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It has been shown experimentally that the rotational speed of a dielectric in a nonconducting 
disperse medium depends on the concentration of the disperse phase and on the electrode geo- 
metry. The results are compared with those pertaining to the rotation of a dielectric in a 
pure homogeneous nonconducting fluid. 

I t  was  noted in [1-5] that  a d ie lec t r ic  rod in a homogeneous one-phase  medium ro ta tes  spontaneously 
upon the appl icat ion of an  externa l  e lec t r i c  field. 

In the expe r imen t s  with a d ie lec t r i c  moto r  [3], the ro to r  ma t e r i a l  was v a r i e d a s  we l l a s  the f lu idmedium 
(homogeneous) and the e lec t r i c  field intensity.  

Hypotheses  have been p roposed  concerning the mechan i sm of this phenomenon. Nei ther  the pheno-  
menon nor i ts  technical  a spec t s  we re  explored fur ther ,  however ,  because  of the negligibil i ty of such a r o t a -  
tion in pu re  homogeneous fluids.  

In the mean t ime ,  new low-v i scos i ty  d ie lec t r ic  d i s p e r s e  compos i t es ,  i .e . ,  e lec t rorheolog iea l  su spen -  
s ions have been produced and used in the laboratory of the Institute. 
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Fig. 2 
Fig. I. Schematic diagram of the test apparatus: i) plexiglas cylinder; 2) bearings; 
3) dielectric rotor; 4) electrodes; 5) high-voltage source; 6) photocell; 7) perforated 
disc; 8) frequency meter. 

Fig. 2. Rotational speed (n rpm) of a dielectric rotor as a function of the fluid com- 
position and of the dc field intensity (U kV): 5% (i), 0.05% (2), 0.02% (3) diatomite 
suspended in transformer oil; pure transformer oil (4). 
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Fig.  3. Rotational speed (n rpm) of a d ie lec t r ic  ro to r  (a) as a 
function of the voltage (U kV) with the e lec t rode  configuration 
var ian t  I (1), II (2), HI (3) and (b) as  a function of the e lec -  
t rode geometry  (area  S m 2) at E = 40 kV/cm (1), 36 kV/em (2). 

Unlike pure  one-phase  fluids, such sys tems ,  while remaining poor  e lec t r ica l  conductors ,  usually 
contain a l a rge  quantity of f ree  charge  c a r r i e r s .  This exactly is the basis for  using e lec t rorheologica l  
suspensions as the working medium in a d ie lec t r ic  motor .  

The tes t  resu l t s  in [5] have revealed that the spontaneous rota t ion in such d i spe r se  sys tems  becomes 
much m o r e  pronounced than in one-phase  fluids (under the same conditions). 

The mechanism by which a d ie lec t r ic  rod  rota tes  in a nonconducting medium has not ye t  been suff i -  
ciently well explored,  however .  No c r i t e r i a  have been established for the optimum select ion of p a r a m -  
e t e r s  (voltage, kind of workingmedium,  geomet ry  of the act ive components,  etc.) .  

By a new se r i e s  of tes t s ,  the authors  succeeded in establishing cer ta in  important  re la t ions  between 
the p roces s  cha rac t e r i s t i c s .  

The tes t  apparatus  (Fig. 1) consis ted of a hollow Plexiglas  cyl inder  1 with a removable  lid, a glas,~ 
ro to r  3 mounted inside in two minia ture  bear ings 2, and two metal l ic  e lec t rodes  4 each in a mounting plate 
with radial  s lots .  

This  const ruct ion made it  poss ib le  to v a r y  the re la t ive  posit ion of the e lec t rodes  and the gap between 
them. 

An e lec t r i c  field was produced with a model VS-23 stabi l ized voltage supply 5 and was regulated in 
0.5 kV steps over  the 0-10 kV range.  

The rotat ional  motion was r eco rded  with a photocell  6 by sending light through a per fora ted  disc 7 
mounted on the ro to r  and by counting the signals with a model ChZ-7 f requency m e t e r  8. 

This ent i re  assembly  was placed in an oil bath inside a model 1-10 the rmos ta t  for  maintaining i so -  
the rmal  conditions in the sys tem.  

The  in te re lec t rode  gap remained  the same in all  t e s t s ,  and the rotat ional  speed was de te rmined  as  a 
function of the e lec t r i c  field intensity,  the sol id-phase concentrat ion,  and the total act ive e lec t rode  s u r -  

face a r e a .  

1. Effect  of the Di spe r sed -Phase  Concentrat ion.  No rota t ion was noted up to the top voltage 10 kV, 
when the vesse l  was filled with pure  d ie lec t r ic  fluids (kerosene,  t r an s fo rm er  oil ,  AMG fluid). The addition 
of even negligible quantities ( traces) of a solid phase to these fluids, i .e . ,  the format ion of an e lec t ro rheo lo -  
gical suspension produced a rotat ion.  According to Fig.  2, a higher  sol id-phase concentra t ion inc reases  
the ro to r  speed to severa l  thousand rpm and affects  the t rend of the speed-vol tage curve.  While a t  m i c r o -  
concentrat ions of the solid phase the speed remains  an a lmos t  l inear  function of the voltage and inc reases  
with voltage at  a slow r a t e ,  a t  h igher  concentrat ions up to 5% the curve  becomes ve ry  nonlinear and steep.  
In this case  ra i s ing  the voltage f rom 4.5 to 10 kV, i .e . ,  sl ightly m o re  than doubling it inc reases  the speed 
a lmos t  8 t imes ;  a h igher  concentra t ion of the solid phase widens the lower range of speed regulat ion by the 
voltage method.  At much higher  concentrat ions (above 20~), however ,  the v iscos i ty  of the sys tem in-  
c r e a se s  so much under the influence of the e lec t r ic  field that it  finally stal ls  the ro tor .  

2. Effect  of the Act ive Elec t rode  Area .  T h r e e  e lec t rode designs were  t r ied.  The tes ts  were  p e r -  
formed with a 5% diatomite suspension in t r a n s f o r m e r  oil a t  T -- 293~ 
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The bes t  r e su l t s  w e r e  obtained with va r ian t  1 when the ro to r  speed r eached  a l m o s t  4000 r p m  and 
the range  of speed regula t ion  by the vol tage method was apprec iab ly  wider  than with va r i an t s  2 and 3 (Fig. 

3a). 

The e l ec t r i c  field in tens i ty  E af fec ts  the r a t e  a t  which the ro to r  speed i n c r e a s e s  with an inc reas ing  
ac t ive  e lec t rode  su r face  a r e a .  An i n c r e a s e  of this a r e a  by a fac tor  of 3.7 causes  the r o t o r  speed to in-  
c r e a s e  by 11.4% at  E = 36 k V / c m  but by 32% at  E = 40 k V / c m  (Fig. 3b). 

F o r  compar i son ,  in Fig. 2 is a lso  shown the re la t ion  between ro to r  r p m  and voltage U accord ing  to 
the data in [4]. Those  t e s t s  w e r e  p e r f o r m e d  in a homogeneous  one-phase  med ium:  pur i f ied  t r a n s f o r m e r  
oil.  It  is to be noted that the r p m  a r e  quite low h e r e  (below 150 rpm) ,  even a t  vol tages  10 t imes  above our  
t e s t  vo l tages .  

NOTATION 

U is the vol tage;  
E is the e lec t r i c  field intensi ty;  
n is the revolut ions  p e r  minute  (rpm); 
S is the e lec t rode  su r f ace  a r e a .  
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