «“7.0790392 110 ~1.,1861179 x10 2.1270348 X310
-4 ¢ 1 3 L}
0.021% ~9.)4480%2 x10 3. 2149294 X110 ~T7.3474072 X10 ~1.1663%16 xl10 2.097739¢ Xi0
-3 [ 1 3 .
0.0220 ~1.0914784 XIO 3. 3821744 X110 ~8.0216248 110 -1.1427303 %10 2.0%590%0 110
-3 [ 1 3 . 1
0.0229 ~1.2999322 %10 J.312900) %10 ~8.4949172 x10 ~1.110092) 210 2.006%0N4 x10
-3 0 1} 3 .
0.0230 -1.9890%30 xi0 3.6%)2274 2IC ~0.03789%4 x10 -1.14200%8 x10 2.0212268 110
-3 L) 1 ] L}
0.02)% ~1.947033¢ 110 3.0122300 x10 ~9.32095% 10 -1.1103210 x10 1.9492029 x10
-3 0 1 ) L}
0.3280 ~1.7219023 al0 3.9723%17 =10 ~9,71778742 110 =1.08%752% %10 1.80299 1i0
-3 Qe 2 3 L}
0.074% ~1.09204%0 219 4.133%942 210 -1.0209%1) x10 -1,05890994 210 1.8237947 110
{
-3 0 k4 ] L] .
0.02%0 -2.0%8172) 140 4.2993206 21O ~1.,0990489 110 ~1.0604118% 10 1. 7189108 1010

19 f




DENSITY

0.023%

0.0260

0.024%

9.0270

0.021%

0.0200

0.020%

0.02%0

0,029

0.0300

0.0308

0.0310

0.031%

0.0322

0.032%

0.0330

0.0333

G.0340

0.0)43

0.03%0

0.03%s

0.0360

0.0383%

0.0370

0.037%

TABLE 511, COEFFICIENTS A&; FOA ISOCMORES IN EQUATION (2] -CLueTINUED

AL

~2.2143473

~2.61008%07

~2.0272401

~3.84C7109

~2.,92)35301

~3.2097408

~3.4133849

=3.4292 73

-4.0%83221

-4.03510s8

~3.2023678

~3.3751512

~8.2069722

~6.007092°

~1.1803709

~7.6073288

=T7.931%5444

=%. 1213819

-9.%637%06

=1.10130%9

~1.4999132

=l.342A109

~1.95C9s510

=1.740000s

~2.012450¢

-3
xl0

-3
xio

-3
x10

~3
x10

-3
Xx10

-3
x10

-3
x10

-3
xi0

-3
110

~3
xi0

-3
xio

-3
x30

-3
410

~3
wo

-3
x10

-3
¥i0

-3
X110

-3
no

-3
no

-2
10

-2
x10

-2
X0

-2
no

xnn

-2
%o

A2

4.4572938

4.6326102

4.8109381

4.9917339

S.1482192

$.35¢%627

5.5388032

$.691730)

3.967197%%

6.119807)

6.49%5082)

6.7232 139

1.,008332

T.284%8180

1.9091783

T.1573489

T1.9939722

$.3571042

8.808)92¢

9.0096826

9.3383942

9,0084379

1.0229200

1.0806038

l.126179

A)

~1.0947043

=1.1370972

=1.177004¢

=1.2139729

~1.2207832

=1.2737633

~1.3032203

=1.3031157

=1.3843027

=1.3730741

~1.506%102

~1.%333101

=1+50864047

~1.6)066492

~l.6426362

~l.0570472

~1.8%93047

“1.72217008

~l.7159915%

=1.702%788

~1.804278)

~1+080642728

~1.9410028

«2.000492)

~2.09128%2

20

2
alo

2
10

Ay

=1.073322)

~1.0304141

~1.0340018

~1.0264770

~1.002340%

~1.0365%62:

=~1.0349302

~1.11724%3

~9.5022%43

-1.3%18802

=7.3317710

-1.1729678

~6.1918306

-%.2271128

~5.3825937

=5.1531400

-5.1839302

-3.8519871

~3.6%43%01

~l.84810297

-8. 7945038

1.5410294

3.9504009

%.794249G

$.7722498

L} ]

1. 7442580

l.68498)38

1.5978421

1.5412900

1.5329079

1. 44745461

1.3941732

1.434002%

1.2070660

1.27201082

9.0641995

8.564282%51

T.4271301

6.310508¢

6.367134%]1

6.0704932

6.0532802

©.8294821

4.932057%

3.5624987

2.90594 40

Latdston?

~3.1705707

~1.85322%7

~3.89%2011)

LY ]

x10

o

o]

X190

x

Q

L]

xic




VABLE 101, COEFFICIENTS A FOR ISOCHOAES IN EQUATION (2)-CONFINUED

otnN3 Y Al A2 A3 Ay AS
-2 1 2 3 3
0.0300 ~2.24C8441 X190 1.1740489 x10 =2.1504047 x10 1.1212214 x10 =5.4197643 X10
-2 1 2 3 3
0.038% ~2.30C8439 x10 1.2016333 010 -2.0928329 x10 Le1541824 %10 ~5.4462613 x1C
-2 1 2 3 3
0.0390 -2.3612257 110 1.2275687 x10 ~2.0118944 Xx10 l.1%188611 x10 =5.1573924 X10
-2 1 2 2 3
0.0398 -.11318%0 x10 1.220%924 x10 -1.7942589 %10 9.4203092 xl10 ~3.8215951 x10
-2 1 2 2 2
0.0400 ~1.57873718 x10 1.1833711 x10 ~1.4498538 x10 $.4030442 X10 ~9.16%665%9 x10
s
-3 1 1 1 3
0.040% ~7.2297747 x10 1.1143704 x10 ~9.8067031 x10 ~3.5545003 x10 2.7670921 %19
-2 1 |} 2 3
0.0410 =1.1157932 x10 1.1728386 Xx10 ~9.7440413 x10 1.3041488 X10 2.0174%73 x10
-4 1 1 2 3
. 0.0e153 2.0572108 19 1.0774412 x10 =3.8944428 Xx1¢ ~5.49872%2 x10 6.5748069 X110
-3 1 ] 2 3
0.0420 9.)201%07 x13 1.0186019 x10 2.2018214 x10 ~8.9712210 xt0 8,2338889 x10
-2 1 2 ) 3
0.0425 ~3.06086042 x10 1.4999411 xt0 ~1.5324378 X110 1.971517% x12 ~9.3307406 x10
-1 1 2 “ 4
0.0430 ~2.59673086 x10 3.7806308 Xx10 =9.062153%97 G 1.9543871 x10 ~9.,3572403 x10
-2 t 1
0.0438 2.0399673 110 1.0508182 x10 3.6778774 X10
-2 [} 1
0.0440 4.126616) x1U 9.6191112 x10 T.27622%2 %10
-2 [4 2
0.0449% 6.8%706%1 X0 8.3929369 x10 1.14%8652 x1¢6
-1 [} 2
0.04%0 1.4766831 x10 4.3831207 210 1.7323322 x10

'
|
|
9
|




DENSITY = 0,0030

T DELTA

3

CiG=Kk  ATMX10
«1

-1
-1

COwOO Qo

U]
-~

»

(L3}

DENSITY = 0.02%0

T DELTA

3

OEG-x  ATMX10
31.0%0 30
32. ~2
3. -23
34, -17
3s. -10
36, -5
37. o
36, s
39, s
40, 13
42, 13
4o, S
a8, 3
48, -2
50. -7
5S. -2
0. ~-10
5. 3
70, 16
75. -1s
0. ~19
5. -1
90. 28
9. 20
100. ~24

® SATURATION TEMPERATURE

o ABSOLUTE waALut

[
({3}

0.01

TABLE V. REPRESENTATIVE

OENSITY = 0,0100

T

3
DEC-K aTAR1O
32.43%0

34,
Js.
36.
37.
33,
39.
40.
‘2.
44.
46,
Ad.
so.
ss.

OELT..

~12
-1

’
)
recy

.10
0.01
0.08
0.05
0.04

DENSITY = 0,000

T

3
OEG-K ATMX)OQ
21.27¢

29.
30.
31.
32,
33,
3,
as,
36.
37.
3.
39.
40.
42,
46,

OELTA »

=31
T
24
7

9

?

'y
-8
-9
-3
-2
0
-2
-8
-8
0
-8
5

s

3
-4
31
1s
=13
-88
46

”r

0.60
0.08
0.1%
0.03
0.03
0.02
0.C1
0.02
0.02
0.0}
9.C0
0.C0
0.co
0.01
.01
0.20
0.01
0.¢00
0.C0
0.¢0
09.00
0,01
0.C1
0.00
0.02
0.01

2

DEVIATIONS FOR SELECTED 1SOCHORES

DENSITY = O,ny=a

\

3
DEC-k AYMX10

32,918
33,
34,
38.
38,
37,
3s,
39,
40.
42.
4,
46,
48,
$0.
S,
&0,
65.

DELIA p

i 0t
‘UON’OONQ)\J—-OU

BPWwrONN

"y

OOO'OO0.0
828882

)
o
-

- E-X-X-X-3
by

828223

DENSLTY = 06,0330

\{

3
DEG-K  ATMX10

200469
22,
23,
24,
2s.
26,
27,
28.

OELTA

10
-17
2
-14
$
21
20
14
i
-4
-10
-22
-28

PCY

DENSITY & 0.0200
DELVA »

T

3
DEG~K  ATNX10
32.707

3,
33,
36.
7.
ae.
39.
40.
42.
A4,
4.
48.
0.
ss.
0.
&5,
104
5.
80.
as.
90.
es.
100.

n

.
(43

DENSITY = 0.0400

T

DEG-K ATHX10
16.013

18,
19.
20,
21.
22,
23,
24,
25.
26,
27,
28,
29,
0.
.
32.
33.
3a.
3.
3s.
37.
8.
39,
40.
2.

DELTA »

-

rcY

ts 0,02
4 0.00
-58 0.06
13 0.01
33 0,03
1 0.00
16 0,01
-14 0.01
~9 0.01
-7  0.00
~2  0.00
17 o0.01
i1 0.01
11 o0.01
21 0.01
-29 0.01
-49  0.02
-24  0.01
9 0.00
25 0.01
13 0.00
13 0.00
-12  0.00
-3 0.00
3 0.01
=24  0.01




TABLE 1X. YTHERMODYNANIC PROPERTIES CF PARAHYOROGEN, SATURATED LIQUID AND SATURATED VAPOR »

(2P 2p)y P 2T
TENPERATURE PRESSURE VOLUME 1SOTHERN 1 SOCHORE INTERNAL ENTHALPY ENTACOPY Co o+ NEAT Cpo HEAT VELOLITY
OERIVATIVE OERIVATIVE ENERGY CAPACITY CAPACITY OF SOUND
BEG. KELVIN ATH cn’cnou CMIATR/GROLE ATH/K J/GNOLE J/GMOLE J/GMOLE-K J7GMOLE-K J/GROLE-K METER/SEC
13.803 0.06')5 26.17 23324, 9.403 -622.9 -622.7 10.00 .50 13.13 1273
13.80) 0.089, 16056.81) 1098, 0.005% 159.8 202.8 75.63 12.92 21.20 30%
18, 0,070y 26.2) 22064, 9.370 -620,3 -620.1 10,19 9,%6 13.31 1264
le, 0.077g 14519.41 t110. 0.006 1r2.0 286.5 T4.90 12.5%2 21.2% 307
1%, 0,133 26,32 21380, 9.132 -606.9 -606.2 11.14 9.9 14.08 123%
15. 0.133 9049.48 1170, €.009 182.9 304,80 T1.086 12.58 2t.51 nr
6. 0.213 26.84 19950, 8.919 -592.0 ~591.4 12.08 10.26 14,92 1207
18, 0.213 $95%5.49 1223, 0.014 193,2 321.7 69.15% 12.63 21.07 325
17, 0.32% 27.18 18327. 8,748 ~576.6 -5735.7 13,01 10.61 15.92 1718
17. 0.325% 4096,.08 1267, 0.020 202.9 331.8 66.75 12.7¢ 22.31 333
18, 0.4786 27,54 16910, 8.389 ~580.2 -558.9 13,95 10.94 16.98 1le8
18, 0.478 2920.8)1 1302. €.02¢% 211.9 3s2.7 64,60 12.84 22.80 341
19. 0.473 21.9) 15663. 8.423 -562.9 -541.0 l4.88 11.24 18.05 1124
19. 0.673 2145.087 1326, J.04¢ 220.0 3668.2 62.64 12.96 23.51 347
20. 0,923 20.3% 14525. 8.252 =524.8 -521.9 15.83 11.51 19.1% 1102
20. 0.923 1618.07 1340. 0.03) 22%.2 378.3 60.985 13.08 24.20 353
20.268 1.000 28,48 14091, 3.204 «~519.5 -316.4 16.08 11.57 19.3%3 1093
20,260 1.000 13506.36 1343, ¢.05? 229.0 381.7 60.41 13.11 24.50 ass
21, 1.233 20,82 13123, 8.0%7 ~$0s.1 -501.9% 16.78 11. 74 20.49 1072
21, 1.233 1245.28 1344, 0.07¢C 2333 389.1 39.21 13.20 2%.18 3ss
22, 1.613 29.34 11914, 7842 -404.5 -479.7 17.74 11.94 2l 8% 1046
22, 1.5613 973.39 1333, 0.09C 238,95 397.¢ $7.64 13.3) 26.27 383
23, 2.069 29.90 10507. 7.50) ~462.6 ~456.3 18.72 12.11 23.51 1012
23, 2.009 171.82 1310. Q.115% 242.3 404.2 56.15 13.46 27.%9 367
24, 2.611 30.54 9273. 7,291 439.3 -431.2 19.72 12.2% 25,29 980
28, 24611 619.37 1272. C.l48 244,17 4068.% 54.73 13.%9 29.22 310
25. 3. 245 31.26 0221, 6.96% ~414.9 ~404,2 20.74 12.37 27.33 963
25. 3,245 501.85% 1219. c.182 245.4 410.4 $3.34 13.7¢ 31.28 37
26, 3.982 32.08 6810, 6.591 -387.9 -374.9 22479 12,49 29.719 903
26, 3.902 409.62 1149, 0.228 244,11 40%.4 $1.98 13.90 33.90 375
2. 4,029 33.04 5813, 6,182 -3%99,3 -343,1 22.89 12.61 I2.94 ass
27. 4,029 336.00 1061. 0.284 240.9% 404.9 50.61 14,09 37.62 n?
28, S. 794 34.19 4425, 5.736 -328,3 ~308.2 24.04 12. 74 37.39 807
2¢. Se 194 278.24 95¢4. 04354 234.0 39s.1 49.21 14.34 42,82 3re
29. 6.887 35.5%9 3339, $.295) -294.2 -269.)3 25.27 12.09 43,04 153
29. 8.887 226.0% 823, 0.443 2231 382.0 aT. T4 14,67 50.79 378
30. 8.118 37.28 2300. 4.720 -25%.9 ~225.1 26.61 13.07 %4.20 692
30, 8.118 165.17 6683, 0.361 208.1 360.4 4614 1%,12 64,50 37
31. 3.501 39.8% 1376, 4.110 ~211.3 -172.9 20.13 13.3) 14.81 823 °
3. 9.501 188.00 471, 0.727 184.4 327.7 44.30 15.77 93.07 3rs -
32. 11.081 43.83 $93. 3.393 -154.4 -105%.3 30,08 13.79 134.40 539
2. 11.031 11%.21 2%6. a.977? 145.3 274,3 41.93% 16.47 176.84 371
32,978 12.7%9 84,14 1.874 -$.3 TT.6 39,42 19.00 349
32.974 12.759 64,14 1.074 842 T6.7 35,40 19.66 351

o THE FIRST ENTRY FOR EACH VEMPERATURE PERTAINS TO THE SATURATED LIQulD




TABLE X. TMERMODYNANIC PROPERTIES OF PARAHYDROGEN, [SOBARS
0.07 ATHCSPHERE [SOBAR

5 (2P/2p)y (9P/aTp
: TENPERATURE  VOLUME I1SOTHERN 1S0CHORE INTERNAL ENTHALPY ENTROPY Cyo MEAT + HEAT VELOCITY
! DERIVATIVE  OERIVATIVE ENERGY CAPACITY PACTTY 0F SOUND
OEG. RELVIN CNPGNOLE  CHIATM/GNOLE ATM/K J/GHOLE 17GHOLE J/GMOLE K J/GMOLE-K  J/GMOLE-K  WETEA/SEC
. 12.06 2618 23128, 9.400 -622.7 -622.6 10.01 9,50 13,17 1269
. 13.816 15949, 1098, 0.00% 170.0 203.1 15.58 12,52 21.20 306
1. 18167 tila, 0.008 172.3 287.0 75,88 12.51 21,19 300
e 17362, 1200, 0,005 185.0 308.1 .32 12.30 2111 319
16 18584, 1207, 0.004 197.6 329.2 78,80 12,50 21,06 330
17 19743, 1360, 0.004 210.2 330.3 79.98 12.49 21.03 340
18 20930, 1452, 0.004 222.8 N3 8116 12.49 21.00 350
19 221140 1537, 0.004 235.4 392.3 82.29 12.49 20,91 360
20 23290, 162, 0.004 248.0 a13.2 83037 12.49 20.93 310
21 24480, 170e, 0.003 260.5 4.2 8439 12.49 20.93 379
22 25661, 1787, 0.003 21301 *35.1 85.3s 12.49 20.92 388
23 26842, 1870, 0.003 205.6 476.0 86.29 12,48 20.91 397
24 28021. 1984, 0.003 298.2 496.9 81,18 12.48 20,90 405
23 29200, 2037. 0.003 310.7 s17.0 88.04 12,48 20.89 TS
26 30379, 2119, 0,003 323.2 s38.7 s8.86 12.48 20.88 22
27 31587, 2207, 0.003 338.7 $59.6 89.64 12.48 20.87 430
28 32734, 2208, 0.003 38,3 500.4 90,40 12.48 20.84 430 .
29 33011, 2368, 0.002 350.8 601.3 91.13 12.48 20.8¢ 446
30 3s08a, 248, 0.002 3133 s22.1 91,84 12.48 20,85 454
31 36264, 2337, 0.002 385.8 64340 92.53 12,48 20.8% 61
32 37440, 2614, 0.002 398.3 663.8 93.19 12,48 20.85 pots
33 38616, 269m, 0,062 +10.8 684.7 93,83 12.48 20.84 aT6 3
34 39791, 2181, 0.002 42303 705.3 94.45 12,48 20.84 403
33 40967, 2083, 0.002 «35.8 726.4 95.06 12,48 20.84 490
36 e2142, 2948, 0.002 “8.3 74722 95,64 12.48 20.84 497
37 3317, 302e. 0.002 460.8 168.1 96.21 12.49 20.8¢ 504
38 48492, 3. 0.002 473.3 788.9 9%.71 12.49 20.84 s11
39 45688, 39, 0.002 4838 909.7 97,31 12,49 20,84 517
0 46841, 327, 0,002 498.3 830.6 N 12.%0 20.84 524
. +8018, 3358, 0.002 $10.9 851.4 98,35 20,84 530
.2 49190, 3440, 9.002 $23.4 872.3 98,83 20.85 537
43 $0364. 3822, 0.002 535.9 8931 99.35 20.86 343
4 s1s38, 3608, 0.002 8.4 914.0 99.83 20.87 549
45 s2r12. 3587, 0.002 561.0 934.8 100.29 20.88 358
a8 s3886. 3769, 0.002 511.5 98,7 100.73 20.89 561
47 55060, 3852, 0.001 586.1 97646 101.20 20.91 567
8 36233, 3936, 0.001 598.7 997,38 101,66 20.92 573
49 57407, s016. 0.001 61,3 1018.3 102,07 20.94 579
50 58381, 4098, 0.001 623.9 1039.4 102,50 20.97 585
51 59754, TN 0.001 636.6 1060.4 102.91 21.00 590
52 60928, 4263, 6,001 649.3 1081.4 103,32 21.03 596
33 62101, 438, 0.001 662.0 1102.5 103,72 21.06 01
4 63275, 827, 0.001 ste.8 112346 108,12 2110 606 .
33 64448, 4509. 0.001 ©87.6 114427 104,50 2114 812
36 63621, 4392, 0.001 700.4 1165 8 104.89 21.19 617
57 65795, 874, 0.001 7i3.3 87,1 105.26 21.24 622
s8 67%68. 4756, 0.001 126.2 120823 105.63 21.29 627
59 69141, a83n, 0.001 739.2 1229, 103,99 218 631
0 10314, «920. 0.001 752.3 12%1.0 106.33 2181 636
61 T1487. s003. 0.001 1272.8 106.71 2148 a4l
82 12861, s0e5. 0.001 1294.0 107.06 21,38 sa3
63 73834, 5187, 0.001 131526 107.40 21.83 650
o 75007, 5249, 0.001 133722 107,75 21,11 684
s 16.80. s 0.00: 13590 108,08 21.80 58
6 17333, a1, 0.00% 1380,9 108.42 21.89 663
o7 18526, s496. 0.00: 1402, 8 108.75 21.99 a7 .
o8 79699, ss1s, 0.001 14248 109.07 22.09 an
9 0872, 3680. 0.901 1447.0 109.40 22.19 675 i
10 82044. s142. a.001 1489.2 109,72 22.30 s19
n a7, saza. 0.05. 1491,6 110.03 22.42 82
12 84350, 590s. 0.001 135141 110.38 22,54 Ty .
3 03563, 3088, 0.001 1336.7 110,66 22,66 690
128 86736, sor1. 0.001 15894 110,97 22.19 493
15 87909, 8153, 3.001 1582.2 111.28 22.92 697
s 89082, e23s. 0.001 1605.2 23.08 700 :
"7 90254, e317, 0.001 TA20.3 23,19 704 i
18 91a27, 6399, 0.001 <108 2333 107 ]
9 92600. se8l1, 0.001 %40 112,48 23,48 1o :
00 93713, 6363, 0.001 1033.3 1698, ¢ 112.78 23,63 14 j
0 949453, [T 0.001 1048.9 1722.3 113.07 23.70 n7
02 %6118, 728, 9.001 10644 1746.1 113,36 23.94 120
't 97291, 6810, 0.001 1080.1 1770.2 113,65 26,10 123
" 98464, 4892, 0.001 1096.0 1794.3 113,94 24226 126
s 99636, 6974, 0.001 1112.0 1818.7 114.2) 2042 129
P 100809+ 7084, 0.001 1120.2 188),2 114,82 26,59 2
o7 10190:. 1n, 0.901 1144.8 1867.8 114.80 20,78 s
. 103154, 1220, 0.001 1161.0 1092.7 115,09 26,92 10 ]
' 104327, 1307, 0.001 nmno 1917.7 115,37 25.09 %1
90 105300, 300, 2,001 11966 1942.9 115,43 23.20 748
% 108672, Taev, 0.001 121146 1964,2 115,93 7 \ -
9?2 107845, 1549, 0.001 1220.8 19937 116,21 30
" 109017, 1631, 0.001 124822 20194 116.49 132
"% 110190, s, 0.001 1263.0 2043.3 116,77 58
9 111383, 1793, 0.901 12613 2071.4 117,06 58
" 112915, 1817, 0.001 129924 209,86 117,32 761
” 113790, 7939, 0.001 1317.8 21240 17,39 Te4
% 114800. 8041 0.001 1398,7 2150.8 117,86 766
" 116083, ol2e, 0.001 13842 2177y 116:13 1Y
100 1171228, 204, 0.001 13728 2204.2 110,40 m
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TABLE X. THERMODYNAMIC PACPERTIES OF PARAHYDROGEN, 1 SOBARS-CONT INUED
0.08 ATMCSPHERE [S0BAR

(0P 2y P T
TEMPERATURE YOLUNE TSOTMERN 1S0CHORE INTERNAL ENTHALPY ENTROPY Cys MEAT Co® MEAT CELOCITY
3 DERIVATIVE DERIVATIVE ENERGY CAPACLTY CAPACLTY OF SOUND
DEG. KELVIN CM/GMOLE CHIATHPGMOLE ATN/K J/GHOLE J/GMOLE J/7GROLE-K J/GROLE~K J/GMOLE-K METER/SEC
1s 26.23 22840, 9.38% -4620.2 -620.0 10.19 9.56 13.3 1264
* 14,049 26.24 2283m, 9.362 -319.8 ~619.4 10.24 9.8 13.34 1264
. 14,049 14166, 111, 0.006 172.6 287.4 T4.80 12.53 21.2% 309
13 15163, 1195, 0.00% 18%.7 307,46 76.19 12.51 .17 39
16 16209. 128", 0.00% 197.3 328.7 17.35 12.350 21.11 330
17 17251, 136%. 0.008 210.0 349.8 78.83 12.30 21.08 340
18 18292. 1450, 0.003 222.4 370.8 80.04 12.49 21.03 350
19 19330. 1534, 0.004 235.2 391.9 a1.117 12.49 21.00 360
20 20367, 161", 0.004 247.8 412.9 82.25 12.49 20.98 310
21 21403, 1701, 0.004 260.3 433.8 83.27 12.49 20.9% 31
22 22430, 1705, 0.004 272.9 454.8 84,25 12449 20.94 k17 )
23 23471, 1868. 0.004 28%.4 475.7 es.18 12.46 20.93 337
24 24505, 1951. 0,003 258.0 496.6 96,07 12.49 20.91 405
25 25537. 2034, 0.603 310.3 $17.5 06.92 12.48 20.90 416
26 26%69. 2117, 0.903 323.1 538.4 8T.74 12.48 20.99 “22
27 27600, 2200, 0,003 335.6 $59.3 38.53 12.48 20.08 430
28 28631, 2293, 0.003 348.1 580.2 89.29 12.48 20.08 438
29 29661, 2346, 0.003 360.6 6011 90.02 12.48 20,87 446
30 30892, 2449, 0,003 313.2 621.9 90.73 12.48 20.06 454
n 3ral. 2532, 0.003 385.7 642.8 91.41 12.48 20.86 451
32 32751, 2614, 0.003 398.2 663.7 92.07 12.48 20.89 469
33 33780, 26917, a.002 410.7 664.3 92.72 12.48 20.05 476
34 34809. 2119, 0.002 423.2 105.4 93.34 12.48 20.85 483
35 35638, 2862, 0,002 435.7 T26.2 93.94 12.48 20,84 490
36 36867, 29435, 0.002 448.2 TAT.l 94.33 12.48 20,04 497
37 37895, 3027. 6.002 480.7 767.9 95.10 12.49 20,04 304
30 38923, 3109. 0,002 473.2 788,7 95,68 12.49 20.04 511
39 39951. 3192, 0,002 405.7 809.6 96.20 12.49 20.84 517
40 40979. 3274, 0,002 498.2 830.4 96.73 12.50 20,83 524
Al 42007, 3337, 9,002 510.08 831.3 97.2¢ 12,89 20.8% 530
42 43035, 3439, 0.002 $231.3 8712.1 91,74 12.51 20.85 537
43 44063, 3521, 0.002 53%.8 893.0 98.23 12.52 20.88 543
44 43090, 3604, 6.002 548.4 913.9 98.71 12.53 20.87 549
43 46116, 36868, 0.002 560.9 934.7 99.18 12.%4 20.88 353
46 47145, 3768, 0.002 573.9 955.¢4 99.64 12,58 20.89 L¥)
47 A8172. 2851, 0.002 586.0 976.3 100.09 12.%7 20.91 587
48 49200, 3933, 0.002 598.6 997.4 100,53 12.99 20.93 13
49 50227. 401%. 0.002 611.2 1018.4 100. 96 12.61 20.95 519
50 $12%4. 4Q098. 0.002 623.9 1039.) 101.39 12.64 20.97 585
51 s2201. 4180, 0.002 636.% 1060.3 101.80 12.66 21.00 590
52 $3308. 4262, 0.002 649.2 1081.3 102.21 12.70 21.03 396
53 54333, 4344, 0.002 662,0 1102.4 102.61 12.71) 21.06 401
54 5%362. 4427, 0,001 64,7 1123.5 103.00 12.1? 21.10 606
53 56389. 4509, 0.0014 681.5 1144.0 103.39 12.81 21.14 sl2
S8 57415, 459i. 0.001 700.4 1165.8 103.77 12.86 21.19 87
7 58442, 4873, 0.001 113.2 1187.0 104,13 12.91 21.24 622
58 59469, 4755, 0.001 126.2 1208.2 104.52 12.96 21.29 627
59 60495, 4838, 0.001 739.2 1229.6 104,00 13,02 21.33 831
60 61%22. 4920. 0.001 73%2.2 1250.9 105,24 13.0% 21.41 636 a3
[3) 62549, 5002. 0.001 76%.4 1272.4 105.60 13.1% 21.48 641
62 63573, 5004, 0.901 178,56 1293.9 105.9% 13.23 21,58 243
‘ [3) 64502, $167. 0.001 191.8 1315.% 106.29 13.30 21.6) 650
‘ [ 13 65628, $249. 0.001 80%.2 1337.2 106.63 13. 39 21,71 634
} [ 1] 66633, $331. 0.001 a18.% 13%8.9 106,97 13.47 21.80 [31]
[ 1] 67681, selv, 0.001 32,2 1380.8 107.3} 13.57 21.09 [1%}
67 608709, $49%., 0.001 843.0 1402.7 107.64 13.68 21.99 667
[1] 89734, 5517, 0.001 4%9.5 1624,8 107.96 13.76 22.09 871
(3] 70761, 366", 0.001 273.) 1446.9 108.20 13.87 22.19 675
70 T1787. ST4%. 0.001 887.3 1469.2 108,61 13.98 22,30 57 [ 4
" 12813, 5824, 0.001 5C1.2 1491.5 108.92 14,09 22.42
12 13840, 3908, 0.001 3.3 1514.0 109.24 14,21 22.94
1 74846, S04, 0.001 929.7 1536.6 109.49 18,34 22.60 690
14 7%5092. (1200 0.001 944,11 1559.3 109.68 14,46 22.79 693
5 T6919. 5153, 0.001 9%a.? 1302.2 110.16 14,60 22.92 697 ,
Te T1945. 6233, 0.001 973.3 160%.2 110.47 14,7 23,08 100 ‘)
" 78971, 8317, 0.001 988.1 1628.3 110.77 14,87 23.19 704 :
70 79997, 6399. 0.001 1003.1 16%1.6 t11.07 15.01 23.34 107
19 81024, oalt. 6.001 1010.2 167%.0 111.37 1%.16 23.48 710
a0 82030, 6563, 0.001 1033.4 1499.5 111.87 15.31 2%.6) T8
83076, (1150 0.001 1048.8 1722.2 111.96 15.4¢ 23.78 "t “
8602, er27, 0.001 1084.4 1746.1 112.29 $.62 23.94 120
8s%128. a81n. 0.001 1080.1 17170.1 112.54 24.10 123 3
8613%. 6092, 0.001 1093.9 1794.3 112.8) 24.26 126 '
8T1Ri. 4974, ¢.001 1. 1018.6 113.12 .10 24.82 129
88207, 7056, 0.001 3128.1 18431 113.41 16.27 24,99 132
49233, 130, 0.001 1144.9 1061.8 113:69% 16.43 24,78 73%
90259, 1220, 0.001 1161.0 1992.6 113.9¢ 16.40 4.2 738
91285, 1302, 0.001 11777 1917.7 118.26 16.17 2%.09 T41
2311, T304, 0,001 1194.% 1942.8 11e.%4 18,9 2%.26 Tad
n 93338, 7467, 0.001 1211.8 1968.2 114.02 .12 2%3.44 747
92 94364 7549, 0.001 1228.0 19937 115.10 17.29 25.61 %0
93 95390, 7431, 0.001 1246.2 2019.4 115.38 17.47 235.79 152 i
9 96414, Ty, 0.001 1263.1 2045.3 119,66 17.64 25.9% 98 .
9 97442, 1199, 0.001 1201.9 07.3 115.9) 17.82 26.16 750
% 98468, 7077, 0.00% 1299.4 2091.6 1le.21 7.9 26.31 761 '
” 99494, 7959, 92,001 1317.9% 2124.0 116,48 180.17 20,49 To4
98 100%20. 80A1. 0.001 13935.7 21%0.3 116,79 18,34 26.40 Teé
" 101348, 0123, 0.001 13%.1 2171.3 117.02 10.5%2 26.04 148
100 102572, 8206, 0.001 1512.0 2204.2 17.2¢9 10.89 21.01 1
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o
: TASLE X, THERMOOYNAMIC PRCPERTIES OF PARAHYOROGEN, [SOBARS-CONTINUED
0.10 ATNOSPHERE [SOSAR
(2P 2001 (2P 2Tp
TEMPERATURE voLunt 1SOTHERR 1S0CHORE INTERNAL ENTHALPY EMTROPY C,o HEAT + HEATY VELOCITY
3 OEM IVATIVE OERIVAT IVE ENERGY CAPACITY CAPACLYY OF SOUND
OEG. KELVIN CM/GMOLE CuIATHIGROLE ATA/K JIGPOLE J/GMOLE J/GNOLE - J/GHOLE~K J/GHOLE-K METER/SEC
* 13,804 26.18 23311, 9.402 ~622.9 -622.6 10.00 *. 2% 13.13 1213
14 26.23 22046. 9.369 ~820.2 ~620.0 10.19 9. % 13.31 1264
® 14,434 26,36 22191, %2 218 ~614,1 ~613.9 10.62 9.71 13.68 1252
* 14,434 11627, 1130, 0.007 i77.¢ 296.8 73.30 §2.35 21.36 312
18 12088, 1186, 0.007 184.0 306.5 74,29 12,93 21.29 318
133 12925. 1272. 0.006 196.7 327.7 78,66 12.%2 21.21 3239
17 13763, 1399, 0.006 209.4 348.9 76,55 340
18 L4998, 1443, 0.006 222.1 370.0 78,15 350
19 15432, 1527, 0,003 234.7 3. 19.29 360
20 16264, 1812. 0.003 47,3 412.1 80.37 369
21 17095, 1696. 0.008 259.9 433.1 81.40 3T
22 17924, 1780, 0. 009 272.9 454.1 82.37 3es
23 16733, 1083, 0.004 285.1 47%.1 83,31 3%
N 4 1947, 0.004 297.6 496.1 84,20 405
2% 203Q. 0.004 310.2 517.0 85.0% 4ls
2¢ 2, 0,004 322.0 537.9 85.87 422
27 2197, 0.004 335.3 558.8 86.66 430
28 2280, 0. 004 347.8 579.7 87.42 438
29 2361, 0.003 360.4 600.6 88.1¢6 440
30 2444, 0.003 372.9 621.5 98.86 453
3t asam, 0.003 385.4 642.4 89.5% 61
32 2611, 0.003 397.9 663.3 90.21 460
3 2094, 0.003 4t0.5 684.1 90.85 AT6
34 a1, 0.003 423,0 708.0 91.40 483
35 2039, 0.003 435.3 725%.9 92.08 450
34 2940, 0.003 448.0 T4s,.7 92.67 497
£ 14 302%. 0,003 460.5 787.6 93.24 504
38 3107, 0.003 473.0 T88.4 93.80 S11
3 31931, 3194, 0,003 485.6 809.3 94,34 517
40 3213, 3z, 0.003 498.1 830.1 94,87 524
41 33394, 3338, 0.002 $510.6 51.0 95.38 530
42 34419. 3437, 0.002 523.1 aT1.9 95.88 537
43 35241. 3520, 0.002 $3%.7 892.7 94.37 $43
44 36064, 3402, @.002 548.2 913.6 96,85 549
. AS 36886 3645, 0.002 560.7 934,53 97,32 555
4 31708, 3% 7. 0.002 573.3 955.4 97.78 61
7 38530, 3849, 0.002 385.9 976.3 98,23 567
8 39382, 3932, 0.002 594.5 997.2 98.67 573
49 40174, 4014, 0.092 6ll.1 1018.2 99,10 5719
S0 409%6. 4096, 0.002 823.7 1039.1 99.53 sas
51 41018, 4179, 0.002 636.4 1060.1 99.94 390
52 42640. 4261. 0.002 849,1 1081.2 100.35 596
53 43462, 4343, 0.002 681.8 1102.2 100.75% 301
L ad 44204, 4424, 0.002 674.6 11233 101.1% 606
i3 45108, 4500, 0.002 687.4 1134.64 105.5%4 412
s6 43927, 4594, 0.002 700.2 1163.6 101.92 &1
7 46749, 4617, 0.002 T13.1 1186.8 102.29 622
e 47570, AT8%, 0.002 126.1 1208.1 102.68 627
ELd 48392, 4837, 0.002 739.1 1229.4 i03.0? 631
60 49213, 4919, 0.072 7%52.1 12%0.08 103.39 636
sl 50033, 5007, 0.002 1272.2 103.74 641
62 50056, 5084, 0.002 1293-8 104.09 645
3 si1e17. Slss. 0.002 1315.4 164,44 450
o4 52499, S248. 0.002 1337.0 i0s.78 654
(3] $3320. $330. 0.002 10%.11 458
a6 34142, sal2. 0.392 105,45 863
&7 54963, 3493, 0.001 105.78 667
(1] 55784. $srv. 0.001 106.10 [14)
o 56605. 5639, 0.00t 106.43 673
70 51427, $T4L. 0.001 106.7% 79
T 58248, 3823, 0.001 107.07 682
T2 59049. 0.001 107.33 086
3 59690. 3.001 490
74 60711, 0.001 493
73 81332, 0.091 (334
16 62334, 9.001 700
7 6317%, 0,001 704
10 839%. 0.M1 23,36 T07
1 64017, 0.001 aSidld 109.51 23.48 T10
80 635638, 0.001 1033.4 109,81 23.83 Tie
[d) 66459, 0.001 1048.7 110410 23.719 nt
[ 2] 61200, 0.001 1084.3 110.40 23,9 120
[ }) 40101, 0.001 10€0.0 110.69 24,10 123
[ 3] 03922, 0.301 1093,9 110.98 24,26 128
[ }] (34420 0.001 1111.9 111.27 24,42 129
[ 70344, 0.001 12s.1 111.38 24,39 732
[ 24 71388, 0.001 1144.4 111.04 73%
M 72200. 0.001 1160. 9 112.12 36
29 73027, 0,001 1177.8 112.40 741
” T3840. 9.001 1194,8 1942.8 i12.49 Te4
”" 768669, 0.001 1211.8 1968.1 112.97 747
”? 73490, 9.001 1220.7 19934 t1).24 7%0 .
(2] 76311, 0.001 1246.2 2019.3 113,52 352 5
" 77132, 0.001 128).? 2049.2 113.00 799
’” 17953, 0.001 1201.4 2071.3 114,07 1£1)
”* 707174, 6.4901 12993 2097.5 114,38 781
” 79393, 0.001 1317.4 2109 114,02 T64
” 00419, 3.001 139,71 2i%0.3 114,90 168
” 02, 0.001 13541 217172 118,17 749
. 100 02097, 0.%01 13727 2204.1 115.44 72
f
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TABLE X. YHKERNGOYNAMIC PAOPERTIES OF PARAMYOR’ GEN. ISOBARS-CONTINUED
0.13 ATROSPHERE ISOBAR

(2P /2p)r (2P/aTp
TEMOERATURE  VOLUME 1S0THERN 1SOCHORE INTERNAL EMTHALPY ENTROPY Cyo MEAT Cp v HEAT vELOCEITY
’ OERIVATIVE ~ OERIVATIVE ENERGY CAPACITY CAPACTTY OF SOuUND
DEG. KELVIN CHIGMOLE  CH¥ATH/GNOLE ATH/K 3/GMOLE 17%90LE J7CMOLE-K J/GROLE~K JIGHOLE-K METERISEC
. 13,808 26418 23316, 9.402 ~422.9 -622.3 10.00 .30 13.13 1273
14 26.23 22098, 2.370 -419.9 10.19 9.36 13.31 1269
13 26.%2 21381, 9.13% -604.2 11.14 .90 14.08 1236
. 15.248 26.60 21020. 9.017 -602.6 11.37 1229
. 15,248 8119.9 1184, 0.010 308.9 ne
14 $346.3 1251. 0.010 32%.1 328
17 9111.3 1338, 0.009 346.5 338
] 98713, 6 1428, 0.009 220.8 01.9 349
19 10234, 1511. 0.008 23346 389.1 3%9
20 10192, 1597, 0.008 246.2 410,3 368
21 113%0. 1602, 0.007 2%8.9 4314 ITe
22 11906. 1766. 0.007 2.6 452,5 37 R
23 12461, 1851, 6.007 20402 73,6 3%
24 13016, 1938, 0.006 296.8 494.8 403
25 13570, 2019, 0.006 309.4 513.6 413
26 14123, 2103, 04006 322.0 534.8 A21
27 16675, 2107. 0.006 334.8 $57.6 430
F1) 15228. 2n. 0.00% 347.1 578.6 438
29 13789, 2354, 0.00% 359.7 599.5 “s
30 18331, 2438, 0.009 372.3 620,53 453
11 16802, 321, 0.00% 384.8 681.4 481
32 17433, 2606 0.003 397.4 662.3 68
3 17984, 687, 0.008 4C9.9 683.2 132
34 18334, 2170, 0.004 422.4 704.1 483
35 19004, 2893, 0.00¢ 435.0 723.0 490
3 19634. 29%. 0.00¢ 7.3 743.9 497
37 20184, 3019, 0.004 460.0 766.8 S04
30 20733, 3102, 0.004 412.4 187.7 510
29 21283, 3148, 0.00¢ a83.1 1036 s17
0 21932, 3267, 0,004 497.6 29,4 s24
41 22381, 33%0. 0.004 310.2 850.3 530
2 22930, 3433, 0.004 522.7 871.2 537
[} 3479, s, 0,004 338.2 892.1 543
[ 26028, 3598, 0.003 s47.8 913.0 Se9
48 24577, 3680, 0.003 $60.4 933.9 558
s 25126, 3763. 0.003 $72.9 548 sel
a7 25674, 31846 0.003 585.9 975.7 567
8 26223, 3928. 0.003 se8,1 996.7 573
%) 28171, 4010. 0.003 610.8 1017.7 $79
50 21320, 4093, 0.003 623.4 1038.6 s8s
s1 27868, 4178, 0.093 836.1 1059.6 96.57 590
. s2 28416. 4238, 0.003 640,98 1080.7 98.97 see
5 53 28965, 4340, 0,003 661.9 1101.7 97.38 401
54 29513, 4423, 0.003 674.3 1122.8 97.77 08
b1 30061, 4505, 0.003 687.1 1144.0 99.14 611
ss 30609, ASeT. 0.003 699.9 116%.2 99.54 617
sy 31197, 4670, 0,003 1186 .4 98.92 822
58 31105, V752, 0,003 1207.7 99,29 2?7
59 32253, 4038, 0.00% 1229.0 99.6% 631
60 32001, . 0.003 125C.4 100.01 634
[ 33349, A999, 0.002 763.0 12719 100.37 ool
82 33897, 5081, 0.002 8.2 1293.4 100.72 643
3] J44es. [ITYN 0.002 791,93 101.06 650
o“ 34993, S248. 0.002 06,9 101.40 654
1] 35341, $328. 0.002 ne.3 108.76 458
o6 36088, s4ll. 0.002 1.8 102.07 3
7 36624, 3493, 0.002 8483 102.40 o067
0 37184, 3815, 0.002 8359.2 102.73 (341
. 37732, 5697, 0.002 3.0 103.0% o
10 30279, 5740, 0.002 86,9 103.37 679
n 30027, 5822, 0.002 901.0 103.69 (V]
7 29378, $906. 0.902 915.2 104.01 86
17 39922, 5986. 0.002 929.4 104,32 690
" 40470. 6069, 0,002 943,68 104.6) 693
] o153, 0.002 58,4 104,93 497 d
7 6233, 0.002 973.1 105,24 100 ]
7 631%. 0,002 7.9 105,54 04
1 6397, 0.002 1002.0 105,84 10?
19 sage, 0,002 1017.9 106,14 10 !
0 0942, 0.002 1033.2 106,44 e
" [VILH 0.002 1040.4 106.73 n
13 (3130 04002 108441 107.02 120
" 008, 0,002 1079.8 107431 123 i
I 891, 0,002 109%.7 107.60 126
" 6973, 0,002 1110.7 107.09 129
" 703%, 3.002 1127.9 e 32
14 7137, 0.002 1148,2 6 138
" 121, 0.092 1160.8 100.7% b1
'3 7307, 0,002 11773 109.03 781
%0 49230, 7308, 0.002 1194.3 109.31 144
”n 0778, 7446, 0.002 1211.4 109.%% 123
2 50328, 7548, 0.002 1229.6 109.47 50
” 0872, 1437, 0.002 1/46.0 110.19 19) \
€y 51420, ma2. 0,002 1343.9 110.43 %% \
(1) 31961, 7194, 0,002 12003 110.70 193
[ 2311, 817, 0.002 1299.2 110.9¢ 181 "
” 93082, 7999, 0,002 1.2 111.29 To4 0
” 33409, 9041, 0.002 13¥%.9 113,92 106
» sa197. 123, 0,002 1793.9 121.79 169 b
100 S4T0. 0209, 0.002 1372.8 112.07 m
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N
K TABLE X. THERNCOYNANIC PRCPERTIES OF PARAMYDROGEN, ISCOARS-CONT INVED
0.20 ATROSPHERE 1S0BAR
RP/2py (P/3Np
TENPERATURE VOLUME 1SOTHERN 1S0CHORE INTERNAL ENTHALPY ENTROPY Cos NEAT Ca v HEAT VELOCITY
, Dskl’t"l\'ﬁ OERIVAYIVE ENERGY CAPACITY CAPACTTY OF SOUND
DEG. KELVIN CMIGMOLE CHYATH/IGROLE Ainrx JIGNOLE J/GMOLE J/7GROLE-K J/GMOL E~K JZGMO E-% ME TER/SEC
. * 13,808 26,17 23322, 9.402 ~622.3 10.00 .50 13.13 1273
: 1s 26.23 22864, 9.370 ~619.8 10.19 9.%6 13.31 1265
13 26,52 2139¢. 9.12%6 ~606.1 11.13 9.9 14.07 1238
* 13.86) 26.80 20158, 8,940 ~$93,% 11.93 10.21 14.79 1211
* 15.881 6294,2 1216, 0.013 319.4 49,51 12.64 21.81 323
16 6355.4 1228, 0.013 322.5 9,70 12.63 21.78 326
L7 8784.4 1318, c.012 44,1 71.02 12.58 21.59 337 A
10 7210.4 1407, 0.011 365.7 72,28 12.56 21 .46 48
19 T7634,3 1496. 0.011 387.1 13.40 12.5¢ 21.37 3%9
20 8056.4 1581, 0.010 400.4 T74.50 12.%3 21.29 b7l ]
21 8477.1 1668, 0.010 429.1 75.54 12.52 21.23 3
22 8896.7 1783, 0.00% 450.9 76.52 12.51 21.19 Jos
23 9315.3 1839, 0.009 472.1 12.52 21.18 398
24 9733.1 192a. 0.008 493,2 12.51 2t.11 404
* 25 10150. 2009. 0.008 514.3 12.30 21.08 413
26 10%67. 2093. 0.068 5353 12,50 21.06 a21
27 10983, ann. 0.00¢ $56.4 12.%0 21.03 429
28 11398, 2262. 0.907 ) 12.30 21.01 437
29 11813, 2346, 0.007 e84 12.50 21,00 s
30 12228, 2829, 0.007 819.4 12.49 20.90 433
3 12042, 2513, 0.007 640.4 12.49 20.97 “60
32 130%¢. 2397, 0.006 661.4 12.49 20.9% 468
33 134790. 68", 0.006 682.3 12.49 20.94 478
34 13884, 2764, 0.00¢ 103.2 12.49 20,93 482
38 14297, 2047, 0.006 124.2 12.49 20.93 490
36 14710, 2937, 0.006 745,1 12.49 20.92 497
37 15123, 01, 7.008 166.0 12.49 20.91 503
38 15536. 3094, 0.008 186.9 12.5%0 20.91 510
39 15949, 317e, 0.00% 307.0 12.5%0 20.9 517
40 16381. 3265, 0.008 a20.7 12.%0 20,9 524
41 16774, 334¢, 0.003 049.7 12.%1 20,91 530
42 iT18s. 3627, 0.00% 370.6 12.51 20,91 537
(3] 171590, BLER NN 6. 008 891.9 12.%2 20,91 543
o4 1801t. 3594, 0.00% 912.4 12.53 20.92 549
45 18423, 3676. 0.00¢ 933.3 12.54 20.93 538
. 48 18834, 37159, 0.C8a 934,.2 12.9% 20.94 Sel
47 19246. 3842, 0.004 97%.2 12.57 20.93% 567
| 48 19658. X924, 0.004 996.2 12.59 2v.97 373
| 49 20070. <007, 0.004 10z 12.62 20.99 s19
.» 50 20481. 409", 0.004 1038, 23,715 12.64 21,01 504
\’_ s1 20893, 4177, 0.004 10%9.i 94.17 12,67 21.03 5"0
w 52 2130%8. 825%. 0.004 1080.2 94.%0 12.70 21.06 596
w 3 21718, 4337, 0.004 1101.3 94,98 12.73 21.09 601
‘ 34 22128, 4420, 0.004 1522.4 95,37 12,77 21.1) 60e
‘ 35 22539, 4507, 0,004 1443.5 ”.76 12,01 21.17 611
56 229%0. 4%8%, 0,004 1164.7 .14 12.86 21.22 617
‘ 7 23382. 4487, 0.00¢ t188.0 96,52 12.91 21.24 622
ss 23173, 4750, 0.003 1207.3 96.09 12.97 21.32 027
59 2a184. 832 0.003 21228.6 9r.28 13.02 1. 831
| 60 24593, 4918, 0.903 12%0.0 7,81 13.00 21.44 a3
61 25006, 4997, 0.003 1271.5 97.97 i3.16 21.90 84]
62 25418, sore, 0.0063 1293.0 98.32 13.23 21.%8 543
(2] 2529, sle2. 0.00) 1314.7 98.66 13.31 21.85% 30
P 26240, s2es. 0.003 1336.4 99.01 13,39 21,73 e
&S 20651, 5326, 0.003 1338.1 99.34 13.42 21.G2 6%
o6 27062, S4¢9, 0.003 1380.0 .60 13.57 21.91 [12]
87 27473, 3491, 0.003 1802.0 100.01 13.66 22.01 67
(1] 27004, 87, 0.003 1824.0 100.24 13.77 22.11 (121
o 28295, sésa. 0.003 184622 100.84 13.07 . 22 .13
10 20706, S73m, 0.003 1668.4 100.98 13.99 22.32 &7y
n o117, seze. 0.003 14%.8 101.30 14.10 22,03 .0
2 2982:. 907, 9.003 1513.3 101.61 14.21 22.88 .88
” 29938, 398, 0.003 1933,y 101.92 14.34 22.08 6%
74 30349, (1. 38 0.003 1350.7 102.23 16,07 493
13 30760. 6150, 0.003 1581.8% 102.%4 14.60 697
76 kLT, 8232, ¢ 003 1804.9 102.04 14,73 100 .
7 3ise2. s31e. 0.003 16277 103,18 16,07 704
70 IS L KN 4396, 0.003 lest .0 109,43 15.02 107
19 32403, care, 0.003 1674.4 103.73 1518 110
[ 1 32014, 6341, 0.00? le97.9 104.04 1%.3 14
H o 33228, 4049, 0.002 1721.7 15.40 n?
82 33436, o128, 0.002 1748,.3 13.62 120
[ 2] 36048, 0.092 1769,.4 15.70 12)
" 3ees7. 0,002 1394 126
[ 1] Jesed, Ce002 16.10 29
[ 3 y-are. 0.002 16.27 m
[ )4 35699, 0.002 16.4) 8
" 36100, 0.002 16,60 30
8 3510, 0.002 191722 16,77 T8l
%0 o021, 0.002 10e2,4 106.92 14,93 129
” 37332, 0.602 19%7,7 107.20 17.12 147
*” 17782, ©. 02 1901,3 17,29 130
” 30193, 0.002 20140 1747 5)
" 3e3¢e. 0.002 20449 17,04 193
» 9T, 0.002 2070.9 17,02 158
" 39388, 04002 2097.1 17,99 131
M 39798, 0.002 212,46 10,17 64
" 40206, 0,002 21%0,1 10,56 13
. w017, 0.002 176,90 10,92 %9
100 4i027. 0.002 2203.8 1009 m
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TABLE X, THERNOOYNARIC PRCPERTIES OF PARANYOROGEN, 1SOSARS-CONTIMED

|
|
0030 ATROSPHERE L(SOSAR
3P/ ap)y (oP ANy
TEMPERATURE  VOLUME 1SOTHERN 1S0CHORE INTERNAL ENTHALPY ENTROPY Ch MNEAY o NEAT YELOCITY
oF

OEALIVATIVE OERIVATIVE ENERGY CAaraACITY g’l’ltl" SOUND
otc. xeevin cufonoe  cudarnsemone ATH/K JIGHOLE JIGNOLE J/GNOLE-K  J/GNOLE-R  I/CMOLE-K  NETER/SEC
e 13.811 26.17 23332, 9,402 -622.9 -622.1 10.00 9.%0 13,03 127
14 26.23 2202, 9371 -420.3 -619.3 10.19 .. 9% 13.31 1268
13 26.52 21409, 0138 -606.0 -603.3 11.13 9% 14,07 1237
14 26.84 1e97e, 0.923 -392.1 -591.2 12.07 10.2¢ 14.91 1200
e 14,002 27.11 18609, .778 -519,7 ~578.9 12.83 10,94 15.713 us
* 16,802 4397.3 1299, 0,019 201,1 3.7 67.20 1.1 22.22 332
1 ©4359.4 1217, 0.019 203.7 339.) s7.46 12.70 12.18 338
18 are%.9 0.018 6.9 361.1 T2 12,64 21.90 348
19 3033.7 0.017 303.0 69.90 12.60 21.T2 3%
20 5319.9 0.014 404.6 71.01 12.95? 21.99 368
21 3603.8 0.018 426.1 72.08 12,98 21.49 376
22 0.014 7.6 13.06 1. 2141 338
23 0.013 49,0 74,01 12.5 21.34 3%
24 0.013 4%0.3 14,92 12.9) 21.2¢ «03
25 0.012 511.5 1%5.79 12.9%2 .12
24 0.012 332.8 12.%2 420
2? 0.011 $33.9 12.51 20
. 28 0.011 s1%.1 12.91 436
29 0981 $96.2 12.51 ass
30 G.0L0 8173 12,9 452
3 0.010 38,4 12.%0 «0
32 0.010 639.4 12.% 467
33 0.009 680.5 12.%0 4715
hd 3 9.009 70L.8 12.%0 482
33 0.009 T22.9 12.% 489
36 0.U08 743.5 12.3%0 4%
3 0.008 T64.4 12.% 503
n 103%9, 0.000 785.4 12,%0 s10
3 10813, 0,008 06,4 1.5 17
40 10091. 0.008 221.3 12.9 523
13 ) 11146, 0.4007 848.3 12.%1 330
« 11642, 0.007 49,3 12.92 S3&
o3 1unr, 0.007 090.2 12.%3 543
I 11993, 0.007 s1t.2 32,56 s4e
43 12200. 0.007 932.1 12.9%3 359
- 44 12543, 0.0070 953.1 12.% S61
o7 12018, 0.006 74,1 12.%0 se?
8 12093. 0,000 5,1 12.40 1) .
49 13368, 0.006 1016.1 12,62 ste
%0 1384), 0.006 1037,1 12,64 E11Y
b1} 13718, 0.006 1058.2 12.67 5%
$2 1e193, 0.004 1a79.2 12.% 593
3] 14400, 0.006 12,74 601
54 14742, 0,006 12.17 606
53 13017, 0.003 12.02 e11
se 15291, 0.00% 12.8 ole
57 13366, 0.00% 12.9 622
S8 15840, 0.00% 1.97 026
59 18118, 0.00% 13.03 [}))
& 16300, 0.003% 13.09 &3e
(1} 16084, 0.0093 13.5¢6 Al
0 0.00% 13.2) s
[}] 0.00% 3.3 430
64 0,00 13,39 o34
o3 0.009% 13,49 [31]
4 " 0.008 13.97 43
- o? 0.004 13.67 661
(1] 0.004 13.17 (241
o 10098, 0.004 13.87 .73
10 19132, 0.004 13.% (4]
n 19406, 0.004 14,10 682
- 12 19800, 0.004 14,22 [ 1]
12 ] 19954, 0.004 it 3 4%
74 0,004 14,47 (12 ] 1
7 0.004 14,40 (31
7 0.004 14.7) ‘v
n 0.004 14.87 700
i 0,004 1002.2 13.02 107 j
19 0,004 1017.3 1%.10 10 [}
80 0.004 1032.4 100.47 15.M e
8t €.004 1040,0 1121.2 100.%6 nvy
[ 1 0.004 1063.6 1743.1 101.23 120
[ )] 0.004 1079,) 1769.1 101.%4 123
" 9.00¢ 109%.1 1793,3 101.03 126
1) 0.004 11,2 1017.7 102.12 1729
' 0.003 1127,4 1042.2 102,41 7”2 \
" 0.00)Y 1163, 1066.9 102,10 738
® 0.900) 1100.3 1091, 102,98 738
" 0.00) 1171.0 1916.0 103.26 71
° 0.00) 11938 1942.0 103,54 Tee
9 0.00) 1290.9 1917, 109,02 1234
” 04003 1220.1 1992.9 104,10 10 :
” 0400 1205.9 2010.6 104,30 %) .
”» 0.00) 2004.9 138 W
" 0.00) 2070.6 130 .
» 0.08) 2096.8 168 y
” 0.00) 2123.2 764
" 04083 2148,0 13
" 0.003 2176.6 109 .
100 0.003 2203.9 m .
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TENPERAT URE vOL unt

0EG. mELVIN tl’ﬁlﬂt(

. 13,016 2017
14 .02
13 26.91
113 2.0
\? 27418

o 17.932 .

o \T.902 3400.8
i 182.0
e 3782.)
0 39302
N 4104.9
2 4361.9
3 4993,)
2
3
26
134
18
e
30
n
3
»
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i 1]
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0
e
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3 1804,
94 11040,
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‘e tisel
st
0
11
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134 11728,
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1) 14lde,
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P 3ph
130THERR
OERIval Ive
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1IN,
21290,
21428,
19990,
18347,
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THEAROOYRANIC PACPEATIES OF PARANYOROGEN,

PN,
150Cnone
OERLVATIVE

AT/K

INTEANAL
{11
JrGroLe

-8tl.@
~6r0.8
~406.7
-3 2.1
~37a.0

1971.0

ENTNALPY

J/GHOLE

-6l -8
~819.)
~60%.4
~391.0
-378.3
~366.9%
IS,y
396.4
38,7
400.7

422.3
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469.8

1497,0

1120.7
11440
17e8.7
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1918.4
1941,
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10.04
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.43
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10.24
10.8)
10.7¢
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12.62

t1.99
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o HEAY
APACITY
J/GuLE-R

13.13
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ta, 9
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22.%9
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Il.7e
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2).47
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0F  SOUNO
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1207
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338
)
3%4
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TAGLE X. THERNOOVNARIC PRCPERTIES OF PATANYDROGEN, 1SOBARS-COMTINUED
0.90 ATHOSPHERE [SOBAR

2P 2p)y (2P 3T
TERPERATURE  VOLUNE 150THERN 1 SOCHORE INTEANRAL ENTHALPY ENTROPY €0 MEAT . WEAT VELOSTTY
DERIVATIVE  DERTVATIVE ENERGY caraciry APACTTY OF SOUND
DEG. KELVIN CAJGNOLE  CHIATN/GNOLE At 1IGHOLE JrencLe JIGMOLE-K  J/UMOLE-K  J/GWOLE-K  WETER/SEC
o 13.018 2617 23383, 9.403 -s22.8 -821.8 10,61 9.%0 13,13 1276
26.22 2200, 9373 -620. 4 -619.1 10.18 9,54 13.3¢ 1266
26,51 214er, .14 ~8C6.7 -605.4 11.12 9.90 14.07 1231
26.03 20017, -392.2 -290.8 12.07 10426 14.91 1209
2117 18368, -578.7 -578.3 13.01 10.61 15.92 1
27054 14914, -560.3 -ss8.9 13.93 10094 10.98 1168
FEXT) LenAS, -337.9 -536.% 1a.01 10.99 17.08 1147
218804 1304, 213.0 3846 +4.32 12-% 22.94 362
2950.4 TN 224.8 74,3 65.37 12.76 22.98 352
3200 1487, 3002 39e.7 e6.82 12268 22.20 362
n 3303.6 1900, 2318 ae.e s7.61 12.64 22.06 w2
2 31708 1073, 264.6 440.8 68,63 12.61 21.89 302
1 3650.3 176e. et 62,6 69.60 12.59 21.7% 391
24 3822.9 1084, 290,17 8.3 10.52 12.97 21,60 s01
23 300422 1943, 3.8 $08.0 T1.40 12:36 21.51 N
26 Areac? 20m. 34,9 s27.8 12,23 12.58 21.%0 a18
27 33407 2119, 329.3 sae0 73.06 12.54 21.43 27
- e 4304.2 2207, 32,2 370.4 13,04 12.5¢ 21.30 s
29 473.2 2294 395.0 5917 14.50 12.53 21,3 .43
30 809 2300, 30,1 013.0 18,31 12.53 21,29 sl
n 3010.2 2481, 580.3 634.3 16.01 12.93 21.2% 489
» s178.2 2392, 393.2 655.5 76.68 12.92 21.22 66
. » $345.9 2639, 405.9 ere.? .1 1252 21.19 ore
3 $513.4 : s18.8 €97.9 17.96 12.92 21016 a8l
» $680.¢ 313 ne.t 75,58 12.82 21.14 408
3 seat.7 443.9 740.2 19.17 12.51 21012 495
3 5014.9 498.6 161.3 10073 12.51 21,10 502
) 6101.2 1063, 489.2 92,4 s0.31 12.52 21.08 509
3 o319 e, 1.9 #03.5 80,86 12.92 21.07 ste
0 314.2 . PET9R 02e.3 0.9 12.52 21.06 523
“ TN s¢r.l s 81.91 12.92 21.08 s29
Y 3400, s19.0 "6 02,42 12.53 21.08 s36
“ 3., $32.4 se1.7 02.92 12.54 21.04 42
o 1en, 45,0 908.7 03.40 12.93 21.04 548
as FCIN ss1.7 929.0 03.87 17,96 21.0¢ 555
. e, $10.) 950.0 04036 251 21.03 sel
o7 3eie. 5830 9T1.9 84,19 12.%9 21.06 s6?
« 390", ses.7 9929 8s.23 12.60 2107 s
. 3904, sce.s 1014.0 05,87 12.63 21.08 578
50 “0re. o211 10384 06.09 1268 21010 S84
" NTIN SN 10%6.2 12.68 2112 <90
2 a23s. 646,95 121723 12,70 21-13 393
53 4320, 03923 1090.9 12.74 21017 601
5 4403, e72.1 lityo? 12,70 2121 60¢
s POET 685.0 112029 12,02 21224 et
1 4367, 897.9 116222 06
1 “es2. 710.8 118,98 o2l
8 4733, 123.8 1204.9 026
k4 asio. 718.9 12263 631
0 4901, 150.0 12477 636
o s, 103.2 1269.3 sl
02 s0el. 76,4 1290.9 645
't s1%0. 1897 1312.% 630
ey s233. ecial 1334.3 654
o3 3318, sle.s 13%6.1 e
VY s3ea. 80,2 1378.0 683
o7 sasl. 0.0 1400.0 287
. s1s4. 7.0 1022.1 oll
P 11308, seas. sN.a 164423 s
10 11473, $129. "s.e 1466.8 oo
n 12630, set2. 099.3 10801 802
17 11800, se94. "7 1511.6 586 _
n 119617, se71. 920.0 153403 90
T 12132, 0003, e 1357.9 693 !
1 12291, e1a2. es1.0 1379.9 697
0 12401. 6229, 0.007 MR 1603.0 700
3] 12826. 307, 0.007 9.5 1626.1 104
7 12791, e300, 0,006 1001.3 1640.3 o1
79 12959, a2, 0.00e 1016.6 1672.9 10
a 13120, 0985, 0,006 10%1.8 1696.3 718
" 13204, e, 0.006 1047.3 1720.) ne
o 13449, 0.006 1062.8 1T44.2 +20 ~‘
1) 13613, 0. 006 1070.8 17642 123
*" 13779, $.004 1094.4 1792.8 126 )
2] 13943, 0.008 1110.8 18160 129 X
' ja107, n.00s 11726.1 19414 3
o 18212, 0,608 1143.0 18861 133
o 1883, 0.004 1159.8 1891.0 56
" 14601, f.006 1176.3 1916.0 et i
a0 14763, 1300, 0. 000 1.2 186122 Tee
" 10030, 02, 0.006 1210.2 190,68 a1
L 7 15094, 71948, N 003 1221.% 1€92.2 %0
- '3 19290, 1627, 0,009 1204, 9 2017.9 193 i
" 19829, 1109, 0,009 12674 2043.8 10
" 19887, 1199, 0.00% 1200.2 2069.9 140
" 13782, 176, 0.00% 12001 2091 rel
4] T 1984, 0.009 11622 2122.8 Tee
. 10001, s0re, 0.009 1968 218901 o1 4
" 16268, ITTIN 0.00% 1972.9 1.9 e .
1v0 16400, s20e. 0.008 11 2202.9 102.04 "2 ;
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TABLE X. TMERNOOYNAMIC PROPERTVIES OF PARANYOROGEN, 1SOBARS-CONT INUED
0.40 ATHOSPHERE 1S0BAR

(aP/2p)y (@P-3Tp
TENPEAATURE  YOLURE 1SOTHERN 1S0CHORE INTERNAL ENTHALPY ENYROPY Cyo MEAT » NEAY VELOCITY
OERIVATIVE  DERTVATiveE ENERGY CAPACITY APACETY OFf SOuUND
O€G. KELVIN cn’em: CHIATH/GROL £ ATAZK J/7600LE J76NOLE J7GROLE-X JIGROLE~K J76M00 €=k METER/SEC
+ 13,021 23364, 9.403 -622.8 ~621.2 10.01 9.5 13.14 1274
16 22938, 9.374 -618.9 10.10 9.5 13,30 1266
1s 21448, [T -408.2 .12 9.9 14.07 1238
14 20038, ~590.6 12.06 10.2¢ 14.90 1209
17 18389, -$78,1 13.00 10.61 15.91 nn
18 16930, -558,7 13.94 10.94 16.97 1149
* 18,639 16117, ~547,3 14.% 11.18 17.67 133
* 18.859 1319, 361.0 63.29 12.92 23.27 348
19 1384, 369,7 83,11 12.87 23.09 249
20 1457, 392.8 64,08 12,76 22.87 360
21 1390, 415,.1 12.69 22.38 mnm
22 437,3 12,65 22.16 381
23 459.4 12.82 21.99 390
24 481.3 12.60 21.86 199
23 $03.1 12.58 21.74 408
26 s24.8 12,57 21.65 (3%
27 546.4 12.%6 21.57 226
28 568.0 12.5% 21.51 434
29 89,4 12.53% 21.48 442
30 810.9 12,54 21.39 450
11 832.2 12.54 21.35 456
32 633.6 12,53 2i.31 466
» 674,9 12.53 21.27 473
3 696.1 12.53 21.24 A8l
3s 717.3 12.52 21.21 488
35 13e,.5 12.%2 21.10 495
3 159.7 12.52 21.16 502
38 780.9 12.52 21.14 509
39 802.0 12.52 21.13 516
40 82:.1 12.53 21.11 522
ol 884.2 12.53 529
42 863.3 12.33 536
3 806.4 12.%4 542
“ 907.5 12.55 548
a3 920.8 12.56 554
a6 949.7 12,87 se1
13 970.8 12.59 567
a8 991,9 12.61 572
A9 1013.0 12.63 S8
; 50 1034,1 12.68 S84
51 1088.2 12.68 $90
82 1076.4 12.7: 593
s3 1097.6 12,74 601
54 1118.8 12.78 606
35 1140.0 12.82 611 '
ETS 1161.3 12.87 616
37 1102.7 12.92 621
sa 1°04.0 12.97 620
s 1225.8 13.03 831 \
80 4097, 1247.0 13.10 836
.l 4980, 12¢0,5 13.18 641
62 1290.1 13.2¢ 645
63 1311.8 13.31 650
o4 13:3.8 13.40 6%
3] 1355.4 13.48 658
66 13717,4 13.57 663
'Y} 13996 13.87 687
60 1821.% 13.77 en
69 1443.7 13.08 673
70 1466,0 13.99 619
n 14005 14.10 682
12 1511.0 14,22 686
73 1%33,7 14,34 890
74 15%6.3 14247 693
12 1579.4 14,80 697
16 14,74 700
T 18,238 704
10 1%.02 107
19 10794, 15.17 710
0 10932, 1%.91 114
ot 11069, 15.47 717
82 1120s. 1%.62 720
(3] 11343, 1.7 723
% 11e00. 19,9 726
1] 11610, 16,10 129
" 11798, 1.2 732
" 11092, 16,44 735
”» 12029, 16,601 k4 1)
" 12166. Le. 70 61
"0 12303, 14,98 744 ’
" 12440, 17,02 741
2 12%7s. 17.2¢ 7%0
(1) 12718, 11,47 )
" 12082, 17,64 7%
(11 12909, 17,02 7%
(T3 (3126, 1.9 761
” 13269, 10,17 764
" 13400, 10,338 T?
M 13937, 10.92 170
100 13674, 1371.2 19.69 m
¢ TWO-PHLSE SOURDARY k2
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0.70 ATHMOSPHERE [SOBAR

TENPERATURE VOLUNE
DEG. KELVIN Cﬂ?GKOLE
e 13.82% 26.16
14 26,22
15 26.51
16 26.82
17 27.16
18 27.33
18 27.793
e 19,121 27.98
* 19,121 2071.0
20 2186.6
21 2316.2
22 2444,1
23 2570.7
24 2696.2
25 2820.8
26 2944.7
27 3061.9
28 3190.6
29 3312.9
30 34347
31 3356.2
32 3677.4
33 3798.2
34 3918.9
3% 4039.2
36 4199.4
37 4279.4
38 4399.2
39 4518.9
40 4438.4
L2} 4757.8
“2 48772.1
43 4996.3
44 $115.3
o3 $234.3
46 $353.2
&7 5472.0
(1] 5590.7
49 5709.4
s0 5828.0
51 5946.9%
52 6063%.0
33 6183.4
S4 6301.8
55 6420.1
56 65384
s7 8655.6
58 8TTA.0
59 6893.0
60 T01t.1
61 7129.2
62 T247.3
63 7385.3
64 7483.3
[ 3] 7601.3
&6 719.2
(3 7837.2
3] 79%5.1
[ 34 0072.9
10 $190.8
71 4308.7
12 8426.5
n 0544.3
T4 06482.1
73 a779.8
T6 8897.¢
77 *01%.3
79 I
144 9250.8
[ 9340.3
al 94086.2
L k3 9%03.9
[ 2] 7215
[ 939.2
[ L] 99%6.0
[ 13 10076,
" 10192,
[ 1] 10310.
[ 34 10027,
*0 10343,
el 10642,
2 10780,
9 10098,
% 11018,
” 11133,
o 11290,

TABLE X. THERMODYNANIC PRCPERTIES OF PARAKYUROGEN, 1SOBARS-CONTINUED

(2P/3¢)s (2P oTp

1S0THERN 1SOCHORE INTERNAL ENTHALPY ENTROPY Cis MEAY
DERIVATIVE  DERIVATIVE ENERGY CAPACITY
cu3aTM 7GMOLE ATR/K JIGYOLE JIGROLE JIGMOLE-K  J/GMOLE-K

23374, 9.404 -622.8 -621.0 10.01 9.31

22984, 9,318 -620.% ~618.6 10.18 9.56

21488 5,149 -606.8 -604.9 11,12 9.90

20054, 5,934 -$92.3 -590.6 12.08 10.26

18410, 8,737 -576.8 -574.9 13.00 10.61

16960, 8,995 ~560.4 -8s8.4 13.94 10.94

15650, 8,424 -842.9 -841.0 14.88 11.24

15564, 8,402 -540.8 -538.8 15.00 11.28

1320, 0.081 220.9 387.8 62442 12.97

1619, 0.039 2332 388.3 63.48 12.84

1519, 0,036 246.9 a11.2 64.58 12,713

1817, 0.036 260.4 4338 85.63 12.69

mns, 0.033 213.8 a36.1 66.6) 12.65

1806, 0.031 287.0 478.3 87,57 12.62

1290, 0.030 3€0.2 500.2 68,47 12.60

1989, 0.028 313.3 s22.1 69.32 12.59

2087, 0.027 326.3 543.9 70.1% 12,58

217", 2.026 339.3 56%.6 70.93 12.57

2259, 0.025% 352.2 587.2 71.69 12.56

23417, 0.024 365.1 e0s.7 72,42 12.5%

37,9 630.2 73.13 12,55

390.8 é31.8 73.81 12.54

4636 6130 TA 88 12.54

418,46 594.3 75.10 12,53

4291 718.8 75.72 12.%3

441.9 136.9 78,32 12.53

4546 158.1 76.90 12.53

481.3 179.3 11,87 12,93

480.0 800.5 79,02 12,53

492.7 221.7 78.55 12,53

5C5.4 842.5 79.07 12.53
518.1 864.0 79.%8 12.54
330.8 805.1 80,08 12.58¢%
343.% 906.3 80.57 12.56
556.1 927.4 81.08 12,597
568.8 948.3 81.51 12.58
581.9% 99.6 al.96 12.5%9
594,2 990.8 82,41 12.61
607.0 1011.9 82,84 12.63
819.7 1033.1 83,27 12,66

