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We investigate the effect of the t r ansve r se  velocity component at a g a s - p l a t e  boundary on 
the flow regime of a two-component  raref ied  gas between two paral lel  plates with sinu- 
soidal concentrat ion distribution on the lower plate. 

We consider  the i so thermal  flow of a two-component  raref ied gas between two parallel  plates with a 
sinusoidal concentrat ion distr ibution on the lower plate. 

We choose theX and Y axes, respect ively,  along, and along the normal  to the surface of the lower 
plate. The concen t ra t ion  on the upper plate (Y = d) is constant and equals Cd, and on the lower plate the 
concentrat ion is of the fo rm 

C=Co(1 + a s i n  2~__XX).L 

We assume the following quantities to be small: the rat io (c0-cd)/C0, the coefficient ~, and the ratio 
of the mean free path of gas molecules  to the wavelength L of the concentrat ion variat ion.  For  c o e c d and 
c~ = 0, there is a t r ansve r se  motion of gas between the plates.  For  oz e 0 on the Iower plate there is diffu- 
sion slip, as a resul t  of which there a r i s e s  slow macroscop ic  motion (the velocit ies u and v are  small).  

We seek the p ressure ,  density, and concentrat ion distributions in the form 

P -=po( l+~) ,  p = p o ( l q - ~ ) ,  c = c o ( l + ~  ). 

The quantities with subscr ipts  zero  cor respond  to the undisturbed lower plate (~ = O, c = c0), 4, ~, and T 
are  smal l .  

Disregarding products of smal l  quantities, we write the sys tem of equations [1] 

O__K_u - Ov 
Ox t- ~U = O, (1) 

O~ = ~ , h u ,  (2) 
0x 

0~. = ~ ,~v ,  (3) 
0y 

h~ = 0, (4) 

= a + m'~. (5) 

Here we have introduced the following notation: 

X m 

2~X 2~Y 2a~t ' - - - - ,  y - -  , ~,, = , 
L L poL 

m = I 9~ 

Pc 
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F i g .  1. S t r e a m l i n e s  c o r r e s p o n d i n g  to  the  s t r e a m  

w h e r e  

func t ion  (22). 

We now s t a t e  the  b o u n d a r y  c o n d i t i o n s .  On the 
l o w e r  p l a t e  we m u s t  use  a cond i t i on  tha t  t a k e s  accoun t  
of  d i f fu s ion  s l i p  [2, 3].  F u r t h e r m o r e ,  we c o n s i d e r  
the  n o n z e r o  t r a n s v e r s e  v e l o c i t y  c o m p o n e n t  a t  the  gas  
- w a i l  b o u n d a r y  [4]. 

A c c o r d i n g l y ,  the  b o u n d a r y  cond i t i ons  (in the  
s a m e  a p p r o x i m a t i o n  a s  f o r  the  equat ion)  a r e  of the  

fo l lowing  f o r m :  

f o r  y = 0 

( ou = 0% o ,  + (6) 

& (7) - v ( I  -Co) = a ~ - y ,  

"c = a sin x, (8) 

(2 - -  h a~  
f r  

a2 = 2=9~176 T~2= ]]U2 (RI/2 , 

(9) 

<~ = pc \ ~ . ~  / ]coRi/~ + (1 - co) ~V-~], 

2aD~co . 
a 4  . = z  - -  ~ 

L 

f o r  y = 2~rd/L,  we use  a cond i t i on  s i m i l a r  to (6), and a l s o  the  cond i t i ons  

0"~ (10) -v (1  - c ~ )  = a,-~-y, 

C d - -  C o T = ~ .  (11) 
CO 

Solving Eq, (4) with conditions (8) and (11) (assuming the quantity exp { -2~d /L }  to be negligible), we 
o b t a i n  

L (cd - -  co) 
= a exp { - -  g} sin x + 

2udc o 

E l i m i n a t i n g  u and v f r o m  (1)-(3),  we ob ta in  the  e q u a t i o n  

A~ = O, 

wh ich  h a s  the  s o l u t i o n  

= 2~,b 1 exp { - - y }  sin x + 2~*,b2g. 

v- (12) 

The  c o e f f i c i e n t s  b 1 and b 2 wi l l  be d e t e r m i n e d  be low.  

