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A study is made of the transi t ion of po lymers  f rom the viscous to the forced highly elast ic  
state.  It is shown that this transit ion is accompanied by a sharp growth of the f i rs t  differ-  
ence in the normal  s t r e s ses .  

The flow of po lymers  through capil lary dies can be accompanied by a transit ion of the po lymer  f rom the 
viscous state to a forced highly elast ic state, when flow occurs  at tempera tures  much higher than the glass  
point. This transit ion manifests  i tself  as "flow separation," i .e. ,  as a manyfold increase  in the volumetr ic  
flow rate at a certain cr i t ical  value of the shearing s t ress  [1, 2]. One would expect that at shearing s t r e s se s  
exceeding the transit ion of the po lymer  to the forced highly elast ic  state the relationship between the tangential 
and normal  s t r e s ses  would change considerably.  However, the experimental  determination of the f i rs t  differ-  
ence in the normal  s t r e s s e s  in the region close to flow separat ion runs up against a number of difficulties. 
For example, this sor t  of measu remen t  is not possible with the methods of rotation v i scomet ry ,  since the poly-  
me r  detaches f rom the walls of the working unit at shearing s t r e s ses  much less than those recorded  in capil-  
lary v i scomet ry  as cr i t ical  [3]. The difficulties are  no less with the methods of capil lary v i scomet ry ,  in 
par t icular ,  in connection with the measurement  of the normal s t r e s s e s  using p res su re  sensors  distributed along 
the channel [4-6]~ It is essential with this method to utilize very sensitive p re s su re  sensors  that, in addition, 
do not per turb  the flow. 

The normal  s t r e s ses  and the cha rac te r  of their distribution in the flow of po lymers  at high shear  ra tes  
can be determined by the rheooptical  method. This method exploits the birefr ingence effect exhibited by high- 
molecular-weight  compounds under deformation in conjunction with the s t r e ss  optical laws [7]. Indications 
that the la t ter  are  valid over  a wide range of shearing s t resses  [8-15] favor  the choice of this method, although 
the applicability of these laws to viscoelast ic  media in the general  case has not been established [16]. The 
rheooptical investigations were made on the experimental  setup briefly descr ibed in [17] and compris ing a 
cons tan t -pressure  gas v i seomete r  and an optical sys tem for visualizing the flow. The measurements  were on 
polymer  flows through a die in the form of a rectangular  slit for which L/H could be var ied  in the range f rom 
8 to 35; the ratio W/H equalled 3. 

The investigated objects were samples of polybutadienes and polyisoprenes  of nar row molecular-weight  
distr ibution (MW/Mn = 1.1) synthesized by the anionic polymerizat ion technique with a butyllite catalyst .  The 
v i scos i ty -average  molecular  weights MWD; andthe i somer ic  composition of the samples are  given in Table 1. 

Besides the samples listed in the table we also investigated a sys tem modelling industrial polybutadiene 
and consist ing of a 16-component mixture of equal quantities of nar row MWD polybutadiene samples with molec-  
u lar  weights f rom 65,000 to 320,000 (Mw/M n = 3.0). 

Such objects were chosen because,  on the one hand, narrow MWD polymers  exhibit the phenomenon of 
separat ion par t icu lar ly  sharply [1-3], while, on the other  hand, the region of viscosi ty  anomaly is c lear ly  
expressed  with broad MWD polymers .  

All the experimental  resul ts  detailed below were obtained at 25~ 

Figure 1 shows the flow curves  (dependence of velocity gradient  on shearing s t ress )  of  the investigated 
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Fig .  1. F low c u r v e s  f o r  p o l y b u t a d i e n e  (a) and  
p o l y i s o p r e n e  (b) ( s q u a r e s  r e l a t e  to r e c t a n g u l a r  
s l i t ,  c i r c l e s  to c i r c u l a r  c a p i l l a r y ) .  N u m b e r s  1 -6  
c o r r e s p o n d  to the s a m p l e  n u m b e r s  in  the t ab l e .  
N u m b e r  7 c o r r e s p o n d s  to a m o d e l  b r o a d - M W D  
p o l y b u t a d i e n e  s a m p l e  wi th  M y  = 2.4"  10~; ~ i s  
in s e c  -1,  ~- in d y n / c m  2. 

