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The  na tu r e  of  the  f o r c e s  ac t ing  on a d i e l e c t r i c  l iquid  in an e l e c t r i c  f i e ld  in the  p r e s e n c e  of  a 
t e m p e r a t u r e  g r a d i e n t  i s  i n v e s t i g a t e d .  It i s  shown tha t  the  e l e c t r i c a l  f o r c e s  p r o d u c e d  by non-  
u n i f o r m i t y  in the  e l e c t r i c a l  conduc t iv i ty  of the  m e d i u m  can g ive  r i s e  to a h y d r o d y n a m i c  f low. 

A n u m b e r  of  e x p e r i m e n t s  [1-5] have  s tud ied  the b e h a v i o r  of a d i e l e c t r i c  l iquid  in an e l e c t r o s t a t i c  
f i e ld  b e t w e e n  h o r i z o n t a l  p l a n e - p a r a l l e l  e l e c t r o d e s  in the  p r e s e n c e  of  a t e m p e r a t u r e  g r a d i e n t  a T / a z  (the 
z ax i s  is  d i r e c t e d  u p w a r d s ) .  It ha s  been  e s t a b l i s h e d  tha t  a downward  h y d r o d y n a m i c  f low is o b s e r v e d  in the  
co lumn of l iqu id  be tween  the e l e c t r o d e s  w h a t e v e r  the  p o l a r i t y  of  the  f i e ld .  T h e r e  i s  no c o m m o n  e x p l a n a -  
t ion  fo r  the  p h y s i c a l  na tu r e  of  th i s  e l e c t r o h y d r o d y n a m i c  e f fec t .  A t t e m p t s  to e x p l a i n  the  e x p e r i m e n t a l  d a t a  
by  the m o v e m e n t  of  c h a r g e d  p a r t i c l e s  and by  a nonun i fo rmi ty  in the d i e l e c t r i c  p r o p e r t i e s  of  the  m e d i u m  
[4-6] have  not m e t  with s u c e s s .  

In th i s  p a p e r  we c o n s i d e r  the e f fec t  o f  the  t e m p e r a t u r e  g r a d i e n t  k = 0 T / 0 z  = c o n s t  > 0 ( a T / a x  = 
0 T / a y  = 0) o n t h e  nonun i fo rmi ty  in t he  e l e c t r i c  f i e ld  E(z) and we show tha t  the  e l e c t r i c  f o r c e  c a u s e d  by th i s  
nonun i fo rmi ty  is  in a g r e e m e n t  with the  e x p e r i m e n t a l  d a t a  as  r e g a r d s  i t s  a b s o l u t e  va lue  and d i r e c t i o n .  

F o r  k ~ 0, the  e l e c t r i c a l  conduc t iv i t y  of  a l iqu id  d i e l e c t r i c  o v e r  a s m a l l  t e m p e r a t u r e  r a n g e  (~ 20~ 
can  be d e s c r i b e d  by the e x p o n e n t i a l  r e l a t i o n s h i p  [7] 

o =~ aoexp {a (1' -- 7o)}'= aoexp {akz} 
(1) 

w h e r e  a 0 i s  the  conduc t iv i ty  at  t e m p e r a t u r e  T o and c~ is  a c o n s t a n t  which c h a r a c t e r i z e s  the  ~(T) r e l a t i o n -  
sh ip  o v e r  the g iven  r a n g e .  When s t e a d y - s t a t e  s p a t i a l  c u r r e n t s  a r e  s e t  up in a m e d i u m  with nonun i fo rm con -  
duc t i v i t y ,  s u r f a c e  c h a r g e s  a r e  p r o d u c e d  [3-6] and t h e s e  l e a d  to a nonun i fo rmi ty  in the e l e c t r i c  f i e ld .  Using  
the con t inu i ty  equa t ion  fo r  a s t e a d y  c u r r e n t  

diva/! : 0 (2) 

and e x p r e s s i o n  (1), we find tha t  

E (z) :- E.exp {-- a (T -- To)} = E,exp [ -  akz} (3) 

w h e r e  E 0 i s  the f i e ld  s t r e n g t h  at  T 0. If we neg lec t  the  d i e l e c t r i c  nonun i fo rmi ty  a e / a T ,  we ge t  the e l e c t r i c  
f o r c e  d e n s i t y  ac t ing  on the  d i e l e c t r i c  m e d i u m  as  [8] 

F = [(e -- t) / 8n]VI: ~ (4) 

Subs t i tu t ing  (3) into th i s  e x p r e s s i o n ,  we ge t  

F (z) ::  -- [(e -- 1) / 4,~] akEo ~- exp ~-- 2~kz} (5) 

It  fo l lows  f r o m  (5) tha t  the  f o r c e  F i s  d i r e c t e d  t o w a r d s  l o w e r  t e m p e r a t u r e s ,  i . e , ,  the  d i r e c t i o n  c o r r e -  
sponds  to the  o b s e r v e d  h y d r o d y n a m i c  f low. Since the  e l e c t r i c  conduc t iv i t y  of  l iqu id  d i e l e c t r i c s  de pe nds  
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s t rongly on the t empera tu re  (for t r a n s f o r m e r  oil a ~ 0.06 deg-l),  the absolute value of F exceeds the forces  
produced by nonuniformity in the d ie lec t r ic  proper t ies  [4]. 

It is difficult to establish an exact connection between the value of F and the intensity of the liquid 
flow observed experimental ly  because the hydrodynamic flow process  usually upsets the stat ionari ty con- 
ditions for the t empera tu re  field and e lec t r ic  cur ren t  which were used in the derivation of (5). It is ,  how- 
ever ,poss ib le  to make some es t imates  on the basis  of the resu l t s  f rom [2]. The experiment  was car r ied  
out as follows. The upper e lect rode was heated for a t imeT  0 N 10 sec.  An electr ic  field of E ~ 15 kV/cm 
was then applied and the appearance of heated liquid at the lower electrode was noted after a t ime T = L / v ,  
<< L2/a. IIere L = 1 cm is the distance between the e lect rodes  and a is the coefficient of thermal  conduc- 
tivity for the liquid ( t r ans former  oil). The experimental  value of the velocity v .  - 10 c m / s e c .  

The heating of the upper e lect rode produces a t empera ture  gradient in the heated layer  of liquid of k 
~ (T -T0) / /  ( T - T  0 ~ 20~ l ~a4~0 ~ 0.1 Cm)o The force acting on a column of liquid between the e lec-  
t rodes  when the liquid begins to move can be est imated as 

l 

~/~I ~' (:) d: (6) 
o 

where R is the radius of the e lectrode.  The force (6) acts in the h igh- tempera ture  region. No nonuniformity 
in the field can be established in the unheated par t  of the liquid column because the relaxation t ime ~/4~ra >> 
7 ~ 0.i sec. 

As the boundary of the heated liquid moves, the integrated value (6) changes only slightly because the 
decrease in the gradient k is compensated by the increase in the upper limit (region where the force acts). 
Thus the force acting on the liquid column can be taken as more or less constant~ 

If we assume that the heated liquid reaches the lowcr electrode under the action of the force (6), then 
by substituting the numerical values of the parameters used in [2], we arrive at the estimate of v. ~ 30 
cm/see~ This is in order-of-magnitude agreement with the experiment and shows that the electric force 
F caused by nonuniformity of the electrical conductivity might play the important role in this electrohydro- 
dynamic phenomenon. 
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