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THE CALCULATION OF THE THERMODYNAMIC PROPERTIES OF LIQUID 

ARGON 

A. A. V a s s e r m a n  and V. A. Rabinovich  

I n z h e n e r n o - F i z i c h e s k i i  Zhurnal ,  Vol. 13, No. 2, pp. 

UDC 536.71 

Analysis and correlation of experimental p, v, and T data for liquid 
argon, limited to a pressure of 300 bar, and their extrapolation to 
pressures of 500 bar, yields a reference network of isotberms and iso- 
bars correlated to the saturation and freezing curves. An equation of 
state is derived to describe with sufficient accuracy the experimental 
and reference data in the temperature interval 83.78--170 ~ K at pres- 
sures up to 500 bar. Results are presented for the comparison of the 
calculated quantitites with the experimental and tabular data on the 
thermodynamic properties of liquid argon. 

An ins ign i f i can t  number  of papers  have been  de-  
voted to expe r imen ta l  and calculat ionaI ' - - theoret icai  
inves t iga t ions  of the t he rmodynamic  p rope r t i e s  of 
f luids .  This  pe r t a ins  in full  m e a s u r e  to l iquid argon 
for which unt i l  1958 there  were  no expe r imen ta l  the r -  
ma l  data .  

The expe r imen ta l  p, v, and T data for  l iquid argon 
were  f i r s t  der ived  by Michels ,  Level t ,  and De Graaff  
[1] on the -122 .5 ,  - 125 ,  -130,  -135 and -140 ~ C 
i s o t h e r m s ;  in addition, 11 expe r imen ta l  points  for  10 
d i f fe ren t  t e m p e r a t u r e s  in the in te rva l  f rom -124 to 
-155 ~ C have been obtained.  The m a x i m u m  p r e s s u r e  
on the i s o t h e r m s  d imin ished  as the t e m p e r a t u r e  
dropped ( f rom 301 a im  at - 122 .5  ~ C to 157 a im for 
-140 ~ C) �9 The i s o t h e r m s  of the liquid were  desc r ibed  
by equat ions of the fo rm 

pv = A-k Bp-~Cp 3 + DP 5, (i) 

whose m a x i m u m  e r r o r  is  0.1% with r e spec t  to pv. The 
coeff ic ients  of the equat ions do not exhibit  a smooth 
dependence  on t e m p e r a t u r e .  

Rogovaya and Kaganer  [2] soon the rea f t e r  i nves t i -  
gated the c o m p r e s s i b i l i t y  of argon in  the t e m p e r a t u r e  
in te rva l  f rom - 1 8 3  to 0 ~ C at p r e s s u r e s  to 200 atm; 
the e x p e r i m e n t a l  da ta  a re  shown on 11 i s o t h e r m s  of 
which th ree  ( -135.08 ,  -150 .08  and -183 .02  ~ C) p e r t a i n  
to the reg ion  of the l iquid.  The authors  e s t ima te  the pos-  
s ib le  e r r o r  in their  expe r imen ta l  data at • with 
r e s p e c t  to dens i ty .  At the s ame  t ime, they note that 
individual  expe r imen ta l  points  devia te  by 0.5% f rom 
the Holborn  and Otto data  [3], and f r o m  those of Mi -  
chels  and his co -au tho r s  [1]. The ex i s tence  of d i v e r -  
gence r e l a t i v e  to r e l i ab l e  data [1, 3] r a i s e s  doubt as 
to the va l id i ty  of the evaluat ion  of a ccu racy  in the 
data p r e sen t ed  in [2]. 

Van I t t e rbeek  and Verbeke  [4] in i t i a l ly  d e t e r m i n e d  
the dens i ty  of l iquid a rgon  in a n a r r o w  range  of t e m -  
p e r a t u r e s  for four i s o t h e r m s  (86.637, 87.915, 89.13, 
and 90.55 ~ K) for p r e s s u r e s  below 150 kgf/cm 2 . Van 
I t t e rbeek ,  Verbeke,  and Staes [5] publ ished data on the 
dens i ty  of l iquid a rgon  for 11 i s o t h e r m s  i n  the t em-  
p e r a t u r e  in t e rva l  90 .13 -148 .25  ~ K, i n c r e a s i n g  the 
maximum pressure in the experiments to 300 kgf/cm 2 . 

