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Le t  us note  that  the phenomenon  of diffusion slip at a cons tan t  g a s - m i x t u r e  t e m p e r a t u r e  
has  been  c o n s i d e r e d  in [1], f o r  example ,  and t h e r m a l  sl ip fo r  a s i n g l e - c o m p o n e n t  gas  in 
[2]. The sl ip ve loc i ty  of a b i n a r y  gas  m ix tu r e  has  been  ca lcu la ted  in a f ie ld  of the t e m -  
p e r a t u r e  g r ad i en t  and of the pa r t i a l  p r e s s u r e  g rad i en t s .  The kinet ic  equat ion is  so lved  
by an app rox i m a t e  method  b a s e d  on phys ica l  c o n s i d e r a t i o n s .  A f o r m u l a  has  been  ob-  
ta ined ana ly t i ca l ly  fo r  the s l ip  ve loc i ty  fo r  a r b i t r a r y  a c c o m m o d a t i o n  coef f i c ien t s  as  well  
as  f o r  a r b i t r a r y  gas  c o n c e n t r a t i o n s  and a r b i t r a r y  mo lecu l e  m a s s e s .  The r e s u l t s  a g r e e  
to 170 a c c u r a c y  with the n u m e r i c a l  computa t ions  of o the r  au thors .  

The k ine t ic  equat ion in the mode l  f o r m  p r o p o s e d  by Bha tnagar ,  Gross ,  and Krook  [3] is  u t i l ized  to 
d e s c r i b e  the s y s t e m .  As is  known, th is  mode l  y ie lds  good a g r e e m e n t  with e x p e r i m e n t  and is  cons id e r a b ly  
s i m p l e r  than the Bo l t zmann  equat ion in m a t h e m a t i c a l  r e s p e c t s .  On the o the r  hand, this  mode l  does not 
d e s c r i b e  a n u m b e r  of e f fec ts  s ince  it is  a s s u m e d  that  the t ime  of p a r t i c l e  co l l i s ion  is independent  of the i r  
ve loc i ty  (Maxwellian molecu les ) .  This  r e f e r s  p r i m a r i l y  to the phenomenon of t h e r m a l  diffusion of g a s e s .  
T h e r e f o r e ,  the subsequent  r e a s o n i n g  is  appl icable  to g a s e s  which p o s s e s s  low t h e r m a l  diffusion coef f ic ien t s .  

Let  a m i x t u r e  of g a s e s  with the dens i t i es  n 1 and n 2 and the mo lecu l e  m a s s e s  m 1 and m 2 fill  the ha l f -  
space  x > 0 above the x= 0 p lane  whose  t e m p e r a t u r e  T O v a r i e s  along the y coord ina te .  The m e d i u m  is con-  
s i d e r e d  homogeneous  in the z d i rec t ion .  

Let  us wr i t e  the s y s t e m  of equat ions  fo r  a b ina ry  gas  m ix tu r e  as  [3] 

0]~ a h ~-- foi (i = i,2) (1) 

'+ I '+n+" 'I ']' [ ~)~+ ] 
]0i = n+ \ 2-~K~r-] - -  exp - vx~ + (vu2T- vz2 

H e r e  u is the m a s s  flow ra t e  of the gas  m ix tu r e  along the su r f ace  (the flow is a s s u m e d  o n e - d i m e n -  
sional) ,  ~'i is  the t ime  of  p a r t i c l e  co l l i s ion  independent ,  as  men t ioned  above, of  the p a r t i c l e  ve loc i ty ,  and 
f i ( x ,  y,  v) is the d i s t r ibu t ion  funct ion of m o l e c u l e s  of the i - th  gas  in the ve loc i t i e s  v. 

The quant i t ies  hi, u, T a r e f u n c t i o n a l s o f  f i :  

P~ = mini = ml f fl  (x, g, v) dv 

u = pl + p-------~- (plul -]- p2u~) = pl + p----------~ m 1 ]jv~dv ~- rn 2 ]2v~dv 

l 

The t e m p e r a t u r e  is m e a s u r e d  in ene rgy  units .  The co l l i s ion  t e r m s  in (1) have been  chosen  in s imp l i -  
f ied f o r m ;  however ,  they c o n s e r v e  the n u m b e r  of p a r t i c l e s  of each gas  and for  ~- l= ' r  2=T c o n s e r v e  the total  
m o m e n t u m  and total  ene rgy .  T h e r e f o r e ,  ~- is unde r s tood  to be some  m e a n - r e l a x a t i o n t i m e  of the whole gas  
mix tu re .  
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The law of molecu le  in te rac t ion  with the su r face  in such an approach can be a r b i t r a r y .  Let  us l imit  
o u r s e l v e s  to the m o s t  widespread  approximat ion  in which it  is a s sumed  that pa r t  of the molecu les  a r e  r e -  
f lected specu la r ly  and p a r t  diffusely: 

/ i  (x = O, vx, v~, Vz) = ( t  - -  q ) / i  (x  = 0 ,  - -  vx,  v~,  v=) + q~fiD 
(v~ > 0) (2) 

Here  f i D  is  the dis t r ibut ion function of the diffusely re f lec ted  molecules ,  and qi is the accommodat ion  
coefficient .  

