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A method of  correlating the law of corresponding states is described, 
aimed at enhancing the accuracy of  calculation of the thermodynamic 
properties of gases and mixtures of gases. 

In spite of the law of corresponding states being 
an approximation, thermodynamic similari ty has en- 
gaged the interest  of investigators as a method of 
studying the propert ies  of substances which have r e -  
ceived little attention. Possibilities of Using thermo-  
dynamic similari ty to investigate the propert ies  of 
pure substances and mixtures have recently been wid- 
ened considerably, thanks to Kazavchinskii [1], who 
showed that any point on the Boyle curve with a fixed 
value of Z for different gases may be chosen as the 
s imilar i ty  reference point. Moreover,  the  method of 
choosing the reference  point has itself created good 
premises  for developing a new method of correlat ing 
the law of corresponding states.  

States on the Boyle curve with identical values of 
Z for different gases are corresponding states [1]. 
Therefore  when similar i ty  exists, the following re la -  
tions between like parameters  of substances on the 
Boyle curves will be valid: 

0i 9b . Ti = T b_b . Pi __ . Pb 

9o.1 Po.b ' To.i To.b Po.i P,,.b 

where the subscripts  "i" and "b" refer ,  respectively,  
to the i- th and to the base substances with the pa ram-  
eters  of the reference points To, Po, Pp. For thermo-  

�9 dynamically s imilar  substances the graphs of the r e -  
lations between like parameters  of the Boyle curves 
at identical Z are straight lines passing through the 
origin of coordinates, with slopes equal to the ratio 
of the corresponding reference parameters .  Because 
the s imilar i ty  of real  gases is approximate, the above 
graphs are lines of small  curvature,  described by the 
expressions:  

Ti = aT b + bT~, (1) 

D i  = COb"}- d g ~  ' (2) 

To reduce (1) to dimensionless form, we shall 
choose points with fixed Zo on the Boyle curves of 
the various substances.  With the aid of the coordinates 
of these points, (1) t r ans forms  to the form 

T dT ,,.i = aTb/To, i + bT~/T,,.i. 

Here T i and T b are  the tempera tures  on the Boyle 
curves  of the substance under examination and the 

reference substance; To. i is the temperature of the 
point with fixed Z o, Introducing the notation T i = T i /  
/To.  i and r b = Tb/To.  b, we obtain 

"~i ~ (aTo.b/rod)"~b + (br2o.b/ro.3 X2b" 

We shall designate by a' and b t, respectively, the 
constant groups in the brackets for the given sub- 
stances; then the last expression may be written in 
the form 

T~ = a '% + b' ~ .  (3) 

Equation (3) relates  the reduced temperatures  on 
the Boyle curves for different Z values. It is easy 
to see that the Boyle curves represented in Z - r  
coordinates do not coincide, generally speaking, with 
the exception of the reference point, where r i = T b = 
= 1, Obviously, then 

a' + b ' =  1 (4) 

For thermodynamically similar  gases the quantity 
a' would be equal to unity, and b' to zero.  

Because real  gases are only approximately s imi-  
lar, b '  # 0, and in the general case, r i # r b. De- 
noting (r i - Tb) at identical Z by X, and taking account 
of (3) and (4), we find 

In other words, the values of Z on the Boyle curves 
coincide, not at equal values of reduced temperatures  
(r i - rb) , as predicted by the law of corresponding 
states, but for T i = T b + X. 

Thus the surfaces of state of different gases, rep-  
resented in the coordinates Z-co-(r  + X), are char-  
acter ized by the fact that the Boyle curves coincide 
at them, because of which the surfaces will be close 
one to another even at other points. 

It should be noted that congruence of the surfaces 
along the Boyle curves may be achieved, by introduc- 
ing an analogous corre la t ion for the reduced densities 
co on the Boyle curve.  However, such a correlat ion 
may introduce a large e r ro r ,  because the accuracy 
of density values assigned on the Boyle curve is be- 
low that of the law of corresponding states.  