632.9 1054.2 ©3.69 12.68
1073.6 12.7
1096.6 12.7%
inr.9 12.78
1139.2 12.03
1160.5 12.87
t101.8 12.92
1203.2 12.90
12247 13.03
1246.2 13.10

1267.8 13.17
1209.4 13.24
1311.1 13.32
1332.9 13.40
1354,.8 13.40
1376.7 13,30
1398.7 13.47
1420.9 13.77
1463.1 13.88
1465.% 13.9

1487.9 14,10
1510.5 16,22
1933.1 14.34
1395.9 14,47
1378.9 14,60
1601.9 14,76
1429.1 14.00
1648.9

1671.9

1495.¢

1719.3

1126.0 18040, 9
1142,4 1065.3
1190, 1490.1
1173.6 191%.2
1192.3 19404
1209.0 1963.8
1226.19 1991.4
1244.2 2011.2
1261.0 2063.1
1219.4 2069.2
t2e1.3 08,4

131%.4

o MEAY
APACLTY
J/GAOL E-K

13.14
13.30
14.08
14,90
15.91
16.96
18.05
18.16
23.80
23.12

22.73
22.45
22.23
22.06
21.93
21.81
21.72
21.64
21.5%7
21.%0

21.45
21,40
21.36
21.32
21.20
21.25
21.23
21,20
21.18
21.16

21.15
21.14
21.13
21.12
21.12
21.12
21.13
21.13
21.18
21.16

21.10
21.20
21.23
21.26

VELDC1TY
OF SOUND
ME YER/ SEC

1274
1288
1238
1210
1178
11%0
1124
1122

348

358
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TABLE X. THERMODYNANIC PRCPERTIES OF PARAHYOROGEN, 1SOBARS-CONT INUED
0.80 ATHMOSPHERE 1SOBAR
(aP/3p)y (2P/aNp
TEMPERATURE VOLUME 1SOTHERN 1SOCHORE INTERNAL ENTHALPY ENTROPY Cvy HEAY s HEAT VELOCITY
DERIVATIVE OERIVATIVE ENERGY CAPACTTY APACETY OF SOUNC
OEG. KELVIN CN’GRO(! CMUATM/GMOLE ATM/K J/GMOLE J/GMOLE S/GMOLE-K J/GROLE~K J/GHOLE~-K METER/SEC
¢ 13,028 26.16 23308, 9.424 -622.8 ~620.7 10.01 9.51 13.14 1274
123 26,21 22971, 9.378 ~520.5 -618.4 10.17 9.%6 13.29 1267
13 26.%0 21508, 9.151 -606.9 -604.7 1i.12 9.9 14,06 1239
16 26.82 20071, 8.937 -%92.3 =590.1 12.06 10,28 14.90 1210
17 2. 16 18432, 8.760 ~576.9 ~$T4,7 12.99 10.61 15.90 171
18 21.53 1898y, 8.598 «560.5 ~538.2 13.93 10.94 16.96 1150
19 21.93 15690, 8.427 -543.0 ~540.8 14.88 11.24 18.04 1128
R * 19.5%38 28,16 15017, 8.329 ~533.2 -530.9 15.39 11.39 18,62 un
* 19.538 1837.1 1333, O.047 224.0 372.9 81.66 13.03 23.91 351
20 1891.6 1308, 0.043 230.6 383.9 62.22 12.94 23.81 356
21 2007.0 1488, 0.042 244.5 407.2 63.3% 12.82 23.11 3er
22 2120.6 1%s8. 0.040 2%8.3 430.2 64,42 12.74 22.715 378
23 2232.8 1685, 0.038 271.8 432,08 45.43 12.68 22.49 jes
N 24 2343,8 1781, 0.034 285.2 475,1 46,38 12.45 22.20 397
23 24313,9 187S, 0.034 298.4 497.3 67.28 12.63 22.12 408
25 2%63.2 19¢8., 0.033 311.6 519.4 48,13 12.61 21.98 413
7 2671.9 2060. 0.031 541.3 58.93 12.59 21.87 424
29 27180.0 2151, 0,030 563.1 69.77 12.58 21.77 432
29 2807.7 2241, 0.029 584,9 70,53 12.%7 21.69 441
30 2994,.9 2331, 0.028 606.5 .27 12.57 21.81 449
31 3101.2 2419, 0.027 37¢.7 820.1 T1.97 12.5¢6 21.55 457
32 3208.3 2508, 0.026 309.8 649,46 12.66 12.55 21.49 465
33 3314.5 2996, 0.023 402.4 6711 73.32 12.55 21.44 472 .
34 3420.5% 2683. 0,024 415.2 892.5 13.96 12.%4 21.40 480
33 3526.3 2710, 0.024 428.0 113.9 T4.58 12.%4 21.36 487
36 3631.8 2057, 0.023 440.8 738.2 75.18 12.%4 21.32 494
n 3737.2 2944, 0.022 493.6 156.5 7%5.76 12.54 21.29 301
38 3842.3 3030. 0.022 486.) 77.8 76.33 12.%3 21.26 508
39 394 7.4 3116, 0.021 479.1 199.1 76.8% 12,54 21.24 513
40 40%2.2 324qt. 0.020 4S1.8 820.3 17.42 12.34 21.22 522
L3} Als7.0 3287, 0.020 5C4.5 841.5 TT.94 12.%54 21.20 528
“2 4261.6 1372. 0.019 511.2 262.7 78.45 12.54 21.19 $3%
43 4366.1 3487, 0.019 529.9 881.9 78.9% 12.55% 21.17 Se1
44 4470.9 3545, 0.018 542.7 905.0 19.44 12.56 21.17 548
- 45 4374.9 3627, O.018 35%.4 926,2 79.91 t2.57 21.18 354
(1) 4679.1 are. 0.018 568.1 947.4 80.38 12.%8 21.16 s60
(24 4743.2 rer. 0.017? 500,08 958,93 80.83 12.60 21.16 566
48 4867,3 388, 0.017 393,53 989.7 81.20 12.62 217 572
i 49 4991.3 398, 0.01? 606.3 1020.9 81.72 12.64 21.10 sTe
50 309%.3 4090, 0.018 819.0 1032,1 82.14 12.66 21.19 S8a
51 5199.2 4134, 0.016 631.0 1053.3 82.56 12.49 21.21 589
$2 $30%.0 421, 0.018¢ 644,46 107,58 82.90 12.72 21.23 398
33 5406.7 4302. 0.018 837.4 109%.7 63.38 12.7% 2t.2% 400
54 $%10.5% 4386, 0.018 670.3 1i17.0 83.78 12.19 21,28 606
S S614.1 4469, 0.01$ 602,2 11368.3 84,17 12.83 21.32 11
LT3 S717.8 435y, Q.01 696.1 1159.6 64,55 12.07 21.% 616
57 $821.4 44637, 0.014 709.1 1181.0 84,93 12,92 21.40 621
58 $924.9 4720. 0.014 722.2 1202.4 85.31 12.98 21.45 626
59 4028 .4 4804, 0.014 138.2 1223.9 85.67 13.04 21.5%0 631
80 6131.9 4888, 0.013 T48.4 1245,4 86,03 13.10 21.5 (37
61 6235.3 4971, 0.013 T61.6 1267.0 86.39 1317 21.62 640
82 6338.7 30%4. 0.013 T74.9 1200.7 806.74 13.24 21.69 643
3 6442,1 S19%s. 0.012 780.2 13104 13.32 21,76 650
[1] 65435,.5 s221. 6.013 a0l.6 1332,2 17 .40 21.04 L11)
[1] $304. 0,012 a1s.t 1334,1 13.49 21.92 650
[13 Sise. 0.012 820.7 11376.1 13.58 22.681 843
67 SeT). 0.012 42,4 13.67 22.10 647
[1] 8554, 9%6.2 13.n 22,20 (12
69 S837, 70,1 13,00 22.320 79
10 S12n. 04,1 13.9 22.40 o79
n 380, 298.2 14.10 22.%2 .2
12 5004, 912.4 14,22 [ 10]
73 5969, 926.7 14,33 %
T4 6089, %1, 14.47 093
7% 6138, 35,7 14.60 &7
16 621r, 270.4 14.74 100
" 6301, 93,3 14.00 104
18 6384, 1000.23 1%.02 107
19 6444, 101%.4 19.37 m
(1] 6549, 1030,7 19,32 Tis
[13 663, . 104s.) 15.47 "
[} e, 106t,.7 15.62 T20
03 L34 15.78 123
" 6re0. 13.94 726
" 7,963, 1e.11 129
" T044. 16,27 732
(1] 7120, 16,44 738
1] r211, 1e.61 730
1] Ti04, 1e.78 T44
%0 7376, 1192.2 1940.1 16.93 T4
" 7439, 12¢9.3 1945.9 17.12 47
92 7942, 122¢.5 1991.0 17.3%0 7%
(1) 1824, 1243.9 2016.0 17.47 7%
N ”" 1707, 1261.9% 204240 17.64 7%
[TY 189, 1219.2 20640.0 tr.e2 7%
9% 7402, 1297.2 209%.\ 10,00 T84
(Y] 1939, 1319.) M. 1e.17? T64
”" 8037, 13338 2140.2 19,99 167
0 oi2n, 1992.0 2119.0 10.92 170
100 8200, 1370.9 24009 18.70 12
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TASLE X. THERNOOYNAMIC PRCPERTIES OF PARAMYOROGEN. 1SOBARS-CONTINUED
0.90 ATNCSPHERE [SOBAR

@P/2pN P/
TEMPERA TURE VOLUNKE 1SOTHERN 1SOCHORE INTERNAL ENTHALPY ENTROPY Cy o HEAT » HEAY VELOLLTY
3 DERIVATIVE  DERIVATIVE ENERGY CAPACITY APALLYY OF SOUND
DEG. KELVIN CM/GHOLE  CmIATM/GMOLE ATH/K JIGPOLE J/GMOLE J/GMOLE-K J/GMOLE-K J/GMOLE-K METER/SEC
e 13,831 45016 23398, 9.404 -4622.0 -620.4 10.01 9.51 13,14 127
14 2.1 2298e, 9.377 -620.6 -618.2 10.17 9.57 13,29 1267
13 26.50 21524, .154 -5606.9 -604.5 1.1 9.90 14.06 1239 '
16 26082 20091, 8,939 -592.4 -589.9 12.05% 10.26 14,09 1211
17 271.16 10453, 8.762 ~5376.9 ~574.9 12.99 10.61 15.90 1179
13 27.%2 17006, 8.601 -560.3 ~538.0 13.93 10.94 16,95 15
19 271.92 15712, 8.430 -543,1 ~540.6 14.87 11.24 18.03 1123
s 19.028 2e.32 14626, 8.266 -526.1 ~523.5 15.7% 11,49 19,05 1104
¢ 19,918 16%2.7 9.052 224.6 3717.4 60,99 13.017 24.2) 353
20 1661.86 0.0%2 221.8 319.3 61.09 13.05% 24.15 3%4
21 1766.2 0.048 252.1 403.2 62.2% 12.89 23.52 348
22 1868.7 0.045 256.0 426.5 63.34 12.79 23,08 376
23 1969.7 0.043 269.7 449.4 64.35 12.712 22,76 386
24 2069.6 0.041 203.3 472.0 65,32 12.68 22.51 396
25 2168.4 0.039 294,17 494 .6 66,23 12.63% 22.31 Q5
26 2266.4 0.037 310.0 516.6 67.10 12.63 22.1% 414
2? 2363.8 0,03% 323.2 538.7 67.94 12.61 22.02 423
28 2460.6 0,034 336,13 $60.7 68.74 12.60 21.91 432 i
29 25%6.9 0.033 349, 4 5682.5 69.50 12.5¢ 21.81 440
30 2652.8 ©.031 362.4 604.3 70.24 12.58 21.73 448
31 2748.3 0.030 375.4 626.0 70.95 12.57 21.6% 456
32 28434 0.029 388.3 647.6 71.64 12.56 21.5%9 464
33 2938.3 0.028 4Cl.2 689.2 72.30 12.% 21.%3 12
34 3032.9 0.027 41401 €90.7 72.94 12.9% 21.48 419
33 3127.3 0.027 421.0 Ti2.1 73,57 12.55 21.43 487
36 3221.4 0,026 439.8 12.%4 21.39 A9
» 3315.4 0.023 452.6 12.5¢ 21.3% 5012
38 3409.2 0.024 468.4 12,56 21.32 $08
» 3502.8 0.024 478.1 12.54 21.29 1
40 3596.3 0.023 490.9 12.%4 2.2 522
41 3689.7 0.022 503.7 12.55 21.2% 528
42 3782.9 0.022 $16.4 12.35% 21.23 535
43 3876.0 0.021 $29,1 12.% 21.22 541
(1] 3969.0 0.021 $41.9 12.%6 2.2 348
43 4062.0 0.020 $54.6 12.37 21.20 554
46 4154.8 0.020 567.) 12.%9 21.20 560
47 4247.8 0.019 $60.1 12,80 21.20 566 .
“ 4340.3 0,019 $92.8 12.62 21.20 512
49 4432.9 0.019 603.6 12.064 21.20 578
30 4525.4 0.018 618, 4 12,66 21.22 504
L1 46i7.9 0.018 631.1 12.69 21.24 509
82 4710.3 0,018 644,.0 12.72 21.26 593
53 4002.7 0.017 636.0 12.1% 21.28 600
S 4895.0 0.017 669.7 12.19 21.3 . 608
k1] 4987.3 0.017 602.6 12.03 21.34 611
38 5079.5 0.016 493.6 12.88 21.38 616
37 SATi.? 0,616 1€8.46 12.93 21.42 821
se $263.9 0.01% T2l.4 12.98 21.47 626
39 53%6.0 0.018 THM.T 13.04 21.%2 631
.0 S448.1 0.01% T47.0 13.10 21.90 636
81 3540.1 0.0:5% T61.1 13.17 21.64 840
62 3632.1 0.01% 174.3 13.2¢ 2N 645
63 $726.1 0.014 T87.7 13.32 21.78 650
[ 1] $816.1 0.014 e0l.1l 13,40 21.0% 554
(3] 5908.0 $301. 0.014 814,46 13.49 21.9% 633
[ 1] 3999.9 0.014 028.2 13.38 22.02 662
(14 6091.8 0,014 841.9 13.67 22.11 667
(1] 6183.6 0.01)3 99%.7 13.70 22.21 [3])
49 627%.9% 0.013 269,46 13.08 22.31 613
" 6367.3 717, 0.013 034 13.99 22.42 879
11 4439,1 58Q90. 0.013 [ 1208 14.10 22.%) 682 4
12 6.30.9 s843. 0.01) 1.9 14,22 22.6% 686
12 $842.8 9944, 0.012 92643 14,35 22.76 690
74 6734.3 6049, 0.012 940,17 1%.47 22.09 493 i
0Ll 6824.1 4133, 0.012 933.3 4,61 23.02 697 :
Te 6947.8 62lé. 0.012 270.0 14.74 23.1% T00 i
"7 1009.9 €299, 0.012 904.9 14.88 23,27 T04
e T108.1 4301, 0.002 999.9 15.02 23,43 07
19 7192.8 s484, 0.011 1015.0 1671.0 N.21 15.17 23.47 T
"0 12064.5% 4347, 9.011 12130.3 1694,6 91.% 1%5.32 23.72 T4
”n 1376.1 4630, 0.011 1045.0 1710.4 91.80 23.07 1484
[ 14 T1687.7 6713, 0.011 1061 .4 1742.3 92.09 24.02 720
(3] 7539.% 19, 0.011 10771 1766.4 92.30 24.18 723 i
[ 13 1650.9 0879, 6,011\ 1093.0 1790.7 92.67 24.3) 726 '
s 1742.9 4942, 0.011 1109.1 101%,.1 92.9¢ 24,50 1244
L 1] 1834.1 1044, 0.011 112%.) 1839.7 93.29 24,00 132
L 14 192%.7 127, 0.010 11e1.7 93,94 24.02 738
(1] 8017.2 1210, 0.010 1190.2 73.82 24.99 30
(1] a108.0 1293, 0.010 1.0 %11 2%5.16 T4l
90 0200.3 Tare. 0.010 .. 4.3y 25.33 Te4
” 0291.9 7459, 0.01y 1200.9 M7 2%.%0 147
9?2 83813.8 T840, 0.010 1226.2 9%.9 2%.47 150 !
”» 04T4,9 1821, 0.010 1243.4 .29 29.09 %) {
(1] 0566, ¢ 1708, n, 010 1261.2 93.%0 26.02 % !
” 0437.9 170, 0.010 127e.9 %70 26.19 %9 .
°" 80749, 4 1811, 0,000 129.9 9 .06 26.37 701 \
" 09840.9 719964, 0.00¢ 1315.0 9%.3)3 26.94 164 -
" 89)2,.0 0034, 6.009 1933.) 96.60 20.72 1817
" 2023.8 e, 0,000 1981.7 %.07 26,09 170
100 9119.) 0207, 0,009 1320.4 2201.6 7.1 17.08 "2 o
b
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1.00 ATHMOSPHERE 1S08AR

TEMPERATURE  VOLUNE
OEG. KELVIN CHYGNOLE
* 13,038 26.1¢
14 26.2%
13 26,50
18 26,81
17 21.15
14 21.52
19 21.92
20 28.35
* 20,208 28.48
s 20,268 1506.9
21 1573.1
22 1667.0
23 1759.1
24 1850.0
25 1939,9
26 2028.9
27 2111.2
28 2205.0
29 2292.2
30 2379,.0
3 246%.4
32 2351.5
33 2631.3
e 2722.8
35 Z808.1
38 2893,1
37 2970.0
e 3062.7
39 3147,2
a0 1231.6
41 331s.8
42 3399,9
43 3483,9
“ 3567.8
[} 3681.7
- Y 373%.4
(%] 3819.0
<8 3902.6
- 49 3906.1
$0 4069.5
st 41%2.9
52 4236.2
53 4319.5
se 4402.7
$5 4483.8
s6 4568.9
57 4852.0
58 4735.0
89 4810.0
60 4901.0
. 4983.9
62 3065.8
63 $149.7
res $232.%
1) 3315.3
as 5398.1
%] 5460.9
88 5563.0
&9 5646.3
. 70 $729.0
: (4! Sell.?
n S894.4
73 $977.0
1 6059.6
141 6142.2
76 62248
144 6307,4
78 6390.0
79 6472,8
80 6595.0
M 8637.8
82
'3
8
't
se
8?
1]
s
%0
(3
2
"
v
(2]
1Y
(3]
(1]
(7]
" 100 0203.9

o Tw0-PMASE BOUNDARNY

TABLE X. THERMODYNAMIC PROPERTIES OF PARAMYDROGEN, 1SOBARS-CONT INUED

(aP/2p)y (P73 0p
ISOTMERM 1 SOCHORE
DERIVATIVE  DERIVATIVE

cuIain/GroLE ATH/K
23407, 9.408
23007, 9.378
21341, 9.158
2011%, 8,542
18474, 8.76%
17028, 8,603
15734, 8.433
14540, 8.254
14091, 8.204
1343, 0.057
1423, 0,058
1529, 0.081
1631, 0.048
1731, 0,046
1829, 0,043
1929, 0,081
2027, 0,040
2119, 0.038
226=, 0.037
2297, 0,035
2388, 0.034
2470, 0,033
2%87. 0,032
2686, 0,031
2748, 0.030
2833, 0,029
2920. 0.028
3007. 0.027
3094, 0.028
e, 0.026
3268, 0,025
3384, 0.024
3440, 0.024
3s2%, 0,023
el 0,023
3696. 0,022
3782 2.022
3867, 0.021
3982, 0,021
«036. 0.020
a121, 9.020
4206, 0.020
4290. 0,019
374, 0,019
4439, 0.018
asan, 0.0is
a827, 0.018
ATy, 0.017
479%, 0.017
an7e, 0,017
4962, 0.017
s048, 0,016
sian, 0.01¢
s21v. 0.018
5297, 0.01s
LITIN 0.018
3484, 0.018
5547, 0.013
se31, 0.013
S714. 0.014
5197, 0.014
sael. 0.014
5964, 0.014
8047, 0.014¢
8130, 0.011
6213, 0,013
6296, 0.013
e379, 0.013
6482, 0,011
6548, 0,013
se20. 0.012
0,012

0.012

0.012

0.012

0,012

0.012

2.011

0.0t

0.011

INTERNAL

ENERGY

J/GPOLE

-622,8
~620,6
-601,0
-592.4
-3717,0
-%60.6
-543.2
-524.7

~519.%
229.0
239,6
2%3.0
267.7
281.3
294.9
308.3
321.6
334.8
348.0
381.1

3.1
387.1
4C0.3
413.0
425.9
438.7
451.6
464.4
417.2
490.0

502.8
515.5
528.3
S4l.1
553.8
$86.6
579.3
592.1
604.9
617.7

530.5
843.3
65642
669.1
682.0
695.0
108.0
121.0

ENTHALPY
J/GROLE

14868.1
1508.8
1531.5
15%4.3
1377.3
1600.6
1623.8
1647.0
1670.5
1694.1

1717.9
1741.9
17¢8.0
17%0.)
18le.7
1839.)
1044.0
1880.9
191e.0
19393

ENTROPY
J/GHOLE-K

10.01
10.17
1.1
12.08
12.99
13.93
14,07
15.82

16.08
60.41
61.2%
62.35
63.38
64.36
65.28
86.16
87.00
67.81
68.58
69.32

70.03
10.72
T1.39
72.04
72.66
73,28
73.8%
T4.42
76.98
75.52

76.04
76.56
17.08
17.55%
18.02
18.49
18.95%
19,39
79.83
80.26

80.60
6l.10
81.50
81.90
82.29
82.68
83.06
83,43
83.80
84.16

84.52
84.87
85.22
85.58
85.90
86,24
86.57
86.90
87.22
ar.5%

Cy » MEAT

CAPACITY
JIGHOLE~K

9.51
9.57
92.90
10.26
10,61
10.9¢
11.2¢4
11.51

11.57
13.11
12.97
12.85
12.77
12.71
12,68
12.65
12.63
12.61
12,60
12.59

12.58
12.57

Co v MEAT

CaPACITY
J/GHMOLE--K

13.14
13,29
14,06
14,989
15.89
16,94
18.02
19.14

19.53
24.50
23.97
23.43
23.04
22,75
22.52
22.33
22.18
22.08
21.94
21.84

21.78
?1.68
21.62
21.%8
21.51
21.46
21.42
21.38
21435
21.32

21.30
21.28
21.26
21.2%

VELOCITY
OF SOUND
NETER/SEC

12718
1267
1240
1211
1ty
1151
1126
1103

1093
358
363
37
385
398
404

m




TABLE X, THERMOOYNANIC PACPERTIES OF PARANYORCGEN, 1SOBARS-CONTINVED
1.50 ATROSPHERE [SOBAR

(39/?) (P 3p
TENPERATURE VOLUNE 130 N&!I 1 SOCHORE INTVERNAL ENTHALPY ENTROPY C, v HEAY v MEATY VELOCITY
s OERIVATIVE OERIVATIVE ENERGY CAPACIYY APACITY OFf SOUND
OEG. KELVIN CH/GMOLE  CHIATNIGMOLE ATH/K J/GMOLE JIGMOLE J7GMOL E-K J/GHOLE=-K J7GHOLE-K METER/SEC
* 13,852 26,15 23457, 9.407 ~622.8 -610.8 1¢.01 %52 13.14 1276
16 26.19 2309%., 9.39) -620.0 -616.8 10.18 9.57 13,28 1269
15 26.48 21638, 9.169 -607.2 ~603.2 11.09 9.90 14.04 1242
16 26.79 202093, 8.9%46 -$92.7 -588.6 12.03 10.26 14,80 1214
17 27.13 18879, 8.779 -577.3 -573.2 12.97 10.61 15.087 1182
18 27.50 17140. 8.618 ~360.9 ~556.8 13.91 10.94 16.91 1154
19 27.89 15843, 8.448 ~543.6 ~539.3 14.8% 11.2¢ 17.99 1129
20 28.33 14643, 8.269 ~52%.1 -520.8 15.80 11.51 1%.10 1105
21 28.81 13104, 8.066 -5C5.4 -501.0 16.76 11.74 20445 1075
» 21.122 29.19 122¢8. T.504 ~490.3 ~485.9 17.47 11.39 21.43 1054
s 21.722 1040.8 1338, 0.084 2317,2 395.4 $6.07 13.30 25.94 362
22 1058.5 137N1. 0.083 241.5 402.4 58.38 13.22 25.064 368
23 1124.9 1489, 0,077 2%6.6 427.8 59.50 13.03 24.77 ar?
26 1189.6 1601, 0.072 271.2 452.0 60.54 12.90 24.15 k1]
23 1252.9 1709. 0.088 285,5 475.9 6l.52 12.82 23.69 398
26 1315.2 1814, 0.06% 299.4 499.4 62.44 12.77 23,34 408
27 1376.7 1916. 0.062 313.4 522.8 63.32 12.73 23.0% 418
28 1437.4 2016. 04059 327.1 545.6 64,15 12.70 22.82 .27
29 1497.6 2118, 0.05% 34047 568.3 64.95 12,68 22.62 438
30 1557.3 2217, 0.054 334.1 590.8 45.71 52.66 22.46 444
k13 1616.5 2307, 0.052 367.% 613.2 66.45 12.64 22.32 452
32 1675.4 2402, 0.0%0 360.8 635.5 67.15 12.63 22.19 461
33 1734.0 2455, 0.048 3941 657.6 67.84 12.62 22.08 468
34 1792.2 2508, 0.047 407,3 679.6 68.49 12.61 21.99 30
3 1850.2 2630, 0,043 420.4 701.6 69.13 12.60 21.90 484
36 1908.0 2171, 0,084 433.5 T23.4 69.75 12.59 21.82 491
37 1965.6 2862, 0.043 446,59 745.2 70.34 12.59 21.78 499 3
38 2022.9 29%2. 0.041 459.5 767.0 10.92 12.58 21.70 506
39 208%.2 3041, 0.040 472.5 788.6 T1.48 12.58 21.66 513
40 2137.2 3130. 0.039 483.4 810.3 12.03 12.%8 21.60 520
L1} 2194.1 1219. 0.032 490.4 831.8 72.56 12.58 21.96 521
42 2250.9 3307, 0.937 511.3 853.4 73.08 12.%8 21.%2 533
43 2307.6 3398, 04036 524.2 874.9 73.59 12.98 21.49 540
44 2364.2 3483, 0.033 337.0 896.4 T4.08 12.%9 21.47 S48
A5 2420.7 3%70. 0.034 349.9 917.8 74.57 12.60 21.43 553
46 2617,1 3657, 0.034 562.8 939.3 75.04 12,61 21.43 559
47 2533.4 3744, 0.033 575.6 960.7 75.50 12.62 21.42 56%
48 2589.6 3831, 0.032 588.% 9082.1 15.9% 12.64 21.41 571
49 2645.8 NT. 0.031 601.4 1003,.% 16.39 12.66 21.41 L334
50 270t.0 400, 0.031 614,3 1024.9 16.82 12.60 21.41 583
st 21%7.9 408, 0.030 627.2 1046.3 17.2% 12.71 21.42 589
52 2813.8 %, 0.029 640.1 1067.8 17.66 12,74 21.43 594
53 2849.7 4261, 0.029 653.0 1089.2 18.07 12.77 21.49 600
sS4 292%.6 4346, 0.028 666.0 1110.7 18,47 12.0} 21.47 608
55 2981.4 4431, 0.028 79,0 1132.1 78.87 12.8% 21.49 810
56 3037.2 4517, 0.027 592.0 1153.6 19.2% 12.89 21.8%2 816
ST 3092.9 4602. 0.027 705%.1 117%.2 19.64 12,94 21.%6 621
5 3148.6 4687, 0.026 718.2 1196.8 20.01 12.99 21.60 626
59 3204.2 4779, 0.026 31.4 1210.4 80.38 13,08 21.6% 631
60 32%9.8 4888, 0.02% T44.5 1240.1 80.74 13.11 21.70 630
81 3315.4 4941, 0.025 151.9 1261.8 81.10 13.18 21.76 040
62 3371.0 5026. 0.02% 171.2 1283.6 81.46 13.25 21.82 645
63 3426.5 1R, 0.024 84,7 1305.4 81.681 13.33 21.89 649
(13 3482.0 5194, 0.024 750.2 1327.4 82.15 13.41 21.96 654
13 3537.4 5279, 0.023 811.7 1349.4 82.49 13.%0 22.04 658
(13 3592.9 $360, 0.02Y 825.4 1371.4 62.83 1).5%9 22.12 862
&7 3648.13 5447, 0.023 839.1 1393.6 83.16 13,48 22.21 867
88 3703.7 5531, 0.022 853.0 1415.9 83.49 13.78 22,30 671 —
69 37%9.0 561%. 0.022 866.% 1438.2 83.02 13,09 22.40 875
0 3814.4 s699, 0,022 830.9 1460.7 84.14 14,00 22.50 679
n 3869.7 ST8T. 0.021 293.1 1403,2 84,46 14,12 22.61 682
T2 392%.0 3847, 0.021 909.4 150%.9 8s.78 14,23 22.72 68¢
73 3980.3 %988, d.021 923.7 1528.7 05.09 14.38 22.84 690 4
T4 4035.5 6034, 0.020 938,2 1551.6 85.41 1s.48 22.96 694 i
75 4C90.8 slle, 0.020 952.9 1574.6 85.72 14,01 23.09 897 k¥
16 4146.0 8207, 0.02¢0 987.6 1397.8 86.02 14,78 23,22 701
134 4201.3 6205, 0.020 982.% 1621.1 88.33 14,09 23,38 704
78 4256.9 6369, 0.019 997.6 1644.5 06.63 15.03 ?3.49 07
1] 4311.7 6452, 0.01% 1012.7 1068.0 86.93 1%.17 23.6) 1
80 4386.90 6536, 0.019 1020.1 1691.8 87.23 13,32 23.718 114 :
11} 4422.0 s619, 0.019 1043.9 171%,.6 13.47 23.93 n? 3
82 4427.1 670", %.018 1059.1 1739,6 135.6) 24,08 r20
83 4532.3 aTek, 0.018 1074.9 1763.8 15.79 24.23 724
L 1] 4387.4 6869, 0.018 1090.9 1708.1 15.9% 24.39 127 ’ ]
(1] 4642.9 693+, 0.0%8 11C4.9 1812.6 16.11 24,55 730 ‘
(1] 4697.6 1034, 0.018 1123.2 1837.2 16,20 24,71 733
(14 4752.7 118, 0.017 1139.6 1862.0 16,44 24,00 136
[ 1 4807.8 120”7, 0.017 1156.2 1886.9 16.61 25.04 739
89 4062.9 T288, 0.017 1173.0 1912.1 16.70 2%.21 T42
90 4918.0 13460, 0.017 1109.9 1937.4 16,93 25.30 748 ‘
91 4973.0 1487, 0.017 12¢1.0 19:2,8 17.13 25.58 147
2?2 50208.1 53¢, 0.01¢ 122443 1960,.% 17.30 29.712 7%0 t
9 5083.1 7817, 0.006 1241.7 2014,3 17.47 %5.09 753 \
% S130.2 1701, 0.014 125%.3 2040.2 17.45 26.08 %6
" 5193.2 1704, 0.014 1277.1 2066.4 11.82 26.2¢ 159
% 8248.2 7047, 0,014 129%.0 92,7 18.00 26,81 T62
97 $303.2 195~ C.0L0 1313.2 2119,2 19.17 26.90 T4 X
” $3%0.3 8032, 0.013% 133L.9 2149,9 14,33 26,76 167 .
39 $4i34) elia, 0,018 13%0.0 2122.7 26.9) 11e :
100 $408.2 19", 0.018 1360.4 21997 27.10 773 é
o THO-PHASE BOUNDARY 37

- M~
R A TP Wy~ St




TABLE X. THERMOOYNARIC PRCPERTIES OF PARAHYOROGEN, ISOBARS-CONTIMUED
2.0 ATRCSPHERE 1S0BAR

P31 (2P/2Np
TEMPERATURE VOLUNE T1SOTHERN 1SOCHORE INTERNAL ENTHALPY ENTROPY o HEAT o MEAT VELOCITY
GERIVATIVE  DERIVATIVE ENERGY APACLTY Taracivy OF SOUND
0EG. KELVIN CMJGmOLE  CH3ATH/GHOLE ATM/X J/GHOLE 2/GWOLE J/GHOLE-K J/GMOLE-K  J/GMOLE-X  METER/SEC
+ 13,069 23507. -622.7 -817.4 10.01 9.53 13.14 1217
14 23104, ~621.0 9.57 13.28 121
13 21722, -607.4 9.90 14,03 1264
18 20297, -592.9 10.2¢ 14,86 1216
\7 18487, ~577.6 10.60 15.84 1184
18 17251, -881.3 10.93 16.88 1s?
19 15959, -544.0 11.23 17.95 1132
20 14742, ~-528.6 11.50 19.06 1108
21 13290, -5¢5.9 11.73 20.39 1078
22 ~405.0 11.74 21.78 1049
- . 22.861 -465.7 12.09 23.28 1617
. 22.081 241.9 13,44 21.39 387
23 246.2 13.40 27.18 269
2 260.1 13.30 26.00 sl
25 275.4 13,01 25.17 392
2 2%0.2 12.91 24.5% 403
27 3C4.7 12.85 24.00 413
28 319.0 12.80 23.71 422 .
29 333.1 12,76 23.40 432 .
30 34T.0 12,74 23.1%5 441
3 360.7 12,71 22.93 vy
3z 3%, 12.69 22.75 458
33 327.9 12.68 22.59 468 «
3 014 12.66 22.44 474
3% 414.8 12.64 22.32 482
3 420.1 12,63 22.21 489
37 PYTes 12.0¢ 22.11 497
38 54,5 12.61 22.03 504
39 67,7 12.61 21.9% s
L1 480.8 12.61 21.88 518
41 12,60 21.82 525
42 12.61 21.77 532
43 12,61 21.73 5139
A 12,81 21.69 545
113 12.62 21.6% s52
Y 1847.9 12.63 21.83 556
47 1890.% 12,64 21.60 564
a8 1933.1 12.66 21.59 $70
A9 1973.6 12.68 21.88 s7s
50 2018.0 12,70 21.57 582
51 12.12 21.57 ses
52 12,35 21.57 594
$3 12.78 21.58 599
34 12.82 21.60 808
[13 12.8¢ 21.62 610
s 12.90 21,65 815
57 12.9% 21.68 520
38 13,00 21.71 626
s9 13.06 21.76 630
0 13.12 21.80 638
81 13.19 21.86 640
o2 13.26 21,91 643
3 13.34 21.98 649
' 13.42 22.08 654
3 13.99 22.12 658
86 13,60 22,20 662
67 13.69 22,29 e6?
(1] 13.79 22.30 671
'] 13.90 22,47 618
10 14,00 22.58 619
n 14,12 22.68 682
12 14.2¢ 22,79 086
™ 14,38 22,91 690
74 , 14,49 23.03 94
L] 14,62 23,15 097
76 14,7 23.28 704
3] 14,39 23,61 704
19 15.03 23.95 708
79 13.18 23.69 m
a0 15.33 23.83 714
81 15.48 23.9¢ nt
02 15.63 24,13 121
M 15,79 24,28 724
P 13,93 24,44 721
»s 1612 24,60 730 '
26 16.20 28.76 733
7 16,48 24.92 73
s 16,02 15.00 739
P 16.79 25.23 742
0 1189.2 16.9% 2%.42 T4
" 3720.% 1208.4 1.3 25,9 140
02 3749.9 1222.6 2%.7 751
P4 3811.2 1240,1 25.93 733
b 2092.6 1257.7 26.10 1%
" 38940 12753 26.27 19
94 3935.3 12033 20,44 7602
9 19766 1311.? 26,62 7
o ”» 4018.0 1330,0 26.79 748
Vot P4 40%9,3 1340.9 26,9 70
100 %100.6 1367.2 27.13 m
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TABLE X. THERMGODYNAMIC PACPERTIES OF PARANYDROGEN, ISOBARS-CONTIMUED
3.0 ATHOSPHERE 1S0BAR

(2P/2p)r (3P 'aTa
TERPERATUFE VOLUNE 1SOTHERN 1SOCHORE I NTERNAL ENTHALPY ENTROPY Cr o HEAY » HEAT VELOCITY
s OERIVITIVE DERIVATVE ENERGY CAPACITY APACITY OF SOUND
OEG. KELVIN CN/7GMOLE CHIATM/GHOLE ATR/K JZGMOLE J7GROLE J/GMOLE~K J/GADLE-K J/GROLE-K KETER/SEC
* 13.903 26.12 2350%. 9.412 -622.7 ~814.7 10.02 7.54 13.15 12719
14 26.1% 23361, 9.397 -621.4 -813.4 10.11 9.57 13.2¢4 127
13 26.43 21923, 9.206 -607.8 -399.8 11.05% ?2.9% 14.01 1248
14 26.74 2040, 8.996 ~393.4 -3585.3 1l.99 10.2% 14,83 1220
17 27.07 18693, 8,819 ~578.2 -569,9 12.92 10.60 15.80 11%0
18 2T.43 LT4TY, 2.4460 ~552.0 -3553.06 13.8% 10.93 16.82 1183
19 27.82 16168, 8.493 -544.7 -3$36.3 14.79 11.23 17.87 1137
29 20.25 14941. 8.313 -526.9 -517.9 15.13 11.5% 18.97 1113
2 28.71 13524, 8,117 -5¢7.0 -490.3 16.69 1.7n 20.27 1084
22 29.24 12227, T.091 -406,2 -A77,3 17.66 11.93 21. 63 1056
23 29.8) 10739. T.621 ~483.9 -454.8 18.466 12.10 23.32 1020
24 30.50 9380, T. 309 -%39.9 ~430.7 19.69 12.43 25.1% 983
* 244632 30.98 8484, T.088 -423.8 ~414. 4 20.36 12.33 26.%2 958
o 264.632 S41.72 1240. 0.169 245.3 410.0 3.8 13.68 30.46 373
23 556.47 1297. 0.163 2%52.0 421.2 54.30 13,56 29.65 3re
26 594.3% 1442, 0. 151 269.3 449,9 55.43 13.31 27.9% kL
_ 27 630.55 1577, Celal 208.1 4T77.3 S6.46 13.15 26.84 «02
28 665.51 1706 0.132 301.4 %03, 7 $1.42 13.04 25.99 413
29 699.50 1823, 0.125 316.7 $29.4 58.32 12.97 25.3 423
30 132.73 1942, 0.119 331.7 554.4 59.17 12.%91 2.0 433
n 763.33 2035, Oa113 34644 $79.0 59.98 12.07 24.39 442
32 T97.42 2163. 0.108 380,80 403.2 60.75 12.83 24.03 4351
33 229.07 227z 0.104 375.1 627.1 6l.48 12.80 23.71 460
34 860,34 2378, 0.100 384.2 450.7 62.19 12.76 23.47 469
35 891.29 2481, 0.0%. 403,1 474,1 62.86 12. 74 23.24 417
3 921.9¢ 23582, 0.093 417.0 697.2 63.52 12.72 23.05 bS5
i 952.38 26083, 0.090 430.7 120.2 64,14 12.70 22.08 493
k1) 982.59 2rel. 0.087 444,) 143.0 64.75 12.48 22.73 501
39 1012.% 2079, 0.084 457.9 765.7 65.34 12.67 22.61 Soe
40 1042.4 2976, 0.081 4T1.3 T88.2 85.91 12.66 22.49 S1%
41 1012.1 30712. 0.079 0g,s 86.47 12.68 22.39 323
42 1103.7 3167. 0.077? 833.0 67.01 12. 86 22.30 530
43 113t.1 326k, 0.075 855.3 67.53 12.68 22.22 53
44 1160.4 3354, 0.073 077, 4 60,04 12.86 22.15 543
45 1189.% 3447, 0.07 899, 6 68.54 12,66 22.09 550
4% 1218.6 1540, 0.069 92L1.8 69.02 12.67 22.06 356
A7 1247.6 3831, 0.068 943,06 6%.49 12.¢68 21. > 563
48 1276.5 3723, 0.066 96%.6 69.96 12.69 21.9 569 .
49 1305.4 INls. 0.064 987.6 70.41 12.1 21,92 s -
50 1334.1 3904, 0,063 '009.% 10.85 2.1 21.90 S81
51 1362.8 3984, 0.062 1031.4 71.29 12.75 587
32 1391.5 4084, 0.060 1053.2 n.n 12.78 593
53 1420.0 4173, 0,059 1075.1 T2.13 12.81 398
54 1448.06 4282, 0.058 1097,.0 T2.54 12,68 04
b3 1477.0 4331, 0.057 1116.9 T2.94 12.808 609
58 1505.5 4439, 0.03%% 1140.8 73.33 12.93 613
57 1533.9 4527. 0.05% 1182.7 73.72 12.97 620
%8 1%62.2 4615, 0.054 1184.0 74,10 13.03 625
59 1590.5 4703. 0.053 1206,.5 T4 .48 13.08 030
80 1618,8 4791, 0.0%2 122e.3 T4.85 13.1s 833
‘ [} 1647.0 4378, 0.051 1250. 8 75.21 13.21 640
62 1675.2 4945, 0.050 1272.6 75.57 13.28 248
63 1703.4 5052, 0.049 1294,8 15.92 13,38 649
| [ 1) 1731.5 5139. 0.048 1o 76,27 13.44 o54
o5 1759.6 5225. 0.047 1339,2 T6.62 13.%2 658
(] 17187.7 $31t. 0.047 1381.6 Té.96 13.61 452
87 1815.7 5398, 0.044 1384.0 T7.30 13.71 (X}
68 1843.8 5484, 0.04% 1408,5 77.63 13.00 (141
49 1871.8 3570, 0,045 14290 77.9¢ 13.91 (34
10 1899.8 5656, C.044 1451.7 70.29 14.02 [ 34
n 1927.7 STel. 0.043 1474.9 78.61 14,13 683
- 12 1955.7 $821. 0.043 1497, 4 14,25 [17]
1 1983.6 913, 0.042 1520.3 14.37 690 ]
14 2011,.5 5948, 0.041 134).4 14,50 694
3 2039.4 8063, 0.041 1366.7 14,63 97 i‘
16 2067.3 8168, 0.040 1590.0 14.7¢ 101
77 209%.2 62%4. 0.040 1613.5 14.90 704
8 2123.0 6339, 0,039 1637.0 13.04 108 '
79 2150.9 0424, 0.039 1660.0 15.19 ni
20 2170.7 4508, 0.038 1884, 8 13.34 ns
[1} 2206.93 4392, 0.030 1708.7 15.49 ns
82 2234.3 4670, 0.037 1732.8 15,64 121
(3] 2262.1 6763, 0.037 17%7.1 15.80 124 I
[ 1 2239.9 4047, 0.036 1181.6 13.9 127
(1] 23t 1.6 6932, 0.034 1806.. 16.12 30
(1 2348,6 116, 0.038 1030.9 16.29 3
[ 3 23713.1 71100. 0.03% 1855.9 16.43 136
(L} 2400.9 7185 0.039 1881.0 15.62 1739
" 2420.6 1269, 0.034 1904.2 is.79 782
90 2454.3 7353, 0.034 1931.¢ 16.98 745
91 2494.0 1437, 0.03) 1997,2 17.1s Te8
92 2%11,7 1922, 0.033 1982.9 ir.3 %1 H
99 2939.4 7404, 0.033 17.48 54
" 2%7.¢ T09", 0.032 17.66 57 "
" 2594.0 RALD 0.0%2 17.03 780 Y
9% 2022.4 1837, 0.0 18.01 163 i
” 20%0.1 94V, 0.031 10.18 148
L J zZe71,7 2024, 0.031 10,3 160 .
" 210%.4 8108, 0.081 16.52 m
100 2133,0 (JLL B8 0.030 1364.3 1.7 74
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TABLE X. THERMODYNAMIC PACPEATIES GF PARAMYOROGEN, [SCEARS-CONTINUED
4.0 ATNOSPHERE 1S08AR

(2P/20)y {(3P/ap.

TEMPERATURE VOLURE 1SOTHERN 1SOCHORE INTERNAL ENTHALPY ENTROPY Cy o HEAT Cp o HEAT VELOCITY

) DERIVATIVE OERIVATIVE ENERGY CAPACITY CAPACEYY DF SOUND

DEG. KELVIN (N’MLE CHIATR/GHOLE ATH/K J/GMOLE JZGMOLE J/GROLE-K J/GMOLE-K J/GHOLE-K METER/SEC
® 13,937 26.10 237100, %418 -622.4 -612.0 10.02 9.3%5 13.1% 1201
133 26.12 23538, 9.408 ~621.0 -611.2 10.08 9.%7 13,21 1218
13 26.40 22110. 9.23, ~608.3 -597.6 11.02 9.9 13.99 1253
Le 26.71 20668, 9.023 -593.9 -583.1 1n.e8 10.23 14,00 1225
17 27.03 19100, 8,843 ~578.7 -567.8 12.34 10.60 15.78 1193
i8 27.39 17493, 8.607 -562.6 -951.5 13.01 10.92 16.7¢ 1168
19 27.17 16383, 8.522 -545,* =534.3 14.7% 11.22 17.80 1143
20 20.19 15140, 8.341 ~527.3 ~315.9 15.49 1l.49 18.09 e
2 28.65 13748, 8.150 -508.0 -496.4 16404 eTe 20.16 1090
22 29.17 12449, 7.92% ~487.4 -47%.6 17.61% 11.93 21.49 1062
23 29.75 10989, 7.663 ~465.) -4%3,3 18,60 12.10 23.11 1027
24 30.40 2%, T.3%0 ~441.68 -429.3 19.62 12,24 24.09 "2
N 23 3l.17 axl1e, 7.007 -416.0 -403.4 20.68 12,37 21.07 %1
26 32.08 6817, 6.59° -387.9 ~374.9 21.79 12.49 29.79 204
. 26.023 32.10 6187, 6.582 ~387.3 ~374.2 21.92 12.49 29,84 203
. 26,023 407.74 1147, 0.230 244.1 409.3 $1.9% 13.90 34,08 e
27 430.99 131%. 0.210 263.2 441.1 $3.15 13.58 3l.22 390
28 468,81 1479, 0.194 201.3 AT4.4 54,23 13.37 29.32 403
29 497.1% 1611, 0.161 298.5 $00.0 55.2% 13,23 27.99 414
30 524.39 1744, 0.170 314.9 327.% S6.18 13.13 27.00 @3
3l $50.80 1876, 0.161 330.9 354.1 $7.06 13.03 26,23 433
32 576.54 1999, 0.1%3 346.3 580.0 57,88 12.99 23,61 “s
33 601.73 2117, 0.144 361.% 40%.3 58,66 12,94 2%.110 454
34 626446 2237, 0.140 376.3 630.2 59.40 12.89 24,61 463
35 650.01 2344, 0.134 390.9 654.7 60.11 12.84 24.31 72
36 674.83 2437, 0.129 405.4 478.9 60.79 12.81 24,01 4
37 +38.37 23561, 0. 124 419.6 102.7 61,43 12.78 232,718 439
s 722.07 2666, 0,120 433.7 126.4 62.08 12.7% 23,952 497
39 T45.35 217N, 0.118 (2308 749.8 62.68 12.74 23.3¢ 508
40 Té8.44 287, 0.112 481.6 173.0 63,27 12.72 21,18 512
41 791.36 291, 0.108 475.4 196.1 63,04 t2.7% 23.00 520
42 814.13 307, 0.10% 489.1 a19.0 64,40 12.71 22.87 827
43 034,76 37, 0.102 s02.7 841.9 64,93 12.70 22.75 534
- 44 259.26 3269, 0.099 S16.3 864 .6 65,49 12.70 22,64 541
45 881.65 3364, c.097 $29.8 287.1 65.96 12.70 22.55 548
46 903.93 3487, 0.09¢ $43.3 909.7 66,46 12.11 22,47 555
47 92%.12 3387, 9.0¢2 356.7 932.1 66,94 12.72 22.40 Sé1
. 48 548,23 365V, 0.0%0 570.2 934.5 67.41 12.73 22,34 548
49 970.25 37e8, 0.087 $83.5% 976.8 6t.07 12.74 22,29 16
50 992.19 3039, 0.08% $96.9 999.0 58,32 12.76 22.24 580
51 1014.1 3931, 0.084 610.3 1021.3 68.7¢ 12,78 22.21 E17.3
52 1035,.9 4024, €.082 623.6 1043,8 69.19 12.81 22.18 592
53 1057.6 411%, 0.06¢C 637.0 1063.6 69.61 12.84 22,18 598
54 1079.3 4207, 0.078 650.3 1087.8 70.03 12.87 22.1% 603
s 1101.0 4298, 0.077 663.7 1109.9 70,43 12,91 22.1% 609
56 1122.46 430r, 0.073% 6117,1 1132.1 v0.83 12.9% 22.13 614
57 1144.1 4479, 0.07¢ 690.5 1154.3 71.23 13.00 22.1¢ 619
58 1165.6 4369, a.072 1€4.0 1176.4 Tl.61 13,08 22.17 625
59 1187.1 4450, 0.071 T17.5 1198.4 71.99 13.10 22.19 830
(14 1208.8 4747, 0,070 731.0 1220.8 T2.38 13.18 22.22 635
\ 61 1229.9 4837, 0,068 Tad. 0 1243.1 72.73 13.23 22,26 640
62 12913 4924, 0.067 7%8.2 1245.3 73,09 13.30 22.30 644
63 1272.4 5014, 0.066 771.9 1207.7 73,45 13.37 22.35 649
(13 1293.9 stio02. 0,063 788.6 131G.0 73.80 13,45 22.41 (313
(3] 1318.2 $190. 0,066 799.4 1332.8 T6.13 13,3 22.47 658
66 1336.4 5278, 0.063 813.3 1355.0 T4.49 13,63 22.54 862
87 1352.7 5366, 0.062 827.3 137,86 T4.8) 13,72 22.61 667
o8 1378.9 5453, 0.061 84l.4 1800.2 73.17 13.02 22.89 Tl
[3:4 1400.0 5340, 0.060 4355.9 1422.9 73.50 13,92 22.717 675
70 1421,2 LTI AN 0,039 869.8 1445,0 75.83 14,03 22.88 679
n 1447.3 ST1A, 0.058 8R4, ;5 1468.7 70,13 14.14 22.98 693
12 1483.4 580°%, 0.057 098.0 18493.7 16,40 14,26 23.06 687
13 1484,5 ELLLE 0.0%6 913.1 15ta.8 76.80 1.0 23.17 690
T4 150%.6 5974, 0,058 927.8 1538.9 17.11 14,51 23.28 69¢
% 1524.7 600, 0.038% 942. 6 1561.4 17.42 14,64 23.40 698
16 1547.7 AT, 0.9%4 937.% 1584.0 T1.74 14.17 23.%2 101
7 1560.7 623%, 0,033 972.6 1608.4 18,04 14,91 23.64 705
10 1589.9 4319, 0.0%3 987.8 18632.1 Th. 3% 13.05 23,77 708
19 1610.8 440%, 0,0%2 1003.1 1655%.9 7108.6% 15,20 23,90 T12
H 0 1631.7 LT LY 0.031 1018.6 1679.9 78.9% 15.33 24,04 s
(1} 1652.7 (2200 0.0%0 1034,2 1704.0 19,25 15.3%0 24,18 718
(24 1673,.7 4407, 0,050 1049.9 1728.3 79.%3% 15.6% 24,33 121
(3] 1694,6 6740, 0,049 106S5.9 1752.7 719.83% 15.81 24.47 T2
L1 1718.6 6837, 0,049 1081.9 \777.2 80,14 15.97 24.62 128
(1] 1736.9% 4914, 0.048 1098.1 1801.9 80.4) 16,13 24,70 731
(13 17137.4 1004, 0.047 1114,.5 1026.8 .72 1£.29 24,93 T3¢
7 1770.3 1009, 0,047 1131 1831.8 s1.01 16,46 2%.09 121
(1} 1799.2 7174, 0.048 1147.0 1077.0 .30 16.63 2%.2% 740
9 1020,1 1259, 0.048 1164.6 1902.3 81.59 16.80 25.41 743
0 1841.0 7344, 0.049% 11e1.7 1927.8 or.07 16,97 25.38 Te8
9 1851.8 1429, 0,043 1196.9 1953.5 82.16 17.14 25.74 T49
92 1802.7 31, 0,044 1216,2 1919.3 02,44 17.31 25.91 %2
9 1903.93 1599, 0,044 12338 200%.) 02,72 17.49 26.08 798
% 1924.4 T68°, 0.043 1251, 2031 .4 .00 17.66 26,24 757
: 9 1945.2 1187, 083 1269.4 2C37.8 03.28 17.684 26,41 760
M 9% 1966.0 7097, 0.042 1287.4 2u86.3 $3.%6 10.01 26.58 743
” 1904.9 1934, 0.042 1305.7 2110.9 $3.03 10.1¢ 26.78% 766
9% 2007.7 0021, 0,041 1324, 2137.0 84,11 19.34 26.92 769
(1] 2020.9% alo0s, 0.041 1342,6 2164.8 84,30 10.94 27.09 1t
100 2049,) 8109, 0.041 1361.4 2192.0 84.0% 18.71 21,26 e
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TABLE X, THERMODYNAMIC PRCPERTIES OF PARAMYDROGEN, ISOSARS-CONTINUED

5.0 ATHOSPHERE (SOBAR

P/ 20} (2P "3Mp
TEMPERATURE  VOLUME 1SOTHERN ISOCHORE INTERNAL ENTHALPY ENTROPY Co o WEAT C  MEAT VELOCLTY
OERIVATIVE  GERIVATIVE ENEAGY cCAPACITY CAPACE VY OF SOUND
0G. KELVIN CMIGHOLE  CHIATW/GMOLE ATH/R JIGHOLE JIGHOLE JIGHOLE-K JIGHOLE=K J/GMOL E-K NETER/ SEC
e 13,970 26,08 23191, 9.420 -422.9 -609.) 10.03 9,97 13.16 i202
Yy 24.09 23714, 9.416 -622.1 -608.9 10,06 9.9 13,19 1201
| 18 26.37 9.2% -608.7 10.99 9, % 13.9 1297
| 16 26.47 9,049 ~$94.4 1.9 10,28 14,78 1229
| 17 21.00 0.872 -s1e,3 12,08 10,99 15,1 1200
| 18 21.38 .13 -%63.3 13,77 10.92 16.70 1nmn
| X 21.13 » 830 -%46.3 16,71 o2 17.73 1168
| 20 28.14 15338, s.310 -828.2 15,64 11,48 18,01 1124 .
21 28,59 13470, 5. 183 -5C9.0 1.7 20.09 109¢
22 29.10 7.959 -488.6 11.92 71.36 1088
| 23 29,47 7.103 -466.7 12,09 22.92 1038
| 24 30.31 1.408 -443,3 12.2¢ 26.64 1000
| 23 31.08 T.061 -418.0 12,37 26.72 90
26 3.9% 7091, 6,660 -390.4 12.48 19.29 s
21 33,01 5683, 6.194 -359.8 12,60 32.82 ssl
. 27,187 33,24 s36l. 8.097 -333,7 12,63 33.74 840
| . 27,187 323.39 1043, 0.294 239.8 14,14 38,48 370
. 28 347,02 1204, 0.212 57,8 13,82 34,79 3%
29 373,10 1379, 0.249 11,0 13.57 31.94 404
30 397.47 1538, 0.23t 296.1 13.40 30.03 als
3 420.63 168, 0.216 3137 13.20 20,68 20
32 442,89 102¢, 0.203 330.9 13,18 27.61 430
33 484.-+3 1954, 0.193 340.9 13,11 26.79 448
hd 34 483.44 2087, 0.183 362.7 13.02 6.1\ (1
3 $03.96 2200, 0.178 378.1 12.9% 25,36 a87
34 $26.10 2329, 0,180 3$3.2 12.% 25.10 3
3 543,92 2437, 0.161 400,1 12.86 24.72 YT
3 565,46 2549, 0,153 422.7 12.8) 24.40 474
3% $84.76 2689, 00149 437.2 12.00 26,12 02
0 603,05 2187, 0144 451.5 12.78 23.07 510
sl 622.73 0.139 4637 12,1 23,68 s17
2 s4l.48 0.13% 479.8 12,7 23.44 523
43 660.07 0,131 491,9 12,7 23.31 532
Py s76.52 0127 $CT.7 12,73 23.17 539
Y] 696,85 0.124 $21.9 12,73 23.04 546
™ 715.07 0.:20 $39.3 12,7 22.93 583
'] 133.19 0eil? 549.0 12,78 22.8) 360
o8 151.22 0.114 $62.6 12,78 22.74 s66
'3 769.16 0.111 576.2 12.78 22,67 s
S0 767,02 0.109 $89.8 12.19 22.60 £31]
51 804.01 0.108 &C2. 12,01 22,53 58%
52 022.54 3966, 0.104 616.9 12,04 22,50 591
83 840.20 4039, 0.101 630, 4 12,07 22,47 597
a4 057,81 a182, 0.099 644.0 12.9% 22,44 603
83 s75.36 4246, 0.09?7 657,95 12.93 22,42 s08
88 092.86 4338, 0.09% 671.1 12,98 814
87 910.32 31, 0.093 6ra.6 13,02 sl9
1] 921,73 452, 0.091 698.2 13.07 62¢
s 945,16 4614, 0.090 1.8 13.12 029
60 962.43 ATC*. 0.088 125.9 13.18 834
61 979,73 AT98, 0.00¢ 139.2 123%.% 13,28 639
82 99¢.99 anes, 0.08% 152.9 1258.0 13.32 844
63 1014.2 1 166.7 1280.3 13.39 s4e
64 1031 & 1303,1 13.47 6%e
[ 1] 1040.8 1325.7 13.5% &%
o6 1063.7 ace.s 1348.4 13,68 682
. '] 1082.9 022.9 13701 13.71 oot
1] 1100.0 238.7 1394.0 13.83 6l
&9 1117.0 250.9 1818.8 13,94 ers .
70 11341 068,3 1429.8 14,06 oy
7n 1s1.1 279.7 1462.9 14,16 693 R
12 1168.1 094.2 1406.0 14,21 s87 :
* 7 118%.1 9C9.9 1509.3 14.39 691
74 1202.1 923.8 1532.6 14,92 94 :
74 1219.0 938.5 19%6.1 14,488 9% .
7 1236.9 o124, 0,068 9%3.9 15719.7 14,78 702 .
" 1252.9 a1, 0.067 1%8.6 1603.4 108
™ 1269.8 830", 0.064 983.9 1627.2 709 '
19 1286.7 6387, 0,063 999.2 16%1.1 712 :
.0 13036 sote, 0.064 1014.0 167%.2 718
81 1320.5 LS 0.06) 1030.4 1699.4 ne }
'Y 1337.) s6ar, 04081 1046.3 1723.0 122
T 13%4.2 e1IY, 0.082 1062.2 1748.) 128
e 1311.0 0. 0.061 1076.3 12,9 720
'] 1307.0 6908, 0.060 1094.6 1797.7 31
% 1604,6 991, 0.060 1.0 1022, 734
an 1821.¢ 7077, 0.05%9 1121.0 1847.0 757
) 1438.2 7163, 0.088 1104.4 1073.0 740
T 1445.0 7249, 0.087 1181.3 1896.4 43
2”0 14718 1339, 0.037 1170.4 1924.0 748
” 1400.9 1420, 0,056 1198.¢ 19498 149
92 1505.3 7503, 0.059 1213.0 1918.7 152 \
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TALE X, THERMOCYNANIC PACPEATIES OF PARANYOROGEN, [SOBARS-COMTINUED
7.0 ATROSPHERE (SOBAR

2P 2 QP 2Ty
TENPERATUR S  VOLUNE 130THERN 150C HORE InTERNAL ENTHALDY ENTROPY oy NEAT Co o weat VELOCTTY
3 OFRIVATIVE  DEAIVATIVE ENEAGY CAPAC ITY caPacITY OF  SOUND
0€G, KELVIN CW/GMOLE  CHIaTM/GROLE YRR e 2/6n0LE J/GHOLEK  J/GROLE=K  J/GMOLE-K  WETER/SEC
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TABLE X, THERMODYN'NI{ PRCPEATIES OF PARANYDROGEN, (SDSARS-COMT INVED
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VABLE Xo THERNOOYNANIC PRCPERTIES OF PARAHYOROGEN, 1SOBARS-CONYINUED
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VABLE X. THERRMODYNANIC PACPERTIES OF PARAHYDAOGEN, 1SORARS-CONTINUED
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TABLE 2. VTHERRODYNAMIC PRCPERTIES OF PARAMYDROGEM, [SOBARS-COMTING.ED
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TABLE X, THERMODYNAMIC PACPERTLES OF PARARYDROGEN, 1SOBARS-CONY I NUED
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a) TAGLE X. THERMUDYNAMIC PRCPEARTIES OF PARAHYOROGEN, [SOBARS-CONTINUED
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Y 26,48 22224, 2,208 -586.7 -$33.1 12.37 10.5S 15.15 1247
.8 26,78 20907, 9.063 -S1.8 -817.3 13.26 10.06 15.99 1244
19 <r10 19597, 8.920 -5%6.,0 -301.1 14,19 ti.14 16.89 1222
2 20 21,48 18219, 8.768 -$39.3 -3 7 1* 04 1.4l 17.43 1190
: 21 27.82 17079, 8.600 ~465.4 19,94 11.06 te.77 un
2 20.23 158¢Q. 8,013 -448.1 16.8% 11.85 1°.01 1152
' 23 28.67 14884, 8.211 ~425.8 17.74 12.03 20.89 1120
i 6 29.1¢ 13310, 7.901 ~404.3 18.65 12.19 22.08 10l
{ 28 29.70 7.123 ~381.6 19.98 12.32 . 23.38 1072
] 26 30,30 7.438 -331.8 20.52 12,44 24.82 1041
21 30,97 7,119 21,88 12.5¢ 2¢.44 1007
FL] 3.1 6. 113 22.4% 12.64 20.32 970
29 32.61 5,346 23.92 12.712 30,38 2930
N . 0 33,64 5.984 24,60 12.41 33,26 Ty
| n 3480 5.538 25,78 12.90 3.9 o
] 3 38,44 5.040 26.99 13,014 41.461 183
33 38.47 4.%09 20,37 13.1e¢ 48.63 124
3 41,34 3,900 29.9¢ 13.37 60.50 87
38 48,92 3.199 32,01 15,74 8.7 $80
~E 3 56,20 2,448 34,78 10,53 114.98 504
3 67,40 1.012 37,99 16,71 112.04 70
38 .1l 1.442 40,98 18,64 84,14 468
39 22.64 1.220 42,51 14,27 435,59 A7
40 102,60 1.073 44,02 13.97 AL Y'Y | (Y 2}
LY tlt.e8 0.968 4%. 20 13.7a4 AaT.77 490
2 119,62 0,018 YWY 308
+ 127,20 0,020 07,30 (18
44 134,19 Q. 762 +8.21 526
. 141,03 G123 .,02 336
(1] 147.60 [ 2Y Y1) 49,178 13.20 11
47 153.9% 0.6%0 50,90 13.28 5%2
L] ] 160.1} 0.620 5. 17 135.2¢ 560
(1] 168,10 0.9% 51.82 13.2¢ Y]
30 171.9 0.910 32,43 13.24 318
[} 117,89 0,948 $3,01 13.24 82
%2 103,31 0.%28 33,98 13.2% 560
1] 108,04 0.%10 se, 12 13.2¢ 59
N 194,20 0.49) 34,06 13,28 03
£: ] 199,44 0.477 $9.19% 13.51 609
S 204,91 0,48 5%.0% 15.8) (3%
87 2101 0.449 se. 13 13.3e a1
58 29. % 0.837 34,50 13,99 0
se 120,41 0,429 37,04 13.4% T
(1) 229 .48 D416 s7.48 13.48 (3]
230.% 0,808 3.9 13,93
FITY, 0,39 98,3 13,99
200,41 0,303 s, 18 15.09
209,01 0.3 29,13 135.1
150,10 0. 340 39,93 13,79
%%.02 0.3y 9.9 13.87
239,08 0,982 Y} 19,99
268,01 0,343 80.70 184,06
. 209,37 0,938 81,07 1e.13
114,10 0.392 s1,4) 8.2
" 70,81 0,929 sl 19 16,34 -
7 20).% 0.319 02,18 16,48 o
" 208,11 0,314 02,90 16.9¢ It
e 192.02 10
. 1 291,48 101
e 592.07 1)) K
r 306,66 1Y ;
re M1.29 718
1y .01 112
"0 0.7 128
" [T Tee
" 129,00 1]
o 19,08 e
" 11} 1] e
(1] 142
" 107,89 0,249 148
o 191,40 0,292 ] '
" ITTY 0,240 72 -
LX) &1.02 0. 248 1. 798
L] 199.00 n. 282 112y, AL
" 0,218 1140.2 104
*9?” 0.2)% 114%,) i/ 1)
17 0.212 re?
L ) 0.1)0 110
" 8.0 " '
. 2. 008 1"
1} 0.214 20
" 2,119 rel
L2 s.21e 104
190 09,20 .18 rer -
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VABLE X. THERNOOYNAMIC PRCPERTIES OF PARAMYOROGEN, ISOBARS-CONTINUED

; 25,0 ATAOSPUERE 1SOBAR
o
3 P2y {oP/aNp
TEMPERATURE  vOLUNE 1SQTHERN 1S0C HORE INTERNAL ENTHALPY ENTROPY i . HEAT G, HEAY VELOCITY
RIVAYTIVE OERIVS~ VE ENERGY CAPALITY CAPACITY OF SOUND
0G. XELVIN CMIGNOLE  CM ATH/GNOLE ATh J/GROLE J/GHOLE JIGROLE-K J/GHOLE-K J/GMOLE~K METER/SEC
. 14,026 23.71 26306, 9,482 ~$35.5 10.12 9,00 13.14 1333
19 25.80 25929, 9,483 ~550.% 10,48 9.91 13.41 1328
16 28,08 24420, 9.397 ~536,7 11,34 10.2) 14.21 1306
1 24,32 23137, .30 “522.2 12,23 20,54 15,00 1286
1] 2884 21830, 9.163 -508.7 13.11 10.84 15.81 1245
19 24.92 20933, 2,029 ~490,5 13.99 11.13 16.86 1243
20 271.2% 19224, 0,091 ~473.4 14,87 11,39 17,56 (31
21 21.6) 18048, 8. 122 -458.4 13.74 11,62 18.46 1200
22 27.99 16781, 8,560 -436.5 16.62 11,83 19.43 urr
23 20,40 15597, 8,333 -416.3 17.51 12,02 20.43 1154
24 20,88 14349, 5.130 -39%,6 18.40 12,18 21.82 1129
23 29.35 13121, 7,998 -313.% 19.31 12.31 22.69 1102
26 29.90 T19c0. 7,632 -350.1 20.22 12,43 23.96 1074
27 13,50 10699, 7, 340 ~32%.5 21.15 12,54 25,38 1043
28 3l.18 9832, 1.02% -29%.6 22.10 12.63 26.91 1010
29 31,94 311N [WYT] 271 .8 23.07 12.72 20,68 7
30 32.01 7203, N7 -241.9 24,08 12.79 30.72 938 '
n 33,82 5. 924 ~210.1 2%.12 12,87 13,17 9
32 35.01 $.90% ~173.4 28.22 12.93 le.18 (11
3 36,48 5.058 ~137.4 27,40 13,04 39,98 807
36 30.29 4,902 -94.9 28.66 13,18 43.01 758
1] 0,37 4,074 -48.7 30,04 12,29 s1.72 102
e 3,69 3,437 9.3 31,64 13,49 60.57 646 .
37 48,02 3.007 .1 33,44 13.77 71.38 594
e 34,04 2.40% 1%1.2 35,47 14,08 19.5¢ 34y .
3e 01.92 2,067 2314 37,88 14,24 19.24 528 '
0 69,62 1.73) 130.9 307.) 39.47 14,20 71.88 sie
3} .92 1.923 118.0 F37%8 ) .13 14.0% 62.33 517
2 04,9 1,383 217.9 4331 42.%3 13,09 3%.11 s22
43 *1.07 1,223 2%2.8 488.2 43,77 13,74 49,44 s20
[ [T $32.4 s 88 13.63 AS.1e 533
%] 104,49 571%.8 45,03 13,54 41,04 543
[ 110,33 616.) (T8 71 13,47 39.27 330
.? 115,92 54,9 41,58 13,42 3t.22 (1]
Y] 121,31 %0 .8 8,31 13,39 ¥ .86 63
(14 12¢.92 23,7 48,03 3.0 36,19 512 .
s0 191,97 159.3 (L %11 13.% 335,08 580
n 136,51 91,0 30.3 14436 se7
[¥] 161.3) 23,4 80.97 13.37 198
$3 140.06 0%4.7 $1.% 13,39 a0l
[ 124,69 003.0 $2.13 13,60 608
1 199,24 sle.8 32,60 13.4) ol4
% 198,89 24,4 $y.21 11,48 620
134 1es. 10 73,1 sy 712 13,47 62
' te0, 44 1004.% 94,21 13.% (311
59 2.1 102v.3 34,49 13,9) »30
0 176.% 10s7.2 9.1 13,97 543
100,16 10806 1%.62 (X1
109. 30 Ll 13,67 5
100,44 1130.8 3.7 39
19,49 T 13,0 Y
197.9) 1ie2.2 13.0¢ 9
201.9) e, 15,9 o
209,91 1249.1 14,02 o1y
299,47 1271 .4 16,11 8}
19,99 1297.4 14,29 .00 .
nr 13230 14, 30 2
" I 1349,0 10,40 *%
12 209.9) 1374.0 14,91 100
15 1] 1602.1 14,02 104
13 1e20.2 Ia.Te 108
” 16942 16,86 12 ’
10 1480.) 14,90 e
(44 1908.9 15,11 120
1o 1832.8 19,23 *2)
19 291.9) 1%%0.9 M 141
79 19%.29 1903, 19,93 130
" 90,9 1001.9 19.8/ 118
. " 202,68 1897.9 18.02 1
= " 100,98 10A4.Y 1,91 re)
" iie.e2 1899, 1e.1Y L1}
" 19,00 1N i, 28 re1
" 111,96 1188, 16,88 A1
" 200,90 1.2 16.80 %)
" 104,00 1798.1 18.17 194
1] 208,24 102%.2 18.91% 1640
£ " 191,80 1087.4 1.0 189
" 199,80 tere, ¢ 12 res
'Y 299,48 190,41 17,00 169
" w209 19%,7 17,01 e
" 08,26 192, 1. 1e 'S )
" 09,04 19¢9. ) 17,93 122}
[ LT 1.2 100
) (1] 2044, 19.2¢ 10
" 001, XY} 186
P M. 109
100 28010 19}
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VASLE x. THEAMODYMANIC PRCPERTIES OF PARANYORCGEN, I1SOBARS-CONTINUED
30.0 ATROSPHERE [3O8AR

