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A genera l ized  the rma l  equation of s tate  is used in der iv ing equations for  the m a j o r  ca lor ic  func-  
tions of gases  and liquids. 

Informat ion  on the ca lor ic  p a r a m e t e r s  of gases  and liquids is requi red  for  many calculat ions in hea t  
engineer ing,  physical  chemis t ry ,  and chemical  technology; however ,  no reasonab ly  accura te  general  r e l a -  
t ionships have been published for  the ca lor ic  functions of many subs tances ,  pa r t i cu la r ly  ones cover ing  wide 
ranges  in the s ta te  p a r a m e t e r s .  The ca lor ic  functions a re  the in ternal  energy ,  enthalpy,  ent ropy,  and s p e c i -  
f ic heat;  and these can be der ived f r o m  the t he rma l  equation of s tate  [1, 2]. 

One de t e rmines  the d i f fe rences  between the p a r a m e t e r s  at  a specif ied t e m p e r a t u r e  and specif ied p r e s -  
sure  and the values  of the same at the identical  t e m p e r a t u r e  but at s tandard p r e s s u r e .  We have devised a new 
f o r m  of the pr inc ip le  of cor responding  s ta tes ,  which uses  the the rmodynamic  co r re la t ion  factor /3 [3]. 

It  has  been found [4] that this fac tor  fl has advantages  over  the co r re la t ion  f ac to r s  used by P i t z e r ,  L i d e r -  
sen,  and Riedel.  F i r s t  of all ,  the genera l  re la t ionships  der ived f r o m  this quantity desc r ibe  the m e a s u r e m e n t s  
ve ry  closely.  Secondly, the normal  boiling point Tb,  the cr i t ica l  t e m p e r a t u r e  Tc,  and the c r i t i ca l  p r e s s u r e  
Pc ,  which a re  used to calculate/3, a re  usual ly de te rmined  with high accuracy .  Thi rd ly ,  /3 is dependent on the 
normal  boiling point and on the cr i t ica l  p a r a m e t e r s .  On the other  hand, P i t z e r ' s  acen t r ic i ty  fac tor  co is re la ted  
only to the reduced sa tura t ion  vapor  p r e s s u r e  at a t e m p e r a t u r e  close to the normal  boiling point ,  while L i d e r -  
s en ' s  cr i t ica l  compress ib i l i ty  coefficient  Zc and R iede l ' s  fac tor  ce c a r e  re la ted  only to the p rope r t i e s  of the 
substance in the cr i t ica l  region. The the rmodynamic  p a r a m e t e r s  of a gas or  liquid should be d i scussed  in 
t e r m s  of the densi ty in d imens ion less  fo rm in the development  of genera l ized  methods.  The c r i t i ca l  densi ty 
is not usual ly known with ve ry  high p rec i s ion ,  and it is not requ i red  to calculate/3, so the reduct ion p a r a m e t e r  
for  the densi ty in this fo rm of the co r re spond ing- s t a t e  pr inciple  is the densi ty  at the point on the sur face  c o r -  
responding to the idea l -gas  s tate  but having the c r i t i ca l  P and T ,  namely ,  p* = Ps /RTs .  T h e r e f o r e ,  the t h e r -  
mal  equation of s ta te  is put as 

F(Pm TR, On, g ) =  0, (1) 

where  PR = P / P s ,  TR = T / T s ,  and PR = P/(o*/Z'e) are  the reduced p r e s s u r e ,  t e m p e r a t u r e ,  and density;/3 = 
log(9.8692 P s ) / ( T s / T b - 1 ) ,  where  Ps is in MPa. 

The explici t  f o rm of (1) for  the gas phase  has been der ived [5] by r e f e r r i n g  H i r s c h f e l d e r ' s  equation [1] 
to a f o r m  containing the d imens ion less  va r i ab l e s  used in (1). 

The mean  e r r o r  in de te rmin ing  the densi ty is 0.5-2% for  T R = 0.50-10 and PR = 0.001-40, while the m a x i -  
mum e r r o r s  a re  2-7%. The ave rage  e r r o r  i n c r e a s e s  in the c r i t i ca l  region.  

The densi ty of the liquid is [6] given by 

Pt?L (DR, TR) = PRy (OR, TR) - -  PRo (PRL~, TR) + PR~ (TR), (2) 

where  PRv is the reduced p r e s s u r e  der ived f r o m  the equation of s ta te  for  the gas phase ,  while PRs is reduced 
sa tura t ion  vapor  p r e s s u r e .  

