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D i s p e r s i o n  i s  c o n s i d e r e d  of n o n l i n e a r  v i s c o p l a s t i e  m e d i a  in  c i r c u l a r  tubes  in  the c a s e  of  
l a m i n a r  mot ion .  The p r o b l e m  i s  s o l v e d  by us ing  the a p p r o x i m a t e  T a y l o r  me thod .  R e s u l t s  
a r e  shown of  c o m p u t e r  c a l c u l a t i o n s  fo r  v a r i o u s  v a l u e s  of the r h e o l o g i c a l  p a r a m e t e r s  TO, 
~?, m ,  and n.  

Mixing t akes  p l a c e  in  s u c c e s s i v e  m o t i o n  of  m u t u a l l y  so lub l e  f lu ids  and a m i x t u r e  c onve c t i on  zone i s  
f o r m e d  with  p h y s i c a l  c h a r a c t e r i s t i c s  which  a r e  dependen t  on c o n c e n t r a t i o n s .  In the g e n e r a l  c a s e  the d y n a m i c s  
of m i x i n g  s y s t e m s  depends  on a m u l t i t u d e  of f a c t o r s ;  f i r s t  of  a l l ,  on the p h y s i c a l  c h a r a c t e r i s t i c s  o f  the d i s p l a c e d  
and d i s p l a c i n g  m e d i u m  ( v i s c o s i t i e s ,  d e n s i t i e s ,  t e m p e r a t u r e ,  e tc . )  and on the c o m p l e t e n e s s  of m ix ing .  

In 1953 an  a p p r o x i m a t i o n  w a s  a n a l y z e d  by T a y l o r  of  the s i m p l e  c a s e  of d i s p l a c e m e n t  o f  v i s c o u s  m i x i n g  
f lu ids  in c a p i l l a r y  tubes  in the c a s e  of  l a m i n a r  m o t i o n  in which the m i x i n g  f lu ids  p o s s e s s  the s a m e  p r o p e r t i e s  
and a r e  c o m p l e t e l y  so lub l e  in each  o t h e r .  He e s t a b l i s h e d  that  the d i s p e r s i o n  of v i s c o u s  f lu ids  in  s low l a m i n a r  
flow i s  g o v e r n e d  by the s t a n d a r d  law of F i c k ' s  m o l e c u l a r  d i f fus ion;  h o w e v e r ,  the m i x i n g  i n t e n s i t y  i s  c h a r a c -  
t e r i z e d  by the e f f e c t i v e  d i s p e r s i o n  c o e f f i c i e n t  
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which  depends  on the P 6 c l e t  d i f fus ion  p a r a m e t e r .  Subsequen t ly ,  a c o r r e c t i o n  to the so lu t ion  w a s  i n t r o d u c e d  
by A r i s  [2] in  the c a s e  o f  r a d i a l  d i f fu s ion  and d i f fus ion  p a r a l l e l  to the tube ax i s  be ing  of  the s a m e  o r d e r .  Qui te  
r e c e n t l y  Maron  [3] a n a l y z e d  the p r o b l e m  in a m o r e  g e n e r a l  f o r m u l a t i o n  by e l i m i n a t i n g  s e v e r a l  a s s u m p t i o n s  
of  the T a y l o r  m e t h o d .  In [4-6] the a p p r o a c h  was g e n e r a l i z e d  to h o n - N e w t o n i a n  s y s t e m s .  In the p r e s e n t  a r t i c l e  
an a t t e m p t  i s  m a d e  to ex tend  the T a y l o r ' s  d i f fus ion  t heo ry  to n o n l i n e a r  v i s c o p l a s t i c  m e d i a  d e s c r i b e d  by the 
g e n e r a l i z e d  r h e o l o g i c a l  law [7] 
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The a s s u m p t i o n  that  the t w o m e d i a  fo l lowing  each  o t h e r  p o s s e s s  the s a m e  r h e o l o g i c a l  p a r a m e t e r  e n a b l e s  one to 
a s s u m e  that  the v e l o c i t y  d i s t r i b u t i o n  i s  i ndependen t  of the d i s t r i b u t i o n  of  the m e d i a  and i s  g iven  by 
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If  the d i f fus ion  p a r a l l e l  to the  ax i s  i s  i g n o r e d ,  then the c o n c e n t r a t i o n  of the d i s p l a c i n g  f lu id  i s  d e t e r m i n e d  by  a 
s y s t e m  of  equa t i ons  which  in t h e i r  d i m e n s i o n l e s s  f o r m  a r e  g iven  by 
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m i t t e d  Augus t  7, 1974. 
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1 0 ( OCi 1 OC, +v, OCi 
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w h e r e  i = 0 fo r  the r e g i o n  0 -< p -< Pa, i = 1 f o r  the r e g i o n  P0 -<P -< 1 wi th  the b o u n d a r y  cond i t ions  