P/oph (2P/aTip
TEWPERATURE  VOLUNE 1SOTHERN 1SOCHORE INVERNAL ENTHALPY ENTROPY CF . NEAT Co + MEAT VELOCITY
OERIVATIVE OERIVATIVE ENERGY CAPACTTY CAPACITY OF SOURD
0EG. KELVIN CNJGMOLE  CHIATH/GNOLE ATHIK II6MOLL J/GMOLE JZGHOLE-X J7GROLE~K J/GROL E-X WE TER/SEC
. 14,708 23.6) 9,500 -620.1 ~3542.2 10,14 9.84 13.13 1341
13 2%.68 -817.4 -539.3 10.33 9.91 13.20 1344
16 29.92 ~604.4 ~325.8 11,22 10.23 14.07 1322
17 -390.8 -311.2 12.09 10.54 14488 1304
18 10.83 15.6" 1284
19 11,11 16,46 1263
20 201%6. 11.37 17.32 1242
2n 18901, 11.81 18.18 1222
22 177%e, 11.82 19.10 1200
3 16972, 12.00 20.03 n
I 15348, 12.17 21.04 1158
23 14149, 12.31 22.11 1130
26 12949, 12,43 23,23 1104
n 1774, 12.54 24,49 1073
28 12.63 25.82 1046
29 12.712 1.3 1004
. 30 12.79 28.94 [T
n 12.86 30.8% 945
] 12.93 33.04 907
| » 13.00 3s.61 68
| 3 13.07 38.67 826
’» 13.16 42.38 783
. 3 13.26 46,79 3
| 7 42.%2 13.39 s1.62 (13
) 45,40 $7.24 .52
39 49,43 sL.86 (13
0 84,03 64,27 see
[} 39,26 63.48 s$70
2 Al ) 60412 562
43 70.48 .79 539
‘ - 79.9 31.9% 560
| 3} 0.0 47,76 se3
[T 88,43 Y3 se?
3} FIP% 1] 41.90 s12
. %, 16 13.92 39,70 s
13} 100,77 13,49 3T.06 584
30 109.2¢ 13,47 36,32 [
51 109.99 13,67 39,02 39
8z 11Y.02 13.67 33,92 803
$3 117.9% 13.48 32,94 609
sa 122.01 13.%0 32.19 %)
) 1235.9 13.92 31,44 621
se 129, 13,99 10.92 %3]
37 13).7¢ 13,57 30.2) %3
e 137,57 13,60 9.7 )
39 161,29 13.6) 29.34 643
.0 164,37 13,66 28,93 8%0
Y 16099 1.7} 2s.01
02 152,18 13.78 20.30
%) 148,12 13.81 10.04
o 199.23
1} 102.71
.. 166419
.7 169.97
.0 172.9 [SILN
It 17632 3034,
. 10 179,68 S1en,
n 102
” 704
1] 110
10 714
. 19 "0
- 11 2 !
" 126
I 203,00 1Z1]
" 100 ™
(1) mn. TV
" 219,10 140
1] 0.9 149
" 221.49 144
) 124,97 140 '
" 221,00 181 )
" 130.77 (27
1 139,08 799 }
" 219,94 r82
" 240,01 76y
) 241.07 Tes
1 164,12 mn
” 249014 7re
”» 192.10 m
" 199,13 700
’” 290.29 19) !
* 101,27 16
" 204,01 180
” 201.20 20
" 2119.21 1)
) e 7, 2]
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TABLE . THERNODYNAMIC PRCPERTIES OF PARANYDROGEN, ISOBARS-COMTiNUED

i
s 35.0 ATNOSPNERE 1SOBAR
§ (OF/Bp)y P3Ny
] TEMPERATURE  VOLUME [ SOTHERR 1SOCHORE INTERNAL ENTHALDY ENTROPY CF s HEAT G , MEAT VELOCITY
. 3 IVATIVE DERIVATIVE ENERGY CAPACITY CAPACITY OF SOUND
. DEG. KELVIN CN/GNOLE  CRIATR/GNOLE ATH/K J7GPOLE J/GNOLE J/GMOLE-K  J/GMOLE~K  J/GMOLE-K  METER/SEC
1
. 16,942 2554 21139, 9.510 -619.4 -528.9 10.17 9.09 13.11 1340
15 25.%6 2718, 9.511 ~618.7 -$28.1 10.22 9.9 13,15 1339
16 25.19 26122 9.490 -606.0 -314.5 11.09 10,22 13.94 1338
17 26.0¢ 24078, 9.428 -592.6 11.98 10.53 14.70 1321
18 26430 23587, 9.337 -5378.4 12.82 10.82 15.4% 1302
19 26.59 22329. 9.218 -$63.% 13.68 11.10 16.26 1283
20 26.89 21062 9.088 -547.9 24,54 11,3 17.10 1262
21 21.2% 19094, 8.943 ~331.6 1%.39 11.5%9 17.92 1243
22 27.58 18668, 0784 ~S14.4 16.26 11.80 18.80 1222
23 27.92 17519, 0.608 -494.5 17.10 11.99 19.48 1202
2 28.32 16318, 8,419 -a17.8 17.96 12.16 20.62 1179
25 28.75 15130. 8.202 -488.2 18.82 12.30 21.61 1156
26 29.22 13959, 7.970 -437,7 19,69 12.42 12.66 1131
21 29.73 12809, 7.M7? -416.3 20.% 12.34 23.70 1105
28 30.29 11710°, T.443 ~393.9 21.45 12,64 24,96 1078
29 30.90 10809, 7,150 170.8 22.34 12.72 26.2¢ 1049
30 31.58 eses. 6.840 46,0 23.28 12.79 27,62 1019 R
31 32.33 6.514 -320.3 24,19 12,86 29.18 o7
32 33.18 6.172 -293.3 2%.1e 12.93 30.92 953
3 34.13 s.816 -264.8 26.12 12.99 32,88 9ts
3 35,23 S.4a7 ~234.8 21.13 13.04 35,04 a2
3s 36.49 3,066 -203.0 28.1a 13.11 37,85 “s
36 3T.9 4,677 ~169.3 29.28 13.17 40,37 8a7 .
37 39,70 4. 204 -133.% 30.43 13.29 43.49 769
38 .S 3.891 -95.¢ 31.63 13,36 46.83 132
39 44,19 3.310 -55.8 32,89 13.42 50.13 697
40 AT.06 3. 149 -14.3 34,20 13.52 %3.00 [1%4
a1 30.38 2.818 33,53 13,61 54,93 o4l
4“2 34.09 2.%23 36.07 13,67 35.48 622
43 se.12 2.269 .17 3.7 54.58 609
POy 02,36 2.0%1 39.40 3.1 52,63 601
43 $6.63 1.868 40.%6 13.09 50.10 597
“6 10.92 1. 714 LIPY 1) 13,05 Av.01 %%
. L34 7%.13 1.509 42,64 13.62 43.12 597
“8 T9.26 1,478 43-%8 13.99 42.86 600
9 83,30 1.3e0 44.4) 13.57 40.86 602
30 87,23 1.299 48,23 13.58 39.13 008
st 0’1.07 l.228 43,99 13.9%¢ 612
82 9.2 .18% .1 13,94 617
$) .48 1110 13,33 022
% 102.08 1.060 13.97 (%)
(3] 103.61 1.01% 13.59 633
3., 109.08 0.97% 13,81 e
57 112.40 0.938 13,83 ree
38 8.0 0.904 13,68 “e
' TLNY! 0.973 13,69 Py
‘ 60 122.% b1 T LN 0. 044 3.1 (1]
. 123.37 o ae 1. PPy
a2 120.74 G. 793 13.82 (1Y)
o 131.07 0,710 13.08 ore
(2] 139, 0. 148 13.9¢ ore
o3 136.11 0.720 16,01 s
P 181,16 0.700 14,00 sts
(14 144,19 0.490 14,29 93
" 167,12 0.87) 14,23 a7
* 1%0.00 0.087 1.3 m .
r0 193.01 0. 082 14,81 108
n 193,92 0. 020 18,81 ne
12 1 0.81¢ 16,01 T
1 .01 10,72 n1
I 0.389 14,00 7
7 0.377 16,98 7129 .
76 0.944 129
" 0,988 "2
78 0,948 e
2] 178.%6 0.9 ne
3 0.929 13
o 0.6 103
'Y c.81 749
(3] [ 2X11 ] %%
" 0,491 %0
" 9,409 159
[T 0.478 1007.9 182
M1 0. 40 1929, 9 79
0 0. 401 1044,2 148
" 0,490 8
L.} .047 114
”" 0.4401 [] "
2 0,498 1076.2 %0
o 0,420 1904, 4 1"
. 0,429 1932.0 .
- " [N 1961.2 1ee
’ 0,012 1909.0 192
" 9. 400 2018.9 Tea
M4 0,084 2047.3 97
4 0. 19¢ 1293.8 2073.2 "o
108 116,96 e, 0.9 1273.9 2109, [
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TABLE R. FTNERMOOYNAMIC PRCPERTIES OF PARANYDROGEM, [SOSARS-CONT[NUED
40.0 ATROSPHERE [SOBAR

(2P/oph (2k/3Tp
TEMPERATVURE VOLUNE ISOTHERN 1SOCHORE INTERNAL ENTHRALPY ENTROPY Co + HEAT Cp, + NEAT VELOCITY
DERIVATIVE  DERIVATIVE ENERGY CAPACITY CAPACTTY OF SOUND
DEG. KELVIN crdguote  cudaTmsamoLe ATH/K J/GHOLE J/GHOLE J/GMULE-K  J/GMOLE-K  J/GMOLE-M  WETER/SEC
-
® 15,097 25.40 28173, 9.52% -618.8 ~51%.6 10.19 9.9 13.10 1372
1 X3 2%.67 269%7. 9.531 ~503.4 10.97 10.21 13.01 1354
17 25.91 25709, 9.484 -489.2 11.83 10,92 14.57 1337
18 26,16 24429, 9.40% ~aT4.3 12.69 10,92 15.34 1319
19 26043 23196, 9.299 -asa.6 13,53 11,09 18.11 1301
20 26,72 21935, 9.177 ~442.1 14,38 11.3% 16.90 1282
21 21,03 20782. 9,044 ~a24.0 15,22 11.58 17.70 1264
22 21,36 19577, 0,893 -406.7 14,07 .79 18.53 1244
23 2.1 18429, 8. 723 -387.8 16.91 11,9 19,37 122
24 28209 17252, 0.341 -367.9 17.73 12013 20.2¢6 Ky
25 28.49 1608%, 8.339 -347.2 18.60 12,29 21.1e 1180
26 28.93 14934, 8.119 -325.8 19,45 12,42 2213 1157
27 29.40 13804, 7.880 -302.9 20,30 12,34 23.17 13
20 29.92 T.624 -279.2 21.18 12,64 240,24 nor
29 30.48 7,348 -2%.4 22.03 12.713 25.38 1080
30 31.09 1,058 -228.8 22,9 12,80 28.39 1083
. 31 31.78 8,754 -201.2 23.81 12,07 2v.92 1023
32 32.51 8,438 -172.6 24.71 12,93 993
33 33.3e 6,109 -142.3 23,64 12.99 92
30 34,27 5,769 -110.8 26.59 13,06 30
33 35,32 5.420 -2 27,5 13,09 se?
3 36,51 3,068 -aLL7 28.% 1314 o3
37 31.a7 .. 109 ~.0 29.99 13.20 a2
. 3 39.42 6352 3.0 30,46 13.28 19
39 al.20 4,002 0.3 .76 12,31 e
«0 43,28 3, 602 122.9 32,00 13,3 1311
.t 45,57 3. 341 169.7 34.0¢ 13,42 100
.2 a.18 3,043 2181 38.21 19,48 ™
o3 51.06 2,772 267,06 36.37 13,96 Y]
(1] S4.17 2.9%0 3174 37.92 13,97 +3)
a8 st.es 2,316 386.8 30,03 13,99 sy
. 00,03 2.129 o13.2 39.70 1.8l 36
a1 #4.30 1.7 se2.0 40,70 13.61 o
. o1.1¢ 1,827 $0/.2 o109 13.60 30
. 71,20 1.709 330, 42,98 13.9¢ 630
s0 Te.61 1,599 s92.4 43,30 10,99 2
1 Tr.% 1,506 632.6 o3
s2 81.26 1,423 eTL. 4 (3]
3 .91 1,932 1090 40
e o, 70 1,208 7484 POy
’s 00.03 l.22¢ 100.¢ ror
36 tad?? el5.0 (33 )
37 1,130 see,s a8y
se 9, % 1,006 002.3 .2
t3 ) 102. 09 1.047 914.9 e
e 103,60 1.010 see.? on
ol 100,67 0.017 ”e.0 o
*2 11891 0,98 1008.¢ .00
') 114,31 0,917 1039.2 et
o 117,00 0. 009 1069.2 asy
o3 119,93 0,804 10990 .ee
e 124,94+ 0,840 1120.6 .9
_ o7 129,26 0,018 1197.¢ 102
. 127,% 0.197 1186.6 700
e 130,94 0. 117 1219.3 e
10 133,18 0,738 124).9 16
L]
n '39.82 0. 740 1272.6 ne
12 130,39 0.723 122
5] 160,93 o 100 120
T4 103,49 e.e91 129
18 106,02 ™
16 180,93 34
’ ” 191,02 749
10 193,91 14) :
e 199,97 147
” 150,43 130
" 160. 07 0.40) 1932, 193
2 103,31 0,992 1500.2 5
o 103,73 0.902 1604.0 180
v 100,16 0.912 1896 0 te)
o 170.9¢ 0,303 TYS Te4
* 172,92 0,999 169: .0 100
1] 179,32 03 1120.1 m
" 177,09 0,93 1748.2 121
e 100,06 1776.6 18
" 102,82 1006.7 01
" 106,17 1.1 704
” I8 1001.6 06
" 100, 40 10902 00
* 191,17 19109 192
*s 194,10 1%, 199
" 196,81 1976.9 190 t
o 190,12 009, 00i 3
" 201.0) 2054.6 *1] L
v 193,92 1299.0 200).0 e 3
1w 109,61 1299.0 1003.2 e
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TABLE X, VHERMODYNAMIC PRUPERTIES OF PARANYOROGEN, ISOSARS-CONTINUED

% 45.0 ATMCSPHERE 1SOBAR
!
&
i (aP/2p)y (2P a1
B TEMPERATURE  VOLUME 1SOTHERM 15c HokE IHTERMAL ENTHALPY ENTRCPY Ciy HEAT Co o HEATY VELOCITY
. DERIVATIVE  OERIVATIVE ENERGY CAPACITY CAPACITY OF S0UND
DEG. KELVIN CHIGNOLE  LWYaTM/SMOLE AT/ J/GMOLE I/GHOLE 3/GHOLE-X J/GMOLE-K J/GNOLE~K  METER/SEC
* 15.250 25.38 28966. 9,544 -618.1 10.21 2.97 13.10 1383
16 25,58 21118, 9.562 -608.8 10.86 10.20 13.69 1368
17 25,70 26526, 9.533 -595.0 .71 19.51 16,44 1353
18 26.02 25253, 9.470 -se2.1 12.58 10.81 15.19 1336
19 26,29 24043, 9.378 -861.7 13.40 11.08 15,95 1319
20 26.56 22024. 9,263 -552,7 14.23 11.33 16.71 1300
21 26,06 21649, 9.136 ~535.9 15.07 11.57 11,48 1282
22 21.17 20465, 8,994 -520.8 15.90 11.70 10,28 1264
23 27,51 19320, 8.03% -5€3.3 16.73 11.97 19,29 1245
24 27.68 18183, 8,639 -405.4 17,56 12.14 19.93 1224
2s 20,28 11013, 8.467 -466.8 18.39 12.29 20.81 1203
26 28.66 15001, 8,258 -ear.) 19.22 12.42 21.1 1e1
21 29.10 M. 8.032 -427,) 20.06 12.54 22.68 1158
28 29.58 13700, 1,788 -406.3 20.90 12,64 23,84 1135
29 30.10 12846, 7.529 -204.6 21.75 12.74 24,67 111¢C
20 30.66 11629. 7.25% -361.9 22.60 12.81 25,74 1084
3 31.27 10633, 6.968 -338.4 23.47 12.88 26.91 1057 '
32 31.94 2600, 6,671 -314.0 2¢.34 12.94 28,15 1029
3 32,68 8765, 6,362 ~2080.5 25.22 13.00 29,49 1000
34 33,49 1921, 6,040 -262.1 26.12 13.04 39.08 971
3 34,40 na. 5.724 -234.6 27.04 13.09 32.40 941
3 35.40 6371, 5,393 -206.0 21.98 13.14 34,02 911
3N 36.52 5687, 5.064 -176.3 28,93 13.18 35.73 80 .
38 31,78 506%. 4,733 -145.4 29.51 13.22 37.51 250
3 39.20 4523, 4.466 -113.4 30490 13.23 39.32 821
40 40.78 4086, 4,087 -80,4 31.92 13.29 41,06 794
a1 42,56 366", 3. 180 ~4bo8 32,96 13.33 42,70 168
42 44,53 334N, 3,488 -12.2 34.00 13.37 as il Tod
a2 46469 309*. 3.216 22.4 35.0% 13.42 45,19 723
4 49,08 2917, 2.966 574 36,10 13.40 435,81 106
as 51.57 2801, 2.138 91,8 37.13 13.50 45,94 692
. 54.24 2738, 2.532 125.8 38,14 13.53 45,64 681
o7 $7.01 ans. 2,348 198.2 39.12 13.56 44,98 673
43 $9.85 2734, 2.188 109.8 40.Cé 13.58 43,99 067
49 62.73 2118, 2,039 220.1 40,95 13.59 42,04 664
50 65,63 2046, 1.912 249.2 al.01 13.50 41,83 462
51 68.52 2921, 1.798 271.0 589.4 42.62 13.60 s61
52 T1.39 1022. 1.698 3¢3.7 629.2 43.39 13,61 861
s3 T4.24 3126, 1.608 329.4 667.9 .13 13.63 663
54 77,06 3237, 1.528 3%4.1 105.5 44,83 13,68 06
ss 79.8% 3353, 1,456 376.0 142.1 45.50 13.87 668
s 82.60 312, 1.392 4Cl.! 178.3 48.16 13.69 67t
57 85,131 3594, 1.333 24,2 813.2 46,77 13.71 o1
se 88.00 I S 1.280 As8.1 847.3 47.37 13.74 678
se 93,65 3840. 1.231 467.5 880,08 47,94 13.77 882
80 93,26 396S. 1,188 4884 913.6 48.49 13.81 s8s
61 95.9% 4009. 1.144 $¢8.9 945.9 49,02 13.86 689
82 98.41 2213, 1.106 $29.0 97,7 49.5¢ 13.91 693
a3 100.94 4337, 1.0 548.8 1009.1 50.04 13.96 697
84 103.44 4460. 1.638 568.4 104C.0 56.53 14.02 101
e 105,91 1583, 1,007 Se7.7 1070.6 s1.01 1%.09 108
o0 108.37 s708. 0.978 6C6.8 1100.9 s1.47 16,16 100
o1 110.80 4826, 0.951 628.7 1139,9 51.92 14.24 713
68 113.20 4947, 9.923 8444 1180,6 52,36 14.32 ni
' 115.59 5067, 0.902 663.1 1190.1 82,79 le.sl 121
10 117.96 s188. 0.079 681.6 1219.4 $3.21 16,51 124
.
3 120.31 $304. 0.858 700.0 1248.5 53.62 14.60 128
12 122,64 s420. 0.837 718.3 1277.5 54.03 18,71 132
13} 124.96 5536, o.818 738.6 1306.3 34,4 14.81 735
76 127.25 s8s2. 0,000 754.8 1338.0 54.02 14.93 739
143 129,54 5766. 0.702 773,90 1363.7 $5.20 13.04 142
16 131.81 s800. 0,768 191.2 1392.2 $5.58 15.16 748 .
17 134.08 5998, 0,750 89,4 1420.8 85,95 15.29 149
1 136,32 s10e, 0,738 821.6 1449.2 56.32 185,42 152
70 138.54 822, 0.120 843,8 477,95 56,68 135,85 188
20 140,78 8331, 2.706 864.0 1305.8 57.04 15.88 158
81 142,96 6oat, 04692 va2.3 1534.1 57.39 15.682 Te1
0z 143,15 8551, 0.s8¢ 920.6 1562.5 57.74 15.97 764
83 147.33 8600, 0.668 ?19.0 1590.8 56,08 16.11 761
2 149,50 6768. 0.656 97,8 1619.1 58,42 16.26 170
85 I51.40 6876, 0.6445 9%6.0 1641.% 58.7% 16.42 m
2% 153.82 6981, 0.634 974, 1673.9 59,09 16.57 176
. 155.76 1090. 0.82¢ 993, 1704.4 59,42 18.73 179
e 158,10 1126, 0.614 1012.1 1732.9 59,74 16.89 182
89 160.22 7301 0.606 1030.9 1761.% 60.06 17.0% 185
90 162,34 1408. 0.59% 1049.9 1790.2 60,39 17.21 188
9 164,48 511, 0.586 1069.0 1810.9 60.70 17.38 91
92 166.56 815, 0.577 10608.2 1847.7 81.02 17.54 193
9 168,66 1718, 0.569 1107.6 1876.6 61.33 17,71 196
9% 170.78 1821, 2,560 1127.0 190%.6 81.64 17.90 199
?s 172,86 1924, 0.9%3 1146, 19347 81,95 18.0% 802
% 174,92 1026, 0,545 1166.3 1963.8 62.2% 18,22 004
%] 177,00 012e. 0.937 1186.1 1993.1 62.36 18.39 21
" 179.06 0220, 0,530 1206,0 2022.9 62,46 010
» 181.13 $330. n.523 1226.1 20%2.0 63.16 2 18]
100 193,19 0, 0,516 1248.3 2001.8 81,43 18.89 “"s
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TABLE X. THERMUDYNAMIC PRCPERTIES OF PARAHYOROGEN, I1SOBARS-COMTINMUED

50.0 ATMCSH.IRE [SOBAR v
P/ 2pht (3P/aNp
TEMPERATURE  VOLUNE ISOTHERN 1SOCHORE INTERNAL ENTHALPY ENTROPY Ci o HEAT ¢, » HEAT VELOCITY
5 DERIVAVIVE  DERIVATIVE ENERGY CAPACITY Taracit OF SOUND
oec. xervin cmdenole  cadatusomoLe ATHIX JIGPOLE J/GMOLE J7GHOLE-N J7GMOLE-K 3/6MOLE~-K A TER/SEC .
* 15,402 25.30 FITILH 9,587 -617.3 ~489.2 10.24 10.00 13.09 1398
16 25.43 28994, 9,390 -610.0 -481.2 10.74 10.19 13.87 1383
13 25.66 27328, 9,581 -597.2 -467.2 11.59 10.5¢ 14.31 1368
18 25.89 26057, 9,529 ~583.7 -452.5 12.43 10.80 15.06 1351
19 26,14 24877, 9,448 -569.6 -437.1 13.26 .07 15.79 1335
20 26,41 23679, 9.344 ~554.8 -421.0 14.09 11.32 16.54 1318
21 26,70 225¢0. 9.224 -%39 3 -404.1 14.92 11.56 17.29 1301
22 21.00 21333, 9.091 -523.2 -386.4 15.74 1.7 18.06 1203
23 21.32 20191, 8.939 -506.3 -387.9 16,56 11.96 18.84 1264
24 21,68 19057, 8.1 -488.8 ~340.7 17.38 12.13 19.64 1245
25 268,02 1r91a, 8.587 -410.6 ~328.7 18.19 12,28 20.47 1225
26 28,41 16001, 8,388 ~451.7 ~307.8 19.01 12.42 21.22 1204
27 28.83 15707, 8,172 -432.1 ~28640 19.83 12.54 22.21 1182
26 29.28 14659, 7.941 -411.7 -263.4 20,66 12.8% 23411 1160
29 29,76 13609, 7,498 -390,% ~239.8 21,49 12.74 24.07 1137
30 30.28 12607, T.436 -368.6 ~218.2 2i.32 12.82 25.04 112 ’
. 3t 30,84 1627, T.164 -348.9 -189.7 23.16 12.89 26.08 1087
32 31.45 10679, 6,882 -322,4 -163.1 24.00 12.95 27.18 1
33 32.12 977, 6,591 -298.1 -135.4 24.85 13.01 28.34 1034
34 32,04 0936, 6.2%4 -212.3 -106.5 25.72 13.06 29.53 1008
35 33.64 8131, %.991 ~246.7 ~16.3 26,59 13.10 3c.81 980
36 34,51 1370, 8,683 ~219.7 -44.8 27,48 13.14 32.1% 953
. 37 35.47 6681, 5.371 -151.7 -12.0 28,38 13.18 33.5% 925
38 36.54 6049, s.061 -162.9 22.3 29.29 13.21 34,99 297
39 At.n 5417, . 153 -133.1 58.0 30,22 13.24 38.44 870
40 39.01 987, 4,451 -102.5 95,1 3116 13.26 37.86 844
a1 £0.44 4527, 4,157 =1.2 133.7 32.11 13.29 39.23 820
42 %2.02 L15%, 3,875 -39.3 173.5 33,07 13.32 40.47 197
a3 43,74 184, 3,607 -7.0 214.5 34.04 13.36 41.56 1758
[ 45,50 36071, 3.355 25.3 256.9 35,00 13.39 42.38 157
45 47,51 3417, 3.121 $7.9 299.1 35.96 13.43 42,08 141
48 €9.74 3287, 2.907 90.2 342.2 36.91 13,47 43410 1217
47 51.97 3207, 2.110 121.9 308 .2 37.83 13.51 43,02 116
48 54.30 3187, 2.531 153.0 «28.1 38.74 13,54 2,63 ro?
49 56.70 3140, 2.370 183.3 470.5 39.61 13.57 42,05 100
$0 59.14 3168, 2.22% 212.6 512.2 40,45 13,59 41.29 895
51 6l.61 3207, 2.095 241.0 55341 41426 13.61 40,44 692
s2 64.10 3287, 1,977 268.4 5531 42,04 13.63 39.53 690
53 66,58 3349, 1.872 294.8 632.2 42.74 13.65 38.61 ©89
s4 69.06 3426, 1.777 320.4 670.3 43.50 13,87 31.12 689
55 71.52 3521, 1.692 345.2 707.6 46,18 13.69 36.88 890
56 73.97 3627, 1.815 369.8 T46.6 44.85 13.72 36.07 692
57 T6.40 an2m, 1.545 393.2 780.2 45,48 13.74 35.32 69
58 73.81 IYILN 1,481 415.9 818.2 46,09 13,77 34,62 696
59 81.19 3951, 1.422 «38.1 849.5 46,67 13.80 33.98 699
60 83.55 “087. 1.369 459.9 883.1 47,26 12.84 33.39 762
61 85.89 ST t.319 481.1 916.3 47.78 13.89 32.986 105
82 21,20 4301, 1.274 5.0 548.9 48.32 13.94 32.37 109
| 83 90,49 as1a, 1.231 5722.% 981.0 48.83 13.99 31.92 112
64 92.16 4538, 1.192 54z.8 1012.1 49.33 14.06 31.53 s
65 95.01 4657, 1.15% s62.7 1044.1 49.81 1412 3i.16 e
66 97,24 a776. 1.121 582.4 1075.1 50,29 14.20 30.84 722
67 99.45 489S, 1.089 6C1.9 1105.7 50,75 14,28 30.54 728
68 101,66 s0l4. 1.0%9 821.2 1136.1 51.20 14,36 3C.28 729
69 193,02 5132, 1.031 640.3 1166.3 51.66 14.45 30.04 732
10 105.77 5250. 1.504 659.4 1196.2 52.07 14.54 29.83 136
.
n 108.11 $366. 0.919 618.3 1226.0 $2.49 14.64 29.65 139
72 110,24 5407, 0.9%; 697.1 1235.5 $2.91 14,74 29.45 142
73 112,34 559m, 0.93; 715.8 1284.9 53,31 14,89 29.34 145
7 116,46 ST, 2.911 734.4 131422 $3.71 16.97 29.22 149
5 116,52 5827, 0.890 15341 1343.4 54.10 15.08 29.11 152
13 110.58 5941, n.871 T71.6 1372.4 S4.49 15.20 29.02 5% .
* 124 120.6¢ 603", 0.852 750.2 1401 .4 s4.87 15.33 28,95 158 i
T8 122,68 STL 0.83S aca.s 1430.3 55.24 15.46 28.89 161 \
19 126.71 IYILE 0.817 827.4 1459.2 5s.61 15.%9 28.84 164 L}
40 126.73 5397, 0.80: 845.9 1486.0 55.97 15.72 28.81 T67
8l 128,73 8506, 0.786 8648 1516.8 56,33 15.86 28.79 770
82 130,13 s6ie, 0. 771 883.2 1548, 56.68 16,01 28.17 73
3] 132.12 e12%, 0. 157 9¢1.9 15743 57.03 16.15 28,77 175
' 134,69 IYILE 0.743 920.7 1603.0 57,37 16,30 28,78 179
1} 136,68 8937, 0.730 9319.5 1631.8 $7.71 16,43 20.80 181
6 138.62 1047, 0.717 98,4 166046 58,03 16.60 28.83 184
87 149,57 1154, 0.70% 977.3 1689.5 58.38 16.76 28.88 et
o8 142,52 1202, 0.693 996.3 1718, $8.71 18.92 28.90 190 }
49 144,45 7368, 0.682 1918.8 17473 99,04 17.08 28.96 792
0 145,37 1474, 0.671 1034.7 1118.2 $9.36 17,24 29.02 195
91 148,29 7580, 0.661 10%4.0 180%5.3 49,68 17,40 29.09 792
92 1%0.21 7605, 0.651 1073.4 163646 60.00 17,57 29.18 801
9 152,12 1789, 0.841 1093.0 1863.6 60,32 17,14 29.24 803
9 194.02 1691, 0.832 1112.6 1892.9 60.63 11.90 29.32 806
111 15%.91 1997, 0,623 1132.4 1922.3 80,94 18.07 29.41 809 .
9 157.%0 8100, 0,816 1152.) 19847 61.2% 18.24 £3.%0 811 \
97 159.49 8233, 0.60% 1172.3 1381.3 61.%6 29.60 N
9 161,56 030%, 0.997 1192.4 2010.9 61.88 29.69 [T}
99 163,00 uaQ?. 0.509 1212.7 2040.7 62,18 29.79 020 k
100 16304 8509, 0.%81 1213.0 2070.% 62,48 29.90 022
{
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TABLE X. THERMODYNAMIC PRCPERTIES CF PARAHYDROGEN, [SOBARS-CONTINUED
60.0 ATMOSPHERE [SOBAR ’

~

(oP/2p)y (aP/ap
TEMPERATURE  VOLUME 1S0FHER® 1SOCHORE INTERNAL ENTHALPY ENTROPY Co + HEAT Cp o HEAT VELOCITY
3 OERIVATIVE  DERIVATIVE ENERGY CAPACITY CAPACITY OF SOUND
DEG. KELVIF CM/GMOLE  CMIATM/GMOLE ATH/K J/5POLE JIGHOLE 1/ GMOLE-K J/GHOLE-K J/GMOLE-X ME TER/SEC
» 15.701 25.1% 30691. 9,808 -615.8 -462.9 10.28 10.08 13.09 141¢
16 25.21 30202. 9,634 -612.2 ~458,9 10.33 10.16 13.33 [TYYY
17 25.42 20867, 9,664 -599.8 ~46%5.2 11.26 10.48 14,08 1398
18 2%5.65 27627, 9,637 ~586.7 ~430.8 12.19 10.78 14,61 1381
19 25.28 20486, 9,517 ~572,9 -415.6 13,01 11.05 15.52 1367
20 26.13 2533, 9.491 -558.6 -399.7 13,02 .31 16,22 1352
21 26,39 24157, 9.385 ~543.8 ~383.1 14,63 154 16.94 1335
22 26,67 230ie, 9.26% ~528.0 -365.9 15,44 11.73 17.66 1349
23 26,97 21877, 2.130 ~5:1.8 -347.8 16,24 11.94 18.49 1302
24 21.28 20760, 8.977 -494.9 -329.1 17.04 12412 19.14 i2e4
F1] 21.61 19659, 0.809 -477.4 -309.5 17.83 12.27 19.89 1266
26 27.96 12574, 8,626 -459.3 ~289.3 10.63 12.41 20.66 1247
21 28.3¢ 17508, 8.429 ~440.% -268.2 19.42 12.5¢ 21,45 1227
20 28,74 16471, 8.215 ~621.1 -246.4 20.22 12.6% 22.26 1207
29 29.16 1%.5%. 7,994 -401.0 ~72723.7 21.01 12,78 23.09 1186
30 29.62 14484, 1.757 ~380.3 ~200.2 21.81 12.8¢ 23,93 1164
3 30,10 13510, 7.%10 -156.9 -175.9 22.61 12,9 24.80 1142 '
32 30.62 12504, 1,254 -336.8 ~150.6 23.41 12.98 25.70 1119
33 31.18 11697, 6,990 -314.1 =124,% 26,20 13.04 26,62 1096
34 31,79 10054, 6,720 ~290.7 -97.6 25.02 13,09 21,517 1072
3% 32.43 10055, 6.445 -266.6 -69.4 25.83 13,13 20,55 1048
36 33,14 €293, 6.148 ~241.8 -40.3 26465 13.17 29.51 102+
37 33.89 es79. 5.887 ~2lo.3 ~10.2 27.48 13.21 30.60 1000 .
38 3a.71 7920. $.407 -190.2 20.9 2e.31 13.23 31,68 978
39 35.60 7310, 5,327 -163.4 53.0 29.14 13,25 32.69 952
40 36.56 6758, $.052 -136.0 86.2 29,98 13.26 33.73 929
'Y} 37,80 623%, 4,780 -1¢8.1 120.5 30.83 13.20 34,74 907
2 38,72 ETILN 4517 -79.8 i55.7 31.67 13,29 35,69 886
43 39.93 5422, 4,261 -51.0 191.6 32.52 13.32 36.58 865
Y el.23 5084, s.017 -21.9 228.8 33.37 13.34 37.39 846
s 42.61 480, 3.784 7.4 266.5 34,22 13.37 38,05 029
a8 44,08 4572, 3,564 36.8 304.8 35.07 13,61 38.59 813
'Y 43,66 4384, 3,358 66.1 383,86 35,90 13,45 38,97 199
48 41,27 4231, 3,165 9%.2 382.6 36.72 13,49 39.18 186 -
49 48.97 4131, 2,936 124.1 421,68 37.53 13.53 39,23 776
50 40.73 4059, 2.820 152.6 461.0 38,32 13.57 39,13 167
51 52.55 401%. 2.667 180.6 500.0 39 10 13,60 36.88 760
s2 54,40 3997, 2.527 2068.0 538.8 39.a5 13.63 36.54 154
‘ s3 56.28 4007, 2.398 234.9 577.1 40,58 i3.67 38.10 149
| se s8.19 4024, 2.219 261.2 614.9 41,28 13.70 37.60 748
‘ 55 60.11 4064, 2. 110 286.8 652.2 41.97 13.73 371.08 143
56 62.0% sl1e, 2.071 312.3 689,5 42,66 13.76 36.51 L%
s7 63,98 A183, 1.980 336.8 125.7 43,28 13.79 35,94 740
38 65.91 4257, 1.896 360.6 161.4 43,90 13.82 35.38 740
39 67.84 4330, 1,019 384.0 196,.4 4,50 13.85% 34,85 T4l
60 69,77 442e, 1.748 406.8 831,0 45.08 13.89 34,34 141
61 71.68 4s1e, 1.683 429.3 865.1 45,85 13.6% 33.8% 743
62 73.59 4815, 1.622 451.3 698.7 “«6.19 13.99 33.40 148
63 75.49 arle, 1.%66 2.9 931.8 46,172 14.05 32.98 146
64 17.37 4817, 1.514 494.2 954.6 47.24 14.12 32.59 T48
6% 19.25 922, 1,455 $18,2 997.0 47,74 1s.18 32,23 750
66 81.11 5029. 1.420 535.9 1029.0 48,23 14,26 31.96 152
87 82.96 s137. 1.377 556.4 1060.8 «8.71 14,34 31.39 754
Y] 84.00 5246, 1.337 576.7 1092.2 49.17 14.42 31.32 157
69 85,63 5384, 1.300 596.8 1123.4 49.63 14.51 31.06 159
70 08,48 S48, 1.28% 616.7 11544 50.07 14.61 30.04 162
»
31 90.2% 5578, 1.231 636 4 118%.1 50.51 4.7 30.63 164
12 92.04 s683. .200 656.1 1215.6 50,94 14,81 30.45 767
73 93.82 5799. 1.170 67%.6 1246.0 51436 14,92 30.29 769
74 95.59 5910. 1. 161 €9%.1 1278.2 51.77 15.04 30.14 172
7 91,38 6021. 1118 i16.4 1306.3 sz.17 15.1% 30.02 114
76 99.10 6133, 1.089 .33.8 1336.2 $2.57 15.28 29.90 117 .
7 100.84 6243, 1.06% 753.0 1366,1 52.96 15.40 29,81 119
70 102,56 6354, 1.042 172.3 1395.8 53.34 15,53 29.73 102
79 104.28 8403, 1.020 191.5 1425.5 53.72 15.67 29.66 704
20 105.99 es7e. 0.998 810.8 1455.2 54.09 15.80 29.61 187
81 107.89 6836, 0.978 14847 Sa.46 15.94 29.57 709
62 109,39 6796, 0,959 1514.3 54.02 16.09 29.54 192
8) 111.07 6908, 0,940 1543.0 55,18 16.23 29.%2 794
04 14278 7015, €.923 1573.3 5,53 16,38 29.51 197 .
s 114,61 T124. 0.906 1602.8 $5.88 16,33 29.51 199
0 116.07 1237, 0,809 1632.3 56.23 16.69 29.92 002
87 117,73 7340, 0.873 1661.9 36.37 16.04 29.53 804
88 119.37 Tear, v.858 1691.4 56,91 17.00 29.%6 807
89 121.01 1534, 0,064 985.3 1721.0 S7.24 17008 29.¢0 809
90 122.064 1861, 00829 16¢s.0 1750.6 57.57 17.32 29.63 812
9 124,27 1767, 0.016 1024.8 1100.3 51.90 17.48 29.68 alé
92 125.89 8T, 0.603 1064.4 1810.0 58.22 17.84 29,73 817
. 99 1217.50 1974, 0.7190 1064.6 1839.7 53.%5 17.80 29.19 819
9¢ 129.11 soet. 0.778 1084.6 1069.5% 58.87 17.97 29.05 821
98 130.71 T 0.766 1104.8 10994 $9.18 18,13 29.92 824
9 132.30 [FI1 0.754 1125.0 1929.4 $9.49 10.29 79,98 026
97 133,29 8300, 0.743 1148.4 1939.4 $9.9} 18.48 30.07 829
v 135,48 8487, 0.13) 1183,8 1969.5 60,12 18.62 30.16 a3
99 137,07 (111N 0.723 1106.4 2019.7 00,42 10,79 30.2% 834
100 178.6% 889°, .71 1207.1 20%0.0 60,73 19.9% 30.34 636

o TwO-PHASE BOUNCARY

56




VABLE X. THERMOOYNAMIC PAOPERTIES OF PARAMYDAOGEN, ISOBARS-CONTINUED
70.0 ATNCOSPHERE ISOBAR

P/2ph (P "aNp
TEMPERATURE YOLUME [SOTVERR 1 SUCHORE InNTERNAL ENTHALPY ENTROPY Cvs NEAT Cp ¢ MEAT VELOC!TY
3 OERIVATIVE DERIVATIVE EMERGY CAPACITY CAPACLTY OF SOUND
0€G. KELVIN CM/GROLE CHIATH/GMOLE ATM/K J/GHOLE JIGMOLE J/GHOLE-K JIGROLE-K J/GMOLE-X METER/SEC
t 15,995 25.01 31788, S.66% ~614.1 -436.7 10.33 10.12 3.0 1438
16 25.01 nrr. 9.664 ~-614.0 ~4386.6 10.33 10.12 13.10 1438
17 25.21 3034%, 9.736 -601.9 -423.2 11.1% 10.45 13.87 1423
18 25.42 29147, 9. 136 -58%.2 ~408.9 11.96 10.78 14.98 1410
19 25.64 20045, 9.49)3 -513.9 -394,0 12.77 11.03 15.27 1397
20 2%.87 26929, 9.624 -561.9 ~378.4 13.57 11.29 15.95% 1383
21 26.12 25748, 9.532 -547.3 ~362,.1 14.37 11.%2 16.64 13867
22 26.38 24639, a.423 -532.2 -345.1 15.16 11.73 17.32 1352
23 26,85 23807, 9,300 -314.> ~327.4 15.94 11.93 18.02 1336
24 26.94 22410, 9.163 ~500.2 ~309.1 l16.72 12.10 18.71 1320
25 27.24 21332, 9.009 ~483.3 ~290.0 17.50 12.26 19.42 1303
26 27.57 20271, 8,840 -4565.8 -270.3 18.28 12.41 20.12 1288
27 27.91 19227, 8.6%59 -447.7 =249.8 19.0% 12.56 20.85% 1268
28 28.27 18206, 8,464 -429.1 ~228.6 19,82 12.66 21.58 1249
29 28.6% 17200, 8.25%7 ~4C9.8 ~206.¢ 20.59 12,77 22.32 1230
30 29.05 16230, 8.040 ~3%0.0 -184.0 21.3¢ 12.85% 23.07 1210
31 29.49 15299, T.811 ~369.8 ~160.5 2:.13 12.94 23.8) 1190
32 29.9¢ 14387, Ta375 ~348.7 ~136.3 22.90 13,01 24.60 1169 X
33 30,42 13816, T7.331 ~-327.1 -111.3 23457 13.07 25.38 1149
3 30.9% 126060, 7.082 -305.0 -8%.9% 24.4) 13.12 26.19 1127
3% 31,50 11869, 6,829 -202.4 ~59,0 2521 13.17 26.99 1106 ¢
36 32,09 11104, 4.572 -299.2 =31.5 25.98 13.21 27.82 1084
37 32.72 1038, 6.313 -235.4 “33 26.75 13.2% 28.64 1062
38 33.39 9704, 6,056 -211,1 25.8 27.53 13.27 29.%0 1041
39 34.11 9072, 5.7197 ~186.2 55.7 28.30 13,29 30.32 1020
40 34.38 8401, 5.540 -161.0 86.4 29.08 13.29 31.14 999
41 35.70 1943, 5.287 -135.3 1r.e 29.86 13.31 31.94 979
42 36,58 T4ST. 5.039 -109,2 150.2 30.64 13.32 3a2.11 959
43 37.51 ToL6. 4.797 -w2.8 183.3 3l.42 13.34 33,84 40
s 38.50 6621, 4.562 -56.0 217.1 32.19 13.3% 34.13 s
45 39.55 6212, 4,338 -29.0 25145 32.97 13.37 Je.Te 945
46 40.66 5970. 4,119 ~1e9 286.5 33,74 13.41 35.31 B8Y '
47 41.83 5709, 3.912 25.4 322.1 34.%0 13.45 3578 ars .
48 43.06 9490, 3. 715 52.6 358.0 35.26 13.49 36.16 860
49 44,34 $306. 3.529 19.9 394.3 36.01 13.53) 36.44 848
S0 45,67 5159. 3.354 106.9 430.8 36.75 13.57 35.62 536
sl 4£7.05 5062, 3.191 133.8 %67.5 3T.47 13.61 36.70 827
52 40.47 4935, 3.037 1860.4 50602 s, 12 13.6% 38.68 818
53 49.92 4094, 2,893 186.7 540.8 J8.88 13.69 36.58 811
54 51.41 4858, 2.7%9 212.7 577.3 39.56 13.73 36.40 8gs
55 52.93 4838, 2.463% 238.2 613.8 40.23 1A, 36.17 799
56 54,48 4837. 2.519 263.9 650.2 40.89 13.8C 35.18 798
57 56.01 4893, 2.412 208.4 68%.9 41.52 13.83 35.55 192
58 57,58 46882, 2.312 312.8 721.2 42.14 13.86 35.20 7189
59 59.13 4922. 2.219 336.7 156.2 42.73 13.90 34,083 187
50 60.73 4974, 2.i3) 380.1 150.8 43.32 13.9% LI Y 786
[ 1] 42.31 5033. 2.053 383.2 825.1 43.08 13.99 34.09 785
62 63.89 5101. 1.979 405.8 8%9.0 4,43 14.05 33,74 785
63 65.47 srT*. 1.910 428.1 892.% 66.97 18,10 33.39 78%
84 67.0% 5254, 1.0845 450.1 925.7 «5.49 14,17 33.06 78% .
(1] 68.62 533m, 1.785 471.9 958.6 46.00 164.24 32.78 785
66 70.19 S42%. 1. 129 493.) 991,.2 46.50 14.31 32.46 788
(3} T1.7¢ 8518, 1,678 514.5 1023.5 46.99 14,39 32.19 187
68 73.32 5609, leb26 $35.% 1055.5% 4T.4¢ 16,48 31.94 789
&9 714,88 5703, 1.%79 556.3 1087.3 47.93 14,57 31.71 790
70 78.42 %803, 1.53% 516.9 1118.9 48.38 14,07 31.49 I
T 17.98 590", 1.494 597.3 11%0.3 46.83 18,77 31.2% 793
72 79.50 6008, 1.454 817.7 1181.5% 49.26 14.87 31.11 194
73 81.03 5104, 1.417 &37.9 1212.5% 49.69 14.99 30.9¢ T96
T4 82.53 6207, 1.382 6%8.0 1243.4 50.11 15.10 30.81 198
15 84.06 6317, 1.348 $78.0 1274.2 50.52 15.22 30.68 800
T4 83.56 64l4, 1.31¢ 697.9 1304.8 50.93 15.34 30.517 802 )
1 &4 a7.06 652, 1.28% T17.8 1335.) 51.33 15.47 30.47 803
78 88,55 8624, t.257 737.6 136%.7 51.72 15.80 30.39 803 \
79 90.04 87132, 1.230 757.% 1396.1 52.11 15.74 30.31 807
[ 1] 91.5%2 683N, 1.203 T77.3 1426.4 52.49 15.87 30.2% 809 ]
ol 92.99 8944, t.ive 797.1 1496.8 52,06 16,02 30.21 all
82 94.43 7350, 1.154 816.9 1486.9 53,23 16.16 30.17 [ 1%)
[ }] 93.91 71568, 1.131 83.7 1516.9 33.60 16,31 30.14 818
L1} 97.38 126, 1.109 8556.5 1847.0 53.9¢ 16.46 30.12 a’r
8% 98.80 73487, 1.008 arl6.4 1577.1 54,32 16.61 30.11 a9 ‘
[ 1] 100,24 T4TS, 1.067 896.3 1607.3 4,87 16.76 30.11 ” }
87 101.6" 1501, 1.048 916.2 18371.4 55.02 16.92 30.12 024 ¥
L1 103.10 T687. 1.029 936.3 1667.5 55.36 17.08 30.i4 826 }
a9 104.92 1192, 1.011 9%6.3 1637.6 35.70 17.24 30.16 823
90 10%.93 T89%, 0.99) 976.5 1727.8 56.04 17.40 30.18 830
91 107.34 8001, 0.917 99¢.7 1758.0 56.37 17.%8 30.22 32
92 108.74 8107, 1017.0 1788.2 $6.70 11.72 30.2¢ 634
3 110.14 021, 1037.3 1818.5% 57.03 17.89 30.31 338
94 111.9) 831, 1087.8 1048.8 $7.33 18.0% 30.36 838 !
9% 112.92 8819, 1078.3 1879,2 37.67 18,22 30.62 841 ‘
9% 114,30 8327, 1099.0 1909.7 47.99 14.38 30.480 [T} }
97 115,60 as2e, ille. 7 1940.2 50.31 18.9% 30.54 845
9 117.0% 8T2*. 1140.% 1970.8 18.73 30.60 847 o
99 118.42 LLE N 1161.5 ‘00L.e la.88 30.68 849
100 119.79 89371, 1182.% 2032.) 19.04 30.7% 2
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TABLE X. THERMOOYNAZIC PRCPERTIES OF PARANYDROGEN, ISOBARS-CONTINUED
8G.C ATNCSPHERE IS0OBAR

(3P/2pM (P/3p
TENPERATYNRE VOLUME 1SQTHERN i SOCNORE INTERNAL ENTHALPY ENTROPY Ci, HEAT Cp v HEAY VELOCT TY
DERIVATIVE OERIVATIVE ENERGY CAPACITY CAPACLTYY OF SOUND
DEG. KELVIN C"’GlOtE crliatmsgroLe ATH/X J/GROLE J/GMOLE J/GMOLE-K J/GMOLE-K J/GMOLE-K METER/SEC
. 16,203 24.87 32867, 9.729 -612.3 ~410.7 10.37 10.17 13.11 1459
17 23.00 31778, 3.799 -603.8 -401.1 10.9% 10.41 13.67 1448
18 2%.20 30634, 9.827 -591.4 -307.1 11.75 10.72 14.37 1437
19 2%5.41 29554, 9.803 -578.4 -372.4 12.53 11.01 15.0% 1425
20 25.63 28485, 9. 748 -564,8 -357.0 13,33 11.26 135.7 1412
Zi 23.86 2729%. G668 ~550.6 ~341.0 14,12 11.50 16.37 1398
22 26.11 26200, 9.57C -535.9 -324.3 14.90 .72 11.02 1384
23 26.3% 25079, 9.456 ~3520.6 ~306.9 15.07 11.91 17.69 1368
24 26,63 24010, 9,331 -504.8 -288.9 16.4) 12.09 18.34 1353
25 26.91 22945, 9.191 ~488.4 ~éT10.2 17.20 12.25 19.01 1337
26 27.21 21904, 9.03S% -471.9 -250.9 17.95% 12.40 19,87 1321
27 27.52 20079, 8,067 -4%54.0 -230.9 18.71 12.54 20.34 1305
28 27.85 19070, 9,686 -436,0 -210.2 19.46 12.66 21.02 1288
29 20.20 18888, Be1%4 -417,5 -188.9 20,21 12.17 21.70 1210
30 28.57 17918, 8.291 ~398.4 ~1646.8 20.90 12.87 22,38 1232
3t 28.9¢ 17007. 8.079 -378.8 “144,.1 21.70 12,95 23,06 1734 .
32 29.37 16107, 7.858 -3%6.7 -120.7 22.44 13.¢3 23.71% 1219 X
33 29.80 15281, 1.632 -338.2 ~96.6 23.19 13.10 24,44 119 4
34 30.26 143964, T.399 -317.1 ~Ti.8 23.93 13.1% 25.15 1176
35 30.74 13597, T.182 -295.9% ~46.3 24.67 13.20 25.03 1157
3% 31.25 1283, 6.922 -2713.4 -20.1 25.40 13.25 25,55 1137
37 31.79 12100, 6.681 -2%0.9 6.8 26.14 13.2¢ 27.2¢ 1117 .
38 32.37 IS CIL N 6.438 -228,0 34,6 26.88 13.31 21.9 1048
39 32.98 10764, 6.196 ~204.06 62.7 27.61 13.33 20,66 1079
40 33.82 101853, 5.953% -18C.8 9.7 <8.35 13.34 29.34 1089
41 34.30 9584, S.717 -1%6.7 1'1.4 29.08 13.35 30,02 1041
42 3%5.03 9064, S.481 -132.2 151.7 29.01 13.36 30,66 1023
43 35.79 859", 5.254 -1C7.4 182.7 30.54 13.37 3l.28 1005
44 36.59 8154, 5.026 -82.4 214.2 31.26 13.39 31.08 988
L1 37.44 176", $-807 -S57.1 204 .4 31.99 13.41 32.44 M
L1} 38.33 T4048. 4.39% ~3l.6 179.1 32.71 13.44 32.% 955
47 39.26 7097, 4.391 ~5.9 31¢.3 33.42 13.48 33.43 90
- “8 40.23 6817, 4.19% 19.8 34¢,.9 34,13 13.52 33.84 926
49 41.2% (1340 4.008 43.6 3I19.9 34,83 13.55 34,19 913
50 42.30 636%, 3.829 Tl.3 414.2 35.52 13 59 34,47 901
51 43.40 6192, 3.660 $7.0 440.0 36.21 13.63 34.69 830
52 44.53 6047, 3.499 122.6 483.5 36.08 13.63 34.83 neC
53 45.69 5929. 3.348 143.1 S10.4 37.%% 13.72 34,93 81}
54 46.88 5837, 3.20% 17343 553.3 38.20 13.76 34.93 863
b1 48.10 S187. 3.071 1908.3 588.2 38.04 13.8%0 34,89 856
56 49,35 sT19. 2.944 223.6 623.8 39.48 13.84 34.00 830
N 57 50.61 5687, 2.82% 248.1 4%8.4 40.09 13.88 34,66 (133
58 51.89 Senh, 2.714 272.3 692.9 40.69 13.9 34,48 40
59 53.19 Schs, 20609 29¢,1 727.3 41,28 13.9% 34,28 836
60 34.50 5637, 2.511 319.7 T61.4 41.86 14.00 34,05 833
. 61 55.81 $700. 2.41% 342.9 795.4 42,42 18.0% 33.02 830
j 62 ST 14 S73s. 2333 383.9 829.0 42,986 14.10 33.57 (23]
; 83 $8.47 3777, 2.253 388.3 862.5 43,50 14.16 33.33 917
: 64 $9.90 5829, 2,177 410.9 49%.6 44.02 14.22 33.08 Qs
‘ 65 6l.13 5987, 2.106 43).0 928.6 44,53 14.29 32.04 (D3]
68 62.47 5950, 2.039 43%4.9 961.3 45.03 14.37 32.61 2s 2
& 43.81 6019. 1.377 476.6 993.8 45,52 14,45 32.40 024
68 65.14 6092, 1.918 498.0 1626.1 46.00 14.53 32.19 824
69 86.40 LTSe D) 1.862 319.) 1050.2 46.47 14.43 32.00 824
70 57.81 8151, 1.010 540.4 1090.0 46.93 14,32 31.82 824
.
n 69.14 6333, 1.761 $61.3 1121.8 47.38 14,82 3..8% 24
12 T70.47 8422, 1.714 582.1 1153.3 A7.02 14.93 1.50 823
73 71.79 6511, 1.069 602.8 1184.8 48.25 15.04 3.3 326
I3 73.i1 6603, 1.627 623.4 1216.1 48.60 15.16 3.23 8217
14 T4.42 6696, 1.587 644.0 1247.2 49,10 15.28 31.11 228
1 75.72 6190, 1.549 664.4 1278,.3 49,51 15.40 31.01 829 R
m” T7.u4 4e85, 1512 684,08 1309.3 49,91 15.353 30.92 830
T8 T8.34 69081, 1.478 705.1 1340.1 30.31 15.66 30.05 631 .
19 T79.64 7079, 1,445 128.4 1371.0 50.70 15.80 3¢.78 092
a0 80.93 nrr. 1.414 T4%.7 1a401.7 51.09 15.94 30.72 834
113 82.22 1276, L. 384 T763.9 1432.4 S1.47 16.08 30.88 935 1
82 03.%0 1374, 1.353% 706.2 1663.1 31.85 16.23 30.64 "7
[ X} 84,08 TeT4, 1.327 8Cs.3 1493,7 92.22 16,38 30.82 eye
[ 1% 1577, 1.300 826,.7 1524.3 $2.59 16.93 30.60 840
s TeT79. 1.275 847,90 1354,.9 $2.9% 16.68 30.59 (13
86 7184, t.251 887.4 1%585.5 $3.30 16.8¢ 30.%9 843
o7 7887, 1.227 887.8 16i6.1 33.66 16.99 30.%9 04
1) 7984, 1.204 ece.2 1h46.6 54,01 17.1%5 30.60 [ 1%
1] 80084, 1.183 2.7 1477.3 $4.3% 17.31 30.62 848
[ 1)) 8189, i.162 949.2 17107.9 54,70 17.48 30.63 850 .
91 297, 1.142 969.8 173e,9 $5.03 30.68 (13
? 8394, 1.122 990.3 1769.2 5%.37 30.71 (L3
93 8497, 1.104 1011.2 1800.0 5$3.70 30.76 (23]
9% 8599. 1.06% 1032.0 1030.7 $6.0) 30.00 a7
9 0702, 1.068 1033.0 1081.% 304368 30.0% e
9% 4803, 1.051 1073.9 1897 .4 5¢.08 30.%0 t61 _.‘ -
97 830%. 1.034 1095.0 192).4 37.00 30.97 02
. 9 9004, 1.019 1116.2 1954.3 57.32 31.03 164
9 90", 1.003 1137.8 1988 .4 57.8) 31.09 "we
100 9209, 0,988 11%8.0 2016.9 57.93% 31,18 60
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TVABLE X. THERROOYNAMIC PROPERTIES OF PARAHYOROGEN, I1SOBARS-CONTINUED
90.0 ATNOSPHERE 1SOBAR 3 4

(2P/dph (2P/oTp
TEMPERATURE  VOLUNME 1SOTHERN 1SOCHORE INTERNAL ENTHALPY ENTROPY Ciy HEAT Cy o MEAT VELOCITY |
3 DERIVATIVE  DERIVATIVE ENERGY CAPACTTY cAPACITY Of SOUNO \
DEG. KELVIN CM/GMOLE  CHYATM/GMOLE ATH/K J/GHOLE J/GMOLE J/GMOLE~K JIGROLE-K J/GROLE-K METER/SEC ‘
. 16,586 24,74 33054, 9.006 -610.5 ~384.9 10.42 10,22 13.13 1479
17 24,01 33147, 9.3%7 ~805.¢ -379.1 10.76 10.37 13,48 1472
18 25.00 32097, 9.911 -$93.3 ~35.3 .58 10,69 14.t8 1463 [
19 25.20 31026, 9.906 ~500.6 ~150.8 12.34 10.98 14485 YL ¥ :
20 25.41 29943, 9.863 ~%67.3 -335.6 13.11 11,24 15.49 1440 R
21 25.63 20801, 9.194 ~9%3.% ~319.8 13.09 11.48 16.13 1426
22 2%5.08 21738, 9.708 -$39,1 ~303.) 14,65 11,70 16.76 1413 .
23 26.09 26610, 94604 ~524.2 ~206.2 15.41 21,90 17.4¢ 1398
24 26.3% 255%6. 7.485 ~508.8 ~268.3 16.16 12.08 18,0 1384
25 26.61 24507, 9.356 ~442,9 -250.2 16.91 12,24 18465 1370
26 26.89 2)48%. 9.214 ~4T604 -23142 17.66 12.40 19.29 1358
21 27.18 2247, 9,057 ~459.5 ~2t1.7 18.40 12.54 19.61 1339 y
28 27.48 21473, 8.808 ~442.0 ~191.4 19.13 12.67 20.45 1323
29 21.80 20%0%. 8.709 ~424.1 -170.6 19.88 12.78 21.18 1307
30 28.14 19549, 8.519 -408.7 ~149.1 20.%9 12.08 21.82 1290
> 31 28.49 10644, 8.320 ~386.8 ~-126.9 21.32 12.77 22.44 1273 -
32 28.86 17757, 8.11% -367.4 -104.2 22.04 13,05 23.07 1256 '
33 29.26 16907, 1.901 ~3¢7.0 -80.8 22.7¢ 13.12 23.69 1238
34 29.67 16052, 7.682 ~327.3 -56.8 23.40 il 24.33 1220
3s 30.10 15253, T.459 -306.4 -32.1 24.19 13.2¢ 24,98 1202 .
36 30.5% 14488, 74232 ~283.5 -6.9 24.90 13.28 25458 1184
3 31.03 13753, 7.004 ~264.0 19.0 2%.61 13.33 26,20 1166
- 38 31.53 13060. 6.77% ~242.0 45.% 26.32 13.38 26,01 1143
39 32,08 12399, 6.546 -219.7 12.6 27.02 13-37 27461 1130
40 32.62 11773, 64317 -197.1 100.4 27.72 13.39 28400 1113
41 33.21 11188, 6.091 ~174.2 128.% 28442 13.40 20459 109%
42 33.82 10638, 5,068 -130.9 157.5 29.12 13,41 29.15 1071
43 34,47 10136, 5,448 -127.4 186.9 29.01 13.42 29,10 1062 .
A4 3%.14 9673, 5.429 -103.8 216.9 30.54 13,44 30.22 1048 ~
5 35.8% 9240, 5.217 -19.6 2474 31.18 13.45 30,72 1030
a6 36.60 8847, $.01% ~55.4 278.4 31.87 13,49 3. 1014
a7 37.37 8492, 6.812 -3.0 509.8 32.54 13,52 31.65% 1000
a8 18,18 8174, 4,619 -6.% 34l.6 33.21 13,56 32.09 986
49 39.02 1886. 40432 18.0 373.9 33,39 13.5%9 32.42 972
50 39.89 1633, 4.2%) 2.7 406.4 34,54 13,63 32,74 969
51 40.79 7408, “.082 67.3 439.3 315.19 13.67 33,01 948
32 41.72 1215, 3.919 91.9 472.4 35.83 13.71 33.23 937
53 42.68 70%0. 3.763 116.5 505.7 36.46 13, % 33.40 921
54 43.66 6911, 3.61% 141.0 539.1 37.0% 13.680 33,52 918
ss 44,67 6794, 3,474 165.4 572.7 37.71 13.85 23.59 910
56 4%.70 6898, 3.340 1531 406.8 3e.32 13.89 33.82 903 .
57 475 6622, 3,214 2140 640.5 38.92 13,92 33.61 896
58 47.82 6564, 3,094 238.0 R IN 39.50 13.96 33,56 89] i
59 48.91 6523, 2.901 261.6 707.6 40.07 14.00 33,48 88%
60 50.01 6497, 2.87) 20%.0 741.0 40.64 14.0% 13.37 (19 -
81 S1.12 (LY 2.1 308.2 774.3 4119 14,10 33.2% ar? :
62 £2.24 64b4. 2.678 3.1 807.5 41.73 14,16 33,11 a73 .
83 $3.37 6495, 2.568 353.0 840.5 42.2% 14,22 32.9% 870
84 54.51 8916, 2.503 376.3 873.4 02,77 14,26 32.81 (7Y 4
45 $5.6% 6547, 2.42) 398.6 906.1 43.20 14.3% 32.64 865 N
86 56.80 6584, 24341 420.7 938.7 43.78 14.42 32.48 863
T 57.9% 6628, 2,216 442.6 971.1 46026 14.%0 32.33 862
| 68 39.11 6679, 2.209 464.3 1003.3 46,74 14,99 32.18 380 o
| 69 60,26 6736, 2,145 “85.9 1035.4 43.21 14.68 32.03 859 N
10 61.42 797, 2.08% sC7.3 1087.3 4S.67 14,78 31.69 859
mn 62,57 6363, 2.028 s26.3 1099.2 46.12 14.68 J1.76
12 63.73 6933, 1.974 $49.7 1130.9 46.5¢ 14.99 .6y .
13 64.89 1007, 1.923 $70.7 1162.4 47.00 135.10 31.93 .
74 66.04 1084, 1.874 $91.7 1193.9 47,43 15.21 31.43 \
4] 67.19 T164, 1.828 612.6 122543 47.853 15.3) 31.38
16 68.35 1245, 1.784 633,4 1256.6 48.26 15.46 Jt.26 i
- 134 69,50 7328, L.782 (LT3} 1287.8 A8.67 15,59 3.9 .
78 10.64 1417, 1.702 s74.8 isle0 49.017 15.72 31.i3 \
79 T1.79 7501, 1.663 595.3 1350.1 49,47 13.88 31,08 :
'] 72.93 189, 1.627 T18.1 1381.2 49.80 18.00 31,03
81 14.07 1609, 1.392 136.7 181242 $0.7% 5. 1e 31.00 s6l
82 15.20 12300 1.358 187.4 1443.2 50.63 16.:9 30.9% [TY]
83 76434 186 %, 1.926 718.0 14760 51.00 16,44 30.96 (T3]
84 T7.47 1936, 1.49% 198,71 150%.1 $1.37 16.59 30.94 (T
(1] 78,59 [TITH 10066 819.3 135%.0 51.74 16.79 30.9¢ (T3]
e 19.71 alees, 1,437 840.3 1567.0 52.10 16,90 30.94 866 }
87 80.0) 0282, 1.410 060.8 £597.9 82.46 17.% 30.93 867 i
(1} 81.9% 8139, 1.304 s0i.3 1628.9 32.31 11,22 30.917 (T3 :
89 83.06 843, 1.398 902.4 16%9 $3.16 ir.38 30,99 269
%0 8417 8914, 1334 923.3 1620.8 $3.51 17.5% 31.01 (12}
91 3633, 1.310 944,2 1121.8 $3.8% 1r.n 31.0%
92 2. 1.207 965.2 17152.9 54.19 17.00 31.00 ~
” 8832, 1.26% 206.3 1786,0 34.53 18,04 N2 L
9% L3I Le244 1007.3 is.1 34.06 31.17
9 90)3t. 1,224 1920.7 1846.3 35.19 n.2
[T 9130. 1.204 10%50.0 1677.6 35.82 31.26 \
(7] 9229. PAY 1] 1071.¢ 1900.9 §3.04 392 .o
9 9328, 1.166 1092.9 1940.2 $6.16 .30
99 "2, 1.148 1114,3 1971.8 386.48 19.04 3148 .
100 9524, 1.3t 13,2 2003.1 %6.40 19.21 31,90
* TWO-PHASE BOUNDARY )




YABLE X. VHERWODYNAR (C PROPERTIES OF PARAHYDROGEN, ISOBARS-CONTINUED
100.0 ATMOSPHERE [SO8AR

toP/2e)s 2P/2Tp

TENRPERATURE VOLUNE ISOTHERN 1SOCHORE INTERNAL ENTHALPY ENTROPY C.' HEAT G ¢ HEAT VELOCITY

DEREVATIVE DERIVATIVE ENERGY CAPACITY CAPACIYY OF SOUND

VEG. KELYIN CH’GIOLE CHIATMZGMDLE ATH/IK J/IGMOLE J/GMOLE J/GMOLE~K J/7GHOLE-K J/GHOL €-X METER/SEC
* 16.844 28,81 34737, 9.897 ~-408.5 -359.2 10.46 10.26 13.17 1497
17 24,64 34400, 9.915% -606.7 -35%7.% i0.58 10.32 13.30 1494
18 24.81 3353t. 9.992 ~-594.9 -343.5 11.38 10.65 13.99 1488
19 2%.00 32454, 10.004 -582.3 -329.2 12.13 10.95 14,66 1478
20 25.20 31387, 9.974 ~569.5 ~314.2 12.90 11.22 15.29 1467
21 25.41 30267. 9.915 ~558.0 ~298.6 13.66 11.46 1%.92 1454
22 25.62 29207. 9.835 ~-541.9 ~-282.3 14,42 11.68 16.53 Lead
23 25.85 28104, 9.742 -527.4 ~265%5.5 15.17 11.88 17.14 1427
24 26,09 27059. 9.633 ~512.4 ~248.1 1%5.91 12.07 17.74 1414
25 26,33 26025. 9.510 -496.8 -230.0 16,6¢ 12.23 10,34 1400
26 26.59 25014, 9.378 ~480.8 =-211.4 17.38 12.39 18.94 1386
rid 26.8¢ 20019, 9,233 -4H54.3 -192.1 18.10 12.%)3 19.54 1372
28 21.15 23026, 9,075 ~hAT .4 ~172.3 18.83 12.67 20.15 1357
29 2744 22089, 8.906 ~429.9 -151.8 19.54 12.719 20.74 1341
30 27,76 21118, 8.720 ~-412.0 -130.8 20,26 12.89% 2134 1326

n 28,08 20226, 8.541 -393.7 ~109.2 20,97 12.99 21.92 1310 ¢
12 28.42 19348, 8.346 ~317s.0 -87.0 21,67 13.07 22.%0 1294
33 28.78 18499. 8,145 ~385.% -64.2 22.3 13,15 23.08 1278
38 29.15 17649, 1.938 ~33.2 -40.8 23,07 13.21 23.66 1260
b1 29.5% 16850, 1.126 ~316.2 -16.8 23,78 13.27 24.23 1244
36 23 _uk T408%. 7.511 -295.8 T.7 24,45 13.32 24.80 1227
37 30.38 15348, Ted2% -275.1 32.8 25.14 13.38 25.36 1210
38 30.83 14648, 7.017 ~£5% .0 58.4 25.83 13.40 2%.91 1193 *

39 31.30 13980, 6.8%8 ~232.6 LI 26,51 13.42 2844 nun
40 3l.79 13344, 6.640 ~210.9 111.3 27,18 13.43 2697 1160
41 12,31 12741, 6.423 ~1988.9 138.5 27.8% 13.44 27.49 1144
42 32.85 12176, 4.208 ~1066.6 166.2 28,952 A 258 2799 1128
%3 3).4) 11643, 5.995% -144.0 194.,% 29.19 13.47 28.48 1112
s 34.00 11163, 5.787 ~125.27 223.2 2985 13.49 J%.94 1097
45 34.61 10702, $.582 ~9g8.3 252.4 30,50 13.5%0 29.4v 1082
46 35.2¢ 10279, 5.382 -15.1 282.0 31.16 13.54 29.0% 1087
£33 35.91 9891. ¢. 188 -51.8 312.1 31.80 13.57 30.27 1052
- 48 35.60 9539, 4,397 -28.3 342.6 32.44 13.61 30.66 1039
49 .31 @215, 4,813 -4.7 313.4 33.08 13.64 31.02 1026
50 38.05% 89213, 4,635 19.0 §£04.5 33.71 13.68 31.34 1014

-

! 51 38,82 8659. 8, A4 42.8 436.0 34,33 13.72 31.64 1002
x2 39.40 B42S. 4,299 86.5 £47.8 34.95 13.7 31.89 991
53 40. 4} 8219. 4,142 90.3 499.6 35.56 13.80 22.11 980
54 41.25 BOa1. 3.990 114.0 532.0 36.16 t3,8% 32.28 971
11 42.10 7884, 3. 848 137.7 564.3 36.7% 13.89 32.42 962
56 45.97 13", 3,108 161.9 597.3 37.35 13,93 32.%2 954
57 43,87 763%. 3.578 185.4 629.9 37.93 13.97 32.%9 946
58 44,78 18230, 3.451 208.8 662.5 38.49 14.01 32.62 939
59 43,70 T86°. 3.331 232.0 695.1 39.0% 14.06 32.63 933
60 46,64 1407, 3. 218 25%5.1 121.7 39,40 14,10 32.60 927
&1 47.59 1334, ST ] 28,1 760.3 40. 14 14,15 32.97 922
62 48.56 Y321, 3.908 300.8 192.9 40.67 14,21 32.%52 918
&3 49.53 73G*. «-9%11 323.% 82%.3 1.19 14,27 32.45 913
54 50.51 1297, T. 819 345.9 857.7 41.70 L4.34 32.38 910
(3] 51.50 129%. 2.131 3¢8.2 890.1 42.20 14.4) 32.27 30e
(Y3 52.50 730<. 2.640 3%0.3 922.3 42,59 14.48 32.18 903
(14 $31.50 7324, 2,570 412.3 954 .4 43.17 14.% 32.08 90t
(1] 34.51 7387, 2,498 434,1 986 .4 43,85 14,65 31.90 898
69 9%.52 738A. 2.424 435.8 1018,.4 48,11 14. 74 1h.88 A9%¢
10 56,53 T427, 2.357 A1T7.4 1050.2 44,57 14,83 31.79 894
71 57.54 TAT, 2.294 4%8.9 1081,9 4%.02 14,93 31.70 893
72 58.5%¢6 752%. 24233 $20.2 1113,6 45.46 15.08 31,82 892
73 39.58 1581, 2.178 5¢1.5% 1145%.2 4%.90 15.1% 31.54 891
T4 80.60 1647, 2.12¢ 562. 1176.7 46.33 15,27 3.47 8%0
79 6l.t2 17107, 2.069 5383.8 1208.,1 “6.15 15.39 3l.41 889
16 62.64 2 AAN 2.019 4cA.8 1239.5 AT 7 1.5 31.35 889
1 £3.65 7045, 1.971 625.8 1270.8 47.58 15.04 31.30 (.11}
78 64,67 1914, 1.928 644.8 1302.1 47.98 15,77 31.26 ass
19 65.69 199t 1.883 6617.7 1333.3 48.38 15.91 31.2) [11]
80 46.71 8069, 1.841 408, 6 1364,.6 48.77 16.0% 31.20 83
11 6T1.72 8140, 1,801 109.6 139%.8 49,16 18.20 31.19 (11}
82 t0.73 8229, 1.1¢3 730.9 1426.9 49.354 16.34 31.17 2488
83 9.3 031d. 1.727 191.4 1458.1 49.32 16.5%50 3t 289
[.1% 10.76 0396, 1.692 172.3 1459.3 50.29 16.89% 31.17 a89
(1] T1.78 A8, 1.4%8 193.3 1520.5% 50.68 16.80 l1.18 889
[Ty r2.17 [ LY LY 1.626 14,3 15%1,8 %1.03 16.96 3t.19 890
8 .17 86s9, 1.%594 433.3 1982.8 $1.39 17.12 .21 891
1] 18,77 8740, 1.%6% 8%56,4 1614,0 Le74 17.28 31.23 891
89 71%.77 3847, 1.%936 art.s 1643.) %2.10 17.45 31.26 892
90 T6.77 893, 1.%08 89a.17 1676.06 32.45 *r.81 31.29 833
g1 TT.76 902%, 1.481 919.9 1207.9 92.79 17.78 31.33 894
92 18.7% 9118, 1.45% 941.3 17139.2 53.13 17.94 31,37 893
93 79.74 9214, 1.430 92,8 1170.¢ 93.47 18,11 .ol 98
94 80.72 930°. 1.406 984,1 1802.0 43.818 18.28 3,40 897
9% sl.71 940%. 1.382 10C5. 6 1833.9% “4.14 18.45 31.51 899
96 82.69 9%50°. t.360 1021,2 186%.0 54,47 13.482 31.%8 900
97 83,68 959¢, 1.338 1048,.9 1096, 6 %4.80 18.78 31.62 M
[T 846,064 9831, 1.317 1070.8 1928.2 5.1 18.95 31.68 W02
99 85.81 9787, 1.296 1092.9% 19¢0.0 35.49 19.12 3l.74 904

