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The system of BGK (Bhatnag'ar, Gross, Krook) equations describing the isothermal flow of 
a Mnary gas mixture in a capillary with arbitrary accommodation of the tangential momen- 
tum is solved by the Bubnov-Galerkin method. Genera] expressions are given for the ki- 
netic thermod}mamic coefficients which are valid in the whole range of Knudsen numbers 
and have the correct free-molecule and viscous limits. The diffusion-slip coefficients, cal- 
culated by using test values of the fraction of diffuse reflection, are compared with the ex- 

perimental results. 

A number of phenomena, such as diffusophoresis and mixture separation in a flow, exists in rarefied 
gasdynamics, which cannot be described by classical hydrodynamics based on the solution of the Boltz- 
mann equation by the Chapman-Enskog and Grad methods even in the viscous mode limit. Only the solu- 
tion of the Boltzmann equation and its models with the boundary conditions substituted for the distribution 
functions permits the regularity of these phenomena to be obtained. 

The question of the influence of gas-molecule interaction with a surface, in fluxes caused by pres- 
sure and concentration inhomogeneities of a binary gas mixture in a capillary under arbitrary rarefaction, 
is examined from this viewpoint in this paper. The generalized thermodynamic fluxes are determined as 
functions of the Knudsen number Kn from the solution of a system of model BGK equations ~rith Maxwell 
boundary eonditions. In the viscous mode limit, the kinetic coefficients describing Poiseuille flow and mu- 
tual diffusion are independent of the details of gas-molecule interaction with the surface, while the cross 
coefficients (the barodiffusion constant and the diffusion-slip coefficient) are substantially governed by 
this interaction. 

Let us examine the isothermal flow of a binary gas mixture in a long capillary of radius R. The 
density gradients of the first and second components are small and directed along the z axis. The mixture 
flow is described by the system of BGK equations 

v i  V ]+ = v , i  ( M ,  - -  ]~) -'- v i j  (M+j - -  It) ( ! )  

where Mi, Mij are  l inear  decomposit ions of the locally Maxwellian distribution fmactions, v i (Viz , Vir, vi~ 0) 
is  the molecule-veloci ty  vec tor  of the i - th  component, vii , vii a re  the frequencies of the c ros s  se l f -eol -  
lisions, and f i  is the molecule-dis t r ibut ion function of the i - th  component, 

Let  us take the boundary conditions for the distribution function as 

1, (z'~:, ~'i. ~'i~) = s, M i  + (1 - -  s , )  I~ ( z , : , - -  z'i,, z'i~) (2)  

where r is the fraction of the molecules reflected diffusely from the wail. 

Generalizing the results of [i, 2], the following system of integral equations for the velocities of the 
components can be obtained by integrating the system (i) along the characteristics and using (2): 
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Here m i is  the mass of the i - t h  component molecu le ,  T is  the absolute tempera tu re ,  5 is  a c ross -  
co l l i s ion pa rame te r  (usual ly  5 = 5/~), and n i is  the dens i ty  of the number  of i - t h  component molecu les .  

An analogous  equat ion is  obta ined fo r  the j - th  component  by mutual  r e p l a c e m e n t  of the subsc r i p t s  
i ~ j .  

The s y s t e m  (3) is  so lved  by the B u b n o v - G a l e r k i n  me thod  with a quadra t i c  t r i a l  function.  It i s  con-  
venient  to r e p r e s e n t  the r e s u l t  of the solut ion as  e x p r e s s i o n s  fo r  the t h e r m o d y n a m i c  k ine t ic  coef f ic ien ts  
which can be m e a s u r e d  e x p e r i m e n t a l l y .  Accord ing  to the t h e r m o d y n a m i c s  of i r r e v e r s i b l e  p r o c e s s e s ,  the 
g e n e r a l i z e d  f luxes  c o r r e s p o n d i n g  to the g e n e r a l i z e d  f o r c e s  Xi = 8p/0z  and X 2 = p0ci/Oz a r e  wr i t t en  as  fel lows:  

Y~ = c~ <u~> + c~ <us~> = --L,~Xz --  L,~.X2 (45 

J~ = <u~> --  <u~> = --L~zX ~ - -  L~X~ (5) 

where LID LI2 , L21 , L22 a re  kinetic coefficients, <Uiz > i s  the mean velocity of the i - th  component over the 
capi l la ry  cross  section, and 

c~ = n~/n, n = n~ + nj, p = n k T  

Solution of the s y s t e m  (3) p e r m i t s  finding the k inet ic  coef f ic ien ts  i n t roduced  acco rd ing  to (4) and (55: 

Ln  = (n~m~ja~'A) -~. {-- n la~J~ (ct~ --  ci) ~ + ai~T, (%- --  c~) ~1 (6) 
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These  t h e r m o d y n a m i c  coef f ic ien t s  d e s c r i b e  Po i seu i l l e  flow (Lll) , diffusion sl ip (L12) , barodi f fus ion  
(L21) and mutual  d i f fus ion (L22) , r e spec t i ve ly ,  fo r  any r a r e f ac t i on .  The equal i ty  of the c r o s s - k i n e t i c  coe f -  
f icient ,  p r o v e d  in [1] f o r  comple t e ly  diffuse mo lecu l e  r e f l ec t ion  by the cap i l l a ry  wal ls ,  is  c o n s e r v e d  for  
a r b i t r a r y  a c c o m m o d a t i o n  of the tangent ia l  m o m e n t u m .  

