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The  n o n i s o t h e r m a l  s t e a d y  f low of a p o w e r - l a w  f lu id  b e t w e e n  two p a r a l l e l  p l a t e s  i s  a n a l y z e d  
fo r  d i f f e r e n t  k inds  of t e m p e r a t u r e  b o u n d a r y  c ond i t i ons  and,  m o r e o v e r ,  wi th  e n e r g y  d i s s i p a -  
t ion  t a k e n  in to  a c c o u n t .  I t  i s  a s s u m e d  tha t  the f l u i d i t y  of the  s u b s t a n c e  i s  a l i n e a r  func t ion  
of  the  t e m p e r a t u r e .  

The nonisothermal generalized Couette flow of a Newtonian fluid was studied in [i]. The viscosity of 
the fluid was assumed to vary with the temperature hyperbolically, i.e., its fluidity was assumed to vary 
with the temperature linearly. In the practical case of a molten or dissolved polymer flowing through the 
helical channel of a screw pump or extruder it is of interest to analyze the analogous problem involving 

non-Newtonian fluids. As iS well known, the rheological characteristics of many such substances are rep- 
resented by a power law. In this article we will consider the flow of a power-law fluid between two parallel 
plates, with one plate moving at a constant velocity and with a pressure gradient in the separating gap. The 
temperature is constrained by either of two sets of boundary conditions: a) both plates are maintained at 
constant and, in the general case, different temperatures (housing and screw are both thermostaticized), 
or b) the upper plate is thermostaticized while the thermal flux at the lower plate is zero (the screw is 
thermally insulated). The relation between fluidity and temperature is assumed linear. 

We consider the motion of a fluid between two Parallel infinitely large plates y = 0 and y = h. The 
upper plate is moving at a constant velocity v 0 along the x-axis while the lower plate remains stationary. 
In the gap between the plates there exists a constant pressure gradient dp/dx = A > 0. The plate tempera- 
t u r e  T 1 and T 2 a r e  g i v e n .  

The  r h e o l o g i e a l  p o w e r  l aw w i l l  be  de f ined  as  

dv 
- -  = k  I ~ j . - I  T. (1) 
dy 

I t  i s  a s s u m e d  tha t  c o e f f i c i e n t  k, which  c h a r a c t e r i z e s  the f lu id i ty  of  the s u b s t a n c e ,  i s  a l i n e a r  func t ion  of the 
t e m p e r a t u r e ,  i . e . ,  

k = k 0 [1 + ~ ( T - -  T2) l (k 0, ~ = c0nst). (2) 

The  flow and the  h e a t  t r a n s f e r ,  wi th  e n e r g y  d i s s i p a t i o n  t a k e n  into  accoun t ,  a r e  r e p r e s e n t e d  by  the fo l lowing  
s y s t e m  of equa t ions  

d~ d~T .c dv 
dv --  A, ~ + . . . .  O. (3) @2 ZJ dy 

Thi s  s y s t e m  i s  to be  s o l v e d  fo r  the  fo l lowing  b o u n d a r y  c o n d i t i o n s :  

v = 0, T = T1 at g = 0; v = v o, T = T~ at y = h. (4) 

The  f i r s t  equa t ion  y i e l d s  

= A ( y  - -  go) ,  (5)  

with  the  i n t e g r a t i o n  c o n s t a n t  Y0 b e i n g  the o r d i n a t e  of the p l ane  of z e r o  s h e a r i n g  s t r e s s .  
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Fig. 1. C u r v e s  of  ~ v e r s u s  n0 fo r  v a r i o u s  v a l u e s ,  
of  n: 1) n = 0 ; 2 )  1; 3) 3; 4) 5. 

Wi th  (!) and (5), s y s t e m  (3) and  the b o u n d a r y  cond i t i ons  can  b e  w r i t t e n  in the d i m e n s i o n l e s s  f o r m :  

d-_Ew _ - _ l l n _ n o l - - l ( n - - m o ) o  , a~--~~ (6) 
dl] a dri 2 

w = 0 ,  0 = 0 0  at ~]----0; w----l,  0 = l  at ~ l = l -  (7) 

The  s o l u t i o n  to the  s e c o n d  of  E q s .  (6) i s  e x p r e s s e d  in t e r m s  of B e s s e l  func t ions  [2] d i f f e r i ng  i* / the  

s i gn  of the  v a r i a b l e  (~7-~70): 

(n > no), (8) 
v 

0~=] / -~ - ' -o~  A'~J,/v - - ( ' q o - - n )  T q- B'gJ-~/v [---~-UIo 

(n < no), 

wi th  the  i n t e g r a t i o n  c o n s t a n t s  A~, A~, BI ,  B~ and wi th  u = n + 3. Wi th  the  B e s s e l  func t ions  r e p r e s e n t e d  a s  
p o w e r  s e r i e s  [2], we have  

01 = A1F1 (rl) + B1G 1 (~1), 

H e r e  A1, A2, B1, B 2 a r e  new i n t e g r a t i o n  c o n s t a n t s  and 

2 F1 (~1) = ah 01 - -  ~lo) ~k+l, 
k = 0  

elo 

F~ (n) = ~ ah (no --'1) ,k+', 
k = O  

O~ = A2F ~ (~1) -+- BzG2 01). 