100 26.58 Ll LR t.27% IR EPS] 1991.7 ss.1 19.29 51.80 905

o TWO-PHASE BUUNDARY




TABLE X. THERMOOYNAMIC PRUPERTIES OF PARANYOROGEN, ISOBARS-CONTINUF
120.0 ATHOSPHERE 1SOBAR

@P/3ph - P3Np
TEMPERATURE VOLUME 1SOTHERA 1SOCHORE INTERNAL ENTHALPY ENTROPY Cv , HEAT Co , HEAT VELOCITY
y DERIVATIVE DERIVATIVE ENERGY CAPACLTY CAPACITY OF SOumD
D2G. KELVIN CN,GNUI.E CHYATR/GMOLE ATM/K J/GMOLE J/GMOLE J/GL.OLE=-K J/GMOLE-K J/GMOLE-K RETVER/SEC
* 17.388 24.37 Je787. 10.082 -604.4 ~308.1 10.54 10.36 13.25 1538
18 24,47 3625, 10.139 ~59T7.4 -299.9 11.01 10.57 13.6% 1537
19 24,64 35218, 10.185 ~585.5 ~285.9 11.76 10.88 14.33 1526
20 24.82 34149, 10.182 ~513.0 ~2T1.3 1z.51 il.16 13.95 1518
21 2%.00 33101, 10.141 ~560.1 ~256.1 13.26 11.41 15.5% 1505
22 25,20 3204P. 10.078 ~546.6 ~240.2 13.99 11.64 16.13 1494
23 25,40 3099, 9.997 ~5$32.7 -223.8 16,72 11.35 6.70 1482
24 25%.62 29939, 9.903 -518.3 ~206.8 15.45 12.04 17.26 146%
25 25.84 2895n, 9.798 -503.4 -189.3 16.16 12.21 17.82 1457
20 26.07 271934, 9.877 -480.12 -171.2 16.87 12.37 13.37 1444
27 26.31 26982, 9,548 -472.4 -152.5% 17.58 12,32 18.92 143)
28 26.%56 26008. 9,409 -456.3 -133.3 18.27 12.67 19.48 1418
29 26,82 25082, 9,260 ~439.7 ~113.6 18.97 12.79 20.02 1404
30 271.09 26131, 9.100 ~422.7 -93.3 19.66 12.90 20.%6 1390
n 21.37 2324%. 8.933 -405.3 -72.5 20434 13.01 21.09 1378
32 271,67 223469, rTIS? ~387.5 -5l.l 21.02 13.10 21.61 1362
33 21.97 21522. 8,576 ~369.3 -29.2 21.69 13.18 22.12 1347
36 29.29 20693, 8.380 =350.8 ~648 22.36 i3.26 22.63 1333
k5 28.62 19895. 8.19 ~332.0 16.0 23.02 13.32 23,13 1318
36 23.97 19137, 8.000 -312.8 39.4 23.08 13,38 23.62 1303
37 29.32 1839*, 7.802 ~293.3 63.3 24.33 13.43 24.10 1280
32 29,70 1760+, 7.601 ~273.5 a7.6 24.98 13.47 24,56 1213
39 30,08 11003, 7.400 -253.4 112.4 25.63 13.49 25,01 1259
40 30.48 1635m, 7.199 -233.0 137.6 26.26 13.51 25.45 D244 '
41 30.90 1573, 6.999 -212.4 163.3 26.90 13.53 25.88 1230
42 31.33 15147, 6,799 =191.%6 189.4 27.53 13.55 26.30 1216
43 3L.78 14507, 6.600 -170.5 Z15.9 28.15 13.57 26.72 1201
4 32,2% 1405m, H.4LS ~149.3 242.8 28.17 13,59 27.11 1187 '
45 32.73 13559, 6.211 -127.8 270.1 29.38 13.61 27.50 1174
45 33.23 1309¢. 6.020 ~1€6.2 29149 30.00 13.64 27.89 116G
47 33.75 12654, %.833 ~R&.4 326.0 30.60 13.68 28.26 1146
48 34.20 Lz2sr. 5.651 -42.4 354 .4 31.20 13.71 28.61 1133
49 34.83 11an. S.473 ~40.3 383.2 31.79 13.75% 28.95 121 i
50 33.40 11523. 5.300 -18.1 412.3 32.38 13.78 29.26 1109
S1 35.99 11196. 5.131 &2 a41.7 32.96 13.82 29.56 1097
52 36.59 10898. 4.967 26.5% 471 .4 33.54 13.86 29.83 1088
53 37.21 1r629. 4.809 49.0 501.3 34.11 13.91% 30.08 1075
S4 37.84 L0388, 4,656 Tl.4 531.5 34.67 13.95 30.30 1065
b1 38.49 10187, 4.508 S4.0 561.9 35.23 14,00 3.0 1053
56 39.15 9966 . 4.366 117.0 593.0 15.79 14.04 30.67 1048
57 39.83 978s. 4,229 139.5 623.8 36.34 14,07 30.82 1038 R
58 40.52 c628. 4,097 1€1.9 654.7 36.%7 14.12 30.94 1030
59 41.23 5490. 3.970 184.4 68%.¢ 37.40 14,16 3i.08 1023
(1] 41,94 9270. 3.849 206.7 Tle.7 37.93 16.21 31.12 1016
ot 42.67 9261 3.732 229.0 T47.9 18.44 16.26 31.19 1009
62 43,41 917n. 3.620 251.3 T79.1 38.95 14.32 31.24 1003
43 44,18 909, 3.514 213.4 B810.4 39.45 14.38 31.28 997
64 44,92 303, 3.411 28%5.5 B841.7 3%9.94 14.45 31.21 992
65 45.69 a98r, 3.313 217.% 873.0 40,43 14.52 31.32 987
13 46,46 8940. 3. 219 329.4 904.3 40.91 14.59 31.33 982
a7 “T.24 8311, 3.130 3512 935.4 41.38 l4.67 31.33 978
t9 4:.03 8091 . 3.044 333.0 967.0 41.84 16.78 31.32 974
v 48,82 88z, 2.962 4C4.7 998.3 42.39 14.8% 3l.31 970
10 49.062 98bL., 2.884 426.3 1029.¢6 42.75 14.94 31.29 987
| 1 £0.42 [T11.9 2.809 447.8 1060.9 43.19 15.04 31.28 964
: 72 $l1.22 88%8. 2.137 469.3 1092.1 43.463 15.15 31.27 961
73 $2,903 898, 2.669 450.7 1123.4 44,08 15.2¢ 31.26 958
T4 52,86 8914, 2.604 5.2.1 1154.6 44,49 15.37 31.24 956
™ 53,66 3976, 2.541 533.4 1185.9 44.90 15.49 31.23 954 :
76 54.47 3Cll. 2.481 554.7 1217.1 45.32 15.61 31.23 952 X
7 55,29 9Cs52. 2.424 576.0 1248.3 45.73 15.74 31.23 950 b
18 56,11 9097, 2.369 5%1.3 1279.% 46.13 15.87 31.23 48 \
79 56.93 GE46. 2,317 al8.5 13t0.7 46.53 16.01 31.23 947
80 57.75 9:99. 2.286 639.9 1342.0 46.92 16.15 31.2% 46
[ 33 58.57 925S. 2.218 661.0 1313.2 47.31 16.30 3l.26 943
82 59.39 921s. 2.172 682,23 1640¢.5 47.69 16.44 31.29 944
" 60.22 9378, Z.127 103.6 14135.8 48,07 16.3%9 31.31 943
% 6l1.04 9440. 2.08s 124.9 1807.1 4B. 45 16.7% 31.34 942
s 61.86 9317, 2.C43 746.3 1498.% 43.82 16.90 31.38 942 e
8 62,89 9515, 2.003 T6T.7 1529.9 49.18 17.06 31.41 94t !
a7 63.51 9647, 1.96% 789.1 i561.3 49.55 17.22 31.68 41 i
[.1] 4.3 97:0. 1.92% 810.8 1592.9 49.91 17.39 31.50 741 H
a9 65,15 9715, 1.893 832.2 1624.3 %0.2¢6 17.55 31.3% 941
9% 65.97 t872. 1.358 BS3.8 165%.9 350.62 17.72 31.60 %1
91 66.79 9950, 1.082% 875,46 1687.5 50.97 17.89 31.65 91
92 61,80 10030. 1.793 857.2 51.31 18.06 3t.71 941 '
93 60,42 1oatt. te762 919.0 51.66 18.22 31.77 941
34 8%.2 12194, 1.732 91Cc.9 $2.0C 18.39 31.83 942
i% 70.0% 10219, 1.203 982.9 $2.33 10.57 31.90 942 L
¥* 70.86 10363. 1.67% 849 s2.67 18.74 31.96 943
9 71.467 10440. 1.448 10¢7.0 $3.00 18.91 32.03 943 i
M T2.48 1093e. 1.622 1029.3 53.33 19.08 32.10 944
99 73.29 10628 . 1.596 10%1.0 33.65 19.2% 32.17 945 .
100 74,10 12709, 1.571 1074.0 33.90 19.42 32.24 943 R
» TNO-FHASE BOUNDARY L
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TABLE X. THERMODYMAMIC PRCPERTIES OF PARAMYDROGEN, {SORARS~CONY INVED

¥]
g 140.0 ATROSPHERE ISC3AR
3 (2P/oply (2P/2Tp
Q TEMPERATURE VOLuRE ISOTHERM 1SOCHORE INTERNAL ENTHALPY EMRLPY Cv, HEAT Co s HEAY vELOCITY
. 3 DERIVATIVE DERIVAVIVE ENERGY CAPAZITY CAPACITY OF SOouUND
¥ DEG. KELVIN CM/GMOL CHIATH/GROLE ATA/X J/GROLE J/6MOLE JIGMOLE X J/GMOLE~K V7601 E-K METER/SEC
k3
* 17.916 26a1x 39197, 10.248 -600.0 ~237.6 10.62 10.45 13.28 1503
18 24,1 A%lel. 10.258 -3599.1 -2%56.5 1C.68 10.48 13.34 1583
19 24.3° 37863, 10.337 -587.7 -242.8 21,42 10.81 14.02 isn
20 24,47 36209, 10.359 -575.7 ~220.5 12.18 1.1 14,64 1562
21 24.6° 3ssls. 10.347 -563.2 ~213.6 12,89 11.2¢ 15.23 1553
22 24,87 34764, 10,299 -5%0.2 ~196.0 13,61 11.60 15.79 1542
23 25.01 33760. 10.230 ~536.8 ~102.0 14,232 11.32 16.34 1532
24 25-20 32739. 10,147 -522.9 ~16%5.4 15,03 12.01 lo.87 1520
25 25.40 31746, 10.0%3 ~508.6 ~148.2 15.73 f2.19 17.39 1509
26 2%.61 307%9. 9.94¢7 -493.~ ~13C.6 16.42 12.36 17.91 L1497
27 2%5.83 29801, 9.831 ~478.8 ~112.% 17.1i 12.51 18.43 1485
280 26.05 20840, 9.704 -463.3 ~93.7 17.79 12,66 18.95 1473
29 26.29 2791, 9.570 ~447.4 “74.5 18,46 12.79 19.46 1461
30 26,53 2700", 9.426 -431.1 -54.8 19.13 12.91 19.95 1448 N
31 26.78 26097, 9.274 ~414.5 ~34.6 19.79 13.02 20.45 1435
32 27.04 25229, 9,115 ~387.5 =13.9 20,45 13,12 20,93 1422 ¢
33 21.30 24377, 8.948 -380.1 T3 21.10 13,21 21.40 1409
3~ 27.58 23879, 8.177 ~362.4 28.9 21.74 13.29 21.86 1396
33 27.87 22779, £.600 =346.4 1.0 22.38 13.37 22.31 1382
36 28,17 22014, 8.420 ~326.1 73.5 23,02 13.43 22,75 1369
37 28.48 2277, 8.236 ~307.5 9%.% 23,65 13.49 23.18 1356
38 28.80 <1557, 8.050 ~288.7 119.5 24.2” 13.53 23.60 1342
39 29.13 1987, 7.0863 ~269.6 143.7 24.89 13.56 23.99 1329 -
40 29.47 19221, 7.671% ~25%0.2 187.¢ 25.50 13.%9 24,37 1317
41 29,82 18584, 7.486 ~230.7 192.4 26,11 13.61 24,75 1303
42 30.19 17978, T.299 ~210.9 217.3 26.71 13.63 25.12 1zZ9
43 30.56 1739, 7.112 -19%0.9 242.7 27.31 13,65 25.49 127
A4 30.95 1683%, 6,927 -170.8 268.3 27.90 13.68 25.85 1265
45 31.35 1631%, 6.T744 ~150.4 294 .4 28.48 13.70 26.19 1252
46 .7 1s81e, 5.562 ~129.9 322.8 29.06 13.74 26.54 1239
47 32.19 15347, 6.383 ~109.2 347.5 29.64 13.77 26.07 1227
48 32.63 i 490%. 6.208 -88.3 374.5 30,21 13.81 27.20 1215
49 33,08 14489, 6.035 -67.4 401.8 30.77 13,85 27.50 1203
- 50 33.54 1c107, 5.865 —46.3 429.5 31.33 13.89 27.79 1191
51 34.01 137129, s.701 -25.1 457.4 31.88 13.93 20.08 1179
52 34.50 13348, 5.539 -3.7 “83.7 32.43 13.97 28.3% 1168
53 35.00 1300, 5.383 i7.7 S516.1 32.97 14,01 28.60 1158
54 35,51 12773, Je231 39.1 542.9 33.51 14.06 28,84 1148
535 34.03 12505. 5.083 60.7 571.8 34.04 14.10 29.05 1138
56 36.57 12282, 4,939 ez.s 601.5 364,58 15.14 29.25% 1329
57 37.11 12022, 4.800 104.4 630.8 35.10 14.)8 29.43 1120
L1 ] 37.66 11813, 4.666 126.0 660.3 35,61 14,22 29.58 111 X
- 59 38,23 11624, 4.536 147.7 690.0 36.12 14,27 29.713 1103 N
80 38.80 11454, 4.610 169.3 T19.8 38,62 14,31 29.86 10%¢
81 39.39 11297. %.289 190.9 T49.7 37.11 14.37 29.98 1088
62 39,93 11187, 40371 212.9% T19.7 37.60 14.42 30.09 1p81
63 40.58 11632, 4.059 234.1 809.8 38.08 14,49 30.19 1078
64 41.19 10923. 3.950 255.7 840.1 30,56 14,55 30.28 1069
6% 41.81 10827. 3.846 277.3 870.4 39.03 14,62 30.3% 1063
66 42,44 10747, 3.748 298.2 900.8 39.49 4,70 30.42 1057
67 43.07 10669, 3.648 320.3 9231.2 39.95% 14,70 30.49 1052
&8 43.7 10607, 3.%5% 341.8 961.7 40.40 14,86 30.54 1047
&9 44,35 10587. 3.465 363.2 992.) 40.983% 14,95 30.59 1042
0 45.00 10517, 3.379 384,08 1022.9 41.29 15.0% 30.64 1037
n 45.65 10482, 3.29¢6 406.0 10%3.¢ 41.72 15.13% 30.68 1033 .
12 46.31 10457, 3.216 427.4 1084.3 42.15 15.2% 30.73 1029
73 46.97 10440, 3.120 448.8 1115.0 42.58 15.36 30.77 1025
T4 47,63 10431. 3.068 470.1 1145.9 42,99 15.47 30.00 1022
15 48,30 10829, 2.993 491.% 1178.6 43,41 15.59 30.0% 1018
1L 48.97 10434, 2-927 Sl2.e 1207.3 43.82 15.71 30,00 1015
7 49.64 10445, 2.862 534.1 1238.4 .22 15.84 30.92 1032
T8 50.32 10461. 2.799 595.% 1269.3 44.62 15.97 30.96 1010 .
19 51.00 10483. 2.139 S16.8 1300.3 45.01 16.11 31.01 1007
80 S1.68 16510. 2.681 598.2 1331.3 45.40 16.25 31.05 1008
a1 $2.36 10542, 24425 619.4 1262.4 45.79 16.39 31.10 1003
82 53.04 10577, 2.572 641.0 1393,.3 46.17 16.534 31.15 1001
s 53.73 106.7. 2.520 6862.5 1426.7 46.5% l16.68 31.20 999
84 $4.41 10660. 2470 684.0 1433.9 46.92 16.84 31.26 997
s $5.10 10706. 2.422 705.8 1487.2 47.29 16.99 31.32 996
(.13 $3.79 10753, 2.376 127.2 1518.9% AT.06 17,18 31.38 995
87 56.47 10007. 2.331 T40.8 1549.9 48.02 17.31 31.45 993 !
a 57.16 10381, 2.200 770.3 1501.4 48,38 17.47 31.52 992 N
(1] 57.8% 10918, 2.247 192.3 1613.0 48.74 17,64 31.5%9 991 .
90 $8.5¢ 10972, 2,206 814.2 1644.6 49.09 17.81 31.66 991 g
N $9.23 11037, 2.168 e36.1 16.6.3 49.64 17.97 31.74 990
92 59.92 11099, 2.130 858.1 1708.1 49.79 18.14 31.82 989
93 60,61 11163, 2.093 980.2 1740.0 S0.14 18.31 31.90 %9
9% 61.30 11239, 2,058 902.4 17171.9 50.48 18,48 31.99 kil
93 81.99 11299. 2.024 924.7 1003.9 0.82 18.66 32,07 988
96 62.67 11370, 1.991 947.0 1836.1 Sta1% 18.83 32.13
9 63.36 11842, 1.9%9 969.4 1868.3 S51.49 19.00 32,24 ‘.
9 $4.0% 1151%. 1.929 992.0 1900.93 S1.82 19.17 32.32
99 84,73 11391, 1.878 1014.8 1932.9 82.1% 19,34 32.41
. 100 63.42 11647, 1.869 1037.3 196%.° 52.47 19.352 32.49
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TABLE X. YHERMGOYNAMIC PRCPERVIES OF PARAHYDROGEN. ISOBARS-CONTINVED
L60.0 ATHCSPHERE [SOBAR

(2P/dpMy (@P/3Mp
TEMPERATURE  VOLUME 1SOVHERN 1 SOCHORE IMTERNAL ENTHALFY ENTROPY Ci y HEAT Cp s HEAY VELDCITY
3 DERIVATIVE  DERIVATIVE ENERGY CAPACITY CAPACITY Of SOUKO
DEG. XELVIN CM/GMOLE  CM3ATM/GHULE ATH/X JIGMOLE JIGMOLE J/ GROLE-X J/GROLE-K J7GMOLE-X ME TER/SEC
s 18.431 23.93 41276, 10.460 -595.% -207.6 10.69 10.54 13.30 1622
17 24,03 40427, 10.491 -509.1 ~199.0 1.1 10.74 13.76 1614
20 24.16 36417, 10.522 “571.5 -185.8 11.83 11.05 14.37 1605
21 24.32 38434, 10.521 -565.4 ~171.1 12,54 11.32 14.95 1597
22 24,49 37380, 10,493 -552.9 ~155.9 13.2% 11.%6 15.9%0 1587
23 24,66 36428, 10.442 -539.9 -140.1 13.9% 1.8 16.03 1578
24 24,64 35417, 104369 ~526.5 -123.8 14.65 11.98 16.54 1567
25 2%.02 3443%, 10.268% -512.7 -107.1 15.33 12.17 17.04 1557
26 25.21 33481, 10.189 -498,4% -89.8 16.01 12434 17.53 1546
27 25.41 32507, 10.0085 -423.9 -72.0 16.08 12.50 18.03 1535
28 25.61 315¢* . 9.472 ~468,9 -%3.7 17.34 12.65 18.51 1524
29 25.82 30638, 9.848 ~4%3.8 -3%.0 18.00 t2.79 18.99 1512
30 26.04 29744, 9.717 -437.9 -15.7 18.6% 2.9 19.46 1501
31 26.27 7983%, 9.578 ~421.9 4.0 19.30 13.03 19.93 1489
32 26.50 21967, 9.432 ~405.5 24.1 19.94 13.14 20.38 1477
L 32 26474 2mnin, 9.279 -388.8 44.7 20.57 13.24 20.83 1484
34 26.99 2033, 9,120 ~371.8 65.7 21.20 13.32 21,28 1453
3s 27.24 23537, 8.956 ~354.% 87.2 21.82 13.40 21,67 1441
36 27.51 24768. 8,768 -336.9 109.1 22,44 13.47 22,08 1428
37 27.718 24027, 8.617 =31 5.0 1314 23.05 13.53 22.48 1416
38 28.06 23301, 8.443 -300.9 156,0 23.66 13.58 22.86 1404
« 39 28.35 22611. 8.268 -202.6 177.1 26.2% 13.62 23.22 1392
40 28.65 219%2. 8.091 -264.0 200.5 24.85 13.6% 23,57 1380
sl 28.9¢ 21310, 7.913 -245,2 24422 25.43 13,67 23.91 1368
“2 29.27 20693, T.736 -226.3 248.3 26.01 13.70 24,24 1357
43 29.60 20089, 7.55%8 -207.1 272.7 26.59 13.73 24.5%8 1348
4t 29.93 1951%, 7.381 -187.8 297.4 27.16 13.75 24.90 1333
45 30.28 1897=. 7.206 -168.3 322.% 21.72 13.78 2%.22 1321
IYS 30.63 18460, 7.033 ~148.6 347.9 28.28 i3.82 25.54 1309
.7 30.99 11962, 6.862 -120.,8 373.6 28,83 13.86 2%.85 1292
48 31.36 17491, 6,692 -108.8 399.4 29.38 13,90 26.1% 1286
49 N.T4 17048, 6.52% -88.7 425.9 29.92 13.94 26,44 1278 .
50 32.13 16630, 6.361 ~68.% 452,35 30.46 13,98 26.71 1264
51 32.%3 16227, €.201 -48.1 479.3 30.99 14.03 26.98 1253
52 32.94 15848, 6.042 -27.6 506.4 31.52 16.07 1,26 1242
53 33,36 15493, 5.887 7.1 533.8 32.06 14.11 27.48 1231
54 33.79 15162, 5,737 13.8 s61.4 32.5% 14.16 21,72 1221
55 34,22 14853, 5.590 34,4 589.2 33,06 1620 27.94 1212
56 34,67 14560, 5.447 35.7 617.8 33,58 16.24 28.1¢ 1202
£3 35.12 14289, 5.307 76.6 646.0 34.08 14,28 28.33 1193
58 35.59 14038, 5,172 97.% 6744 34.57 14.32 28.51 1105
59 36.06 13807. S.041 118.5% 703.0 35.06 14.37 28.67 1177
60 36.53 13596, 4,913 139.5 731.8 35,55 16.42 20.82 1169
61 37.02 13397, 4.7089 160.5 760.7 36.02 16.47 28,97 s
62 37.51 13216, “.6L9 181.5 789.7 36.50 14.53 29.11 L1324
63 38.02 13051. 4,393 202.6 818.9 36.96 16,59 29.2¢ 1147
[ 38.52 12902. 4,440 1237 848.2 37.42 14,66 29.3% 1140
85 39.04 12768, 4.331 2487 877.6 37.88 14.73 29.47 1133
66 39.56 12642. 4226 26%.8 907.1 38.33 14.80 29.%9 1127
67 40,08 12530. 4 124 206.9 936.8 38.70 14.08 29.89 1121
&8 40.51 12431, 4,026 308.1 966.5 39,22 14.97 29.79 1113
69 41.15 12344, 3.931 329.2 996.3 39.65 15.06 29.88 1110
10 31.69 12269, 3.839 3%0.3 1026.3 40.08 15.1% 29.96 1104
n 42,24 12199. 3.751 371.% 10%6.3 40.51 15.25 30.0% 1099
. 12 42,79 12139. 3.56% 392.7 1086.4 40.93 15.36 30.16 1094
73 43,34 12008, 3.382 413.8 1116.5 41.35 15.46 30.22 1090
13 43.90 12046. 3.503 435.0 1146.8 41.76 15.58 30.30 1083
5 A4 46 12013, 3.426 456.3 117.1 42.16 15.69 30.37 1081 '
16 45.03 11987, 3.3%2 77,8 1207.% 42.57 15.532 30.43 1077
124 45.60 11949, 3.200 498.3 1230.0 42.97 15.94 30.52 1073
18 46.17 11937, 3.211 $20.1 1268.¢. 43.36 16.07 30.60 1070
- 19 6.7 11933, 3,144 541.4 1299.2 43.75 16.20 30.67 1066 $
s0 47.32 11994, 3.080 562.8 £329.9 .14 16.34 30.7¢ 1063 v
81 41,89 11960, 3.018 $84.2 1360.6 44,52 16.48 30.82 1060 3
02 48.47 11932, 2.9%8 505.6 1391.5 44,90 16.63 30.90 1057
3] 49.06 11908, 2,900 627.1 1422.4 “5.27 16.78 30.97 1055
(79 49,64 12010, 2,064 648.7 1453.4 45.64 16,93 31,03 1052
s $0.22 12036. 2.790 1484.5 46.01 17.08 31.13 1050
"% $0.81 12064, 2.738 1515.7 46.38 17.24 31.22 1048 E
a7 $1.39 12098, 2.688 1546.9 46,74 17.40 3..30 1066
] 51.98 12131, 2.640 1578.3 aT.10 17.96 31.40 104~
1] $2.51 12170. 2.592 1509.7 47.45 17.72 31,08 1042 i
9?0 $3.1e 12212, 2.547 1641.3 47.80 17.89 31.58 1081 ;
91 $3.75 1221, 7.503 1672.9 48.13 18.0% 1039
92 S4.34 12294, 2.461 1704.6 48.50 18.22 1038
93 $4.93 12340, 2.419 1736.5 48.84 18,39 1037
9% 85.52 1230, 2.319 1768.4 49.198 1036
(¢ ] $6.12 12441, 2.341 1800.4 49.52 3 1033
% S6.7i 12496, 2,303 1832.6 49.06 18.90 1034
97 $7.30 12534, 2,267 1864.8 $0.19 19.08 1933
9 57.89 12814, 2.233 1097.1 $0.33 19.29 1033
99 30.49 12078, 2.197 19296 $0.86 19.42 1032
100 59.08 12739, 2. 164 1962.1 S1.18 £9.%9 1032
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TABLE X. THERMODYNAMI( PRCPERVIES Cp PARANTOROGEN, [SGBARS-CONTINUED

- 180.0 ATHCSP: SRE 1S0BAR
P 3p, v P 3Ty
TENPERA TURE YOLUNRE s SUTHERM i SDCHORE INVERNAL EXTHALPY ENTROPY Cv s MEAT Co 4 WEAT VELOCI TY
DSR.’VHHE OSRYVATIVE EXNERGY CAPACETY CAPACSITY OF SOUNO
CEG. KELVIN CH;(‘.m)lt CMIATH/GMOLS ATM/K J/GHGLE J7GMOLE A/GRSLE-K LIGMOLE-K J/GMOL &=k METER/ SEC
* 18.333 23,3 43024, 1G.c00 ~599.7 ~153.0 10.77 10 64 13,51 le%7
19 2378 42905, 10.879 ~5%0.0 =rer.o 10.81 10,67 13,53 1693
20 23.80 $2002. 10.692 ~578.7 ~143.2 1152 10499 14,13 1648
21 24,03 +0960, 10.692 ~567.9 ~128.9 12.2 11.27 14.70 1639
22 24,18 39921, 10.471 -354,9 -113.8 12.92 iL.52 15.24 1629
23 24.34 29001%. iG.n29 ~542.2 -99.) 13.61 1i.78 15.75 1821
24 24.50 3s0a7r. 1o 570 ~529.2 ~824) 14,29 11.9 16,23 sl
5 24,67 31031, 12,493 -514.8 ~85.8 14.97 12.15 16.73 1601 '
& 24,07 38049, 170403 ~502.? ~48.3 15.63 12.32 .21 1591 ‘
27 2%.03 35104, 10.31s ~487.¢ -3l.4 16.29 12.4% 17.68 1581
28 2%.22 34tur, 10210 ~473.4 -13.% le.9¢ 12.64 18,15 1570
29 25.41 33287, 10.C99 ~458.6 4.9 17.5% 12.79 10.60 1560
b1 23,561 1z388, 9.939 ~443.4 3.7 18,23 12.91 19.05 1549
31 25.82 3less, 9.851 ~427.8 3.0 18.08 -Y.04 19.4% 1538
32 £6.93 30%9%, 9718 -4t2.0 h2.7 19.48 15.18 19.9) 1524
33 26,29 29740, 9.576 ~395.8 82.8 20.10 13,23 20,35 1518
34 26,47 28970, 9.429 ~379.4 1C3.4 {9.T72 13,35 20.7% 1503
A5 26.70 28379, 9.278 -362.7 124.3 Zh. 22 13,43 21.15 1493
16 26 .94 407, 9.119 ~345,7 148,17 21,92 13.5) 21.54 1482
v 27.18 cbeeT, 1.957 -328.4 187 .4 22,52 13.57 21.91 147 ~
35 27,44 2593%, 8.79) ~310.% 189.3 23.11 13.83 22.27 1459 ‘
39 2r.10 25247, 8.628 -2%3.2 211.9 23,49 13.67 22.61 1449
40 27.98 245717, 2.480 -275.3 23407 24,27 13.70 22.393 1628 .
el 25,23 23924, 8.292 =257.1 257.8 24.384 13,73 23.25 1427 f
42 28.51 2330Y. 8.123 ~238.3 281.2 3 0 13.78 23456 1418
43 28,80 22687, 7.954 ~22C.4 204.9 25.9¢6 13.79 23.87 1403
44 29.190 22098. 7.78% -2e01.7 38,9 20451 13.62 26,19 1394
45 29,49 258, T.628 ~lsc.® 333,13 21.06 13.83 2n.n6? 13183
46 29,71 2101, T.4%0 ~163.¢ 317.9 27 & 13,90 24.78 1372
7 30,92 20500, T.285 ~144.3 402.8 28.14 13.9« 25.09 1381
40 30.3% 20108. 7.122 -125.% 28,0 20,67 13.98 25.34 13%0
49 30,488 19543, 6.961 ~106.1 453,5 29,19 14.03 23,61 1339 N
50 3t.02 19102, 8.802 ~86.% 419.2 29.71 14.07 25.07 1329
51 31. 36 18675. b.b645 ~66.8 40%.2 30.23 14.11 26.13 1318
82 31,12 18270, 6,490 ~47.0 S3L.8 30.74 14.18 26.38 1308
33 32.08 17888, 6,339 =2T.1 557.9 It.24 14.20 .42 1298
54 32.45 17527, 4,191 “Tal 584.7 3,74 14.25 26.84 1208
5% 32.82 17187, 6.04% 13.0 6l1.6 32.24 14.30 21.06 1279
St 33.20 16867, $.902 3.7 639.3 32,74 14,34 27.20 1269 N
7 33.59 1655, S.T64 4.0 6b8.6 33. 22 14.%8 27.45 1261 J
58 35.99 16271, 5.829 4.3 6942 33,70 14,42 21,64 1292
59 34039 1600%, £,496 9.7 12049 34,17 14,47 27.81 L2404 '
50 34,80 L5762, 5,368 11541 Y49.8 4,64 14,52 21.98 1236 .
[3} 15,21 15528. 3.2643 13,6 771.9 315128 14,57 28,14 1228
62 35.64 18312, S5.421 L8h.1 806.1 35.57 le 63 28.29 1220
63 36.06 15112, $.003 116,71 834.4 36,02 14,69 28,44 12,3
$4 36.50 14929, A.a80 167.3 982.9 36.47 16,76 28.%4 120%
65 35.94 14781, 4178 217.9 8”16 36.91 14,83 29.72 1199
ou 37.38 14299, 4.6068 238.6 920.4 37.38 14,90 28,83 ite?
&1 1r.83 14637, 4.553 2%9.) 949.3 37.79 14.98 20.94 s
68 38,28 Len21. 4,461 280, 78,3 38.22 's.07 29.10 V125
63 1874 1a20r, 4,362 3€0. 3 1007.% 38.04 15.16 21.22 1172 5
10 " 1439, L.268 32ty 1036.8 39,08 15.2% 29.33 1ip? e
" j9.67 13392, 4,174 34ilh 1066.2 39.48 <3434 29,45 1062
12 415 13901, 1,084 383.5 a8 7 *3.89 15.45 7%.%6 11%¢ .
T3 3,62 13621, Y.997 336,64 1125,3 40.30 15.56 29.67 tis
T4 s1.10 13749, 3,913 405.4 11%5,0 40.71 15.68 29.78 Llss
5 41,58 L3t9e, 1.8, 426.5 1l8%.9 4l.11 15.79 29.88 Lis *
16 42.37 13632, Yauu? 447.5 1214.8 41.50 15.34 2%.99 ills
7? 42,2 13584, a7t 468.7 1244,8 41.50 16,124 3C.09 L2
18 4).05 13547, 31.602 489,98 12715.¢ 42,24 t6.17 30,19 1128
19 43.5% 13311, 3.530 Shi.t 130%5.2 42.67 L&.30 30.29 1124 .
80 44.04 11499, Y.461 532,4 1335.% 41,08 16,44 30.39 1120
81 46,54 137, 3.39) $53,7 1366.0 43.43 18,50 3C.49 ilte
82 45.04 1344, 1.329 375.1 1396,9 43.80 16.12 30.99 L2
a3 5,54 13454, 3.26% 596,86 1427.4 ss.18 L 30.64 1109
as 44.04 L3ese, 3.20% 818.1 1437.9 44,54 17.¢2 30.79 1106
L) 4599 13458, Y. 148 639.7 1480,7 48,91 Loy 30.89 1103
96 47.0% 13489, 3,089 58,4 1519.8 48,27 17,32 30,99 1100
L34 47,56 13477, 3.03) 6123.2 1350.7 45,68 17.48 31.09 tc9s
e 48.07 13493, 2.98¢ 7¢s.0 1581.9 45,99 17,64 31.20 10558
49 4u.58 13514, 2.928 r21.0 1613, 46,34 t7.80 3.3 1093 '
90 49410 13538, 2.978 749.0 [T 46,59 17.97 LIREY 1051
" 43,81 1336°, 2.029 1. 157%,9 47.04 im.13 31.%) L1089
LH 50.12 138, 2,182 793, L1978 47,38 1A, 20 3.6 1oar
93 50.64 13616, 2,731 r15.8 1739.2 .02 18,47 LT 1083
94 .15 13644, 2.692 8%0.1 111, 48,07 18,44 si.87 1092
k1) Sl.67 13680, 2,449 860.6 1803.0 48,40 18,81 11,99 1u82
96 52419 13724, 2.608 ary,2 183,20 4,74 18.98 32,11 1080
7 52.71 L3767, 2.587 95.9 L1ear,2 49.07 19.1% 32,22 iore
98 53,22 1iec, 2.928 228,17 18979, $9.%0 19,32 32,98 1078
99 3).74 1383, 2.49¢ 1.8 1931.8 %9.1) 19,49 V2,49 e
100 S4.. b 13904, 2.4%) 974, 7 1964,2 50.06 19,64 32,97 1078
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YABLE X. THERMODYNAMIC PRCPERTIES OF PARAHYOROGEN, [SOBARS-CONYINUED
200.0 ATHOSPHERE 1SOBAR

(2P 2p)r (2P Mp
TEMPERA TURE VOLUME I SOYHEAN 1ZNTHORE INTERNAL ENTHALPY ENTROPY C"' HEAT Co o HEAT VELOCLTY
DERIVATIVE DERIVAYIVE ENERGY CaraClly CAPACLYY CF SCUND
DEG. KELVIA C’aGHCLE CHIATMIGROLE ATH/X J75E0LE J/GMOLE J7GHOLE-K J/oMOLE-K J/GMCLE-K METER/SEC
» 19,423 23.54 45057, 10.878 -52%. -108.7 10.84 10.76 13.62 1693
20 23.62 4461%. 10. 8606 ~5719.4 -100.8 il.24 10.9¢ 13.93 1890
21 23.76 4300%, 10.887 -5¢68.0 ~-86.6 11.93 "1.23 14.49 1678
22 23.90 42394, 10. 840 -%56.¢ -1.8 12,62 11.49 15.02 1669
23 24.0% 41484, 10.80%5 -543.9 -56.5 13.30 tr.72 14.51 1664
24 24.20 40517, 10, 7154 -531.3 -40.8 13.727 11.93 16.00 1652
25 24.36 39344, 10. 690 -518.2 ~24.5 14.63 12.13 16.47 164)
28 24,92 38567, i0. 611 ~504.8 ~1.8 15.29 12.30 16.93 1633
27 21.69 3t82%, 10, 521 ~481,1 5.3 15.93 12.47 17.38 1623
28 i4.86 36714, 10.426 -477.0 2849 16,57 12.63 17.83 1614
29 25,04 35807, 10,324 ~462.5 45.C 11.21 12.78 18.27 1604
3 25.23 34937, 10. 215 ~447.8 83.4 17.8) 12.91 18.69 159%
31 25.42 34019, i0.397 ~432.7 82.3 18,45 13.04 19.12 1583
32 2%.61 33157, 9.914 -417.3 101.7 19.07 13.16 19.54 1513
33 ’5.81 32318, 9.842 ~4Cl.6 121.4 19.867 13.27 19.94 1563
34 28.01 31523, 9. 705 -385,.8 t41.% 20.27 13.3s 20.3) 1553
3% 26.22 30738, 9.564 -3869.4 162.1 20.087 13,65 20.71 152
36 26.44 2995°%. f.416 -3%52.9 183.0 21,48 13.04 21.08 1531
37 26.67 2921°. 9,265 ~33b.1 204.2 22.04 13.61 21.44 1521
38 26.89 2847%. 9. 109 -319.2 225.8 22.62 13.87 21.78 1510
39 27.13 2718°. 8.952 -30z.0 247.8 23.19 13.71 22.10 1500
40 21.37 2709>. 8.793 ~284.8 270.0 23.715 13,75 22.42 1490
41 27.61 2644, 8.632 -281.0 292.6 24.31 13.79 22.72 1+83
42 27.87 c581. B.671 -249.2 315.5 24,86 13.82 23.01 1470
43 28.12 2°19%, 8. 309 -231.3 338,6 25.40 13.8¢6 23.30 1459
44 28.39 2459, 8.148 ~213.2 362.0 25.94 13.89 23.%7 1449
45 28.68 26034, T7.987 -19%.0 185.8 26,47 13.92 23.8¢ 1439
LYY 28.93 23494, T.928 ~176.9 409.8 27.01 13.97 24.14 1429
&7 29.21 22968, Tab67 ~158.0 434,.1 21.53 14,01 26,42 1418
48 29.50 22458, 7. 509 -1139.23 458.6 28.04 14.06 24.89 1409
L 3] 29.80 2197, 7.352 -120.4 43,4 28.56 14.11 24.95 1398
50 30.t0 21514, rT.198 -1CL. 4 508.5% 29.06 14.1% 25,20 1388
51 30.4u 2107, T.04% ~82.3 533.8 29.56 1L4.20 29.45 1379
$2 30.71 20645, 6.094 -63.1 559.4 30.08 in.24 25.69 1368
53 31.03 202a7. b.T48 ~43.7 58%.2 30.5% 14.29 25.92 1358
54 31.36 17899, 64600 ~24.2 6li.2 31.04 16,34 26.14 1349
5% 31.69 19494, 6.457 -4.7 637.4 31.52 14.39 26.39% 1340
Se 32.02 19144, 418 15.5% H64 . 4 32.01 14.4) 26.5%6 1331
57 32.36 Las1Y, 6..79 35.2 691.0 32.48 14.47 28.74 1322
58 J2. 7\ 18%0n. 6,044 $s5.1 T17.9 32.94 14,51 26.93 i1n3
39 33.06 1020°. S.51 7?2 T4.9 144,9 33.40 14,55 21.10 1305
50 33.42 17193, 4.733 54,9 112.0 33.86 14,61 21.27 1297
61 33.78 176869, 5.658 114.9 799.4 34,31 14,66 2T.44 1289
62 24,15 17421, 5.53¢ 134,.9 A26.9 34,76 14,72 27.81 1281
[-3] 38,52 17119, 5.416 155.1 854,58 35.20 14,78 271.76 1274
b6 34,.9C 16979, 5.300 17%.2 882.4 35.64 14,85 27.92 1267
6% 35.2v 16787, S.187 165.9% 910.4 34,08 14.92 28.37 12%)
66 1%.67 16389, 5.076 215.8 938.6 36.52 15.00 28.21 12%2
67 36.06 16410, 4.569 2%6.1 966.9 36.9)3 15.08 28,38 1240
(1] J6. 48 18249, ‘. 884 296.% 995.3 31.35 15,16 28.5¢C 1239
6% 35.8% 16099, 4,781 217.0 1023.9 n.n 159,25 28.64 1232
10 31.26 15962, 4,456 297.% 10%2.6 38.18 15,39 28.77 1226
n 3r.67 15834, 4, %9 3198.1 1081.4 38,59 15.45 28,90 1220
712 38.08 15716, ALbTS 33a.7 1110.4 39.00 15.%% 29.0) 1214
1 38.49 1 s08. 4.38% 3I57.4 1139.5% 39.4C 15.66 29.18 1209
T4 38.91 19511. 4.297 300.2 1188.7 39.80 15.717 29.29 1203
15 39.33 15423, 4212 1.0 1198.1 46.19 1%.89 29,41 1198
b 39. 18 15341, 4. 130 421.9 1221.% 40,58 18.01 29.5%4 1193
n 40.18 15268, 4.049 442,08 1297.1 40.97 186.13 29.L86 1188
T8 40.61 192C+. 1.97T1 463,9 1286.9 41,33 14.26 29.78 1183
19 41,04 15140, 3. 898 4R4. 9 1316.7 41,73 16.39 29.90 1178
80 41,40 15100, Y822 5C6.1 1366.7 42.11 14.%5) 30.02 117
sl 41.91 150%°. . 151 %21.3 1378.7 42,48 la.67 30.15 1110
82 42.3% 15¢17, 3.682 S40,.7 t407.0 42.85 16.81 30.27 Li6s
83 “2.79 14387, jJ.019 $70.0 1437.3 63,22 186.96 30.39 1152
as 4,24 14964, 3. 949 591.9% 1407, 43.59 17,11 30.3%0 1158
[ 3] 4,88 14940, J.406 13,1 1498,3 43,9 17.28 30.62 L1185
.13 44.1) 14934, 1.429 84,7 1529.0 44,31 17,61 30,74 1151
a7 4457 14924, 3.389 656.5 15%9.8 LIFY-1 17,57 30.98¢6 1148
8 45.02 1492y, J. 308 878.3 1%590.7 7%.02 17.1) 30.98 114%
89 4%.47 14924, 3.2%2 700.2 1821.7 45,37 17.89 51.10 1142
90 4%5.92 14932, 1.198 122.2 1632.9 43,171 10.09% 3.22 1139
9 40.38 14939, Je 149 T44,4 [LLIF 46.06 10,22 31,34 1137
92 48.8) 14940, 3.094 LLLRY 1718.6 46,40 18,30 Jl.67 1134
9 47.2 14967, 3,004 v88.9 V747,11 LITRL) 18.5%% 31.%9 1132
L1} 47,74 14970, 2.99¢8 LAR®S 1r18.7 47.08 18,71 3M.72 1130
9 40.20 14998, 2.949 3.9 1810.% “T.62 18.88 31,83 1120
9% 48,63 15021, 2.90) 834,93 1847.4 47,79 19.08% 3l.97 12
97 49.11 L3104, 2.8%9 [ RA TS ] 1974.59 40.00 19.22 32.10 1126
I8 49.57 15078, 1.016 402.1 1906.8& 48,41 19.39 32.23 1122
99 50.0)3 19110, r.178 92s%.1 1938.9 LI PRL) 19.%¢ 32.33% 1121
100 50.49 19t1e, 2.734 948.2 1971, 49.07 19. M 32.48 1119
e tyN-PHASE AOUNOARY
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VABLE X. THERNOOYNAMIC PACPERTIES OF PARAHYDROGEN, 1S08ARS-CONTINUED
220.0 ATMOSPHERE [SOBAR

(P13 P/3p
TEMPERATURE vOLuME ISCTHERR 1 SOCHORE INTERNAL ENTHALPY ENTROPY G, HEAT S ¢ HEATY VELOCITY
DSIIV'"V( ISRIVATIVE ENERGY CAPACITY CAPACITY Or  SOUND
0fG. KELVIN CN’GNOQ.E CHIATH/GHOLE ATH/K J/GROLE J/GROLE J/GMOLE-K J/GHOLE-K J/GMOLE-K METER/SEC
* 19.903 23.36 47372, 11.16) ~580.7 -60.0 10.90 10,89 13.79 1736
20 23.3 47317, 11.1s61 -579.¢ ~58.¢6 10.96 10,92 13.82 17138
21 23.51 4570%. 11,014 ~568.5 -44.5 11.65 11.19 14,30 1715
22 23,64 10.991 ~53%7.0 -29,.9 12.33 11.45 14.8; 1707
23 23.78 10.96% ~545.9 ~14.9 13.00 11.69 15.30 18699
24 23.92 10.9:22 ~532.7 0.7 13.68 11.91 15.77 1691
28 24,07 41978, 10,866 ~520.0 16.7 14.32 12.11 16.23 1682
26 24,23 41012, 10,798 ~506.9 33.1 14.9¢ 12.29 16.68 1673
27 24.38 43070, 10.720 ~493.5 $0.0 15.60 12,46 17.13 1664
28 24.54 34178, 10.628 -419.7 87.4 16.23 12.63 17.53 165%
29 24.71 38266, 10,529 ~483.7 85,1 16.85 12,78 17.97 1643
30 24.00 37396, 10. 428 ~451.3 103.3 17.47 12.91 18.38 1638
it 2%.0% 38500, 10.220 ~436.6 121.9 13.08 13.04 18.80 1626
32 25.23 315646, 10,206 ~421.6 140.9 10.68 13.17 19.20 1618
33 25.42 34819, 10.004 ~4Cs.3 160.3 19.20 13.28 19.59 1607 8
3a 25.61 33996, 9.9%8 ~390.8 180.1 19,87 13.38 19.97 1597
s 25.80 33211. 9.823 -315.0 200.2 20,45 13,48 20.33 1587 .
36 28.00 32428, 9,605 ~358.9 220.7 21.03 13.%56 20.70 1517
7 26,21 3i1677. 9.543 =342.0 241.8 21.60 13,64 21.04 1587
38 26,42 30338. 9.397 ~326.0 262.8 22.17 13,70 21.37 1557
39 26.63 3024t. S.247 ~309.3 284.3 22.73 13.75 21.68 1548
40 26,85 29834, 9.09% ~292.4 308.2 23.28 13.80 21.98 1538
4“1 21.07 28817, 8.942 ~271%.2 328.3 23.8) 13.84 224,21 1528 "8
42 27.30 282418, 8,787 ~2%8.0 350.7 24,37 13.87 22.55 1519
43 27.54 2162%. 8.632 -240.5% 373.4 24,90 13.91 22.82 1509
(1] 27.78 27024. 8.477 -222.9 396.3 25,43 13.95 23.09 1500
AS 28.02 26451, 8,321 ~205.1 419.5 £3.,95 13.98 23,38 1490
A6 28.27 25902. 8.167 -187.2 443.0 26.47 14.03 23,63 1480
o7 28.53 2%360. 8.013 -1489,) 466.8 26.98 14.08 23.89 1471
48 28.70 24858, 7.860 -150.8 490,.8 27,48 16.13 24.15 1461
A9 29.08 24343, 1.708 =-132.5% S15.1 27.99 14.18 24,40 145}
se 29.32 23068, T.559 =114.0 539.6 28.48 1.2 24,65 1442
s1 29,59 23409, 7.409 ~935.1 564.4 28.97 14,27 24,89 1432
- s2 29.87 22971, T7.262 -76.6 589.3 29.46 14,32 25.12 1423
33 30,16 22931, T.017 ~87.7 614.6 29.94 14.37 25,34 1414
Se 30,45 22150, 6.97¢ ~38.7 64C.0 30.41 14,42 25.56 1403
55 30.7¢ 21787, 6.833 ~19.6 665.7 20.88 14.47 25.17 139
36 31,04 21396, 6,694 0.2 692.1 3l.38 14.52 L 2%,97 1387
57 31,34 21043, 6,558 19.4 718.1 31.82 14.5¢6 26.15 1370
se 31,63 20708, 6.42¢ 38.8 Ta6. 4 32.28 14,60 26434 13710
39 31.96 20392. 6.294 58.3 170.8 32.13 14.65 26.51 1362
60 32.28 20092. 6.16% 1.8 197.4 33.18 th.70 26.68 1354
(]} 32.60 19802. 6.040 9.4 824,2 33.02 14.75 26.8¢& 1348
62 32.9) 19529, 5.910 117.0 851.1 34,06 14,81 21.03 1330
[} 33,26 19273, S.798 134.8 878.2 34.49 14.87 21.19 133
64 33.59 19038, $.682 156.6 905.4 34.92 14.94 27,35 1323
63 33.9 18810. $.567 176.4 932.9 35,34 15.01 27.%1 1316
66 34,28 18391, 5.455 194, 4 960.5 5.7 15.09 27.67 1309
a1 34,62 18388, $.347 15,4 988.2 3s.18 15.17 271.82 1302
(1) 34.97 18198, S.241 236,53 1016.1 36.60 15.26 21.97 1295
89 35.33 18021. S.137 256,86 1044.1 37.00 15.3% 28,12 1208
70 35.68 17858, $.03¢ 276.9 1072.3 37.41 15.44 29,27 1282
n 35.0% 17704, 4.938 297,2 1100.7 37.81 15 .54 28,41 12716
72 36.41 173562, 4.842 tr.s 1129.1 38.21 15.64 24.55 1269
7 lo.78 17431, 4.750 338.0 1157.8 38.61 15.15 28.70 1203
T4 3T.18% 17309, 4.859 358,53 1186.3 39.00 15.06 28,84 1238
7 37.52 17199, 4.5M 379.1 1213.4 39,39 15.98 28,90 1252
T6 37.89 170%1. 4,405 399,8 1244.% 39.77 t6.10 29.12 1246
7 39.27 16994, 4.402 420.9% 1213.7 40.15 16.23 29.26 1241
70 38.65 16909, 4.321 A41.4 1303.0 40.53 16.35 29.39 1236
79 39.04 160827, 4.242 462.3 1332.9% 40.91 156,49 29.%3 1231
(1] 39.42 16734, 4.16% 483.3 1262.1 4l.28 16.62 29,47 1226
al 39,01 16608, 4.091 304.4 1391.8 41.65 16.76 29,81 1221
82 40,20 1882¢, 4.018 32%.6 1421.7 42.01 16.%0 29.9¢4 1217
[ 1) 40.3%9 Les71, 3.948 46,9 1451.7 42.38 17.05 30.08 1212
84 40.98 16524, 3,979 560.3 1481.8 42,74 17.20 30,22 1200
[ 1] 41.38 X1 L] 3,013 $09.7 1512.1 «3.10 17.38 3G.13% 1204
[ 13 “l1.70 16437, 3. 740 611.3 1542.5% 43,45 17.% 30.498 1200
a7 a2.17 1642%, 3. 603 633.0 1573.1 43,81 17.60 30.62 1196
[ 1] 42,97 16404, 3.423 034.7 1503,0 LITRT S 17,02 30,78 1193
89 42.97 1638°, 3. %64 6r6.0 1634.8 44,50 17.98 30.83 1190
90 43.30 18377, 3.506 490.6 1663.5 44,85 18.14 3.0l 1186
91 43.70 16369, 3.430 120.7 1696.6 43.19 10.30 3l.15 1183
72 LIRRY | 18364, 3.39% 142.9 1721.8 43.%) 18,48 3l.2e 1180
[ 3) 44,39 1¢36°, 3.1 76%.2? 17991 “5.57 10.6) 3.4) 1178
9 43.00 16369, 3.2590 107.8 1790.6 46,21 10.60 31.55 1179
[ 1} 435.40 1637, 3.239 410.1 1822.2 46,54 18,9 3,60 H»
9 45.81 16307, 3.190 832.8 i8%4.0 46.80 19. 1) 31,81 ilr0
L 2 4.2 16393, 3.143 83%5.3 188%.9 47.21 19.30 31.9% 1168
(1] 46.6) 16408, T.096 8760.4 1917.9 47.54 19.47 32.08 1186
99 47,06 16427, 3.082 901.4 19%0.0 AT.08 19.6) 32.22 1164
ton 47.4% 16449, 3. 008 924.5% 1982.) 48.19 19.80 32.3% 1162

o TwO-PHASE SOUNDARY




240,00 ATROSPHERE 1S0BAR

TENPERATURE vOLUNE
OEG. XELVIN C“i“oti

¢ 20.373 23.19
21 23.27
22 23.40
23 23.53
24 23.87
25 23.81
26 23.9%
27 24.10
28 24.25
29 26.40
30 24.56
il 24.73
32 24.89
33 25.06
34 2%.2¢
38 25.42
36 2%.61

. 3 25.80
3 25.99
39 26.19
40 26.39
sl 26.59

. .2 26.81
43 27.02
“ 27.26
45 27.46
46 27.49
47 27.92
48 28.16
4 208.40
50 28.6%
51 208.90
52 29.15
53 29.41
54 29.67
35 29.94
56 30.21
ST 30.48
38 30.7¢
59 31.04
80 31.33
ol 31.62
62 31.91
63 32.21
64 32.51
(3] 32.81
(13 33.12
67 33.43
68 33.74
69 34,06
10 3638
mn 34.70
12 35.03
15 35.36
T 3%5.69
15 36.02

. 76 36.36
17 36.70
78 37.04
79 37.38
80 37.73
81 38.08
82 38.43
[ 34 38.18
113 39.12
1] 39.49
" 39.04
a7 40.20
[ L] 40.56
89 40.92
90 41.28
9 41.63
92 42.01
93 42.38
94 42.74
95 43.11
96 43.48
97 43.08%
96 46,22
99 44.59
100 44.96

® TWO-PHASE BOUNDARY

TasLe x,

(oP/doh

[SOTHERN
OFR IVATIVE
CHATR/GHOLE

49287,
48094,
47219,
44200,
45200,
4433,
43392,
42482,
41568,
40661,
397183,

38935,
38083,
37289,
36408,
35620.
14831,
34074,
33335,
32632,
11914,

31244,
30600.
2998,
29384,
800",
28240,
27692,
271162,
26651,
26182,

29491,
25240,
24307,
24397,
23997,
23609.
2323%.
22887,
22%5°.
22230,

21921,
21624,
21347,
21083,
2083",
20594,
20369,
2C15%.
19954,
19767,

19359,
19424,
18277,
1913,
1899*,
rLors*,
| LALLN
18637,
18837,
1844°¢,

1835+,
18277,
1819¢,
18128,
18068,
18014,
17967,
17924,
17891,
17863,

17842,
178298,
170:2.
17803,
17797,
17789,
1778%,
1770%,
t719%,
17190,

THERMOOYNANIL PRCPERTIES OF PARANYDROGEN,

(aP/2Mp
1SOCHORE

OERIVATIVE

ATH/X

11.284
1l.218
1,134
1..107
11.074
11.026
10.966

?

10.629

10.52%
10.419
10.306
10. 186
10.080
9.930
9. 795
9,658
9.317
9.372

9.224
9.076
3,927
8,777
8.628
3,478
8.329
8,181
8.033
7.687

T. 142
7.599
T.457
T.7
T.179
7.043
6.908
6.776
6,646
6.518

64393
6,271
6.151
6.034
5.919

4.571
4.491

4,014
4,338

INTERNAL
ENERGY
J/GPOLE

-573.9
~568.6
-$37.3
~%45.8
-$53.6
-s$21.1
~508.4
-495.3
-481.8
-4608.1
~4%4,0

~439.7
-425.1
-410,1
-39%.0
-379,5
-383.8
-347.9
~331.8
~315.4
~298.9

-202.2
-265,.3

-30.9
-32.2
-12.9
6.0
25.0
4.0
63,2

B2.4%
101,7
121.1
140.6
160.1
179,7
199.4
219.2
2%9.1
2%9.0

219.1
299.2
319.4
3319.7
360.1
380.5%
401.1
421.8
442.3
A83.4

484,3
5C5.4
526.5
547.8
569.2
$90.6
612.2
633.9
658.7
677,86

699.7
721.0
TA4.1
T66.5
789.0
811.8
834.3
0s7.2
880,2
903.3

ENTHALPY
J/GROLE

~11.3
~2.6
11.8
26.7
42.0
57.8
T4.1
9.7
107.8
125.3
143.3

161.6
180.3
199.4
218.8
238.7
258.9
2719.s
300.2
321.4
342.9

364.6
386.6
408.9
431.4
454.2
477.3
500.6
524.2
548.0
s12.1

596.3
620.9
645.6
670.6
695.7
721.86
T47.2
T172.9
198.9
825.0

851.2
87,7
904.3
931.0
958.0
985.1
1012.3
1039.7
1067.3
109s.1

1360.9

1410.3
1439.9
1469.6
1499,.4
1529.4
1539.6
1383.¢
1620.3
1650.8
1581.6

1712.4
1743.6
17746
1805.9
1637,3
1468.9
1900.6
1932.5
1964.5
1996.6

1SOBARS~CONT INVED
ENTROPY Coy MEAT
CAPACLTY

J/GHOLE-K JIGMOLE-K
10,96 11.04
11,39 AL ]
12.06 11.42
12.712 11.86
13.38 11.00
14.02 12.09
14,66 12.27
15.29 12,45
15.91 12.62
16,52 12.717
17,13 12.91
17.73 13,04
18.33 13.17
18.91 13.29
19.49 13.39
20.07 13.49
20,64 13.98
21.20 13.67
21.78 13,7«
22.31 13,79
22.85 13.04
23.39 13.88
23.92 13.92
24,44 13.96
24.9¢ 14.00
25.47 14.04
23.98 14,09
26,48 14.14
26.98 14.19
27.47 14.24
27.9¢ 14,29
28.44 14.34
29.91 14,39
29.39 14.45
29.85 14.50
30.31 14,55
30,78 14,60
31.23 14,64
31.68 14.68
32.12 14.75
32.56 14.78
33.00 14,04
33,43 14.9
31,85 14.96
34,27 15.03
34,69 15,40
35.10 15.17
35.51 15.26
35.92 15.34
38,32 15.43
36.72 15.53
37,12 15.63
37.51 15.73
37.90 15.04
38.28 15.9%
38.67 16.07
39,05 16.19
39.42 16,31
39.80 16.44
40.17 16.57
40,54 16.71
40.90 16.8%
41,26 16,99
41.62 17,14
41.98 17.28
42,34 17,44
42,69 17.39
43.04 17,74
43,39 17.9C
43.73 18.06
44,08 18.22
44,42 18.38
4,76 18.9%
45.09 18, 71
45,43 18,88
45,76 19.04
46.09 19,21
46.42 19.38
46,75 19,54
47.07 19.71
47.39 19.88

G, MEAT
CAPACETY
J/GHOLE-K

13,90
14,20
14.63
15.11
15.57
16.02
16,48
16.89
17.31
17.72
18.42

18.%1
10.90
19.28
19.6%
20.01
20,35
20.69
21.01
21.3
21.60

21,88
22.15
22.42
22.68
22.93
23.19
23,45
23.70
23.94
24.18

24.41
24.64
24,86
25,07
25.28
Z5.47
25.66
25.84
26.01
26,18

26,36
26,53
26,69
26,86
21.02
27.19
21.35
217.51
21.67
271.83

21.98
28.13
29.28
286.4)
20.58
28.73
28.88
29.03
29.18
29.3)

29.48
29.63
29.78
29.93
30.08
30.23
30.37
30.52
30.66
30.80

30.94
31.08
31.22
31,34
31.50
31.63
31.79
31.9)
32.07
32.21

VELOCIFY
OF SOUND
RE TER/SEC

1767
1752
1743
1733
12y
1719
1110
1702
1693
1684
167%

1665
1657
1648
1638
1629
1620
1610
1601
1592
1583

1573
1564
15585
L1546
1537
1528
i519
1510
1500
1491

1482
1476
1445
1456
16448
1439
1431
1423
1413
1407

1399
1391
1384
1376
13489
1382
1355
1348
1241
1334

1328
1321
1315
1309
1203
1297
1292
1208
1281
1278

1270
1265
1261
1256
1252
L1247
1243
1239
1236
1232

1229
1225
1222
1219
1218
1214
1211
1208
1206
1204




TABLE X. THERWOOYNAMIC PRCPERTIES OF PARAHYDROGEN, ISOBARS-CONY INUED
260.0 ATNOSPHERE [S08AR

.
)
] 3 3P/ 3phy (P/3Mp
B TEMPERATURE VOLUNE 1SOYHERN 1 SOCHORE INTEQNAL FNTHALPY ENTROPY Co s HEAT Co o MHEAT VELOCITY
g DERIVATIVE DERIVATIVE ENERGY CAPACITY CAPACITY OF SOUND
; 0€G. KELVIN Cﬂ"ﬂol! CHIaTH/GROLE ATH/K JZSPOLE J/GROLE JZ7GNOLE-K J/GHOLE~K 3/ GAOL E-K METER/SEC
* 20,834 23.0¢ 30716, 11.337 -570.1 36,8 11.03 11.14 13.98 1788
21 23.0¢ S0341. 11,332 -%69,3 39,1 11.14 11.18 14,07 1784
22 23,58 49599, 11.298% -557.2 $3.3 11.81 11.41 14,48 1179
23 23,30 48451, 11,243 ~543.8 68,1 12.46 11.64 14.94 1788
24 23.43 47543, 11.216 -534.0 83.3 13.11 11.06 15.29 1761
2% 23.56 46620, 1.8 -521.8 98.9 13,74 12.07 15.83 1753
26 23,70 45713, 11,122 -5C9.3 114.9 14.37 12.2¢ 16.28 L1748
27 23,83 44775, 11.058 ~498.5 131.4 14.99 12.44 16.¢8 1737
28 23.98 43097, 10,987 -4$83.4 148.3 15.61 12.61 17.09 t729
29 24.12 42995, 10.907 ~469.9 165.8 16.22 12.76 17.49 1721
30 24.27 42103, 10.818 -486.2 183.3 16.82 12.91 17.88 1712
31 24,42 41295, 10.722 -442.1 201.3 17.41 13.04 18,26 1708
32 24.58 4046V, 10,619 ~427.8 219,.8 17.99 13.17 10.63 1696
33 24,74 39430. 10.51) -§13.2 238.8 18.57 13.29 19.00 1687
34 24,91 38760. 10.401 ~398.4 257.8 19.15 13.40 19.37 1678
35 25.07 31910, 10.282 -303.2 217.3 19.71 13.51 19.72 1669
36 25.25 37183, 10.158 ~367.9 297.2 20427 13.60 20,06 1660
37 25,42 38416, 10,029 -3%2.3 317.4 20.83 13.69 20.39 1651
38 23.60 3%eTT. 9.596 -33.5 338.0 21417 13.77 20.69 1642
39 25.79 34961, 9.761 -320.5% 3s58.8 21.92 13.82 20.98 1633
<0 2%.97 34249, 9.62% -304.3 3719.9 22.45 13.87 21.27 1624
41 28.17 33%64., 9,404 ~288.0 401 .4 72.98 13,92 21.54 1816
42 26.3¢ 32908, 9,341 -271.4 423,0 23.50 13.97 21.81 1607
43 26.56 2207, 9,197 -254.8 445.0 24,02 14.01 22.06 1539
44 20.78 3is685. 9.0%82 -231.9 467.1 24.53 14.905 22.31 1590
45 26.97 Jloes. 3.508 ~220.9 489.¢ 25.03 14.10 22.56 1581
48 27.18 30514, 8.763 -2C3.7 512.3 25.5%3 14,15 22.82 1572
&7 27.39 29963, 8.619 ~106.4 335.2 26,03 14,20 23.06 1564
48 27.61 29428, 8.474 -169.0 558.4 26451 14,26 23.30 155%
49 27.83 28904, 8.331 -151.4 58l1.8 27.00 14,31 23.54 1546
50 28.06 28403, 8.189 =127 605.5 27.48 14.3¢6 23,78 1537
S 28.29 279180, 8.048 -115,8 629.4 21.95% 14.41 24.01 1529
b4 28,52 27454, T.908 ~97.8 653.5 28.42 14,46 264.23 1520
53 28.75 27011, T.770 -79.7 617.8 28,088 14.52 24.44 1512
, 54 28.99 26588, Te634 -81.3 702.4 29.24% 14,957 24.65 1504
53 29.24 26179, T.4998 -43.1 727.1 29.79 14.62 24.8% 1495
56 29.48 25778, 7.363 -4l 752.¢ 30.25 14,67 25.0% 1487
57 29.73 25394, 7.232 ~5.6 177.8 30.70 14,71 25423 1479
58 29.99 25029, 7.103 13.1 803.1 3.1 14.76 25.41 1472
59 30.24 24678, 6.974 3t-9 828.6 31,57 l4.81 25.5%9 1464
60 30.50 24349, 6.847 50.6 854.2 32.01 14.85 25.78 1456
61 30.77 24015, 6.722 69.5 880.1 32,43 14.92 25.93 i648
6c 31.063 23101, 6.620 88.9% 906.1 32.96 14.98 26.10 1441
63 31.30 23404, 6,480 1C7.6 932.3 33.27 15.04 26.27 1433
64 31.58 23122, 6.3583 126.7 9%8.6 33.69 15.11 26,43 1426
65 31.85% 22058, 6,268 145.0 9685.1 34.10 15.18 26.60 1419
[T 32.13 22594, 6.13 165.3 1011.8 34.5%1 15.26 26,76 1411
&7 32.41 22347, 6,026 104.7 1038.7 34.91 15.34 26.93 1404
(-1 32.70 22112, 5.918 2C4,.3 1065%.7 35,31 15.43 21.09 1397
(33 32.79 21891, 5.014 223.9 1092.8 35.71 15.52 27.26 1390
T0 33.28 21682, %.713 243.5% 1129.2 36.10 15.61 27.43 1384
71 31.57 21483, 5.612 263,.3 1167.7 36.49 is.n 27.60 1377
72 33.86 21296, 5.512 283.2 117%.3 36.088 15.81 2T1.75 13711
13 34,18 2122, 5.417 303.2 1203.2 37.26 1%5.92 27.91 1364
Ts 34.48 2C9%9. 5.323 323.3 1231.2 37.64 16.04 28.07 1358
75 3. Te 20809, 5.231 343.4 1259.2 38.02 16.15 28.23 1352
T 35.07 20658, 5.140 363.7 1287.6 38.40 16.27 20.3¢ 1346
7 35.38 26318, 5.0%3 3841 13le.1 3s8.77 16.4) 28.5% 1340
Te 35.69 20187, 4.960 4Ca. 6 1344.7 39.14 15.53 28.70 1334
19 3&6.00 20267, 4.88° 425%.2 1373.5 39.50 15.66 28.86 1328
80 38.31 201%6. 4,802 445.8 1402.4 39.87 15.80 29.02 1323
8) 36.62 20087, 6,722 486,86 1431.5% 40.22 1t .93 25.18 13t
32 36.94 9944, 4,040 487.6 1460.7 ©0.5% 17.08 29.34 1312
83 37.26 19831, 4.568 508.6 1¢90,2 40.9% 17.22 29.50 1307
as 37.58 19764, 4.494 529.7 1519,7 41.30 17.37 29.6% 1302
[ }] 37.90 19684, 4,422 5%1.0 1549.4 41.6% 17.52 29.81 1297
as 38.22 19610, 4.352 572.3 1579.3 42.00 17.67 29.97 1293
a7 38.55% 199544, 4.204 $93.3 1609.4 42.35 17.83 30.13 1288
88 38.80 19484, 4.217 615.4 1639.6 42.469 17.99 30.28 1284
9 39.20 19437, 4.151 837.1 1669.9 43.04 18.14 30.44 1280
90 39.53 19387, 4,082 659%.0 1700.4 43,38 18.31 30.59 1276
91 39.88 19350, 4.026 680.9 1731.1 43.71 18.47 30.74 1272
92 40.19 19219, 3.9 703.0 1761,9 44,08 16.83 30.89 1269
93 40.92 19293, 3.907 72%.2 17192.8 44.39 18,79 31.04 1265
9 40.88 19272, 3.849 T747.6 1823.9 44,72 18.96 31.18 1262
95 4l.19 19059, 3.7193 770.0 18%8.2 45.0% 19.13 31.33 1259
% 41.52 19232, 3.738 192.6 1886.6 45.38 19.29 31,48 1258
97 41,86 19213, 3.0608 815.3 1918.1 43.71 19.46 31.63 12%3
98 42.20 1920, 3.633 838.2 1949.0 46.03 19.62 31.70 12%0
99 42.53 19191, 1.581 8ol.1 1981.7 46,35 19.79 31.92 127
100 42.07 1914%. 3.5932 384.2 2013.7 46,68 19.96 32.07 1243
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YABLE X. THERWOOYNAMIC PRCPERTIES OF PARAHYDROGEN, 1SOBARS~CONTINUED
200,0 ATHCSPHERE [SOBAR

