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Flow of a liquid car ry ing  an e lectr ic  cur ren t  around a nonconducting drop is considered.  The 
resul ts  are used for determining the rate of mass exchange between the drop and the sur round-  
ing liquid. 

If a cu r r en t - ca r ry ing  liquid sur rounds  a body whose e lect r ical  conductivity is different from that of 
the liquid, the nonuniformities which a r i se  in the densi ty distr ibution of the e lec t r ic  cur rent  produce a non- 
potential field of e lect romagnet ic  forces .  These forces  a l ter  the charac te r  of the flow near  the body and 
thereby affect the rate of mass  exchange between the body and the c u r r e n t - c a r r y i n g  liquid. 

Consider  the low-veloci ty flow produced by electromagnet ic  forces  near  a s ta t ionary drop.  Assuming 
that the drop retains its shape and neglecting the inertial t e rms ,  we write the equation of motion (the coor-  
dinate sys tem is shown in Fig.  1), 

__ grad P - -  F rot rot U + I • B = 0 (1) 

o r  

rot rot rot U = rot (I • B). 

The express ions  for I • B and rot(I x B) in the induction-free approximation are  given in [1]. 
following form: 

rot (I • B) = - -  i v ~-  ~e I0 sin 0 cos 0 1 - -  . 

We introduce a s t ream function r such that 

Z 

(2) 

They have the 

Fig.  1. Schematic presentat ion of 
the problem. 

(3) 

(4) 

1 o r  1 0, 
u, - -  r~sin0 " a o  ' u o -  , - - .  (5) r sin 0 Or 

By substituting (4) and (5) in (2), we obtain the equation de te rmin-  
ing the s t r eam function for the region outside the drop:  

+ r - - V -  00 rs in0  00- 

_ 

2 \ r ]  L \ r ]  J 

For  the region inside the drop,we correspondingly have 

Or 2 ~ r ~ " O0 r sin O 00 ~' = 0. (7) 

Before solving Eqs. (6) and (7), we must  determine the form of the 
supposed solution. This can be done by investigating the charac te r  
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F i g .  2. D i m e n s i o n l e s s  n u m b e r  r e l a t i o n s h i p s  d e t e r m i n i n g  the  e f fec t  of an 
e l e c t r i c  c u r r e n t  on the m a s s - e x c h a n g e  r a t e .  

F ig .  3. T h i c k n e s s  d i s t r i b u t i o n  of the  d i f fus ion  l a y e r  o v e r  the d r o p  s u r f a c e  
f o r  K > 5 /7 .  

of the  e l e c t r o m a g n e t i c  f o r c e s  c aus ing  the m o t i o n  of the  l iqu id .  It is  e v ide n t  f r o m  Eq. (3) t ha t  the  f i e ld  of 
e l e c t r o m a g n e t i c  f o r c e s  i s  a x i s y m m e t r i c  wi th  r e s p e c t  to the  X a x i s  and  s y m m e t r i c  wi th  r e s p e c t  to the YOZ 
p lane .  Since  the  l iqu id  f low p o s s e s s e s  a s i m i l a r  s y m m e t r y ,  the s t r e a m  funct ion should  be sough t  in  the  fo l -  
lowing f o r m :  

= R (r) sin 2 0 cos 0. (8) 

By subs t i t u t i ng  (8) in (6) and a s s u m i n g  tha t  R(r)  = c o n s t r  n, we obta in  

* = ~ I~ a 5 

ou t s ide  the d r o p ,  and 
/ r  ~q 

i n s ide  the d r o p .  I t  h a s  been  t aken  into accoun t  h e r e  tha t  the v e l o c i t y  m u s t  be bounded.  F o r  d e t e r m i n i n g  the 

c o n s t a n t s ,  we have  f o r  r = a 

u~= uo ; , ' = , = o ;  

kT- aO + Or r " - - -F  " 80 + - - ~ -  r " 

By us ing  cond i t ions  (11), we ob ta in  f o r  the s t r e a m  funct ion  o u t s i d e  the  d r o p  

* =  16----~ 7 ~ : 

and fo r  the s t r e a m  funct ion ins ide  the  d r o p  

• j } t  ~ m 

w h e r e  ~ = #'/~. 

If 8 - -  0 (sol id  s p h e r e ) ,  then 

160 F 

~e /02  a 5  

32t* 

10(8 + 1) 10(8 + 1) 

~ .  r 3 r 5 

r 2 [2 0]s,n, oos0 
which c o i n c i d e s  wi th  the r e s u l t  ob ta ined  in [1]. 

