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Tabular valpes of density, internal energy, enthalpy, entropy, heat capacity, and speed of sound for
liguid and gaseous helium are presented for temperatures from 2 to 1500 kelvin at pressures from
1.0 X 104 to 1.0 X 10# pascals. Diagrams of temperature vs entropy are also given. The properties pre-
sented are calculated from an equation of state which was fitted to experimental P=-F-T and other
thermodynamic data from the world’s literature. The equation of state was fitted to these data in three
separate regions of pressure and temperature. The regional equations are forced to join smoothly at
the preconceived boundaries. Extensive comparisons between the equation of state and experimental
data have been made, and deviation plots are presented. A particularly careful determination of the
second virial coefficient over the full temperature range 2-1500 kelvin is presented. The Joule-Thomsen
inversion curve has been calculated and comparisons made with other sources. Equations for the den-
sity of the saturated liquid and vapor are included as well as an equation which represents the 1958

helium vapor pressure temperature scale.
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1. Introduction

The investigation of the properties of helium has been
one of the more popular endeavors in science since it
was discovered in 1868. A large part of this interest can
be attributed to the spectacular superfluid properties
of helium. This work does not include the temperature
and pressure range at which the superfluid properties
of helium occur.

In recent years the application of helium as a refrig-
erant and other technical uses have accelerated interest
in the thermodynamic properties of helium. Although
many investigators have published data for the thermo-
dynamic properties of helium, in mest cases these in-
vestigations have been limited 10 narrow ranges of
temperature and pressure which were of immediate
interest to the individual. In no case has there been
tabulations published which cover the range of tempera-
ture and pressure of this work. In addition, where pub-
lished data do overlap, there is usually a substantial
disagreement which, in many cases, makes the transition
{from onc data sct to another quite difficult for the uscr.
For these reasons this laboratory undertook the job of
critically analyzing the existing thermodynamic data
for helium and creating from this analysis a new set of
data which covers a more extensive range of pressure
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and temperature than was previously available in a
single document.

2. Survey of the Literature

A search of the world’s scientific literature began with
a computerized search of some 40,000 articles at the
Cryogenic Data Center of the National Bureau of
Standards at Boulder, Colorado. This search produced
634 references. The literature search was periodically up-
dated so that current data were continually assimilated.

A bibliography by Barieau [2]' contains all the ref-
erences he could find with experimental P-V-T data for
helium 4. The bibliography contains 163 references. In
addition to these P-V-T data there are many references
in the literature which contain other useful experimental
data such as specific heat, speed of sound, and many
others. All of the articles which contained appropriate
experimental data were considered for possible con-
tribution to the correlation of the thermodynamic proper-
ties of helium.

Over the past few years, a number of other correla-
tions of properties of helium have been published. Most
of these have heen of limited scope and only one [53] hae
included the two-phase region. Since Mann’s correla-
‘tion many new experimental data for helium have been
published. Other more recent correlations are [72] and
[65]; both of these correlations are restricted to tempera-
tures of 0°C and above. The agreement between the
above correlations and this one is discussed in detail
in section 8.4.

Many of the references in the literature contain
equations of state; however, none of the equations of
state were adequate for the scope of this correlation.

In the last ten years or so, the continued increase in
usage.of the high speed digital computer has made the
equation of state approach to thermodynamic properties
more and more attractive. Many equations of state have
been proposed in the literature. In every case the author
has found these equations do not represent the existing
data, or theory, adequately at one point or more on the
P-V-T surface. However, this is not to say that the
single equation of state presentation is not useful. In
the majority of cases, the user is willing to accept these
inadequacies or the inadequacies occur-at points which
will not affect his particular calculations. In this work
an alternative is presented. A single equation of state is
presented, with three different sets of adjustable param-
eters. The three sets of parameters were determined
from data of limited temperature and pressure ranges
and the three ranges were joined smoothly at their
common boundaries by various means. The tabulations
given here were calculated from the set of three
equations, )

In the case of helium, for a number of reasons, it is
difficult to assess the general overall adequacy of an
equation of state. First, the entire normal two-phase

! Figures in brackets indicate literature references in section 13.

gaseous-liquid coexistence region takes place in a span
of about three Kelvin. This amplifies by at least an order
of magnitude the importance of temperature measure-
ment errors. Second, these temperature measurements
are made in an extremely difficult portion of the tempera-
ture scale, i.e., 2 to 5 K. Third, when determining an
equation of state for a fluid, it is important to have
accurate data from a single source covering both the
gaseous and liquid region from the triple point to about
twice critical temperature. For helium there is only one
such set of data available [50]. Since there is only one
such source of data for this region it is impossible to
make extensive comparisons. In the regions of pressure
and temperature where there is a small overlap of these
data with others, there is about a 1.5 percent disagree-
ment in density at high density which is disastrous for
the determination of an equation of state.

In general, the three regional equations of state repre-
sent the existing experimental P-V-T data to within the
accuracy of the data in their respective regions with the
exception of the critical region. The critical region of
helium has been investigated quite extensively and is
treated here completely independently of the balance
of the P-V-T surface.

3. Vaporb Pressure

In recent years most of the experimental work at
temperatures between 2 and 5 K has used the 1958
helium temperature scale [7], and when older data
which are based on other temperature scales are com-
pared and correlated with the newer data conversion to
the 1958 scale has served to establish a common temper-
ature scale. Some of the most recent experimental
workers have used other temperature scales but these
are almost always given in terms of “corrections” to
the 1958 scale. Therefore, it seemed worthwhile to
create an equation or equations to reproduce the 1958
helium vapor pressure temperature scale. These equa-
tions are:

In P= i AiTED, 1)

=1

where T is in kelvin and pressure is in micrometers of
Hg (1 um Hg=133.322 P,). The range of validity for
eq (1) is 2.172 to 5.1994 K. For the temperature range of
0.5 to 2.172 K the equation

InP=3 BiTe-, )
i=1 .

was determined. Equation (2) is in the same units as
eq (1)

Equation (1) was fit to 611 smoothed points from [7],
taken every 0.005 K between 2.172 and 5.1994 K. In
addition to the 611 data points, six constraints were
imposed on the least squares estimates of the param-
eters. These constraints are listed in table 1. The
coefficients (4;) are given in table 3.

J. Phys. Chem. Ref. Data, Vol. 2, No. 4, 1973
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TaBLE 1. Constraints on equation (1)

P = 37800pumHg a T = 2.172K

P = 760000 at T = 4.215

P = 1718000 at .T = 5.1994

dPldT = 92960 um HgK-'at T = 2.17

dPldT = 717100 at T = 4.22

dPldT = 1267000 at T = 5.2
TABLE 2. Constraints on equation (2)

P = 37800umHg a T = 2172K

dP/dT = 92960 um HgK-'at T = 217

TaBLE 3. Coefficients for equation (1)

A4, = —3.9394635287

4: = 1.4127497598 X 102
A; = —1.6407741565 X 10°
A = 1.1974557102 X 104
As = —5.5283309818 X 10*
4s = 1.6621956504 x 10°
A; = —3.2521282840 X 10
Ag = 3.9884322750 X 103
Ay = —2.7771806992 X 103
Ay =  8.3395204183 X 104

Equation (2) was fit to 333 points taken every 0.005 K
from 0.5 to 2.172 K [7]. In addition to the 333 data points,
two constraints were imposed on the least squares
estimate of the parameters (see table 2). The coefficients
(B:) for equation (2) are given in table 4. The maximum

oY
-
4

TABLE 4. Coefficients for equation (2)

B; = —4.9510540356 X 10/
B = 6.5192364170 X 10?
B; = —3.7075430856 X 10°
B, = 1.2880673491 X 104
B; = —3.0048545554 X 104
Bs = 4.9532267436 X 10*
B: = -—5.9337558548 X 10¢
By = 5.2311296025 X 10*
B, = —3.3950233134 X 10+
By =  1.6028674003 X 10¢
B = —5.3541038967 X 102
B = - 1.1990301906 x 103

© By = —1.6146362959 X 102
B = 9.8811553386

deviation in pressure for either equation (1) or (2) is
0.02 percent. The maximum deviation in temperature
predicted by either equation (1) or (2) is 0.0001 K (see
figure 1). Deviations are from the 1958 helium vapor
pressure temperature scale as defined in {7].
Temperature scales both practical and thermodynamic
have always been a fascinating subject to scientists and
engineers. The 1958 helium vapor pressure temperature
scale (hereafter referred to as the T3 scale) is no excep-
tion, Cataland and Plumb [10] have been engaged in a
program of acccustic thermometry which includes the
liquid helium temperature range from about 2 K. An-
other paper by Rogers, et al. [70] makes an interesting
comparison of various experimental temperature deter-
minations with those calculated from the Tss. Figure 2
is from Rogers, et al. [70]. Two things are evident in

xlO_A
0.8¢: <+
e
W -
U] -
e Do <
LQ‘:J PR o
W IR ':\'-;‘
L. k-
(@]
-.8¢ +
e + ' ' v
. 0.4 0.8 1.2 1.6 2.9
PRESSURE, MICRONS »10°

FiGURE 1. Deviations between the 1958 helium temperature scale and equations (1) and (2)
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FiGure 2. Differences between experimental measurements of
temperature and the 1958 helium scale

figure 2. First, the Tss scale assigns temperatures
lower than the thermodynamic temperature and, second,
the temperature determinations have a scatter of about
five millidegrees. On the basis of the above referenced
work it was decided to adjust the Tss scale by

T = Tss+ 0.001 + 0.002 Tss, 3)

which raises the temperatures assigned to the normal
boiling point and the critical point of helium by about
nine millidegrees and 11 millidegrees, respectively.
After equation (3) was decided upon, more recent work
by Cetas and Swenson [11, 12, 13], using a paramagnetic
salt experiment to determine absolute temperatures,
suggests that the adjustments from equation (3) are too
large by about 4 or 5 millidegrees for temperatures
approaching 5 K.

The measurements by Cetas and Swenson [11, 12, 13}
have a greater precision than these in figure 2 by at
least a factor of 2. Kierstead [45, 46] reports experi-
mental P-V-T measurements in the critical region of
helium which tend to confirm the T'ss scale discrepancies
reported by Cetas and Swenson [11, 12, 13]. Since the
difference between the adjustments to the Tss scale
given by equation (3) and those proposed by Cetas and
Swenson [11, 12, 13] would have a significant effect only
at temperatures in the near critical region and since
the equation of state is admittedly not accurate in the
critical region no ‘further adjustments to the temper-
atures were made.

One of the fixed points of the T’ss scale is the critical
point. The value of pressure assigned to the critical
point is 1718 mm of mercury reported by Kamerlingh
Onnes [36]. Kamerlingh Onnes states that the determina-
tion of that value (1718 mm) was made by observing the

disappearance of the meniscus and that this could be
determined to no better than one centimeter of mercury.
Some of the more recent measurements of the critical
pressure [19] and [67] show that 1718 mm of mercury is
too high and that a better value of the critical pressure
of helium is 1706 mm of mercury.

If one takes as a best estimate the critical pressure
of helium to be 1706.1 mm Hg and solves equations (3)
and (1) for a temperature at this pressure, a critical
temperature of 5.2014 results.

Before leaving the helium vapor pressure temperature
scale there is one other disagreement between T'ss and
recent experiments that bears mentioning. Kierstead
[46] made measurements of the slope of the critical
isochore for helium 4 and found the slope (3P/3T) at P,
and T to be 1289.2 torr/K as compared to 1267.0 torr/K
as given by Tss. Since the Tss scale is based on an
analytic representation of the behavior of the vapor
pressure of helium this disagreement is not unexpected.
Far a nonanalytic representation of the helinm vapar
pressure see equation (33), section 9.

4. Density of the Saturated Liquid and Gaseous
Phases

During the course of the correlation of the P-V-T
data for helium, equations for the density of the satu-
rated liquid and vapor phases of helium were developed
as aids in the analysis. These equations have not been
used to produce any of the numbers which appear in the
numerical tabulations. They are presented here as a
convenience for those who might have use for such
equations. They do represent the experimental densities
to which they were fit to within the precision of those
densities.

The analysis of the experimental density data for the
saturated liquid and gaseous phases of helium 4 included
a number of sources, references [19], [20}, [21], {22],
[23], [42], [44], [54], and [67]. Most of these data are for
the saturated liquid and are of limited temperature
range. The data of Roach [67] and of Edwards [19, 20,
21] are mainly concerned with the critical region.
Kerr’s [42, 43, 44] experiments were mainly concerned
with the region of the lambda transitions. His 1957 paper
[42] does contain data up tv 4.4 K, however, while it
generally agrees with the more recent data of el Hadi
[22, 23] it contains considerably more scatter. The
paper by Kerr and Taylor [44] contains new data only
for temperatures of 2.8 K and below. The old Leiden
data by Mathias, et al. [54] were not in agreement with
the newer data. The data by el Hadi [22, 23] cover the
widest range of temperature and seemed to be the best
suited for the formulation of useful saturation equa-
tions. Therefore, the el Hadi [22. 23] data were used in
the least squares determination of the following two

equations. The density of the saturated vapor is given
by

6
Pg= pc+ 2 S,qi (1 —=T/T:)vs, -4)

i=1

J. Phys. Chem. Ref. Data, Vol: 2, No. 4, 1973



928 ROBERT D. McCARTY

and that of the saturated liquid

A T

i=1
where the density is in g/cm3, and the temperature is

in kelvin. The parameters for equations (4) and (5) are
given in table 5. The saturated liquid data below the

TarLE 5. Coefhicients for equations (4) and (5)

pe =  0.06964 g/em? pe =  0.06964 gfem?
S = —6.9267495322 X 10-2 | 5, =  1.2874326484 X 10-1
sg. = —1.2025325530 X 10-* | s, = —4.3128217346 X 10~
S, = 2.9347470712x 10! | s, =  1.7851911824
sg, = —4.0806658212 X 10-1 | s, = —3.3509624489
Sgs =  3.5809505624 X 10~ | s, =  3.0344215824
S = —1.1315580397 x 10-1 | s, = — 1.0981289602

lambda temperature were omitted from the least

squares fit. The average deviation for the liquid equa-

tion was 0.027 percent with a maximum of 0.1 percent
(in density) at 4.4 K. The average deviation for the
vapor equation was 0.1 percent with a maximum of
0.4 percent (in density) at 2.2 K. See figure 3. The range

04 r—p F—=-— T T T T T
K v O Saturated Vapor ,el Hadi (1969)
/ \ O Saturoted Liquid,el Hadi (1969)
! \\ _— d Liquid trom equation of state(17]
B \ ~~— Saturated Viapor from equation of state (17)
' \
Q [
\

" 02+ \\ .
z \ o
o \ o
- \
<< - \ o
= \
> \ o a
L \ o]

e N e o o B
- o [al (I o
2 o - 0O SN0e - a
i o o) -~ D
g MY
E ° o O o \\\0 :
— a \‘ .:.4
\ Ol
\\ Il
P ] 1 ] i | ] |‘\ :
- O :
0254 28 36 4.3 52
TEMPERATURE , K
FiGURE 3. Deviations between equations (4), (5) and (17) and the

experimental data by el Hadi [22, 23}

of the vapor equation is from 2.2 K to the critical point
and the range of the liquid equation is from the lambda
point to the critical point. If the best possible accuracy
is desired between 5 and 5.2 K, equations (31) and (32)
should be used.

J. Phys. Chem. Ref. Dataq, Vol. 2, No. 4, 1973

5. The Second Virial Coefficient

The virial equation of state for gases is often given in
form of

PV=RT(1+Bp+Cp2+Dp3+. . .). ©)

Although this is one of the earliest proposed equations
of state for gases, it is still extensively used and the
virial coefficients (B, C, D, etc.) are of special interest
to theoreticians. The second virial coefficient, B, is
the easiest to obtain, both from experimental data and
from theory. Therefore, the experimentally derived B is
of particular interest to theoreticians for investigation
of the intermolecular potential.

Most of the existing experimental P-V-T data for
helium have been published in the literature in iso-
thermal form, and in many cases these articles include
virial coefficients derived from the experimental iso-
therms. Unfortunately, the value of a virial coefficient
derived from a given set of data is highly dependent
upon a number of factors related to the method used in
obtaining the virial coefficient from the data. Since the
method almost always varies from one investigator tc
another and since the details of the method are often
omitted, it is inappropriate, in most cases, to compare
one author’s virial coefficients directly with another’s,
There seemed to be enough low pressure isothermal
P-V-T data in the literature to warrant a careful investi-
gation of the second virial coeflicient. Each experimental
isotherm found in the literature was treated in exactly
the same way. Least squares estimates of 4, B, and C,
were determined from the equation

PV=A4+Bp+Cp. )]

The estimating procedure began by least squares
fitting equation (7) to a few of the lowest density data
points and repeating the fitting procedure many times,
each successive time adding another data point of in-
creasing density until the virial C became statistically
significant. As soon as the virial C became significant,
the last few data points (highest density) were removed
and a final fit made. The point at which the third virial
began to contribute to a detectable degree is dependent
upon the random scatter of the data, Theoretically, it
would contribute at all densitics if there were no random
error present. However, if the contribution (of C) is
less than the random error in the data, it must not be
included in the estimating equation because it will tend
to compensate for random error by shifting the curve
towards one or more of the data points with a large
random error. This, in turn, will influence the value of
the B, because of the strong covariance which exists
between the B and C. A total of 148 isotherms were
analyzed in this manner. The partial results of the
analysis are shown in part in figures 4,5, 6, and 7. Even
when each experimental source of data is compared on
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a common base, small differences in the data tend to
influence the virial coefficients, Even though the results
of the analysis were less than expected from the stand-
point of the second virial coefficient, other information
which came out of the analysis proved to be very valu-
able. The estimates of the variance of the B’s from each
source of data provided an absolute and a relative esti-
mate of the experimental random error in the data. In
equation (7), A appears as a parameter to be estimated
by the least squares procedure, which corresponds in
the virial equation to RT. Using a commonly accepted
value of R it was then possible to place confidence limits
on the temperature of the isotherm. In some cases the
temperature assigned to the isotherm by the original
source was outside the confidence limit by a wide mar-
gin, indicating some systematic error in the measure-
ment of the P-V~T data. In a few of the cases where
systematic error was detected, the error could be as-
signed to the temperature measurement and therefore
corrected. If this was not possible, the data were
eliminated from further consideration unless they hap-
pened to be the only data available for that temperature
and pressure range.

On the basis of the information gained from the iso-
thermal analysis just described, particular sets of
P-V-T data were chosen for the final estimation of B.
The data of Canfield, et al. [9] were chosen for the tem-
perature range of 133 to 273 K. The data of Sullivan [71]
were chosen for the temperature range of 70 to 120 K.
The data of White, et al. [76] were chosen for the tem-
perature range of 20 to 70 K, and finally, the data of
Keller [41] were used for temperatures from 2.154 to
3.957 K. In the case of Canfield, et al. [9] and Sullivan
[71], care was taken to exclude data above densities
where higher order virials began to contribute.

In addition to the P-F-T data mentioned above, two
other kinds of data were fitted to equation (8) simultane-
ously with the P-V-T data. The speed of sound data by
Plumb and Cataland [66], which cover the temperature
range between 2.323 and 20.051 K, were inserted into the
fit as well as the second virial coefficient data of Yniema
and Schneider [79] which cover the temperature range of
273 to 1473 K.

The function chosen to represent the temperature
dependence of the second virial coefficient is

9
B(bi, )= bTus-i2, (8)
i=1

where T is in kelvin and B is in liters/mole. The tech-
nique of simultaneously fitting different kinds of data
requires only that the different kinds of data being used
are mathematically related and that the resulting equa-
tions are linear and separable in the parameters being
estimated. For the second virial data equation (8) was
used. For the P-V-T data equation (9) was used.

9
PVIRT—1.0=" bpTt5-i12), 9)
i=1

where P is in atmospheres, V/ is in liters/mole and T is in
kelvin.

To introduce the speed of sound into the least squares
equations, the virial expansion is again truncated after
the second virial. If no higher order virial contribution is
present the following relationships are valid.

Wri=Wi(1+aP), (10)

where W2 is the speed of sound squared; W3= (Csf

Cy)p=o R—]J is the ideal-gas speed of sound; a=1/RT

(2B+4/3TdB/dT + 4/15T2d2B|dT?); and P is the pres-
sure. Since the second virial coefficient has the same
value in either the pressure or density form of the virial

equation of state, it is now possible to write equation
(10) as

P o\ e (op st pdB & &B
<W% 1.0) RT—(2B+3T T de\) P. )

Substituting for B from equation (8) into equation (11)
results in

0

> \RT 3 4 _
(%2—1.0) =3 [2 +3 (15— if2)
4

+15 (1.5—i/2) (0.5—;'/2)] [Tas-12], = (12)

where the units of P, T and R are the same as in equa-
tion (9). The right hand side of equations (8), (9), and (12)
are now all linear in the bi. In least squares estimating
procedures a general equation is sometimes written as

y=Y biXi. (13)
i=1

The left hand side of equations (8), (9), and (12) become
the y in equation (13) and the term multiplying the &; in
equations (8), (9), and (12) becomes the X; in equation
(13). For morc dctails on simultaneous data fitting sce
Hust and McCarty [35].

Since the least squares estimating procedure mini-
mizes the sum of the squares of the deviations in the
dependent variable (the y in equation (13)) with respect
to the parameters being estimated (the b; in equation
(13)) it is important that the variance in y be as nearly a
constant as possible. This is especially true in the case
of simultaneous data fitting because the independent
variable differs in magnitude from one kind of data to
the next; therefore the variance is likely to differ more
than when using only one kind of data. Fortunately, a
transformation via a weighting factor will compensate
for this to a large degree. Applying the weighting factor
to equation (13) at the nth data points gives

Yol = 2 WabiXn, (14)
i=1

where
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(5)

and G, is an estimate of the standard deviation in the
nthy. An estimate of G, may be had from the precision
of the experiment. If there are large random errors in
one or more of the independent variables of the X; in
equations (13) and (14), or if the random error is small in
X; but a small error in the X; causes a large error in the
¥, i.e., 8y/8X; is large, then these random errors should
also be taken into account. This is easily done by
modifying the weighting factor to include

W= 1 :

R mo ag, 271/2°
[0’!21""‘ E‘ (Tii, n (axinn> ]
i= ’

where the &, , is estimated again from the precision of
the experimental measurements and the (3y»9xi,») is
estimated by obtaining a preliminary set of parameters
and using them to form the proper partial derivatives.

Ideally, if the estimates are exact the variance of the
resnlting weighted least sqmares fit would he one, and
would be distributed statistically as x2. An approximate
rule of thumb is that if the variance of the fit is between
0.1 and 10, the weighting is probably quite good. Com-
bining the above procedures and the referenced data
the estimated parameters for equation (8) which are
given in table 6 were obtained. The number of terms in
equation (8) was determined by successively adding
terms to the expansion until the statistical significance
of one or more of the coefficients was lost.

The error bars shown in figures 4, 5, 6 and 7 are esti-
mated uncertainties for a 95 percent confidence. The

(16)

ROBERT D. McCARTY

second virial coefficients of Gammon and Douslin {24]
shown in figures 6 and 7 were derived from speed of
sound measurements. These data appeared in the
literature after the parameters for equation (8) were
determined. The agreement between Gammon and
Douslin’s [24] virials and those from equation (8) is
good, ranging from slightly less than 1 percent difference
at the highest temperature to slightly more than 2 per-
cent at the- lowest temperature, all well within the
uncertainties assigned to equation (8).

TaBLe 6. Coefficients for equation (8)°

b = —5.0815710041 X 10-7
b = —1.1168680862 x 10—
by = 1.1652480354 X 102
by = 7.4474587998 X 10—
bs = —5.3143174768 X 10-!
bs = —9.5759219306 X 10-!
b, = 3.9374414843
bs = —5.1370239224
by = 2.U804456338

aThe number of significant figures listed for these and all other
tabulations is in no way indicative of the accuracy of the properties
calculated from the cquations. Howcver, the number of significant
figures given is necessary to avoid errors due to computational round

off.

Even more recently Berry [5] reported second virial
coefficients of —2.35, —43.6 and —79.0 cm?/mol for
the temperatures of 20.2746, 6.6989, and 4.2240 K,
respectively. Using equation (8) values of —2.0,—44.0,
and —80.3 were calculated for the above temperatures,
respectively.

Figure 8 shows the shape and relative size of the
second virial for helium over the entire range of tempera-
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FIGURE 8. Second virial coefficient from 2 to 1500 K
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ure from 2 to 1500 K;; table 7 gives values of the second
virials calculated from eq 8.

TABLE 7. Second virial coefficients for helium-4

Temp {| BX10® | Temp {BX10® | Temp | BXx 102
K 1/mol K 1/mol K ~ Jfmol
2 —203.8 22 —0.37 200 12.33
3 —122.0 24 1.17 250 12.16
4 —85.83 26 2.47 300 11.95
5 —64.08 28 3.56 350 11.73
6 —51.20 30 4.49 400 11.51
7 —41.33 32 5.29 450 11.30
8 -—33.88 34 599 | 500 11.10
9 —28.05 36 6.60 550 10.90
10 —23.37 38 © 714 600 10.71
11 —19.52 40 7.62 650 10.53
12 —16.31 50 9.33 700 10.35
13 —13.60 60 10.37 750 10.18
14 —11.27 70 11.04 800 10.02
15 —9.25 80 11.49 900 9.71
16 —17.49 90 11.79 1000 9.41
17 —5.94 100 12.00 1200 8.86
18 —4.57 125 12.29 1300 8.60
19 —-3.35 150 12.38 1400 - 8.36
20 —2.25 175 12.38 1500 8.12

6. The Equation of State

When the task of correlating the thermodynamic
properties of helium was undertaken, one of the ultimate
goals was the production of a single equation of state
which would adequately predict the existing experi-
mental data from 2 to 1500 K with pressures as high
-as possible. As is always the case when trying to fit a
large surface such as a P-V-T surface, part of the
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surface is compromised to allow even a reasonable
fit of another part of the surface. It was therefore
decided after a long and tedious period of experimenta-
tion with, and development of, various mathematical
models for the equation of state of helium that further
efforts along the single equation of state approach would
likely be fruitless.

The alternative to a single equation approach is obvi-
ously a multiple equation approach which presents a
problem of matching two or more surfaces at a common
boundary. Since the equation of state does do a reason-
able job of representing the entire P-V-T surface, it
seemed reasonable to assume that it would do a better
job for just part of the surface. Maintaining the mathe-
matical form of the equation of state from region to
region also has some practical advantages. The matching
at the boundaries is greatly simplified and the computer
programming is minimal as one only needs to switch
coefficients to go from one region to another. The form
of the equation of state used for helium is:

8 .
P=pRT[1+B(bi, T)p)+S nypsTus-i2
i=1

4 3
+ nzip47‘(1.5—i) + 2 nsip5ﬂ°'75_i/4)
i: 1 i=1 ) ( 17)
+ naip3eve*T1.0-1) nsi pse‘ypzT{ 1.0—1)

2
+ 2 ngpST1-9,

i=1

where P is in'atmospheres. p is in moles per liter. T is in

Tam

Region I

Iam

| I B | /]
8 10 20 30 To 1500 K
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FIGURE 9. Schematic p-7" diagram for helium showing regions represented by different equations
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kelvin, R = 0.0820558 1-atm/mol-K and B (b:, T) is given
by equation (8).

The P-V-T surface was divided into three regions as
shown in figure 9.

The thermodynamic properties for helium tabulated
in appendices D and E have been calculated using the
multisurface approach. All properties in region I were
calculated using equation (17) together with the coefh-
cients in table 8. Region I is defined to include tempera-
tures from 2 to 10 K with densities to the saturated liquid
density for temperatures from the lambda point to the
critical point, for temperatures between the critical
temperature and 10 K, the limiting density is the critical
density.

All properties in region II were calculated using equa-
tion (17) together with the coeflicients in tables 8 and 9.
Region II is defined to include temperatures from the
lambda line to 10 K with densities from the boundary of
region I to the solid line. The transition between regions I
and Il was accomplished along a line of constant
temperature in the following manner,

Prop (Py T) = PI‘OP (Pboundary’ T)
Region II Region 1
(18)
+[ Prop (p, T) —Prop (Poounaary> T) ]
Region I1 Region 11

This formulation insures a continuity between the two
regions; however, to obtain the best results in region II
equation (18) must actually be used in the least squares
estimation of the coeflicients for region II. More will
be said about the estimation of the coefficients later in
this section.

All the properties in region III were calculated using
equation (17) together with the coefficients in table 10.
Region III is defined to include temperatures from 15 to
1500 K with limiting densities determined by a maximum
pressure of 1000 atm,

In the temperature range of 10 to 15 K either regions
I or II may be extrapolated upward or region III may
be extrapolated downward (in temperature); however, to
insure a smooth transition in the tabulations a weighted
average of the two extrapolations was used. The actual
calculations were made as follows:

Prop (p, T) =Prop (p, TY(15.—=T)/5
Region I or II

+ Prop
Region III

(p, TY[1+ (T—15.)/5.].
(19)
"To insure a smooth transition between the various
regions, equations (18, 19) were used for all properties

tabulated in Appendices D and E.
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TaBLE 8. Coefficients for equation (17) (Region I)

np=1.4792568148 X 10-4 nge=—3.7910190353 X 10-*
nyp=-—23.2531355477 X 103 np= 1.3806454049 X 10-3
np= 1.9518739286 X 102 nge=-—2.5085412058 X 10-3
n13=—1.0571817135 X 10~ nyp=2.3697560398 X 10-*
niz= 3.3164944449 X 10-! nys=—9.5726461066 X 10—*
ns=—>5.1130022525 X 10-! na= 4.9062640310 %X 10-3
ny=3.9940004906 X 10~} ng=-2.6148004377 X 102
nys=-—1.5555244471 X 101 ne= 3.4221685545 X 10-2
na= 3.7405931828 X 10-5 ns = 5.4159662622 X 10-¢

naz=-—6.4103220333 X 10— ns;=—1.0687806777 X 10->
nay= 1.8579366177 X 10-3 nsy=—28.9484651869 X 10-¢
n= 17.4007986606 X 10-* ner =—1.5096862619 X 10-7
ny = 4.1362357367 X 10— nez= 6.4640898904 % 10-7
y=-—2.50%x10"3

TaBLE 9. Coefficients for equation (17) (Region II)

nn= 2.0461501117 X 10-5 nz= 8.5254608956 X 10-*
niz= 1.2746996288 X 10-3 nas=—2.5163069255 X 10-4
s =—2.0272929583 X 10-2 nss= 3.2877709285X 10-4
nw= 7.4648036615 X 10-2 1135 =—1.0601957580 X 10~4
s =—1.7217966521 X 10-! nae=—1.0687738074 X 10~
nie= 5.1053439738 X 10-" na=7.9066012040 X 10-3
i =—4.0178202697 X 10~ 42 =— 8.9393485656.X 10-2
nie= 2.6829864632 x 10! 43 =—1.5076580053 X 10-1
na =—3.2120950632 X 10-5 ns= 2.6882494327 X 10-°
na= 1.4159018970 X 10—+ nsz=—3.3794316835 X 10-5
ns;= 1.4725630701 X 10-3 nss=—2.4495951195 X 10-%
R2s=—2.6183549410 X 10-3 ne =—4.2287454626 X 10-*
g =—1.0246150954 X 10-5 ne= 4.4529354413 X 10-7
y =—5.00X10-*

TABLE 10. Coefficients for equation (17) (Region III)

nyy=—3.6027735292 X 10-% ngp=4.0855110880 % 10-7
niz— 1.6079046555 % 10-3 ngs= 1.0900567964 X 10-3
nis=—2.7441763615 X 10-2 n3a=—"5.0060952775 X 10~
nu=1.4739506957 X 10! ngs= 1.1312765043 X 104
nys=—4.3559344838 X 10-! ngs=—1.2539843287 X 10-4
ne= 1.3447956078 nn= 5§.6875644111 X 10-3
nir=-—1.7040375125 ng=-—1.4438146625 X 10-!
nis=9.0262674040 % 10-! ng= 3.3768874851 X 10-?
nx= 19661380688 X 10-¢ ns = 1.0754201218 X 10-¢
= 1.7122932666 X 10-* nss=—4.5264622308 X 10->
nyp= 2.3051000563 X 10-* ns;= 3.8597388864 X 10-3
n24=-—9.6564739100 X 10—+ ner=—1.4802195348 X 10-*#
ng=-—2.3326553271 X 10-7 ne= 4.1721791119 X 10-7

v —5.00X 104

6.1. Estimation of the Coefficients for the
Equation of State

In the case of helium there exists in the world litera-
ture a large amount of experimental data which are
applicable to the development of an equation of state. A
bibliography of references to helium 4 experimental
P-V-T data was published by Barieau {2]. The list
contains 163 references.

All of these data were considered; however, only a

" selected set was used in the estimation of the coeffi-

cients. Many of these data are quite old and are not of
sufficient precision to be of value in estimating the coefhi-
cients of an equation of state. For the temperature range
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of 60 to 300 K the existing experimental P—V~-T data
seem to be adequate in precision, accuracy, and
quantity. For temperatures below 60 K additional experi-
mental data would be highly desirable for the determina-
tion of an equation of state. Such an experimental pro-
gram should include as wide a temperature and pressure
range as possible, particularly below 20 K. In addition to
the P-V—T needed, higher order data such as specific
heat and speed of sound data would be extremely valua-
ble. Using modern multidata least squares estimation
techniques, the inclusion of data such as specific heat
data together with the traditional P-V-T data is neces-
sary if the resulting equation of state is to be used for
calculating higher order thermodynamic properties. The
other most important factor in determining an equation
of state is the availability of accurate data from a single
source over a wide enough pressure and temperature
range. As is the case for helium, data coming from
several different laboratories often vary systematically
from one source to another although each individual
source .is internally consistent. The discontinuities
caused by such systematic disagreement are very
detrimental to the results of least squares estimation
techniques.

6.2. Estimation of the Coefficients for Region | of the
' Multi-Function Equation of State

The coefficients for equation (17) given in table 8 were
determined by least squares estimation using several
different kinds of data simultaneously. Selected P-¥V-T
data from Lounasmaa [50], el Hadi, et al. [22, 23],
Roach [67] and Sullivan [71] were included in the fit
together with C» data from Lounasmaa [50]. The experi-
mental data used in the least squaves fit of region 1
include temperatures and densities much higher than
the limiting densities and temperatures of the bound-
aries of region I. Data for temperatures to 70 K and
densities to 3p. were included in the fit. The data out-
side of region I included in the least squares fit were
given a very low weight. However, their inclusion in the
fit insures proper qualitative hehavior of the surface at
densities and temperatures higher than those at the
boundaries of the region.

In addition to the experimental data mentioned
above, the condition of isothermal thermodynamic
equilibrium of the coexisting liquid and vapor phases
was inserted into the fit at 30 temperatures between 2.2
and 5.1 K. Also, the entropy of vaporization was included
in the fit at these temperatures. The thermodynamic
relationships for these two conditions are given in equa-
tions (20) and (21):

n Psat; ] £
6=6,=0=| "2 (55 )uo €0
_ _‘iB _ _ Psatg_]_ i‘)_}_’ )
So=51= (), VoV ==, 55 (57 ),

where G is the Gibbs energy, S is the entropy and the
subscripts | and g refer to the liquid and gaseous
phases, respectively. The entropy of vaporization, neces-
sary for the implementation of equation (21), was cal-
culated using equations (2), (3), (4), and (5).

The actual fitting of equation (17) was accomplished
by using many different thermodynamic properties
simultaneously. However, for each property the second
virial B(p, T), as discussed in section 5, was preserved,
and the fitting was performed on a AP of

AP=P—pRT[1+B(4:, T)p]
22)
=remainder of equation (17),

or some function of AP.

For an example of simultaneous use of different kinds
of data in least squares techniques see section 5.

As a result of including the thermodynamic relation-
ships of equations (20) and (21) in' the actual least
squares estimation procedure, the derived thermo-
dynamic properties in the liquid state (I'<T¢: and
P > psatiiq) May be calculated by the integration of the
equation of state across the two-phase region assuring
mathematical continuity. Usually when an equation of
state is used to calculate the derived properties in the
compressed liquid region (T < T, and p > pgat iq) SOme
alternate method of crossing the two-phase region is
used which always creates a discontinuity in the calcu-
lations at T for all p > pe. :

The least squares fit as described above was also
constrained at the critical point to

2P ) (aP ) .
i = Y =0
( ap® Jr \op Jr 23)
and to the state point of P.=2.2449 atmospheres,
pe=17.3987 moleslli}ter, and Tc=5.2014 kelvin.

6.3. Estimation of the Coefficients far Region Nl of the
Multi-Function Equation of State

The coefficients for equation (17) in table 9 were
determined by least squares estimation using several
different kinds of input data simultaneously. Selected
P-V-T data from Lounasmaa [50], el Hadi [22], Roach
[67], Glassford and Smith [25] Kierstad [47], Edeskuty
and Sherman [17], and Grilly and Mills [28] were included
in the fit together with C, data from Lounasmaa [50]. In
addition to the experimental P=V-T and C, data, values of
P-V-T, (8P[3p)r, (8P[3T),, and C, calculated from
the equation for region III were included in the least
squares treatment of region II. About 20 points for each
of the above properties were used for both 10 and 15 K.

The critical point constraints of section 6.1 were also
included in the fit of this region. The accuracy of the
resulting P—F-T surface is discussed in a later section.

6.4, Estimation of the Coefficients for Region Il of the
Multi-Function Equation of State

The coefficients for equation (17) in table 10 were
determined by least squares estimation using several
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different kinds of data simultaneously. Selected P-V-T
data from Lounasmaa [50}, Glassford and Smith [25],
Canfield, et al. [9], Sullivan [71], Wiebe, et al. [77],
Hall and Canfield [30], Grilly and Mills [28], were
included in the fit together with C, data from Lounasmaa
[50] and Dugdale and Franck [16].

The critical point constraints of section 6.2 were also
included in the fit of this region. The accuracy of the
resulting P-V-T surface is discussed in a later section.

7. Derived Thermodynamic Properties
Relationships

All of thc tabulated propcrty valucs appcaring in
in appendices C and D have been calculated using equa-
tion (17) as explained in section 6, and the following
relationships:

o= () [8-35)

dr
+[ X
0T @

°rP T /o
H=ne 4 [5G ]
Ty Jo p2 pz aT p p
P T
+——-RT+ C°dT, (25)
where S7 = 37.511 J/mol K and H° = 87 348 J/mol,
° = 5/2 R C° 3/2R,Ty=4,22K and Py=1.0 atmos-

phere The above values of S° and H“ are based on the
key values for thermodynamlcs reported in CODATA
Bulletin [14]). The S” and H" given here differ by
0.443 J/mol K and — 58 980 J/mol respectively from
the earlier tables of McCarty [55, 56] and Mann [53}:

m [ HEB
Cp=Cot T P)/ P) @)
=@ G o9

In all cases the input variable pair was pressure (P)
and temperature (7). This requires an iterative solution
of equation (17). In the course of preparing the tabula-
tions it was learned that in solving equation (17) for
density, for all pressures at temperatures below 15K,
it is important to begin the iteration with a reasonable
guess. For T < T., and P < Pg,, the starting value for
density should be p < pgy. For T<Te, and P> Py,
the siariing value for density should be p > pga. For
T > T., the starting density of 1.5 p. will work for all
pressures. The reason for this is that a whole set of
unwanted solutions exist in the liquid-vapor coexistence
region and another set exist at densities slightly larger
than the solid densities at temperatures to 20 K.

The transition between the various regions of equation
(17) was handled the same way with the derived proper-
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ties as it was with the P—V-T. For a detailed explanation
of this see section 6.

8. Evaluation of the Equation of >tare and
Tables

There are numerous tests which can be applied to an
equation of state. One of the most important is how well
the equation reproduces experimental data. Others are
not quite so direct, but nevertheless they are important.
Each subsection in this section will deal with a particular
property or problem relating to the validity of the equa-
tion of state or the tabular data.

8.1. Comparison of Experimental and Calcuiated
P-V-T Data

No attempt will be made to compare the equation of
state with all of the existing experimental data. Com-
parisons with the data used in the fit will be made, and
in some cases data which were not used in the fit but
which are of particular interest.

Wiebe, et al. [77] reported helium P—V-T data for six
isotherms from —70 to 200°C for pressures to 1000
atmospheres. The 50, 100, and 200 °C isotherms were
used in estimation of parameters for equation (17). A
comparison of their data for the higher temperature
isotherms with values from the region III equation of
state in section 6 is shown in figure 10.
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T=473 K
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Pexp - Feale
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S
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-4 | I 1 I L
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DENSITY, mol/!

Ficure 10. Comparison of densities from Wiebe. et al. [77] with

equation of state
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The P-V-T measurements by Canfield, et al. [9] E A0~
cover the temperature range from 133.15 to 273.15 K, - osl
with intermediate isotherms of 143.14, 158.15, 183.15, a2
and 223.15 K. A selected set of data from each isotherm % °
was used in the estimation of parameters for the equa- e sl c(/
tions of state. A comparison of these data with vaiues ’
from the region III equation of state in section 6 is -lo - v 2088 K -
shown in figure 11. s o 2465 K
Briggs, ot al. [8] measured the 0 °C isotherm to 800 : o 28.82 K .
atmospheres with exceptional care. They claim an ac- -20 - : :35?3 z _
curacy of 0.025 percent in Z. These data were not used
in the estimation of the equation of state parameters B 7
because they were of limited scope in a region where -30 | | L
) 2 3 4 5

adequate data exist over a much larger range of pressure
and temperature. Figure 12 is a deviation plot between
these data and values calculated from the region IIL
equation of state.

DENSITY ,mol/ |

FIGURE 13. Comparison of deosities frum White, st al. [76] with

equation of state

J. Phys. Chem. Ref. Data, Vol. 2, No. 4, 1973



938 ROBERT D. McCARTY

The P-V-T measurements of White, et al. [76] cover
the range of temperatures from 20.0 to 273.15 K. These
isotherms were included in the second virial analysis
and exhibited more scatter than some of the other data.
Only the isotherms from 20 to 60 K were included in the
estimation of the parameters for the equations of state
given in section 6. A comparison of these data with
values calculated from the region III equation of state
in section 6 is given in figure 13.

The P-V-T data for helium by Sullivan [71] include
isotherms from 70 to 120 K with pressures to 690
atmospheres. Most of these data were included in the
estimation of the parameters for the equations of state
in section 6. A comparison of these data with values
calculated from the region III equation of state in sec-
tion 6 is given in figure 14.

Hall and Canfield [30] reported isothermal P-V-T
data for the He-N; system. These measurements in-
clude data for pure helium at three temperatures,
—190°C, —170°C, and — 160 °C with pressures to 700
atmospheres. Most of these data were included in the
estimation of the parameters for the equations of state

in section 6. A comparison of these data with values
calculated from the equation of state for region III is ‘

given in figure 15.

Lounasmaa [50] repuried experimental P=V-T data
for helium between the temperatures of 3 and 20 K.
These data were taken along isochores for 25 different
densities ranging from about 0.5 critical density to
about three times critical density. This particular set
of data is of prime importance to this correlation and
they will be discussed at greatér length than most of
the other data sources. When forming an equation of
state for a fluid it is highly desirable to have a single
data source which extends from the gaseous region
at temperatures well below critical temperature to the
liquid region at corresponding temperatures and ex-
tending to temperatures of at least three times critical
for the same range of densities covered by the sub-
critical temperature range. These data cover this im-
portant range of state conditions, and there are over

250 data points; however, there are some other prob-
lems. First it is the only data set for helium which
covers this range of pressures and temperatures making
comparison possible only at isolated points usually
at the extremities of the data. Where these comparisons
are possible the agreement is not good. Lounasmaa
[50] compares his results with the earlier work of
Keesom and Keesom [38] and Holborn and Otto
[34]. Keesom and Keesom’s [38] data were taken
in the liquid region at temperatures of 3 to 4 K with
pressures from 10 to 30 atmospheres and disagree with
Lounasmaa [50] systematically by slightly more than
1 percent in density (I.ounasmaa’s densities are higher).
The comparison with Holborn and Otto’s [34] data is
made for 20 and 15 K with pressures to 92 atmospheres
and the disagreement is from — 1 percent to + 1 percent
in density. Edeskuty and Sherman [17] reported

J. Phys. Chem. Ref. Datq, Vol. 2, No. 4, 1973

helium-4 P-V-T data for the dense liquid phase in the
temperature range of 2.2 to 4.2 K with pressures to
140 atmospheres. These data generally disagree with
Lounasmaa by about 0.8 percent in density. Glassford
and Smith [25] measured P-V-T data from 4.2 to 20
K at pressures from 100 to 1300 atmospheres and in the
small region of overlap with Lounasmaa’s data the dis-
agreement is 1.3 percent in density. Figures 16, 17,
and 18 show the deviations between densities calcu-
lated using equation (17) and Lounasmaa {50], Edeskuty
and Sherman [17], and Glassford and Smith [25],
respectively.
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FIGURE 14.. Comparison of densities from Sullivan [71] with equation
of state
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The deviation plot for the Lounasmaa data (figure
16) shows the largest deviations at temperatures ap-
proaching the critical temperature for densities of
25 molesfliter and below. This is possibly due to
the uncertainty in the temperature measurement.
Lounasmaa used a carbon resistance thermometer
calibrated against a gas thermometer to measure tem-
peratures between 4.2 and 12 K. He estimates the
accuracy of the gas thermometer to be =0.005 K.
The uncertainty of Lounasmaa’s temperature measure-
ments between 4.2 and 12 K are estimated here to
be =+ .015 K. Near critical conditions where (8p/87T)y is
large, an error in measuring the temperature cor-
responds to a large uncertainty in density. For example
at 5.2 K and 2.3 atmospheres the density is 0.0886
gm/cm® and an error of 0.015 K in temperature would
correspond to an error of 0.0035 g/cm® or about 4 per-
cent. However, the classic equation of state density
deviation pattern for the near critical region is also
illustrated in figure 16, i.e., for densities less than critical
density an equation of state tends to predict densities
which are too large and for densities larger than critical
density, an equation of state tends to predict densities
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which are too small. The 13.93 2and the 24.66 moles/
liter isochores show such a pattern while the 19.25 and
20.45 moles/liter isochores do not follow this pattern.
In the author’s opinion the questions that these strange
deviation patterns raise will only be answered when new
definitive measurements are made.

Grilly and Mills [28] published P—¥-Tdata for helium-
4 along the melting line. Figure 19 shows the difference
between the densities reported by Grilly and Mills
[28] and those calculated from equation (17). The

?The densities in Lounasmaa’s thesis are tabulated in reduced form, By private cor-
e di with L he d that the correct reducing factor is 0.0688 g/cm”
instead of 0.0693 as reported in the thesis.
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30.7 K point corresponds to a pressure of 3555.6 kg/
cm®. These data were included in the least squares

estimation of the equation of state parameters in regions
11 and I11.

Kierstead [47] published P-F-T data along the
lambda line. These data were included in the least
squares estimation of the equation of state parameters
for region II. Figure 20 is a deviation plot for density
between Kierstead’s [47] experimental densities and
densities calculated from equation (17).

Keller [41] published isothermal P~F-T data for
helium-4 at low densities for temperatures bhetween
2.15 and 3.96 K. These data were included in the deter-
mination of the second. virial coefficient as described
earlier. Figure 21 shows the deviations between the
experimental and calculated pressures. . '

The P-V-T data for the saturated liquid and vapor
of helium-4 used in the determination of the parameters
for the equation of state in regions I and II are primarily
from el Hadi [22, 23]. A few points from Roach [67]
were also included (see the section on the critical point).
A deviation plot for the el Hadi [22, 23] data is given
in figure 3.

As mentioned earlier in this section, the Glassford
and Smith [25] data disagree with those of Lounasmaa
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FiGURE 21. Comparison of pressures from Keller [41] with the

equation of state

[50] by about 1.3 percent in density in their small region
of overlap. This region of overlap occurs at the lowest
densities measured by Glassford and Smith [25] When
a comparison of Glassford and Smith’s [25] data along
the melting curve is made with similar data by Grilly
and Mills [28], two major disagreements result. First,
the melting curves (P-T curve) agree at temperatures
of about 6 K and below, but differ systematically from
a 0 difference at 6 K to about a 0.15 K difference at
16.5 K. (Glassford and Smith’s [25] P-T curve is above
the Grilly and Mille’ [28] curve.) Second, the densitics
of Glassford and Smith [25] along the melting line dis-
agree in a more random fashion with those of Grilly and
Mills [28] by as much as 2 percent.

kigure 18 shows a pronounced systematic deviation
pattern between the data of Glassford and Smith [25]
and the equation of state. This systematic difference
between the Glassford and Smith [25] data and the
equation of state, in the author’s opinion, is due primarily
to systematic errors in the experimental data.

8.2. Comparisons of Experimental and Calculated C,
Data

A selected set of the experimental C, data of Lou-
nasmaa [50] were included simultancously with P-F-T
and other data in the least squares estimation of the
parameters for equation (17). In figure 22 the solid lines
are C, for helium along lines of constant density, taken
from the smoothed tables in Lounasmaa’s thesis. The

J. Phys. Chem. Ref. Data, Vol. 2, No. 4, 1973
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dashed line is the C, predicted by equation (17) for the
same line of constant density.

Dugdale and Franck [16] measured the C, of helium-4
of the solid and highly dcnsc liquid phascs at tempera-
tures from about 7 to 30 K. Figure 23 shows the differ-
ence between the experimental C, data and the C,
predicted by equation (17) for the same density and
temperature. The C, at a density of 84~96 moles/liter
and a temperature of 29 K corresponds to a pressure of
1892 atmospheres. For a discussion of C. errors see
scction 8.5.
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8.3. Comparison of Experimental and Calculated Speed
of Sound

Gammon and Douslin [24] published experimental
speeds of sound for helium-4 for 14 isothcrms covering
the range of temperature from —175 to 150 °C with
pressures to 150 atmospheres. Figure 24 shows the
difference between the experimental and calculated
velocities of sound for two isobars. The deviations for
the intermediate isobars all lie between these two, and
the deviations at lower pressures are all less than those
shown for the 50 atmosphere isobar.
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FIGURE 24. Comparison of speed of sound data from Gammon and
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Van Itterbeek, et al. [75] measured the speed of sound
for helium-4 at 4 temperatures ranging from 70.2 to 91 K
for pressures to 75 kg/cm®. A comparison of these data
with those predicted by the equation of state (equation
(17)) indicated a maximum deviation of 0.39 percent and
an average deviation of 0.15 percent.

The speed of sound data of Plumb and Cataland [66]
were used to determine the second virial coefficient (see
section 5). These data range in temperature from 3.23
to 20 K with pressures to about 1 atm. The equation of
state reproduces these data with a maximum difference
of 0.1 percent and an average difference of 0.02 percent.

Atkins and Stasior |1| measured the speed of
sound for liquid helium-4 from 1.2 to 4.2 K for pressures
to 69 atmospheres. A comparison between their data
for temperatures and pressures included in this cor-
relation with those calculated from equation (17)
show a 2-4 percent disagreement (values calculated
from equation (17) are lower) for the saturated liquid
and an average and maximum disagreement of about
0.75 percent and 1.75 percent, respectively, for the
remainder of the data.

8.4. Comparison with Other Correlations

Comparisons with several other correlations have
been made. A correlation carried out in the USSR
by Tsederberg, et al. [72] covered the temperature
range of 0 to 3000 °C with pressures to 200 bar. The
maximum difference in pressure between Tsederberg
[72] and this work is —0.2 percent at 200 bar and
0 °C. The only other pnaint which deviated as much as
0.1 percent is at 3000 °C and 200 bar. This represents
an extrapolation of the equation of state (equation
(17)) used here from 1400 to 3273.15 K.

Another correlation of the properties of helium by
Peterson [65] of the Danish Atomic Energy Commis-
sion covers the range of temperature from 273 to 1800 K
with pressures to 100 bar. A comparison of the tables
by Peterson [65] with this work, revealed no differ-
ences greater than 0.06 percent in pressure over the
entire range of pressure and temperature.

A correlation of the thermodynamic properties of

helium by Mann [53] covered the range of tempera-
ture from 3 to 300 K with pressures to 100 atmospheres.
Figure 25 shows the percent deviation between Mann
[53] and this work for all the properties tabulated
by Mann. There are two points to be noted in figure
25; first, the deviations were calculated on the basis
of specifying a pressure and temperature; and second,
for temperatures greater than 10 K, the differences
seldom exceed 1 percent.

A correlation of the thermodynamic properties of
helium by McCarty [55] was issued on an unpublished
interim basis and is a report on work preliminary to
this document. The tables in this earlier report were
calculated with the same equation (equation (17)) but
with a single set of coefficients for the entire tempera-
ture pressure range. The properties in this preliminary
report are not as accurate as those tabulated here
especially in the region of high density (p>pc) at
temperatures below 15 K. The present tabulations
should be used in preference to the earlier ones.

A correlation of the thermophysical properties of
helium by McCarty [56] is based on this work, and the
thermodynamic properties in that publication are
identical with those tabulated here with the exception
of units and a different reference state for entropy and
enthalpy (see section 7). The earlier publication was
intended to make tabulations available as soon as pos-
sible and does not contain any of the details of the
correlation given here, the earlier publication does
tabulate a number of pruperties such as thermal con-
ductivity, viscosity, dielectric constant, and special
parameters used in heat transfer calculations. The
additional properties tabulated in the earlier publi-
cation are of interest to a limited audience and in
some cases are highly uncertain and are therefore not
appropriate to include here.

8.5. Discussion of Errors

There are a few general comments which may be
made about the accuracy of the helium tables. First it
seems that for temperatures above 15 K the maximum
error in any of the properties should not be much more
than 1 percent, except perhaps the C; in the transposed
critical region (locus of maxima of C, along isobars for -
pressures greater than critical pressure) which is still
evident hetween 15 and 20 K. In the range of tempera-
ture from 30 to 70 K there are no reliable experimental
data above about 30 atmospheres, which makes the
estimate of 1 percent in this range a speculation;
however at 30 K there are P-p—1 and C,;p—T data to
nearly 3000 atmospheres, and these data agree well
with the equation of state. For temperatures above
about 500 K there are no data for pressures beyond the .
second virial coefficient range, but the contribution of
higher order virials becomes so small that the 1 percent
estimate seems realistic.

Below about 10 K one begins to encounter uncertain-
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““ties greater than 1 percent in most of the properties,
especially in the high density fluid. The region of greatest
uncertainty in the tabulated properties is for tempera-
tures -'below ‘7 K and -densities greater than critical
den51ty ‘The estimates of errors shown in figures 26,
27, and 28 are based -on many different factors but
pii;liéx'il'y on the uncertaintics of the experimental data
‘wsed in determining the equation of state and the agree:
'_ment between those data and the equation of state.

‘In general the estimated error of 'C, is the same as
:Cy,: except in the critical region and. the transposed
;cnncal region where the  calculation of C; depends
‘heavily .on the compressibility, and the compressibility
-in this region is uncertain by several percent. Therefore,
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the uncerainty of C; in the region outlined above is
greater, but unfortunately it is difficult to esnmate how
much greater.

.In the two regions of uncertainty of greater than 10:
percent in figure 28; the incorrect functional form of the
equation of state is at fault. In the critical region the
calculated ‘Cy is too suiall because the equation. of state

'is analytic at the critical point, and in the dense fluid

region ‘along the solid line, the equation of state predicts
a-C, which is too large because the influence “of the:
upturn in Cj; as the lambda lin€ is approached has car-
ried on up the solid line to a region where experimental
evidence indicates no such’ upturn’ exists. The (),
calculated via the equatlon of state in these w0 regions:
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will also be affected but not in the same manner. The
C, from the equation of state at the critical point is
infinite as it should be and therefore will not directly
follow the error in C,, however in the dense fluid
region along the solid line, the error in Cp will follow
the error in C, more closely. See section 11 for the
C, along the melting curve.

9. Thermodynamic Properties in the Critical
Region

The equation of state given in section 6 is constrained
to a critical point of P.=2.2449 atm (2.2746 X 105 P,);
T.=5.2014 K; and p.=17.399 mol/l. The first and
second partial derivative of pressure with respect to
density at constant temperature are also constrained
to be zero at the above critical point. These constraints
are quite easily made with essentially no detrimental
effect to the P_V_T surface of the equation of state in
other areas; however, even with the above constraints

5= 0.5 % avg, 1.0 % max
6=05 1.5
1=10 2.0
8=20 10.0

100 1000

T, K

Estimates of uncertainty in densities calculated using the equation of state

imposed upon the equation of state, the behavior is
still not qualitatively correct at or near the critical point.
To achieve the qualitatively correct C, in the critical
region, the partial derivative (32P/3T%), must become
large. If this condition is included with the other con-
straints, the deterioration of the P-V-T surface outside
the critical region is disastrous. In other words, the
mathematical form of the equation of state is not cor-
rect at the critical point. Quite a lot of experimenting
was done with different mathematical forms which
permit the proper behavior of C, at the critical point.
In every case. if the equation had proper C. behavior,
the necessary parameter estimations became difficult
and the equation would not allow a closed form of the
integrations necessary for the fitting and calculation
of the derived thermodynamic properties.

In the last four or five years there has been quite
a lot of theoretical and semi-theoretical work done on
the equation of state and scaling laws for fluids in the
near critical region (see, for example, Hohenberg and

J. Phys. Chem. Ref. Data, Vol. 2, No. 4, 1973
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Barmatz [31], Kierstead [45] and Greer, et al. [27], and
Vicentini-Missoni [75a]). These eyualivns have been
quite successful in predicting the thermodynamic
properties of fluids in the critical region.

All of these equations predict the anomalous behavior
of fluids at the critical point, are therefore non-analytic
and present the same problems encountered by the
author in a more empirical approach to the problem of a
mathematical model that would give qualitatively
correct C,’s in the near-critical region. There does not
seem to be any simple way of combining the non-
analytic equation of state, in the eritical region with the
analytic forms of the equation of state which is a more
desirable form over the rest of the fluid phase space.
For this reason the properties of the critical region will
be given in the form of tables, graphs and references.
If the reader needs a mathematical model of the equa-
tion of state for helium he is referred to the three refer-
ences in the previous paragraph.

J. Phys. Chem. Ref. Data, Vol. 2, No. 4, 1973

100 1000
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Estimates of uncertainty in enthalpics calculated using the cquation of state

9.1. P-V-T in the Critical Region

The critical region of helium-4 has been the subject
of intensive experimental investigation in recent years.
Many properties of helium have been measured. Roach
[67], using the capacitive technique, measured the
dielectric constant of helium-4 at over 500 different
state points in the immediate vicinity of the critical point.
The dielectric constant was then converted to density
via the Clausius-Mossotti equation,

M /e—1
o= (20, (29)

dTp \€+ 2]
where € is the dielectric constant, M is the molecular
weight, and p is the molar polarizability. Roach assumed
p to a constant of 0.1230 cm3/g. An experimental mea-
surement of p for helium [43] indicates p is a function

of density

p=0.123396—0.0014p, (30)
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FIGURE 28. Estimates of uncertainty in Cy's calculated using the equation of state

where p is in g/cm3, All of Roach’s experimental den-
sities were adjusted to reflect the p of equation (30).
Roach’s P-V'-T data contain 38 points on the saturation
curve between 5.0041 K on the vapor side to 4.9332 K
on the liquid side. Figure 29 is a plot of Roach’s data
with the temperatures adjusted by equation (3). The
solid lines represent Roach’s data and the dashed line
is from the equation of state (equation (17)). Edwards
[19] and others have also measured P-V-T of helium
in the critical region. Roach’s data were chosen because
of the large number of measurements made over es-
sentially the entire critical region. Roach’s saturated
liquid and saturated vapor densities disagree with those
of el Hadi [23] in their small region of overlap by a little
over 1 percent. At first thought this would seem ex-
cessive; however, translated into temperature the dis-
agreement becomes about three millidegrees. A 3
millidegree disagreement is not large and one would
have to say that they agree to with the precision of
the measurements. On this same basis of comparison,
Edwards is also in agreement with the other two sources.

The maximum difference between pressures from
equation (17) and those of Roach is 0.3 percent. The
average difference is 0.08 percent. The difference
between the calculated and experimental densities,
however, may be as much as 7 percent.

The equations for the density of the saturated liquid
and vapor phases (equations (4) and (5)) as well as the
vapor pressure equation (1) do not have the correct
functional form to be consistent with the scaling laws.
According to scaling law theory the equation for the
saturated liquid and vapor densities as a function of
temperature should not contain the term which has
the exponent of 2/3. Equations (31) and (32) have been
fit to the same data as equations (4) and (5) but the
term with the 2/3 power has been left out and the 8
was determined from Roach’s [67] data above.

pa=pct+Ay(1—=T[Tc)By-

i—

3 sca-mm T @
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critical region

and

pl=p¢+A1(1_T/Tc)B’

(59

+3 8C,a-TiT)" . (32)

where B,=8:=0.355444213 and the SC, and SC,
are given in table 11. The temperature scale used in
equations (4), (5), (31) and (32) is the 1958 helium vapor
pressure scale adjusted by equation (3). The deviations
between experimental densities and those calculated
from cquations (31) and (32) are almost identical to those
shown in figure 3.

TaBLE 11. Coefficients for equations (31) and (32)

Ay=—9.242639719 X 10-2
SCy, =—1.7283968156 X 101
SCy,= 6.2888605651 X 10!
SC,y,=—9.6729472221 X 10~!
SCyy= 7.8552645724 X 10-!
SC,=—2.5054802998 X 10!

A= 1.0914951199 X 10-1
SC;,=—5.7354057366 X 10-1
SCi,= 2.8890961508
SCi,=—5.8442373556
SCi,= 5.4230756349
SC,,=—1.9428808351

The equation for the vapor pressure of helium be-
tween the critical temperature and the lambda point,
equation (1), is based on the 1958 helium-vapor-pressure
temperature scale. It seemed worthwhile to preserve
this representation of that temperature scale even
though the functional form is known to be incorrcet. The
segment of the vapor pressure curve from the normal
boiling point was re-fit to a functional form consistent
with scaling law theory utilizing new information by
Kierstead [46] about the shape of the vapor pressure

J. Phys. Chem. Ref. Data, Vol. 2, No. 4, 1973

curve at the critical point. Equation (33) has been con-
strained to the points listed in table 1 except the dP/dT
at 5.1994 K is 1289200.0 um Hg/K, Kierstead [46], and
the constraint to the lambda point was omitted. The
temperature scale is handled exactly as is reported in
section 3.

. 9
In P=Ap,(1=TITe)*+ S, Apy(TITe)6-9,

i=2

33)

where P is in um Hg, Tis in K, 7.=5.1994 K, and « is
1.9. The Ap; are given in table 12. The deviations be-
tween the 1958 helium scale and equation (33) are about
the same as those encountered with equation (1).

TaBLE 12. Coefficients for equation (33)

Ay, = 3.3091363152 X 101
Ay, = 3.7434535255 X 109
Ap,=—3.0462038761 X 101
Ap,= 1.0603013575 X 105
A, =—2.0478248349 X 10°

Ap= 2.3721292437 % 105
Ap,=—1.6478097574 X 10
Ap,= 6.3552729819 X 10¢
Ap,=—1.0499388807 X 104

9.2. Specific Heat in the Critical Regions

The behavior of the specific heat at constant volume,
C,, in the critical region has been the subject of both
experimental and theoretical investigation in recent
years. Theoretically the scaling laws predict C, to be-
come discontinuous and very large as the critical point
is approached. The C, data taken by Moldover [60)
have been extensively studied in conjunction with the
scaling laws. Figure 30 shows the experimental C, data
for helium-4 taken by Moldover [60]. The experimental
temperatures have been adjusted by equation (3).
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The specific heat at constant pressure, C,, is usually TasLE 13. C, for helium-4 along the A curve
obtained by using experimental measurements of C, and
the relationship p glem® | C, Jjmol'’K | TK
Cy=Co+T(3PJOT)2lp*(9Pap)r. 34) T | me | o
1.60 40.8 2.08
The C,’s shown in figure 31 were obtained by using 1.65 315 2.03
Moldover’s [60] C, data and the derivatives (3P/8T), 1.70 33.8 1.96
and (@P/ap)r calculated from equation (17). The experi- ;;g iZ? i;}?l
mental temperatures have been adjusted by equation (3). : ' : .

Lounasmaa reports these values of C, to be estimates rather than
measured values.

b L L T T T T T T T T
I 17.238 -
250 .
<« [ i
°
E — —
~ - —
20
> L i
S .
- p=16.489mol /1 -
| 17.338 _
1.5 }— \\ ____ ]
" 20.11 19137 |
PP AT SOV AU FUNUUN NN NN SR IS SN S NN N N SUNN N SN '
519 5.20 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28
TEMPERATURE, K
FiGURE 30. C, in the near critical region of helium-4
6
7T T T T T 1 T 1 T T T 1
%= =
x _
3
E 0% — —
~ = =
- — =
e .
(&) L —]
0%= =
102 N N N AT A MRS TREN NN TSN S SN N N N SO I
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FicUuRE 31. G, in the near critical region of helium-4
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79.3. "speed-of Sound in the Critical Region *

The behavior of the speed ot sound near the: cntlcal-_'
p} oin| Was 1nvestlgated by Barmatz [3]

¢,
near the crmcal point, see figure 30, 1mp11es the' vamsh--
mg_ f -the’ 1sentrop1c sound velocity [18] In prevmus
sturements of the ultrasonic veloc1ty near the critical
p int [78], the. behavior. of the speed: of sound very nea
the cntlcal poitit was obscured by effects -of gravity or
dlspersmn. Barmatz; {31 ‘used Tow" frequencies, 1-5
to 50 kHz; and an: 1mproved expenmental demgn of th|
résonator to minimize.the effects of gravity and disper-
;smn.les results are ‘given.in ﬁgure (32)

SEAVASTN
85l L re3exio®
t=lr9x10'3_
4= 93kI0Y R
t=336x107% /

t=Laxi0™?

» R Iy
sl ey ]
iz -68 - -0& 0 04 .08

P / P! .
Fictre:32" Speed:of sound. for helium-4 in the near 'cr_iticsl regwn

.li‘Og-lehrer:moclyndmic' Properties Near the
Lambda Line
The lambda line for helium-4 is the boundary between

;the two phases of helium known as helium I and helium
a1 Flgure 9 shows the lambda line on a P-T dlagram.

;?pressures and’ temperatures to the: 1eft ‘of the lambda
1¢ and above ‘the vapor pressure. curve, is the. super-
fluid’ ‘phase of helium-4: The superfluid’ region ‘will not
] consrdered here at all: The lambda line may-be de-

“scribed m terms of -one state variable as a function’ of.

{another state variable, Two such .equations are given
‘below. These equations are from Keirstead [47].

3:Phys; Chem. Ref. Data, Vol. 2, vo. 4, 1973

he  divergence  of  the ‘constant- volume specrﬁc?'_’
v,' ‘which has. been observed - in- several fluids "

i above pressures by several g percent. T }us occurs becau

- “tainty in p: "All of the values in: table. 15 have been 7_

“so-called lambda phase transition which occurs at

"line they may be obtained by’ mterpolatmg between: the.
‘Cy’s given Ini- table 13 and the C,’s in the tahles of: A_p-{
“pendix D.. The temperatures_m tahle 13 are on the: Tss

‘where :pa is gy omy ana x: 16.te same as’ above.

The coeﬁiclents for equanons (35) and (36) dre given

'm tahle 14e:

TABLE 14, ;_-_:Coe:fﬁcien'ts, of equations for P, and pi

| rde=""0214841388

by=—103341 "
by=- 77.52175 -

bs—-- : 42 2507,_,_

The equation of: state in section 6 predlcts reasonable
densmes for a P—T mput on the lamhda hne. If: a

’ mput from the lamhda hne is- chosen, the ] pressure pre-_

dlcted by the’ equatmn of state wﬂl drsagree with ‘the’
of a very large (aplap),, and’ ahout a 0 3 percent unce

culated from equations- (35) and (36), exeept the ‘
lambda Ppoint valué which comes from Klerstead [47])::

.. TABLE1S! P—p’—T"of the lémbda}line -

“Temp. |~ 'Press_ure [eq (35)]| Density.[eq (17)]| Density leq:(36)]
TOKO e Sl aglem® L glem® :
207200 [ 004974 £]. 014615 10.14624 %
“2.15 . c 2380 c | 015057 ] 015082
210 | 068477 i) 05758 | . 005769
2057 71091 |7 06275 - | o 0:16257
200 - [ 1468 016694 | T 0:16650
29507 | 1822 0170490 . | o 0:16987
7190 | 2155 7017359 1. /0.17288
185 24,70 017634 |: 1017568
1.80 L216T 0.17881 © - .-, 0.17840
17633 | . . 29.74 0:18044". . | - ':0:18041:

Lounasmaa [4-9] pubhshed thermodynamlc propemes
of helium-4 along the A curve. The C, values Idhuldled
in table 13 are’ taken from’ Lounasmaa s [49] paper. The
equatlon of state given in sectmn 6.does predlct an in:
crease in- Cy 5 -as-the lambda line is approached but the
mcrease is too small and the C, has been omitted in' the -
tahles of Appendlx D where. the state point is too close_i_
to the lamhda line. If C;’s are requlred near the lambda”

scale.
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The partial derivative (0P/8T'), for isochores crossing
he lambda line also shows anomalous behavior. An
example from Lounasmaa and Kaunisto [51] is shown
below in figure 33. _

The speed of sound measurements by Atkins and
Stasior [1] exhibit a slight anomalous behavior along the
lambda line. An example is given in figure 34 which is
taken from Atkins and Stasior [1].