190-198, 1967 

These  m e a s u r e m e n t  r e su l t s  s e rved  as the bas i s  for 
the au tho r ' s  [5] compar i son  of equat ions of s ta te  hav-  
ing the fo rm 

v = A(T)  + B ( T ) p  + C ( T ) p  2 + 

+ D (T) p3 -k, E (T) p4 § F (T) p~, (2) 

where  the t e m p e r a t u r e  funct ions a r e  given as poly-  
nomia l s  of T in degrees  f rom zero  to five, inc lus ive ly .  

F r o m  this b r i e f  rev iew we see  that among the ex-  
p e r i m e n t a l  p, v, and T data of the va r ious  authors ,  
the mos t  de ta i led  a re  the  data of Van I t t e rbeek  and his 
c o - w o r k e r s  [4, 5], these data in the i r  en t i r e ty  encom-  
pass ing  v i r tua l ly  the en t i r e  r ange  of t e m p e r a t u r e s  
f rom the t r ip le  point  to the c r i t i c a l .  The r e s u l t s  of 
[4] and [5] at  a t e m p e r a t u r e  of 90 ~ K agree  with each 
other  with an accu racy  of 0.05-0.10%; however,  on 
the 134.40 and 136.02 ~ K i s o t h e r m s  the quant i t ies  f rom 
[5] at  a n u m b e r  of points  a r e  u n d e r e s t i m a t e d  by 
0.3-0.4%, which can be seen in the cons t ruc t ion  of the 
i s o b a r s .  When compared  with the data of other authors  
for  a wide t e m p e r a t u r e  i n t e rva l  the r e su l t s  of [4, 5] 
show no sys t ema t i c  e r r o r s ,  unlike the analogous data 
of Van I t t e rbeek  and Verbeke  [4,6,7] for  n i t rogen  and 
oxygen. 

The dens i ty  values  de r ived  by Michels ,  Levelt, and 
De Graaff  [1] for the 133.15 and 148.15" K i s o t h e r m s  
a r e  h igher  than the data of [51 by 0.2~ while a t  t e m -  
p e r a t u r e s  of 138.15 and 143.15 ~ K they fundamenta l ly  
agree  with these,  accu ra t e  to i0.1%; only two points 
[1] at 143.15 ~ K and at  p r e s s u r e s  of up to 70 ba r  a r e  
reduced  by 0.4-0.5%. The data of R0govaya and Kaga-  
n e t  [2] on the 138.12 ~ K i s o t h e r m  v i r t ua l l y  coincide 
with the quant i t i es  of [5], but in the r eg ion  of lower  
t e m p e r a t u r e s  a r e  s y s t e m a t i c a l l y  lower  than the l a t t e r  
(by 0.2% at 123.07 ~ K and by 0.3-0.4% at  90.13" K). 
The r e s u l t s  of [2] for the l iquid a r e  in comple te ly  s a t -  
i s f ac to ry  a g r e e m e n t  with the data  of [1], although in 
the v ic in i ty  of the c r i t i c a l  r eg ion  between the two 
groups  of data  there  a r e  the d ive rgences  noted in ~21. 

The se lec t ion  of the r e f e r e n c e  dens i ty  va lues  for  
l iquid a rgon  was in i t i a l ly  c a r r i e d  out to the m a x i m u m  
p r e s s u r e  of 300 bar  a t ta ined in the e x p e r i m e n t s .  The 
ne twork  of r e f e r e n c e  data was based on the Van I t t e r -  
beek data and those of his co -au thor s  [4,5], while for 
the reg ion  of t e m p e r a t u r e s  encompassed  by the Mi-  
chels ,  Levelt,  and DeGraaff  [1] exper imen t ,  the r e -  
su l t s  of these inves t iga to r s  were  a lso  used.  The 
s u p e r c r i t i c a l  i soba r s  of the r e f e r e n c e  ne twork  were  
coordina ted  with the theore t i ca l  data [8] for a gas .  In  
the l o w - t e m p e r a t u r e  r eg ion  the i soba r s  for  the l iquid 
were  ext rapola ted  s l ight ly  to the f r eez ing  curve .  In 



