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Equations of state have been constructed for carbon dioxide in the 
temperature range 273"-'.4000 ~ K and at pressures up to 1000 x 10 s N/m 2, 
giving an accurate description of the gaseous and liquid phases; the 
left and right boundary curves have also been formed (the first from 
273" to 800" K, the Second from 770" to 4000" K). There is shown to 
be good agreement between the calculation quantities and the data of 
other authors. 

In the  d e s i g n  of  c o n t e m p o r a r y  t h e r m a l  p o w e r  p lan t  
in wh ich  c a r b o n  d iox ide  i s  u sed  as  a w o r k i n g  s u b s t a n c e  
o r  a c o m p o n e n t  o f  gas  m i x t u r e s ,  knowledge  is  r e -  
q u i r e d  of  a n u m b e r  of  t h e r m o p h y s i c a l  p r o p e r t i e s  of  
t h i s  s u b s t a n c e  o v e r  a w i d e  r a n g e  of  t e m p e r a t u r e  and 
p r e s s u r e .  T h e  e x i s t i n g  t a b u l a t e d  da ta  [1 -5 ] ,  h o w e v e r ,  
c o v e r  n a r r o w  r a n g e s  of  the  p a r a m e t e r s ,  have  been  
ob ta ined  by v a r i o u s  m e t h o d s ,  and show p o o r  i n t e r -  
a g r e e m e n t .  

It should  be added  tha t  f o l l o w i n g p u b l i c a t i o n  of  [ 1 - 5 ] ,  
e x p e r i m e n t a l  i n v e s t i g a t i o n s  w e r e  c a r r i e d  out of  the  
c o m p r e s s i b i l i t y  to  1073 ~ K [6], of  the  v e l o c i t y  o f  sound 
[7], of  the  e n t h a l p y  [8], and of  the  s p e c i f i c  h e a t  [9]. 

The  a u t h o r s  of  the  p r e s e n t  p a p e r  h a v e  c o r r e l a t e d  
a l l  the  e x p e r i m e n t a l  m a t e r i a l  and have  c o m p o s e d  an 
equa t ion  of  s t a t e  which  a c c u r a t e l y  r e f l e c t s  the  e x p e r -  
i m e n t a l  t h e r m a l  and c a l o r i c  da ta  f o r  CO s . F o r  t e m -  
p e r a t u r e s  in the  r a n g e  2 7 3 ~  ~ K and p r e s s u r e s  in 
the  r a n g e  1 - 1 0 0  �9 105 N / m  2, the  equa t ion  was  c o n s t i -  
tu ted  in t e r m s  of e l e m e n t a r y  func t ions  in the  f o r m  
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The  v a l u e s  of  the  c o e f f i c i e n t s  of  th i s  equa t i on  of  
s t a t e  a r e  g iven  in the  t a b l e .  
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Fig .  1o C o m p a r i s o n  of  t he  c a l c u l a t e d  v a l u e s  of  s p e c i f i c  
h e a t  Cp ( k J / k g .  ~ wi th  t he  d a t a  of  [1] and [11]: a) c a l -  

c u l a t e d  v a l u e s ;  b) v a l u e s  of  [11]; c) v a l u e s  of  [1]; 1) a t  

p r e s s u r e  1 0 1 . 3 .  105 N/m~; 2, 3) 2 0 2 . 6  �9 105; 4) 303 .9  . 
�9 105; 5} 4 0 5 . 2  �9 10~; 6,  7) 1013 .0  �9 105; 8) 5 0 . 6 5  �9 105 . 
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We note that the  equat ion  of  s tate  ( 1 ) a c c u r a t e l y  de -  
s c r i b e s  both the g a s e o u s  and the l iquid p h a s e s  of CO2, 
inc l ud i ng  both boundary  c u r v e s .  
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Fig .  2. c o m p a r i s o n  of  the  c a l c u l a t e d  v a l u e s  of s p e c i -  
f ic  heat  Cp (kJ/kg �9 ~ wi th  the e x p e r i m e n t a l  data of  
[9]: a) c a l c u l a t e d  v a l u e s ;  b) a c c o r d i n g  to [9]; 1) at 
p r e s s u r e  75 �9 10 s N/m2; 2) 70 �9 105; 3) 60 �9 105; 4) 50 �9 
�9 105; 5) 45 �9 105; 6) 40 �9 105; 7) 3 5 .  105; 8) 30 �9 105; 

9) 20 �9 105; 10) 10 �9 10 ~. 