Thus, calculation of the thermodynamic propert ies  
of a gas or gas mixture being studied is predicated on 
the availability of reliable detailed data on the base 
substance, on the parameters  of the reference points, 
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Table  1 

Compar i son  of Compres s ib i l i t y  Coefficients  Z of the Tes t  Substance and 
the Base Substance (Nitrogen) at Ident ical  Values of Reduced Densi ty 

0;1 
0.3 
0:5 
0.7 
0.9 
1.1 
l .3*) 

ZNz 

0.873 
0. 666 
0.507 
0. 397 
0. 324 
0. 288 
0. 299 

T iC4H ' ~176 

Zic4Hao 

0.874 
0.667 
0.504 
0,395 
0,322 
0.287 
0.298 

iC4Hlo 

6Z, % 

0.11 
0.15 

--0.60 
--0.51 
--0.62 
--0.35 
--0.34 

ZN2 

0.913 
0.775 
0.678 
0.611 
0.584 
0.600 
0.684 

TiC4Hlo=498.15 ~ K 

ZiC4HIo 

0.915 
0.777 
0,679 
0. 608 
0.582 
0. 599 
0. 684 

6Z, % 

0.22 
0.26 
0.15 

--0.49 
--0.34 
--0.17 

0.50 

CH4 

TCH4 ~273. 15 ~ K TCH4=373.15 ~ K 

to 
ZN2 ZCH 4 6Z, % ZN2 ZCH ~ 6Z, % 

0.1 
0,3 
0.5 
0.7 
0.9 
1.1 
1.3 

0.882 
0.686 
0.538 
0.435 
0,369 
0.341 
0.361 

0.885 
0.689 
0.539 
0.435 
0.370 
0.341 
0.363 

0.34 
0.44 
0.19 
0.00 
0.27 
0.00 
O. 55 

c02 

0.959 
0.902 
0.876 
0.877 
0.915 
1.006 
1.172 

0.962 
0.904 
0.878 
0.879 
0.919 
1.008 
1.173 

0.31 
0.22 
0.23 
0.23 
0.44 
0.20 
0.09 

TCO=398,15 ~ K TCO2=473,15 ~ K 

ZN., ZCO ~ 8Z, % ZN2 ZCO ~ 6Z, % 

0.43 
0.12 

--0.27 
0.00 
0.44 
0.42 
0.73 

0.1 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 

0.954 
0.893 
0.863 
0.860 
0.893 
0.986 
1,140 

0.928 
0.813 
0.734 
0.690 
0.681 
0.720 
0.825 

0. 958 
0,893 
0. 861 
0.861 
0.891 
0,979 
1. 147 

0.924 
0.812 
0.736 
0.690 
0.678 
0.717 
0,819 

0.42 
0.00 

--0.23 
0.12 

--0.22 
--0.71 

0.10 

0.1 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 

ZN2 

0. 922 
0. 807 
0. 727 
0. 679 
0. 667 
0,700 
0. 800 

TCoH 4 .=373.15 ~ K 

ZC2H 4 

0. 927 
0.810 
0. 726 
0. 677 
0. 667 
0. 705 
0. 809 

C~H4 

~Z, % 

0.64 
0.37 

--0.14 
--0.30 

0.00 
0,71 
1.21 

ZN2 

0.942 
0.862 
0.818 
0.796 
0.812 
0.880 
1.021 

TCeH4 ~ 423.15 ~ K 

ZCzH~ 

0. 947 
0,866 
0,815 
0. 797 
0.815 
0~ 888 
1. 034 

~Z, % 

0.53 
0.46 

--0.37 
0.13 
0.37 
0.90 
1.26 

0.1 
0.3 
0 5  
0.7 
0.9 
1.1 
1.3 

ZNz 

0. 869 
0. 653 
0. 494 
0. 380 
0. 304 
0. 264 
0. 264 

TCsH~ ~373.15 ~ K 

ZCsH~ 

0. 869 
0. 656 
0. 494 
0. 379 
0. 302 
0. 262 
0. 264 

C3H~ 

~z, % 

0.00 
0.46 
0.00 
0.26 
0.66 
0.76 
0.00 

*Our value of reduced dens i ty ,  equal  to 
to = 1.7 with r e s p e c t  to the c r i t i ca l  point.  

ZN~ 

0.915 
0. 777 
0. 678 
0.613 
0. 584 
0. 595 
0. 628 

TC~H6 =423 15 ~ K 

ZC3H . 

--0.911 
--0.  772 

0.678 
0.612 

--0.582 
0. 600 
0. 637 

~Z, % 

0.44 
0,65 
0.00 
0.16 
0.34 
0.83 
1,41 

1.3, co r r e sponds  to a value 
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0.1 
0.3 
0.5 
0.7 
0,9 
1.1 
1.3 

Table  2 

Compar i son  of Compress ib i l i t y  Coefficients for the Tes t  Mixtures  
and the Base Substance (Nitrogen) at Ident ical  Values of Reduced 

