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Resu l t s  a re  presented for an exper imenta l  study of the e lec t ro rheo log ica l  effect  dur ing the f o r c e d  
flow of d ie lec t r ic  suspensions  in a horizontal  coaxial ly cyl indr ica l  channel under the effect  of a 
constant  e lec t r i c  field. The hydrodynamic p r e s s u r e  head, the concentrat ion of the solid phase ,  
and the channel geomet ry  were  var ied  in the exper iments .  The dependences of the re la t ive  volu-  
met r ic  flow ra te  of the suspension Qel/Q0 on the vol tage of the constant  e lec t r i c  field obtained are  
d iscussed .  

The e lec t rorheolog ica l  effect ,  i . e . ,  the effect  of a r e v e r s i b l e  change in the rheologica l  c h a r a c t e r i s -  
t ics  of a number  of nonaqueous suspens ions  in s t rong e lec t r i c  f ields,  is of cons iderable  in te res t  in t heo re -  
t i ca l  and applied plans [1]. 

Until r ecen t ly  the attention of inves t iga tors  has mainly been concentra ted  on the phys icochemica l  and 
phys icomechanica l  aspec ts  of the ERE,  since the pr incipal  m e c h a n i s m s  of the phenomenon can be c lar i f ied 
on this bas i s .  F o r  applied p rob lems ,  however ,  it is important  to study the hydrodynamics  of the i so the rma l  
and noniso thermal  flow of nonaqueous suspens ions  in tubes and channels  under the effect  of an ex te rna l  
e lec t r ic  field. 

The l i t e ra tu re  data avai lable on this quest ion are  spa r s e .  Only the r epor t  of V. K. Gleb and S. A. 
Demchuk [2] is known, which p re sen t s  the r e su l t s  of an exper imen ta l  study of the effect  of constant  e l ec t r i c  
fields on the gravi ta t ional  flow f rom the p l ane -pa ra l l e l  slot of a capac i tor  of suspens ions  of dia tomite  in 
AMG-10 aviation hydraulic oil,  t r a n s f o r m e r  oil,  and ke rosene  containing additions of  polyisobutylene.  
The p l ane -pa ra l l e l  slot  channel was  formed by two hollow b r a s s  e l ec t rodes  and two insulat ing gaskets .  
The e lec t r ic  field applied to the suspension flowing in the channel dec rea sed  i ts  flow velocity.  The effect  
of the field was the g r e a t e r ,  the s m a l l e r  the gap between the e Iec t rodes ,  the s m a l l e r  the veloci ty  of the 
suspension at the ent rance  to the channel,  and the g r e a t e r  the concentra t ion of the solid phase.  

We continued the expe r imen t s  on the study of the flow of dilute d ie lec t r ic  suspensions  in an e lec t r ic  
field which were  begun in [2] but on another  channel model -- in a hor izontal  coaxial ly cyl indr ica l  capac i -  
to r .  The channel geomet ry  selected d i f fers  f rom the flat model  in that one can neglect  the end effects  and 
c rea t e  an undistorted e lec t r i c  field in the channel.  In addition it is  more  appropr ia te  for  modern  heat ex-  
changers .  

A d i ag ram of the exper imenta l  working sect ion is presented  in Fig.  1. The coaxial  slot  channel is  
fo rmed  by the in terchangeable  inner  tube 1 and the body 2. The inner tube is s t r ic t ly  centered  re la t ive  to 
the body by a sy s t em  of insulat ing and meta l l ic  bushings and by the ebonite suppor t ing r i n g s  3. The s u r -  
faces  of the channel were  carefu l ly  polished. A quas i -un i fo rm e lec t r i c  field is fo rmed  in the gap by apply-  
ing a high voltage to the body f rom a VS-23 stabil ized source .  A the rmos ta t i c  medium is pumped through 
the tube and the cas ing  and a s s u r e s  the constant  t e m p e r a t u r e  O f the walls  of the coaxial  channel.  The e lec -  
t ro rheo log ica l  suspension is fed to the flow sect ion f rom a cons tan t - leve l  tank under a hydrosta t ic  p r e s s u r e  
head. The hydrodynamic r e s i s t a n c e  of the working sect ion of the channel was de te rmined  f rom the di f ference  
in stat ic p r e s s u r e s  at the ent rance  and exit  of the channel.  The flow ra te  of the suspension at the channel exit  
was  de te rmined  by vo lumet r ic  means .  
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Fig.  1. D i ag ram  of expe r imen ta l  working section:  1) inner  tube-  
e lec t rode ;  2) body; 3) support ing r ing;  4) casing;  5) damping  c h a m -  
b e r s  with smooth ent rance;  I) to high-vol tage source ;  II) to ground. 