A n a l y s i s  s h o w s  that,  s t a r t i n g  f r o m  T = 770 ~ K, for  
P = 1 - 6 0 0  �9 105 N / m  2, it i s  s u f f i c i e n t  to r e s t r i c t  o u r -  
s e l v e s ,  in c o m p o s i n g  the  equat ion  of  s tate ,  to on ly  the 
two v i r i a l  c o e f f i c i e n t s  B(t) and C(T) .  

The v i r i a l  c o e f f i c i e n t s  w e r e  found f r o m  the  e x p e r i -  
m e n t a l  data on c o m p r e s s i b i l i t y ,  and w e r e  e x t r a p o l a t e d  
into  the  high t e m p e r a t u r e  r e g i o n  by the  method  de -  
s c r i b e d  in [10].  

For  the  reg ion  T = 7 7 0 ~  ~ K and P = 1 - 6 0 0  x 
x 105 N / m  2 of  the p a r a m e t e r s ,  the  equat ion  of  s tate  

was  se t  up in the v i r i a l  form,  reduced  to the form 
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RT. (2) 

w h e r e  At Bdc~  ; A_. :: Cd2e ". 
The  c o e f f i c i e n t s  A t and A 2 w e r e  r e p r e s e n t e d  ana ly t t -  

c a l l y  as  
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The  upper  l i m i t  o f  t e m p e r a t u r e ,  4000 ~ K, w a s  c h o '  
s e n  f rom c o n s i d e r a t i o n s  of  the need to know the p r o p e r -  
t i e s  of  CO~ as  a m o l e c u l a r  c o m p o n e n t  (without a l l o w i n g  
for  i t s  d i s s o c i a t i o n )  of  the  produc t s  of c o m b u s t i o n  of  
organ ic  fue l s ,  w h i c h  are  i n v e s t i g a t e d  o r d i n a r i l y  up to 
T ~ 3 0 0 0 ~  ~ K. 

A v e r i f i c a t i o n  of  (1) and (2) a g a i n s t  n u m e r o u s  e x -  
p e r i m e n t a l  t h e r m a l  data has  shown that  t h e s e  eq u a-  
t i o n s  are  a c c u r a t e .  The  a c c u r a c y  of  d e s c r i p t i o n  of  the  
m o s t  r e l i a b l e  data on c o m p r e s s i b i l i t y  [6, 1 1 - 1 5 ]  i s  
0 . 1 - 0 . 3 %  on the a v e r a g e  o v e r  the w h o l e  range  of  t e m -  
p e r a t u r e  and p r e s s u r e  i n v e s t i g a t e d ,  i n c l u d i n g  the  l i q -  
uid and the boundary  c u r v e ,  and it  i s  on ly  in the r e g i o n  
above  c r i t i c a l  (at the  s e c t i o n s  w h e r e  the  i s o t h e r m s  
bend) that 5 P v  r e a c h e s  1%. 

It should  be noted that the method  d e s c r i b e d  in [10] 
a l l o w s  us  to obtain data on c o m p r e s s i b i l i t y  at h igh  t e m -  
p e r a t u r e s  w i th  an a c c u r a c y  of  the  o r d e r  of  0 . 3 - 0 . 5 % .  

E l e m e n t a r y  F u n c t i o n s  of  the  Equat ion  of  State  for  CO 2 
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Fig .  3. Dependence  of the  l a t en t  hea t  of e v a p o r a t i o n  r 
(kJ /kg)  of c a r b o n  d iox ide  on t e m p e r a t u r e :  1) c a l c u l a t e d  
v a l u e s ;  2) va lue s  of M i c h e l s  [11]; 3) - -  Va rga f t i k  [2]; 
4) Newit t  et  al .  [ I] ;  5, 6, 7, 8, 9, 1 0 - -  r e s p e c t i v e l y ,  
M o l i e r ,  Langen ,  J e nk in s  and P a l ,  K e e s ,  E i k e l b e r g ,  

and P l a n c k  and Kupr iyapov  [19]. 

F r o m  the we l l -known  d i f f e r e n t i a l  r e l a t i o n s  of t h e r -  
m o d y n a m i c s ,  on the b a s i s  of the equat ions  of s t a t e  that  
have been obta ined ,  the c a l o r i ~  data  w e r e  ca l cu l a t e d  
for  CO 2. 

