
density; R 0, tube radius;  T,  tempera ture ;  q, specific heat flow on tube surface;  Uc, flow velocity on tube axis; 

~, hydraulic res is tance  coefficient; A, boundary- layer  thickness;  e, turbulent-diffusion coefficient; u, mean 
flow velocity;  ~ ,  hea t - t r ans fe r  coefficient; Re,  Reynolds number;  P r ,  Prandtl  number;  L, tube length; Tm,  
mean flow tempera ture ;  Tw, wall t empera ture .  
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EFFECT OF ABSORPTION-TIME 

ON GAS FLOW IN CAPILLARIES 

V. V. Levdanskii 

DIFFERENCES 

UDC 532.66.533.6. 011 

The effect of differences in absorption t ime at a capil lary surface on the f ree -molecu la r  gas 
flow is analyzed, taking into account surface diffusion. 

In the analysis  of gas flow in capi l la r ies ,  it is often necessa ry  to take into account the specific p roper -  
ties of the interaction of gas molecules with the capi l lary wall. On contact of the gas with the solid surface ,  
physical  adsorption and surface diffusion of the adsorbed molecules usually occur  [1]. The surface-diffusion 
process  may lead to a select ive inleakage of a gas -mix ture  component through the porous body [2]. In this 
context,  it is of interest  to c a r r y  out a kinetic investigation of the gas flow in a single capi l lary.  

We consider  f r ee -molecu la r  gas flow in a microcapi l la ry  of finite length. We assume that the diffusional- 
t r ans fe r  potential q~ = p / r ~  is the same at both ends of the capil lary (i. e . ,  in the absence of surface diffusion 
there  is no resultant  molecular  flux in the system).  It is known that molecules incident on the surface of the 
solid usually remain  on it for an adsorption t ime T, the magnitude of which, general ly  speaking, may vary  
over the length of the capi l lary.  Apart  f rom nonisothermal  conditions, the change in r may be caused by the 
incidence of various Mnds of radiation on the surface  [3]. 

To elucidate the effect of differences in adsorption t ime, we consider  the following model problem. It is 
assumed that the adsorption t imes on the inner capil lary surface (r~) and its ends (T 1 and ~'3) may differ and that 
T 1 ~--- T 2 -~ T 3. In addition, it is assumed that the degree of filling of the surface by adsorbed molecules  is suffi- 
ciently low for  Henry 's  law to be applied: Then the difference in ~- may create  conditions for the appearance of 
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T A B L E  1. D e p e n d e n c e  of  7 and ~b on S y s t e m  P a r a m e t e r s  (D S = 10 -4 
c m 2 / s e c ,  L = 10 -4 cm)  

R, cm 

10-4 
8,5.10 -s 
7,0.10 -s 
5,5.10 -s 
4,0.10 -~ 
2,5.10 -~ 
7,0.10 -s 

? 

T3=IO - a  SGC 

1,255 
1,291 
1,340 
1,409 
1,521 
1,745 
3,245 

ZI= 1 O- eSCC,f~t= 
10 -- 7 s e . c  9 , r  
~ 1 0 - ~  S~C 

1,093 
l , l l l  
1,136 
1,178 
1,249 
1,423 
3,204 

,,,,, 

I~',= I O-$SCC, z ~ = t  O-- 7 SeC, 
T~=I 0 - '  $eC 

t,330 
1,392 
1,483 
1,628 
1,897 
2,557 

10,478 

s u r f a c e  d i f fu s ion  due to  the  d i f f e r e n t  d e n s i t i e s  of a d s o r b e d  m o l e c u l e s  on s e c t i o n s  of  the  s u r f a c e  with d i f f e r e n t  
a d s o r p t i o n  t i m e s  (this o c c u r s  i f  the  d i f f e r e n c e  in  d e n s i t i e s  which  a r i s e s  i s  not  c o m p e n s a t e d  by a change  in the 
m o b i l i t y  of the  a d s o r b e d  m o l e c u l e s ) .  To e l i m i n a t e  the  p o s s i b i l i t y  of r e v e r s e  o v e r f l o w  of the  m o l e c u l e s  f r o m  
the  e x t e r n a l  s u r f a c e  to the  c a p i l l a r y ,  we a s s u m e  tha t  the  s i z e  of the  end s u r f a c e s  (with a d s o r p t i o n  t i m e s  r 1 
and T 3) g r e a t l y  e x c e e d s  the  m e a n  d i s t a n c e  tha t  a m o l e c u l e  can  t r a v e r s e  in the  a d s o r p t i o n  t i m e .  No a c c u r a t e  
c o r r e l a t i o n  be tween  the  a d s o r p t i o n  t i m e  and the s u r f a c e - d i f f u s i o n  c o e f f i c i e n t  is  a v a i l a b l e  in the  l i t e r a t u r e ,  
and ,  t h e r e f o r e ,  t ak ing  a t w o - d i m e n s i o n a l  gas  a s  the  m o d e l  of  the a d s o r b e d  m o l e c u l e s  [1], we a s s u m e  f o r  s i m -  
p l i c i t y  tha t  the  s u r f a c e - d i f f u s i o n  c o e f f i c i e n t  on a l l  s u r f a c e s  i s  equa l .  