Densi ty 

Propane -- co2, T:477.57 ~ K 

XCaHSzcM= 0.4116 I XC3Hs = 0.5983 

ZN2 

0.925 
0.805 
0.725 
0.676 
0.661 
0.702 
0.745 

0.927 
0.807 
0.721 
0. 675 
0. 663 
0. 708 
0.754 

6Z, % ZN. ~ 

0.21 0.913 
0 .25[0 .778  

--0.55 I 0.687 
- -0 .1510 .624  

0.30 0.598 
0,84 0.618 
1.!9 0.705 

ZCM 6Z,?~ 

0.914 0.11 
0.778 0.00 
0.686 --0.14 
0.626 0,32 
0.601 0.49 
0.622 0.64 
0.708 0.42 

ZN2 

0. 900 
0. 744 
0,634 
0. 556 
0.515 
0.519 
0.574 

XCaH~ = 0.8038 

ZCM 

0.900 
0,742 
0.636 
0,560 
0,517 
0.520 
0.566 

6Z, % 

0.00 
--0.27 

0.31 
0.71 
0.39 
0.19 

--1.20 

Ethane-propylene T=410.92 ~ K 
XC2Hn = 0.1821 XCoHe = 0.4958 XCzH6:0.8249 

(o 
ZN2 Zc M 6Z, % ZN:, Zc M 6Z, 05/ 6Z, % 

0. 922 
0.803 
0.718 
0. 668 
0.650 
0. 683 
0. 782 

0. 925 
0. 805 
0.718 
0. 667 
0. 653 
0. 685 
O. 787 

0.32 
0.25 
0.00 

--0.15 
0.46 
0.29 
0,64 

0.911 
0.769 
0.670 
0.602 
0.511 
0,588 
0.667 

0.912 
0.772 
0.670 
0,601 
0.573 
0.592 
0,675 

0.11 
0.39 
0.00 

--0.17 
0.35 
0.67 
1,18 

ZN2 Zcn 

0.898 0.901 
0.736 0.737 
0.619 0.619 
0.540 0.540 
0,492 0,496 
0.495 0.497 
0.554 0.561 

ZN~ 

0.927 
0,821 
0.750 
0.708 
0,702 
0.744 
0.851 

Methane-isobutane T=477.57 ~ K 
XCH4 •0,2771 

ZCM 6Z, % 

0.929 0.22 
0.822 0.12 
0.747 --0.40 
0.705 --0.43 
0,703 0.14 
0.747 0,40 
0.861 1,16 

XCH4=0.4681 

ZN2 ZCM ~Z, % 

0.944 0 944 0.00 
0.868 0.867 --0.12 
0.823 0.821 --0,24 
0.808 0.808 0.00 
0,826 0.826 0,00 
0,898 0.897 ---0.11 
1.040 1.032 --0.77 

ZN2 

0. 970 
0. 933 
0,921 
0,941 
0.996 
1.041 

XCH4=0.7101 

ZCM 

0.970 
0.932 
0,922 
0.943 
1.001 
1.046 

0 33 
0.14 

--0.16 
0.00 
0.81 
0.40 
1.25 

, 0 .1  
0.3 
0.5 
0.7 
0.9 
1.1 
1,3 

0. I 
0.3 
0.5 
0.7 
0.9 
I . I  
1.3 

6Z, % 

0.90 
--0.11 

0.11 
0.21 
0.50 
0.48 

Table  3 

0.1 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 

Compar i son  of C o m p r e s s i b i l i t y  Coefficients  Z for CO S and N 2 at 
Ident ica l  Values of Reduced Densi ty  and T e m p e r a t u r e  

TCO2--398.15~ TCO=473-15~ 

ZN~ ZCO 2 6Z, % ZN2 ZCO 2 6Z,% 

0,922 
0,805 
0.727 
0,676 
0.661 
0.695 
0.791 

0.924 
0.813 
0,734 
0.690 
0.681 
0.720 
0.825 

0.12 
0.86 
0.95 
2.03 
2.94 
3,47 
4.12 

0. 949 
0,879 
0.844 
0. 834 
0. 859 
0.938 
1.087 

0.958 
0. 893 
0,861 
0,861 
0,891 
0. 979 
1. 147 

0,95 
1.57 
1.97 
3.14 
3,59 
4.19 
6.10 
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and on the value of coefficient b ~, which is determined 
from the Boyle curve of the gas examined. 