It is  of  i n t e r e s t  to ana lyze  and c o m p a r e  the  c a l o r i c  
quan t i t i e s  r e s u l t i n g  f r o m  the c a l c u l a t i o n  with the  a v a i l -  
ab le  e x p e r i m e n t a l  and handbook da ta .  

C o m p a r i s o n  of  the c a l c u l a t e d  va lue s  of  en tha lpy  and 
en t ropy  with the da ta  of [1 -5 ,  8, 16, 17] in the  t e m -  
p e r a t u r e  r ange  273~-1500 ~ K,  and at  p r e s s u r e s  up to 
1000 . 105 N / m  2 has  shown that  the d i s c r e p a n c y  in en -  
tha lpy  is  0 . 5 - 4 . 0  k j / kg ,  and of e n t r o p y - - u p  to 0.3%. 

C o m p a r i s o n  of the e x p e r i m e n t a l  and t abu la t ed  v a l -  
ues  of  the s p e c i f i c  hea t  Cp [1 -5 ,  9, 16] with the c a l c u -  
la ted  va lues  has  shown that  a t  an o v e r w h e l m i n g  m a -  
j o r i t y  of points ,  the  dev i a t i ons  f r o m  the l a t e s t  e x p e r i -  
m e n t a l  m e a s u r e m e n t s  of Cp [9], and f r o m  the t abu l a t ed  
da ta  of  [3, 5, 16] do not exceed  1% (this i s  shown p a r -  
t i a l l y  in F ig .  1 .2) .  

The e x p e r i m e n t a l  m e a s u r e m e n t s  of  spec i f i c  hea t  
v [18] a g r e e  with the  c a l c u -  in the  s a t u r a t e d  s ta te ,  c s, 

l a ted  v a l u e s  to 0 .5%.  
The  high a c c u r a c y  of  the  c a l c u l a t e d  v a l u e s  of the  

t h e r m o d y n a m i c  p r o p e r t i e s  in the  s a t u r a t e d  s t a t e  is  
c o n f i r m e d  by  the  fac t  that  the  hea t  of e v a p o r a t i o n  c a l -  
cu la ted  a c c o r d i n g  to the  equat ion  of s t a t e  (1), r = i"  - 
- i v, i s  in good a g r e e m e n t  with the  da ta  of [1, 2, 11, 

19] (see  Fig .  3). 
As a r e s u l t  of the  a n a l y s i s  tha t  was  conducted ,  i t  

was e s t a b l i s h e d  that  the t abu l a t ed  v a l u e s  of Cp [1] c a n -  
not be r e g a r d e d  as  r e l i a b l e .  

We note that  the  c a l c u l a t e d  and e x p e r i m e n t a l  v a l u e s  
of  the  v e l o c i t y  of  sound [7] a r e  in good a g r e e m e n t  in 
the whole s i n g l e - p h a s e  reg ion ,  inc lud ing  the  c r i t i c a l  
r e g ion .  The m a j o r i t y  of the e x p e r i m e n t a l  v a l u e s  d i f f e r  
f r o m  those  c a l c u l a t e d  by  amoun t s  up to 1%. 

The good a g r e e m e n t  of the c a l c u l a t e d  va lues ,  e v a l u -  
a ted  f rom the equat ions  of  s t a t e  (1) and (2) with the 
v a r i o u s  e x p e r i m e n t a l  and t abu la t ed  data ,  g ives  cause  
to b e l i e v e  tha t  t h e s e  equa t ions  a r e  r e l i a b l e .  We used 
t h e m  to c a l c u l a t e  d e t a i l e d  t a b l e s  of  spec i f i c  vo lumes ,  
en tha lpy ,  e n t r o p y ,  spec i f i c  hea t  Cp, v e l o c i t y  of sound, 
and ad i aba t i c  index .  T h e s e  c a l c u l a t i o n s  w e r e  p e r -  
f o r m e d  on an e l e c t r o n i c  c o m p u t e r .  

The t h e r m o d y n a m i c  quan t i t i e s  in the idea l  gas  s t a t e  
w e r e  ob ta ined  f r o m  [20]. 

The  c r i t i c a l  p a r a m e t e r s  fo r  CO 2 a r e :  T c = 304.19 ~ K; 
Pc = 73. 816 �9 105 N/m2; d c = 0 .4682 g / c m  3. 

NOTATION 

co -= d/dc; "~ : :  T/Tc: ~ ~- P/Pc- 
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