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The mechan i sm of the nonl inear  re la t ion  between the specif ic  r e s i s t ance  of a fluidized bed 
of graphi te  pa r t i c les  and the cu r r en t  density when a 50 her tz  a l ternat ing cu r ren t  is supplied 
to the bed is d i scussed .  

The effect  of the f i l t ra t ion veloci ty ,  pa r t i c l e  d i ame te r ,  height of initial filling, cu r ren t  densi ty,  etc. ,  
on the specif ic  e l ec t r i ca l  r e s i s t a n c e  of a fluidized bed of graphi te  pa r t i c les  was descr ibed  in [1-3]. 

In this pape r  we consider  in g r e a t e r  detail  than before  the mechan i sm of the re la t ion  between the 
specif ic  e l ec t r i ca l  r e s i s t a n c e  of a fluidized bed p, and the cur ren t  density.  

As shown by the exper imenta l  r e su l t s  [1-3] and Fig. 1, p is a sharp ly  decreas ing  nonlinear  function 
of the cu r r en t  densi ty .  P rev ious  exper iments  on the investigation of the effect  of the cu r ren t  densi ty on the 
specif ic  e l ec t r i ca l  r e s i s t a n c e  of a fluidized bed [2] were  made with the usual  appara tus  and a cyl indrical  
bed with coaxial  e l ec t rodes , and  the analys is  of the exper imenta l  r e su l t s  involved averag ing  the cu r ren t  den-  
s i ty along the rad ius ,  s ince at each moment  of t ime the cu r ren t  density was obviously g r e a t e s t  at the cent ra l  
e lec t rode  and leas t  at the pe r iphe ra l  one, if we a s s u m e  that the conducting chain branched at the input to 
the b road  pe r iphe ra l  pa r t  of the cyl indr ica l  bed. 

Hence there  is ce r t a in  in te res t  in ver i fy ing  the na ture  of the re la t ion  between the specif ic  e l ec t r i ca l  
r e s i s t a n c e  and the cu r r en t  densi ty when the conductor to the d i spe r sed  s y s t e m  has a different  geome t ry  
- in an appara tus  of r ec t angu la r  c r o s s - s e c t i o n  (Fig.2).  Here  when the plane e lec t rodes  (45 • 100 ram), 
occupying the whole width of the bed and lowered a lmos t  to the top of the a luminum oxide charge  (2 m m  
gap), there  was a high probabi l i ty  that the cur ren t  densi ty along the whole path between the e lec t rodes  (104 
mm) was the s a m e .  

The exper imenta l  r e su l t s  for  a r ec tangu la r  appara tus  a re  compared  with those for  a cyl indr ical  ap -  
pa ra tus  in Fig. 3, f r o m  which we see  eas i ly  that the na ture  of the re la t ion  p = f(i) does not change, i .e. ,  
ave rag ing  the cu r ren t  density,  as done in [2] for  a cyl indr ica l  appara tus ,  is p e r m i s s i b l e .  
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Fig .  1. The speci f ic  e lec t r i ca l  r e -  
s i s t ance  (ohm. cm) of a fluidized bed 
of graphi te  pa r t i c les  of d i ame te r  
0.1-0.16 m m  as a function of the c u r -  
rent  density (A/cm 2) for  an expansion 
fac tor  of 1.2: 1) argon gas,  20~ 2) 
hel ium gas ,  2000~ 3) argon gas ,  
2000~ 

Institute of Heat and Mass Transfer, Academy of Sciences of the BSSR. Translated from Inzhenerno- 
Fizicheskii Zhurnal, Vol. 18, No. I, pp. 64-67, January, 1970. Original article submitted March 20, 1969. 

�9 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

47 



r 

t 

I I |  I I I I I I I I I I I I I I ' , L l l l  

?-2 9 

I'-.. ~ ~v 

F i g .2 .  The exper imenta l  appara tus :  1 ) f i r ec l ay ;  2) e lectrode;  3) 
charge  of coa r s e  a luminum oxide par t i c les ;  4) gas -d i s t r ibu t ing  
grating; 5) the fluidized bed.  