The s tudies  were  conducted on suspens ions  of diatomite  in t r a n s f o r m e r  oil. The content of the solid 
phase  by weight va r i ed  f rom 0 to 5% while the concentra t ion  of the ac t iva tor  was 6-7%. The ac t iva tor  is a 
n e c e s s a r y  component  par t  of e l ec t ro rheo log ica l  suspens ions .  I ts  absence  leads to the d i sappearance  of the 
e l ec t ro rheo log ica l  effect  in the expe r imen ta l  suspensions  [3]. Through the addition to the SAS suspension 
of oleic acid the sedimenta t ion  r a t e  in the cour se  of the exper iment  was reduced to a value much lower than 
the flow veloci ty  of the suspension.  

The effect  of an e lec t r i c  field on the flow of the pure  c a r r i e r  medium,  t r a n s f o r m e r  oil ,  was  studied 
f i r s t .  As it turned out, the e lec t r i c  field a l t e r s  the re la t ionsh ip  of the flow ra te  to the p r e s s u r e  head in- 
s ignif icantly.  The re la t ive  vo lumet r i c  flow ra te  differed by only 6-7% (Fig. 2b, curve  5). Apparent ly ,  
the change in the re la t ive  flow ra te  under  the effect  of an e lec t r i c  field would be even less  in carefu l ly  
purif ied and dehydrated t r a n s f o r m e r  oil. 

The introduction of a d i s pe r s e  phase into the t r a n s f o r m e r  oil rad ica l ly  affects  the hydrodynamic 
c h a r a c t e r i s t i c s  of the flow (Fig. 2b). 

The suspens ion moving in the hor izontal  coaxial ly cy l indr ica l  capac i to r  is acted on by: 

1. The mechanica l  force  produced by the p r e s s u r e  drop.  It o r i en t s  the moving pa r t i c l e s  of the solid 
phase  and the d i spe r s ing  medium along the walls  of the channel.  

2. The e l ec t r i ca l  fo rce  produced by the ex te rna l  t r a n s v e r s e  e lec t r i c  field. It leads to the i n t e r ac -  
tion of the r igid and induced dipoles of the medium with the ex te rna l  field, o r ien ts  the pa r t i c l e s  a c r o s s  the 
channel,  and c r e a t e s  f ib r iUar  s t r uc tu r e s  which span the in te re lec t rode  gap. The apparent  v i scos i ty  of the 
suspension i n c r e a s e s  due to the additional d iss ipat ion of energy  connected with the des t ruc t ion  of these 
s t r u c t u r e s  by the hydrodynamic  p r e s s u r e  head. The dependence of the re la t ive  vo lumet r ic  flow ra te  Qel 
/Q0 on the voltage of the e lec t r i c  field for  different  hydrosta t ic  p r e s s u r e  heads is p resented  in Fig.  2a. 
Each curve  has an act ivat ion sect ion At~ within which the purely mechanica l  f ac to r s  predominated  over  the 
e l ec t r i ca l  fo rces .  In the "act ivat ion" sect ion the flow ra te  of the suspension is  constant  in t ime.  The 
extent of this sect ion,  i . e . ,  the width of the plateau AB, is de te rmined  by the hydros ta t ic  p r e s s u r e  head 
H, and is the g r e a t e r  the higher the p r e s s u r e  head. Then follows a sect ion of nonlinear  d e c r e a s e  in the 
re la t ive  flow r a t e  of the suspension because  of the inc rease  in effect ive v iscos i ty .  The cu rves  in this sec -  
tion have the fo rm of descending pa rabo las  whose s t eepness  is de te rmined  by the magnitude of H. The 
v e r y  lowest  sect ion of the curve  is  c h a r a c t e r i z e d  by the unstable flow of the working medium caused by 
the preva i l ing  of the fac tor  of  s t ruc tu re  format ion  over  the mechanica l  fo rces .  As a r e su l t  the aggrega -  
tion of the solid phase occu r s  in the channel  up to i ts  comple te  c los ing at ce r t a in  e lec t r i c  field vol tages 
E*. The value of E ' i s  de te rmined  by the compet i t ion  of the hydros ta t ic  p r e s s u r e  head and the s t ruc tu re  
format ion  in the e lec t r i c  field. Blocking of the channel also occu r s  with a fu r ther  i nc rea se  in the vol tage,  
i. e . ,  for  E > E*. Here  the t ime f rom the moment  of applicat ion of the voltage until the comple te  blocking 
of the channel d e c r e a s e s  with an i nc rea se  in the applied voltage up to the value E = E m a  x at which the 
c los ing of the channel  c r o s s  sect ion by the solid phase  occu r s  a lmos t  instantly.  

In the third sect ion the s ' trong s t ruc tu re  fo rmat ion  leads to a change in the concentra t ion and to the 
c l ea r ing  of the suspension which flows out, up to the point where  it is comple te ly  c lea red  of the d i sp e r s e  
phase .  
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Fig.  2. Dependence of r e l a t ive  vo lumet r ic  flow r a t e Q e l / Q 0 o f s u s p e n s i o n  of diatomite  in t r a n s -  
f o r m e r  oil  on voltage of ex te rna l  constant  e l ec t r i c  field E (kV/cm) during flow f rom horizontal  co -  
axially cyl indr ica l  capac i to r :  solid lines indicate steady flow; dashed l ines indicate unsteady flow: 
a) C = 2%; Ar  = 2 .7 .10  -3 m; T = 293~ 1) H = 2006; 2) 2878; 3) 5931; 4) 7675; 5) 9420 N/m2; b) 1) 
C = 1; 2) 2; 3) 3; 4) 5; 5) 0%; T = 293~ A r  = 2.7 �9 10 -3 m; H = 5931 N/m2; c )  C = 2%; T = 293~ 1) 
Ar = 1; 2) 2; 3) 2 .7-10 -3 m; H = 7675 N / m  2. 