T A B L E  1. B r i e f  D e s c r i p t i o n  of  I n v e s t i g a t e d  E l a s t o m e r s  wi th  
N a r r o w  M o l e c u l a r  We igh t  D i s t r i b u t i o n  M w / M  n = 1.1 

S a m -  
p l e  No. Name 

Po~b~a~em 

Polyisopmne 

M V �9 10-~ 

0,80 
1,35 
3,20 
3,75 
5,75 
8,30 

cis-l,4 

46 
47 
45 
79 
69 
85 

Isomeric composition 
trans-l,4 1 -2  

45 9 
44 9 
40 9 
15 
25 
10 

3-4  

6 
5 

e l a s t o m e r s .  F o r  n a r r o w  MWD s a m p l e s  a c o m p a r i s o n  i s  m a d e  h e r e  of the r e s u l t s  o b t a i n e d  in  p o l y m e r  f lows  
th rough  a r e c t a n g u l a r  s l i t  (the s q u a r e s )  and th rough  a c i r c u l a r  c a p i l l a r y  (the c i r c l e s ) .  In the f i r s t  c a s e  the 
m e a s u r e m e n t s  w e r e  m a d e  us ing  s l i t s  of  v a r i o u s  l eng ths  so that  a l l o w a n c e  cou ld  be m a d e  fo r  the e n t r a n c e  c o r -  
r e c t i o n s  by the t w o - c a p i l l a r y  m e t h o d  [181o C a l c u l a t i o n  showed  that  the e n t r a n c e  c o r r e c t i o n s  a r e  not  m o r e  than 
5 H fo r  p o l y b u t a d i e n e s  and 3 H for  p o l y i s o p r e n e s  in the e n t i r e  i n v e s t i g a t e d  r a n g e  of s h e a r  r a t e s .  

I t  c an  be s e e n  f r o m  F i g .  1 that  o v e r  qui te  a wide r a n g e  of  s h e a r  s t r e s s e s  n a r r o w  MWD p o l y m e r s  behave  
l ike  Newtonian  f lu ids~ A c c o r d i n g l y ,  in  the c a s e  of f lows of such  p o l y m e r s  th rough  a r e c t a n g u l a r  s l i t ,  the v e l o c -  
i ty  g r a d i e n t  and the t angen t i a l  s t r e s s e s  can  be  c a l c u l a t e d  on the b a s i s  of  the g e n e r a l  so lu t ion  of the p r o b l e m  of 
the  i s o t h e r m a l  s t e a d y  f low of  an  i n c o m p r e s s i b l e  Newton ian  f lu id  [19] o 

F o r  c o o r d i n a t e  axes  o r i e n t e d  as  in F i g .  1, the  equa t ion  of  m o t i o n  can  be w r i t t e n  in the  fo l l owing  m a n n e r :  

= , 

ox, + o ,,j (1) 

A s s u m i n g  c o m p l e t e  a t t a c h m e n t  of  the l iqu id  to the channel  w a l l s ,  the bounda ry  cond i t i ons  can  be w r i t t e n  

V z(x, 0 ) : 0 ;  V z(x, /-/)----0; V z - 4 - ~ - ;  y = 0 .  (2) 

The so lu t i on  of Eq. (1), ob t a ined  by B o u s s i n e s q  by s e p a r a t i o n  of  v a r i a b l e s ,  h a s  the f o r m  

Vz= -~ "~z (y--H) q- m s ~ s i n - -  
n = 1 , 3 . . .  