11. The Melﬁng Curve

The melting curve for helium has been measured by
many experimenters. For the purposes of this correla-
tion, the measurements of Mills and Grilly [59] have been_
used. These measurements extend from the upper
lambda point to 30.77 K where the pressure is 3555.6 kg/
em?. Mills and Grilly {59] give values of a=-—17.80,
b=17.31457 and c=1.555414 to the Simon melting
equation:

P=a+bT*, 37)
where P is in kg/cm? and T is in kelvin. The range of
validity for this equation is reported to be 37 to 3500 kg/

cm2,

550 —
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i
|
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; p=0.1724
-20 - —
p=0.1761
-25 | 1 | L 1 L 1
.80 .90 200 2.10
T, K

FiGURE 33. Pressure coefficient, (3P/3T),, for helium across the
lambda line
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FIGURE 34. Speed of sound for liquid helium
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In a later publication [28], the equation:

P=A+4BT+CT*+ DT*+ET", " (38)
was used for the range of temperature from 1.8 t0 5.2 K.
P again is in kg/cm® and temperature is in kelvin. The
reported rms deviation for this equation is 0.23 kg/cm?.
The constants appearing in equation (38) are given in
table 16. :

Table 17 shows the properties of helium-4 along the
melting line. The equation of state, equation (17), pre-
dicts erroneous values of C, along the melting line for

TABLE 16. Parameters for equation (38)

33.280
44.156
31.749
—4.8159
0.30313

HO O
[l

TABLE 17. Melting line for helium-4
Temperature Pressure Liquid density Liquid C»

K atm mol/! J/mol-K

2.0 . 37.25 46:18

2.5 56.35 48.67

3.0 78.91 50.97

3.5 103.83 52.94

4.0 130.49 54.63 5.77

5.0 188.67 57.54 6.44

6.0 254.77 60.25 7.08

7.0 328.47 62.85 7.70

8.0 408.27 65.30 8.29

9.0 493.81 67.63 8.60
10.0 584.82 69.85 8.84
12.0 782.21 73.91 9.15
14.0 998.83 77.37 9.37
16.0 1233.37 80.43 10.43
18.0 1484.81 83.34 10.85
20.0 1752.29 86.07 11.18
22.0 2035.05 88.67 11.43
24.0 2332.48 91.17 11.65
26.0 2644.01 93.60 11.85
28.0 2969.14 95.98 12.03
30.0 3307.44 98.34 12.21

temperatures below about 10 K. These erroneous values
of C, have been left out of the tables in Appendix D. If
C, is needed in the region near the melting curve where
they have been omitted in Appendix D, they should be
obtained by interpolation between the values given in
table 17 and those in the tables of Appendix D. The pres-
sures in table 17 have been calculated from equa-
tions (37) and (38). The densities listed in table 17 have
been calculated using the equation of state, equation (17)
and the adjacent P~T input. Above 10 K the Cp’s in
table 17 have been calculated with the equation of state.

For temperatures below 10 K the C.’s in table 17 are from
Dugdale and Franck [16].

J. Phys. Chem. Ref. Data, Vol. 2, No. 4, 1973

.12. Joule-Thomson Inversion Curve

The Joule-Thomson coefficient for a fluid is defined a:
J=(0T/aP) 4.

The locus of points where J=10 is called the Joule
Thomson inversion curve. The inversion curve fo
helium using the relationship

T(3P/dT), = p(3P(dp)r

as calculated from the equation of state equation (17
is given in table 18. Roebuck and Osterberg [68] meas-
ured the Joule-Thomson coefficient for helium. They
later published corrections to these data (Roebuck and
Osterberg [69]). A sample comparison between their
data and values calculated from equation (16) is given
in table 19. The equation

=z, |76z} @)

TABLE 18. Joule-Thomson inversion curve

Temperature | Pressure Density
K atm mol/l
4.5 1.821 30.83
5 3.768 30.68
6 7.266 30.03
7 10.74 29.53
8 14.10 28.99
9 17.31 28.43

10 20.36 27.86
12 25.57 26.42
14 29.29 24.72
16 32.07 23.07
18 34.44 21.61
20 36.18 20.20
22 37.33 18.82
24 37.93 17.48
26 37.98 16.15
28 37.48 14.83
30 36.40 13.49
32 34.71 12.13
34 32.32 10.71
36 29.13 9.19%4
38 24.89 7.527
40 19.11 5.567
42 9.80 2.780
43 .03 .009

TaBLE19. Comparison of Joule-Thomsen coefficients at 1 atmosphere

Temp}e(rature Joule-Thomson coefficient in K/atm
—Jexo —Jeate. lea. 172}

83.15 0.0380 0.0433

93.15 0.0412 0.0476
118.15 0.0503 0.0545
133.15 0.0540 0.0571
173.15 0.0584 0.0612
223.15 0.0606 0.0635
273.15 0.0616 0.0644
575.15 0.0573 0.0633
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was used to calculate the Joule-Thomson coefficient
from equation (17). Figure 35 shows the J-T inversion
curve for helium. The Joule-Thomson coefficients cal-

50—
Joule Thomson Coefficient =0

40—

30+
x
iy
20+

Scturulted Licﬂuid

Y 10 20 30 40
P,atm

FIGURE 35. Joule-Thomson inversion curve calculated from equation
of state .

culated from equation (17) are in the author’s opinion

more correct than the experimental values listed in table
19.
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Appendix A
Temperature-Entropy Diagrams

The temperature-entropy diagrams for helium in three temperature ranges are given in figures 36-38.
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Appendix B
Symbols
Nomenclature
P —absolute pressure
T  —absolute temperature
V  —specific volume
p  —density (specific or molar)
R —universal gas constant
Z  —compressibility factor PV/RT
U —internal energy
H  —enthalpy
S  —entropy
Cp —heat capacity at constant pressure
Cy, —heat capacity at constant volume
J  —Joule-Thomson coefficient
B —second virial coeflicient

G —Gibbs energy
W  —velocity of sound

B  —critical parameter
a  —critical parameter
€  —dielectric constant
p  —molar polarizability
M  —molecular weight
Superscripts

-]

—ideal gas property

—real or ideal gas property at very low pressure
—saturated liquid property

—saturated vapor property

—critical point

—lambda point, or line

—reference state property

sat — property at saturation

t —triple point

expr — experimentally determined property value
calc —calculated property value

melt — melting line property

O >0 |y~ x

Subscripts on partial derivatives and integrals indicate
which property is being held constant.
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Appendix C

Conversion Factors and Fixed Points

Conversions and Physical Constants

1 thermochemical calorie=4.184 joules

0 °C=273.15 K (iriple point of water=273.16 K)

(Gas constant, R=10.0820558 1- atm/mol-K

Molecular weight of helium=4.0026 g/mol (based on
the carbon — 12 scale) '

1 bar=10% Pa

1 atmosphere=1.01325 X 10° Pa

1 micrometer of Hg=133.322 Pa-

1 liter=10"3m?

Fixed Points for Helium

Critical pressure=2.2746 X 10> Pa (2.2449 atm)*
Critical temperature=>5.2014 K*

Critical density=69.64 Kg/m? (17.399 mol/l)*
Normal boiling point=4.224 K

Lambda point temperature=2.177 K

" Lambda point pressure=0.05035 X 105 Pa (0.0497 atm)

Lambda point density (liquid)=146.15 Kg/m3 (36.514
mol/l)

*The ton of state (17)) was ined to these critical point parameters.
More recent work suggests the critical temperature is 2 or 3 millidegrees lower and the
critical pressure slightly greater by 1 or 2 mm Hg. (See the discussion and references in section
3)
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THERMODYNAMIC PROPERTIES OF HELIUM 4

Thermodynamic properties of coexisting gaseous and liquid helivm

Appendix D

I emper- Isotherm Isochore Internal C. Cp Velocity
ature Pressure Density derivative | derivative energy Enthalpy Entropy of sound
K 105Pa kg/m3 | 105m3. Pa/kg | 10°Pa/K kl/kg kI/kg KWikg /K ki/kg -K m/s

*2.177 0.05035 146.2

*2.177 0.05035 1.177 0.0403 0.0249 6.400 10.68 12.03 3.20 5.61 84.10
2.20 0.05326 146.1 0.459 1.60 —11.49 —-11.45 1.782 3.10 3.16 216.1
2.20 0.05326 1.235 0.0405 0.0261 6.458 10.77 11.96 3.20 5.63 - 84.45
2.25 0.05994 146.0 0.455 1.83 —11.34 —11.30 1.849 2.73 2.81 216.4
2.25 0.05994 1.365 0.0411 0.0289 6.582 10.97 11.82 3.20 5.66 85.19
2.30 0.06717 145.8 0.451 2.05 —11.20 —11.16 1.907 2.46 2.56 216.7
2.30° 0.06717 1.503 0.0416 0.0319 6.705 11.17 11.68 3.21 5.69 85.91
2.35 0.07497 145.6 0.447 2.23 —11.08 —11.03 1.960 2.25 2.38 217.1
2.35 0.07497 1.649 0.0421 0.0350 6.825 11.37 11.56 3.21 5.73 86.61
2.40 0.08337 145.3 0.442 2.40 —10.97 —10.91 2.008 2.10 2.25 217.4
2.40 0.08337 1.805 0.0425 0.0384 6.944 11.56 11.43 3.22 5.77 87.29
2.45 0.09241 145.1 0.436 2.55 —10.86 -10.79 2.053 2.00 2.17 217.7
2.45 0.09241 1.970 0.0429 0.0419 7.062 11.75 11.31 3.22 - 5.81 87.95
2.50 0.1021 144.8 0.430 2.68 —10.75 —10.68 2.097 1.93 2.13 217.9
2.50 0.1021 2.144 0.0433 0.0457 7.177 11.94 11.20 3.22 5.85 88.59
2.55 0.1125 144.5 0.424 2.79 —10.65 —10.57 2.138 1.88 2.11 217.9
2.55 0.1125 2.327 0.0436 0.0497 7.290 12.12 11.09 3.23 5.89 89.22
2.60 0.1235 144.2 0.417 2.90 -10.54 —10.46 2.179 1.85 2.10 2117.7
2.60 0.1235 2.521 0.0440 0.0539 7.401 12.30 10.98 3.23 5.93 89.82
265 0.1252 143 8 0.410 2.99 —10.4 —10.34 2.219 1.84 2.12 217.14
2.65 0.1353 2.725 0.0443 0.0583 7.510 12.48 10.87 3.24 5.98 90.40
2.70 0.1479 143.5 0.403 3.08 —10.33 -10.23 2.258 1.84 2.14 216.9
2.70 0.1479 2.939 0.0445 0.0630 7.617 12.65 10.77 3.24 6.02 90.97
2.75 0.1612 143.1 0.395 3.15 —10.23 ~10.11 2.297 1.84 2.18 216.3
2.75 0.1612 3.164 0.0447 0.0679 7.721 12.82 10.67 3.24 6.07 91.51
2.80 0.1753 142.8 0.388 3.22 —10.12 -9.99 2.336 1.85 2.22 215.5
2.80 0.1753 3.401 0.0449 0.0731 7.824 12.98 10.58 3.25 6.13 92.04
2 85 (.1903 142 .4 0.380 328 —10.01 —0.883 2.375 1.87 2.27 214.7
2.85 0.1903 3.648 0.0451 0.0785 7.924 13.14 10.48 3.25 6.18 92.56
2.90 0.2060 142.0 0.371 3.34 -9.904 —9.759 2.414 1.88 2.31 213.7
2.90 0.2060 3.908 0.0452 0.0842 8.021 13.29 10.39 3.26 6.24 93.05
2.95 0.2227 141.6 0.363 3.39 —9,790 —-9.633 2.454 1.90 2.37 212.6
2.95 0.2227 4.179 0.0453 0.0902 8.116 13.44 10.30 3.26 6.30 93.53
3.00 0.2402 141.1 0.355 3.44 —9.673 —9.503 2.493 1.92 2.42 211.5
3.00 0.2402 4.463 0.0453 0.0965 8.209 13.59 10.22 3.26 6.36 93.99
3.05 0.2587 140.7 0.346 3.49 —9.554 —9.370 2.533 1.94 2.48 210.3
3.05 0.2587 4.760 0.0454 0.103 8.299 13.73 10.13 3.27 6.42 94.44

959 J. Phys. Chem. Ref. Data, Vol. 2, No. 4, 1973



960

ROBERT D. McCARTY

Thermodynamic properties of coexisting gaseous and liquid helium — Continued

Temper- Isotherm Isochore Internal C, Cp Velocity
ature Pressure | Density derivative derivative energy Enthalpy Entropy of sound
K 10°Pa kg/m® | 10°m?-Pajkg | 10°Pa/K ki/kg ki/kg K/kg-K kifkg-K m/s
3.10 0.2780 140.2 0.337 3.53 —9.432 —90.234 2.573 1.96 2.54 209.1
3.10 0.2780 5.070 0.0453 0.110 8.386 13.87 10.05 3.27 6.49 94.87
3.15 0.2984 139.8 0.329 3.56 —9.308 —9.094 2.613 1.98 2.60 207.08
3.15 0.2984 5.394 0.0453 0.117 8.470 14.00 9.97 3.27 6.56 95.28
3.20 0.3197 139.3 0.320 3.60 —9.180 -—8.951 2.653 2.00 2.67 206.5
3.20 0.3197 5.731 0.0452 0.125 8.551 14.13 9.884 3.28 6.64 95.68
3.25 0.3421 138.8 0.311 3.63 —9.051 —8.804 2.693 2.02 2.73 205.2
3.25 0.3421 6.084 0.0451 0.133 8.630 14.25 9.805 3.28 6.72 96.06
3.30 0.3655 138.3 0.302 3.66 —8.918 —8.654 2.734 2.04 2 80 7()3,2.
3.30 0.3655 6.452 0.0449 0.141 8.705 14.37 9.727 3.28 6.80 96.42
3.35 0.3899 137.7 0.293 3.68 —8.782 ~8.499 2.775 2.06 2.87 202.4
3.35 0.3899 6.835 0.0447 0.150 R.778 14.48 9 650 3929 .89 96.77
3.40 0.4155 137.2 0.284 3.711 —8.644 —8.341 2.817 2.07 2.95 201.0
3.40 0.4155 7.235 0.0445 0.159 8.847 14.59 9.574 3.29 7.98 97.10
3.45 0.4421 136.6 0.275 3.73 —8.503 —8.179 2.858 2.09 3.02 199.5
3.45 0.4421 7.651 0.0442 0.168 8.912 14.69 9.499 3.29 7.08 97.41
3.50 0.4699 136.0 0.266 274 —8.358 —8032 2.900 21 210 198.0
3.50 - 0.4699 8.085 0.0439 0.178 8.974 14.79 9.425 3.30 7.18 97.71
3.55 0.4988 135.4 0.258 3.76 —8.210 —7.842 2.943 2.13 3.19 196.5
3.55 0.4988 8.537 0.0435 0.189 9.033 14.88 9.352 3.20 7.99 08.00
3.60 0.5289 134.8 0.249 3.1 —8.059 —17.667 2.985 214 3.28 1949
3.60 0.5289 9.008 0.0431 0.200 9.088 14.96 9.279 3.30 7.40 98.27
3.65 0.5602 134.1 0.240 3.78 —17.905 —7.487 3.029 2.16 3.37 193.4
3.65 0.5602 9.498 0.0427 0.211 9.139 15.04 9.207 3.31 7.52 98.52
3.70 0.5927 133.5 0.231 3.79 —7.747 —7.803 3.072 2.18 3.47 191.7
3.70 0.5927 10.01 0.0422 0.223 9.186 15.11 9.136 3.31 7.66 98.75
3.75 0.6264 132.8 0.222 3.79 —17.585 -7.113 3.116 2.19 3.57 190.1
3.75 0.6264 10.54 0.0417 0.235 0,229 15.17 0.065 2.31 .79 98.97
3.80 0.6614 132.1 0.213 3.79° —-7.419 -6.919 3.161 2.21 3.68 188.4
3.80 0.6614 11.09 0.0411 0.248 9.268 15.23 8.994 3.32 7.94 99.17
3.85 0.6977 131.4 0.205 3.79 —7.250 —6.719 3.206 2.23 3.80 186.7
3.85 0.6977 11.67 0.0405 0.262 9.302 15.28 8.924 3.32 8.10 99.36
3.20 0.7354 130.6 8.1%6 3.79 7.076 6.513 3.251 2.25 3.02 184.9
3.90 0.7354 12.28 0.0398 0.276 9.332 15.32 8.854 3.33 8.27 99.5
3.95 0.7743 129.8 0.187 3.78 —6.898 —6.302 3.298 2.26 4.05 183.1
3.95 0.7743 12.90 0.0391 0.291 9.356 15.26 8.784 3.33 8.45 29.7
4.00 0.8147 129.0 0.179 3.77 —6.716 —6.084 3.345 2,28 4.19 181.2
4.00 0.8147 13.56 0.0384 0.306 9.376 15.38 8.714 3.33 8.65 99.8
4.05 0.8564 128.2 0.170 3.76 —6.529 —5.860 3.392 2.30 4.35 179.2
4.05 0.8654 14.24 0.0376 0.323 9.390 15.40 8.644 3.34 8.87 99.9
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Thermodynamic properties of coexisting gaseous and liquid helium—Continued

Temper- Isotherm Isochore Internal C, Cp Velocity
ature Pressure | Density derivative | derivative | energy Enthalpy Entropy of sound
K 10°Pa kg/m® | 10°m?-Palkg | 10°Pa/K kllkg kl/kg Ki/kg-K Kikg K mfs
4.10 0.8995 127.3 0.162 3.74 -6.336 —5.630 3.440 2.32 4.51 177.2
4.10 0.8995 14.96 0.0367 0.340 9.399 15.41 8.574 3.34 9.10 100.0
4.15 0.9441 126.4 0.153 3.72 —-6.139 —5.392 3.490 2.34 4.69 175.2
4.15 0.9441 15.71 0.0358 0.358 9.401 15.41 8.503 3.34 9.35 100.1
4.20 0.9902 125.4 0.145 3.70 -5.936 —5.146 3.540 2.36 4.88 173.0
4.20 0.9902 16.49 0.0349 0.377 9.397 15.40 8.432 3.35 9.63 100.1
4.224 1.013 125.0 0.141 3.69 —5.834 —-5.023 3.564 2.37 4.98 172.0
4.224 1.013 16.89 0.0344 0.386 9.393 15.39 8.397 3.35 9.78 100.2
4.25 1.038 124.5 0.136 3.67 | —5.726 -—4.893 3.591 2.38 5.09 170.8
4.25 1.038 17.32 0.0338 0.397 9.387 15.38 8.361 3.35 9.94 _100.2
4.30 1.087 123 5 0.128 364 —5.511 —4.631 3 643 2 40 532 168 6
4.30 1.087 18.18 0.0328 0.418 9.368 15.35 - 8.288 3.35 10.3 100.2
4.35 1.138 122.4 0.120 3.61 —5.289 —4.360 3.696 2.42 5.58 166.2
4.35 1.138 19.09 0.0316 . 0.440 9.342 15.30 8.215 3.36 10.7 100.2
4.40 1.190 121.3 0.112 3.58 —5.059 —4.078 3.750 2.44 5.86 163.8
4.40 1.190 20.05 0.0304 0.463 9.307 15.24 8.140 - 3.36 11.1 100.1
4.45 1.244 120.2 0.104 3.54 —4.822 —3.787 3.806 247 6.18 161.3
4.45 1.244 21.06 0.0291 0.488 9,262 15.17 8.064 3.36 11.6 . 100.1
4.50 1.299 118.9 0.0957 3.49 —4.576 —3.484 3.863 2.49 6.55 158.6
4.50 1.299 22.13 0.0278 ~0.514 9.207 15.08 7.986 3.37 12.1 100.0
4.55 1.357 117.7 0.0878 3.45 —-4.320 —3.168 3.923 2.51 6.96 155.9
4.55 1.357 23.27 0.0264 0.543 9.140 14.97 7.907 3.37 12.8 99.9
4.60 1.416 116.3 0.0800 3.40 —4.055 —2.838 3.984 2.54 7.44 153.1
4.60 1.416 24.49 0.0248 0.573 9.060 14.84 7.825 3.37 13.5 99.7
4.65 1.476 114.9 0.0723 3.34 -3.777 —2.492 4.047 2.57 8.01 150.2
4.65 1.476 25.79 0.0233 0.605 8.965 14.69 7.740 3.38 14.4 99.6
4.70 1.539 113.4 0.0647 3.28 —3.486 -2.129 4.113 2.59 8.68 147.1
4.70 1.539 27.19 0.0216 0.641 8.853 14.51 7.651 3.38 15.5 99.38
© 475 1.603 111.8 0.0572 3.22 —3.180 —1.746 4.182 2.62 9.51 144.0
4.75 1.603 28.71 0.0198 0.679 8.722 14.31 7.558 3.38 16.8 99.16
4.80 1.670 110.1 0.0499 3.15 —2.856 —1.339 4.255 2.66 10.5 140.7
4.80 1.670 30.37 0.0179 0.721 8.566 14.06 7.461 3.38 18.5 98.91
4.85 1.738 108.2 0.0427 3.07 —2.510 —0.9042 4.332 2.69 11.9 137.3
4.85 1.738 32.21 0.0160 0.768 8.382 13.78 7.356 3.39 20.7 98.65
4.90 1.808 106.1 0.0357 2.99 —2.138 —0.4345 4.415 2.73 13.6 133.7
4.90 1.808 34.25 0.0139 0.820 8.163 13.44 7.244 3.39 23.6 98.37
4.95 1.880 103.7 0.0289 2.90 —1.733 0.07862 ' 4.505 2.76 16.1 129.9
4.95 1.880 36.58 0.0117 0.880 7.897 13.04 7.120 3.39 279 98.09
5.00 1.954 101.1 0.0224 2.80 —1.283 0.6496 4.605 2.81 19.9 ‘ 126.0
5.00 1.954 39.30 0.00937 ©0.950 7.570 12.54° . 6.982 3.39 34.6 97.83
5.05 2.031 97.96 0.0162 2.68 —0.7706 1.302 4.720 2.86 26.1 121.8
5.05 2.031 42.58 0.00697 1.04 7.152 11.92 6.821 3.38 46.2 97.64
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Thermodynamic properties of coexisting gaseous and liquid helium —Continued

Temper- Isotherm Isochore Internal C, C, Velocity
ature Pressure Density derivative | derivative energy Enthalpy Entropy of sound
K 105Pa kg/m3 105m?: Pafkg | 10°Pa/K: kJ/kg ki/kg ki/kg 'K ki/kg-K: m/s
5.10 2.109 94.00 0.0104 2.51 —0.1582 2.083 4.858 2,92 38.5 117.3
5.10 2.109 46.80 0.00450 1.15 6.589 11.10 6.624 3.37 71.5 97.61
*5.201 2.275 69.54
*5.201 2.275 69.64

*Lambda point and critical point.
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Appendix E

Isobaric Tables of the Thermodynamic Properties of Helium-4
Thermodynamic properties of helium 4

Temper- Density lso_ther.m Is"_c}‘?."e Internal Enthalpy Entropy C, C, V‘elocits
ature kg/m? derivative derivative energy K/kg K/kg K — of soun
K 10°m3-Pafkg 105 Pa/K kl/kg ki/kg K m/s
0.1 X 10+5 pascal Isobar )
2.177 146.3 :
2.489 144.8 0.432 2.65 -10.77 -10.70 2.088 1.940 2.133 217.8
2.489 2.106 0.0432 0.0449 7.153 11.90 11.22 3.223 - 5.837 88.46
2.5 2.095 0.0435 0.0446 7.190 11.96 11.25 3.221 5.828 88.70
3.0 1.692 0.0559 0.0356 8.885 14.79 12.28 3.163 5.543 98.94
3.5 1.427 - 0.0675 0.0299 10.52 17.53 13.12 3.138 5.415 107.9
4.0 1.236 0.0787 0.0258 12.13 20.22 13.84 3.126 5.347 116.0
4.5 1.092 0.0897 0.0228 13.72 22.88 14.47 3.120 5.307 123.5
5.0 0.9783 0.101 0.0204 15.31 25.53 15.03 3.118 5.281 130.5
5.1 0.9584 0.103 0.0200 15.62 26.06 15.13 3.117 3.277 131.9
5.2 0.9393 0.105 0.0196 15.94 26.58 15.23 3.117 5.274 133.2
5.3 0.9210 0.107 0.0192 16.25 27.11 15.33 - 3.117 5.270 134.5
5.4 0.9034 0.109 0.0188 16.57 27.64 15.43 3.116 5.267 1359
5.5 0.8865 0.111 0.0185 16.88 28.16 15,53 3.116 5.264 137.1
5.6 0.8702 0.114 0.0181 17.20 28.69 15.62 3.116 5.261 138.4
5.7 0.8545 0.116 0.0178 17.51 29.22 15.72 3.116 5.259 139.7
5.8 0.8394 0.118 0.0175 17.83 29.74 15.81 3.116 5.256 141.0
5.9 » 0.8248 0.120 ¢.0172 18.14 30.27 15.90 3.116 5.254 142.2
6.0 0.8107 0.122 0.0169 18.46 30.79 15.99 3.115 5.252 143.4
6.5 0.7470 0.133 0.0156 20.03 33.42 16.41 3.115 5.242 149.4
7.0 0.6927 0.143 0.0144 21.60 36.04 16.80 3.115 5.235 155.2
7.5 0.6458 0.154 0.0135 23.17 38.65 17.16 3.115 5.230 160.7
8.0 0.6048 0.164 0.0126 24.73 41.27 17.49 3.115 5.225 166.1
8.5 0.5688 0.175 0.0118 26.30 43.88 17.81 3.115 5.222 171.3
9.0 0.5369 0.186 0.0112 27.86 46.49 18.11 3.115 5.219 176.3
9.5 0.5084 0.196 0.0106 29.43 49.10 18.39 3.115 5.216 181.2
10.0 0.4828 0.207 0.0101 30.99 51.70 18.66 3.115 5.214 185.9
11.0 0.4386 0.228 0.00913 34.11 56.92 19.16 3.116 5.210 195.0
12.0 0.4018 0.248 0.00836 37.24 62.12 19.61 3.116 5.208 203.8
13.0 0.3708 0.269 0.00772 40.36 67.33 20.03 3.116 5.206 212.1
14.0 0.3442 0.290 0.00716 43.48 72.54 20.41 3.116 5.204 . 220.2
15.0 0.3212 0.311 0.00668 46.60 77.74 20.77 3.116 5.203 227.9
16.0 0.3011 0.332 0.00626 49.72 82.94 21.11 3.116 5.202 235.4
17.0 0.2833 0.353 0.00589 52.84 88.14 21.42 3.116 5.201 242.6
18.0 0.2675 0.374 0.00556 55.96 93.34 21.72 .3.116 5.200 249.7
19.0 0.2534 0.395 0.00527 59.08 98.54 22.00 3.116 5.199 256.5
20.0 0.2407 0.415 0.00501 62.20 103.7 22.27 3.116 5.199 2063.2
21.0 0.2293 0.436 0.00477 65.32 108.9 22.52 3.116 5.198 269.7
22.0 0.2188 0.457 0.00455 68.44 114.1 22.76 3.116 5.198 276.1
23.0 0.2093 0.478 0.00435 71.56 119.3 22.99 3.116 5.197 282.3
24.0 0.2006 0.499 0.00417 74.67 124.5 23.21 3.116 5.197 288.3
25.0 0.1925 0.519 0.00400 77.79 129.7 23.43 3.116 5.197 294.3
26.0 0.1851 0.540 0.00385 80.91 134.9 23.63 3.116 5.196 300.1
28.0 0.1719 0.582 0.00357 87.14 145.3 24.01 3.116 -~ 5.196 311.4
30.0 0.1604 0.623 0.00334 93.38 155.7 24.37 3.116 5.196 322.4
32.0 0.1504 0.665 0.00313 99.6 166.1 24.71 3.116 5.195 332.9
34.0 0.1416 0.707 0.00294 105.8 176.5 25.02 3.116 5.195 343.2
36.0 0.1337 0.748 0.00278 112.1 186.9 25.32 3.116 5.195 353.1
38.0 0.1267 0.790 0.00263 118.3 197.3 25.60 3.116 5.195 362.8
40.0 0.1203 0.831 0.00250 124.5 207.7 25.87 3.116 5.194 372.2
45.0 0.1070 0.935 0.00222 140.1 233.6 26.48 3.116 5.194 394.8
50.0 0.09626 1.04 0.00200 155.7 259.6 27.03 3.116 5.194 416.1
55.0 0.08751 1.14 0.00182 171.3 285.6 27.52 3.116 5.194 436.4
60.0 0.08022 1.25 0.00167 186.9 311.5 27.97 3.116 5.194 455.8
65.0 0.07405 1.3 0.00154 202.5 337.5 28.39 ~ 3.116 5.194 474.4
70.0 0.06876 1.45 0.00143 218.0 363.5 28.77 3.116 5.193 492.4
75.0 0.06418 1.56 0.00133 233.6 389.4 29.13 3.116 5.193 509.6
80.0 0.06017 1.66° 0.00125 249.2 415.4 29.47 3.116 5.193 526.3
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Temper- Density Iso'thex:m Iso.cho-re Internal Enthalpy Entropy C, C, Velocity
ature ke/m? derivative derivative energy KJ/k Ki/kg K of sound
K 10°m?-Pajkg|  105Pa/K ki/kg € ki/ke K m/s
90.0 0.05348 1.87 0.00111 280.4 467.3 30.08 3.116 5.193 558.3
100.0 0.04813 2.08 0.00100 3115 519.3 30.63  3.116 5.193 588.4
125.0 0.03851 2.60 0.000800 389.4 649.1 31.79 3.116 5.193 657.9
150.0 0.03209 3.12 0.000667 467.3 778.9 32.73 3.116 5.193 720.6
175.0 0.02751 3.64 0.000571 545.2 908.8 33.53 3.116 5.193 778.4
200.0 0.02407 4.16 0.000500 623.1 1039.0 34.23 3.116 5.193 832.1
225.0 0.02139 4.67 0.000444 701.0 1168.0 34.84 3.116 5.193 882.6
250.0 0.01926 5.19 0.000400 778.9 1298.0 35.38 3.116 5.193 930.3
275.0 0.01750 5.71 0.000364 856.8 1428.0 35.88 3.116 5.193 975.7
300.0 0.01605 6.23 0.000333 934.7 1558.0 36.33 3.116 5.193 1019.0
350.0 0.01375 7.27 0.000286 1090.0 1818.0 37.13 3.116 5.193 1101.0
400.0 0.01203 8.31 0.000250 1246.0 2077.0 37.83 3.116 5.193 1177.0
450.0 0.01070 9.35 0.000222 1402.0 2337.0 38.44 3.116 5.193 1248.0
500.0 0.009628 10.4 0.000200 1558.0 2596.0 38.98 3.116 5.193 1316.0
600.0 0.008023 12.5 0.000167 1869.0 3116.0 39.93 3.116 5.193 1441.0
700.0 0.006877 14.5 0.000143 2181.0 3635.0 40.73 3.116 5.193 1557.0
800.0 0.006018 16.6 0.000125 2493.0 4154.0 41.43 3.116 5.193 1664.0
900.0 0.005349 18,7 0.000111 2804.0 4674.0 42.04 3.116 5.193 1765.0
1000.0 0.004814 20.8 0.000100 3116.0 5193.0 42.58 3.116' 5.193 1861.0
1100.0 0.004376 22.8 0.0000909 3427.0 5712.0 43.08 3.116 5.193 1951.0
1200.0 0.004012 24.9 0.0000833 3739.0 6232.0 43.53 3.116 5.193 2038.0
1300.0 0.003703 27.0 0.0000769 4051.0 6751.0 43.95 3.116 5.193 2121.0
1400.0 0.003439 29.1 0.0000714 4362.0 7270.0 44.33 3.116 5.193 2201.0
1500.0 0.003209 31.2 0.0000667 4674.0 7790.0 44.69 3.116 5.193 2279.0
0.2 x 10** pascal Isobar
* 2176 146.6
2.5 145.0 0.436 2.68 -10.76 -10.62 2.092 1.921 2.116 219.2
+ 2881 142.1 0.374 3.32 -9.947 -9.806 2.400 1.876 2.296 214.1
* 2.881 3.809 0.0452 0.0820 7.985 13.24 10.43 3.254 6.215 92.87
3.0 3.607 0.0486 0.0773 8.420 13.97 10.67 3.229 6.067 95.53
3.5 2.973 0.0619 0.0630 10.17 16.89 11.58 3.168 5.704 105.5
4.0 2.545 0.0741 0.0536 11.84 19.70 12.33 3.140 5.533 114.3
4.5 2.231 0.0859 0.03068 13.48 22.44 12.97 3.127 5.438 122.2
5.0 1.989 0.0973 0.0417 15.09 25.14 13.54 3.120 5.379 129.5
5.1 1.947 0.100 0.0408 15.41 25.68 13.65 3.119 5.371 130.9
5.2 1.907 0.102 0.0100 15.73 26.22 13.75 3.119 5.362 132.3
5.3 1.869 0.104 0.0391 16.05 26.75 13.86 3.118 5.355 133.6
5.4 1.832 0.106 0.0384 16.37 27.29 13.96 3.117 5.347 135.0
5.5 1.796 0.108 0.0376 16.69 27.82 14.05 3.117 5.341 136.3
5.6 1.762 0.111 0.0369 17.01 28.36 14.15 3.117 5.335 137.6
5.7 1.730 0.113 0.0362 17.33 28.89 14.24 3.116 5.329 138.9
5.8 1.698 0.115 0.0355 17.65 29.42 14.34 3.116 5.324 140.2
5.9 1.668 0.117 -0.0349 17.96 29.95 14.43 3.116 5.319 141.5
6.0 1.639 0.119 0.0343 18.28 30.49 14.52 3.115 5.314 142.7
6.5 1.507 0.130 0.0315 19.87 33.14 14.94 3.115 5.294 148.9
7.0 1.395 0.141 0.0292 21.45 35.78 15.33 3.114 5.279 154.7
7.5 1.299 0.152 0.0271 23.03 38.42 15.70 3.114 5.268 160.4
8.0 1.216 0.163 0.0254 24.60 41.05 16.04 3.114 5.258 165.8
8.5 1.143 0.173 0.0239 26.17 43.68 16.36 3.115 5.251 171.0
9.0 1.078 0.184 0.0225 27.75 46.30 16.66 3.115 5.245 176.1
9.5 1.020 0.195 0.0213 29.32 48.92 16.94 3.115 5.239 181.0
10.0 0.9683 0.205 0.0202 30.88 51.54 17.21 3.115 5.235 185.8
11.0 0.8791 0.227 0.0183 34.02 56.77 17.71 3.115 5.228 195.0
12.0 0.8050 0.248 0.0168 37.15 62.00 18.16 3.116 5.223 203.7
13.0 0.7425 0.269 0.0155 40.28 67.22 18.58 3.116 5.218 212.1
14.0 0.6891 0.290 0.0144 43.41 72.43 18.97 3.116 5.215 220.2
15.0 0.6428 0.311 0.0134 46.53 77.65 19.33 3.116 5.212 221.9
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Temper- Density lso‘thexzm Iso.cho're Internal Enthalpy Entropy C, C, Velocity

ature ke/m? derivative derivative energy K/ke K/ke K of sound
K 10°m3-Pafkg| 105Pa/K kJ/kg & Kl/kg K mfs
4.0 3.939 0.0693 0.0836 11.53 19.15 11.40 3.158 5.759 112.4
4.5 3.424 0.0819 0.0723 13.22 21.98 12.07 3.135 5.588 120.8
5.0 3.036 0.0939 0.0640 14.86 24.75 12.66 3.124 5.488 128.4
5.1 2.969 0.0962 0.0625 15.19 25.29 12,76 3.123 5.473 129.8
5.2 2.906 0.0985 0.0612 15.52 25.84 12.87 3.121 5.459 131.3
5.3 2.845 0.101 0.0599 15.84 26.39 12.97 3.120 5.447 132.7
5.4 2.787 0.103 0.0586 16.17 26.93 13.08 3.119 5.435 134.1
5.5 2.731 0.105 0.0574 16.49 27.47 13.18 3.118 5.424 135.4
5.6 2.678 0.108 0.0563 16.81 28.02 13.27 3.118 5.414 136.8
5.7 2.627 0.110 0.0552 17.14 28.56 13.37 3.117 5.405 138.1
5.8 2.578 0.112 0.0542 17.46 29.10 13.46 3.117 5.396 139.5
5.9 2.530 0.115 0.0532 17.78 29.64 13.55 3.116 5.388 140.8
6.0 2.485 0.117 0.0522 18.10 30.17 13.65 3.116 5.380 142.1
6.5 2.281 0.128 0.0479 19.70 32.86 14.07 3.114 5.349 148.3
7.0 2.109 0.139 0.0442 21.30 35.52 14.47 3.114 5.325 154.3
7.5 1.961 0.150 0.0411 22.88 38.18 14.84 3.114 5.307 160.0
8.0 1.833 0.161 0.0384 24.47 40.83 15.18 3.114 5.292 165.5
8.5 1.722 0.172 0.0360 26.05 43.47 15.50 3.114 5.281 170.7
9.0 1.623 0.183 0.0340 27.63 46.11 15.80 3.114 5.271 175.9
9.5 1.535 0.194 0.0321 29.20 48.75 16.09 3.115 5.263 180.8
10.0 1.457 0.204 0.0305 30.78 51.37 16.36 3.115 5.256 185.6
11.0 1.321 0.226 0.0276 33.92 56.62 16.86 3.115 5.246 194.9
12.0 1.209 0.247 0.0253 37.06 61.87 17.31 3.116 5.237 203.7
13.0 1.115 0.268 0.0233 40.20 67.10 17.73 3.116 5.231 212.1
14.0 1.035 0.289 0.0216 43.33 72.33 18.12 3.116 5.226 220.2
15.0 0.9650 0.310 0.0201 46.46 71.55 18.48 3.116 5.222 228.0
16.0 0.9042 0.331 0.0189 49.59 82.77 18.82 3.116 5.219 235.5
17.0 0.8506 0.352 0.0177 52.72 87.99 19.13 3.116 5.216 242.8
18.0 0.8031 - 0.373 0.0167 55.85 93.20 19.43 3.117 5.213 249.8
19.0 0.7606 0.394 0.0159 58.97 98.42 19.71 3.117 5.211 256.7
20.0 0.7224 0.415 0.0151 62.10 103.6 19.98 3.117 5.210 263.4
21.0 0.6879 0.436 0.0143 65.22 108.8 20.23 3.117 5.208 269.9
22.0 0.6565 0.457 0.0137 68.35 114.0 20.48 3.117 5.207 276.3
23.0 0.6279 0.478 0.0131 71.47 119.2 20.71 3.117 5.206 282.5
24.0 0.6017 0.499 0.0125 74.59 124.5 20.93 3.117 5.204 288.6
25.0 0.5775 0.520 0.0120 71.71 129.7 21.14 3.117 5.204 294.5
26.0 0.5553 0.540 0.0116 80.83 134.9 21.34 3.117 5.203 300.3
- 28.0 0.5156 0.582 0.0107 87.07 145.3 21.73 3.117 5.201 311.7
30.0 0.4812 0.624 0.0100 93.31 155.7 22.09 3.117 5.200 322.6
32.0 0.4511 0.666 0.00939 99.6 166.1 22.42 3.117 5.199 333.2
34.0 0.4245 0.707 0.00883 105.8 176.5 22.74 3.117 5.199 343.4
36.0 0.4009 0.749 0.00834 112.0 186.9 23.04 3.116 5.198 353.4
38.0 0.3798 0.790 0.00790 118.3 197.3 23.32 3.116 5.198 363.0
40.0 0.3608 0.832 0.00751 124.5 207.6 23.58 3.116 5.197 372.5
45.0 0.3207 0.936 0.00667 140.1 233.6 24.20 3.116 5.196 395.0
50.0 0.2887 1.04 0.00600 155.7 259.6 24.74 3.116 5.196 416.4
55.0 0.2624 1.14 0.00546 171.3 285.6 25.24 3.116 5.195 436.7
60.0 0.2406 1.25 0.00500 186.8 311.6 25.69 3.116 5.195 456.1
65.0 - 0.2221 1.35 0.00462 202.4 337.5 26.11 3.116 5.194 474.7
70.0 0.2062 1.46 0.00429 218.0 363.5 26.49 3.116 5.194 492.6
75.0 0.1925 1.56 0.00400 233.6 380 5 26 85 3 1A 5104 509.9
80.0 0.1804 1.66 0.00375 249.2 415.4 27.19 3.116 5.194 526.5
90.0 0.1604 1.87 0.00333 280.3 467.4 27.80 3.116 5.194 558.4
100.0 0.1444 2.08 0.00300 311.5 519.3 28.34 3.116 5.194 588.6
125.0 0.1155 2.60 0.00240 389.4 649.2 29.50 3.116 5.193 658.0
150.0 0.09625 3.12 0.00200 467.3 779.0 30.45 3.116 5.193 720.8
175.0 0.08251 3.64 0.00171 545.2 908.8 31.25 3.116 5.193 778.5
200.0 0.07220 4.16 0.00150 623.1 '1039.0 31.94 3.116 5.193 832.2
225.0 0.06418 4.68 0.00133 701.0 1168.0 32.56 3.116 5.193 882.7
250.0 0.05776 5.19 0.00120 778.9 1298.0 33.10 3.116 5.193 930.4
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Thermodynamic properties of helium 4—Continued

Temper- Density Iso.thex:m Iso'cho.re Internal Enthalpy Entropy C, C, Velocity

ature ke/m? derivative derivative energy Ki/ke K/ke K of sound
K & 10°m®-Pajkg| 10°Pa/K kl/ke kJ/ke K m/s
275.0 0.05251 5.71 0.00109 856.8 1428.0 33.60 3.116 5.193: 975.8
300.0 0.04813 6.23 0.00100 934.7 1558.0 34.05 3.116 5.193 1019.0
350.0 0.04126 .27 0.000857 1090.0 1818.0 34.85 3.116 5.193 1101.0
400.0 0.03610 8.31 0.000750 1246.0 2077.0 35.54 3.116 5.193 1177.0
450.0 0.03209 9.35 0.000667 1402.0 2337.0 36.16 3.116 5.193 1248.0
500.0 0.02888 10.4 0.000600 1558.0 2597.0 36.70 3.116 5.193 1316.0
600.0 0.02407 12.5 0.000500 1869.0 3116.0 37.65 3.116 5.193 1441.0
700.0 0.02063 14.5 0.000429 2181.0 3635.0 38.45 3.116 5.193 1557.0
800.0 0.01805 16.6 0.000375 2493.0 4154.0 39.14 3.116 5.193 1664.0
900.0 0.01605 18.7 0.000333 2804.0 4674.0 39.75 3.116 5.193 1765.0
1000.0 0.01444 20.8 0.000300 3116.0 5193.0 40.30 3.116 5.193 1861.0
1100.0 0.01313 229 0.000273 3427.0 5712.0 40.80 3.116 5.193 1951.0
1200.0 0.01203 24.9 0.000250 3739.0 6232.0 41.25 3.116 5.193 2038.0
1300.0 0.01111 27.0 0.000231 4051.0 6751.0 41.66 3.116 5.193 2121.0
1400.0 0.01032 29.1 0.000214 4362.0 7270.0 42.05 3.116 5.193 2201.0
1500.0 0.009628 31.2 0.000200 4674.0 7790.0 42.41 3.116 5.193 2279.0

0.4 x 10*% pascal Isobar
2.174 147.0

2.5 145.5 0.448 2.68 -10.78 ~10.51 2.084 1.909 2.098 221.8
3.0 141.6 0.364 3.45 -9.702 -9.420 2.483 1.918 2.408 213.9
3.370 137.5 0.290 3.69 -8.727 -8.437 2,792 2.064 2.903 201.8

3.370 6.993 0.0446 0.153- 8.806 14.53 9.620 3.288 6.922 96.90
3.5 6.581 0.0491 0.143 9.328 15.41 9.876 3.255 6.639 100.0
4.0 5.437 0.0642 0.117 11.20 18.55 10.72 3.180 6.040 110.5
4.5 4.677 0.0777 0.0995 12.94 21.50 - 11.41 3.146 5.763 119.3
5.0 4.122 0.0904 0.0873 14.63 24.34 12.01 3.129 5.610 127.3
5.1 4.027 0.0928 0.0852 14.96 24.90 12.12 3.127 5.587 128.8
5.2 3.938 0.0953 0.0833 15.30 25.45 12.23 3.125 5.567 130.3
5.3 3.852 0.0977 0.0814 15.63 26.01 12.33 3.123 5.548 131.7
5.4 3.771 0.100 0.0797 15.96 26.56 12.44 3.122 5.530 133.2
5.5 3.693 0.102 0.0780 16.29 27.12 12.54 3.121 5.514 134.6
5.6 3.619 0.105 0.0764 16.61 27.67 12.64 3.119 5.500 136.0
5.7 3.547 0.107 0.0749 16.94 28.22 12.74 3.118 5.486 137.3
5.8 3.479 0.110 0.0734 17.27 28.76 12.83 3.118 5.473 138.7
5.9 3.413 0.112 0.0720 17.59 29.31 12.92 3.117 5.462 140.0
6.0 3.350 0.114 0.0706 17.92 29.86 13.02 3.116 5.451 141.3
6.5 3.069 0.126 0.0646 19.53 32.57 13.45 3.114 5.406 147.7
7.0 2.832 0.137 0.0596 21.14 35.26 13.85 3.113 5.372 153.8
7.5 2.631 0.148 0.0553 22.74 37.94 14.22 3.113 5.347 159.6
8.0 2.457 0.159 0.0516 24.33 40.61 14.56 3.113 5.327 165.1
8.5 2.306 0.170 0.0484 25.92 43.27 14.89 3.113 5.311 170.5
9.0 2.172 0.181 0.0456 27.51 45.92 15.19 3.114 5.298 175.6
9.5 2.054 0.192 0.0431 29.09 48.57 15.48 3.114 5.287 180.6
10.0 1.948 0.203 0.0408 30.67 51.21 15.75 3.114 5.278 185.5

11.0 1.766 0.225 0.0370 33.83 56.48 16.25 3.115 5.263 1048
12.0 1.615 0.246 0.0338 36.97 61.74 16.71 3.116 5.252 203.6
13.0 1.489 0.267 0.0311 40.12 66.98 17.13 3.116 5.244 212.1
14.0 1.381 0.289 0.0289 43.26 72.22 17.52 3.116 5.237 220.2
15.0 1.288 0.310 0.0269 46.39 77.46 17.88 3.116 5.232 228.0
16.0 1.206 0.331 0.0252 49.53 82.69 18.21 3.117 5.227 235.5
17.0 1.135 0.352 0.0237 52.66 87.91 18.53 3.117 5.223 242.8
18.0 1.071 0.373 0.0224 55.79 93.13 18.83 3.117 5.220 249.9
19.0 1.014 0.394 0.0212 58.92 198.35 19.11 3.117 5.217 256.8
20.0 0.9633 10.415 0.0201 62.05 103.6 19.38 3.117 5.215 263.5
21.0 0.9172 0.436 0.0191 65.17 108.8 19.63. 3.117 5.213 270.0
22.0 0.8754 0.457 0.0183 68.30 114.0 19.88 . 3.117 5.211 276.4
23.0 0.8372 . 0.478 0.0175 71.42 119.2 20.11 3.117 5.210 282.6
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Thermodynamic properties of helium 4—Continued

ROBERT D. McCARTY

Temper- Density Iso-t hefm Iso.Cho.r © Internal Enthalpy Entropy C. S Velocity
ature ke/m? derivative derivative energy ki/kg Ki/ke K of sound
K , 105m3-Pajkg| 105 Pa/K ki/kg kl/kg ‘K m/s
24.0 0.8022 0.499 0.0167 74.55 124.4 20.33 3.117 5.208 288.7
25.0 0.7700 0.520 0.0160 71.67 129.6 20.54 3.117 5.207 2946
26.0 0.7403 0.541 0.0154 80.79 134.8 20.75 3.117 5.206 300.5
28.0 0.6873 0.582 0.0143 87.04 145.2 21.13 3.117 5.204 311.8
30.0 0.6414 0.624 0.0134 93.28 155.6 21.49 3.117 5.203 322.7
32.0 0.6013 0.666 0.0125 99.5 166.0 21.83 3.117 5.202 333.3
34.0 0.5659 0.707 0.0118 105.8 176.4 22.14 3.117 5.201 343.6
36.0 0.5344 0.749 0.0111 112.0 186.8 22.44 3.117 5.200 353.5
38.0 0.5063 0.791 0.0105 118.2 197.2 22.72 3.117 5.199 363.2
40.0 0.4810 0.832 0.0100 124.5 207.6 92299  3.117 5.198 372.6
45.0 0.4275 0.936 0.00890 140.1 233.6 23.60 3.117 5.197 395.2
50.0 0.3848 1.04 0.00801 155.7 259.6 24.15 3.116 5.196 416.5
55.0 0.3498 1.14 0.00728 171.3 285.6 24.64 3.116 5.196 436.8
60.0 0.3207 1.25 0.00667 186.8 311.6 25.09 3.116 5.195 456.2
65.0 0.2960 1.35 0.00616 202.4 337.5 25.51 3.116 5.195 474.8
70.0 0.2749 1.46 0.00572 218.0 363.5 25.89 3.116 5.195 492.7
75.0 0.2566 1.56 0.00533 233.6 389.5 26.25 3.116 5.194 509.9
80.0 0.2405 1.66 0.00500 249.2 415.5 26.59 3.116 5.194 526.6
90.0 0.2138 1.87 0.00444 © 280.3 467.4 27.20 3.116 5.194 558.5
100.0 0.1925 2.08 0.00400 3115 519.3 27.75 3.116 5.194 588.7
125.0 0.1540 2.60 0.00320 389.4 649.2 28.91 3.116 5.193 658.1
150.0 0.1283 3.12 0.00267 467.3 779.0 29.85 3.116 5.193 720.9
175.0 0.1100 3.64 0.00229 545.2 908.8 30.65 3.116 5.193 778.6
200.0 0.09625 4.16 0.00200 623.1 1039.0 31.35 3.116 5.193 832.3
225.0 0.08556 4.68 0.00178 701.0 1169.0 31.96 3.116 5.193 882.7
250.0 0.07701 5.20 0.00160 778.9 1298.0 32.51 3.116 5.193 930.5
275.0 0.07001 5.7 0.00145 856.8 1428.0 33.00 3.116 5.193 975.9
300.0 0.06418 6.23 0.00133 934.7 1558.0 33.45 3.116 5.193 1019.0
350.0 0.05501 7.27 0.00114 1090.0 1818.0 34.25 3.116 5.193 1101.0
400.0 0.04813 8.31 0.00100 1246.0 2077.0 34.95 3.116 5.193 1177.0
450.0 . 0.04279 9.35 0.000889 1402.0 2337.0 35.56 3.116 5.193 1248.0
500.0 0.03851 10.4 0.000800 1558.0 2597.0 36.10 3.116 5.193 1316.0
600.0 0.03209 12.5 0.000667 1869.0 3116.0 37.05 3.116 5.193 1441.0
700.0 0.02751 14.5 0.000571 2181.0 3635.0 37.85 3.116 5.193 1557.0
800.0 0.02407 16.6 - 0.000500 2493.0 4154.0 38.55 3.116 5.193 1664.0
900.0 0.02139 18.7 0.000444 - 2804.0 4674.0 . 39.16 3.116 5.193 1765.0
1000.0 0.01926 20.8 0.000400 3116.0 5193.0 39.70 3.116 5.193 1861.0
1100.0 0.01751 22.9 0.000364 3427.0 5712.0 40.20 3.116 5.193 1951.0
1200.0 0.01605 24.9 0.000333 3739.0 6232.0 40.65 3.116 5.193 2038.0
1300.0 0.01481 27.0 0.000308 4051.0 6751.0 41.07 3.116 5.193 2121.0
1400.0 0.01375 29.1 0.000286 4362.0 7270.0 41.45 3.116 5.193 2201.0
1500.0 0.01284 31.2 0.000267 4674.0 7790.0 41.81 3.116 5.193 2279.0
0.5 X 10" pascal Isobar
* 2173 147.2
2.5 145.7 0.454 2.68 -10.79 —-10.45 2.079 1.903 2.089 223.1
3.0 141.9 0.370 3.46 -9.720 -9.368 2.477 1.917 2.399 215.3
3.5 136.1 0.268 3.75 -8.367 -8.000 2.898 2.109 3.098 198.5
*  3.552 135.4 0.257 3.76 -8.204 -1.835 2.94 2.127 3.192 196.4
* 3.552 8.556 0.0435 0.189 9.035 14.88 9.349 3.301 7.292 98.01
4.0 7.062 0.0588 0.153 10.83 17.91 10.15 3.206 6.396 108.3
4.5 5.999 0.0735 0.129 12.66 20.99 10.88 3.158 5.968 117.8
5.0 5.250 0.0868 0.112 14.39 23.91 11.50 3.135 5.746 126.1
5.1 5.125 0.089%4 0.109 14.73 24.49 11.61 3.132 5.714 127.7
5.2 5.006 0.0919 0.106 15.07 25.06 11.72. 3.129 5.685 129.2 -
5.3 4.893 0.0945 0.104 15.41 25.62 11.83 3.127 5.659 130.7
5.4 4.786 0.0970 0.102 15.74 26.19 11.92 2.125 5.635 132.2
5.5 4.684 0.0994 0.0994 16.08 26.75 12.04 3.123 5.613 133.7
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Thermodynamic properties of helium 4—Continued

Temper- Density Iso.thel-'m Iso.cho.re Internal Enthalpy Entropy C, C, Velocity

ature kg/m? derivative derivative energy K/ ki/ke K of sound
K & 105m*-Paj/kg| 105 Pa/K ki/ke € ki/ke ‘K m/s
5.6 4.586 0.102 0.0972 16.41. 27.31 12.14 3.122 5.592 135.1
5.7 4.493 0.104 0.0952 16.74 27.87 12.24 3.120 5.574 136.5
5.8 4.403 0.107 ©0.0933 17.07 28.43 12.33 3.119 5.557 137.9
5.9 4.318 0.109 0.0914 17.40 28.98 | 1243 3.118 5.541 139.3
6.0 4.236 0.112 0.0897 17.73 29.53 12.52 3.117 5.526 140.6
6.5 3.871 0.123 0.0818 19.36 32.28 12.96 3.114 5.465 147.2
7.0 3.567 0.135 0.0753 20.99 35.00 13.36 3.113 5.422 153.3
7.5 3.310 0.146 0.0698 22.60 37.70 13.74 3.113 5.388 159.2
8.0 3.088 0.158 0.0650 24.20 40.39 14.08 3.113 5.362 164.8
8.5 2.895 0.169 0.0609 25.80 43.07 14.41 3.113 5.342 170.2
9.0 2.726 0.180 0.0573 27.39 45.73 14.71 3.113 5.325 175.4
9.5 2.576 0.191 0.0541 28.98 48.39 15.00 3.114 5.311 180.5
10.0 2.441 0.202 0.0513 30.57 51.05 15.27 3.114 5.299 185.3
11.0 2.212 0.224 0.0464 33.73 56.33 15.78 3.115 5.281 194.7
12.0 2.022 0.245 0.0424 36.88 61.61 16.24 3.115 5.268 203.6
13.0 1.863 0.267 0.0390 40.03 66.87 16.66 3.116 5.257 212.1
14.0 1.728 0.288 0.0362 43.18 72.12 17.05 3.116 5.248 220.2
15.0 1.611 0.309 0.0337 46.32 71.36 17.41 3.117 5.241 228.0
16.0 1.509 0.330 0.0316 49.46 82.60 17.75 3.117 5.236 235.6
17.0 1.419 0.352 0.0207 52.60 87.83 . 18.06 3.117 5.231 242.0
18.0 1.339 0.373 0.0280 55.73 93.06 . 18.36 3.117 5.227 250.0
19.0 1.268 0.394 0.0265 58.86 98.29 18.64 3.117 5.223 256.9
20.0 1.204 0.415 0.0252 61.99 103.5 18.91 3.117 5.220 263.6
21.0 1.147 0.436 0.0239 65.12 108.7 19.17 3.117 5.218 270.1
22.0 1.094 0.457 0.0228 68.25 113.9 19.41 3.117 5.216 276.5
23.0 1.046 0.478 0.0218 71.38 119.2 19.64 3.117 5.214 282.7
24.0 1.003 0.499 0.0209 74.51 124.4 19.86 3.117 5.212 288.8
25.0 0.9624 0.520 0.0201 77.63 129.6 20.08 3.117 5.211 294.7
26.0 0.9253 0.541 0.0193 80.76 134.8 20.28 . 3.117 5.209 300.6
28.0 0.8590 0.583 0.0179 87.00 145.2 20.67 3.117 5.207 311.9
30.0 0.8016 0.624 0.0167 - 93.25 155.6 21.03 3.117 5.205 322.9
32.0 0.7515 0.666 0.0157 99.49 166.0 21.36 3.117 5.204 333.4
34.0 0.7072 0.708 0.0147 105.7 176.4 21.68 3.117 5.202 343.7
36.0 0.6679 0.749 0.0139 112.0 186.8 21.97 3.117 5.201 353.6
38.0 0.6327 0.791 0.0132 118.2 197.2 22.26 3.117 5.200 363.3
40.0 0.6011 0.833 0.0125 124.5 207.6 22.52 3.117 5.200 372.7
45.0 0.5343 0.937 0.0111 140.1 233.6 23.13 3.117 5.198 395.3
50.0 0.4809 1.04 0.0100 155.6 259.6 23.68 3.117 5.197 416.6
55.0 0.4372 1.14 0.00910 171.2 285.6 24.18 3.117 5.106 436.9
60.0 0.4008 1.25 0.00834 186.8 311.6 24.63 3.116 5.196 456.3
65.0 0.3699 1.35 0.00770 202.4 337.6 25.05 3.116 5.195 4749
70.0 0.3435 1.46 0.00715 218.0 363.5 25.43 3.116 5.195 492.8
75.0 0.3207 1.56 0.00667 233.6 389.5 25.79 3.116 5.195 510.0
80.0 0.3006 1.66 0.00625 249.2 415.5 26.12 3.116 5.194 526.7
90.0 0.2672 1.87 0.00556 280.3 467.4 26.74 3.116 5.194 558.6
100.0 0.2405 2.08 0.00500 311.5 519.4 27.28 3.116  5.194 588.8
125.9 U.1925 2.60 0.00400 389.4 649.2 28.44 3.116 5.194 658.2
150.0 0.1604 3.12 0.00333 467.3 779.0 29.39 3.116 5.193 720.9
175.0 0.1375 3.64 0.00286 545.2 908.9 30.19 3.116 5.193 778.6
200.0 0.1203 4.16 0.00250 623.1 1039.0 30.88 3.116 5.193 832.3
225.0 0.1069 4.68 0.00222 - 701.0 1169.0 31.49 3.116 5.193 882.8
250.0 0.09625 5.20 0.00200 778.9 1298.0 32.04 3.116 5.193 930.5
275.0 0.08751 5.72 0.00182 856.8 1428.0 32.54 3.116 5.193 975.9
300.0 0.08022 6.23 0.00167 934.7 1558.0 32.99 3.116 5.193 1019.0
350.0 0.06876 7.27 0.00143 1090.0 1818.0 . 33.79 3.116 5.193 1101.0
400.0 0.06017 8.31 0.00125 '1246.0 2077.0 34.48 3.116 5.193 1177.0
450.0 0.05348 9.35 0.00111 1402.0 2337.0 35.09 3.116 5.193 1248.0
500.0 0.04813 10.4 0.00100 1558.0 2597.0 35.64 3.116 5.193 1316.0
600.0 0.04011 12.5 0.000833 1869.0 3116.0 36.59 3.116 5.193 1441.0

700.0 0.03438 14.5 0.000714 2181.0 3635.0 37.39 3.116 5.193

1557.0
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Thermodynamic properties of helium 4—Continued
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Temper- Density Isolther.m Iso.cho're Internal Enthalpy Entropy C. C, Velocity

ature kg/m? derivative derivative energy K/ke W/ke K of sound
K 108m3-Pafkg| 10°Pa/K kJ/kg kl/kg ‘K m/s
800.0 0.03009 16.6 0.000625 2493.0 4155.0 38.08 3.116 5.193 1664.0
900.0 0.02674 18.7 0.000556 2804.0 4674.0 38.69 3.116 5.193 1765.0
1000.0 0.02407 20.8 0.000500 3116.0 5193.0 39.24 3.116 5.193 1861.0
1100.0 0.02188 229 0.000455 . 3427.0 5712.0 39.74 3.116 5.193 1951.0
1200.0 0.02006 24.9 0.000417 3739.0 6232.0 - 40.19 3.116 5.193 2038.0
1300.0 0.01852 27.0 0.000385 4051.0 6751.0 40.60 3.116 5.193 2121.0
1400.0 0.01719 29.1 0.000357 4362.0 7270.0 40.99 3.116 5.193 2201.0
1500.0 0.01605 31.2 0.000333 4674.0 7790.0 41.35 3.116 5.193 2279.0

0.6 x 10'5 pascal Isobar
2172 147.4

2.5 146.0 0.459 2.68 -10.80 -10.39 2.075 1.897 2.080 224.4
3.0 142.2 0.376 3.47 -9.737 -9.315 2.471 1.915 2.390 216.7
3.5 136.5 0.275 3.77 —-8.396 -17.956 2.889 2.107 3.076 200.3
* 3711 133.3 0.229 3.79 -7.711 ~7.261 3.082 2.181 3.490 191.4

* 3.1 10.12 0.0421 0.225 9.196 15.12 9.120 3.312 7.685 98.80
4.0 8.851 0.0530 0.194 10.43 17.21 9.662 3.238 6.863 106.0
4.5 7.403 0.0690 0.160 12.35 20.46 10.43 3.173 6.211 116.2
5.0 6.427 0.0832 0.138 14.14 23.48 11.06 3.142 5.899 124.9
5.1 6.266 0.0859 0.134 14.49 24.06 11.18 3.138 5.855 126.6
5.2 6.114 0.0885 0.131 14.83 24.65 11.29 3.134 5.816 128.2
5.3 5.071 0.0912 0.127 15.18 25.23 11.40 3.131 5.761 129.7
5.4 5.835 0.0938 0.124 15.52 25.80 11.51 3.129 5.749 1313
5.5 5.705 0.0963 0.122 15.86 26.38 11.62 3.126 5.720 132.8
5.6 5.582 0.0989 0.119 16.20 26.95 11.72 3.124 5.693 134.2
5.7 5.465 0.101 0.116 16.53 27.51 11.82 3.123 5.669 135.7
5.8 5.353 0.104 0.114 16.87 28.08 11.92 3.121 5.646 137.1
5.9 5.245 0.106 0.112 17.21 - 28.64 12.02 3.120 5.625 138.5
6.0 5.143 0.109 0.109 17.54 29.21 12.11 3.119 5.606 139.9
6.5 4.689 0.121 0.0994 19.19 31.99 12.56 3.115 5.529 146.6
7.0 4.314 0.133 0.0913 20.83 34.74 12.96 3.113 5.473 152.9
1.5 3.997 0.145 0.0845 22.45 37.46 13.34 3.112 5.431 158.8
8.0 3.726 0.156 0.0787 24.07 40.17 13.69 3.112 5.399 164.5
8.5 3.490 0.167 0.0736 25.67 42.86 14.01 3.113 5.373 170.0
9.0 3.284 0.179 0.0692 27.27 45.54 14.32 3.113 5.353 175.2
9.5 3.101 0.190 0.0653 28.87 48.22 14.61 3.113 5.336 180.3
10.0 2.938 0.201 0.0619 30.46 50.88 14.88 3.114 5.321 185.2
11.0 2.660 0.223 0.0559 33.63 56.19 15.39 3.115 5.299 194.6
12.0 2.431 0.244 0.0511 36.80 61.48 15.85 3.115 5.283 203.5
13.0 2.239 0.266 0.0470 39.95 66.75 16.27 3.116 5.270 212.1
14.0 2.075 0.287 0.0435 43.10 72.01 16.66 3.116 5.260 220.2
15.0 1.934 0.309 0.0405 46.25 77.27 17.02 3.117 5.251 228.1
16.0 1.811 0.330 0.0379 49.39 82.52 17.36 3.117 5.244 235.7
17.0 1.703 0.351 0.0357 52.53 87.76 17.68 3.117 5.239 243.0
18.0 1.608 0.373 0.0336 55.67 92.99 17.98 3.117 5.234 250.1
19.0 1.522 0.394 0.0318 58.81 98.23 18.26 3.117 5.230 257.0
20.0 1.445 0.415 0.0302 61.94 103.5 18.53 3.117 5.226 263.7
21.0 1.376 0.436 0.0288 65.07 108.7 18.79 3.117 5.223 270.2
22.0 1.313 0.457 0.0274 68.21 113.9 19.03 3.117 5.220 276.6
23.0 . 1.256 0.478 0.0262 71.33 119.1 19.26 3.117 5.218 282.8
24.0 1.203 0.499 0.0251 74.46 124.3 19.48 3.117 5.216 288.9
25.0 1.155 0.520 0.0241 77.59 129.5 19.70 3.117 5.214 294.9
26.0 1.110 0.541 0.0232 80.72 134.8 19.90 3.117 S5.212 300.7
28.0 1.031 0.583 0.0215 86.97 145.2 20.29 3.117 5.210 312.0
30.0 0.9618 0.625 0.0201 93.22 155.6 20.65 3.117 5.208 323.0
32.0 0.9016 0.666 0.0188 99.46 166.0 20.98 3.117 5.206 333.5
34.0 0.8485 0.708 0.0177 105.7 176.4 21.30 3.117 3.204 343.8
36.0 0.8013 0.750 0.0167 112.0 186.8 21.59 3.117 5.203 353.7
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Thermodynamic properties of helium 4--Continued

ROBERT D. McCARTY

~ Temper- Density Iso'thex'-m Iso.cho.re Internal Enthalpy Entropy C, C, Velocitz
ature ke/m? derivative derivative: energy Kk K/ke K of