JOURNAL OF ENGINEERING PHYSICS i07 

P,,~/,P,~ " l 1 ! l 1 

~'--O . . . .  .-.Ore ~ 

0.58 

Fig. 1. Density ratios of liquid nitrogen and argon at eqaat 
reduced temperatures anti pressures:  1) -c ~ 0,6586; 2)0.7378; 
3) 0,8170; extrapolated portions of the curves are  indicated 

by dashed line. 
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Fig.  2. T e m p e r a t u r e  functions of s tate  equation for liquid argon.  
Dark  points r e f e r  to optimal values  of the functions providing 
the bes t  sa t i s fac t ion  of the in i t ia l  data; light points r e f e r  to l imi t  
values  of the functions cor responding  to max imum deviat ions  
f rom the r e f e r ence  data of 0.2 per  cent; T ~ K; f ( T ) ,  t e m p e r a -  

ture  functions oI formula  (3). 
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T a b l e  1 

C o m p a r i s o n  of T h e o r e t i c a l  V a l u e s  f o r  A r g o n  D e n s i t y  p ( k g / d m  3) 
(Line 2) wi th  the R e f e r e n e e  Data  (Line 1) 

p, T, ~ 
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this connect ion  i t  would be advantageous to examine  
the exis t ing  data for the c i ted curve .  

The mel t ing  (freezing) point  of a rgon as a funct ion 
of p r e s s u r e  in the m o d e r a t e - p r e s s u r e  reg ion  of in -  
t e r e s t  to us has been  inves t iga ted  by Clus ius  and 
Weigand [9] (up to 200 aim).  Miehels  and P r i n s  [10] 
then de r ive  expe r imen ta l  data for the argon me l t i ng -  
point  curve  at p r e s s u r e s  f rom 0.68-1497 a im.  The 
r e s u l t s  of [9,10] agree  within l im i t s  of 1 a tm and have 
been accepted by us as r e f e r e n c e  data.  Unfor tunate ly ,  
for the specif ic  volume of the argon on the f reez ing  
curve  we have p re sen t ed  only the four va lues  given in 
the work by Br idgman  ~11] for p r e s s u r e s  of 1, 2000, 
4000, and 6000 k ~ / e m  ~, f rom which the value of 
0.702 dm3/kg for p - I kgf/cm 2 is in unsa t i s f ac to ry  
a g r e e m e n t  with the magni tude  of the speci f ic  vo lume 
v'  = 0.7067 dm/kg 3 of the liquid at the t r ip le  point, ob- 
ta ined in [8] on the bas i s  of the Mathias,  C rommel in ,  
and Kamer l ingh  Onnes data in [12]. The argon den-  
slay on the f r eez ing  curve  for  the given p r e s s u r e s  was 
there fore  d e t e r m i n e d  by ext rapola t ion  of the i so ba r s  
of the r e f e r e n c e  network to the f reez ing  t e m p e r a t u r e s  
so that a smooth curve  in d e n s i t y - t e m p e r a t u r e  coor -  
d ina tes  was obtained.  

Fo r  ex t rapola t ion  of data to the reg ion  of h igher  
p r e s s u r e s  (to 500 bar) we use  the law of c o r r e s p o n d -  
ing s ta tes  and expe r imen ta l  p, v, and T data for  l iquid 
n i t rogen  [13], encompass ing  a wide range  of the r e -  
duced p a r a m e t e r s .  We analyze  the r a t io s  of the liquid 
n i t rogen  and argon dens i t i es  for iden t ica l  reduced 
t e m p e r a t u r e s  of ~-= T/T k and p r e s s u r e s  v = P/Pk" On 
nine  of the sub j ec t ' s  i s o t h e r m s  in the i n t e rva l  r = 

= 0 .5727--0 .9755 and v = 0 .408--6 .125 these  ra t ios  
v a r y  as a function oI p r e s s u r e  by 1-2%, where  the in -  
t e rva l  of their  va r i a t i ons  on the i s o t h e r m s  i n c r e a s e s  
as t e m p e r a t u r e  r i s e s .  This  can be seen  f rom Fig .  1 
which shows the n i t rogen  and a rgon  dens i ty  ra t ios  on 
three  i s o t h e r m s .  