The fundamental  r e s i s t a n c e  to the e lec t r i ca l  cu r ren t  is due to contact  br idges  between the pa r t i c l e s ,  
shunting the gas gaps,  i .e. ,  the fundamental  heat  l iberat ion occurs  at these  points of contact  which can be 
heated r ight  up to the t e m p e r a t u r e  at which the pa r t i c l e  ma t e r i a l  softens and vapor i zes .  As the cu r ren t  in-  
c r e a s e s  so does the l iberat ion of heat  in the gaps between the pa r t i c l e s ,  while the r igidi ty  of the contacts  
is lowered due to ma te r i a l  softening at the points of contact ,  the a r e a s  of contact between the pa r t i c l e s  in-  
c r e a s e  and their  e lec t r ica l  r e s i s t a n c e  d iminishes .  

In [2] we r e f e r r e d  to the photoionization of the gas at the points of contact (in the gaps between the 
part icles} of an e lec t r ica l ly-conduct ing  fluidized bed (i.e., between the pa r t i c les  and the electrodes} as one 
of the probable  mechan i sms  for  the reduction of the e lec t r i ca l  r e s i s t a n c e  of the bed when the cu r ren t  den-  
si ty inc reased .  

Indeed the development  of other  ionization mechan i sms  is doubtful he r e .  Br ie f  local heating a r i s ing  
when the conducting chain is broken or connected is accompanied  by spa rk  fo rmat ion  ( m i c r o - a r c  d ischarges)  
can lead to t he rma l  ionization, which r equ i r e s  a t e m p e r a t u r e  of the o rde r  of 10,000~ Also, su r face  ioniza-  
tion, as we know, r equ i r e s  a high potential  d i f f e r ence ,wh ichdoes  not occur  between the e lec t rodes  in the 
e l ec t ro the rma l  fluidized bed [4]. A shock ionization cannot develop he re  because  the  dis tance between the p a r -  
t icles in the chain is negligible.  

But in [2] we did not r e f e r  to one other mechan i sm for  reducing the e lec t r i ca l  r e s i s t a n c e  of the f luid-  
ized bed when the cur ren t  density i nc r ea se s ,  that is ,  an e lec t rodynamic  mechan i sm.  When an e l ec t ro the rma l  
fluidized bed is heated by an a l te rnat ing  cur ren t  at high cu r r en t  density significant e lec t rodynamic  fo rces  
mus t  occur .  

Although the effective cu r ren t  density is smal l  the t rue  value in var ious  cur ren t -conduc t ing  chains can 
be very  la rge ,  and this leads us to expect the appearance  of e lec t rodynamic  fo rces .  

As the cur ren t  density i n c r e a s e s ,  the e lec t rodynamic  fo rces  which a re  t rying to c o m p r e s s  the randomly 
sca t t e red  cur ren t -conduc t ing  chains into cer ta in  dominant conducting channels become  c o m m e n s u r a b l e  with 
the hydrodynamic  fo rces  prevent ing such an o rde r .  As they a r e  c o m p r e s s e d  we can expect that the cu r r en t  
conducting chains cont rac t  and that the density of the contacts  i nc r ea se s ,  which must  lead to a fal l  in the 
e lec t r i ca l  r e s i s t a n c e  of the fluidized bed even to the point at which photoionization of the gas gaps develops.  
The conducting chains can be c o m p r e s s e d  because  the v i scos i ty  of the fluidized bed has re la t ive ly  l i t t le  ef-  
fect .  