If  ~ - -  0 (gas bubble) ,  

s i#  0 cos 0 

,_,.__ ~,I~ a~ 
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We shall now determine the velocity field around the drop in the case of superposit ion of two flows: 
the forced flow of the liquid surrounding the drop and the flow caused by e lect romagnet ic  forces .  Assume 
that the c u r r e n t - c a r r y i n g  liquid moves at t heve loc i ty  U 0 parallel  to the electr ic  cur rent  at a location r e -  
mote from the drop,  as is shown in Fig. 1. Since the veloci ty field in the absence of the e lec t r ic  cur rent  is 
known [2, 3], then, in the case of superposit ion of two flows under the above assumptions,  the s t r eam func- 
tion is given by 

- - K  + + 1 0 ( ~ + 1 )  , 10(13+1) 

for the region outside the drop,  and 

~'- -  Uo a~ ' r 4 7 
4(1-{-13) {[(~_)2 ( ~ _ ) ] - - 5 - K [ ( ~ - ) 3 - - / ' r - - - 1 5 ] c ~  s i n 2 0 .  ~a ] J 

for the region inside the drop. Here,  K =/~eI~a3/8/~U0. Evidently, the liquid flow caused by the e lec t r ic  cu r -  
rent does not affect the drag of the drop because of the symmet ry  relative to the YZ plane. 

The solution of the hydrodynamic problem concerning the motion of an e lec t r ica l ly  nonconducting drop 
in a c u r r e n t - c a r r y i n g  liquid makes it now possible to solve the problem of the effect of an electr ic  cur ren t  
on mass  exchange under these conditions. 

Consider  s teady-s ta te  mass  t r ans fe r  from the surface of the drop.  Since the values of the Pe number  
in the liquid are  sufficiently large ,  it can be assumed that the concentration va r ies  within, a thin diffusion 
layer  at the surface of the drop. Therefore ,  we have the following sys tem of differential equat ions.descr ib-  
ing the concentrat ion of dissolved mat te r  c = c(r ,  O): 

( de u o c)c 02c 
u , . ~ p r  ' - - - -  = D - - "  r O0 OF- ' 

c (a, 0) : c8; (13) 
J c (oo,  0) = co; 

i c (r>a,  0)~c , ;  c(r>a,  zO=/=c v 

Here, u r and u 0 are  determined by Eqs.  (12) and (5). The solution of sys tem (13) is obtained by using the 
method described in detail in [4]. As a result ,  we obtain the concentration distribution c = c(r ,  0), by means 
of which we find the dimensionless  flux of mat te r  from the surface of the drop: 

{[ N u =  1 Pe '/2 _ - ~ -  - ~ -  +._2 

\ 1 ( - ~ - ~  + I  5 1 
4~, 5 / '  3 J  

The dependence (14) is shown in Fig. 2. If K >> 5/7, 

( 7 )'/2 Pe'/2 K,/2 
Nu = ~ (1 + ~.)i/2 �9 (15) 

If K <-- 5/7, the electric current does not affect the mass exchange rate. For U 0 = 0, 

1 ( 7  ~I/2( ixel~a* I pr)'/2 (16) 
Nu = --ff \ - ~  ] Fv 1 + " 

If the v iscos i ty  of mat te r  in the drop is negligibly low, we obtain from Eqs. (14), (15), and (16) the 
corresponding express ions  for the diffusion flux f rom the surface of a gas bubble. 

The thickness distribution of the diffusion layer  over the surface of a drop for K > 5/7 (see Fig. 3) is 
of interest .  It is seen that, in the presence  of an electr ic  current ,  the removal  of dissolved mat ter  occurs  
at the surface of a ring with the radius r 0 and not at the s tern  end of the drop. If K increases ,  r 0 tends to 
a, and the thickness distribution of the diffusion layer  becomes  symmet r i c  with respec t  to the YZ plane. 

The above resul ts  indicate that there is a possibil i ty of intensifying the p rocesses  of mass  exchange 
between a drop (gas bubble) and a c u r r e n t - c a r r y i n g  liquid. 
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N O T A  T I O N  

a r e  the Car tes ian  coordinates ;  
a r e  the spher ica l  coordinates ;  
a r e  the unit vec to r s  in the r ,  0, and ~0 d i rec t ions ,  respec t ive ly ;  
is the drop radius;  
is the concentrat ion of dissolved mat te r ;  
is the concentrat ion of d issolved m a t t e r  at a location remote  f rom the drop; 
is the concentrat ion of d issolved m a t t e r  at the drop surface;  
is the veloci ty  of the liquid at  a point r emote  f rom the drop;  
is the radia l  component  of the velocity;  
is the tangential  component  of the velocity;  
is the e lec t r ic  cu r ren t  density;  
is the e lec t r i c  cu r r en t  densi ty  a t  a point r emote  f rom the drop; 
is the magnet ic  induction; 
is the p r e s s u r e ;  
is the magnet ic  pe rmeab i l i t y  of the liquid; 
is the dynamic v i scos i ty  of the liquid; 
is the dynamic v i scos i ty  of  m a t t e r  in the drop; 
is the rat io  of the dynamic v i scos i ty  of m a t t e r  in the drop to the dynamic v i scos i ty  of 
the surrounding liquid; 
Is the kinemat ic  v i scos i ty  of the liquid; 
m the diffusion coefficient;  
is the m a s s - t r a n s f e r  coefficient;  
~s the s t r e a m  function for the region outside the drop;  
m the s t r e a m  function for the region inside the drop;  
Is the d i f f u s i o n  Nussel t  number ;  
is the diffusion Prandt l  number ;  
is the diffusion Pec le t  number;  
is the Reynolds number ;  
a re  the constants ;  
is a d imens ion less  p a r a m e t e r .  
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