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The flow mode of a ra re f ied  gas between two paral lel  plates with a sinusoidal tempera ture  
distr ibution on one of the plates is investigated. Slip and free convection are  taken into 
account. 

Let us consider the flow of a weakly ra re f ied  gas between two paral le l  plates with a sinusoidal t em-  
pera ture  distribution on one of the plates and taking account of slip and free convection. 

Let us select  X and Y axes, respect ively ,  along and normal  to the lower plate surface.  Let us con-  
s ider  the amplitude of the tempera ture  change t~ and the rat io between the mean free path l and the wave-  
length of the tempera ture  change L to be small .  Let us seek the tempera ture  distribution T, the density p, 
and the p r e s s u r e  p of the gas in the fo rm 

T : T o ( l + ' c ) ,  P=Po( I+ (y ) ,  P=Po(1-1-~), 

where T O and P0 cor respond to t~ = 0 and P0 = Pt - P0g Y- 

The veloci t ies  u and v and the quantities ~-, or, and ~ a re  small .  The l inearized sys tem of equations 
descr ibing the free convection is the following [1]: 

Ou Ov 
o-;+N =o, 

L Og 
~Au = Po - - ,  

2~ Ox 

Here 

(1) 

(2) 

L O~ [~pogToL 2 
~thv =- 9~ 2 ~ -t- ~ - -  Po ~, (3) 

- -  ( 2~ )  2 Oy (2n)  ~ 

h~ = O, (4) 

a = - -  [~ToT. (5) 

2nX 2nY 
x =  , y =  

L L 

In the case of a sinusoidal tempera ture  change on the lower plate ffw = c~ sinx) the boundary eondi-  
tions are  (we consider  exp{-(27rd/L)} to be negligibly small  and the perturbat ion does not reach the upper 
plate): 

u = b~- -~y+  b20xOV, . (6 )  

v = O, (7) 

for y = 0 [2] 
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Fig. i .  Solid streamlines for a correspond to (17), and for b 
to (17'), while the dashes correspond to E = 0 for a and b; 
the dash-dot lines correspond to k = 0 for a and k I = 0 for b. 

w h e r e  

T - -  T w ~ C - - ,  | 

b : :  2 n ( 2 - - f )  l b~.:  3 (2nRTo),/2 1 
f T '  V L '  

15~x (2 - -  f) T o l 
4~ L 

for y = (27rd/L) = h (or for y ---~) 

u = 0 ,  v = 0 ,  "c=0,  6 = 0 .  

Solving (4) with (9) taken into account ,  we find 

= a exp {-- y} sin x, 

w h e r e  the cons tant  a is d e t e r m i n e d  f r o m  condi t ion (8) 

a = cr (1 --c).  

E l imina t ing  u and v f r o m  (1)-(3), we obtain the equat ion 

A~ 9ogL 06 _ ~pogTo L 0"~ 
~Po Oy 2riP0 Oy " 

Using (10), le t  us  so lve  (1), (2), and (12) with condi t ions (7) and (9): 

[ ~Toa 2n~ ( 3 E) ]exp{_y} s inx ,  = 2 .at- ~ 2 k - - D - - - ~  

E z 

E 2 

w h e r e  

D ~T~ E = p~176 

and the coef f ic ien t  k is d e t e r m i n e d  f r o m  condi t ion (6): 

k =  b:E _{_ bea. 
2 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 
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On the b a s i s  of (14) and (15), le t  us  in t roduce  the s t r e a m  funct ion 

�9 E 
~p = (ky + y y21 exp {--y} cosx. (17) 

\ .; 

Let  us t r a n s f e r  the o r ig in  of the coo rd ina t e  s y s t e m  for  a s innso ida l  change in the t e m p e r a t u r e  on the 
upper  p la te  by in t roduc ing  Yi = Y - h.  In this c a s e  the Eqs .  (1)-(5) a r e  r e t a ined ,  condi t ions  (9) a r e  sa t i s f ied  
fo r  Yl = - h  and condi t ions  (6)-(8) fo r  Yi = 0 (O/ay  is r e p l a c e d  b y - 0 / 8 y  1 in (6) and (8)). 

