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The tempera tu re  dependence of the f i rs t  cor rec t ion  in the density to the coefficient of 
v iscos i ty  of pure gases  is obtained on the basis  of an effective potential function of in t ra -  
molecu la r  interact ion.  The universa l i ty  of this dependence and the possibil i ty of its use 
to calculate the coefficient of v iscos i ty  of modera te ly  compressed  gases and the i r  binary 
mixtures  are shown. 

The coefficient of v iscos i ty  of a compressed  gas can be expressed as an expansion in powers of the 
density: 

= 4 0 ( J + s o + .  ) (1) 

whose coefficients are functions of the t empera tu re  and take account of the contributions of mult ipart icle  
col l is ions.  

In the domain of modera te  densit ies we can limit ourse lves  to the l inear  par t  of (1), where ce =770 -1. 
(0~/0 P)P=0 is a coefficient taking account of the contribution of tr iple collisions (the f i rs t  cor rec t ion  to 
the density). 

In dimensionless  form ~* =(~/b 0 this quantity should be a universa l  function of the reduced t e m p e r a -  
ture  T* = k T / g  (b0=2/37rNo ~, (r and ~ are  pa r ame te r s  of the Lennard-Jones  potential (12-16))for substances 
with a spher ical ly  symmet r i c  in t ramolecular  interaction,  This is verif ied by experimental  resul ts  on mon-  
atomic gases  and nitrogen [11. 

It is shown in [2, 3] that the in t ramolecular  interaction in any gas can be considered as spherical ly 
symmet r i c  if an effective potential function is used which is the potential (12-6) with tempera ture  dependent 
p a r a m e t e r s  r and ~ (T). 

The t empera tu re  dependence of this potential appears  because of taking the average of the interaction 
energy over  all possible mutual orientat ions of the interacting molecules [4]. 

Since the function mentioned can descr ibe both equilibrium and nonequilibrium proper t ies ,  the method 
used here is to determine the potential pa r ame te r s  or(T) and ~ (T) from data on the second vi r ia l  coefficient 
and the coefficient of viscos i ty  of a ra ref ied  gas. 

TABLE i .  

Gas o, A ~fl., ~ 

From the express ions  

i r  
Kr 
Xe 
Ne 
He 
N~ 
H~ 
1)z 

3.428 
3.965 
4.073 
2.776 
2.620 
3.66r 
2.947 
2.949 

t20.02 
165.5 
224. l 
37.18 
7.740 

95.92 
32.02 
34. t7 

8 = boB* (2) 

V ~  (3) 1]0 = 266.93 ~(2 ~)----~,- 

where B* andl2 (2.2)* are  the reduced second vir ia l  coefficient and the 
coll ision integral,  respect ively,  the following dependence can be ob- 
tained: 

rloB%/31i.64 V~-Y'T = B *% / n(~'2) * : 4" (T*) . (4) 
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TABLE 2 

Gas t. ~ ,~, .~ z/k, ~ 

CO 

CH4 

CO~ 

NH~ 

H20 

75 

--50 
0 

150 

20 
3t 

20 
30 

t50 
300 
4OO 

3.626 
3.638 
3.650 

3.744 
3.767 
3.770 

3.757 
3.771 

2.818 
2.827 

2.604 
2.660 
2. 722 

TABLE 3 

Source of 
Gas T ~ 

results 

102.5 Ar 
t01.3 Kr 
99.7 Xe 

Ne 
154.5 He 
t52.2 N2 
t49.2 H2 

D~ 
248.5 CO 

] 245.3 CH4 
I CO-z 

65t .4 NHz 
636.9 H20 

1 996. t 
[ 830.4 
I 710.5 

i. 44 --2.90 
t. 77--2. t0 

1.33 
6.0--t0.0 

28.8--48.2 
t .9t--3.89 
5.40--t3.21 
6.53--12.38 
2.18--3.49 
t. 44--2.84 
1.18--1.24 
0.45--0.48 
0.40--1.0 