In the f r e e - m o l e c u l e  l imit ,  (9)-(11) can be s u m m e d  exact ly ,  and the coef f ic ien ts  Ll l  , L ib  L21 , L22 
become  

2 R / 2 - - e  2 - - s j \  

2 R (vt~ 2--e  %7 2-'e7~ 

2 R ( 2--~ 2 - -e j t  
L,2 - - - - -5-7  vn e vd e'-"--~, ] 

where  v t i - - (8kT/~  mi )1/2 is  the mean  t h e r m a l  ve loc i ty  of the mo lecu l e s .  These  e x p r e s s i o n s  a g r e e  with the 
r e s u l t s  de r ived  f r o m  the e l e m e n t a r y  Knudsen f o r m u l a  fo r  f r e e - m o l e c u l e  gas flow. 

The v i scous  l imi t  of the gene ra l  solut ion is of i n t e r e s t  in an ana lys i s  of the p rob lem posed,  s ince  i t  
y ie lds  the l imi t s  of app l icab i l i ty  of the C h a p m a n - E n s k o g  p r o c e d u r e  for  solving the p rob l em.  A s s u m i n g  
the i n v e r s e  Knudsen n u m b e r s  to be 6i, 6j--* + in (6)-(8), we obtain 

B 2 :~t / 1/"~ 6~6~ 6~5~ [:~6~a (2 -- sJ) -- ~67 (2-- L)I (12) 

] f , u  6 5 s  (ubzej '-- ~jSjze t) [ : ( {6  ~- {4 - -  e:.) - -  :~ j6  ~" (4 - -  e,) l  ] 

J 
D U F i t ' ~ 6  2 6 j  

:D. % b  (14) LI~ = - - 7 - ,  L.,1 = l' 

V,,,-~,,,~q- ~,/2)-~ r~ , .~u , - e , l  2) 
%, = z = ' - -  - -  (15) 

(?% %:? (%U V "% + <,L 1 / %) 
c ~ e ~ ] / n % v  - % e  I V m , v )  

-W 

where  a p  is the barodi f fus ion  constant ,  ff is  the d i f fus ion-s l ip  coeff ic ient ,  Dij = k T m 0 c j / m i m j 5 v i j  i s  the 
mutua l -d i f fus ion  coeff ic ient ,  and ~? = p [c j /v j  + c i /v  i] i s the m i x t u r e  v i scos i ty .  

All the k ine t ic  coeff ic ients  have a c o r r e c t i o n  t e r m  p ropo r t i ona l  to the Knudsen n u m b e r  (Kn) in the 
mode with slip. Because of its awkwardness, the correction term for the cross coefficients is not pre- 
s ented. 

A comparison with the classical solution of the Boltzmann equation shows that the coefficients LII 
and L22 are the same, while the cross coefficient L21-- Li2 differs in principle from that obtained by the 
Grad method [3], by a dependence on the details of interaction with the channel walls. 

The possibility of such a dependence in the viscous-mode limit is associated ~4th the fact that sec- 
ond-order viscous slip (~Kn2), which is commensurate in magnitude to the diffusion velocities and differ- 
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TABLE i. Diffusion-Slip Coefficients cr 

He--Ar 

(15} 0.607 
(e~ = ej = 1) 0. 555 

Expenmen- 1.04 

Hz--D2 

0.265 
O. 260 
O. 334 

[q 

H t  lto t 'r O I 
0.898 0.340 0.519 0.143 0.875 --0.0727 --0.0541 

0.905 0.944 0.374 0,514 0.0823 --0.0807 --0.0925 
t.36 0.443 0.71 0.34 t.22 --0.026 --0.063 

[41 [q [41 I [41 I Vdz [51 [51 

ent for  distinct components,  yields a contribution to the charac ter i s t ic  diffusion velocities.  The rate of 
gas mixing, which is charac te r ized  by the mutual-diffusion coefficient, is independent of the collision f re -  
quency of like molecules  and of details of molecule interact ion with the capi l lary wails, but is governed 
completely by the c ross -co l l i s ion  frequency. 

The influence of incomplete accommodation of the tangential momentum affects the coefficient L22 in 
just the mode with slip, where the form of this dependence permits  extract ion of information about mole -  
cule interaction with the surface from experimental  resul ts  on diffusion in ra ref ied  gases.  

It follows from (15) that mixture separation and a diffusion p r e s s u r e  effect will occur  in the viscous 
mode even in a mixture whose component molecules  will be different just by the accommodation coeffi- 
cients of the tangential momentum. The diffusion-slip coefficients or, computed by means of (15), are  com-  
pared in the table with the experimental  resul ts  of different authors.  The accommodation coefficients of 
the tangential momentum which are  needed for  the calculation, Were taken from [6], where they have been 
determined from Poiseuil le  flow tests .  

The agreement  between the experimental  and computed coefficients is qualitatively sat isfactory.  As 
a rule, the calculated values are  lowered. Taking account of incomplete accommodation brings the exper i -  
mental and theoret ical  resul ts  c loser  together.  Gas vapors  with s imi lar  masse s  and high fract ions of 
specular  reflection are  par t icu lar ly  responsive to the details of molecule interact ion with a surface.  
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