The dens i ty  ra t ios  pN2/PA r on the i s o t h e r m s  were  
ext rapola ted  to p r e s s u r e s  of 500 ba r .  The  a rgon  den-  
s i t i e s  were  then ca lcula ted  and smoothed over  the i so -  
b a r s .  The i soba r s  were  coordina ted  with the data of 
[8] for  the gaseous  phase and extrapola ted to the f r eez -  
ing curve .  The p r o c e s s i n g  of the i s o t h e r m  and i s o b a r  
data  ensu red  smoothness  for the ex t rapola ted  por t ion 

of the sur face  of the l i q u i d - a r g o n  s ta te .  Since the 
PN2/PAr ra t ios  on mos t  of the i so the rms  va ry  within 
r a the r  n a r r o w  l imi t s ,  it may be a s sumed  that  the e r r o r  
in the extrapola ted and smooth va lues  of the l iquid-  
argon dens i t i e s  l i es  within l imi t s  of 0 . 2 - 0 . 4 % .  

In accordance  with the e a r l i e r  de r ived  r e c o m m e n -  
dat ions  [14] for the ana ly t i ca l  p r e sen ta t i on  of the r e f -  
e r ence  ne twork  of t he r ma l  data we employed the equat ion 
of s ta te  

p • A (T) 9 -0 + B (T) 9 * -[- C (T) p~, (3) 

conta in ing even powers  of dens i ty .  
The t e m p e r a t u r e  funct ions  of Eq. (3) were  defined 

accord ing  to a method desc r ibed  in deta i l  in [ 14] ; these 
a r e  given in  Fig .  2. In the d e t e r m i n a t i o n  of the these  
funct ions  on the pos t c r i t i ca l  i s o t h e r m s  (155-170 ~ K) 
we used data for  high va lues  of the reduced  dens i ty  
(P/Pk > 1.8) which can be desc r ibed  en t i r e ly  by Eq. 
(3). Af te r  ana ly t i ca l  p r e sen t a t i on  of the funct ions A(T) 
and B(T) the equation of s ta te  for argon a s sumed  the 
fo rm 

p = (--465.6 -k-4.157T + 4274. 10"-T -2 - -  

- -  360553. 10*T-4) p ~ - -  (733.5 --2,67T) 94 + 287p 8. (4) 

In (4) the p r e s s u r e  is expres sed  in uni ts  of bar  and 
dens i ty  is exp re s sed  in uni ts  of kg/dm 3. 

The r e l i ab i l i t y  of the de r ived  equation of s ta te  for 
a rgon  was tes ted by compar i son  of the theore t i ca l  
dens i ty  values  with the r e f e r e n c e  and e x p e r i m e n t a l  
data .  The devia t ions  in the theore t i ca l  data  f r o m  the 
r e f e r e n c e  data for 138 of 181 points does not exceed 
0.001 kg / dm 3 (0 .07-0.10%) and reaches  0 .20-0 .22% 
at only J7 points .  The m e a n  square  devia t ion of the 
theore t ica l  quant i t ies  f rom the r e f e r e n c e  data amounts  
to 0.10%. This  is i l l u s t r a t ed  in Tab le  1 in which the 
r~.sults of the compar i son  between the theore t ica l  and 
r e f e r e n c e  quant i t ies  on a n u m b e r  of i so t he r ms  a re  
p re sen ted .  

Without  p r e sen t i ng  the tables  showing the ca lcu-  
lated dens i ty  values  for l iquid a rgon  in  c o m p a r i s o n  
with the expe r imen ta l  quant i t ies  cited e a r l i e r  by the 
authors ,  we wil l  point out that  for 81 points out of 113, 
accord ing  to the Van I t te rbeek,  Verbeke, and Staes [5] 
data, the d ive rgences  do not exceed 0.2%. At 19 points  
the devia t ions  amount  to 0.3-0.4%, but ten of these  
a re  found on the 134.40 and 136.02 ~ K i s o t h e r m s ,  where  
the data  of [5] show an e r r o r  of the s ame  o rde r ,  which 

we noted e a r l i e r  in the ana lys i s  of the o r ig ina l  quan-  
t i t i es .  In the l o w e r - t e m p e r a t u r e  reg ion  ( 8 6 . 6 - 9 0 . 5  ~ K), 
covered  by the expe r imen t s  [4], the d ive rgence  be-  
tween the ca lcula ted  dens i ty  va lues  and the exper imen-  
tal  va lues  amount  to 0 .04-0 .17%.  