The ave rage  e r r o r  in de te rmin ing  the density is 2-5% for  T R = 0.50-0.95 and PR = 0.001-200. 

The the rma l  equation of s ta te  [5, 6] has  been used to der ive  analyt ic  re la t ionships  for  the co r rec t ions  
AH to the enthalpy and ACv and ACp to the speci f ic  heats  in the idea l -gas  s ta te ,  which can be uti l ized in c o m -  
puter  calculat ions.  
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TABLE 1. Va lues  o f a i j  in  (6), (7), and (24) 

i 
- - 1  

0 
1 
2 

0 
1 
2 

0 59,72363 
1 --74,92164 
2 30,944836 
3 --4,192988 

i 

0 1 2 3 4 

326,541 
--161,248 

14,726 

81,348 
--51,885 

,2,199 

--827,48582 
1000,6369 

--398,0132 
58,373 

for (6) 
--1o57,877 

385,597 
12,707 

for (7) 
---233,388 

115,053 
9,569 

for (24) 
4050,671~ 

--4744,6394 
1825,107 

--231,338 

506,483 
395,106 

--238,894 

22,445 
102,168 

--68,776 

--8313,8258 
9513,4966 

--3561,3245 
437,5681 

1180,881 
--1521,434 

422,798 

390,725 
--388,431 

107,867 

5683,4209 
--6499,6167 

2t12,364 
--291,1894 

--972,679 
917,107 

--213,899 

--263,767 
225,504 

--5t,281 

TABLE 2. Coef f ic ien ts  Kij A p p e a r i n g  in  the Equa t ions  for  the 
C a l o r i c  P a r a m e t e r s  

i 
0 

0 
I 
2 
3 

~CV l 4 - - 2 , 2 5 - - ~ - r - m  
2 

5 0 

0 
0 
0 

5,5--rn 

i 
I 2 3 

88,5--3,12 rn 
--313,3-~13,42 m 

408,9--21,54 rn 
--237,4~- 15,3 rn 

47,8--4,06 m 

--124,46+3,84 m~-0.363 tn ~ 
429-  9,84 r n -  1,815 rn 2 

--528,8 § 1,98 m § 3,63 rn~ 
253 + 15,7 m -- 3,63 rn ~ 

r 16,18m+ 1,815m~ 
2 

--8,44 -k 4,50 m-- 0,363 rn ~ 

44,4--5,22 rn 
--156,9+18,92 m 

204,3--25,44 m 
--115,5+15 m 

23,7--3,26 m 

The  r educed  dens i ty  is  PR -< 1 in the l o w - d e n s i t y  r e g i on ,  and one can w r i t e  the entha lpy  as 

PR 

RT IT J [TR \ OTR ]PRJ P~ PRTR + 1. (3) 
o 

In the case  of a gas for  which  Pit ~ 1, the i n t e g r a t i o n  r eg ion  is sp l i t  into two zones :  

o R 

- z  V zo f 1 apR 
(4) 

l 

The quantity (H~ calculated from (3) is suJstituted into the result of integration with ~ = 1. 

The equation of state for the low-density range allows one to calculate the density of the saturated vapor 
pRv if the s a t u r a t i o n  vapor  p r e s s u r e  PRs  is known; f r o m  PRv and PRs  we can r e a d i l y  d e r i v e  an e x p r e s s i o n  for  
the en tha lpy  of the vapo r  on the s a t u r a t i o n  l i n e ,  and then  the C l a u s i u s - C l a p e y r o n  equa t ion  can be used  to d e -  
r ive  an e x p r e s s i o n  for  the en tha lpy  of the l iqu id  on the s a t u r a t i o n  l ine .  F o r  tha t  p u r p o s e ,  i t  is  n e c e s s a r y  to 
know the s a t u r a t i o n  vapo r  p r e s s u r e  and the de ns i t y  of the l iquid  on the s a t u r a t i o n  l ine .  Although the dens i ty  
of the s a t u r a t e d  vapor  can be ca l cu la t ed  f r o m  the equa t ion  of s t a t e ,  m o r e  r e l i a b l e  r e s u l t s  a r e  obtained if it  is  
d e t e r m i n e d  in  a f a sh ion  as  independen t  as  that  for  PRL and PRs .  One can use  ge ne r a l i z e d  equat ions  de r ived  
wi th in  the f r a m e w o r k  of the new p r i n c i p l e  of c o r r e s p o n d i n g  s t a t e s  by m e a n s  of the c o r r e l a t i o n  factor/3:  

