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M A S S  T R A N S F E R  IN A C O N I C A L  C H A N N E L  IN 

T H E  P R E S E N C E  O F  P R O C E S S E S  OF E V A P O R A T I O N  

AND C O N D E N S A T I O N  AT T H E  C H A N N E L  W A L L S  

L .  N .  S h u l e p o v  UDC 536.422 

The t rans fe r  of the wall ma te r i a lo f  a channel, caused by the presence  of a tempera ture  gradient  
along the channel axis,  is discussed.  

In the presence of a tempera ture  gradient  along the z axis of a channelthe t rans fe r  of mat te r  evaporating 
from the walls takes place f rom regions with high temperatures  to regions with lower t empera tures .  If the 
temperature  level is not very  high, the vapor flow takes place in the f ree-molecule  mode. The problem of the 
mass  t ransfer  ina eylindrinal channel inthe presence of a constant temperature  gradient  along the channel axis 
was solved in [1]. But the t rans fe r  o f m a t t e r  evaporating from the walls canlead toa change in the channel 
geometry,  so that it is interesting to investigate mass  t ransfer  in channels with a more  complicated geometry .  
The mass  t ransfer  in a conical channel is studied in the present  paper.  With slow variat ion of the radius of a 
real  channel along the z axis the shape of the channel in the vicinity of any point eanbe approximated by a cone. 
Thus, knowing the solution for a conical channel, one can approximately calculate the mass  t ransfer  ina chan- 
nel of more  complicated shape. 

We will take the coefficient of condensation as equal to unity and the velocity distribution of the evaporating 
molecules as Maxwellian at the wall t empera ture .  In this case the geometr ica l  quantities determining the vapor 
flow coincide with the corresponding quantities for a noncondensing gas with reflection of a diffuse cha rac te r .  
Using the values calculated for them in [2-4], we canwrt te  the express ion for the mass  ftux passing through the 
channel c ross  section at the point z. In doing this we will assume thata tempera ture  T o andthe vapor saturation 
p ressu re  P0 corresponding to i t a re  maintained at the channel entrance (at z =0), while at the other endthe chan- 
nel opens into a vacuum: 

L 

1 / ' ~ -  Po F z 2 , z.../.__ cos~O] + G = _ ~ V . ~ v . _ ~ [ c _ _ ~ s 2 ~ _ F 2 r 2  F2rorZ_cos2 0 ]/zZ+4(r2o_Pror,Z) J , [ ~ m  (" P(z') r z , _ z  + rzr' 
L 

0 

1 (Z' - -  z) 2 + 2r~ cos20 + 3r~r' (z' - -  z) cos20 1 
- -  sign (z' - -  z) cos20 ]/(z '  - -  z) 2 + 4 [r~ + rzr' (z' --z)l cos20 dz', 

(1) 

where T(z) is the temperature  of the channel walls in degrees Kelvin; P(z) is the vapor saturation p ressu re  at  
the temperature  T(z). 

Trans la ted  from Inzhenerno-Fiz icheski i  Zhurnal, Vol. 35, No. 2, pp. 284-286, August, 1978. Original 
ar t ic le  submitted July  4, 1977. 
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To find the r ad ia l  m a s s  flux dens i ty  a t  the channel  wall  one c a n u s e  the continuity equat ion 

cos0 dG (2) 
qa = -  2ur---~- d-z" 

Le t  us cons ide r  (1) at  r '  <<1, In th i s  ease  one c a n p e r f o r m  an expans ion  by powers  of r ' ;  the f i r s t  t e r m  
of the expans ion  is wr i t t en  in the  f o r m  

L 
r 1 Po 2, ~ P(z ')  ( ( z ' - - z ) - -  �9 6(z)= |/-~'te [ --~-~-o (z,2r~ 4r~ ,) V ~  sign (z' - z, V(z'(Z'-Z'a§ z) a + 2r2~4r:,'~dz'] (3) 

0 

We note that  Eq.  (3) with r z - -  r 0 d e s c r i b e s  the m a s s  t r a n s f e r  in a cy l ind r i ca l  channel .  In the case  of smal l  
t e m p e r a t u r e  g rad ien t s  the in tegrands  in (1) and (3) c o m p r i s e  the p roduc t  of a slowly vary ing  function P/~fT and 
a function decl ining a s ( z '  - -  z) -a at  I z '  - -  z]>> r z.  Thus ,  a n a r r o w  reg ion  nea r  the po in t z  m a k e s t h e  main  
cont r ibut ion  to the in tegra l .  F o r  an  app rox ima te  ca lcula t ion  of the in tegra l s  we expand P(z ' ) /T4T'~)  in the 
vic ini ty  of the po in t z  andconf ine  o u r s e l v e s  to the l inea r  t e r m  of the expans ion .  Having p e r f o r m e d  the ca l cu la -  
t ions ,  we obtain 

1 /-~m-m [ Po 2 "_~:~:r ~ , P (Z) (~ (Z) - -  ~ (L - -  Z)) + 
c(z)= ( z - _  L VV~(z) 

dzd vP(Z)v (z) (--z$(z)--(L--z)~(L-- z) + 2(z) + ~(L--z)-- -3-16 r ~ ) ] ,  (45 

where  $(z) =zqz  2 +4r2z --  z 2 and • =1/3[(z2 +4r2z )3/2 - -  za]. F a r  f r o m  the ends of the channel  [z >> r z and ( L -  
z) >> r z] (4) changes  into 

8 r3 /.~m--m d P 
c = - ~  z ~ dz V T  (5) 

This  e x p r e s s i o n  co inc ides  in f o r m  with the e x p r e s s i o n  desc r ib ing  f r e e - m o l e c u l e  gas  flow in a cy l ind r i ca l  
channel ,  but  the g rad ien t  of sa tu ra t ion  p r e s s u r e  and the channel  rad ius  at  the point  unde r  cons ide ra t ion  f igure  in 
it .  

At  the ends of the channel  (4) is wr i t t en  in the f o r m  

[ ' Po , • 1 (6) 
c(o)= I' 3 ~  

-~- ~ V ~  3 r~" dz Vf-~=~ " 

F r o m  (5)-(7) it is s e e n t h a t  fa r  f r o m  the ends o f the  channel  the m a s s  t r a n s f e r  is connec t edwi th th e  p r e s -  
ence  of a t e m p e r a t u r e  g rad ien t ,  while at  the ends of the channel  the m a s s  flow is d e t e r m i n e d  bo thby  the t e m p e r -  
a tu re  g rad ien t  and by the d i f fe rence  in the values  of P / q T ' a t  t h e e n d  of the channel  and in the vo id in to  which 
the channel  e m e r g e s .  Thus ,  with i s o t h e r m a l  heat ing the m a s s  loss  o c c u r s  main ly  f r o m t h e  ends of the channel ,  
while in the p r e s e n c e  of a t e m p e r a t u r e  g rad ien t  the re  is a l so  apprec iab le  m a s s  loss  f r o m  the in te r io r  of the chan-  
nel .  

N O T A T I O N  

m,  m a s s  of a molecu le ;  0, a p e r t u r e  angle of cone;  r0, channel  rad ius  at  z =0; r z, c u r r e n t  value of chan-  
nel  r ad ius ;  r '  = d r z / d z ;  L, channel  length; k, B o l t z m a n n ' s  cons tan t .  
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