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A method is presented for ca l cu la t ing  the viscosity of a m u l t i c o m p o -  

nent mix ture ,  based on the use of po ten t ia l  functions with var iable  
parameters o(T) and s(T). It is shown that the agreement of theory 
with experiment is good. 

Since the avai lab le  e x p e r i m e n t a l  data on v i s cos i t y  
of gas m i x t u r e s  is l imi ted ,  t h e o r e t i c a l  methods  which 

would allow the v i s c o s i t y  ~m to be d e t e r m i n e d  f rom 
data on the pure  const i tuents  a r e  ve ry  impor tan t ,  
e spec ia l ly  at high t e m p e r a t u r e s .  On the bas i s  of the 
s t r i c t  k inet ic  theory  of mul t i eomponent  gas m i x t u r e s  
the v i s c o s i t y  of a v -component  m ix tu r e  is g iven by the 

e x p r e s s i o n  [1] 
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The v i s c o s i t i e s  of pure  subs tances  ~i and the quan-  
t i t i e s  ~?ij a re  g iven  by the e x p r e s s i o n s  

] / T M i  f[31, (2) 
" l . , "  107=266'93 ,~ I'~ ' , )* * 

~ T Q i  " ' ~  (Te) 

1/ 2MiMiT/M ~ + M j  f},~) 
% - 1 0 ; =  266.93 Z T ~ 7 ~ T  . (3) 

In these formulas, xi and M i are the mole fraction 
and molecular weight of the i-th component; T is the 

absolute temperature; T* = kT/E is the reduced tem- 

perature; g and e are the parameters of the inter- 
molecular interaction function; A* = ~2( 2" 2)*/~(I.I)* 
is the ratio of relative collision integrals. 

In spite of a c e r t a i n  awkwardness ,  f o rm u la  (1) has 

the undoubted advantage of being based on theory.  It 
may t h e r e f o r e  be used for  any t e m p e r a t u r e  reg ion  (in- 
eluding also high t e m p e r a t u r e s ) ,  and for any mix tu re ,  
r e g a r d l e s s  of the number  of components .  It should be 
noted that (1) gives  a f i r s t  app rox ima t ion  for  the v i s -  
cosi ty  of a mix ture .  However ,  as has been shown in 
[2], the d i f fe rence  f r o m  the second approx imat ion  is 
usual ly  a quantity on the o r d e r  of 1%. It may t h e r e -  
fo re  be neglec ted  without d e t r i m e n t  to the accu racy  of 
the ca lcu la t ions .  

The use of (1)-(3) is  n e v e r t h e l e s s  r e s t r i c t e d  b e -  
cause,  fo r  m i x t u r e s  with components  widely d i f -  
f e ren t  in m o l e c u l a r  s t ruc tu re ,  t he r e  is no s ingle  po -  
ten t ia l  which would p e r m i t  c o r r e c t  computa t ion  of the 
i n t e r ac t i on  be tween the d i s s i m i l a r  m o l e c u l e s  of the 

components .  In addition, in many cases ,  with complex  
subs tances ,  it is  not poss ib le  to choose  one or  the o ther  
of the known in t e r ac t i on  potent ia l s  and thence c a l c u -  

la te  the viscosity ~i' 
The object of the present paper is to showthatthese 

difficulties may be overcome by using a method de- 

veloped by one of the authors [3], which allows a uni- 

form description of all the thermophysical properties 
of a substance. This method is based on the possi- 

bility of representing the intermolecular interaction 

of any complex molecules by some meanpotential func- 

tion with temperature-dependent potential parameters: 

u = 4e (T) { to (T)/r]a2 _ to (T)/r] 6 }. (4) 

In the first place this procedure successfully de- 
scribes the properties of the individual substances 
(components) at moderate and high temperatures with 
an accuracy sufficient for practical purposes. The 
method has shown that the single potential parameters 
or(T) and ~(T) give a reliable description not only of 
the equilibrium properties, but also of the transport 
coefficients of the gases over a wide range of param- 
eters, including the high-temperature region. This 
has been verified for a large number of different sub- 
stances (about 30), composed of both simple and comp- 
lex molecules, including the polar gases H20, NH 3, 
HF, HCI, and others. Thus, in calculating the vis- 
cosity of a mixture consisting of components of dif- 
ferent complexity, it is possible to obtain reliable 
data on the viscosity T/i over a wide enough tempera- 

ture range. 
Secondly, the fact that any intermolecular inter- 

action, independently of the structure of the colliding 
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Table 1 
Compar i son  of Calculated Values of Viscosi ty of Hz--CO 2 