The overwhelming  ma jo r i t y  of expe r imen ta l  data  
f rom Rogovaya and Kaganer  [2] and Miche ls  and co- 

Tab le  2 

Compar i son  with the Reference  Data of [8] of the Theore t i ca l  Values 
of L iqu id -Argon  Densi ty  on the Sa tura t ion  Curve  

T, o K 

85 
90 
95 

100 
105 
110 
115 

P, 
bar 

0.7898 
1.337 
2,134 
3.242 
4.727 
6.653 
9.088 

0, kg/dm 3 

is] calc. 

1.407 1,407 
1.374 i,376 
1.342 1,343 
1.309 1.310 
1.276 1,276 
1.239 .240 
1,201 1,201 

P, 
ba~ 

1.160 
1,Ii5 
1.066 
1.009 
O. 942 
O. 853 

_015 
--0,07 
--0.08 

--00 . 08 

120 
125 
130 
135 
140 
i45 

12.1i 
15.78 
20,20 
25.45 
31.64 
38.90 

o, kgJdm a 
[81 calc. 

1.160 
1.I14 
1.064 
1.007 
0,942 
0,869 

6p, % 

0 
0.09 
0.19 
0.20 
0 

--I .84 
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P, 
bar 

I0 
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40 
60 
80 
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Table  3 

Comparison with the Reference Data of the Theoretical Argon 
Densi ty  Values on the F r e e z i n g  Curve 

84.04 
84.28 
84.78 
85.27 
85,76 
86.25 
86.75 
87.24 

,o, kg/dm a 

ref. calc. 

1.416 1,416 
1.417 1,417 
1.419 1,420 
i .422 I ,422 
I .424 1.424 
1.426 1,426 
I, 429 I. 429 
1.432 1.431 

0 
0 

--00 , 07 

0 
0 

0,07 

G 
170 
200 
250 
300 
350 
400 
450 
500 

87,95 
88.69 
89,88 
91,09 
92.23 
93,40 
94,54 
95.71 

ref. 

~, t g / d m  a 

calc. 

1'435 
�9 438 

i ,443 
1.449 
I ,454 
1,459 
1.464 
1,468 

1,434 
1.437 
1,442 
1" 447 

.452 
I, 457 
1-461 
,465 

~p, 
% 

0.07 
0.07 
0,07 
0.I4 
0.14 
0,14 
0,21 
0,20 

T, 
o K 

90 
100 
110 
120 
130 
140 
!50 

I00 
110 
120 
130 
140 
150 

100 
110 
120 
130 
!40 
150 

Table 4 

Comparison of Enthalpy and Entropy Differences According to the 

Din Tables and According to Those Derived from Eqs. (5) and (6) 

Enthalpy kJ/kg 

Ai 202,6 

[15] (6) 

9.8 9.0 
9,2 8,3 
7.3 6.9 
4.5 4.8 
0.4 1.3 

--6.4 --4.3 
--23.5 --21,5 

hi 304.0 

12,6 13.0 
9.9 11,4 
6,3 8.8 
1.3 4.6 

- - 6 . 6  - -I  .8 
--24.9 --20,0 

hi 506.6 

21, I 22,7 
15.1 20.7 
I0,8 17,7 
4.9 13,0 

- -4 ,0  5,8 
--23,5 --13.4 

6i, 

' k  k j /  g 

0.8 
0.9 
0.4 

- -0 .3  
- -0 ,9  
--2.  i 
- -2 .0  

--004 
--i .5 
--2.5 
--3.3 
--4,8 
--4.9 

- -1 ,6  
- -5 ,6  
- -6 .9  
- - 8 ,  1 
--9.8 

--10.1 

Entropy kJ/kg,  dog 

As 202.6 

[15] (5) 