ch nnx ] 
nny H 

H ch nnW " (3) 
2H 

F r o m  this e ~ p r e s s i o n  we r e a d i l y  ob t a in  f o r  the v e l o c i t y  g r a d i e n t  in  the y d i r e c t i o n  and i t s  m a x i m u m  
v a l u e s  TW on the w a l l s  of the s l i t  i n t h e  p l a n e  x = 0: 
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i 1 chn x  I ay ~ "  a--T Y ~ ~ ~ T r 1 7 6  H Ch"~w ' 
.=1,3... 2H 

(4) 

2 H  

(5) 

On the o t h e r  hand,  the  v o l u m e t r i c  f low r a t e  Q of the  p o l y m e r  i s  g iven  by 

@W/2 H 

�9 q Oz 12 " W~ 5 ~ n ~ -  2H ] = - - ~ "  Oz 12 
~ W / 2  0 n=l :3 . .  

- -  K~. (6) 

On e l i m i n a t i n g  (1/7/) �9 (0P /8z)  f r o m  Eqs .  (5) and (6) and se t t i ng  7 w = 77~ W, we ob ta in  the fo l lowing theo-  
r e t i c a l  f o r m u l a s  fo r  the v e l o c i t y  g r a d i e n t  and the t angen t i a l  s t r e s s  on the w a l l s  of  the s l i t  in the p lane  x = 0: 

~ = ~ 6_Q_Q K_~ ~ = + __~ a~p K,. (7) 
W H  ~ K~ ' - -  2 ae 

Equat ions  (7) a r e  ana logous  in  f o r m  to the c o r r e s p o n d i n g  f o r m u l a s  f o r  the  c a l c u l a t i o n  of ~ and ~-W in 
the c a s e  of a f low of Newtonian  f lu id  th rough  a r e c t a n g u l a r  s l i t  of in f in i te  width  [19] with c o r r e o t i o n s  fo r  the 
p e r t u r b i n g  e f f ec t  o f  the f ron t  and  back  w a l l s .  An e s t i m a t e  of  the t e r m s  of the s e r i e s  e n t e r i n g  into c o e f f i c i e n t s  
K 1 and K~ shows  that  they d e c r e a s e  r a p i d l y .  Thus ,  fo r  W / H  = 3, the r a t i o  o f  the s econd  t e r m  of  the s e r i e s  to 
the f i r s t  i s  l e s s  than 10 -2 and  10 -5,  r e s p e c t i v e l y ,  f o r  the coe f f i c i en t s  K I and K 2. A c c o r d i n g l y ,  r e t a i n i n g  only  
the f i r s t  t e r m  of  the  s e r i e s ,  we o b t a i n  f ina l ly  

Yw= ~1 .246  6Q �9 z~=-4-0 .985  H OP 
WH 2 '  --2-" 0z (8) 

In th is  m a n n e r ,  the  c o r r e c t i o n  to the s h e a r  r a t e  and the s h e a r  s t r e s s  due to the  e f f e c t  of the  f ron t  and 
b a c k  w a l l s  a m o u n t s  to 25 and 1.57c, r e s p e c t i v e l y .  

I t  can be s een  f r o m  F ig .  1 that  p l o t s  of  "~vV(TW), c a l c u l a t e d  a l lowing  fo r  the a f o r e m e n t i o n e d  c o r r e c t i o n s  
i n d e e d  co inc ide  we l l  wi th  the e x p e r i m e n t a l  d a t a  fo r  a c i r c u l a r  c a p i l l a r y  in those  c a s e s  when the b e h a v i o r  of 
the p o l y m e r  i s  c l o s e  to Newtonian .  The  f low c u r v e  f o r  p o l y d i s p e r s e  p o l y b u t a d i e n e  shown in th is  f i g u r e  was 
ob t a ined  so l e ly  with the use  of  a c i r c u l a r  c a p i l l a r y ,  s i n c e  the  a b o v e - c o n s i d e r e d  m e t h o d s  of  t r e a t i n g  the  r e s u l t s  
of m e a s u r e m e n t s  u s ing  a r e c t a n g u l a r  s l i t  a r e  i n v a l i d  in th is  c a s e  due to the s t r o n g  v i s c o s i t y  a n o m a l y .  