K 10°m3-Pafkg| 10°Pa/K kifkg kifkg-K m/s
8.0 4.370 0.154 0.0925 23.93 39.95 13.35 3.112 5.436 164.2
8.5 4.090 0.166 0.0865 25.54 42.66 13.68 3.112 5.406 169.7
9.0 3.846 0.177 0.0813 27.15 45.35 13.99 3.113 5.381 175.0
9.5 3.630 0.188 0.0766 28.75 48.04 14.28 3.113 5.360 180.1
10.0 3.438 0.200 0.0725 30.35 50.71 14.55 3.114 5.343 185.1
11.0 3.110 0.222 0.0655 33.53 56.04 15.06 3.114 5.317 194.5
12.0 2.841 0.244 0.0598 36.71 61.35 15.52 3.115 5.298 203.5
13.0 2.615 0.265 0.0550 39.87 66.63 15.95 3.116 5.283 - 212.1
14.0 2.424 0.287 0.0509 43.03 71.91 16.34 3.116 5.271 220.2
15.0 2.258 0.308 0.0474 46.18 77.17 16.70 3.117 5.261 228.1
16.0 2.115 0.330 0.0444 49.33 82.43 17.04 3.117 5.253 235.7
17.0 1.988 0.351 0.0417 52.47 87.68 17.36 3.117 5.246 243.0
18.0 1.876 0.372 0.0393 55.61 92.92 17.66 3.117 5.240 250.1
19.0 1.776 0.393 0.0372 58.75 98.16 17.94 3.118 5.236 257.0
20.0 1.687 0.415 0.0353 61.89 103.4 18.21 3.118 5.232 263.8
21.0° 1.606 0.436 0.0336 65.03 108.6 18.46 3.118 5.228 270.3
22.0 1.532 0.457 0.0320 68.16 113.9 18.71 3.118 5.225 - 276.7
23.0 1.465 0.478 0.0306 71.29 119.1 18.94 3.118 5.222 282.9
24.0 1.404 0.499 0.0293 74.42 124.3 19.16 3.118 5.220 289.0
25.0 1.047 0.520 0.0282 77.55 129.5 19.37 3.118 5.218 295.0
26.0 1.295 0.541 0.0271 80.68 134.7 19.58 3.118 5.216 300.8
28.0 1.202 0.583 0.0251 86.93 145.2 19.97 3.118 5.213 312.2
30.0 1.122 0.625 0.0234 93.19 155.6 20.32 3.118 5.210 323.1
32.0 1.052 0.667 0.0219 99.43 166.0 20.66 3.117 5.208 333.7
34.0 0.9897 0.708 0.0206 105.7 176.4 20.98 3.117 5.206 343.9
36.0 0.9346 0.750 0.0195 111.9 186.8 21.27 3.117 5.205 353.9
38.0 0.8854 0.792 0.0185 118.2 197.2 21.56 3.117 5.203 363.5
40.0 0.8411 0.834 0.0175 124.4 207.6 21.82 3.117 5.202 372.0
45.0 0.7477 0.938 0.0156 140.0 233.6 22.43 3.7 5.200 395.5
50.0 0.6729 1.04 0.0140 155.6 259.6 22.98 3.117 5.199 416.8
55.0 0.6118 115 0.0127 171.2 285.6 23.48 3.117 5.198 437.1
60.0 0.5608 1.25 0.0117 186.8 311.6 23.93- 3.117 5.197 456.5
65.0 0.5177 135 0.0108 202.4 337.6 24.35 3.117 5.196 475.1
70.0 0.4808 1.46 0.0100 218.0 363.6 24.73 3.117 -5.196 493.0
75.0 0.4487 1.56 0.00934 233.6 389.6 25.09 3.117 5.195- 510.2
80.0 0.4207 1.67 0.00875 249.2 415.5 25.43 3.116 5.195 526.9
90.0. 0.3740 1.87 0.00778 280.3 467.5 26.04 3.116 5.195 558.8
100.0 0.3366 2.08 0.00700 311.5 519.4 26.58 3.116 5.194 589.0
125.0 0.2694 2.60 0.00560 389.4 649.3 27.74 3.116 5.194 658.3
150.0 0.2245 3.12 0.00467 467.3 779.1 28.69 3.116 5.193 721.1
175.0 0.1924 3.64 0.00400 545.2 908.9 29.49 3.116 5.193 778.8
200.0 0.1684 4.16 0.00350 623.1 1039.0 30.18 3.116 5.193 832.5
225.0 0.1497 4.68 0.00311 701.0 1169.0 30.80 3.116 5.193 882.9
250.0 0.1347 5.20 0.00280 778.9 1298.0 31.34 3.116 5.193 930.6
275.0 0.1225 5.72 0.00255 856.8 1428.0 31.84 3.116 5.193 976.0
300.0 0.1123 6.24 0.00233 934.7 1558.0 32.29 3.116 5.193 1019.0
350.0 0.09626 7.27 0.00200 1091.0 1818.0 33.09 3.116 5.193 1101.0
400.0 0.08423 8.31 0.00175 1246.0 2077.0 33.78 3.116 5.193 1177.0
450.0 0.07487 9.35 0.00156 1402.0 2337.0 34.40 3.116 5.193 1248.0
500.0 0.06738 10.4 0.00140 1558.0 ,-2597.0 34.94 3.116 5.193 1316.0
600.0 0.05616 12.5 0.00117 1869.0 3116.0 35.89 3.116 5.193 1441.0
700.0 0.04814 14.5 0.00100 2181.0 3635.0 36.69 3.116 5.193 1557.0
800.0 0.04212 16.6 0.000875 2493.0 4155.0 37.38 3.116 5.193 1664.0
900.0 0.03744 18.7 0.000778 2804.0 4674.0 37.99 3.116 5.193 1765.0
1000.0 0.03370 20.8 0.000700 3116.0 5193.0 38.54 3.116 5.193 1861.0
1100.0 0.03063 22.9 0.000636 3427.0 5712.0 39.04 3.116 5.193 1951.0
1200.0 0.02808 24.9 0.000583 3739.0 6232.0 39.49 3.116 5.193 2038.0
1300.0 0.02592 27.0 0.000538 4051.0 6751.0 39.90 3.116 5.193 2121.0
1400.0 0.02407 29.1 0.000500 4362.0 7270.0 40.29 3.116 5.193 2201.0
1500.0 31.2 0.000467 4674.0 7790.0 40.65 3.116 5.193 2279.0
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Thermodynamic properties of helium 4—Continued

ROBERT D. McCARTY

Temper- Density Iso.thelv'm Iso‘cho.re Internal Enthalpy . | Entropy C, C, Velocity

ature kg/m? derivative derivative energy K/ke K/ke K of sound
K 105m3-Pafkg 105 Pa/K kl/kg kJ/kg ‘K m/s
80.0 0.4807 1.67 0.0100 249.1 415.6 25.15 3.117 5.195 527.0
90.0 0.4274 1.87 . 0.00889 280.3 467.5 25.76 3.116 5.195 558.9
100.0 0.3847 2.08 0.00800 311.5 519.4 '26.31 3.116 5.194 589.0
125.0 0.3078 2.60 0.00640 389.4 649.3 27.47 3.116 5.194 658.4
150.0 0.2565 3.12 0.00533 467.3 779.1 28.41 3.116 5.194 721.1
175.0 0.2199 3.62 0.00457 545.2 909.0 29.21 3.116 5.193 778.8
200.0 0.1925 4.16 0.00400 623.1 1039.0 29.91 3.116 5.193 832.5
225.0 0.1711 4.68 0.00356- 701.0 1169.0 30.52 3.116 5.193 '883.0
250.0 0.1540 5.20 0.00320 778.9 1298.0 31.07 3.116 5.193 930.7
275.0 0.1400 5.72 0.00291 856.8 1428.0 31.56 - 3.116 5.193 976.1
300.0 0.1283 6.24 0.00267 934.7 1558.0 32.01 3.116 5.193 1019.0
350.0 0.1100 7.27 0.00229 1091.0 1818.0 32.81 3.116 5.193 1101.0
400.0 0.09626 8.31 0.00200 1246.0 2077.0 33.51 3.116 5.193 1177.0
450.0 0.08556 9.35 0.00178 1402.0 2337.0 34.12 3.116 5.193 1248.0
500.0 0.07701 10.4 0.00160 1558.0 2597.0 34.67 3.116 5.193 1316.0
600.0 0.06418 12.5 0.00133 1869.0 3116.0 35.61 3.116 5.193 1441.0
700.0 0.05501 14.5 0.00114 2181.0 3635.0 36.41 3.116 5.193 1557.0
800.0 0.04814 16.6 0.00100 2493.0 4155.0 37.11 3.116 5.193 1664.0
900.0 0.04279 18.7 0.000889 2804.0 4674.0 37.72 3.116 5.193 1765.0
1000.0 0.03851 20.8 0.000800 3116.0 5193.0 38.26 3.116 5.193 1861.0
1100.0 0.03501 22.9 0.000727 3427.0 5713.0 38.76 3.116 5.193 1951.0
1200.0 0.03209 24.9 0.000667 3739.0 6232.0 39.21 3.116 - 5.193 2038.0
1300.0 0.02962 27.0 0.000615 4051.0 6751.0 39.63 3.116 5.193 2121.0
1400.0 0.02751 29.1 0.000571. 4362.0 7270.0 40.01 3.116 5.193 2202.0
1500.0 0.02567 31.2 0.000533 4674.0 7790.0 40.37 3.116 5.193 2279.0

0.9 X 10*> pascal Isobar
* 2,170 148.0

2.5 146.6 0.476 2.67 -10.83 -10.22 2.063 1.880 2.054 228.1
3.0 143.0 0.394 3.49 -9.786 -9.156 2.454 1.911 2.364 220.7

3.5 137.6 0.201 3.81 —-8.477 -7.823 2.865 2.102 3.017 205.3 -
4.0 129.5 0.185 3.79 —6.758 -6.063 3.334 2.279 4.140 183.1
* 4,101 127.3 0.161 3.74 -6.334 -5.627 3.441 2.319 4.512 177.2
* 4,101 14.97 0.0367 0.340 9.399 15.41 8.573 3.339 9.102 100.0
4.5 12,28 0.0542 0.272 11.29 18.62 9.322 3.232 7.315° 110.7
5.0 10.31 0.0716 0.225 13.31 22.05 10.04 3.170 6.497 121.1
5.1 10.00 0.0747 0.218 13.70 22.69 10.17 3.162 6.398 123.0
5.2 9.723 0.0778 0.211 14.07 23.33 10.29 3.155 6.312 124.8
5.3 9.461 0.0808 0.205 14.44 23.95 10.41 3.149 6.236 126.5
5.4 9.215 0.0838 0.200 14.81 24.57 10.53 3.14 6.168 128.2
- 5.5 8.984 0.0867 0.194 15.17 25.19 10.64 3.140 6.107 129.9
5.6 8.766 0.0896 0.189 15.53 25.80 10.75 3.136 6.053 131.5
5.7 8.561 0.0924 0.185 15.89 26.40 10.86 3.133 6.004 133.1
5.8 8.366 0.0952 0.180 16.24 ©27.00 10.96 3.130 5.960 134.6
5.9 8.182 0.0980 0.176 16.59 27.59 11.06 3.127 5.920 136.2
6.0 8.006 0.101 . 0.172 ©16.94 28.18 11.16 3.125 5.883 137.7
6.5 7.243 0.114 0.155 18.66 31.08 11.63 3.117 5.739 144.8
7.0 6.626 0.127 0.142 20.34 33.93 12.05 3.113 5.640 151.4
7.5 6.114 0.139 0.130 22.01 36.73 12.44 3.112 5.568 157.6
8.0 5.680 0.151 0.121 23.65 39.50 12.79 3.111 5.514 163.5
8.5 5.308 0.163 0.113 25.29 42.24 13.13 3.111 5.472 169.2
9.0 4.983 0.174 . 0.106 26.91 44.97 13.44 3.112 5.438 174.6
9.5 4.698 0.186 0.100 28.53 47.68 13.73 3.112 5.411 179.8
10.0 4.445 0.197 0.0942 30.14 50.38 14.01 3.113 5.388 184.8
11.0 4.016 0.220 0.0850 33.34 55.75 14.52 3.114 5.354 194.4
12.0 3.665 0.242 0.0774 36.53 61.09 14.99 3.115 5.329 203.4
13.0 3.371 0.264 0.0711 39.70 66.40 15.41 3.116 5.309 212.0
14.0 3.122 0.286 0.0658 42.87 71.70 15.80 3.117 5.294 220.3
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Thermodynamic properties of helium 4—~Continued

Temper- Density Iso'th_el.'m [so_cho're Internal Enthalpy Entropy C. C, erlocit;
ature kg/m® derivative derivative energy Ki/ke Ki/kg K ot soun
K & 105m®-Pafkg|  105Paj/K Kilkg kl/kg K mfs
15.0 2.908 0.307 0.0012 46.04 76.98 16.17 3.117 5.281 228.2
16.0 2.722 0.329 0.0573 49.19 82.26 16.51 3.117 5.270 235.8
17.0 . 2.558 0.350 0.0538 52.35 87.53 16.83 3.118 5.262 243.2
18.0 2.414 0.372 0.0507 55.50 92.78 17.13 3.118 5.254 250.3
19.0 2.285 0.393 0.0480 58.64 98.03 17.41 3.118 5.248 257.2
20.0 2.169 0.414 0.0455 61.79 103.3 17.68 3.118 5.243 263.9
21.0 2.065 0.436 0.0433 64.93 108.5 17.94 3.118 5.238 270.5
22.0 1.970 0.457 0.0413 68.07 113.8 18.18 3.118 5.234 276.9
23.0 1.883 0.478 . - 0.0395 71.20 119.0 18.41 3.118 5.230 283.1
24.0 1.804 0.499 0.0378 74.34 124.2 18.64 3.118 5.227 289.2
25.0 1.732 0.520 0.0363 77.47 129.4 18.85 3.118 5.225 295.2
26.0 1.665 0.541 0.0348 80.60 134.7 19.05 3.118 5.222 301.0
28.0 1.545 0.583 0.0323 86.86 145.1 19.44 3.118 5.218 312.4
30.0 1.442 0.625 0.0301 93.12 155.5 19.80 3.118 5.215 323.3
32.0 1.352 0.667 0.0282 99.37 166.0 20.14 3.118 5.212 333.9
34.0 1.272 0.709 0.0266 105.6 176.4 20.45 3.118 5.210 3442
36.0 1.201 0.751 0.0251 111.9 186.8 20.75 3.118 5.208 354.1
38.0 1.138 0.793 0.0237 118.1 197.2 21.03 3.118 5.206 363.8
40.0 1.081 0.834 0.0226 124.4 207.6 21.30 3.118 5.205 373.2
45.0 " 0.9608 0.939 0.0200 140.0 233.6 21.91 3.117 5.202 395.7
50.0 0.8648 1.04 0.0180 155.6 259.7 ) 22.46 3.117 5.200 417.1
55.0 0.7862 - 1.15 0.0164 171.2 285.7 22.96 3.117 5.199 437.3
60.0 0.7208 1.25 0.0150 186.8 311.6 23.41 3.117 5.198 456.7
65.0 0.6654 1.36 0.0139 202.4 337.6 23.82 3.117 5.197 475.3
70.0 0.6179 1.46 0.0129 218.0 363.6 24.21 3.117 5.197 493.2
5.0 0.5768 1.56 0.0120 233.5 389.6 : 24.57 3.117 5.196 510.4
80.0 0.5407 1.67 0.0113 249.1 415.6 24.90 3.117 5.196 527.1
90.0 0.4807 1.87 0.0100 : 280.3 467.5 25.501 3.117 5.195 959.0
100.0 0.4327 2.08 0.00900 311.5 519.5 26.06 3.116 5.195 589.1
125.0 0.3462 2.60 0.00720 389.4 649.3 27.22 3.116 5.194 658.5
150.0 0.2886 3.12 0.00600 467.3 779.2 28.17 3.116 5.194 721.2
175.0 0.2474 3.64 0.00514 545.2 909.0 28.97 3.116 5.193 778.9
200.0 0.2165 4.16 0.00450 623.1 1039.0 29.66 3.116 5.193 832.6
225.0 0.1925 4.68 0.00400 701.0 1169.0 30.27 3.116 5.193 883.0
250.0 0.1732 5.20 0.00360 778.9 12908.0 30.82 3.116 5.103 030.7
275.0 0.1575 5.72 0.00327 856.8 1428.0 31.32 3.116 5.193 976.1
300.0 0.1444 6.24 0.00300 934.7 1558.0 31.77 3.116 5.193 1019.0
350.0 0.1237 7.28 0.00257 1091.0 1818.0 32.57 3.116 5.193 1101.0
400.0 0.1083 8.31 0.00225 1246.0 2077 0 2396 3116 5.193 1177.0
450.0 ' 0.09626 9.35 ) 0.00200 1402.0 2337.0 33.87 3.116 5.193 1248.0
500.0 0.08663 10.4 0.00180 1558.0 2597.0 34.42 3.116 5.193 1316.0
600.0 0.07220 12,5 0.00150 1869.0 3116.0 35.37 3.116 5.193 1441.0
700.0 0.06189 14.5 0.00129 2181.0 3635.0 36.17 3.116 5.193 1557.0
800.0 0.05415 16.6 0.00112 2493.0 4155.0 36.86 3.116 5.193 1664.0
900.0 0.04814 18.7 0.00100 2804.0 4674.0 37.47 3.116 5.193 1765.0
1000.0 0.04332 20.8 0.000900 3116.0 5193.0 38.02 3.116 5.193 1861.0
1100.0 0.03938 22.9 0.000818 3427.0 5713.0 38.51 3.116 5.193 1951.0
1200.0 0.03610 24.9 0.000750 3739.0 6232.0 38.97 3.116 5.193 2038.0
1300.0 0.03333 27.0 0.000692 4051.0 6751.0 39.38 3.116 5.193 2121.0
1400.0 0.03095 29.1 0.000643 4362.0 7270.0 39.77 3.116 5.193 2202.0
1500.0 0.02888 31.2 0.000600 4674.0 7790.0 40.13 3.116 5.193 2279.0

1.0 X 10*® pascal Isobar

2.169 148.2

2.5 146.8 0.482 2.67 -10.84 -10.16 2.059 1.874 2.046 229.3
3.0 143.3 0.400 3.49 -0.801 -9.103 2.448 1.910 2.356 222.0
3.5 138.0 0.300 3.83 -8.502 -1.7717 2.857 2.100 2.998 206.9
4.0 130.0 0.191 3.82 —-6.805 —6.036 3.321 2.275 4.082 185.3
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Thermodynamic properties of helium 4—Continued

ROBERT D. McCARTY

Temper- Density Iso‘ther.m Iso.cho.re Internal Enthalpy Entropy C, C, Velocity

ature ke/m? derivative derivative energy KI/k W/ke K - of sound
K 105m3-Pajkg|  105Pa/K Ki/ke € € ki/kg K m/s
* 4210 125.2 0.143 3.69 —5.892 -5.094 3.550 2.362 4.923 172.6
*  4.210 16.66 0.0346 0.381 9.396 15.40 8.417 3.347 9.693 100.2
4.5 14.23 0.0485 0.319 10.88 17.90 8.994 3.259 7.909 108.5
5.0 11.75 0.0674 0.258 13.01 21.52 9.758 3.182 6.763 119.7
5.1 11.38 0.0708 0.249 13.41 22.19 9.890 3.172 6.634 121.6
5.2 11.04 0.0740 0.241 13.79 22.85 10.02 3.164 6.522 123.5
5.3 10.73 0.0772 0.234 14.18 23.50 10.14 3.157 6.425 125.4
54 10.43 0.0803 0.227 14.55 2414 10.26 3151 6.340 127.1
5.5 10.16 0.0834 0.221 14.92 24.77 10.38 3.146 6.264 128.9
5.6 9.903 0.0864 0.215 15.29 25.39 10.49 3.141 6.197 130.5
5.7 9.661 0.0893 0.209 15.66 26.01 10.60 3.137 6.137 132.2
5.8 9.433 0.0922 0.204 16.02 26.62 10.70 3.133 6.083 133.8
5.9 9.218 0.0951 0.199 16.37 27.22 10.81 3.130 6.034 135.4
6.0 9.014 0.0979 0.195 16.73 27.82 10.91 3.128 5.989 136.9
6.5 8.131 0.111 0.175 18.47 30.77 11.38 3.118 5.817 144.2
7.0 7.423 0.124 0.159 20.18 33.65 11.81 3.114 5.700 150.9
7.5 6.839 0.137 0.146 21.86 36.48 12.20 3.112 5.617 157.2
8.0 6.347 0.149 0.135 23.51 39.27 12.56 3.111 5.554 163.2
8.5 5.925 0.161 0.126 25.16 42.04 12.89 3.111 5.506 168.9
9.0 5.559 0.173 0.118 26.79 44.(8 13.21 3.111 5.468 174.4
9.5 5.238 0.185 0.111 28.41 47.50 13.50 3.112 5.437 179.6
10.0 4.954 0.196 0.105 30.03 50.22 13.78 3.113 5.411 184.6
11.0 4.472 0.219 0.0948 33.24 55.60 14.29 3.114 5.373 194.3
12.0 4.079 0.241 0.0863 36.44 60.95 14.76 3.115 5.344 203.4
13.0 3.751 0.263 0.0793 39.62 66.28 15.19 3.116 5.322 212.0
14.0 3.473 0.285 0.0733 42.80 71.59 15.58 3.117 5.305 220.3
15.0 3.234 0.307 0.0682 45.96 76.89 15.94 3.117 5.291 228.2
16.0 3.026 0.329 0.0638 49.13 82.17 16.29 3.118 5.279 235.9
17.0 2.844 0.350 0.0599 52.29 87.45 16.61 3.118 5.269 243.2
18.0 2.683 0.372 0.0564 55.44 92.71 16.91 3.118 5.261 250.4
19.0 2.539 0.393 0.0534 58.59 97.97 17.19 3.118 5.254 257.3
20.0 2.410 0.414 0.0506 61.73 103.2 17.46 3.118 5.248 264.0
21.0 2.294 0.436 0.0482 64.88 108.5 17.72 3.118 5.243 270.6
22.0 2.189 0.457 0.0459 68.02 113.7 17.96 3.118 5.238 277.0
23.0 2.093 0.478 0.0439 71.16 118.9 18.19 3.119 5.235 283.2
24.0 2.005 0.499 0.0420 74.29 " 124.2 18.41 3.118 5.231 289.3
25.0 1.924 0.520 0.0403 77.43 129.4 18.63 3.118 5.228 295.3
26.0 1.849 0.541 0.0387 80.56 134.6 18.83 3.118 5.225 301.2
28.0 1.717 0.583 0.0359 86.82 145.1 10.22 3.118 5.221 312.5
30.0 1.602 0.625 0.0335 93.09 155.5 19.58 3.118 5.217 323.5
32.0 1.501 0.667 0.0314 99.34 165.9 19.92 3.118 5.214 334.0
34.0 1.413 0.709 0.0295 105.6 176.4 20.23 3.118 5.212 344.3
36.0 1.334 0.751 0.0279 111.8 186.8 20.53 3.118 5.210 354.2
38.0 1.264 0.793 0.0264 118.1 197.2 20.81 3.118 5.208 363.9
40.0 1.201 0.835 0.0251 124.3 207.6 21.08 3.118 5.206 373.3
45.0 1.067 0.939 0.0223 140.0 233.6 21.69 3.118 5.203 395.9
50.0 0.9607 1.04 0.0200 155.6 259.7 22.24 3.117 5.201 417.2
55.0 0.8734 1.15 0.0182 171.2 285.7 22.74 3.117 5.200 437.5
60.0 0.8007 1.25 0.0167 186.8 311.7 23.19 3.117 5.198 456.8
65.0 0.7392 1.36 0.0154 202.4 337.6 23.60 3.117 5.198 475.4
FLAY U.b864 1.40 0.0143 Z18.9 363.9 25.99 3.117 5.197 493.3
5.0 0.6407 1.56 0.0133 233.5 389.6 24.35 3.117 5.196 510.5
80.0 0.6007 1.67 0.0125 249.1 415.6 24.68 3.117 5.196 527.2
90.0 0.5341 1.88 0.0111 280.3 467.5 25.30 3.117 5.195 559.1
100.0 -0.4807 2.08 0.0100 311.5 519.5 25.84 3.117 5.195 585.2
125.0 0.3847 2.60 0.00800 389.4 649.4 27.00 3.116 5.194 658.6
150.0 0.3206 3.12 0.00667 467.3 779.2 27.95 3.116 5.194 721.3
175.0 0.2749 3.64 0.00571 545.2 909.0 28.75 3.116 5.193 779.0
200.0 0.2405 4.16 0.00500 623.1 1039.0 29.44 3.116 5.193 832.6
225.0 0.2138 4.68 0.00444 701.0 1169.0 30.05 3.116 5.193 883.1
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Temper- Density Iso‘thel:m Iso.cho.re Internal Enthalpy Entropy C, C, erlocitz
ature kg/m? derivative derivative: _ energy Ki/ke Kl/ke -K — of soun:
K & 10°m?-Pajkg| 105Pa/K Ki/keg : kl/kg K m/s
250.0 0.1925 5.20 0.00400 778.9 1299.0 30.60 3.116 5.193 930.8
275.0 0.1750 5.72 0.00364 856.8 1428.0 31.10 3.116 5.193 976.1
300.0 0.1604 6.24 0.00333 934.7 1558.0 31.55 3.116 5.193 1020.0
350.0 0.1375 7.28 0.00286 1091.0 1818.0 32.35 3.116 5.193 1101.0
400.0 0.1203 8.31 0.00250 1246.0 2077.0 33.04 3.116 5.193 1177.0
450.0 0.1069 9.35 0.00222 1402.0 2337.0 33.65 3.116 5.193 1248.0
500.0 0.09626 10.4 0.00200 1558.0 2597.0 34.20 3.116 5.193 1316.0
600.0 0.08022 12.5 0.00167 1869.0 3116.0 35.15 3.116 5.193 1441.0
700.0 0.06876 14.5 0.00143 2181.0 3635.0 35.95 3.116 5.193 1557.0
800.0 0.06017 16.6 0.00125 2493.0 4155.0 36.64 3.116 5.193 1664.0
900.0 0.05348 18.7 0.00111 2804.0 4674.0 37.25 3.116 5.193 1765.0
1000.0 0.04814 20.8 '0.00100 3116.0 5193.0 37.80 3.116 5.193 1861.0
1100.0 0.04376 22.9 0.000909 3427.0 5713.0 38.30 3.116 5.193 1951.0
1200.0 0.04011 24.9 0.000833 3739.0 6232.0 38.75 3.116 5.193 2038.0
1300.0 0.03703 27.0 0.000769 4051.0 6751.0 39.16 3.116 5.193 2121.0
1400.0 0.03438 29.1 0.000714 4362.0 7270.0 39.55 3.116 5.193 2202.0
1500.0 0.03209 31.2 0.000667 4674.0 7790.0 39.91 3.116 5.193 2279.0

1.2 x 10*> pascal Isobar
2.167 148.6

2.5 147.3 0.493 2.67 -10.86 -10.04 2.052 1.863 2.030 231.7
3.0 143.8 0.411 3.50 -9.831 -8.996 2.438 1.907 2.340 224.6
3.5 138.6 0.312 3.86 —8.551 -7.685 2.842 2.096 2.964 210.1
4.0 131.0 0.205 3.88 -6.893 -5.977 3.297 2.268 3.977 189.5
4.410 121.1 0.110 3.57 -5.014 -4.023 3.761 2.447 5.922 163.3
4.410 20.24 0.0302 0.468 9.299 15.23 8.126 3.361 11.17 100.1
4.5 18.99 0.0356 0.436 9.863 16.18 8.339 3.325 9.97 103.3
5.0 14.92 0.0586 0.333 12.35 20.39 9.228 3.210 7.454 116.6
5.1 14.38 0.0624 0.320 . 12.78 21.12 9.373 3.196 7.231 118.8
5.2 13.90 0.0661 0.308 13.20 21.83 9.512 3.185 7.045 120.9
5.3 13.45 0.0697 0.297 13.61 22.53 9.644 3.175 6.887 122.9
5.4 13.04 0.0731 0.287 14.01 23.21 9.772 3.166 6.752 124.9
5.5 12.66 0.0765 0.278 14.41 23.88 9.895 3.159 6.636 126.7
5.6 12.31 0.0797 0.270 14.79 24.54 10.01 3.153 6.533 128.5
5.7 11.98 0.0829 0.262 15.18 25.19 10.13 3.147 6.443 130.3
5.8 11.68 0.0860 0.255 15.55 25.83 10.24 3.142 6.364 132.0
5.9 11.39 0.0891 0.249 15.93 26.46 10.35 3.138 6.292 133.7
6.0 11.12 0.0921 0.242 16.30 27.09 10.45 3.134 6.228 135.3
6.5 9.97 0.107 0.216 18.10 30.14 10.94 3.121 5.987 1429
7.0 9.058 0.120 0.196 19.84 33.09 11.38 3.115 5.830 149.9
7.5 8.319 0.133 0.179 21.55 35.97 11.78 2112 5.719 156.4
8.0 7.702 0.146 0.165 23.23 38.81 12.14 3.111 5.639 162.6
8.5 7.177 0.158 0.154 24.90 41.62 12.48 3.110 5.577 168.4
9.0 6.724 0.170 0.144 26.55 44.39 12.80 3.111 5.529 173.9
9.5 6.329 0.182 0.135 28.18 47.15 13.10 3.111 5.490 179.2
10.0 5.979 0.194 0.128 29.81 49.88 13.38 3.112 5.458 184.4
11.0 5.391 0.217 0.115 .33.05 55.31 13.90 3.113 5.411 194.1
12.0 4.911 0.239 0.104 36.26 60.69 14.37 3.115 5.376 203.3
13.0 4.512 0.262 0.0957 39.46 66.05 14.79 3.116 5.349 212.0
14.0 4.175 0.284 0.0884 42.64 71.38 15.19 3.117 5.328 220.3
15.0 3.886 0.306 0.0822 45.82 76.70 15.56 3.118 5.311 228.3
16.0 3.635 0.328 0.0768 48.99 82.00 15.90 3.118 5.297 236.0
17.0 3.416 0.350 0.0721 52.16 87.29 16.22 3.118 5.285 243.4
18.0 3.221 0.371 0.0679 55.32 92.57 16.52 3.119 5.275 250.5
19.0 3.048 0.393 0.0642 58.48 97.84 16.81 3.119 5.266 257.5
20.0 2.893 0.414 0.0609 61.63 103.1 17.08 3.119 5.259 264.2
21.0 2.753 0.435 0.0579 64.78 108.4 17.33 3.119 5.253 270.8
22.0 2.627 0.457 0.0552 67.92 113.6 17.58 3.119 5.248 271.2
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Thermodynamic properties of helium 4—Continued
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Temper- Density lso.thel:m Iso.cho.re . Internal Enthalpy Entropy C. C, Velocity

ature ke/m? derivative derivative- energy Ki/ke ki/kg K of sound
K 10°m3-Pajkg| 105Pa/K ki/kg kl/kg ‘K mfs
23.0 2.511 0.478 0.0528 71.07 118.9 17.81 3.119 5.243 283.4
24.0 2.405 0.499 0.0505 74.21 124.1 18.03 3.119 5.239 289.6
25.0 2.308 0.520 0.0484 71.35 129.3 18.25 3.119 5.235 295.5
26.0 2.219 0.542 0.0465 80.49 134.6 18.45 3.119 5.232 301.4
28.0 2.059 0.584 0.0432 86.76 145.0 18.84 3.119 5.226 312.7
30.0 1.921 0.626 0.0402 93.02 155.5 19.20 3.119 5.222 323.7
32.0 1.801 0.668 0.0377 99.29 165.9 19.54 3.119 5.218 334.3
34.0 1.695 0.710 0.0355 105.5 176.3 19.85 3.119 5.215 344.5
36.0 1.600 0.752 0.0335 111.8 186.8 20.15 3.118 5.213 354.5
38.0 1.516 0.794 0.0317 118.1 197.2 20.43 3.118 5.211 364.1
40.0 1.440 0.835 0.0301 124.3 207.6 20.70 3.118 5.209 373.6
45.0 1.280 0.940 0.0267 139.9 233.7 21.31 3.118 5.205 396.1
50.0 1.152 1.04 0.0240 155.5 259.7 21.86 3.118 5.203 417.4
55.0 1.048 1.15 0.0219 171.1 285.7 22.36 3.118 5.201 437.7
60.0 0.9604 1.25 0.0200 186.7 311.7 22.81 3.117 5.200 457.0
65.0 0.8866 1.36 0.0185 202.3 337.7 23.23 3.117 5.198 475.6
70.0 0.8234 1.46 0.0172 217.9 363.7 23.61 3.117 5.198 493.5
75.0 0.7686 1.56 0.0160 233.5 389.7 23.97 3.117 5.197 510.7
80.0 0.7206 1.67 0.0150 249.1 415.6 24.30 3.117 5.196 527.4
90.0 0.6407 1.88 0.0133 280.3 467.6 24.92 3.117 5.196 559.3
100.0 0.5767 2.08 0.0120 311.5 519.5 25.40 3.117 5.195 089.4
125.0 0.4615 2.60 0.00960 389.4 649.4 26.62 3.117 5.194 658.7
150.0 0.3847 3.12 0.00800 467.3 779.3 27.57 3.116 5.194 721.4
175.0 0.3298 3.64 0.00686 545.2 909.1 28.37 3.116 5.194 779.1
200.0 1 0.2886 4.16 0.00600 623.1 1039.0 29.06 3.116 5.193 832.8
225.0 0.2566 4.68 0.00533 701.0 1169.0 29.68 3.116 5.193 883.2
250.0 0.2309 5.20 0.00480 778.9 1299.0 30.22 3.116 5.193 930.9
275.0 0.2099 5.72 0.00436 856.8 1428.0 30.72 3.116 5.193 976.2
300.0 0.1925 6.24 0.00400 934.7 1558.0 31.17 3.116 5.193 1020.0
350.0 0.1650 7.28 0.00343 1091.0 1818.0 31.97 3.116 5.193 1101.0
400.0 0.1444 8.32 0.00300 1246.0 2078.0 32.66 3.116 5.193 1177.0
450.0 0.1283 9.35 0.00267 1402.0 2337.0 33.28 3.116 5.193 1248.0
500.0 0.1155 10.4 0.00240 1558.0 2597.0 33.82 3.116 5.193 1316.0
600.0 0.09626 12.5 0.00200 1869.0 3116.0 34.77 3.116 5.193 1441.0
700.0 0.08251 14.5 0.00171 2181.0 3635.0 35.57 3.116 5.193 1557.0
800.0 0.07220 16.6 0.00150 2493.0 4155.0 36.26 3.116 5.193 1664.0
900.0 0.06418 18.7 0.00133 2804.0 4674.0 36.88 3.116 5.193 1765.0
1000.0 0.05776 20.8 0.00120 3116.0 5193.0 37.42 3.116 5.193 1861.0
1100.0 0.05251 22.9 0.00109 3421.0 5713.0 37.92 3.116 5.193 1952.0
1200.0 0.04814 24.9 0.00100 3739.0 6232.0 38.37 3.116 5.103 2038.0
1300.0 0.04443 27.0 0.000923 4051.0 6751.0 38.78 3.116 5.193 2121.0
1400.0 0.04126 29.1 0.000857 4362.0 7271.0 39.17 3.116 5.193 2202.0
1500.0 0.03851 31.2 0.000800 4674.0 7790.0 39.53 3.116 5.193 2279.0

1.4 X 10*5 pascal Isobar
*  2.165 149.0

2.5 147.7 0.504 2.67 -10.87 -9.933 2.044 1.853 2.014 - 234.0
3.0 144.3 0.423 3.51 —9.859 —8.888 2.427 1.904 2.325 227.1
3.5 139.3 0.324 3.88 -8.597 ~7.592 2.828 2.093 2.932 213.1
4.0 131.9 0.218 3.93 -6.975 -5.914 3.275 2.262 3.887 193.5
4.5 -119.9 0.104 3.54 -4.673 -3.505 3.840 2.481 6.278 161.9
*  4.587 116.7 0.0820 3.41 —-4.125 -2.925 3.968 2.533 7.310 153.8
* 4,587 24,16 0.0252 0.565 9.083 14.88 7.846 3.373 13.30 99.8
5.0 18.65 0.0488 0.423 11.57 19.08 8.727 3.244 8.506 113.1
5.1 17.84 0.0533 0.403 12.06 19.91 8.891 3.225 8.094 115.7
5.2 17.13 0.0575 0.385 12.53 20.70 9.045 3.210 7.770 118.0
5.3 16.50 0.0616 0.369 12.98 21.47 9.190 3.196 7.508 120.3
5.4 15.93 0.0654 0.355 13.42 22.21 9.328 3.185 7.291 122.4
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Temper- Density Iso‘thel"m Iso'cho're Internal Enthalpy Entropy C. C, Velocity

ature kg/m? derivative derivative energy ki/kg ki/kg K of sound
K & 105m3-Pajkg|  105Pa/K ki/ke KJ/kg ‘K m/s
5.5 15.41 0.0692 0.343 13.84 22.93 9.460 ©  3.175 7.109 124.4
5.6 14.94 0.0728 0.331 14.25 23.63 9.587 3.166 6.954 126.4
5.7 14.50 0.0762 0.321 14.66 24.32 9.709 3.159 6.820 128.3
5.8 14.09 0.0796 0.311 15.06 24.99 9.827 3.152 6.703 130.1
5.9 13.72 0.0829 0.302 15.45 25.66 9.940 3.147 6.601 131.9
6.0 13.36 0.0862 0.294 15.84 26.31 10.05 3.142 6.510 133.6
6.5 11.89 0.102 0.260 17.70 29.48 10.56 3.125 6.179 141.7
7.0 10.75 0.116 0.234 19.49 32.51 11.01 3.116 5.971 148.9
7.5 9.843 0.129 0.213 21.24 35.46 11.41 3.112 5.830 155.6
8.0 9.090 0.142 0.196 22.95 38.35 11.79 3.110 5.727 161.9
8.5 8.454 0.155 0.182 24.63 41.19 12.13 3.110 5.651 167.9
9.0 7.909 0.167 0.170 26.30 44.00 12.45 3.110 5.591 173.5
9.5 7.434 0.180 0.159 27.95 46.79 12.75 3.111 5.544 178.9
10.0 7.017 0.192 0.150 29.60 49.55 13.04 3.112 5.505 184.1
11.0 6.317 0.215 0.135 32.85 55.01 13.56 3.113 5.449 193.9
12.0 5.749 0.238 0.123 36.08 60.43 14.03 3.115 5.408 203.2
13.0 5.278 0.261 0.112 39.29 65.81 14.46 3.116 5.376 212.0
14.0 4.881 0.283 0.104 42.49 .17 14.86 3.117 5.351 220.4
15.0 4.541 0.305 0.0963 45.68 76.51 15.23 3.118 5.332 228.4
16.0 4.246 0.327 0.0900 48.86 81.83 15.57 3.118 5.314 236.1
17.0 3.088 0.319 0.0811 52.01 87.14 15.89 3.119 6.300 243.5
18.0 3.760 0.371 0.0795 55.20 92.43 16.19 3.119 5.289 250.7
19.0 3.558 0.392 0.0751 58.37 97.72 16.48 3.119 5.279 257.7
20.0 3.376 0.414 0.0712 61.53 103.0 16.75 3.119 5.270 264.4
21.0 3.213 0.435 0.0677 64.68 108.3 17.01 3.120 5.263 271.0
22.0 3.064 0.457 0.0645 67.83 113.5 17.25 3.120 5.257 271.4
23.0 2.929 0.478 0.0617 70.98 118.8 17.49 3.120 5.251 283.7
24.0 2.806 0.499 0.0590 74.13 124.0 17.71 3.120 5.246 289.8
25.0 2.693 0.521 0.0566 71.27 129.3 17.92 3.120 5.242 295.8
26.0 2.588 0.542 0.0544 80.41 - 134.5 18.13 3.119 5.238 301.6
28.0 2.402 0.584 0.0504 86.69 145.0 18.52 3.119 5.232 313.0
30.0 2.241 0.626 0.0470 92.96 155.4 18.88 3.119 5.227 323.9
32.0 2.100 0.668 0.0440 99.23 165.9 19.21 3.119 5.223 334.5
34.0 1.976 0.710 0.0414 105.5 176.3 19.53 3.119 5.219 344.8
36.0 1.866 0.752 0.0391 111.7 186.8 19.83 3.119 5.216 354.7
38.0 1.768 0.794 0.0370 118.0 197.2 20.11 3.119 5.214 364.4
40.0 1.680 0.836 0.0351 124.3 207.6 20.38 3.119 5.211 373.8
45.0 1.493 0.941 0.0312 139.9 233.7 20.99 3.118 5.207 396.3
50.0 1.344 1.05 0.0281 155.5 259.7 21.54 3.118 5.204 417.6
©55.0 1.222 1.15 0.0255 171.1 285.7 22 .04 3.118 5.202 437.9
60.0 1.120 1.25 0.0234 186.7 311.7 22.49 3.118 5.201 457.3
65.0 1.034 1.36 0.0216 202.3 337.7 22.91 3.117 5.199 475.8
70.0 0.9603 1.46 0.0200 217.9 363.7 23.29 3.117 5.198 493.7
75.0 0.8964 1.57 0.0187 233.5 389.7 23.65 3.117 5.198 510.9
80.0 0.8404 1.67 0.0175 249.1 415.7 23.98 3.117 5.197 527.6
90.0 0.7472 1.88 0.0156 280.3 467.6 24.60 3.117 5.196 559.4
100.0 0.6726 2.09 0.0140 311.5 519.6 25.14 3.117 5.195 589.6
125.0 0.5383 2.61 0.0112 389.4 649.5 26.30 3.117 5.194 658.9
150.0 . 0.4487 3.12 0.00933 467.3 779.3 27.25 3.116 5.194 721.6
175.0 0.3847 3.64 0.00800 545.2 909.2 28.05 3.116 5.194 779.2
200.0 0.3366 4.16 0.00700 623.1 1039.0 28.74 3.116 5.193 832.9
225.0 0.2993 4.68 0.00622 701.0 1169.0 29.36 3.116 5.193 883.3
250.0 0.2694 5.20 0.00560 778.9 1299.0 29.90 3.116 5.193 931.0
275.0 0.2449 . 5.72 0.00509 856.8 1428.0 30.40 3.116 5.193 976.3
300.0 0.2245 6.24 0.00467 934.7 1558.0 30.85 3.116 5.193 1020.0
350.0 0.1925 7.28 0.00400 1091.0 1818.0 31.65 3.116 5.193 1101.0
400.0 0.1684 8.32 0.00350 1246.0 2078.0 32.34 3.116 5.193 1177.0
450.0 0.1497 9.36 0.00311 1402.0 2337.0 32.96 3.116 5.193 1249.0
500.0 0.1347 10.4 0.00280 1558.0 2597.0 33.50 3.116 5.193 1316.0
600.0 0.1123 12.5 0.00233 1870.0 3116.0 34.45 3.116 5.193 1442.0
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ROBERT D. McCARTY

Thermodynamic properties of helium 4—Continued

Temper- Density Iso'ther.m Is‘o'cho.re Internal Enthalpy Entropy C. G, Velocity
ature ke/m? derivative derivative energy Ki/ke K/kg K of sound
K & 10°m*-Pajkg| 105 Pa/K ki/kg & ki/kg ‘K m/s
700.0 0.09626 14.5 0.00200 2181.0 3636.0 35.25 3.116 5.193 1557.0
800.0 0.08423 16.6 0.00175 2493.0 4155.0 35.94 3.116 5.193  1664.0
900.0 0.07487 18.7 0.00156 2804.0 4674.0 36.56 3.116 5.193 1765.0
1000.0 0.06739 20.8 0.00140 3116.0 5193.0 37.10 3.116 5.193 1861.0
1100.0 0.06126 22.9 0.00127 3427.0 5713.0 37.60 3.116 5.193 1952.0
1200.0 0.05616 24.9 0.00117 3739.0 6232.0 38.05 3.116 5.193 2038.0
1300.0 0.05184 27.0 0.00108 4051.0 6751.0 38.46 3.116 5.193 2122.0
1400.0 0.04814 29.1 0.00100 4362.0 7271.0 38.85 3.116 5.193 2202.0
1500.0 0.04493 31.2 0.000933 4674.0 7790.0 39.21 3.116 5.193 2279.0
1.6 X 10*5 pascal Isobar
* 2,163 149.4
2.5 148.1 0.514 2.66 -10.89 -9.816 2.037 1.842 1.999 236.2
3.0 144.8 0.434 3.52 —-9.885 —-8.780 2.417 1.901 2.311 229.5
3.5 139.9 0.336 3.91 —8.640 —7.497 2.814 2.089 2.903 216.0
4.0 132.8 0.231 3.91 —=7.051 —5.846 3.254 2.255 3.800 197.3
4.5 121.6 0.119 3.64 —4.845 -3.529 3.798 2.467 5.858 167.8
*  4.747 111.9 0.0576 3.22 ~3.196 -1.766 4.178 2.623 9.460 144.1
* 4.747 28.63 0.0199 0.677 8.729 14.32 7.563 3.382 16.72 99.17
5.0 23.28 0.0377 0.538 10.63 17.51 8.219 3.285 10.36 109.0
5.1 22.00 0.0432 0.505 11.22 18.49 8.415 3.260 9.479 112.0
5.2 20.92 0.0482 0.477 11.76 19.41 8.593 3.239 8.857 114.8
5.3 20.00 0.0528 0.454 12.27 20.27 8.757 3.221 8.391 117.3
5.4 19.19 0.0572 0.434 12.75 21.09 8.910 3.206 8.027 119.7
5.5 18.48 0.0614 0.416 ’ 13.22 21.88 9.055 3.193 1.735 122.0
5.6 17.83 0.0654 0.400 : 13.67 22.64 9.192 3.182 7.495 124.1
5.7 17.25 0.0692 0.386 14.10 23.38 9.323 3.173 7.293 126.2
5.8 16.71 0.0730 0.373 14.53 24.1¢ 9.448 3.164 7.122 128.1
5.9 16.22 0.0766 0.361 14.94 24.80 9.568 3.157 6.975 130.0
6.0 15.77 0.0801 0.350 15.35 25.49 9.684 3.151 6.847 131.9
6.5 13.91 0.0964 0.306 17.29 28.80 10.21 3.129 6.397 140.4
7.0 12.52 0.111 0.274 19.14 31.92 10.68 3.118 6.127 147.9
7.5 11.41 0.125 0.249 20.92 34.94 11.09 3.113 5.948 154.8
8.0 10.51 0.139 0.228 22.66 37.88 11.47 3.110 5.822 161.3
8.5 9.757 0.152 0.211 24.37 40.76 11.82 3.110 5.728 167.3
9.0 9.113 0.165 0.197 26.05 43.61 12.15 3.110 5.656 173.1
9.5 8.556 0.177 0.184 27.72 46.42 12.45 3.110 5.600 178.6
10.0 8.067 0.189 0.173 29.38 49.21 12.74 3.111 5.554 183.8
11.0 7.252 0.213 0.156 32.65 54.72 13.26 3.113 5.488 193.8
12.0 6.593 0.236 0.141 35.90 60.17 13.74 3.114 5.440 203.1
13.0 6.048 0.259 0.129 39.12 65.58 14.17 3.116 5.403 212.0
14.0 5.589 0.282 0.119 42.33 70.96 14.57 3.117 5.375 220.4
15.0 5.197 0.304 0.111 45.53 76.32 14.94 3.118 5.352 228.5
16.0 4.858 0.326 0.103 48.73 81.66 15.28 3.119 5.332 236.2
17.0 4.562 0.348 0.0968 51.91 86.98 15.61 3.119 5.316 243.7
18.0 4.300 0.370 0.0911 55.09 92.29 15.91 3.120 5.303 250.9
19.0 4.068 0.392 0.0861 - 58.26 97.59 16.20 3.120 5.291 257.8
20.0 3.860 0.414 0.0816 61.42 102.9 16.47 3.120 5.281 264.6
21.0 3.672 0.435 0.0776 64.58 108.2 16.73 3.120 5.273 271.2
22.0 3.502 0.457 0.0739 - 67.74 113.4 16.97 3.120 5.266 277.6
23.0 3.348 0.478 0.0706 70.89 118.7 17.20 3.120 5.260 283.9
24.0 3.206 0.499 0.0676 74.04 123.9 17.43 3.120 5.254 290.0
25.0 3.077 0.521 0.0648 71.19 129.2 17.64 3.120 5.249 296.0
26.0 2.957 0.542 0.0622 80.33 134.4 17.85 3.120 5.245 301.8
28.0 2.744 0.584 0.0577 86.62 144.9 18.24 3.120 5.237 313.2
30.0 2.560 0.627 0.0538 92.89 155.4 18.60 3.120 5.232 324.2
32.0 2.399 0.669 0.0504 99.17 165.8 18.94 3.120 5.227 334.8
34.0 2.258 0.711 0.0474 105.4 176.3 19.25 3.119 5.223 345.0
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Thermodynamic properties of helium 4—-Continued

Temper- Density Iso.thel:m Iso.cholre Internal Enthalpy Entropy C, C, Velocity

ature ke/m® derivative derivative energy w/kg K)/ke K of sound
K 105m?-Pafkg| 105Pa/K kl/kg ki/kg K m/s
36.0 2.132 0.753 0.0447 1117 186.7 19.55 3.119 5.219 355.0
38.0 2.020 0.795 0.0423 118.0 197.2 19.83 3.119 5.217 364.6
40.0 1.919 0.837 0.0402 124.2 207.6 20.10 3.119 5.214 374.0
45.0 1.705 0.942 0.0357 139.8 233.7 20.71 3.119 5.209 396.6
50.0 1.535 1.05 0.0321 155.5 259.7 21.26 3.118 5.206 4179
55.0 1.396 1.15 0.0291 171.1 285.7 21.76 3.118 5.204 438.1
60.0 1.280 1.25 0.0267 186.7 311.7 22.21 3.118 5.202 457.5
65.0 1.181 1.36 0.0246 202.3 337.7 22.63 3.118 5.200 476.0
70.0 1.097 1.46 0.0229 217.9 363.7 23.01 3.118 5.199 493.9
15.0 1.024 1.57 0.0214 233.5 389.7 23.37 3.117 5.198 511.1
80.0 0.9602 1.67 0.0200 249.1 415.7 23.71 3.117 5.198 527.8
90.0 0.8537 1.88 0.0178 280.3 467.7 24.32 3.117 5.196 559.6
100.0 0.7685 2.09 0.0160 311.4 510.7 24.87 3.117 5.196 580.7
125.0 0.6150 2.61 0.0128 389.4 649.5 26.03 3.117 5.195 659.0
150.0 0.5127 3.13 0.0107 467.3 779.4 26.97 3.117 5.194 721.7
175.0 0.4395 3.65 0.00914 545.2 909.2 21.77 3.116 5.194 779.3
200.0 0.3847 4.16 0.00800 623.1 1039.0 28.47 3.116 5.193 833.0
225.0 0.3420 4.68 0.00711 701.0 1169.0 29.08 3.116 5.193 883.4
250.0 0.3078 5.20 0.00640 778.9 1299.0 29.63 3.116 5.193 931.1
275.0 0.2799 5.72 © 0.00582 856.8 1429.0 30.12 3.116 5.193 976.4
300.0 0.2566 6.24 0.00533 934.7 1558.0 30.57 3.116 5.193 1020.0
350.0 0.2199 7.28 0.00457 1091.0 1818.0 31.37 3.116 5.193 1101.0
400.0 0.1925 8.32 0.00400 1246.0 2078.0 32.07 3.116 5.193 1177.0
450.0 0.1711 0.36 0.00356 1402.0 2337.0 22.68 3.116 5.192 1249.0
500.0 0.1540 10.4 0.00320 1558.0 2597.0 33.23 3.116 5.193 1316.0
600.0 0.1283 12.5 0.00267 1870.0 3116.0 34.17 3.116 5.193 1442.0
700.0 0.1100 14.5 0.00229 2181.0 3636.0 34.97 3.116 5.193 1557.0
8200.0 - 0.09626 16.6 0.00200 2493.0 '4155.0 35.67 3.116 5.193 1664.0
900.0 0.08557 18.7 0.00178 2804.0 4674.0 36.28 3.116 5.193 1765.0
1000.0 0.07701 20.8 0.00160 3116.0 5193.0 36.82 3.116 5.193 1861.0
1100.0 0.07001 22.9 0.00145 3427.0 5713.0 37.32 3.116 5.193 1952.0
1200.0 0.06418 24.9 0.00133 3739.0 6232.0 37.77 3.116 5.193 2038.0
1300.0 0.05924 27.0 0.00123 4051.0 6751.0 38.19 3.116 5.193 2122.0
1400.0 0.05501 29.1 0.00114 4362.0 7271.0 38.57 3.116 5.193 2202.0
1500.0 0.05135 31.2 0.00107 4674.0 7790.0 38.93 3.116 5.193 2279.0

1.8 x 10** pascal Isobar
2.161 149.8

2.5 148.5 0.525 2.66 -10.90 ~9.698 2.030 1.832 1.985 238.4
3.0 145.3 0.445 3.53 -9.911 -8.672 2.407 1.899 2.297 231.9
3.5 140.5 0.347 3.93 —8.682 —7.400 2.801 2.085 2.875 218.8
4.0 133.7 0.243 4.02 -7.122 =95.775 3.235 2.250 3.735 200.9
4.5 123.1 0.133 3.72 ~4.996 -3.533 3.761 2.454 5.539 173.3
4.894 106.3 0.0365 3.00 -2.182 -0.4899 4.405 2.721 13.40 134.1

4.894 34.01 0.0141 0.814 8.190 13.48 7.257 3.387 23.25 98.40
5.0 20.80 0.0249 0.702 0.350 15.20 7.612  2.336 14.87 102.2
5.1 27.38 0.0314 0.640 10.15 16.73 7.908 3.301 12.18 107.7
5.2 25.59 0.0377 0.594 10.83 17.86 8.129 3.273 10.71 1110
5.3 24.17 0.0432 0.557 11.44 18.89 8.323 3.250 9.768 114.0
5.4 22.98 0.0484 0.527 12.00 19.83 8.499 3.230 9.104 116.7
5.5 21.97 0.0531 0.501 12.52 20.71 8.662 3.214 8.607 119.3
5.6 21.09 0.0576 0.479 13.02 21.55 8.813 3.200 8.220 121.7
5.7 20.30 0.0619 0.460 13.49 22.36 8.956 3.188 7.909 123.9
5.8 19.60 0.0660 0.442 13.95 23.14 9.091 3.177 7.653 126.1
5.9 18.96 0.0699 0.426 14.39 23.89 9.220 3.169 7.439 128.1
6.0 18.37 0.0737 0.412 14.83 24.62 9.344 3.161 7.257 130.1
6.5 16.04 0.0912 0.356 16.86 28.08 9.898 3.134 6.646 139.0
7.0 14.35 0.107 0.316 18.77 31.31 10.38 3.121 6.298 146.9
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ROBERT D. McCARTY

Temper- Density Iso.thel-'m Iso'cho.re Internal Enthalpy Entropy C. C, Velocity

ature ke/m? derivative derivative energy Ki/ke K/ke K of sound
K 105m3-Pafkg| 10% Pa/K kl/kg kl/kg K m/s
7.5 13.03 0.122 0.286 20.59 34.40 10.80 3.114 6.075 154.0
8.0 11.97 0.136 0.261 22.36 37.40 11.19 3.111- 5.921 160.6
8.5 11.09 0.149 0.241 24.09 40.33 11.55 3.109 5.809 166.8
9.0 10.34 0.162 0.224 25.80 43.21 11.87 3.109 5.724 172.7
9.5 9.693 0.175 0.210 27.49 ' 46.06 12.18 3.110 5.657 178.2
10.0 9.130 0.187 0.197 29.16 48.87 12.47 3.111 5.604 183.5
11.0 8.195 0.211 0.176 32.45 54.42 13.00 3.112 5.527 193.6
12.0 7.442 0.235 0.160 35.72 59.90 13.48 3.114 5.473 . 203.1
13.0 6.822 0.258 0.146 38.96 65.34 13.91 3.116 5.431 212.0
14.0 6.301 0.281 0.135 42.18 - 70.75 14.31 3.117 5.399 220.4
15.0 5.856 0.303 0.125 45.39 76.13 14.68 3.118 5.373 228.6
16.0 5.472 0.326 0.117 48.59 81.49 15.03 3.119 5.350 236.3
17.0 5.136 0.348 0.109 51.78 86.83 15.35 3.120 5.332 243.8
18.0 4.841 0.370 0.103 54.97 92.15 15.66 3.120 5.316 251.0
19.0 4.578 0.392 0.0971 58.15 97.46 15.95 3.120 5.304 258.0
20.0 4,343 0.413 0.0920 61.32 102.8 16.22 3.120 5.293 264.8
21.0 4.132 0.435 0.0875 64.48 108.0 16.48 3.121 5.283 271.4
22.0 3.940 0.457 0.0833 67.64 113.3 ©16.72 3.121 5.275 277.8
23.0 3.766 0.478 0.0796 70.80 118.6 16.96 3.121 5.268 284.1
24.0 3.607 0.500 0.0761 73.96 123.9 17.18 3.121 5.262 290.2
25.0 3.461 0.521 0.0730 77.11 129.1 17.39 3.121 5.256 296.2
26.0 3.326 0.542 0.0701 80.26 - 134.4 17.60 3.120 5.251 302.1
28.0 3.086 0.585 0.0650 86.55 144.9 17.99 3.120 5.243 313.5
30.0 2.879 0.627 0.0606 © 92.83 155.3 18.35 3.120 5.236 324.4
32.0 2.698 0.669 0.0567 99.11 165.8 18.69 3.120 5.231 335.0
34.0 2.539 0.712 0.0533 105.4 176.3 19.01 3.120 5.226 345.3
36.0 2.398 0.754 0.0503 111.6 186.7 19.30 3.120 5.223 355.2
38.0 2.271 0.796 0.0476 117.9 197.2 19.59 3.119 5.219 364.9
40.0 2.157 0.838 0.0452 124.2 207.6 19.85 3.119 5.217 374.3
45.0 1.918 . 0.942 0.0401 139.8 233.7 20.47 3.119 5.211 396.8
50.0 1.726 1.05 0.0361 155.4 259.7 21.02 3.119 5.208 418.1
55.0 1.569 1.15 0.0328 171.1 285.7 21.51 3.118 5.205 438.4
60.0 1.439 1.26 0.0301 186.7 311.8 21.97 3.118 5.203 457.7
65.0 1.328 1.36 0.0277 202.3 337.8 22.38 3.118 5.201 476.2
70.0 1.234 1.46 0.0257 217.9 363.8 22.717 3.118 5.200 494.1
75.0 1.152 1.57 0.0240 232.5 389.8 23.13 3.118 5.199 " 511.3
80.0 1.080 1.67 0.0225 249.1 415.8 23.46 3.118 5.198 528.0
90.0 0.9601 1.88 0.0200 280.3 467.7 24.07 3.117 5.197 559.8
100.0 0.8643 2.09 0.0180 311.4 519.7 24.62 3.117 5.196 589.9
125.0 0.6918 2.61 . 0.0144 389.4 649.6 25.78 3.117 5.195 659.2
150.0 0.5767 3.13 0.0120 467.3 779.4 26.73 3.117 5.194 721.8
175.0 0.4944 3.65 0.0103 545.2 909.3 27.53 3.117 5.194 779.5
200.0 0.4327 4.17 0.00900 623.1 1039.0 28.22 3.116 5.193 833.1
225.0 0.3847 4.68 0.00800 701.0 1169.0 28.83 3.116 5.193 883.5
250.0 0.3463 5.20 0.00720 778.9 1299.0 29.38 3.116 5.193 931.2
275.0 0.3148 5.72 0.00654 856.8 1429.0 29.88 3.116 5.193 976.5
300.0 0.2886 6.24 0.00600 934.7 1558.0 30.33 3.116 5.193 1020.0
350.0 0.2474 7.28 0.00514 1091.0 1818.0 3113 3.116 5.193 1101.0
400.0 0.2165 8.32 0.00450 1246.0 2078.0 31.82 3.116 5.193 1177.0
450.0 0.1925 9.36 0.00400 1402.0 2337.0 32.43 3.116 5.193 1249.0
500.0 0.1732 10.4 0.00360 1558.0 2597.0 32.90 3.116 5.193 1316.0
600.0 0.1444 12.5 0.00300 1870.0 3116.0 33.93 3.116 5.193 1442.0
700.0 0.1238 14.5 0.00257 2181.0 3636.0 34.73 3.116 5.193 1557.0
800.0 0.1083 16.6 0.00225 2493.0 4155.0 35.42 3.116 5.193 1664.0
900.0 0.09626 18.7 0.00200 2804.0 4674.0 36.03 3.116 5.193 1765.0
1000.0 0.08664 20.8 0.00180 3116.0 5194.0 36.58 " 3.116 5.193 1861.0
1100.0 0.07876 22.9 0.00164 3427.0 5713.0 37.08 3.116 5.193 1952.0
1200.0 0.07220 24.9 0.00150 3739.0 6232.0 37.53 3.116 5.193 2038.0
1300.0 0.06665 27.0 0.00138 4051.0 6751.0 37.94 3.116 5.193 2122.0
1400.0 0.06189 29.1 0.00129 4362.0 7271.0 38.33 3.116 5.193 2202.0
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1Ihermodynamic properties of helium 4~Continued

~ Temper- Density Iso.thell'm Iso'cho're Internal Enthalpy Entropy C. C, Veloci!z
ature ke/m?3 derivative derivative energy Ki/ke KI/ke K of soun
K 105m?-Pajkg] 105Pa/K kl/keg ki/kg K mfs
1500.0 0.05776 31.2 0.00120 4674.0 7790.0 38.69 3.116 5.193 2279.0
2.0 X 10*5 pascal Isobar
2.159 150.2

2.5 148.9 0.535 2.65 -10.92 -9.581 2.023 1.822 1.970 240.6
3.0 145.7 0.455 3.54 -9.935 —8.563 2.398 1.896 2.284 234.2
3.5 141.1 0.359 3.96 -8.721 -7.303 2.788 2.082 2.849 221.5
4.0 134.5 0.255 4.06 ~7.188 -5.701 3.216 2.244 3.671 204.4
4.5 124.4 0.147 3.79 -5.130 -3.523 3.727 2.443 5.287 178.3
5.0 102.5 0.0272" 2.86 -1.448 0.5028 4.567 2.791 17.10 129.0
5.030 99.28 0.0187 2.73 —-0.9850 1.030 4.672 2.836 23.19 123.5

9.030 4]1.18 0.00794 1.00 1.333 12.19 6.889 3.383 40.67 97.71
5.1 35.83 0.0167 0.859 8.542 14.12 7.271 3.350 20.92 102.0
5.2 31.98 0.0254 0.757 9.597 15.85 7.607 3.312 14.79 106.5
5.3 29.47 0.0325 0.692 10.41 17.19 7.862 3.282 12.28 110.2
5.4 .27.59 ’ 0.0386 0.643 11.09 18.34 8.077 3.257 10.85 113.4
5.5 26.09 0.0442 - 0.604 11.71 19.38 8.267 3.237 9.912 116.3
5.6 24.83 0.0493 0.572 12.28 20.33 8.439 3.219 9.244 119.0
5.7 23.75 0.0541 0.545 12.81 21.23 8.598 3.205 8.740 121.5
5.8 22.81 0.0587 0.521 13.32 22.08 8.747 3.192 8.346 123.8
5.9 21.97 0.0630 0.500 13.80 22.90 8.887 3.181 8.028 126.1
6.0 21.21 0.0671 0.481 14.26 23.69 9.019 3.172 7.766 128.2
6.5 18.30 0.0858 0.410 16.42 27.34 9.604  3.140 6.933 137.7
7.0 16.26 0.102 0.361 18.39 30.69 10.10 3.123 6.488 145.9
7.5 14.70 0.118 0.324 20.26 33.86 10.54 3.115 6.213 153.2
8.0 13.46 0.132 0.295 22.06 36.92 10.93 3.111 6.027 160.0
8.5 12.44 0.146 0.272 23.82 39.89 11.29 3.109 5.89%4 166.3
9.0 11.58 0.159 0.252 25.55 42.81 11.63 3.109 5.794 172.2
9.5 10.85 -0.172 0.236 27.25 45.69 11.94 3.109 5.717 177.9
10.0 10.21 0.185 0.221 28.94 48.53 12.23 3.110 5.655 183.3
11.0 ) 9.147 0.209 0.198 32.25 54.12 12.76 3.112 5.568 193.5
12.0 8.297 0.233 0.179 35.54 59.64 13.24 3.114 5.506 203.0
13.0 7.600 0.256 0.163 38.79 65.11 13.68 3.116 5.459 212.0
14.0 7.015 0.280 0.150’ 42.02 70.54 14.08 3.117 5.422 220.5
15.0 6.516 0.302 0.140 45.24 75.94 14.46 3.118 5.393 228.6
16.0 6.087 0.325 0.130 48.46 81.32 14,80 3.119 5.368 236.4
17.0 5.712 0.347 0.122 51.66 86.67 15.13 3.120 5.348 243.9
18.0 5.382 0.369 0.115 54.85 92.01 15.43 3.120 5.3300 - 251.2
19.0 5.089 0.391 0.108 58.03 97.34 15.72 3.121 5.316 258.2
20.0 4.827 0.413 0.103 61.21 102.6 15.99 3.121 5.304 265.0
21.0 4.591 0.435 0.0974 64.38 107.9 16.25 3.121 5.293 271.6
22,0 4.378 0.457 0.0928 67.55 113.2 16.50 3.121 5.284 278.0
23.0 4.184 0.478 0.0886 70.71 118.5 16.73 3.121 5.276 284.3
24.0 4.007 0.500 0.0847 73.87 123.8 16.96 3.121 © 5.269 290.4
25.0 3.844 0.521 0.0812 77.03 129.1 17.17 3.121 5.263 296.4
26.0 3.695 ’ 0.543 0.0780 80.18 134.3 17.38 3.121 5.258 302.3
28.0 3.428 0.585 0.0723 86.48 144.8 17.77 3.121 5.249 313.7
30.0 3.198 0.628 0.0674 92,76 155.3 18.13 3.121 5.241 324.7
32.0 2.997 0.670 0.0631 99.05 165.8 18.47 3.120 5.235 335.2
34.0 2.820 0.712 0.0593 105.3 176.2 18.79 3.120 5.230 345.5
36.0 2.663 0.754 0.0559 111.6 186.7 19.08 3.120 5.226 355.4
38.0 2.522 0.796 0.0529 117.9 197.2 19.37 3.120 5.222 365.1
40.0 2.396 0.839 0.0503 124.1 207.6 19.63 3.120 5.219 374.5
45.0 2.130 0.943 0.0446 139.8 233.7 20.25 3.119 - 5.213 397.0
50.0 1.917 1.05 0.0401 155.4 259.7 20.80 3.119 5.209 418.3
55.0 1.743 1.15 0.0365 171.0 - 285.8 21.29 3.119 5.206 438.6
60.0 1.598 1.26 0.0334 186.6 311.8 21.75 3.118 5.204 457.9
65.0 1.475 1.36 0.0308 202.3 337.8 22.16 3.118 5.202 476.5
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Temper- Density Iso.ther'm Iso'cho.re Internal Enthalpy Entropy C. C, Velocity
ature ke/m? derivative derivative energy Ki/ke Ki/ke K of sound
K 10°m?®-Pafkg| 105Pa/K ki/keg kJ/kg 'K m/s
- 70.0 1.370 1.47 0.0286 217.9 363.8 22.55 3.118 5.201 494.3
5.0 1.279 1.57 0.0267 233.5 389.8 22,91 3.118 5.200 511.5
80.0 1.199 1.67 0.0250 249.1 415.8 23.24 3.118 5.199 528.2
90.0 1.066 1.88 0.0222 280.2 467.8 23.86 3.117 5.197 560.0
100.0 0.9601 2.09 0.0200 311.4 519.8 24.40 3.117 5.196 590.1
125.0 0.7684 2.61 0.0160 389.4 649.6 25.56 3.117 5.195 659.3
150.0 0.6406 3.13 0.0133 467.3 779.5 26.51 3.117 5.194 722.0
175.0 0.5493 3.65 0.0114 545.2 909.3 27.31 3.117 5.194 779.6
200.0 0.4807 4.17 0.0100 623.1 1039.0 28.00 3.117 5.194 833.2
225.0 0.4274 4.69 0.00889 701.0 1169.0 28.62 3.116 5.193 883.6
250.0 0.3847 5.21 0.00800 778.9 1299.0 29.16 3.116 5.193 931.3
275.0 0.3497 5.72 0.00727 856.8 1429.0 29.66 3.116 5.193 976.6
300.0 0.3206 6.24 0.00667 934.7 1559.0 30.11 3.116 5.193 1020.0
350.0 0.2749 7.28 0.00571 1091.0 1818.0 30.91 3.116 2.193 1j02.0
400.0 0.2405 8.32 0.00500 1246.0 2078.0 31.60 3.116 5.193 1177.0
450.0 0.2138 9.36 0.00444 1402.0 2337.0 32.21 3.116 5.193 1249.0
500.0 0.1025 101 0.00100 1558.0 2597.0 32.76 3.116 5.193 1216.0
600.0 0.1604 12.5 0.00333 1870.0 3116.0 33.71 3.116 5.193 1442.0
700.0 0.1375 14.6 0.00286 2181.0 3636.0 34.51 3.116 5.193 1557.0
800.0 0.1203 16.6 0.00250 2493.0 4155.0 35.20 3.116 5.193 1665.0
Q0N .0 N.1070 18.7 0.00222 2804.0 4674.0 35.81 3.116 5.193 1765.0
1000.0 0.09626 20.8 0.00200 3116.0 5194.0 36.36 3.116 5.193 1861.0
1100.0 0.08751 22.9 0.00182 3427.0 5713.0 36.86 3.116 5.193 1952.0
1200.0 0.08022 24.9 0.00167 3739.0 6232.0 37.31 3.116 5.193 2038.0
1300.0 0.07405 27.0 0.00154 4051.0 6751.0 3772 . 3.116 5193 2122.0
1400.0 0.06876 29.1 0.00143 4362.0 7271.0 38.11 3.116 5.193 2202.0
1500.0 0.06418 31.2 0.00133 4674.0 7790.0 38.47 3.116 5.193 2279.0
2.1 X 10** pascal Isobar
* 2.158 150.4
2.5 149.1 0.540 2.65 -10.92 -9.522 2.020 1.817 1.963 241.6
3.0 146.0 0.461 3.54 -9.947 —8.508 2.393 1.894 2.277 235.3
3.5 141.4 0.364 3.97 —8.740 -7.254 2.782 2.080 2.837 222.9
4.0 134.8 0.261 4.08 -7.220 -5.662 3.207 2.241 3.641 206.1
4.5 125.1 0.154 3.83 -5.193 -3.514 3.711 2.437 5.180 180.7
5.0 105.0 0.0368 2.97 -1.742 0.2566 4.498 2.763 13.63 134.8
*  5.094 94.58 0.0111 2.56 —0.2348 1.985 4.840 2.908 36.54 117.8
*  5.094 46.24 0.00478 1.13 6.664 11.21 6.649 3.373 67.20 97.60
5.1 45.05 0.00594 1.10 6.88Y9 11,55 6. 7171  3.371 54.62 Y8.U8
5.2 36.59 0.0182 0.877 8.736 14.48 7.286 3.332 19.77 103.9
5.3 32.87 0.0265 0.780 9.759 16.15 7.604 3.299 14.55 108.1
5.4 30.37 0.0334 0.714 10.56 17.47 7.852 3.271 12.21 111.6
5.5 28.48 0.0395 0.665 11.25 18.62 8.063 3.249 10.85 114.8
5.6 26.95 0.0450 0.625 11.87 19.66 8.250 3.230 9.934 117.6
5.7 25.67 0.0501 0.593 12.44 20.62 8.419 3.213 9.277 120.3
5.8 241.57 0.0519 0.5641 12.97 21.52 8.576 3.200 8.778 122.7
5.9 23.60 0.0594 0.540 13.48 22.38 8.723 3.188 8.386 125.0
6.0 22.74 0.0637 0.518 13.96 23.20 8.861 3.177 8.069 127.2
6.5 19.49 0.0831 0.438 16.18 26.96 9.463 3.142 7.093 137.0
7.0 17.25 0.100 0.384 18.19 30.37 9.97 3.124 6.591 145.3
7.5 15.56 0.116 0.344 20.08 33.58 10.41 3.115 6.286 152.8
8.0 14.22 0.130 0.313 21.91 36.67 10.81 3.111 6.083 159.7
8.5 13.13 0.144 0.288 23.68 39.67 11.18 3.109 5.938 166.0
9.0 12.21 0.158 0.267 25.42 42.61 11.51 3.109 5.830 172.0
9.5 11.43 0.171 0.249 27.13 - 45.51 11.82 3.109 5.747 177.7
10.0 10.75 0.184 0.234 28.83 48.36 12.12 3.110 5.681 183.2
11.0 9.626 0.208 0.208 32.16 53.97 12.65 3.112 5.588 193.4
12.0 8.727 0.232 0.188 35.44 59.51 13.13 3.114 5.522 202.9
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Thermodynamic prépenies of helium 4—Continued

