
metal coating; Vx/(Vx)m, relative stream velocity component at a point of the fluid jet 
boundary layer; (Vx)m, maximum value of the velocity component in the cross section of the 
fluid jet stream; W/Wm, relative velocity in the cross section of an air jet incident on a 
solid surface; W m, maximum value of the velocity in the stream cross section; P -- Po, excess 
pressure in the stream; Po, atmospheric pressure; po, air jet density; R ~, width of the air 
jet cross section at the solid surface. 
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ISOTHEPM~IL SLIP OF A BINARY GAS MIXTURE ALONG A 

SOLID SURFACE 

B. M. Markeev UDC 533.6.011 

This paper investigates Couette flow of a binary mixture of a rarefied gas between 
two flat plates. An analytical expression for the rate of isothermal slip of a bi- 
narymixture of the rarefied gas along the surface is obtained. 

There are a large number of references (see, e.g., [i-5]), dealing with slip of a gas 
along a surface. However, because of the difficulties in computing the distribution function, 
only slip of a Maxwellian gas and of a gas interacting according to the solid sphere law were 
considered in [2-5]. The gas slip was investigated by a variational method in [6] for ar- 
bitrary direction of the molecules. The molecular distribution function was sought in the 
form of an expansion of a near-Maxwellian distribution function with the mean-mass mixture 
velocity. The validity of this from the physical point of view must be subject to doubt. In 
fact, far from the surface, in the Navier-- Stokes flow region, the difference between the 
partial and the mean-mass velocities is a small quantity of order K n = (h/L) << i (~ is the 
mean free path, and L is a characteristic hydrodynamic length). However, near the surface, 
where K n ~ l, a state of the gas mixture can exist where the difference between the partial 
and the mean-mass velocities is on the order of the mean-mass velocity [7]. 

A modified semi-three-dimensional method of moments, developed by the present author in 
[8], has been used to investigate Couette flow of a binary mixture of a rarefied gas between 
two parallel plates. An expression has been obtained for the slip velocity with arbitrary 
law of interaction of the molecules with each other and with the surface. It should be noted 
that because of the transfer of viscous momentum across the Knudsen layer by diffusion veloc ~ 
ities, the slip coefficient is reduced by 20% for a specific ratio between the parameters of 

the mixture components. 

We now consider the problem of Couette flow of a binary mixture of gases between two 
surfaces a distance 2L apart. The upper surface moves with velocity Uy in the direction of 
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the y axis, and the lower surface moves with velocity Uy. The x axis is perpendicular to the 
plate. We seek a solution of the Boltzmann equation in the form of a finite expansion in 
Hermite--Chebyshev polynomials. We have the following system of equations [8] for the coef- 
ficients of this expansion: 

n D ~  (u s - -  ut~)q- ~ \ k~ + ~ s ~ ,  

YaYt~ ~ , 

V=Ug~ = (1/~g) W.,.:,, 

(i) 

where 

1 1 
uS"= 2 (u~'a + u ~u); z •  = -  

�9 - -  - -  - ~*u 2 ( % . ~ u  +-- % ~ . ~ u ) ;  

4 Z~- ~ ' I  a/2 g~ 
uT~ $ 

ga~ 4 U~ n~ 
= - -  M~ {M~&o,,~ [t.$ G (% - ~v~,)l M'J-~,~ [~v~t G (% - vq)l}; 

Vrf~ n~ 

where o(~8(W, #-) 
and  

h~ = 4 ~'~ ...~'/~-M'/2{M$2%~[tjV,j(W,j...~ _ W~)] --M~/2%~ [W,j (V/,j -- g~)]}; 

h~ = 4 -- ~ Z {-~w/~%~ ~ ,~ + ~ U ' ~  �9 
UT~ fi 

Here ~aS[q)] is a function defined by the formula 

• N s i g n v ~ = e x p  v~ v 2 ' v ' ' 

i s  t h e  d i f f e r e n t i a l  s c a t t e r i n g  c r o s s  s e c t i o n ;  d~ i s  a n  e l e m e n t  o f  s o l i d  a n g l e ;  

r~ ~ "  "-~ 2 2 . , ,  72. I. 2 i 2 .  

v~. -= 2TIm,~; M~ = m~l(m~ + ,%). 