s a t u r a t i o n  vapor  p r e s s u r e  [7], 

log P R = [~ + Ao + Ai (T R --  8)2 + A2 (T R --  8)q ( 1 - -  --~R ) , 

6 = Bo -; Bd3 + Bd3~+ BalSa, 
(5) 
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w h e r e  B 0 = 0.34154; B i = - 0 . 0 8 9 3 4 ;  B 2 = 0.13317; B~ = - 0 . 0 1 8 2 0 5 ;  A 0 = - 0 . 0 1 5 ;  A~ = 1.397; and A~ = 5.813; 

dens i ty  of l iquid on s a t u r a t i o n  l ine  [8], 

4 2 

PRL-- PJRT~ i=o i=o 

dens i t y  of gas  on s a t u r a t i o n  l ine [8], 

_ p~Z~ - -Z~exp  audiT,s . (7) 
P~ P~/RT~ 

T a b l e  1 g ives  the v a l u e s  of the a i j ,  which  a l low one to ca l cu l a t e  the en tha lpy  of the l iquid v ia  the equa t ion  of 
s t a te  fo r  the l a t t e r :  

PS 

g . o _ .  - z o  : / ]ep  + zo + . 
\ RT ~- ~ - -  ~, o r s  ] % j  P~ TR Ps P~L Ps~ PsL ~ RT 

PRL 

The  va lue  f o r  ( H ~  is  ca l cu la t ed  f r o m  (3) wi th  PRv r e p l a c i n g  OR. 

The  f ina l  equa t ions  fo r  the en tha lpy  d i f f e r  f o r  each  of the r e g i o n s ,  as  in the ea se  of  the equa t ion  of s ta te :  
I. A l l T  R , p R  -<1 

K 0 = 5 . 5 ,  Kt = m--Ko ,  K 2 = 0 . 5 ( 1 - - K o - - a ~ + 2 m ) ,  

3m2--6m - 1 m - - 3  p 
, t; - - , p s  . z ; ,  

m ( 3 m -  1) 3 m -  1 Pc/RT c 

(9) 

Z~ --- 1 . 2 4 8 4 -  0.3317~ q- 0.03407~ ~ -  0.85767/[;; a ~ - - - - -  3 + 3.676~; 

m -- 43.164 - -  272.73 (Z~) q- 706.63 (Z~)2 _ 705.41 (Z~)3. 

II. TR--I, O~R>I 

3 

RT ] = --Z'~ Tg-~) - - - - n s ( I ) - - ( ] - - 2 ) t W ] ( p R ) P R  --Wi(1)]  q- \ RT ] , (10) 
i=0  

= g.~p R + K~o;~ , a ,  (ps) Koj + K.PR + K~jp~ + G~pg + ~ " 
PR 

2 K 3 Wj (OR) = - -  O.5Koj - -  KiiPR + K2~PR. lnpR + --sjPR + 0.5K, s~~ + 0.3333Ksjpg 

and a j (1)  and Wj(1) a r e  the va lue s  of  a j  and Wj fo r  OR = 1; (H~ is  def ined  by (9) sub jec t  to OR = 1; 
T a b l e  2 g ives  the v a l u e s  of  the Kij.  

I II .  T1R < 1, p > 1 
S 

RT I = - z ;  T~_2~ ~,(p~) P~ PRL 
1=0 

- -  W; (PRL)] - -  ( ]--  1) (p~- I __ p~[) ~ (PRz) } + Zs (p~- 1 __ p ~ )  dPRLdTR 

3 

x T ~ - u R , ( P s ' ) + Z ; t P R ~ - - P ~  '-ZT-~ + R r  ' 
]=0 
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- -  Ko~ ' T K~SP~L + 2Ks.~P~t + 3K,jP~L+ 4KMP~r_ 

where f~(gRL) and Wj(PRL) are as in (10) subject to the condition PR = PRL; ffI~ is determined by (9) 
subject to OR = 0Rv; PRs,  0RL, PRy, dPRs/dT1R, and dPRL/dTR are determined by (5)-(7). 