Us ing  (12) and (14), we s o l v e  Eq .  (2) with b o u n d a r y  c o n d i t i o n s  (7) and (10): 

u = exp { - -  Y} cos x (k - -  big ), 

v = exp { - -  y} sin x (A 2 + big ) + b2Y ~ -~- A1, 

w h e r e  
& = _ a4 (cd -- co) L 

c o (1 ~ co) 2~d 

A2 a~rz , 
1 - -  co  

te == w a2 a 
a a ~ 2a 1 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

Subs t i t u t i ng  (15) and (16) in to  ( t ) ,  we o b t a i n  
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Hence ,  

b l = k + A 2 ,  b 2 = 0 .  

u = exp { - -  y} cos x [k - -  (k + A2) y], (20) 

v = exp { - -  y} sin x [A 2 + (k + A2) y] + A 1 (21) 

In  the  a p p r o x i m a t i o n  a s s u m e d ,  the  l ong i tud ina l  v e l o c i t y  i s  z e r o  on the  u p p e r  p l a t e .  

On the b a s i s  of (17) and (18) we i n t r o d u c e  the s t r e a m  func t ion  

T = exp { - -  y} cos x [A 2 + (k + A2) y] - -  A,x. (22) 

The  f low h a s  pe r i od27 r .  Us ing  (18) and (19), we o b t a i n k + A  2 > 0 .  If a d <c0,  t hen  A t >0 ;  f o r  c d >c0,  
we have  A i < 0. In the  f i r s t  c a s e  t h e r e  i s  a s i n g u l a r i t y  at  x = 3 n / 2 ,  7 ~ / 2 ;  in  the  s e c o n d  c a s e ,  a t  x = l r / 2 ,  
5 v / 2 .  So lu t ion  of the  c h a r a c t e r i s t i c  e q u a t i o n  shows  tha t  the  s i n g u l a r i t y  i s  a s a d d l e  point .  F i g u r e  1 shows  
s t r e a m l i n e s  c o r r e s p o n d i n g  to  (22), f o r  k < 0.  

A s  in  [1], ~ i s  of s e c o n d  o r d e r  of s m a l l n e s s ,  and t h e r e f o r e  (r ~ - m ~ .  

If c 0 = c d, t hen  a c c o r d i n g  to  (17), we have  A i = 0.  In th i s  c a s e ,  both  the  l ong i t ud ina l  and t r a n s v e r s e  
v e l o c i t i e s  equa l  z e r o  on the  u p p e r  p l a t e .  

D i s r e g a r d i n g  the  e f f ec t  of  the  t r a n s v e r s e  v e l o c i t y  c o m p o n e n t  at  the  g l a s s - w a l l  b o u n d a r y  ( i .e . ,  r e p l a c -  
ing  cond i t i ons  (7) and (10) by  the  cond i t i on  v = 0 f o r  both  p l a t e s ) ,  we ob ta in  

u -- k (1 - -  y) exp { - -  y} cos x, 

v = ky exp { - -  y} sin x, 

T :-: ky exp { - -  y} cos x. 

In th i s  c a s e  the  s t r e a m l i n e s  a r e  c l o s e d  c u r v e s  wi th  s i n g u l a r i t i e s  of the  " c e n t e r "  type ,  hav ing  c o o r d i -  
n a t e s  x = 0, ~r, 2~r . . . .  ; y = 1. T h e s e  r e s u l t s  a g r e e  wi th  the  r e s u l t s  o b t a i n e d  in  [1] fo r  t h e  flow of a one-  c o m p o -  
nent  r a r e f i e d  gas  wi th  s i n u s o i d a l  t e m p e r a t u r e  d i s t r i b u t i o n  at  the  wa l l .  

Thus ,  t ak ing  account  of the  e f fec t  of the  t r a n s v e r s e  v e l o c i t y  c o m p o n e n t  a t  the  p l a t e - g a s  b o u n d a r y  
s u b s t a n t i a l l y  c h a n g e s  the  n a t u r e  of  such  f l o w s .  

A =: 02/0x 2 + 02/0y2; 

p and p 

T 
u and v 

D12 
R 1 and R 2 

c 
f 

N O T A T I O N  

a r e  the  g a s  p r e s s u r e  and dens i ty ;  
i s  the  gas  t e m p e r a t u r e ;  
a r e  the  l ong i tud ina l  and t r a n s v e r s e  v e l o c i t y  c o m p o n e n t s ;  
i s  the  c o e f f i c i e n t  of v i s c o s i t y  of the  gas ;  
i s  the  b i n a r y  d i f fus ion  coe f f i c i en t ;  
a r e  the  g a s  c o n s t a n t s  of the  c o m p o n e n t s ;  
i s  the  c o n c e n t r a t i o n  of c o m p o n e n t  1; 
i s  the  a c c o m m o d a t i o n  c o e f f i c i e n t .  
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