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One of ten f inds  tha t  i t  is d i f f i cu l t  to g ive  p r e f e r e n c e  to  any  of s e v e r a l  p r o p o s e d  m e c h a n i c a l  m o d e l s  
f o r  the b e h a v i o r  of a n o m a l o u s  l i q u i d s .  It is  c l e a r  tha t  t h e r e  m u s t  be s o m e  r a n g e  of e x p e r i m e n t a l  cond i t ions  
u n d e r  which  one can  d i s t i n g u i s h  be tween  the m o d e l s .  F o r  th is  r e a s o n  we c o n s i d e r  the cho ice  of e x p e r i m e n t  
p l an  and c r i t e r i o n  fo r  r e l i a b l e  m o d e l  cho ice  to d e s c r i b e  a g iven  l iqu id .  

L e t  n e x p e r i m e n t s  be p e r f o r m e d  in c o n s t r u c t i n g  a r h e o l o g i c a l  c u r v e ;  the e x p e r i m e n t e r  m a y  d e s c r i b e  
the r e s u l t s  on a h e u r i s t i c  b a s i s  via  t h r e e  m o d e l s ,  which  cannot  be d i s t i n g u i s h e d  on the b a s i s  of the c o m -  
m o n l y  a c c e p t e d  c r i t e r i o n  of an i den t i t y  m e a s u r e .  In tha t  c a s e ,  one m u s t  p e r f o r m  e x p e r i m e n t  (n + 1) u n d e r  
cond i t i ons  tha t  w i l l  p r o v i d e  an  a n s w e r .  

Kuhlbak  p r o p o s e d  a d i s c r i m i n a n t  func t ion  f o r  d i s t i n g u i s h i n g  m o d e l s ,  and  Box and Hi l l  [1] then p r o -  
d u c e d  an  i m p r o v e d  s t y l e .  In the l a t t e r  c a s e  u se  is  m a d e  of the i n f o r m a t i o n  ob t a ined  in the f i r s t  n e x p e r i -  
m e n t s .  The  r e s u l t s  a r e  u s e d  to e s t i m a t e  the p a r a m e t e r s  of the p r o p o s e d  v m o d e l s  and the d i s p e r s i o n  a2 
due to the e x p e r i m e n t s  and  the d i s p e r s i o n s  ~ of the p r o p o s e d  m o d e l s .  Then  one c a l c u l a t e s  the r a t i o  of the 
n u m b e r  of d e g r e e s  of f r e e d o m  in a m o d e l  to the s u m  of the s q u a r e s  of the r e s i d u a l s  v i / ~ i  in each  c a s e ,  
which  is  p r o p o r t i o n a l  to the a p r i o r i  p r o b a b i l i t y  p(n)  a s  c a l c u l a t e d  f r o m  e x p e r i m e n t s  f o r  each  m o d e l .  

i 
F i n a l l y ,  one s e l e c t s  a v e c t o r  fo r  the cond i t ions  in e x p e r i m e n t  (n + 1) f r o m  the cond i t i on  fo r  a m a x i m u m  in 
the d i s c r i m i n a n t  func t ion  
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w h e r e  Y !n+1) is the p r e d i c t e d  r e s p o n s e  of m o d e l  i in e x p e r i m e n t  (n + 1), in 
1 

which  the e n t i r e  p r o c e d u r e  is  r e p e a t e d  u n d e r  t h e s e  c o n d i t i o n s .  The  e x p e r i m e n t  
c e a s e s  when P i b e c o m e s  d i f f e r e n t ,  which e n a b l e s  one to g ive  p r e f e r e n c e  to 
s o m e  p a r t i c u l a r  m o d e l .  

T a b l e  1 g ives  the t y p i c a l  r e l a t i o n  be tw e e n  the t a n g e n t i a l  s h e a r  s t r e s s  
"r = APR/2Z (AP is  the  p r e s s u r e  l o s s  f r o m  f r i c t i o n ,  R is c a p i l l a r y  r a d i u s ,  and  
t is  c a p i l l a r y  length)  a s  a func t ion  of the v e l o c i t y  g r a d i e n t  4/ = 4 Q / s R  3 (Q is 
the vo lume  flow r a t e  of the l iquid)  as  r e c o r d e d  fo r  a c e r t a i n  a n o m a l o u s  p e t r o -  
l e u m ,  w h e r e  f r e s h  e x p e r i m e n t s  u n d e r  i d e n t i c a l  cond i t i ons  gave  i n f o r m a t i o n  
abou t  the r e s i d u a l  d i s p e r s i o n .  Two m o d e l s  a r e  p r o p o s e d  to e x p l a i n  the r e -  
duced  flow c u r v e :  the S h v e d o v - - B i n g h a m  

"c = T O - '  ~107 (2) 

and  the m o d i f i e d  C a i s s o n  m o d e l  

1 1 1 

�9 ~ = ~0 ~- + (~0~) ~-. (3) 

T r a n s l a t e d  f r o m  I n z h e n e r n o - F i z i c h e s k i i  Z h u r n a l ,  Vol .  27, No.  4, pp .  679-681 ,  O c t o b e r ,  1974. 
O r i g i n a l  a r t i c l e  s u b m i t t e d  N o v e m b e r  12, 1973.  
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TABLE 1 

Expt.No. ~,, 1/see x, g/cm z 

17,55 
31,38 
47,24 
60,74 
61,13 
79,30 
6,7 

99,88 

1,35 
2,16 
3,03 
3,66 
3,66 

4,5 
0,63 
5,43 

The pa ramete r s  of models (2) and (3) were es t imated 
f rom the f i r s t  five experiments  to give the following resul ts  
respect ively:  T o = 0.262, ~?0 = 0.058, andT0=0.683 , ~?0=0.052, 
and m = 1o92, with equal identity m e a s u r e s .  When K v have been 
maximized,  three fur ther  experiments  were per formed in se -  
quence, whose results  are  given at the end of the Table. The 
revised  pa rame te r s  of (2) and (3) f rom 8 experiments  were 
~0 =0 .289 ,  770=0 .052andT 0 = 0 . 6 ,  7/o =0 .048 ,  m = 1 . 8 .  Then, 
although the identity measure  for  both models was 0. 999, the 
a pos te r ior i  probabil i t ies were p~8) = 0.11 for the f i r s t  model 
and PI 8) = 0.89 for the second, so af ter  8 experiments  one can 
give preference  to the Caisson model.  

Figure  1 shows how the probabili t ies vary  during the experiments ;  in this ser ia l  procedure ,  the 
number  of experiments  is not p rese t .  ~ The information provided by each experiment  is ent irely incorporated 
in the decision p roces s .  The experiments  are  continued until the models can be discr iminated.  Usually, 
only a few experiments  are  required  if these are  conducted in a cer tain cr i t ical  region of the var iables .  If 
it is still impossible to discr iminate  between the models on increasing the number  of exper iments ,  then 
that number  must  be control led by economic considerat ions .  

The neces sa ry  number  of experiments  to discr iminate  models should form the subject  of a separate  
study. 
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