Let  us  now go on  to c a l c u l a t e  the n o r m a l  s t r e s s e s  in the f low in the r e g i o n  of h igh  s h e a r  s t r e s s e s .  I t  i s  
known that  the f i r s t  d i f f e r e n c e  in  the n o r m a l  s h e a r  s t r e s s e s  (~ equa l s  [11] 

2T 
(T - -  - -  ( 9 )  

tg 2• 

It  fo l lows  f r o m  this  that  fo r  a known t angen t i a l  s t r e s s  d i s t r i b u t i o n  the f i r s t  d i f f e r e n c e  in the n o r m a l  s t r e s s e s  
i s  m o s t  s i m p l y  c a l c u l a t e d  f r o m  the c u r v e  of  the  e x t i n c t i o n  ang le  d i s t r i b u t i o n ,  which can  be d e t e r m i n e d  by the 
m e t h o d  o f  i s o c l i n e s .  H o w e v e r ,  f o r  a l l  the o b j e c t s  i n v e s t i g a t e d  by us ,  the i s o c l i n e  of  any p a r a m e t e r  in the r e g i o n  
of  d e v e l o p e d  f low t a k e s  the f o r m  of a d a r k  f r i n g e  s p r e a d  o v e r  the g r e a t e r  p a r t  of  the he igh t  of the r e c t a n g u l a r  
s l i t .  I t  was ,  a c c o r d i n g l y ,  i m p o s s i b l e  to a s c r i b e  the i s o c l i n e  of a g iven  p a r a m e t e r  to any d e f i n i t e  p o i n t  o r  to the 
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Fig .  2. I s . c h r o m e  d i s t r i b u t i o n  o v e r  he igh t  
of r e c t a n g u l a r  s l i t  (L /H = 14.3) in  r e g i o n  of 
d e v e l o p e d  f low for  p o l y u b u t a d i e n e  with  
M V = 1 .35 .105 (a) and p o l y i s o p r e n e  with M V = 
3.75" 107 (b) f o r  v a r i o u s  p r e s s u r e  d r o p s  A P  
(kg/cm2): I) 9; 2) 16; 3) 36; 4) 48; 5) 60; 
6) I00; 7) 16; 8) 45; 9) 65. 

n a r r o w  r e g i o n  of the c r o s s  s e c t i o n  of  the r e c t a n g u l a r  s l i t .  As the ex t inc t ion  ang le  cou ld  not  be d e t e r m i n e d  ex -  
p e r i m e n t a l l y ,  i t  b e c a m e  n e c e s s a r y  to c a l c u l a t e  it~ 

It i s  known [10] that  

sin 2• --  "~ (I0) 
Tmax 

Thus ,  to c a l c u l a t e  t h e  f i r s t  d i f f e r e n c e  in  the n o r m a l  s t r e s s e s ,  i t  i s  n e c e s s a r y  and su f f i c i e n t  t - k n o w  the 
m a g n i t u d e  of  the t angen t i a l  s t r e s s e s  and the m a x i m u m  t angen t i a l  s t r e s s e s  at  e ach  po in t  of  the f low.  

The t angen t i a l  s t r e s s e s  ~ w e r e  c a l c u l a t e d  v i a  the f o r m u l a  [19] 

h P . y  
-- �9 (11) 

2L 

As for  the m a x i m u m  t angen t i a l  s t r e s s e s ,  t h e i r  d i s t r i b u t i o n  o v e r  the he igh t  of the f low was ob t a ined  d i -  
r e c t l y  f r o m  the i s . c h r o m e  p a t t e r n  [20], s i nce  

nk 
"~rnax-- 2CW (12) 

The f r i n g e  d i s t r i b u t i o n  o v e r  the he igh t  of the s l i t  was  r e c o r d e d  on a p h o t o g r a p h i c  f i l m  with  s u b s e q u e n t  
p h o t o m e t r i c  m e a s u r e m e n t  of the negat ive~ 

