
on the force  of r e s i s t ance .  In pa r t i cu l a r ,  i t  is  not poss ib le  to obtain f rom [3] a d i rec t  connection between the 
fo rce  of r e s i s t a n c e  and the velocity of the d i spe r sed  medium re la t ive  to the body. 

N O T A T I O N  

d, D,  d i a m e t e r  of the pa r t i c l e s  of the d i spe r sed  medium and the d i a m e t e r  of the midsec t ion  of the body, 
r espec t ive ly ;  u,  veloci ty of d i sp lacement  of body; u0, ut ,  veloci t ies  of the beginning of fluidization and f i l t r a -  
t ion,  r e spec t ive ly ;  N = u/u0, f luidization number ;  p,  densi ty of pa r t i c l e s  of solid phase;  g,  acce le ra t ion  due 
to gravi ty;  F, f o r c e - r e s i s t i n g  motion of body in fluidized bed; Fay,  ave rage  ve r t i ca l  force  acting upon a b o d y  
in a fluidized bed; Eu = F/pu~D 2, Eu l e r  number;  F r  = gd/u  2, Froude number .  
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A L I Q U I D  IN C R O S S E D  E L E C T R I C  A N D  M A G N E T I C  

G .  A .  A k s e l ' r u d ,  A .  D .  M o l c h a n o v ,  
a n d  L .  N .  G a v r i s h k e v i c h  

F I E L D S  
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The re su l t s  of an expe r imen ta l  invest igat ion of the effect  of the magnitude and direct ion of the 
ponde r .mo t i ve  fo rce  ~ • B] on the coefficient  of m a s s  t r a n s f e r  f r o m  an e lec t r i ca l ly  nonconduct- 
ing sphere  to a liquid a r e  descr ibed .  

The method cons idered  here  cons is t s  essent ia l ly  in using c ros sed  e lec t r ic  and magnet ic  f ields to change 
the effect ive densi ty of a c u r r e n t - c a r r y i n g  liquid by means  of in terac t ion  between an externa l  magnet ic  field 
and the liquid [1]. As is known, under  the action of a magnet ic  f ield,  a c u r r e n t - c a r r y i n g  liquid becomes  e f fec -  
t ively  heav ie r  o r  l igh te r ,  depending on the di rect ion of the f ield.  Fo r  ce r t a in  geome t r i c  cha r ac t e r i s t i c s  of the 
s y s t e m  (dissolution appara tus  design),  this  m a y  resu l t  inl iquid motion.  Externa l  m a s s  exchange between a solid 
pa r t i c l e  and the liquid is  acce l e r a t ed  under  these  conditions due to forced convection. Moreover ,  inten-  
s if icat ion of m a s s  exchange is connected with the t rans la t iona l  motion of the liquid. Theore t i ca l  invest igat ions 
[2] show that c i rcu la t ion  flow, which p r o m o t e s m a s s  exchange,  a r i s e s  nea r  curved  sur faces  of an object i m -  
m e r s e d  in a c u r r e n t - c a r r y i n g  liquid. 

Our a im was to inves t iga te  exper imenta l ly  the intensif icat ion of ex terna l  m a s s  exchange in c ro s sed  e l ec -  
t r i c  and magnet ic  f ields on the example  of the dissolut ion of p r e s sed  spher i ca l  spec imens  of KNO 3 salt  in a 10% 

solution of KNO 3. 

The expe r imen t s  were  p e r f o r m e d  by means  of a device (Fig. 1) based  on an e l ec t romagne t  [3], where a 
t r a n s p a r e n t - p l a s t i c  ve s s e l  (200 • 200 x 25 ram) containing the opera t ing solution is placed between the pole 
p ieces  of the e l ec t romagne t .  S t a in l e s s - s t ee l  e l ec t rodes  (40 • 18 • 1 ram),  spaced at 42 ram,  a r e  fastened in 
the upper  pa r t  of the ve s s e l  (Fig. 2). With the superpos i t ion  of a c ro s sed  field,  the liquid between the e l ec -  
t rodes  e i ther  d rops  or  r i s e s ,  depending on the d i rec t ion of the cu r r en t .  As a r e su l t ,  the solution in the v e s se l  
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Fig. 2 
Fig. 1. Schematic d iagram of the experimental  device. 1) Magnetic circuit ;  2) mag-  
netizing coils;  3) e lectromagnet  poles; 4) part icle  under investigation; 5) vessel .  

