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A so lu t i on  of the  p r o b l e m  of d e t e r m i n i n g  the  m a s s - e x c h a n g e  c o e f f i c i e n t  be tw e e n  the  s u r f a c e  
of a s p h e r e  and a l i qu id  f lowing  o v e r  the  s p h e r e  at  low R e y n o l d s  n u m b e r  ( second  a p p r o x i m a -  
t ion)  is  p r e s e n t e d .  

In 1952, t he  a u t h o r  and V. G. L e v i c h  i n d e p e n d e n t l y  ob t a ined  the  fo l lowing  equa t ion  [1-3] :  

w h i c h  is v a l i d  f o r  Re  < 1. 
f u s ion  l a y e r :  

N U  3 m 
s ,-'--__~ = 0,99 ~-Re, (1) 
P r V  

The a u t h o r  u sed  a d i f fus ion  i n t e g r a l  r e l a t i o n  g o v e r n i n g  the  t h i c k n e s s  of the  d i f -  
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o o 

(2) 

and the  v e l o c i t y  d i s t r i b u t i o n  was  d e t e r m i n e d  f r o m  the  known S tokes  s o l u t i o n  f o r  t he  s t r e a m  func t ion  

( _ _  U sinS0 2r ~ - 3 a r +  
~P= 4 r , 

R e c e n t l y ,  Van Dyke  [4] ob t a ined  a s e c o n d  a p p r o x i m a t i o n  to d e s c r i b e  the  f lu id  f low n e a r  a s p h e r e  

U s i n 2 0 ( r _ a ) ~ [ (  1 + ~ 6  R e ) ( 2  + a ) *=---(  r 

+ - ~ - R e  2-F--r + 7  cos0 . (3) 

The possibility was therefore disclosed for obtaining the second approximation in the solution of the 

mass-exchange problem. 

It follows from (3) that for Re _ 16 the tangential velocity near a sphere v e is positive on the whole 

surface of the sphere. If Re > 16, this velocity takes on negative values at the rear part of the sphere for 

cos 01 = - -  -~-- -t- = - -  m. (4) 

In the first case we can follow the growth of the diffusion layer on the whole surface (0 <_ 0 -< ~), on 

the major portion of the surface (0 _ e <- e i) in the second case; the conditions of diffusion in the domain 

0 i -< 0 -< 7r are distinguished by extreme complexity because of the presence of a stationary vortex therein 

[4]. However, the mass exchange of the part of the surface with 0 > 01 can be neglected because this 

part comprises less than 12.5% of the whole surface of the sphere, and because of the insignificant 

tangential velocities in this domain. 
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Fig.  1. Cri t ical  dependences 
governing the mass-exchange 
coefficient:  1)from (1) ; 2) f rom 
(7); (8), 3) f rom (9). 

The solution of the problem under consideration is performed as follows. 

1. The taI~gential velocity v 0 and its value within the diffusion layer ,  i . e , ,  for  r = a + y, y<<a,  
determined f rom (3). 

2. The concentration distr ibution in the diffusion layer  is represen ted  by the relat ionship 

c - - c ~  - - l - - s in  ~x y 

c s - -  c 1 2 

which sat isf ies  the boundary conditions 

k W ]  v=6 \ Og' ly=o 

3, Integration in conformity with (2) and subsequent solution of the differential  equation determine 
the diffusion-layer  thickness,  and its distribution over the surface  

a 

o [( 3 ],,2 
16,59j'si#0 1 + ~ -  Re +--~-cosO 

0 

dO 

4. The flux of mater ia l  f rom the sphere  surface  is 
01 

I D j '  2~a sin 0d0 

0 

and it deter:mines the magnitude of the mass-exchange  coefficient 

I = k (c s - -  Q) 2aa 2 (1 - -  cos 01). 

The final resul t  is 

Re.(.. 16; m >  1; 

[ + (3 § m ~) e 
F-~-~-~ ] J 

Re > 16; m~l;  

Nu 0.412i / f  ( 3 )  1 [ a~---- Re 1 - ? ~ - R e  ~ 'm-( l+m) (m--3) ( l  
V Pr 

--m) F(V/-l+m)+(62-2m2)E(V2 ' l + m ) ]  2 / 3 " 2  

are  

(5) 

(6) 

(7) 

(8) 

884 



Expanding the ell iptic in tegra ls  in (7) in s e r i e s  and re ta in ing  th ree  t e r m s  in each,  we obtain r e su l t  more  

convenient  fo r  use 

( 1 +  13 17 ) e/a 
Nu = 0.991}'~ ~ Re @ l ~  Re~ 

~pr -  1 -[- ~ 6  Re 

The r e su l t s  (1), (7), (8), (9) a r e  p resen ted  in Fig .  1 in logar i thmic  coord ina tes .  
(9) exceed the exact  value (7) by not more  than 5%. 

(9) 

The values de te rmined  f r o m  

c 1 
c 
Cs 
F 

k 
m 

U 
v 0 
X 

Y 
D 
r 
I 

6 
0 
01 
V 

Nu = k .  2a/D 
p r  = v / D  

Re = U �9 2air 
E 

NOTATION 

sphere radius ; 
concentration in the main mass of solution; 
concentration within the diffusion layer; 
concentration on the sphere surface; 
complete elliptic integral of the first kind; 
m a s s - e x c h a n g e  coeff icient ;  
a p a r a m e t e r  defined by (4); 
ve loc i ty  of fluid motion around the sphere ;  
tangential  ve loc i ty  component;  
a p a r a m e t e r  (see (5) and (6)); 
d is tance f r o m  the sphe re  su r face  in a radia l  d i rec t ion 0 _ y <__ 0; 
diffusion coeff icient ;  
r a d i u s - v e c t o r  of a point outside the sphere ;  
flux of m a t e r i a l  f r o m ' t h e  sphe re  su r f ace  (quantity of :material  los t  by the  sphe re  in unit t ime) ; 
diffus  ion- l aye r  th ickness  ; 
angular  d is tance  f r o m  the fo rward  s tagnat ion point; 
the s a m e  at points of ve r t i c a l - zone  fo rmat ion ;  
k inemat ic  v i scos i ty ;  
s t r e a m  function; 
diffusion Nusse l t  number  ; 
diffusion Prandt l  number ;  
Reynolds number ;  
comple te  ell iptic in tegra l  of the second kind. 

I. 
2. 

3, 
4. 
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