F i g u r e  2 shows the i s . c h r o m e  d i s t r i b u t i o n  o v e r  the he igh t  of the s l i t  fo r  p o l y b u t a d i e n e  (a) and p o l y -  
i s o p r e n e  (b) wi th  m o l e c u l a r  we igh t s  135,000 and 375,000, r e s p e c t i v e l y ,  f o r  v a r i o u s  p r e s s u r e s .  I t  can be s e e n  f r o m  
the f i gu re  that  a t  low p r e s s u r e s  the f r i n g e s  a r e  d i s t r i b u t e d  l i n e a r l y  o v e r  the c r o s s  s e c t i o n  o f  the s l i t .  Wi th  
i n c r e a s i n g  p r e s s u r e ,  i . e . ,  wi th  i n c r e a s i n g  s h e a r  s t r e s s ,  the c h a r a c t e r  of  the f r i n g e  d i s t r i b u t i o n  d e v i a t e s  m o r e  
and m o r e  f r o m  l i n e a r ,  the d i s t a n c e  be tween  f r i n g e s  d e c r e a s i n g  n e a r  the channe l  w a l l s .  

I t  i s  ev iden t  f r o m  (12) that  the m a x i m u m  s t r e s s e s  o v e r  the channe l  he igh t  m u s t  be d i s t r i b u t e d  e x a c t l y  in 
a c c o r d a n c e  with  the f r i n g e  d i s t r i b u t i o n  p a t t e r n .  The  s t r e s s - o p t i c a l  c o e f f i c i e n t  C e n t e r i n g  into  th is  f o r m u l a  
was  d e t e r m i n e d  e x p e r i m e n t a l l y  a t  low v a l u e s  of the t angen t i a l  s t r e s s e s ,  when i t  is su f f i c i e n t l y  a c c u r a t e  to take  
~" = v m a x .  F o r  the i n v e s t i g a t e d  p o l y m e r  homologous  s e r i e s  the v a l u e  of  C at  25~ w o r k e d  out  to be 3.3 �9 10 -10 
and 1o9 �9 10 -1~ cm2/dyn ,  r e s p e c t i v e l y ,  f o r  the p o l y b u t a d i e n e s  and the p o l y i s o p r e n e s o  This  va lue  of C f o r  p o l y -  
bu tad iene  i s  c l o s e  to r e s u l t s  c i t e d  in the l i t e r a t u r e  [21, 22]. 

In th is  m a n n e r  , the v i s u a l  r e p r e s e n t a t i o n  of a p o l y m e r  f low in a c a p i l l a r y  o f  r e c t a n g u l a r  c r o s s  s e c t i o n  
can be u s e d  to d e t e r m i n e  the t angen t i a l  s t r e s s e s  and the m a x i m u m  t angen t i a l  s t r e s s e s  a t  e ach  p o i n t  of  the  f low.  
By way  of  e x a m p l e  we show in F i g .  3 the d i s t r i b u t i o n  of the m a x i m u m  t angen t i a l  s t r e s s e s  and the t angen t i a l  
s t r e s s e s  o v e r  the he igh t  of  the s l i t  f o r  p o l y b u t a d i e n e  with  m o l e c u l a r  we igh t  13 5,000 fo r  a p r e s s u r e  d rop  in the 
s l i t  z ~  = 100 kg . /cm z. 
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F i g .  3.  D i s t r i b u t i o n  of m a x i m u m  t angen t i a l  s t r e s s e s  ~'max o v e r  he igh t  of r e c t a n g u l a r  s l i t  
( L / H  = 14.3) in r e g i o n  of  d e v e l o p e d  f low f o r  p r e s s u r e  d rop  AP = 100 k g / c m  2 f o r  p o l y -  
bu tad iene  with  M V = 1 .35 .  105; ~- and ~'max in d y n / c m  2. 