(aP/3p)y (2P 'aTp

TEMPERATURE  VOLUME 1SOTHERN 1SOCHORE INTERNAL ENTHALPY ENTROPY €, uEAT  Co , HEAT VELOCITY

DERIVATIVE  DERAVATIVE ENERGY capaclTY CAPACTYY OF SOUND

OEG. KELVIN CAJGNOLE  CHIATM/GNOLE aTA/K 1/GPOLE J/GHOLE J/GMOLE-K  J/GROLE-X  J/GMOLE-K  WETER/SEC
. 21.207 22.99 52362, 11.376 -584.6 847 11.10 11.23 14.02 1813
22 22.97 s19%6. 11.408 -356.8 9.8 1.5 11.39 14.34 1013
2 23.08 s0617, 11.383 -548.6 109.4 12.21 11,61 18,79 1800
24 23.21 w98, 11.351 -534.0 124,46 12,03 11.83 15.23 1793
25 23.33 a8831. 11.322 -522.1 139.8 13.48 12,04 15,66 1787
26 23,46 47978, 11274 -509.8 155.7 14,10 12,7 16.08 1780
ar 23.%9 47046, 11.213 -497.3 112.0 14.72 12.42 16,49 11712
28 23,72 as168, 11,146 ~a84.4 188.7 15.33 12.59 16.89 1766
29 23.86 43273, 11.074 -e71.2 208.9 15.92 12.76 11,29 1756
. 30 24.00 44340, 10.993 -asT.7 223.2 16.52 12.9¢ 17,67 1748
™~ n 24.15 a3ses. 10.903 -444.0 241.1 17.10 13.04 18.04 1741
32 24.29 42780, 10.809 -429.9 259.3 17.68 13.17 18,40 1133
33 20044 TP 10. 706 -415.8 21109 18.25 13.30 18.78 1724
3 24.60 41064, 10.601 -401.1 295.8 18,82 13.81 19.12 s
35 24,76 40268, 10.493 -386.3 316.1 19.38 13.52 19,46 1707
36 24,92 39491, 10,373 -311.2 338.7 19.93 13.62 19,79 1698
. 37 25.08 871, 10,251 -355.9 35,7 20.48 13,71 20,11 1889
38 25.25 31971, 10.123 ~340.4 376.0 21.02 13.79 2v.42 1681
39 25.42 37242, 9.991 -324.8 396.5 21,58 13.85 26.70 1672
0 25.80 16861, 9.8%6 -368.9 at.4 22.08 13.91 20,97 1664
.l 25.73 35882, s.r21 -252.8 «38.5 22.60 13.9 21,24 1656
.2 25.95 3s;78. 9,588 -276.6 439.8 23.12 14.01 21.%0 1647
. 3 26.14 3484l 9,047 -260.3 “81.8 23,62 14.06 21,75 1639
. 26.33 33933, 9,306 -243.7 $03.3 24.13 14.10 22.00 1631
as 26,52 33314 9.50% -221.1 525.5 26,62 14.15 22,24 1622
48 26.12 32727, 9,074 -210.2 547.9 25.12 14,21 22,49 1614
o7 26.92 32178, 8,885 -193.2 570.5 25.61 14.26 22,73 -605
.8 21.12 31640. 8,748 -176.1 593,3 26.09 14.32 22.96 1597
49 21.33 31102. 8.606 -1%a.9 o16.4 26.5~ 1437 23.20 1589
50 1.93 30587, vaa67 —1a1.4 639.7 27.03 1442 23,43 1580
s1 21,73 30087, 8,329 ~123.9 663.3 27.50 14,48 23,68 1572
52 27,9 29817, 3.193 “10042 87,0 27.96 14.53 23.87 364
53 28.18 29159, 8.059 -5%.4 711.0 28.42 14.58 24,00 1556
e 20.40 20725, 7.924 -70.5 738.2 28.87 14.64 24,20 1548
ss 28.62 28300, 7,791 -52.5 159.5 29.32 14.69 24,48 1540
s6 20.8% 27897, 7.661 -3, 784.7 29.77 14.74 24,68 1532
s7 29.08 21507, 1.532 -15.6 809.5 30.21 14.79 24.86 1524
53 29.31 27124, T7.403 2.8 834.4 30.64 14.84 25.04 1517
sa 29.55 26764, 1211 21.2 859.5 31.07 14.89 25.21 1509
60 29,19 26619, 7,156 9.7 8848 31.50 14.94 25.39 1502
61 30.03 26074. 7.031 50.3 310.3 31.92 15.00 25,57 1495
82 30.27 25740, 6.909 1.1 936.0 32,34 15.06 25.1) 1487
63 30.52 25434, 6.790 §3.8 961.8 32,75 15.12 25.90 1480
. 64 30.77 25139, 5.672 1187 987.7 33.16 15.19 26.07 1412
85 31.02 24831, 6,557 133.7 1013.9 33.58 15.26 26,23 1485
66 31.28 24500, 6,443 192.8 1040.2 33.98 15.34 26.39 1458
o7 31.54 26317, 6,333 171.9 1086.7 3436 15.42 26.56 851
08 31.80 2406+, 6.22% 191.2 1093.3 34,78 15.51 26,73 1444
69 32.06 2382+, 6.120 210.6 1120.1 35.15 15.60 26,89 1637
10 32.32 23599, 4,017 230.0 1147,1 35.54 15.69 21,06 1830
n 32.59 23374, 5.915 2496 1174.2 35.92 15.79 21.23 1623
2 32.86 23580, s.016 289.2 1201.6 36.30 15.89 21.42 1417
73 3313 22973, 5,722 289.0 1229.0 38.48 16.00 21,52 1411
1% 3341 22791 5.629 3¢8.9 12%6.7 37.06 16.12 21.7% 1404
18 33.69 22621 5,534 328.8 1284.5 37.43 16.23 21,91 1398
76 33.96 22454, s.e82 348.9 1312.5 37.80 16,35 20,01 1192
. 2] 4.2 22296. 5354 369.1 1340.7 3817 16.48 2024 1186
78 36.53 22148, s.268 389.4 1369.0 38,54 16,61 28,41 1380
19 34.81 22008. s.182 aCo.8 1397.5 38.90 16,74 28,98 1374
80 35.10 21880, 5.097 4304 1426.1 39.26 16.88 28,13 13¢8
01 35.38 21160. 5.016 1454.9 39.62 17.02 28.90 1363
. 82 35,67 21646, 4,936 1483.9 39.97 17.18 29.06 1337
a3 35.96 21538, 4.859 1513.0 40.33 17.30 29.23 1382
8s 36.26 21437, 4.78) 154243 +0.68 17,45 29.39 1347
as 38,55 2133%, «.708 1571.8 «1.03 17.60 29.%6 1362
86 36.85 2124, 4.3 1801, s1.37 17.76 29,72 1337
8?7 37.14 21169, 4,364 1631.2 a7 17.91 29.80 1332
88 37.44 21084, 4,495 1661.1 42.06 16.07 30.05 1328
89 37,76 21018, 4428 1691.3 42.40 18.23 30.21 1323
90 38.04 20949, 40362 1721.8 42,74 18.39 30.37 1319
9 38.3¢ 20891, 4.298 1752.0 «3.07 18.55 20.53 1315
5z 38.64 20844 4.238 1782.6 43.41 18.71 10,69 1311
93 38.9> 2080°. “ire 18134 .14 10.68 30,483 1307
94 39.25 2074°. a1 1844.3 %07 19.04 31,00 1304
9 39.56 20738, 4,056 1875.4 44,40 19.21 3115 1300
% 39.87 20701, 3.998 1906.6 “.13 19.37 31,31 1297
97 40,17 20669. 3.94) 1938.0 45.0% 19.56 3,47 1293
98 40.48 20841. 3,000 1969.5 45.38 19.70 31.62 1290
99 40.79 20619, 3,838 2001.2 45.70 19.87 .77 1287
190 al.10 20601. 1103 2033.1 46.02 20.04 31.92 1284
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TABLE X. THERWOOYNAMIC PROPERTIE: OF PARANYDROGEN, ISOBARS-CONTINUED

5 300.0 AVMOSPMERE [SOBAR
: 2P 3l PaTp
; TENPECATURE  VOLUME ISOTHERN 1SOCHORE INTERNAL ENTHALPY ENTROPY Co o HEAT €, + MEAL VELOCITY
OFRIVATIVE  DERIVATIVE ENERGY CAPACITY CAPACETY OF SOUND
DEG. KELV'N CHIGHOLE  CHYATM/GAGLE ATM/X J/GROLE JIGMOLE JIGNOLE-K JIGHOLE-K J7GMOL E-K ME TER/ SEC
. 21,732 22,74 34403, 11.412 -938.9 132.3 11.16 11.30 14.03 1842
w2 22,77 34206, 11.430 -5%6.0 136.1 11.34 11.37 14.15 1343
3 22.00 s2702. 11,073 -%45,0 1%0.5 11.98 11,59 16,64 1829
24 23,00 11.403 -533,7 165.4 12.61 11.01 15.08 1824
5 23.11 11.453 -%22.0 180.7 13,23 12.02 15.50 1818
26 23.2¢ 11.621 -%10.0 196.3 13.83% 12.22 15.92 1013
27 23.38 49266, 11.363 ~497,8 212.5 14,46 12.41 16.32 180%
28 23,45 48372, 11.294 ~485.0 229.0 15.08 2,58 16.71 1197
29 23,52 47497, 11.226 -472.0 245.9 15.65 12,73 17.10 1789
30 23,73 48367, 11,188 -4308.8 263.2 16,24 12,89 17.67 170t
31 23 89 As783, 11.079 ~445.3 280.8 16.82 13,04 17.84 1773
32 24.03 44968, 10.990 -431.5 298.9 17.39 13,17 18.2¢ 1767
33 24,17 44133, 10.893 -al7.s 317.2 17.9% 13,30 18.5% 1759
e 24.22 43329, 10.789 ~403.2 338.0 18.51 13,42 18.89 1751
35 24,46 42517, 10.682 -388.6 385,0 19.06 13.52 19.22 1743
36 24,62 41786, 10,579 -313.9 376.4 19.61 13.83 19.5% 1728
37 4.7 40989, 10.468 -3%8.9 394.1 20.15 13,73 19.88 1127
38 24,93 40226, 10.3464 -343.7 Aldol 20.68 13,81 20.18 119
39 25.C9 39476, 10,218 -328.3 4344 21,21 13,80 20.46 1710
“0 25.25 38854, 10.083 -312.7 455.0 21,73 13.94 20.70 1703
31 25.42 38127, 9.948 -296.9 “75.8 22.25% 14.00 20.97 1694
.2 2%.59 37424, 9.811 -281.0 496.5 22,76 14,09 21,22 1688
43 5.1 3676N. 9.576 ~264.9 s18.3 23.26 14.10 21,67 1877
%y 25,94 36139, 9.543 ~248.7 539.9 23.75 16,15 21.71 1669
4s 28,12 35490, 9.40% -232.3 561.7 24.25 14.20 21.9% 1661
. 26.30 34881, 9.267 -215.7 583.9 24,73 14.26 22.20 1652
A7 26.49 34334, 9.129 -199.0 606.2 25.21 14,32 22.43 1644
Y] 26.68 33801, 8,993 -182.2 628.7 25,69 14.37 22.66 1636
49 26.8? 33240, a.a%8 -165.2 6%1.5 26.16 14.43 22.89 1628
50 21,08 32718, 8.724 -148.1 674,95 26,62 14,49 23.12 1620
s1 27.26 32207, 8.590 ~130.9 897.1 27.00 14.54 23.34 1612
82 27,46 3171, 8.456 ~113.5 r21.2 27,54 14.60 23.88 1604
53 21.66 31240, 8.323 -96.0 744.8 21,99 14,68 23.76 1596
. se 21.87 30806 8.192 -18.4 768.7 208,43 14.71 23.96 1588
ss 28.07 30383, 8.064 -60.6 192.8 28.88 14,76 2616 1581
56 28.29 29950, 7.936 -42.2 s17.6 29.32 14,81 24.36 1573
57 28.50 2955%, 7.808 -26.3 842.0 29.76 14.86 24.5) 1566
38 28,71 29171, 7.64) -6.2 866.6 30.19 1.9 26,71 1559
s9 23.93 20801, 7.561 12.0 891.4 30.61 Y9 24.89 1552
80 29.13 20446, T.437 30.2 916.5 31.03 15.01 25.06 1548
61 29.38 2009, 7.315 48.6 LI 31,64 15.07 25.23 1538
62 29.60 21767, 7.197 €7.0 966.9 31.36 15.13 25.40 1532
63 29.83 27437, 7.082 8.6 992.4 32 o i5.20 25.58 1524
% 30,06 2112%, 6.964 104.2 1018.1 32.¢7 15.27 23.75 1516
88 30.30 26020, 6.849 123.0 1043.9 33,07 15,34 25.91 1509
s 30.53 26344, 6.736 141.8 1069.9 13,47 15.42 26.08 1502
67 30.77 28274, 6.625 160.7 1096.0 33.86 15.50 26.24 1493
&8 31,01 2600°, 6.51% 119.2 1122.4 34,28 15.59 26,40 1488
69 31.28 25134, 6.408 198.9 1148.8 Je.64 15.68 26.58 1401
10 31.49 2581, 6,304 218.1 1175.8 45,02 15,77 25.73 1474
n 31.74 25267, 6.202 23,8 1202.3 35.40 15.87 28.91 1007
12 31,99 25034, 6.103 2%6.9 122943 35,78 15.98 27.08 1461
3 32,24 24821, 6.006 216.5 1256.5 36.1% 16,08 27.26 1454
12 32,49 246109, 5.910 296.1 1283.8 36,52 16,20 27.43 1008
123 32.7% 24437, s.815 315.9 1311.3 36.89 16,34 27.%9 1641
10 33.00 24250, S 120 315.0 1339.0 31.26 16,43 27.78 1433
114 33.2. 24070, s.661 33,8 1366.9 37.62 16.56 21.98 1430
7 33.92 23911, 5.352 316.0 1395.0 37.99 16449 28.14 1423
19 33,78 23789, S.464 398.3 1423,2 38.35 16.82 28.30 1417
80 34,05 23617, 5.379 s16.8 1451.3 38.70 18.96 28,47 1812
s n 34.31 23497, 5.298 47,1 1480.1 39,08 17.10 26.64 1406
32 34.58 2336, s.218 457.8 1508.8 39.61 17.2¢ 28.81 1401
a3 34.85 23240, $.137 18,5 1537.7 39.76 17.38 28.98 1396
(73 35.11 23131, 5,058 499.4 3537 «0.11 17.53 29.14 139¢
8s 35.38 2301, ..982 $20.4 1596.0 40,43 17.68 29.31 1383
73 3%.64 22916, 4,907 541.% 16254 40,80 17.84 29.¢8 1380
87 35.93 22014, ..03% 562.8 1654.9 al.14 17.99 29,65 1373
't 36,20 22727, o 164 s86.2 1884.6 41,48 18,18 29.92 1370
0 36,48 22634, 4.69% 605.7 1714,6 41.82 18,31 29.99 1368
0 36,75 2295°. 526 627.4 174446 42.15 18,47 30.1¢ 1381
9 37.03 224809, 4,359 649,2 17769 42.45 10.63 30.32 1356
92 31,30 2235, 4495 671.1 180%.3 42,82 18,79 30.%0 1352
113 37.59 2233, 4,431 693.2 1835.9 43,18 18.96 30.68 1348
* 31,87 22205, 4,369 715.4 1866,6 4340 19.12 30.82 1344
9 36.15% 22240, 4.300 737.8 1897.9 43,81 19.29 30.98 £34G
% 38,43 22190. ..2%0 780.2 1929.6 46,13 19.48 31.19 1336
97 38.72 22144, ©.192 182.9 1999.8 YT 19.62 31,31 133
% 39.00 22104, a8 8Cs.s 1991.2 4e. 78 19,78 .47 1329
99 39.29 22008, 4.080 820.3 2022.7 45.10 19.9% .63 1326
100 39,97 22038, 4,026 as1.3 2054.4 4s.62 20.11 Mn.e 1323
o TWO-PHASE BOUNDARY
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TABLE X. THEARODYNAMIC 2ACPERTIES OF PARANYDAOGEN, 1SOBARS-CONTINUED
320.0 A.MJSPHERE 1S08AR

{aP/2ehy 2P, 3Np

TEMPERATURE VOLUNE 1SOTHERR USOCHURE INTERNAL ENTHALPY ENTROPY Cys HEAT Cp v WEAT VELOC T VY

B CERIVATIVE DERIVATIVE ENERGY CAPACHYY CAPACLTY OF SOUND

DEG. KELVIN CM/GMOLE CHIATH/GMOLE ATH/K J/GMCLE J/GMCLE J/GMOLE-K J/GROLE-K JIGNOLE-K METER/SEC
* 22,169 22.60 56278, 11,441 -5%53.1 179.7 11.23 11.37 14.04 1869
23 22,69 54599, 11.9%22 ~548.1 191.6 11.79 11.5%6 14,47 1859
24 22.80 33818, 11,569 -333.0 206.2 12.38 11.78 14.93 1681
25 22.91 3031, 11.574 -521.% 221.3 12.99 12.00 15.33 1847
26 23.03 52357, 11.548 -%€9.7 235.9 13.60 12.20 15.76 1844
21 23.14 1446, 11.90¢ -497.6 252.9 14,21 12.40 16.17 1338
28 23.27 50927, 11.429 -485.1 269.2 1s.80 12.58 16.5% 2
29 23.39 49669, 11.2350 ~472.4 286.0 15.39 12474 16.91 1820
30 23.%2 48717, t1.291 ~4%9.4 303.1 15.9?7 12.09 17.2¢ 1812
31 23.65% 476867, 11.222 44,2 320.5 16.5%4 13.03 17.65% 1008
32 23,18 47039, 11.1%9 -432.6 338.4 1.1 13.17 16.02 1799
33 23.91 46260, 11.017 356.6 17.67 13.29 18,37 1102
s 24.05 43557, 10.918 37%.1 18.22 13.42 108.89 1706
35 24.19 44726, 10,874 393.9 18.77 13.93 19.02 1178
38 24,34 44014, 10,763 413.1 19.31 13.64 19.32 1170
37 24.e8 43204, 10.455 432.8 19.84 13.73 19.84 1762
38 24.8) 42499, 10.534 452.4 20.37 13,02 19.95 1753
39 24.79 41664, 10.439 472.9 20.89 13.90 20.25 1747
40 23.9% 41158, 10. 308 492.8 21.41 13.9¢ 20.47 1741
41 25.10 40392, 10.174 Si3.4 2t.92 14.03 20,73 1732
42 25.2¢6 39684, 10.038 534.3 22.42 14.08 20.98 17123
43 25.42 38946, 9.%00 $55.4 22.91 14.14 21.2) 1714
4 25.59 348291. 9. 7618 sl6.0 23.41 14.20 21.40 1706
45 2%.7% 37610, 9,627 $98.3 23.89 14.2% 21.70 1897
48 25.N 3690, 9.49% 520.2 24.37 14.31 21.93 1688
47 26,10 36448, 9.381 642.2 24.83% 14.37 22.17 1681
48 26,27 35914, Q,225% 664.3 25.32 14,43 22.39 1673
49 24.45 35340, 3.091 647.0 2%.70 14,49 22.62 1663
50 20,83 34807, 8.950 709.8 26.2¢ 14.35 22.04 1657
st 26.82 LA 8.828 132.7 26.69 14,60 1649
52 21.01 337%s, 8,700 795.9 27.14 14,66 164}
53 21,20 33274, 8,570 779.3 27.59 14,72 1634
56 21.39 32027, 8.442 802.9 20,03 ta.77 1626
35 21.58 3239, 8.1314 826.6 28.47 14,83 A 1619
36 271.78 Ilve’. 0,187 8st.1 28.91 14,88 24,06 1612
57 27.98 31537, 8.069% ~31.8 875.3 29.34 12.93 24,25 1609
Ed] 28,18 31157, 7,944 -14.0 859.7 29,76 14,98 24,43 1398
E A 20,38 3078, 7.820 3.9 92 30.18 15.0% 24,60 1591
80 28.5%9 30427, 1.699 21.9 948.8 30.5%9 15.09 24,78 15084
61 28.80 30074, 7.582 40.0 9.7 31.00 15.164 1578
82 29,01 2973y, 1.456 58.3 998.8 31.41 15.21 1571
3] 28,22 2940, 7.348 716.6 1024.C 3i.02 1%.27 1564
64 29.43 2908". T.232 95.0 1049.3 32.22 15.3¢ 1587
5 29.’5% 20173, Ta12: 113.5 1074.9 32.61 15.42 1550
(13 23,87 20489, T.013 1)2.2 1100.6 33.00 15.50 1544
24 30.09 2217, 4,902 150.9 1126.5 33.39 15,58 1537
468 0.0 271939, 6.192 169.7 1152.% 33.78 15.67 1530
89 30.54 2767, 6,683 138.6 1178.7 34.1s 15.76 1523
70 30.7¢ 27420, 6.579 207.7 1205.1 34.54 15.85 1516
1 30.99 27240, 6,470 226.9 1231.7 34,92 15.9% 1509
72 31.22 20894, 6,373 246.1 1258.4 33%.29 16.08 1502
7 345 26859, 6.276 245.4 1235.2 35.86 18.17 1498
14 31,69 26430, 6,179 284.9 1312.3 35.03 16,28 1489
73 31.92 2623>. 6.086 3045 1339.% 3a.40 16.39 1482
Ts 32.16 28047, 5.994 324.2 1368.9 38.75 16.51 1478
" 32.40 2%85%, 5.903 LIPS 1394.% 3.2 15.64 1470
18 32.64 25677, .31 384.0 1422.3 37.48 16.77 1404
19 32.88 2%51v. 5.128 3841 14%0.2 31.83 16.90 1458
80 33.12 25337, S.8417 4C4.3 1478.3 38.19 17.03 1453
al 33.37 25229, 5.%567 424.17 1506.8 38.494 17.17 1448
82 33.82 23107, S.48) 445.2 153%.2 38.89 17.31 1443
(3] 33.86 249A", 5.490 448.9 1563.9 39.2¢ 17.46 1437
s 34.11 24888, 3,323 LI 1592.7 39.%8 Lr.64 1432
as 34,36 28745, 5,248 3C7.9 1621.86 39,92 17.76 1427
(1] 34,62 244622, 5.172 528.% ‘850, 40.27 17.91 1422
L34 34.87 24%10. $.096 549.7 1689.3 40.61 18.07 1416
as ¥5.12 24402, %.022 371.0 1759.8 40.94 18.2) 1611
83 35.38 24300, 4.9%1 592.4 1739.% 41.28 18.38 [ 406
20 35.63 24207, A.881 614.0 1769.3 sl.6t 18.54 1401
9 35.89 240083, 4.813 635.7 1799.4 41,9 18,7} 1396
92 38.15 23981. [YRLR) 547,86 1829.¢6 “2.28 18,87 1391
93 36.41 23893, 4.081 679.6 1860.0 42,60 19,03 1387
9 36057 23s18. 40617 01.7 1890.6 42,93 19.20 1383
95 36.93 23753, 4.3%) 124.0 1921.3 43,28 19.3 1378
® .19 21692, 4.492 146.4 19%2.2 43.50 19.53 1375
L 24 37.45 23034, 4.430) T68.% 1983.2 43.90 19.69 nn
98 3.1 23%92. 4374 781.0 2014.5 44.22 19,86 1367
99 37.98 23%)4. 4317 14,3 2045.9 44,0 20.02 1364
toc 313.24 23492, 4.261 837.4 2017.4 44,80 20.19 1360
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TABLE X. THERMODYNAMIC PROPERTIES OF PARAMYOROGEN, 1SOBARS-CONTINUED
340.0 ATHOSPHERE 1SOBAR

2P/ 3y P/aNp

TCMPERATURE  VOLUNE 1S0THERN 1SOCHORE INTERNAL ENTHALPY ENTROPY Cos HEAT Cp s HEAT VELOCITY

DERIVAVIVE  DERIVATIVE ENERGY CAPACITY CAPACITY OF SOUND

DEG. KELVIN CHMIGMOLE  CHSATW/GMOLE ATH/K IIGMOLE J/GMOLE J/GMOLE-K  J/GMOLE-K  J/GMOLE-K  METER/SEC
o 22.600 22.47 57818, 11,496 -347.3 221.0 11.30 11.42 14.09 1886
2 22.51 s6681., 11,343 -542.9 232.4 11.34 11.51 14.29 1880
26 22,61 53708, 11.638 -$32.0 241.0 12,16 .74 14.77 1376
2s 22.12 53008, 11,487 ~520.8 261.9 12.12 11.96 15.21 1875
26 22.83 54482, 11,888 -509.1 2. 13.37 1217 15.62 1874
2y 22,94 53506, 11.682 -A97.2 293.1 13.97 12.38 16.03 1867
28 23.06 52623, 11.594 -485.0 309.4 14.56 12.58 18,43 1859
29 23.18 <1783, 11,497 -472.4 326.0 15.14 12.76 16.79 1851
30 23,30 56823, 11 382 -439.7 342.9 15.72 12.90 17.09 1840
n 23,42 49807, 11,296 -446.5 360.2 16,20 12 03 17,45 1831
2 23.55 8972, 11,273 ~433.3 377.9 16.84 1307 17.83 1826
33 23,67 48329, 11,211 ~419.8 393.8 17.40 13.29 18.16 1822
34 23.80 ar78, 11,166 -406.0 ale.l 17.94 12061 18.50 1820
35 23.94 48097, 11.069 -381.9 432.9 18.49 13.51 18.64 1812
3% 24.08 46247, 10.962 -31.6 451.9 19,02 13,64 19.13 1806
37 24.22 4sals, 10,850 ~383.1 aTt.2 19.58 13,74 19.44 1797
»n 24.36 44460, 10,729 -3a8.4 +90.8 20,07 13.83 19.72 1189
3 24,50 43033, 10,624 ~333.3 510.6 20,59 13.91 20.02 1781
s 24,64 43511, 10.528 ~3lu.4 530.4 21.10 13.98 20.2% 1780
.l 24.80 42077, 10,408 ~303.1 551.2 21,60 14.0% 20.53 1
82 24.93 a1913, 10,268 -287.8 €71.9 22,10 18.11 20,77 1761
43 25.10 €1109. 10,130 -212.0 592,7 22.%9 14.18 21,03 1751
. 25.26 40392, 9,988 -256.3 513,9 23.00 16,24 21.26 1781
43 25.42 39688, 9,649 ~240.6 35,2 23.56 14.29 21.49 1722
45 25,58 39018, 9. 1708 -224.3 BE.A 24.04 21.73 1722
a7 25.7¢ 38504, 9.578 -208.2 e18.6 24,50 21.94 1716
. 25.9¢ 0,446 -191.8 720.6 24.97 22.16 1709
49 26,07 9.313 -175.3 122.9 25.43 22.38 1700
so 26.24 9.180 -158.7 745.6 25.88 22.60 1692
51 26,42 36261. 9,048 -142.0 750.1 26.33 22.81 1683
s2 26.59 35732, 8.919 -12%.1 731.0 26,78 23.02 1676
3 26.M 35242, 6.79¢ ~108.1 ate.l 21.22 23,23 1668
5 26.93 W, 8.611 -91.0 837.5 21.6% 23.43 1661
. 38 27,13 34337, 8,547 -13.7 851.0 26,08 23.63 1654
ss 21.32 33095, 0.424 -s5.8 885.3 28,52 23.81 1647
s7 21.%0 33479, 8.301 -38.3 909.1 28.94 23.99 1641
ss 27.69 33080. 8.119 -20.8 933.2 29.36 24,16 1634
59 21.88 32702, 8,061 -3 957.5 29.78 26.33 1627
60 28,07 32339, 7,945 4.7 581.9 30.19 24.51 1621
61 28.27 31996, 7.029 32.8 1006.5 30.60 24.68 1615
62 28.47 31661. .71 $0.6 1031.3 31.00 24,84 1608
6 28.67 31332, 7.598 68.7 10%6.2 31,40 25.01 1002
'Yy 28.07 31011, 1.488 86.9 1081.3 .79 25.19 1596
65 29.07 30692, 1,317 105.2 1106.7 32.19 25.36 1589
e 29.27 30417, 1,268 123.6 1132.1 32,57 25.51 1583
81 29.40 301)e. 1,155 182.2 1157.7 32.9¢6 25,60 1576
o8 29.69 2984, 7.032 160.8 1183.5 33,34 25.85 1570
ey 29.90 29507, 6,948 179.6 1209.6 33.72 26,03 1563
0 30.11 26320, 6.842 198.4 1235.7 34,10 26.20 1557
n 30.32 29019, 6. 738 217.4 1262.0 30,67 26.38 1549
12 30.54 28740, 6.836 236.5 1288,¢ 34.84 26.56 1542
15} 30,73 28487, 2,538 255.7 131541 35.21 26,75 1535
13 30.97 28247, 6.437 27541 1341.9 35.57 26.91 1528
1 31.19 28017, 6,340 25440 1368.9 35,93 27.08 1521
16 31.41 21820, 6.247 313.9 1396.0 36.29 21.25 1515
7 31.63 21627, 6.156 3.8 1423.3 36,63 27.43 1599
18 31.8% 27441, 6.067 353 .4 1450.8 31,01 271.60 1503
19 32.0¢. 2126, 5,980 3134 14785 37,38 21.78 1497
0 32,31 21005, 5,894 3978 1506.4 3.1 21,96 1492
" 12,53 26997, 5,810 a13.7 1336, 38.06 28.11 1487
a2 32,76 26007, s.127 434.0 1562.8 38.40 28.27 1482
MY 32,99 26760, 5.450 4%4.5 1591.1 18.7% 28.45% 1e17
o4 33. 22 26847, 5.578 “15.1 16194 ¥9.09 20.65 1873
8 33.46 26307, 5,496 45%.9 1648.8 35,44 20.84 14¢8
TS 35.70 26307, 5.420 €15.8 1677.7 39,77 29.00 1662
a7 33.93 2628, 5,362 5379 1706.8 40,11 29.17 1457
s 34017 26137, 5,212 589,14 173641 40,44 29.37 1452
8 34.40 26023, 5,202 580.4 1765.5 40,78 29.56 1447
%0 34,64 25698, 5.130 602.0 1795.5 P T 29.74 1442
9 34.88 23733, 5,058 623.6 1825.3 al.44 29.94 1436
2?2 35.12 23592, 6.929 645.3 1835.3 aLT? 30.13 143¢
93 35,36 23477, 4,921 667.3 188%.6 42,10 30.31 1625
7S 35.61 23367, 4055 689.3 1916.0 42,42 30.50 1620
as 35.85 28210, A 791 7118 1966.5 02,13 30.67 1816
% 36.09 25201, ', 129 713.9 1977.3 43,07 30.8% 1812
97 3634 25130, 4,088 1%6.4 2082 43,39 31,02 1408
98 36,58 23064, 6507 119.0 2039.3 “3.71 31.19 1404
99 36.83 23007, 4547 8C1.8 2070.6 44,02 ST 1400
100 31.97 24937, 4,400 8247 2101.9 [T .51 139

o TMC-PHASE BOUNDARY

72




TABLE XI. THERROOYNAMIC PROPERTIES OF PARAHYOROGEN, [|SOCHOAES

(oP/dp)y P/ aTp .
TENPERATURE  PRESSURE 1SOTHERM 150CHORE INTERNAL ENTHALPY ENTROPY G, weAT G, HEAY VELOCITY
DERIVATIVE  DERIVATIVE ENERGY CAPSCITY CAPACITY UF SOUND
DEG. KELVIN ATH CHIATH 7GHOLE ATH/K J/GPOLE 2/GHOLE J/GMOLE-K  J/GMOLE-K  J/GMOLE-K  METERZSEC
0.00002 GMOLE/CH® [SOCHORE
14 0.023 113m, 0.002 173.9 209.7 85.28 12.48 20.90 309
15 0.025 1227, 0.002 106.4 3l0.5 86.14 12.48 20.89 320
16 0.026 1307, 0.002 198.8 $31.3 8A.95 12.48 20.88 131
17 0.028 138%, 0.002 21103 352.2 87.10 12.48 20.88 341
18 0-029 1467, 0,002 223.8 31300 80.42 12.48 20.87 251
19 0.031 1549, 0.002 236.3 393.8 89.09 12.48 20.87 381
20 0.033 1637, 0.002 248.8 Alase ¥9.73 12.48 20.86 310
21 0.034 1714, 0.002 261.2 435.4 90.34 12.48 20.86 319
22 2.034 1195, 0.002 273.7 456.2 90.92 12.48 20.85 368
23 0.038 1870, 0.002 206.2 47720 91,47 12.48 20.85 39
28 0.039 1961, 0.002 298.1 a97.8 92,01 12143 20.88 406
25 0.041 2047, 0.002 1.2 si8.6 92.51 12.48 20.84 .16
26 0.043 2124, 0.002 323.6 539.¢ 93,90 12,48 20.86 422
27 0-044 2207, 0.002 336.1 560.2 93,48 12,48 20.84 430
28 0-044 2280, 0.002 348.8 581.0 9.3 12.48 20,84 438
20 0-048 231>, 0,002 361.1 601.8 94.37 12.48 20.84 Povs
30 0.049 2456, 0.002 37135 622.0 94.79 12.48 20.83 “se
3 0.051 z334, 0.002 386.0 6434 95.20 12,48 20.83 a5t
32 0.052 261, 0.602 398.5 864.2 95,80 12.48 20.83 “69
33 0.05¢ 270, 0.002 all.0 685.0 < 98 12.48 20.83 a6
34 04956 278, 0.002 a23.5 705.8 95,35 12.48 20.83 483
35 0.057 2085. 0.002 435.9 726.6 95,71 12.48 20.83 %90
36 0.059 2947, 0.002 4s8.4 TaTie 27.06 12.48 20.83 497
37 0.6l 3029, 0.002 460,9 68.2 <7.41 12.48 20.83 504
28 0.062 31, 0.002 4734 789.0 97,74 $2.49 20.83 sit
39 0.064 3194, 0.002 485.9 009.8 38.06 12049 20.83 s17
0 0.066 3276. 0.002 498.4 830.6 99.38 12.50 20,06 524
a2 0.969 3440, 0.002 523.4 e12.3 98.99 12.51 20.85 537
s 0.072 3604. 0.002 sab 4 s14.0 99,57 12.53 20.87 549
oS 0.075 3769. 0.002 573,85 9s5.7 .00.13 12.55 20.89 561
8 0.079 3933, 0.002 598,68 7.5 i00.67 12.59 20.93 573
50 0.082 «098, 0.002 623.9 1039.3 01,18 12,64 20.97 ses
55 0090 4508, 0.002 68,4 1144.5 02,22 12.81 21014 812
80 ©.098 4919, 0.002 152.1 1250.8 ‘031.52 13.09 21,42 836
% 0.107 8330, 0.002 s18.5 1358.8 104.58 13.47 21.80 658
10 04115 5741, 0.002 aer.1 1468.9 10,60 13.90 22031 61%
5 0.123 8151, 0.002 958.5 1581.9 ,06.58 14.60 22.92 697
0 0.131 6562, 0.002 1033.2 1698.3 ‘07,55 15.31 23.64 714
85 0.139 6973, 0.002 1117 1818.4 08.50 16.10 24,43 729
% 0.148 7284, 9.602 194,23 1942.6 09.44 16294 25,27 Tae
as 0156 7194, 0.002 1201.2 2071.1 1018 17,62 26,14 758
100 0.164 5205, 0.002 1312.3 2203.9 11.32 18,69 27.02 12
0.00003 GMOLE/CH® SOCHORE
14 0.034 ITEER 0.002 173.3 11.90 12.48 20.96 309
1S 0.037 1215, 0.002 186.0 B2.76 12.48 20,94 320
16 0.039 1297, 9.602 198.5% 13,87 12.48 20.93 331
17 0.042 1380. 0.002 211.0 14,33 12.48 20,92 341
18 0.044 1462, 0.002 223.8 15,04 12,48 20.92 351
19 0.047 1544, 0.002 235.9 5. 71 12.48 20 91 361
20 02049 1627, 0.002 248.4 t6.35 12.48 20,90 370
21 0.051 1709, 0.002 260.9 16.96 12.48 20,89 379
22 0.054 1791, 0.002 273.4 WT.s4 12.48 20.89 38
PE 0-036 1274, 0.002 205.9 18.10 12.48 20.88 397
24 0.089 1956, 0.002 298.3 18.83 12.48 20,89 “06
2s c.981 2038, 0.002 310.8 19014 12-48 20,87 al4
26 0.Cas 2121. 0.002 323.3 19.63 12.48 20.87 a22
27 0.066 2202, 0.002 31508 10410 12,48 20.87 +30
28 0089 2208, 0.002 3e8.3 10.55 12.48 20,88 PEM
29 0-071 2368. 0.002 360.8 10.99 12.48 20.88 oot
30 0.074 2450, 0.002 313.2 i1.41 12.48 20.88 454
3t 0.07x 2530, 0.002 3057 1.82 12.48 20.85 461
32 0,979 2614, 0.002 398.2 02,22 12.48 20.85 “69
33 0.081 2697, 0.002 410.7 02.60 12,48 20.85 aTs
3 0.084 27179, 0.002 .23.2 92.98 12,43 20085 pety
35 0-08s 2851, 0.002 435.6 23,34 12.48 20,85 490
36 0.088 2943, 0.002 DTt 91,69 12.48 20.85 “97
31 0.091 3026. 0.002 460.6 94,03 12.49 20.85 504
38 0.093 3108, 3.002 1301 94.37 12.49 20,85 511
39 0.096 2i90. 0.002 “85.6 94.69 12.49 20.8% 517
a0 0.098 3212 0.032 498.1 95.01 12.50 20.86 524
2 0.103 3437, 0.002 52311 95,62 12.51 20.81 537
" 0.108 1801, 0.002 ses.1 96.20 12.53 20.81 549
PP 0.113 1166, 0.002 $13.2 96.76 12.56 20.91 561
. o.118 3930, 0.002 $98.4 97.29 12.59 20.94 s
50 0.123 %095, 0.002 623.6 9T.81 12,64 20.98 ses
58 0.135 4306, 0.002 687.2 99.02 1:.81 21.16 612
60 0.148 nr. 0.002 7%1.9 100.14 13.00 21.43 3
3 0.160 5329, 0.002 818.2 101.21 13,48 21.81 658
70 0.172 5739, 0.002 806.7 102.22 13.98 22.32 619
15 0.185 6130, 0.002 9%8.2 103.21 14.60 22.93 897
80 0.1%7 636", 0.002 1033.0 104217 15.31 23.64 14
s 0.209 6977, 0.002 11113 105.12 16.10 26,43 129
%0 0.222 7381, 0.002 19,1 106.07 16.93 2%.28 744
o 0.234 7194, 0.002 1281.0 107.0; 17.02 26.15 758
100 0.246 820, 0.002 13723 107,94 18.69 27.02 12
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TABLE XI. THERMODYNAWIC PRCPERTIES OF PARAMHYDAOGEN. 1SOCHORES-COMT I NVED

o (@P/ophy (oP/Tp
TERPERATURE  PRESSUME ISOTWERY 1S0CHOME INTERNAL ENTHALPY ENTROPY Coy HEAT G . HEAT VELOCITY
DERIVATIVE  OERIVATIVE ENERGY CAPACTTY CAPACETYY OF SOUND
0€G. KELVIM ATR CHMTATH/GMOLE ATH/K J/GHOLE J/IGROLE J/GROLE-K J/GMOLE~K J/7GMO0y E-K MEYER/ SEC

0.00004 GMOLE/CH® 1SOCHORE

R 1]

14 0.046 1127, 0.003 208.4 719.5%0 12,49 21.02 309
15 0.049 1209, 0.003 309.3 00.3¢ 12.49 21.00 320
is 0.052 1297, 0.003 330.1 81,17 12.49 20.99 330
1? 0.035 1374, 0,003 350.9 83.93 12.49 20.97 341
i8 0.059 1457, 0,003 3.7 82.64 12.49 20,96 351
19 0.062 1539, 0.003 392.8 83.32 12.49 20.95 350
20 0.065 1627, 0.003 413.4 83.9¢6 12.49 20.94 aro
21 0.069 1704, 0.003 434.2 84,57 12.49 20.9)3 379
22 9.072 1707, 0.003 435.0 85.13 12.49 20.92 388
23 0.975 1069, 0.00)3 475.8 83.70 12.49 2¢.92 397
2% 0.070 1952, 0.003 496.7 86.23 12.49 20.91 403
25 0.082 2034, 0.003 5i7.5 6.7+ 12.48 29.90 414
26 0.085 2116. 0.003 $38.3 87.23 12.48 20.90 422
27 0.088 2199. 0.003 5%9.1 87.70 12.48 20.89 430
28 0.992 2281. 2.003 579.9 88.16 12.48 20.89 438
29 0.095 2364, 0.003 600.7 88.60 12.48 20.89 446
30 0.098 2446, ¢.003 621.6 89.02 12.48 20.82 453
31 0.101 2%20. 0.203 642.4 89.53 12.48 20.88 461
32 0.103 2611. 0.003 663.2 89.02 12.48 20.87 468
33 0.108 2693, 0.003 684.0 90.21 12.48 20.87 «Ts
3 0.111 <4118, 0.003 704.8 90.58 12.48 20.87 483
3 0.115 2058, 0.003 725.6 90.94 12.49 20.87 490
38 0.118 2940. 0.003 T46.4 91.30 12.49 20.87 497
37 0.121 3022. 0.003 T67.3 91.64 12.49 20.87 504
3s 0.124 3105. 0.C03 788.1 91.97 12.42 20.87 511
39 c,.128 3ter. 0.003 808.9 92.30 12.49 20.87 517
4C 0.131 324¢, 0.003 829.7 92.61 12.50 20.87 524
42 0.138 3434, 0.003 871.4 93.22 12.51 20.88 537
4 0. 144 3%98. 92.003 913.1 93.80 12.53 20.90 549
45 0.18%1 3763, 0.003 954.8 9% .36 12.56 20.92 S61
A8 0.157 392r. 0.003 99%.6 94.90 12.59 20.95 573
S0 0. 164 4092, 0.003 1038.5 95.41 12.64% 21.00 585
35 0.180 4503, 0.003 11437 96.52 12.81 21.17 611
60 0.197 491S. 0.003 12%0.1 97.75 13.09 21.44 636
63 9.213 $326. 0.003 13%58.0 98.81 13.48 21.82 658
10 0.23¢ 3737, 0.003 1468,.3 9v.33 13.98 22.32 67%
3 0.246 6140, 0,003 1581 .3 100.81 14.60 22.94 697
80 0,262 6560, 0.003 1697.7 101.78 15.31 23.65 714
85 0.2719 6971, 0.003 1817.8 102.73 16.10 24.44 729
30 0.295 7302, 9,003 1942.0 103.67 16.95 25.28 T44
93 0.312 1733, 0.003 2070.% 104.61 17.82 26.1% 758
100 0.320 8294, 0.003 2203.4 105.55 18.69 27.03 172
0.0000% GIOLEICNQ‘ ISOCHORE
16 C.087 ik21, 9.004 172.8 2871.8 TT7.64 12.50 21.09 308
15 0,061 12¢4. 0.004 185.3 308.6 13.50 12.%0 21.07 319
16 0.065 i2a7v. 0.004 i97.8 32v.58 19.31 12.49 21.94 330
17 0.069 1369, 0.604 210.3 350.2 80.07 12.49 21,02 360
18 0,073 1482, 0.004 222.7 371.1 B80.78 12.49 21.01 350
19 0,077 1535, 0.004 23%,2 392.0 8l.46 12.49 20.99 380
20 ©.081 1617, 0.004 2471.7 412.9 82410 12.49 20.98 369
21 2.086 1700. 0.004 ¢60.2 433,98 82.71 12.49 20,97 kX5
22 0.090 1782. 2.094 272.7 454.3 83.29 12.49 20.96 k1.1
23 9.39% 1065, 0.004 285.2 47%.3 83.04 12.49 20.95 397
2¢ 0,098 1var, 0,004 291.7 455.1 04,37 12.49 20.94 ¢S
25 0.102 2030, 0.004 310.2 5%6.9 8¢.88 12.49 20.93 Al4
26 0.106 2112, 0.004 32z.7 337.8 85.37 12.49 20.93 422
27 0.110 2185, 0.004 338.1 558,68 83.34 12.49 20.92 430
28 0.11s 2271, 0,004 347.8 579.4 88,30 12.49 20.92 438
29 0.118 2369, 0.004 38C.1 $00.2 .74 12.49 20.91 4448
ac 0.123 2847, 0.004 3712.6 621.0 ar.l1s 12.49 2990 453
31 c.127 2524, 0.104 3e5.1 641.9 87.37 12.49 20.90 452
32 0.131 2607. 0.004 397.8 862.7 87.97 12.49 20.90 408
3 0.135 2609. 0.004 410.1 883.5 03.35 12.49 20.89 478
34 0.139 a2, 0.004 €22.6 T04.3 08.72 12.49 20.89 483
3 0.143 285s, 0.004 435.0 72%.1 89.18 12,49 20.89 490
36 0.147 2936, 0.004 A7 S 146.0 89.44 12.49 20.089 497
37 €.1%51 3019, 0.004 460.0 T766.8 89.70 12.49 20,89 504
38 0.155 101, 0.004 472.5 T87.8 Mal1 12.49 20.08 510
9 0.180 3186, 0.004 48%5.0 208.4 .46 12.50 20.89 517
0 O.164 3266, 0.004 497.5% 229.3 90.75 12.50 20.089 24
42 0.172 353}, 0,004 522.3 e70.9 91.38 12.51 20.90 37
44 G.180 %98, 0,064 S47.6 %12.6 91.95 12.53 20,91 349
46 0.188 3760. 0.004 572.7 954.4 92,50 12.56 20,93 561
48 0.197 3923, 0.904 597.8 96,2 93.04 12.%9 20.97 573
30 0.20s 4089, ¢.004 823,0 1039,1 91.55 12.64 21,01 584
ss 0.22% 4501, 06.004 686.6 il43.3 94,17 12.81 21.18 61i
60 0.246 4917, 0.03%¢ 751.4 1249.7 $5.09 13.09 21.45 635
63 0.2%6 5324, 0.004 anz.7 1337.7 96.95 13,48 21.83 656
10 0.287 73, 0.004 086,3 1447.9 97.97 13.98 22.33 (34
5 0.308 oLaT, 0.004 957.7 1581.0 98,96 18,60 22.9% 697
80 0.328 6550, 0.004 1032.5 1697,3 .92 15.31 23,66 714
(13 ©.349 697", 0. 004 1111,0 1817.5% 100.87 16.10 24,45 729
90 0.369 7381, 0,004 1193.6 19617 101,82 16,95 25.29 T64
(1] 0.3%0 179 . 0,004 1200.5 2070.2 102.76 17.02 26.16 150
100 0.410 0204, 0.0C4 1371.8 2203.2 103,69 18.49 21.03 m
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TABLE XI. THERMODYNANIC PROPERYIES OF PARAMYOROGEN, |SOCHORES-CONT INUED

(2P/3p)y {aP/2Tp
TEMPERATURE  PRESSURE 1SOTHERN [ SOCHORE INTERNAL ENTHALPY ENTROPY Cr, WEAT Co, ueav vELOCETY
DERIVATIVE  OERIVATIVE ENERG Y CAPACITY CAPALITY OF SOUND
DEG. KELVIN ATH CHIATH/GHOLE ATH/K J/GMOLE J/GMOLE J/GROLE~K J/GROLE=K J/GMOLE=-X METERZSEC
0.000075 GMOLE/CK® TSACHORE
s l4.170 0.036 2. 0.006 173.9 289.6 74,40 12.%3 21,20 309
15 0 N 1190, 0.006 184,23 207.0 75.11 12452 21,24 3le
16 0.09? 121, 0.006 196.6 327.9 75.92 12.51 219 329
i? 0.103 1354, 0.006 209.3 349.7 76,68 12.51 21.16 340
15 0.109 1439, 0.006 221.9 369.6 T1.40 12.51 21.13 3%0
19 0.116 1527, 0.306 234,46 390,% 78.07 12.50 21.10 359
20 0.122 160S. 0.008 246,9 411.3 78.71 12.50 21.08 369
21 0.12¢ 1688, 0.006 259, 4 432.2 79.32 12.%0 21.06 378
22 0.134 1, 0.006 211.9 453.0 79.90 12.50 21.0% 387
23 0.140 1853, 0.006 204.4 AT3.9 80.46 12.%90 21,03 36
24 0.146 1938, 0.006 296.9 494.7 80.99 12.50 21,02 S
23 0.133 20i9. 0.006 309.4 515.4 81.50 12.50 21.01 «13
26 0.159 2162, 0.006 321.9 536.4 81.99 12.%0 22,00 421
27 0.16% 2184, 0.006 334,3 587.2 82.46 12.49 20,99 429
29 0.171 2267, 0.006 346, 8 578,12 82.92 12.99 20.°% 437
29 0.177 2349, 0.006 359.3 $968.9 83,36 12,49 20.97 445
30 0.184 2432, 2.00¢ 371.8 619,86 e Ty 12.49 0.9 453
3t 0.190 251%. 0.006 304,.3 640.6 84,19 12.49 20.9¢6 460
. 32 0.196 2597, 0,006 356, 8 661.4 84,39 12.49 20.95 %68
33 0.202 268C. 0.006 409.3 682.3 84.97 12.49 20.95 475
34 0.208 2762. 0.006 421.8 703,1 85,34 12.49 20,94 482
3 0.214 2843, 0.00% 434.3 723.9 as,71 12.49 20,94 490
36 0.221 292e. 0.004 4656,8 T44.8 86,06 12.49 20,93 497
31 0.227 3010. 0.006 459.3 765.6 86.40 12.50 2€.93 503
A 38 0.233 3093, 0.908 «71.8 186.4 86.73 12.50 20.93 s10
39 0.239 3175, 0,008 484,35 807.3 87,06 12.50 20,93 s17
40 0.245 3258, 0.006 456.8 828.1 81,37 12.51 20.93 523
42 Q.2%8 3423, 0.006 521.8 869.8 87.98 12.52 20.93 536
44 0.270 3588, 0.006 546,9 911.9% 88.57 12.54 20.95 549
46 0.282 1753, 0.006 572,0 953.3 89.13 12.58 20.97 561
a8 0.29% 1918, 0.006 $97.1 995.1 89.66 12.60 21.00 513
50 0.307 4082, 0.006 622.4 1037.0 90. 18 1264 21.04 g4
ss 0.338 4495. 0.006 686,0 1142.3 91.39 12.82 21.20 1
60 0.369 4907, 0.006 150, 7 1248.7 92,% 13,09 21.47 .36
6% 0.399 5319. 0.006 817.1 1356.8 Q3.%8 13.48 21.98% 658
70 0.430 5731, 0.006 885.7 1467.1 94.59 13.98 22,35 679
7% 0.461 6143, 0.006 95,1 1580.1 33.58 14.60 22,96 697
80 0.492 6559, 0.006 1031,9 1696.6 9%, 5¢ 15.31 23,67 7i4
83 0.523 8967, 0.006 1110.4 1816.7 91.50 16.10 24.4% 129
90 04554 73719, 0.006 1193,90 1941.0 98,44 16.95 2%.30 144
95 0.585 7791. 0.006 1279.9 2069.46 99.33 17.82 26,17 18
100 0.615 8203, 0.006 1371, 2 2202,% 100,32 18.69 27.04 7.8
6.0001 GMGLE/CK® 1SICHORE
. 14,177 0.118 157, 0.208 180.5 300.6 72.51 12.56 21.45 318
1 0.120 1176, 0.008 183.3 305.3 12,70 12.56 21,43 318
16 0.129 1260. 0.00% 195.9 326.2 73.51 1294 21.3% 326
17 8.137 1343, 0.C08 208.4 387.2 74,27 12.%3 21.30 339
18 0.14% 1427, V.008 221,0 368.1 14,99 12.52 21.25 349
19 C.153 1510. 0.008 233,9 389,0 75.67 12.52 21.22 259
20 0.162 1593, 0.008 266,0 409.8 76.31 12.51 21,19 368
21 0.170 1678. 0.00e 2%68,3 430.7 ¥6.92 12.51 21.16 37
22 0.178 1759. 0.008 27t.0 A51.6 77,50 12.51 21.14 387
23 0.186 1842, 0.008 283, 5 472.% 78.06 12.51 22,12 398
24 0.19% 1925. 0.008 296.0 493.3 78,59 12.51 21.16 404
23 0.203 2008. 0.008 308,5 514.2 79.10 12450 21.09 413
26 0.211 2091. 0.008 321.0 535,41 19,59 12.50 21.07 421
21 0.219 2174, 0.008 323,.9 $55.9 80.06 12.%0 21.06 429
20 0.228 2257, 0.008 346,0 576.0 80.52 12.50 21.0% 437
29 0.2% 339, 0.008 358, 5 597.6 80.95 12.5¢ 21,04 A3
. 30 0.246 2022, 0.008 37,0 618.5 8l.38 12.50 21,03 453
31 0.252 250%, 0.008 383.% 639.3 8t.79 12.%0 21,02 480
32 0.261 258*. 0.008 3695.0 660.2 32.19 12.%0 21,01 “68
33 0.269 267, 9.008 408.5 6e1.0 82,57 12.50 21.00 475
34 0.277 2781, 0.008 421.0 101.9 82.9¢ 12.%0 20,99 492
35 04285 2834, 0.008 433.9 122,7 83,31 12,50 20.99 489
36 0.294 2919, 0.008 445.0 143.6 83.66 12.%0 20,98 496
’ 37 0.302 300°. 0.008 438,5 T64.4 84.00 12.50 20,98 03
38 04310 3084, 0.008 471.0 185.3 84,33 12.%0 20.97 510
39 0.318 3167, 0.008 483.5 806.1 84,66 12.51 20.97 17
40 0.327 3249, 0.009 496,1 827.0 84,97 12.%1 20.97 523
42 0..47 3418, 0.008 21,1 868,7 85.59 12.5%2 20.97 836
44 0.360 3s8n, 0.008 5468,2 90,4 86.17 12.54 20.98 549
46 0.375 3740, 0.008 $71,3 952.2 86,73 12.57 21,00 sel
Y] ©.392 391N, 0.008 596, 4 994.1 87.26 12.40 21.03 513
50 0.409 A0TA, 6,008 621,17 1036.0 81.78 12.6% 21.07 584
53 0.4%0 4489, 0.008 685.3 1141.4 80.99 12,02 21.23 611
60 0.49% 490%. 0.008 750.0 1247.6 90,12 13.09 21,30 636
63 0.%32 5314, 0.008 816,4 11%5.9 91,18 13.40 21,08 (31)
10 0.574 s727. 0.008 885, 1 1486,2 92.20 13.99 22,3 819
75 0.61% s13a, 0.00e 9%6.5 1379.3 93, te 14,60 22.98 697
0 0.6%6 6557, 0.00% 1031,2 169%,8 94,15 15,32 23.69 714
(1] 0.697 8964, 0.908 1109, 8 1816.0 95.10 16.11 24,40 729
90 0.138 M7, 0.008 1192, 4 1940.3 96.04 16,95 25.32 144
9s 0.1779 1797, 0.008 127%.3 2068.9 96.98 17.02 26,18 758
100 0.820 $20°. 0.006 1370.6 2201,9 .92 1e.70 21,06 n2

¢ TWO-PHASE BOUNOARY
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TEMPERATURE PRESSURE

OEG. XELVIN

ATn

TABLE x1.

(2P/2p)y

1
)

2.0002 GMCLE/CHY 1SO0CHORE

* 15,4546
[ %4

1

0.2%9
0.269
0.285%
0.302
0.319
0.333
0.352
0.368
0.385%
0.402
0.418
0.435
0.451
0.488
0.484
0.%501
0.510
0.534
0.551
Jd.561
0.984
0.400
0.8117
0.433
0.65%0
G.623
0.712
0.749
e.182

1.393
l1ed7S
1.558
1.640

0.0003 G"Ot!/‘}" 1SOCHORE

0.410
0.420
0.469
Q.67
0.496
c.521
0.546
0.371
0.598
0.62%
C.b548
O.671
0.896
0.771
0.746
0.171
0.1986
0.821
C.84°
V.870
0.89%
0.970
0,949

1.343

o TWO-PHASE BOUNDARY

SOVTHERM
AIVATIVE
ATHM/GAOLE

1209,
1324,
1410,

1502,
1667,

THERMOOYNAMIC PRCPERIJES OF PARANYDRO v,

(@P/oNyp
1SOCHORE
DERLVATIVE

ATM/K

0.017

0.017
U017
0.0:7
0,017
0.017

0.028
0.02%
0,025
0.02%
0.02%
0.02%
0.029%
0.02%
0.029%
n.02%
0.02%
0.025
0.00%
7.029%
7.02%
0.029%
0.02%
0.02%
0.029%
0.02s%
0.02%
0.025
0.02%
0.02%
0.02%
0.02%
0.02%
2.02%
2.02%
0.029
0.02%
0.025%
0.02%
0,023
N.02%
2.02%
0.02%
0,029
n.02%

INTERNAL
ENERGY
J/7GMOLE

1216.9
13¢8.2

208.4

2)a.9
J%1.6

619.9
144.8
a11.3
8n0.0
951.9%
1026.3
110s.9
1167.9
1274.5%
13¢5.8

76

ENTHALP .

JIGMOLE

329.2
340.7
361.9
382.9
403.9
24,9
4439
465.8

34b.9
3554
3.7
39,3
LR PN
VACLD
IE- 2V
48.2
504.2
S26.3
s4%.)
S86.3
587.)
s08.2
629.2
6%0.2
671.2
692.1
Ti).l
¥ 341
7%%.0
775.0
79%.9
7.9
3%9.8
0!
943.7
98%.7
1027.8
1133.5%
1240.3
1348.,7
1699,
1572,
1689.46
i810.9
19%.6
20463.%
2196 .7

ENTROPY

J/GMOLE-K

63.0)3
68,44
69,16
69.85
70.49
T1.10
71.69
12.25
r2.78
13.29
13,78
T4,26
74,71
75.15
75.58
715.99
r6.39%
re M2
17.15
17,351
T7.86
78.20
78.54
18.88
79.18
19,19
80,38
80.9)
8l.47
81.99
83.20
84.3)
45.139
86.41
87.39
88.36
89,31
90.2¢
91.20
92.13

65,44
65,72
86.4)
67.06
s7.68
66.27
668.8)
69,38
69,38
70.37
Tu.85%
71.30
71.74
r2.117
T2.58
12.98
73.37
3.7
T4.10
Té.4s
14.80
73.14
13.48
75,78
16.39
Th.98
17,54
78,07
78,59
19.80
80.9)
82.00
43.01
44,00
LL R 2
84,92
8a,.88
87.80
88,74

{SOCHORES-CONT [NUED

Ce, HEAT
CAPACI(Y
JIGHOLE-X

12.8C
12.717
12.1
12,66
12,64
12.614
12.60
12.5%9
12.%8
12.97
12.57
12.%6
12.56
12.56
12.5%
12.5%
12.55%
12.9%
12.54
12.54
12.%4
12,54
12.54
12.5%
12.9¢
12.%171
12.6C
12.6)
t2.61
12. 084
13.11
13.%0
14.60
14,862
15.33
16,12
16,96
17,83
ts.70

Coy WEAT
CARACITY
J/CROLE-K

22.06
21,97
21.8)
2.1
21.69%
21.98
21.%)
21.48
21,94
21.40
21.37
21.34
21.32
21.29
21.217
21.2%
21.23
21.22
21.20
21.19
21.17
21.1e
21.15
21.14
21.14
21.13
21.1)
21,14
21.16
21,20
21.34
21.59
21.90
22.45
23.06
23.76
24,54
25438
26,24
27,11

22.63

VELOCLTY
OF SCUND
WE TER/SEC

33
338
348
358
368
31
384
393
402
411
419
427
+35
443
451
453
LYY
[32%
LI
483
493
502
509
30
522
538
548
560
512
584
611
636
658
679
497
T4
730
745
759
LR}

318
343
353
363
3r2
382
39
«00
409
a7
425
434
442
449
47
463
a2
480
487

501
508
51%
521
534
547
560
$712
se83
6Ll
638
658
679
697
714
130
145
199
m



TEBLE X1. YHERMODYNAMIC PRCPERTIES OF PARAMYDROGEN, ISOCHORES-CONTINUED

(2P/ap)s {2p/op
TEMPERATURE PRESSURE 1S0THERN 1SOCHORF INTERNAL ENTHALPY ENTROPY Ci, HEAT G, bEar VELOCITY
DERIVATIVE  DERIVATIVE ENERGY cAPALITY CAPACITY OF SOUND

DEG. KELVIN ATH cuIaTMIGHOLE ATH/R JIGPOLE JIGMOLE JIGMOLE-K  J/GMOLE-K  J/GMOLE-K  RETER/SEC

0.00064 GMCLE/CH ISOCHORE

» 18,493 0,387 1319, 0,034 216.0 389.3 83.61 12.90 2317 348
e 0. 884 13er, 0,034 222.% 370.4 63.9 12.85% 23.00 350
20 0.618 1487, 0,034 213.3 39t.8 64,61 12.77 22.15 360
21 0.852 1334, 0.0 248.0 ITE I 85.23 12.72 22.56 310
22 c.608 1621, 0,034 260.7 PEVOR 85.33 12,60 22.40 318
23 0.719 1707, 0.034 213.4 «88.5 66,39 12,68 22.28 389
24 C.132 1193, 0,034 28641 \76.5 66.9) 12.64 22.1. 398
23 0.786 1870, 0.0)4 298.7 491,80 67,44 12.62 22..9 406
28 0.419 1364, 0.033 311.3 518.9 87,9 12.61 22.01 «15
27 0.853 2049. 0.033 323.9 539.9 88,41 12.80 21,93 a2¢
28 0.888 2130, 0.033 316.5 s81.0 69,87 12.60 21.89 a32
29 0.920 222°, 0.033 349.1 s62.1 69,31 12,59 21.84 v
30 €.9%3 230°. 0.033 36t.7 6011 89.74 12.59 21.79 “s
n 0.987 2397, 0,033 3703 824.2 10,13 12.58 21.74 456
32 1.020 FZSIN 0.033 386.8 643.2 10.55 12.58 21.70 463
13 1.053 2567, 0,033 3894 566, 70,94 12,97 21.67 a1
3% 1.087 2640, 0,033 412.0 s87.3 1.3 12,57 21.63 478
s 1.120 2120, 0.033 a2e.8 108.3 T1.88 12.57 21.40 At
3 1.153 2014, 0.033 a37.1 7129.3 72.03 12.56 i1.87 493
3T 1.187 2080, 0.033 449,7 7%0.3 12.38 12.56 21.54 500
3 1.220 2981, 0.033 402.3 .3 12.71 12,56 21.52 507
39 1.233 3067, 0.033 At4.B 192.3 73.04 12,96 71.5¢ s14
«0 1.287 s, 0.033 anl.4 811.3 73,36 12.% 21.48 520
.2 1.353 3320, 0.¢33 512.9 85s.3 13.97 12.57 21.43 534
a4 1.420 3497, 0,033 537.7 se7.4 74,58 12.99 21.43 546
48 1.486 FPCTN 0.033 562.9 939.4 5.1 12.€1 21.42 559
a8 1.533 3827, 0.033 s88.1 981.5 75.65 12,84 21.43 571
0 1.620 399¢, 0.033 813.5 1023.7 76,17 12,69 2: .43 503
s 1.186 i, 9.033 671.3 1129.6 77.39 12.9% 21,87 612
60 1.952 838, 0.033 142.2 1236.8 78.51 13,12 21.79 633
s 2.118 5294, 0.033 808.7 1348.2 79.58 13.5 22.14 6358
10 2.204 5676, 0,033 811.4 14%6.0 80.60 14.01 22,62 679
3 2.4%0 6096, 0,033 99,0 1569.6 al.58 18.62 23.21 697
20 2.616 6513, 0.033 1023.8 1686.5 82.5% 15. 1 23.90 T1a
s 2.182 6935, 0.033 1162,4 1807.1 83.50 18,12 24,67 130
20 2.948 1154, 0.033 11851 1931.8 84.45 16,98 25.49 148
9 3.11s . 0.033 127241 2060.8 85.39 17,83 26435 760
100 3219 ne2. 0.033 1383.% 219422 86.33 18,71 27,21 774

0.0003 GMOLE/CH® ISOCHORE

¢ 19,243 0.728 1331, 0.043 221.8 389.4 62.20 12.99 23.68 149
20 0.760 1399. Co063 2318 385.7 62.70 12.90 23.40 387
2 0.20) 1407, 0.042 244,53 «07.1 83,32 12.82 23.12 367
22 0.845 1578, 0.082 257.3 428.% 63.92 12.76 22.90 37
2 0.887 166 0.042 210.0 649.8 64. 9 12.72 22.72 386
P2 0.929 1749, 0.042 202.7 ATl 8%.03 12,69 22.%8 396
28 0.972 1836, 0.042 295.4 492.3 65,56 12,67 22.48 404
26 1.0 1922, 0.042 3C6.0 513.3 66,04 12.6% 22.36 a13
27 1.0%6 200¢. 0.042 320.7 $34.6 66,52 12,64 2.1 €22
28 1.c98 2094, 0.042 333.3 s55.8 66,98 12.63 22.19 430
29 1.140 218", 0.062 346.0 $76.9 s7.42 t2.62 22.12 a3
30 1.182 22606, 0.062 3%8.8 s98.1 61.85 2,82 22,06 446
3 1.224 2352. 0.042 31,2 619.2 68.26 12.61 22.00 a5
»” 1.268 2430, 0.042 13,8 640.3 68.66 12.60 71.95 462
33 1.)08 2823, 0.042 396.4 s61.6 ©9.03 12.60 21.90 469
3 12349 2608, 0.042 49,0 632.4 69.43 12.59 21.85 477
3 1.391 2694. 7.042 a21.6 103.% 69.19 12.59 21.81 PER
36 1.433 2118, 0.062 434,2 T24.6 T0.1% 12.%9 21.17 492
i} 4 1,475 2864 . B.062 4456.0 T745.6 70. -9 12.5%8 21.74 499
38 1.7 29%0. 0.082 459.3 766.7 70.83 12,58 21.71 506
39 1,559 3035. 0.042 a11.9 707.8 71.15 12.58 21.68 513
a0 1.600 3s2n, 0.062 Aba.S 80e.8 "1.47 12,58 21,68 s19
.2 1.684 3290, 0,062 897 850.9 12.08 12.59 21,61 $33
. 1.767 1460, 0.062 536.9 893.0 12,67 12.60 21.5¢8 Foes
6 1.851 3830. 0.042 5601 938.2 73.23 12.62 21.57 nsg
.8 1.934 3199, 0.042 585, 9774 73,17 12.66 21.98 570
0 2.018 3969, 0.042 610.7 1019.6 7429 12,70 21.%8 582
53 2,228 4392, 0.042 et4.6 1128.7 75,50 12.88 21.68 610
c 2.434 13, 0.082 119.8 1232.9 76.63 13.13 21.89 038
e 2.44) 1230, 0,082 8.1 1381.7 17.70 13,52 22.23 658
Iz 2,051 3660, 0,062 874.9 1452.6 70.72 14.02 22.70 679
1 3.9%9 8062, 0e042 946.9% 1566.3 T79.71 14.63 23.28 697
80 3.261 6504 0,082 1021.4 1683.4 80,67 15,36 23.96 115
s 3418 6925, 0.0¢2 11€0.0 1806.2 81.63 16.13 24.73 31
%0 >.681 1347, 0,042 1182.7 1929.0 82.57 16.97 25,88 748
93 3.891 1768, 0.062 1269.7 2058.2 83.31 17,04 26,40 760
100 4,098 "9, 0.Ca2 136241 2191, 84.48 18,71 27.24 774

« TWO-PHASE BOUNDARY
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TABLE X1, THEAMOOYNARIC PRCPERTVIES OF PARAMYOROGEN, 1SOCHORES-CONT INUED

- (OP/3h (@?/aMp

¢ TEMPERATURE PRESSURE (SOTHERN 1500MORE INTERNAL ENTHALPY ENTROPY Coy wEAT Co, HEAT VELOCITY
kY DERIVATIVE DERIVATIVE ENERGY CAPACKTY CAPACLTY OF Sous
Fi DEG. KELWIN Al CHIATH/GROL E AT/ J/GROLE J/GMOLE J/GROLE~K J/7GMOL E-X J/GROLE-X METER/SEC

0.00073 GROLE/CH3 jsOCHORE

> 20.72% 1.142 0.063 231.8 386.1 $9.6) 13.17 24.92 st
2 1.160 0.06% 235.4 392.1} 39.81 13.13 24.77 360
22 1.224 0.063 246,83 413.9 80.41 13.00 24,32 n
23 1.209 0.064 261.4 438,58 60.99 12.91 23.98 381
24 1.3%3 0-340 274.3 457.1 61.54 12.84 23.70 390
23 1.417 0.064 207.1 478.6 82.06 12.80 23.48 399
26 L.48) 0.084 289.9 $00.0 62.56 12.76 23.30 408
27 1,548 0.084 312,48 $21.4 63.04 .74 23.14 a7
28 1.609 0.064 325.4 S42.7 63.51 12.72 23.00 426
29 1.673 0.064 33 564.1 43,93 12.71 22.80 43
a0 1,736 0.064 350.8 585.4 64.38 12.70 22.170 442
31 1.800 0.064 3&3.8 606.6 64.80 12.68 22.60 450
32 l.863 0.064 376.2 627.9 65.20 12.68 22.99 458
3 1.927 0.063 3s3.0 $49.2 65.59 12.67 22.31 466
34 1.990 0.063 ACi.5 670.4 85.97 12.66 22.43 474
35 2.054 0.08) 41401 66,34 12.45 22.36 401
38 2.1y 0.063 426.8 712.8 66009 12.64 22.30 489
37 2.181 0.063 439.4 734.0 61.04 12.64 22.24 496
38 2,264 0.06) 452.1 138.2 67.38 12.63 22.19 %03
39 2.307 0.963 484.7 T76.4 67.70 12.63 22.18 si10
40 2.370 0.963 A77.3 197.6 68.02 12.63 22.10 s17
42 24497 0.063 502.6 839.9 68.04 12.43 22.03 531
&4 2.623 0.063 321.8 882.2 69,23 12.64 21.97 S4s
a8 2.749 0.063 $53.1 924.6 49,79 12,86 21.93 557
48 2.876 0.063 s78.5 967.0 70.33 12.69 21.91 569
S0 3.002 0.06) 603.9 1009.5 70.85 12.73 21.90 581
ss 3.7 0.083 867.9 1116.0 TZ.07 12.89 21.96 409
&0 3.632 0.06)3 733.0 1223.7 73.20 13.18 22.1% 63%
635 3.94% 0.06) 7199.7 1332.8 T4.27 13.54 22.46 (31
70 4,261 0.08)3 68,6 1444,2 75.29 14,03 22,90 679
75 4.57% 0.063 940.2 15%8.3 T6.28 14,64 23.47 698
80 4.809 0.06)3 101%.2 167%.7 17.24 15.35 24.14 s
83 5.203 0.0623 1093.9 1796.9 78.20 l16.1a 24.689 731
90 5.517 0.06) 1176.7 1922.1 19.14 156,98 25.70 T47
9 S.831 MELD 0.063 1263.7 2051.5 80,09 17.8% 26.54 761
100 6145 8184, 0.063 1355.2 2185.4 81.02 18,72 27.3% 176
' J.000 G!'OLEI(ZHa [SOCHORE

e 21,887 t.568 1335, 0.080 238.¢C 396.7 57.01 13.32 26.13 363
22 1.573 1346, 0.088 239.% 399.1 57.88 13.30 26,06 364
23 1.663 1440. 0.087 252.7 421.2 58.47 13.13 25.48 3rs
24 1.750 1532, C.007 265.0 443.1 59.02 13.02 25.01 385
2% 1.038 1624, 0.087 278.8 464.9 $9.55 12.95 24,64 394
26 1.923 A71s. 0.008 291.7 486.8 60.06 12.89 24,35 404
27 2.009 1806. 0.088 304.6 508.2 60.55 12.85 24,10 413
28 2.095 1897, 0.086 317.4 529.7 61.01 12,82 23.90 422
29 2.181 1987, 0.08¢ 330.2 551.2 61.40 12.90 23.71 430
30 2.287 2077, 0.086 343.0 5712.7 61.90 12.70 23.55 439
31 2.3%3 2168, 0.086 3ss.8 594.2 62,31 12.76 23.41 447
32 2.439 225", 0.08¢8 368.5 615.6 62,72 12.7% 23.28 55
33 2.924 2344, 0.083 3e1.3 637.0 63.11 12.74 23,16 463
34 2.610 2437, 0.089% 3%e.0 658.4 83,49 12.72 23.0% A
3s 2.69% 2527, 0.08% 4C6.7 679.8 63,88 12.1 22.95 478
-] 2.100 261", 0.08% 419.4 701.1 64,22 12.70 22.88 486
37 2,845 2699, 0.08% 432.1 122.5 64.3%7 12,089 22.17 493
38 2.951 2187, 0.085 444.8 743.8 64,90 12.08 22.70 501
39 3.03 267", 0.083 457.5 765.1 65.23 12.67 22.63 508
40 3.121 2587, 0.08% 410.2 785.4 65,55 12.67 22,57 515
“2 3.291 3139, D.083% 455.5 829.0 66.17 12.67 22.46 529
44 3.461 3., 0.08% $20.9 871.5 66,76 12,68 22.37 542
‘6 3.631 3497, 0,388 546.2 91s.1 67,33 12.69 22,31 555
.8 3.800 LY.L 0.08% 571.6 956.7 67.07 12,12 22.26 568
s0 3.970 IR 0.085 $97.1 999.4 68,39 12,78 22,23 580
53 4.39) 4277, 0,085 861.3 1108.4 69.61 12.92 22.25% 609
60 4,816 4783, 0.089 126.5 1214.8% 70,75 13.18 22.40 634
85 5.239 Sle8. 0.004 793.3 1326.1 71.81 13.5¢ 22.69 658
70 S5.861 5582, 0. 004 862,.3 1433.9 72.84 14,05 23.11 679
14 6,383 6016, 0. 024 934,0 1550.4 73.8) Lé.68 23465 693
(1] 6.505 6449, 0.084 16¢9.1 lese.1 74.79 15,37 26.31 716
8s 8.928 6682, 0.004 1087.8 1789.6 75.75 16,15 25.05 732
%0 7,340 7318, 0,08e 1170.7 19:8.3 76.170 16.99 25.04 748
93 Te769 1748, 0.C84 1257.0 2045 o T7.64 17,80 26.48 763
100 8.190 aieo, 0.084 1349.2 2379.2 78.58 18.74 27.52 1a )
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TABLE X1. THERMOOYNAMIC PRCPERTIES OF PARAHVOROGEN, 1SOCHORES-CONTIMUED

(P/oph (9P 2N
TEMPERATURE PRESSURE 1SOTHERN 1SOCHORE INTERNAL ENTHALPY ENTROPY Co, nEAT G, mear VELOCITY
osuvallvt OERIVAFIVE ENERGY CAPACITY CAPACTITY 0OF SOUNO
0EG. KELVIN ATH CHIATH/GHOLE ATH/K J/GPOLE J/GMOLE J/GMOLE-K J/GMOLE-K JIGMOLE-K METER/SEC