Temper- Density Iso.l hel-'m Iso‘cho.r © Internal Enthalpy Entropy G G erlocitz
ature kg/m? derivative derivative energy " ki/kg K/kg K ] O} soun
K & 105m3-Pajkg|  10°Pa/K ki/kg ki/kg K m/s
13.0 7.990 0.256 0.172 38.71 64.99 13.57 3.116 5.473 212.0
14.0 7.373 0.279 0.158 41.95 . 70.43 13.98 3.117 5.434 220.5
15.0 6.847 0.302 0.147 45.17 75.84 14.35 3.119 5.404 228.7
16.0 6.395 0.325 0.137 48.39 81.23 14.70 3.119 5.377 236.5
17.0 6.000 0.347 0.128 51.60 86.60 15.02 3.120 5.355 244.0
18.0 5.653 0.369 0.121 54.79 91.94 15.33 3.121 5.337 251.3
19.0° 5.345 0.391 0.114 57.98 97.27 15.62 3.121 5.322 258.3
20.0 5.069 0.413 0.108 61.16 102.6 15.89 3.121 5.309 265.1
21.0 4.821 0.435 0.102 64.33 107.9 16.15 3.121 5.298 271.7
22.0 4.597 0.457 0.0975 67.50 113.2 16.39 3.121 5.289 278.1
23.0 4.393 0.478 0.0931 70.67 118.5 ' 16.63 3.121 5.280 284.4
24.0 4.207 0.500 0.0891 73.83 123.7 16.85 3.121 5.273 290.6
25.0 4.036 0.521 0.0854 76.99 129.0 17.07 3.121 5.267 296.6
26.0 3.879 0.543 0.0820 80.14 134.3 17.28 3.121 5.261 302.4
28.0 3.599 0.585 0.0760 86.44 144.3 17.67 3.121 © 5.251 313.8
30.0 3.357 0.628 0.0708 92.73 155.3 18.03 3.121 5.244 324.8
32.0 3.146 0.670 0.0662 99.02 165.8 18.37 3.121 5.237 335.4
34.0 2.960 . 0.713 0.0623 105.3 176.2 18.68 3.120 5.232 345.6
36.0 2.795 0.755 0.0588 111.6 186.7 - 18.98 3.120 5.228 355.6
38.0 2.648 0.797 0.0556 117.8 197.1 19.26 3.120 5.224 365.2
40.0 2.515 0.839 0.0520 124.1 207.6 19.53 3.120 5.221 374.6
45.0 2.236 0.944 0.0469 139.8 233.7 20.15 3.119 5.214 397.2
50.0 2.012 1.05 0.0421 155.4 259.7 20.70 3.119 5.210 418.4
55.0 1.830 1.15 0.0383 ’ 171.0 285.8 21.19 3.119 5.207 438.7
60.0 1.678 1.26 0.0351 186.6 311.8 21.65 3.119 5.204 458.0
65.0 1.549 1.36 0.0324 202.2 337.8 22.06 3.118 5.203 476.6
70.0 1.439 1.47 0.0300 217.8 363.8 22.45 3.118 5.201 494.4
75.0 1.343 1.57 0.0280 233.4 389.8 22.81 3.118 5.200 511.6
80.0 1.259 1.67 0.0263 249.0 415.8 23.14 3.118 5.199 528.3
90.0 1.120 1.88 0.0233 280.2 467.8 - 23.75 3.118 5.197 560.1
100.0 1.008 2.09 0.0210 311.4 519.8 24.30 3.117 5.196 590.2
125.0 0.8068 " 2.61 0.0168 389.4 649.7 25.46 . 3.117 5.195 659.4
150.0 0.6726 3.13 0.0140 467.3 779.5 26.41 3.117 5.194 722.0
175.0 0.5767 3.65 0.0120 545.2 909.4 27.21 3.117 5.194 779.7
200.0 0.5047 417 0.0105 623.1 1039.0 27.90 3.1 5.194 833.3
225.0 0.4487 4.69 0.00933 701.0 116%9.0 28.51 3.116 5.193 883.7
250.0 0.4039 5.21 0.00840 778.9 1299.0 29.06 3.116 5.193 931.3
275.0 0.3672 5.73 0.00764 856.8 1429.0 29.56 3.116 5.193 976.7
300.0 0.3366 6.24 0.00700 934.8 1559.0 30.01 3.116 5.193 1020.0
350.0 0.2886 7.28 0.00600 " 1091.0 1818.0 30.81 3.116 5.193 1102.0
400.0 0.2526 8.32 0.00525 1246.0 2078.0 31.50 3.116 5.193 1177.0
450.0 0.2245 9.36 0.00467 1402.0 2337.0 32.11 3.116 5.193 1249.0
500.0 0.2021 10.4 0.00420 1558.0 2597.0 32.66 3.116 5.193 1316.0
600.0 0.1684 12.5 -0.00350 1870.0 . 3116.0 33.61 3.116 5.193 1442.0
700.0 0.1444 14.6 0.00300 2181.0 3636.0 34.41 3.116 5.193 1557.0
800.0 0.1263 16.6 0.00262 2493.0 4155.0 35.10 3.116 5.193 1665.0
900.0 0.1123 18.7 0.00233 2804.0 4674.0 35.71 3.116 5.193 1765.0
10VU.0 0.1011 20.8 0.00210 3116.0 5194.0 36.26 3.116 5.193 1861.0
1100.0 0.09189 22.9 0.00191 3427.0 5713.0 36.75 3.116 5.193 1952.0
1200.0 0.08423 24.9 0.00175 3739.0 6232.0 37.21 3.116 5.193 2038.0
1300.0 0.07775 27.0 0.00162 4051.0 6752.0 37.62 3.116 5.193 2122.0
1400.0 0.07220 29.1 0.00150 4362.0 7271.0 38.01 3.116 5.193 2202.0
1500.0 0.06739 31.2 0.00140 4674.0 7790.0 38.37 3.116 5.193 2279.0

2.2 X 10* pascal Isobar
* 2157 150.5

2.5 149.3 0.545 2.65 -10.93 —9.463 2.016 1.812 1.956 242.7
3.0 146.2 0.466 3.54 -9.95 —8.453 2.389 1.893 2.271 236.5
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Temper- Density Isoltheljm Isc)‘cho're Internal Enthalpy Entropy C. C, Velocity

ature ke/m? derivative derivative energy Ty K/kg K of sound
K 10°m3-Pajkg|  10°Pa/K- ki/kg € & ki/ke K m/s
3.5 141.6 0.370 3.98 ~8.758 -7.205 2.775 2.078 2.825 224.2
4.0 135.2 0.267 4.10 -7.251 -5.624 3.198 2.238 3.612 207.7
4.5 125.7 0.160 3.86 -5.252 -3.501 3.696 2.432 5.082 183.0
5.0 107.0 0.0458 3.07 -1.978 0.07602 4.443 2.741 11.70 139.8
5.1 98.42 0.0208 2.71 ~0.6840 1.551 4735 2.862 2147 124.9
x  5.156 87.88 0.00446 2.32 0.7814 3.285 5072  3.005  83.83 1115

x  5.156 54.03 0.00171 1.34 5.579 9.651 6.307 3.343  188.6 98.16
5.2 43.94 0.00958 1.07 7.418 12.42 6.843 3.348 35.59 100.9
5.3 37.19 0.0200 0.892 8.958 14.87 7.310 3.315 18.59 105.8
5.4 33.65 0.0278 0.799 9.943 16.48 7.611 3.285 14.22 109.8
5.5 31.18 0.0345 0.734 10.73 17.79 7.850 3.261 12.09 113.2
5.6 29.29 0.0405 0.685 11.42 18.93 8.056 3.240 10.80 116.2
5.7 21.75 0.0460 0.645 12.03 19.96 8.239 3.222 9.927 119.0
5.8 26.46 0.0510 0.612 12.61 20.92 8.406 3.207 9.288 121.5
5.9 25.34 0.0558 0.583 13.14 21.82 8.560 3.194 8.799 124.0
6.0 24.35 0.0603 0.558 13.65 22.68 8.704 3.183 8.412 126.3
6.5 20.71 0.0804 0.468 15.94 26.56 9.326 3.145 7.266 136.3
7.0 18.26 0.0979 0.408 17.99 30.04 9.842 3.126 6.699 144.8
7.5 16.43 0.114 0.365 19.91 33.30 10.29 3.116 6.362 152.4
8.0 15.00 0.129 0.331 21.75 36.42 10.69 3.111 6.140 159.3
8.5 13.83 0.143 0.304 23.54 39.45 11.06 3.109 5.983 165.8
9.0 12.85 0.156 0.281 25.29 42.41 11.40 3.108 5.867 171.8
9.5 12.02 0.170 0.262 27.01 45.32 11.72 3.109 5.778 177.6
10.0 11.30 0.183 0.246 28.72 48.19 12.01 3.110 5.707 183.0
11.0 10.11 0.207 0.219 32.06 53.82 12.55 3.111 5.609 193.3
12.0 9.158 0.231 0.198 35.35 59.37 13.03 3.114 5.539 202.9
13.0 8.381 0.255 0.181 38.62 64.87 13.47 3.116 5.487 212.0
14.0 7.731 0.278 0.166 41.87 70.32 13.87 3.117 5.446 220.5
15.0 7.179 0.301 0.154 45.10 75.74 14.25 3.119 5.414 228.7
16.0 6.703 0.324 0.144 48.32 81.14 14.60 3.120 5.386 236.6
17.0 6.288 0.347 0.134 51.53 86.52 14.92 3.120 5.363 244.1
18.0 5.924 0.369 0.126 54.73 91.87 15.23 3.121 5.344 251.3
19.0 5.600 0.391 0.119 57.92 97.21 15.52 3.121 5.329 258.4
20.0 5.311 0.413 0.113 61.11 102.5 15.79 3.121 5.315 265.2
21.0 5.051 0.435 0.107 64.29 107.8 16.05 3.122 5.303 271.8
22.0 4.816 0.457 0.102 67.46 113.1 16.30 3.122 5.293 278.2
23.0 4.602 0.478 0.0976 70.62 118.4 16.53 3.122 5.285 284.5
24.0 4.407 0.500 0.0934 73.79 123.7 16.76 3.122 5.277 290.7
25.0 4.228 0.521 0.0895 76.95 129.0 16.97 3.122 5.270 296.7
26.0 4.0063 0.543 0.0859 80.10 134.2 17.18 3.121 5.264 302.5
28.0 3.770 0.586 0.0796 86.41 144.8 17.57 3.121 5.254 313.9
30.0 3.516 0.628 0.0742 92.70 155.3 17.93 3.121 5.246 324.9
32.0 3.295 0.671 0.0694 98.99 165.7 18.27 3.121 5.239 335.5
34.0 3.101 0.713 0.0653 105.3 176.2 18.59 3.121 5.234 3457
36.0 2.928 0.755 0.0616 111.5 186.7 18.88 3.120 5.229 355.7
38.0 2.773 0.797 0.0583 117.8 197.1 19.17 3.120 5.225 365.4
40.0 2.635 0.839 0.0553 124.1 207.6 19.44 3.120 5.222 374.8
45.0 2.342 0.944 0.0491 139.7 233.7 20.05 3.120 5.215 397.3
50.0 2.108 1.05 0.0442 155.4 259.7 20.60 3.119 5.211 418.6
55.0 1.917 1.15 0.0401 171.0 285.8 21.10 3.119 5.208 438.8
60.0 1.757 1.26 0.0367 186.6 311.8 21.55 3.119 5.205 458.1
65.0 1.622 © 1.36 0.0339 202.2 337.8 21.97 3.118 5.203 476.7
70.0 1.507 1.47 0.0315 217.8 363.8 22.35 3.118 5.201 494.5
75.0 1.407 1.57 0.0294 233.4 389.9 22.71 3.118 5.200 511.7
80.0 1.319 1.67 0.0275 249.0 415.9 23.04 3.118 5.199 528.4
90.0 1.173 1.88 0.0245 280.2 467.8 23.66 3.118 5.198 560.2
100.0 1.056 2.09 0.0220 311.4 519.8 24.20 3.117 5.197 590.3
125.0 0.8451 2.61 0.0176 389.4 649.7 25.36 3.117 5.195 659.5
150.0 0.7045 3.13 0.0147 467.3 779.6 26.31 3.117 5.194 722.1
175.0 0.6041 3.65 0.0126 545.2 909.4 27.11 3.117 5.194 779.7
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Temper- Density Iso.thex:m Iso.cho-re_ Internal Enthalpy Entropy C. C, Velocit;{
ature ke/m? derivative derivative energy Ki/ke K/ke K of soun
K 8 105m3-Pafkg| 105 PajK kJ/kg kl/kg K mfs
200.0 0.5287 4.17 0.0110 623.1 1039.0 27.81 3.117 5.194 833.3
225.0 0.4700 4.69 0.00978 701.0 1169.0 28.42 3.117 5.193 883.7
250.0 0.4231 5.21 0.00880 778.9 1299.0 28.96 3.116 5.193 931.4
275.0 0.3847 5.73 0.00800 856.9 1429.0 29.46 3.116 5.193 976.7
300.0 0.3527 6.24 0.00733 934.8 1559.0 29.91 3.116 5.193 1020.0
350.0 0.3023 7.28 0.00628 1091.0 1818.0 30.71 3.116 5.193 1102.0
400.0 0.2646 8.32 0.00550 1246.0 2078.0 31.41 3.116 5.193 1178.0
450.0 0.2352 9.36 '0.00489 1402.0 2338.0 32.02 3.116 5.193 1249.0
500.0 0.2117 10.4 0.00440 1558.0 2597.0 32.56 3.116 5.193 1316.0
600.0 0.1764 12.5 0.00367 1870.0 3116.0 33.51 3.116 5.193 1442.0
700.0 0.1512 14.6 0.00314 2181.0 3636.0 34.31 3.116 5.193 1557.0
. 800.0 0.1323 16.6 0.00275 2493.0 4155.0 35.00 3.116 5.193 1665.0
900.0 0.1176 18.7 0.00244 2804.0 4674.0 35.62 3.116 5.193 1765.0
1000.0 0.1059 20.8 0.00220 3116.0 5194.0 36.16 3.116 5.193 1861.0
1100.0 0.09626 22.9 0.00200 3428.0 5713.0 36.66 3.116 5.193 1952.0
1200.0 0.08824 24.9 0.00183 3739.0 6232.0 37.11 3.116 5.193 2038.0
1300.0 0.08146 27.0 0.00169 4051.0 6752.0 37.53 3.116 5.193 2122.0
1400.0 0.07564 29.1 0.00157 4362.0 7271.0 37.91 3.116 5.193 2202.0
1500.0 0.07060 31.2 0.00147 4674.0 7790.0 38.27 3.116 5.193 2279.0

2.3 X 10* pascal Isobar
2.156 150.7

2.5 149.5 0.551 2.65 -10.93 ~9.405 2.013 1.807 1.950 243.7
3.0 146.4 0.471 3.55 -9.96 -8.398 2.384 1.891 2.265 237.6
3.5 141.9 0.375 3.99 -8.776 -7.155 2.769 2.077 2.813 225.5
4.0 135.6 0.273 4.12 —-7.280 -5.584 3.189 2.236 3.585 209.3
4.5 126.3 0.167 3.89 -5.309 -3.487 3.682 2.428 4.992 185.2
5.0 108.8 0.0542 3.15 -2177 -0.06319 4.397 2.723 10.44 144.2
5.1 101.6 0.0307 2.85 —-1.066 1.196 4.646 2.825 15.87 131.3
5.2 84.01 0.00577 2.23 1.203 4.002 5.188 3.036 65.33 1114
5.3 43.37 0.0128 1.06 7.851 13.15 6.938 3.326 27.90 103.5
5.4 37.68 0.0220 0.904 9.200 15.30 7.340 3.298 17.47 107.8
5.5 34.32 0.0294 0.816 10.15 16.85 7.624 3.272 13.84 1115
5.6 31.91 0.0359 0.753 10.92 18.13 7.854 3.250 11.93 114.7
5.7 30.04 0.0417 - 0.703 11.60 19.26 8.054 3.231 10.73 117.7
5.8 28.50 0.0471 0.664 12.21 20.29 8.233 3.215 9.895 120.4
5.9 27.19 0.0521 0.630 12.78 21.24 8.397 3.201 9.279 122.9
6.0 26.06 0.0568 0.601 13.32 22.15 8.549 3.189 8.804 125.3
6.5 21.98 0.0777 0.498 - 15.69 26.16 9.192 3.148 7.454 135.6
7.0 19.29 0.0956 0.433 17.79 29.71 9.719 3.127 6.814 144.3
7.5 17.32 0.112 0.386 19.74 33.02 10.17 3.116 6.441 152.0
8.0 15.78 0.127 0.349 21.60 36.17 10.58 3.111 6.198 159.0
8.5 14.53 0.141 0.320 23.40 39.23 10.95 3.109 6.029 165.5
9.0 13.49 0.155 0.296 25.16 42.21 11.29 3.108 5.904 171.6
2.5 12.61 0.168 0.276 26.90 45.14 11.61 3.109 5.809 177.4
10.0 11.84 0.181 0.258 28.60 48.02 11.91 3.109 5.734 182.9
11.0 10.59 0.206 0.230 31.95 53.67 12.45 3.111 5.629 193.2
i2.0 9.591 0.231 0.208 35.26 59.24 12.93 3.113 5.556 202.9
13.0 8.774 0.254 0.190 38.54 64.75 13.37 3.116 5.501 212.0
14.0 8.091 0.278 0.174 41.79 70.22 13.78 3.117 5.459 220.6
15.0 7.511 0.301 0.162 45.03 75.65 14.15 3.119 5.425 228.8
16.0 7.012 0.324 0.150 48.26 81.06 14.50 3.120 5.395 236.6
17.0 6.577 0.346 0.141 51.47 86.44 14.83 3.121 5.371 244.2
18.0 6.195 0.369 0.132 54.67 91.80 15.13 3.121 5.351 251.4
19.0 5.856 0.391 0.125 57.87 97.14 15.42 3.121 5.335 258.5
20.0 5.553 0.413 0.118 61.06 102.5 15.70 3.122 5.321 265.3
21.0 5.281 - 0.435 0.112 64.24 107.8 15.95 3.122 5.308 271.9
22.0 5.035 0.457 0.107 67.41 113.1 16.20 3.122 5.298 278.4
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Temper- Density Iso'thexfm Iso'cho're Internal Enthalpy Entropy C, C, Velocity

ature kg/m? derivative derivative energy Ki/ke KI/kg K of sound
K 10°m3-Pajkg| 105 Pa/K ki/kg kl/kg ‘K m/s
23.0 . 4.811 0.478 0.102 70.58 118.4 16.44 3.122 5.289 284.6
24.0 4.607 0.500 0.0977 73.75 123.7 16.66 3.122 5.281 290.8
25.0 4.420 0.521 0.0936 76.91 128.9 16.88 3.122 5.274 296.8
26.0 4.247 0.543 0.0899 80.06 134.2 17.08 3.122 5.267 302.7
28.0 3.941 0.586 0.0833 86.37 144.7 17.47 3.122 5.257 314.1
30.0 3.676 0.628 0.0776 92.67 155.2 17.84 3.121 5.248 325.0
32.0 3.444 0.671 0.0726 98.96 165.7 18.17 3.121 5.241 335.6
34.0 3.241 0.713 0.0683 105.2 176.2 18.49 3.121 5.236 345.9
36.0 3.060 0.755 0.0644 111.5 186.7 18.79 3.121 5.231 355.8
38.0 2.899 0.798 0.0609 117.8 197.1 19.07 3.120 5.227 365.5
40.0 2.754 0.840 0.0579 124.1 207.6 19.34 3.120 5.223 374.9
45.0 2.448 0.945 0.0513 139.7 233.7 19.96 3.120 5.216 397.4
50.0 2.203 1.05 0.0462 155.4 - 259.8 20.51 3.119 5.212 418.7
55.0 2.003 1.15 0.0419 171.0 285.8 21.00 3.119 5.208 438.9
60.0 1.837 1.26 0.0384 186.6 311.8 21.46 3.119 5.205 458.2
65.0 1.696 1.36 0.0354 202.2 337.9 21.87 3.119 5.203 476.8
9.0 1.575 1.47 0.0329 217.8 363.9 22.26 3.118 5.202 494.6
75.0 1.470 1.57 0.0307 233.4 389.9 22.62 3.118 5.201 511.8
80.0 1.379 1.67 0.0288 249.0 415.9 22.95 3.118 5.199 528.5
90.0 1.226 1.88 0.0256 280.2 467.9 23.56 3.118. 5.198 560.3
100.0 1.104 2.09 0.0230 3114 519.8 24.11 3.117 5.197 590.4
125.0 0.8834 2.61 0.0184 389.4 649.7 25.27 3.117 5.195 659.6
150.0 0.7365 3.13 0.0153 467.3 779.6 26.22 3.117 5.194 722.2
175.0 0.6315 3.65 0.0131 545.2 909.4 27.02 3.117 5.194 779.8
200.0 0.5527 4.17 0.0115 623.1 1039.0 27.71 3.117 5.194 833.4
225.0 0.4914 4.69 0.0102 701.0 1169.0 28.32 3.117 5.193 883.8
250.0 0.4423 5.21 0.00920 778.9 1299.0 28.87 3.116 5.193 931.4
275.0 0.4021 5,73 0.00836 856.9 1429.0 29.37 3.116 5.193 976.8

300.0 0.3687 6.25 0.00767 934.8 1559.0 29.82 3.116 5.193 1020.0 -
350.0 0.3161 7.28 0.00657 1091.0 1818.0 30.62 3.116 5.193 1102.0
400.0 0.2766 8.32 0.00575 1246.0 2078.0 31.31 3.116 5.193 1178.0
450.0 0.2459 9.36 0.00511 1402.0 2338.0 31.92 3.116 5.193 1249.0
500.0 0.2213 10.4 0.00460 1558.0 2597.0 32.47 3.116 5.193 1316.0
600.0 0.1844 12.5 0.00383 1870.0 3117.0 33.42 . 3.116 5.193 1442.0
700.0 0.1581 14.6 0.00329 2181.0 3636.0 34.22 3.116 5.193 1557.0
800.0 0.1384 16.6 0.00287 2493.0 4155.0 34.91 3.116 5.193 1665.0
900.0 0.1230 18.7 0.00256 2804.0 4674.0 35.52 3.116 5.193 1765.0
1000.0 0.1107 20.8 0.00230 3116.0 5194.0 36.07 3.116 5.193 1861.0
1100.0 0.1006 22.9 0.00209 3428.0 5713.0 36.57 3.116 5.193 1952.0
1200.0 0.09225 24.9 0.00192 3739.0 6232.0 37.02 3.116 5.193 2038.0
1300.0 0.08516 27.0 0.00177 4051.0 6752.0 37.43 3.116 5.193 2122.0
1400.0 0.07908 29.1 0.00164 4362.0 7271.0 37.82 3.116 5.193 2202.0
1500.0 0.07381 31.2 0.00153 4674.0 7790.0 38.18 3.116 5.193 2279.0

2.4 X 10*> pascal Isobar
* 2,155 150.9

2.5 149.7 0.556 2.64 -10.94 -9.346 2.010 1.803 1.943 244.7
3.0 146.6 0.477 3.55 -9.97 -8.343 2.380 1.890 2.259 238.7
3.5 142.2 0.381 4.00 -8.794 -7.106 2.763 2.075 2.801 226.8
4.0 135.9 0.279 4.14 -7.309 -5.544 3.181 2.233 3.559 210.9
4.5 126.8 0.173 3.92 ~5.363 -3.471 3.668 2.423 4.909 187.4
5.0 110.3 0.0623 3.22 -2.349 -0.1736 4.357 2.707 9.554 148.3
5.1 104.1 0.0397 2.96 -1.356 0.9494 4.578 2.797 13.15 136.7
5.2 93.45 0.0181 2.54 0.2135 2.782 4.932 2.924 24.12 122.3
5.3 55.45 0.00500 1.38 5.828 10.16 6.333 3.305 68.90 102.1
5.4 43.02 0.0158 1.05 8.245 13.82 7.020 3.306 23.53 106.0
5.5 38.07 0.0241 0.914 9.457 15.76 71.376 3.282 16.46 109.9
5.6 34.90 0.0311 0.830 10.36 17.24 7.642 3.259 13.44 113.3

J. Phys. Chem. Ref. Data, Vol. 2, No. 4, 1973



THERMODYNAMIC PROPERTIES OF HELIUM 4

Thermodynamic properties of helium 4—Continued

989

Temper- Density Iso’thexfm ISO'Cho.re Internal Enthalpy Entropy C. C, Velocity
ature kef/m? derivative derivative energy Kl/kg K/ke K of sound
K 105m3-Pafkg| 105Pa/K kl/kg kJ/kg ‘K mfs
5.7 32.57 0.0374 0.769 11.12 18.49 7.864 3.240 11.74 116.4
5.8 30.72 0.0431 0.720 11.79 19.61 8.058 3.222 10.63 119.2
5.9 29.18 0.0484 0.681 12.40 20.63 8.233 3.208 9.843 121.8
6.0 27.88 0.0533 0.647 12.97 21.58 8.393 3.195 9.254 124.3
6.5 23.29 0.0749 0.531 15.44 25.75 9.060 3.151 7.656 134.9
7.0 20.35 0.0933 0.458 17.58 29.38 9.599 3.129 6.934 143.8
1.5 18.22 0.110 0.407 19.56 32.73 10.06 3.117 6.523 151.6
8.0 16.57 0.125 0.368 21.44 35.92 10.47 3.111 6.259 158.7
8.5 15.24 0.140 0.337 23.26 39.00 10.85 3.109 6.076 165.3
9.0 14.14 0.154 0.311 25.03 42.01 11.19 3.108 5.942 171.4
9.5 13.20 0.167 0.290 26.77 44.95 11.51 3.108 5.841 177.2
10.0 12.40 0.180 0.271 28.49 47.85 11.81 3.109 5.761 182.8
11.0 11.08 0.205 0.241 31.85 53.52 12.35 3.111 5.650 193.2
12.0 10.03 0.230 0.218 35.17 59.11 12.83 3.113 5.573 202.8
13.0 9.167 0.254 0.198 38.45 64.63 13.28 3.115 5.515 212.0
14.0 8.451 0.277 0.182 41.71 70.11 13.68 3.117 5.471 220.6
15.0 7.843 0.301 0.169 44.95 75.55 14.06 3.119 5.435 228.8
16.0 7.321 0.323 0.157 48.19 80.97 14.41 3.120 5.404 236.7
17.0 6.866 0.346 0.147 51.41 86.36 14.74 3.121 5.379 244.2
18.0 6.466 0.369 0.138 54.62 .91.73 15.04 3.121 5.358 251.5
19.0 6.112 0.391 0.131 57.81 97.08 15.33 3.122 5.341 258.5
20.0 5.796 0.413 0.124 61.00 102.4 15.60 3.122 5.326 265.4
21.0 5.511 0.435 0.117 64.19 107.7 15.86 3.122 5.313 2720
22.0 5.254 0.457 0.112 67.36 113.0 16.11 3.122 5.303 278.5
23.0 5.021 0.478 0.107 70.54 118.3 16.35 3.122 5.293 284.8
24.0 4.807 0.500 0.102 73.70 123.6 16.57 3.122 5.285 290.9
25.0 4.612 0.522 0.0978 76.87 128.9 16.79 3.122 5.277 296.9
26.0 4.432 0.543 0.0939 80.03 134.2 16.99 3.122 5.271 302.8
28.0 4.111 0.586 0.0870 86.34 144.7 17.38 3.122 5.260 314.2
30.0 3.835 0.629 0.0810 92.64 155.2 17.75 3.122 5.251 325.1
32.0 3.593 0.671 0.0758 98.93 165.7 18.09 3.121 5.244 335.7
34.0 3.381 0.713 0.0712 105.2 176.2 18.40 3.121 5.237 3540.0
36.0 3.193 0.756 0.0672 111.5 186.7 18.70 321 5.232 355.9
38.0 3.024 0.798 0.0636 117.8 197.1 18.99 3.121 5.228 365.6
40.0 2.873 0.840 0.0604 124.0 207.6 19.25 3.120 5.225 375.0
45.0 2.553 0.945 0.0536 139.7 233.7 19.87 3.120 5.218 397.5
50.0 2.298 1.05 0.0482 155.3 259.8 20.42 3.120 5.212 418.8
55.0 2.090 1.15 0.0438 171.0 285.8 20.91 3.119 5.209 439.0
60.0 1.916 1.26 0.0401 186.6 311.8 21.37 3.119 5.206 458.3
65.0 1.769 1.36 0.0370 202.2 337.9 21.78 3.119 5.204 476.9
70.0 1.643 1.47 0.0343 217.8 363.9 22,17 3.118 5.202 494.7
75.0 1.534 1.57 0.0320 233.4 389.9 22.53 3.118 5.201 511.9
80.0 1.438 1.68 0.0300 249.0 415.9 22.86 3.118 5.200 528.6
90.0 1.279 1.88 0.0267 280.2 467.9 23.48 3.118 2.198 560.4
100.0 1.151 2.09 0.0240 311.4 519.9 24.02 3.118 5.197 590.4
125.0 0.9217 2.61 0.0192 389.4 649.8 25.18 3.117 5.195 659.7
150.0 0.7684 3.13 0.0160 467.3 779.6 2612 3117 5.104 722.3
175.0 0.6589 3.65 0.0137 545.2 909.5 26.93 3.117 5.194 779.8
200.0 0.5767 4.17 0.0120 623.1 1039.0 27.62 3.117 5.194 833.5
225.0 0.5127 4.69 0.0107 701.0 1169.0 28.24 3.117 5.193 883.8
250.0 0.4615 5.21 0.00960 779.0 1299.0 28.78 3.117 5.193 931.5
275.0 0.4196 5.73 0.00873 856.9 1429.0 29.28 3.116 5.193 976.8
300.0 0.3847 6.25 0.00800 934.8 1559.0 29.73 3.116 5.193 1020.0
350.0 0.3298 7.28 0.00686 1091.0 1818.0 30.53 3.116 5.193 1102.0
400.0 0.2886 8.32 0.00600 1246.0 2078.0 31.22 3.116 5.193 1178.0
450.0 0.2566 9.36 0.00533 1402.0 2338.0 31.84 3.116 5.193 1249.0
500.0 0.2309 10.4 0.00480 1558.0 2597.0 32.38 3.116 5.193 1316.0
600.0 0.1925 12.5 0.00400 1870.0 3117.0 33.33 3.116 5.193 1442.0
700.0 0.1650 11.6 0.00343 2181.0 3636.0 34.13 3.116 5.193 1557.0
800.0 0.1444 16.6 0.00300 2493.0 4155.0 34.82 3.116 5.193 1665.0
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Temper- Density Iso‘the{m Iso.cho-re Internal Enthalpy Entropy C, C, Velocity

ature kg/m? derivative derivative energy K/k Ki/kg K of sound
K & 105m3-Pajkg| 10°Pa/K ki/kg & ki/kg ‘K m/s
900.0 0.1283 18.7 0.00267 2804.0 4674.0 35.4 3.116 5.193 1766.0
1000.0 0.1155 20.8 0.00240 3116.0 5194.0 35.98 3.116 5.193 1861.0
1100.0 0.1050 22.9 0.00218 3428.0 5713.0 36.48 3.116 5.193 1952.0
1200.0 0.09626 24.9 0.00200 3739.0 6232.0 36.93 3.116 5.193 2038.0
1300.0 0.08886 27.0 0.00185 4051.0 6752.0 37.35 3.116 5.193 2122.0
1400.0 0.08251 29.1 0.00171 4362.0 7271.0 37.73 3.116 5.193 2202.0
1500.0 0.07701 31.2 0.00160 4674.0 7790.0 38.09 3.116 5.193 2279.0

2.5 X 10*5 pascal Isobar
2.154 151.1
2.5 149.8 0.561 2.64 -10.95 -9.287 2.007 1.798 1.936 245.7
3.0 146.8 0.482 3.55 -9.98 —8.288 2.375 1.888 2.253 239.7
3.5 142.5 0.386 4.01 -8.811 ~7.056 2.758 2.073 2.790 228.0
4.0 136.3 0.285 4.15 -7.338 -5.504 3.173 2.230 3.534 212.5
4.5 127.4 0.180 3.95 -5.415 —3.452 3.654 2.419 4.833 189.5
5.0 111.6 0.0701 3.29 -2.501 -0.2628 4.321 2.693 8.883 152.0
5.1 106.1 0.0482 3.05 -1.591 0.7641 4.523 2.775 11.50 141.4
5.2 97.72 0.0282 2.71 -0.3106 2.248 4.810 2.872 17.08 129.4
5.3 81.86 0.00701 2.15 1.994 5.048 5.342 3.038 54.98 112.6
5.4 51.05 0.00971 1.26 6.875 11.77 6.600 3.299 37.30 104.8
5.5 42.77 0.0187 1.04 8.618 14.46 7.095 3.288 20.65 108.4
5.6 38.40 0.0263 0.922 9.726 - 16.24 7.414 3.267 15.55 111.9
5.7 35.41 0.0330 0.843 10.60 17.65 7.665 3.247 13.04 115.1
5.8 33.15 0.0390 0.784 11.34 18.88 7.878 3.229 11.53 118.0
5.9 31.34 0.0446 0.736 12.00 19.98 8.066 3.214 10.51 120.8
6.0 29.82 -0.0498 0.696 12.61 20.99 8.236 3.200 9.775 123.3
6.5 24.65 0.0722 0.564 15.18 25.32 8.931 3.154 7.877 134.2
7.0 21.43 0.0910 0.485 17.37 29.03 9.481 3.130 7.062 143.3
7.5 19.14 0.108 0.429 19.38 32.44 9.95 3.1 18 6.609 151.2
8.0 17.38 0.124 0.387 21.28 35.67 10.37 3.112 6.321 158.4
8.5 15.96 0.138 0.354 23.12 38.78 10.75 3.109 6.124 165.0
9.0 14.79 0.152 0.326 24.90 41.80 11.09 3.108 5.981 171.2
9.5 13.80 0.166 0.303 26.65 44.76 11.41 3.108 5.873 177.1
10.0 12.95 0.179 0.284 28.38 47.68 11.71 3.109 5.788 182.6
11.0 11.56 0.205 0.252 31.75 53.37 12.25 3.111 5.671 193.1
12.0 10.46 0.229 0.227 35.08 58.98 12.74 3.113 5.590 202.8
13.0 9.562 0.253 0.207 38.37 64.52 13.19 3.115 5.529 212.0
14.0 8.812 0.277 0.191 41.64 70.01 13.59 3.117 5.483 220.6
15.0 8.176 0.300 0.176 44.88 75.46 13.97 3.119 5.446 228.9
!

16.0 7.630 0.323 0.164 48.12 80.89 14.32 3.120 5.414 236.7
17.0 7.155 0.346 0.154 51.34 86.29 14.65 3.121 5.387 2443
18.0 6.738 0.368 0.144 54.56 91.66 14.95 3.121 5.366 251.6
19.0 6.368 0.391 0.136 57.76 97.02 15.24 3.122 5.347 258.6
20.0 6.038 0.413 0.129 60.95 102.4 15.52 3.122 5.332 265.5
21.0 5.741 0.435 0.122 64.14 107.7 15.78 3.122 5.319 272.1
22.0 5.473 0.457 0.117 67.32 113.0 16.02 3.122 5.307 278.6
23.0 5.230 0.478 0.111 70.49 118.3 16.26 3.122 5.297 284.9
24.0 5.007 0.500 0.106 73.66 123.6 16.49 3.122 5.288 291.0
25.0 4.803 0.522 0.102 76.83 128.9 16.70 3.122 5.281 297.0
26.0 4.616 0.543 0.0979 79.99 134.2 16.91 3.122 5.274 302.9
28.0 4,282 0.586 0.0906 86.30 144.7 17.30 3.122 5.262 314.3
30.0 3.994 0.629 0.0844 92.60 155.2 17.66 3.122 5.253 325.3
32.0 3.742 0.671 0.0790 98.90 165.7 18.00 3.122 5.246 335.9
34.0 3.521 0.714 0.0742 105.2 176.2 18.32 3.121 5.239 346.1
36.0 3.325 0.756 0.0700 111.5 186.7 18.62 3.121 5.234 356.1
38.0 3.149 0.798 0.0663 117.7 197.1 18.90 3.121 5.230 365.7
40.0 2,992 0.840 0.0629 124.0 207.6 19.17 3.121 5.226 375.1
45.0 2.659 0.945 0.0558 139.7 233.7 19.78 3.120 5.219 397.6
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Thermodynamic properties of helium 4—Continued

Temper- Density Iso'ther.m Isof:ho.re Internal Enthalpy Entropy C. C, Velocity

ature keg/m® derivative derivative - energy ki/kg Ki/ke K of sound
K 105m3-Pajkg| 105 Pa/K kl/kg ki/kg ‘K m/s
50.0 2.394 1.05 0.0502 155.3 259.8 20.33 3.120 5.213 - 418.9
55.0 2.176 1.15 0.0456 171.0 285.8 20.83 3.119 5.209 439.1
60.0 1.996 1.26 0.0418 - 186.6 311.9 21.28 3.119 5.207 458.5
65.0 1.842 1.36 0.0385 202.2 337.9 21.70 3.119 5.204 477.0
70.0 1.711 1.47 0.0358 217.8 363.9 22.08" 3.119 5.203 494.8
75.0 1.597 1.57 .0.0334 233.4 389.9 22.44 3.118 5.201 512.0
80.0 1.498 1.68 0.0313 249.0 415.9 22.78 3.118 5.200 528.7
90.0 1.332 1.88 0.0278 280.2 467.9 - 23.39 3.118 5.198 560.5
100.0 1.199 2.09 0.0250 311.4 519.9 23.94 3.118 5.197 590.5
125.0 0.9600 2.61 0.0200 389.4 649.8 25.10 3.117 5.195 659.7
150.0 0.8004 3.13 0.0167 467.3 779.7 26.05 3.117 5.194 722.3
175.0 0.6863 3.65 0.0143 545.2 909.5 26.85 3.117 5.194 779.9
200.0 0.6007 4.17 0.0125 623.1 1039.0 27.54 3.117 5.194 833.5
225.0 0.5340 4.69 0.0111 701.0 1169.0 28.15 3.117 5.193 883.9
250.0 0.4807 5.21 0.0100 779.0 1299.0 28.70 3.117 5.193 931.5
275.0 0.4371 5.73 0.00909 856.9 1429.0 29.19 3.116 5.193 976.9
300.0 0.4007 6.25 0.00833 934.8 1559.0 29.65 3.116 5.193 1020.0
350.0 0.3435 7.28 0.00714 1091.0 ’ 1818.0 30.45 3.116 5.193 1102.0
400.0 0.3006 8.32 0.00625 1246.0 2078.0 31.14 3.116 5.193 1178.0
450.0 0.2672 9.36 0.00555 1402.0 2338.0 31.75 3.116 5.193 1249.0
500.0 0.2405 10.4 0.00500 1338.0 2597.0 32.30 3.116 35.193 1316.0
600.0 0.2005 12.5 0.00417 1870.0 3117.0 33.25 3.116 5.193 1442.0
700.0 0.1719 14.6 0.00357 2181.0 3636.0 34.05 3.116 5.193 1557.0
800.0 0.1504 16.6 0.00312 2493.0 4155.0 34.74 3.116 5.193 1665.0
900.0 0.1337 18.7 ’ 0.00278 2804.0 4674.0 35.35 3.116 5.193 1766.0
1000.0 0.1203 20.8 0.00250 3116.0 5194.0 35.90 3.116 5.193 1861.0
1100.0 0.1094 22.9 0.00227 3428.0 5713.0 36.39 3.116 5.193 1952.0
1200.0 0.1003 249 0.00208 3739.0 6232.0 36.84 3.116 5.193 2038.0
1300.0 0.09256 27.0 0.00192 4051.0 6752.0 37.26 3.116 5.193 2122.0
1400.0 0.08595 29.1 0.00179 4362.0 7271.0 37.65 3.116 5.193 2202.0
1500.0 . 0.08022 31.2 0.00167 4674.0 7790.0 38.00 3.116 5.193 2279.0

2.6 X 10*5 pascal Isobar
2.153 151.2

2.5 150.0 0.566 2.64 -10.95 -9.228 2.004 1.793 1.930 246.7
3.0 147.1 0.487 ) 3.56 -9.99 -8.233 2.371 1.887 2.247 240.8
3.5 142.7 0.392 4.02 -8.828 T ~7.006 2752 2.071 2.779 229.3
4.0 136.6 0.291 4.17 -7.365 —5.463 3.165 2.228 3.510 214.0
4.5 127.9 0.186 3.98 -5.4065 -3.432 3.641 2.413 4,763 191.5
5.0 112.9 0.0776 3.35 ~2.638 —0.3356 4.289 2.681 8.356 155.5
5.1 107.8 0.0563 3.13 -1.791 0.6191 4.476 2.757 10.38 145.7
5.2 100.7 0.0373 2.84 -0.6756 -1.905 4.724 2.837 13.92 135.2
5.3 90.61 0.0172 2.45 0.6603 3.730 5.072 2.923 25.39 122.4
5.4 64.91 0.00580 1.65 4.695 8.701 5.999 3.229 63.10 106.5
5.5 49.03 0.0136 1.21 7.541 12.84 6.760 3.284 27.80 107.4
5.6 42.59 0.0216 1.03 8.978 15.08 7.164 3.272 18.58 110.7
5.7 38.67 .0.0286 0.929 10.00 - 16.73 7.455 3.253 14.75 113.9
5.8 35.86 0.0350 3.854 10.84 18.09 7.692 3.235 12.65 116.9
5.9 33.68 0.0408 0.797 11.56 19.28 7.896 3.220 11.31 119.7
6.0 31.90 0.0462 0.750 12.21 20.36 8.078 3.205 10.38 122.4
6.5 26.06 0.0694 0.600 14.91 24.88 8.803 3.157 8.116 133.6
7.0 22.55 0.0887 0.512 17.15 28.69 9.367 3.132 7.196 142.8
7.5 20.07 0.106 0.451 19.20 32.15 9.845 3.118 6.698 150.8
8.0 18.19 0.122 0.406 21.12 35.41 10.27 3.112 6.386 158.1
8.5 16.69 0.137 0.371 22,97 38.55 10.65 3.109 6.174 164.8
9.0 15.45 0.151 0.342 24.77 41.60 10.99 3.108 6.021 171.0
9.5 14.41 0.165 0.317 26.53 44.58 11.32 3.108 5.905 176.9
10.0 13.51 . 0.178 0.297 28.27 47.51 11.62 3.109 5.816 182.5
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Thermodynamic properties of helium 4-Continued

ROBERT D. McCARTY

Temper- Density Iso'thelrm Iso.cho.re Internal Enthalpy Entropy C, C, Velocity

ature ke/m® derivative derivative energy ki/ke kl/kg -K of sound
K 105m?-Pafkg 105 Pa/K kl/kg kl/kg 'K m/s
11.0 12.05 0.204 0.264 31.65 53.22 12.16 3.110 5.692 193.0
12.0 10.90 0.228 0.237 34.99 58.84 12.65 3.113 5.607 202.8
13.0 9.96 0.253 0.216 38.29 64.40 13.10 3.115 5.544 212.0
14.0 9.174 0.276 0.199 41.56 69.90 13.51 3.117 5.495 220.7
15.0 8.510 0.300 0.184 44.81 75.36 13.88 3.119 5.456 228.9
16.0 7.940 0.323 0.171 48.05 80.80 14.23 3.120 5.423 236.8
17.0 7.444 0.346 0.160 51.28 86.21 14.56 3.121 5.395 244.4
18.0 7.009 0.368 0.150 54.50 91.59 14.87 3.122 5.373 251.7
19.0 6.624 0.390 0.142 57.70 96.95 15.16 3.122 5.354 258.7
20.0 6.280 0.413 0.134 60.90 102.3 15.43 3.122 5.337 265.6
21.0 5.971 0.435 0.127 64.09 107.6 15.69 3.122 5.324 272.2
22.0 5.692 0.457 0.121 67.27 112.9 15.94 3.123 5.312 278.7
23.0 5.439 0.478 0.116 70.45 118.3 16.18 3.123 5.301 '285.0
24.0 5.207 0.500 0.111 73.62 123.5 16.40 3.123 5.292 291.1
25.0 4.995 0.522 0.106 76.79 128.8 16.62 3.123 5.284 297.1
26.0 4.800 0.543 0.102 79.95 134.1 16.82 3.122 5.277 303.0
28.0 4.452 0.586 0.0943 06.27 144.7 17.22 3.122 5.265 3114.14
30.0 4.153 0.629 0.0878 92.57 155.2 17.58 3.122 5.256 325.4
32.0 3.891 0.672 0.0822 98.87 165.7 17.92 3.122 5.248 336.0
34.0 3.661 0.714 0.0772 105.2 176.2 18.24 3.122 5.241 346.2
36.0 3.457 0.756 0.0729 111.4 186 & 18.53 3.121 5.236 356.2
38.0 3.275 0.799 0.0690 117.7 197.7 18.82 3.121 5.231 365.8
40.0 3.111 0.841 0.0655 124.0 207.6 19.09 3.121 5.227 375.2
45.0 2.765 0.946 0.0581 139.7 233.7 19.70 3.120 5.220 397.8
50.0 2.489 1.05 0.0522 155.3 259.8 20.25 3.120 5.214 419.0
55.0 2.263 1.16 0.0474 170.9 © 285.8 20.75 3.119 5.210 439.2
60.0 2.075 1.26 0.0434 186.6 311.9 21.20 3.119 5.207 458.6
65.0 1.916 1.36 0.0401 202.2 337.9° 21.62 3.119 5.205 477.1
70.0 1.779 1.47 0.0372 217.8 363.9 22.00 3.119 5.203 494.9
75.0 1.661 1.57 0.0347 233.4 389.9 22.36 3.118 5.201 512.1
80.0 1.558 1.68 0.0325 249.0 415.9 22.70 3.118 5.200 528.8
90.0 1.385 1.88 0.0289 280.2 467.9 23.31 3.118 5.199 560.5
100.0 1.247 2.09 0.0260 311.4 519.9 23.86 3.118 5.197 '590.6
125.0 0.998 2.61 0.0208 389.4 649.8 25.02 3.117 5.195 659.8
150.0 0.8323 3.13 0.0173 467.3 779.7 25.96 3.117 5.195 722.4
175.0 0.7137 3.65 0.0149 545.2 909.5 26.76 3.117 5.194 780.0
200.0 0.6246 4.17 0.0130 623.1 1039.0 27.46 3.117 5.194 833.6
225.0 0.5554 4.69 0.0116 701.0 1169.0 28.07 3.117 5.193 883.9
250.0 0.4999 5.21 0.0104 779.0 1299.0 28.62 3.117 5.193 931.6
275.0 0.4545 5.73 0.00945 856.9 1429.0 29.11 3.117 5.193 976.9
300.0 0.4167 6.25 0.00867 934.8 1559.0 29.56 3.116 5.193 1020.0
350.0 0.3572 7.29 0.00743 1091.0 1818.0 30.36 3.116 5.193 1102.0
400.0 0.3126 8.32 0.00650 1246.0 2078.0 31.06 3.116 5.193 1178.0
450.0 0.2779 9.36 0.00578 1402.0 2338.0 31.67 3.110 5.193 1249.0
500.0 0.2502 10.4 0.00520 1558.0 2597.0 32.22 3.116 5.193 1316.0
600.0 0.2085 12.5 0.00433 1870.0 3117.0 33.16 3.116 5.193 1442.0
700.0 0.1787 14.6 0.00371 2181.0 3636.0 33.96 3.116 5.193 1557.0
800.0 0.1564 16.6 0.00325 2493.0 4155.0 34.66 3.116 5.103 1665.0
900.0 0.1390 18.7 0.00289 2804.0 4674.0 35.27 3.116 5.193 1766.0
1000.0 0.1251 20.8 0.00260 3116.0 5194.0 35.82 3.116 5.193 1861.0
1100.0 0.1138 229 0.00236 3428.0 5713.0 36.31 3.116 5.193 1952.0
1200.0 0.1043 24.9 0.00217 3739.0 6232.0 36.76 3.116 5.193 2038.0
1300.0 0.09626 27.0 0.00200 4051.0 6752.0 37.18 3.116 5.193 2122.0
1400.0 0.08939 29.1 0.00186 4362.0 7271.0 37.56 3.116 5.193 2202.0
1500.0 0.08343 31.2 0.00173 4674.0 7790.0 37.92 3.116 5.193 2279.0

2.8 X 10*® pascal Isobar
* 2,151 151.6
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Thermodynamic properties of helium 4—Continued

Temper- Density Iso.thel"m Isolcho.re Internal Enthalpy Entropy C. C, Velocity

ature kg/m? derivative derivative energy Ki/kg W/ke K of sound
K & 10°m3-Pajkg| 105Pa/K Ki/keg kJ/ke K mls
2.5 150.4 0.576 2.63 -10.96 -9.110 1.998 1.784 1.917 248.7
3.0 147.5 0.497 3.56 -10.01 -8.123 2.363 1.884 2.235 242.9
3.5 143.2 0.403 4.04 —-8.860 —6.905 2.741 2.068 2.759 231.7
4.0 137.3 0.302 4.21 -7.418 -5.379 3.149 2.223 3.465 217.0
4.5 128.9 0.198 4.04 -5.560 -3.388 3.617 2.406 4.635 195.4
5.0 115.0 0.0921 3.46 -2.878 —0.4445 4.232 2.660 7.575 161.9
5.1 110.7 0.0716 3.27 -2.121 0.4076 4.399 2.727 8.936 153.2
5.2 105.1 0.0538 3.03 -1.194 1.468 4.603 2.788 10.84 144.6
5.3 98.51 0.0351 2.76 -0.1230 2.719 4.841 2.827 14.70 135.1
5.4 88.20 0.0172 2.38 1.462 4.637 5.199 2.941 25.70 122.7
8.5 68.98 0.00865 1.77 4.415 8.475 5.903 3.178 45.12 110.8
5.6 54.34 0.0137 1.36 6.991 12.14 6.565 3.252 28.73 109.9
5.7 46.92 0.0205 1.15 8.553 14.52 6.985 3.254 19.98 112.3
5.8 42.34 0.0272 1.03 9.674 16.29 7.293 3.242 15.79 115.1
5.9 39.09 0.0334 0.940 10.58 17.74 7.541 3.228 13.43 117.9
6.0 36.59 0.0393 0.873 11.35 19.00 7.753 3.214 11.91 120.6
6.5 29.06 0.0639 0.676 14.34 23.97 8.551 3.162 8.659 132.3
7.0 24.86 0.0842 0.569 16.71 27.97 9.144 3.134 7.48Y 141.8
7.5 22.00 0.102 0.498 18.82 31.55 9.638 3.120 6.887 150.1
8.0 19.86 0.118 0.446 20.80 34.90 10.07 3.112 6.521 157.5
8.5 18.17 0.134 0.406 22.68 38.00 10.46° 3.100 6.276 164 3
9.0 16.79 0.148 0.373 24.51 41.18 10.81 3.107 6.102 170.7
9.5 15.63 0.162 0.346 26.29 44.20 11.14 3.107 5.972 176.6
10.0 14.64 0.176 0.323 28.04 47.16 11.44 3.108 5.872 182.3
11.0 13.04 0.202 0.286 31.45 52.92 11.99 3.110 5.735 192.9
12.0 11.78 0.227 0.257 34.80 58.58 12.48 3.113 5.641 202.7
13.0 10.75 0.251 0.234 38.12 64.16 12.93 3.115 5.572 212.0
14.0 9.899 0.275 0.215 41.40 69.69 13.34 3.117 5.519 220.7
15.0 9.178 0.299 0.199 44.66 75.17 13.72 3.119 5.477 229.0
16.0 8.560 0.322 0.185 47.92 80.63 14.07 3.120 5.441 236.9
17.0 8.023 0.345 0.173 51.15 86.05 14.40 3.121 5.411 244.5
18.0 7.553 0.368 0.162 54.38 91.45 14.71 3.122 5.387 251.8
19.0 7.136 0.390 0.153 57.59 96.83 15.00 3.122 5.366 258.9
20.0 6.765 0.412 0.145 60.79 102.2 15.27 3.123 5.349 265.8
21.0 6.431 0.435 0.138 63.99 107.5 15.53 3.123 5.334 272.4
22.0 6.130 0.457 0.131 67.18 112.9 15.78 3.123 5.321 278.9
23.0 5.857 0.478 0.125 70.36 118.2 16.02 3.123 5.310 285.2
24.0 5.607 0.500 0.119 73.53 123.5 16.24 3.123 5.300 291.3
25.0 5.378 0.522 0.114 76.71 128.8 16.46 3.123 5.291 297.4
26.0 - 5.168 0.544 0.110 79.87 134.1 16.67 3.123 5.284 303.2
28.0 4.793 0.587 0.102 86.20 144.6 17.06 3.123 5.271 314.6
30.0 4.47] 0.630 0.0947 92.51 155.1 17.42 3.123 5.260 325.6
32.0 4.189 0.672 0.0886 - 98.81 165.7 17.76 3.122 5.252 336.2
34.0 3.941 0.715 0.0833 105.1 176.1 18.08 3.122 5.245 346.5
30.0 3.721 0.757 0.0785 111.4 186.6 18.38 - 3.122 5.239 356.4
38.0 3.525 0.799 0.0743 17.7 197.1 | 18.66 3.121 5.234 366.1
40.0 3.348 0.842 0.0705 123.9 207.6 18.93 3.121 5.230 375.5
45.0 2.976 0.947 0.0626 130.6 233.7 10.55 32.121 5.222 308.0
50.0 2.679 1.05 0.0562 155.3 259.8 20.10 3.120 5.216 419.3
55.0 2,436 1.16 0.0511 170.9 285.9 20.59 3.120 5.211 439.5
60.0 2.234 1.26 0.0468 186.5 311.9 21.05 3.119 5.208 458.8
65.0 2.062 1.37 0.0432 202.2 337.9 21.46 3.119 5.206 477.3
70.0 1.915 1.47 0.0401 217.8 364.0 21.85 3.119 5.204 495.1
75.0 1.788 1.57 0.0374 233.4 390.0 22.21 3.119 5.202 512.3
80.0 1.677 1.68 0.0350 249.0 416.0 22.54 3.118 5.201 528.9
90.0 1.491 1.89 0.0311 280.2 468.0 23.16 3.118 5.199 560.7
100.0 1.343 2.09 0.0280 311.4 520.0 23.70 3.118 5.198 590.8
125.0 1.075 2.61 0.0224 389.4 649.9 24.86 3.117 5.196 660.0
150.0 0.8961 3.13 0.0187 467.3 779.7 25.81 3.117 5.195 722.5
175.0 0.7684 3.65 0.0160 545.2 909.6 26.61 3.117 5.194 780.1
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Thermodynamic properties of helium 4—Continued

_ Temper- Density Isolthel.'m Iso.chohre Internal Enthalpy Entropy C, C, Velocity

ature ke/m? derivative derivative: energy Ki/ke Kifkg ‘K of sound
K 10°m3-Pajkg| 105 Pa/K k/kg kifkg K mfs
200.0 0.6726 4.17 0.0140 623.1 1039.0 27.30 3.117 5.194 833.7
225.0 0.5980 4.69 0.0124 701.1 1169.0 27.92 3.117 5.193 884.1
250.0 0.5383 5.21 0.0112 779.0 1299.0 28.46 3.117 5.193 931.7
275.0 0.4894 . 5.73 0.0102 856.9 1429.0 28.96 3.117 5.193 977.0
300.0 0.4487 6.25 0.00933 934.8 1559.0 29.41 3.117 5.193 1020.0
350.0 0.3847 7.29 0.00800 1091.0 1818.0 30.21 3.116 5.193 1102.0
400.0 0.3367 8.33 0.00700 1246.0 2078.0 30.90 3.116 5.193 1178.0
450.0 0.2993 9.36 0.00622 1402.0 2338.0 31.52 3.116 5.193 1249.0
500.0 0.2694 10.4 0.00560 1558.0 2597.0 32.06 3.116 5.193 1316.0
600.0 0.2245 12.5 0.00467 1870.0 3117.0 33.01 3.116 5.193 1442.0
700.0 0.1925 14.6 0.00400 2181.0 3636.0 33.81 3.116 5.193 1557.0
800.0 0.1684 16.6 0.00350 2493.0 4155.0 34.50 3.116 5.193 1665.0
900.0 0.1497 18.7 0.00311 2804.0 4675.0 35.12 3.116 5.193  '1766.0
1000.0 0.1348 20.8 0.00280 3116.0 5194.0 ) 35.66 3.116 5.193 1861.0
1100.0 0.1225 22.9 0.00255 3428.0 5713.0 36.16 3.116 5.193 1952.0
1200.0 0.1123 24.9 0.00233 3739.0 6232.0 36.61 3.116 5.193 2039.0
1300.0 0.1037 27.0 0.00215 4051.0 6752.0 37.02 3.116 5.193 2122.0
1400.0 0.09626 29.1 0.00200 4362.0 7271.0 37.41 3.116 5.193 © 2202.0
1500.0 0.08985 31.2 0.00187 4674.0 7790.0 37.717 3.116 5.193 2279.0

3.0 X 10*5 pascal Isobar ,
« 2,149 151.9 '

2.5 150.8 0.585 2.63 -10.97 -8.992 1.992 1.775 1.905 250.6
3.0 147.9 0.508 3.56 -10.03 -8.012 2.354 1.881 2.224 245.0
3.5 143.7 0.413 4.06 —-8.891 —6.804 2.730 2.064 2.739 234.1
4.0 138.0 0.313 4.24 —7.468 -5.294 3.134 2.218 3.423 219.9
4.5 129.8 0.210 4.09 —5.648 -3.337 3.594 2.398 4.524 199.2
5.0 116.9 0.106 3.56 -3.083 -0.5175 4.183 2.643 7.018 167.7
5.1 113.1 0.0861 3.39 -2.388 0.2642 4.336 2.703 8.023 159.8
5.2 108.4 0.0690 3.19 -1.572 1.195 4.515 2.754 9.265 152.4
5.3 103.2 0.0510 2.97 —0.6902 2.217 4.709 2.773 11.35 144.5
5.4 96.39 0.0334 2.69 0.4224 3.535 4.955 2.841 15.45 134.7
5.5 86.22 0.0182 2.32 2.015 5.495 5.315 2.955 24.82 123.7
5.6 70.92 0.0119 1.84 4.447 8.677 5.888 3.141 34.83 114.6
5.7 58.40 0.0153 1.47 6.664 11.80 6.441 3.219 26.93 113.1
5.8 50.77 0.0209 1.26 8.227 14.14 6.847 3.232 20.31 114.6
5.9 45.77 0.0269 1.12 9.399 15.95 7.158 3.227 16.39 116.9
6.0 42.17 0.0328 1.02 10.35 17.46 7.412 3.217 13.98 119.4
6.5 32.33 0.0585 0.760 13.73 ©23.01 8.301 3.167 9.301 131.1
7.0 27.30 0.0797 0.630 16.24 27.23 8.929 3.137 7.816 140.9
7.5 23.99 0.0982 0.547 18.44 30.94 9.441 3.121 7.091 149.4
8.0 21.57 0.115 0.487 20.46 34.37 9.884 3.112 6.663 157.0
8.5 19.68 0.131 0.442 22.39 37.63 10.28 3.108 6.383 163.9
9.0 18.15 0.146 0.405 24.24 40.77 10.64 3.107 6.186 170.3
9.5 16.87 0.160 0.375 26.04 43.82 10.97 3.107 6.041 176.3
10.0 15.79 0.174 0.350 27.81 46.81 11.27 3.108 5.020 182.1
11.0 14.04 0.200 0.309 31.25 52.62 11.83 3.109 5.779 192.8
12.0 12.66 0.225 0.278 34.62 58.31 12.33 3.112 5.676 202.7
13.0 11.55 0.250 0.253 37.95 63.92 12.77 3.115 5.601 212.0
14.0 10.63 0.274 0.232 41.24 69.47 13.19 3.117 5.544 220.8
15.0 9.849 0.298 0.214 44.52 74.98 13.57 3.119 5.499 229.1
16.0 9.182 0.321 . 0.199 47.78 80.46 13.92 3.121 5.459 237.1
17.0 8.604 0.344 0.186 51.03- 85.90 14.25 3.122 5.427 244.7
18.0 8.097 0.367 ©0.175 54.26 91.31 14.56 3.122 5.401 252.0
19.0 7.649 0.390 0.165 57.48 96.70 14.85 3.123 5.379 1 259.1
20.0 7.250 0.412 0.156 60.69 102.1 15.13 3.123 5.360 266.0
21.0 6.892 0.434 0.148 63.89 107.4 15.39 3.123 5.344 272.6
22.0 6.568 0.457 0.141 67.08 112.8 15.63 3.124 5.330 279.1
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Thermodynamic properties of helium 4—Continued

995

Temper- Density Isofhex:m ‘ Iso.chohre Internal Enthalpy Entropy C. C, Velocity

ature kg/m? derivative derivative energy Ki/ke K/kg K of sound
K € 105m3-Pajkg| 105 Pa/K ki/kg kl/ke K m/s
23.0 6.275 0.479 0.134 70.27 118.1 15.87 3.124 5.318 285.4
24.0 6.007 0.500 0.128 73.45 123.4 16.10 3.124 5.307 291.6
25.0 5.761 0.522 0.123 76.62 128.7 16.31 3.124 5.298 297.6
26.0 5.536 0.544 0.118 79.80 134.0 16.52 3.123 5.290 303.5
28.0 5.134 0.587 0.109 86.13 144.6 16.91 3.123 5.276 314.9
30.0 4.788 0.630 0.102 92.44 155.1 17.28 3.123 5.265 325.9
32.0 4.486 0.673 0.0950 98.75 165.6 17.62 3.123 5.256 336.5
34.0 4.221 0.715 0.0893 105.0 176.1 17.93 3.122 5.249 346.7
36.0 3.985 0.758 0.0842 111.3 186.6 18.23 3.122 5.242 356.7
38.0 3.775 0.800 0.0797 117.6 197.1 18.52 3.122 5.237 366.3
40.0 3.586 0.842 0.0756 123.9 207.6 18.79 3.122 5.232 375.7
45.0 3.187 0.948 0.0671 139.6 233.7 10.40 3.121 5.224 308 2
50.0 2.869 1.05 0.0603 155.2 259.8 19.95 3.120 5.217 419.5
55.0 2.609 1.16 0.0547 170.9 285.9 20.45 3.120 5.213 439.7
60.0 2.392 1.26 0.0501 186.5 311.9 20.90 3.120 5.209 459.0
65.0 2.209 1.37 0.0463 202.1 338.0 21.32 3.119 5.207 477.5
70.0 2.052 1.47 0.0429 217.8 364.0 21.71 3.119 5.204 495.3
75.0 1.915 1.57 0.0401 233.4 390.0 22.06 3.119 5.203 512.5
80.0 1.796 1.68 0.0375 249.0 416.0 22.40 3.119 5.201 529.1
90.0 1.597 1.89 0.0334 280.2 . 468.0 23.01 3.118 5.199 560.9
100.0 1.438 2.10 0.0300 311.4 520.0 23.56 3.118 5.198 591.0
125.0 1.151 2.61 0.0240 389.4 649.9 24.72 3.118 5.196 660.1
150.0 0.9600 3.13 0.0200 467.3 779.8 25.67 3.117 5.195 722.7
175.0 0.8232 3.65 0.0171 545.2 909.7 26.47 3.117 5.194 780.2
200.0 0.7205 4.17 0.0150 623.1 1040.0 27.16 3.117 .5.194 833.8
225.0 0.6406 4.69 0.0133 701.1 1169.0 27.77 3.117 5.194 884.2
250.0 0.5767 5.21 0.0120 779.0 1299.0 28.32 3.117 5.193 931.8
275.0 0.5243 5.73 0.0109 856.9 1429.0 28.82 3.117 5.193 977.1
300.0 0.4807 6.25 0.0100 934.8 1559.0 29.27 3.117 5.193 1020.0
350.0 0.4121 7.29 0.00857 1091.0 1818.0 30.07 3.116 5.193 1102.0
400.0 0.3607 8.33 0.00750 1246.0 2078.0 30.76 3.116 5.193 1178.0
450.0 0.3207 9.36 0.00667 1402.0 2338.0 31.37 3.116 5.193 1249.0
500.0 0.2886 10.4 0.00600 1558.0 2597.0 31.92 3.116 5.193 1317.0
600.0 0.2406 12.5 0.00500 1870.0 3117.0 32.87 3.116 5.193 1442.0
700.0 0.2062 14.6 0.00429 2181.0 3636.0 33.67 3.116 5.193 1557.0
800.0 0.1804 16.6 0.00375 2493.0 4155.0 34.36 3.116 5.193 1665.0
900.0 0.1604 18.7 0.00333 2804.0 4675.0 34.97 3.116 5.193 1766.0
1000.0 0.1444 20.8 0.00300 3116.0 5194.0 35.52 3.116 5.193 1861.0
1100.0 0.1313 22,9 0.00273 3428.0 5713.0 36.01 3.116 5.193 1952.0
1200.0 0.1203 24.9 0.00250 3739.0 6232.0 36.47 3.116 5.193 2039.0
1300.0 0.1111 27.0 0.00231 4051.0 6752.0 36.88 3.116 5.193 2122.0
1400.0 0.1031 29.1 0.00214 4362.0 7271.0 31.27 3.116 5.193 2202.0
1500.0 0.096_26 31.2 © 0.00200 4674.0 7790.0 37.62 3.116 5193 2279.0