Mixtures with Exper imenta l  Values [4] 

xH~, % 

0 
ii.79 
t9.93 
41.29 
59.46 
78.50 
88.88 

100.00 

mean el's % 

T = 4 0 0  ~K 

experiment calculatiol 

1944 1897 
1951 1899 
1945 1897 
1933 1878 
1878 1824 
1713 1669 
1526 1483 
1081 1090 

2.44 

~.10', g/cm. sec 
T ~ 5 0 0  ~ 

experimem 

2353 
2360 
2358 
2321 
2239 
2026 
1783 
1256 

T = 5 5 0  ~ K . _  

calculation experiment calculation 

--2312 2555 
2308 [ 2554 
2302 2542 
2265 ] 2506 
2184 2471 
1976 2173 
1740 1904 
t264 t34t 

2.09 

2515 
2508 
2500 
2452 
2356 
2122 
1861 
1346 

2.10 

molecules ,  is desc r ibed  by the single potent ia l  func-  
t ion (4), gives a bas i s  for the use of the function to 
desc r ibe  the in t e rac t ion  of nonhomogeneous molecules .  

This  makes  it poss ib le  to calculate  coeff icients  in a c -  
cordance  with (3), in which the co l l i s ion  in tegra l s  
~q(2.2)* tabulated in [1] for the potent ia l  (4), may be 
used. Fo r  this purpose  it is n e c e s s a r y  to know the 
potent ia l  p a r a m e t e r s  aij  and eij. When components  i 
and j a re  composed of spher ica l  molecules ,  ai j  and 
eij, as is known, may be re l i ab ly  de te rmined  a c c o r d -  
ing to the fol lowing emp i r i c a l  re la t ions :  

1 (cr~ + gi), V e ~ / .  (5) (~i] = ~ Ei 1' = 

Since the model  co r r e spond ing  to potent ia l  (4) with 
v a r i a b l e  p a r a m e t e r s  or(T) and e(T) is  a gene ra l i zed  
model  of a p s e u d o - s p h e r i c a l  gas (with c e n t r a l l y - s y m -  
me t r i c  forces) ,  for a mix tu re  with any components  
the mos t  probable  ru les  for combin ing  the potent ia l  
p a r a m e t e r s  mus t  be the ru les  (5). 

In the p r e s e n t  work we calcula ted the v i scos i ty  of 
m i x t u r e s  accord ing  to (1)~(3), u s ing  the i n t e r m o l e c -  
u l a r  i n t e rac t ion  potent ia l  funct ions (4 )and  the c o m -  
b ina t ion  ru les  (5). Fo r  this  purpose  it  was n e c e s s a r y  
to know only the potent ia l  p a r a m e t e r s ,  or(T) and e(T), 
of the pure  components .  There  p a r a m e t e r s  are  given 
in Tables  3 and 4 for  some gases.  Viscos i t i es  were  
ca lcula ted  for  20 b ina ry  m i x t u r e s  and for  a n u m b e r  of 
mul t i componen t  m ix tu re s  for  which expe r imen ta l  data 
appear  in  the l i t e r a t u r e ,  and a compar i son  with ex -  
p e r i m e n t  was made.  The mix tu re s  compr i s ed  gases  
of d i f ferent  complexi t ies ,  H2, 02, N2, CO2, CH4, C2H4, 
NH3, }t20 , etc. 

It should be noted that for all the mix tu res  checked, 
both b inary  and mul t icomponent  (Fig. 4), good a g r e e -  
ment  (3% or bet ter)  with expe r imen t  was found. It is 
impor tan t  to s t r e s s  he re  that  good r e su l t s  were  also 
obtained for  sys t ems  which had a far  f rom l i nea r  de-  
pendence of v i scos i ty  on composi t ion (Hz---CO2, Table 
1). 

There  is na tura l ly  very  great  i n t e r e s t  in  the r e -  
sul ts  of compar i son  with mix tu re s  whose components  
co r re spond  to var ious  molecu la r  models  and cannot 
be desc r ibed  by the c l a s s i ca l  L e n n a r d - J o n e s  po ten-  
t ia ls  with cons tants  e and u. 

In this  r e spec t  m ix tu re s  containing a po la r  c o m -  
ponent  are  typical .  For  all  such complex sys t ems  

on which the re  a re  expe r imen ta l  data (iXIH~---H2, 
NI-I3--O2, NH~---N2, NHz--C2tt4, etc. ), good a g reemen t  
with expe r imen t  (1-3%) is observed.  As an i l l u s t r a -  
t ive example  we shall  make a compar i son  with the 
expe r imen ta l  data of [4] for the mix ture  NH3--C2H 4 
in Table 2 and NH3--N 2 in Fig. 1. 