0.0015 GMCLE/CHW ISOCHORE

* 23,660 2.418 1206, 0.138 244.1 407.3 $5.21 13.55 20.62 370
24 2.463 1320, 0.13% 248.7 413.0 53.40 13,47 28.30 kX4
25 2.597 1418. 0.134 262.0 437.5 53.99% 13.30 27.51 384
26 2.730 1514, 0.133 27%.) 459.7 56.47 13.19 26.89 394
27 2.063 1610. 04133 208.4 481.8 56.98 13.10 26.39 404
28 2.99¢6 1705. 0.132 3CL.S 503.9 57.44 13.04 25.97 413
29 3.128 1799, 0.132 314.5 525.8 57.89 13.00 25.62 422
30 3.259 1893, 0.132 327.3 547.7 58.33 12.9¢6 2%.32 431
31 3.321 1986. 0.131 340.% 569.5 58.70 12.94 25.09 440

!
]
-
.
»

32 3.522 20719, 0.131 383.4 $91.3 49.17 12.91 24.81 448

33 3.853 2472, 0.151 366.3 613.0 59.57 12.89 24.60 A%

34 3.784 2264, 0.131 319.2 634.7 59.9% 12.06 26,40 465

35 3.91¢ 23%%. 0.13 392.0 656.4 60,32 12.83 24.2) 473

3¢ 4,064 2448, 0.130 404.8 678.0 60.69 12.61 24.0% A8l

37 4.175 2539, 0.130 Al7.6 699.6 61.04 12.719 23.91 L)1)

3 4.305 2631, 0.130 430.4 T21.2 61.38 12.78 23.78 498

39 4,435 2122, 0.130 443.2 742.8 61.71 12,77 23,66 504

40 4,565 (%13, 0.130 456.0 7164.3 62.03 12.76 23.%5 S1l1

. 42 4,024 9%, 0.13¢ 481.5 807.3 62.65 12.75 23317 528

44 5.083 3176. 0.130 507.0 850.3 43,25 12.7% 23.21 539

46 S5.342 3387, 0.129 532.5 893,13 63.81 12.7e 23.09 593

48 5.601 3838, 0.129 £58.0 93643 66,36 12.78 22.99 565

50 5.85¢9 3718, 0.127 se3.6 9794 64.88 12,82 22.92 578

S8 6.504 Alér, 0.12% 64s.1 1087.4 66,11 12.97 22.85 807

. 60 T.148 4817, 0.129 713.5 1196.4 67.25 13.23 22.92 634

0.0020 GHCLE/CHY 1SOCHORE

10 8.43¢ 5511, 0.128 349.7 1619.4 89.35 14499 23.52 6580
75 “L. 076 5957, 0.128 921.6 1534.7 70.34 14,69 24,03 700
30 9.117 6407, 0.128 996.8 16%3.2 T1.31 15.40 24.5% Tie
83 10.3%0 R 21N €.128 1075.7 1775.4 T72.26 16.18 25.36 T34
90 10,992 1291, G.120 1158.7 1901.7 73,21 17.01 2616 750
93 11.839 113*%, L.128 1245.9 2032.2 T4.16 17.68 264,95 765
100 1z.280 arre, 0.128 1337.5 2167.0 15.09 18.75 27.717 T80
3.438 131e, 0.183 258,90 433.0 53.84 13.54 30.18 384

27 3.4620 1419, 0.181 272.2 455.5% 54.38 13.40 29.27 395
28 3.801 1518, 0,181 283.0 478.2 54,84 13.30 28.54 403
29 3.981 1617, 0.180 298.8 500.6 55.30 13.23 27.93 LI}
30 4.161 171%, 0,179 3t2.0 522.9 $5.75 13.17 27.42 424
3l 4,330 1012, 0.179 328.2 545.1 56418 13.13 26.98 433
2 4,519 1909, 0.178 338.3 587.2 56,00 13.09 26.59 442
33 «.697 200%. 0,178 351.4 589.3 57.00 13.0% 26.24 450
A4 4,075 2131, 0. 177 dba.¢ 611.4 57.39 13.00 25.92 55
35 $.0582 2196, 0.7 3Tr.a 633.3 $T.77 12.96 25.8) 487
36 5.229 2291, 0.177 390.3 655.) 58.13 12.93 25.38 475
37 5.406 2386, 0.177 403.3 677.1 58.48 12.9 25.16 484
38 5.582 2480, 0.178 416.1 698.9 59.83 12.87 24,98 492
39 5.759 2574, 0.176 429.0 720.7 $9.18 12.8¢ 24.78 499
A0 5.93% 20868, 0,178 441.9 42,5 59.45 12.84 24.61 507
42 6.287 20836, 0.176 467.5 786.0 80.11 12.82 24.33 522
L] 6.638 3043, 0.17e8 493.2 829.4 60.71 12.82 24.10 536
48 6.989 3230. 0.17% 518.8 872.9 6l1.28 12.03 213.91 550
48 7.333 34le. 0.17% 544,93 916.3 61.83 L2444 23.7s 563
50 T.689 3602. 0.175 £10.2 959.7 62.35 12.60 23,63 s76
5 8.563 4055, 0.174 634.9 1068.7 63.59 13.02 23.46 607
60 G434 4527, N174 1C0.8 1178.6 64,173 13.27 23.45 634
55 10.304 4987, 0.!74 161.9 1289.9 65.80 13.64 23,62 659
10 1173 S4ab. C.ils 8371.2 1403.3 66,83 14,12 23.9¢ 681
s 12.041 5904. 0.173 9C9.3 1519.3 67.83 14,72 24,41 701
80 12.904 6361, 0.173 984, 8 1638.¢ 68.80 15.42 24.99 720
85 13,77 6817, 0.173 1083,7 1761.5 69.76 16.20 2%5.68 737
90 14.640 7273, 0.173 1146.8 1888.4 70.71 17.04 26.43 753
95 15.50% 1129, 0.173 1234.1 2019.6 Tl.6% 17.90 27,22 769
1c0 16.370 8la4, 0.1723 1325.8 215%.1 72.5%9 18.77 28.02 T8

65 T.7%1 5064, 0.129 780.5 1306.9 (8.32 13.60 23.15% 658
e 25.018 3.258 1219, 0.104 245,4 410.4 $3.32 13.74 31.3 3N
26
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TABLE X1. TMERMODYNAWIC PRCPERTIES OF PARANYDROGEN, 1SOCHORES=-CONY INUED

toP/aph @P/aTp
TENPERATURE  PRESSURE 1S0THERN ISOCHORE INTERNAL ENTHALPY ENTROPY Cry HEAT G s HEAT VELOCTTY
: DERIVATIVE  DERIVATIVE ENEPGY CAPACITY CAPACTTY OF SOUND
: DEG. KELVIN ATH cn3aTu/omoLE ATR/K J/6HOLE J/GNOLE J/GMOLE-K  J/GMOLE-K  J/GMOLE-K  METER/SEC
: 0.0025 GMOLE/CHY 1SOCHORE
. 26,119 4,077 1140. 0.234 203.8 409.1 51,82 13.92 34033 Ite
27 4.283 1233, 0.233 25640 42906 52,20 13.73 32.99 308
20 4.515 1338, 0.231 269.7 482.7 52.77 13.%9 31.78 396
29 4. 746 1441, 0.230 283.2 478,58 53,25 13,48 30.76 a7
30 4,975 1543, 04229 296.6 498.3 53.70 13.40 29.94 a6
3 5.204 1845, 0,228 310.0 520.9 5414 13.33 29.2% 428
32 5.432 1745, 0.227 323.3 543,58 54.56 13.28 20,65 435
» 5,639 1845, 0.227 336.6 566.0 34.97 13.23 28,13 aat
3 5.805 1944, 0.226 349.9 528.3 85,37 13.16 21.84 453
3 6.111 2042, 0.22% 362.9 610.6 55,18 13.09 .22 82
36 6,338 2146, 0.225 378.0 632.8 56.11 13.04 26.05 an
37 s.561 2238, 0.22% 389.0 654.9 56447 3.00 26.53 479
3 6,786 2336. 0.224 ac2.0 817.0 56.82 10.97 26.24 <87
39 7.010 2433, 0.22¢ a14.9 699,1 57.1% 12,94 24,99 495
“0 1.234 2530, 0.224 s27.9 121.1 sT.48 12.92 25.76 503
a2 7.681 27123, 0.221 4837 765.0 s8.11 12.89 25.37 519
s e.127 2916. 0.22) 4793 208.9 38,71 12.88 25.04 534
PO 8.573 3108. 0.223 5€5.2 852.7 59.28 12.89 24,78 548
.8 9.018 3300, 0.222 531.0 896.5 59,83 12.90 24.56 562
50 9.462 91, 0.222 556.9 940.4 6C.36 12.93 24.38 575
5 10.511 3968, 0.221 621.8 1050.3 81,60 13.07 24,09 806
60 11.676 4443, 8.221 687.8 1161.1 62.75 13.32 24.00 634
65 12.779 4916, 0.220 755.3 1273.2 63.v3 13.6¢ 24.09 660
70 13.881 s387. 0.220 824.8 1387.4 6%.86 14.16 24.36 683
s 14,901 1857, 0.220 897.¢ 1504.2 65.85 14,75 26,79 103
80 16.079 6327, 0.220 972.% 16242 65.83 15.45 25.34 122
't 17.117 ISTIN 0.21% 1051.7 1747.9 67.79 16.23 25.99 740
90 12,27 1267, 0.219 1134.9 1875.5 68.74 17.06 26.72 58
9 19,369 e, 0,219 1222.3 2007.4 69.68 17.92 27.49 172
100 20.46% 09, 0.219 131401 2143.6 10.62 18.79 28,27 87
0.0030 GMCLE/"M® {SOCHORE
¢ 27,061 4.856 105°. 0.207 240.3 404.6 50,55 14.10 37.80 77
28 5,160 1h6v. 0.28% 253.7 a27.3 $1.04 13.90 35.86 388
29 5.426 1211, 0.263 261.6 450.7 $1.53 13.75 34.28 399
30 5.706 1379, 0.281 281.3 474.0 51.99 13.6% 33,01 409
: 31 5.986 lase, 0.200 296.9 497.0 $2.44 13.56 31.96 419
32 6.26% 1587, 0.278 308.4 520.0 52.87 13.48 31,07 429
33 6.543 1591, 0.2717 321.9 542.9 53,28 13.42 30.30 438
34 6.819 1792, 0.27+ 335.3 565.6 $3.08 13.32 29.60 o
3 7.095 189¢, 0.27% 348.5 s8R, 2 s4.07 13.23 29.00 457
36 7.370 1994, 0.27% 361.7 610.7 54.44 13.16 28.49 466
31 7.648 2097, 0.274 37409 633.1 54.80 13.12 28.04 a8
38 7.919 2197, 0.274 308.0 6534 55.15 13.06 21.65 483
39 8.192 2297, 0.273 AC1.0 67747 55.49 13.03 21.30 492
e 8.465 2397, 0.273 414.0 699.9 55.81 13.00 26,99 500
.2 9.011 2596. 0.272 440.0 T44.3 56.45 12.96 26.47 516
4 9.555 2795, 0.272 485.9 188.6 57.0% 12.95 26.04 532
a6 10.098 29%2. 0.271 49i.8 832.8 57.63 12.94 25.68 46
a8 10.640 3190. 0.271 $17.7 877.0 58.18 12.96 25.39 561
50 1i.101 3397, 0,271 543.6 921.3 58,71 12.99 25.15 574
55 12.532 T, 0.270 608.8 1032.1 59.95 13.12 24,74 606
60 13.873 436", 0.269 875.1 1163.8 si.l0 13.36 . 24455 635
68 15.221 IYTI 0.268 142.7 1256.8 62.19 13.71 24.57 661
70 16,561 s33e, 0.268 s12.5 1371.8 63.22 16019 24.79 684
123 17.899 s, 0,267 864.9 1489.4 66.22 14.78 25.47 705
80 19.236 8292, 0.267 960.5 1810.2 65.19 15.48 25.68 125
8s 20.570 sr8n, 0.2617 1039.8 1734.5 86.15 16.25 26,30 743
90 21.904 1260. 0.267 112301 1862.9 6T.11 17.08 21.00 159
9 23.231 1739, 0.266 1210.7 1995, 68.05 17,9 21,75 103
100 24.568 s218. 0.266 13¢c2.% 2132.2 69.00 18.81 28.52 191
. 0.0033 GWOLE/CH® [SOCHORE
. 27.828 5.619 973.9 0.341 235.3 398.0 49.45 14.30 .77 378
28 5,479 993.6 0.340 237.8 402.2 49,5 14,25 %1.27 380
29 ¢.018 1107, 0.338 252.0 428.2 50.04 14.06 18,75 392
30 6.3% 1218, 0.33% 265.9 449.9 50.51 13.91 36.79 «02
3 6.688 1327, 0.333 279.8 T34 50.97 13.80 35.22 413
32 7,020 0.331 293.% 496.8 51.40 13.70 33,93 423
33 7.351 0.329 367.3 520.1 51.83 13.63 32.82 432
3¢ 7.680 0.328 320.8 543.2 52.23 13.49 31.84 a2z
35 8.007 0.327 334.3 $66.1 52,62 13.38 31.02 %52
36 2.333 0.326 3a7.8 588.9 $3.00 13.29 30.32 .82
3 8.859 0.32% 360.9 6il.5 53,38 13.22 29.72 a1
3 8.984 0.32% 37¢.0 8341 83,71 13.18 29.19 480
39 9.308 0.324 37.2 6566 54,05 13.11 28.73 489
40 9.632 0.324 4C0.3 619.1 se4.30 13.08 28.33 497
.2 10.278 0.323 026.4 123.9 55.02 13.03 21,64 sie
44 10.923 0.322 2.4 166.6 $5.62 13.00 27.09 £30
9 11.566 2087, 0.321 a78.4 813.2 56.20 13.00 26.63 545
a8 12.209 3084 0.321 5C4.4 857.0 56,16 13.01 26.26 560
50 12.8%0 3280, 0.320 $30.5 902.5 s1.29 13.0¢ 25.93 s74
ss 16,449 1793, 0.319 $95.,9 1014.2 50,54 13.17 25,40 606
60 16,042 4291, 0.310 652,46 1126.9 89,59 13.40 2%.11 636
65 17.631 4192, 0.317 730.3 1240.7 60.78 13,78 25.06 662
10 19.217 5209, 0.317 8C0.2 13%6.5 6l.61 16,23 25.21 Pery
s 20.800 5788, 0.316 82,7 1474.9 62,02 16.81 25,54 708
80 22.380 6277, 0.3k 948.5 1596.4 63. 19 15,51 26.02 128
as 23.9%8 a11o. 0.31% 1027.9 1721.5 6416 16.28 26.61 76
90 25.333 1264, 0.315 1114 1850.6 6511 17.10 27.2¢ 163
2 27.110 1784, 0.313 1159.0 1903.9 86. 66 17.96 28.01 780
100 20,684 8247, 0.315 1291.0 2121.4 61,60 18.82 28.76 79
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TEMPERATURE PRESSURE
DEG. KELVIN ATH [

0.0040 GNOI.EICH! 1SCCHORE

. 28.509 6334
29 6.531
30 6.924
31 7.314

0.6045 GMCLE/CH® ISOCHORE

. 29.103 7.007
30
3l
2
»
3
3s
36
37
38
39
«0
a2
Yy
4
a8
so
ss
80
s
10
15
%0
s
90
95
100 36.968
0.0050 GMCLE/CM® ISOCHORE
v 29.626 7.640
30 7.842
n 8.3%0
32 8.853
13 9.3¢
3 9.848
3s 10.340
3 10.829
37 11.317
18 11.803
39 12.289
40 12.713
42 13.739
pes 14.702
46 15.663
8 16.623
0 17.501
38 19.968
60 22,342
65 24.109
10 21,089
15 79,626
0 31,778
as Le121
90 36.485
9s 38.003
100 alo1e3

* TWO-PHASE BOUNDARY

TABLE 11,

o /2p)e
ISOVYHERN
DERIVAY IVE
MIATM JGMOLE

STIN,
625",

1294,
81",
8324,

THERMOOYNANIC PRCPERTIES OF PARAHYOROGEN, 1SOCHORES-CONTINVEOD
P/
1SOCHORE INTERNAL ENTHALPY ENTROPY Ch' HEAT
OERIVAVIVE ENERGY CAPACHTY
ATH/X J/GPOLE J/GHOLE J/7GMOLE-K J/GMOLE-K
22%.3 389.7 48,47 14.5
236.4 401.8 48.72 14,38
2%0.7 426.1 49.20 14.20
(64,8 450.1 49.67 14.08
274.8 473.9 $0.11 13.94
292.86 497.8 50.54 13.84
306.5 521.1 50,95 13.87
320.1 544.3 51.3% 13.53
333.8 567.4 51,72 13.41
341.0 590.3 52.09 13,32
360.3 613.2 52.45 13.2%
373.5 8635.9 52.79 13.20
3R6.6 658.6 5..12 13.15
412.9 703.9 53,76 13.09
439.0 749.0 54.37 13.06
485.1 794.0 54,95 13,05
491,2 839.0 55.51 13.06
S17.4 083.9 56.04 13.08
583.1 996.6 57.29 13.22
649.9 1110.2 58.45 13,44
1.9 1224.9 59.%4 13.79
788.0 1341.5 60,58 14.26
860.7 1460.6 61.58 14,84
936.6 1582.9 w2.56 15.53
1016.1 1708.8 63,53 16,30
1099.7 1838.6 64,48 17.12
1187, 4 1972.5 65.43 17.98
1279.5 2110.8 66.38 10.84
0.454 222.3 380.1 47,58 15.7M
0,450 235.4 402.5 48,02 14.51
0.44% 249,98 427.0 48.49 14.33
0.443 264.1 451.2 48.95 14.19
0.43% 278.4 475.5 49.39 14,07
04237 292.3 499.3 49,4 13.85
0.433 3C6.1 $22.9 50.20 13.68
0.43) 319.7 S46.2 50.59 13.54
0.432 333.2 569.4 %0.96 13.43
0.431 Jab.6 $92.5 51.31 13.34
0.430 3%9.9 615.5 51.66 13.28
0,429 3.1 638.4 51.99 13.22
0.428 399.5 684,11 52.64 13.15
0.427 42%.8 7129.6 52,25 13.11
0.426 452.0 175.0 $3.83 13.10
0.42% 478.2 820.4 54.39 13.10
G.424 SCa. A 865.7 54.92 13.13
0.423 $70.3 979.3 56.18 13.26
0.421 637.4 1093.8 57.35 13.48
0.420 705. 6 1209.3 58.44 13.82
0.419 T75.8 1326.8 59.48 14.29
0.418 848.7 1446.7 60.48 14.87
O.al7 924,17 1.69.7 6l.47 15.50
0.417 10C4. 4 16%4.3 62.43 16.32
0.418 1088.1 1826.9 63.39 17.15
0.418 1175.9 1961.% 64.34 18.00
0.415 1268.1 2100,5 65.28 18.86
0.513 2147 369.5 46.76 16.93
0.511 220.2 319.i% 48.94 14.04
0.506 235.0 404.2 47.43 1463
0.%01 249.5 428.9 47.89 14,45
0.497 264.1 453,86 48.34 14,32
9.493 278,23 477,08 48.76 14.05
0.491 292.2 $01.7 49,16 13.84
Q.489 305.9 525.4 49.55 13.67
04487 319.6 3548.9 49.92 13.54
0.488 333.0 572.2 50.28 13.44
0.485 348.4 595.5 50,63 13.38
0.434 359,.8 618,68 50.97 12.29
0.482 306.2 664.7 51.81 13.21
0.481 412.6 710,85 52.23 1318
0.480 438.9 7156.3 s52.81 13.14
0.479 465.2 802.1 $3.37 13.1%
0,478 491.5% 847.0 $3.91 13.17
0.478 $57.17 962.3 5517 13.31
0.474 625.0 1077.7 56.34 13.52
0.47) 693.4 11941 57.64 13.86
0,402 76).0 1312.3 58,48 14.32
0.471 835.8 1433.1 59.49 14.90
0.470 912.9 15%6.9 6047 15.58
0.469 992.7 1684.,2 61.44 16.3%
0.4060 1076.5 1015.5 62.39 17.17
0,408 1164.9 195%0.8 63.33% 18.02
0.487 12%6.7 2090.5 64,29 10.88

8.

G, uear
CAPACITY
3/GAOL E~X

26,61
44,97
41,%%
39.21
37.33
35.77
34.42
33.30
32.3¢8
31.57
30.08
30.25
29.7
28490
28.20
27.63
27,16
26,77
26.08
25.617
25.54
25.64
25.92
26.35
26.91
217.5¢
28,26
28,99

31.86
47.68
44 16
41.44
39.24
37.39
35.89
34.65
33.62
32.73
31.98
3.3
30,23
29.36
28,67
26.09
27.62
26.76
246,24
26.03
26,06
26.29
26.69
271.21
27.83
28.51
29.22

58.35
5%.81
50.44
ab,. 47
43,38
«0,8%
30.8%
3..23
3%.39
34,76
33.01
32.98
3l.64
30.59
29.74
29.06
208.49
27.40
26.81
26.91
26,47
26,65
27.01
21.5%1
28.10
28.76
29.44

VELOC] TY
CF SOUND
METER/SEC

318
3ué
396
408
417
427
437
447
457
487
478
486
495
512
528
544
559
513
607
637
664
689
i3]
731
750
T67
7184
800

3re
389
400
411
421
432
443
54
464
473
483
492
510
521
543
559
573
608
639
66¢
691
716
735
754
71
189
805

re
E1.2)
394
405
4lé
428
439
AS0
460
(241
481
490
509
526
543
559
$T4
609
660
669
694
nq
738
750
176
793
sto



R’ Lol

TEMPERATURE
O€G. KELVIN

95
100

0.0060 GMCLE/CMY 1SOCHORE
-« 30.
3

0.006% GhClEICNa-ISDCNDRE

o TWC-PHASE BOUNDARY

495

PRESSURE

AN

0.232
8.76%

9.329
9.889
10.44)
10.993
11.540
12.085
12.628
13,170
13.110
14. 788
15.863
16.938
18.007
19.076
21.7138
24.307
27.027
29.659
32,288
34,905
37.521
40,132
42,741
45.346

8,782
9. 118
9. 744
10.366
19.980
11,509
12,198
12.799
13.400
13.999
14,597
15.790
16.980
18.147
19.3%2
20.5%35
23,482
26.411
29.330
32.241
35,144
38.040
40.932
43.818
46.701
49.580

9.292

9.408
10.099
10.788
11.481
12.132
12.793
13.48)
14.122
14,781
15.438
16.749
18.05s
19.380
20.86¢
21.961
25.199
28.415%
31.621
34,017
38.004
41,184
44,257
47.3%26
50.689
$3.049

o

0.0055 GNOLE/CHY |SOCHORE

/el

[
ISUTMERN
RIVATIVE
ATM/GMOLE

514,0
16%,.5

tie,

2P/ STy
1 SOCHORE
DERIVATIVE

ATh/X

0.57)
0.567
0.%62
0.3%8
0.5%2
0.548
0.548
0.544
0.542
0.541
0.9540
0.538
0,537
0.%36
0.53%
0.53¢
0.532
0.529
0.527
0,526
0.525
0,524
0.523
0.522
0.521
0.%21

0.635
0.631
0.624
0.617
0.612
0.6038
0.605
0.602
0.600
0.599
0.597
0.59¢
0.594
0.593
0,592
0.591
0.588
0.585%
0.583
0.581
0.580
0.579
0.578
Q577
0.57¢
0.57%

0.499
0.597
0.809
0.680
0.87)
0. 868
0.66%
0.662
0.660
0,858
0.658
0.654
0.565%)
0.85%1
0,850
0,649
0.646
0. 642
0,640
0.630
0.637
0.63%
0.634
0.633
0.832
0.0632

INTERNAL

ENERG Y

J/GPOLE

206.4
220.2
2335.0
249.9
264.3
2710.4
292,3
3ce.0
9.8
333.1
346.5
313.1

“25.9

1153.1

1222.9

82

TUBLE X1. THERMODYNAMIC PRCPERTIES OF TARANYDROGEN,

ENTHALPY
J/GMOLE

3ss.1
381.06
436.9
432.1
456.7
“800.9
504 .9
$28.7
552.3
515.7
$99.1
6455
691.8
T737.9
784.0
830.1
$4%.6
1061 .9
1179.1
1298.2
1419.7
1544,.3
1672.4
1804.4
1940.5
2080.8

3458.0
3%9.4
385.1
410.8
435.8
460.4
4047
$0s.8

626,77
673,46
719.9
166.3
12,8
929.1
1046.4
1164.4
1284.3
1406.6
1532.0
1660.8
17193,5
1930.4
2071.4

333,3
337.4
363.6
389.9
41%.3
440.3
464.9
489.2
*13.3
537.2
561.0
608.2
65%.2
702.1
148.9
195.7
912.9
1031.1
1150.0
t270.7
1393.8
1520.0
1649.6
1783.0
1920.s
2062 .4

LSOCHORES~CONT INUED
ENTROPY Cv, nEaT
CAPACITY
J/GHOLE~K J/GHOLE~K
«5.99 1517
46,44 14,94
€6.91 14.73
47.37 14.57
47,00 14,28
48.21 14.00
+8.60 13.01
48,99 13.65
%9.34 13.53
49,69 13,43
50.03 13.36
50,68 13,26
51.29 13.20
51.80 13.18
52,44 13.16
52,98 13.21
54,24 13.38
55,42 13,56
56,52 13.89
57,56 14,35
58,57 14,93
59,54 15.61
80.53 16.37
61.48 17.1%
82,44 18.04
63,38 18.89
45,27 15,41
45.52 15.27
46.00 15.02
46.47 14.84
46.9} 1a.47
47.32 14,17
.72 i3.94
48,10 13.76
48.46 13.02
48,81 13.51
49,16 13.42
49.81 13.31
$0.43 13.25
51.01 13.22
51,58 13,23
52,12 13,25
53,39 13.39
54,57 13,60
55,87 13.93
56.71 14.38
57.13 14.95%
ss.m1 15.63
59.08 16.39
60.64 17,21
61459 18.06
62.54 18.91
44.9%9 15.66
4% .66 15.61
45,15 15.33
45,63 15.12
46.07 14,69
45,49 14.35
46,90 14.08
s7.28 13.87
47.65 13.1
+8.00 13.58
48.34 13.48
49.00 13.38
49,82 13.28
50.21 13.2¢
$0.77 13.26
S1.31 13.29
52,38 13.43
53.17 13.84
54,87 13.9¢
53,92 14.41
56.9% 14.98
57.92 19.66
58.90 16,41
59.06 17.23
40.41 18.0¢7
6.7 18,93

Co, nEAT
CAPACITY
J/GMOLE-K

66.18
58.60
$2.72
48.32
44.09
42.24
40.13
38,4}
36.99
35,719
& .7
33.1)
31.87
30.088
30.0%
29.38
2z.17
27.30
26.99
26.89
27.02
27.3)
21.79
28.36
28.99
29.686

VELOCLT Yy
SounD
NETER/SEC

n
11 ]

411
423
433
447
458
488
479
(11]
508
528
543
559
$74
610
642
672
698
121
143
162
181
799
816

31t

39%
AGs
ALl9
431
43
435
466
A77
487
s07
s2s
543
560
516
612
645
679
101
725
67
76"
786

822

378
378
390
401

428
441
433
484
L3241
485
506
526
S44
561t
5717
ole

678
708
730
7%2
172
791
8lo
828



VABLE XI. THERMODYNAMIC PRCPERTIES OF PARAMYDROGEN, [SOCHORES-COMTINUEOD

(3P/de)y (aﬂ/arr
TEMPERATURE  PRESSURE 1S0THERN 1 SOCHORE INTERNAL ENTHALPY ENTROPY v o MEAT Cp o+ MEAT VELOCITY
OERIVATLIVE OERIVAYIVE ENERGY CApPACIT! CAPALLTY rF SOUND
0€G. KELVIN ATn CRIATH/GNOLE ATH/ J/GPOLE JIGMOLE JIGROLE-X J/GMOLE-K J/GHOLE-K NETER/SEC

0.0070 GMCLE/CHS 1SOCHORE

* 3l.176 9.71 431.9 0. 764 1718.9 320.2 43.9% 15.92 102.98 s
32 10.3% 44,9 0. 788 191.9 342.4 44,38 15.68 84.93 388
33 11.150 6784 0. 744 207.0 369.2 44,00 13.402 et »7
34 30T.? 0. 136 223.0 39%.1 45.29 14.92 62.12 411
3s 9387 0.731 2377 420.4 43.72 14.9) 35.86 425
36 10¢0. 0. 728 252.1 4434 14,22 Sl.26 438
» 1104, 0.723 266.2 469.9 13.9% 417.7% 451
n 1307, 0. 720 200.1 494,3 13.% 44.99 483
39 1429. 0.718 293.8 518.4 47,23 13,58 42.76 Sle
40 1351, 0.N7 307.4 542.4 47.58 13.54 40.93 443
42 179s. C. 714 334.3 590.0 13.40 30.09 508
4 2037, 0.N1) 3el.0 837.4 13.32 36.00 526
48 2200. [ 2218} 387.¢ 684.8 s 13.2¢9 34,40 549
8 < 2522 o.no 414.2 131.8 $0.01 13.29 33.14 562
$0 23.3%° 2764, 0,709 440,80 178.9 40.58 13.32 32.12 579
35 26,893 3368, 0.706 s¢t.8 897.0 51.83 13.47 30.2¢ 617
60 30.404 3968). 0.701 576.1 10.6.2 13,67 29.04 851
&5 33.903 4357. 0.099 643,2 1135%.9 13.99 20.39 682

* 70 37.391 5149, 0.697 18,2 1257.4 14.44 28,08 709
3 40,869 3737, 0.6%5 189.8 1381.3 15.C4 28,03 734
80 44,1339 4324, 0,693 866.4 1508.3 57.19 13.68 28.25 157
33 47.802 6909. 0.692 946.7 1638.6 58.18 16,43 28.61 119
90 51.258 1493, 0.591 1030.9 17172.8 59.12 17,23 29.10 197
9 54.710 307s. 0,490 1119.2 1911.1 60.03 19,09 29.07 are
. 100 58.157 8657, 0.689 t1211.8 2053.6 61.03 18.9¢ 30,28 834

0.0075 GNCL!ICK’ ISOCHORE

 H1.459 10.190 30,1 0.423 169.2 43,32 16.13 an2
32 10.830 482.3 171.8 43.53 15.94 380
33 11.458 $89.4 0 4 184.0 44,09 15.73 394
3 12.268 T19.7 0,904 209, 4 44.5% 15.17 409
3 13,066 848.7 0.198 224.3 44.98 18,69 424
36 13.082 976.3 0,193 230.9 45.39 14,36 +38
37 14,653 1103, 0.789 2%3.1 43.78 14,12 451
38 15.440 1229, 0.186 267.1 46.15 13.90 464
3 16.224 1354, 0,783 280.9 46,51 13.74 473
0 17.008 1476, 0.78. 294,86 46.86 13.62 4806
42 l8.56] 1726. 0.776 321.8 A7.52 13.45 507
44 20.108 1978, 0.173 348.4 A8.1s 13.37 s27
46 21.05¢ 2220, 0,170 37%.1 48.73 13.33 545
43 23.191 2486, 0788 4Cl.8 49.30 13.33 562
0 24.728 12, 0. 766 428,.4 49.35 13,36 8719
s 28,353 3324, 0.763 49%.% S1.13 13.% 618
60 32.38) 3934, 0.7061 564.0 $2.32 13.70 654
5 36,1608 4544, 0.7%9 633.3 53.43 14.02 686
10 39.9%6 5151 0.157 TCA. 4 4,48 14,40 T14
7 43.730 $755. 0.756 778.1 55.50 1%5.0) 70
80 47.500 6399, 0.754 954.9 56.49 15.70 163
3] 51.265 69463, 0.7%2 935.3 57.46 16.46 T84
%% 55.029 1564, 0.75¢0 1019.8 $8.43 11.27 803
9" 58.771 4159, 0o 748 11C8.1 59.38 18.12 022
1¢o 62.501 8733, 0.T748 12€0.8 60.33 18,97 840

0.0080 GMCLE/CM? [SOCHORE

* 31.709 10.382 322.08 0.868 157.2 293.2 42.72 16,28 138,06 3r2
32 10.842 363.3 0.885 163.9 301.2 42.87 16.17 125.40 316
33 11.730 502.7 0.0881 160.2 3am.t 43.37 16.07 °¢.0) 390
3 12.80% 635.2 0.870 185.v 255.% 43.04 15.43 79.%3 40¢
33 13.470 766.6 0.863 211.0 J8l.s 44.28 14,02 68.60 422
36 14,330 896.1 0.858 225.17 407.2 44.89 14.50 si.217 436
3 15.13% 10¢4. 0.0%) 240.1 432.4 45.09 14,27 35.83 449
3 16.03% 1153, 0.05¢C 254.1 57,2 45.48 14,01 Sl.71 “62
39 16.802 1200. 0.047 2684.0 481.9 45.82 13.84 48.40 AT4
0 17.727 1407. 0.844 281.8 5C6.3 46.17 13.70 435,75 486
42 19.407 1639. 0.039 3ca.0 $54.8 46.84 13.52 41.7) sa7
L1 21.080 1912, 0.833% 3.0 602.9 AT.48 13.42 38,84 527
46 22.748 2164, 0.832 36z.8 630.9 48.06 13.38 36.69 Seo
A8 24,411 2816, 0.030 389.5 698.7 48.68) 13.37 35.0% 564
30 26,073 2667, 0.2280 416.3 746.5 49.17 13.39 33,78 sat
55 30.208 31294, 0.02% 483.% LLLTSY 30.48 13,53 31.9%2 621
60 34.326 919. 0.823 $%82.1 986.9 51.69 13,72 30.12 658
& 38.439 4543, 0.821 621.5% 1108.3 52.76 14.06 29.29 690
m” 42.53% 5163, 0.819 692.7 1231,4 $3.02 14.49 28,07 ne
% 48,614 5703. 0.817 T66.% 13%6.9 %54.0) 15.06 20,75 165
40 50.690 6402. 0.0153 $43,4 1408%.5 $5.82 15.13 20.86 768
L 2] 54.781 1022, 0.813 924.0 1617.6 36.80 18,49 29.1% 190
0 56.829 T037. 0.010 ioces.4 1753.5 57.77 17.3 29.% 310
95 62,812 8247, 0.800 1097.1 1833,4 58.73 18.1% 30.06 823
100 66,903 8854, 0.80¢ 1190.0 2037.4 59.08 i9.01 3G.81 {22

¢ TwO-PHASE BOUNCARY

83



CASLE XI. YHERMODYNANMIC PRCPERYIES OF PARAMYDROGEN, 1SOCHORLS-CONT INUED

(dP/2p}y (2P 2Np
; TEMPERATURE  PRESSURE 1SOTHERN 1SOCHORE INTERNAL ENTHALPY ENTROPY Cou HEAT Co s HEAT VELOCITY
‘ OFRIVATIVE  DEREVATIVE ENERGY CAPACITY CAPACLTY OF SOUND
2 DEG. KELVIN AR CnIaTHrGRoLE ATR/XK JIGPULE J/7GMOLE $/GMOLE-K JIGMOLE-K  J/GMOLE-K  METER/SEC
4 0.0083 GNCLE/CHY [STCHORE
. . 31,928 10.934 21007 0,954 189.0 2719.3 42,15 16.42 165.68 ar2
32 11.003 287.9 0.953 150.2 281.3 42.19 16.40 160.43 3
X » 11.961 272 0.950 166.5 309.1 42.69 16.46 115.13 386
: 3¢ 12.903 558.0 0.936 1828 336.4 43,17 15.68 90.58 «03
3 13.034 691.8% 0.928 19r.9 362.8 43.61 14.97 16.13 420
36 14,759 27,1 0.922 212.7 388,6 44.03 le.04 66,085 434
37 15.679 987,89 0.917 221.2 a1a0) 46,43 14.40 60,22 a8
38 16.593 108, 0.915 261,12 439,1 44,81 14,11 55,27 .52
9 17.50s 1210, 0.211 255.3 464.0 5.7 13.93 51.38 a74
. a0 18.414 134, 0.508 269.2 483.7 .52 13.79 48,25 486
. .2 20.221 159, ©.903 296.6 537.8 46.19 13.59 43.82 508
P . 22.022 1859, 0.899 323.6 586.1 46.82 13.48 40.32 528
.8 23.818 211, 0,398 350.5 634.4 47.42 13.42 31.91 S48
.8 25.408 23717, 0.094 371.3 482.8 “7.99 13,41 35.07 566
$0 27.398 2620, 0.892 ace.2 730.7 48.53 1342 34,63 586
ss 31.848 32704 0.088 a71.8 851.2 49,82 13,55 32.18 625
60 36,283 3911, 0.486 540.2 972.8 $1.01 13.76 30.62 682
et «0.712 4550, 0.084 6¢9.7 1095.0 52.13 14,06 29.70 695
Iz 45,123 s187. 0.882 661.0 12i3.9 53.18 14,51 29.22 125
s 49,514 s820. 0. 88¢ 155.0 1345.2 54,20 15.08 29.08 751
80 53.904 sase, ~.871 812.0 1674.6 $5.20 15.76 29.14 775
s $8.289 7082, 0.875 912.7 1807.5 56.17 16.52 29.39 756
%0 62,668 710, 0.872 997.3 1744.3 S7.14 17,34 29.78 816
9s 67,019 83ae, 0.870 1006.1 1885.0 58.10 18.19 30,27 835
100 71.3%8 896, 0.867 1179.2 2029.3 59.06 19,05 30,80 654
0.009C GMOLE/CH® [SOCHORE
* 32,120 11.250 FE LI 1.030 137.6 2482 41,57 17.3¢ 202.3 68
33 12,158 351.0 1.016 153.0 289.9 42.04 16.80 138.23 381
7S 13.144 TN 1,004 1694 317.6 %2.53 15.91 103.71 «00
s 14.162 82,2 0. 99 186.9 346.3 42,98 15,43 84,64 .19
36 15.153 75%.9 0.983 199.8 370.4 ©3,40 14,78 12.95 %33
37 is.130 sev.7 0.98)3 214.8 196.1 43,89 14.51 64.88 7
s 17.11s 102", 0.980 228.7 2.4 “.18 14,21 58.97 461
39 18.09¢ 1183, 0.976 242.8 «46.5 44,55 14.02 $4.39 474
40 19,079 1284, 0.573 2%6.7 T4 44,90 13.07 50.81 «86
. % 21.006 1547, 0,968 284.2 520.7 45.57 13.65 45,51 %09
“ 22.938 1809, 0,964 3l1.4 569.6 46.20 13.%3 41.80 530
. 24,864 207, 0.961 338.4 618.3 «6.80 13,46 39.11 550
. 26.784 2334, 0.959 365.3 666.8 a17.37 13,46 37.08 569
50 28,102 2397, 0.957 392.2 715.3 “1.92 13,45 35.49 587
ss 33,479 3254, 0.953 «%9.5 836.6 49,21 13,57 32.78 628
60 38.%38 3909, 0.950 $28.5 958.9 50.4) 13.76 31.10 666
e 42.990 asea. 0.948 58,0 1082.0 51,52 14.08 30.09 700
] «7.723 5217, 0.946 669.4 1206.7 52.58 14.5) 29.55 730
5 $2.438 5804, 0,944 743.8 1333.8 53.60 15.10 29.3% 757
0 57,146 6515, J.941 820.6 1484.0 54.60 15.78 29.39 781
85 61,852 T1e8. 0.939 9¢C1.4 1597.8 55,57 16.58 29.63 803
90 66,549 T81¢C, 0.936 986,2 1735.4 f6.54 17,37 30.00 B23
9s Ti.218 8451, 0.933 1075.2 1877.0 $7.51 18.23 30.47 863
100 15.812 9090, 0.910 1188.5 2022.7 $8,46 19.09 30.9, a6l
0.009s GmeLesem? 15ceHoRE
. 32.287 11.531 1871 *.097 126.9 249.9 41.03 17.58 299,73 367
3 12,314 108.2 1.088 139.7 211 Al.62 17.09 169,59 378
3 13.392 ©25.3 1.072 156.3 299.2 s1.91 16.13 119.33 398
3 14.458 s6t.7 1.062 172.0 326.2 42,37 15.29 94,20 o7
3 15.516 69%.6 1.05¢ 187.1 352.6 €2.79 18.91 79.53 432
3 16.587 829,90 1.049 2¢1.9 370.6 43.20 14.61 69.78 sss
36 9%3.2 1,067 216.1 404.0 43,58 14.30 82.83 81
39 1097, 1.043 230.3 429.3 43.95 14.10 57,50 .76
«0 1230, £.0e0 264.4 4544 44.30 13.94 53139 «87
a2 1a98, 1.034 212.0 5041 44.98 13.71 47,40 s10
o 1767, 1.030 299.3 $S3.4 as.61 13.57 43,26 $32
4 203%. 1.027 326.3 602.5 46.21 13.50 40.29 552
4t 2303. 1.028 1531 851.3 46.79 13.47 33.05 572
50 517, 1.023 380.2 700.1 AT 36 13.47 36.31 590
s 3244, 1.019 sa1.8 822.2 48.62 13,59 33.37 633
o0 3914, 1.017 516.7 95,4 +9.82 13,77 31.56 872
pet asee, 1. 14 £86.3 1069.3 50.94 16.09 30.47 106
70 s2se, 1.012 057.9 11948 52.00 16.55 29.87 30
s se2e, 1.010 32,0 13227 $3.02 15.12 29.62 163
80 6508, 1.007 8C%.3 16537 54.02 15.01 29.64 188
8s 1280, 1,004 090.2 1580, £5.00 16.58 29.8% 810
9 191~ 1,061 91s.2 i, 55.97 17.40 30.21 831
95 [ITIN 04998 1064.3 1069.3 56.93 18.26 30.66 850
100 9220, 0.994 11870 2015.9 5,89 19.13 3.7 869

* TuO-PHAS: BOUNDARY




TEMPERATURE FrESSURE

VEG. KELVIN

1.0100 GMCLE/CMY ISCCHORE

&*
(=]

Al
»
o

100

0.0110 GMCLE/CM

0.0105 GMCLE/CM® 1SOCHORE

TABLE X1. THERMODYRAMIC PRCPERTIES OF PARAHYOMOGEN, {3MPi,unct-CONTINUED

)
1307 Ean
DERIVATIVE
ATH CHIATH/CHOLE
1.7 1497
12.442 224.9
13.590 369.5
14,725 506.7
15.850 o41.8
16.969 1787
18.033 912.7
19.194 1043.
20.301 1184,
22.505 1457,
24,706 1731,
26.900 2004
29.088 2279.
31.275 2554.
26.725 3242.
42,155 1930.
47,517 4816,
52.980 s302.
38,357 5993,
63.733 6665,
69.133 1345,
74,461 §021.
79.1784 8695,
85.096 9366.
11.991 115.7
12.544 1719.0
13.762 320.5
14.966 458.0
16.159 594.2
17.345 730.6
16.528 868.4
19.708 1006+
20.883 11460
23.225 .22,
25,564 1702
27.896 1981,
30.223 2262,
32.549 2543,
38.347 3248,
44,125 3952.
49,895 4655.
55,644 $387.
61,386 6056
67.087 6754
72.801 1450.
70.501 ITYEN
84,169 2813,
89.817 3520
3 {socHoRe
12.174 37.75
12,622 136.4
13012 21718
15.184 a1%.5
16.445 557.7
17.100 a5n.6
16,953 8.1
20.202 970.1
21,446 111,
23.92¢ 1354,
26.409 1670,
28.882 1964
31,381 2257,
33.820 2537,
39.974 3280,
26,109 1981,
52,234 ETIN
58,339 w427,
64,416 s13e,
70.488 6853,
16,554 7565.
82.60% 8215,
88,623 8983,
94.818 9686,

* TWO-PMASE BOUNDARY

QEQT?

1 SOCHORE

DERIVATIVE
ATR/K

1.167
1.157
1.141
1.130
1.122
1.117
l.114
.11
1.107
1.102

1.095
1.093

1.C77

1.071
1.068
1.C64
1.061

l1.239
1.229
1:.211
1,198
1.190
1.18%
1.193
.179
1.176
1.7
lel67

o184
1.162
1.160
1.157
1.154
1.152
1.149
1,146
1,143
1.140
1138
1.132
1.128

1.310
1.301
1,281
1.2%7
1.258
1.254
P.2%2
1.269
1.2406
1.242
1.238
t.23%
1.233
1.231
1.7228
lex .3
1.2:3
1.22¢
1.217
1,214
1,21¢
1.20¢
1.202
1.158

INTERNAL
ENERGY
J/G¥OLE

115.1
12646
143.5
159.4
176.6
189.5
2C3.8

1€5.2
113.7
130.8
146.9
16243
Lv.2
191.0
205.9
220.1
247.9
275.3
3c2.5
329.6
3%6.7
424.5
453.5
5¢3.3
635.0
7¢9.3
T86.8
868.0
9%53.2
1042.7
1136.6

ENTHALPY
J/GMOLE

235.5
252.7
281.2
308.6
335.2
361.4
187.0
412.5
437.8
487.9
537.6
Ses.9
638.1
685.3
808.2
932.2
10%6.9
1183.2
131t.9
1443.8
1572.3
1718.6
1861.9%
2029.4

220.9
234,17
2626
2913
318.2
3446
170.4
39641
42l
47440
$22.0
ST1.7
621.3
$70.8
79¢.5
919.3
1044.0
179
1301.5
16434.2
1570.5
1710.8
1854.9
2003.3

206.3
217.2
2464
2745
301.8
328.2
154,1
380.0
405.6
456.4
506.3
556.8
06,7
La6.5
78l.1
906.7
1033.0
11el.0
1291 .4
1624 .9
1562.1
1703.2
1848,3
1997.6

ENTROPY
J/GMOLE-K

40.50
40.82
€l1.32
41.78
42.21
42.62
43.00
43,37
43.73
4441
45.04
H% .65
46.22
46.77
48.06
49,26
5G.38
51.44
52.40
S3.46
$4.45
55.42
56.38
£7.35

39.95
40.24
40.76
41,22
41.66
42.097
42.45%
42.82
43.18
43.86
44.50
45.10
45.68
46.23
47.52
A8.72
“9.84
50.90
51.93
52.93
$3.91
54.89
55.85
56.82

29.4%
39.69
40.21
40.68
41.12
41.53
41.91
62.29
42,65
43.33
42.97
44,58
45,15
45.71
$7.00
‘8.20
49.32
50.33
51.41
52.41
53.40
$4.37
55.34
56.31

Ci, HEAT
CAPACITY
JIGMOLE-K

17.97
17.66
16.59
15.63
15.14
16.75
14.46
14,24
14.06
13.80
13.65
13.5¢
13.52
13.52
13.62
12.80
18,12
14.58
15.16
15.85
l6.63
17.47
18.33
19.21

18.22
\7.97
16.84
i5.80
15.24
14.80
14.52
16.29
la,11
13.84
13.68
13.59
13.54
13.54
13.64
13.82
16,14
14.60
15.18
15.88
ib.066
17.50
18.57
19.235

Co , MHEAT
CAPACITY
J/GMOLE -

318.69
212.75
i37.82
104,82
85.55
T4.88
88.17
60.85
55.97
49,24
4,48
4l.42
38.98
37.10
33.93
31.99
30.42
30.16
29.89
29.87
Ac.0e
30.40
30.84
31.34

414.68
273.50
159.60
116.45
93.94
80.09
m.73
63.77
58.50
$1.03
46.03
%2.50
39.86
37.85
34.45
32.39
3l.1e
30.44
30.12
30.08
30.25
30.58
31.0%
31.50

452.88
360.82
184.95
122.99
161.57
85,32
T4.65
86.81
60,94
52472
47.31
43.51
40.69
39.54
34.94
32.78
31.64
30.69
30.34
30.28
30.43
30.7%
31.16
31.65

VELOCITY
OF S0UNO
METER/SEC

366
315
396
415
431
LY
sl

366
373
394
414
4390
446
482
476
489
514
537
559
579
598
643
683
s
150
Ll
eC2
825
84s
8567
88é&

366

893



TABLE X1, THERMOOYNARIC PRCPERTIES OF PARAMYOROGEN, 1SOCHORES-CONTINUED

(oP/2p)y {dP/3Tip
TERCERATURE  PRESSURE 1SOTHERN 1 SOCHORE INTERNAL ENTHALPY EMTROPY €, MEAT G, near VELOCITY
OERIVATIVE  DERTVATIVE ENEAGY CAPAC LYY CapACITY OF SOUND
OF5. KELVIN ATM CHIATH/GHOLE ATA/K HGrOLE JI6nOLE J/GMOLE~K  J/GMOLE-K  J/GMOLE-K  METER/SEC
0.0113 GHOLE/CHY (SOCHORE
. 32,742 12.329 84,68 1.301 0.1 191.7 39.00 18,49 758,14 388
33 12.481 109, 9 1.373 €0.3 200.0 39.16 18,29 450.81 369
3 14.041 01,2 1.350 106.0 229.7 39.48 17.08 214.02 390
3s 15.382 7.7 1.336 122,35 258.0 40.15 15.96 142,27 2
3% 16.712 517.0 1.327 1381 285.4 20.60 15,33 109.3¢ 430
37 18.037 65¢.6 1.323 153.2 FYENeY 41.02 14.63 90.48 pots
38 19.359 194.0 1.323 167.6 338.2 61,40 14.57 76,43 Pe4
39 20.479 940.1 1.320 182.0 364.2 & 77 14.34 69,71 479
0 21,998 1001, 1.317 196.3 290.1 4214 14.15 63.24 493
42 24.620 un. 10311 224.3 asl.2 42,82 13.88 $4.30 520
o 27.244 1663, 1.31¢ 251.8 491.9 43,44 13.71 43.50 s4e
2 29.881 1959, 1.308 279.1 542.3 44.07 13,61 PN 566
It 32.476 2249, 1.306 308.3 592.5 .64 13.% 41,48 Z38
50 35.090 2543, 1.304 333.4 642.6 45.20 13.55 3017 608
35 1,509 3263, 1,301 401.4 768.0 4649 13,65 35.38 654
0 4s.110 %022, 1.298 470.5 894.4 aT.70 13.83 33.10 6%
It} 54,399 4760. 1.296 $40.4 1021.% 8,82 14,15 11,72 732
10 61.068 5497, 1.293 6:2.3 1150.4 49.88 14,62 30.92 765
s 67.506 o231, 1.209 696.8 1281.6 50.91 15,20 30.54 793
a0 13.941 6967, 1.286 7845 1416.0 51.91 15.90 30.48 819
't 80.368 7491, 1.202 846.0 1554.1 52.90 16.88 30.60 842
%0 86.777 I 1.218 931.5 1896.1 53,88 17.53 30.90 8
5 93,134 o144, 1.273 1021.3 1842.1 54,83 18.40 31.31 8es
100 99.305 9869, 1.269 1115.5 1992.2 55.81 19.28 31.79 904
0.9120 GrOLE/CHE (SOCHORE
. 32,811 12.454 4%.91 1,451 1.9 117.0 38,52 18.78 017,27 364
33 12,724 79,04 1,444 5.9 183.3 38,64 18.63 691.01 386
34 14156 21703 1.420 93.9 213.4 39.17 17.32 246.54 36
38 15.564 387.5 1408 110.6 242.0 39.66 16.10 155.90 &l
36 16.963 ar.0 1.297 126.3 269.5 +0.10 15,40 1146.91 431
37 18.358 628.4 1.394 141.4 296.4 40.52 14.8¢ 95.38 #51
38 19,752 .8 1.394 15s.8 3:2.6 40.90 14,61 81.97 “68
39 Z1.143 9168.2 1.392 170.3 340.8 51,28 14.37 12.40 s82
%0 2z.531 1062, 1.390 184,06 3%.8 41,64 14.18 65,35 4%
.2 25.303 1358, 1.386 212.8 426.3 €2.32 13.90 $5.73 523
4 28.073 1654, 1.384 240.2 77,3 42,97 13.73 49.57 548
.6 30.838 1952, 1.362 267.6 528.0 £3,57 13,62 45.28 sn
.8 33,501 2254, 1.380 294.8 s18.5 4,15 12,50 42,13 593
so 36.364 2585, 1.379 321.9 629.0 ae. 71 13.58 39.74 613
58 43,253 a2, 1.376 389.9 155.2 46.00 13.66 35.78 660
60 50.132 «070, 1,373 459.2 882.5 87,2 13.84 33.40 703
65 56.995 4826, 1.370 $29.1 1010.4 48.33 14.17 31.96 740
10 63,032 5587, 1.367 601.1 1140.1 49,39 14,63 31.12 ™
s 70,847 6339, 1.364 675.7 1272.2 50.42 15,22 30.71 801
80 77.483 7084, 1.360 753.8 1407.5 51,43 15.92 30.62 827
s 24,247 7820, 1.356 833.0 15464 52,42 16.71 30.75 8s1
90 91,023 8579, 1,351 920.7 1609.3 33,39 17.5% 31,04 813
98 97.769 FEIEN 1,347 1010.7 1836.2 34.37 18.43 344 89+
100 104.485 10054, 1,342 1105.0 1987.3 55,34 19.32 31.92 914
0.0125 GNCLE/CHY 1SOCHORE
. 32,866 12555 31.18 1.518 60.7 162.5 38.05 19.07 1594.65 362
33 12,754 49.31 .51 63.7 167.1 38.14 18.97 1012.79 364
34 14.252 104.7 1.484 02,0 197.5 38.68 17.55 281.98 386
35 15.731 21.7 1.474 98.8 226.4 39.17 t6.21 169.49 411
36 17.209 462.6 1,468 11e.7 2561 39.62 15.45 126,15 .32
37 18.666 s06.1 1,466 1.8 28101 40.03 1s.84 99.92 .83
38 2¢.132 51,6 1.467 144.2 307.4 a0.42 14.64 85.19 [
39 2i.%98 898.6 1.42.8 138.7 333.8 «0.19 14.40 74.82 P
40 23.058 1048, 1.464 113.0 339.9 s1.16 1%.20 61.23 499
42 23,979 1350. i.461 2C1.1 alr.7 s1.84 13.92 s7.00 527
4 28.900 1653, 1.4%9 228.8 463.0 42,49 13.74 5¢.51 553
4 31.013 1938, 1.458 258.1 514.0 43,09 13.64 48,02 576
.0 34,731 2208, 1.457 203.3 554.9 43,67 13.59 42.73 598
50 37.046 2575, 1,455 310.5 615.7 f4.23 13.57 40,23 619
55 44.923 3351, 1.453 370.5 182.7 45,52 13.67 36.13 867
80 52,181 «121. 1,450 “a7.8 810.8 45,73 13.85 33.67 7:0
&5 59.427 4907, L.447 517.9 999.5 47,85 14.18 32.18 748
70 66,452 ss7e, 1.443 589.9 1130.2 48.92 14.63 .30 101
iLY 73.043 6457, 1.440 564.5 1263.1 49,95 15.24 30.87 810
s 81.027 1217, 1.435 742.5 1399.3 50.96 15.95 30.76 836
8s 08.199 1979, 1,431 824.2 15391 51.95 16.73 30.88 as0
%0 95,351 PITIN 1.426 910.0 1682.9 52.93 17.52 3.z 882
9 102,474 9504, 1.422 100.1 1830.7 13,90 19,46 31.568 904
100 109.364 10260. 1617 1094.6 1982.7 14,87 19.3% 32.04 924

o TWO-PHASE BOUNDARY




TABLE X1, THERMODYNAMIC PRCPERIIES OF PARAMYOROGEN, ISOCHORES-COMTINUED

(P73 2PNy
TEMPERATURE  PRESSURE TSOTHERM 1 SOCHORE INTERNAL ENTHALPY ENTROPY Co, HEAT Co v AV VELOCITY
OERIVATIVE DERIVATIVE ENERGY CAPAT ITY CAraCtiY OF SOUND
0€6. RELVIN ATR CHRMTH/GROLE ATHIR J/GPOLE J/CNCLE J/GHOLE -k JIGNCLE-K J/GMOLE-K METER/SEC

0.0130 GMOLE/CHY [SOCHORE

¢ 32.908 12.633 19.09 1.%03 49,9 1480 37.59 19.34 2504.38 360
3 12.778 32.02 1.300 si.8 151.4 37. 66 19.28 1560.85% 361
34 14.33¢ 16,9 1.556 70.3 182.1 38.21 17.78 318,01 8%
33 15.00% 301.0 1.564 8r.3 211.1 38.70 16.29 182.41 LI
34 17.427 443.8 1539 163.2 239.0 39.15 15.49 130.77 434
37 18.943 58%.4 1.539 118.3 266.2 39.57 14.83 103.9% 456
3 20.504 137.5 1.540 132.7 292,.% 39.9% 14,606 e1.97 472
39 22.042 287.2 1.540 147,2 319.1 40.33 14,41 16.89 488
40 23.580 1040. 1.839 181,86 343.3 40.69 14,22 68.84 503
42 26.65%4 1349, 1.538 l1e9,7 397.4 41.38 13.93 58,07 532
L1 2%.727 1658, 1.537 217.3 449.0 42.02 13,78 $1.31 558
L) 32.797 1971. 1.53¢ 2447 3500.4 42,63 h3.6% 46.0% 582
o8 35.869 2201, 1.53% 272.0 $51.% 43.2) 13.59 43,24 80%
30 38.940 26035. 1.53¢ 299.1 602.7 43,78 13.58 A0.08 826
35 48.610 3399, 1.531 387.2 730.5 45.06 13,88 36.43 ole
60 54,261 4194, 1.528 436,86 83%9.5 48,27 13.87 33.90 718
(3 61.900 4990. 1.52% 5Ce.7 989.1 41.39 14,19 32.3¢ 756
70 69.517 S184, 1.521 5$78.8 1120.6 48,48 14,606 31.4¢ 790
73 T7.099 6576, 1.511 453,93 12%54.9% 49.49 15.2¢ 31.01 a9
L 0 84.671 1382, 1.513 731.¢ 1391.5 50.30 13.97 30.828 846
] 92.229 42, 1.%00 813.4 1532.2 51.49 16.7e 31.00 sic
" 99.766 921, 1.504 499.3 1676.9 52.47 17.81 31.28 892
93 107.27% 9704, 1.498 98%.% 1825.7 S3. 44 18,49 31.67 9s

100 114,748 10478, 1.493 1084.2 1978.¢ 54.42 19.38 32.1a LD

0.J135 GMOLE/CHS [SOCHORE

¢ 32.938 12.688 1l.48 1.804 8.5 133,.7 37.14 19.57 41332.45 357
3 12.787 19.43 1.642 40.1 136.1 37.19 19.5%6 2566.29 358
k23 14.417 147.7 1.423 %8.9 167.1 37.713 171.9t 354,86 384
3 16.033 285,3 1.6814 74.0 196.3 38,25 16, 36 193,96 413
3% 17.645 430.0 1.612 1.9 224.3 38.70 15.50 136.43 436
3 19.254 378,48 1.412 1cr.0 251.6 39.11 14,81 107.30 4«59
38 20,871 729.5% 1.62% 121.4 2718.0 39.49 14,60 90.24 41s
39 22.485 07,3 le.618 135.9 304.7 39.87 14,42 78.5% “92
40 24,099 [ LELY ie.816 150.2 J33ta 40,23 164,22 70.13 507
42 2A7.229 1388, 1.616 ir6.4 383.5 “0.92 13.9 58.93 537
a4 30.5%9 1677, 1.316 2¢6.0 435.4 41.%6 13.7% 51.9% 563
o 33. 787 1997, 1.61% 233.4 487.0 2.17 13.8% 47.18 <88
8 37.019 2314, 1615 260.7 3$38.9 “2.15 13,60 43.65 6li
50 4G.251 204", 1e614 281.9 590.0 43.31 13.%59 41.03 633
53 43.32¢ 3458, 1.612 356.0 718.7 44,61 13.69 36,68 682
60 86,377 4277, 1.609 425.4 848.5 45.81 13.88 34,10 126
(13 66.419 500w, 12606 465.5 9719.0 4694 14,21 32,32 Te8
70 12.438 5907, 1.602 367.7 tlil.e 48.01 14,48 31.%9 799
7% 80.421 oTie, 14597 642.6 1246.2 49.04 15.20 31.12 829
20 88.39! 7519, 1.592 T20.7 1384.1 50.05 15.99 30499 %o
8s 96.343 831, 1.588 0c2.6 1525.7 S1.04 16,78 3l.a10 ¥80
90 106,275 9117, 1.582 888.6 1671.3 52.02 17.64 31.38 903
9s 1iz.18" 991, 1.577 979,0 182:.,0 $3.00 18.%2 3. 928

100 120,044 16710, 1.572 1073.9 1974.9 53.97 19.42 32.2¢ 345

0.0140 GPCLE/CN® 1SOCHORE

* 32,958 12.726 523 1.10) 21.5 119.6 3s.71 19,74 8958.32 335
3 12.795 10.78 t-102 28.8 121.4 36,74 19.7) 4506.63 156
34 14,488 13%.9 t1.689 *l.6 152.5 37.31 18,01 387.00 382
38 164172 274.7 1.683 64,13 181.9 37.81 16.25 203.3% 4le
3¢ 17.858 421.9 1.486 80.7 210.0 38.25 15.%0 160.89 439
37 19 546 373.6 t.689 55,9 237.3 38,87 18,78 109.8¢ 463
38 21.235 1277 t.892 110.2 263.9 39.05 14,66 91.90 ©79
39 22.92s 884.1 1.6 1267 250.6 39.43 16_41 79.77 %98
40 25.619 1044, 1.694 139.0 317.2 33.79 1s.03 T1.07 512
42 25.010 i36C. 1:698 167.1 369.9 20.48 13,9 539.57 542
44 31.400 1693. 1.897 194.8 422,1 41,12 13.78 t2.43 570
.6 36.790 2021. 1.697 222.2 474.0 5i.17) 13,48 47,54 595
48 38.186 2354, 1.697 249.5 525.8 42,31 13.60 43.97 ola
S0 4l.582 2687, 1.697 2%e.6 577.6 42.86 13.39 41.30 641
s 50.068 3523, 1.498 384.8 707.2 44,16 13.70 lo.88 891
[ 1] 58.535 4360. 1.692 14,2 837.9 45,37 13.89 34,25 138
65 46.989 si9°. 1.6088 484.5 969.3 46.50 14,22 32.64 T1a
70 15.421 603°. 1,604 556.7 1102.6 47.57 14.7C 31.70 809
Lé] 83.815 L1 LL 1.679 631.7 1238.3 48.60 15.% 31.22 839
80 92.193 169", 1.674 1€9.9 1317.1 49.61 16,01 31.00 866
as 100,549 350%, 1.669 161.9 1519.¢ 50.60 18,81 3119 8s1
90 108.883 9324, latody 8r4.1 1685.1 51.59 17,66 3l.68 9e
9% 117.196 101aY, 1.658 968,06 1816.8 52.57 18.3% 31.8% 936

100 125.461 1095, 1.652 1083, 8 1971.8 53.54 19.4% 32.32 957

* TNO-PHASE BOUNDARY
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TEWPERATURE  PRESSURE
0
DEG. KELVIN ATH (4]

0.014% CMTLE/CH  {SOCHORE

¢ 32.970 12.740
33 12.799
34 16,354
33 15.308
36 19.068
3 1¢,031
38 21.600
3 23.37%0
40 25,144
« 18.499
L33 324254
L1 35.810
4t 39,372
30 42.9%
35 51.849
60 W.T739
[ 3]

LL
73
80
as
%0
e
100 131.0G%

0.01%0 GNCLE/CMS 1SOCHORE

* 32.975% 12.1%7
33 12.800
34 14.817
3 16,442
30 10,278
37 20.120
38 2l.%08
39 23.020
(Y] 25.477
42 29.400
46 33,124
4 36,891
o8 40.%09
%0 44,927
s $3.eM
80 62,996
(3] T2.311
ro 81,999
s 90,847
(14 100,069
[1] 109.268
W0 118,439
9 127.%89

10¢C 138,608

0.0155 6uCLEZCHY [SOCHORL

* 32,978 12.T0e
3 12.801
34 14,479
38 16,578
3e 18,40
37 cv.tld
in 22,343
39 24.280
40 26.222
“2 30.118
44 34,017
48 At.yle
Y] 1.034
39 4. 7%
1 55.941
60 +3.113
63 75.07%
10 84,M07
7% 94,498
20 104,1%0
[ ] 13,709
90 123,39
95 1)32.9m2

100 142,508

* TWO-PHASE BOUNDARY

TABLE xi.

(2P ‘3p)y
1S0TMERNM
RIVATIVE

TH/GHOLE

10397,
tiaze,

rf.512
74343
124.8
26,3
42,8
50,0
T44,0
”0r.8
1078,
1410,
1TV,
2109,
2480,
2009,
389,
s,
Y45,
637,
1207,
a0,
0937,
Ve,
ioese,
115%0".

nLee2

Mer,
10049,
1092=,
TiTes,

ATn/x

1.739
1.798
1.75%
1.157
1.761
1.706
1.76%
o172
1,774
1.778
l1.780
l.781
1.702
1.782
1.780
1.1
.12
t.760
1.76)
1.757
1.7%2
1. 746
1. 740
1.73%

1.88s
1.86%
1.3ne
1.908
1.918
t.n2v
T.931
1.937
1.941
1.5480
1.99%3
1.9%8
1.9%
1.9%9
t.9%7
L.95n
1.940
1.942
1.93%e
1.930
1.92¢
1.918
1.912
1.90s

INFERNAL

EmeaCy

J/evoLE

6.7
17.7
8.7
$3.9
49,7
8r. 9
$9.1
113,86
127.9
1%96.0
183,71
2l1.1
236.)3
26%.5
3N, r
4C3.2
AT3,.4
S45.8
420.0
489.1
1.3
067.3
938.2
10%3.3

1043.1

Y
-3.6
15.¢
12.4
4n.2
83.2
17,4
.8
1.0
1340
161.6
189.¢C
218.2
243.4
3.8
38l
4%leb
See.t
$99.3
677.8
760.2
B4s.7
9¥7.8
1¢33.0

88

ENTHALPY
J/GMOLE

105.¢
107.2
138.4
L67.8
194.0
223.4
2%0,1
21,9
303,86
3%6.0
409.1
481.3
S13.4
365.9
696.0
8271.8
959.9
1094,1
1230.8
1370.6
1514,0
1661.%
1413.0
19s8.0

2.2

93.e
12¢.8
1%4,)
182.3
209.8
230,06
203,06
290.4
343.8
396.4
440,.9
S01.e
333.8
605.2
alr.y
950.9
1086.1
1223%.7
1364,
1300.8
1637.1
1609.7
1966 .6

19,0
8c.2
111.3
140.8
le9s,0
196,86
223.4
290.%
271,83
330.9
184.0
4360
89,7
42,4
sTe.?
808, 1
9“2,
1078,
1217.0
1358.7
1304.¢C
1653.)
180¢.9
1964.8

YTREAMOO YNANI( PRCPERTIES CF PARANYDROGEMN, (SOCHORES

@P/2Np
1SDCHORE
OERIVATIVE

ENTAGPY
J/7GHOL E-x

36.28
36431
36.00
31.38
3.2
38.24
30.62
39,00
A9.3%
40,04
40.89
41.30
4l.87
42.4)
43.73
48,94
vo. 08
4t
48,17
L L
50.18
51.16
$2.14
33.12

~CONY INUED

Co, nEAr
CAPACLTY
JIGAOL E-%

19.82
19,84
18.0%
14,33
15.47
14,74
14.83
14,39
14,20
13.92
1).715
13.45
13.60
13.%9
13.70
13.9%
14,24
14.71
1%.32
16,03
16.03
17.69
18.%8
19.47

kv, 8}
*3.8)
10,02
16.27
19.43
14,09
14,40
14,38
14,17
1.9
13,74
13,64
13.80
13,80
ST
13,9
4.23
1.1
1% 34
16.0%
16,88
1.
18,60
19.%0

19.89
19.7¢
17,91
6.1
13.37
Le, 08
14.%6
14.3)
la.ls
i3.00
13,72
13,63
13.5%
13.%¢
13.72
13.92
18,27
18,73
'$.%
16.07
L
11.13
18,63
19.93

Gy nEar
CAPACITY
3/ GHOLE -k

922%.%0
411.5s
209.48
143,98
111.9%1

92.92
00.%)
T1.63
$9.9
52.74
47.80
4419
41.49
31.03
3a. N7
32,74
31.78
31.29
31.1%
31.26
31.9)
31,92
32.40

19210.94
124,99
212.97
185,17
.

$3.2%
80,75
Ti.07
60.45
52.38
47.92
44031
41,60
31.12
YA, 00
3z.00
31.04
31.38
31.20
.
31.%8
Jt.o0
Tl.e0

24160.84
424.0%
212.31
Las.7e
111.85
92.90
$0.%0
.10
40.02
$2.9%
41.92
44,33
41.63
IT.18
34,08

VELOCITY
OF SOuND
METER/SEC

353
383
38
417
443
467
“83
soL
s's
Y )
3te
ac2
a6
649
859
Tée
704
819
850
7
©02
92s
97
%9

382
s2
388
420
47
(22
489
507
524
535
584
510
634
837
709
754
79
029
060
(1]
13
937
959
98!