Fig. 2. Vessel  for dissolving specimens.  1) Vessel  f rame;  2) pocket for  e lectrodes;  
3) e lectrodes;  4) adapter  for fastening par t ic les ;  5) part icle under investigation; 6) 
baffles aiding circulat ion of the solution; 7) the rmomete r .  

circulates in the interelectrode space. For the dissolution process under isothermic conditions, the vessel is 

provided with internal baffles, which do not reach the bottom, whereby the circulation contour in the vessel 

is greatly increased. The electrodes in the vessel and the electromagnet windings are supplied with dc current 

from separate rectifiers. The strength of the magnetic field is measured by means of a Hall data unit and is 

controlled by varying the gap between the pole pieces and the current in the electromagnet windings. 

The experimental method consisted in the following. Cylindrical billets were pressed under a pressure 

of 1200" 105 N/m 2, from which spherical specimens with a diameter of 7-8 mm were cut. In order to eliminate 

the surface roughness, the particles were treated carefully with distilled water and ethyl alcohol and were then 

dried in a drier. After the necessary parameters of the electric and the magnetic fields were secured, the 
specimen was immersed in the vessel by means of a special adapter. After dissolution over a period of 120 

sec, the specimen was dehydrated with alcohol and dried additionally in a drier until its weight remained 

constant. 

The mass-transfer coefficient K is determined ~4th respect to the weight loss of the specimen after dis- 
solution: 

3r 6 
-'~ 

2t Ice - co) ) 

The tempera tures  in the in tere lect rode space,  the cu r ren t  through the e lectrolyte  solution, and the cur rent  
through the e lect romagnet  windings were recorded  during the experiment .  On the average ,  the solution t em-  
pera ture  during an experiment rose by 0.5-3~ The experiments  were per formed under conditions of weight- 
ing and lightening of the c u r r e n t - c a r r y i n g  liquid; while the cur ren t  density varied in the range 0-3.'7- 103 A /m 2 
and the magnetic induction in the range 0-1.25 T. 

The experimental  data are  shown in Fig. 3, which represents  the mass  t r ans fe r  coefficient K as a func- 
tion of the ponderomotive force [j x B]. An est imate of the velocity, showed that the Re number varied in the 
range f rom 0 to 20. According to the data provided by Garner  and Hoffman [4], the m a s s - t r a n s f e r  coefficient 
K differs slightly f rom its value under conditions of natural  convection in the range of Re numbers under con- 
sideration (this value is smal le r  for an ascending flow and l a rge r  for a descending flow). A s imi lar  pattern 
of changes in the mass  t r ans fe r  coefficient was also observed in our experiments  (Fig. 3). However,  the 
m a s s - t r a n s f e r  coefficient K exceeded considerably (by a factor  as large as 4) its value for natural  convection. 
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Fig.  3. M a s s - t r a n s f e r  coefficient  K (m/sec)  
as a function of the ponderomot ive  fo rce  
[j x B], N / m  3. 1) The ponderomot ive  force  
acts  in the d i rec t ion of the fo rce  of gravi ty ;  
2) the di rect ion of the ponderomot ive  force  
is  opposite to that  of  the fo rce  of g rav i ty .  

This  could probably  be explained by the contr ibution of the vor tex  motion of the liquid to the p roces s  of 
m a s s  exchange.  

The expe r imen ta l  data have a lso  shown that  the m a s s - t r a n s f e r  coefficient  is de te rmined  by the product  
[i • B], while it  is independent of the values of these  quantit ies taken sepa ra t e ly .  

We also p e r f o r m e d  expe r imen t s  to de te rmine  sepa ra t e ly  the effect  of the magnet ic  and the e lec t r ic  
f ields on the m a s s  exchange p r o c e s s .  It has been found exper imenta l ly  that a constant  magnet ic  field with 
B = 1.25 T does not affect  the m a s s  exchange in spite of the data obtained in ce r ta in  exper iments  [5], where 
an i nc r ea se  in the dissolut ion ra t e  of up to 10% was obse rved .  

Pa s sage  of an e lec t r i c  c u r r e n t  hardly  exe r t s  any specif ic  effect  on the m a s s  exchange p r o c e s s ,  but it 
ac ts  indi rect ly  as a r e su l t  of the r i s e  in t e m p e r a t u r e .  

Thus,  only the combined effect  of beth fields produces  significant r e su l t s .  

N O T A T I O N  

j ,  e lec t r i c  cu r r en t  density;  B, magnet ic  field induction; p, density of the spec imen;  Cs, Co, sa tura t ion  
concentra t ion  and opera t ing concent ra t ion ,  r espec t ive ly ;  t ,  t ime;  G1, G2, spec imen  weight before  and a f t e r  
dissolut ion,  r e spec t ive ly .  
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