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The p rob lem of the de te rmina t ion  of the act ion of an e lec t r i c  c u r r e n t  on m a s s  exchange in 
a solid b o d y -  liquid s y s t e m  is  solved. 

It is known that nea r  a solid body i m m e r s e d  in an e l ec t r i ca l ly  conducting liquid through which an 
e l ec t r i c  c u r r e n t  flows, the liquid will  move.  The cause  of this mot ion is the action of the magnet ic  field 
of the e lec t r i c  c u r r e n t  on the c u r r e n t - c a r r y i n g  liquid. Chow [1] de te rmined  the veloci ty  field about a s p h e r i -  
ca l  pa r t i c l e  under  condit ions of superpos i t ion  of two slow motions:  the forced motion of the par t i c le  and the 
mot ion of the liquid caused  by the e lec t r i c  cu r ren t .  The s t r e a m  function in this case  has  the fo rm 
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where  K = #eI~a318#Uo.  

Equation (1) with suff icient  a ccu racy  is valid when the numbers  Re <<.1 and Rein << 1. The solution of 
the formula ted  hydrodynamic  p rob lem es tab l i shed  p re r equ i s i t e s  for  the solution of a p rob lem of m a s s  e x -  
change under the same  conditions.  

We cons ide r  the s t e ady - s t a t e  t r a n s p o r t  of m a t t e r  f rom the sur face  of a d issolv ing sphere  into the 
sur rounding  liquid. Assuming  that the case  being cons idered  c o r r e s p o n d s  to large values of the c r i t e r ion  
Pe (which is caused by values  of the c r i t e r i on  P r  = 103-106) we will  a s sume  that the r ep resen ta t ions  con-  
ce rn ing  the diffusion l aye r  that  a r i s e s  on the su r f ace  of the sphere  a r e  c o r r e c t .  The s y s t e m  of d i f ferent ia l  
equat ions and boundary condit ions that d e t e r m i n e s  the concentra t ion of solute c = c (r, 0) has the fo rm 
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Oct = O. (2) 
c (a, 0) = c~, c ( oo, 0) = co; - ~  lo=0 

Sys tem (2) with the use of Eq. (1) is solved i n M i s e s '  va r i ab l e s  and leads to the resu l t  
2 
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where  

(r - -  a) V-7K cos0 _+ 3 sin 0 
z = 0,397 peVs. 

a ( b i V 7 K c o s x _ f _ 3  .sJn2xdx) '/a 

The sign will  be posi t ive  if the d i rec t ions  of motion in tlie region being cons idered  coincide. 
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Fig .  1. E f fec t  of  e l e c t r i c  
c u r r e n t  on d i m e n s i o n l e s s  
dependence  d e t e r m i n i n g  the 
m a s s - t r a n s f e r  coef f ic  lent.  

F o r  K > 3 / 7  the m a s s  flow f r o m  the en t i r e  s u r f a c e  of the s p h e r e  p e r  unit  t ime  equa ls  
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H e n c e ,  

Nu = 0.4825 Pe 1''3 2 (Pl - -  Pl + 1) E 
p~ 
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w h e r e  p~ = 1 4 K / ( 7 K  + 3); p2 = 1 4 K / ( 7 K - 3 ) .  

F o r  U 0 = 0 we  have  K = ~ and,  hence ,  

/ 7K \ b'3r 1.3 ~_ N u = 0 . 4 8 2 5 P e  / - ~ - ,  1) [ 

I f  K _< 3 / 7 ,  then 

F o r  l a rge  K with  a c c u r a c y  to O ( 1 / K )  f r o m  (3) we have  

Nu = 1.2 Pe 1/3 K !/3. 
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Fig .  2. 
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D i s t r i b u t i o n  of t h i cknes s  of d i f fus ion  l a y e r  
o v e r  s p h e r e  s u r f a c e  f o r  K > 3 / 7 .  

(3) 

(4) 
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F o r I  0 = 0 w e h a v e K =  0and  

Nu = 0.991 Pe t/3 , 

which coincides with the solut ion assumed in [2]. The resu l t s  (3) and (4) a re  represen ted  in Fig. 1. 

T h e r e  is definite i n t e re s t  in the dis tr ibut ion of the thickness of the diffusion layer  over  the surface  
of the sphere  for  K > 3 / 7 (see Fig. 2). 

Unlike s imple flow, mass  is washed away not f rom the af terbody of the sphere  but f rom the surface  
of  a ring of radius r 0. Thus,  the resu l t s  obtained here  indicate the principal  possibil i ty of intensifying the 
ma ss  exchange by using a conducting liquid. 
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NOTATION 

are  the spher ica l  coordinates ;  
is the sphere  radius;  
~s the concentra t ion of the solute; 
~s the concentra t ion of the solute far  f rom the sphere;  
is the concentra t ion of the solute at the sphere  surface;  
is the velocity of the c u r r e n t - c a r r y i n g  liquid far  f rom the sphere;  
is the tangential  component  of the velocity of the liquid; 
is the radia l  component  of the veloci ty of the liquid; 
is the e l e c t r i c - c u r r e n t  density far  f rom the sphere;  
is the e l ec t r i ca l  conductivity of the liquid; 
is the magnetic  permeabi l i ty  of the liquid; 
is the dynamic viscosi ty;  
~s the kinematic  viscosi ty;  
Is the s t r e am function; 
~s the var iab le  of integration; 
~s the m a s s - t r a n s f e r  coefficient;  
~s the diffusion coefficient;  
is the flow from the sphere  sur face  per  unit time; 
is the diffusional Nusse l t  number;  
is the diffusional Prandt l  number;  
~s the diffusional Pec le t  number;  
Is the Reynolds number;  
is the magnetic Reynolds number;  
is the complete  ell iptic integral  of the f i r s t  kind; 
~s a complete  elliptic in tegra l  of the second kind; 
~s a d imensionless  pa rame te r .  
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