--0,057 --0.  062 
--0.061 --0.065 
--0.078 --0.075 
--0.099 --0,090 
--0,126 --0.113 
--0.  166 --0.  145 
--0.276 --0.  250 

As 304.0 

--0.088 --0.091 
--0.112 ---0.104 
--0.141 --0,122 
--0.174 --0,!49 
--0.223 --0,138 
--0.341 --0,301 

As 506,6 

--0.142 --0,135 
--0.173 --0,131 
--0.208 --0o 174 
--0.249 --0,206 
--0.305 --0,250 
--0,432 --0,368 

~S, 

kJ/kg �9  

0.005 
0.004 

--0,003 
--0.009 
--0.013 
--0.021 
--0,026 

0,003 
--0.008 
,--0,019 
--0,025 

I - 0 . 0 3 5  
! --0.040 

--0.007 
--0.022 
--0,034 
--0.043 
--0.055 
--0.064 
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Table  5 

Compar i son  of Theore t i ca l  Hea t -Capac i ty  Values for  Cp [kJ /kg �9 deg] 
with the Din Data [15] 

T, ~176 

100 
110 
120 
130 
140 
150 

[15] 

.244 

.264 

.317 

.407 
�9 592 

p ,  bat 
I01.3 202.6 304.0 

(7) 

1.097 
1.161 
1.244 
1,357 
1.534 

[151 (7) 

.107 1.OlO 

.109 1.041 

.117 1.072 

.142 1,107 

.177 1.144 

.227 1.180 

[15] (7) 

.026 0.988 

.029 1.006 

.034 1.022 

.044 1.039 
,059 1.056 
.082 1.070 

506.6 

DS] (7) 

0.951 
0.951 
0,951 
0,954 
0.954 
0,956 

0.962 
0.964 
0.965 
0.967 
0.969 
0.971 

~aCpav, %! 8.0 

6Cpmax " 13.4 
5.6 

9.6 

1.9 

3.8 

1.4 

--1.5 

authors  [1] a re  in a g r e e m e n t  with the ca lcula ted  quan-  
t i t ies  within l imi t s  of 0.1-0.2%, and l a r g e r  devia t ions  
appear  only at s eve r a l  points .  

The equation of s ta te  d e s c r i b e s  the curve  of argon 
sa tu ra t ion  with a high degree  of accu racy  for a wide 
r ange  of t e m p e r a t u r e s .  We see f rom Tab le  2 that in 
the 85 - J40  ~ K in te rva l  the devia t ion of the calcula ted 
dens i ty  values  f rom the r e f e r e n c e  values  does not ex-  
ceed 0.2%, and for mos t  of the t e m p e r a t u r e s  the de-  
v ia t ion is l ess  than 0.1%. We have  taken the data de-  
r ived  in the monograph [8] by graph ica l  co r r e l a t i on  of 
the expe r imen ta l  r e s u l t s  of Michels  and co-au thors  
[1] and the Leiden r e s e a r c h e r s  [12] as the r e f e r e n c e  
data.  At t e m p e r a t u r e s  of 140 ~ K (p < 1.75 pk ) the di -  

ve rgences  between the theore t ica l  va lues  and the r e f e r -  
ence data on the s a tu ra t ion  curve  i n c r e a s e  subs tan t i a l ly .  

The argon dens i ty  va lues  on the f r eez ing  curve,  
ca lcula ted  accord ing  to the equat ion of state,  a re  in 
good a g r e e m e n t  with the r e f e r e n c e  data  der ived  by 
ext rapola t ion  of the i soba r s  to the f reez ing  points .  At 
p r e s s u r e s  below 250 ba r  the d ivergence  between the 
two groups of data does not exceed 0.07%, while for 
p r e s s u r e s  below 500 bar  the d ive rgence  does not  ex- 
ceed 0.21% (Table  3). 