351
391
3o
25
482
A78
A93
3i)3
S
b3 )
$92
s19
(13
686
Tie
a8
05
00
ar2

928
99
/a2
W9




TABLE Xi, THERMODYNAMIC PACPERI(ES CF PARAHYORNGEN, [SOCHORES-CONT IMUED

(2P/3p)y (2PraNp
TEMPERAIURE  PRESSURE 1SOTHERN 1SOC HORE INVERNAL ENTHALPY ENTROPY Ce, HEAT Co, HEAT VELOCITY
OERIVATIVE  OERIVATIVE ENERGY CAPACITY CAPACLTY CF SOUND
0EG. RELVIN ATH CRIATHZGHOLE ATH/K JIGMULE QlGRoLt J/GHOLE~K J/GMOLE-K  J/GMOLE-K  METER/SEC
0.0160 GucLE/Cu 1sOCHORE
. 32.97% 12,187 ro433 1.916 -13.8 61.2 3511 19.68 330
I$) 12.80) 1620 1.918 -13a 8.0 3612 19.03 13208.98 351
36 14,743 13,1 1,957 5.6 99.0 35.68 17.73 410,92 390
) 16,117 2081 1.984 2.4 120.2 38,17 15.79 207.68 33
s6 16,711 e 2.000 37.8 156.3 38,60 15,10 142,48 a6l
3 20.717 s14.9 2.011 52.7 183.9 31.01 14,87 110.54 T
38 22.132 "o 2.018% PO 210.6 31.38 14,64 91.84 502
3 24,753 s61.8 2.022 0.0 231.7 37,78 14,26 19,78 520
“0 28.783 11a1. 2.020 45,2 264.8 38,11 1e.11 .19 538
« 30,857 1507, 2.037 1231 318.3 38.79 13.87 s9.81 511
A 34935 1887, 2,044 150.7 3.9 39. 44 12.71 52,67 800
.6 39.018 223, 2.Ce8 118.0 a2s.1 40.04 13.62 47.8C 628
N a2.116 260V, 2.C80 208.2 ar8.3 “0.82 13.59 .25 683
50 “r.z14 2974, 2,051 232.4 $3l.6 el.18 13.59 41,88 o168
ss S1oabe 3904 2.049 100,06 664.5 a2.48 13.72 37.1% 729
52 a7.694 IR 2,048 310.3 798.9 83,69 13.93 38,49 715
85 17,914 s761. 2.019 0.7 934.2 44,82 16.28 32.8% ale
10 85.10 ss87, 2.033 513.3 1071.3 45.89 14,77 31.89 832
121 I8, 269 1607, 2,026 s8e.6 1210.8 46,93 15.38 31.40 s8a
20 108.158 6St6. 2.020 s81.3 13533 %7.9% 16.10 3i.26 912
. 118.435 5420, 2.013 149.1 1499.8 48.95 16.94 31.37 a3
%0 129.491 12323, 2.006 a38.3 16%0.0 49.94 17,76 31.65 962
9 38,511 112180 2.000 9214 1806.6 50.92 18.65 32.06 983
100 o8, 484 12110, 1.994 1022.9 1963.2 51.90 19.55 32.8% 1007
0.n16% GMCLECM? 1SOCHIRE
. 32,912 12,182 1.570 -3 se.8 3.7 19.33 12368.44 382
33 12408 1,912 -22.9 ss.7 34,78 19.28 6297.36 353
3 1a.0it 2.029 S 8s.¢ 35.30 17,90 385,05 19
It 16.863 2.004 12,0 115.6 35.78 15.63 200.00 %40
3 19.940 2,009 213 1435 1821 15,00 138.80 %68
37 21.032 2,098 ENY in.2 36.61 14,59 108,34 492
i1 23.13% 2,102 56.0 198.1 36.99 1a.37 90.26 510
39 25.245 T 70.3 22%.3 3.3 14,21 78.60 s28
a0 27,380 2,118 244 252.5 3TN 14.08 70,34 ses
a2 31,622 2,129 112.3 308.9% 18.39 13.83 59,29 579
. 35,685 0137 139.8 360.2 39.02 13,68 52.32 610
a8 40,154 .16 167.1 a13.? 39.64 13.60 47,55 67
N 44,439 20144 1563 as1.2 a.22 13.58 «8,08 853
80 48.126 2,148 J21.8 52047 ~0.78 13.%9 4143 886
It 39,448 2,104 208.7 654.8 42.08 13.1 37,00 740
60 10,148 2.139 359.4 790.2 43,29 13.9% 34,40 197
o3 9C.839 2.133 8300 976.4 .42 14.30 w2e
10 91.496 11268 sc2.6 1084.5 45,50 ta. 79 Fres
s 1024107 2119 379.0 120%.1 PYOr 15.40 896
00 112,677 2.1 6%6.8 1148.7 a7.5% 16,12 924
' 123,212 2.104 139.3 1496.0 48,35 16,92 950
90 133.72% 2,097 826.1 16471 49.54 17.78 918
9 144.20) 2.091 9r.2 1802.7 $0.%3 YRS a98
100 158,621 2.085% 1012.8 1962.3 s1.51 19.9? 1020
0. 170 grerescud 1socnoRE
v 32,93 12,139 7.26) 2.018 AT a2, [T 10,89 5151.3% TS
3. RXIY 18,57 2012 S12.k 238 38,39 18.8) 3197.29 e
s 1e.886 13r.0 2.104 -14.8 18.2 36,92 17,18 8112 40}
13 17.019 3201 2168 1.8 103.2 33,40 19,48 187,85 asn
s 19.102 501.0 217y 18,9 1313 3s.02 14.89 133,90 a7
» .38 s82.7 2.107 LTS 1.9 36.23 14,43 105.3% 501
» 23.5%7 se1.2 72192 4503 135.9 36.60 14.30 001} sis
It 25.7%9 10%4. 2.202 9.7 203 36,97 14.1% 77.00 537
a0 1,971 1242, 2.2t .8 260.% 31.32 18.01 69.18 388
.2 32.418 1826 12224 1cl.8 23a.8 38,00 13.60 58.58 589
as se.012 2014, 2,332 129.0 340.8 Frepes 13.66 s1.82 620
. s1.303 2403, .30 156.3 402.7 39.28 T TRt 08
a8 45,811 1198, 2 201 103,83 436.5 39.03 13.57 ST o173
50 80.291 8. 1.24) 210.6 510.4 40.30 13,99 €125 697
s 61,498 “lea. 2.2%1 278.9 5454 sl.68 13,74 16,97 151
60 12.480 5180, 2:238 YIS 81.9 42.90 13.96 34.39 198
e 83.85% s130. 7.229 09,2 319.0 © a8.C3 1e. 32 32.79 840
10 98,903 1oz, 2.221 492.0 1058.2 45,10 14.81 3. 876
1 106.08; s0¢a, 2.21) s61.8 1199.8 48,15 15.42 3.1 909
80 117.12) 3024, 2,708 848, 1344, aT.18 16, te 31.26 37
' 128127 5978 2,198 129.0 1492.7 “8.17 16,96 3.7 984
9 139.109 19924, 2,191 85,9 164%.0 “9.18 17,80 3.66 980
as 150,959 11859, 2104 scr.l 1801.4 50.14 19,70 32,09 1011
130 160,927 12192, 2,117 10€2.8 1982, si.13 19.60 32,99 1036

¢ 'n0-PHASE BOUNNARY

89



TEMPERATURE " RESSURE

0EG. KELVIN AlM

0,017 GMCLE/CAY 1SCCHORE

¢ 32.947 12,703
33 1¢.021
34 14.970
3 1T.109
36 19.442
n 21.717
1] 26.006
39 26.301
40 28,608
42 33,250
4 37.902
L 13 42.%560
48 €7.237
50 51.918
ss &3.010
60 75.300
85 86.9171
10 98.601
73 110,179
ae t21.706
as i33.191
€W 144,653
95 156,085

100 167,417

0.0180 omeLE/cu? 1SOCHORE

. 32922 12.65%9
33 12.837
34 15.¢°8
3s 17.317
36 19.724
3ar 22.09%
3 24,480
39 26.875
40 29.282
42 34,124
4 3o.980
48 43,842
.8 48,723
50 33.807
5% ©5.0822
60 78,019
(3] 90.19%
14 102.330Q
14) 116,409
a0 126,431
[ }] 138,412
0 150,366
95 162,260

100 174.094

0.0185 G!'CI.E/CHa I1SOCHORE

s 32,886 12.%92
3 12.864
34 15.18)
3s 17.588
36 20.033
37 22.%04
38 24.990
39 27,488
40 29.997
2 35,047
44 40,116
&6 45,186
“8 %0.278
30 55.3713
5% &8.114
60 80.831
(33 93.%3%
0 176,189
75 ile. 78]
a0 L3t.311
8% i%3.800
90 156.2%9
9% 168,645
100 180.973

e TWO-PHASE JQUNCARY

TABLE xI. THEAMODYNAMI( PRCPERTIES CF PARAHYDROGEN, [SOLHORES-CONTINUED

(2P/deNy
1SQTHERN

Osllvll IVE
(4.}

ATR/GMOLE

.23
29,48
11,0
3%6.9
340.2
T28.9
92,5
1lle,
1309,
1704,
2106,
2907,
22910,
3314,
4328,
3313,
6337,
713%,
8228,
230°%.
10281,
11254,
12207,
131e°.

9604,
1060+,
1160*,
12578,
13543,

43,07
84.94
251.5
448.0
448.3
852.4
1060.
1269.
1617,
i900.
2328,
274%.
ite~,
36l
L 1.1 L%
3740,
[L 1AM
185,
8489%,
9922.
19950,
119712,
12966,
13969,

(2P/aNp
150C HORE
OERIVATIVE
ATM/K

2.091

2,186
2.1
2.21Q
2.328
2.3%9
2,318
2.38)
2393
2,406
2,422
2.4
2,440
2,644
2.448
2,444
2.438
2.429
2.420
2.410
2.401
2.392
2.384
243178
2.368

2423,
2.7%%
2.382
2.425
2.452
2.479
2.484
24498
2.509
2.526
2.532
2.54%
2.54%
2.551
>.550
24543
2.53)
252
2.513
2.5u2
249}
2.484
2078
2.881

INTERNAL
ENERGY
J/GPOLE

1C7.6
134.8

257.3

391.9
470.y
S46.6
625.7
1C8.6
785.6
LR ]
983.1

~62.4
-60.4
~£3.9
~28.4
-13.0
0.5
14,4
2d.4
2.3
89.8
97.0
1241
151.2
178.3
68,6
31s.5
38T.4
4£Q.4
536.3
615.4
658.5
185.6
877.2
973.3

ENTHALPY

J/GMHOLE

30.6
32,2
62.3
9.l
1192
146.9
17+.1
20i.5%
228.9
283.4
337.8
39l.9
446.2
50G.4
636,46
773.8
3l2.1
1052.3
1195.0
1340,
1489.9
1843,2
180¢.7
1902.2

18.6
2.0
%0.¢
19,6
107.4
135.2
162.5
190.1
217.¢
272.4
327.1
381.6
436.¢
499.8
627.8
166.)
90%5.7
1046.9
1190.¢6
1337.4
14087.7
1642.1
18000.%
1963.1

6,6
10.1
39.3
67.9
96.0

123.4
151.3
179.0
206.6
281.7
3167
3Tl.e
4286.0
4B8l.8
s19.7
1%9.2
899.7
1042.7
Ligs.n
Li3s,06
1486.1
[T19 )
1820.9
1964.5

ENTROPY
J/GMOLE-K

34,00
34.0)
34,58
3%.02
15,45
35.85
36,22
356.58
36,94
37.61
36.2%
38.80
39,44
39.99
41.29
42,81
41,64
‘6,72
45,76
4¢.72
47.78
48.78
49.7¢6
50.75

33,69
33.69
34,20
34,06
35.08

S.a7
35.84
36.21
36.56
37.23
37.87
38.47
39.0%
34.60
40.91
42.12
43,26
4630
4%.38
46,40
47,41
48.40
49.39
50.37

33.29
33.3%
33.85
34.30
sl
35.10
35.47
35.83
36.19
16.80
37,49
33.10
a.67
39.22
40.5)
41,74
42.88
43.98
45,01
46.03
47.03
48.03
49.02
$G.01

Ciy niar
CAPACTTY
J/76MOL €~

18.37
18.29
16.81
15.26
14,78
14,3%
16,23
14.08
13.9%
13.76
13.63
13,57
13.58
13.%8
13.74
13.97
14.33
18.p7
S ke
i6.10
16.96
17.82
18.72
19.62

tr.80
17.70
16.41
i5.06
16,65
14.27
14.15
14.01
13.89
3.n
13.60
13,55
13.55
13.58
13.1%
13.99
14.35
14 .38
15 .40
1o.19
16.99
17.9%
18.74
19,84

17.20
17.08
15.98
14,85
14.51
is. 18
1+ .00
13.94
13.23
.3.67
13.57
13.%)3
1.5
13.58
i3.76
16.00
14,37
14.87
15.48
16,21
17.01
17.87
18.78
19.68

CAPACITY OF

2783.62
1903.33
313.26
177.48
127.786
101.7}
e5.58
75.18
67,786
$7.69
$1.20
46.73
43.47
40.98
36.02
34.29
32.12
31.81
31.3%
31.23
31.3¢
31.69
32.09
32.5%

1708.25
1184.89
275.1%
164.29
121.00
97.57
82.68
73.0%
66.12
56.63
50.45
46.18
43.0%
4C.85
6.62
34,16
32.63
375
31.31
3l.20
31.33
31.63
32.07
32.58

1133.41%
182.12
239.38
150.84
113.82

93.09
79.%4
TC.70
64,30
55.44
49,61
43.5%
42.56
47.26
3s.08
34,00
32.%2
Al.és
$1.2%
.13
31.29
31.60
32.05
32.5%6

€ + HEAT VELOCITY
SOUND
J/GMOLE-K  METER/SEC

3ol
365
2
457
435
510
527
547
56%
599
630
659
685

370
ITe
.22
A67
494
520
538
ST
576
610
642
670
097
121
7%
824
866
903
935
965
992
oL
1040
1063

380
87
433
478
06
530
549
569
587
622
656
683
109
s
169
837
880
9ir
950
9719
1008
1031
1055
1078



TEMPERATURE PRESSURE
0EC. XELVIN AR

0.0190 GMCLE/CHY [ SOCHORE

v 32,840 12.307
33 12.904¢
FT 15.321
35 17827
36 20.37%
37 22.9%0
3 25,562
39 28,140
40 30.761
€2 36,026
Py 41.310
vy 45.600
48 $1.909
30 $7.221
ss 704304
80 83.760
85 97.001
70 110.186

J 4] 123,308
80 136,356

s 149,386

90 162,341

95 175,230

100 188,083

0.0193% GrcLesCnY 1SOCHORE

* 32.780 12.39
33 12.983
34 15.487
35 13.100
36 20,735
37 23.439
30 264141
39 28.4568
40 31.%81
42 31.068
44 42.57T7
46 48.091
40 $3.623
50 $9.160
ss 73.000
60 86.810
85 100.602
70 114.332
75 127.989
80 141.578
a3 155,119
° 168,624
L 13 102,026

A0 193,375

0.0200 GMCLE/ZCH® [SUCHORE

v 32.707 12.266
33 13,047
34 19.607
33 18.414
36 21.181
3 23.378
38 26,795

= 39 29.62%
40 32.458%
42 38.182
44 43.923
46 9,668
.8 55,431
30 6l.197
L1 75.612
50 £9.39¢
3] 104,348
70 110,437
78 132,848
80 146.980
83 161.071
90 175.117
9% 189,343

100 202.921

¢ TWO-PHASE BOUNDARY

TASLE XI.

(2°/3ph
1SOVNERN

OfR IVAT IVE
CMIATH/GMOLE

5976,
7061,
8lad.
9203.
10261.
11315,
12361,
133717,
14397,

261°,
306%.
3sia,
3TN,
51Ca,
6221,
1343,
0447,
9538,
10620,
11701,
12772,
13e1l.
14855,

ATH/IX

2,325
24350

2,927

2.422
2,457
2.%69
2.634
2,669
2,693
2,699
2.714
2.1
2,745
2,750
2.766
2.10
2.112
2.189
2,761
2,149
2,137
2.12%
2.13
2.701
2.69¢C
2.880
2.6i0

2.874
2.802
2,849
2.835
2,822
2,809
2,797
2.786
2,715

INTERNAL
ENERGY
J/GHOLE

-12.2
~89.9
-53.9
=-38,4

-e2.1
~18.6
-A3.1
-48.3
~33.9
-19.8
6.0
1.8
21.6
48.8
5.9
102.9
130.0
157.0
225.4
295.4
366.5
439,17
s13.8
59%5.2
18,5
T65.9
8s7.7
954.0

944.5

THERMODYNANIC PROPERTIES CF PARAHYDROGEN,

(2P/3Mp
1SOCMORE
DERIVATIVE

ENTHALPY

J/GMOLE

-17.7
=11.2

17.4

45.8

73.9
102.0
129.8
157.7
185.7
241 .4
297.2
352.3
408.6
464.4
604.7
146.5
859.2
1033.C
11%0.8
1330.8
1484.5
1642.1
1803.5
1969.2

-30.0
=21.5
6.8
3%.2
63.4
9.5
119.5
147.6
175.7
231.9
288.0
344.1
40G.2
456.5
$97.9
74C.8
84,7
1C30.5
18,7
1329.8
1484.8
1643.3
1805.8
t9r12.6

ISGCHORES-CONTINVEL

ENTLOPY

2/GMOLE-R

32.94
33,02
33.50
33.94
34,35
34.74
35.11
3s.47
35.82
36.49
37.12
3r.n2
38.30
38.85
40.15
41.37
42,51
43,59
44,04
45.86
46,67
“7.67
468,66
49,064

32.23
32.37
32.82
33,24
33,54
34,02
34.39
34.74
35.09
35.75%
3o, 38
36.98
37.%6
3g. 11
39,41
40.63
.77
42.86
43.91
44.94
45.9%
46.9%
“7.94
48.9)

Cvy

16.5%9
16.45
13.5¢
14.69%
14,31
14.09
13.98
13.87
13.717
13.63
13.54
13.51
13.93
13.517
13.m
14.02
14,39
ia.89
15.51
16.23
17.0)
17.90
18.79
19.69

15.99
15.84
15.15
14.45
14,23
14.00
13.99
13.80
13.711
13.50
13.51
13.49
13.52
13.57
13.78
16,03
14,41
14,9
15.9)
16.25
17.0¢
17.92
18,81
19.71

15.41
15.26
18,70
id.26
14.09
13.91
13.82
13,73
13.6%
13.54
13,60
13,48
13.31
13.57
13.79
14.0%
14,43
14.93
15.50
le.20
Lr.os
17.95
18.84
19.74

HEAT
CAPACETY
J/GMOLE-K

Co o HEAT
CAPACTTY
J7GMOLE-K

780.18
542.44
207.3)
137.68
106.50
08.41
T6.23%
88.22
62,35
34.1%
48.68
44,84
42,01
39.02
36,10
33,81
32.39
31.57
3l.18
31.12
3l.24
31.9%
32.02
32,54

573,42
392.45
179.51
125,24
99.26
83.67
T2.87
65.65%
60.31
52.77
47.69
44,08
41,41
39,34
35.80
33.60
32.24
3l.46
31.09
31.03
31.18
31.51
31.98
32.50

430.87
294.863
155.02
13,73
92.2¢
18.98
83.49
43,09
58.22
S1.34
4b.64
43.20
40.717
38.02
35.46
23.37
32.07
31.33
30.99
30.95
3l.12
31 .48
21.93
32.00

VELOCITY
OF SOund
METER/SEC

E32)
402
449
49
518
542
561
581
600
638
667
698
722
T47
802
851
294
931
964
994
1021
1047
1070
1094

407
419
485
504

535
STe
594
613
648
680
109
736
T01
818
866
209
946
98¢
1079
1037
1062
108e
1109

424
439
483
519
545
589
582
608
827
563
895
T24
15
s
831
s81
924
962
995
102%
1093
1079
1102
128



TEMPERATURE  PRESSURE

0

DEG. KELVIN ATH (4]

0.0205 GMOLE/CMS |SOCHORE
* 32,620 12.110
33 13,164
34 15.629
38 10,70
3 21.681
37 24,877
38 27.513
39 30.462
0 33.420
.2 39,375
Py 45,356
.6 51.340
48 $7.340
50 63,344
55 78,349
Iy 93.313
85 108.249
re 123.11)
s 137,885
80 152.581
8s 167,232
90 181,832
95 196,258
100 210.714

0.0210 GNoLE/CH® 1SQCHORE
. 32,517 11.928
3 13,322
3% 16.221
35 19.193
36 22.202
37 25,242
38 28.302
39 31,376
«0 34,457
42 40.658
L) 46.886
. s3.u7
. 59.361
50 65.810
s 81,222
80 96,786
It 112,317
10 127,766
18 143,119
30 158,301
ss 173,615
20 188,781
9 203,798
100 218,764

0.0215 GMCLE/CM® [SOCHORE
. 32.397 11.720
33 13,533
34 16.573
3s *9.877
38 2,616
37 25,984
3 29.114
39 32,376
«0 3%.585
42 42,081
Py 48,523
46 $5.009
48 61.305
50 68,005
5 84,241
60 100,423
6s 116,562
10 132.614
¢ 148.5%9
80 164.420
85 180.232
90 198.97%
95 211,558
100 221.086

e TWO-PHASE BOUNDARY

TABLE XI. THERMODYNARIC PRCPERTIES OF PARAMYOROGEN, 1SCCHORES-CONT INUED

(2P/20)y

1SOTHERM

GRIVATIVE
ATM/GHOLE

173.9

3448,
39271,
4409,
5606,
6192,
7563.
9124,
10269,
11406,
12541,
13661,
14749,
15839,

le3em,

304.8

4r9.7

169.7
1040,

130%.

156",

1837,

2097,

2354,

2012,

3394,

3904,

LILE

92,

619e,

1444,

2877,

9894,
11C9=%.
12200,
1347%,
Labas,
13787,
16924 .

(@P/3"),
1 SOCHORE
OERIVATIVE
ATN/K

2.6%1
2.70%
2,806
2.866
2.901
2.928
2.932
2,949
2.981
2.980
2,993
3. 000
3.004
3,008
3,001
2,991
2,977
2.983
2.948
24934
2.920
2,907
2,894
2,882

3.032
3.0587
3.093
3.123
3.148
3.109
3.187
3.202
3.214
3.231
3.24)
3.249
3.2%2
3.2%2
3.248
3.23)
.21
3.200
3,183
. 168
Ja 149
3.133
3.118
3.10)

INTERNAL
ENERGY
J/GrOLE

~102.4
-96.8
-82.2
~68.0
~33.9
~40.1
~26.3
~12.¢

28.1

55.0

82.7
1¢8.9
136.0
204.4
274.5
345.0
419.3
495.6
5715.2
658.8
T46.5
838.6
935.2

-121.9
-115.4
-1Cl1.95
~81.6
-13.8
~60.2
~458,5
-33.0
~19.5

sl.1
8.1

A75.6
$35.6
639.4
127.4
819,08
Me.7

ENTHALPY

J/GMOLE

~42.8
-3t.7
-3.5
24.8
53,1
0l.4
109.6
137.9
166.2
222.7
2719.2
335.7
192.3
449.1
%91,6
135.7
88d,8
1027.7
1177.1
1329.4
1435.3
1645.2
1809.8
1976.6

=55.4
=41.7
-13.5
14.8
43,2
M.
12641
128.6
157.0
213.9
270.9
327.8
304.9
442.1
585.8
731.2
817.5
1023.¢
1176.1
1329.6
1486.7
1647.8
1812.5%
1981.4

-68.7
~51.6
~23.4

3.7
82.3
9.9
119.4
148.2
20%.6
263.0
320.4
317.9
438.6
380.8
121.2
874.7
1024.1
1175.8
1330.5
1s400.8
1631.0
1816.8
1988.9

ENTROPY
J/GMOLE~K

3t.e7
32,04
32.40
32.89
33,28
33.07
34.03
34.39
34,73
35.39
36,02
36,82
37,19
37,75
39.05
40.27
LI PY 3
%2.50
43,53
44,58
43.59
46,60
47,59
48.58

31.50
31.72
32.14
32,85
32.94
33.3t
33,08
34,03
34,38
3%5.0)
35.66
36.28
6.8
37.39
38.69
39,91
41.0%
42.18%
43,20
44.23
45,24
46.25
47.2%
48.24

312
3i.38
31.80
32.20
32.59
32.9¢
33.3)
33,68
3s.02
14,60
35.30
35.90
36.48
37.03
38.33
39.56
40.70
41.79
42.89%
41,08
44.90
43,90
46.90
47.90

Co, HEAT
CAPACITY
J/GHOLE-K

14.88
14.78
14.4)
14.09
13.96
13,82
13,74
13.66
13,60
13.50
13 48
13,48
13.%0
13.%7
13.80
14.07
14,45
14,96
15.3%8
1643i
17.11
17.97
is.87
19,27

14,4}
14,30
14,10
13.93
13,83
13.73
13,66
13.60
13,564
13.47
13.43
13,45
13,50
13.57
13.01
14.09
14.47
14,98
15.61
16.33
17.14
18.00
18.90
19.80

14,12
14.03
13.90
13,80
13.72
13.6%
13.59
13,54
13.49
13.43
13.41
13.43
13.49
13.57
13.82
14.11
14.%0
15.01
15.64
16,36
17.17
18.03
18.93
19.83

Co, HEATY
CAPACTY
J/GNOLE-K

332,64
228.49
133,80
103.29
85.67
Té,42
LLPRY 3
60443
56.11
49.86
45.5¢6
42.43
A0.10
38.26
3s.10
33.12
31.89
3l.19
30.83
30.86
31.05
31.40
31.87
32.41

263.83
182,35
119.19
93.93
79.51
70.0%
62.92
57.89
54.01
48.38
44,45
41.57
39.40
37.69
34.72
32.85
31.70
31.04
30.77
30.77
30.97
31.33
31.81
32.36

228.29
154,94
106.53
85,72
73.63%
65,60
49,680
55.40
51.95
46.89
43,33
40.48
38,88
37.09
34.32
32.57
3l.39
3C.a8
30.85
30,66
30,08
31.26
31.78
32.30

VELOCITY
OF SOUND
METER/SEC

442
460
02
838
ss1
584
803
623
642
or8
70
139
186
91
847
896
940
978
1011
1042
1089
1098
1119
1142

462
404
S22
552
517

619
639
658
693
725
755
781
806
463
913
9%6
995
1028
1058
1026
i112
1136
1140

498
S1s
544
S0
59
61s
836
656
(X4
710
742
17
198
023
879
929
973
1012
1043
1078
1iCe
1129
1154
13844



VARLE X1, THERNODYNAMIC PRCPERTIES OF PARANYCROGEN, ISOCHORES-CONY INVED

(P/3p)e (2P 2aTp
TEMVERATURE  PRESSURE 1SOTrERN 1SOCHORE INTERNAL ENTHALPY ENTROPY Coy HEAT S, vear VELOC L Ty
DERIVATIVE  DERIVATIVE ENERGY CAPACITY CAPACITY 0F SOUND
DEG. KELVIN AT4 CHIATH/GHOLE ATA/X J/GPOLE J/GMOLE JIGMOLE-K  J/GWOLE-K  J/GMOLE-K  METEMS SEC
0.0220 GWOLE/CMNY ISOCHORE
e 32,261 11.487 394,58 3168 -138.3 - 82,6 30.73 13.9n 195,50 513
3 13.806 s18.1 3198 -125.0 -81.4 31.03 13.09 128.00 s3s
34 16.993 920.8 1.230 -111.2 -32.9 31,48 13.78 94,45 563
33 20.237 1204. 3.260 -§7.4 a2 31.86 13.70 10.37 se8
36 23,511 1480, 3,284 -03.8 2.5 32.25 13,63 68,54 612
3 26,814 17540 3,304 -70.2 5.3 32,62 13.58 41,80 833
38 30.137 2027, 3.321 ~86.6 82.2 32.98 13,53 56.83 654
39 33.473 2298, 3.138 -43.1 i 33,13 13.49 53.00 674
40 36.815 2569, 3347 -29.6 139.9 33,67 13.45 4¢.95 693
.2 43,533 3108, 3363 ta.e 197.7 34,33 13.40 45.43 121
. 50,219 3830, 3.374 24.0 255.8 34,95 13.39 a2.21 59
oY 57.027 a7l 3.379 50.8 313.8 35,53 13.42 19.79 78a
e 83.783 4657, 3,382 1.7 Ti.s 36.12 13.49 17.95 als
30 70,342 5222, 3.381 1C4.8 429.7 38.67 13,57 16.49 840
ss 87.425 8524, 3.313 173.3 $75.9 37.98 13,83 33,91 89
60 104,234 1006, 3.358 243.7 123.7 39.20 14.13 32.27 9t
s 120.998 s070. 3341 318.2 872.5 40,38 18,52 31.27 9st
10 137,867 10319, 3.323 389.1 1023.1 al.ab 15.04 30.71 1029
15 154,218 11546, 3.304 45,8 117601 42.50 15.66 30.51 1063
s0 170,603 12768, 3.206 5459 1332.0 43,54 16.39 30.5% 1094
ss 187.094 13979, 3.268 629.9 1491.6 46,55 17.20 10.79 1122
90 203.430 15173, 3.250 718.0 1655.0 5.5 10.07 .18 1187
9s 219.5%0 16346, 3.233 810.6 1822.0 46,56 16,98 31.68 1172
100 235,652 17508, 3.217 907.7 1993.2 47,58 19. 86 32.24 1195
0.022% GMOLE/CH® 1SOCHORE
. 32,106 11.227 303.0 3.304 -1a1.0 -96.4 30.34 13.86 153.34 529
3 14,185 183.0 3.340 -134.8 -10.9 30.72 13.76 107.87 535
34 17,458 1096, 3.374 ~120.9 -a2.1 3112 13.67 86.34 383
3 20,035 1391, 3.402 -107.2 -13.2 31.82 13.60 71.88 608
36 24,300 1679, 3.425 ~93.7 15.8 31,50 13.5% 63,89 631
37 27,742 1964. 3,443 -e0.1 s.p 32.21 13,81 $8.26 652
38 31.208 2244. 3,461 -66.7 .9 32.83 13.47 54,02 tH
39 34.678 2327, 3,474 -93.2 103.0 32.98 13,44 %0.70 692
80 38,159 200°, 3.484 -39.8 132.1 33,32 13,81 48.01 m
.2 45,151 3367, 1.300 -13.0 190.3 33,98 13.37 43,99 Te6
o $2.165 3.509 13.7 248.7 34.60 13.3 at.10 7y
Poy 59.184 .51 40.8 307.1 35.20 13.42 38.90 808
o8 66,207 1815 DRI 385.6 3. 71 13.49 .22 833
50 73.231 3.516 9.5 s24.3 38.32 13.58 35,87 058
ss 90.769 3.503 183.0 ST1.9 37.63 13,88 33,49 94
60 108.233 3.437 21,8 720.9 36.85 14,15 31.97 e
e 125,837 . 3,468 308.2 871.0 40.00 14,55 31.04 1069
10 142,938 1076, 3,448 319.2 1022.9 41,10 15,08 30.54 1047
s 160. 109 1202+, 3.428 4s6.1 1771 s2.16 15.69 30.37 1081
80 177.192 13274, 3.408 $36.3 133443 43.19 16,42 30.44 12
. 194.218 14510, 3.389 620.4 149541 48,28 17.23 30.1¢ 1140
90 211,154 18720, 3370 108.0 1659.6 45,22 18.10 31.10 1166
95 221.908 16937, 1,381t 801.9 182728 46.22 18.59 3.61 1190
100 244,597 18114, 3.333 898.7 2000.2 41,22 19.90 3Zart 1213
0.0230 GACLE/CH® [SOCHOME
. 31.934 10.943 541.3 3,445 -158.8 -110.6 29.93 13,74 125.96 46
32 11,170 867,53 3448 ~157.9 -108.7 29.96 13,74 123.73 sen
3 14.394 97,3 3,407 ~146.2 ~19.9 30.38 13.64 92.38 57¢
3 18,095 129°. 3.520 -130.6 -50.9 30.79 13.37 15.14 603
35 21,633 1807, 3.847 -117.1 -21.8 3110 13,52 88,11 820
3 25.195 1908, 3.570 -103.6 Toe 31.54 13,40 39.64 551
37 28,102 2199, 3.580 ~90.1 3647 31.91 13.4% 34,95 e12
3 32.288 2491, 3.604 -16.7 6.0 32.29 13.42 3138 692
39 36.004 2180, 3.816 -63.3 95.3 32.64 13.39 48.51 nz
a0 39,028 307+, 3.826 -49.9 12447 32.97 13.37 46,18 130
"2 88,922 364t 3.640 -23.2 183.4 33.63 13,35 42.60 168
o $4.194 2200, 3,648 s 2602.3 34.2% 13,38 40,01 796
a8 61.491 P 3.652 30.3 301.2 34.84 13,41 38.02 825
‘8 68,789 5332, 1852 $7.2 360.3 35.42 13.49 36.49 051
s 76.087 sags. 30630 8.3 419.5 35.97 13.38 35.26 876
ss 94.303 1259. 3.637 152.9 568.3 37.28 13.87 13.07 933
50 112,432 se08. 3.619 223.8 18,0 38.51 14.17 11.66 983
et 130.491 9934, 3.398 295.3 870.1 39.66 14,57 30.80 1027
10 148.440 11243, 1577 369.4 1023.3 40,75 15.09 10.33 1066
s 156,246 12329, 3,355 446.4 1178.8 41,82 13.72 30.22 1100
0 183,982 13808, 30534 526.8 1337.2 02,05 18,48 30.31 nn
s 201.610 15070, .51 sll.1 1499.3 4300 17,27 30.60 1159
90 219,163 16312, 3492 699.6 1665.1 44,09 19,13 31.02 1184
9s 236,827 17547, 3,472 152.% 1034,3 45.8¢ 19.03 .53 1209
100 253,013 18738, 3,493 009.9 2008.0 46,89 19.93 52411 1232
s TWO-PHASE BOUNDARY
93
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VOBLE XJ. VRERMODYNAMIC PRAOPERTIES OF PARAHYCROGEN, |SOCHORES~CONT INUED

(2P/aphr @P/aTyp
TEMPERATURE  PRESSURE 1SOTHERR 1SOCHORE INTERNAL ENTHALPY ENTROPY Coy MFAT Co v HEAT VELOCITY
DERIVATIVE  DERIVATIVE ENEAGY CAPRLITY CAPACKTY OF SQUNO
DEG. KELVIN ATH CHIATI/GHOLE ATask JIGMOLE JIGNOLE J/GMOLE~K  J/GMOLE=K  J/GMOLE-K  METER/SEC
0.0235 GMOLE/CHY 150CHORE
. 31,742 10,634 8.3 3.397 -170.9 109.52 543
32 11.382 870.4 3,400 -162.4 101,41 s
33 15.137 1200. 3,643 -153.9 20.56 s99
34 18,401 1529, 3.876 -140.3 68.81 623
3 22,494 1846, 3.701 -126.9 41.10 ste
38 26.209 2187, 1.122 -113.8 FLIEN 672
37 29.940 2462, 3,139 -100.1 $1.94 693
3 33.701 2164, 3.753 -88.7 48.90 3
39 37,463 3008, 3,764 -13.3 6,44 732
.0 41,236 3368, 3,773 -40.0 44.39 150
.2 +8.800 3984, 3. 188 -33.3 .1.28 784
o 56.3719 4534, 3.792 -6.6 30.94 s
IYs 63.962 5117, 3.194 2001 37,18 344
. -8 T1.544 s69t. 3. 193 at.0 35.16 871
50 79.122 8267, 3.790 . 3a.64 295
5s 98.033 1669, 3,778 142.9 32.83 952
60 116.846 2051, 3,784 213.8 31.34 1002
s 135.%7 10409, 3.132 283.4 30.%6 1048
70 154,187 11756, 3.708 359.7 30.16 1083
123 172,643 13065, 3.609 43s.0 30.06 119
80 191.006 14372, 3.662 S17.4 10.18 1150
't 209.290 15657, 3.639 s01.9 30.49 1178
90 221,470 16924, el? 6303 30.93 1203
9 225,461 18192, 3.39¢ 7838 31,48 1223
100 263,338 19423, .37 32.08 1252
0.02+0 GMCLE/CHY [SOCHORE
* 31.532 19.303 930.1 3758 -183.3 -139.8 29.10 13.53 95,83 582
32 12.046 1L, 3113 -117.0 -126.1 29.30 13.50 £5.60 595
33 15.799 1486, 3.808 -163.% -96.8 9.1 13,44 Ti.2e 623
36 19.629 1791, 3836 -87.2 30.11 13,40 62.%6 648
3s 23.483 2110, 3.860 -31.6 30.50 13,37 56.69 o712
36 27,335 2430, 3,879 -1.8 30,48 13.35 $2.41 694
37 31,249 278, 3.498 21.9 31.26 13,34 49,17 T1e
38 35,157 3047, 3.907 s1.8 31,60 13.33 46,60 3¢
39 32,074 3377, 3.9:7 si.e 31,94 13.32 As.45 53
«0 42,990 3087, 3.928 1.5 32.20 13.31 €2.73 171
42 50.862 429%, 3.938 171.3 32.93 13.31 39,95 805
4 58,735 4397, 3.940 -16.7 231,72 33,38 13.35 31.90 836
a8 86,612 5489, 3,940 10.0 291.3 .18 13.41 36.30 a8
48 74,885 8079, 3.938 6.9 3514 34.72 13.50 35.04 a9l
$0 02,351 8861, 3.933 64,0 1.7 35.27 13.60 34,07 91s
58 101.976 aor. 3.91s 132.8 363.3 38,58 13.90 32.20 m
60 121,488 9523, 1.893 203.6 6.3 37.82 16,22 31.01 1022
65 140,905 10913, 3,068 215,68 a70.5 38,97 14.63 30,31 1066
10 160,195 12203, 3,043 350.1 1026, 4 40,07 15,13 29.96 1108
121 179.316 13831, 3.618 6274 1184.4 o114 15.79 29.%0 1139
80 198.319 16967, 3.793 sce.l 1345.3 “2.18 16,52 30,05 170
't} 217.212 1627%, 3.769 392.7 1510.0 43,21 17,34 30.38 197
90 236.092 17544, 3.748 681.4 15678.3 6.22 18.20 30.04 1223
95 2544724 18857, 3.722 T74.0 18%0.3 45,23 19.10 337 1248
100 273.241 20121, 1,699 2726 2026.2 46,23 20.01 397 1211
0.0245 GmcLEsCH® 150CHORE
* 31.301 9.949 137, .97 -195.9 -156.8 20.87 13.43 (798 1 600
12 12,669 1388, 3,944 -186.3 -134.2 28.97 13,49 73.94 620
3 16.598 1746, 3.978 -173.2 -106.3 2938 13,38 63,18 647
34 20.597 2086. 4.002 -159.8 -78.6 29.78 13.33 s7.40 812
It 26.617 2422, 4.024 ~148.8 -a4.7 30.16 13.31 32.80 898
38 28.69%) 2134, 4,041 -133.2 -14.7 30,54 13.30 49,1 n
37 32.107 081, Wit -119.9 154 30.90 13,30 46,63 37
38 36.173 3402, 4,066 -108.6 45,8 31.26 13,30 TYoes 156
39 40.047 3121, 4,074 -93.3 5.6 31.60 13.29 a2.61 178
.0 44,929 «040. 4.001 -80.0 105.8 31,94 13.29 s1.12 193
.2 53.101 As66. 4.089 -53.4 166.2 32.59 13,30 30,70 826
A 61.276 5279, 4.091 -26.8 226.8 33.21 13.34 36,09 a7
. 89.4%68 sa92, 4.090 -0.0 207.2 33,89 13.41 35,46 ses
.8 71.628 VLT %.086 26.9 37,9 43¢ 13,51 34,33 a1
50 85.190 1997, 4,080 $4.0 408.8 34,93 13.42 33,42 938
ss 106,146 [TITN 4,060 122.8 561.8 36.24 13,92 31.76 992
80 1264374 10026. 4.03% 193.0 Ti6.4 37,48 16,24 30,49 1062
ey 146,493 11449, 4.008 256.0 871.0 38.6) 16.0h 30,05 1080
10 166.478 12852, 1.901 340.5 1029.0 39,74 15.18 29,713 1125
121 186,279 14229, 3.933 418.0 11884 40.80 15.82 2%.13 1159
20 205.978 15593, 3.927 498.9 1350.9 41,88 16.%6 X T 1190
. 225.570 16924, 3.901 se3. 7 1516.8 42,08 17,37 w2t 1217
%0 245,942 18241, 3.07% s12.8 1686.2 43.89 10,24 30,75 1243
s 264,332 1957y, 3.080 T66.2 1859.4 44,90 19,14 51.29 1268
100 203.48) 20851, 3,826 866.2 2036.6 45,91 20.0% 11,90 1291

* TMO-PHASE BOUNODARY
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TABLE XI. THERMOOYNAMIC PACPERTIES OF PARANYOROGEM, [SOCHORES-CONTINUED

(?P/‘M' P/ap

TEMPERATURE PRESSURE [SOTHERN 1SOCHORE INTERNAL ENTHALPY ENTROPY Ce, HEAY Co o WEAY VELOCITY
OERIVATIVE DERIVATIVE ENERGY CAPACITY CAPAC'TY OF SOUND

DEG. KELVIN ATH CHIATHI/GMOLE ATMIR J/GHOLE J/GMOLE J/GMOLE~-K J/GMOLE-X J/GMOLE-K METER/SEC

0.0250 GNCLE/ZCH® 1SOCHORE

* 31.0%0 9,574 1349, 4,086 -208.8 -170.0 20.23 1334 620
32 13.440 Aot 4,120 -198.1 -141.7 28.63 13.31 a7
» 17,982 2072, ALLe9 -102.8 “111.7 29.04 13.28 613
3 21,721 2011, PotE -169.6 -81.53 29.44 13.26 897
3 25,911 2162, 4192 -1%6.3 -51.3 29.02 13.2¢ 7
3 30.116 3104. .. 208 -143.1 -21.0 30.19 13.26 740
3 34,338 3440. 4.220 -129.8 9.4 30.56 13.26 160
» 38,383 . 4,229 -118.5 9.8 30.91 13.27 s
39 42,800 LT a.238 -103.3 10.2 31.26 13.27 197
s 47.046 a427, 4241 -50.0 100.7 31.59 13.20 s
a2 55,533 s07n. 4,747 ~63.4 181.7 32,24 13.30 043
. 64.020 s1cn, 4247 ~16.8 22247 32.88 13.34 ars
POy 72.510 e32n, 4,204 -10.0 283.9 33.46 13.52 906
a8 80.989 6930, 4,239 16,9 34,2 34.03 13.52 932
50 89.454 1564, 231 el 406.6 36.59 13.63 957
ss 110.559 9079, 4,208 113.0 ss1.1 23.90 13.9% 1013
60 131.320 10567, .. 180 10421 nr. 3,14 14.27 1063
63 152.360 1201%. a1 2%6.4 8739 38.29 14,69 1107
10 173,052 13457, a121 3.1 1032.5 39.40 15.2¢ 1146
15 193,550 148e4. 4.092 608.8 1193.2 40,57 15.86 1180
80 213.937 16281, 4083 489.9 1357.0 a1.82 16.59 1211
s 234.201 17604, 4.018 574.9 1524.1 42,35 17,51 1238
90 254,338 18949, 4.008 s64.1 1694.9 43,57 18.28 1204
9 274.302 20317, 3.981 152.7 1869.5 44.58 19.18 1289
100 264.098 21614, 3,955 855.9 2047.9 45.59 20.09 11z

0.0255 GWCLE/CM [SOCHORE

e 30.778 9.180 1512, a.2s8 -221.9 ~185.4 27.18 13.26 68.55 639
3 10.116 1660, 5. 268 -219.0 -178.8 27.88 13.25 66.21 a6
32 142377 2054, 4299 -208.7 -148.8 28.30 13.23 $6.09 673
1 18.677 2026, 4,326 -192.5 -118.3 22.70 13.21 $2,12 699
34 23.020 2786. 4348 -179.3 -87.8 29.10 13.21 49.16 122
It 27.385 3139, 4,365 “108al -57.3 29.48 13.21 46431 744
3 31,764 3491, 4378 -152.9 -26.7 29,88 13.22 44.03 To4
37 36.1353 3836, 4389 -139.7 .0 30.22 13.23 42,19 184
38 40,550 ars. 42391 -126.4 36,7 30.57 13.28 40.66 803
¥ 44,951 4512, 4.402 -113.2 85.5 30.91 13.26 39,38 821
%0 49,361 4848. 4.406 -99.9 96.2 .25 13.26 8.22 838
02 58.177 559, 4.409 -13.3 157.8 31.90 13.29 36.39 an1
. 66.983 o156 4,407 -46.7 219.4 32.52 13.33 34,98 301
4 75.791 6800, 4.402 -19.9 231.2 33.11 13.43 33.86 928
.8 84,584 1437, 4,398 1.0 343.1 33.69 13.53 32.96 984

. 50 93.360 8066. 4386 m.2 405.2 36,24 13.65 32.23 978

: ss 115.231 9614. 4,359 1€3.3 se1.1 35.56 13.97 30 70 1036

= 60 136.942 1137, 4.320 174.4 8.6 36.80 14.30 30.03 1084
68 158.518 12627 4.290 246.9 876.8 37.96 14.72 29.%3 1128
70 179.93% 1408%. 4,268 321.8 1036.8 39.07 15.2% 29.34 167
18 201.145 1552%. 4.233 399.6 1198.9 40.14 15.89 29.38 1201
80 222,235 16944 4.20) 400.9 1364.0 41,19 16.63 29.63 1232
1 243,182 18324, 4173 s66.1 1832.4 82,22 17.45 30.03 1259
920 263.997 19694, 4143 655.5 1704.5 43.24 18.32 30.4% 12858
95 204.650 21084, w118 149.4 1689.4 44.26 19.22 sialt 1110
100 305.102 22409, 4.087 84r.8 2060.1 45,27 20.13 31.78 1323

0.0260 GMCLE/CH® 1SO( JRE

. 30,484 8.707 1882 4.439 -235.3 -201.1 21.32 13.18 €2.04 660
3 11.061 2049, 4.487 -228.5% -185.5 27.54 13.17 58.22 615
32 15.501 2448, 4480 -215.3 -1%4.9 27.96 13.16 $2.59 701
13 19.994 2838, 4.510 -202.2 ~124.3 28.37 13.18 48,60 126
3 24.513 3195. 1329 -189.0 -93.3 28.76 13.16 as.a8 748
T 29.057 1584, 4,543 -175.8 ~62.6 29.14 13.17 A3.60 169
3 33.614 3918, 4.554 “162.7 -3t 29.51 13.19 a7 189
37 38.178 a210. 4.56) -149.5 0.1 29.81 13.21 40,2 809
3 02,747 819, 4.369 ~138.2 30.3 30.23 13.23 30.9" 821
% 47.319 PYTTS 4,573 -123.0 81.% 30.37 13.24 27.47 845
0 51.899 s308. 4.5T3 -109.8 92.% 30.91 13.26 36.90 862
.2 61.049 39S, 4,575 -83.2 154.7 n.ss 13.30 35.31 894
. 70.182 6649, 4.571 -56.8 216.9 32,117 13,38 34.08 923
a6 79.318 7308, 4,564 -29.7 2719.4 52,11 13,44 33.09 951
a8 88.432 7961. 4,588 2.8 341.9 33.38 13.58 32.30 art
50 97.526 8604. 4,544 4.5 404,53 33.90 13.87 .68 1001
35 120.180 10188, POTTE: 3.6 562.0 35.22 14.00 30.48 1058
0 142,687 1737, 4.480 164.9 120.9 36.48 14.33 29.71 1106
s 164.987 13260, 4. 446 211.6 880.6 37.62 14.73 29.27 1150
10 187163 14758, aasll M2.6 1042.0 38.74 15.29 29.12 1189
15 209.081 16226. 4379 390.6 1205.5 39.91 15.93 29.21 1223
80 230.088 17873, 4148 at2.1 1171.9 40.06 16.67 29.48 1293
85 252.531 19078, POETE! 387.5 1541.6 41.90 17.49 29.91 1281
90 274,039 20478, s.201 sa7.1 111801 62,92 18.36 30446 1306
s 295,392 21890, 4,251 81,2 1892.3 43.94 19.27 31.02 1331
100 36.51) 23239, 4.221 019.8 2073.3 44,98 20.18 .87 1354
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VABLE XI. THERMOOYNANIC PROPERTiES OF PARAHYOROGEN, [SOCHORES-CONT IMUED

/3
TENPERATURE PRESSURE mmll I&'&E INTERANAL ENTHALPY ENTROPY Co, HEAT G, near VELOCITY
OERIVAVIVE DERIVATLVE ENERGY CAPACLTY CAPACITY OF SOUND
0€G. NELVIN ATR CHIATN/GNOLE AtA/K J/6r0LE J/GRCLE J/GMOLE-K J/GMOLE-X J/6MOLE-K METER/SEC

0.0263 GuoLescu? 1socrone
. 30.168 .39

-248.3 -217.0 13.10 $6.50 082
n 12,172 -238.0 -191.8 13.10 $2.10 104
32 16.032 -224.9 -160.8 13.10 4811 730
3 21.922 -211.0 -129.8 13.11 45,13 54
34 26,222 -196.7 -98.4 13.12 43.02 178
3 30.948 -198.6 -67.2 13,14 41.23 196
3¢ 35,607 -172.4 ~36.0 13.17 39.73 us
37 40.430 -1%9.2 -4.6 13.20 38048 034
3 as.178 -146.0 26417 13.22 ¥M.4i 852
39 49.922 -132.8 sa.1 13,24 36.48 889
.0 $4.07% -119.8 9.5 13.26 35.66 08
a2 o4, 168 -93.0 152.4 31.21 13.30 34.29 s
" 73.639 -66.3 218.2 31.03 13.37 33.22 97
P 83,108 -39.3 270.3 32,43 13,56 32,36 974
. a8 92.551 -12.3 38,4 33,01 13,57 3i.86 1000
50 101.970 14,0 404.7 33.%8 13.69 31.09 1024
s 125.420 0.l 583.6 3e.88 14.02 30,06 1079
.0 148,888 155.5 124.0 36.13 14.36 29.38 1128
&8 171,708 226.4 08s.2 37.29 14,79 29.01 urz
70 194.6% 303.6 1048.0 30041 15.32 28.91 1211
2 211,377 ol.e 1212.9 39.49 15.97 29.0 1245
%0 239.914 18838, 4634 1380.8 20.54 16.11 29.33 1278
as 202.267 19871. 549.0 1551.8 41.58 17.33 29.78 1303
0 284.403 21304, 830.9 1726.6 42.80 18,61 30.32 1328
9% 306.546 2212, 133.1 1905.2 43,62 19.31 30.93 1353
100 328.347 24104, 832.0 2087.4 44,84 20.22 .58 1376
0.0270 GMCLE/CHY ISOCHORE
. 29.829 T.897 2068, -233.2 28.37 13.03 £2.00 703
30 8.718 2518, -221.8 26.45 13.03 51.20 708
31 13,330 2960, -196.8 26.87 13.04 o7.27 134
32 18,394 3307, -165.5 27.29 13.08 44.40 759
3 23.203 3769, -134.1 21.09 13.07 a2.18 182
3 20,167 al142, -102.6 20,08 13.09 40.51 003
3 33.080 Asis. -71.1 20,46 13.12 39.10 023
36 38,004 a894, -39.8 20.83 13.18 37.89 842
37 A2.931 S264. -1.8 29.19 13.18 36.86 860
38 47,85 5629, 23.9 29.54 13.21 35.97 a7
39 22,781 $990. $s.6 29.09 13.24 35.19 895
40 57.712 6348, 8.3 30.22 13.26 34.%0 911
42 67.558 10%6. 150.8 30.87 13.31 33.33 942
Py 1730 1788, 214.3 31.49 13,38 32,39 o
48 87,117 8442, 218.0 32,09 13.47 3.6 998
o8 96.962 s123. 1.8 32.67 13,58 31.04 1024
50 106.713 9797, 408.7 33.22 13.71 30.55 1087
s 11649, s6e.2 3:.58 14.08 29.68 1102
60 13063, 120.1 35.79 14.39 29.06 1151
o8 178.930 14652, 820.7 3¢.96 14,82 20,75 1195
10 202.611 16206. 1035.0 38.08 15.36 28.10 1234
123 226.082 17742, 1221.4 39.16 16.01 28.85 1268
80 2+9.332 19241, 1390.56 %0.22 16.75 2%.18 1298
It 272,409 20707, 4.601 340.7 1863.8 41.26 17.57 29.85 1323
90 298,351 22178, 4363 630.7 1739.1 42,26 18,45 30.20 1351
o3 318,129 23610, 4,830 128.2 1919.1 43,31 19.36 30.83 1373
100 340,623 2500, 4,493 224.3 2102.6 44032 20.27 31.%0 1338
0.027s omoLescu? 1socHORE
. 29.466 7.442 2820, 5.009 -276.9 -249.5 25.80 12.96 47.99 128
30 10.115 3087, 5,028 ~270.0 -232.7 26.11 12.97 46.17 40
3n 15.140 3488, £.051 -2s1.0 -201.2 26.56 12,99 43,38 763
32 2¢.208 e, 5.¢v0 -244.0 -169.6 26.95 13.01 41.30 788
33 23,298 a301. 5,585 -231.0 -137.8 27.35 13.04 39.62 s10
34 30.371 asue, 5,096 -2ty -106.0 27.74 13.07 30.22 an
s 35,474 s0e. s.103 ~2¢4.9 -7%.2 28.12 13.10 37.20 8%0
3 40.508 sas0, s.107 -181.7 -42.2 20,49 13,14 36.23 869
37 45.701 se21. 5,109 -178.6 -10.2 28.853 13.18 1539 se7
30 50.811 6200. s -.65.4 1.8 29.20 13.21 34,85 90s
30 $5.919 s360. 5.108 -152.2 53.9 29.54 13.24 34.00 921
+0 61.031 4933, .06 -138.9 86.0 29.08 13.26 33,41 937
.2 71.231 Te%6. s.097 -i12.3 150.1 30.53 13.32 3z2.42 988
P 71, s.088 -85.6 21s.3 31.15 13.40 31.61 498
PO 9072. s.0r2 -s8.7 218,68 31,75 13.%0 30.97 1023
8 909, s.0%6 =318 3.1 32.33 13.61 30.48 1048
50 104%6. 5,040 4.2 407.8 32.88 13,74 30.02 1072
55 12139. 4,998 635.3 569.7 3e.21 14.08 29.23 1128
50 13786. 4.954 137.1 133.1 35.46 18.43 2074 s
Pt 15408. a9 210.3 897.2 36.63 14.86 28.49 1219
m 16991, .86 285.9 1063.0 31,75 15,40 '3.49 1257
1s ressa. e 820 364,85 1230.8 38,84 16,05 20,67 1291
80 20084, 4. 2t9 4465 1401 .4 39.99 16,79 29.03 1321
o5 21506, 4. 750 5323 1575.2 40,94 17.62 29.52 1348
90 21096, AT 622.9 17%2.7 s1.97 18.49 30.09 1374
b 24524, ‘878 7.8 1934.0 42.99 19.40 30,75 1398
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TABLE X1. THERMODYNAMIC PRCPURTIES OF PARAHYOROGEN. ISOCHORES-CONTINUED

(2P/p)r P3Ny
TEMPERATURE PRESSURE LSOTHERR 1SUCHORE INTERNAL ENTHALPY ENTROPY S, MEAT Co, wEAT VELOCETY
DERIVATIVE DERIVATIVE ENERGY CAPACTTY CAPACITY 0F SOUND
0EG. XELVIN AR CHIATM/GMOLE ATH/K J/GHOLE J/GROLE 3/GROLE-K J/7GMOLE-K J/GMOLE-X METER/ SEC

0.0280 GMCLE/CH® I1SOCHORE

. 29.080 6.980 3229, 5.212 ~266.0 25.37 12.90 44,52 Te8
30 11.78) 3628, 5.237 ~236.9 25.17 12.92 42.23 ST
31 17.02¢ 4081, 5.258 -204.9 26.20 12.94 40.22 798
32 22.293 4TS5, 5.274 -172.8 26.61 12.98 3s.68 819
33 27.59? 4881. 5.205 ~-140.7 27.01 13.04 37.42 840
34 32.859 5215, 5.292 -108.56 27.40 13.05 36.36 860
35 38.1%5 566C. 5.2°7 ~76.3 21.73 13.09 35.49 879
36 43.482 6054, 5.299 ~44,0 28.15 13.14 Je.TY n9?
37 48,766 6438. 5.299 -11.7 28,51 13,18 34,03 94
38 54,064 £818. 5.297 20.7 28.30 13.22 33.43 931
39 59,357 7193, 5,294 53.1 29.20 13.2% y2.88 947
40 64,853 7564, 5.289 5.3 29.54 13.27 32.40 963
42 75.218 8300. 5.278 150.4 30.'9 13,34 31.5% 993
4 85.749 9032, 5,264 215.2 30.81 13.42 30.86 1022
L] 96.256 9746. 5.248 280.2 31.41 13.%2 30.32 1048
48 106.738 10457, 5.231 345.3 31.99 13,54 29.87 1073
50 17.178 11158, 5.213 410.5 32,55 13.77 29.%51 109
EL] 143.132 t2873, 5.186 S74.1 33.88 14,12 28.85% 115%0
60 168.337 14552, 5.1:9 739.1 35.13 14,46 28.42 1199
63 194,345 16204, 5.073 704.8 36.30 14,90 28.24 1243
10 219.609 17813, 5.028 1072.0 37.43 15.44 28.28 1281
75 246,617 19415, 4.985 1241.2 38.51 16.09 28.49 1315
80 269.423 2C948. 4. 942 1413.3 39.57 16.83 28.84 1345
85 294.004 22514, 4.901 1588.4 40.62 17.606 29.38 1212
%0 318.456 24071, 4. 861 615.0 1767.4 41,65 18.54 29.96 1398
95 342,681 254600, 4.0822 T10.0 15%0.0 42,68 19.45 30.65% 1421

0.0283 GP-CI.EIC!’ 1SOULHORE

= 28,668 6.509 3697, 5.419 -3¢%. ) ~282.8 24.83% 12.84 41.24 73
29 8.317 3836, 5.428 =301.6 -272.1 25.00 12.83 40.63 781
30 13.751 425>, S.431 ~208.8 =-239.9 23.43 12.87 39.02 805
31 19.209 4680, 5.463 ~-275.9 ~207.6 25.86 12.91 37.57 azs
32 2+.691 51C4. 5.480 -262.9 -175.2 26.27 12.96 36,44 849
33 30.187 551). S.488 -250.0 -142.6 26.87 13.00 35.49 o0
34 35.654 $S17V. $5.492 -236.9 ~110.2 27.0% 13.04 34.67 29
3s 4l.148 6314, 5.494 =223.9 ~77.6 27.43 13,09 33.96 907
36 46.650 670%. S.494 -210.9 ~44.9 27.80 13.14 3334 928
a7 32,147 T09%. S.491 -197.6 -12.2 28,16 13.18 32,79 962
38 57.637 T48%, S.488 =184.4 20.5 28,52 13.23 32.30 958
39 63.120 7867, S.483 -11.2 53.3 23.86 13.26 31.8% S71%
40 68.602 824", ScAl?7 -157.9 86.0 29.20 13.29 31.45 99D
2 79.540 8993, 5. 402 -131.2 151.5 29.85 13.36 30.74 1020
44 90.440 9739, S.44% ~104.4 217.1 30.47 13.44 30.15 1048
46 101.307 10486, 5.427 -17.4 282.7 31.07 13,55 29.69 1074
48 112,148 11191, 5,408 -50.2 3648.% 31.65 13.67 29.32 1098
50 1<2.940 1190°%. 5.3088 ~22.8 414.3 32.21 13,89 29.01 1122
55 169,761 13651, 5.338 at-1 579.5 33.54 14,18 28,47 117%
60 176,314 15361, S.287 119.2 745.1 34.80 14,30 28412 1224
65 202.63%6 1704™, 5.238 192.8 913.3 35.98 1,92 27.99 1267
10 228.734 1858%. S.191 268.8 1082.0 37.0 15.48 28.07 1305
75 254.548 20314, S.164 347.8 12%2.7 30.19 16.13 28.32 1339
80 260.137 21891, 3.100 430.3 1426.2 39.26 16.88 28.73 1349
as 305.503 23490V, 54058 T16.7 1802.8 40.30 17.70 29.24 1397
90 330.747 251Ca. 5.014 607.4 1783.3 41.34 18.59 29.83 1423

0.0290 C-F'CI.EIU‘l I1SOCHORE

. 28.229 6.033 4LTA, 9.625% -320.8 ~299.7 24.31 12.717 38,54 7%
29 16.400 4506, 5.643 -310.9 -2TA.6 24.86 12.80 37.52 815
30 16.046 4934, 5.66% -298.1 -242.0 25.09 12.84 36.35 838
31 2i.721 3369, S.879 -285.2 -209.3 25.51 12.89 35.32 860
32 27.412 5787, 5,688 ~272.3 -176.5 25.92 12.94 34,49 881
33 33.111 6194, 5.633 ~299.3 ~143.6 26,32 12.99 33.79 %00
34 38.784 s6l1, 5.895 -246.3 -110.8 26.71 13.04 33.14 iy
33 44,478 101%. 5.693 -233.3 =77.9 27.09 13,09 32.5%9 937
36 50.178 TelY, 5.692 -220.1 ~64.9 27.46 13.14 32.1¢ 9tn
3 55.812 7809, $.608 -2C1.0 -11.8 27.82 13.19 31.66 971
30 61.557 820%. 5,682 -193.9 21.3 268.17 13,24 31.26 987
39 67.233 8591, 54675 ~180.5% S4.4 28.52 13.27 30.89 1002
40 72.904 8971, 3.668 ~167.2 81.5 28.0% 13.31 30.5¢6 1018
42 84,219 9734, 3.650 -140.3 153.7 29.50 13.38 29.97 1047
o4 95.497 1049%. 5.630 -113.7 220.0 30.13 13.47 29.49 1079
46 106,721 1123%. 5.61C ~86.8 286.3 30.73 13.57 29.10 1100
48 117.937 1197>. 5.588 ~59.4 352.7 31,31 13.70 20.78 1124
30 129.089 12699, S.366 ~31.8 419.2 31.87 13.83 20.53 1147
S5 156.791 14477, 3.%512 38.2 58:.0 33.21 14.17 28.09 1200
60 184,208 1822, 3,458 113.5 154.2 34,47 14,54 27.81 1249
65 211.400 11939, 5,408 104.3 922.9 35.65% 14.97 27.74 1292
10 238.30% 1960, 5.3%6 260.5 193.1 36.78 15.52 27.86 1330
bid 264,538 212%6. 3.308 339.7 126%.3 37.87 16.17 28,15 1364
80 291.324 22862. 5.262 422.4 1440.2 38.94 18.92 20.59 1393
a5 317.50¢ 24526, $.217 509.0 1618.4 39,99 17.71% 29.11 1422
90 343.571 26202, 5.173 8C0.C 1800. ¢ 41.03 12.63 22.M 1449
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TABLE X1. THERMODYNAMIC PRCPERTIES OF PARAHYDROGEN, 1SOCHORES ~CONT INVED

(2P/3)y 3P/,
TENPERATURE  PRESSURE ISOTHERM 1SOCRORE INTERNAL ENTNALPY ENTROPY Gy HEAT Co » MEAT VELOCITY
OERIVATIVE  DERIVATIVC ENERGY CAPACITY CAPACITY OF SOUND
DEG. KELVIN ATH CHIATM/GMOL E ATH/X JIGHOLE J/GROLE JIGNOLE-K  J/GMOLE-K  J/GMOLE-K  METER/SEC
0.0295 GHCLEZCHY [SICHORE
. 27,764 5.48¢ 4692, s.887 -33s.8 -316.8 23,7 12,11 36.26 823
28 6.9%0 4796, 5.853 -332,8 ~309.0 23.87 12.72 356.01 826
29 12.833 5233, 5,813 -320.1 -276.0 24.32 12,77 35.01 849
30 18.69% 5672, 5,806 -307.3 -243.1 24.78 12.02 34.18 872
31 24,587 6103, 5.893 ~294.5 ~210.0 25.17 12.87 33,82 893
32 30.487 6525, 5.899 ~281.6 -176.8 25.58 12.93 32.80 $12
33 364391 6934, 5.901 -268.6 -143.6 25.98 12,98 32,28 931
3¢ 2,274 7360. 5.900 -255.6 ~110.4 26.37 13,04 3178 949
18 48.172 1769. 5.897 ~242.5 -17.1 26,78 13.10 1.3 a7
36 54.072 arr3, 5.892 ~229.4 -43.7 21,12 13.15 30.95 983
37 59,965 asra, 5,805 -216.2 -10.3 27,48 13.21 30.61 999
I 65.849 ITIEN 5.879 -203.0 23.2 27.83 13.23 30.79 1015
39 71.720 9367, 5,869 -189.7 58.6 28.18 13.29 29.99 1031
40 77.58¢ 9754, 5.860 -176.4 20.1 28,51 13.33 29.72 1046
.2 89,233 10s28. 5.840 -149.7 157.0 29.18 13.40 29.2% 1074
48 100.944 11302, 5.818 -122.8 223.9 29.79 13.49 28.84 1102
4 112,551 12034, 5.796 -95.7 290.9 30.40 13.60 28.53 1127
.8 124,128 12002, 5.773 -68.3 358.0 30.98 13.73 28.20 t1s51
50 135,647 13543, s. 749 -40.7 #25.2 31,54 13.87 28,07 1174
55 164,246 13350, $.691 29.5 593.¢ 32,88 14,22 21.73 1226
&0 192.542 17124, $.633 1€2.0 763.3 34.14 14.58 21.52 1275
5 220,599 18869, 5,577 115.9 933.8 35,32 15.02 27.49 1318
10 248,345 20%8%, 5,523 252.3 110%.3 36.46 15.% 21,65 1355
5 275.811 22247, 5,471 3.7 1279.1 37,58 16.22 21.97 1389
50 303.006 2387¢. $.420 ale.7 14554 38,62 16.97 28,43 1418
85 330.040 25620, s.370 5¢1.5 1635.1 39.67 17.80 27,94 1447
0.0300 GmoLE/cH? [SOCHORE
. 27.270 5,077 s2ev. 6.060 ~351.2 -334.0 23.19 12.64 34.06 (1Y
28 9.543 3584, 6.07s -341.9 -309.7 23,53 12.60 33,53 861
29 15,645 60za. 6.093 -329.2 -276.4 23,97 12.7¢ 32.86 8384
30 21.727 646w, 6.104 -316.4 ~243.1 24461 12,80 32.26 905
3 27,835 6a9n. 6.110 -303.6 -209.6 24,83 12.8¢ 31,75 923
32 33,946 1320, 6.112 -290.7 -176.1 25.24 12.93 31.31 944
3 40.05% 7. 6111 -277.8 -142.5 25.64 12,90 30.93 962
34 46,133 s1a%, 6.108 -264.7 -108.9 26,02 13.08 30.54 980
38 52.257 as8n, 6,102 -251.7 -75.2 26.40 13.11 30.21 997
38 58,380 8987, 6,095 -238.5 ~4l.4 26.17 13.17 29.92 1013
7 64,824 9391, 6.087 ~225.3 ~T.6 27014 13.22 29.66 1029
38 70.529 9790, 6,078 -212.1 26.2 27,49 13,27 29.40 1044
39 76.809 10i%e. 6,068 -198.8 60.0 27.03 13.31 29.16 1060
%0 82,658 10891, 6,057 -185.3 9.7 28.17 13.35 28,95 1074
%2 94.7%6 1137¢, 6,034 -158.7 181.4 28.82 13.43 28.56 1103
o 106,807 12160, 6.009 -131,7 229.0 29445 13.52 29.23 1130
PO 118.793 12924, <.984 -104.6 296.7 30.06 13.64 Jie98 1155
“8 130.748 13688, 5,359 -17.2 36404 30.64 13.77 21.79 17e
$0 142,640 14837, 5.935 ~49.3 432.3 .21 13.90 27.53 1200
55 172.149 16274. 5.871 20.9 802.3 32.55 14,26 21.37 1253
60 201.340 18079, 5.510 93¢ 17300 33.81 18.62 21.23 1301
65 230.2717 IETEAN 5. 151 167.8 9453 33,00 i5.06 21.25 1364
70 258.077 21578, s.695 234.6 118.7 35,14 15.61 27.45 1381
75 287.188 23271, 5 64l 324.0 1294.0 37.23 16.26 27.81 1414
80 315.207 24934, $.589 40T.2 1471.8 38,31 17.01 28.30 1644
35 343,138 26777, 5,538 494.3 1633.2 39.36 17.85 28.80 1474
0.0305 GMOLE/CH® [SOCHORE
. 26.747 4.603 se1e, 6.29% ~366.7 -351.4 22.61 12,57 32.09 a1
27 6.210 a02n, 6.299 ~363.5 -342.9 22.13 12,39 31.78 877
28 12.545 s43%, 6.314 -350.9 ~309.2 23.19 12.66 31.55 a9
29 18.867 6aTs, 6.322 -330.2 -275.6 23.63 12.73 31.09 919
30 25.113 1324, 6.327 -325.5 -241.8 24.08 12.79 30.65 919
31 31,493 1751. 6.327 -312.6 -200.0 24.48 12.86 30.30 9sa
32 37.817 8175, 6.325 -299.8 ~174.1 24,89 12.93 29.99 96
33 4¢.133 8590, 6.321 -286.8 ~140.2 2%5.29 12.99 29.11 998
34 50.449 9028, 5,315 ~273.8 ~106.2 25,68 13.06 29,62 1081
38 56.761 94a8, 6.307 -260.7 -12.1 26.06 13,12 29.17 1027
36 £3.069 9860, 6.298 ~247.3 -38.0 26.43 13.18 z0.96 1043
37 69.367 10269, s.288 ~234.3 -3.9 26.19 13.24 28.76 1059
38 75,655 10680. 6.278 -221.0 30.3 27,15 13.30 28.57 1074
19 81.927 11084, 6.266 -207.7 644 27.49 13.34 28.39 1089
40 88.18) 11487, 6,254 ~194.4 98.6 27,03 13,38 28.22 1103
42 100,667 12277, 6,230 ~167.5 166.9 28.49 13,46 27.92 1n
Py 113.113 13077, 6,204 ~140.5 235.3 29.11 13,58 27,85 1158
PO 125.483 13847, 6.177 -113.3 303.s 29.72 13.67 21.47 1183
P 137.821 14617, 6.1%0 -85.8 312.0 30.31 13.00 21.33 1206
50 150,093 15387, 6.124 -%8.1 440.6 30.87 13.94 27,21 1229
s5 180.528 17240, 6.057 12.5 612.2 32,22 14.30 2:.04 1290
60 210.829 19004, 5.991 5.4 708.2 33,49 14,66 26,95 1328
&5 240.4%9 2088, $.927 159.8 938.6 34,88 15,10 21.01 1370
70 269,927 22631, 5,804 236.8 11333 35 82 15.65 21.23 1607
s 299,092 24380, 5,803 316.3 1310.1 36.92 156,31 27.61 1439
80 327.930 26047, 5,742 399.9 1489.¢ 37.99 17.08 2e.10 1448

* TWO-PHASE BOUNDARY
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TABLE Xxl. THERMOOVYNAMIC PRCPERTIES OF PARAHYOROGEN, ISOCHORES-CONVIMUED

(2P/3p) (2P/aT)
TEMPERATURE PRESSURE 1SOTHERM 1SOCHORE INTERNAL ENTHALPY ENTROPY Gy MEAT Co, near VELOC(TY
DERIVATIVE  DERIVATIVE ENERGY CAPACITY CAPACETY OF SOUND
0EG. KELVIN ATH CHIATHIGHOLE AT/ J/GPOLE J/GAOLE J/GMOLE-K  J/GMOLE~K  J/GMOLE-K  METER/SEC
0.0310 GMCLE/CHY 1SOCHORE
. 26,194 4137 eset, 6,513 -302.8 -369.0 22.00 12.0 208
21 9,444 6921, 5.528 -312.4 -361.% 22.38 12,50 913
20 15.988 1349, 64539 -359,8 ~307.5 22.84 12,64 933
29 22.531 1789, 6.544 -347,1 -213.8 23.29 12.12 983
30 29.061 824", 6.546 “334.4 ~239.4 23.12 12.19 973
n 35.597 a86n. 6,544 -321.5 -205.2 26,16 12.86 91
2 42.131 9091. 6.340 ~308.6 -170.9 24,58 12.9¢ 1009
33 48.635 9511, 6,931 -295.1 -136.6 26,93 13.00 1026
3 $5.191 9951 6.328 ~282.6 -102.2 25,3 13.07 1043
35 51,715 1032%. 8,516 -269.3 -67.8 2%.12 13.14 1059
36 3.229 10791, 6,508 -2%6.4 -33.3 26.09 13.20 107+
' 14,733 11204, 6.494 -243.1 1.1 26.45 13.26 1089
8 81,229 11e1e9, 6.482 -229.8 8.7 26.20 13,32 1104
39 87.703 12028. 5.489 -216.% 10.2 27.18 13.36 119
40 94.160 12632, 6,436 -203.1 104.7 21. 9 13.40 1133
.2 107.043 13236, 8.429 -176.2 113.7 20,18 13.49 1161
Y 119.889 14039, 6.401 -149.1 262,17 28.18 13.59 1187
a6 132,549 14826, 8,372 ~121.9 311.7 29,39 13.70 1211
« 145,374 15605, 8,343 -94.3 380.9 29.97 13,86 1238
so 158.031 16382, 6.315 -66.9 450.0 30,54 13,97 1257
ss 189.+08 18278, 6,244 .3 823.4 31.89 14234 1308
60 220.433 20142, 6,172 M4 197.9 33.18 14.70 1355
85 251.189 21965, 6,106 152.2 972.9 34.38 1518 1207
10 281.519 23744, 6.039 229.1 1149,2 35.50 15.70 1434
5 311.546 25413, 5.974 309.2 1321.8 36.60 16.36 1465
80 3a1.2%8 27198, 5.910 392.8 1508.2 37.48 17.12 1494
0.03i5 GMCLE/CHY ISOCHORE
* 25,608 3.680 123t 6,743 -398.5 -386.7 21.38 12.46 2873 920
28 6.349 1461, 6.749 -393.8 -313.2 21.57 12.47 28.68 929
27 13,145 1894, 6.760 -381.1 -338.8 22.04 12,52 28.32 949
28 19.905 8328, 6,766 -368.8 -304.5 22.50 12.64 20.3 969
29 26.667 8167, 8,768 -355.9 -210.1 22.94 12.72 »8.19 988
30 33.423 9219. 6.766 -343.1 -235.6 23.37 12.79 IR 1007
n 40.172 9843, 8.762 -330.3 -201.1 23.19 12.87 21.98 1023
32 46,919 10671, 6.755 ~317.4 -166.4 24.20 12.9% 21,15 1042
33 $3.654 10497. 6.746 ~304.4 -131.8 24.60 13.02 21,63 1038
3 60.410 10938, 6.138 ~291.3 -97.0 24.99 13.09 21,30 1078
35 67.147 11363, 6. 728 -278.2 -62.2 25.37 13.16 21.30 1090
36 13.870 11782, 6,713 -265.0 -21.4 25,74 13.22 21.29 108
37 86,581 12198, 6. 701 -251.8 1.4 23,11 13.29 21.19 1120
38 87.285 12618, 6,607 -238.6 .2.3 26.48 13.3% 21.10 1138
39 93.985 13031, 6.613 -225.1 1.2 26.81 13.3%¢ 27.00 1149
a0 100.626 13064, 6.659 -211.7 112.0 27.18% 13,43 26.91 1163
a2 113,912 14253, 6.639 ~184.7 18t.7 21.81 13.82 26.73 1190
. 127182 13063 &.600 -157.6 254.8 28.44 13.62 26.61 1218
.8 140.319 15881, 6.570 -130.2 3212 29.08 13.74 2652 1261
.8 153,438 16640, 6.539 -102.8 391.0 29.64 13,87 26446 1263
50 [68,486 17434, 6.509 -14.7 ak0.8 30.21 26.42 128%
35 98.81% 19360, 8,433 -3.7 635.8 31.56 14.38 26.39 1336
a0 ©30.779 21257, 6.33% 69.6 811.9 32.84 14.74 26.40 1383
ey 162,432 23091, 6.286 14404 988.6 34.03 15.19 26.5% 1624
10 293.6%0 2490%. 6.213 221.7 1166.4 35.18 15,73 26.83 1460
15 324.572 26647, b.14% 3c2.1 1348.1 36.29 16,43 .27 1492
0.032C GMCLE/CH® SCLHORE
. 24.908 3.237 803« 5.970 -41e.0 -404.5 22,13 12.37 21.32 944
25 3.327 8041, 6.970 -414.8 -404.1 20.73 12.37 21.32 %s
28 10.337 as0r. 5,983 -402.2 -369.% 21.22 12,44 21.21 Ses
21 17.349 29317, 6,990 -389.7 -3134.8 21.29 12.9% 21.16 96
28 242327 93177, 6.992 -n1a -300." 22.18 12.43 21.09 1008
29 31.30% 981n, 6.990 ~384.4 -26%.3 22.%9 12.72 21.91 1023
30 38.290 1026, 6.986 -381.7 -230.¢ 23.03 12.80 26.92 1041
3 £5.251 10684, 6,979 -338.8 -19%.6 23.48 12.88 26.08 1058
32 $2.213 11114, 6.970 -325.9 -160.6 23.88 12,96 26.30 1078
33 59.163 L154n, 6,960 -312.9 -123.6 26.26 13.04 26,13 1091
e 66.137 11987, 6.949 ~299.8 -90.¢ 26.63 13.11 26.67 1107
35 73,088 128, 6.938 -206.7 -55.3 23.03 13.18 26.60 1122
38 80.022 1288, 6.923 -213.8 -20.1 25,40 13.2% 26 .35 1137
1% 8¢.961 13258 5.909 -260.2 15.1 25.77 13.31 26,50 1151
i 93.8%6 13677, Pt -246.9 $0.3 26.12 13.37 26,40 i166
39 100. 744 14094, . 380 -213.8 85,5 26,41 13.42 26,38 1180
40 107.611 1510, 5,865 -220.0 120.7 26.81 13.46 26.32 1196
.2 121.308 15397, 6,836 -193.0 191.1 27.417 13,58 26.2. 1221
. 134,962 16148, 5,802 -165.8 261.5 28.10 13.8% 26.13 1248
.6 148,520 16983, 6.770 -138.4 331.9 28.71 1.7 76.08 1270
.8 162,032 17740, s.130 -110.7 «02.4 29.30 13.91 26.06 1293
50 175,677 18547, 6. 106 -n2,7 12,8 29,01 14,05 26.03 118
5% 208,177 20490, 6.626 NTR 549.5 31,23 14.42 26.00 1368
6 261,694 22414, 6.547 62,0 827.3 32,51 18,19 2.1a 1411
6% 274,276 242084, 6.470 137.1 100%.3 33.71 15.24 26.33 1482
70 306.437 26127, 6.39) 214.8 1184,9 36 008 15.80 26.64 1480
"™ 330196 £78%9, 6,317 295.3 1366.1 35.97 16,07 2° a0 1518

* TMO-PHASE SOUNDARY




TERPERATURE
OEG. xELvin

0.0328 Gﬁfttlt!‘

¢ 24,336

0.0330 GrcLEscnd suemar

* 2).642

0.09)3% GMCLE/CHM

¢ 22.912

.