F ig .  4 .  Dependence  of  f i r s t  d i f f e r e n c e  in n o r m a l  s t r e s s e s  on t a nge n t i a l  s t r e s s e s  fo r  
p o l y b u t a d i e n e  (a) and p o l y i s o p r e n e  (b) ( so l id  po in t s  ob t a ined  with  c o n e - a n d - p l a t e  i n s t r u -  
ment ,  open p o i n t s  o b t a i n e d  with  p o l a r i z a t i o n - o p t i c a l  a p p a r a t u s ) .  N u m b e r s  1-6 c o r r e s p o n d  
to s a m p l e  n u m b e r s  in T a b l e  1; No. 7 c o r r e s p o n d s  to m o d e l  b r o a d - M W D  p o l y b u t a d i e n e  s a m -  
p le  wi th  M V = 2.4 �9 105; cr and  ~- a r e  in d y n / c m  2. 

As i s  to be  e:vpected,  t he se  q u a n t i t i e s  c o i n c i d e  in the c e n t r a l  p a r t  of the f low (i .e~ a t  low s h e a r  s t r e s s e s ) ,  
w h e r e a s  on a p p r o a c h i n g  the w a l l s  the amoun t  by which 7 m a x  e x c e e d s  ~- b e c o m e s  i n c r e a s i n g l y  s i g n i f i c a n t .  I t  
i s  the r e l a t i o n s h i p  of t he se  q u a n t i t i e s  f o r  a known v e l o c i t y  p r o f i l e  that  m a k e s  i t  p o s s i b l e  to c a l c u l a t e  the d e p e n -  
dence  of the f i r s t  d i f f e r e n c e  in the  n o r m a l  s t r e s s e s  on the s h e a r  s t r e s s e s  o r  the s h e a r  r a t e .  I t  can  be  s e e n  f r o m  
the f i g u r e  tha t  th is  s o r t  of c a l c u l a t i o n  c a n b e  made  only  in the  r e g i o n  of  high s h e a r  s t r e s s e s ,  which i s  s i m u l t a n -  
e o u s l y  both  an advan t age  and a l i m i t a t i o n  of the  me thod .  

The r e s u l t s  of c a l c u l a t i o n s  of  th i s  s o r t  a r e  shown in F ig .  4 for  p o l y b u t a d i e n e  and p o l y i s o p r e n e .  In th is  
f i g u r e  we a l so  show fo r  c o m p a r i s o n  the d e p e n d e n c e  of the f i r s t  d i f f e r e n c e  in the n o r m a l  s t r e s s e s  on the t angen-  
t ia l  s t r e s s e s  d e t e r m i n e d  by P l o t n i k o v a  and Malk in  us ing  a c o n e - a n d - p l a t e  v i s c o m e t e r  in the  r e g i o n  of low 
s h e a r  s t r e s s e s  for  p o l y b u t a d i e n e  with a m o l e c u l a r  we igh t  13 5,000o 

It can  be s een  f r o m  the c i t ed  da t a  that  the v a l u e s  of  the f i r s t  d i f f e r e n c e  in the n o r m a l  s t r e s s e s  c a l c u l a t e d  
by the m e t h o d  p r o p o s e d  above  i s  in good a g r e e m e n t  with the c o r r e s p o n d i n g  v a l u e s  found a t  low s h e a r  s t r e s s e s  
by d i r e c t  m e a s u r e m e n t s .  F u r t h e r m o r e ,  the  de pe nde nc e  of the n o r m a l  s t r e s s e s  on the t angen t i a l  s t r e s s e s  f o r  
n a r r o w  MWD p o l y m e r s  of the s a m e  h o m o l o g o u s  s e r i e s  does  not  depend  on the m o l e c u l a r  weight  of  the p o l y m e r .  