[5--11] 
L~'. 121 

t,-;! 1~] 
l 5-~' ~l is-9] 

is, 14, 1~] [14] 
[141 
[14] 
Pq 

[[~q2q 

The s p e c i f i c  fo rm of the dependence  (4) is d e t e r m i n e d  by u s i n g  v a l u e s  of B* and f~(2.2)* t abu l a t ed  
in  [4l for  the po t en t i a l  (12-6).  Expanding  the data  in  ~/0 and B, we can  ca l cu la t e  9" by m e a n s  of (4) by u s i n g  
a s p e c i a l l y  c o n s t r u c t e d  g raph  of the dependence  of T* on 9" to f ind the va lue  of the r educed  t e m p e r a t u r e .  
The p a r a m e t e r  e / k = T / T *  is  d e t e r m i n e d  a f t e r w a r d s .  The a p p r o p r i a t e  va lue  of the p a r a m e t e r  ~ is  found 
f rom (2) o r  f rom (3). The po t en t i a l  p a r a m e t e r s  d e t e r m i n e d  by the me thod  d e s c r i b e d  for  s u b s t a n c e s  of c o m -  
p lex  m o l e c u l a r  con f igu ra t i on  ( e spec ia l ly  po la r )  depend e x p l i c i t l y  on the t e m p e r a t u r e ,  

The va lues  of ~ and e for  s imp le  ga se s  (mona tomic ,  n i t r oge n ,  hydrogen ,  deu t e r i um)  t u r n  out to be 
p r a c t i c a l l y  cons t an t ,  which a g r e e s  with the e s s e n t i a l  r e p r e s e n t a t i o n s  about  the na tu re  of i n t r a m o l e c u l a r  

i n t e r a c t i o n  in  these  g a s e s .  

The v a l u e s  of (r and ~ for  s imp le  gases  a r e  p r e s e n t e d  in Tab le  1 and for  ga se s  with complex  i n t r a -  

m o l e c u l a r  i n t e r a c t i o n  in  Tab le  2. 

The e x p e r i m e n t a l  da ta  on v i s c o s i t y  of s u b s t a n c e s  l i s t e d  in  T a b l e s  1 and 2 and the po ten t i a l  p a r a m e t e r s  

ob ta ined  were  u s e d  to ca l cu l a t e  the v a l u e s  of ~ * .  

The s o u r c e s  of t he se  data,  as  wel l  the r a n g e s  of the r e duc e d  t e m p e r a t u r e s  inc luded ,  a re  ind ica ted  

in  Tab le  3. 
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TABLE 4 

Mixture 

He--COz 

Ne--COz 

Ne--Ar 

Ne--N~ 

N~--Ar 

N e--He 

~,:, X 

3.188 

3.266 

3.102 

3.220 

3.546 

2.698 

~,3.85 

~3.95 

~6.80 

59.72 

07.2 

16.96 

0.1374 
0.4905 
0.9586 

0.2062 
0.4350 
D.6203 
0.7t03 
0.8762 

0.598 
0.332 
0.099 

0.2661 
0.5112 
0.7521 

0.t990 
0.3862 
0.5956 
0.7737 I 

0.741 
0.567 
0.350 
0.154 
0.05i 

X2 

0.8626 
O.5O95 
0.0414 

0.7938 
0.5650 
0.3797 
0.2897 
0.t238 

0.402 
0.668 
0.901 

0 7339 
0.4888 
0.2479 

0.80t0 
0.6138 I 
0.4054 
0.2263 

0.259 
0.433 
0.650 
0.846 
0.949 

8.700 
7.094 
2.576 

8.68 
10.23 
10,59 
10.45 
9.67 

9.83 
t3.87 
t7.26 

t5.73 
12.53 
9.78 

23.48 
22.82 1 
22.27 
2t .95 l 

t .814 
0.977 
O, 170 

--0.33t 
--0.509 

n% 

8. 740 
7.683 
2. 732 

9.02 
10.61 
10.7t 
10.48 
9.57 

6.t0 
tl .95 
16.05 

15.44 
1t .03 
7.55 

23.44 
22.62 
22.09 
21.6~ 

2.170 ] 
1.383 , 
0.305 
0.279 

--0.65i 

S o u r c e  of 
expfi. 
results 

[~31 

Pq 

[~] 

Pq 

The dependence  of ~* on T *  g a s e s  as  ob ta ined  f rom the e x p e r i m e n t a l  r e s u l t s  is r e p r e s e n t e d  in the 
f i gu re :  1) He, 2) Ne, 3) Kr ,  4) Xe, 5) Ar ,  6) H2, 7) D2, 8) N2, 9) CO, 10) CO2, 11) CH4, 12) NH3, 13) H20. 