3.5 X 10*5 pascal Isebar
2.143 152.7

2.5 151.6 0.610 2.61 ~11.00 —8.698 1.977 1.753 1.874 255.3
3.0 148.9 0.532 3.57 -10.08 -7.735 2.334 1.873 2.198 249.9
3.5 144.9 0.439 4.10 -8.963 —6.548 2.704 2.055 2.692 239.8
4.0 139.5 0.341 4.31 —7.584 -5.075 3.099 2.206 3.330 226.7
4.5 132.0 0.240 4.21 ~5.845 -3.193 3.541 2.381 4.295 207.9
5.0 120.8 0.138 3.77 —3.496 -0.5991 4.082 2.608 6.121 180.2
5.1 117.7 0.120 3.63 -2.899 0.07317 4.214 2.660 6.714 173.8
5.2 114.2 0.104 3.48 -2.233 0.8314 4,358 2.696 7.340 168.1
5.3 110.6 0.0866 3.31 —1.558 1.606 4.506 2.696 8.190 162.2
5.4 106.5 0.0697 3.13 -0.8029 2.485 4.670 2.729 9.441 155.2
5.5 101.5 0.0536 2.92 0.07009 3.518 4.860 2.774 11.29 147.7
5.6 95.36 0.0390 2.68 1.119 4.789 5.089 2.835 14.18 139.6
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Temper- Density Iso.ther_m Iso.cho.re Internal Enthalpy Entropy C. C, Velocity

ature ke/m? derivative derivative energy K/kg K/ke K of sound
K 10°m3-Pajkg| 105Pa/K ki/kg kl/kg K m/s
5.7 87.50 0.0273 2.39 2.432 6.431 5.379 2.920 18.52 131.6
5.8 77.87 0.0209 2.07 4.059 8.554 5.748 3.029 22.64 125.0
5.9 68.30 0.0208 1.78 5.776 10.90 6.150 3.129 22.34 121.9
6.0 60.78 0.0237 1.55 7.245 13.00 6.503 3.166 19.67 121.4
6.5 41.92 0.0467 1.02 11.99 20.34 7.682 3.170 11.35 129.3
7.0 34.04 0.0692 0.804 14.99 25.27 8.414 3.141 8.789 139.1
7.5 29.34 0.0890 0.682 17.42 29.35 8.978 3.123 7.671 147.9
8.0 26.08 0.107 0.599 19.60 33.02 9.451 3.113 7.057 155.7
8.5 23.61 0.124 0.538 21.62 36.45 9.867 3.108 6.672 162.9
9.0 21.66 0.139 0.490 23.55 39.71 10.24 3.106 6.410 169.5
9.5 20.06 0.154 0.451 25.42 42.87 10.58 3.106 6.221 175.7
10.0 18.71 0.169 0.419 27.24 45.94 10.90 3.106 6.078 181.6
11.0 16.56 0.196 0.368 30.74 ol.87 11.46 3.108 9.890 192.0
12.0 14.90 0.222 0.330 34.16 57.65 11.97 3.111 5.764 202.6
13.0 13.56 0.247 0.299 37.52 63.33 12.42 3.114 5.674 212.1
14.0 12.46 0.272 0.274 40.85 68.94 12.84 3.117 5.605 221.0
16.0 11.53 0.296 0.253 44.15 74.50 13.22 3.120 5.552 229.4
16.0 10.74 0.320 0.234 47.44 80.03 13.58 3.121 5.505 237.4
17.0 10.06 0.343 0.219 50.71 85.51 13.91 3.123 5.467 245.1
18.0 9.460 0.366 0.205 53.97 90.96 14.22 3.123 5.436 252.5
19.0 8.933 0.389 0.193 57.20 96.38 14.52 3.124 5.410 259.6
20.0 8.464 0.412 0.183 60.43 101.8 14.79 3.124 5.388 266.5
21.0 8.043 0.434 0.173 63.64 107.2 15.05 3.125 5.369 273.1
22.0 7.663 0.457 0.165 66.85 112.5 15.30 3.125 5.353 279.6
23.0 7.319 0.479 0.157 70.05 117.9 15.54 3.125 5.339 286.0
24.0 7.006 0.501 0.150 73.24 123.2 15.77 3.125 5.326 292.1
25.0 6.718 0.523 0.144 76.42 128.5 15.99 3.125 5.316 298.2
26.0 6.454 0.545 0.138 79.60 133.8 16.19 3.125 5.306 304.1
28.0 5.985 0.588 0.128 85.95 144.4 16.59 3.124 5.290 315.5
30.0 5.581 0.631 0.119 92.28 155.0 16.95 3.124 5.277 326.5
32.0 5.229 0.674 0.111 98.60 165.5 17.29 3.124 5.266 337.1
34.0 4.919 0.717 0.104 104.9 176.1 17.61 3.123 5.258 347.3
36.0 4.645 0.759 0.0984 111.2 186.6 17.91 3.123 5.250 357.3
38.0 4.399 - 0.802 0.0931 117.5 197.1 18.19 3.123 5.244 366.9
40.0 4.179 0.844 0.0883 123.8 207.5 18.46 3.123 5.239 376.3
45.0 3.715 0.950 0.0783 139.5 233.7 19.08 3.122 5.229 398.8
50.0 3.344 1.05 0.0704 155.2 259.8 19.63 3.121 5.221 420.1
55.0 3.041 1.16 0.0639 170.8 285.9 20.13 3.121 5.216 440.3
60.0 2.788 1.26 0.0585 186.5 312.0 20.58 3.120 5.212 459.5
65.0 2.574 1.37 0.0540 202.1 338.0 21.00 3.120 5.209 478.0
70.0 2.391 1.47 0.0501 217.7 364.1 21.38 3.120 5.206 495.8
75.0 2.232 1.58 0.0468 233.3 390.1 21.74 3.119 5.204 513.0
80.0 2.094 1.68 0.0438 248.9 416.1 22.08 3.119 5.203 529.6
90.0 1.862 1.89 0.0389 280.2 468.1 22.69 3.119 5.200 561.4
100.0 1.67¢ 2.10 0.0350 311.4 520.1 23.24 3.118 5.199 591.4
125.0 1.342 2.62 0.0280 389.3 650.1 24.40 3.118 5.196 660.5
150.0 1.119 3.14 0.0233 467.3 780.0 25.35 3.117 5.195 723.0
175.0 0.9600 3.66 0.0200 545.2 909.8 ©26.15 3.117 5.194 780.5
200.0 0.8403 4.18 0.0175 623.1 1040.0 26.84 3.117 5.194 834.1
225.0 0.7472 4.70 0.0156 701.1 1170.0 27.45 3.117 5.194 884.4
250.0 0.6726 5.21 0.0140 779.0 1299.0 28.00 3.117 5.193 932.0
275.0 0.6116 5.73 0.0127 856.9 1429.0 28.49 3.117 5.193 977.3
300.0 0.5607 6.25 0.0117 934.8 1559.0 28.95 3.117 5.193 1021.0
350.0 0.4807 7.29 0.0100 1091.0 1819.0 29.75 3.117 5.193 1102.0
400.0 0.4207 8.33 0.00875 1246.0 2078.0 30.44 3.116 5.193 1178.0
450.0 0.3740 9.37 0.00778 1402.0 2338.0 31.05 3.116 5.193 1249.0
500.0 0.3367 10.4 0.00700 1558.0 2598.0 31.60 3.116 5.193 1317.0
600.0 0.2806 12.5 0.00583 1870.0 3117.0 32.55 3.116 5.193 1442.0
' 700.0 0.2406 14.6 0.00500 2181.0 3636.0 33.35 3.116 5.193 1557.0
800.0 0.2105 16.6 0.00437 2493.0 4155.0 34.04 3.116 5.193 1665.0
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Thermodynamic properties of helium 4-Continued

3 Velocit:
Temper Density Iso-thel.'m Iso.cho_re Internal Enthalpy Entropy C. C, elocity
ature ke/m? derivative derivative energy Ki/ke K/ke K of sound
X 105m3-Pajkg| 105 Pa/K ki/kg kJ/kg ‘K m/s
900.0 0.1871 18.7 0.00389 2804.0 4675.0 34.65 3.116 5.193 1766.0
1000.0 0.1684 20.8 0.00350 3116.0 5194.0 35.20 3.116 5.193 1861.0
1100.0 0.1531 229 0.00318 3428.0 5713.0 35.69 3.116 . 5.193 1952.0
1200.0 0:1404 24.9 0.00292 3739.0 6233.0 36.15 3.116 - 5.193 2039.0
1300.0 0.1296 27.0 0.00269 ) 4051.0 6752.0 36.56 3.116 5.193 2122.0
1400.0 0.1203 29.1 0.00250 4362.0 7271.0 36.95 3.116 5.193 2202.0

1500.0 0.1123 31.2 0.00233 4674.0 7791.0 37.30 3.116 5.193 2279.0

4.0 X 10*> pascal Isobar

-2.138 153.5

2.5 152.5 0.633 2.50 -11.02 -8.403 1.964  1.732 1.846 259.7
3.0 149.8 0.557 3.58 -10.12 ~7.456 2.316  1.865 2.173 254.7
3.5 146.1 0.464 4.14 -9.028 —6.280 2.680  2.047 2.651 245.2
4.0 140.9 0.367 4.38 - -7.687 4848 3.066  2.194 3.250 233.1
4.5 133.9 0.268 " 4.32 -6.015 -3.027 3.494  2.365 4.116 215.8
5.0 123.9 U.169 3.94 —-3.819 —0.5911 4.002 2.581 3.975 190.9
5.1 1213 0.151 3.82 -3.281 0.01650 4121  2.628 5.992 185.3
5.2 118.4 0.135 ° 370 -2.694 0.6847 4.247 2,657 6.400 180.6
5.3 115.5 0.119 3.56 —2.114 1.349 4374 2.650 6.895 175.9
5.4 112.3 0.102 3.42 ~1.489 ~20m 4500 2671 7.564 170.2
5.5 108.8 0.0863 3.26 -0.8071 2.870 4656  2.699 8.426 164.1
5.6 1047 0.0712 3.09 ~0.04926 3.770 4.818  2.733 9.566 157.8
5.7 100.0 0.0572 2.89 0.8073 4.806 5001 2777 © 1110 151.2
5.8 94.51 0.0451 2.67 1.793 6.026 5214 2.832  13.13 144.6
5.9 88.05 0.0357 2.44 2.938 7.481 5462 2899  15.54 138.4
6.0 80.84 0.0302 2.19 4.235 9.183 5.749 2977  17.57 133.4
6.5 53.65 0.0399 1.35 9.98 17.43 7073 3.147  13.49 130.7
7.0 41.78 0.0607 1.01 13.59 23.16 7.923  3.138 9.931 138.6
7.5 35.24 0.0809 0.836 16.33 27.68 8.548  3.122 8.340 147.0
8.0 30.92 0.100 0.723 18.69 31.62 9.057  3.112 7.498 154.9
8.5 27.71 0.117 0.642 20.83 35.24 9.495  3.107 6.988 162.2
9.0 25.33 0.133 0.580 22.85 38.64 9.884  3.105 6.651 168.9
9.5 23.36 0.149 0.532 24.78 41.90 1024 3.104 6.412 175.2
10.0 21.72 0.164 0.491 26.65 45.06 10.56  3.105 6.235 181.2
11.0 19.15 0.191 0.430 30.22 51.11 1L14  3.107 6.004 192.4
12.0 17.17 0.218 0.384 33.69 56.98 11.65  3.110 5.853 202.6
13.0 15.60 0.244 0.347 37.10 62.74 12.11 3.114 5.747 212.2
14.0 14.31 0.269 0.317 40.46 68.41 12.53 3.117 5.667 221.2
15.0 13.23 0.294 0.292 43.78 74.02 12.92 2120 5.605 229.8
16.0 1231 0.318 0.271 47.10 79.60 13.28 3122 5.551 237.8
17.0 11.52 0.342 " 0.252 50.40 85.12 13.61 3.123 5.507 245.5
18.0 10.83 0.365 0.236 53.67 90.61 13.93  3.124 5.471 252.9
19.0 10.22 0.389 0.222 56.93 96.07 14.22 3125 5.441 260.1
20.0 9.678 0.411 0.210 60.17 101.5 1450  3.125 5.416 267.0
21.0 9.194 0.434 0.199 63.40 106.9 1477 3.12 5.394 273.7
22.0 - 8.758 0.457 0.189 66.62 112.3 1502 3.126 5.376 280.2
23.0 8.363 0.479 0.180 69.83 117.7 . 15.25° 3.126 5.360 286.5
24.0 8.004 0.501 0.172 73.03 123.0 1548  3.126 5.345 202.7
25.0 7.674 0.523 0.165 76.22 128.3 1570 3.126 5.333 298.8
26.0 7.872 0.545 0.158 79.41 133.7 15.91 3.126 5.322 304.7
28.0 6.835 0.580 0.146 85.78 144.3 1630 3.126 5.304 316.1
30.0 6.373 0.632 0.136 92.12 154.9 16.67  3.125 5.280 327.1
32.0 5.970 0.675 0.127 98.45 165.5 17.01 3.125 5.277 337.7
34.0 5.616 0.718 0.119 104.8 176.0 17.33 3125 5.267 347.9
36.0 5.302 0.761 0.113 1111 186.5 1763  3.124 5.258 357.9
38.0 5.022 0.804 0.107 - 117.4 197.0 17.91 3.124 5.251 367.5
40.0 4.770 0.846 0.101 123.7 207.5 1818  3.123 5.245 376.9
45.0 4.240 0.952 0.0896 139.4 233.7 18.80  3.123 5.234 399.4
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Temper- Density Iso.thel:m Iso.cho.re Internal Enthalpy Entropy C. C, Velocity

ature kg/m® derivative derivative energy Kilk K/kg K of sound
K 10°m?-Pajkg| 10°Pa/K kl/kg & & ki/kg ‘K m/s
50.0 3.817 1.06 0.0805 155.1 259.9 19.35 3.122 5.225 420.6
55.0 3.471 1.16 0.0731 170.7 286.0 19.85 3.121 5.219 440.8
60.0 3.183 1.27 0.0669 186.4 312.1 20.30 3.121 5.215 460.1
65.0 2.939 1.37 0.0617 202.0 338.1 20.72 3.121 5.211 478.6
70.0 2.730 1.48 0.0573 217.7 364.2 21.11 3.120 5.208 496.4
75.0 2.549 1.58 0.0534 233.3 390.2 21.47 3.120 5.206 513.5
80.0 2.391 1.68 0.0501 248.9 416.2 21.80 3.120 5.204 530.1
90.0 2.126 1.89 0.0445 280.1 468.3 22.41 3.119 5.201 561.8
100.0 1.915 2.10 0.0400 311.3 520.3 22.96 3.119 5.200 591.8
125.0 1.533 2.62 0.0320 389.3 650.2 24.12 3.118 5.197 660.9
150.0 1.279 3.14 0.0267 467.3 780.1 25.07 3.118 5.195 723.4
175.0 1.097 3.66 0.0229 545.2 910.0 25.87 3.117 5.194 780.9
200.0 0.9600 4.18 0.0200 623.2 1040.0 26.56 3.117 5.194 834.4
225.0 0.8536 4.70 0.0178 701.1 1170.0 27.18 3.117 5.194 884.7
250.0 0.7685 5.22 0.0160 779.0 1300.0 27.72 3.117 5.193 932.3
275.0 0.6988 5.74 0.0145 856.9 1429.0 28.22 3.117 5.193 977.6
300.0 0.6407 6.26 0.0133 934.8 1559.0 28.67 3.117 5.193 1021.0
350.0 0.5493 7.29 0.0114 1091.0 1819.0 29.47 3.117 5.193 1102.0
400.0 0.4807 8.33 0.0160 1246.0 2078.0 30.16 3.117 5.193 1178.0
450.0 0.4274 9.37 0.00889 1402.0 2338.0 30.78 3.117 5.193 1249.0
500.0 0.3847 10.4 0.00800 1558.0 2598.0 31.32 3.116 5.192 1317.0
600.0 0.3207 12.5 0.00667 1870.0 3117.0 32.27 3.116 5.193 1442.0
700.0 0.2749 14.6 0.00571 2181.0 3636.0 33.07 3.116 5.193 1558.0
800.0 0.2406 16.6 0.00500 2493.0 4156.0 33.76 3.116 5.193 1665.0
900.0 0.2138 18.7 0.00444 2804.0 4675.0 34.37 3.116 5.193 1766.0
1000.0 0.1925 20.8 0.00400 3116.0 5194.0 34.92 3.116 5.193 1861.0
1100.0 0.1750 229 0.00364 3428.0 5713.0 35.42 3.116 5.193 1952.0
1200.0 0.1604 24.9 0.00333 3739.0 6233.0 35.87 3.116 5.193 2039.0
1300.0 0.1481 27.0 0.00308 4051.0 6752.0 36.28 3.116 5.193 2122.0
1400.0 0.1375 29.1 0.00286 4362.0 7271.0 36.67 3.116 5.193 2202.0
1500.0 0.1283 31.2 0.00267 4674.0 7791.0 37.03 3.116 5.193 2279.0

5.0 X 10** pascal Isobar
* 2,127 155.0

2.5 154.0 0.678 2.55 -11.05 -7.813 1.938 1.692 1.793 268.1
3.0 151.6 0.604 3.59 -10.18 —-6.895 2.282 1.849 2.128 263.6
3.5 148.2 0.513 4.20 -9.139 -5.764 2.636 2.029 2.577 255.3
4.0 143.4 0.418 4.51 -7.863 -4.377 3.008 2.173 3.118 244.8
4.5 137.2 0.321 4.51 -0.297 —2.633 3.413 2.338 3.851 229.9
5.0 128.8 0.225 4.22 -4.310 —-0.4282 3.876 2.539 4.920 208.9
5.1 126.7 0.208 4.13 -3.841 0.1039 3.980 2.582 5.186 204.3
5.2 124.5 0.194 4.03 ~3.341 0.6754 4.087 2.605 5.425 200.8
5.3 122.3 0.177 3.93 -2.857 1.230 4.193 2.589 5.676 107.2
5.4 120.0 0.161 3.83 -2.351 1.814 4.302 2.601 6.001 192.9
5.5 117.6 0.146 3.71 -1.819 2.433 4.416 2.617 6.379 188.4
5.6 114.9 0.130 3.59 -1.257 3.093 4,535 2.636 6.822 183.7
5.7 112.0 0.116 3.46 —0.6594 3.803 4.661 2.658 7.344 178.9
5.8 108.9 0.102 3.32 —0.01961 4.571 4.795 2.684 7.962 173.9
5.9 105.5 0.0890 3.17 0.6690 5.408 4.938 2.714 8.695 168.8
6.0 101.7 0.0772 3.01 1.414 6.328 5.093 2.749 9.553 163.8
6.5 78.53 0.0459 2.15 6.057 12.42 6.067 2.975 13.59 144.9
7.0 59.56 0.0547 1.54 10.57 18.96 7.037 3.093 11.67 143.6
7.5 48.57 0.0710 1.21 13.96 24.26 7.769 3.106 9.665 148.6
8.0 41.61 0.0888 1.01 16.74 28.75 8.350 3.104 8.430 155.3
8.5 36.77 0.106 0.878 19.16 32.76 8.836 3.102 7.665 162.1
9.0 33.15 0.123 0.782 21.38 36.46 9.259 3.100 7.163 168.7
9.5 30.31 0.139 0.708 23.46 39.95 9.637 3.100 6.815 175.0
10.0 28.01 0.155 0.649 25.44 43.29 9.98 3.102 6.563 181.0
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Thermodynamic properties of helium 4—Continued

Temper- Density Iso.thelrm Iso-cho.re Internal Enthalpy Entropy C. C, Velocity

ature kg/m® derivative derivative energy K/ke Ki/keg K of sound
K & 10°m®-Paj/kg| 105Pa/K KJ/kg ki/kg K m/s
11.0 24.48 0.184 0.561 29.17 49.60 10.58 3.103 6.238 192.4
12.0 21.82 0.212 0.496 32.75 55.66 1111 3.107 6.034 202.9
13.0 19.74 0.239 0.446 36.24 61.56 11.58 3.112 5.894 212.6
14.0 18.05 0.265 0.406 39.66 67.36 12.01 3.116 5.791 221.8
15.0 16.65 0.290 0.373 43.04 73.07 12.41 3.120 5.712 230.5
16.0 15.47 0.315 0.345 46.42 78.75 12.77 3.123 5.642 238.7
17.0 14.45 0.340 0.321 49.76 84.36 13.11 3.125 5.587 246.4
18.0 13.57 0.364 0.300 53.08 89.92 13.43 3.126 5.541 253.9
19.0 12.80 0.387 0.282 56.37 . 95.44 13.73 3.127 5.503 261.1
20.0 12.11 0.411 0.266 59.64 100.9 14.01 3.128 5.471 268.1
21.0 11.50 0.434 0.252 62.90 106.4 14.28 3.128 5.444 274.8
22,0 10.95 0.457 0.239 66.15 111.8 14.53 3.128 5.421 281.3
23.0 10.45 0.480 0.227 69.38 117.2 14.77 3.128 5.401 287.7
24.0 10.00 0.502 0.217 72.61 122.6 15.00 3.128 5.383 293.9
25.0 9.583 0.524 0.208 75.82 128.0 15.22 3.128 5.368 300.0
26.0 9.204 0.547 0.199 79.03 133.4 15.43 3.128 5.354 305.9
28.0 8.530 0.591 0.184 85.43 144.0 15.83 3.128 5.331 317.3
30.0 7.951 0.635 0.171 91.80 154.7 16.19 3.128 5.312 328.3
32.0 7.447 0.678 0.160 98.16 165.3 16.54 3.127 . 5.297 338.9
34.0 7.005 0.721 0.150 104.5 175.9 16.86 3.127 5.285 349.2
36.0 6.613 0.764 0.141 110.8 186.4 17.16 3.126 5.275 359.1
38.0 6.264 0.807 0.134 117.1 197.0 17.44 3.126 5.266 368.8
40.0 5.950 0.850 0.127 123.5 207.5 17.71 3.125 5.258 378.1
45.0 5.288 0.956 0.112 139.2 233.7 18.33 3.124 5.244 400.6
50.0 4.761 1.06 0.101 154.9 259.9 18.88- 3.124 5.233 421.8
55.0 4.330 1.17 0.0915 170.6 286.1 19.38 3.123 5.226 441.9
60.0 3.971 1.27 0.0837 186.3 312.2 19.84 3.122 5.220 461.2
65.0 3.667 1.38 0.0772 201.9 338.3 20.26 3.122 5.215 479.6
70.0 3.406 -1.48 0.0717 217.6 364.4 20.64 3.121 5.212 497.4
75.0 3.181 1.59 0.0668 233.2 390.4 21.00 3.121 5.209 514.5
80.0 2.983 1.69 0.0626 248.8 416.4 21.34 3.120 5.207 531.1
90.0 2.654 1.90 0.0556 280.1 468.5 21.95 3.120 5.204 562.7
100.0 2.390 2.11 0.0501 311.3 520.5 22.50 3.119 5.201 592.7
125.0 1.914 2.63 0.0400 389.3 650.5 23.66 3.119 5.198 661.7
150.0 1.597 3.15 0.0333 467.3 780.4 24.61 3.118 5.196 724.1
175.0 1.370 3.67 0.0286 545.2 910.3 25.41 3.118 5.195 781.5
200.0 1.199 4.19 0.0250 623.2 1040.0 26.10 3.118 5.194 835.0
225.0 1.066 - 4.70 0.0222 701.1 1170.0 26.71 3.117 5.194 885.2
250.0 0.9600 5.22 0.0200 779.0 1300.0 27.26 3.117 5.194 932.8
275.0 0.8730 5.74 0.0182 8569 1430.0 27.75 3117 ‘5. 103 978.1
300.0 0.8004 6.26 0.0167 934.8 1560.0. 28.21 3.117 5.193 1021.0
350.0 0.6863 7.30 0.0143 1091.0 1819.0 29.01 3.117 5.193 1103.0

400.0 0.6007 8.34 0.0125 1246.0 2079.0 29.70 3.117 5.193 1179.0 -
450.0 0.5341 9.38 0.0111 1402.0 2338.0 30.31 3.117 5.193 1250.0
500.0 0.4808 10.4 0.0100 1558.0 2598.0 30.86 3.117 5.193 1317.0
600.0 0.4007 12.5 0.00833 1870.0 3117.0 31.81 3.117 5.193 1443.0
700.0 0.3436 14.6 0.00714 2181.0 3637.0 32.61 3.116 5.193 1558.0
800.0 0.3007 16.6 0.00625 2493.0 4150.0 33.30 3.1106 3.193 1605.V
900.0 0.2673 18.7 0.00555 2805.0 4675.0 33.91 3.116 5.193 1766.0
1000.0 0.2406 20.8 0.00500 3116.0 5195.0 34.46 3.116 5.193 1861.0
1100.0 . 0.2187 22.9 0.00454 3428.0 5714.0 34.95 3.116 5.193 1952.0
1200.0 0.2005 24.9 0.00417 37390.0 6233.0 35.40 3.116 5.193 2039.0
1300.0 0.1851 27.0 0.00385 4051.0 6752.0 35.82 3.116 5.193 2122.0
1400.0 0.1719 29.1 0.00357 4363.0 7272.0 36.21 3.116 5.193 2202.0
1500.0 0.1604 31.2 0.00333 4674.0 7791.0 36.56 3.116 5.193 2279.0

6.0 X 10*5 pascal Isobar
+ 2116 156.4
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Thermodynamic properties of helium 4—Continued

ROBERT D. McCARTY

Temper- Density Iso.thefm Iso‘cho.re InternaJ ’ Enthalpy Entropy C. C, Velocity

ature ke/m? derivative derivative energy W/ W/ke K of sound
K 10°m®-Paj/kg|  105Pa/K K/ke & € ki/kg-K m/s
2.5 155.5 0.722 2.51 -11.07 -7.224 1.916 1.655 1.745 275.9
3.0 153.3 0.649 3.59 -10.24 -6.333 2.250 1.833 2.087 271.8
3.5 150.0 0.560 4.26 -9.231 -5.232 2.596 2.011 2.515 264.5
4.0 145.7 0.466 4.61 —8.008 -3.890 2,957 2.153 3.013 255.4
4.5 140.0 0.371 4.66 ~6.523 -2.239 3.345 2.314 3.660 242.2
5.0 132.6 0.278 4.44 —4.677 -0.1544 3.778 2.508 4.527 223.8
5.1 130.9 0.261 4.37 —4.250 0.3333 3.872 2.548 4.727 220.0
5.2 129.0 0.247 4.29 ~3.798 0.8515 3.970 2.567 4.899 217.1
5.3 127.2 0.231 4.21 -3.366 1.349 4.064 2.549 5.060 214.2
5.4 125.4 0.215 4.12 ~2.920 1.866 4.161 2.557 5.271 210.7
5.5 123.4 - 0.200 4.03 —2.457 2.404 4.260 2.568 5.506 207.0
5.6 121.3 0.185 3.93 -1.976 . 2.968 4.362 2.581 5.769 203.1
5.7 119.1 0.170 383 -1475 3561 4. 467 2 597 6.064 199.2
5.8 116.8 0.156 3.72 -0.9521 4.185 4.576 2.614 6.395 195.1
5.9 114.3 0.142 3.61 ~-0.4029 4.845 4.689 2.634 6.767 191.0
6.0 111.7 0.129 3.49 0.1743 5.546 4.807 2.657 7.185 186.8
6.5 95.80 0.0786 2.81 3.582 9.845 5.495 2.804 9.931 166.9
7.0 77.17 0.0630 2.14 7.750 15.53 6.337 2.975 11.49 155.9
1.5 62.75 0.0717 1.66 11.58 21.15 7.113 3.062 - 10.34 155.6
8.0 53.17 0.0856 1.35 14.72 26.00 7.741 3.082 '9.142 159.3
8.5 46.46 0.101 1.15 17.43 30.34 8.267 3.089 8.268 164.5
9.0 41.50 0.117 1.01 19.86 34.31 8.721 3.092 7.652 170.3
9.5 37.67 0.133 0.905 22.10 38.02 9.122 3.094 7.211 176.1
10.0 34.61 0.149 0.822 24.21 41.54 9.484 3.097 6.889 181.9
11.0 29.99 0.179 0.702 28.10 48.11 10.11 3.099 6.470 193.1
12.0 26.60 0.207 0.616 31.80 54.36 10.66 3.104 6.212 203.5
13.0 23.97 0.235 0.551 35.37 60.41 11.14 3.110 6.038 213.4
14.0 21.86 0.261 0.499 38.87 66.32 11.58 3.115 5.912 222.7
15.0 20.12 0.287 0.457 42.31 72.13 11.98 2.120 5.816 221.5
16.0 18.65 0.313 0.421 45.74 77.91 12.35 3.123 5.732 239.6
17.0 17.40 0.338 0.391 49.13 83.60 12.70 3.126 5.665 247.5
18.0 16.32 0.362 0.365 52.49 89.24 13.02 3.127 5.610 255.0
19.0 15.38 0.387 0.342 55.82 94.83 13.32 3.129 5.564 262.2
20.0 14.55 0.410 0.323 59.12 100.4 13.61.° 3.129 5.526 269.2
21.0 13.80 0.434 0.305 62.41 105.9 13.88 3.130 5.493 275.9
22.0 13.14 0.457 0.289 65.68 111.4 14.13 3.130 5.465 282.5
23.0 12.53 0.480 0.275 68.94 116.8 14.37 3.131 5.441 288.9
24.0 11.99 0.503 0.263 72.19 122.2 14.61 3.131 5.420 295.1
25.0 11.49 0.526 0.251 75.42 127.7 14.83 3.131 5.402 301.2
26.0 11.03 0.548 0.241 78.65 133.0 15.04 3.130 5.385 307.1
28.0 10.22 0.593 0.222 85.08 143.8 15.44 3.130 5.358 318.6
30.0 . 9.524 0.637 0.206 91.48 154.5 15.81 3.130 5.336 329.6
32.0 8.919 0.681 0.192 97.86 165.1 16.15 3.129 5.318 340.2
34.0 8.388 0.725 0.181 104.2 175.8 16.47 3.129 5.303 350.4
36.0 7.918 0.768 0.170 110.6 186.3 16.77 3.128 5.290 360.3
38.0 7.499 0.811 0.161 116.9 196.9 17.06 3.128 5.280 370.0
40.0 7.123 0.854 0.152 123.2 207.5 17.33 3.127 5.271 379.4
45.0 6.332 0.961 0.135 139.0 233.8 17.95 3.126 5.254 401.8
50.0 5.700 1.07 0.121 154.8 260.0 18.50 3.125 5.241 422.9
55.0 5.185 1.17 0.110 170.5 286.2 19.00 3.124 5.232 443.1
60.0 4.755 1.28 0.101 186.2 312.3 19.46 3.123 5.225 462.3
65.0 4,392 1.38 0.0927¢ 201.8 338.4 19.87 3.123 5.220 4380.7
70.0 4.080 1.49 0.0860 217.5 364.5 20.26 3.122 5.216 498.4
75.0 3.810 1.59 0.0803 233.1 390.6 20.62 3.122 5.212 515.5
80.0 3.574 1.70 0.0752 248.8 416.7 20.96 3.121 5.210 532.0
90.0 3.179 1.90 0.0668 280.0 468.7 21.57 3.121 5.206 563.7
100.0 2.864 2.11 0.0601 3113 520.8 22.12 3.120 5.203 593.6
125.0 2.295 2.63 0.0480 389.3 650.8 23.28 3.119 5.199 662.4
150.0 1.914 315 0.0400 467.3 780.7 24.23 3.119 5.196 724.8
175.0 1.642 3.67 0.0343 545.2 910.6 25.03 3.118 5.195 782.1
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Thermodynamic properties of helium 4—Continued

Temper- Density Iso.thelrm Iso'cho.re " Internal Enthalpy Entropy C, C, Velocity

ature ke/m? derivative derivative energy Kl/kg Kl/kg -K of sound
K 105m3-Pajkg} 105 Pa/K ki/kg ki/kg K m/s
200.0 1.438 4.19 0.0300 623.2 -1040.0 25.72 3.118 5.194 835.6
225.0 " 1.279 4.71 0.0267 701.1 1170.0 26.33 3.118 5.194 885.8
250.0 1.151 523 0.0240 779.0 1300.0 26.88 3.118 5.194 933.3
275.0 1.047 5.75 0.0218 857.0 1430.0 27.38 3.117 5.193 978.5
300.0 0.9601 6.27 0.0200 934.9 1560.0 27.83 3.117 5.193 1022.0
350.0 0.8233 7.31 0.0171 1091.0 1319.0 28.63 3.117 5.193 1103.0
400.0 0.7206 8.34 0.0150 1247.0 2079.0 29.32 3.117 5.193 1179.0
450.0 0.6407 9.38 0.0133 ' 1402.0 2339.0 29.93 3.117 5.193 1250.0
500.0 0.5768 10.4 0.0120 1558.0 2598.0 30.48 3.117 5.193 1317.0
600.0 0.4808 12.5 0.0100 1870.0 3118.0 31.43 3.117 5.193 1443.0
700.0 0.4122 14.6 0.00857 2181.0 3637.0 32.23 3.117 5.193. 1558.0
800.0 0.3607 16.6 0.00750 2493.0 4156.0 32.92 3.117 5.193 1665.0
000.0 0.3207 18.7 0.00667 2805.0 4676.0 33.53 3.117 5.193 . 1766.0
1000.0 0.2887 20.8 0.00600 3116.0 5195.0 34.08 3.116 5.193 1862.0
1100.0 0.2624 22.9 0.00545 3428.0 5714.0 34.57 3.116 5.193 1952.0
1200.0 0.2406 25.0 0.00500 3739.0 6233.0 35.03 3.116 5.193 2039.0
1300.0 0.2221 27.0 0.00461 4051.0 6753.0 35.44 3.116 5.193 2122.0
1400.0 0.2062 29.1 0.00428 4363.0 7272.0 35.83 3.116 5.193 2202.0
1500.0 0.1925 31.2 0.00400 4674.0 7791.0 36.19 3.116 5.193 2279.0

7.0 X 10*5 pascal Isobar
2.104 157.8

2.5 156.9 0.763 2.47 -11.09 —-6.636 1.895 1.620 1.701 283.1
3.0 154.8 0.692 3.59 -10.28 -5.769 2.222 1.816 2.049 279.4
3.5 151.8 0.605 4.30 ~9.307 ~4.696 2.560 1.994 2.459 273.1
4.0 147.7 0.512 4.70 -8.130 -3.392 2.911 2.133 2,925 265.0
4.5 142.5 0.419 4.80 —G6.710 —1.799 3.286 2.293 3.512 253.2
5.0 135.9 0.327 4.63 -4.968 0.1830 3.697 2.482 4.257 236.8
5.1 134.3 0.311 4.57 -4.569 0.6409 3.785 2.521 4.421 233.4
5.2 132.7 0.297 4.51 -4.150 1.124 3.875 2.538 4.558 231.0
5.3 131.1 0.282 444 -3.751 1.586 3.963 2.518 4.674 228.6
5.4 129.5 0.266 4.36 -3.343 2.061 4.052 2.524 4.830 225.6
5.5 127.9 0.250 4.29 —-2.922 2.552 4.142 2.533 5.001 222.4
5.6 126.1 0.235 4.20 —2.489 3.061 4.234 2.543 5.187 219.1
5.7 124.3 0.221 4.12 -2.041 3.590 4.328 2.556 5.390 215.7
5.8 122.4 0.206 4.03 -1.578 4.141 4.424 2.570 5.613 212.3
5.9 120.4 0.192 3.93 -1.099 4.715 4.522 2.585 5.855 208.7
6.0 118.3 0.179 3.83 -0.6029 5.316 4.624 2.603 6.121 205.2
6.5 106.1 0.121 3.28 2.206 8.802 5.182 2.712 7.821 187.1
7.0 91.23 0.0871 . 2,67 5.631 13.30 5.850 2.850 9.731 172.4
7.5 76.22 0.0807 2.13 9.385 18.57 6.577 2.979 10.21 166.3
8.0 64.65 0.0898 1.73 12.80 23.63 7.231 3.046 9.433 166.7
8.5 56.34 0.102 1.46 15.72 28.14 7.778 3.068 8.647 169.7
9.0 50.10 0.116 1.27 18.33 32.30 8.254 3.079 8.022 174.0
9.5 45.27 0.131 1.12 20.72 36.19 8.674 3.086 7.544 178.8
10.0 41.42 0.146 1.01 22.96 39.86 0.052 3.090 7.178 184.0
11.0 35.66 0.175 0.852 27.03 46.67 9.703 3.094 6.684 194.5
12.0 31.47 0.204 0.743 30.85 53.09 . 10.26 3.100 6.379 204.7
13.0 28.26 0.231 0.661 34.51 59.28 10.76 3.107 6.174 214.5
14.0 25,71 0.259 0.596 38.08 65.31 11.21 3.114 6.027 223.7
15.0 23.61 0.285 0.544 41.57 71.22 11.62 3.119 5.916 232.6
16.0 21.86 0.311 0.500 45.06 77.09 11.99 3.123 5.819 240.8
17.0 20.37 0.337 0.463 48.50 82.86 12.34 3.126 5.740 248.6
18.0 19.09 0.362 0.432 51.90 88.57 12.67 3.129 5.677 256.1
19.0 17.97 0.386 0.405 55.27 94.22 12.98 3.130 5.624 263.4
20.0 16.98 0.410 0.381 58.61 99.8 13.26 3.131 5.579 270.4
21.0 16.11 0.434 0.360 61.92 105.4 13.53 3.132 5.542 271.2
22.0 15.32 0.458 0.341 65.22 110.9 13.79 3.132 5.509 283.7
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Temper- Density Iso'thefm Iso'chu.re Internal Enthalpy Entropy C, C, Velocity

ature kg/m? derivative derivative energy Wk W/kg K of sound
K 8 10°m3-Pafkg| 105 Pa/K Ki/ke & & ki/kg ‘K m/s
23.0 14.61 0.481 0.324 68.50 116.4 14.04 3.133 5.481 290.1
24.0 13.97 0.504 0.309 71.77 121.9 14.27 3.133 5.457 296.3
25.0 13.39 0.527 0.295 . 75.03 127.3 14.49 3.133 5.435 302.4
26.0 12.85 0.550 0.282 78.27 132.7 14.70 3.133 5.416 308.3
28.0 11.90 0.595 0.260 84.73 143.5 15.10 3.132 5.384 319.8
30.0 11.09 0.640 0.242 921.16 154.3 15.47 3.132 5.359 330.8
32.0 10.38 0.684 0.226 97.57 165.0 15.82 3.131 5.338 341.4
34.0 9.765 0.728 0.211 104.0 175.6 16.14 3.131 5.321 351.7
36.0 9.218 0.771 0.199 110.3 186.3 16.45 3.130 5.306 361.6
38.0 8.730 0.815 0.188 116.7 196.9 16.73 3.129 5.204 371.2
40.0 8.292 0.858 0.178 123.0 207.4 17.00 3.129 5.284 380.6
45.0 7.370 0.965 0.158 138.8 233.8 17.63 3.128 5.263 403.0
50.0 6.636 1.07 0.142 154.6 260.1 18.18 3.126 5.249 424.1
55.0 6.036 1.18 0.128 170.3 286.3 18.68 3.126 5.239 444.2
60.0 5.536 1.28 0.117 186.0 312.5 19.13 3.125 5.231 463.3
65.0 5.114 1.39 0.108 201.7 338.6 19.55 3.124 5.224 481.7
70.0 4.751 1.49 0.100 217.4 364.7 19.94 3.123 5.219 499.4
75.0 4.437 1.60 0.0937 233.0 390.8 20.30 3.123 5.216 516.5
80.0 4.162 1.70 0.0878 248.7 416.9 20.64 3.122 5.212 533.0
90.0 3.704 1.91 0.0779 280.0 469.0 21.25 3.122 5.208 564.6
100.0 3.336 2.12 0.0701 311.2 521.0 21.80 3.121 5.204 594.4
125.0 2.674 2.64 0.0560 389.3 651.1 22.96 3.120 5.199 663.2
150.0 2.231 . 3.16 0.0467 467.3 781.0 23.91 3.119 5.197 725.5
175.0 1.914 3.68 0.0400 545.2 910.9 24.71 3.119 5.195 782.8
200.0 1.676 4.20 0.0350 623.2 1041.0 25.40 3.118 5.195 8362
225.0 1.491 4.72 0.0311 701.1 1171.0 26.01 3.118 5.194 886.3
250.0 1.342 5.24 0.0280 779.1 1300.0 26.56 3.118 5.194 933.8
275.0 1.221 5.75 0.0254 857.0 1430.0 27.06 3.118 5.193 979.0
300.0 1.120 6.27 0.0233 934.9 1560.0 27.51 3.118 5.193 1022.0
350.0 0.9601 7.31 0.0200 1091.0 1820.0 28.31 3.117 5.193 1104.0
400.0 0.8404 8.35 0.0175 1247.0 2079.0 29.00 3.117 5.193 1179.0
450.0 0.7473 9.39 0.0156 1402.0 2339.0 29.61 3.117 5.193 1250.0
500.0 0.6727 10.4 0.0140 1558.0 2599.0 30.16 3.117 5.193 1318.0
600.0 0.5608 12.5 0.0117 1870.0 3118.0 31.11 3.117 5.193 1443.0
© 700.0 0.4808 14.6 0.0100 2181.0 3637.0 31.91 3.117 5.193 1558.0
800.0 0.4208 16.7 0.00875 2493.0 4157.0 32.60 3.117 5.193 1666.0
900.0 0.3741 18.7 0.00778 2805.0 4676.0 33.21 3.117 5.193 1766.0
1000.0 0.3367 20.8 0.00700 3116.0 5195.0 33.76 3.117 5.193 1862.0
1100.0 0.3061 229 0.00636 3428.0 5714.0 34.25 3.117 5.193 1952.0
1200.0 0.2806 25.0 0.00583 3739.0 6234.0 34.71 3.117 5.193 2039.0
1300.0 0.2591 27.0 0.00538 4051.0 67530 35.12 3116 5.193 2122.0
1400.0 0.2406 29.1 0.00500 4363.0 7272.0 35.51 3.116 5.193 2202.0
1500.0 0.2246 31.2 0.00467 4674.0 7792.0 35.86 3.116 5.193 2279.0

8.0 X 10** pascal Isobar
* 2,093 159.0

2.5 158.2 0.803 2.43 -11.10 —6.049 1.876 1.587 1.661 289.9
3.0 156.3 0.734 3.59 -10.31 ~5.204 2.196 1.800 2.015 286.6
3.5 153.4 0.648 4.34 -9.371 . —4.156 2.527 . 1.976 2.409 281.0
4.0 149.6 0.557 4.79 ~8.233 ~-2.886 2.870 2.114 2.850 273.9
4.5 144.8 0.404 4.92 6.968 1.242 2.222 2.272 3.1203 263.3
5.0 138.7 0.374 4.79 -5.207 0.5616 3.627 2.460 4.056 248.4
5.1 137.3 0.358 4.74 ~4.830 0.997 3.711 2.497 4.198 245.4
5.2 135.8 0.345 4.69 —4.434 1.456 3.796 2.514 4.314 243.3
5.3 134.4 0.3320 4. 63 —4.059 1.891 3.879 2.493 4.403 241.2
5.4 133.0 0.314 4.57 -3.677 2.338 3.962 2.498 4.528 238.5
5.5 131.5 0.299 4.50 ~-3.286 2.797 4.047 2.505 4,062 235.7
5.6 130.0 0.284 4.43 -2.884 3.270 4.132 2.514 4.807 232.8
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Temper- Density Iso.thel:m ISO.ChO're Internal Enthalpy Entropy C, C, Velocity

ature ke/m? derivative derivative energy Ki/ke K/ke -K of sound
K : 105m3-Pafkg| 105 Pa/K Ki/ke kJ/kg ‘K m/s
5.7 128.4 0.269 4.35 -2.472 3.759 4.219 2.525 4.963 229.9
5.8 126.7 0.254 4.27 -2.048 4.263 4.307 2.537 5.130 226.8
5.9 125.0 0.240 4.19 ~1.613 4.786 4.396 2.550 5.310 223.7
6.0 123.2 0.227 4.11 -1.164 5.327 4.487 2.565 5.503 220.6
6.5 113.2 0.166 3.63 1.307 8.374 4.976 2.656 6.690 204.3
7.0 101.2 0.121 3.10 4.228 12.14 5.535 2.769 8.177 189.4
1.5 87.83 0.100 2.57 7.561 16.67 6.162 2.888 9.312 179.3
8.0 75.51 0.0989 2.12 10.99 21.58 6.797 2.986 9.360 176.0
8.5 65.88 0.108 1.78 14.12 26.26 7.365 3.040 8.789 177.0
9.0 58.60 0.120 1.54 16.86 30.51 7.851 3.061 8.235 179.5
9.5 52.88 0.133 1.35 19.38 34.51 8.283 3.074 7.7713 183.2
10.0 48.28 0.146 1.21 21.73 38.30 8.672 3.082 7.400 187.4
11.0 41.39 0.174 1.01 25.97 45.30 Y.343 3.088 6.865 196.9
12.0 36.40 0.202 0.876 29.91 51.89 9.917 3.096 6.527 206.5
13.0 32.60 0.230 0.775 33.66 58.20 10.42 3.104 6.299 216.0
14.0 29.59 0.257 0.697 37.29 64.33 10.88 3.111 6.134 225.1
15.0 27.12 0.284 0.635 40.84 70.33 11.29 3.118 6.010 233.9
16.0 25.08 0.310 0.582 44.39 76.29 11.68 3.123 5.901 242.1
17.0 23.34 0.336 0.538 47.87 82.14 12.03 3.127 5.813 249.9
18.0 21.85 0.361 0.500 51.31 87.92 12.36 3.130 5.741 | 257.4
19.0 20.56 0.386 0.468 54.72 93.63 12.67 3.132 5.681 264.6
20.0 19.42 0.411 0.440 58.09 99.28 12.96 3.133 5.631 271.6
21.0 18.41 0.435 0.415 61.44 104.9 13.24 3.134 5.588 278.4
22.0 17.50 0.459 0.393 64.76 110.5 13.49 3.134 5.552 285.0
23.0 16.69 0.482 0.373 68.07 116.0 13.74 3.135 5.520 291.4
24.0 15.95 0.506 0.356 71.36 121.5 13.97 3.135 5.492 297.6
25.0 15.28 0.529 0.339 74.63 127.0 14.20 3.135 5.468 303.7
26.0 14.67 0.552 0.325 77.89 132.4 14.41 3.135 5.446 309.6
28.0 13.58 0.597 0.299 84.39 143.3 14.81 3.134 5.410 321.1
36.0 12.65 0.642 0.277 90.85 154.1 15.19 3.134 5.381 332.1
32.0 11.84 0.687 0.259 97.28 164.8 15.53 3.133 5.358 342.7
34.0 11.14 0.731 0.243 103.7 175.5 15.86 3.133 5.338 352.9
36.0 10.51 0.775 0.228 110.1 186.2 16.16 3.132° 5.322 362.8
. 38.0 9.95 0.818 0.216 116.4 196.8 16.45 3.131 5.308 372.4
40.0 9.455 0.862 0.204 122.8 207.4 16.72 3.131 5.296 381.8
45.0 8.404 0.969 0.181 138.6 233.8 17.34 3.129 5.273 404.1
50.0 7.567 1.08 0.162 154.4 260.2 17.90 3.128 5.257 425.2
55.0 6.883 1.18 0.147 170.2 286.4 18.40 3.127 5.245 445.3
60.0 6.314 1.29 0.134 185.9 312.6 18.86 3.126 5.236 464.4
65.0 5.833 1.39 0.124 201.6 338.8 19.27 3.125 5.229 482.8
70.0 5.420 1.50 0.115 217.3 364.9 - 19.66 3.124 5.223 500.4
75.0 5.062 1.60 0.107 233.0 391.0 20.02 3.124 5.219 517.5
80.0 4.749 L7 0.100 248.6 417.1 20.36 3.123 5.215 534.0
90.0 4,226 1.92 0.0891 279.9 469.2 20.97 3.122 5.210 565.5
100.0 3.807 2.13 0.0801 311.2 521.3 21.52 3.122 5.206 595.3
125.0 3.052 2.65 0.0640 389.2 651.4 22.68 3.120 5.200 664.0
150.0 2.547 3.17 0.0533 467.3 781.3 23.63 3.120 5.197 726.2
175.0 2.186 3.68 0.0457 545.2 911.2 24.43 3.119 5.196 783.4
200.0 1.914 4.20 0.0400 623.2 1041.0 25.12 3.119 5.195 836.7
225.0 1.703 4.72 0.0355 701.2 1171.0 25.74 3.118 5.194 886.9
250.0 1.533 5.24 0.0320 779.1 1301.0 26.28 3.118 5.194 934.3
275.0 1.395 5.76 0.0291 857.0 1431.0 26.78 3.118 5.194 979.5
300.0 1.279 6.28 0.0267 934.9 1560.0 27.23 3.118 5.193 1023.0
350.0 1.097 7.32 0.0228 1091.0 1820.0 28.03 3.118 5.193 1104.0
400.0 0.9602 8.35 0.0200 1247.0 2080.0 28.72 3.117 5.193 1180.0
450.0 0.8538 9.39 0.0178 1402.0 2339.0 29.34 3.117 5.193 1251.0
500.0 0.7686 10.4 0.0160 1558.0 2599.0 29.88 3.117 5.193 1318.0
600.0 0.6408 12.5 0.0133 1870.0 3118.0 30.83 3.117 5.193 1443.0
700.0 0.5494 14.6 0.0114 2181.0 3638.0 31.63 3.117 - 5.193 1559.0
800.0 0.4808 16.7 0.0100 2493.0 4157.0 32.32 3.117 5.193 1666.0
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Thermodynamic properties of helium 4—Continued
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Temper- Density Isolthel.‘m Iso'cho.re Internal Enthalpy Entropy C, C, - Velocity

ature ke/m? derivative derivative energy Kl/ke K/kg K of sound
K 10°m?-Pa/kg 105 Pa/K kJ/keg kJ/kg ‘K m/s
900.0 0.4275 18.7 0.00889 2805.0 4676.0 32.93 3.117 5.193 1767.0
1000.0 0.3848 20.8 0.00800 3116.0 5195.0 33.48 3.117 S5.193 1862.0
1100.0 0.3498 229 0.00727 3428.0 5715.0 33.98 3.117 5.193 1953.0
1200.0 0.3207 25.0 0.00666 3740.0 6234.0 34.43 3.117 5.193 2039.0
1300.0 0.2961 27.0 0.00615 4051.0 6753.0 34.84 3.117 5.193 2122.0
1400.0 0.2749 29.1 0.00571 4363.0 7273.0 35.23 3.117 5.193 2202.0
1500.0 0.2566 31.2 0.00533 4674.0 7792.0 35.59 3.117 5.193 2280.0

10.0 X 10*> pascal Isobar
*  2.068 161.4

2.5 160.6 0.879 2.36 -11.10 —4.881 1.841 1.526 1.588 302.3
3.0 158.9 0.814 3.57 -10.36 -4.075 2.149 1.766 1.952 299.9
3.5 156.4 0.730 4.41 —9.466 -3.071 2.468 1.941 2.322 295.6
4.0 - 152.9 0.642 4.93 -8.396 -1.857 2.796 2.079 2.726 290.0
4.5 148.6 0.552 5.13 -7.118 -0.3919 3.141 2.237 3.208 281.2
5.0 143.4 0.464 5.07 —5.579 1.395 3.510 2.423 3.771 268.6
5.1 142.2 0.448 5.03 -5.232 1.800 3.587 2.459 3.887 266.0
5.2 140.9 0.435 5.00 -4.870 2.224 3.666 2.475 3.978 264.4
5.3 139.8 0.420 4,95 —4.529 2.625 3.742 2.453 4.038 262.8
5.4 138.6 0.404 4.90 -4.182 3.033 3.818 2.457 4.129 260.6
5.5 137.3 0.389 4.85 -3.830 3.450 3.895 2.463 4,225 258.4
5.6 136.1 0.374 4.79 ~-3.470 3.877 3.972 2.47 4.327 256.0
5.7 134.8 0.359 4.73 -3 103 4 315 4.050 2.480 4.436 2536
5.8 133.4 0.345 4.67 -2.729 4.764 4.128 2.490 4.550 251.1
5.9 132.1 0.331 4.61 ~2.346 5.225 4.207 2.501 4.670 248.5
6.0 130.7 0.317 4.54 -1.955 5.698 4,287 2.514 4.797 245.9
6.5 122.9 0.253 4.16 0.1428 8.276 4.701 2.588 5.532 232.4
7.0 114.1 0.199 3.73 2.516 '11.28 5.148 2.676 6.437 218.9
7.5 104.1 0.160 3.28 5.191 14.80 5.636 2.770 7.423 207.0
8.0 93.49 0.138 2.83 8.126 18.82 6.156. . 2.864 8.203 198.5
8.5 83.33 0.131 2.44 11.17 23.17 6.685 2.945 8.479 194.3
9.0 74.49 0.136 2:11 14.15 27.58 7.189 3.006 8.301 193.9
9.5 67.32 0.146 1.85 16.92 31.77 7.644 3.043 7.945 195.5
10.0 61.55 0.157 1.65 19.42 35.67 8.043 3.061 7.627 197.7
11.0 52.72 0.180 1.35 23.94 42.91 8.737 3.075 7.102 204.1
12.0 46.25 0.205 1.16 28.08 49.71 9.330 3.085 6.747 2119
13.0 41.30 0.231 1.02 32.00 56.21 9.853 3.096 6.497 220.3
14.0 37.37 0.257 0.908 35.75 62.51 10.32 3.106 . 6.313 228.8
15.0 31.18 0.281 0.822 30.41 68.67 1075 3.1 6.172 237.2
16.0 31.53 0.310 0.751 43.06 74.78 11.14 3.122 6.047 245.1
17.0 29.30 0.336 0.692 46.64 80.77 11.50 3.127 5.945 252.8
18.0 27.39 0.362 0.642 50.16 86.67 11.84 3.131 5.860 260.3
19.0 25.73 0.387 0.599 53.63 92.49 12.16 3.134 5.789 267.4
20.0 24.28 0.412 0.561 57.07 98.25 12.45 3.136 5.728 274.4
21.0 23.00 0.437 0.529 60.47 104.0 12.73 3.137 5.677 281.1
22.0 21.85 0.461 0.500 63.85 109.6 12.99 3.138 5.633 287.7
23.0 20.83 0.485 0.474 67.20 115.2 13.24 3.138 5.594 294.1
24.0 19.90 0.509 0.451 70.53 120.8 13.48 3.139 5.560 300.3
25.0 19.05 0.533 0.430 73.85 126.3 1370 3.139 5531 306.3
26.0 18.28 0.556 0.411 77.15 131.9 13.92 3.139 5.505 312.3
28.0 16.91 0.602 0.378 83.70 142.8 14.33 3.138 5.461 323.7
30.0 15.75 0.648 - 0.350 90.22 153.7 14.70 3.138 5.425 334.7
32.0 14.74 0.693 0.326 96.69 164.5 15.05 3.137 5:396 345.3
34.0 13.86 0.738 0.305 103.1 175.3 15.38 3.136 5.372 355.5
36.0 13.08 0.782 0.287 109.6 186.0 15.69 3.136 5.352 365.3
38.0 12.39 0.826 0.271 116.0 196.7 15.97 3.135 5.335 374.9
40.0 11.76 0.870 0.257 122.4 207.4 16.25 3.134 5.321 13843
45.0 10.46 0.978 0.227 138.3 233.9 16.87 3.132 5.293 406.5
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Temper- Density Iso.thefm Iso.cho.re Internal Enthalpy Entropy C. C, Velocit;
ature ke/m? derivative derivative energy Kifke ki/kg -K of soun
K 10°m?-Pajkg| 105 Pa/K ki/kg K/kg K m/s
50.0 9.417 1.09 0.203 154.1 260.3 17.43 3.131 5.272 427.6
55.0 8.568 1.19 0.184 169.9 286.6 17.93 3.130 5.258 447.5
60.0 7.861 1.30 0.168 185.7 312.9 18.39 3.128 5.246 466.6
65.0 7.263 1.40 0.155 201.4 339.1 18.81 3.127 5.238 484.9
70.0 6.750 1.51 0.144 217.1 365.3 19.19 3.127 5.231 502.5
15.0 6.303 1.0l 0.134 232.8 391.4° 19.56 3.126 5.225 519.5
80.0 5.916 1.72 0.126 248.5 417.5 19.89 3.125 5.221 535.9
90.0 5.266 1.93 0.111 279.8 469.7 20.51 3.124 5.214 567.3
100.0 4,746 - 214 0.100 311.1 521.8 21.06 3.123 5.209 597.0
125.0 3.806 2.66 0.0801 389.2 651.9 22.22 3.122 5.202 665.5
150.0 3.178 3.18 0.0667 467.3 781.9 23.17 3.121 5.199 727.5
175.0 2,728 3.70 0.0571 545.3 911.9 23.97 3.120 5.197 784.7
200.¢ 2.389 4.22 0.0500 623.2 1042.0 24.66 3.119 5.195 837.9
225.0 2.126 4.73 0.0444 701.2 1172.0 25.27 3.119 5.195 888.0
250.0 1.914 5.25 0.0400 779.1 1301.0 25.82 3.119 5.194 935.3
275.0 1.741 5.77 0.0363 857.1 1431.0 26.31 3.118 5.194 980.4
300.0 1.597 6.29 0.0333 935.0 1561.0 26.77 3.118 5.193 1024.0
350.0 1.370 7.33 0.0286 1091.0 1821.0 27.57 3.118 5.193 1105.0
400.0 1.199 8.37 0.0250 1247.0 2080.0 28.26 3.118 5.193 1180.0
450.0 1.067 9.40 0.0222 1403.0 2340.0 28.87 3.118 5.193 1251.0
300.0 0.9603 10.4 0.0200 1558.0 2600.0 29.42 3.117 5.193 1319.0
600.0 0.8006 12.5 0.0167 1870.0 3119.0 30.37 3.117 5.193 1444.0
700.0 0.6865 14.6 0.0143 2182.0 3638.0 31.17 3.117 5.193 1559.0
800.0 0.6009 16.7 0.0125 2493.0 4158.0 31.86 3.117 5.193 1666.0
900.0 0.5342 18.7 0.0111 2805.0 4677.0 32.47 3.117 5.193 1767.0
1000.0 0.4809 20.8 0.0100 3116.0 5196.0 33.02 3.117 5.193 1862.0
1100.0 0.4372 22.9 0.00909 3428.0 5715.0 33.51 3.117 5.193 1953.0
1200.0 0.4008 25.0 0.00833 3740.0 6235.0 33.97 3.117 5.193 2040.0
1300.0 0.3700 27.0 0.00769 1051.0 6751.0 34.38 3.117 5.193 2123.0
1400.0 0.3436 29.1 0.00714 4363.0 7273.0 34.77 3.117 5.193 2203.0
1500.0 0.3207 31.2 0.00666 4675.0 7792.0 35.12 3.117 5.193 2280.0

12.0 X 10*5 pascal Isobar
2.043 163.6

2.5 162.9 0.950 2.29 -11.08 -3.719 1.811 1.472 1.524 313.6
3.0 161.3 0.889 3.55 -10.38 -2.948 2.109 1.732 1.895 311.8
3.5 159.0 0.808 4.47 -9.530 -1.982 2.417 1.906 2.248 308.7
4.0 155.9 0.722 5.04 -8.515 -~0.8168 2.733 2.044 2.625 304.4
4.5 152.0 0.634 5.30 -7.306 0.5885 3.063 2.205 3.069 297.0
5.0 - 147.3 0.547 5.29 —-5.856 2.292 3.414 2.391 3.572 285.9
5.1 146.2 0.532 5.27 -5.531 2.675 3.487 2.428 3.674 283.7
5.2 145.1 0.519 5.25 -5.191 3.076 3.561 2.443 3.752 282.4
5.3 144.1 0.504 5.21 ~4.873 3.453 3.632 2.421 3.795 281.1
5.4 143.1 0.489 5.17 —4.551 3.836 3.704 2.425 3.868 279.3
5.5 142.0 0.474 5.13 -4.224 4.226 3.776 2.431 3.946 277.3
5.6 140.9 0.459 5.08 —3.892 4. 624 3848 2.438 4.027 275.3
5.7 139.8 0.444 5.04 -3.554 5.031 3.920 2.446 4.112 273.3
5.8 138.6 0.430 4.98 -3.210 5.445 3.992 2.456 4.200 271.1
5.9 137.5 0.416 4.93 —2.860 5.869 4.065 2.466 4.293 268.9
6.0 136.3 0.402 4.87 -2.503 6.303 4.138 2.478 4.390 266.7
6.5 129.8 0.336 4.56 -0.6162 8.628 4.512 2.546 4.932 255.0
7.0 122.6 0.278 4.20 1.469 11.26 4.904 2.624 5.573 243.0
7.5 114.6 0.231 3.81 3.774 14.24 5.318 2.706 6.292 231.6
8.0 106.0 0.195 3.40 6.300 17.62 9.756 2.788 7.012 221.7
8.5 97.05 0.174 3.02 9.004 21.37 6.213 2.865 7.583 214.5
9.0 88.41 0.165 2.66 11.80 25.37 6.672 2.933 7.867 210.5
9.5 80.57 0.166 2.35 14.58 29.48 7.117 2.988 7.861 209.3
10.0 73.79 0.174 2.10 17.29 33.55 7.535 3.029 7.671 210.1
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Temper- Density Iso.thel.rm Iso.cho.re It.lterna] Enthalpy Entropy C, C, Velocity

ature kg/m® derivative derivative énergy ki/kg ki/ke ‘K of sound
K 105m?:Pafkg| 105 Pa/K kl/kg kl/kg ‘K m/s
11.0 63.43 0.194 1.7 22.08 41.00 8.250 3.060 7.191 213.7
12.0 55.78 0.216 1.45 26.38 47.90 8.852 3.074 6.860 219.3
13.0 49.83 0.239 1.27 30.42 54.50 9.383 3.087 6.620 226.2
14.0 45.07 0.263 1.13 34.29 60.91 9.859 3.099 6.438 233.6
15.0 41.18 0.288 1.02 38.03 67.17 10.29 3.109 6.296 241.4
16.0 37.95 0.314 0.927 41.78 73.40 10.69 3.119 6.165 248.9
17.0 35.22 0.339 0.852 45.44 79.51 11.06 3.126 6.055 256.3
18.0 32.89 0.365 0.788 49.04 85.52 11.41 3.131 5.962 263.6
19.0 30.88 0.390 0.734 52.58 91.44 11.73 3.135 5.883 270.6
20.0 29.12 0.415 0.687 56.07 97.28 12.03 3:137 5.815 277.5
21.0 27.56 0.440 0.646 59.53 103.1 12.31 3.139 5.757 284.1
22.0 26.17 0.465 0.609 62.96 108.8 12.58 3.141 5.707 290.6
23.0 24.93 0.489 0.577 66.35 114.5 12.83 3.141 5.663 296.9
24.0 23.81 0.513 0.549 69.73 120.1 13.07 3.142 5.624 303.1
25.0 22.79 0.537 0.523 73.08 125.7 13.30 3.142 5.590 309.1
26.0 21.86 0.561 0.499 76.41 131.3 13.52 3.142 5.560 315.0
28.0 20.22 0.608 0.458 83.03 142.4 13.93 3.142 5.508 326.4
30.0 18.82 0.654 0.424 89.60 153.3 14.30 3.142 5.467 337.3
32.0 17.61 0.700 0.394 96.12 164.2 14.66 3.141 5.433 347.9
34.0 16.56 0.745 0.369 102.6 175.1 14.98 3.140 5.405 358.0
36.0 15.63 0.790 0.347 109.1 185.9 15.29 3.139 5.382 367.9
38.0 14.80 0.834 0.327 115.5 196.6 15.58 3.138 5.362 377.4
40.0 14.05 0.878 0.309 121.9 207.3 15.86 3.138 5.345 386.7
45.0 12.49 0.987 0.273 137.9 234.0 16.49 3.135 5.311 408.9
50.0 11.25 1.10 0.244 153.8 260.4 17.04 3.134 5.288 429.9
55.0 10.24 1.20 0.221 169.6 286.8 17.55 3.132 5.270 449.8
60.0 9.395 1.31 0.202 185.4 313.2 18.00 3.131 5.257 . 468.8
65.0 8.682 1.41 0.186 201.2 339.4 18.42 3.130 5.246 487.0
70.0 8.070 1.52 0.173 216.9 365.6 18.81 3.129 5.238 504.5
75.0 7.540 1.63 0.161 232.6 391.8 19.17 3.128 5.231 521.4
80.0 7.075 1.73 0.151 248.3 417.9 19.51 3.127 5.226 537.8
90.0 6.300 1.94 0.134 279.7 470.2 20.13 3.126 5.218 569.1
100.0 5.679 2.15 0.120 311.0 522.3 20.68 3.125 5.212 598.8
125.0 4.557 2.67 0.0961 389.2 652.5 21.84 3.123 5.204 667.0
150.0 3.806 3.19 0.0800 467.2 782.5 22.79 3.121 5.200 728.9
175.0 3.268 3.1 0.0686 545.3 912.5 23.59 3.121 5.197 785.9
200.0 2.863 4.23 0.0600 623.3 1042.0 24.28 3.120 3.196 83Y.1
225.0 2.548 4.75 0.0533 701.2 1172.0 24.89 3.120 5.195 889.0
250.0 2.295 5.27 0.0480 779.2 1302.0 25.44 3.119 5.194 936.4
275.0 2.088 5.78 0.0436 857.1 1432.0 25.94 3.119 5.194 981.4
300.0 1.915 6.30 0.0400 935.1 1562.0 26.39 3.119 5.19) 1024.0
350.0 1.643 7.34 0.0343 1091.0 1821.0 27.19 3.118 5.193 1106.0
400.0 1.438 8.38 0.0300 1247.0 2081.0 27.88 3.118 5.193 1181.0
450.0 1.279 9.42 0.0267 1403.0 2341.0 28.49 3.118 5.193 1252.0
500.0 1.152 10.5 0.0240 1558.0 2600.0 29.04 3.118 5.193 1319.0
600.0 0.9604 12.5 0.0200 1870.0 3120.0 29.99 3.118 5.193 1444.0
700.0 0.8235 14.6 0.0171 2182.0 3639.0 30.79 3.117 5.193 1559.0
800.0 0.7208 16.7 0.0150 2493.0 4158.0 31.48 3.117 5.193 1667.0
900.0 0.6409 18.8 0.0133 2805.0 4677.0 32.09 3.117 5.193 1767.0
1000.0 0.5769 20.8 0.0120 3117.0 5197.0 32.64 3.117 5.193 1863.0
1100.0 0.5245 22.9 0.0109 3428.0 5716.0 33.14 3.117 5.193 1953.0
1200.0 0.4809 25.0 0.0100 3740.0 6235.0 33.59 3.117 5.193 2040.0
1300.0 0.4440 27.1 0.00923 40010 6754.0 34.00 3.117 35.193 2123.0
1400.0 0.4123 29.1 0.00857 4363.0 7274.0 34.39 3.117 5.193 2203.0
1500.0 0.3848 31.2 0.00800 4675.0 7793.0 34.75 3.117 5.193 2280.0