We c a l c u l a t e  the  r a t i o  of  m o l e c u l e s  l eav ing  and e n t e r i n g  the  c a p i l l a r y :  

? =  - - - - -  N P 
, where N O 

No.~R 2 l / 2nmkT 

To d e t e r m i n e  the  n u m b e r  of  m o l e c u l e s  l e a v i n g  the  c a p i l l a r y ,  i t  i s  n e c e s s a r y  to know the d i s t r i b u t i o n  of  
the  d e n s i t y  of  a d s o r b e d  m o l e c u l e s  o v e r  the  i n n e r  s u r f a c e  of  the c a p i l l a r y ,  which  i s  found f r o m  the so lu t i on  of 
the  i n t e g r o d i f f e r e n t i a l  equa t ion  (x i s  d i m e n s i o n l e s s )  

1 

D_.2s.d~n n I n K l ( ~ x ~  ) d ~ - - g ~ 1 7 6  (1) 
L ~ dx* x 2 . ~:2 

0 

w h e r e  D S i s  the  s u r f a c e - d i f f u s i o n  c o e f f i c i e n t ,  L i s  the c a p i l l a r y  length ,  

K (x) 12x2 + 2 l dK (x) L --  - - x ,  K,(x) - - , l = - - .  
2 (Px 2 + 4) 1.~2 2 dx R 

At j u n c t i o n s ,  the  end and i n n e r  s u r f a c e s  of  the c a p i l l a r y  should  s a t i s f y  the fo l lowing b o u n d a r y  c o n d i t i o n s :  

dn I L [n (0) -- no], i 
dx I~=0 V D ] ~  
dnl  L (2) 
- -  - -  r - - - [ n l - - n ( 1 ) ] ,  
dx i.,'=1 l Ds r~ 

w h e r e  

n o = No" q, n~ = NoT 3. 

An a p p r o x i m a t e  m e t h o d  of  s o l v i n g  Eq.  (1) i s  g iven  in [4]. 

The r e s u l t a n t  f lux of p a r t i c l e s  l e av ing  the  c a p i l l a r y  i s  equa l  to the  s u m  of the  f lux of p a r t i c l e s  d e s o r b e d  
f r o m  the  wal l  and r e l e a s e d  o v e r  the  c a p i l l a r y  s e c t i o n  and the s u r f a c e - d i f f u s i o n  f lux.  

If two c l o s e d  g a s - f i l l e d  v o l u m e s  a r e  j o i n e d  by a c a p i l l a r y  with an a s y m m e t r y  of  the  a d s o r p t i o n  t i m e s  
s i m i l a r  to tha t  d e s c r i b e d  a b o v e ,  the  v a l u e s  of  ~o i in the  v o l u m e s  wi l l  d i f f e r  in the  s t e a d y  s t a t e .  To f ind the  
va lue  r = q)1/~02 a b o u n d a r y - v a l u e  p r o b l e m  as  in E q s .  (1) and (2) m u s t  be s o l v e d  f o r  the  c a s e  when t h e r e  is  no 
r e s u l t a n t  m o l e c u l a r  f lux t h rough  the c a p i l l a r y .  F o r  an exponen t i a l  a p p r o x i m a t i o n  of the  func t ion  K(x) ,  f ind ing  
r r e d u c e s  to the  so lu t i on  of  the  fo l lowing  s y s t e m  of a l g e b r a i c  equa t ions :  
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a - - / - -  + ~ exp {--  Cl} - -  a3 
1 t - -  Q a~  --'. a 4 = %, l + c ,  -i 

l exp {--  Cl} -/- a 2 + a s + a 4 --  "f~a 5 = O, all +q 
a 1 (c 1 V ' ~ [ +  1) + aa exp {--  q} (1 - -  c t ! GI~) - -  a3 v" ~-1+ a, = -r~, 

a~ exp {--  c,} (1 - - Q  VG3) + a2 (1 + Q l/G~) +a~ (VG-~8 + I) + a, - -  a~-r 3 = 0, 

[_~ exp{--cl}--exp{--l} + 2Ds c exp{_Q}] +a~[ l 1- -exp{- - (ca@/)}  2Ds ] 
al l - -  Q - ~ - ~ -  1 T 2 c i - -  l t R  ~ C1 

[ (, ) 1 ( i  _ 1 + exp {--  l}) --  ~ / ~ - ]  + a, + a~ ~ ~ _ _I_~ exp {-- l} a~ = -- exp {--/}; 

TiDs 
c, = V t ~  • a:'_, , ~, = - ~ ,  , = a ,  

Calcu la ted  values  of  7 and ~ a r e  shown in Table  1. 

As is evident  f r o m  Table  1, the c o n s i d e r e d  phenomenon depends s t rong ly  on the cap i l l a ry  rad ius ;  with 
d e c r e a s e  in the r a d i u s ,  the effect  i n c r e a s e s .  This  too should  be expec ted ,  s ince  the magni tude  of  the effect  
is inf luenced by the ra t io  of  the volume and s u r f a c e  f luxes ,  which m a y  be evalua ted  us ing  the d imens ion le s s  
p a r a m e t e r  G R = DsT /R  2. Apar t  f r o m  g a s - m i x t u r e  s epa ra t i on  p r o c e s s e s ,  the given effect  should be taken into 
account  in ca lcu la t ions  on va r ious  kinds of  vacuum s y s t e m  and a l so ,  p robab ly ,  in the rad ia t ion  dry ing  of m i c r o -  
po rous  bodies ,  s ince  the effect  of  r ad ia t ion  on the su r f ace  c lose  to the cap i l l a ry  out let  may  a l t e r  i ts adso rp t ive  
p r o p e r t i e s ,  leading to a change in the s u r f a c e - d i f f u s i o n  outf low of m a t e r i a l  f r o m  the po rous  body. 

N O T A T I O N  

R,  c a p i l l a r y  rad ius ;  L,  c a p i l l a r y  length;  r ,  adso rp t ion  t ime;  P ,  p r e s s u r e ;  m ,  m o l e c u l a r  m a s s ;  k,  B o l t z -  
mann  cons tan t ;  T,  t e m p e r a t u r e .  
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