We obtain the fo l lowing r e s u l t s :  

w h e r e  

"~ = a exp {yl} sin x, (10') 

u = k, + (k, + ~ -  y~+  ~ - y [  exp{y~}cosx, (14') 

v = k l y l +  ~- .Y l  exp{y~}sinx, (15') 

% = /qYl + ~ -  Y~ exp {Yl} cos x, 

P0gL 
Po = P~ -- T Yl; 

D1 _ ~Toap2L ., (16') 

k 1 --  blE + b2a. 
2 

Let  us examine  the r e l a t i onsh ip  be tween  the coef f ic ien ts  k(k 0 and E (taking accoun t  of the known r e -  
la t ion # = pl  (2RT0/Tr)l/2): 

k bl b2a l 24Rn 2 l 2 
- -  = n § - -  - -  ( 1 8 )  

E 2 + E L [3g L a '  

k~ l 24Ra 2 I s 
n - -  + - -  (19) 

E L ' [3g L a ' 

( l /L) << 1; the coef f ic ien t  (24RTr2/flg) fo r  a i r  is 2 �9 106 m.  Changing the p r e s s u r e  fo r  g iven L, o r  L fo r  c o n -  
s tan t  p r e s s u r e ,  d i f fe ren t  va lues  can  be obtained fo r  the ra t io  between the coef f ic ien ts  k(kl) and E govern ing  
the sl ip and f r e e  convec t ion .  F o r  the p r e s s u r e s  1, 0.1, and 0.01 arm,  k and E a r e  of the s a m e  o r d e r  as  L, 
r e s p e c t i v e l y  equal to 10 -3, 10 -2, and 10 -I  m,  hence  k = k 1 - b2a. It is seen  f r o m  (16) and (16') that  the sl ip 
is d e t e r m i n e d  both by the n o n i s o t h e r m a l  s u r f a c e  (a) and by the p r e s e n c e  of f r e e  convec t ion  (E), however ,  
f o r  (blE/2b2a) ~ 1 the r e l a t i o n  k << E is sa t i s f i ed .  

S t r eaml ines  c o r r e s p o n d i n g  to (17) and (17') a r e  p r e s e n t e d  in a and b of the sketch  (Fig.  1) fo r  k = k 1 
= (1/2)E.  The flow is c h a r a c t e r i z e d  by the pe r iod  ~r. A " c e n t e r "  type s ingu la r i t y  holds for  x 0 = 7r, 27r . . . . .  
F o r  (17) Y0 = 1 - (2k/E) + ~f(1 + 4k2/E2), and for  (17') Yl0 = - 1  - (2kl/E) • ~f(1 + 4k~/E2), i .e . ,  the re  exis t  two 
c e n t e r s  and the s t r e a m  funct ion r changes  s ign for  Yi = - 4 k l / E .  P r e s e n t e d  in the s a m e  ske tch  for  c o m -  
p a r i s o n  a r e  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 no slip (k = 0 o r  k 1 = 0) and no convec t ion  (E = 0, this c a s e  has 
been  examined  in [3]). 

NOTATION 

U,V 
: ( a 2 / ~ x  2) + ( a 2 / a y 2 ) ;  

# 

R 

Pl, P2 

a r e  the longi tudinal  and t r a n s v e r s e  ve loc i ty  componen t s ;  

is the coef f ic ien t  of gas  v i s cos i t y ;  
is the coef f ic ien t  of t h e r m a l  expansion;  
is the gas  cons tan t ;  
a r e  the gas  p r e s s u r e s  at the lower  and upper  p la tes ,  r e s p e c t i v e l y ,  at the t e m p e r a -  
tu re  To; 
is the coef f ic ien t  of  a c c o m m o d a t i o n .  
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