The specif ic  f o r m  of the f u n c t i o n f i D  is  essent ia l .  It  follows f r o m  the condition of diffusivity of the 
ref lec t ion that 

I vufiDdV = 0 

AS usual ,  le t  us seek  the solution of (1) in the f o r m  
0 I~ = i0 + ~ ( ~ - <  1o~) (3) 

Substituting (3) into (1) and l inear iz ing  [2], we obtain the s y s t e m  of in tegrodif ferent ia l  equations 

atp, l -o [Sni § 8"1" (rai# \ miuv v P ' To' [ 5 miv~l (4) 
�9 - -  - 3) + To - ' ~ v  o__&, + ~y~ To [ - ~ -  ~ o / j  'vv=: ~ + qh = o, L n0~ 2T0 \ 2 . u Poi. 

~176 T '  Oro~ 
Pol = Tono~, Poi' --  ay ' o ~--~-y ) 

Let us introduce the new v a r i a b l e s  

= xl~:w, c = v J w  (5) 

U~ (c, ~) = v.~idvudvz (6) 

w = (2T ml Q- rng ) 

so that 

u~ (~) = ~ i vvf id~" = -oo ~ U, (c, ~) dc (7) 

Multiplying both s ides  of (4) by Vy and integrat ing over  Vy and Vz, we obtain a sy s t em of equations for  

U i and Us: 

oU, ~ [ T Pz" "~T" 
c -gE T U I =  oz V'~ u - -  T rn--~--F-[ + ~ 1 - - 2  

c -  W -  + u ~ =  0~ V~ [ ,~, ~7 

(rook'l: ( mo ~'i~ mxra~ 
0 1 =  \-g7 ] ' 0 2 =  ~ mo \ m2 ] ' mi + m~ 

In der iving (9) it  was  a s s um ed  that  P = Pl + P2 = const .  Multiplying (8) and (9) by Pi /P  and adding, we 

(s) 

(9) 

obtain 

+ P '  e-~vUl 

T', ~r. ,  , - ~ , t 0 ~ , + & ~ , 0 ~ ] - 2 c , [ ~ / . , '  + "__=~:io=,'11. 
~ p  o, 3 Jj 

where  U = p-  l(Uip 1 + U2P~). 

F r o m  (2) follows the boundary condition 

Y (~ = 0, c) -- U (~ = 0, --  c) - - " ~  [qlplU1 (~ = O, - -  c) + q~p~U~([ ----- 0,--c)] 

(c > o) 

(10) 

(11) 
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Equations (7), (10), (11) f o r m  a c losed sy s t em to de te rmine  U(c:) .  This s y s t e m  can be reduced to an 
in tegra l  equation of nondifference type.  Because  of the ma themat i ca l  difficult ies inherent  in the solution of 
such an equation, let  us t ry  to solve the s y s t e m  (7), (10), (11) by the approximate  method proposed  in [4]. 

This  method p o s s e s s e s  sufficiently high accu racy  in combinat ion with s impl ic i ty .  I t  is shown in [4] 
on the mode l 'o f  a Lorentz  gas  that solut ions obtained by using this method differ  only by s e v e r a l  pe rcen t  
f r o m  the exact  solutions obtained by cons iderab ly  m o r e  awkward methods or  by numer i ca l  machine  c o m -  
putat ions.  We shall  be in t e res t ed  in solving the equations assoc ia ted  with sources .  Since the l a t t e r  de-  
c r e a s e  as ~ - -  % then the solution tends to a constant  as } - -  r 

~(~) : a (~ --,- c~) (12) 

The p rob l em  is  to find this quantity, which is  cal led the sl ip veloci ty .  