An except ion is  the unique mix ture  of 50% H20 
and 50% N 2 shown in Fig. 2, for  which cons ide rab le  
d i s c r epanc i e s  (on the o rde r  of 15-20%) with the ex -  

p e r i m e n t a l  data [5] were  observed.  As r ega rds  the 
data of [5], it should be noted that they fall  outside the 
genera l  r e la t ion  observed  for the v i scos i ty  of b ina ry  
mix tu res .  In the f i r s t  place,  the fact should be borne  
in mind that these  data p r ac t i ca l l y  coincide with the 
v i scos i ty  of pure  water  vapor.  Secondly, if, us ing  
the data of [5], we t ry  to cons t ruc t  the dependence of 
mix tu re  v i scos i ty  on composi t ion,  as in Fig. 3, the curve 
~?m = f ( x )  is  seen to be anomalous  (there is  a steep 

Table 2 

Compar i son  of Calculated Values of Viscos i ty  of 
NHz--CzH 4 Mixtures  with Expe r imen ta l  Data [4] 

~.loL g / e r a  �9 sec 
XC2H 4 , % 

0 
11.33 
19.29 
30.39 
42.28 
70.07 
89.04 

100.00 

m e a D .  erEO'gp ~o 

7"=473.15  ~ K T = 5 2 3 . 1 5  ~ K 

experiment calculation 

1646 1646 
1647 1631 
1648 1621 
1639 1608 
1622 1590 
1595 1571 
I561 1558 
1541 1550 

1.09 

experiment calculation 

1813 1848 
1809 1821 
1805 1805 
179l 1783 
1764 1750 
1729 1713 
1689 1685 
1666 1670 

0.66 
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I] .10 7 

7500 

2000 

0 02 ~,r 0.6 0.8 X~ 

Fig.  1. Dependence of the v i s c o s i t y  of 
the mix tu re  NH:r--N 2 ( g / c m .  sec)  on c o m -  
pos i t ion  and t e m p e r a t u r e :  1) at 523.15 ~ 
K; 2) 473.15 ~ K; a) da ta  of p r e s e n t  paper ;  

b) e x p e r i m e n t a l  da ta  of [4]. 
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I 3t00 
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Fig.  3. Dependence of v i s c o s i t y  ~? ( g / c m - s e c )  
of a 50el H~O--50% N 2 mix tu r e  on compos i t i on  
at t e m p e r a t u r e  718.55 ~ K: 1) a c c o r d i n g  to a 
l i n e a r  law; 2) a cco rd ing  to the e x p e r i m e n t a l  
da ta  of [5]; 3) a c c o r d i n g  to the da ta  of the p r e -  
sent  paper ;  4) a c c o r d i n g  to the Wilke f o r m u l a  
[6]; 5) a c c o r d i n g  to the method of r e f e r e n c e  

[7]; 6) a c c o r d i n g  to the method of [8]. 

i 

~000 ~ 

2~00 

3000 

2500 

2006 
800 800 I000 

Fig.  2. Dependence on T(~ of 
the v i s cos i t y  ~ ( g / c m '  sec) of a 
mix tu re  of 50% (molar)  H20 and 
50% N2: 1, 2, 3 ,4)  ca l cu la t ed  
cu rves  f rom the da ta  of the p r e -  
sent  pape r ,  f rom the Wilke f o r -  
mula  [6], and by the methods  of 
[7] and [8], r e s p e c t i v e l y ;  5, 6) 
e x p e r i m e n t a l  cu rves  for  N 2 and 
HzO; the points  a r e  e x p e r i m e n -  

ta l  of [5]. 

1 
3000 

250O 

o ~  2 

2000 

/5000 200 (,00 600 ~ t 

Fig.  4. Dependence of v i s c o s i t y  
( g / e r a .  see)  of a m ix tu r e  of 

19.82% CO2--79.54% N2--0,649~ 02 
on t e m p e r a t u r e  t (~ 1) a c -  
co rd ing  to the da ta  of the p r e s e n t  
pape r ;  2) a c c o r d i n g  to the e x p e -  

r i m e n t a l  da t a  of [9]. 
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negat ive  s lope of 7? m with v i s c o s i t y ,  c a l cu l a t ed  a c -  
co rd ing  to a l i n e a r  law). F o r  b ina ry  mix tu re s ,  as a 
ru le ,  the o b s e r v e d  behav io r  of the curve  is  the op-  
pos i t e  (Fig. 1). 