Th i s  dependence  is  d e s c r i b e d  a n a l y t i c a l l y  by an app rox ima te  e x p r e s s i o n  obta ined  by l ea s t  s q u a r e s  

a* = - 0.151955 -~- 2.541259T *-I -- 3.108299T *-2 ~- 0.527637T *-~ -4- 0.507413T *-4 -- 0.230422T *-5 * (5) 

The s p r e a d  of the po in t s  a r o u n d  a cu r ve  c o n s t r u c t e d  by u s i n g  (5) wi l l ,  as a ru le ,  c o r r e s p o n d  to t o l -  
e r a n c e s  in  the v a l u e s  of ~ ob ta ined  by the au tho r s  of the e x p e r i m e n t a l  r e s u l t s .  

The i n v e s t i g a t i o n  conduc ted  p e r m i t s  a r r i v a l  at the deduct ion that  the t e m p e r a t u r e  dependence  of the 
f i r s t  c o r r e c t i o n  in the dens i ty  to the coef f ic ien t  of v i s c o s i t y  is  u n i v e r s a l ,  s ince  it t u r n s  out to be va l id  for  
s u b s t a n c e s  of d i f fe ren t  n a t u r e .  

The concept  of an a n o m a l o u s  dependence  of the coef f ic ien t  of v i s c o s i t y  of w a t e r  va po r  and a m m o n i a  
on the p r e s s u r e  is f a l se ,  O the r  p o l a r  s u b s t a n c e s ,  for  example ,  a lcohols ,  a r e  p robab ly  a lso  c h a r a c t e r i z e d  
by  a nega t ive  in f luence  of the p r e s s u r e  on the coef f ic ien t  of v i s c o s i t y  in  the r ange  of r educed  t e m p e r a t u r e s  
T* < 1.0. Th i s  a s s u m p t i o n  r e q u i r e s  e x p e r i m e n t a l  v e r i f i c a t i o n  by u s i n g  p r e c i s e  m e a s u r e m e n t s  of the v i s -  
cos i ty  of gaseous  a lcohols  at m o d e r a t e  p r e s s u r e s ,  

The u n i v e r s a l  dependence  ob ta ined  can  be u s e d  a l so  to eva lua te  the coef f ic ien t  of v i s c o s i t y  of m o d e r -  
a te ly  c o m p r e s s e d  gas m i x t u r e s .  

The a n a l y s i s  conducted  showed that  the f i r s t  c o r r e c t i o n  in the dens i ty  for  a b i n a r y  m i x t u r e  can  be 
e x p r e s s e d  by ana logy  with the second  v i r i a l  coef f ic ien t  as 

a m  : aTx~ 2 -4- 2 a ~ x ~ x j  -4- ~ i x i  2 �9 (6) 

The t e r m  ~ i j  t ak ing  account  of the d i v e r s e  i n t e r a c t i o n s  is  d e t e r m i n e d  by u s i n g  the ru le  of c o m b i n a -  
t ion:  

(5) .  

z~j = 1/2 (z~ -4- ~j) (7) 

U,z] ~ 2 ] 3 ~ i V o i j s a l j  * o 

(9) 

The quan t i ty  cqj* is  a l so  a u n i v e r s a l  funct ion  of the r educed  t e m p e r a t u r e  and is ca l cu l a t ed  by u s i n g  

Such an app roach  p e r m i t s  ob t a in ing  v a l u e s  of o~ m to suf f ic ien t  a c c u r a c y  by m e a n s  of data for  pure  
c o m p o n e n t s  without  r e l y i n g  on e x p e r i m e n t a l  r e s u l t s  on the v i s c o s i t y  of the m i x t u r e  at e leva ted  p r e s s u r e s .  
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The above is illustrated in Table 4, in which the computed am (~) and experimental a m(2) values of the 
f i rs t  correct ion in the density for the mixtures (cm~mole) o f  He-CO2, Ne-CO2, N e - A r ,  Ne-N2, N2-Ar  , 
and Ne--He are compared at t =200C. 

The discrepancies between the calculated and experimental results  are not large and are commen-  
surate  withthe e r r o r  in the values a of the pure components as determined from test  data on the viscosity. 
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