(4) 

OCiop o = =  O, C4o=o ~ = C'lto=p~, CoJo-o_ ~ ~o. 

By fo l lowing the p r o c e d u r e  of [5] one  can  ob ta in  an e x p r e s s i o n  fo r  the e f f e c t i v e  d i s p e r s i o n  coe f f i c i en t :  
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In p a r t i c u l a r ,  by mod i fy ing  the r h e o l o g i c a l  p a r a m e t e r s  m and n e x p r e s s i o n s  a r e  ob t a ined  fo r  the  e f f e c t i v e  d i s -  
p e r s i o n  c o e f f i c i e n t  in the c a s e  of  n o n - N e w t o n i a n  f lu ids  which  fo l low the l aws  of  H e r s h e l ,  C a i s s o n ,  O s t w a l d  de  
Va i l6 ,  B i n g h a m ,  and a l so  o f  v i s c o u s  m e d i a .  

S i m i l a r l y  a s  in [1], one can ob t a in  f o r  the length  L of  the d i s p l a c e m e n t  zone  ( that  i s ,  the  p o r t i o n  of the 

tube be tween  the s e c t i o n s  wi th  a v e r a g e  c o n c e n t r a t i o n s  90% and 10%), 

L = 3.62 v" Dx'. (6} 

N u m e r i c a l  c o m p u t e r  c a l c u l a t i o n s  w e r e  c a r r i e d  out  fo r  v a r i o u s  v a l u e s  o f  the l i m i t i n g  d y n a m i c  d i s p l a c e m e n t  
s t r e s s  -r 0 and the s t r u c t u r a l  v i s c o s i t y  ~ i f  the  p a r a m e t e r s  o f  the s y s t e m s  in  m o t i o n  v a r y  wi thin  the l i m i t s  m ,  n 
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TABLE I. Results of Computer Calculations of the Dimension- 
less Length of the Mixture Zone Using Formulas (5) and (6) for 
R = 0 , 1 2 4 m , D  0 = 1 -10 -9 m 2 / s e c  

r 0 = 10 N/m 2, ~? :- 0.04 N "sec/m 2 r0 = 6 N/m 2, ~ = 0.015 N .sec/m 2 
r r l~n  

Oo (L / l f~7) .  1 0 -  ' P c - 1 0 -  ' P e . 1 0 - '  

0,71 
0,85 
0,90 
0,38 
0,50 
0,80 
0,17 
p,30 
0,60 
0,07 
0,20 
0,50 

4,181 
0,561 
0,165 

36,078 
24,923 
12,415 

186,090 
95,117 
43,006 

1011,528 
290,812 
I07,834 

18,683 
4,597 
1,997 

24,446 
9,119 
0,331 

36,812 
7,202 
0,228 

58,958 
3,670 
0,055 

o. (L/}~')  IO-, 

0,77 3,283 
0,85 0,897 
0,90 0,264 
0,45 45,861 
0,50 39,786 
0,80 19,863 
0,21 231,132 
0,30 152,183 
0,60 68,802 
0,10 1045,291 
0,20 465,382 
0,50 168,734 

