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The sl ip veloci ty  is taken into account  in the der ivat ion of express ions  for  the p r e s s u r e  g r a -  
dient and m a s s  veloci ty  of a v a p o r - g a s  mixture  undergoing evaporat ion in a single capi l lary .  

A descr ip t ion  of the drying p r o c e s s  r equ i re s  an investigation of evaporat ion in a single cap i l l a ry  
where  the re  is not only mutual  diffusion of vapor  and a i r ,  but a lso  a convective flow of the mixture .  We 
will a s s u m e  that  the ra t io  of the mean f ree  path l of the molecu le to  the cap i l l a ry  radius  r 0 is not ve ry  smal l  
re la t ive  to unity (sl ip r eg i m e  [1]). In this case  we can expect  that  owing to the p re sence  of f r ic t ion,  and 
a lso  of v iscous ,  t he rma l ,  and diffusive slip,  the m a s s  t r a n s f e r  p r o c e s s  in the case  of evaporat ion in a 
cap i l l a ry  will differ ,  genera l ly  speaking,  f rom m a s s  t r a n s f e r  in the case  of evaporat ion into a semiinf ini te  
space .  

The condition for  the s l ip veloci ty  at  the boundary of a body in a flow has the fo rm (we will a s su me  
that  the accommodat ion  coeff icient  is unity) [2] 
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where  and ) are  c o e f n e i e n t s  whioh depend on the co l l i s ions  of molec es of a given component  with 
molecu les  of the same  spec ies  or  with molecules  of another  component  [2]. 

In express ion  (1) the f i r s t  t e r m  on the r ight  r e p r e s e n t s  the viscous  slip, the second r e p r e s e n t s  the 
t he rma l  s l ip (we will a s s u m e  that the t e m p e r a t u r e  gradient  along the cap i l l a ry  is known), and the third 
r e p r e s e n t s  the diffusive slip.  We note that  in the case  of diffusion of components  with approx imate ly  equal 
mo lecu l a r  weights  the veloci ty  of 'diffusive sl ip is low. 

The m a s s  ve loc i ty  of a v a p o r - g a s  mixture  in a cyl indr ical  cap i l l a ry  will  sa t i s fy  the Poiseui l le  equa-  
tion of motion with boundary  condition {1). We a s s u m e  that  in a sufficiently fine and long cap i l l a ry  the p r e s -  
su re ,  densi ty,  and concentrat ion can be r ega rded  as constant  over  the c ross  section.  We also neglect  the 
change in veloci ty  and v i scos i ty  coeff icient  along the capi l la ry .  Then, for  the mean veloci ty  ove r  the c r o s s  
sect ion we have 
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In formula  (2) the t e r m  cor responding  to viscous  sl ip is e x p r e s s e d  in t e r m s  of the total  p r e s s u r e  gradient  
[1]. 

F o r  evaporat ion in a cap i l l a ry  we have to use another  condition, v i z . ,  that  the total  (diffusive and con-  
vective) flow of a i r  through the c r o s s  sect ion of the cap i l l a ry  is ze ro  (we neglect  t h e r m a l  diffusion and p r e s -  
sure  diffusion): 
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whence 
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Using (4), and a lso  the obvious re la t ionship  
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we obtain f rom (2) an express ion  fo r  the mean veloci ty  of the mixture  
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In a s i m i l a r  way we find an express ion  equivalent  to (5): 
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The p re sence  of m a s s  veloci ty  accompanying evaporat ion in a cap i l l a ry  impl ies  a longitudinal p r e s s u r e  
T 2 gradient ,  which we de te rmine  f rom (2) and (6), a s suming  that  (acl) << 1: 
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Thus,  in the case  of evaporat ion in a cap i l l a ry  there  is a total p r e s s u r e  gradient  (8), and the mean 
veloci ty  of the mix tu re  (5) [or (6)], generaUy speaking,  d i f fers  f rom the Stefan velocity,  which has the fo rm 
[3]: 

v =  D~2 . m__L. 1 dpl (9) 
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These  d i f fe rences  d i sappear ,  however ,  t . e . ,  p = const ,  and fo rmula  (5) becomes  the s ame  as (9): 

1) when the cap i l l a ry  radius  is l a rge  enough, i . e . ,  r 0 ~ co (a ~ 0); 

2) when the effect  of su r face  fr ict ion in the cap i l l a ry  is compensa ted  by  the effect  of t h e r m a l  and dif -  
fusive slip,  i . e . ,  
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N O T A T I O N  

is the mean m a s s  veloci ty  of mixture;  
is the sl ip velocity;  
is the densi ty  of mixture;  
is the t e m p e r a t u r e  of mixture;  
a r e  the par t ia l  p r e s s u r e s  of vapor  and a i r ,  respect ive ly ;  
is the m a s s  concentrat ion of vapor;  
a r e  the mo la r  concentra t ions  of vapor  and air ;  
is the molecu la r  weight  of mixture;  
a r e  the gas  constants  of vapor  and a i r ;  
is the coefficient  of v i scos i ty  of mixture;  
is the t he rma l  conductivity of mixture;  
a r e  the t he rma l  conductivi t ies of vapor  and air ;  
is the coordinate  along capi l lary;  
is the diffusion coefficient .  
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