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An a n a l y s i s  i s  p r e s e n t e d  of  t h e  s t e a d y - s t a t e  a s y m m e t r i c  m o t i o n  of  an  i n c o m p r e s s i b l e  v i s c o u s  
l i q u i d  b e t w e e n  two  c o n c e n t r i c  s p h e r e s  r o t a t i n g  w i t h  c o n s t a n t  a n g u l a r  v e l o c i t i e s  abou t  v a r i o u s  
a x e s  p a s s i n g  t h r o u g h  t h e i r  c o m m o n  c e n t e r .  T h e  r e a c t i o n  f o r c e  of  t h e  l i q u i d  on t h e  i n n e r  

s p h e r e  i s  d e t e r m i n e d ;  t h i s  f o r c e  r e d u c e s  to  a r e s i s t i v e  t o r q u e .  

L e t  t h e  r a d i i  of t he  s p h e r e s  b e  r 1 and  r 2 (r 1 ( r 2 ) ,  t h e i r  a n g u l a r  v e l o c i t i e s  w~ and  w2, and  t h e  a n g l e  b e -  
t w e e n  t h e i r  a x e s  /3. In  a s p h e r i c a l  c o o r d i n a t e  s y s t e m  r ,  ~p, 0, w i t h  t h e  a x i s  of  r o t a t i o n  of t he  i n n e r  s p h e r e  

a l o n g  t h e  l i n e  O =0  and  tha t  of t he  o u t e r  s p h e r e  in  t h e  p l a n e  q~= 0, t he  b o u n d a r y  c o n d i t i o n s  a r e  ( v i = w i r  i, i =  

1, 2) 

% ----- vzsinO, vr = O, v o = 0 for r = r~ 
% : v~ (cos~sin 0 -- sin~eosOcosT) , vr = O, v o ~ -- v.zsin~sinr f o r  r = r, (1) 

W e  l o o k  f o r  t h e  s o l u t i o n  of t h e  N a v i e r - S t o k e s  and  c o n t i n u i t y  e q u a t i o n s  [ 1 ] f o r  (1) in  d i m e n s i o n l e s s  c o -  
o r d i n a t e s  in t he  f o r m  of  p o w e r  s e r i e s  in  t h e  R e y n o l d s  n u m b e r  R,  w h i c h  c o n v e r g e  f o r  s m a l l  R [2, 3], and 
w h i c h  h a v e  c o e f f i c i e n t s  t h a t  c a n  be  found  by  t h e  m e t h o d  of  s e p a r a t i o n  o f  v a r i a b l e s  and  tha t  c a n  be  e x p r e s s e d  

i n t e r m s  of  e l e m e n t a r y  f u n c t i o n s  a s  in [3, 4].  T h u s ,  f o r  e x a m p l e ,  

vr = vl ~_~ R ~ Z v2~, n, 2i (~) P ~i n (Z) sin n~ + 

2k k 

k ~ l  n=Oi~O 

H e r e  t~ ---- rlvl/~,, ~ = r/r,, �9 = cosO, P ~  (~) a r e  a s s o c i a t e d  L e g e n d r e  f u n c t i o n s .  

K n o w i n g  t h e s e  s o l u t i o n s ,  w e  c a n  s h o w  t h a t  t h e  p r i n c i p a l  f o r c e  v e c t o r  f o r  t h e  i n t e r a c t i o n  b e t w e e n  t h e  

i n n e r  s p h e r e  and t h e  l i q u i d  is i d e n t i c a l l y  e q u a l  to  z e r o  and  t h a t  t he  p r o j e c t i o n s  of the  r e s i s t i v e  t o r q u e  M f o r  

t h i s  s p h e r e  on the  a x e s  o f  a C a r t e s i a n  s y s t e m  w i t h  t h e  z a x i s  a l o n g  0 = 0 and t h e  x a x i s  in  t h e  p l a n e  r = 0 

h a v e  t h e  f o l l o w i n g  v a l u e s  to  a n  a c c u r a c y  of  t e r m s  in  R2: 

Mx ~-- 8~tvir12bSo sin [~ [a -1 -}- R25z (5~ --  bSb cos ~ -~- b256)], My : 0 
Mz = --  8apvlrx~bo {t --  a-Zb cos [3 -}- R25z [5~ -{- b58 cos [~ + b ~ (b, -- 55 sin 2 [~) -- b35e cos [~1} (2) 

a 8 a (a - -  t ) '  = a3__ 
a = r ~  b = V ~  5 ~ =  5 1 =  5 t 

r'~' v-~ ' "5 ' 300A68 ' 

A----- 4a e ~  t6a 5-~40a 4~- 55a a-~-40a ~ 1 6 a ~ 4 ,  5~= a T +  t ta  e +  
-J- 66a s -}- t46a 4 -{- t36a a -}- 45a ~, 5a = 37a 6 -~ t82a ~ -1- 237 aa -'}- 47a ~ - -  
- - 9 8 a  ~ - 4 5 a ,  54=45a  ~ 5 - 4 7 a  a - 2 3 7 a  3 - i 8 2 a  ~ -  37a, 5a~--- 
--~ 0.375 (30a 6 -~- 2a a --  353a a -- 663a 3 --  443a" -- 88a), 58 = 45a s -~ 

-1-i36a a "4- i46a a -~ 66a ~ -4- t i a  -4- i, 57 = 0.t25 (-- 32a 6 --  i27a ~ -~ 93a ~ -}- 683a a -}- 778a~ ~- 270a) 

P U  

T h e  l i m i t  of  "(2) f o r  o~2= 0 and  a - - - ~  l e a d s  t o  t h e  w e l l - k n o w n  r e s u l t s  f o r  a s p h e r e  r o t a t i n g  in an  u n -  

b o u n d e d  v i s c o u s  l i q u i d  [3]. 
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