The values of k.~ were given in [8], and u+ a and o_+~xy are the expansion coefficients for the 
distribution function of reflected and incident molecules [7]. 

We shall assume that the binary gas mixture is in a steady state between the plates and 
that the mean-mass gas velocity has a linear shape with gradient (7xUo)o. Then, using the 
law of partial reflection of molecules from surfaces, from Eq. (I) we have the following ex- 
pression for the slip velocity of the gas mixture: 

U ---- Km~ (VxUo)o, (2)  

where 

- n=n~T ~-- 61 7- A P zzyI ; 

w - ' :  wl?' ;  ~'c~-' := . ~ - d ;  61 =: 1 4 - e x p  . -  1 ~ e x p } - - ~  ,' ; 

433 



3~E 

o,,~ 

o,6 0 

Fig. i. The quantity 
~r162 as a f u n c -  
- t i o n  o f  t h e  accommoda-  
t i o n  coefficient e for 
various values of K n = 
2L/l: i) 2L/l_ = ~; 2) 
4; 3) 3; 4) 2; 5) I. 

a_=__[w~l P ~ - - w ~ - ' ~ - ] ;  A--  n D ~  w tw_lw_l  

P'~ co~,floml ; A d .... d=,zdf;r - -  d~l~dl~; c,~, := - -  (g=~ g~) 6~; z-s I {(mO) } 
.= ~- = ~ - -  6~6  2 ( h ~  - -  h~) �9 

d~v-~--h~v6~-; m ~  Ix~- vr~ e~,. 
)~- n~T ; 6 ~ . : . - - - ;  a - -  " 2 - - - e  a 

6-+ .... l _ e x p { - - [  2L} 

H e r e  ca  i s  t h e  p a r t i a l  a c c o m m o d a t i o n  c o e f f i c i e n t ;  and  ~, ~ ,  DaB , ~ ,  ~ a r e  a s  g i v e n  i n  [ 8 ] .  

I n  t h e  c a s e  o f  a s i m p l e  g a s ,  f o r  L >> ~, t h e  c o e f f i c i e n t  K = 1 ,  and Eq. (2)  t r a n s f o r m s  
i n t o  t h e  e x p r e s s i o n  f o r  s l i p  o f  a s i n g l e - c o m p o n e n t  g a s  a l o n g  a s u r f a c e  [ 7 ] .  F i g u r e  1 shows 
t h e  c o e f f i c i e n t  o f  i s o t h e r m a l  s l i p  o f  a s i m p l e  g a s  a s  a f u n c t i o n  o f  t h e  a c c o m m o d a t i o n  c o e f -  
f i c i e n t  and  a g r e e s  w i t h  t h e  s l i p  c o e f f i c i e n t  o b t a i n e d  i n  [ 9 ] .  F o r  a b i n a r y  m i x t u r e ,  t h e  c o -  
efficient K differs from I because there is a second term in the expression. This term is 
due to viscous momentum transfer across the Knudsen layer, from the diffusion rate, and goes 
to zero for a simple gas. In the case of a binary mixture of a Maxwellian gas far from the 
surface, the factor K can be represented in the form 

= ~ - - - -  ; 1 4 - 6 ~ - -  x~-'-- 
1.#2- d ] r ~  - -  e) d e~ + e~ d 1 ' ~  

}I( ,) 3} m m 

3 z~ 1 - -6~  2V'~-----d x~- - - -4 - - z~  ; x ~ = .  m~ -k m~ 

z~ = 2 ~ - -  ~ ; 1~ - -  e~l << (e~ + e~)/2 = e, d ~  = d~ = d. 

If we substitute these expressions into Eq. (2), it turns out that the contribution to the 
sllp velocity due to viscous momentum transfer across the Knudsen layer by diffusion rates is 
given by a quadratic form in xa, za, (ca -- r For example, for me>> m8, oa'2>o8, ea = e8 = 
i, ye = Y8 = 1/2 because of diffusion transfer the slip coefficient is reduced by 20%. 
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