In calculating K40 and K~2 one should replace ahv by acL = 27.63-20.345/3 + 7.031/32- 0.8827/3~: 

For the specific heat: 

I. All T~, OR- < 1 

C C~, = - - Z ~  (2K#R 2 
- -  T~ ' (12) 

-T---ff)pe-f-3K2(--TR -T-ff)p~ + Z,c(l_bpe+b,p~)2 , 
(op,Q = _ 2  (Ko+ K, + i r~(l-O'p~) 
\ap~ ]rR 

II. T R -  i ,  0R > 1 

(8P~ / _ K,p~ K2(1 + 1 PR 
]~ T~ ~ ) p~ -F Z; (1 --  bPR + b'p,~)" " 

(C~R. _ C,~) .=_  Z~ .2K,~_s K2 --F Z,~ ~ ( ]  
]=0 

- -  I) (i--2) T~-2)tWj(PR) - -  W,(1)I, (13) 

3 3 

,,'=0 

( j  - -  I) T(~ -2 )  ~ j  (P~). 

in .  TR < 1, t~R > 1 

dpRL 
OPR ~ = X (  1 _  1)T~ -2) [~j (PR)--flj(PnL)]-- drR 

j=O 

3 

Z o = Z~ (] --  1) (1 --  2) TR [Wj (PR) --  Wj (PRz)l 
i = 0  

3 

1=0 

[ I'dPRL ]d2pRL1 }--Z; pRv dT R + 2(1--1) "r~ '-----~Ted-~RJRJ(Pm-)dTe ' _~ dora, 

3 

x [,m,(p,0] I z; .,. e2p,~, , ( c  o 

3 
OPR 

3 3 

~T(J -~) R . . e APmJ - F -  
/=o 

dPR~ 
dTR 

(14) 

dRj (Pa) _ 2Ko#~3 + 2Km~ + 6K4lPR + 12K5#~, 
dpR 
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where ( C ~  is defined by (12)subject to PR =PRv; PRs,  PILL, PRy, dPRs/dTR, dPRI/dTR, dPRv/dTR, 
d2PRs/dT~ and d2PRI_/dT~ are defined by (5)-(7). Similarly,  one should use Ot~v for the enthalpy of the gas 
and ,V~L for  the enthalpy of the liquid. 

The following formula converts from Cv to Cp: 

1 / + 1. (18) 
R / / ~ [kOr~l"R/k~lrRJ 

From (9)-(14) we obtain the enthalpy and specific heat  for the gas and liquid on the saturat ion line: 

bPRo-- 'O  1 ( H~ = R T  ) Z'e [PRr., (~R~ q-3K~tl -'~"R ) q- K ~ ~  (1 --  - ~ )  -- 1 -- bPRv q- b'p,~o.] ' ( 1 6 )  

( H~ ) , p_~ dPR, ( H~ ) (17) 
R T  " = Z ~  ( R o - - P R L )  ~ 4 -  " RT " 

The enthalpy of the liquid is calculated as the enthalpy of the gas with the addition of the enthalpy difference 
ar is ing f rom the phase transi t ion,  which is defined by the Claus ius -Clapeyron  equation. A more accurate  r e -  
sult is obtained ff the enthalpy of the gas is combined with the latent heat  of evaporation, which is [9] defined by 

---- Af (l - -  TR) --- A [2,4 + 51.68 (1 --  TR) -- 199,54 (l--Ta) 2 + 490.28 (1 --  TR) 3 -  599-84 (1 -- TR) 4 + 280.1 (1 --  TR)a], 
RT~ (18) 

where A = -0.2883 + 0.3371/3; then 

H ~ HLs ~ H ~  Hvs H o 
RT )=  (Ht's'~-THZ-s ")-k ( R T  ')= 4 / ( 1 -  TR)-[-(--Hvs RT ] �9 (19) 

The specific heat  of the gas is 

( ) 2K~pR~-- KnP~~ c ~ -  q , ,  = - z:. 
R . . . . . . . .  T~ _,__ 

OpR / r  R~ TR )PR~ TR ),Rv 

( OP~ _ KiP~o K~( lq -  1 )p~oq_ 
or--i/% 

The specific heat  of the liquid is 

TR(1 ' 2 --  b Pro) 
+ Z~ (1 --  bp~. + b'pR~) z 

PRo 
Z~(1--b" --b'o ~ ~ " 

(20) 

C - CoLs R )=--Z'cPR~[TRdPRs--PRs] +Z'c(dPRk) 2~I~TiR[p'~Rj(pRL)] 
dTR \ dTR i=0 

,r d2PR~ ( C~ ) 
- z ;  (p~-2 - p g )  - ~  -dV-~-~ + ~ ' 

3 
OPR "~ T(:-I)~ . - \ ~PR /TR=E R Kj(PRL), (21) 

1=0 

3 

( 1 = d , . , .  , erR b,~ ~ ~ T~-'% (PRL)+ dr'----7' 

The analytical  expressions for (H ~  H)ART c and (C~-C.) /R indicate that the e r ro r  in determing the correct ions 
for deviation f rom ideal behavior are on average 2-5% ]~or the enthalpy and specific heat  of the gas; these cor-  
rections are very small  in this case by comparison with the ideal-gas functions. 