Verification of the method has been based directly 
an experimental data. To this end the data for nitro- 
gen [3] as  b a s e *  and fo r  CO 2 [4], CH 4 [5], C2H 4 [6], 
iC4H10 [7], Call ~ [8] as  t e s t  s u b s t a n c e s  w e r e  p r o c e s s e d  
and r e p r e s e n t e d  in Z--C0--T c o o r d i n a t e s .  As  s i m i -  
l a r i t y  r e f e r e n c e  po in t s  we  c h o s e  po in t s  on the  B o y l e  
c u r v e s  wi th  a v a l u e  Z o = 0 . 5 .  T h e  p a r a m e t e r s  of  the  
r e f e r e n c e  po in t s  and of  t he  quan t i t y  b '  w e r e  c a l c u l a t e d  
f r o m  (1) and (3). T h e  c o m p a r i s o n  was  m a d e  at  v a r i o u s  
v a l u e s  of  r e d u c e d  d e n s i t y  co i = OZN2 and wi th  ~i ==: ~ + 

• b' ( r~  - -  zN,). the  r e s u l t s  b e i n g  shown in T a b l e  1. 

I t  i s  w e l l  known tha t  a m i x t u r e  of  g a s e s  o f  c o n s t a n t  
c o m p o s i t i o n  in  a u n i f o r m  r e g i o n  b e h a v e s ,  in p r i n c i p l e ,  

a s  a s i n g l e  s u b s t a n c e .  T h i s  i s  due to t he  f a c t  t ha t  d i f -  
f e r e n t  s e c t i o n s  o f  t he  s u r f a c e s  o f  s t a t e  fo r  m i x t u r e s  

and fo r  p u r e  s u b s t a n c e s  do not  d i f f e r  q u a l i t a t i v e l y .  
F o r  t h i s  r e a s o n  t h e  r e l a t i v e  c o n s t r u c t i o n  o f  the  Boy le  
c u r v e  o f  a m i x t u r e  f r o m  the  B o y l e  c u r v e  of  t h e  b a s e  

s u b s t a n c e  a l s o  g i v e s  c u r v e s  of  s m a l l  c u r v a t u r e  d e -  
s c r i b e d  by Eqso (1) and (2), t hus  p e r m i t t i n g  the  p r o -  
p o s e d  c o r r e l a t i o n  to be  e x t e n d e d  to m i x t u r e s .  F r o m  
t h e  e x p e r i m e n t a l  d a t a  fo r  t he  m i x t u r e s  CH4--Cr [9], 

C3H8- -CO 2 [10], C2HG--C3H 6 [11] we e x t r a c t e d  B o y l e  
c u r v e s ,  d e t e r m i n e d  the  c o e f f i c i e n t s  of  (1) and (2), 
found t h e  p a r a m e t e r s  o f  t h e  r e f e r e n c e  p o i n t s  wi th  Zo= 
= 0 . 5 ,  and c a l c u l a t e d  v a l u e s  o f  b'o T h e  c o m p a r i s o n  

w a s  m a d e  fo r  v a r i o u s  v a l u e s  of  r e d u c e d  d e n s i t y  co i = 

= CON2 and wi th  ~i = TN ~ + b' ( ~ . - - ~ N : ) '  the  r e s u l t s  b e i n g  

s h o w n  in T a b l e  2.  
To  e v a l u a t e  t he  e f f e c t i v e n e s s  of  t he  c o r r e l a t i o n  

m e t h o d  d e s c r i b e d ,  we c o m p a r e d  v a l u e s  of  c o m p r e s s -  

i b i l i t y  o f  g a s e s  at  v a r i o u s  r e d u c e d  d e n s i t i e s  and t e m -  

p e r a t u r e s  c0 i = c0N2 and •i = TN 2- T a b l e  3 s h o w s  the  

c o m p a r i s o n  fo r  CO 2. 

It  m a y  be  s e e n  f r o m  the  c o m p a r i s o n  ( T a b l e s  1 and 
2) tha t  the  m e t h o d  d e s c r i b e d  m a y  be  u s e d  to c a l c u l a t e  
t he  t h e r m o d y n a m i c  p r o p e r t i e s  of  g a s e s  and t h e i r  m i x -  
t u r e s .  T h e  a c c u r a c y  a c h i e v e d  by t h e  m e t h o d  i s  c l o s e  
to  tha t  of  m e t h o d s  b a s e d  on c o n s t r u c t i o n  of  an  e q u a -  
t i o n  o f  s t a t e  fo r  e a c h  m i x t u r e  s e p a r a t e l y  [2]. 

Z = PV/RT-compressibility factor; a, b, c, and d-coefficients 

of Eqs. (I) and (2); Ti, Pi-current parameters of the Boyle curve of 

the test substance; T b, Pb-current parameters of the Boyle curve of 

the base substance; To. i. Po.i-parameters of reference point on the 
Boyle curve of the test substance; T o. b, Po. b-P arameters of refer- 
ence point on the Boyle curve of the base substance; co = P/P0; r = 
= T/T o. The subscript i refers to the test substance, and b to the base. 
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