By means  of the equation of s tate  (4) and the known 
the rmodynamic  r e l a t ionsh ips  we der ived  exp re s s ions  
for the de t e rmina t ion  of the entropy,  enthalpy, and 
heat capacity:  

s = s ' - -0 .1  [(4.157 - -  854.8~ -3 + 

+ 144221.29-~) (P --Ps) + 0-89(93 --P])], (5) 

i = i ' - - 0 . 1  [(--931.2 + 41.57# @ 17096~ - ~ -  

- -  21633180-4) ( 9  - -  P s )  - -  

--(978 - -  26.7~) (p 8 - -  p]) + 344.4 (p~ - -  pss)], (6) 

cp : c~ + ~  { ( [(4.157 - -  854.88 -a + 144221.2~-5)x 

• p + 2,6798] 3) ((--931.2+83.14~ +8548~} -3 _ 

--721106~ -4) p - -  (2934 - -  106.8~) p 3 + 172295-) - ' _  

- -  (256.44~}-~ - -  72210.6~-G) (p --ps)/ ,  (7) 

where  0 = 0.1T. 

In these fo rmulas  Ps, i ' ,  s ' ,  and c~ a re  the m a g n i -  
tudes in the sa tu ra t ion  s ta te .  The val'ues of i '  and s '  
for a rgon  a re  ci ted in [8], with the reckoning  or ig in  
for heat  capaci ty  Cp se lec ted  af ter  d e t e r m i n a t i o n  of the 
de r iva t ive  (0i/0T)p for p r e s s u r e s  of 300 ba r .  

The theore t ica l  va lues  for the ca lo r ic  p rope r t i e s  
of a rgon  were  compared  with the t abu la r  data of Din 
[15]. In  the t e m p e r a t u r e  i n t e rva l  f rom 120 to 270 ~ K 
and at  p r e s s u r e s  of 60-200 a tm these tables  were  de-  
r i ved  by p r o c e s s i n g  the expe r imen ta l  data  of Roebuck 
and O s t e r b e r g  [16] on the ad iabat ic  throt t l ing  effect.  
At  higher  p r e s s u r e s  and t e m p e r a t u r e s  below 270 ~ K 
the tables  in [15] were  p r epa red  by ext rapola t ion  of 
the i soba r s  to the mel t ing  curve,  followed by p r o c e s s -  
ing of the ext rapola ted  p, v, and T data .  For  p r e s s u r e s  
below 200 a tm and for  t e m p e r a t u r e s  below 120~ K 
there  a re  v i r t ua l l y  no data on the l iquid p rope r t i e s  in 
the Din tables  (with the except ion of the point having 
the p a r a m e t e r s  100 a tm and 110 ~ K). 

In view of the d i f fe rence  at  the reckoning  or ig in  we 
compared  the va lues  of Ai = i - i '  and As = s - s '  on 
the i s o t h e r m s  accord ing  to our data (Table  4) and those 
of Din.  At a p r e s s u r e  of 202.6 ba r  (200 atm) both 
groups of data agree  sa t i s fac tor i ly :  the d ive rgences  
do not exceed 2.1 kJ/kg and 0.026 kJ/kg �9 deg. On the 
101.3 ba r  i sobar ,  not shown in the table, the max i -  
m u m  devia t ions  a r e  s m a l l e r  by a factor  of two than 
for p = 202.6 ba r .  At p r e s s u r e s  of 304.0 and 506.6 ba r  
the quant i t ies  Ai and As accord ing  to the tables  in [15] 
and on the bas i s  of our data differ m o r e  subs tan t ia l ly ,  
and this is  apparen t ly  explained by the reduced  accu-  
r a c y  of the Din r e s u l t s  in the reg ion  for which the re  
a r e  no e x p e r i m e n t a l  data.  

Compar i son  of the Din data [15] for  the heat  capac -  
ity Cp and those  obtained f rom Eq. (7) demons t r a t ed  
that the d ive rgences  between these  l ie p r i m a r i l y  within 
l imi t s  of - 1 . 5  and +4.2%, with m o r e  subs tan t i a l  de-  
v ia t ions  noted at only ce r t a in  points  for  t e m p e r a t u r e s  
below 130~ K (Table  5). 

This  c o m p a r i s o n  p e r m i t s  us to draw the conc lus ion  
that our data a re  r e l i a b l e  and that the ca lcu la t ion  of 
tables  for  the t he rmodynamic  p rope r t i e s  of l iquid a r -  
gon on the bas i s  of the de r ived  equat ion of s ta te  is  an 
expedient  p rocedure .  
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