14.0 X 10*® pascal Isobar
* 2,017 165.6
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Temper- Density Is({thel:m Iso'cho.re Internal Enthalpy Entropy C. C, Velocity

ature ke/m? derivative derivative energy Ki/ke Ki/kg -K of sound
K & 10°m*-Pafkg| 10°Pa/K - Kl/ke kJ/kg K m/s
2.5 165.0 1.02 2.24 -11.04 -2.566 1.785 1.422 1.467 323.8
3.0 163.5 0.960 3.54 -10.38 -1.826 2.072 1.698 1.844 322.8
3.5 161.4 0.882 4.51 -9.569 -0.8950 2.371 1.872 2.182 320.7
4.0 158.5 0.798 5.15 -8.601 0.2310 2.677 2.012 2.540 317.4
4.5 154.9 0.712 5.45 —17.449 1.587 2.995 2.175 2.957 311.1
5.0 150.6 0.627 5.49 ~6.069 3.224 3.332 2.363 3.422 301.2
5.1 149.7 0.612 5.47 - —-5.760 3.592 3.402 2.400 3.515 299.3
5.2 148.7 0.599 5.46 —5.437 3.976 3.472 2.416 3.584 298.2
5.3 -147.8 0.584 5.43 -5.136 4.336 3.541 2.3%4 3.618 297.2
5.4 146.8 0.569 5.40 —4.832 4.700 3.609 2.398 3.681 295.6
5.5 145.9 0.554 5.37 ~4.524 5.071 3.677 2.404 3.746 293.9
5.6 144.9 0.539 5.33 ~4.212 5.449 3.745 2.411 3.815 292.1
3.7 143.9 0.525 5.29 —3.894 5.833 3.813 2,419 3.886 '290.3
5.8 142.9 0.510 5.25 -3.572 6.224 3.882 2.429 3.960 288.4
5.9 141.9 0.496 5.20 -3.245 6.623 3.950 2.439 4.037 286.5
6.0 140.8 0.482 5.15 -2.913 7.030 4.019 2.451 4.117 284.5
6.5 135.2 0.115 41.88 —-1.165 0.101 4.367 2.516 4.556 274.1
7.0 129.0 0.355 4.56 0.7393 11.59 4.725 2.590 5.059 263.3
7.5 122.2 0.303 4.22 2.816 14.27 5.097 2.665 5.617 252.7
8.0 115.0 0.261 3.86 5.072 17.25 5.484 2.740 6.203 242.9
8.5 107.3 0.229 3.50 7.494 20.54 5.885 2.812 6.758 234.6
9.0 99.5 0.209 3.15 10.05 24.12 6.296 2.878 7.196 228.5
9.5 | 91.96 0.199 2.83 12.67 27.90 6.707 2.936 7.448 224.8
10.0 84.98 0.198 2.54 15.30 31.78 7.106 2.984 7.507 223.2
11.0 73.36 0.212 2.08 20.35 39.43 7.841 3.040 7.208 224.4
12.0 64.75 0.231 1.76 24.83 46.46 8.455 3.063 6.893 228.2
13.0 58.01 0.251 1.53 28.97 53.10 8.989 3.078 6.676 233.3
14.0 52.56 0.272 1.36 32.91 59.55 9.468 3.091 6.510 239.5
15.0 48.05 0.295 1.22 36.73 65.87 9.904 3.103 6.377 246.3
16.0 44.26 0.320 1 40.55 72.18 10.31 3.115 6.251 253.4
17.0 41.07 0.345 1.02 44.29 78.38 10.69 3.124 6.140 260.4
18.0 38.34 0.370 - 0.939 47.95 84.47 11.04 3.131 6.045 267.4
19.0 35.97 0.395 0.872 51.55 90.47 11.36 3.135 5.962 274.2
20.0 33.91 0.420 0.815 55.10 96.39 11.66 3.139 5.890 280.9
21.0 32.08 0.445 0.766 58.61 102.3 11.95 3.141 5.828 287.4
22.0 30.45 0.470 0.722 62.08 108.1 12.22 3.143 5.773 293.8
23.0 29.00 0.494 0.683 65.52 113.8 12.48 3.14 5.724 300.0
24.0 27.68 0.519 0.648 68.93 119.5 12.72 3.145 5.682 306.1
25.0 26.49 0.543 0.617 72.32 125.2 12.95 3.145 5.644 312.1
26.0 25.41 0.567 0.589 15.69 130.8 13.1¢ 3.146 5.610 3179
28.0 23.49 0.614 0.540 82.37 142.0 13.58 3.146 5.553 329.2
30.0 21.87 0.661 0.499 88.98 153.0 13.96 3.145 5.507 340.1
32.0 20.46 0.707 0.463 95.55 164.0 14.32 3.144 5.469 350.6
34.0 19.23 0.752 0.433 102.1 174.9 14.65 3.144 5.437 360.7
36.0 18.15 0.797 0.407 108.6 1857 14.96 3.143 5.410 370.5
38.0 17.18 0.842 0.383 115.1 196.5 15.25 3.142 5.387 380.0
40.0 16.32 0.887 0.363 | 121.5 207.3 15.53 3.141 5.368 389.2
45.0 14.51 1.00 0.320 137.5 234.0 16.16 3.139 5.330 411.3
50.0 13.07 L1l 0.286 153.5 260.6 16.72 3.136 5.302 432.2
55.0 11.89 1.21 0.259 169.4 287.1 17.22 3.135 5.282 452.0
60.0 10.92 1.32 0.236 185.2 313.4 17.68 3.133 5.267 470.9
65.0 10.09 1.43 0.218 201.0 339.7 18.10 3.132 5.255 489.1
70.0 9.380 1.53 0.202 216.7 366.0 18.49 3.131 5.245 506.6
75.0 8.765 1.64 0.188 232.5 392.2 18.85 3.130 5.238 523.4
80.0 8.227 1.74 0.176 248.2 418.4 19.19 3.129 5.231 539.7
90.0 7.328 1.95 0.156 279.6 470.6 19.81 3.127 5.222 570.9
100.0 6.607 2.16 0.140 310.9 522.8 20.36 3.126 5.216 600.5
125.0 5.304 2.68 0.112 389.1 653.1 21.52 3.124 5.206 668.6
150.0 4.432 3.20 0.0931 167.2 783.1 22.47 3.122 5.201 730.2
175.0 3.806 3.72 0.0800 545.3 913.1 23.27 3.121 5.198 787.2
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Temper- Density Iso.thelrm Iso'cho're Internal Enthalpy Entropy C, C, Velocity

ature ke/m? derivative derivative energy Kilke K/kg K of sound
K 105m3-Pafkg 105 PajK kl/kg kJ/kg ‘K m/s
200.0 3.335 4.24 0.0700 623.3 1043.0 23.96 3.121 5.196 840.2
225.0 2.968 4.76 0.0622 701.3 1173.0 24.57 3.120 5.195 890.1
250.0 - 2.674 5.28 0.0560 779.2 1303.0 25.12 3.120 5.194 937.4
275.0 2.433 5.80 0.0509 857.2 1433.0 25.62 3.119 5.194 982.3
300.0 2.232 6.32 0.0466 935.1 1562.0 26.07 3.119 5.193 1025.0
350.0 1.915 7.35 0.0400 1091.0 1822.0 26.87 3.119 5.193 1106.0
400.0 1.677 8.39 0.0350 1247.0 2082.0 27.56 3.119 5.193 1182.0
450.0 1.491 9.43 0.0311 1403.0 2341.0 28.17 3.118 5.193 1253.0
500.0 1.343 10.5 0.0280 1559.0 2601.0 28.72 3.118 5.193 1320.0
600.0 1.120 12.5 0.0233 1870.0 3120.0 29.67 3.118 5.193 1445.0
700.0 0.9604 14.6 0.0200 2182.0 3640.0 30.47 3.118 5.193 1560.0
800.0 0.8407 16.7 0.0175 2493.0 4159.0 31.16 3.118 5.193 1667.0
900.0 0.7475 18.8 0.0155 2805.0 4678.0 3177 3.117 5.193 1768.0
1000.0 0.6729 20.8 0.0140 3117.0 5197.0 32.32 3.117 5.193 1863.0
1100.0 0.6119 22.9 0.0127 3428.0 5717.0 32.81 3.117 5.193 1954.0
1200.0 0.5610 25.0 0.0117 3740.0 6236.0 33.27 3.117 5.193 2040.0
1300.0 0.5179 27.1 0.0108 4052.0 6755.0 33.68 3.117 5.193 2123.0
1400.0 0.4809 29.1 0.0100 4363.0 7274.0 34.07 3.117 5.193 2203.0
1500.0 0.4489 31.2 0.00933 4675.0 7794.0 34.43 3.117 5.193 2280.0

16.0 x 10*5 pascal Isobar

2.0 167.6 1.08 0.885 ~-11.69 ~2.156 1.414 2.397 2.402 328.5
2.5 166.9 1.08 2.20 ~11.00 ~1.420 1.761 1.377 1.418 333.3
3.0 165.6 1.03 3.52 -10.36 -0.7096 2040  1.665 1.797 333.0
3.5 163.6 0.953 4.55 '—9.589 0.1912 2.330  1.838 2.122 331.7
4.0 160.9 0.871 5.24 -8.662 1.282 2.626  1.980 2.467 329.4
45 157.6 0.786 5.58 ~7.558 2.505 2.935  2.147 2.865  323.9
5.0 153.6 0.703 5.66 -6.235 4.180 3.260  2.338 3.303  315.1
5.1 152.7 0.688 5.65 -5.939 4535 3.328  2.376 3300  313.3
5.2 151.8 0.676 5.64 -5.630 4.906 3.305  2.302 3.453 312.4
5.3 151.0 0.661 5.62 -5.343 5.252 3.461  2.370 3.481 311.5
5.4 150.1 0.646 5.60 -5.053 5.603 3.526 2.375 3.536 310.1
5.5 149.3 0.631 5.57 -4.759 5.959 3.592 2.381 3.594 308.6
5.6 148.4 0.616 5.54 —4.462 6.320 3.657 2.388 3.654 307.0
5.7 147.5 0.602 3.50 ~4.101 06.688 3.723 2.3%6 3.717 305.4
5.8 146.5 0.587 5.47 -3.855 7.062 - 3.788 2.406 3.782 303.7
5.9 145.6 0.573 5.43 -3.545 7.442 3.853 2.417 3.849 302.0
6.0 144.7 0.559 5.39 -3.231 7.829 3.919 2.428 3.918 300.2
6.5 139.6 0.491 5.15 -1.585 9.874 4.248 2.493 4.294 290.8
7.0 134.1 0.430 4.87 0.1917 12.12 - 4.583 2.565 ~4.714 281.0
7.5 128.2 0.375 4.56 2.113 14.59 4.927 2.638 5.173 - 271.1
8.0 121.9 0.328 4.24 4.184 17.31 5.281 2.709 5.658 261.7
8.5 115.2 0.290 3.90 6.400 20.29 5.645 2.776 6.144 253.2
9.0 108.3 0.261 3.57 8.747 23.53 6.017 2.839 6.587 246.1
9.5 101.3 0.242 3.25 11.19 26.98 6.393 2.896 6.936 240.9
10.0 94.60 0.232 2.96 13.70 30.61 6.767 2.946 7.153 237.6
11.0 82,59 0.234 2.45 18.71 38.08 1.485 3.014 1.138 235.4
12.0 73.13 0.250 2.07 23.38 45.26 8.114 3.050 6.894 237.5
13.0 65.74 0.267 1.79 27.64 51.98 8.654 3.069 6.684 241.3
14.0 59.73 0.286 1.59 . 31.64 58.43 9.134 3.083 6.537 246.2
15.0 54.70 0.306 1.43 35.51 64.76 9.571 3.097 6.421 252.0
16.0 50.43 0.329 1.29 39.40 71.12 9.98 3.111 6.306 258.4
17.0 46.80 0.353 1.18 43.19 77.38 10.36 3.122 6.202 265.0
18.0 43.69 0.378 1.09 46.91 83.53 10.71 3.130 6.109 271.6
19.0 40.99 0.402 1.01 50.56 89.60 11.04 3.135 6.026 278.1
20.0 38.63 0.427 0.947 54.16 95.59 11.35 3.140 5.953 284.6
21.0 36.54 0.452 0.888 57.72 101.5 11.64 3.143 5.888 290.9
22.0 34.68 0.476 0.836 61.23 107.4 11.91 3.145 5.830 297.2
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Temper- Density Iso.t he{m ISO.ChO.r © Internal Enthalpy Entropy C S Velocity

ature kg/m® derivative derivative energy Ki/ke K/kg K of sound
K 105m3-Pajkg 103 Pa/K kJ/kg kl/kg ‘K mfs
23.0 33.02 0.501 0.791 64.71 113.2 12.17 3.147 5.779 303.3
24.0 31.52 0.525 " 0.750 68.16 118.9 12.41 3.148 5.734 309.3
25.0 30.16 0.549 0.713 71.58 124.6 12.65 3.148 5.693 315.2
26.0 28.91 0.573 0.680 74.98 130.3 12.87 3.149 5.657 320.9
28.0 26.73 0.621 0.623 81.71 141.6 13.28 3.149 5.595 3321
30.0 24.88 0.668 0.574 88.38 152.7 13.67 3.148 5.544 3429
32.0 23.27 0.714 0.533 95.00 163.7 14.03 3.148 5.502 353.3
34.0 21.87 0.760 0.498 101.6 174.7 14.36 3.147 5.467 363.4
36.0 20.64 0.806 0.467 108.1 185.6 14.67 3.146 5.437 373.1
38.0 19.55 0.851 0.440 114.6 196.5 14.96 3.145 5.412 382.6
40.0 18.56 0.895 0.416 121.1 207.3 15.24 3.144 5.390 391.8
45.0 16.51 1.01 0.367 137.2 234.1 15.87 3.141 5.348 413.8
50.0 14.87 1.12 0.328 153.2 260.8 16.43 3.139 - 5.317 434.5
55.0 13.54 1.22 0.296 169.1 281.3 16.94 3.137 5.294 454.3
60.0 12.43 1.33 0.271 184.9 313.7 17.40 3.136 5.277 473.1
65.0 11.49 1.44 0.249 200.8 340.1 17.82 3.134 5.263 491.2
70.0 10.68 1.54 0.231 216.5 366.3 18.21 3.133 5.252 508.6
75.0 9.98 1.65 0.215 232.3 392.6 18.57 3.132 5.244 525.4
80.0 9.371 1.75 0.201 -248.0 418.8 18.91 3.131 5.237 541.7
90.0 8.349 1.96 0.179 279.5 471.1 19.53 3.129 5.226 572.8
100.0 7.530 2.17 0.161 310.8 523.3 20.08 3.127 5.219 602.2
125.0 6.048 2.70 0.128 389.1 653.6 21.24 3.125 5.208 670.1
150.0 5.055 3.22 0.107 467.2 783.7 22.19 3.123 5.202 731.7
175.0 4.343 3.73 0.0914 545.3 913.7 22.99 3.122 5.199 788.5
200.0 3.806 4.25 0.0800 623.3 1044.0 23.68 3.121 5.197 841.4
225.0 3.388 4.77 0.0711 701.3 1174.0 24.30 3.121 5.195 891.2
250.0 3.053 5.29 0.0640 779.3 1303.0 24.84 3.120 5.195 938.4
275.0 2.778 5.81 0.0581 857.3 1433.0 25.34 3.120 5.194 983.3
300.0 2.548 6.33 0.0533 935.2 1563.0 25.79 3.120 5.194 1026.0
350.0 2.187 7.36 0.0457 1091.0 1823.0 26.59 3.119 5.193 1107.0
400.0 1.915 8.40 0.0400 1247.0 2082.0 27.29 3.119 5.193 1183.0
450.0 1703 Y.44 0.U355 1403.0 2342.0 21.90 3.119 S5.193 1253.0
500.0 1.534 10.5 0.0320 1559.0 2602.0 28.44 3.118 5.193 1321.0
600.0 1.279 12.5 0.0266 1870.0 3121.0 29.39 3.118 5.192 1445.0
700.0 1.097 14.6 0.0228 2182.0 3640.0 30.19 3.118 5.192 1560.0
800.0 0.9605 16.7 0.0200 2494.0 4159.0 30.88 3.118 5.192 1667.0
900.0 0.8541 18.8 0.0178 2805.0 4679.0 31.50 3.118 5.192 1768.0
1000.0 0.7689 20.8 - 0.0160 3117.0 5198.0 32.04 3.118 5.193 1863.0
1100.0 0.6991 22.9 0.0145 13429.0 5717.0 32.54 3.117 5.193 1954.0
1200.0 0.6410 25.0 00133 3740.0 6236.0 22.99 3.117 5.103 2040.0
1300.0 0.5918 27.1 0.0123 4052.0 6756.0 33.41 3.117 5.193 2123.0
1400.0 0.5496 29.1 0.0114 4363.0 7275.0 33.79 3.117 5.193 2203.0
1500.0 0.5130 31.2 0.0107 4675.0 7794.0 34.15 3.117 5.193 2280.0

18.0 X 10** pascal Isobar

2.0 169.4 1.13 1.13 —11.58 —0.9689 1.414 2.172 2.180 336.2
2.5 168.7 1.14 2.18 -10.94 ~0.2846 1.739 1.337 1.374 342.0
3.0 167.5 1.09 3.51 -10.33 0.4016 2.010 1.632 1.753 342.5
3.5 165.6 1.02 4.59 -9.593 1.274 2.292 1.805 2.068 342.1
4.0 163.1 0.911 5.32 —8.702 2.232 2.581 1.250 2,402 340.5
4.5 160.0 0.858 5.70 -7.641 3.610 2.881 2.120 2.786 335.8
5.0 156.3 0.776 5.81 -6.366 5.150 3.196 2.315 3.204 327.7
5.1 155.5 0.761 5.80 -6.081 5.495 3.261 2.353 3.287 326.1
5.2 154.7 0.749 5.80 —5.783 5.855 3.327 2.370 3.347 3253
5.3 153.9 0.735 5.79 -5.507 6.191 3.390 2.349 3.369 324.6
5.4 153.1 0.720 5.77 -5.228 6.530 3.454 2.354 3.419 323.3
5.5 152.3 0.705 5.75 —4.947 6.874 3.517 2.360 3.472 322.0
5.6 151.4 0.690 5.72 —4.662 7.223 3.580 2.368 3.526 320.6
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Temper- Density Iso'ther-m Iso'chovre Internal Enthalpy Entropy C. C, Velocity

ature ke/m® derivative derivative energy KI/kg Ki/kg K ‘ of sound
K 10°m3-Pajkg| 10°Pa/K ki/kg kl/kg K mfs
5.7 150.6 0.675 5.69 -4.373 7.577 3.643 2.377 3.583 319.1
5.8 149.8 0.661 5.66 —4.081 7.937 3.706 2.387 3.642 317.6
5.9 148.9 0.647 5.63 -3.785 8.303 3.769 2.397 3.702 316.0
6.0 148.0 0.633 5.59 -3.485 - 8.675 3.832 2.409 3.764 314.4
6.5 143.4 0.565 5.38 -1.919 10.63 4.147 2.474 4.097 305.8
7.0 138.5 0.502 5.13 -0.2370 12.76 4.466 2.545 4.464 296.6
7.5 133.1 0.445 4.85 1.570 15.09 4,789 2.617 4.858 287.4
8.0 127.5 0.395 4.56 3.506 17.63 5.120 2.686 5.273 278.4
8.5 1215 - 0.352 . 4.25 5.571 20.38 5.457 2.751 5.696 270.1
9.0 115.3 0.318 3.93 7.755 23.36 5.800 2.812 G6.104 - 262.8
9.5 109.0 0.292 3.63 10.04 26.56 6.148 2.867 6.466 - 256.7
10.0 102.7 0.275 3.33 12.41 29.93 6.497 2.916 6.751 252.2
11.0 90.86 0.263 2.80 17.31 37.12 7.188 2.992 6.958 247.1
12.0 80.97 0.270 2.38 22.00 44,23 7.812 3.034 6.854 247.1
13.0 73.01 0.286 2.06 26.39 51.04 8.360 3.059 6.673 249.7
14.0 66.53 0.303 1.82 30.48 57.53 8.843 3.076 6.533 253.5
15.0 61.09 0.320 1.63 34.38 63.85 9.279 3.090 6.434 258.2
16.0 56.39 0.342 1.48 38.31 70.23 9.692 3.106 6.335 263.9
17.0 52.38 0.364 1.35 42.15 76.52 10.07 3.119 6.241 270.0
18.0 48.92" 0.388 1.25 45.92 82.72 10.43 3.128 6.154 276.2
19.0 45.90 0.4]12 1.16 49.62 88.83 10.76 3.135 6.074 . 2824
20.0 43.26 0.436 1.08 53.26 94.87 11.07 3.140 6.002 288.6
21.0 40.93 0.460 1.01 56.86 100.8 11.36 3.144 5.937 294.7
22.0 38.85 0.484 0.953 60.41 106.7 11.63 3.146 5.879 300.8
23.0 36.98 0.509 0.900 63.92 112.6 11.89 3.148 5.827 306.8
24.0 35.30 0.533 0.853 67.40 118.4 12.14 3.150 5.779 312.6
25.0 33.77 0.557 0.811 70.86 124.2 12.38 3.151 5.737 3184
26.0 32.38 0.581 0.772 74.28 129.9 12.60 3.151 5.699 324.1
28.0 29.94 0.629 0.706 81.07 141.2 13.02 3.152 5.633 335.1
30.0 27.85 0.676 0.651 87.79 152.4 13.41 3.152 5.578 345.8
32.0 26.06 0.722 0.604 94.45 163.5 13.76 3.151 5.533 356.1
34.0 24.49 0.768 0.564 101.1 174.5 14.10 3.150 5.495 366.1
36.0 23.11 0.814 0.529 107.6 185.5 14.41 3.149 5.463 375.8
38.0 21.88 0.859 0.498 114.2 196.4 14.71 3.148 5.435 385.2
40.0 20.79 0.904 0.470 120.7 207.2 14.98 3.147 5.412 394.3
45.0 18.49 1.02 0.414 136.8 234.2 15.62 3.144 5.365 416.2
50.0 16.66 1.13 0.370 152.9 260.9 16.18 3.142 5.331 436.9
55.0 15.16 1.23 0.334 168.8 287.5 16.69 3.140 5.306 456.5
60.0 13.92 1.34 0.305 184.7 314.0 17.15 3.138 5.287 475.3
65.0 12.87 1.45 0.281 200.6 340.4 17.57 3.136 5.272 493.3
70.0 11.97 1.55 0.260 216.4 366.7 17.96 3.135 5.260 510.6
75.0 11.19 1.66 0.242 232.1 393.0 18.33 3.133 5.250 527.4
80.0 10.51 1.77 0.227 ' 247.9 419.2 18.66 3.132 5.242 543.6
90.0 9.364 1.98 0.201 279.3 471.6 19.28 3.130 5.230 574.6
100.0 8.447 2.19 0.181 310.7 523.8 19.83 3.129 5.222 603.9
125.0 6.789 2.7 0.144 389.0 654.2 21.00 3.126 5.209 671.6
150.0 5.676 3.23 0.120 467.2 784.3 21.94 3.124 5.203 733.1
175.0 4.877 3.75 0.103 545.3 914.4 22.75 3.123 5.199 789.7
200.0 4.276 4.27 0.08990 623.3 1044.0 23.44 3.122 5.197 842.6
225.0 3.807 4.78 0.0799 701.4 1174.0 24.05 3.122 5.196 892.3
250.0 3.430 5.30 0.0719 779.3 1304.0 24.60 3.121 5.195 939.4
275.0 3.122 5.82 0.0654 857.3 1434.0 25.09 3.121 5.194 984.2
300.0 2.864 6.34 0.0599 935.3 1564.0 25.55 3.120 5.194 1027.0
350.0 2.458 7.38 0.0514 1091.0 1823.0 26.35 3.120 5.193 1108.0
400.0 2.153 8.41 0.0450 1247.0 2083.0 27.04 3.119 5.193 1183.0
450.0 1.915 9.45 0.6400 1403.0 2343.0 27.65 3.119 5.193 1254.0
500.0 1.725 10.5 0.0360 1559.0 2602.0 28.20 3.119 5.192 1321.0
600.0 1.439 12.6 0.0300 1870.0 3122.0 29.15 3.118 5.192 1446.0
700.0 1.234 14.6 0.0257 2182.0 3641.0 29.95 3.118 5.192 1561.0
800.0 1.080 16.7 0.0225 2494.0 4160.0 30.64 3.118 5.192 1668.0
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Thermodynamic properties of helium 4—Continued

Temper- Density Iso.thex.*m Iso_cho.re Internal Enthalpy Entropy C. C, Velocity

ature ke/m? derivative derivative energy K/ke KJ/ke -K of sound
K 10°m?-Pafkg 105 Pa/K kl/ke ki/kg K m/s.
900.0 0.9606 18.8 0.0200 2805.0 4679.0 31.25 3.118 5.192 1768.0
1000.0 0.8648 20.9 0.0180 3117.0 5198.0 31.80 3.118 5.192 1864.0
1100.0 0.7864 22.9 0.0164 3429.0 5718.0 32.29 3.118 5.192 1954.0
1200.0 0.7210 25.0 0.0150 3740.0 6237.0 32.75 3.118 5.193 2041.0
1300.0 0.6656 27.1 0.0138 4052.0 6756.0 33.16 3.118 5.193 2124.0
1400.0 0.6182 29.2 0.0129 4364.0 7275.0 33.55 3.117 5.193 2204.0
1500.0 0.5770 31.2 0.0120 4675.0 7795.0 33.90 3.117 5.193 2281.0

20.0 X 10** pascal Isobar

2.0 171.2 1.17 1.43 -11.47 0.2027 1.413 1.977 1.989 343.2
2.5 170.5 1.20 2.18 -10.88 0.8436 1.718 1.301 1.335 350.2
3.0 169.3 1.15 3.51 -10.29 1.507 1.982 1.600 1.712 351.4
3.5 167.5 1.09 4.63 —9.583 2.353 2.257 1.772 2.018 351.8
4.0 165.1 1.01 5.39 —8.726 3.383 2.538 1.921 2.343 350.9
4.5 162.2 0.928 5.81 -7.702 4.628 2.831 2.095 2.7117 346.8
5.0 158.7 0.847 5.94 ~6.469 6.130 3.138 2.294 3.121 339.4
5.1 158.0 0.832 5.94 -6.192 6.467 3.202 2.332 3.200 3379
5.2 157.2 0.820 5.95 -5.904 6.818 3.265 2.350 3.257 337.2
5.3 156.5 0.806 5.94 —5.637 7.144 3.327 2.329 3.276 336.6
5.4 155.7 0.791 5.92 -5.369 7.474 3.389 2.335 3.323 335.5
5.5 155.0 0.776 5.91 -5.097 7.808 3.450 2.341 3.371 334.2
5.6 154.2 0.761 5.89 —4.823 8.146 3.512 2.350 3.422 333.0
5.7 153 4 0.747 5 86 —4. 545 2490 2873 2.359 3.474 231.6
5.8 152.6 0.732 5.84 ~4.264 8.839 3.634 2.369 3.528 330.2
5.9 151.8 0.718 5.81 -3.979 9.193 3.694 2.380 3.583 328.8
6.0 151.0 0.704 5.78 —3.690 9.553 3.755 2.392 3.640 327.3
6.5 146.8 0.636 5.59 -2.188 11.44 4.059 2.458 3.943 319.3
7.0 142.2 0.572 5.37 -—0.5822 13.48 4.365 2.530 4.272 310.8
7.5 137.3 0.514 511 1.137 15.70 4.673 2.601 4.621 302.1
8.0 132.2 0.461 4.83 2.970 18.10 4.986 2.669 4.986 293.6
8.5 126.8 0.416 4.54 4.918 20.69 5.303 2.732 5.359 285.5
9.0 121.2 0.377 4.25 6.975 23.48 5.625 2.791 5.728 278.1
9.5 115.4 0.346 3.96 9.133 26.46 5.951 2.845 6.075 271.7
10.0 109.6 0.322 3.67 11.37 29.63 6.277 2.894 6.376 266.5
11.0 98.17 0.297 3.12 16.12 36.50 6.939 2.973 6.720 259.2
12.0 88.17 0.296 2.67 20.78 43.47 7.551 3.020 6.751 257.1
13.0 79.84 0.306 2.32 25.21 50.26 8.099 3.049 6.640 258.2
14.0 72.96 0.321 2.05 29.39 56.80 8.586 3.069 6.513 261.1
15.0 67.10 0.337 1.84 33.34 63.11 0.022 3.084 6.423 264.8
16.0 62.13 0.356 1.67 37.30 69.49 9.434 3.102 6.342 269.9
17.0 57.77 0.377 1.53 41.18 75.79 9.816 3.115 6.261 275.4
18.0 54.00 0.400 1.41 44.98 82.02 10.17 3.126 6.183 281.1
19.0 50.70 0.423 1.30 48.72 88.16 10.50 3.134 6.109 287.0
20.0 47.80 0.446 1.22 52.40 94.24 10.82 3.140 6.040 292.9
21.0 45.23 0.470 1.14 56.03 100.2 11.11 3.144 5.977 298.8
22.0 42.94 0.494 1.07 59.61 106.2 11.39 3.148 5.919 304.6
3.4 40.88 0517 1.01 63.16 1121 11.65 3.150 5.800 310.4
24.0 39.02 0.541 0.957 66.67 117.9 11.90 3.152 5.819 316.2
25.0 37.34 0.565 0.909 70.15 123.7 12,13 3.153 5.775 321.8
26.0 35.80 0.5809 0.866 73.61 129 5 12.36 3154 5.726 3274
28.0 33.10 0.637 0.791 80.45 140.9 12.78 3.154 5.667 338.3
30.0 30.80 0.684 0.729 87.21 152.2 13.17 3.154 5.610 348.8
32.0 28.81 0.731 0.676 93.91 163.3 13.53 3.154 5.562 359.0
'34.0 27.08 0.777 - 0.630 100.6 174.4 13.87 3.153 5.522 368.9
36.0 25.55 0.823 0.590 107.2 185.4 14.18 3.152 5.487 378.5
38.0 24.20 0.868 0.556 113.7 196.4 14.48 3.151 5.458 387.8
40.0 22.99 0.914 0.525 120.2 207.2 14.76 3.150 5.432 396.9
45.0 20.45 1.03 0.401 136.5 234.3 15.3Y 3.141 5.382 418.7
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Thermodynamic properties of helium 4—Continued

ROBERT D. McCARTY

Temper- Density Iso.ther.m Iso.cho're Internal Enthalpy Entropy C, C, Velocity

ature ke/m? derivative derivative energy Ki/kg Ki/keg -K of sound
K 10:m®-Pajkg| 105 Pa/K ki/kg kl/kg ‘K m/s
50.0 18.43 1.14 0.412 152.5 261.1 15.96 3.145 5.345 439.2
55.0 16.78 1.24 0.372 168.5 287.7 16.47 3.142 5.317 458.8
60.0 15.41 1.35 0.340 184.5 314.3 16.93 3.140 5.296 477.5
65.0 14.25 1.46 0.312 200.3 340.7 17.35 3.138 5.280 495.4
70.0 13.25 1.57 0.289 216.2 367.1 17.74 3.137 5.267 512.7
75.0 12.39 1.67 0.269 232.0 393.4 18.10 3.135 5.256 529.4
80.0 11.64 1.78 0.252 247.8 419.6 18.44 3.134 5.247 545.5
90.0 10.37 1.99 0.224 279.2 472.0 19.06 3.132 5.234 576.4
100.0 9.360 2.20 0.201 310.6 524.3 19.61 3.130 5.225 605.6
125.0 7.526 2.72 0.160 389.0 654.8 20.78 3.127 5.211 673.2
150.0 | 6.294 3.24 0.133 467.2 784.9 21.73 3.125 5.204 734.4
175.0 5.410 3.76 0.114 545.3 915.0 22.53 3.124 5.200 791.0
200.0 4.744 4.28 0.100 623.4 1045.0 23.22 3.123 5.198 843.7
225.0 4.224 4.80 0.0888 701.4 1175.0 23.83 3.122 5.196 893.4
250.0 3.807 5.31 0.0799 779.4 1305.0 24.38 3.122 5.195 940.4
275.0 3.465 5.83 0.0727 857.4 1435.0 24.88 3.121 5.194 985.2
300.0 3.179 6.35 0.0666 935.3 1564.0 25.33 3.121 5.194 1028.0
350.0 2.729 7.39 0.0571 1091.0 1824.0 26.13 3.120 5.193 1109.0
400.0 2.391 8.42 0.0499 1247.0 2084.0 26.82 3.120 5.193 1184.0
450.0 2.127 9.46 0.0444 1403.0 2343.0 27.43 3.119 5.192 1255.0
500.0 1.915 10.5 0.0400 1559.0 2603.0 27.98 3.119 5.192 1322.0
600.0 1.598 12.6 0.0333 1871.0 3122.0 28.93 3.119 5.192 1447.0
700.0 1.371 14.6 0.0285 2182.0 3641.0 29.73 3.118 5.192 1561.0
800.0 1.200 16.7 0.0250 2494.0 4161.0 30.42 3.118 5.192 1668.0
900.0 1.067 18.8 0.0222 2806.0 4680.0 31.03 3.118 5.192 1769.0
1000.0 0.9607 20.9 0.0200 3117.0 5199.0 31.58 3.118 5.192 1864.0
1100.0 0.8736 22.9 0.0182 3429.0 5718.0 32.07 3.118 5.192 1954.0
1200.0 0.8009 25.0 0.0167 3740.0 6238.0 32.53 3.118 5.192 2041.0
1300.0 0.7395 27.1 0.0154 4052.0 6757.0 32.94 3.118 5.192 2124.0
1400.0 0.6867 29.2 0.0143 4364.0 7276.0 33.33 3.118 5.192 2204.0
1500.0 0.6410 31.2 0.0133 4675.0 7795.0 33.68 3.118 5.193 2281.0

25.0 x 10*% pascal Isobar

2.0 175.3 1.27 2.45 -11.19 3.065 1.401 1.606 1.637 359.2
2.5 174 5 1.2 2.97 -10.69 3627 1.673 1.2209 1.261 3685
3.0 173.5 1.30 3.55 -10.16 4.241 1.922 1.526 1.622 371.6
3.5 171.9 1.24 4.73 -9.514 5.031 2.181 1.695 1.909 373.8
4.0 169.7 1.17 5.57 -8.730 5.998 2.446 1.852 2.220 374.4
4.5 167.1 1.09 6.04 -7.783 7.176 2.723 2.038 2.576 371.5
5.0 164.1 1.01 6.23 -6.634 8.602 3.014 2.246 2.957 365.3
5.1 163.4 1.00 6.24 -6.376 8.922 3.073 2.286 3.031 364.0
5.2 162.7 0.989 6.26 -6.106 9.255 3.133 2.305 3.083 363.6
5.3 162.1 0.974 6.26 -5.858 9.564 3.192 2.286 3.097 363.3
5.4 161.4 - 0.960 6.25 —-5.608 9.875 3.250 2.293 3.137 362.3
5.5 160.8 0.945 6.25 -5.356 10.19 3.308 2.301 3.179 361.3
5.6 160.1 0.930 6.24 -5.102 10.51 3.366 2.310 3.223 360.3
5.7 159.5 u.vle 6.22 —4.845 10.83 3.423 2.321 3.268 35Y.1
5.8 158.8 0.902 6.20 ~4.584 11.16 3.481 2.332 3.315 358.0
5.9 158.1 . 0.887 6.19 -4.321 11.49 3.538 2.34 3.362 356.7
6.0 157.4 0.873 6.16 —4.055 11.83 3.595 2.357 3.411 355.5
6.5 153.7 0.805 6.02 -2.673 18.59 3.878 2.427 3.667 348.7
7.0 149.9 0.740 5.84 —1.202 15.48 4.161 2.500 3.938 341.3
7.5 145.8 0.679 5.63 0.3588 17.50 4.444 2.571 4.220 333.7
8.0 141.5 0.623 5.40 2.014 19.68 4.727 2.639 4.509 326.2
8.5 137.1 0.572 5.15 3.762 22.00 5.012 2.701 4.803 318.8
9.0 132.5 0.526 4.90 5.600 24.47 5.298 2.759 5.097 311.8
9.5 127.7 0.487 4.64 7.523 27.10 5.585 2.811 5.385 305.3
10.0 122.8 0.453 4.38 9.526 29.88 5.873 2.858 5.660 299.5
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Thermodynamic properties of helium 4—Continued

Temper- Density Iso}hel:m Ist)-cho.x‘e Internal Enthalpy Entropy C, C, Velocity

ature kg/m® derivative ) derivative energy Kl/keg Ki/kg K of sound
K & 10°m3-Pajkg| 105 Pa/K kl/keg kl/kg ‘K m/s
11.0 112.9 0.403 3.84 13.90 36.05 6.469 2.940 6.111 289.2
12.0 103.4 0.378 3.36 18.37 42.55 7.040 2.994 6.358 283.2
13.0 94.84 0.372 2.96 22.77 49.13 7.572 3.028 6.423 280.8
14.0 87.43 0.377 2.62 27.02 55.61 8.056 3.053 6.391 281.0
15.0 81.06 0.387 2.35 31.09 61.93 8.494 3.071 6.331 282.6
16.0 75.37 0.402 2.14 35.08 .68.25 8.901 3.091 6.296 286.0
17.0 70.38 0.418 1.96 39.00 74.52 9.282 3.108 6.250 290.1
18.0 65.98 0.437 1.80 42.86 80.75 9.638 3.120 6.198 294.6
19.0 62.10 0.457 1.67 46.66 86.92 9.97 3.131 6.143 299.5
20.0 58.65 0.478 1.56 50.40 93.03 10.28 3.138 6.089 304.5
21.0 55.56 0.500 1.46 54.10 99.09 10.58 3.144 6.035 309.7
22.0 52.80 0.522 1.37 57.75 105.1 10.86 3.149 5.984 315.0
232.0 50.30 0.545 1.29 61.37 1ma 11.13 3.153 5.93§ 320.3
24.0 48.05 0.568 1.22 64.94 117.0 11.38 3.155 5.890 325.6
25.0 45.99 0.591 1.16 68.49 122.8 11.62 3.157 5.848 330.9
26.0 44.11 0.614 1.10 72.00 128.7 11.84 3.159 5.809 336.1
28.0 40.81 0.661 1.01 78.95 140.2 12.27 3.160 5.738 346.5
30.0 37.98 0.708 0.926 85.81 151.6 12.67 3.161 5.677 356.6
32.0 35.55 0.755 0.857 92.60 162.9 13.03 3.161 5.625 366.5
34.0 33.42 0.801 0.798 99.33 174.1 13.37 3.160 5.581 376.1
36.0 31.54 0.847 0.747 106.0 185.3 13.09 3.159 3.942 385.4
38.0 29.88 0.893 0.702 112.6 196.3 13.99 3.158 5.508 394.6
40.0 28.39 0.938 0.663 119.2 207.3 14.27 3.157 5.479 403.5
45.0 25.26 1.05 0.581 135.6 234.5 14.91 3.154 5.421 424.9
50.0 22.78 1.16 0.518 151.8 261.5 15.48 3.151 5.377 445.2
55.0 20.76 1.27 0.468 - 167.9 288.3 15.99 3.148 5.345 464.5
60.0 19.07 1.38 0.426 183.9 315.0 16.45 3.146 5.320 483.0
65.0 17.64 1.49 0.392 199.8 341.5 16.88 3.144 5.300 500.7
70.0 16.42 1.59 0.363 215.7 368.0 17.27 3.142 5.284 517.8
75.0 15.36 1.70 0.338 231.6 394.4 17.64 3.140 5.271 534.3
80.0 14.43 1.81 0.316 247.4 420.7 17.98 3.139 5.260 550.3
90.0 12.87 2.02 0.280 279.0 473.2 18.59 3.136 5.244 580.9
1000 11.62 2.23 0.251 310.4 525.6 19.15 3.134 5.233 609.9
125.0 9.354 2.75 0.200 388.9 656.2 20.31 3.130 5.216 677.0
150.0 7.830 3.27 0.167 467.2 786.5 21.26 3.128 5.207 737.9
175.0 6.735 3.79 0.143 545.3 916.6 22.06 3.126 5.202 794.1
200.0 5.909 4,31 0.125 623.4 1047.0 22.76 3.125 5.199 846.6
225.0 5.263 4.83 0.111 701.5 . 1176.0 23.37 3.124 5.197 896.0
250.0 4.745 5.34 0.100 779.5 1306.0 23.92 3.123 5.195 942.9
2750 4.320 586 0 0908 R57 5 14360 24.41 3.122 5104 Q87.5
300.0 3.964 6.38 0.0832 935.5 1566.0 24.87 3.122 5.194 1030.0
350.0 3.404 7.42 0.0713 1091.0 1826.0 25.67 3.121 5.193 1111.0
400.0 2.983 8.45 0.0624. 1247.0 2085.0 26.36 3.121 5.193 1186.0
450.0 2.655 9.49 0.0555 1403.0 2345.0 26.97 3.120 5.192 1256.0
500.0 2.391 10.5 0.0499 1559.0 2605.0 27.52 3.120 5.192 1323.0
600.0 1.995 12.6 0.0416 1871.0 3124.0 28.46 3.119 5.192 1448.0
700.0 1.712 14.7 0.0357 2183.0 3643.0 29.26 3.119 5.192 1563.0
300.0 1.499 16.7 0.0312 2494.0 4162.0 29.96 3.119 .192 1669.0
900.0 1.333 18.8 0.0278 2806.0 4681.0 30.57 3.119 5.192 1770.0
1000.0 1.200 20.9 0.0250 3118.0 5201.0 31.12 3.118 5.192 1865.0
1100.0 1.091 23.0 0.0227 3429.0 5720.0 31.61 3.118 5.192 1955.0
1200.0 1.001 25.0 0.0208 3741.0 6239.0 32.06 3.118 5.192 2042.0
1300.0 0.9240 27.1 0.0192 4053.0 6758.0 32.48 3.118 5.192 2125.0
1400.0 0.8581 29.2 0.0178 4364.0 7278.0 32.86 3.118 5.192 2204.0
1500.0 0.8011 31.3 0.0167 4676.0 7797.0 33.22 3.118 5.192 2281.0

-30.0 X 10** pascal Isobar

2.0 179.2 1.34 3.92 -10.90 5.835 1.376 1.385 1.457 375.0
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Temper- Density Iso.thel:m Is({cho're Internal Enthalpy Entropy C, C, Velocity

ature ke/m? derivative derivative energy K/ke K/ke K of sound
X 10°m3-Pajkg| 105Pa/K kl/kg ! kl/kg ‘K m/s
2.5 178.2 1.44 2.52 -10.47 6.356 1.630 1.183 1.218 384.6
3.0 177.2 1.43 3.65 -9.99 6.934 1.869 1.459 1.548 389.5
3.5 175.7 1.38 4.86 —9.397 7.675 2.114 1.624 1.817 393.4
4.0 173.7 1.32 5.73 -8.673 8.592 2.367 1.789 2.119 395.2
4.5 1714 1.25 6.25 ~7.789 9.716 2.631  1.986 2.466 393.3
5.0 168.6 117 6.47 —6.706 11.08 2909  2.204 2.833 387.9
5.1 168.0 1.16 6.49 ~6.462 11.39 2.966  2.246 2.904 386.8
5.2 167.4 1.15 6.51 ~6.206 1.71 3.023  2.266 2.953 386.4
5.3 166.8 1.13 6.52 -5.972 12.01 3.079  2.249 2.964 386.3
5.4 166.3 1.12 6.53 -5.736 12.31 3.135. 2.257 3.001 385.5
5.5 165.7 1.10 6.52 -5.499 12.61 3.191 2.267 3.040 384.6
5.6 165.1 1.09 6.52 -5.259 12.91 3.246 2.278 3.080 383.7
5.7 164.5 1.07 6.51 -5.017 13.22 3.301 2.289 3.121 382.7
5.8 163.9 1.06 6.50 -4.772 13.523 3.355 2.302 3.163 381.7
5.9 163.3 1.05 6.49 -4.525 13.85 3.410 2.315 3.206 380.7
6.0 162.6 1.03 6.48 -4.274 14.17 3.464 2.329 3.250 379.6
6.5 159.4 0.963 6.37 -2.977 15.84 3.734 2.402 3.479 373.5
7.0 156.0 0.898 6.22 -1.602 17.63 4.001 2.478 3.719 367.0
7.5 152.5 0.835 6.05 -0.1460 19.53 4.267 2.551 3.963 360.2
8.0 148.8 0.777 5.85 1.392 21.56 4.533 2.619 4.211 353.4
8.5 144.9 0.723 5.63 3.010 23.71 4.7197 2.682 4.459 346.7
9.0 140.9 0.673 5.41 4.707 26.00 5.061 2.739 4.707 340.2
9.5 136.8 0.629 5.17 6.478 28.41 5.325 2.790 4.952 334.0
10.0 132.6 0.589 4.94 8.320 30.94 5.589 2.837 5.191 328.2
11.0 123.9 0.522 4.44 12.40 36.62 6.136 2.922 5.625 317.0
12.0 115.3 0.478 3.90 16.65 42.67 6.669 2.978 5.944 308.8
13.0 107.1 0.455 3.53 20.93 43.94 7.176 3.016 6.125 303.9
14.0 99.7 0.447 3.16 25.16 55.26 7.649 3.042 6.189 301.7
15.0 93.05 0.450 2.85 29.27 61.51 8.083 3.062 6.186 301.4
16.0 87.05 0.457 2.60 33.24 67.71 8.483 3.084 6.196 303.1
17.0 81.68 0.469 2.38 37.17 73.90 8.858 3.101 6.184 305.8
18.0 76.87 0.484 2.20 41.04 80.07 9.211 3.116 6.159 309.2
19.0 72.57 0.500 2.04 44.87 86.21 9.543 3.127 6.126 313.0
20.0 68.70 0.518 1.90 48.65 92.32 9.856 3.136 6.089 317.2
21.0 65.22 0.538 1.78 52.39 98.39 10.15 3.144 6.049 321.7
22.0 62.07 0.558 1.67 56.09 104.4 10.43 3.149 6.009 326.3
23.0 59.21 0.579 1.58 59.74 110.4 10.70 3.154 5.968 331.0
24.0 56.61 0.601 1.49 63.36 116.4 10.95 3.167 5.929 335.8
25.0 54.24 0.623 1.41 66.95 122.3 11.19 3.160 5.891 340.7
26.0 52.06 0.645 1.35 70.51 128.1 11.42 3.162 5.855 345.5
28.0 48.21 0.690 1.23 77.55 139.8 11.86 3.165 5.788 356.2
30.0 44.91 0.736 1.13 84.50 151.3 12.25 3.166 5.728 364.8
32.0 42.06 0.782 1.04 91.37 162.7 12.62 3.166 5.675 374.3
34.0 39.56 0.828 " 0.969 98.17 174.0 12.96 3.166 5.629 383.6
36.0 37.36 0.874 0.906 104.9 185.2 13.28 3.165 5.588 392.7
38.0 35.40 ©0.919 0.851 111.6 196.4 13.58 3.164 5.552 401.6
40.0 33.65 0.965 0.802 118.3 207.4 13.87 3.163 5.520 410.3
45.0 29.96 1.08 0.702 134.7 234.9 14.51 3.160 5.456 431.3
50.0 27.04 1.19 0.625 151.0 262.0 15.09 3.157 5.407 451.2
55.0 24.65 1.30 0.564 167.2 288.9 15.60 3.154 5.370 470.2
60.0 22.66 1.41 0.514 183.3 315.7 16.07 3.151 5.341 488.5
65.0 20.97 1.52 0.472 199.3 342.4 16.49 3.149 5.319 506.0
70.0 19.53 1.62 0.436 215.3 368.9 16.89 3.147 0.30U 522.9
75.0 18.27 1.73 0.406 231.2 395.4 17.25 3.145 5.285 539.3
80.0 17.17 1.84 0.380 247.0 421.8 17.59 3.143 5.273 555.1
90.0 15.33 2.05 0.336 278.7 474.4 18.21 3.140 5.254 585.4
100.0 13.85 2.26 0.302 310.2 526.9 18.77 3.137 5.241 614.2
125.0 11.16 2.78 0.241 388.8 657.6 19.93 3.133 5.220 680.8
150.0 9.352 3.30 0.200 467.2 788.0 20.88 3.130 5.210 741.3
175.0 8.049 3.82 0.171 545.4 918.1 21.69 3.128 5.203 797.2
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Thermodynamic properties of helium 4—Continued

Temper- Density Iso.therm Iso_ch({re Internal Enthalpy Entropy C. C, ) erlocitz
ature ke/m? derivative derivative energy Wik Wikg K of soun
K & 105m®-Pajkg|  10°PajK Kifkg kJ/kg K m/s
200.0 7.065 4.34 0.150 623.5 1048.0 22.38 3.126 5.200 849.5
225.0 6.296 4.86 0.133 701.6 1178.0 22.99 3.125 5.197 898.7
250.0 5.678 5.38 0.120 779.6 1308.0 23.54 3.124 5.196 945.4
275.0 5.170 5.89 0.109 857.7 1438.0 24.03 3.124 5.195 989.9
300.0 4.746 6.41 0.100 935.7 1568.0 24.49 3.123 5.194 1032.0
350.0 4.077 7.45 0.0856 1092.0 1827.0 25.29 3.122 5.193 1113.0
400.0 3.574 8.48 0.0749 1248.0 2087.0 25.98 3.122 5.192 1188.0
450.0 3.181 9.52 0.0666 1403.0 2347.0 26.59 3.121 5.192 1258.0
500.0 2.866 10.6 0.0599 1559.0 2606.0 27.14 3.121 5.192 1325.0
600.0 2.392 12.6 0.0499 1871.0 3125.0 28.09 3.120 5.192 1449.0
700.0 2.052 14.7 0.0428 2183.0 3645.0 28.89 3.120 5.192 1564.0
800.0 1.797 16.8 0.0375 2495.0 4164.0 ' 29.58 3.119 5.192 1670.0
900.0 1.599 18.8 0.0333 2806.0 4683.0 30.19 3.119 5.192 1771.0
1000.0 1.439 20.9 0.0300 3118.0 . 5202.0 30.74 3.119 5.192 1866.0
1100.0 1.309 23.0 0.0272 3430.0 5721.0 31.23 3.119 5.192 1956.0
12000 1.200 251 0.0250 3741.0 6211.0 31.68 3.119 5.102 2012.0
1300.0 1.108 27.1 0.0231 4053.0 6760.0 32.10 3.119 5.192 2125.0
1400.0 1.029 29.2 0.0214 4365.0 7279.0 32.49 3.119 5.192 2205.0
1500.0 0.9610 31.3 0.0200 4676.0 . 7798.0 32.84 3.118 5.192 2282.0

35.0 X 10** pascal Isobar

2.5 181.6 1.54 2.94 -10.23 9.033 1.589 1.164 1.207 399.0
3.0 180.6 1.55 3.83 -9.795 9.585 1.821 1.401 1.488 405.8
3.5 179.2 1.52 5.01 ~9.246 10.29 2.055 1.559 1.739 411.2
4.0 177.3 1.46 5.90 —-8.575 11.16 2.297 1.731 2.035 414.0
4.5 175.1 1.39 6.44 -7.743 12.24 2.550 1.939 2.376 412.8
5.0 172.6 1.32 6.69 -6.713 13.56 2.819 2.167 2.736 408.0
5.1 172.1 1.31 6.71 ~6.480 13.86 2.874 2.210 2.805 407.0
5.2 171.5 1.30 6.74 -6.234 14.17 2,929 2.233 2.852 406.7
5.3 171.0 1.28 6.75 —-6.012 14.46 2,963 2.217 2.861 406.7
5.4 170.5 1.27 6.76 -5.788 14.74 3.037 2.226 2.896 406.0
5.5 169.9 1.25 6.76 -5.562 15.03 3.090 2.237 2.932 405.3
5.6 169.4 1.24 6.76 -5.334 15.33 3.143 2.249 2.970 404.5
5.7 168.8 1.22 6.76 -5.104 15.63 3.196 2.262 3.008 403.6
5.8 168.3 1.21 6.76 -4.871 15.93 3.249 2.275 3.048 402.7
5.9 167.7 1.20 6.75 -4.635 16.23 3.302 2.290 3.088 401.7
6.0° 167.2 1.18 6.74 : —4.397 16.54 3.354 2.304 3.129 400.7
6.5 164.2 1 6.66 -3.165 18.14 3.613 2.382 3.341 395.3
7.0 161.2 1.05 6.54 -1.861 19.85 3.869 2.460 3.559 389.4
7.5 158.0 0.985 6.39 -0.4831 21.67 4.123 2.535 3.780 383.2
8.0 154.7 0.925 6.22 0.9696 23.60 4.376 2.604 4.002 376.9
8.5 151.2 0.868 6.03 » 2.495 25.64 4.626 2.667 4,223 370.8

9.0 147.7 0.816 5.83 4.090 21.79 4.876 2.725 4.442 364.7 -
9.5 144.1 0.768 5.62 5.754 30.05 5.124 2.777 4.658 358.9
10.0 1403 0.724 5.40 7.481 - 32.42 5.371 2.824 4.869 353.4
11.0 132.6 0.646 4.93 11.35 37.74 5.885 2.910 5.265 342.0
12.0 124.8 0.588 4.48 15.40 43.44 6.387 2.968 5.593 332.9
13.0 117.2 0.550 4.05 19.54 49.41 6.870 3.008 5.827 326.4
14.0 110.0 0.529 3.66 23.70 55.52 7.327 3.037 5.962 3924
15.0 103.4 0.522 3.32 27.80 61.66 7.753 3.058 6.017 320.4
16.0 97.29 0.522 3.04 31.73 67.70 8.143 3.079 6.068 320.7
17.0 91.74 0.528 2.80 35.63 73.78 8.512 3.097 6.089 322.1
18.0 86.69 0.537 2.59 39.50 79.87 8.860 3.112 6.090 324.3
19.0 82.10 0.550 2.40 43.33 85.96 9.189 3.124 6.079 327.2
20.0 77.94 0.565 2.24 47.12 92.03 9.501 3.134 6.059 330.5
21.0 74.16 0.582 2.10 50.88 98.07 9.796 3.143 6.033 334.2
22.0 70.72 0.600 1.97 54.60 : 104.1 - 10.08 3.149 6.005 338.2
23.0 67.57 0.619 1.86 58.28 110.1 10.34 3.155 5.974 342.3
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Thermodynamic properties of helium 4—Continued

ROBERT D. McCARTY

Temper- Density Iso‘ther.m Isqchore Internal Enthalpy Entropy C, C, Velocity

ature kg/m? derivative derivative energy K/k W/ke K of sound
K & 10°m?-Pafkg| 105Pa/K Kl/kg & € ki/kg K m/s
24.0 64.69 0.639 1.76 61.94 116.0 10.60 3.159 5.942 346.6
25.0 62.05 0.659 1.67 65.56 122.0 10.84 3.162 5.911 351.0
26.0 59.61 0.680 1.59 69.15 127.9 11.07 3.165 5.879 355.4
28.0 55.29 0.723 1.45 76.26 139.6 11.50 3.168 5.819 364.4
30.0 51.57 0.767 1.33 83.27 151.1 11.90 3.170 5.763 373.5
32.0 48.33 0.812 1.23 90.20 162.6 12.27 3.171 5.712 382.5
34.0 45.50 0.857 1.14 97.07 174.0 12.62 3.171 5.666 391.4
36.0 42.99 0.903 1.07 103.9 185.3 12.94 3.171 5.625 400.1
38.0 40.76 0.948 1.00 110.6 196.5 13.24 3.170 5.588 408.8
40.0 38.75 0.993 0.943 117.3 207.6 13.53 3.169 5.555 417.2
45.0 34.55 1.11 0.825 133.9 235.2 14.18 3.166 5.487 437.7
50.0 31.19 1.22 0.734 150.3 262.5 14.75 3.163 5.435 457.3
55.0 28.46 1.33 0.661 166.6 289.6 15.27 3.159 5.394 476.0
60.0 26.17 1.44 0.602 182.8 316.5 15.74 3.157 5.362 494.0
65.0 24.24 1.55 0.552 198.8 343.2 © 16,17 3.154 5.336 51L3
70.0 22.58 1.65 0.510 214.8 369.9 16.56 3.151 5.316 528.0
75.0 21.14 1.76 0.475 230.8 396.4 16.93 3.149 5.299 544.2
80.0 19.87 1.87 0.444 246.7 422.8 17.27 3.147 5.285 559.9
90.0 17.75 2.08 0.393 278.4 475.6 17.89 3.144 5.264 590.0
100.0 16.05 2,29 0.352 310.0 528.1 18.44 3.141 5.248 618.5
125.0 12.95 .2.81 0.281 388.7 659.0 19.61 3.136 5.225 684.6
150.0 10.86 3.33 0.233 467.1 789.5 20.56 3.132 5.212 744.7
175.0 9.352 3.85 0.200 545.4 919.7 21.37 3.130 3.205 800.4
200.0 8.213 4.37 0.175 623.6 1050.0 22.06 3.128 5.201 852.4
225.0 7.322 4.89 0.155 701.7 1180.0 22.67 3127 5.198 901.4
250.0 6.605 5.41 0.140 779.8 1310.0 23.22 3.126 5.196 947.9
275.0 6.017 5.92 0.127 857.8 1440.0 23.72 3.125 5.195 992.2
300.0 5.524 6.44 0.116 935.8 1569.0 24.17 3.124 5.194 1035.0
350.0 4.748 1.47 0.100 1092.0 1829.0 24.97 3.123 5.193 1115.0
400.0 4.162 8.51 0.0873 1248.0 2089.0 25.66 3.123 5.192 1189.0
450.0 3.705 9.54 0.0776 1404.0 2348.0 26.27 3.122 5.192 1260.0
500.0 3.339 10.6 0.0699 1560.0 2608.0 26.82 3.122 5.192 1326.0
600.0 2,787 12.6 0.0582 1871.0 3127.0 27.77 3.121 5.192 1451.0
700.0 2,392 14.7 0.0499 2183.0 3646.0 28.57 3.120 5.192 1565.0
800.0 2.095 16.8 0.0437 2495.0 4165.0 29.26 3.120 5.192 1671.0
900.0 1.864 18.9 0.0388 2807.0 4685.0 29.87 3.120 5.192 1712.0
1000.0 1.678 20.9 0.0350 3118.0 5204.0 30.42 3.120 5.192 1866.0
1100.0 1.526 23.0 0.0318 3430.0 5723.0 30.91 3.119 5.192 1957.0
1200.0 1.400 25.1 0.0291 3742.0 6242.0 31.36 3.119 5.192 2043.0
1300.0 1.293 27.2 0.0269 40353.0 0761.0 31.78 3.119 5.192 2126.0
1400.0 1.201 29.2 - 0.0250 4365.0 7280.0 32.17 3.119 5.192 2206.0
1500.0 1.121 31.3 0.0233 4677.0 7800.0 32.52 3.119 5.192 2282.0

40.0 X 10*> pascal Isobar

2.5 184.8 1.62 3.56 -9.98 11.66 1.547 1.172 1.229 412.4
3.0 183.7 1.66 4.09 -9.574 12.19 1.776 1.354 1.443 420.9
3.5 182.4 1.64 5.20 -9.069 12.86 2.002 1.501 1.674 427.7
4.0 180.6 1.59 6.08 -8.444 13.70 2,234 1.679 1.964 431.4
4.5 178.6 1.53 6.62 -7.657 14.74 2.479 1.897 2.302 430.5
5.0 176.2 1.46 6.88 -6.672 16.03 2,139 2.134 2.650 426.2
5.1 175.7 1.45 6.91 —6.448 16.32 2.792 2.179 2.724 425.3
5.2 175.2 1.44 6.94 ~6.212 16.62 2.845 2.202 2.770 425.1
5.3 174.7 1.42 6.95 -5.998 16.90 2.898 2.188 2,778 425.1
3.4 174.2 1.41 0.97 —0.784 17.18 2.950 2.199 2.811 424.5
5.5 173.7 1.40 6.97 -5.567 17.46 3.002 2.211 2.846 423.9
5.6 173.2 1.38 6.98 -5.349 17.74 3.054 2.224 2.882 423.1
5.7 172.7 1.37 6.98 -5.128 18.03 3.105 2.238 2.918 422.4
5.8 172.2 1.35 6.98 -4.905 18.33 3.156 2.252 2.956 421.5
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Témper- Dcnsity' Iso-thel.'m Iso‘cho‘re Internal Enthalpy Entropy C. C, V;e]ocitz
ature kg/m?® derivative derivative energy Kl/kg Kl/kg K of soun
K 10°m3-Pafkg| 105Pa/K kl/kg kl/kg K m/s
5.9 171.7 1.34 6.97 -4.679 18.62 3.207 2.268 2.994 420.7
6.0 171.1 1.33 6.97 —4.451 18.92 3.258 2.283 3.033 419.8
6.5 168.5 1.26 6.91 ~-3.271 20.47 3.509 2.364 3.232 414.8
7.0 165.7 1.19 6.81 -2.023 22.12 3.756 2.445 3.437 409.3
7.5 162.7 1.13 6.68 -0.7062 23.87 4.001 2.521 3.642 403.6
8.0 159.7 1.07 6.53 0.6804 25.73 4.244 2.592 3.846 397.8
8.5 156.6 1.01 6.36 2.134 27.68 4.484 2.656 4,047 392.1
9.0 153.4 0.955 6.18 3.654 29.73 4.723 2.714 4.247 386.5
9.5 150.1 0.904 5.99 5.235 31.89 4.960 2.767 4.442 381.0
10.0 146.7 0.858 5.80 6.876 34.14 5.194 2.814 4.633 375.8
11.0 139.7 0.772 5.36 10.58 39.21 5.684 2.901 4.995 364.6
12.0 132.6 0.704 4.92 14.46 44.63 6.162 2.962 5.311 355.2
13.0 125.6 0.653 4.50 18.47 50.33 6.624 3.004 5.563 347.8
14.0 118.7 0.620 4.11 22.54 56.23 7.065 3.034 5.739 342.5
15.0 112.3 0.602 3.75 26.61 62.23 7.482 3.056 5.841 339.2
16.0 106.3 0.594 3.46 30.47 68.11 7.862 3.077 5.926 338.2
17.0 100.7 0.593 3.19 34.33 74.07 8.223 3.095 -5.977 338.5
18.0 95.51 0.598 2.96 38.18 80.06 8.566 3.110 6.003 339.7
19.0 90.76 0.606 2.76 42.00 86.07 8.890 3.123 6.012 341.6
20.0 86.41 0.A18 2 88 45.70 Q2 .08 9.190 3.133 6.000 344.1
21.0 82.41 0.631 2.41 49.55 98.08 9.492 3.142 5.998 347.1
22.0 78.75 0.647 2.27 53.28 104.1 9.770 3.149 5.981 350.4
23.0 75.38 0.663 2.14 56.98 110.0 10.04 3.155 5.961 354.0
. 24.0 72.27 0.681 2.03 60.65 116.0 10.29 3.160 5.937 357.7
25.0 - 69.41 0.700 1.93 64.29 1219 10.53 3.164 5.913 361.7
26.0 66.76 0.720 1.83 67.90 127.8 10.76 3.167 5.887 365.7
28.0 62.04 0.760 1.67 75.06 139.5 11.20 3.1711 5.836 374.0
30.0 57.94 0.803 1.53 82.13 151.2 11.60 3.174 5.785 382.4
32.0 54.37 0.846 1.42 89.11 162.7 11.97 3.175 5.738 390.9
34.0 51.22 0.890 1.32 96.03 174.1 12.32 3.176 5.694 399.4
36.0 48.44 0.934 1.23 102.9 185.5 12.64 3.176 5.654 407.8
38.0 45.95 0.979 1.15 109.7 196.7 12.94 3.175 5.617 416.1
40.0 43.71 1.02 1.09 116.4 207.9 13.23 3.174 5.584 424.3
45.0 39.01 1.14 0.948 133.1 235.7 13.89 3.171 5.514 444.3
50.0 35.25 1.25 0.843 149.6 263.1 14.46 3.168 5.459 463.5
55.0 32.18 1.36 0.758 166.0 290.3 14.98 3.165 5.416 481.9
60.0 29.62 1.47 0.690 182.2 317.3 15.45 3.162 5.381 499.6
65.0 27.44 1.58 0.633 198.3 344.1 15.88 3.159 5.353 516.7
70.0 25.58 1.68 0.585 214.4 370.8 16.28 3.156 5.331 533.2
75.0 23.95 1.79 0.544 230.4 397.4 16.64 3.154 5.312 549.2
80.0 22.53 1.90 0.508 246.4 423.9 16.99 3.151 5.297 564.7
90.0 20.14 2.11 0.449 278.1 476.8 17.61 3.148 5.273 594.5
100.0 18.21 2.32 0.403 309.8 529.4 18.16 3.145 5.255 622.8
125.¢ 14.72 2.84 0.321 388.6 660.4 19.33 3.139 5.229 688.3
150.0 12.35 3.36 0.267 467.1 791.0 20.28 3.135 5.215 748.1
175.0 10.64 3.88 0.228 . 545.4 921.2 21.09 3.132 5.207 803.5
200.0 a.353 4.40 0.200 . 623.7 1061.0 21.78 3.130 5.202 855.2
225.0 8.342 4.92 0.177 701.8 1181.¢ 22.40 3.129 5.199 904.0
250.0 7.528 5.44 0.160 779.9 1311.0 22,94 3.127 5.197 950.4
275.0 6.859 5.95 0.145 858.0 1441.0 23.44 3.126 5.195 994.5
300.0 6.299 6.47 0.133 936.0 1571.0 23.89 3.126 5.194 1037.0
350.0 5.415 7.50 0.114 1092.0 1831.0 24.69 3.124 5.193 1117.0
400.0 4.749 8.54 0.100 1248.0 2090.0 25.38 3.124 5.192 1191.0
450.0 4,228 9.57 0.0887 1404.0 2350.0 26.00 3.123 5.192 1261.0
500.0 3.811 10.6 0.0798 1560.0 2610.0 26.54 3.122 5.192 1328.0
600.0 3.182 12.7 0.0665 1872.0 3129.0 27.49 3.122 5.191 1452.0
700.0 2.732 14.7 0.0570 2183.0 3648.0 28.29 3.121 5.191 1566.0
800.0 2.393 16.8 0.0499 2495.0 4167.0 28.98 3.121 5.191 1672.0
900.0 2.129 18.9 0.0444 2807.0 4686.0 29.59 3.120 5.192 1773.0
1000.0 1.917 21.0 0.0399 3119.0 5205.0 30.14 3.120 5.192 1867.0
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Temper- Density Iso.xhell'm Iso‘cho.re Internal Enthalpy Entropy C. C, Velocity

ature kg/m? derivative derivative energy Ki/ke K/kg ‘K of sound
K & 10°m3-Pafkg| 105 Pa/K Ki/kg & kl/ke K m/s
1100.0 1.744 23.0 0.0363 3430.0 5724.0 30.64 3.120 5.192 1958.0
1200.0 1.599 25.1 0.0333 3742.0 6244.0 31.09 3.120 5.192 2044.0
1300.0 1.477 27.2 0.0307 4054.0 6763.0 31.50 3.120 5.192 2126.0
1400.0 1.372 29.2 0.0285 4365.0 7282.0 31.89 3.119 5.192 2206.0
1500.0 1.280 © 313 0.0266 4677.0 7801.0 32.25 - 3.119 5.192 2283.0