The integration must  be carr ied  through the coexistence curve in the expressions for (H~ and 
(C~ which introduces considerable computational e r r o r s  into the final result .  Therefore ,  it is de-  
s irable to integrate f rom the saturation line into the single-phase region for the liquid state (region III), for 
which purpose one can use generalized empir ical  expressions of adequate accuracy for the coexistence curve. 

Then we have for the enthalpy 

( H~ ) RT )+ ( HLs--H ' (22) 
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T A B L E  3. 
P r e s s u r e  C o r r e c t i o n s  to the  I d e a l - G a s  E n t h a l p y  

Parameter ranges Error, qo 
Compound TR PR av. max. 

Methane 
Methane 
Propane 
Propane 
Propane 
Isobutane 
n- Pentane 
n- Octane 
n-Hexadecane 
Propylene 
Benzene 

V a l u e s  D e r i v e d  f r o m  (9), (10), and  (22) wi th  Data  f o r  the 

0,02--22 
0,76--3,0 
0,02--14 
0,32--3,2 
0,32--1,6 
0,27--4,2 
0,40--2,9 
0,55--3,9 
0,12--6,8 
0,21--33 
0,28--2,0 

4,55 8,23 
7,73 8,85 
2,30 6,16 
4,53 8,90 
4,63 9,54 
2,06 2,79 
5,35 10,2 
6,49 9,6 
6,87 l1,6 
3,41 6,9 
6,66 t3,7 

No. of 
points 

15 
5 

12 
30 

8 
5 

20 
12 
6 

15 
20 

0,62--5,2 
1,8 

0,84--1,6 
0,54--1,5 
0,99--1,3 

1,34 
0,7@--1,3 
0,74--0,99 
0,74--0,84 

1 ,0- -1 ,2  
0,75--1, l 

Ref. 

[12l 
[13] 
[12l 
[i41 
I16] 
112] 
Ii61 
[16l 
[161 
[12] 
[161 

where 
HL~ -- H 

, RT 

) . '~ T(I-2) ~s(PR) flj(PnL) (]__2)[lVj(pr) 
-- L c ~  R OR ORL 

- -  wj (0R0I - -  (i - -  i)(o~' - -  p~)  P-s (o~L)} + 

-{- Z~ (p Ni - I dpRt~ ~T ~ (PRL) - -  Z~ (p~-i _ p~ )  dRRs 
dTR 

/'=0 

and ( H ~  i s  de f i ned  by (19). 

The  c a l c u l a t i o n  f o r  the s p e c i f i c  h e a t  is  f r o m  

). 
The value of (C~-Cps)/R can be calculated from the following generalized equation [10l: 

3 3 

( ) : -  v y., 
R i--'~- ~ i=0 

T a b l e  1 g ives  the v a l u e s  of the a i j  f o r  (24). 

The  equa t ion  of  s t a t e  g ives  the  c o r r e c t i o n  
3 

R s=o 
3 

+ Z;(OKi-- p~) Z {(S--1)(]-- 2)fl, (0.L)T(~ -2> 
i=0 

3 d2PR s 
+ Zc(p~'--o--'~[~.RL, k--~R ) dpRL'~z -~__oTIR ( dRs(---- pR)dpR )ORL 4;- Z; (p~-l--p~ ') T~ aT~ 

which  can then be co nv e r ted  to the c o r r e c t i o n  

/ C w - -  C~> co~-co I '  I[ oP. ]~/I o P .  )-z;r. . . . . . .  )~.] 
I p# Lt OT~ :o~lt OPR 

it t 4 )..]o.L 

(23) 

(24) 

(25) 
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TABLE 4. Comparison of Values Calculated f rom (12), (13), and 
(23) with P r e s s u r e  Correct ions  for  the Ideal-Gas I sobar ic  Specific 
Heat [12] 