18,073 
7,356 
3,194 

22,122 
14,591 
0,530 

34,131 
11,523 
0,365 

41,466 
5,872 
0,077 

= 1, 2, 3, 4, 5, 6; e x a m p l e s  a r e  shown in T a b l e  1 of the r e s u l t s  of c a l c u l a t i o n s  on the B E S M - 6  c o m p u t e r  for  the 
d i m e n s i o n l e s s  length  L/ /~--  of the m i x t u r e  zone depend ing  on the P ~ c l e t  d i f fus ion  n u m b e r  fo r  v a r i o u s  r h e o l o g i -  
ca l  p a r a m e t e r s .  

An a n a l y s i s  of the da t a  shows  that  with the p a r a m e t e r s  m and n i n c r e a s i n g ,  that  i s ,  wi th  a r e d u c t i o n  in  the 
t h e o l o g i c a l  p r o p e r t i e s  of  f lu ids  [7], the d i m e n s i o n l e s s  length  of  the m i x t u r e  zone g r o w s .  The  r a t i o  ~'0/~? a l s 0  
has  an e f fec t  on the d i s p e r s i o n  p r o g r e s s  so tha t  fo r  m = n = 1 ( v i s c o p l a s t i c  med ia )  the length  o f  the m i x t u r e  
zone b e c o m e s  s h o r t e r  if  the  above  r a t i o  i n c r e a s e s ;  fo r  m = n > 1 the c o n v e r s e  i s  t r u e .  

NOTATION 

~-, d y n a m i c  d i s p l a c e m e n t  s t r e s s ;  To, l i m i t i n g  d y n a m i c  d i s p l a c e m e n t  s t r e s s ;  77, s t r u c t u r a l  v i s c o s i t y ;  ~ ,  
d i s p l a c e m e n t  r a t e  g r a d i e n t ;  m ,  n ,  r h e o l o g i c a l  p a r a m e t e r s  d e t e r m i n e d  e x p e r i m e n t a l l y ;  v ' i ,  v e l o c i t y  d i s t r i b u t i o n  
in a tube;  Vav, a v e r a g e  f low r a t e ;  C k ,  the n u m b e r  of  c o m b i n a t i o n s ;  A P / 2 I  , p r e s s u r e  d rop  in tube length;  R, tube  
r a d i u s ;  r0, r a d i u s  of e l a s t i c  c o r e ;  r ,  c o o r d i n a t e  in r a d i a l  d i r e c t i o n ;  x,  c o o r d i n a t e  p a r a l l e l  to tube a x i s ;  t, t ime ;  
p = r / R ,  d i m e n s i o n l e s s  c o o r d i n a t e  in r a d i a l  d i r e c t i o n ;  P0 = r0 /R ,  d i m e n s i o n l e s s  r a d i u s  of  e l a s t i c  c o r e ;  ~ = x / R ,  
d i m e n s i o n l e s s  c o o r d i n a t e  in the  d i r e c t i o n  of tube ax i s ;  ~-' = D0t/R 2, d i m e n s i o n l e s s  t i m e  v a r i a b l e ;  v i = vi 'R/D0,  
d i m e n s i o n l e s s  v e l o c i t y  d i s t r i b u t i o n ;  Do, m o l e c u l a r  d i f fus ion  coe f f i c i en t ;  D, e f f e c t i v e  d i s p e r s i o n  coe f f i c i en t ;  
P e v a v R / D 0 ,  P ~ c l e t  d i f fus ion  p a r a m e t e r ;  C i , a v e r a g e  c o n c e n t r a t i o n  a c r o s s  tube  sec t ion ;  L,  length  of m i x t u r e  
z o n e .  

1 ,  

2~ 
3. 
4. 
5~ 
6. 
7. 
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