F o r  all  the cu rves  presented  in Fig.  2 the region of t ime  var ia t ion  in the flow ra te  begins  upon r e a c h -  
ing a ce r ta in  re la t ive  flow r a t e ,  namely  Qel/Q0 = 0.2. 

As seen f rom Fig.  2a, an inc rease  in the hydrosta t ic  p r e s s u r e  head shif ts  the flow cu rves  toward 
higher vol tages  and leads to degradat ion of the effect .  

F igure  2b i l lus t ra tes  the effect  of the e lec t r ic  field on the r e l a t ive :vo lumet r i c  flow ra te  of the suspen-  
sion of diatomite in t r a n s f o r m e r  oil with var ia t ion  in the concentra t ion of the solid phase.  

F o r  the suspension of diatomite  in t r a n s f o r m e r  oil the e lec t rorheolog ica l  effect  i n c r e a s e s  with an 
i nc rea se  in the concentra t ion of the d i s pe r s e  phase., the cu rve s  of  the dependence Qel/Q0(E) a re  shifted to-  
ward lower e lec t r ic  field vol tages  and this shift depends on the re la t ionship  between the p r e s s u r e  head, the 
concentrat ion of the solid phase ,  and the e lec t r i c  field vol tage.  I f  the concentra t ions  a re  low the forming 
s t ruc tu re s  a re  eas i ly  des t royed  by the mechanica l  fo rces  at low field vol tages  and the pa r t i c l e s  of the d i s -  
p e r s e  phase a re  not re ta ined  in the channel. With an inc rease  in the concentra t ion of dia tomite  in the sus -  
pensions the e lec t ro rheo log ica l  effect  is m o r e  s trongly expres sed  for a fixed hydros ta t ic  p r e s s u r e  head: 
the activation sect ion and E* a re  reduced and the r a t e  of inc rease  in the effective v i scos i ty  of the suspen-  
sion i n c r e a s e s ,  i . e . ,  the curva tu re  of the parabol ic  sect ion i n c r e a s e s .  

The intensity of the e lec t ro rheo log iea l  effect  in the Combined e lec t r i c  and shear  f ields is de te rmined  
by the size of the gap between the capac i tor  plates .  The r e su l t s  of t e s t s  of the flow of a suspension of 
diatomite  in t r a n s f o r m e r  oil a re  presented  in Fig.  2c for the following ra t ios  of the radi i  of the consti tuent  
cy l inders :  R t / ~  2 = 8/5.3,  8/6,  and 8/7,  where  R t and R 2 are  the radi i  of the outer  and inner cy l inders .  

A change in the gap leads to a change in the a rea  of the e lec t rodes  and consequently affects  the hydrau-  
lic r e s i s t ance ,  but as the curves  in Fig.  2c indicate,  the e l ec t r i ca l  fo rces  play the decis ive  ro le  in the 
separa t ion  of the cu rves  with r e s p e c t  to the gaps.  The effect  of  the e lec t r i c  field onthe re la t ive  flow ra te  is 
s t ronger  in nar row slots:  the same  value of Qel/Q0 is  reached  with s m a l l e r  e lec t r ic  field vol tages  for  a 
gap of 10 -3 m.  

The act ivat ion section is reduced with a dec r ea se  in the gap.  The zone of unstable flow s t a r t s  at 
s m a l l e r  values  of E due to the development  of the additional hydraul ic  r e s i s t a n c e  connected with the f o r m a -  
tion of a l ayer  of pa r t i c les  nea r  the e lec t rode ,  and the s teepness  of the parabol ic  sect ion of the cu rves  in-  
c r e a s e s .  This  is because  the e lec t r i c  field has a s t ronger  effect  on the behav ior  of  the suspens ions  in 
the n a r r o w e r  s lots .  
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N O T A T I O N  

is the voltage of e lec t r ic  field; 
is the hydrosta t ic  p re s su re  head; 
is the e lec t r i c  field voltage at which blockage of channel occurs ;  
is the volumetr ic  flow ra te  of liquid in e lec t r ic  field; 
is the volumetr ic  flow ra te  of liquid at E = 0; 
is the re la t ive  volumetr ic  flow ra te ;  
is the radius  of outer  cy l inder*elec t rode;  
is the radius  of inner cy l inder -e lec t rode ;  
is the concentra t ion of d i sperse  phase; 
is the distance between e lec t rodes ;  
is the t empera tu re  of suspension.  
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