Compound 

Methane 
Ethane 
Propane 
Isobutane 
Propylene 
Benzene 
Butan-1, 3- diene 
Oxygen 
Nitrogen 

Parameter ranges 
TR PR 

1,57--5,25 0,02--22 
1,05--1,65 0,02--10 
0,84--1,63 0,02--14 

1,34 0,02--4,1 
1,02--1,20 0,02---54 
0,66--0,85 1,02--11 

0,97 0,11--0,33 
0,52--6,46 0,02--20 
0,63--7,92 0,03--30 

Erro~ r 
av ~ 
12,2 
7.27 
8,53 

1t,3 
11,4 
9,61 
9,83 

13,2 
13,7 

max. 
18,7 
12,7 
15,8 
17,0 
16,6 
12,3 
13,4 
20,7 
21,3 

No.of 
points 

16 
12 
18 
6 

19 
8 
3 

26 
25 

The f i r s t  set  of par t ia l  der ivat ives  within the curly brackets  may be derived f rom (14), while the second can 
be derived f rom (21). 

This method of calculating the enthalpy and specific heat  of the liquid provides much higher accuracy ,  
and the general ized relat ionships apply for  wide ranges in the state pa ramete r s .  Tables 3 and 4 compare  the 
calculated values with measured  ones for  T R = 0.5-8 and p r e s s u r e s  up to PR = 50. The thermal  equation of 
state can also be used to calculate the fugacity f and entropy S for all three regions. The final express ions  for 
the fugacity take the fo rm:  

I. All TR,0R -< 1 

P~ ~ ]  § 1,5K~p~ - -  

+ bpe _ b'p~ 
1 - -  bp e + b'9~ 

+ln(gnTe)--O,51n(1--bPR 4-b'9~n) ~ K3tan-t(K3)+ K3tan t(K,pR--Ka)_lnZ~, (26) 

where the values of Ko, K1, K2,b , and b' a re  calculated as for  the enthalpy and specific heat ,  and K 3 = b / ( 4 b ' -  
b2) t/2 and K 4 = 2b ' / (4b ' -b2)  1/2. 

II. T R >- 1, PR > 1 
3 

In P~ i=o ~ ~j(1) + W~ (pR)--Wj (1) + In P~ 

where l n f l / P  c is defined by (26) with OR = 1; f~j(OR), ~j(1), Wj (~R) , and Wj(1) are  the same functions as for the 
enthalpy and specific heat. 

III. T R<  1, PR > 1 
3 

In Pc f =Z~ Z]=0 T~-2) [ ~s (9R)__pR - - ~ J  (~)RL)pRL -[- I~'PJ(PR)~Wj(PRL)] + !n PcfU, (28) 

where lnfv/P c is defined by (26) subject  to PR = 9Rv. 

The express ions  for  the enthalpy and fugacity readily give the entropy: 

The calculations require  a knowledge of the normal  boiling point Tb, the cr i t ical  t empera ture  Tc ,  and the 
cr i t ical  p r e s s u r e  Pc,  as well as of the ideal-gas  functions. 

There fo re ,  the equation of state previously derived has been used in general ized analytic express ions  for 
the enthalpy, fugacity,  and specific heats C v and Cp for pure nonpolar substances;  the accuracy  of these equa- 
tions is such as to make them suitable for  engineering and technological calculations. The express ions  can be 
extended to polar  substances by applying appropriate  cor rec t ions  to the thermodynamic corre la t ion factor/3. In 
the case of a mixture ,  one should use the pseudocr i t ica l  t empera ture  and p r e s s u r e  instead of the true T c and 
Pc  for the individual substances [4]. 
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N O T A T I O N  

is the enthalpy; 
Is the entropy;  
is the specif ic  heat  at constant volume; 
,s the specif ic  heat at constant p r e s s u r e ;  
is the fugacity; 
,s the latent  heat  of vaporizat ion;  
is the densi ty;  
ts the p r e s s u r e ;  
~s the t empera tu re ;  
is the thermodynamic  cor re la t ion  fac tor ;  
is the acent r ic  fac tor ;  
is the cr i t ica l  coefficient  of compress ib i l i ty ;  
a re  the equation p a r a m e t e r s ;  
is the universa l  gas content. 

I n d i c e s  

b is the normal  boiling point; 
c is the c r i t ica l  point; 
R is the reduced value; 
v is the gas; 
L is the liquid; 
s is the saturat ion line; 
0 is the ideal 1 gas s ta te ;  
1 is the value for  PR = 1. 
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