23

23
26
P4
6
27
20
e
30
3
32

PRESSURE

ATn

2.812
1.62%
14,061

206.723%
9.als

2.408
5.0%9
12.500
19.9%9¢
213
26020
a2.240
s
97.0%8
64,451
T1.039
19.24)
08.02%
93.90¢
101.32s
i08.80%
1is.9n
123.261
137.78%
1%2.2%7
166,534
180.940
19%.201
235479
265.337
299.50%
V3. 860

2.026
2.600
10,320
17,98¢
£3.65%8
33,314
4N.9%9
43.59¢
34,244
83.4%0
Ti.a0l
19.013
86,808
94,204
101.05%9
109,41}
116,988
124,483
L3l.3e9
188.53"
ist.ale
176,807
1"7i.0217
i7%.990
262.21%
218,119
113,944
36,560

I -PHAE AOUNDARY

1SOCHORE

1S0CHORE

TABLE 1. THERMODYNAMIC PRCPERTIES OF PARAHYDROGEN,

P/ Ap)y
1SOTHERN
OERIVATIVE
CuIaru/omoLE

10623,
1C66n,
1hle,
11604,
1203,
12487,
1290+,
13349,
SRR AN
1621y,
14457,
1509,
15310,
1994c,
18377,
18504,
17231,
17854,
1808»,
199130,
197,90,
20300,
21402,
22229,
24280,
26210,
28192,
joizr.

an,

4
1S0CHORE
OERIVATIVE

ATA/X

1.183%
Tel9e
1,207
T.213
Te214
Te2lt
1.208
Tal9?
T
1.471s
.16
T. 149
T.13%
7120
7.104
1.Ce0
To0n
1.839
1.006
8.972
4,938
40905
6,821
4,739
8,497
6,517

Y. 401
T.409
T.42¢
T.43)
T.437
T.ntb
T.431
1.424
Toala
1.40)
'o 991
.31y
1,382
T.a?
.
1318
1.290
1.281
T.247
1,212
Talle
Todel
T.104
T.C010
5,931
A, 8408
6,762

1.7
T.009
T.83})
T.800
1.6%
T.a%8
T.4%8
1.83%0
T.682
1.632
Tohdt
T.804
1.%¢2
.97
1.5960
T.540
r.szr
7.5%09
7.47]
T.49%
T.ei9
T.342
T. 568
74308
LX)
Tty
LRI 1)
6,991

INTERNAL

ENERGY

2/GPOLE

43142
-423).0
~410.4
-398.1
~363.8
-372.8
-3¢0.2
~340.2
-3
-321.2
~3C8,2
~29%.0
-281.1
~268.4
-25%.1
241,08
~229.2
-201.1
“173.9
-l48,)
~1i8.%
=90.9%
=19, 1

Seo 7
129.9
¢

“Aa7.8
R LR PX Y
~43.t
~sl0.7
~4Ce. \
~363.7
-38t.0
-3en,2
-19%,)
=342,4
=329.4
-3le6.2
=031
~289.4
~218.9%
-263.1
~208.0
236}
209.0
R LIFY Y
-154,0
~t26.2
-98.1

1231
21,1

~454,6
~443.%
-4%1.3
-419.

-428.17
-ela,2
-4C1.8

1K)

ENTHALPY

J/6mert

-498,4
-65% .4
-420.1
-388.4
~389,1
-313.8
AR
=241
=206,0
=170.1
1382
-98.1
-8l.9
-2%.7
10.*
L1
8).0
[RE DY,
19%.¢
227,80
100.}
V2.t
LT
ARRRYY
57%.¢
881.9
1CAs .0
1289,

1SOCHORES -CONT INUED

ENIROPY

J76mCLE -

¢0.08
20439
20.37
21438
21,80
22,28
2¢.68
*1.10
23.91
23.9)
24,31
24,89
25,08
25.42
2%.78
26.1)
26.41
21.1)
21,27
28.18
28.92
29,54
0.9
3T,
.9
34,99

19,3
19,54
20,04
29.5)
J1.00
2l.ae
21.90
22,34
22,18
23). 17
2).97
2).96
24,34
24,172
729,08
5.4
2%.79
26.1)
26. 19
27,43
8.y
28,64
29.21
30.5%0
3l.94
.o
2% 2)

Coy WEAT
CAPACITY
J/GMOLE-K

12.29
12.33
12,068
12.98
12,63
n.n
12,01
12.09
12.98
13.05
13,13
1Y.20
3.7
13,34
13.40
13.4%
13.49

1.0
13.9%
4,09
1447
14,84
1%.29
9,083

i2.09
12,10
12.2
12,3
12 o3
12.94
12,86
12.74
2.0,
12.92
13.01
13.09
3.7
13.29
13.33
13.40
13,48
IR ST
11.%
13.6%
13.76
13.89
Is.0)
a7
18, %8
te.®)
13 )9
1%.%

. EA
CAPACI Y
J/CHOL E-K

25,89
28,91
25,93
25.96
29,37
2%.97
23.9%
25.99%
25,9«
2%.92
23.91
24,09
2%.87
25.86
25.03
25,30
25.78
23. 7
2%.87
23.8s
29,87
2%.69
2s.78
2%.89
26.12
26,49

24.4%8
24.8)
IATRE]
24,03
24,93
24.79
75.0%
2%.99
2%.1)
2%.17
29,18
2%.2
29,2y
29,23
%, 20
.27
2%.7¢
2%.2%
8.2
2%.24
2%.24
2%..0
<9.3%
25,50
2%.u9
29.%2
.21

43,30
23,38
73.%)
23.70
23.868
26.01
2617
IL Y 2]
28,29
1439
26,48
24,91
1¢.%0
264,03
24.87
28,1
24,74
24,7+
2608
.79
24,0)
IATRL]
16,99
2%.02
%.22
2%.44
IATEN
K10

VELOC IV Y
OF SOUND
WETER/SEC

9%
203
1003
1022
1041
1088
1078
1082
1108
112s
Lle0
ilss
1.89
118
1197
1211
122%
1252
iele
1 300
1322
1348
1394
1440
1480
1316

993
1900
to2i
10«0
1039
o
103
it
12
t1e2
Liss
il
ey
1202
1216
1229
1243
1257
ey
1507
1331
13%3
1374
1023
1489
1509
i34

iote
108
1039
19s9
iore
wes
S}
29
1148
1tat
i
9
1208
1220
123
1248
1282
1213
1289
13l
1338
13a2
118y
140
14313
1498
1538
187




TABLE &1, TWERRUDYNANIC PRCPERTIES CF PARANYINDGEN, SOCHORES~CONY INUED

3201y for 2N ¢

TENPERATURE PRESSURE 1S0THERN 150CHONE INTEANAL ENTHALPY ENTROPY C.‘ HEAT ® . WCAT VELOC LY
DERIVATIVE OEREVATIVE ENERGY CaPactYy Ca®PaClty OF SOUNL

DEG. XELVL4 ATa CHMPATMIGMOL € ATmsn J/GPCLE S /GMOLE JZGMOLE-X J/GHOLE -X JIGMOLE-K mETER/SEC

0.0340 GUCLEZCHY | SOCHONE

¢ 2zaa ler2 11838, -481.5 -aT6.8 .97 22,12 1081
0 8368 12046, -arL2 -4a8.2 12.08 22,33 1059
2 15,232 12458, -459.90 -410.6 L7430 22.%8 1078
2 26,110 12931, ~ase.8 -374.9 .21 22.00 1007
26 32.001 13151, PO 339.0 12.43 23.01 s
27 ¥9.070 . -a21.9 STIN 12.%4 21.19 12
20 s1.138 18821, <ac9.3 -287.0 12.89 3.3 1149
9 $5.992 TETS -196.6 -030.9 12.1% 23,48 1188
30 61.4%6 15084, -3ty S13a.1 12.84 2361 1180
n 11.202 15520, ~158.8 12.94 23,72 1198
2 19,112 13963, -391.9 -122.2 13.03 23.82 a2
» se.947 salz. TV -8%.8 13012 23,90 1236
3 9,766 16824, LTI e 13.20 2,.99 1240
) 102.582 17299, “Vie.s ‘128 13.28 24.07 1234
1S 110,373 17880, -30%.2 2.8 13,18 2418 1268
1 tlu.lal [TITEN -29i.0 0.3 13.42 24.20 1281
i 125.907 LN -2y 2.9 13.49 “al2s 1294
)9 133.439 10970, -266.8 133, 13.%4 2429 ice
20 181,340 19407, -2%1.2 170.0 13.59 24031 1321
2 156,729 20298, 280 243,10 13,69 24,37 1348
“ 112,018 21075, ~1986.8 e.2 1350 26,49 1370
26 187.232 21920, -1e8.7 189.2 13.92 24092 1393
. 02,341 22181, 14047 628 18,07 24,62 1814
30 217,434 23810, -1, 5.5.% 8,22 2411 1833
58 2%4. 128 25812, -40.4 Ts.r 18,50 24.96 1483
80 291.474 21800, Yo 903.0 15.98 23.19 1527
Y 21,988 20840, 110.1 1087.3 1549 25,51 1388

3.0s48 gucLEsen® SOCHORE

NIYY 1.350 12734, -ase.3 ~494,3 17.09 .81 20,89 1063
22 8,732 13044, ~490.5 -4T0.8 TR TR 21.13 1079
» 18,743 13e17, -arm.t RETIN) 17.99 12,08 21448 1090
2 22,930 13902, —ath. -399.4 18,31 12,10 tars iy
23 30.929 14129, (34,2 3833 19.01 1230 22,01 18
28 39.021 14701, RYIer] -3 19.49 12,02 22.2% 12
27 a1.102 15169, -429.) -291.0 19.98 12.94 22,44 1189
28 ss.1L 13409, -a16.17 -2%4.17 20.42 12.6% 22.4% 1188
9 83,202 18037, -4Ca.0 21822 20.07 12.78 22,82 1250
W T teact, -191.2 -181.7 21.30 12.86 2.9 (218
n 19,381 16908, -318.3 “1e8.2 0. 12.9% 2110 N
%] 87,038 17345, 2388, -108.5 22,18 13,03 18,03 1268
» 93.49% L7791, <382.2 -n.e 22.%4 19,18 FEREYS 1260
3 103.520 10201, -39, <35.0 22.9) 13.22 23,48 1274
» 111,931 962, 3290 .. 23,92 13.30 21.9% 1208
7S 119.939 1906 7. 328 .t 21,69 13,38 21,08 N
1] 127,982 19497, 259,06 1.3 24.086 11,03 23,12 i
") 133522 1992, ~205.4 112.3 260040 .82 M.re 1328
e 163,468 26387, -212.0 169,13 N 13,97 71,08 181
0 151,807 20789 <7304 06,1 2812 is.er 21.89 1134
.2 187,194 FITIEN TN 2800 23,19 INT 3.9 1379
. 182,901 22080, -203.8 ITIN “6.¢) 13.83 24,08 1802
N 190,539 22510, SirsLy s07.4 C v e 12,98 ‘a8 (2%
. 21e.010 20147, YIS st 11,86 el 24010 14a8
0 229.310 24974, 119,93 $35.0 REI?) 18,26 240001 1466
35 267,898 11028, -a1.0 Tho.n 22,80 Pores 28.70 130,
60 305,726 29019. ot 9286 ¥0.70 15.0) 7¢.9¢ 1497
o3 )e3.098 0901, 160 1. 22,12 18,40 23502 1993

0.05%0 GrCLEsCnd [SOCHORC

* 20.4A3 t.281 1:821. 1,148 -%15%.58 -512.9 6.2 [N X .71 1279 ions
21 4,378 140%8, N, 199 -4C3.4 ~423,.8 I6,81 1.1 20.01 1099
22 13.818 14904, n.2%e ~a97.8 “at1.2 ANY 11.98 0.39 HLe
) 21,081 14746, ", 266 -a85.8 —a22. 17.6% 12.0) .1 1
DS 10,146 15375, 8209 LTI -85,y TRt V2.1 21.0) T1sA
2 18,454 15709, ", 290 a81.3 -3%3.0 19,68 12,29 N s
26 a6.7%4 16204, 1. 106 449.0 BT 19.13 12.02 "y 1109
a7 33.0a7 16826, " 30s ~et6.8 BN 15,42 17,94 21,00 1203
e 63.)38% 17061. 0337 -423.9 -2e005 20.08 12,68 20,07 120
* T1.881 17490, .20 Y] -203.8 20,2 V2.1t 2.0 1297
0 19.929 17909, 0. 290 ~198.4 1at.0 70.98 12.87 T 1291
" se.204 18309, 119 NTII 130,14 2198 12,97 22.% 1268
32 %%.488 18194, 0261 1124 T 1.90 11,07 22.09 1261
» 104. .49 1923, 2% RTENY ~e4.1 22.26 i13.16 22.02 1299
’e 112.980 19830, 8,29 ETIOR “19.0 22.%9 19,28 22,93 1108
13 121,225 20077, LI 2T “332.0 18t 22.98 13,32 2,07 102
e 129,481 20819, 4,208 S819.8 85,3 21 13.+0 21048 1338
3? 137.6-9 PO TN 1,148 ~3CH.N 23.12 13,88 29,23 1 3aA
) 165,862 21387, 2,110 79248 24,08 13,3 IR Y
I 134.00) 21199, LT ~2'a.9 F29PYS 13.60 2100 1974
0 162, a0 2209, "2 163,y »08. 28,78 13,60 21,49 a7
“ 1183t 23090, 1,699 TN tn.s e iy 18 1.e1 e
[ 194,400 39, n.1'82 -210.) 1%¢2.8 Pr.04 [ R 2.7 (KX}
) 210,989 2e17s. Ao YIS TN 1 18,00 2v.an 1481
" 2200310 73608, ’.yea A%e.2 PrIeEt TR 18019 21,99 1811
%0 202,020 26430, 12 <12%.8 174.0 27.49 18,20 a Y
201,175 Thens, r.ays -S43 1824 29,29 4.ty 178 RS
80 120.600 10480, . 198 .0 P 10,94 13,09 .18 1908

o Tw-PruA'f ROuUMDARY
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TABLE X1, THERMOOYNAMIC PACPERTIES Cf PARAHYDROGEN, 1SOCHORES-CONY INUED

(2P/2phy P/ Iy
TEMSERATURE PRESSURE (SOTHERN I SOCHORE INTERNAL ENTHALPY ENTROPY Ci, HEAT G , nEAT VELOC 1Y
DERLVATIVE DERIVATIVE ENERGY CAPACITY CAPACTTY OF SOUND
NEG, KELVIN ATn CMIATM/GHOLE ATu/x JzeroLe J/GMOLE J/GMOLE -K J/GUOLE - J/GHULE~K METER/SEC
. C.n3ss GICLE/(A’ 1 SOCHORE
s 19,964 c.a07 190%0. 8.324 -332.7 -$30.4 15.42 1l.40 13.64 12
20 4.482 15228, 8,354 -5 ~51%.0 1%.87 1l.49 18.8° 12
2i 12.199 15836, 8,400 ~516.1 -479.6 i6.23 11.67 19.31 1140
22 21.2%0 16049, Be448 -5Ca.e ~443.7 16,70 11.85 9. 71 1159
23 29.719% 16519, 8.477 ~492.4 ~407.6 17.31 12,00 20.05 1178
24 3s. 217 teote. 8.497 -48%0.4 -371.3 17.32 12.1% 2¢C.e 1194
23 46.730 17324, 8.41¢ -4¢8,.2 ~33a.8 18.32 12.28 20.49 1211
24 33,237 L7738, 8.3%16 -45%.8 -298.1 18.81 12.4} 20.98% 1227
27 &3 1818C. a.518 -443.3 ~26l1.4 19.28 12,.%4 21.21 1243
28 T2.204 18988, 8.517 -430.7 -224.5 19.74 12.68 21.4% 1258
29 8C.Tes 19015, 8.512 -418.0 -187.5 20.18 12.178 21.66 12713
30 89.261 19430, 8.504 ~40%,.2 -150.4 20.62 12.88 21,86 1287
3l 97.7%8 19879, 8.494 -392.) =113,2 21,04 12.98 22.C) 1302
32 10e.242 20312, 8.482 =379.2 =-76.0 Z1.48 13.08 22.20 1316
- 33 Lia 742 20745, 6. 469 -~366.1 -38.6 21.86 13.17 22.35 1330
- 34 123.182 21167, 8,454 -352.9 ~i. 22.2% 13.26 22.49 1343
3 131.640 21597, 3,438 -339.8 34.2 22,064 13,35 22.63 1356
6 140,083 22027, 8.421 -326.2 3.7 23,02 13.42 22.7% 1389
37 148.497 22499, 8.40) =312.7 Lit.t 23.39 13.%¢ 22.86 1382
ia 156.901 2288, 0. 185 ~299.2 1487 2).7% 13,58 22.9¢6 1393
~ 32 tes.278 21313, §.368 -28%.6 186.2 24.10 13.63 23.0% 1407
= .0 L73.46%) 23740, 8,348 -21.9 222.7 24,45 13,69 23.12 1620
- .2 190.29¢ 24602, 8.306 -244.4 294.7 25.12 t3.19 23.26 1444
s 206.329 25434, 8,206 -216.7 313.8 2%.78 13.9) 23.41 Lhe7
113 223,324 20296, 8,221 -i88.8 440.7 26.38 14,04 23.55 1489
8 239,894 27134, B. 176 ~160.% 323.06 26,98 14,19 23.10 1509
50 256,018 2796, 8.132 ~132.0 590.8 27,57 14,33 23.8% 1829
3S 296,400 10011, s.018 -59,2 78s.8 20,93 14,75 24,22 1574
&0 336,212 nary, T.901 16.0 975.6 30.20 15.i4 24.%¢6 1818

0.0380 GMOLEZCA® 1SOCHORE

. 18.812 0.390 ~349.8 ~348.1 14,92 1.1 17,61 1134
19 y.480 -84s.4 -534.5 16,78 .22 17.01 1142
20 12.4%¢ 9.%40 -$3e.1 -499.2 15,32 1. . 18.29 1162
21 21.026 s.626 -322.4 ~a83.4 15.89 11,64 18.71 1182
= 22 29,618 8002 -510.8 -a27.3 16.44 11.02 19.12 1199
: FE) 380370 a.a88 -498.9 -39¢.% 16,97 11.98 19.47 1217
) 26 A7.07 8. 705 -488.9 ~3%4. 17,48 12.13 19.81 1233
23 s9.791 1093, s N8 -ate.7 -37.6 17.90 12,28 20.1. 1249
2 64.90% 19344, 3,129 -at2.3 -200.3 18.46 12.41 20.41 1265
I 13,219 19764, 8.7:3 -449.8 -243.8 18.94 12,54 20167 1280
20 01.9% 20107, 8. 127 -a31.2 -206.8 19.39 12,66 20.92 129%
29 30,668 2061, 8.12) ~a2e.8 ~1se.3 19.84 12.78 2ias 1309
. o 09,301 2102s. 0. 716 et -132.0 20.20 12.89 21.38 1323
" 108,092 21460, 0. 17 -398.7 -9u.s 20.170 13.00 21,53 1338
)2 116,191 a9e, 8.69 -308.7 -s1.0 1.1 13.10 21,74 1352
" 125.306 2320, s.603 -312.8 -19.) 21,52 13,19 21.91 1388
) 134,159 2218y, 0.669 ~3%9.3 18.3 21.9: 13.28 22.06 1378
s 142,929 2317, 1654 -348.0 56.0 22,30 13037 2.2 1391
3 191.409 23009, 0637 3v28 as.8 12,68 13.48 22,38 1404
1] 160,119 24047, 0619 -317.1 1ii.e 13.08 13,33 21097 1417
74 160,734 24487, .601 -30s.3 169.4 2341 13,00 22.59 1429
9 I 12 24408, 0. 302 ~290.9 0.2 23.78 13.66 22.68 1aal
‘0 109,917 a3t 0562 -218.2 265.1 2411 13.72 22,17 1453
"2 202,988 2e17e, .320 -2%0.6 320.7 24,18 13.83 2.9 1871
e 2192~ aate -222.9 196.2 29,43 13.98 23.00 1500
‘e 2107e; 0 431 “19s.8 V7.9 26.0% 14.08 23.2% 1521
.- 233,899 28710, . 3ne -18s.3 sa7.4 26,66 te.2e 23,42 1341
30 270,393 29945, 8316 -117. 6212 21,24 16239 23,99 1560
3 s N1 19 sz, n212 prYont 012.7 24,63 15,00 23.99 1604

. c.0%4s ouciEscm?d Tsucnoac

.
4 .+ 17,609 0,442 -586.7 -38%.4 13,58 10.82 16.56 sy
e 3. 104 -462.% -%2.0 13,82 10.92 16,77 1187
Its 12.301 -ss1.4 -s18.7 18,82 11,18 17.27 nar
0 21,208 -540.1 -481.1 15.00 11.40 11.18 1208
21 30,09+ -s28.4 ReeH 13,36 181 10.17 1223
2 39,942 -$15.9 -a00.8 15.10 .79 18.58 1239
» “7.802 -503.1 -1r2.2 16,63 11,9 19,38 125
- 2 $6. 761 -493.0 -138.8 17,14 12.12 19,29 1212
. s 05,673 -480.4 -298.8 17,84 12,27 1%.61 1207
2 T4.4% -ase.s 261,46 18,12 12.40 19.91 1302
i ar 03.519 -438.0 -224.2 18,80 12,94 20.10 117
I 12,483 T S18e.7 19.0% 12.87 20.4% 1332
9 101,389 -430.7 19.30 (2,79 2049 1348
0 110.298 ~alt.e -11.7 19.94 12.90 2¢.91 1380
" 119,239 -s0a.9 -13.9 0.3 13,01 211t 1378
Y] 126,192 e -36.1 20,77 Nt 2.0 1187
" 131,079 “arelt 1.9 2110 13.21 21.%0 1400
I 163,947 <388, ¥.1 21,38 13.30 21.68 1413
I 194,028 -ve200 1N 1.9 17,39 21,42 1626
" 163,706 =330, 1190 2.4 13,40 21,97 1439
" 172,930 YL 13,9 2.1 13,5 22,11 1881
" 1812374 B 192,0 2301 11.8) 22,23 1881
9 190,104 -297.9 2%0.1 2349 13,49 22,04 1413
W0 “23.1 268.9 23,19 119 2244 jear
Pet 1% (2090 26,48 15,08 22.62 1310
“ 233,880 “amat +20.9 2%.10 13.99 27.90 1933
“w FITORTY -200.% +76.8 5.12 14.1) 22,97 1933
" 208,022 BRI s13.0 26,13 18,20 2318 13513
s 289,974 <1ade sely 28.92 16,44 FINEYS 1392
s 120,901 <10.. s0. s TRy 16,86 1i.re 1613
o THO-PHASE BIUNDARY
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TABLE Xi. THERMODYNAMIC PRCPERVIES OF PARAHYOROGEN, ISOCHORAS-CONT'NUEC

3P/ 30y [rd
TEMPERATURE  PRESSURE 1SCTHERN 1S0CHORE INTERNAL ENTHALPY ENTRCPY Cvy HEAT €\ MEAT VELOCITY
OERIVATIVE  DERIVATIVE ENERGY CAPACITY camaciry OF SOUND
DEG. KELVIN ATH CHIATH/GMOLE ATH/K JIGHOLE JIGNOLE JiGMOLE-K J/GMOLE-K  J/GMOLE-K  WETER/SEC
0.0370 GMCLE/CH® 1SUCHORE
. 16,556 duint 18951 0.320 ~583.% -s82.8 12.60 10.48 15.49 1tss
17 4,207 19142, 0.8%0 -5718.9 -587.3 12,98 10.59 15.74 1156
18 13.087 19571 8,912 -868.1 -532.3 13,49 10.89 16.29 1213
19 22.027 19979, 8.965 -s57.1 -4%6.8 14.09 1l.1e 16.79 1231
20 30.998 20342, 9.009 -8as.8 -461.0 14,66 11.37 12.27 1246
21 40.038 20789, 9,045 -8534.0 -a24.7 15.22 11.58 17.69 128¢
22 49.081 21179, 9.074 -$22.7 -188.3 15.17 1.7 18.10 1219
23 $8.207 21771, 9,008 -510.8 -351. 16.29 11.9% 18.47 1295
24 67.3u, 1978, 9.118 -498.8 -314.5 16.80 12.11 18.82 1310
2s 76,418 22313, 9.128 -486.6 -277.4 17.3¢0 12.26 19.15 1325
26 85.546 22186. 9.137 -478.3 ~260.0 17.79 12.40 19.45 1340
27 94,679 23202. 9,142 -481.8 ~202.6 18.26 12.53 19.73 1355
28 103.027 23809, 9.143 -449.2 ~164.9 16,71 12,67 20.01 1389
29 112.964 24029, 9,141 -436.8 -121.1 19.16 12.79 20.28 1383
30 122,078 24440, 9.137 ~423.7 -89.3 19,40 12.90 20.49 1397
3 131.234 24862, 9.130 -410,7 -51.3 20.02 13.02 20.m 181c
32 140.357 23279, 9.121 -397.8 -11.3 2C.44 13.12 20.92 1423
3 149.488 25¢8s. a.110 -384.4 2.9 20.84 13.22 21.12 1836
34 158.582 26139, 4,097 -371.2 83.1 21,26 13.32 21.29 1449
s 167.673 28560, 9.082 ~387.8 101.6 21.63 13.¢1 21.46 1461
38 176,762 26984, 9,068 -346.3 139.7 22.00 13.50 21.62 1474
37 185,824 21815, 9,049 -330.8 178.1 22.38 13.58 21.76 1486
38 194,857 27030, 9.031 -317.2 21644 22,74 13.06 21.90 1498
39 203,884 20284, 9.011 -303.5 254.8 23.09 13.72 22.01 1510
.0 212.891 20672, 3.990 -209.7 293.3 23.44 .18 22.13 1521
42 230.817 29524, 8.946 -262.1 370.0 24,12 13.90 22,33 1544
. 248.622 30381, 8,899 ~234,1 446.7 2617 14.03 22,51 1566
. 266.399 31229, 8.8%50 -205.9 $23.6 25.40 1417 22,1 1586
.8 284,032 32081, 8,758 -177.4 600.4 26.00 14,33 22.90 1608
50 301,590 32086, A, 746 -148.6 877.3 26459 14.49 23.10 1623
5 344.977 34809, 8,603 -75.1 869.6 27.99 14.92 23,81 1663
0.0375 GNCLE/CHS 1SOCHORE
. 15,451 6.16% 20739, 9.036 -600.1 -%99.6 11.5 13.06 14,45 1223
16 5.209 20881, 9.054 -594.5 -$80.4 192 10.25 14,17 1232
17 14.27% 21139, 9,092 -58a.1 -545,5 12.55 10,56 15.3% 1243
18 23.35%0 21828, 9.132 -373,4 ~%10.3 13.16 10.8% 15,87 1238
19 32,491 21809, 9.171 -562.4 ~474.6 13.78 1n.a 16.37 1213
20 41,642 22230. 9,204 ~851,2 -438,7 14,33 11.34 16,23 1208
21 50.895 22652, 0,240 -539,7 -402.2 14.69 11.55 17.28 1304
22 60,134 23044, 9,268 -3520.1 -385.6 15.°3 11.75 17.68 1319
23 69.451 234014, 9.292 -518.2 -3208.6 15.96 11.93 10.¢4 1334
24 78.7%1 23814, 9.311 ~3C4.2 -291.4 16.47 12.09 18.39 1349
28 88.080 24200, 9.328% -492.0 -254.1 16.97 12.2% 18.72 1366
26 97.394 24810, 9.336 -479.7 -214.6 17.48 12,39 19.02 1378
21 108.734 2%03%. 9.34)3 ~4b1.3 -178.9 11,92 i2.93 19.32 1393
28 116.084 2863, 9,347 ~4%4.7 ~181.0 18,38 12.67 19.60 1406
29 125.429 2504, 9.348 -a41.9 ~10%.0 18,82 12,19 19.86 1820
30 134.750 20287, 9,345 -429.1 -6%.0 19,26 12.91 20.10 1433
3n 144,113 20800, 9.340 ~416.1 -26.7 19.68 13,02 20.33 1446
32 153,483 21978, 9,332 -401.0 1.8 20.10 13.14 20,85 1459
3 162,774 21480, 9.323 ~389.8 50.0 20.51 13,24 20.7 1872
I 172.098 27940, 2311 ~376.8 8.4 0.90 13034 20.94 1485
I 181,400 20180, 9,297 -363.2 127.0 21.29 13,43 21,12 1497
3 19G. 100 23119, 9.281 -349.7 185,6 21.67 13.52 21.29 1509
3 199,777 7920¢. 9,264 -338.1 204.2 22.04 13.61 21,48 1821
38 209.218 29819, 9,243 -322.5 241, 22.41 13.69 21.59 1532
39 218.460 30093, 9,223 -308.8 201,93 22,78 13.75 21 1544
.0 227,569 J0ee. 9. 204 -295.0 320.2 2311 13.a1 21.0) 1335
.2 2¢6.020 31100, 9,138 -261.2 91,5 23,19 13.93 22.64 1578
a 264.259 HER 9.108 -239.2 aT4.8 20 e 16.07 22.24 1599
. 202.492 3994, 9.0%4 -210.9 §52.2 25,07 14.21 22,48 1618
. 300,514 13858, 8,999 -182.¢ $29.8 25.48 14.38 22.6% 1837
30 318,469 yasal. 8,940 -153.4 107.5 26.27 14,54 22.%6 165«

* TWG-PHASE BCUNDARY

103



TABLE XI. THERMODYNAMIC PRCPERTIES OF PARAMYDROGEN, 1SOCHORES-CONT 1NUED

(307300 (2P/3"p

TEMPERATURE  PRESSURE ISOTHERN 1500 HORE INTERNAL EXSHALPY ENTROPY €y HEaT G, near VELOCITY

OGRIVATIVE  DERIVAT{ve ENERGY CAPACTTY CAPACITY OF SOUND

DEG. KELVIN ATH enIATH/GHOLE ATYIK JIGHOLE J7GHOLE J/GMOLE-K  J/GNOLE~K  J/GMOLE-K  WETEAZSEC

0.0380 GMCLE/CH® 1SOCHORE
* 14.295 0.992 22443, 9.324 -616.3 -618.1 10,47 9.66 13.58 1258
15 6,734 22613. 9.297 -6C9.4 -s9l.5 10.94 9.391 13.93 1264
18 16,138 22855, 9.290 -599.3 -556.3 11.59 10.24 14.48 1275
17 25,354 23189, 5.308 -388.9 -521.3 12.22 10.%4 15.00 1288
18 34,619 23511, 9.332 -s18.3 -486.0 12.83 10.83 15.50 1301
19 43,927 2388°, 9.363 -587,3 -450.2 13.42 11.08 15.98 1318
20 53.261 2423« 9.395 -3%6.1 -414.1 14,00 1.2 16.43 1330
21 62.1703 24591, 9.427 -544.7 -317.8 14,56 11.53 16,86 1344
22 72.138 24984, v.458 -533.0 ~340.7 15.19 11.73 17.25 1359
23 81.635 25332, 9,481 -521.2 -303.5 15.62 11.91 17.64 11
24 91.133 25728. 9.502 -509.2 -266.2 18.13 12.08 17.99 1388
25 100.639 26127, 9.520 -497.1 -228.7 16.63 12.23 18.32 1402
26 110,177 26527, 9.533 -as4ls -191.0 17011 12,38 18.63 1416
27 119,724 26918, .43 -472.3 -153.1 1758 12.52 18.93 1430
. 28 129.213 21334, 9,543 —459.7 -1135.0 18.04 12,86 19.22 1444
29 136.82¢ 21748, 9,552 -447.0 -76.8 18.49 12.19 19.49 1457
30 148.953 28160, 9.552 -434.1 -38.8 18.92 12.91 19.73 1471
31 157415 26550 9,548 -421.2 0.1 19.35 13.03 19.98 1483
2 167,448 28954, 9,542 -4c8.1 38.4 19.76 13,15 29.21 1496
3n 176.980 29338, 9,534 -394.9 7.0 20.17 13.25 26,42 1508
3" 185,534 29814, 9.523 -381.6 1i5.9 20.57 13,38 20.61 1521
3s 196.045 30238, 9.509 -368.2 154.6 20.96 13.45 20.79 1533
3% 205,553 30646. 9.49¢ -354.7 19304 21.34 13.54 20.97 1544
37 215.043 31070, 3.417 -341.1 232.3 .7t 13.83 2114 1556
38 224.488 31482, 90459 -327.4 271.2 22.07 13.711 21.29 1387
39 233,749 3914, 9.438 -313.7 310.1 22.43 13,78 21.42 1579
“0 243,357 3230. LT -299.9 349.0 22.78 13.84 2).58% 1590
.2 262.130 33151, 9.369 -212.0 42629 23246 13.97 21017 1611
a 280.806 34027, 9.317 -244.0 s04.8 24011 1.1 21.98 1632
.6 299.403 34020. 9.260 -215.8 s82.8 26,74 18.26 22.21 1651
.8 317.898 38641, 2.201 ~188.9 660.8 25038 14,43 22.42 1669
50 336.239 36440, 9.138 -157.9 738.7 25.95 16.60 22.64 1885
0.038% GucLEscu® 1scemorE

s 160155 10.356 24648, 9,445 -622.1 -594.3 10.0% 9.64 13,14 1300
1s 10,577 24780. 9.424 -613.2 -564.9 10.62 9.91 13.59 1307
. 18 28.081 24936, 9.431 ~5C3.8 -529.9 11.27 10.23 14,13 1316
17 37,468 23279, 9.457 -593,4 -494.8 11.90 10,53 14,64 1329
10 46.085 FITIIN 9,494 ~502.7 -459,3 12.51 10,80 15.14 1342
19 56.368 25909, 9.533 -571.8 -423.4 13.10 11.06 15.62 1356
20 65.885 26204, 9,512 -560.6 -387.2 13,67 11.29 16.06 1371
2 15.499 26807, 3,809 ~549.2 -350.5 14.23 11.51 16.49 1384
22 85,110 26994, 9,642 -537.8 -313.e .17 1. 16.89 1399
2> 94.797 21331, 2671 -52c.8 -276.3 15.29 11.89 17,27 1413
24 104,492 PIIEN 9,696 -s13.8 -233.8 15.80 12.06 17,62 1627
23 114,195 28115, 9. 718 -8C1.7 -201.1 16.30 12.22 17.96 1441
26 123,934 20514, 9.732 -489.4 -t63.2 16.78 12,37 18.27 1488
27 133.689% 20021, 9. 744 -476.9 ~128.1 11.2% 12.92 18.58 1460
28 143,431 293r. 9,752 —484.a -%0.9 1.0 12,66 10.87 1482
29 153,187 2971, 2158 -asl.e -8, 13,15 12,19 19.14 1498
10 162.92¢ 30134, 9787 -438.8 -19.2 18,59 12.9) 15.39 1308
3 172,677 10811, 9,138 —42%.8 26.7 19.0t 13.04 13,64 1520
32 182.410 1091, 9.140 -a12.7 o7.4 19.43 13.1% 1988 1532
13 192147 ITEELN 9. 741 -399.5 106.2 19.84 13.26 2010 1548
38 201,923 [EPEN 9. 11 -386.2 148.2 20,23 137 20.29 1357
3 211,847 32106, 9.714 -112.8 1842 20042 13.47 20.49 1569
36 221,359 32589, 9.703 -3%9.3 2233 21,00 13.56 26,67 1580
3 231.089 33008, 9,686 -345.6 262.3 21038 13.65 20.84 1391
’e 240.71; 13820, 9,667 -39 301.6 21074 1374 21.00 tevz
39 2%0.386 33848, Pper -318.2 340.8 22.10 13.01 1.1 lele
e 259,993 1250, 9.62% -304.3 379.9 22048 13.87 21,27 1624
a2 279,185 33009, 9.577 ~276.8 as8.3 23,13 14.01 21,51 l64s
< 298,297 35951, 9.823 -243.3 536.8 23,19 16015 21,74 1666
‘e 317,262 36701, 9,486 -219.8 s1s.2 28042 14,31 21.90 1664
8 336.214 y73es, 9.408 -191.0 693.8 2%.0) 1e.48 22,70 1702
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TEMPERATURE  PRESSURE

OEG. KELVIN

ATH

TABLE xI.

(2P/0phr
1SOTHERN
DERLVITIVE
cuIaTMIGnOLE

0.0390 GICLEICIa 1SOCHORE

29.21)
31.533
41.092
50.640
60,185
69,048
79.357
89.323
99.146
108,782
118,869
1208.768
138.704
148,637
158.599
168,538
178.502
188.439
198.372
208.31%
218.309
228.242
238.135
243,063
257.921
267.809
2717.42)3
297.230
316788
336. 115

38641,

0.0393 GHOLE/CH® 1S0CHORE

e 15,378
Y3
17

49,224

$8.227

$54.89]

14.5%5%

04.40)

9,294
104.214
114.22Y
124.230
134,308
144,399
154,527
164.678
174,818
184.270
19%.124
208.244
21%.3708
22%.931
23%.127
243.810
255.902
206.09%
2%6.161
205,258
296.295%
316,318
336.2%%

2933),
29437,
29594,
2983%,
30207.
30504,
30876,
312139,
Ji%88.
1960,
32347,

400ts,

0.0400 GHCLE/CH  1SOCHONE

* 16.013
ir

70.628
80.240
90.036

100.367

110.131

120.212

130,397

140.%0)

150.842

1614129

171,442

181,187

192,120

202,485

212.4%0

223.13%

233,401

243,039

2% .210

264,369

214,882

285,193

29%.471

309,764

314,070

136.%0)

e Tu-PHASE SOUNDARY

351,
311809,
321C7,
32483,
32794,
33130,
313471,
R LL DY
34204,
34588,
349%°,
IR AN
3STZ2A,
seica,
Jesie,
36894,
3o,
1120,
ja08,
18494,
38907,
3930”7,
9721,
40112,
40699,
a“i%2i.

THERNODYNARIC PRCPERTIES OF PARAHYOROGEN,

(3P/3Tip
[ SOCHORE
DERIVATIVE
ATM/R

9,499
9.504

9.839

9,564
9.613
Qe.702
9.180
9.849
9.9
F.964

10.010

10.048

10.080

17.106

10.126

10,141

10.1%1

10.1%7?

10.180

10,159

10.1%%

1n. 148

10.138

10,127

10.11)

10.097

10.080

10,080

10.240
9,993
9.94%

9.857
9.801
?.912
10.004
10.201
16.18)
10,19
10.237
1", 211
10.297
10,1310
11,333
174300
10.351
10,394
10,154
10.9%2
10,347
10 ))e
1n.1%
10.319
19,307
1N.29)
tn.2r18
17.262
10.22¢4

INTERMAL
ENERGY
HIGPOLE

-820.2
-817,9
-407.7
-597.4
-586.7
~57%.8
-383.7
-5%83,3
-541.7
-529.9
-$518.0
-40%.9
~493.4
-481.2
-468.8
-435.8
-443,0
-430.0
~416.9
-4C3.7
-390.4
-376.9
~363.4
~349.8
-336.1
-322.)
-308.4
=290, ¢
-2%2.2
~223.6

-817.%
-611.2
~600.9
-%90,3
-579.4
848,
-3%6.9
~545,4
-%3313.6
~%21.7
~859.8
~497.3
-484,9
~472.3

4%%.0
~446.8
~43),8
-420.7
-4CT.8
-394.1
-380.7
-387.1
-3%3.8
-339.7
~37%.9
-312.0
~284.0
-29%.7

10%

ENTHALPY

S/GNOLE

-544.3
-$35.9
-%01.0
~46%.8
~430.4
334,46
-358.0
-32%1.2
-204.1
-246.8
~209.2
-171.3
-133.2
-94.9
-56.%
-17.9
20.8
59.8
98.3
137.%
176.8
216.0
25%.3
294.7
334.0
313.5
412,9
491.8
S70.8
49,6

-491.2
~449.5
~436.4
-399,0
=362.9
~326.4
~289.6
~-252.4
~21%.0
-117.2
-130.2
-100.9
62,98
=23.9
1s.8
$3.7
92.7
13t.8
[RAT1
210.5
250.0
289.°
329.1
3s8.7
408.4
440.0
327.4
606.9

-435.1
-400.8
-38%.2
-329.)
~292.4
-2%%.8
218,83
180,08
~142.9
~104.7
~86.4
~21.7
1.0
49.9
49.0
128.1
167.4
296 .9
PATRS ]
2R6.2
32%.7
38,7
40%.9
4438
488,
$48.

ISOCHORES -CONT INVED
ENTROPY Cy, HEAY
CAPACIIY
J/GNOLE-K J/GMOLE~-K
10.14 9.84
12.30 9.91
10.93 10.21
11.%8 10.%0
12.18 10.78
1.n 11.03
13.3% 11.26
13.9¢C 11.48
14,04 11.68
14,9 .07
13.47 12.04
15.97 12.20
16,47 12.36
16.92 12.51
t7.37 12.65
17.82 12.79
18.2¢ 12.91
18.6% 13.04
19.10 13.16
19.%0 13,27
19.90 13,38
20,29 13,48
20.67 13.%8
nl.0% 13.68
21.41 13.78
2l.717 13,84
22.12 13.91
22.80 14.04
23.46 14,1y
24,17 16,135
10.23 10.00
10.8) 10.18
11.26 L0.47
11,86 10.74
12.4% 10.99
13.22 11.23
t3.58 11,48
te. 1 [REY A}
14.64 .88
15.16 t2.02
15.64 12.18
16.12 12.34
16.%9 12.%0
17,04 12,89
17.49 12.719
17.9) 12.91
18,18 13.04
8.7 137
9. 17 13.20
13.97 13.39
15.98 13.%
20. 24 13,60
20.72 t3. 70
21.08 13.79
21.44 ts.a8
21.80 13,94
22,48 1+.00
V.14 14,23
10.)3 10.12
(0,99 10.81
11.9% 10,69
12.13 10.95
12.70 11.19
13.2% 1.1
13,79 11.62
4.0 i1 el
14,82 12.00
1%.%1 2.1
1%5.19 2.3
18,26 12,48
1A, 72 12,64
17,18 12.178
17.¢0 12.91
18,02 13.04
18,8 13.17
18,98 13,29
19,24 19.40
19,81 13.91
10,02 1).82
20.%9 13.12
20.7» 13.0¢
1.1 ty. 89
‘tr.at L) 9
22,18 14,11

Coy MEAT
CAPACETY
J/GMOLE~K

13.12
13.24
13.79
14.30
14.00
15.27
15.72
18,13
16.9%
16,9}
17.29
11,82
17.94
18,25
10.5¢
18,82
19.08
19.3)
19.57
19.79
20.00
20.19
20.38
20.%6
20,12
20.87
21.00
21.28%
21.49
2.7

13,11
13,64
13.98
ta.49
14.9¢
15.89
1%.8)
16.24
16,82
16.97
L7310
17.63
L7.94
18.24
.82
is.7?
19.03
19,27
19.5¢0
19. M
19.9°
2C.11
20.30
20.47
20.67
20.78
21.02
21.29

1313
13,65
14.18
14,44
15.11
13,54

2.9%
16.3)
16,67
1r.02
17.34
17,69
17.9%
1.2y
18,49
19,78
18,04
ir.22
15,65
19,06
9.8
20,04
20.2)
26.39
20.%1
20.81

vELOCITY
0f SOUNOD
NETER/SEC

1348
1348
1387
1310
1382
1398
1411
1424
1439
1482
1468
L1480
L1494
1507
1520
1533
15406
1557
1569
1581
1593
1408
1816
1827
1538
1649
1659
1580
1700
1718

1391
1390
1409
1422
1437
1482
1465
1479
149)
1306
1520
193
1548
1858
1871
1%
1593
te0?
i6l9
1830
184
1652
1663
28]
1684
1.96
171¢
17y

1433
LY
1463
1478
1492
1%0%
1519
1933
1566
15%9
1372
1383
1597
1609
1621

1633
1644
169%¢
Lea?
1874
160
1699
1o
1721

1736
1754



VABLE XV. THERMODYNANIC PRCPERTIES OF PARANYOROGEN, 1SOCHORES -CONV INVED

Horoe e
TEMPERATURE  PRESSURE 1SOTHEAN 18 RE INTERNAL ENTHALPY ENTROPY Coy HEAT G, near VELOCITY
OERIVATIVE  OERIVATIVE ENERGY CAPACITY CAPACLTY OF SOUND
OEG. XELVIN AR CudaTH/GHOLE ATH/R JIGROLE 3/GHOLE J7GM0" E-K J/GMOL E~K J/GMOLE~K METER/SEC

0.0405 GRCLEZCH? 1SOCHORE

o 16.66¢ 93.457 3¥et2. 9.833 ~609.8 ~376.2 10.43 10.23 13.17 1481
L7 96.70% 34057, 9.83%4 ~606.3 =364.4 10.64 10.33 13,33 1487
18 104.600 3440, 10,040 -%498.3 -329.0 11.24 10.62 13.88 150%
le 116.078 34793, 10,161 ~50%.1 ~292.7 1i.82 10.89 14,38 1519
20 127.100 35098, 10.232 -574.1 ~2%6.1 12,38 11,14 14.84 1533
21 137.3%7 3544, 10.323 -562.8 ~219.2 12.93 1.3 15.27 1547
22 isT.707 35782, 10.379 -5%1.3 ~l81.8 13.87 i1.59 15.68 1560
23 150.064 361, 10.42) -539,6 ~144.1 13.99 11,79 16.0% 1574
4 168,52) 38532, 10.458 ~527.8 ~106,1 14,49 11.97 16.410 1586
23 178,998 3690s. 10,408 -515.7 -67,9 14.98 12.18 16.75 1599
26 189.49%0 3r2%8. 10,503 ~503.9% =29.4 15.46 12.31 11.07 1611
21 200,024 17628, 10,521 ~491.1 9.4 15.93 12,47 17.38 1623
28 210,534 36029, 10.%32 -478.% 48,3 16,39 12.83 17.68 183
rxl 221.092 38390, 10.540 ~4¢s.0 81.3 16.83 12.70 17,96 1647
30 231,655 3879), 10,544 -4%3,0 126.8 17.27 12.91 18.22 1659
3 242,154 39199, 10.547 -440.0 185.8 1r.70 13,04 16.48 151
32 232,690 39608, 10.947 ~426.9 20%.3 168,11 137 18.73 1682
33 263,289 40010, 10,945 ~413.¢ 24%.0 18.52 13,29 18.9% 1894
34 273,824 40357, 10.%542 ~4C0.3 284,38 16,92 13.4; 19.19 L1704
33 204,300 40761, 10,938 ~386.8 32448 19.31 13,52 19.41 1718
36 294,899 41185, 10.532 -3713.3 3JosLS 19.59 13.63 19.62 1726
134 305.411 41578, 10,523 =399.6 It 20.07 13.73 19.82 1137
3 313.897 42002, 10.518 -343.8 44,3 20,43 13,82 20.00 1748
39 J26.382 A23e8. 10.510 -331.9 A84.8 20,719 13.90 23.18 1758
0 337.01e anr. 10.%01 -318.0 $2%.2 21.1% 13.98 20.30 1774

0.0410 GroLescnd [ SOCHORE

e 17.333 117.0% 38003, 10.068 ~504.8 ~313.5% 10.%3 10.3% 13.22 1539
3] 124,549 3790e, 10.171 -597.9 -290.1 10.93 10.53 13.58 15:8
1e 134,072 3Nlev, 10.299 =-3871.2 -2%3.9 11.51 10.83 14,10 1560
20 145,244 3a9s, 10.402 ~$76.2 -217,3 12.07 1,09 14.57 1573
21 155,688 37074, t0.48) ~%5€3.0 -180.2 12,62 1.3 15.00 1588
2 166.19) oL, 10.548 -%3%3.6 ~142.8 13.1% 11.5% 15.42 16C0
23 176.7172 38%90. 10.599 =541.9 -10%.0 13.67 1.7¢ 15.79 1614
24 187,300 Je9aL. 10.640 -$30.1% -&7.0 1s.17 11.95 16.18 1827

. 23 198,046 16307, 10.672 -518.0 =-28.6 14,66 12.13 16,49 1639
26 208,711 39647, 12.696 -505.8 10.0 15,16 12.30 16.02 1est

27 219.429 4000, 10.71% -493,4 40.9 1%.61 12,48 17.13 1563

29 230.156 AQ38A, 10.728 =480.9 87.9 16.06 12.62 17.43 167«

29 240.879 A07%8%, 10.737 -400,2 127.1 16,51 12.11 17.71 1686

36 23L.63% 41140, 10.742 ~4%5.3 166.9 16,97 12,91 17.98 1697

3 262.2%4) 41570, 10. 745 ~442.4 206.0 17.37 13.04 18.2)% 1709

32 273,006 41981, 10,744 -429.) 245.6 17.79 1317 18.48 1720

— 33 203.8% 42354, 10.742 ~4ls.0 209,58 18.19 13.30 18,72 1731
h 3 294,390 42121, 10,737 -402.7 32%.4 18,59 13.41 10.94 1741
3 305. 344 ANlo. 10.730 *389,2 3J6s.e 18.98 13.5)3 19,16 1752

36 36,004 43T, 10.722 ~37%.6 40%.3% 19.37 13,83 19.%¢ 1781

3r 126.789 439%6, 10.7113 -361.9 448,707 19.74 1..74 19,43 1774

30 337.49%0 40387, 10.103 -348.1 48%.9 20.11 13.83 19.74 (764

39 348,147 “ATIO. 10,691 ~334.) 26,1 2007 13.91 19.92 1794

0.0413 CFCLEILI’ 150CHORE

¢ 10.020 143,943 39333, 10.28) -599,2 240,17 10.¢4 10.87 13.31 1586
19 154,088 J9ere. 10,438 -58a,.7 -212.5 11.20 10.7¢ 13.83 1601
20 164.614 40010, 10.5%9 =-51r.8 -17%.9 L1.7¢ 11.03 1a.31 1815
21 175.248 40208, 10,691 -Ses.7 -138,.8 12.30 ti.28 14,179 1629
22 185,098 40639, 10.722 -5%35.3 -101.4 12.83 11.5] 15.17 164¢
23 196.886 41077, 10.177? -543.7 ~83.4 13.38 11.73 15.%% 1655
26 207,17 Ale2s. 10.02¢ -531.8 -2%.3 13.8% ll.92 15.91 1667
23 218,312 41774, 10.8%2 ~%19.8 13.2 16.34 12.11 16.25 te19
26 229,146 42117, -5C7.6 sl.8 14,082 12.28 16.%8 16%0
27 240.041 42489, -49%.3 0.8 1%.29 12.4% 16,89 1702
29 230.94% 42930, ~482.7 130.0 18,7+ 12.61 17.19 1713
29 43210, ~470.0 169.3 16.19 12.78 17.47 1724
30 4335, ~4%7.2 208.9 16,62 12.90 17.7% 1733
3 A4QQY, 4442 243.¢ 17.0% 13.06 18.00 1747
32 44390, “43i.1 288.3 17.46 1.7 18.29% L7se
33 4747, ~417.9 120.3 17.87 13.30 18.%0 1768
38 LETR AN -4C4LY 368.6 18.217 13,42 18,72 1780
3% 43547, -3S1.1 408.6 18,66 13.5%3 18.9% 1790
Js 48071, -371.8 449.0 19.06 13.64 19,15 18C3
L L 349,380 A049), 1G.94¢ -3és.8 489,13 19.42 13.7¢ 19.36 1813
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TABLF Xl. THERMOOYNAMIC PRCPERTLES OF PARANYDAOGEN. 1SCCHOKES-CONTINUED

(3P/2ph 2P~y
TEMPERATURE  PRESSURE 1SOTHERN 1 SOCHORE INTERNAL ENTHALPY ENTROPY Cru HEAY Cu\ HEAT VELOCTTY
DERIVATIVE  NERIVATIVE ENERGY CAPALITY CAPACLEY OF SOUND
DEG, KELVIN ATH CuIaTP/GHOLE ATHZK J/7GMCLE J/GHOLE J7GHOLE-K SIGROLE-K J/ZGHOLE-X METER/SEC
2.0420 GMCLEZCM® 1SOCHORE
+ 18.726 171685 a2, 10,386 -592.7 -178.% 10.74 10.60 13,48 1639
19 174,566 42239, 10,618 -589.8 ~168.7 10.89 10.68 13.60 1644
20 185,280 42605, 10,737 -s79.0 -132.0 11.43 20.97 14.07 1659
21 196.067 42930, 10.827 -541.9 -94.8 11.99 11.23 16,52 1670
22 206,869 43247, 10.896 -585.5 -57.4 12.52 1l.47 14.94 1682
2 217.860 PETSIR 10.942 -544.9 -19.3 13.03 11,69 15.32 1695
24 228.826 «397e 10.991 -%33,1 18.9 13.53 11.90 19.68 1707
?5 239.801 443 11.024 -5$21.1 57.% 14.02 12.09 16,02 1718
26 250.835 4485 11.051 -scs.9 96.2 14.50 12.26 16.33 1730
27 261.901 4499e, 11.073 -496.6 135.2 14.97 12.43 18,66 1741
28 213,019 4s37n, 11.092 ~484.1 174.6 15.42 12.60 16.96 1752
29 284.103 as5733, 11.107 ~al.s 214.0 15.37 12.15 17.25 1763
30 293.203 46061, 11.121 -a%8.8 253.8 18.30 12,89 17,92 1773
31 306,349 26458, 11133 -443.6 293.8 16,73 13.03 17,78 1788

32 3i7.481 46804, tl.144 ~432.95 33d.e 17.1s 13.17 13,04 1795
n 328.%599 47156, 11,154 -419.13 3713.5 17.5% 13.29 18.29 1806
34 333.783 47721, 11,164 -4¢5.9 413.8 17,99 13.41 18.51 1820

0.9425 GwcLE/CHY

-

r 19.5%2 201.271) 45562, 10,989 ~583,5 -10%.6 10.84 10.77 13.81 1701
20 207,333 45565, 10.928 -579.3 -95.2 1.1 10.92 13.86 L1708
21 218,189 43510, 10.995 -568.5 ~48.3 11.68 .19 14,32 1712
22 229.157 «3330. 11.0%6 -5%1.2 -10.2 12.21 1l.4e 1,72 1724
23 240.327 48241, il.41¢ -545.8 27.4 12.72 1l.66 15.11 17335
24 251.485 46586, 11.156 ~533.8 55.7 13.22 ii.07 15.47 1747
23 262,636 46918, 1i.19% -521.9 104.3 3.7 12,06 15,81 1758
26 2713.817 47285, 11.227 -5C9.7 143.1 14,19 12.24 lé.1> 1769
27 285.050 47613, 11.2%1 ~4ST.4 182.2 14,69 12.42 16,45 1780
28 296.154 41974, 11,269 -484,9 221.7 15.11 12.59 16.74 1791
29 307.616 49328, 11.281 -e72.2 261.2 15.595% 12,74 17.03 1802
30 518.859 48596, 11.287 -45%.4 300.n 15.98 12.09 17.30 1811
31 130,186 «83817. 1i.287 ~4ab.4 34C.8 16.41 13.0) 17.56 1820

1SOCHORE

32 361,065 49104, 11.28) ~433.4 380.7 16.82 117 17.82 LU

0.043C GMCLE/CH™ [SOCHCORE

.
~
o
.

~
<
p=d

232,434 479C9. 11.281 -577.4 ~29.3 10.94 10,99 13.9) 1747
21 241,648 48279, 11.234 -568.6 0.8 11,37 1l.tA 164.19 1758
22 252.319 48747, 11.234 ~597.3 38.5% 11.90 11.41 14.53 1766
23 264,111 4890, 1.27¢ ~545,8 T6.6 12.41 11.63 14.90 1718
24 275.418 4937, 11.320 -534.0 115.0 12.91 11.84 1¢.26 1786
2% 2856.7%3 493567, 11.370 -$22.1 153.6 13.40 12.03 15,61 1797
26 296,132 49987, 11.409 -310.0 192.¢6 13.87 12.22 15,92 1810
27 309.527 5C31Y. 1140 -497.6 231.7 16.34 12.41 16.25% 1820
28 321.004 5CedN, 11.42e ~4R5.1 irl.3 14,79 12.%8 16.55 1829
29 332.44) 5C991. 11.417 -472.% 110.9 15.24 12.75 16.81) 1838
N 343.810 s1220. 11.375 -45%55.0 350.5% 15.67 12.91 17.06 1845

¢ Tw0-PHASE BOUNDARY
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€

TABLE X1l EXPERIMENTAL VS. CALCULATED Cy

EXPERTMENTAL VALUES, FROW REFER®MCE 17 CALCULATED YALUES, THIS PAPER
PRESSURE TEWPERATURE DENSITY 3 [ Cy DIFFERENCE PERCENT
ATH DEG, K GMOLE/CM™J/GNOLE-R J/GMOLE~K J/GMCLE-K DEVIATION
13.2% 33.497 0.0109% 17.56 17.37 0.19 1.07
14.77 34,695 0.0109% 16.07 16.09 ~0.02 =~0.1)3
16.87 36.367 0.01098 15.09 15.07 9,03 0.17
19.10 38.150 0.0109% 14.52 ta.e0 0.05 0.32
21.52 40.10% 0.01095% 14,14 14.09 6.0% 0.36
24.26 42.32% 0.01093 13.28 13.81 0.08 0.54
26.98 44,538 0.0109% 13.89 13.6% c.0% C.34
29.54 45.62¢ 0.01095 13.s1 13.57 0.04 0.29
31.908 48,607 0.01095 13.56 13.54 0.02 0.i5
34238 $0.553 0.C1098 13.57 13.54 0.03 0.22
45.59 59.1517 0.01094 13.74 13.80 -0.06 =C.43
58,31 70.241 0.0109¢ 14,68 14.62 0.06 Q.40
16,72 34.218 0.01330 17.67 17.52 0.15 0.88
18.19 36.402 0.01330 15.27 15,22 0.05 Q.30
21.32 38.384 0.01329 14.56 14,56 -0.01 -0.06
24.22 40.214 0.01329 14.15 14,18 -0.23 -0.18
27,22 42.107 0.01329 13.92 13.92 0.00 0.03
30.19 43.905 0.01329 13.77 13.7% ¢.02 0.12
33,28 45,940 0.01329 13.68 13.65 Q.03 .18
36.53 47.994 2.01329 13.61 13.60 0.901 ¢.09
39,79 50.057 0.01329 13.60 13,39 0.01 0.09
53.2% 59.068 0.01328 13.88 13.87 g.0? 0.12
71.10 69.974 0.01328 14.68 14.67 0.01 C.Co
87.02 30.206 0.01327 16.0)3 16.01 0.02 0.0
102.25 90.055 0.01327 17.5? 17.464 -0.07 ~0.30
14.56 33.889 0.01619 18.6¢ 17.87 0.77 4.15
18.88 36.038 0.01619 15.20 15.0% 0.16 1.0%
23.¢? 38,194 0.01619 t4.38 14.38 9. 0.
31.6% 42,244 0.0161¢ 13.81 13.83 -0.03 -0.18
35.80 A4.2453 0.01619 13.69 13.69 0. 0.
39,79 4b.166 0.01618 13.6) t3.61 0.02 0.15
47.73 49.986 0.01618 13.61 13,59 0.01 0.09
66.32 $9.894 0.01617 13.92 13.93 ~0.01 =0.09
49.06 69.931 0.01616 14.83 1677 c.o7 Je 43
109.81 80.C52 0.01616 16.10 16.11 -0.01 -0.08
129.91 89.943 0.01615 17.70 17.71% =-0.05 ~0.28
13.61 33.316 0.01869 17.36 16.51 Q.84 4.85
16,29 34,428 0.01869 15.47 15.38 0.09 0.59
20.72 36.217 0.01869 14.46 14,39 0.07 0.49
2%.61 38.15%9 0.01869 14.01 14,01 ~0.00 -0.03
30.39 40.0%0 9.01869 13,78 13.81 ~0.03 -0.21
35.3) 41.969 0.01869 13.66 13.66 0.00 0.03
«0.60 44,048 0.01868 13.56 13.56 0.00 0.03
«5.06 46.1%2 0.010868 13.55 13,53 0.02 0.15%
Sl.47 48.238 0.016868 13.54 13.54 0. 0.
56.67 50.249 0.01868 13.56 13.58 ~0.02 -0.12
0L.48 60.33% 0.01387 14,01 14.03 ~0.02 ~0.12
105.93 69.404 0.01866 14.81 14.81 0.00 0.93
132,61 719.924 0.01868 16.18 16,20 ~0.02 -0.13
156.25 89.331 0.C1864 17.5%9 17.76 ~0.17 =0.95
16.97 33.69¢6 0.02292 13.81 13.61 0.20 1.45
24,85 35.943 0.02292 13,51 13,42 0.02 0.1%
39.40 40.010 0.02291 13.38 13,38 0.00 0.03
48,37 41.94) 0.02291 13.3e 13.38 .03 .19
53.43 43.900 0.02291 13.39 13,36 0.03 0.19
60.9¢ 43,976 0.02290 13.48 13.39 0.06 0.44
68,42 43,043 0.02290 13.49 13,49 Q. 0.
15.80 50,086 0.0223%0 13,39 13.59 0.00 9.03
111.49 60,017 0.022008 15.1% 14.16 -0.01 -0.09
146,34 69,821 0.02287 15.10 15.07 0.04 0,2%
181,32 79,870 0.0228% 16.5% 16.4) 0.13 9.78
217.66 90.319 0.02284 17.23 18,18 0.08 0.4t
19.0% 33. 107 0.02%46 13.19 13.22 ~0.03 ~0.22
23.97 34,245 0.02%46 13.18 13.21 -0.03 -0,22
25.62 34,622 0.02%46 13.20 13,21 ~0.02 -0.13
29,13 35,434 0.02%4% 13.19 13,22 -0.03 -0.19
35.68 36.92¢6 0.,025~% 13.21 13,24 -0.03 -0, 19
37.%52 37,354 0.02%543 13.23 13.24 ~0.02 -0.13
46,06 39.301 0.023%4% 13.28 13,28 0.03 0.19
53,9 4i.109 0.023%48 13.33 13.29 0.0% 0.3%
T4.75 45.860 0.02%40 13.4% t3.41 0.04 0.31
83,87 47.99 0.02%543 13.59 13.53 0.03 0.19
93.05 30,060 202543 13.8? 13,63 ~0.02 -0.12
135,28 59.045 0.029%41 14,2% 14.28 ~-0.03 -0.21
179.7¢ 1¢. 316 0.02%39 1%.34 15.28 0.03% 0.3y
217.94 T79.472 0.02938 16.453 16.%4 0.11 0.43
259.04 89.674 0.02938 18.36 18.29% 0.09% 0.6
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TABLE X11. EXPERIMENTAL VS. CALCULATED C - CONTINVED

EXPERIMENTAL VALUES, FROM REFER®NCE 7 CALCULATED VALUES, THIS PAPER
PRESSURE TEMPERATURE DENSITY Y C [ OIFFEREWCE PERCENT
ATN DEG. & GMOLE/CP J’GHBLE-K J/GMBLE-X J/GMCLE~K DEVIATION
11.03 27.%32 0.03073 12.5% 12.62 ~0.07 -0.53
24.4¢ 29.628 0.03072 12.70 12.717 ~0.06 -0.49%
40.98 32.215% 0.03071 12.95 12.9% 0. 0.
S4.04 34.262 0.03071 13.12 13.98 0.03 0.26
67.30 364344 0.03070 13.2%5 13.21 0.04 0.32
80.58 30.439 0.03070 13.37 13.32 0.05 0.34
93.61 40.505 0.03069 13.47 13.41 0.07 0.50
106.09 42,494 0.03069 13.54 13.49 0.04 0.31
114.76 43,881 0.030¢8 13.64 13.5¢ 0.08 g.58
127.31 ©5.898 0.03068 13.74 13.68 0.09 Q.64
137,58 47,6880 0.03067 13.86 13.80 0.05 6.3
151.89 49.879 1.03067 13.397 13.94 0.03 0.21
213.72 £0.070 0.03064 14,67 T4.87 0.02 0.11
268.77 €°.365 0.03061 15.63 15.59 C.04 0.27
327.48 19.554 0.030%¢ 17.04 17.00 0.03 0.20
27.62 20.140 0,03677 11.34 11. 41 0.08 ~0.66
45,92 22,208 0.03676 11.8C 11.82 -0.02 -0.148
62.16 24,028 0.03675 12.11 12.12 -~0.01 -0.07
63.54 24,182 0.03675 12.13 i2.1s -0.01 -0.10
80.5¢ 26.087 0.03674 12,41 12.41 =-0.00 -0.03
98.79 28.132 0.2367) 12,57 12.69 -0.02 -0.13
116.75 30.145 0.03672 12.90 12.92 -0.02 ~0.13
124.52 32.142 0.03671 13.11 13.13 ~-3.02 -9.16
15 .1 34,324 0.03671 13.30 13.32 ~0.03 -0.19
16 .18 36.050 0.03870 13.48 13.49 -0.01 -0.06
186.11 37.971 0.03669 13.63 13.64 ~0.01 -0.09
203,41 39.944 0.03668 13,76 13.78 0. C.
220.59 41.916 0.03667 13.87 13.87 -0.00 -0.03
237.85 43.909 0.03667 14,00 13.99 0.00 0.03
255.18 ©3.923 0.0366¢ 14,12 14.12 0.20 0.03
272.74 47.978 0.03665 14.26 14.29 ~0.03 -Q.21
290.16 59.029 0.03684 14.39 l4.46 ~0.07 =0.47
306.92 52.051 0.03662 14.52 14,62 ~0.10 -0.69
324,34 54 N85 0.03662 14,67 14.79 ~0.13 ~C.86
49,77 19.916 0.03789 1.3 1l.31 0. 0.
67.82 21.86) 0.03780 1.7 1.7 0. 0.
T2.61 22.317 0.03787 11.80 11.81 =0.01 -0.07
87.03 23,724 0.03707 12.06 12,07 ~0.01 -0.07
105.78 25.930 0.03786 12.39 12.37 0.02 0.14
125,49 20.037 0.03735 12.67 12.67 G.00 0.03
164,41 30.060 0.03784 12.92 12.92 ~0.00 -0.03
163.30 32.082 0.03783 13.1% 13.1% -0.00 -0.03
181.7¢ 34.0%6 0.03782 13.3% 13.3% 0. 0.
197.41 35.742 0.03781 13.51 13.51 0.00 0.03
214.03 37.538 0.037890 13.65 13.68 -0.02 ~0.12
212.42 43.923 0.03777 14.08 14.08 0. 0.
1%.16 16.139 0.03791 10.32 10.28 0.04 0.38
36.04 18.404 0.03790 10,92 10.94 ~0.02 -0.19
55.16 20.481 0.03789 11.46 11.43 0.03 0.26
69.63 22.038 0.03788 ila7e 1l.74 ~-0.00 =0.04
88.75 24.088 0.03787 12,09 12.10 ~0.00 -0.03
107.91 26.136 0.037848 12.41 1240 Q.01 0.10
126.8% 26,180 0.03783 12.68 12.69 ~0.00 -0.03
145.89 30.196 0.03785 12.9« 12.94 ~0.01 -0.10
154.98 32.239 0.03784 *3.18 13.17 -0.01 ~0.06
1683.80 34,25% 0.03783 13.37 13.37 a. c.
18%9.086 3%.982 0.03782 13.52 13.54 -g.01 -0.09
21€.09 37.951 0.03781 13.69 13.7C ~-0.01 -0.09
236,44 39.930 0.037180 13.82 13.83 ~0.00 -0.03
2%4.58 A1.911 0.03780 13.9% 13.93 ©.00 0.03
272.7G 43.9N0 0.03179 14.08 14.08 ~0.00 -0.03
290.82 45.902 G.03778 14.22 16,21 0.00 0.03
309.13 47.938 0.03177 14,35 14.40 ~0.0% ~Q.32
327.423 49,992 0.0377¢ 14,49 14.57 -0.00 ~0.35%
70.08 18.021 T.0393/¢ 10.73 10.7¢ -0.93 -0.27
90.42 20,048 0.03936 11.23 11.2% ~0.02 -0.1%
109.45 21.999 0.03933 11.66 11.66 -0.00 -0.04
129.00 23.985 C.03934 12.02 12.32 ~0.01 -0.07
146.56 25.96) 0.03933 12.36 12434 0.02 0.14
168.06 27.93}) 0.03932 12.64 12.04 0.00 ¢.03
187,63 29.909 0.039231 12.90 12.90 0. Q.
207.43 31.907 0.03930 13.1¢ 13.15 -0.02 -0el)
221.23 33.907 0.03929 13.36 13.38 ~0.01 -0.09
244.87 35,894 0.03928 13.56 13.59 ~-0.02 =0.12
267.29 37.971 0.03927 13.74 13.77 -0.03 -0.24
286.47 39.93% 0.0392¢ 13.09 13.92 ~0.03 -0.24
305.57 41.897 0.03923% 14.02 14.0% ~0.04 -0.27
324.96 43.099 0.03924 14,16 14.20 ~0.04 -0.27
344.49 4%.919% 0.0292) 14.31 16,33 ~0.0% -0.32
196.83 a1.991 0.0¢181 11.5%2 11.49 0.03 0.29
219,32 23.917 0.04180 11.91 11.89 0.02 .18
241.50 2%.987 0.08179 12.29 12.27 €.02 0407
263,74 28.0%% 0.04178 12.62 12.61 0.01 0.07
28%.31 30.05% 0.04177 12.91 2.3 a. c.
¥e.7€ 32.048 0.08176 13.1% 13.t8 Q. 0.
327.713 33.990 0.04178 13.41 13,41 -0.01 -0.06
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