45.0 X 10*> pascal Isobar

2.5 187.9 1.70 4.39 -9.724 14.23 1.502 1.210 1.290 425.2
3.0 186.7 1.76 4.44 -9.339 14.76 1.733 1.318 1.415 435.1
3.5 185.3 1.76 5.43 —8.873 15.41 1.951 1.450 1.621 443.2
4.0 183.6 1.72 6.27 —8.288 16.21 2.176 1.633 1.905 447.5
4.5 181.7 1.66 6.80 ~7.541 17.23 2.414 1.860 2'240 447.0
5.0 179.5 1.59 7.06 —6.594 18.48 2.667 2.105 2.590 442.9
5.1 179.0 1,58 7.09 —-6.377 18.76 2.719 2.151 2.657 442.0
5.2 178.5 1.57 7.12 -6.149 19.06 2771 2.176 2702 4419
5.3 178.0 1.56 7.14 -5.943 19.33 2.822 2162 2709 4420
5.4 177.6 1.55 7.15 -5.737 19.60 2.873 2174 2741 4415
5.5 177.1 1.53 1.16 —-5.528 19.88 2.924 2.188 2775 440.9
5.6 176.7 1.52 7.17 -5.318 20.15 2.974 2.202 2.809 440.2
5.7 176.2 1.51 717 -~5.105 20.44 3.024 2.217 2.844 439.5
5.8 175.7 1.49 7.18 —4.890 20.72 3.074 2.232 2.881 438.7
5.9 175.2 1.48 717 —4.673 21.01 .3.123 2,248 2.917 437.9
6.0 174.7 1.46 7.17 —4.453 21.30 3.173 2.264 2.954 437.1
6.5 172.2 1.40 7.12 -3.316 22.81 3.417 2.348 3.145 432.4
7.0 169.6 1.33 7.04 -2.114 24.41 3.658 2.431 3.338 427.3
7.5 166.9 1.27 6.93 . —0.8467 26.11 3.895 2.509 3.532 422.0
8.0 - 164.1 1.20 6.80 0.4867 27.90 4.130 2.581 3.723 416.6
8.5 161.3 1.14 6.65 1.884 29.79 4.363 2.646 3.911 4113
9.0 158.3 1.09 6.49 3.342 31.77 4.593 2.705 4.095 406.0
9.5 155.3 1.04 6.32 4.858 33.84 4.821 2.758 4.276 400.9
10.0 152.2 0.988 6.14 6.431 36.00 5.046 2.806 4.453 395.9
11.0 145.8 0.897 5.72 10.00 40.87 5.517 2.895 4.786 385.1
12.0 139.2 0.821 5.31 13.75 46.08 5.977 2,957 5.086 375.7
13.0 132.7 0.761 4.91 17.65 51.57 6.421 3.001 5.339 367.9
14.0 126.2 0.717 4.52 21.63 57.27 6.848 3.032 5.535 361.8
15.0 120.1 0.689 4.16 25.64 63.12 7.255 3.056 5.669 357.5
16.0 114.2 0.673 3.85 29.43 68.84 7.624 3.077 5.781 355.6
17.0 108.6 0. 665 387 33.24 74 67 7.977 3.005 5.858 354.8
18.0 103.4 0.664. 3.32 37.05 80.55 8.314 3.110 5.906 355.1
19.0 98.63 0.668 3.10 40.84 86.47 8.634 3.122 5.935 356.2
20.0 94.16 0.675 2.90 44.62 92.41 8.939 3.133 5.948 357.9
21.0 90.02 0.685 2.72 48.37 98.36 9.229 3.142 5.950 360.2
22.0 86.19 0.698 2.57 52.10 104.3 9.506 3.149 5.945 362.9
23.0 82.65 0.712 2.42 55.81 110.3 9.770 3.156 5.934 365.9
24.0 79.38 0.728 2.30 59.49 116.2 10.02 3.161 5.919 369.1
25.0 76.34 0.745 2.18 63.14 122.1 10.26 3.165 5.902 372.6
26.0 73.52 0.763 2.07 66.77 128.0 10.49 3.169 5.882 376.2
28.0 68.45 0.800 1.89 73.96 139.7 10.93 3.174 5.841 383.8
30.0 64.03 0.841 1.73 81.06 151.3 11.33 3.177 5.797 391.6
32.0 60.16 0.882 1.60 88.09 162.9 11.70 3.179 5.755 399.6
34.0 56.74 0.925 1.49 95.05 174.4 12.05 3.180 5.714 407.6
36.0 53.69 0.968 1.39 101.9 185.8 12.38 3.180 5.676 415.7
38.0 50.97 1.01 1.30 108.8 197.1 12.68 3.180 5.640 423.7
40.0 48.52 1.06 1.23 115.6 208.3 12.97 3.179 5.608 431.6
45.0 43.35 1.17 1.07 132.4 236.2 13.63 3.176 5.537 451.0
50.0 39.21 1.28 0.952 149.0 263.7 14.21 3.173 5.481 469.7
55.0 35.82 1.39 0.857 165.4 291.0 14.73 3.170 5.435 487.8
60.0 32.99 1.50 0.779 181.7 318.1 15.20 3.167 5.399 505.2

J. Phys. Chem. Ref. Data, Vol. 2, No. 4, 1973



THERMODYNAMIC PROPERTIES OF HELIUM 4 1019
Thermodynamic properties of helium 4—Continued

Temper- Density Iso.thex:m Iso'cho.re Internal Enthalpy Entropy C, C, Velocity

ature ke/m? derivative derivative energy Ki/ke Ki/kg K of sound
K 10°m?*-Pafkg| 105 Pa/K kl/kg kl/kg ‘K m/s
65.0 30.59 1.61 0.714 197.9 345.0 15.63 3.163 5.369 522.1
70.0 28.52 1.71 0.660 214.0 371.8 16.03 3.161 5.345 538.4
5.0 26.72 1.82 0.613 230.0 398.4 16.39 3.158 5.325 554.2
80.0 25.14 1.93 0.573 246.0 425.0 16.74 3.156 5.308 569.5
90.0 22.49 2.14 0.506 277.9 478.0 17.36 3.151 5.282 599.0
100.0 20.35 2.35 0.454 309.6 530.7 17.92 3.148 5.263 627.0
125.0 16.46 2.88 0.361 388.5 661.8 19.09 3.142 5.233 692.1
150.0 13.83 3.40 0.300 467.1 792.5 20.04 3.137 5.218 751.5
175.0 11.93 3.91 0.257 545.5 922.8 20.84 3.134 5.209 806.6
200.0 10.48 4.43 0.225 623.7 1053.0 21.54 3.132 5.203 858.1
225.0° 9.355. 4.95 0.200 701.9 1183.0 22.15 3.130 5.200 906.7
250.0 8.445 5.47 0.180 780.0 1313.0 22.70 3.129 5.197 952.8
275.0 7.697 5.98 0.163 858.1 1443.0 23.19 3.128 5.195 997.0
300.0 7.070 6.50 0.150 936.2 1573.0 23.65 3.127 5.194 1039.0
350.0 6.080 7.53 0.128 1092.0 1832.0 24.45 3.126 5.193 1119.0
400.0 5.333 8.57 0.112 1248.0 2092.0 25.14 3.125 5.192 1193.0
450.0 4.750 9.60 0.100 1404.0 2352.0 25.75 3.124 5.192 1263.0
500.0 4.282 10.6 0.0898 1560.0 2611.0 26.30 3.123 5.191 1329.0
600.0 3.576 12.7 0.0748 1872.0 3130.0 27.25 3.122 5.191 1453.0
700.0 3.070 14.8 0.0642 2184.0 3649.0 28.05 3.122 5.191 1567.0
800.0 2.690 16.8 0.0561 2496.0 4168.0 28.74 3.121 5.191 1674.0
900.0 2.393 18.9 0.0499 2807.0 4688.0 29.35 3.121 5.191 1773.0
1000.0 2.155 21.0 0.0449 3119.0 5207.0 29.90 3.121 5.191 1868.0
1100.0 1.961 23.1 0.0408 3431.0 5726.0 30.39 3.120 5.192 1958.0
1200.0 1.798 25.1 0.0374 3742.0 6245.0 30.84 3.120 5.192 2044.0
1300.0 1.661 27.2 0.0346 4054.0 6764.0 31.26 3.120 5.192 2127.0
1400.0 1.542 29.3 0.0321 4366.0 7283.0 31.64 3.120 5.192 2207.0
1500.0 1.440 31.3 0.0300 4678.0 7803.0 32.00 3.120 3.192 2284.0

50.0 X 10** pascal Isobar

2.5 190.8 1.76 5.46 ~9.460 16.74 1.453 1.280 1.396 437.8
3.0 189.5 1.86 4.90 -9.093 17.29 1.690 1.294 1.402 448.6
3.5 188.1 1.87 5.71 ~8.662 17.92 1.904 1.406 1.579 457.9
4.0 186.5 1.84 6.49 ~8.114 18.70 2.122 1.502 1.856 462.6
4.5 184.6 1.78 6.99 ~7.401 19.69 2.354 1.827 2.188 462.3
5.0 182.5 1.72 7.24 -6.488 20.91 2.601 2.079 2.535 458.4
5.1 182.0 1.71 7.27 -6.277 21.19 2.652 2.126 2.601 457.6
5.2 181.6 1.70 7.30 ~6.055 21.48 2.703 2.152 2.646 457.5
5.3 181.1 1.69 7.32 -5.856 21.75 2.753 2.140 2.651 457.6
5.4 180.7 1.68 7.33 ~5.656 22.01 2.803 2.153 2.683 457.1
5.5 180.3 1.66 7.34 ~5.455 22.28 2.852 2.167 2.715 456.6
5.6 179.8 1.65 7.35 ~5.251 22.56 2.902 2.182 2.749 456.0
5.7 179.4 1.64 7.35 ~5.045 22.83 2.951 2.198 2.783 455.3
5.8 178.9 1.62 7.36 ~4.837 23.11 2.999 2.214 2.818 454.6
5.9 178.5 1.61 7.36 -4.627 23.39 3.048 2.231 2.853 453.9
6.0 118.0 1.60 (.35 ~4.4149 23.068 3.096 2.248 2.889 453.1
6.5 175.6 1.53 7.32 -3.314 25.15 3.335 2.335 3.072 448.7
7.0 173.2 1.46 7.25 -2.150 26.72 3.570 2.419 3.257 443.9
7.5 170.7 1.40 7.16 -0.9244 28.37 3.801 2.499 3.41 438.9
8.0 168.1 1.34 7.04 0.3640 30.11 4.030 2.571 3.622 433.9
8.5 165.4 1.28 6.91 1.714 31.94 4.256 2.637 3.800 428.8
9.0 162.7 1.22 6.77 3.122 33.86 4.479 2.697 3.974 423.9
9.5 159.8 1.17 6.61 4.585 35.87 4.700 2.751 4.143 419.1
10.0 157.0 1.12 6.44 6.102 37.96 4.918 2.799 4.309 414.4
11.0 151.0 1.02 6.05 9.564 42.68 5.375 2.889 4.620 404.0
12.0 1449 0.939 5.66 13.21 47.71 5.819 2.953 4.902 394.7
13.0 138.8 0.871 5.27 17.00 53.02 6.250 2.999 5.150 386.8
14.0 1 132.8 0.819 4.89 20.89 58.55 6.664 3.032 5.355 380.2
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Temper- Density Iso'ther.m Iso.cho.re Internal Enthalpy Entropy C. C, Velocity

ature kg/m® derivative derivative energy I /ke K/kg K of sound
K 105m*-Pajkg| 10°Pa/K ki/kg kl/kg ‘K m/s
15.0 126.9 0.781 4.53 24.84 64.25 7.061 3.056 5.508 375.2
16.0 o 121.2 0.757 4.22 28.57 69.83 7.420 3.078 5.639 . 372.5
17.0 115.8 0.742 3.93 32.32 75.52 7.765 3.095 5.736 370.9
18.0 110.6 0.735 3.67 36.08 81.29 8.095 3.110 5.804 370.3
19.0 105.8 0.734 3.43 39.85 87.12 8.410 3.123 5.850 370.7
20.0 101.2 0.737 3.22 43.60 92.98 8.711 3.134 5.879 3717
21.0 97.03 0.743 3.03 47.34 98.87 8.999 3.143 5.894 373.3
22.0 93.09 0.753 2.86 51.06 104.8 9.273 3.150 5.900 375.4
23.0 89.43 0.764 2.70 54.76 110.7 9.535 3.157 5.899 3779
24.0 86.02 0.778 2.56 58.44 116.6 9.786 3.162 5.892 380.7
25.0 82.85 0.793 2.43 62.10 122.5 10.03 3.166 5.882 383.7
26.0 79.88 0.809 2.31 65.74 128.3 10.26 3.170 5.869 386.9
28.0 74.53 0.844 2.11 72.95 140.0 10.69 3.176 5.837 393.7
30.0 69.84 0.881 1.94 80.08 151.7 11.09 3.180 5.801 401.0
32.0 65.70 0.921 1.79 87.14 163.2 11.47 3.182 5.764 408.4
34.0 62.04 0.962 1.66 94.13 174.7 11.81 3.184 5.727 416.0
36.0 58.76 1.00 1.55 101.1 186.1 12.14 3.184 5.692 423.7
38.0 55.83 1.05 1.46 107.9 197.5 12.45 3.184 5.658 431.3
40.0 53.18 1.09 1.37 114.8 208.8 12.74 3.184 5.626 439.0
45.0 47.58 1.20 1.20 131.6 236.7 13.39 ~3.181 5.557 457.8
50.0 43.08 1.31 1.06 148.3 264.4 13.98 3.178 5.500 476.0
55.0 39.39 1.42 0.955 164.8 291.7 14.50 3.175 5.453 493.7
60.0 36.30 1.53 0.868 181.2 318.9 14.97 3.171 5.415 510.9
65.0 33.67 1.64 0.795 197.4 345.9 15.40 3.168 5.384 527.5
70.0 31.41 1.75 0.734 213.6 372.8 15.80 3.165 5.358 543.5
75.0 29.44 1.85 0.682 229.7 399.5 16.17 3.162 5.337 559.1
80.0 27.71 1.96 0.637 245.7 426.1 16.51 3.160 5.318 574.3
90.0 24.81 2.17 *0.563 277.6 479.2 17.14 3.155 5.290 603.5
100.0 22.47 2.38 0.505 309.4 532.0 17.70 3.152 5.270 631.3
125.0 18.19 2.91 0.401 388.4 663.3 18.87 3.144 5.238 695.9
150.0 15.30 3.43 0.334 467.1 794.0 19.82 3.140 5.220 754.9
175.0 13.20 - 3.95 0.285 545.5 924.3 20.62 3.136 5.210 809.6
200.0 11.61 4.46 0.250 623.8 1055.0 21.32 3.134 5.204 860.9
225.0 10.36 4.98 0.222 702.0 1185.0 21.93 3.132 5.200 909.3
250.0 9.357 5.50 0.199 780.2 1315.0 22.48 3.130 5.198 955.3
275.0 8.530 6.01 0.181 858.3 1444.0 22,98 3.129 5.196 999.0
300.0 7.837 6.53 0.166 936.4 1574.0 23.43 3.128 5.194 1041.0
350.0 6.743 7.56 0.142 1092.0 1834.0 24.23 3.127 5.193 1121.0
400.0 5.916 8.60 0.125 1248.0 2094.0 24.92 3.126 5.192 1195.0
450.0 5.270 9.63 0.111 1404.0 2353.0 25.53 3.125 5.191 1265.0
500.0 4.751 10.7 0.100 1560.0 2613.0 26.08 3.124 5.191 1331.0
600.0 3.969 12.7 0.0831 1872.0 3132.0 27.03 3.123 5.191 1454.0
700.0 3.409 14.8 0.0713 2184.0 3651.0 27.83 3.122 5.191 1568.0
800.0 2.987 16.9 0.0624 2496.0 4170.0 28.52 3.122 5.191 1675.0
-900.0 2.657 18.9 0.0555 2808.0 4689.0 29.13 . 3121 5.191 1774.0
1000.0 2.394 21.0 0.0499 3119.0 5208.0 29.68 3.121 5.191 1869.0
1100.0 2.177 23.1 0.0454 3431.0 5727.0 30.17 3.121 5.191 1959.0
1200.0 1.997 25.1 0.0416 3743.0 | 6247.0 30.62 3.121 5.191 2045.0
1300.0 1.844 27.2 0.0384 4055.0 6766.0 31.04 3.121 5.192 2128.0
1400.0 1.713 29.3 0.0357 4366.0 7285.0 3143 3.120 5.192 2207.0
1500.0 1.600 31.4 0.0333 4678.0 7804.0 31.78 3.120 5.192 2284.0

60.0 X 10*> pascal Isobar

3.0 194.7 2.02 6.13 -8.584 22.23 1.602  1.287 1.434 474.8
3.5 193.2 2.07 6.42 -8.209 22.85 1.813 1343 1.529 485.5
4.0 191.6 2.06 6.98 ~7.722 23.59 2.023  1.527 1.785 490.6
4.5 189.8 2.02 7.38 ~7.067 24.54 2.246 - 1.773 2.109  490.3
5.0 187.9 1.97 7.58 -6.208 25.73 2484 2.036 2.450 486.6
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Temper- Density Iso‘thel:m ISCtChofe Internal Enthalpy Entropy C, C, Velocity

ature kg/m® derivative derivative energy ki/ke K/ke K of sound
K 10°m3-Pa/kg| 105 Pa/K ki/kg kl/kg K m/s
5.1 187.4 1.96 7.61 —6.008 26.00 2.533 2.085 2.515 485.8
5.2 187.0 1.95 7.63 -5.797 26.28 2582 2.113 2.557  485.7
5.3 186.6 1.94 7.65 -5.609 26.54 2.631  2.103 2.562 485.9
5.4 186.2 1.93 7.66 -5.420 26.79 2679 2,118 2.502 4855
5.5 185.8 1.91 7.67 -5.229 27.05 2.727 2.133 2.622 485.0
5.6 185.4 1.90 7.67 ~5.036 27.32 2.774 2.150 2.654 484.5
5.7 185.0 1.89 7.68 -4.842 27.58 2.822 2.167 2.686 483.9
5.8 184.6 1.88 7.68 —4.645 27.85 2.869 2.184 2.719 483.2
5.9 184.2 1.86 7.68 -4.446 28.12 2.916 2.202 2.753 482.5
6.0 183.8 1.85 7.68 —4.244 28.40 2.962 2.220 2.787 481.8
6.5 181.7 1.78 7.66 -3.203 29.82 3.192 2.311 2.958 477.8
7.0 179.5 1.72 7.61 -2.101 31.32 3.418 2.399 3.130 473.5
7.5 177.3 1.65 7.54 0.9414 32.091 3.640 2.480 3.300 169.0
8.0 174.9 1.59 7.45 0.2770 34.57 3.859 2.554 3.466 464.6
8.5 172.6 1.53 1.35 1.551 36.32 4.075 2.621 3.629 460.1
9.0 170.1 147 7.23 2.880 38.15 4.288 2.682 3.787 455.7
9.5 167.6 1.42 7.10 4.260 40.05 4.498 2.737 3.941 451.4
10.0 165.1 1.36 6.96 . 5.689 42.03 4.705 2.787 4.091 447.1
11.0 159.8 1.26 6.61 8.988 46.53 5.141 2.879 4.369 437.6
12.0 154.5 117 6.25 12.47 51.30 5.563 2.945 4.624 428.8

13.0 149.1 1.09 5.90 16.09 56.34 5.971 2.995 4.855 421.0

14.0 143.7 1.03 5.54 19.83 61.59 6.365 3.031 5.058 414.1
"~ 15.0 138.3 0.975 5.20 23.66 67.04 6.744 3.057 5.228 408.3
16.0 133.1 0.937 4.88 27.25 72.34 7.087 3.080 5.380 404.6
17.0 127.9 0.909 4.59 30.88 77.79 7.417 3.099 5.504 401.8
18.0 123.0 0.890 4.31 34.55 83.34 7.734 3.114 5.600 400.0
19.0 118.2 0.878 4.06 38.24 88.98 8.039 3.126 5.674 399.1
20.0 113.7 0.872 3.82 41.93 04 68 8.331 3:136 5.722 308.0
21.0 109.5 0.870 3.61 45.62 100.4 8.612 3.145 5.767 399.4
22.0 105.4 0.873 3.41 49.31 106.2 8.881 3.153 5.794 400.4
23.0 101.6 0.878 3.23 52.99 112.0 9.139 3.159 5.811 401.9
24.0 98.07 0.887 3.07 56.65 117.8 9.386 -3.165 5.820 403.8
25.0 94.71 0.897 2.92 60.30 123.7 9.624 3.169 5.823 406.0
26.0 91.55 0.909 2.79 63.94 129.5 9.852 3.174 5.822 408.4
28.0 85.78 0.938 2.55 71.16 141.1 10.28 3.180 5.810 413.9
30.0 8U.66 V.Y 2.34 (8.32 152.¢ 10.68 3.185 2.790 419.9
32.0 76.10 1.01 2.17 85.42 164.3 11.06 3.188 5.764 426.4
34.0 72.02 1.04 2.01 92.46 175.8 11.41 3.190 5.737 433.1
36.0 68.36 1.08 1.88 99.44 187.2 11.73 3.191 5.708 440.0
38.0 65.05 1.12 1.76 106.4 198.6 12.04 3.192 5.679 446.9
40.0 62.06 1.16 1.66 113.3 209.9 12.33 3.192 5.652 454.0
45.0 55.68 1.27 1.45 130.3 238.0 12.99 3.190 5.587 471.5
50.0 50.53 1.38 1.28 147.1 265.8 13.58 3.187 5.531 488.8
55.0 46.27 1.49 1.15 163.7 293.3 14.10 3.184 5.483 505.8
60.0 42.70 1.59 1.05 180.2 320.7 14.58 3.181 5.444 522.3
65.0 39.66 1.70 0.959 196.5 347.8 15.01 3.177 5.410 +538.3
70.0 37.04 1.81 0.885 212.8 374.8 15.41 3.174 5.382 553.9
75.0 34.75 1.92 0.822 228.9 401.6 15.78 3.171 5.358 569.1
80.0 32.73 2.02 0.767 245.1 428.4 16.13 3.168 5.338 584.0
90.0 29.35 2.24 0.677 2771 481.6 16.76 3.163 5.307 612.5
100.0 26.61 2.45 0.607 309.0 534.5 17.31 3.158 5.283 639.8
125.0 21.60 2.97 0.482 388.2 666.1 18.49 3.150 5.246 703.4
150.0 18.19 3.49 0.400 467.0 796.9 19.44 3.145 5.226 761.7
175.0 15.71 4.01 0.342 545.6 927.4 20.25 3.141 5.214 815.8
200.0 13.83 4.53 0.299 624.0 1058.0 20.94 3.137 5.207 866.6
225.0 12.36 5.04 0.266 702.2 1188.0 21.55 3.135 5.202 914.6
250.0 11.17 5.56 0.239 780.4 1318.0 22.10 3.133 5.199 960.2
275.0 10.18 6.07 0.217 858.6 1448.0 22.60 3.132 5.196 1004.0
300.0 9.362 6.59 0.199 936.7 1578.0 23.05 3.131 5.195 1046.0
350.0 8.060 7.62 0.171 1093.0 1837.0 23.85 3.129 5.193 1125.0
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Temper- Density Isolther_m Is().ch\).re Internal Enthalpy Entropy C, C, Velocity

ature ke/m? derivative derivative energy Kk Ki/ke K of sound
K & 10°m®-Pajkg| 105 PajK Ki/kg e kl/kg K m/s
400.0 7.076 8.65 0.150 1249.0 2097.0 24.54 3.128 5.192 1198.0
450.0 6.306 9.68 0.133 1405.0 2356.0 25.16 3.127 5.191 1268.0
500.0 5.687 10.7 0.120 1561.0 2616.0 25.70 3.126 5.191 1334.0
600.0 4.153 12.8 0.100 1873.0 3135.0 26.65 3.125 5.191 1457.0
700.0 4.083 14.8 0.0855 2185.0 3654.0 27.45 3.124 5101 1571.0
800.0 3.579 16.9 0.0748 2497.0 4173.0 . 28.14 3.123 5.191 1677.0
900.0 3.185 19.0 0.0665 2808.0 4692.0 28.75 3.123 5.191 1776.0
1000.¢ 2.869 21.1 .0.0599 3120.0 5211.0 29.30 3.122 5.191 1871.0
1100.0 2,610 23.1 0.0544 3432.0 5730.0 29.80 3.122 5.191 1961.0
1200.0 2.394 25.2 0.0499 3744.0 6249.0 30.25 3.122 5.191 2047.0
1300.0 2.211 27.3 0.0461 4055.0 6769.0 30.66 3.121 5.191 2129.0
1400.0 2.054 29.3 0.0428 4367.0 7288.0 31.05 3.121 5.191 2208.0
1500.0 1.918 31.4 U.039Y 4679.0 807.0 31.41 3.121 5.191 2285.9

70.0 X 10*5 pascal Isobar

3.0 199.5 2.16 7.83 ~8.065 27.02 1.506 1.340 1.554 500.7
3.5 197.8 2.25 7.34 -7.729 27.65 1.725 1.312 1.526 511.8
4.0 196.2 2.27 7.58 ~7.290 28.38 1.931 1.484 1.748 516.5
4.5 194.5 2.24 7.81 —~6.681 29.31 2.149 1.734 2.059 515.7
5.0 192.6 2.20 7.93 -5.863 30.47 2.381 2.005 2.391 511.8
5.1 192.3 2.19 7.95 -5.672 30.74 2.429 2.056 2.454 511.0
5.2 191.9 2.18 7.96 ~5.468 31.01 2.477 2.085 2.495 511.0
5.3 191.5 2.17 7.97 -5.289 31.26 2.525 2.075 2.498 511.2
5.4 191.1 2.16 7.97 -5.108 31.51 2.572 2.091 2.526 510.8
5.5 190.8 2.15 1.97 -4.926 31.77 2.618 2.108 2.556 510.3
5.6 190.4 . 2.14 7.98 -4.742 32.02 2.664 2.126 2.586 509.8
5.7 190.0 2.12 7.98 —4.556 32.28 2.711 2.144 2.616 509.2
5.8 189.6 2.1 7.98 —4.368 32.54 2.756 2.162 2.647 508.6
5.9 189.3 2.10 7.97 -4.177 32.81 2.802 2.181 2.679 508.0
6.0 ' 188.9 2.09 7.97 —3.985 33.07 2.847 2.199 2.711 507.3
6.5 187.0 2.02 7.95 ~-2.988 34.45 3.071 2.293 2.873 503.6
7.0 185.0 1.96 7.91 -1.935 35.91 3.290 2.382 3.035 499.6
7.5 182.9 1.89 7.85 —-0.8258 37.44 3.505 2.464 3.194 495.6
8.0 180.8 1.83 1.79 0.3382 39.05 3.717 2.539 3.349 4915
8.5 178.7 1.77 1.71 1.555 40.74 3.925 2.607 3.501 487.5
9.0 176.4 .71 7.61 2.822 42.49 4.130 2.669 3.648 483.5
9.5 174.2 1.65 7.51 4.138 44.32 4.332 2.725 3.792 479.7
10.0 171.9 1.60 7.39 5.500 46.22 4.531 2.775 3.932 475.8
11.0 167.1 1.49 7.07 8.678 50.56 4.951 2.868 4.186 467.0
12.0 162.3 1.40 . 6.75 12.03 55.16 5.358 2.938 4.421 458.9
13.0 157.4 1.31 6.42 15.53 59.99 5.750 2.990 4.636 451.4
14.0 152.5 1.24 6.09 19.15 65.04 6.129 3.030 4.831 444.5
15.0 147.7 1.18 5.76 22.87 70.28 6.494 3.058 5.002 438.6
16.0 142.8 1.13 5.46 26.33 75.36 6.822 3.083 5.161 434.3
17.0 138.0 1.09 5.17 29.86 80.59 7.139 3.102 5.297 430.9
18.0 133.3 1.06 4.89 33.43 85.95 7.445 3.118 5.409 428.2
19.0 128.7 1.03 4.63 37.03 91.40 7.740 3.130 5.502 426.4
20.0 124.3 1.02 4.38 40.65 96.94 8.025 3.140 5.575 425.3
21.0 120.1 1,01 4.15 44.28 102.5 8.298 . 3.149 5.633 4249
22.0 116.1 1.00 3.94 47.92 108.2 8.561 3.156 5.677 425.0
23.0 112.3 1.00 3.74 51.56 113.9 8.814 3.163 5.710 425.6
24.0 108.7 1.01 3.56 55.20 119.6 9.058 3.168 5.733 426.7
25.0 105.2 1.01 3.40 58.83 125.4 9.292 3.173 5.750 428.1
26.0 101.9 1.02 3.24 62.45 131.1 9.518 317 5.760 429.8
28.0 95.91 1.04 297 69.66 142.6 9.945 3.184 5.767 434.0
30.0 90.49 1.07 2.74 76.82 154.2 10.34 3.189 5.762 439.0
32.0 85.62 1.10 2.53 83.94 165.7 10.71 3.193 5.749 444.5
34.0 81.23 1.13 2.36 91.00 177.2 11.06 3.195 5.731 450.3
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Temper- Density ISO'lhEl.'m Iso.cho.re Internal Enthalpy Entropy C. C, Velocity

ature kg/m® derivative derivative energy Ki/kg Ki/ke -K of sound
K 105m3-Pa/kg 105 Pa/K kJ/kg : kJ/kg K m(s
36.0 77.26 1.17 2.20 98.01 188.6 11.39 3.197 5.710 456.4
38.0 . 73.66 1.20 2.07 105.0 200.0 11.70 3.198 5.687 462.7
40.0 70.37 1.24 1.95 111.9 211.4 11.99 3.199 5.664 469.2
45.0 63.34 1.34 1.70 129.0 239.5 12.65 3.198 5.606 485.4
50.0 57.61 1.45 1.51 145.9 267.4 13.24 3.196 5.554 501.8
55.0 52.85 1.56 1.35 162.6 295.1 13.77 3.193 5.507 517.9
60.0 48.85 1.66 1.23 179.2 322.5 14.24 3.189 5.467 533.7
65.0 45.42 1.77 1.12 195.7 349.8 14.68 3.186 5.433 549.2

70.0 42.46 1.88 1.04 212.0 376.8 15.08 3.182 5.403 564.4 .
75.0 39.88 1.98 0.962 228.3 403.8 15.45 3.179 5.378 579.2
80.0 37.60 2.09 0.897 244.4 430.6 15.80 3.176 5.356 593.6
90.0 33.75 2.30 0.792 276.6 484.0 16.43 3.170 5.322 621.5
100.0 30.64 2.51 0.709 308.6 537.1 16.99 3.165 5.296 648.3
125.0 24.92 3.04 0.563 388.1 668.9 18.17 " 3.156 5.254 710.8
150.0 21.02 3.56 0.467 467.0 799.9 19.12 3.149 5.231 768.4
175.0 18.19 4.07 0.399 545.6 930.5 19.93 3.145 5.217 821.9
200.0 16.03 4.59 0.349 624.1 1061.0 20.62 3.141 5.209 872.2
225.0 14.33 5.10 0.310 702.5 1191.0 21.24 3.139 5.203 919.8
250.0 12.96 5.62 0.279 780.7 1321.0 21.78 3.136. 5.199 965.1
275.0 11.82 6.13 0.254 858.9 1451.0 22.28 3.135 5.197 1008.0
300.0 10.87 6.65 0.232 937.0 1581.0 22.73 3.133 5.195 1050.0
350.0 9.367 7.68 0.199 1093.0 1841.0 23.53 3.131 5.193 1128.0
400.0 8.228 8.71 0.174 1249.0 2100.0 24.23 3.130 5.192 1202.0
450.0 7.335 9.74 0.155 1405.0 2360.0 24.84 3.128 5.191 1271.0
500.0 6.618 10.8 0.140 1561.0 2619.0 25.38 3.127 5.190 1337.0
600.0 © 5.534 12.8 0.116 1873.0 3138.0 26.33 3.126 5.190 1460.0
700.0 4.756 14.9 0.100 2185.0 3657.0 27.13 3.125 5.190 1573.0
800.0 4.169 17.0 0.0873 2497.0 4176.0 27.82 3.124 5.190 1679.0
900.0 3.711 19.0 0.0776 2809.0 4695.0 28.43 3.124 5.190 1778.0
1000.0 3.344 21.1 0.0698 3121.0 5214.0 28.98 3.123 5.191 1872.0
1100.0 3.042 23.2 0.0635 3433.0 5733.0 29.48 3.123 5.191 1962.0
1200.0 2.791 25.2 0.0582 3744.0 6252.0 29.93 3.123 S5.191 2048.0
1300.0 2.578 213 0.0537 4056.0 6772.0 30.34 3.122 5.191 2130.0
1400.0 2.395 29.4 0.0499 4368.0 7291.0 30.73 3.122 5.191 2210.0
1500.0 2.236 31.4 0.0466 4680.0 7810.0 31.09 3.122 5.191 2286.0

80.0 X 10*> pascal Isobar

3.5 202.1 2.42 8.50 -7.237 32.34 1.636 1.317 1.573 ‘ 537.2
4.0 200.4 2.46 8.29 —6.833 33.08 1.844 1.464 1.742 540.7
4.5 198.7 2.45 8.30 —6.258 34.00 2.060 1.712 2.033 539.1
5.0 197.0 2.41 8.30 -5.473 35.14 2.289 1.985 2.353 534.8
5.1 196.6 2.41 8.30 -5.287 35.40 2.336 2.036 2.414 534.0
5.2 196.2 2.40 8.30 -5.090 35.67 2.383 2.066 2.454 533.9
5.3 195.9 2.39 8.29 -4.917 35.92 2.430 2.057 2.455 534.1
5.4 195.5 2.38 8.29 —4.744 36.17 2.476 2.074 2.481 533.7

3.5 195.2 2.37 38.28 —4.568 56.41 2.521 2.091 2.508 333.2 .
5.6 194.9 2.36 8.27 -4.391 36.67 2.567 2.109 2.537 532.7
5.7 194.5 2.35 8.26 —-4.211 36.92 2.612 2.127 2.566 532.2
5.8 194.1 2.34 8.26 —4.030 37.18 2.657 2.146 2.595 531.6
5.9 193.8 2.33 8.25 -3.846 37.43 2.702 2.165 2.625 531.0
6.0 193.4 2.31 8.24 -3.660 37.70 2.746 2.184 2.655 530.3
6.5 191.6 2.25 8.21 -2.699 39.05 2.965 2,278 2.808 526.8
7.0 189.8 2.19 8.17 -1.684 40.47 3.179 2.368 2.960 523.1
7.5 187.9 2.13 8.13 -0.6162 41.96 3.388 2.450 3.110 519.4
8.0 186.0 2.06 8.08 0.5040 43.52 3.594 2.525 3.256 515.7
8.5 184.0 2.00 8.01 1.674 45.16 3.796 2.593 3.399 512.0
9.0 181.9 1.94 7.94 2.892 46.86 3.995 2.655 3.539 508.4
9.5 179.9 1.88 7.86 4.156 48.63 4.191 2.712 3.675 504.9
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Temper- . Density Iso.thefm Iso.cho're Internal Enthalpy Entropy C. C, Veloeity

ature ke/m? derivative derivative energy Ki/ke Ki/ke K of sound
K 10°m?-Pa/kg| ~105Pa/K kl/kg kl/kg K mfs
10.0 177.8 1.83 7.76 5.465 50.47 4.384 2.763 3.807 501.5
11.0 173.4 1.72 7.47 8.547 54.69 4.793 2.857 4.045 493.4
12.0 169.0 1.62 7.18 11.80 59.15 5.187 2.929 4.265 485.9
13.0 164.5 1.53 6.88 15.20 63.83 5.568 2.985 4.468 478.7
14.0 160.0 1.45 6.57 18.72 68.72 5.935 3.027 4.653 4721
15.0 155.5 1.38 6.26 22.35 73.80 6.289 3.057 4.819 466.2
16.0 151.0 1.32 5.97 25.70 78.70 6.605 3.084 4.979 461.7
17.0 146.5 1.27 5.69 29.13 ‘83.75 6.912 3.105 5.119 457.9
18.0 142.0 1.23 5.41 32.60 88.93 7.208 3.121 5.240 454.8
19.0 137.7 1.20 5.14 36.12 94.22 7.494 3.134 5.343 452.4
20.0 - 133.5 1.18 4.89 39.67 99.6 7.770 3.145 5.429 450.6
21.0 129.4 1.16 4.65 43.24 105.1 8.037 3.15¢ 5.500 449.4
22.0 125.4 1.15 4.43 46.83 110.6 8.294 3.161 5.558 448.8
23.0 121.7 1.14 4.22 50.42 116.2 8.542 3.167 5.604 448.8
24.0 118.0 1.13 4.03 54.02 121.8 8.781 3.172 5.640 449.1
25.0 114.5 1.13 3.85 57.62 127.5 9.012 3.177 5.668 4499
26.0 111.2 1.14 3.68 61.22 133.1 9.235 3.181 5.689 451.0
28.0 105.1 1.15 3.38 68.39 14.5 9.658 3.188 5.715 454.0
30.0 99.44 1.17 3.12 75.54 156.0 10.05 3.193 5.724 458.0
32.0 Y4.35 1.20 2.90 82.65 167.4 10.42 3.197 5.723 462.5
34.0 89.73 1.22 2.70 89.72 178.9 10.77 3.201 5.714 467.6
36.0 ~ 85.52 1.26 2.53 96.74 190.3 11.09 3.203 5.701 473.0
38.0 81.68 1.29 2.37 103.7 201.7 11.40 3.204 5.685 478.6
40.0 78.16 1.33 2.23 110.7 213.0 [1.69 3.205 5.667 484.4
45.0 70.57 1.42 1.95 127.9 241.2 12.36 3.205 5.618 . 499.5
50.0 64.34 1.52 1.73 144.9 269.2 12.95 3.203 5.570 514.8
55.0 59.14 1.63 1.55 161.7 296.9 13.48 3.201 5.526 530.1
60.0 54.74 1.73 141 178.3 324.5 13.96 3.197 5.486 545.3
65.0 50.97 1.84 1.29 194.9 351.8 14.39 3.194 5.452 560.2
70.0 47.70 1.94 1.19 211.3 379.0 14.80 3.190° 5.421 574.8
75.0 44.84 2.05 1.10 227.6 406.0 15.17 3.187 5.395 589.2
80.0 42.31 2.16 1.03 243.9 433.0 15.52 3.184 5.372 603.3
90.0 38.04 2.37 0.906 276.2 486.5 16.15 3.178 5.336 630.6
100.0 34.57 2.58 0.811 308.3 539.7 16.71 3.172 5.307 656.8
125.0 28.18 3.10 0.643 387.9 671.7 17.89 3.162 5.262 718.3
150.0 23.81 3.62 0.534 467.0 802.9 18.84 3.154 5.236 175.0
175.0 20.62 4.14 0.456 545.7 933.6 19.65 3.149 5.221 828.0
200.0 18.19 4.65 0.399 624.3 1064.0 20.35 3.145 5.211 877.8
225.0 16.28 5.17 0.354 702.7 1194.0 20.96 3.142 5.205 925.0
250.0 14.73 5.68 0.319 781.0 1324.0 21.51 3.139 5.200 969.9
275.0 13.45 6.19 0.290 859.2 1454.0 22.00 3.137 5.197 1013.0
300.0 12.37 6.71 0.265 937.4 1584.0 22.45 3.136 5.195 1054.0
350.0 10.66 1.74 0.228 1094.0 1844.0 23.26 3.133 5.193 1132.0
400.0 9.372 8.77 0.199 1250.0 2103.0 - 23.95 3.132 5.191 1205.0
450.0 8.359 9.80 0.177 1406.0 2363.0 24.56 3.130 5.191 1274.0
500.0 7.544 10.8 0.159 1562.0 2622.0 25.11 3.129 5.190 1340.0
600.0 6.312 12.9 0.133 1874.0 3141.0 26.05 3.127 5.190 1462.0
700.0 5.426 14.9 0.114 2186.0 3660.0 26.85 3.126 5.190 1575.0
800.0 4.758 17.0 0.100 2498.0 4179.0 27.55 3.126 5.190 1681.0
900.0 4.236 19.1 0.0886 2810.0 4698.0 28.16 3.125 5.190 1780.0
1000.0 3.817 21.1 0.0798 3122.0 5217.0 28.70 3.124 5.190 1874.0
1100.0 3.474 23.2 0.0725 3433.0 5736.0 29.20 3.124 5.190 1964.0
1200.0 3.187 25.3 0.0665 3745.0 6255.0 29.65 3.124 5.190 2049.0
1300.0 2.944 27.3 0.0614 4057.0 6774.0 30.07 3.123 5.191 2132.0
1400.0 2.735 29.4 0.0570 4369.0 7294.0 30.45 3.123 5.191 2211.0
1500.0 2.554 315 0.0532 4681.0 7813.0 30.81 3.123 5.191 2287.0
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Thermodynamic properties of helium 4—Continued

Temper- Density Iso.thel.'m Iso'cho‘re Internal Enthalpy Entropy C. C, Velocity

ature kg/m? derivative derivative energy K/ke K/ke K - of sound
X 105m?-Pajkg|  105Pa/K kl/kg : ki/kg K  mfs

90.0 x 10*5 pascal Isobar

3.5 206.2 2.56 9.92 ~6.740 36.91 1.543 1.358 1.674 562.2
4.0 204.4 2.63 9.13 —6.359 37.68 1.759 1.466 1.769 563.8
4.5 202.7 2.64 8.86 ~5.809 38.60 1.976 1.704 2.030 560.9
5.0 200.9 2.62 8.70 —5.048 39.74 2.204 1.976 2.334 556.0
5.1 200.6 2.61 8.67 -4.867 40.00 2.250 2.027 2.392 555.2
5.2 200.2 2.61 8.66 ~4.675 40.27 2.297  2.057 2.429 555.0
5.3 199.9 2.60 8.63 —4.507 40.51 2.343 2.048 2.428 555.2
5.4 199.6 2.59 8.61 -4.339 40.76 2.389 2.064 2,452 554.8
5.5 199.2 2.58 8.59 -4.168 41.00 2.434 2.082 2.477 554.3
5.6 198.9 2.57 8.57 -3.996 41.25 2.479 2.100 2.503 553.8
5.7 198.6 2.56 8.55 —3.822 41.50 2.523 2.118 2.530 553.2
5.8 198.2 2.55 8.53 -3.646 41.75 2.567 2.137 2.558 552.7
5.9 197.9 2.54 8.52 ~3.468 42.01 2.611 2.155 2.586 552.1
6.0 197.6 2.53 8.50 -3.288 42.27 2.655 2.174 2.614 551.4
6.5 195.9 2.47 8.45 —-2.355 43.59 2.870 2.268 2.757 548.0
1.0 194.1 2.41 8.40 -1.371 44.99 3.080 2.356 2.901 544.5

7.5 192.4 2.35 8.37 -0.3367 46.45 3.285 2.437 3.042 541.1
8.0 190.6 2.28 8.33 0.7472 47.97 3.487 2.512 3.181 537.6
8.5 188.7 2.22 8.28 1.878 49.57 3.684 2.580 3.316 534.3
9.0 186.8 2.16 8.23 3.055 51.22 3.878 2.642 3.449 531.1
9.5 184.9 2.10 8.16 4.276 52.95 4.068 2.699 3.579 5279
10.0 182.9 2.05 8.08 5.540 54.73 4.256 2.751 3.706 524.8
11.0 178.9 1.94 7.82 8.544 58.86 4.656 2.845 3.932 517.4
12.0 174.8 1.84 7.56 11.71 63.21 5.041 2.920 4.140 510.4
13.0 170.6 1.74 1.27 15.03 67.78 5.413 2.978 4.333 503.7
14.0 166.4 1.66 6.98 18.47 72.54 5.771 3.023 4.509 497.4
15.0 162.3 1.58 6.69 22.02 . 77.49 6.116  3.055 4.669 491.6
16.0 158.0 1.52 6.42 25.28 82.23 6.422 3.084 4.827 487.1
17.0 153.8 1.46 6.15 28.62 87.13 6.719 3.107 4.968 483.1
18.0 149.6 1.41 5.88 32.01 92.16 7.007 3.124 5.092 479.7
19.0 145.5 1.37 5.62 35.45 97.31 ) 7.285 3.138 5.200 476.9
20.0 141.4 1.34 5.36 38.93 102.6 7.554 3.149 5.294 - 474.7
21.0 137.5 1.31 5.12 42.43 107.9 7.814 3.158 5.375 473.0
22.0 133.6 1.30 4.89 45.96 113.3 8.066 3.165 5.442 471.8
23.0 120.9 1.28 4.68 49.51 118.8 0.309 3.171 5.499 "471.2
24.0 126.3 1.27 4.47 53.07 124.3 8.54 3.177 5.545 471.0
25.0 122.9 1.27 4.28 56.63 129.9 8.771 3.181 5.583 471.2
26.0 119.6 1.26 4.11 60.19 135.5 8.991 3.185 5.613 471.7
28.Q 1133 1.27 3.78 67.33 146.7 9.409 3.102 5.656 473.7
30.0 107.6 1.28 3.50 74.44 158.1 9.800 3.198 - 5.679 476.7
32.0 102.4 1.30 3.25 81.53 169.4 10.17 3.202 5.690 480.4
34.0 97.58 1.32 3.04 88.60 180.8 10.51 3.205 5.691 484.7
36.0 93.19 1.35 2.84 95.63 192.2 10.84 3.208 5.685 489.4
38.0 89.16 1.38 2.67 102.6 203.6 11.14 3.210 5.675 494.4
40.0 85.45 1.42 2.52 109.6 2149 11.43 3.211 5.663 499.7
45.0 77.40 1.51 2.20 126.8 243.1 12.10 3.212 5.623 513.5
50.0 70.73 1.60 1.95 143.9 271.1 12.69 3.211 5.581 527.8
55.0 65.14 1.70 1.75 160.8 298.9 13.22 3.208 5.539 542.4
60.0 60.39 1.81 1.59 177.5 326.5 13.70 3.205 5.501 556.8
65.0 56.30 1.91 1.45 194.1 353.9 14.14 3.202 5.467 571.2
70.0 52.75 2.02 1.34 210.6 381.2 14.54 3.198 5.437 585.3
75.0 49.63 2.12 1.24 227.0 408.3 14.92 3.195 5.410 599.3
80.0 46.87 2.23 1.16 243.3 435.3 15.27 3.191 5.387 612.9
90.0 42.20 2.44 1.02 275.7 489.0 15.90 3.185 9.348 639.6
100.0 38.40 2.65 0.913 307.9 542.3 16.46 3.179 5.318 665.2
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Temper- Density Iso} her'm Iso_cho.re Internal Enthalpy Entropy Co G Velocity

ature ke/m? derivative derivative energy Wk K/kg K of sound
K 10°m3-Pajkg| 105 PajK ki/kg & kl/kg ‘K m/s
125.0 31.38 3.17 0.724 387.7 674.6 17.64 3.168 5.269 725.7
150.0 26.55 3.68 0.600 467.0 805.9 18.60 3.159 5.241 781.7
175.0 23.02 4.20 0.513 545.8 936.7 19.40 3.153 5.224 834.0
200.0 20.33 4.71 0.448 624.4 1067.0 20.10 3.149 5.213 883.4
225.0 18.20 5.23 0.398 702.9 1197.0 20.72 © 3.145 5.206 930.1
250.0 16.48 5.74 0.358 781.3 1327.0 21.26 3.143 5.201 974.7
275.0 15.05 6.25 0.326 859.5 1457.0 21.76 3.140 5.198 1017.0
300.0 13.85 6.77 0.298 937.8 1587.0 22.21 3.138 5.196 1058.0
350.0 11.95 7.80 0.256 1094.0 1847.0 23.01 3.136 5.193 1136.0
400.0 10.51 '8.82 0.224 1250.0 2107.0 23.71 3.134 5.191 1209.0
450.0 9.377 9.85 0.199 1406.0 2366.0 24.32 3.132 5.190 1278.0
500.0 8.465 10.9 0.179 1562.0 2626.0 24.86 3.131 5.190 1343.0
600.0 7.086 12.9 0.149 1875.0 3145.0 25.81 3.129 5.189 1465.0
. 700.0 6.093 15.0 0.128 2187.0 3664.0 26.61 3.128 5.189 1577.0
800.0 5.344 17.1 0.112 2498.0 4182.0 27.30 3.127 5.189 1683.0
900.0 4.759 19.1 0.100 2810.0 4701.0 27.91 3.126 5.190 1782.0
1000.0 " 4,290 21.2 0.0897 3122.0 5220.0 28.46 3.125 5.190 1876.0
1100.0 3.904 23.3 0.0816 3434.0 5739.0 28.95 3.125 5.190 1965.0
1200.0 3.582 25.3 0.0748 3746.0 6258.0 29.41 3.125 5.190 2051.0
1300.0 3.309 27.4 0.0690 4058.0 6777.0 29.82 3.124 5.190  2133.0
1400.0 3.075 29.5 0.0041 4370.0 7296.0 30.21 3.124 3.190 2212.0
'1500.0 2.872 315 0.0598 4682.0 7815.0 30.56 3.124 5.191 2288.0

100.0 X 10*5 pascal Isobar

3.5 210.0 2.70 11.6 —6.248 41.37 1.445 1.438 1.835 586.6
4.0 208.0 2.80 10.1 -5.876 42.19 1.675 1.491 1.827 585.8
4.5 206.3 2.83 9.47 -5.342 43.13 1.896 1.712 2.048 581.4
5.0 204.6 2.81 9.12 -4.599 44.27 2.124 1.977 2.330 575.8
5.1 204.3 2.81 9.07 -4.421 44.53 2.170 2.027 2.386 574.9
5.2 203.9 2.81 9.03 -4.233 44.80 2.217 2.056 2.420 574.7
5.3 203.6 2.80 8.99 -4.069 45.04 2.263 2.047 2.416 574.8
5.4 203.3 2.79 8.94 -3.904 45.29 2.308 2.063 2.437 574.4
5.5 203.0 2.78 8.91 -3.738 45.53 2.353 2.080 2.460 573.9
5.6 202.6 2.78 8.87 -3.569 45.78 2.398 2.097 2.484 5733
5.7 202.3 . 2.77 8.84 -3.399 46.02 2.442 2.115 2.508 5728
5.8 202.0 2.76 8.81 -3.227 46.27 2.486 2.133 2.533 572.2
5.9 201.7 2.75 8.79 -3.053 46.53 2.529 2.151 2.559 571.6

6.0 201.4 2.74 8.76 -2.878 46.78 2.572 2.170 2.585 5709
6.5 199.8 2.68 8.68 -1.968 48.09 2.785 2.261 2.718 567.7
7.0 198.1 2.62 8.62 -1.009 49.46 2.991 2.347 2.853 564.3
7.5 196.5 2.56 8.58 -0.003391 50.90 3.193 2.427 2.986 561.0
8.0 194.8 2.50 8.55 1.050 52.39 3.3%0 2.500 3.118 - 557.9
8.5 193.0 2.43 8.52' 2.148 53.95 3.584 2.567 3.247 554.9
9.0 191.3 2.37 8.48 3.290 55.57 3.773 2.628 3.374 551.9
9.5 189.5 2,31 8.43 4.473 57.26 3.960 2.686 3.498 549.1
10.0 187.6 2.26 8.37 5.698 59.00 4.143 2.738 3.620 546.2
11.0 183.8 2.15 8.14 8.636 63.05 4.536 2.833 3.837 539.4
12.0 179.9 2.05 7.89 11.74 67.31 4.913 2,909 4.037 532.9
13.0 176.0 1.95 7.63 14.98 71.78 5.277 2.971 4.222 526.6
14.0 172.1 1.86 7.36° 18.35 76.45 5.628 3.018 4.391 520.7
15.0 168.2 1.78 7.08 21.83 81.28 3.966 3.052 4.545 515.1
16.0 164.2 1.71 6.83 25.02 85.91 6.264 3.084 4.700 510.7
17.0 160.2 1.65 6.57 28.27 90.68 6.553 3.108 4.839 506.7
18.0 156.3 1.59 6.30 31.59 95.58 6.833 3.127 4.964 503.1
19.0 152.3 1.55 6.05 34.96 100.6 7.105 3.141 5.075 500.1
20.0 148.5 1.51 5.80 38.37 105.7 7.367 3.153 5.173 497.5
21.0 144.7 1.48 5.55 41.82 110.9 7.622 3.162 5.259 495.5
,22.0 140.9 1.45 5.32 45.29° 116.2 7.868 3.169 5.333 493.9
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Thermodynamic properties of helium 4—Continued

Temper- Density Isovtheltm Iso'ch(».re Internal Enthalpy Entropy C, C,. Velocity

ature ke/m?® derivative derivative energy Ki/ke Ki/ke K of sound
K 10°m?® - Pa/kg 10°Pa/K kJ/kg kl/kg ‘K m/s
23.0 137.3 1.43 5.10 48.78 121.6 8.107 3.176 5.397 492.8
24.0 133.8 1.41 4.89 52.30 127.0 8.338 3.181 5.452 492.1
25.0 130.4 1.40 4.70 55.82 132.5 8.561 3.186 5.498 491.8
26.0 127.1 1.39 4.51 59.35 138.0 8.778 3.190 5.536 491.9
28.0 120.9 1.39 4.17 66.43 149.2 9.190 3.196 5.593 493.0
30.0 115.1 1.39 3.87 73.50 160.4 9.577  3.202 5.630 495.1
32.0 109.8 1.41 3.60 80.57 171.7 9,942 3.206 5.651 498.0
34.0 104.9 1.43 3.36 87.62 183.0 10.28 3.210 5.662 501.6
. 36.0 100.3 1.45 3.15 94.64 194.3 10.61 - 3.213 5.664 505.7
38.0 96.16 1.48 2.97 101.6 205.6 10.91 3.215 5.661 510.1
40.0 92.30 1.51 2.80 108.6 216.9 11.20 3.217 5.653 514.8
45.0 83.85 1.59 2.45 125.9 245.1 11.87 3.218 5.624 527.5
50.0 76.82 1.69 2.17 143.0 273.2 12.46 3.218 5.587 540.9
55.0 70.88 1.78 1.95 159.9 301.0 12.99 3.216 5.550 554.6
60.0 65.81 1.88 1.77 176.7 328.7 13.47 3.213 5.514 568.4
65.0 61.44 1.99 1.62 193.4 356.2 13.91 3.209 5.480 582.2
70.0 57.62 2.09 1.49 209.9 383.5 14.32 3.206 5.450 595.8
75.0 54.27 2.19 1.38 226.4 410.7 14.69 3.202 5.424 609.3
80.0 51.29 2.30 1.29 242.8 437.7 15.04 3.199 5.400 622.6
90.0 46.25 2.51 1.14° 275.3 491.5 15.67 3.192 5.360 648.5
100.0 42.13 2,71 1.02 307.6 544.9 16.24 3.186 5.328 673.7
125.0 34.50 3.23 0.805 387.6 677.4 17.42 3.173 5.276 733.1
150.0 29.24 3.75 0.667 466.9 308.9 18.38 3.164 5.246 788.3
175.0 25.39 4.26 0.570 545.9 939.8 19.19 3.158 5.227 840.0
200.0 22.44 4.78 0.498 624.6 1070.0 19.88 3.153 5.215 888.9
225.0 20.10 5.29 0.442 703.1 1201.0 20.50 3.149 5.207 935.3
250.0 18.21 5.80 0.398 781.5 1331.0 21.05 3.146 5.202 979.5
275.0 16.64 6.32 0.362 859.9 1461.0 21.54 3.143 5.198 1022.0
300.0 15.33 6.83 0.331 938.1 1591.0 21.99 3.141 5.196 1063.0
350.0 13.23 7.85 0.284 1094.0 1850.0 22.79 3.138 5.193 1140.0
400.0 11.64 8.88 0.249 1251.0 2110.0 23.49 3.136 5.191 1212.0
450.0 10.39 9.91 0.221 1407.0 2369.0 24.10 3.134 5.190 1281.0
500.0 9.382 10.9 0.199 1563.0 2629.0 24.65 3.132 5.189 1346.0
600.0 7.858 13.0 0.166 1875.0 3148.0 25.59 3.130 5.189 1467.0
700.0 6.759 15.1 0.142 2187.0 3667.0 26.39 3.129 5.189 1580.0
800.0 5.930 17.1 0.124 2499.0_ 4186.0 27.08 3.128 35.189 1685.0
'900.0 5.282 19.2 0.111 2811.0 4704.0 27.70 3.127 5.189 1784.0
1000.0 - 4.761 21.2 0.100 3123.0 5223.0 28.24 3127 5.189  1877.0
1100.0 4.334 23.3 0.0906 3435.0 5742.0 28.74  3.126 5190  1967.0
1200.0 3.977 25.4 0.0831 3747.0 6261.0 29.19 3.126 5.190 2052.0
1300.0 3.674 27.4 0.0767 4059.0 6780.0 29.60 3.125 5.190 2134.0
1400.0 3.414 29.5 0.0712 4371.0 7299.0 29.99 3.125 5.190 2213.0
1500.0 3.189 31.6 0.0665 4682.0 7818.0 ° 30.35 3.125 5.190 2289.0

150.0 X 10** pascal Isobar

4.5 221.8 3.63 13.7 —2.895 64.74 1.513 1.974 2.447 670.4
5.0 220.0 3.68 11.8 ~2.147 66.03 1.771 2.133 2.527 660.2
5.1 219.7 3.68 11.6 ~1.971 66.31 1.821 2.169 2.554 658.7
5.2 219.3 - 3.69 11.4 -1.785 66.60 1.871 2.184 2.561 658.0
5.8 219.0 3.69 11.1 —1.626 66.85 1.919 2.162 2.534 657.8
5.4 218.7 3.69 11.0 -1.467 67.11 1.966 2.167 2.533 657.0
5.5 218.4 3.69 10.8 -1.306 67.36 2.013 2.173 2.536 656.3
5.6 218.2 3.69 10.6 -1.145 67.61 2.059 2.181 2.541 655.5
5.7 217.9 3.69 10.5 ~0.9837 67.86 2.101 2.190 2.548 654.8
5.8 217.6 3.68 10.4 -0.8200 68.12 2,148 2.199 2.556 654.1
5.9 217.3 3.68 10.2 -0.6551 68.37 2.192 2.209 2.566 653.3
6.0 217.0 3.67 10.1 ~0.4888 68.63 2.235 2.220 2.577 652.6
6.5 215.7 3.63 9.78 0.3624 . 69.91 2.444 2.278 2.646 649.3
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Temper- Density Iso.theljm IS({ChO'!'e Internal Enthalpy Entropy C, C, Velocity

ature kefm? derivative derivative energy ki/kg Kl/ke K of sound
K 105m? - Pa/kg 105Pa/K ki/kg ki/kg ‘K m/s
7.0 214.3 3.58 9.57 1.248 .23 2.643 2.338 2.728 646.4
7.5 213.0° 3.53 9.47 2.166 72.59 2.835 2.397 2.818 643.8
8.0 211.6 3.47 9.43 3.117 73.99 3.020 2.455 2.913 641.6
8.5 210.3 3.41 9.43 4.101 75.44 3.200 2.510 3.012 639.6
9.0 208.9 3.35 9.45 5.118 76.93 3375 . 2.565 3.114 637.8
9.5 207.4 3.29 9.46 6.168 78.48 3.546 - 2.618 3.219 636.1
10.0 206.0 3.23 9.47 7.252 80.07 3.715 2.670 3.324 634.5
11.0 202.9 3.12 9.36 9.96 83.87 4.083 2.764 3.513 630.0
12.0 199.9 3.02 9.22 12.81 87.86 4.437 2.850 3.695 625.7
13.0 196.8 2.92 9.03 15.81 92.04 4.778 2.924 3.862 621.2
14.0 193.7 2.83 8.83 18.94 96.39 5.105 2.983 4.011 616.7
15.0 190.6 2.74 8.61 22.19 100.9 5.420 3.025 4.142 612.3
16.0 187.4 2.65 8.42 25.08 105.1 5.692 3.067 4.283 608.8-
17.0 184.3 2.58 8.21 28.04 109.5 5.956 3.100 4.412 605.3
18.0 181.1 2.50 8.00 . 31.08 113.9 6.211 3.126 4.529 602.0
19.0 177.9 2.43 7.77 34.17 118.5 6.459 3.146 4.636 598.9
20.0 174.7 2.37 7.55 37.32 123.2 6.700 3.161 4.735 596.0
21.0 171.5 2.32 7.32 40.51 128.0 6.933 3.174 4.826 593.4
22.0 168.4 2.26 7.10 43.75 132.8 7.159 3.183 4.910 591.0
23.0 165.2 2.22 6.88 47.02 137.8 7.379 3.191 4.987 588.8
24.0 162.2 2.18 6.66 50.32 142.8 7.593 | 3.198 5.058 587.0
25.0 159.1 2.14 6.46 53.64 147.9 7.801 3.203 5.123 585.4
26.0 156.1 2.11 6.25 56.99 153.1 8.003 3.208 5.182 584.1
28.0 150.3 2.06 5.87 63.75 163.5 8.391 3.216 5.283 582.3
30.0 144.8 2.03 5.51 70.57 174.2 8.758 3.222 5.365 581.4
32.0 139.5 2.01 5.19 77.43 185.0 9.107 3.227 5.430 581.3
34.0 134.5 2.00 4.89 84.32 195.9 9.437 3.232 5.479 582.1
36.0 129.7 2.00 4.61 91.23 206.9 9.752 3.235 5.516 583.5-
38.0 125.2 2.00 4.36 98.14 217.9 10.05 3.239 5.543 585.4
40.0 121.0 2.0} 4.14 105.1 229.0 10.34 3.241 5.562 587.8
45.0 1.4 2.06 3.65 122.3 256.9 10.99 3.246 5.582 595.4
50.0 103.2 2.13 3.25 139.5 284.8 11.58 3.248 5.579 604.5
55.0 96.10 2,21 2.93 156.6 312.7 12.11 3.248 5.563 614.6
60.0 89.89 2.29 2.66 173.6 340.4 12.59 3.247 5.541 625.3
65.0 84.44 2.38 2.44 190.5 368.1 13.04 - 3.244 5.517 636.3
70.0 79.62 2.47 2.25 207.2 395.6 13.44 3.241 5.492 647.6
75.0 75.33 2.57 2.08 223.9 423.0 13.82 3.237 5.468 658.0
80.0 71.49 2.67 1.94 240.5 450.3 14.18 3.234 5.445 670.3
90.0 64.91 2.87 1.71 273.4 504.5 14.81 3.226 5.404 693.0
100.0 59.46 - 3.07 1.53 306.1 558.4 15.38 3.218 5.369 715.4
125.0 49.21 3.57 1.21 387.0 691.8 16.57 3.202 5.306 769.5
150.0 42.02 4.08 1.00 467.0 823.9 17.54 3.189 5.267 820.9
175.0 36.69 4.59 0.853 546.4 955.2 18.35 3.179 5.242 869.7
200.0 32.57 5.10 0.745 625.5 1086.0 19.04 3.172 5.225 916.1
225.0 29.29 5.60 0.661 704.3 1217.0 19.66 3.166 5.214 960.5
250.0 26.61 6.11 0.595 783.0 1347.0 20.21 3.161 5.206 1003.0
275.0 24.38 6.62 0.541 . 861.5 1477.0 20.70 3.158 5.201 1044.0
300.0 22.49 7.13 0.495 940.0 1607.0 21.16 3.154 5.197 1084.0
350.0 10.48 8.14 0.425 1007.0 1867.0 21.96 3.150 5.102 1150.0
400.0 17.18 9.16 0.372 1253.0 2126.0 22.65 3.146 - 5.190 1229.0
450.0 15.37 10.2 0.331 1409.0 2386.0 23.26 3.143 5.188 1296.0
500.0 13.90 11.2 0.298 1566.0 2645.0 23.81 3.141 5.187 1360.0
600.0 11.67 13.3 0.248 1878.0 31l64.0 24.75 3.138 5.187 1480.0
700.0 10.05 15.3 0.213 2190.0 3682.0 25.55 3.136 5.187 1591.0
800.0 8.832 17.4 0.186 2503.0 4201.0 26.25 3.134 5.187 1694.0
900.0 7.874 19.4 0.166 2815.0 4720.0 26.86 3.133 5.187 1792.0
1000.0 7.103 21.5 0.149 3127.0 5238.0 27.40 3.132 5.188 1885.0
1100.0 6.470 23.5 0.136 3439.0 5757.0 27.90 3.131 5.188 1974.0
1200.0 5.940 25.6 0.124 3751.0 6276.0 28.35 3.130 5.188 2059.0
1300.0 5.491 27.6 0.115 4063.0 6795.0 28.76 3.130 5.188 2140.0
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Thermodynamic properties of helium 4—Continued

Temper- Density ISO'lheltm Iso.cho.re Internal Enthalpy Entropy ‘C, C, Velocity

ature kg/m? derivative derivative energy Ki/ke Ki/ke K of sound
K & 10°m° - Pajkg|  105PajK Kl/kg ki/kg K m/s
1400.0 5.104 - 29.7 0.107 4375.0 7314.0 29.15 3.129 5.189 2219.0
1500.0 4.769 31.8 0.100 4687.0 7833.0 29.51 3.129 5.189 2294.0

200.0 x 10*5 pascal Isobar

5.2 231.6 4.45 14.5 0.8074 87.15 1.561 2.516 2.975  725.7
5.3 231.3 4.46 14.1 0.9814 87.44 1.617 2.467 2.905 725.1
5.4 231.0 4.47 13.6 1.153 87.73 1.671 2.446 2.866 723.9
5.5 230.7 4.48 13.2 1.325 88.02 1.723 2.429 2.834 722.8
5.6 230.4 4.48 12.9 1.496 88.30 1.774 2.415 2.807 721.7
5.7 230.1 4.49 12.6 1.666 88.57 - 1.824 2.404 2.784 720.7
5.8 229.9 4.49 12.3 1.837 88.85 1.872 2.395 2.765 719.7
5.9 229.6 4.49 12.0 2.007 89.12 1.919 2.388 2.750 718.8
6.0 229.3 4.49 11.8 2.178 89.39 1.965 2.383 2.738 717.9
6.5 228.0 4.47 11.0 3.035 90.74 2.183 2.374 . 2.712 714.2
7.0 226.8 4.43 10.5 3.903 92.07 2.384 2.385 2.723 711.3
7.5 225.7 4.38 10.2 4.785 93.41 2.573 2.406 2.759 709.0
8.0 224.5 . 4.33 10.1 -5.682 94,77 2.753 2.435 2.811 707.3
8.5 223.3 4.28 10.1 6.598 96.16 2.926 2.469 2.878 706.1
9.0 222.1 1.22 10.2 7.536 | 97.57 3.092 ‘2.509 2.954 *705.1
9.5 220.9 4.17 10.2 8.496 99.03 3.255 2.552 3.040 704.3
10.0 219.7 4.11 10.3 9.485 ~ 100.5 3.413 2.599 3.132 703.6
11.0 217.1 4.00 10.3 12.03 104.2 3.766 2.689 3.307 701.0
12.0 214.4 3.90 10.2 14.71 108.0 4.106 2.783 3.484 698.3
13.0 211.7 3.80 10.1 17.55 112.0 4.433 2.870 3.650 695.1
14.0 209.1 3.7 9.94 20.53 116.2 4.749 2.940 3.795 691.6
15.0 206.4 3.62 9.75 23.63 120.5 5.052 2.999 3.916 688.3
16.0 203.7 3.53 9.61 26.32 124.5 5.310 3.041 4.050 685.6
17.0 201.0 3.45 9.45 29.10 128.6 5.559 3.081 4.171 683.0
18.0 198.2 3.37 9.27 31.95 132.8 5.800 3.113 4.282 680.3
19.0 195.5 3.29 9.07 34.86 137.2 6.035 3.138 4.383 677.7
20.0 192.7 3.22 8.87 37.82 141.6 6.262 3.158 4.476 675.2
21.0 189.9 3.15 8.67 40.83 146.1 6.482 3.174 4.563 672.8
22,0 187.2 3.09 8.46 43.89 150.7 6.697 3.187 4.644 670.5
23.0 184.5 3.03 8.25 46.99 155.4 6.905 3.197 4.719 668.3
24.0 181.7 2.97 8.05 50.12 160.2 7.107 3.206 4.790 666.3
25.0 179.0 2.92 7.85 53.29 165.0 7.304 3.213 4.857 664.4
26.0 176.4 2.87 7.65 56.48 '169.9 7.496 3.219 4.919 662.7
28.0 171.1 2.79 7.26 62.95 179.8 7.864 3.229 5.033 659.7
30.0 166.0 2.73 6.89 69.51 190.0 8.215 3.237 5.132 657.4
32.0 161.0 2.67 6.54 76.14. 200.4 8.549 3.244 5.217 655.8
-34.0 156.2 2.64 1 6.21 82.83 210.9 8.868 3.250 5.289 654.8
36.0 151.6 2.61 5.90 89.56 221.5 9.172 3.255 5.349 654.5
38.0 147.2 2.59 5.62 96.34 232.2 9.462 3.259 5.398 654.7
40.0 142.9 2.58 5.35 103.1 243.1 9.740 3.263 5.438 655.3
45.0 133.1 2.58 4.76 120.2 270.5 10.38 3.270 5.503 658.9
50.0 124.4 2.61 4.28 137.3 298.1 10.97 3.275 3.934 064.5
55.0 116.7. 2.67 3.87 154.4 325.8 11.49 3.277 5.542 671.5
60.0 109.9 2.73 3.53 171.4 353.5 11.98 3.277 5.538 679.5
65.0 103.8 2.81 3.23 188.4 381.1 12.42 3.275 5.525 688.1
70.0 98.31 2.89 2.99 205.3 408.7 12.83 3.273 5.508 697.3
75.0 93.41 2.98 2.77 222.1 436.2 13.21 3.270 5.490 706.7
80.0 88.97 3.06 2.59 238.8 463.6 13.56 3.266 5.470 716.4
90.0 81.28 3.25 2.28 272.1 518.1 14.20 3.258 5.432 736.1
100.0 74.85 3.44 2.03 305.0 572.3 14.77 3.240 5.398 755.9
125.0 62.55 3.93 1.61 386.6 706.3 15.97 3.230 5.330 805.1
150.0 53.79 4.42 1.33 467.1 838.9 16.94 3.214 5.285 852.7
175.0 47.21 4.92 1.13 547.0 970.7 17.75 3.202 5.254 898.6

200.0 42.08 5.42 0.990 626.5 1102.0 18.45 3.192 5.234 942.7 -
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Thermodynamic properties of helium 4—~Continued