Evidently the var ious  mechan i sms  for  reducing the e lec t r ica l  r e s i s t a n c e  of a fluidized bed, cons idered  
above,  opera te  at the s a m e  t ime,  which compl ica tes  the descr ip t ion  of the pas sage  of an e lec t r i ca l  cu r ren t  
through the bed.  But s o m e t i m e s  one of these becomes  the control l ing mechan i sm.  We see  that this is t rue 
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Fig. 3. The equation p = f(i) for  graphi te  pa r t i c les  of d i a m e t e r  
0.16-0.2 m m  and an expansion fac to r  of 1.1 for  a r ec tangu la r  
(open) and a cyl indr ica l  {black dots) appara tus  (p, o h m .  cm; i, 
A/cm2): 1) t e m p e r a t u r e  20~ 2) t e m p e r a t u r e  1000~ 

Fig .4 .  The normal i zed  ampli tude (%) of the pulse cu r ren t  (5A) 
as a function of the t e m p e r a t u r e  (~ for  pa r t i c l e s  of d i ame te r  
0.16-0.2 m m  and an expansion fac tor  of 1 .h  1) r ec tangu la r  
appara tus ;  2) cyl indr ical  appara tus .  

when the mean  t e m p e r a t u r e  of the bed is compa ra t i ve ly  high, approx imate ly  2000~ On Fig. 1 l ines 2 and 
3 show the speci f ic  r e s i s t a n c e  of graphi te  beds fluidized r e spec t ive ly  by hel ium and argon at 2000~ P r i -  
ma r i l y  they indicate the ve ry  low e lec t r ica l  r e s i s t a n c e  of the fluidized bed under  these conditions and that 
p depends weakly on the cu r r en t  densi ty.  At the s a m e  t ime,  the r e s i s t a n c e  when fluidization is by hel ium 
r e m a i n s  much lower throughout the whole range  of cu r r en t  densi t ies  than when fluidization is by argon,  and 
this indicates the s ignif icant  ro le  of photoionization which begins at high t e m p e r a t u r e  and low cu r r en t  den-  
s i ty .  The ionization mechan i sm is so powerful  h e r e  that it ensures  that the gaseous  beds a r e  highly con-  
ducting, and then additional reduct ion in the contact r e s i s t a n c e  between the pa r t i c l e s  due to their  softening 
or  the e lec t rodynamica l  c o m p r e s s i o n  of the conducting chains with inc rease  in cu r r en t  densi ty does not 
cause  any marked  reduct ion in p for  a rgon fluidization. When fluidization was by weakly- ionized  hel ium 
the reduct ion in p was marked  but s m a l l e r .  

When we turn f r o m  a low t e m p e r a t u r e  to a high t e m p e r a t u r e  e l e c t ro the rma l  fluidized bed and when 
the throughput of gas  by weight is l a rge  enough to p r e s e r v e  the f o r m e r  expansion of the bed, pulsat ions of the 
e lec t r i ca l  r e s i s t a n c e  (cur rent )of  the fluidized bed a r e  sharp ly  weakened and so a r e  the hydrodynamical  p u l s a -  
t ions.  Cur ren t  pulsat ions were  r eco rded  in beds of r ing-shaped  (electrodes 5 x 55 x 120 m m  with a s e p -  
a ra t ion  of 50 m m  and column d i ame te r  96 ram) and of a r ec t angu la r  c r o s s - s e c t i o n  for  an ave rage  cu r ren t  
of 5 A (current  density of approx imate ly  0.1 A/cm2),  an expansion fac tor  of 1.1 and t e m p e r a t u r e s  f r o m  20 
to 1000~ The exper imenta l  r e su l t s  a re  shown on Fig .4 .  They show that as the t e m p e r a t u r e  of the bed 
i nc rea se s  f r o m  20 to 1000~ cu r r en t  pulsat ions in the r ec tangu la r  bed fall f r o m  24 to 10% and in the r i n g -  
shaped bed f r o m  10 to 57o. The lower  pulsat ion intensi ty in the r ing- shaped  bed is probably  explained by 
the s m a l l e r  hydraul ic  d i am e t e r  of its current-conduct ing medium as a r e su l t  of which the hydrodynamic  
and e lec t r i ca l  pulsat ions in the r ing- shaped  bed were  weaker  than those in the r ec t angu la r  bed. For  both 
beds the pulsation frequencies in the above experimental conditions were tess  at a temperat%re of IO00~ 
than at 20~ indicates  that the d i ame te r  of the gas bubbles was s m a l l e r .  
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