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A re la t ion is establ ished between the dynamic and the kinematic  cha rac te r i s t i c s  of nonl inear-  
v iscoplas t ie  d ispers ions ,  applicable to an analysis of the magnetorheologieal  effect.  

It has been shown in [1] that the rheological  prope.rties of nonl inear ,v iscoplas t ic  d i sperse  fluids a re  
general ly  r a the r  well descr ibed  by the rheological  equation of s tate  

1 1 1 

�9 ~-  = T~ + (~v)~- (1) 

Experiments  pe r fo rmed  at the labora tor ies  of the Institute of Heat and Mass Trans fe r ,  Academy of Sciences 
of the ByelSSR have established the applicabili ty of the rheological  equation (1) to nonconducting d i sperse  
sys tems  moving in t r a n s v e r s e  e lec t r ic  and magnetic fields [2]. The nonlineari ty of the flow curve is in 
most  important  prac t ica l  cases  charac te r i zed  by the t r i p a r a m e t r i c  equation which follows f rom (1) with 
m = n, i . e . ,  for  uniaxial flow we have 

1 1 1 

,-7 =: ~0~ _L 017)%-. (2) 

Rheometr ic  tes t s  on various dispers ion sys tems a re  most  often pe r fo rmed  in rotat ing devices of the cy l in -  
d e r - c y l i n d e r ,  disc--disc ,  cone--plane,  cone--cone,  hemisphere- -p lane ,  or  s imi la r  type.  The theory of 
such devices has been r a the r  thoroughly studied, concerning anomalous--viscous sys tem s (nonplastic 
dispersions)  which obey the power- law theological  equation of s tate .  

We will consider  a fluid which behaves mechanical ly according to Eq. (1) under s imple  shear  in a 
v i s come te r  between two coaxial cyl inders .  

We s t a r t  out with the more  general  notation 

Pa = + (~lh) m e~k. (3) 

In subsequent calculations we assume that H/5 >> 1. The problem of est imating the e r r o r  due to the bottom 
effect requi res  a careful  analysis .  The assumption is valid under  prac t ica l  conditions. Consequently, 

V r = V~ - -  0 and v~ = ~ (r). (4) 

The differential  equation yields 

C 
�9 = r2. (5) 

Let the outer  cyl inder  be s ta t ionary and the inner  cyl inder  revolve .  The torque applied to the inner 
cyl inder  is usually known. Then dis regarding the drag torque at the bottom sur face  of the inner  cyl inder ,  
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Fig .  1. S c h e m a t i c  d i a g r a m  of a d e v i c e  c o n s i s t i n g  of  c o -  
a x i a l  c y l i n d e r s .  

F ig .  2. C a l c u l a t i o n  of the  b o t t o m  ef fec t .  

one can  d e t e r m i n e  the  cons t an t  c:  

M 
c -  2~H" (6) 

U n d e r  t h e s e  cond i t ions  and with  m = n, the  i n e q u a l i t y  ergo < 0 m u s t  be  s a t i s f i e d ,  

1 
o 

erCp-- ~]rn [ - - ~ - - - T 0  J ' (7) 
/.m 

E x p r e s s i n g  ~r r  in c y l i n d r i c a l  c o o r d i n a t e s ,  we ob ta in  a f t e r  i n t e g r a t i o n  

i1(4 v~ 1 -r  (8) - - r  - -  ~~176 - -  ~ -  - -  dr. 
D~ r ~ 

If  t o r q u e  M i s  l a r g e r  than  2zrR~HT0, then  s h e a r  f low m u s t  o c c u r  wi th in  t he  e n t i r e  r e g i o n  R 1 -< r - R 2. In 
o r d e r  to  d e t e r m i n e  COo, we u s e  the  cond i t i on  of f lu id  a d h e s i o n  to  t he  o u t e r  c y l i n d e r  vcp(R2) = 0. Then 

R, 1 
1 ' 1 - -  ~o - ~  ]'~ dr.  o=7. -; (9) ! 

/~x /- m 

When M < 2~R~tD-0, then the region of shear  flow does not extend to the outer cylinder and the outside 
radius R~ of this region is 

/ M R~ I /  
V 2 nil% ' (10) 

while the angular velocity of the inner cylinder is 

% = - ~  ---r __2 - -  .%m dr. (11) 
R~ r m 

F o r  a rough  e s t i m a t e  of  the  e r r o r  i n c u r r e d  by d i s r e g a r d i n g  the  b o t t o m  ef fec t ,  we d e t e r m i n e  the  d r a g  t o r -  
que at  the  l o w e r  end s u r f a c e  of the  i n n e r  c y l i n d e r  r e v o l v i n g  at  the  s p e e d  "~0. The  c l o s e n e s s  of the  gap  b e -  
t w e e n  the  f la t  end s u r f a c e s  of both c y l i n d e r s  a l l ows  us  to  a s s u m e  tha t  v r = v z = 0 and v~o = O(r,  z), 

er~ = ~VR__ v_~_~ := 0. (12) 
Or r 

A s o l u t i o n  a c c o u n t i n g  fo r  the  con t igu i ty  of r e g i o n s  A, B, and C (F ig .  1) can  be  ob t a ined  by  the  v a r i a t i o n a l  
m e t h o d ,  fo r  e x a m p l e .  
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With the assumption made here ,  we will find the c i rcumferent ia l  velocity vq as 

(0orZ 
v~ -- - -  (13) 

A 

the azimuthal component of the shear  s t r e s s  

[ + l o)l] ,or 

and the drag torque at the end surface  of the inner cylinder:  
1 

R, [ -L i /r ~1 m 
l 

0 

Our measurements  have yielded the following values: T O = 2 0 N / m  2, ~ = 0.05 N . s e c / m  2, m = 2 with 
R 1 = 0.015 m, R 2 = 0.016 m, 6 = 0.001 m, A = 0.008 m, and H = 0.06 m. For these conditions we have 

_ A 
R]. 

With the dimensionless pa ramete r s  ~ = A/R 1 and T = M/~roR~, 

I 

The ratio TD/T has been plotted in Fig. 2 as a function of the total dimensionless torque T. The 
curve has the shape of a hyperbola with an asymptote (T/TD)asymp = 0.14. Thus, by simple calculations, 
we can find the optimum dimensionless  rat io of useful torque to s t ray  torque TL/TD = 6. 

RI, R2 

R 1 <- r -< R 2 
H 
A 

6 = R2--R1;  
r,90 

~M D, T D 
M, T 

TL 
To, ~, m,  n 
T 

T~z 
Pik 
hk 
h 
VZ~ V r ,  V~0 
C 

NOTATION 

are  the radius of inner and of outer cylinder;  
is the outside radius of shear  region; 

is the height of inner cylinder; 
is the gap between bottom of inner and bottom of outer cylinder;  

is the angular velocity of inner cylinder;  
is the shear  ra te  in uniaxial flow; 
a re  the dimensional and dimensionless drag  torque at the bottom of inner  cylinder;  
a re  the dimensional  and dimensionless torque applied to inner cylinder;  
is the dimensionless torque at the la teral  sur face  of inner  cylinder; 
a re  the rheological  pa rame te r s  of the sys tem;  
is the tangential shear  s t r e s s ;  
is the azimuthal component of shear  s t r e s s  in the gap; 
are  the components of s t r e ss  tensor ;  
is the s t ra in  ra te  tensor ;  
is the s t ra in  ra te  density; 
are  the velocity components in cylindrical  coordinates;  
is the integration constant.  

1 .  
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