Temper- Density Iso.theljm ISO‘ChU-I‘e Internal Enthalpy Entropy C. C, Velocity

ature ke/m? derivative derivative energy Kl/kg K/ke K of sound
K 105m® - Pafkg 10°Pa/K ki/kg kJ/kg-K mfs
225.0 37.97 5.92 0.879 705.6 1232.0 19.07 3.184 5.220 985.1
250.0 34.59 6.42 0.790 784.5 1363.0 19.62 3.178 5.210 1026.0
275.0 31.76 6.92 0.718 863.3 1493.0 20.11 3.172 5.203 1066.0
300.0 29.37 7.43 0.658 941.9 1623.0 20.56 3.168 5.198 1104.0
350.0 25.51 8.43 0.564 1099.0 ’ 1883.0 21.36 3.161 5.192 1177.0
400.0 22.56 9.44 0.494 1256.0 2142.0 22.06 3.157 5.188 1246.0
450.0 20.21 10.5 0.439 1412.0 2402.0 22.67 3.153 5.187 1312.0
500.0 18.31 11.5 0.396 1568.0 2661.0 23.22 3.150 5.186 1374.0
600.0 15.41 13.5 0.330 1881.0 3179.0 24.16 3.146 5.185 1492.0
700.0 13.30 15.5 0.283 2194.0 3698.0 24.96 3.143 5.185 1601.0
800.0 11.69 17.6 0.248 2506.0 4216.0 25.65 3.140 5.185 1704.0
" 900.0 10.44 19.6 0.221 2818.0 4735.0 26.26 3.139 5.185 1801.0
1000.0 9.421 21.7 0.199 3131.0 5253.0 26.81 3.137 5.186 1893.0
1100.0 R.587 237 0.181 3442.0 5772.0 27.30 3.136 5.186 1981.0
1200.0 7.887 25.8 0.166 '3755.0 6291.0 27.75 3.135 5.187 2065.0
1300.0 7.294 27.8 0.153 4067.0 6809.0 28.17 3.135 5.187 2146.0
1400.0 6.783 29.9 0.142 4379.0 7328.0 28.55 3.134 5.187 2224.0
1500.0 6.339 31.9 0.133 4691.0 7847.0 28.91 3.133 5.187 2299.0

250.0 x 10*> pascal Isobar

5.9 239.9 5.23 14.2 4.754 109.0 1.674 2.679 3.076 774.7
6.0 239.6 5.23 13.8 4.940 109.3 1.725 2.649 3.032 773.6
6.5 238.4 5.23 12.4 5.849 110.7 1.961 2.543 2.877 769.2
7.0 237.2 5.21 11.8 6.738 112.1 2.171 2.182 2.708 766.1
7.5 236.1 5.17 11.0 7.614 113.5 2.363 2.450 2.766 763.9
8.0 235.1 5.12 10.8 8.486 114.8 2.542 2.439 2.768 762.6
8.5 234.0 5.07 10.7 9.359 116.2 2.711 2.444 2.796 761.8
9.0 233.0 5.02 10.8 10.24 117.5 2.872 2.462 2.844 761.5
9.5 231.9 4.97 10.8 11.13 118.9 3.027 2.491 2.909 761.4
10.0 230.8 4.91 10.9 12.05 120.4 3.179  2.528 2.986 761.5
11.0 228.5 4.80 11.1 14.45 123.9 3.519 2.613 3.150 760.6
12.0 226.1 4.70 11.1 17.00 127.6 3.848 2.714 3.329 759.2
13.0 223.7 4.61 11.0 19.72 131.5 4.166 2.813 3.500 757.0
14.0 221.3 4.52 10.9 22.58 135.6 4.474 2.895 3.648 754.4
15.0 218.9 4.43 10.7 25.57 139.8 4.771 2.952 3.766 751.7
16.0 216.4 4.34 10.6 28.11 143.6 5.018 3.011 3.808 740.9
17.0 214.0 4.26 10.5 30.75 147.6 5.258 3.057 4.015 747.9
18.0 211.5 4.18 10.3 33.45 151.7 5.490 3.095 4.122 746.0
19.0 209.0 4.10 10.2 36.22 155.8 5.716 3.125 4.219 743.9
20.0 206.6 4.02 10.0 39.05 160.1 5.935 3.148 4.308 741.9
21.0 204.1 3.95 9.79 . 41.93 164.4 6.147 3.168 4.390 739.9
22.0 201.6 3.88 9.59 44.86 168.9 6.353 3.183 4.467 737.9
23.0 199.1 3.81 9.40 47.82 173.4 6.553 3.196 4.539 736.0
24.0 196.7 3.75 9.20 50.83 177.9 6.748 3.207 4.608 734.1
25.0 194.2 3.69 9.01 53.87 182.6 6.937 3.216 4.672 732.3
26.0 191.8 3.64 8.81 56.94 187.3 7.121 3.224 4.734 730.6
28.0 187.0 3.53 8.43 63.17 T 196.9 7.476 3.237 4.847 727.4
30.0 182.3 3.44 8.06 69.50 206.7 7.814 2.248 4.950 724.6
32.0 177.6 3.37 7.70 75.92 216.7 8.137 3.256 5.042 722.2
34.0 173.1 3.31 7.36 82.42 226.8 8:445 3.264 5.123 720.3
36.0 168.7 3.25 7.04 88.98 237.1 8.740 3.271 5.195 718.9
38.0 164.5 3.21 6.73 95.60 247.6 9.023 3.277 5.257 1.9
40.0 160.4 3.18 6.44 102.3 258.2 9.294 3.282 5.311 717.4
45.0 150.7 3.14 5.79 119.1 285.0 9.925 3.292 5.411 717.9
50.0 141.9 3.13 5.23 136.0 312.2 10.50 3.299 5.471 720.6
55.0 133.9 3.16 4.76 153.0 339.7 11.02 3.303 5.504 725.0
60.0 126.8 3.20 4.35 170.0 367.2 11.50 3.304 5.517 730.7
65.0 120.3 3.26 4.01 187.0 394.8 11.94 3.304- 5.518 731.3

J. Phys. Chem. Ref. Data, Vol. 2, No. 4, 1973



THERMODYNAMIC PROPERTIES OF HELIUM 4 1031
Thermodynamic properties of helium 4-Continued

Temper- Density Iso‘lheltm Iso‘cho‘re Internal Enthalpy Entropy C, C, Velocity

ature ke/m? derivative derivative energy Ki/kg Kjkg K - of sound
K 105m3 - Pa/kg 10Pa/K kl/kg kJ/kg ‘K m/s
70.0 114.4 3.32 3.70 203.9 422.4 12.35 3.303 5.511 744.5
75.0 109.1 3.40 3.44 220.8 449.9 12.73 3.300 5.499 752.3
80.0 104.3 3.48 3.22 237.6 477.4 13.09 3.297 5.484 760.4
90.0 95.80 3.65 2.84 271.1 532.0 13.73 3.289 5.451 1774
100.0 88.62 3.83 2.54 304.3 586.4 14.30 3.280 5.419 794.9
125.0 74.73 4.29 2.00 386.4 720.9 15.50 3.258 5.349 839.5
150.0 64.67 4.77 1.66 467.4 854.0 16.47 3.239 5.300 883.7
175.0 57.04 5.26 1.41 547.8 986.1 17.29 3.224 5.266 926.8
200.0 51.04 5.75 1.23 627.6 1117.0 17.99 3.212 5.242 968.6
225.0 46.19 6.24 1.09 707.0 1248.0 18.61 3.202 5.226 1009.0
250.0 42.19 6.73 0.984 786.1 1379.0 - 19.16 3.194 5.214 1048.0
275.0 38.83 7.23 0.894 865.1 1509.0 19.65 3.188 5.205 1087.0
300.0- 35.97 7.73 0.820 943.9 1639.0 20.11 3.182 5.199 1124.0
350.0 31.34 8.72 0.703 1101.0 1899.0 20.91 3.174 5.191 1195.0
400.0 27.71 9.73 0.615 1258.0 2158.0 21.60 3.167 5.187 1262.0
450.0 24.93 10.7 0.548 1415.0 2417.0 22.21 3.163 5.185 1326.0
500.0 22.62 11.7 0.493 1571.0 2677.0 22.76 3.159 5.184 1388.0
600.0 19.07 13.8 0.411 1884.0 3195.0 23.70 3.153 5.183 1504.0
700.0 16.49 15.8 0.353 2197.0 3713.0 24.50 3.150 5.183 1612.0
800.0 14.52 17.8 0.309 2509.0 4231.0 25.19 3.147 o5.183 1713.0
900.0 12.97 19.9 0.275 2822.0 4750.0 25.80 3.145 5.184 1809.0
1000.0 11.72 21.9 0.248 3134.0 5268.0 26.35 3.143 5.184 1900.0
1100.0 10.68 23.9 0.225 3447.0 5787.0 26.84 3.142 5.185 1988.0
1200.0 0.819 26.0 0.207 3759.0 6305.0 27.29 3.140 5.185 2071.0
1300.0 9.084 28.0 0.191 4071.0 6824.0 27.71 3.139 5.185 2152.0
1400.0 8.450 30.1 0.177 4384.0 7342.0 28.09 3.139 5.186 2229.0
1500.0 7.899 32.1 0.165 4696.0 7861.0 28.45 3.138 5.186 2304.0

300.0 X 10*> pascal Isobar

7.0 246.2 5.93 12.6 9.656 131.5 1.986 2.627 2,934 814.2
7.5 245.2 5.90 11.8 10.55 132.9 2.184 2.528 2.823 812.0
8.0 244.2 5.86 11.4 11.42 134.3 2.364 2.467 2.766 810.8
8.5 243.2 5.82 11.3 12.27 135.6 2.532 2.435 2.749 810.4
9.0 242.3 5.77 11.3 13.11 136.9 2.689 2.426 2.765 810.5
9.5 241.3 5.71 11.4 13.95 138.3 2.840 2.436 2.805 811.1
10.0 240.3 5.66 11.5 14.80 139.7 2.985 2.461 2.866 811.9
11.0 238.1 5.55 11.8 17.08 143.1 3.315 2.537 3.020 812.6
12.0 235.9 5.45 11.9 19.51 146.7 3.634 2.645 3.204 812.4
13.0 233.7 5.36 11.9 22.11 150.5 3.945 2,757 3.384 811.1
14.0 231.5 5.27 11.8 24.87 154.5 4.247 2.851 3.539 809.1
15.0 229.3 5.19 11.6 27.77 158.6 4.539 2.916 3.658 806.9
16.0 227.0 5.11 15 30.20 162.4 4.7719 2.981 3.788 805.8
17.0 224.8 5.03 11.4 32.72 166.2 5.013 3.033 3.905 804.5
18.0 222.5 4.95 11.3 35.31 170.2 5.239 3.075 4.009 803.0
19.0 220.2 4.87 11.1 37.97 174.2 5.458 3.109 4.103 801.6
20.0 217.9 4.79 10.9 40.69 178.4 5.671 3.136 4.189 800.0
21.0 215.6 4.72 10.8 43.46 182.6 5.877 3.159 4.269 798.4
22.0 213.4 4.65 10.6 46.28 186.9 6.077 3.177 4.343 796.8
23.0 211.1 4.58 10.4 ) 49.14 191.3 6.272 3.192 4.412 795.2
24.0 208.8 4.51 10.2 52.05 195.7 6.461 3.205 4.478 793.6
25.0 206.5 4.44 10.0 54.98 200.2 6.645 3.216 4.540 792.0
26.0 204.3 4.38 9.83 57.95 204.8 6.824 3.226 4.599 790.4
28 0 109.8 4.97 Q.45 63 99 214.1 7.169 3.242 4.710 787.3
30.0 195.4 4.16 9.08 70.13 223.6 7.498 3.255 4.811 784.4
32.0 191.1 4.07 8.73 76.37 233.3 - 7.811 3.266 4.904 781.8
34.0 186.9 3.99 8.38 82.70 243.2 8.111 3.275 4.989 779.5
36.0 182.7 3.92 8.05 89.11 253.3 8.399 3.284 5.066 771.5
38.0 178.7 3.86 7.73 95.58 263.5 8.674 3.291 5.134 775.8
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Temper- Density lso.thel:m lsqchore Internal Enthalpy Entropy C, C, Velocity

ature ke/m® derivative derivative energy Ki/kg Ki/kg K of sound
K 10°m3 - Pajkg 1°Pa/K kl/kg kJ/kg ‘K m/s
40.0 174.7 3.81 7.43 102.1 273.8 8939  3.298 5196 7745
45.0 165.3 3.72 6.73 118.6 300.1 9.559 3.311 5.318 7729
50.0 156.6 3.68 6.13 135.4 326.9 10.12 3.321 5.402 773.3
55.0 148.6 3.67 5.60 152.3 354.1 10.64 . 3.327 5.455 775.4
60.0 141.3 3.69 5.14 169.2 381.5 11.12 3.330 5.486 779.0
65.0 134.7 3.72 4.74 186.1 408.9 11.56 3.332 5.500 783.7
70.0 128.6 3.77 4.40 203.1 436.4 11.96 3.331 5.503 789.3
75.0 ©123.0 3.83 4.10 220.0 463.9 12.34 3.329 5.499 795.6
80.0 117.9 3.90 3.83 236.9 491.4 12.70 3.326 5.490 802.3
90.0 108.8 4.05 3.38 270.5 546.2 13.34 3.318 5.464 816.9
100.0 101.1 4.22 3.03 303.9 600.7 13.92 3.309 5.435 832.3
125.0 85.90 4.66 2.39 386.4 735.7 15.12 3.285 5.366 872.7
150.0 74.78 5.13 1.98 467.9 869.1 16.10 3.264 5.314 013.6
175.0 66.25 5.60 1.69 548.6 1001.0 16.91 3.246 5.276 954.1
200.0 59.49 6.08 1.47 628.8 1133.0 17.62 3.232 5.249 993.8
225.0 54.00 6.56 1.31 708.5 1264.0 18.23 3.220 5.231 1033.0
250.0 49 44 7.05 1.18 787.8 1305.0 18.78 3211 5.217 1070.0
275.0 45.60 7.54 1.07 867.0 1525.0 19.28 3.203 5.207 1107.0
300.0 42.31 8.03 0.980 945.9 1655.0 19.73 3.196 5.200 1143.0
350.0 36.98 9.02 0.840 1103.0 1915.0 20.53 3.186 5.191 1212.¢
400.0 32.84 10.0 0.736 1261.0 2174.0 21.23 3.178 5.186 1278.0
450.0 29.53 11.0 0.655 1417.0 2433.0 21.84 3.172 5.183 1341.0
500.0 26.83 12.0 0.590 1574.0 2692.0 22.38 3.168 5.181 1401.0
600.0 22.67 14.0 0.492 1887.0 3210.0 23.33 3.161 5.180 1515.0
700.0 19.63 16.0 0.423 2200.0 3729.0 24.13 3.156 5.181 1622.0
800.0 17.30 18.1 0.370 2513.0 4247.0 24.82 3.153 5.181 '1722.0
900.0 15.47 20.1 0.329 2826.0 4765.0 25.43 3.150 5.182 1817.0
1000.0 13.99 22,1 0.297 3138.0 5283.0 25.97 3.148 5.182 1908.0
1100.0 12.76 24.2 0.270 3451.0 5801.0 26.47 3.147 5.183 1994.0
1200.0 11.74 26.2 0.248 3763.0 6319.0 26.92 3.145 5.183 2077.0

1300.0 10.86 28.2 0.229 4076.0 6838.0 27.33 3.144 5.184 2157.0
'1400.0 10.11 30.3 0.212 4388.0 7356.0 27.72 3.143 5.184 2234.0
1500.0 9.451 32.3 0.198 4701.0 7875.0 28.08 3.142 5.185 2309.0

350.0 X 10*% pascal Isobar

7.5 253.2 6.60 12.6 13.55 151.8 2.026 2.636 2.918 855.0
8.0 252.3 6.57 12.0 14.42 153.2 2.210 2.516 2.794 853.8
8.5 - 251.4 6.52 11.8 15.26 154.5 2.377 2.441 2.728 853.6
9.0 250.4 6.47 11.8 16.07 155.8 2.533 2.400 2,707 854.2
9.5 249.5 6.42 11.8 16.87 157.1 2.679 2.387 2.721 855.3
10.0 248.6 6.37 12.0 17.67 158.5 2.820 2.396 2.763 856.7
11.0 246.6 6.25 12.4 19.84 161.8 3.139 2.463 2.907 859.0
12.0 244.6 6.16 12.6 22.15 165.3 3.450 2.577 3.097 860.1
13.0 242.5 6.07 12.7 24.64 169.0 3.754 2.701 3.289 859.7
14.0 240.4 5.99 12.6 27.32 172.9 4.052 2.808 3.453 858.2
15.0 238.3 5.91 12.5 30.15 177.0 4.341 2.882 3575 56 .4
16.0 236.2 5.83 12.4 32.47 180.7 4.576 2.952 3.706 855.7
17.0 234.0 5.76 12.3 34.89 184.4 4.804 3.009 3.821 854.9
18.0 231.9 5.68 12.1 37.39 188.3 5.025 3.055 3.924 854.0
19.0 229.8 5.60 12.0 39.95 192.3 5.240 3.093 4.017 853.0
20.0 227.6 5.53 11.8 42.58 196.3 5.448 3.123 4.102 851.8
21.0 225.5 5.45 11.7 45.26 200.5 5.650 3.148 4.179 850.7
22.0 223.3 5.38 11.5 47.99 204.7 5.846 3.169 4.251 849.4
23.0 221.2 5.31 11.3 50.76 209.0 6.037 3.187 4.319 848.1
24.0 219.1 5.24 11.1 53.58 213.3 6.222 3.201 4.382 846.8
25.0 217.0 5.17 10.9 56.43 217.7 6.402 3.214 4.442 845.4
26.0 214.9 5.11 10.7 59.32 222.2 6.577 3.225 4.499 844.1
28.0 210.7 4.98 10.4 65.19 231.3 6.915 3.244 4.606 841.3
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Temper- Density lso}her@ Iso.cho.re Internal Enthalpy Enu‘op).' C. C, Velocity

ature ke/m? derivative derivative energy ki/ke K/ke K of sound
K 10°m?® - Pa/kg 10°Pa/K kJ/kg ki/kg ‘K m/s
30.0 206.5 4.87 10.0 71.17 240.6 7.236 3.259 4.705 838.5
32.0 202.5 4.1 9.65 77.26 250.1 7.543 3.273 4.797 835.9
34.0 198.4 4.67 9.30 83.45 259.8 7.836 3.284 4.882 833.4
36.0 194.5 4.59 8.96 89.71 269.7 8.117 3.294 4.960 831.1
38.0 190.6 4.51 8.63 96.05 279.7 | 8.387 3.204 5.031 829.0
40.0 186.8 4.45 8.32 102.5 289.8 8.647 3.312 5.096 827.2
45.0 177.8 4.32 7.60 118.7 315.6 9.256 3.329 5.232 824.0
50.0 160.3 4.24 6.96 135.3 342.0 9.812 3.341 5.332 822.6
55.0 161.4 4.20 6.39 152.0 368.9 10.32 3.350 5.402 823.0
60.0 154.1 4.19 5.89 168.8 396.0 10.80 3.355 5.447 824.8
65.0 147.3 4.20 5.45 185.7 423.3 11.23 3.357 5.475 827.8
70.0 141.1 4.23 5.06 202.6 450.7 11.64 3.358 5.489 831.9
75.0 135.3 4.28 4.72 219.6 478.2 12.02 3.356 5.493 836.7
80.0 130.0 4.33 4.42 236.5 505.7 12.37 3.354 5.490 842.2
90.0 120.6 4.47 3.92 270.2 560.5 13.02 3.347 5.472 854.5
100.0 112.4 4.62 3.51 303.7 615.1 13.59 3.337 5.447 868.0
125.0 96.21 5.04 2.78 386.6 750.4 14.80 3.312 5.380 904.6
150.0 84.20 5.49 2.30 468.5 884.2 15.78 3.289 5.326 942.5
175.0 74.91 5.95 1.96 549.6 1017.0 16.60 3.269 5.286 980.6
200.0 67.50 0.42 1.71 630.0 1149.0 17.30 3.252 5.256 1018.0
225.0 61.44 6.89 1.52 710.0 1280.0 17.92 3.239 5.235 1055.0
250.0 56.38 1.37 1.37 789.6 1410.0 18.47 3.228 5.220 1092.0
275.0 52.10 7.85 1.24 - 868.9 1541.0 18.96 3.219 5.209  1127.0
300.0 18,12 8.33 1.14 048.1 1671.0 19.42 3.211 5.201 1162.0
350.0 42.44 9.31 0.977 1106.0 1931.0 20.22 3.199 5.190 1229.0
400.0 37.77 10.3 0.855 1263.0 2190.0 20.91 3.190 5.184 1293.0
450.0 34.02 11.3 0.761 1420.0 2449.0 21.52 3.183 5.181 1355.0
500.0 30.95 12.3 0.686 1577.0 2708.0 22.07 3.177 5.179 1414.0
600.0 26.21 14.3 0.573 1891.0 3226.0 23.01 3.169 5.178 1526.0
700.0 22.73 16.3 0.492 2204.0 3744.0 23.81 3.164 5.178 1632.0
800.0 20.06 18.3 0.431 2517.0 4262.0 24.50 3.159 5.179 1731.0
900.0 17.95 20.3 0.383 2829.0 4780.0 25.11 3.156 5.180 1825.0
1000.0 16.24 22.3 0.345 3142.0 5298.0 25.66 3.154 5.180 1915.0
1100.0 14.83 24.4 0.314 3455.0 5816.0 26.15 3.152 5.181 2001.0
1200.0 13.64 - 26.4 0.288 3767.0 6334.0 26.60 3.150 5.182 2083.0
1300.0 12.63 28.4 0.266 4080.0 6852.0 27.02 3.149 5.182 2163.0
1400.0 11.75 30.5 0.247 4393.0 7370.0 27.40 3.148 5.183 2239.0
1500.0 10.99 32.5 0.231 4705.0 7889.0 27.76 3.147 5.183 2313.0

400.0 X 10** pascal Isobar

8.0 259.5 7.24 12.6 17.47 171.6 2.073 2.585 2.847 892.9
8.5 258.6 7.19 12.3 18.31 173.0 2.241 2.461 2.726 892.8
9.0 257.8 7.14 12.2 19.10 174.3 2.395 2.384 2.665 893.6
9.5 256.9 7.09 12.3 19.86 175.5 2.539 2.34 2.650 895.2
10.0 256.1 7.04 12.5 20.61 176.8 2.675 2.335 2.671 897.2
11.0 254.2 6.93 13.0 22.67 180.0 2.985 2.390 2.804 901.3
12.0 252.3 6.83 13.3 24.87 183.4 3.287 2,511 3.001 903.6
13.0 250.3 6.75 13.5 27.26 187.1 3.586 2.648 3.206 904.0
14.0 248.3 667 13.4 29.86 191.0 3.880 2.768 3.381 903.0
15.v 280.3 b.oV 13.35 32.02 1Yo.U 4.166 2,850 3.509 901.5
16.0 2443 6.53 13.2 34.86 198.6 4.396 2.925 3.640 901.2
17.0 242.2 6.45 13.1 37.19 202.3 4.621 2.986 3.756 900.8
18.0 240.2 6.38 13.0 30.60 206.1 4.838 3.036 3.859 900.3
19.0 238.2 6.30 12.8 42.08 210.0 5.049 3.077 3.951 899.7
20.0 236.1 6.23 12.7 44.63 214.0 5.254 3.110 4.035 898.9
21.0 234.1 6.16 12.5 47.23 218.1 5.453 3.138 4.111 898.1
22.0 232.1 6.09 12.3 49.88 222.2 5.646 3.161 4.182 897.2
23.0 230.0 6.01 12.2 52.58 226.5 5.833 3.180 4.247 896.2
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Temper- Density Iso'ther‘m Iso'cho.re Internal Enthalpy Entropy C, C, Velacity

ature ke/m? derivative derivative energy Ki/kg K/ke K of sound
K 10°m® - Pa/kg 10°Pa/K kifkg _ kl/kg K m/s
24.0 228.0 5.95 12.0 55.32 230.7 6.015 3.197 4.309: 895.1
25.0 226.0 5.88. 11.8 58.10 235.1 6.192 3.211 4.367 894.0
26.0 224.0 5.81 11.6 60.92 239.5 6.365 3.224 4.423 8929
28.0 220.0 5.68 11.2 66.64 248.4 6.696 3.245 4.527 890.4
30.0 216.1 5.56 10.9 72.49 257.6 7.012 3.263 4.623 887.9
32.0 212.2 5.45 10.5 78.45 266.9 7.313 3.278 4.713 885.4
34.0 208.4 5.35 10.1 84.51 276.4 7.602 3.292 4.796 882.9"
36.0 204.7 5.26 9.80 90.65 286.1 7.878 3.304 4.874 880.5
38.0 201.0 5.17 9.47 96.88 295.9 8.143 3.314 4.946 878.2
40.0 197.3 5.09 9.15 103.2 305.9 8.399 3.324 5.012 876.1
45.0 188.6 4.93 8.40 119.2 331.3 8.998 3.345 5.155 871.8
50.0 180.3 4.82 7.73 135.5 357.4 9.547 3.360 5.266 869.1
55.0 172.6 4.75 7.13 152.1 383.9 10.05 3.371 5.348 867.9
60.0 165.3 4.71 6.60 168.8 410.8 10.52 3.378 5.406 868.2
65.0 158.5 4.70 6.12 185.7 437.9 10.96 3.382 5.445 869.8
70.0 152.3 4.71 5.70 202.5 465.2 11.36 3.383 5.469 872.4
75.0 146.4 4.74 5.33 219.4 492.6 11.74 3.383 5.481 876.0
80.0 141.0 4.78 5.00 236.3 520.0 12.09 3.381 5.485 880.3
90.0 131.3 4.89 4.43 270.1 574.8 12.74 3.374 5.476 890.5
100.0 122.8 5.02 3.98 303.7 629.5 13.31 3.365 5.456 902.2
125.0 105.8 5.41 3.16 387.0 765.1 14.52 3.338 5.393 935.2
150.0 93.03 5.85 2.61 469.3 899.2 15.50 3.313 5.338 970.4
175.0 83.08 6.30 2.23 550.7 1032.0 16.32 3.291 5.295 1006.0
200.0 75.09 6.75 1.95 631.4 1164.0 17.03 3.273 35.263 1042.0
225.0 68.53 7.22 1.73 711.6 1295.0 17.64 3.258 5.240 1077.0
. 250.0 63.03 7.69 1.55 791.4 1426.0 18.20 3.245 . 5.223 1112.0
275.0 58.35 8.16 1.41 871.0 1557.0 18.69 3.234 5.211 1146.0
300.0 54.32 8.64 1.30 950.3 1687.0 19.15 3.225 5.201 1180.0
350.0 47.73 9.60 1.11 1108.0 1946.0 19.95 3.211 5.189 1245.0
400.0 42.56 10.6 0.974 1266.0 2206.0 20.64 3.201 5.183 1308.0
450.0 .38.40 11.5 0.867 1423.0 2465.0 21.25 3.193 5.179 1368.0
500.0 34.98 12.5 0.781 1580.0 2724.0 21.79 3.186 5.177 1427.0
600.0 29.69 145 0.653 1894.0 3241.0 22.74 3.177 5.176 1537.0
700.0 25.78 16.5 0.561 2207.0 3759.0 23.54 317 5.176 1641.0
800.0 22.77 18.5 0.491 2520.0 4276.0 24.23 3.166 5.177 1740.0
900.0 20.40 20.5 0.437 2833.0 4794.0 24.84 3.162 5.178 1833.0
1000.0 18.47 22.5 0.394 3146.0 5312.0 25.38 3.160 5.179 1922.0
1100.0 16.87 24.6 0.358 3459.0 5830.0 25.88 3.157 5.180 2007.0
1200.0 - 15.53 26.6 0.329 3772.0 6348.0 26.33 3.155 5.180 2089.0
1300.0 14.38 28.6 0.304 4084.0 6866G.0 26.74 3.154 5.181 2168.0
1400.0 13.39 30.6 0.282 4397.0 7384.0 27.13 3.152 5.182 2244.0
1500.0 12.53 32.7 0.264 4710.0 7902.0 27.48 3.151 5.182 2318.0

450.0 X 10** pascal Isobar

8.5 265.3 7.85 12.7 21.39 191.0 2.120 2.492 2.739 928.6
9.0 264.5 7.79 12.5 22.17 192.3 2.273 2.375 2.634 929.7
9.5 263.7 7.74 12.6 22.91 193.6 2.414 2.307 2.588 931.6
10.0 262.9 7.68 12.8 23.61 194.8 2.547 2.277 2.587 934.2
11.0 261.1 7.57 13.5 25.56 197.9 2.846 2318 2,707 940.0
1z.v 209.3 .48 14.0 271.65 201.2 3.140 2.4495 2.913 943.8
13.0 257.4 7.40 14.2 29.94 204.8 3.433 2.596 3.132 944.9
14.0 255.4 7.33 14.2 32.46 208.6 3.724 2.729 3.320 944.4
15.0 253.5 7.27 14.0 35.16 212.7 4.008 2.822 3.456 943.3
16.0 251.6 ?.19 14.0 387.31 216.2 4.235 2.900 3.587 043.3
17.0 249.6 7.12 13.9 39.56 219.9 4.456 2.965 3.704 943.2
18.0 241.7 7.05 13.8 41.90 223.6 4.671 3.018 3.807 943.0
19.0 245.7 6.98 13.6 44.31 227.5 4.879 3.062 3.899 942.7
20.0 243.7 6.91 13.5 46.78 231.4 5.081 3.098 3.982 942.2
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Temper- Deénsity Isolthex:r_n Iso.cho.re Internal Enthalpy Entropy C. C, \;elocitz
ature Jm? derivative derivative energy KJ/kg Ki/kg K of soun
4 ke 10°m3 - Pajkg 10°PafjK kl/kg kl/kg-K mfs
21.0 241.8 6.84 13.3 49.32 235.4 5.278 3.128 4.058 941.7
22.0 239.9 6.77 13.1 51.90 239.5 5.468 3.153 4.127 941.1
23.0 237.9 6.70 13.0 54.53 243.7 5.653. 3.174 4.192 940.4
24.0 236.0 6.63 12.8 57.21 247.9 5.832 3.192 4.252 939.6
25.0 234.1 6.56 12.6 £59.92 252.2. 6.007 3.208 4.300 038.7
26.0 232.2 6.49 12.4 62.68 256.5 6.177 3.222 4.363 937.7
28.0 228.4 6.37 12.0 68.28 265.3 6.504 3.246 4.465 935.7
30.0 224.6 6.24 11.6 74.01 274.4 6.816 3.265 4.558 933.4
32.0 220.9 6.13 113 79.85 283.6 7.113 3.283 4.646 931.1
34.0 217.2 6.02 10.9 85.80 292.9 7.397 3.298 4.728 928.6
36.0 213.6 5.91 10.6 91.83 302.5 7.669 3.312 4.804 926.2
38.0 210.1 5.82 10.2 97.96 312.2 7.931 3.324 4.876 923.9
40.0 206.6 5.73 9.91 104.2 322.0 '8.183 3.336 4.943 921.6
45.0 198.1 5.55 9.15 120.0 347.1 8.774 3.359 5.089 916.6
50.0 190.1 5.41 8.45 136.1 372.8 9.316 3.378 5.206 912.9
535.0 182.5 5.31 7.83 152.5 399.1 9.817 3.391 5.297 210.5
60.0 175.4 5.24 7.27 169.1 425.7 10.28 3.400 5.365 909.5
65.0 168.7 5.21 6.76 185.9 452.7 10.71 3.405 5.413 909.8
70.0 162.4 5.20 6.31 202.7 479.8 11.11 3.408 5.445 911.2
75.0 156.5 5.21 5.01 210.6 507.1 11.40 2.409 5.465 9135
80.0 151.0 5.23 5.55 236.5 534.5 11.84 3.407 5.475 916.7
90.0 141.1 5.31 4.94 270.3 589.3 12.49 3.401 5.476 9249
100.0 132.4 5.43 4.44 '304.0 644.0 13.07 3.392 5.462 935.0
125.0 114.7 5.79 3.53 387.5 779.8 14.28 3.365 5.405 964.7
150.0 101.3 6.21 2.92 470.1 914.2 15.26 3.337 5.349 997.0
175.0 90.81 - 6.64 2.50 551.8 1047.0 16.08 3.313 5.304 1031.0
200.0 82.32 7.09 2.18 632.8 1179.0 16.79 3.293 5.270 1065.0
225.0 . 75.30 7.54 1.93 713.3 1311.0 17.40 3.276 5.245 1099.0
250.0 69.40 8.01 1.74 793.4 1442.0 17.96 3.262 5.226 1132.0
275.0 64.36 8.47 1.58 873.1 1572.0 18.45 3.250 5.212 1165.0
300.0 60.01 8.94 1.45 952.5 1702.0 18.91 3.240 5.202 1198.0
350.0 52.86 2.89 1.25 1111.0 1962.0 19.71 2.224 5.189 1261.0
400.0 47.23 10.8 1.09 1269.0 - 2221.0 20.40 3.212 5.181 - 1323.0
450.0 42.68 11.8 0.972 1426.0 2480.0 21.01 3.203 5.177 1382.0
500.0 38.93 12.8 0.876 1583.0 2739.0 21.56 3.196 5.175 1439.0
600.0 33.10 14.8 0.732 1897.0 3257.0 22.50 3.185 5.174 1548.0
700.0 28.79 16.7 0.629 2211.0 3774.0 23.30 3.178 5.174 1651.0
800.0 25.46 18.7 0.551 2524.0 4291.0 23.99 3.172 5.175 1748.0
900.0 22.82 20.7 0.491 2837.0 4809.0 24,60 3.168 5.176 1840.0
1000.0 20.68 22.7 0.442 3150.0 5326.0 25.14 3.165 5.177 1929.0
1100.0 18.90 24.8 0.402 3463.0 5844.0 25.64 3.162 5.178 2013.0
1200.0 17.40 26.8 0.369 3776.0 6362.0 26.09 3.160 5.179 2094.0
1300.0 16.12 28.8 0.341 4089.0 6880.0 26.50 3.158 5.179 2173.0
1400.0 15.02 30.8 0.317 4402.0 7398.0 26.88 3.157 5.180 2249.0
1500.0 14.06 32.8 0.296 4714.0 7916.0 27.24 3.156 5.181 2322.0

S500.0 X 1U™ pascal Isobar

9.0 270.7 8.42 12.8 25.27 210.0 2.163 2.373 2.613 962.8
9.5 269.9 8.36 12.9 25.98 211.2 2.302 2.273 2.532 965.1
10.0 269.1 8.30 13.1 26.66 212.4 2.431 2.221 2.508 968.1
11.0 267.5 8.19 14.0 28.50 215.4 2.720 2.248 2.615 976.0
12,0 265.7 8.10 14.6 30.46 218.6 3.006 2.380 2.829 981.2-
13.0 263.8 8.03 14.9 32.66 222.2 3.294 2.545 3.064 983.2
14.0\ 262.0 7.97 15.0 35.09 226.0 3.581 2.693 3.266 983.2
15.0 260.1 7.91 14.8 37.74 230.0 3.864 2.795 3.410 982.3
16.0 258.2 7.84 14.8 39.82 233.5 4.088 2.877 3.543 982.5
17.0 256.3 7.77 14.7 42.00 237.1 4.306 2,945 3.661 982.7
18.0 254.4 7.70 14.5 44.27 240.8 4.519 3.002 3.764 982.7
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ROBERT D. McCARTY

Temper- Density lso.theljm Ist{cho}'e Internal Enthalpy Earropy c, C Velocity
ature ke/m? derivative derivative energy Ki/k K/ke K of sound
K 1°m? - Pafkg|  10°PafK ki/kg & & ki/kg K mfs
19.0 252.5 7.63 14.4 46.61 244.6 4.725 3.048 3.857 982.6
20.0 250.7 17.56 14.2 49.02 248.5 4.925 3.086 3.939 982.5
21.0 248.8 7.49 14.1 51.49 252.5 5.119 3.118 4.015 982.2
22.0 246.9 7.42 13.9 54.01 256.5 5.307 3.145 4.083 981.8
23.0 245.0 7.36 13.7 56.58 260.6 5.490 3.168 4.147 . 981.4
24.0 243.2 7.29 13.5 59.20 264.8 5.668 3.187 4.207 980.8
25.0 241.3 7.22 13.3 61.86 269.0 5.841 3.204 4.263 980.1
26.0 239.5 7.16 13.2 64.55 273.3 6.009 3.220 4.316 979.4
28.0 235.8 7.03 12.8 70.05 282.1 6.333 3.246 4.415 971.7
30.0 232.2 6.90 12.4 75.67 291.0 6.640 3.268 4.507 975.7
32.0 228.6 6.78 12.0 81.41 300.1 6.934 3.287 4.592 973.5
34_.0 225.1 6.67 11.7 87.25 309.4 7215 3.304 4.673 971.3
36.0 221.6 6.56 11.3 93.20 318.8 7.484 3.319 4.748 968.9
38.0 218.2 6.46 11.0 99.23 328.3 7.743 3.333 4.819 966.5
40.0 2149 6.37 10.6 105.3 338.0 7.991 3.346 4.885 964.2
45.0 206.7 - 6.16 9.85 120.9 362.9 8.576 3.373 5.032 . 958.8
50.0 198.9 6.00 9.14 136.9 388.3 9.112 3.394 5.153 954.3
55.0 191.5 5.87 8.49 153.2 414.3 9.608  3.410 5.249 950.9
60.0 184.4 5.79 7.90 169.7 440.8 10.07 3.421 5.324 948.9
65.0 177.8 5.73 7.37 186.3 467.5 10.50 3.428 5.380 948.0
70.0 171.6 5.69 6.90 203.1 494.5 10.90 3.432 5.420 948.3
15.0 165.7 .68 6.47 219.9 S21.¢ 11.2¢ 3.433 5.447 949.5
80.0 160.2 5.69 6.09 236.8 549.0 11.62 3.433 5.463 951.7
90.0 150.1 5.75 5.43 270.6 603.7 12.27 3.427 5.474 958.0
100.0 141.2 5.84 4.88 304.4 658.4 12.84 3.419 5.466 966.5
125.0 - 123.1 6.17 3.89 388.2 794.5 14.06 13.390 5.415 993.0
150.0 109.2 6.57 3.23 471.1 929.1 15.04 3.361 5.359 1023.0
175.0 98.15 6.99 2.76 553.1 1062.0 15.86 3.336 5.313 1055.0
200.0 89.21 7.43 2.41 634.3 1195.0 16.57 3.314 5.277 1087.0
225.0 81.79 7.87 2.14 715.1 1326.0 17.19 3.295 5.250 1120.0
250.0 75.52 8.32 1.92 795.3 1457.0 17.74 3.280 5.229 1152.0
275.0 70.16° 8.78 1.75 875.2 1588.0 18.24 3.266 5.214 1184.0
300.0 65.51 9.24 1.60 954.8 1718.0 18.69 3.255 5.203 1215.0
350.0 57.84 10.2 1.38 1113.0 1978.0 19.49 3.237 5.188 1277.0
400.¢ S51.78 1.1 1.21 1271.0 2237.0 20.19 3.224 5.180 1337.0
450.0 46.87 121 1.08 1429.0 2496.0 20.80 3.214 5.175 1395.0
500.0 42.80 13.0 0.970 1586.0 2755.0 21.34 3.205 5.173 1451.0
600.0 36.46 15.0 0.811 1600.0 3272.0 22.28 3.193 5.171 1558.0
700.0 31.75 17.0 0.697 2214.0 3789.0 23.08 3.185 5.172 1660.0
800.0 28.11 19.0 0.611 2528.0 4306.0 23.77 3.179 5.173 1756.0
900.0 25.22 20.9 0.544 2841.0 4823.0 24.38 3.174 5.174 1848.0
1000.0 22.86 229 0.490 3154.0 5341.0 24.93 3.171 5.175 1935.0
1100.0 20.91 25.0 0.446 3467.0 5858.0 25.42 3.168 5.176 2019.0
1200.0 19.26 27.0 0.409 3780.0 6376.0 23.87 3.165 5.177 2100.0
1300.0 17.85 29.0 0.378 4093.0 6894.0 26.28 3.163 5.178 2178.0
1400.0 16.64 31.0 0.352 4406.0 7412.0 26.67 3.162 5.179 2253.0
1500.0 15.57 33.0 0.328 4719.0 7930.0 27.03 3.160 5.179 2326.0
600.0 X 10** pascal Isobar
U.O 278.9 9.37 14.7 34.45 249.6 2.499 2.106 2.434 1041.0
12.0 271.2 9.29 15.7 36.17 252.6 2.768 2.250 2.666 1049.0
13.0 275.4 9.24 16.3 38.16 256.0 3.044 2.445 2.936 1053.0
14.0 273.6 9.20 16.4 40.44 259.7 3.325 2.624 3.171 1054.0
|15.0 271.8 9.15 16.3 42.97 263.7 3.606 2.749 3.336 1054.0
16.0 270.0 9.09 16.2 41.92 267.1 3.826 2.837 3.472 11054.0
17.0 268.2 9.02 16.1 46.97 270.6 4.040 2.910 3.592 1055.0
18.0 266.5 8.95 16.0 49,12 274.3 4.248 2.972 3.698 1055.0
19.0 264.7 8.88 15.9 51.34 2780 4.451 3.022 3.791 1056.0
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Temper- Density Iso’ther.m Iso.cho.re Internal Enthalpy Entropy C. C, Velocity

ature ke/m? derivative derivative energy \I/kg Kl/kg K of sound
K BT )om®- Pajkg|  10°Pa/K kJ/kg , kl/kg ‘K m/s
20.0 262.9 8.82 15.7 53.64 281.9 4.647 3.065 3.875 1056.0
21.0 261.1 8.75 15.5 56.00 285.8 4.838 3.100 3.950 1056.0
22.0 259.3 8.69 15.4 58.41 289.8 5.024 3.131 4,019 1056.0
23.0 257.6 8.62 . 15.2 60.88 293.8 5.204 3.157 4.082 1056.0
24.0 255.8 8.56 15.0 63.39 297.9 5.379 3.179 4.141 1056.0
25.0 254.1 8.49 14.8 65.95 302.1 5.549 3.199 4.196 1055.0
26.0 252.3 8.43 14.6 68.54 306.3 5.714 3.216 4.248 1055.0
28.0 248.9 8.30 14.2 73.85 314.9 6.033 3.247 4.344 1054.0
30.0 245.5 8.18 13.8 79.29 323.7 6.336 3.272 4.432 1052.0
32.0 242.1 8.06 13.4 84.85 332.6 6.624 3.295 4.515 1051.0
34.0 238.8 7.94 13.0 90.53 341.7 6.900 3.315 4.592 1049.0
36.0 235.6 7.83 12.7 96.31 351.0 7.165 3.333 4.664 1047.0
38.0 232.4 7.72 12.3 102.2 360.4 1.419 3.350 4.733 1044.0
40.0 229.2 7.62 12.0 108.1 369.9 7.663 3.365 4.797 1042.0
45.0 221.5 7.38 11.1 123.4 394.3 8.237 3.398 4.942 1036.0
50.0 2141 718 104 130.1 4103 8.764 3.425 5.065 1031.0
55.0 207.0 7.02 9.71 155.1 444.9 9.252 3.445 5.168 1026.0
60.0 200.3 6.89 9.08 171.4 471.0 9.705 3.460 5.251 1022.0
65.0 193.8 6.79 8.51 187.8 497.4 10.13 3.470 5.317 1020.0
70.0 187.7 6.71 7.99 204.5 524.1 10.52 3.476 5.368 1018.0
75.0 181.9 6.66 7.53 221.2 551.0 10.90 3.480 5.405 1017.0
80.0 176.4 6.64 7.10 238.1 578.1 11.25 - 3.481 5.432 1018.0
90.0 166.3 6.64 6.36 271.8 632.6 11.89 ©3.478 5.461 1021.0
© 100.0 157.2 " 6.68 5.74 305.6 687.3 12.46 3.470 5.466 1026.0
125.0 138.3 6.94 4.60 389.9 823.6 13.68 3.440 5.431 1047.0
150.0 123.6 7.29 3.82 473.3 958.7 14.67 3.409 5.378 1072.0
175.0 111.8 7.68 3.27 555.8 1093.0 15.49 3.380 5.329 1101.0
200.0 102.1 8.10 2.86 637.6 1225.0 16.20 3.354 5.290 1130.0
225.0 93.99 8.52 2.54 718.7 1357.0 16.82 3.333 5.259 1160.0
250.0 87.10 8.96 2.29 799.4 1488.0 17.37 3.314 5.236 1190.0
275.0 81.16 9.40 2.08 879.7 1619.0 17.87 3.299 5.218 1219.0
300.0 75.99 9.85 1.91 959.6 1749.0 18.33 3.285 5.205 1249.0
350.0 67.40 10.8 1.64 1119.0 2009.0 19.13 3.264 5.187 1307.0
400.0 60.55 11.7 1.44 1277.0 2268.0 19.82 3.247 5.177 1365.0
450.0 54.97 12.6 1.28 1435.0 2527.0 20.43 3.235 5.171 1420.0
500.0 50.32 13.6 1.16 1593.0 2785.0 20.97 3.225 5.168 1474.0
600.0 43.02 15.5 0.967 1907.0 3302.0 21.91 3.210 5.166 1579.0
700.0 37.57 17.4 0.831 2221.0 3819.0 22.71 3.200 5.167 1677.0
800.0 33.33 19.4 0.729 2535.0 4335.0 23.40 3.192 5.168 1772.0
900.0 29.95 21.4 0.650 2849.0 4852.0 24.01 3.187 5.170 1861.0
1000.0 27.18 23.3 0.586 3162.0 5369.0 24.55 3.182 5.171 1948.0
1100.0 24.89 25.3 0.533 3475.0 5886.0 25.05 3.178 5.173 2030.0
1200.0 22.94 27.3 0.490 3789.0 6404.0 25.50 3.175 5.174 2110.0
1300.0 21.28 29.3 0.452 4102.0 6921.0 - 25.91 3.173 5.175 2187.0
1400.0 19.84 31.3 0.420 4415.0 7439.0 26.30 3.171 5.176 2262.0
1500.0 18.59 33.3 0.393 4728.0 7956.0 26.65 3.169 5.177 2334:0

700.0 X 10*> pascal Isobar

12.0 287.4 10.4 16.6 41.95 285.5 2.561 2.118 2.501 1110.0
13.0 285.6 10.4 17.4 43.72 288.8 2.825 2.345 2.810 1116.0
14.0 283.9 10.4 17.7 45.83 292.4 3.100 2.558 3.083 1118.0
15.0 282.1 10.4 17.6 48.24 296.4 3.379 2.709 3.274 1119.0
16.0 280.4 10.3 17.6 50.08 299.8 3.595 2.802 3.414 1120.0
17.0 278.7 10.2 17.5 - 52.02 303.2 3.806 2.880 3.537 1120.0°
18.0 276.9 10.1 17.4 54.06 306.8 4.011 2.946 3.646 1121.0
19.0 275.2 10.1 17.3 56.18 310.5 4.211 3.001 3.742 1121.0
20.0 273.5 10.0 17.1 58.38 314.3 4.405 3.047 3.827 1121.0
21.0 271.8 9.95 16.9 60.64 318.2 4.594 3.086 3.904 1122.0
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Temper- Density lso‘thexjm Iso.cho.re Internal Enthalpy Entropy C, C, Velocity
ature ke/m? derivative derivative energy KJ/kg Kl/kg K of sound
K 10°m® - Pafkg|  10°Pa/K Ki/kg Kifkg K m/s
22.0 270.1 9.88 16.7 62.96 322.1 4.7717 3.119 3.974 1122.0
23.0 268.4 9.82 16.5 65.33 326.1 4.955 3.147 4.037 1122.0
24.0 266.7 9.76 16.3 67.76 330.2 5.128 3.172 4.096 1122.0
25.0 265.1 9.70 16.1 70.23 334.3 5.296 3.194 4.151 1122.0
26.0 263.4 9.64 15.9 12.74 338.5 5.460 3.214 4.202 1122.0
28.0 260.1 9.51 15.5 77.89 347.0 5.775 3.248 4.297 1122.0
30.0 256.9 9.39 15.1 83.17 355.7 6.075 3.277 4.383 1121.0
32.0 253.7 9.27 14.7 88.59 364.5 6.360 3.303 4.463 1119.0
34.0 250.5 9.16 14.3 94.12 373.5 6.633 3.326 4.538 1118.0
36.0 247.4 9.04 13.9 99.8 382.7 6.894 3.347 4.608 1116.0
38.0 244.4 8.93 13.6 105.5 391.9 7.145 3.366 4.675 1114.0
40.0 241.4 8.83 13.2 111.3 401.4 7.387 3.384 4.737 1112.0
45.0 234.0 8.58 12.3 126.3 425.4 7.953 3.422 4.879 1106.0
50.0 227.0 8.35 11.5 141.7 450.1 8.474 3.453 5.001 1100.0
55.0 220.2 8.16 10.8 157.5 475.4 8.955 3.477 5.105 1094.0
60.0 213.7 7.99 10.2 173.6 501.1 9.403 3.496 5.191 1090.0
65.0 207.5 7.86 9.55 189.9 527.3 9.822 3.509 5.262 1086.0
70.0 201.6 .75 9.00 206.5 553.7 10.21 3.518 5.319 1082.0
75.0 195.9 7.67 8.50 223.1 580.4 10.58 3.524 5.364 1080.0
80.0 190.5 7.61 8.04 239.9 607.4 10.93 3.527 5.399 1079.0
90.0 180.4 7.55 7.23 273.6 661.6 11.57 3.526 5.441 1079.0
100.0 171.3 7.54 6.55 307.4 716.1 12.14 3.519 5.459 1082.0
125.0 152.0 7.7 5.28 392.0 852.5 13.36 3.489 5.442 1097.0
150.0 136.7 8.01 4.40 475.8 987.9 14.35 3.455 5.394 1118.0
175.0 124.3 8.37 3.77 358.8 1122.0 15.18 3.423 5.345 1143.0
200.0 114.0 8.76 3.30 641.1 1255.0 15.89 3.395 5.304 1170.0
225.0 105.3 9.17 2.93 722.7 1387.0 16.51 3.370 5.270 1197.0
250.0 97.89 9.59 2.64 803.7 1519.0 17.06 3.349 5.244 1225.0
275.0 01.47 10.0 2.40 884.3 1650.0 17.56 3.231 5.223 1283.0
300.0 85.85. 10.4 2.20 964.6 1780.0 18.02 3.316 5.208 1281.0
350.0 76.46 1.3 1.89 1124.0 2040.0 18.82 3.290 5.187 1336.0
400.0 68.92 12.2 1.66 1283.0 2299.0 19.51 3.271 5174 13910
450.0 62.73 13.1 1.48 1441.0 2557.0 20.12 3.256 5.168 1444.0
500.0 57.55 4.1 1.34 1599.0 2816.0 20.66 3.244 5.164 1497.0
600.0 49.39 16.0 112 1914.0 3332.0 21.60 3.227 5.161 1598.0
700.0 43.23 17.9 0.964 2229.0 3848.0 22.40 3.215 5.162 1694.0
800.0 38.43 19.8 0.846 2543.0 4364.0 23.09 3.206 5.164 1786.0
900.0 34.58 21.8 0.754 2857.0 4881.0 23.70 3.199 5.166 1875.0
1000.0 31.43 23.7 0.680 3170.0 5397.0 24,24 3.193 5.167 1960.0
1100.0 28.80 25.7 0.620 3484.0 5914.0 24,73 3.189 5.169 2041.0.
1200.0 26.58 27.7 0.569 3798.0 6431.0 25.18 3.186 5.171 2120.0
1300.0 24.67 29.7 0.526 4111.0 6948.0 25.60 3.183 5.172 2196.0
1400.0 23.02 31.7 0.489 4425.0 7466.0 25.98 3.180 5.173 2270.0
1500.0 21.57 33.7 0.457 4738.0 7983.0 26.34 3.178 5.174 . 2341.0
800.0 X 10** pascal Isobar
13.0 294.8 11.5 18.3 49.31 320.7 2.631 2.242 2.678 1173.0
.14.0 293.0 11.5 i8.9 51.24 324.3 2.899 2.482 2.994 1177.0
15.0 291.2 11.6 18.9 53.53 328.2 3.176 2.671 3.216 1179.0
16.0 289.6 1.5 18.8 55.26 331.5 3.389 2.769 3.360 1179.0
17.0 287.9 11.4 18.8 57.11 335.0 3.596 2.852 3.488 1180.0
18.0 286.3 11.3 18.7 59.05 338.5 3.799 2.922 3.601 1180.0
19.0 284.6 11.2 18.6 61.08 342.2 3.996 2.981 3.700 1181.0
20.0 283.0 11.2 18.4 63.18 345.9 4.188 3.031 3.789 1181.0
21.0 281.3 11.1 18.2 65.36 349.7 4.375 3.073 3.868 1182.0
22.0 279.7 11.0 18.0 67.60 353.6 4.557 3.109 3.939 1182.0
23.0 278.1 11.0 17.8 69.89 357.6 4.733 3.140 4.004 1183.0
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Thermodynamic properties of helium 4—Continued

Temper- Density Isu.lhel:m lso.cho‘re _ Internal Enthalp§' Entropy C. C, erlocity

ature keg/m® derivative derivative energy Kl/kg Ki/kg K of sound
K & 16m® Pajkg|  10°Pa/K k/ke kI/kg K m/s
24.0 276.4 10.9 17.6 72.24 361.6 4.905 3.167 4.064 1183.0
25.0 274.8 10.8 17.4 74.63 365.7 5.072 3.192 4.119 1183.0
26.0 273.2 10.8 17.2 77.07 369.9 5.235 3.213 4.171 1183.0
28.0 270.0 10.7 16.8 82.07 378.3 5.547 3.251 4.265 1183.0
30.0 266.9 10.6 16.4 87.22 386.9 5.845 3.283 4.351 1183.0
32.0 263.8 10.4 15.9 92.51 395.7 6.128 3.312 4.430 1182.0
34.0 260.8 10.3 15.5 97.92 404.6 6.399 3.337 4.503 1180.0
36.0 257.8 10.2 15.1 103.4 413.7 6.658 3.360 4.572 1179.0
38.0 254.9 10.1 14.7 109.1 422.9 6.907 3.382 4.636 1177.0
40.0 252.0 10.0 14.3 114.8 432.3 7.146 3.402 4.697 1175.0
45.0 245.0 9.74 13.4 129.5 456.1 7.708 3.445 4.835 1169.0
50.0 238.2 9.50 12.6 144.7 480.6 8.223 3.480 4.955 1163.0
55.0 231.7 9.29 11.8 160.3 505.6 8.701 3.508 5.057 1157.0
60.0 225.4 9.10 11.2 176.3 531.1 9.144 3.530 5.144 1151.0
65.0 219.4 8.94 10.5 192.5 557.0 9.559 3.546 5.217 1146.0
70.0 213.7 8.80 9.93 208.9 583.3 9.948 3.558 5.278 1142.0
75.0 208.1 8.69 9.40 225.4 609.8 10.31 3.566 5.327 1139.0
80.0 . 202.8 8.60 8.91 242.1 636.5 10.66 3.570 5.366 1137.0
90.0 192.9 8.47 8.05 275.8 690.5 11.29 3.572 5.419 1134.0
100.0 183.8 8.42 7.32 309.7 744.8 11.87 3.566 5.446 1134.0
125.0 164.4 8.49 5.92 394.4 881.1 13.08 3.537 5.447 1144.0
150.0 148.6 8.73 4.95 478.6 1017.0 14.07 3.501 5.407 1161.0
175.0 135.7 9.05 4.25 562.1 1151.0 14.90 3.466 5.360 1183.0
- 200.0 125.0 9.42 3.72 644.8 1285.0 15.62 3.435 5.317 1207.0
225.0 115.8 9.81 3.31 726.8 1417.0 16.24 3.408 5.281 1233.0
250.0 108.0 10.2 2.98 808.2 1549.0 16.80 3.384 5.252 1258.0
275.0 101.2 10.6 2.71 889.2 1680.0 17.29 3.364 5.229 1285.0
300.0 95.16 11.0 2.49 969.7 1810.0 17.75 3.346 5.211 1311.0
350.0 85.07 11.9 2.14 1130.0 2070.0 18.55 3.317 5.187 1364.0
400.0 76.92 12.8 1.88 1289.0 2329.0 19.24 3.295 5.172 1416.0
450.0 70.19 13.7 1.68 1448.0 2588.0 19.85 3.278 5.164 1467.0
500.0 64.53 14.6 1.52 1606.0 2846.0 20.39 3.264 5.160 1518.0
600.0 55.56 16.4 1.27 1922.0 3362.0 21.33 3.244 5.157 1616.0
700.0 48.76 18.3 1.10 2236.0 3877.0 22.13 3.230 5.157 1710.0
800.0 43.43 20.2 0.962 2551.0 4393.0 22.82 3.219 5.159 1801.0
900.0 39.14 22.2 0.858 2865.0 4909.0 23.43 3.211 5.161 1887.0
1000.0 35.61 24.1 0.774 3179.0 5425.0 23.97 3.205 5.164 1971.0
1100.0 32.67 26.1 0.705 3493.0 5942.0 24.46 3.200 5.166 2051.0
1200.0 30.17 28.0 0.647 3807.0 6458.0 24.91 3.196 5.167 2129.0
1300.0 28.02 30.0 0.599 4120.0 6975.0 25.33 3.192 5.169 2204.0
1400.0 26.16 32.0 0.557 4434.0 7492.0 25.71 3.190 5.170 2271.0
1500.0 24.53 34.0 0.520 4748.0 8009.0 26.07 3.187 5.172 2348.0

900.0 X 10** pascal Isobar

14.0 301.3 12.7 19.8 56.65 355.4 2.718 2.423 2.899 1232.0
15.0 299.5 12.7 19.9 58.80 359.4 2.993 2.635 3.155 1235.0
16.0 297.9 12.6 20.0 60.45 362.6 3.202 2.737 3.306 1235.0
17.0 296.3 12.5 19.9 62.20 366.0 3.406 2.825 3.440 1235.0
18.0 294.7 12.4 19.9 64.06 369.5 3.606 2.900 3.558 1235.0
19.0 293.1 12.4 19.8 66.01 373.1 3.802 2.963 3.662 1236.0
20.0 291.5 12.3 19.6 68.03 376.8 3.992 3.016 3.754 1236.0
21.0 289.9 12.2 19.5 70.13 380.6 4.177 3.061 3.836 1237.0
22.0 288.3 12.1 19.3 72.29 384.4 4.357 3.100 3.910 1238.0
23.0 286.7 12.1 19.1 74.51 388.4 4.533 3.134 3.917 1238.0
24.0 285.2 12.0 18.9 76.78 392.4 4.703 3.164 4.038 1239.0
25.0 283.6 12.0 18.7 79.11 396.5 4.869 3.190 4.095 1239.0
26.0 282.0 11.9 18.4 81.48 400.6 5.031 3.214 4.148 1239.0
28.0 279:0 '11.8 18.0 86.35 409.0 5.342 3.255 4.243 1239.0
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ROBERT D. McCARTY

Temper- Density Iso.ther’m Iso.cho.r € Internal Enthalpy Entropy Ce G Velocity

ature ke/m? derivative derivative energy Kk K/ K of sound
K & 10m’ - Pa/kg|  10°Pa/K k)/ke & kl/kg ‘K m/s
30.0 275.9 11.7 17.5 91.38 417.6 5.637 3.290 4.329 1239.0
32.0 272.9 11.6 17.1 96.55 426.3 5.019 3.321 4.408 1238 ¢
34.0 270.0 114 16.7 101.9 435.2 6.189 3.349 4.480 1237.0
36.0 267.1 11.3 16.2 107.3 444.2 6.447 3.374 4.548 1236.0
38.0 264.3 11.2 15.8 112.8 453.4 6.694 3.398 4.611 1234.0
0.0 961 5 ni 15.4 185 462.6 6032  3.420 4671 12320
45.0 254.7 10.9 14.5 133.0 486.3 7.491 3.468 4.806 1227.0
50.0 248.2 10.6 13.6 148.0 510.7 8.003 3.507 4.922 1221.0
55.0 241.9 10.4 12.8 163.4 535.5 8.477 3.538 5.023 1214.0
60.0 235.8 10.2 12.1 179.2 560.9 8.918 3.563 5.109 1208.0
65.0 230.0 10.0 11.4 195.3 586.6 9.330 3.582 5.182 1203.0
70.0 224.4 9.84 10.8 2116 612.7 9.716 3.596 5.244 1198.0
75.0 219.0 9.71 10.2 228.1 639.0 10.08 3.606 5.295 1194.0
80.0 213.9 9.59 9.73 244.8 665.6 10.42 3.612 5.337 1190.0
90.0 204.1 9.42 8.81 278.4 719.3 11.06 3.615 5.397 1186.0
100.0 195.1 9.31 8.03 312.2 773.5 11.63 3.611 5.432 1184.0
125.0 175.6 2.28 6.54 397.1 909.6 12.84 3.583 5.449 1180.0
150.0 159.6 9.46 5.48 481.7 1046.0 13.83 3.545 5.417 1202.0
175.0 146.4 9.74 4.71 565.6 1180.0 14.66 3.508 5.373 1221.0
200.0 135.2 10.1 4.13 648.7 1314.0 15.38 3.474 5.329 1243.0
295.0 125.7 10.4 3.68 731.1 1447.0 16.00 3.445 5.201 1266.0
250.0 117.5 10.8 3.32 812.9 1579.0 16.56 3.419 5.260 1290.0
275.0 110.3 11.2 3.02 894.2 1710.0 17.06 3.396 5.235 1315.0
300.0 104.0 11.6 2.78 975.0 1841.0 17.51 3.376 5.215 1340.0
350.0 93.28 12.5 2.39 1136.0 2101.0 18.32 3.344 5.188 1390.0
400.0 84.59 13.3 2.10 1296.0 2359.0 19.01 3.320 5.171 1440.0
450.0 77.37 14.2 1.87 1455.0 2618.0 19.62 3.300 5.161 1489.0
500.0 71.28 15.1 1.69 1613.0 2876.0 20.16 3.284 5.156 1538.0
600.0 61.56 16.9 1.42 1929.0 3391.0 21.10 3.261 5.152 1633.0
700.0 54.15 18.8 1.22 2244.0 3906.0 21.89 3.245 5.152 1725.0
800.0 48.32 20.6 1.08 2559.0 4421.0 22.58 3.233 5.154 1814.0
900.0 43.61 22.6 0.960 2873.0 4937.0 23.19 3.224 5.157 1899.0
1000.9 39.73 4.5 0,866 318¢.4 9453.0 23.13 3.217 5.160 1982.0
1100.0 36.48 26.4 0.790 3502.0 5969.0 24.22 3.211 5.162 2061.0
1200.0 33.71 28.4 0.725 3816.0 6485.0 24.67 3.206 5.164 2138.0
1300.0 31.34 30.3 0.671 4130.0 7002.0 25.09 3.202 5.166 2212.0
1400.0 29.27 32.3 0.624 4443.0 7518.0 25.47 3.199 5.168 2284.0
1500.0 27.46 34.3 0.583 4757.0 8035.0 25.83 3.196 5.169 2355.0

1000 X 10** pascal Isobar
14.0 308.8 13.8 20.4 62.06 385.9 2.555 2.350 2.794 1282.0
15.0 307.0 13.9 20.7 64.06 389.8 2.827 2.596 3.089 1286.0
16.0 305.5 13.8 20.9 65.63 393.0 3.032 2.704 3.247 1286.0
17.0 303.9 13.7 20.9 67.31 396.3 3.233 2.797 3.388 1286.0
18.0 302.4 13.6 20.9 69.08 399.8 3.430 2.877 . 3.513 1287.0
19.0 300.8 13.5 20.9 70.95 403.3 3.623 2.944 3.623 1287.0
20.0 299.3 13.4 20.7 72.90 407.0 3.811 3.001 3.720 1288.0
21.0 297.7 13.3 20.6 74.93 410.8 3.995 3.050 3.806 1288.0
22.0 296.2 13.2 20.4 77.02 414.6 4.174 3.092 3.883 1289.0
23.0 294.7 13.2 20.2 79.17 418.5 4.348 3.128 3.953 1289.0
24.0 293.1 13.1 20.0 81.38 422.5 4.518 3.160 4.017 1290.0
25.0 291.6 13.0 19.8 83.64 426.6 4.683 3.189 4.075 1290.0
26.0 290.1 13.0 19.6 85.95 430.7 4.844 3.214 4.130 1291.0
'28.0 287.1 12.9 19.1 90.70 439.0 5.153 3.259 4.227 1291.0
30.0 284.1 12.7 18.7 95.63 447.6 5.448 3.297 4.315 1291.0
32.0 281.2 12.6 18.2 100.7 456.3 5.729 3.331 4.393 1291.0
34.0 278.4 12.5 17.8 105.9 465.2 5.998 3.361 4.466 1290.0
36.0 275.5 12.4 17.3 111.2 474.2 6.255 3.389 4.533
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Thermodynamic properties of helium 4—Continued

Temper- Density : Iso.ther-m Ist).chore Internal Enthalpy Entropy C. C, Velocity

ature ke/m? derivative derivative energy Ki/ke Ki/ke K - of sound
K & 10°m® - Pajkg|  105Pa/K ki/kg ki/kg ‘K m/s
38.0 272.8 12.3 16.9 116.7 483.3 6.502 3.415 4.596 1287.0
40.0 270.1 12.2 16.5 122.2 492.5 6.739 3.438 4.654 1285.0
45.0 263.5 11.9 15.5 136.6 516.1 7.295 3.490 4.787 1280.0
50.0 257.1 11.7 14.5 151.4 540.4 7.805 3.533 4.901 1274.0
55.0 251.0 11.5 13.7 166.8 565.1 8.277 3.568 4.999 1268.0
60.0 245.2 11.3 13.0 182.4 590.3 8.716 3.595 5.084 1261.0
65.0 239.5 11.1 12.3 198.4 615.9 9.126 3.617 5.156 1255.0
70.0 234.1 10.9 11.6 214.7 641.9 9.510 3.633 5.218 1250.0
75.0 228.8 10.7 11.0 231.1 668.1 9.872 3.644 5.269 1245.0
80.0 223.8 10.6 10.5 247.7 694.6 10.21 3.652 5.313 1241.0
90.0 214.2 10.4 9.53 281.2 748.0 10.84 3.658 5.377 1234.0
100.0 205.4 10.2 8.71 315.1 802.0 . 11.41 3.655 5.417 1230.0
125.0 185.9 10.1 7.12 400.2 938.0 12.63 3.628 5.447 1230.0
150.0 169.8 10.2 5.99 485.0 1074.0 13.62 3.589 5.424 1240.0
175.0 156.3 10.4 5.16 569.3 1209.0 14.45 3.550 5.383 1256.0
200.0 144.9 10.7 4.53 652.7 1343.0 15.17 3.514 5.340 1276.0
225.0 135.0 11.1 4.4 135.5 14¢6.U 15.°19 3.482 9.302 1297.0
250.0 126.5 11.4 3.64- 817.7 1608.0 16.35 3.453 5.269 1320.0
275.0 119.0 11.8 3.32 899.3 1740.0 16.85 3.429 5.242 1343.0
300.0 112.4 12.2 3.05 980.5 1870.0 17.31 3.407 5.220 1367.0
350.0 101.1 13.0 2.63 1142.0 2130.0 . 18.11 3.372 5.189 1414.0
400.0 91.96 13.8 2.31 1302.0 2389.0 18.80 3.34 5.170 1462.0
450.0 84.30 14.7 2.06 1461.0 2648.0 19.41 3.322 5.158 1510.0
500.0 77.81 15.6 1.87 1620.0 2905.0 19.95 3.305 5.152 1557.0
600.0 67.40 17.3 1.57 1937.0 3420.0 20.89 3.278 5.147 - 1650.0
700.0 59.43 19.2 1.35 2252.0 3935.0 21.68 3.260 5.147 1740.0
800.0 53.12 21.0 1.19 2567.0 4450.0 22.37 3.247 5.150 1827.0
900.0 48.01 - 22.9 1.06 2882.0 4965.0 22.98 3.236 5.153 1911.0
1000.0 43.78 24.8 0.958 3196.0 5480.0 23.52 3.228 5.156 1992.0
1100.0 40.24 26.8 0.873 3511.0 5996.0 24.01 3.222 5.158 2070.0
1200.0 37.22 28.7 0.803 3825.0 6512.0 24.46 3.217 5.161 2146.0
1300.0 34.61 30.7 0.742 4139.0 7028.0 24.87 3.212 5.163 2220.0
1400.0 32.35 32.6 0.691 4453.0 7544.0 25.26 3.208 5.165 2291.0

1500.0 30.36 34.6 0.646 4767.0 8061.0 25.61 3.205 5.166 2361.000

*Denotes boundary of a phase change.
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