In the c a s e  of  p o l y b u t a d i e n e s  and p o l y i s o p r e n e s  wi th  a n a r r o w  m o l e c u l a r - w e i g h t  d i s t r i b u t i o n ,  the r a t e  of 
g rowth  of  e wi th  i n c r e a s i n g  s h e a r  s t r e s s  i n c r e a s e s  s h a r p l y  on a p p r o a c h i n g  the s e p a r a t i o n  r e g i o n  (denoted by 
the v e r t i c a l  a r r o w s  on the ax i s  of  a b s c i s s a s ) ,  and  t h e i r  va lue  m a y  e x c e e d  the s h e a r  s t r e s s  c o r r e s p o n d i n g  to 
s e p a r a t i o n .  Th i s  m e a n s  that  the  p h e n o m e n o n  of  f low s e p a r a t i o n  i s  c o n n e c t e d  to a s i g n i f i c a n t  ex t en t  wi th  the 
a p p e a r a n c e  of the h igh ly  e l a s t i c  p r o p e r t i e s  o f  the  p o l y m e r .  F u r t h e r m o r e ,  i t  fo l lows f r o m  this  that  one m u s t  
p r o c e e d  with  cau t ion  when e x t r a p o l a t i n g  p a r a m e t e r s  c h a r a c t e r i z i n g  the h ighly  e l a s t i c  p r o p e r t i e s  of p o l y m e r s  
into r e g i o n s  of s t r e s s e s  at  which s e p a r a t i o n  i s  o b s e r v e d .  

The s i t u a t i o n  i s  d i f f e r e n t  wi th  p o l y d i s p e r s e  p o l y b u t a d i e n e ,  f o r  which the r a t e  of g r o w t h  of  the n o r m a l  
s t r e s s e s  i s  w e a k e r  c o m p a r e d  with  m o n o d i s p e r s e  p o l y b u t a d i e n e .  T h i s  can  be seen  f r o m  a c o m p a r i s o n  of  F i g s .  1 
and 4. Indeed ,  a s  can be seen  f r o m  F i g .  1, a v i s c o s i t y  a n o m a l y  a p p e a r s  in  the f low of the b r o a d  MWD p o l y -  
bu tad iene  s a m p l e ,  w h e r e a s  the p lo t  of cr (~-) in double  l o g a r i t h m i c  c o o r d i n a t e s  r e m a i n s  p r a c t i c a l l y  l i n e a r  (F ig .  4). 

In th is  m a n n e r  the o b t a i n e d  r e s u l t s ,  in con junc t ion  with known da t a  in the l i t e r a t u r e  on p o l y m e r  s y s t e m s ,  
l e ad  to the i m p o r t a n t  conc lus ion  tha t  the c o m p o n e n t s  of  the s t r e s s  t e n s o r  a r e  i n t e r r e l a t e d .  I t  i s  known [23] that  
a t  low s h e a r  s t r e s s e s  ~ ~ ~.2 A s  can  be s een  f r o m  the da t a  of F i g .  4 the d e p e n d e n c e  a(~-) d e p a r t s  s i g n i f i c a n t l y  
f r o m  q u a d r a t i c  wi th  i n c r e a s i n g  s h e a r  s t r e s s ,  the  exponen t  of  th is  de pe nde nc e  g r a d u a l l y  d e c r e a s i n g .  H o w e v e r ,  
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for narrow MWD polymers ,  the exponent of the function cr (T) begins to increase on approaching critical values 
of the shear s t resses ,  and may become greater  than 2; for a polydisperse polymer,  on the other hand, the slope 
of the dependence of the normal s t resses  on the tangential remains effectively constant in the range of those 
shear s t resses .  

NOTATION 

~" ~'W' tangential s t ress  in flow and wall s t ress ,  respectively; ~, ~r162 shear rate in flow and on wall, 
respectively; r f i rs t  difference in normal s t resses;  ~?, effective viscosity; aP/az ,  pressure  gradient; Vz 
linear velocity along z axis; W, H, L, width, height, and length, respectively,  of rectangular slit; Q, volumetric 
flow rate; 4 ,  extinction angle; n, interference fringe number; ~, wavelength of light source; C, stress-optical  
coefficient; 7ma x, maximum tangential s tress;  Ap, pressure  drop~ 
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