F i g u r e  2 a l s o  gives  va lues  of v i s c o s i t y  ca l cu l a t ed  
by o ther  independent  methods ,  d e s c r i b e d  in r e f e r e n c e s  
[6, 7, 8], and our  da ta  p r a c t i c a l l y  coinc ide  with the 
r e s u l t s  of these  ca l cu l a t i ons ,  t h e  d i s c r e p a n c i e s  be ing  
not m o r e  than 2%. This  in tu rn  c o n f i r m s  the c o r r e c t -  
nes s  of our  ca l cu l a t i ons ,  and is  a l so  ev idence  that  the 
da ta  of [5] should be c o n s i d e r e d  a p p r e c i a b l y  too low. 

Tab l e s  3 and 4 give the poten t ia l  p a r a m e t e r s  of 
s e v e r a l  g a s e s  used  for  ca l cu l a t i ng  the v i s c o s i t i e s  of 
the m i x t u r e s  i l l u s t r a t e d  in F igs .  1 - 4 .  These  p a r a m -  
e t e r s  were  found by the method d e s c r i b e d  in [3]. It 
may be seen  f rom the tab le ,  that  the dependence  of 
the po ten t ia l  p a r a m e t e r s  on t e m p e r a t u r e  i s  the s t r o n -  
ge t ,  the m o r e  complex  the gas  molecu le .  F o r  d i a t o m -  
ic g a s e s  (N2, 02) the po ten t i a l  p a r a m e t e r s  do not 
change a p p r e c i a b l y  with change of t e m p e r a t u r e ,  s ince  
t h e i r  m o l e c u l e s  do not p o s s e s s  a p p r e c i a b l e  a s y m m e t r y .  
Constant  po ten t i a l  p a r a m e t e r s  of t he se  g a s e s  have 
been given r e p e a t e d l y  in the l i t e r a t u r e ,  but they  we re  
su i tab le  fo r  c a l cu l a t i ng  e i t he r  the second  v i r i a l  c o e f -  
f ic ien t  a lone,  o r  the v i s c o s i t y  alone.  Although the a 
and e / k  given in the p r e s e n t  p a p e r  fo r  d i a tomic  gases  
may  be c o n s i d e r e d  p r a c t i c a l l y  cons tan t  fo r  c a l c u l a t -  
ing v i s c o s i t y ,  t h e i r  value  r e s t s  in the fact  that  they 
a r e  unique fo r  c a l cu l a t i ng  both t r a n s p o r t  and t h e r -  
modynamic  p r o p e r t i e s .  M o r e o v e r  , i t  should be kept  
in mind tha t  the  quant i ty  e e n t e r s  into the  f o r m u l a s  
for  ca l cu l a t i ng  the second  and th i rd  v i r i a l  c o e f f i c i e n t s  
at the th i rd  and s ixth  power ,  r e s p e c t i v e l y .  T h e r e f o r e  
a s m a l l  e r r o r  in e may  lead  to l a r g e  e r r o r s  in c a l -  
cu la t ing  the v i r i a l  coef f ic ien ts .  Table  5 gives  the 
v i s c o s i t i e s  of pu re  g a s e s  c a l cu l a t ed  on the b a s i s  of 
the po ten t i a l  p a r a m e t e r s  obta ined  in th is  pape r .  

Thus,  the  fo l lowing conc lus ions  may  be drawn:  
1. The use  of the po ten t i a l  funct ion (4) with v a -  

r i a b l e  po ten t i a l  p a r a m e t e r s  p e r m i t s  a r e l i a b l e  d e -  
s c r i p t i o n  of the v i s c o s i t y  not only of pu re  componen t s ,  
but a l so  of m i x t u r e s .  

2. The method of ca lcu la t ing  the v i s c o s i t y  of a 
mix tu re ,  us ing  the exac t  f o r m u l a s  of k inet ic  theory ,  
the p r o p o s e d  poten t ia l  function with v a r i a b l e  p a r a m -  
e t e r s ,  and the combinat ion  r u l e s  (5), is  a u n i v e r s a l  
one, g ives  high accu racy  in p r a c t i c e ,  and may be used  
for  any mul t i eomponent  mix tu re  ove r  a wide t e m p e r a -  
tu re  range ,  inc luding  the h i g h - t e m p e r a t u r e  region.  
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