I t  follows f r o m  (10) that  for  } --~ 

We t h e r e f o r e  have 

I cU (c ,  ~) de = 0 

co 

K -: i cU (c, ~) dc ---- 0 (13) 

Multiplying (10) by c and integrat ing,  we obtain 

L .--- f r (e, ~) de ----- const (14) 

The quantity a can be found by calculat ing L as ~ -+ e~ (U (c, ~) is found f r o m  (10)) and equating it  to 

the value ca lcula ted  for  ~ = 0. To do this it is  n e c e s s a r y  to know U(e < O, ~ = 0). An approx imate  express ion  
can be obtained fo r  U(c < O, ~ = O) by putting u=a(O in (10): 

u ( c < O , O )  = i/._.n L ~) , a a )  ppA.~e~,l~,,~_..6T p' e-o',",'] -~I.P": r :--:'i*,'N ~-~176 "l (15) 

+ :V:tLVr' ' fr ~ :_o,,,,, + - 2 : ,  r -_z., ~-o:.,,i.~:, ~" ~ ~ 1 7 6  ]} 

U(c > 0, 0) is found f r o m  the boundary condition (11) and (8), (9). To find a0)  we requ i re  compl iance  with 
the conserva t ion  law (13). 

The reasoning  conf i rming  the sufficient a ccu racy  of such a method of finding U(c, 0) is e lucidated in 
[4]. P e r f o r m i n g  the opera t ion mentioned,  we obtain 

an) = q,O1 -- q~e~ qlOlnz -b q~e~n~ ,:T' (16) 
ql01p1 Jr q~0~p~ ~Pl' -~- q101p1 -F q2O~p~ 2 

Knowing the express ion  for  U(c, 0) for  c < 0, we can calcula te  thequanti ty a by utilizing (14), (10), (15) 
and taking account of the boundary condition (11): 

a --. a(1) - -  qlnl-F q~n2 , . ,  : ql qi ~ "cP~' q~n~ ~ ~T" (17) 

Substituting (16) into (17), we finally obtain 

a -~- [qlOipl ~ q~01p~ t ~ 2n -~ ~ ra2 ~Pl' 

..F[qzO:nlH-qd}~n~[t q~n~-Fq~a~ ~ (q~_.~m q~n~'~ t I'~T' (18) 

(n = n: + ~) 
The f i r s t  m e m b e r  of (18) p ropor t iona l  to Pi' is ca l led the diffusion sl ip veloci ty ,  while the second is 

the t he rma l  sl ip veloci ty  of the mix ture .  For  ml=  m2, q l=q2=q  (a one-component  gas),  the diffusion slip 
veloci ty  vanishes ,  as indeed it should. 
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Let us e x p r e s s  the ~" in (18) in t e r m s  of the t r anspor t  coeff icients  of the gas  mixture ,  the coefficients  
of diffusion and heat  conduction. Since diffusion sl ip or ig ina tes  f r o m  t e r m s  of the expansion in the kinet ic  
equation which a re  p ropor t iona l  to P ' ,  this  effect  is  then re la ted  to the diffusion (D12) . Analogously, the 
t h e r m a l - s l i p e f f e c t  is  r e l a t ed  to the heat conduction (n). The connection between T and D12 c a n  be found 
f r o m  the condition that  the s y s t e m  (8), (9) co r r ec t l y  desc r ibes  diffusion in unbounded space  at g r ea t  d is -  
tances  f r o m  the wall  [5] : 

D nl'n (19) 
u l - - u s = ~  13n1~ ~' 

Finding the d i f ference  between u 1 and u 2 f r o m  the s y s t e m  (8), (9) and equating it  to (19), we obtain 

Dl~t~ltt~n (20) 
3 =  T ~  

The connection between ~" and ~r is  found analogously.  Express ing  D12 and n in t e r m s  of T, we finally 
obtain in place of (18) 

[qlO1Pl~q,O,~or \ml rr~] 2hi kTp D,~Pi" (21) 

where  k is  the Bol tzmann constant .  

An express ion  for  the s l ip veloci ty  is  obtained numerically- in [6] for  T '  = 0 in the pa r t i cu l a r  case  

ql = q~ == t,  nl / n~ -~ O, m 1 / ml =--" 1s/~9 (water vapor in air) 

Under these  conditions we obtain f r o m  (21) 

a = - -  0.275D1~ --n n-g-1' (22) 

A value of the n u m e r i c a l  coefficient ,  0.277, i s  p re sen ted  in [6] which is only 1% different  f r o m  the 
coeff icient  in (22). 

As has a l ready  been r e m a r k e d  at the beginning of the paper ,  the model  which has been used to obtain 
the r e su l t s  can be applied to mix tu re s  of ga se s  having a low coefficient  of t he rma l  diffusion. However,  it is  
l a t e r  p roposed  to take account  of t he rma l  diffusion to calcula te  the t h e r m a l  sl ip veloci ty  of a b inary  mix tu re  
by applying the same  approx imate  method of solving the kinet ic  equation to the l inear ized  Boltzmann equa-  
ti on. 
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