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The method  of  h a l f - s p a c e  m o m e n t s  [1] is used to de r ive  an analy t ic  e x p r e s s i o n  for  the v e l o c -  
i ty of  i s o t h e r m a l  c r e e p  of a b ina ry  gas  m ix tu r e  a long a f lat  s u r f a c e .  The d i s t r ibu t ion  func-  
t ions  f o r  the ga s  m o l e c u l e s  a r e  found f r o m  the solut ion of the Bol tzmann  kinet ic  equat ion 
with a mode l  co l l i s ion  in tegra l .  

We a s s u m e  that  a b ina ry  mix tu re  of g a s e s  with dens i t i e s  n 1 and n 2 and m o l e c u l a r  m a s s e s  m~ and m 2 
f i l l s  the x > 0 h a l f - s p a c e  above the x = 0 plane.  F a r  f r o m  the s u r f a c e ,  the gas  mix tu re  is moving  a long the 
y ax is  at  some a v e r a g e - m a s s  v e l o c i t y  u~o = u 0 + (du/dx)~ x, whe re  the g rad i en t  of the a v e r a g e - m u s s  ve loc i ty ,  
(du/dx)~, is a s s u m e d  given,  and u 0 is the ve loc i ty  of i s o t h e r m a l  c r e e p ,  which is to be de t e rmined .  We a lso  
a s s u m e  

u| <<v~. (1) 

Here  V i is the a v e r a g e  t h e r m a l  ve loc i t y  of componen t  i in the m i x t u r e .  The med ium is a s s u m e d  h o m o -  
geneous  a long  the z d i r ec t ion .  

The b e h a v i o r  of the s y s t e m  is gove rned  c o m p l e t e l y  by the d i s t r ibu t ion  funct ions  fi f o r  the molecu le s  
of c o m p o n e n t  i. These  funct ions  a re  the so lu t ions  of a s y s t e m  of two Bo l t zmann  kinet ic  equat ions ,  which 
can  be wr i t t en  in this c a s e  as  [2] 

Of~ Of~ -- v ~ i ( M ~ - - f  i) --', vlj(Fr --f~) (i = 1, 2). (2) 
v~i Ox -- vU~ Oy 

H e r e  

�9 ]l~/i = ni  ~ - ~ 7 - k T -  J exp - -  2 k T  ~ ; 

M i == n i ( mi 13/2 mi [v~ -~ (vui- -  uJ '  --  v~i] ] .  

2kT I ' 

m i ff~=~lUlT-~2u2; ~t l -  ( i =  1, 2); 
mx -!-: m2 

vii and  vii a r e  the ana logs  o f  the f r e q u e n c i e s  of co l l i s ions  between m o l e c u l e s  of the same  spec i e s  and between 
d i f fe ren t  m o l e c u l e s ,  and v i is the ve loc i t y  of the m o l e c u l e s  of c o m p o n e n t  i. 

The quan t i t i e s  n i, u i, and T a r e  d e t e r m i n e d  f r o m  

9i = m~ni = m i i f~ (x, y, v) dr, ,  

u --  PlUl -" P2U~ 1 (m 1 j flvyld v l .  m2 f f2v,j~ dr2) ' 
Pl -? P~ Pl -? 9.2 

3 (n 1 -? n2) 
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and in t eg ra t ing  o v e r  the en t i r e  c o r r e s p o n d i n g  ve loc i t y  s p a c e ,  we find a s y s t e m  of d i f f e r en t i a l  equa t ions  f o r  
the funct ions  aoi(X) and a~i(x): 

1 da~ 1 ] / 7  da~ 
--+= 4 ~dx -- 8 - -  dx - K, V g  (a~ + ~ )  + ~ -  T -~- (8) 

[ 1 1 ] ~-- d a +- : d t ( a ~ + a ~ ) •  1 ( a ~ - - a 7 7 ) -  a ~ - - - -  ~ F g a ~  . 
1 l / a  - -  oi a ~ = K i  -4- --8--  8|,"-g 4 8 
8 dx dx L 

H e r e  the p a r a m e t e r  K i i s  d e t e r m i n e d  f r o m  the boundary  condi t ion a t  infinity,  i .e . ,  f r o m  the r e q u i r e -  
m e n t  tha t  the funct ions  in (4) s a t i s f y  s y s t e m  (2) in the l imi t  x ~ :r w h e r e  ~i ~ 0. F r o m  this  condi t ion we 
find 

�9 1.o 
Ki = , ~ f -  % '  =- vu) - B, 

The solut ion  of Eq.  (8) i s  

a~ = CF-~i ", 

where  

K, (a --2) 

a~ = ~iie-C~i x, a~ = ~zie-~i x , 

--- g - - 2  
% ~- l " 2  - - -  K i ;  

4 - - n  

el-- i ~ C531C--C~ix 

4 ] / -~  cq -'7 4Ki - -  2Kia~ - -  a~a/~, 1 

(a --2) a~ Ci = 8.,.iC5 
t / ' g %  --  2 K i -  Kin 

{ (n - -2 )  % 2a, r 4 V ~ % q _ 4 K , _ 2 K ~ a _ a a / 2 a ~  J} C~=~8~C,. 
%* = t ' g ~ ,  -F 2K, - -  Kin K, (a - -  2) [ ] f ig  cz, + 2K, - -  Kin 

The c o n s t a n t s  C, and C= and the quan t i t i e s  ul0 and %o a r e  found f r o m  boundary  condi t ions  (3) to be 

2 - -q ,  B , ( d u )  

u , o = -  - - 2 q  I - - -  ~ , §  % dx ,= t,--mT-z ,) " 

(io) 

(Ii) 

Using (11), we find the c r e e p  ve loc i t y  of a b i n a r y  gas  m i x t u r e  a long a f la t  s u r f a c e  to be 

uo= V 2 - ~  ( ( 1 - - q O S n - - I  [ 2--q~ ] 
2ql 8~ + ( l - -  ql) 831 nl ~ B~ 

2q2 8=2 + (t - -  q2) 8a2 t h ].#m--~. B~ \ dx / | 

(12) 

We tu rn  now to the c a s e  of the i s o t h e r m a l  c r e e p  of a s i n g l e - c o m p o n e n t  ga s .  F o r  th is  c a s e  we le t  the 
dens i ty  of one c o m p o n e n t  of the m i x t u r e  (say ,  the second)  van i sh .  Then  the second t e r m  in (12) v a n i s h e s ,  
B 1 and p b e c o m e  

5 
B 1 = ] # g  )~, 9 = nlm i. 4 (13) 

Then f r o m  (12) we find 

whe re  

5 V---'~ I (]--ql) 811--t 1 2--~1 ( d~ 1 ~ u0 = - - i -  2q~ ~ + (1--ql) 8~, ~--JZ/~ (14) 

[3u=0,230; 8~1=--0 .979 :  8 a = 0 . 1 1 0 .  (15) 
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In the case  q = 1 (the case  of pure ly  diffuse ref lect ion) ,  we find f rom (14), using (15), 

This  r e su l t  d i f fers  by only 2% f rom the i so the rmal  c reep  veloci ty  found in [4]. 
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