~1 (n) = ~ oh (n --  n~ "~, 
6 = 0  

6~ (n) - 2 b~ (no - -  n)% 
k = O  

(9) 

(Io) 

a k k! v k (1 -~ v) (t -~ 2 v ) . . .  (1 -t- kv) ' 

b~ = ( -  1)k �9 •  
k! v k (v - -  1) (2v - -  1 ) . . .  (kv - -  1) 

Depend ing  on the va lue s  of p a r a m e t e r s  x and u ,  we c a n  e n c o u n t e r  d i f f e r e n t  s i t u a t i o n s :  ~?0 -< 0, 0 ~ ~0 
-< 1, ~?0 -> 1. In e a e h  of t h e s e  t h r e e  c a s e s  the f o r m u l a s  for  the t e m p e r a t u r e s ,  the  v e l o c i t i e s ,  and the flow 
r a t e  w i l l  be  d i f f e r e n t .  We w i l l  c o n s i d e r  h e r e  a l l  t h r e e  c a s e s  and wi l l  d e t e r m i n e  the r a n g e s  of p a r a m e t e r  

and u v a l u e s  wi th in  which  the d i f f e r e n t  f low m o d e s  o c c u r .  

L e t  0 ~< V0 -< 1. Then ,  f r o m  the cond i t ion  of equa l  t e m p e r a t u r e s  and of equa l  d e r i v a t i v e s  of the t e m -  

p e r a t u r e  at  ~ = no fo l lows  A 2 = - A  l and B 2 = B I. Thus ,  

01 = A,F1 (~1) -~ B,Gt 01), (n > no); 0~ = - -  A~F~ 01) -~ BxG~ 00, 01 -<- no). (11) 

S a t i s f y i n g  the b o u n d a r y  cond i t i ons  (7) y i e l d s  
1 1 

A~= - ~  [G~ (0) - -  a~ (1) Ool, BI=--~[F~(1)Oo-4rF2(O)I, 

A ~ F I (I) G s (0) ~- Fe (0) GI (i). 

(12) 
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F i g . 2 .  T e m p e r a t u r e  p ro f i l e  a t  d i f f e ren t  t e m p e r a t u r e  
b o u n d a r y  cond i t ions .  

F ig .  3. C u r v e s  of  f low r a t e  as  a funct ion of the p r e s s u r e  
g rad ien t ,  a t  various va lues  of n: i, i') n = i; 2, 2') n = 3. 

I n t e g r a t i n g  the f i r s t  of Ests. (6) with (11) and bounda ry  condi t ions  (7) t aken  into c o n s i d e r a t i o n ,  we o b -  
t a in  the ve loc i t y  p ro f i l e  

~o = 1 -- l__ [AJ~ (n) § B~& (n)l ,  

1 
w = - -  [A~f 2 (q) - -  B~g 2 (n)], O~ 

h (n) = Z 
k=O 

(~ ~ qo), 

(n -.< no); 

ak [(1 - -  %yk+~+z _ (~ _ qoyk+~+q, 
v k q - n - } - 2  

gl (n) = 
v k + n +  I 

[(l -- rl0yk+~+ ' -- (q -- ~0),k+n+~], 
(13) 

E ah [8 01) ---- vk  + n + 2 
k=O 

[q~k+.+2 _ (no ~ q)'~+~+q, 

An expression for the dimensionless flow rate 
to ~70 and from "0o to i and adding the results: 

~e 
E Ok {*l~ k+"+* - -  (qo --~)'~+"+~]- 

g=(q) = v k + n + l  

Sa t i s fy ing  the condi t ion of equal  v e l o c i t i e s  a t  r~ = T0 y i e lds  an e x p r e s s i o n  fo r  ~0: 

,41 ffl (no) + f~ (%)1 + B, [gl (no) - -  & (no)I = c~. (14) 

will  be  ob ta ined  by  i n t e g r a t i n g  (13) with r e s p e c t  to r/ f r o m  0 

Q = I - -qo  - A1 
k=0 

ao 
-~BLZ Oh ~]0),/r -b2 } ~k + n + 2 [(l - -  + q~+~+2 t . (15) 

k=0 

When % ~ 0, the t e m p e r a t u r e  p r o f i l e  is  d e t e r m i n e d  f r o m  the f i r s t  of  e x p r e s s i o n s  (11). Having  found 
the i n t e g r a t i o n  c o n s t a n t s  A 1 and B i f r o m  the b o u n d a r y  condi t ions  a t  the p l a t e s ,  we obta in  

1 1 
A~ =-~-  7 [G,(0)--G~ (1)0o], B~ = -~ - [F t  (1)0o-- F~ (0)], 

(16) 
a l  = F1 (1) 6, (0) - -  F1 (0) 61 (1) 

The  ve loc i t y  p r o f i l e  is d e t e r m i n e d  f r o m  the f i r s t  of  e x p r e s s i o n s  (13), which  has  been  de r i ved  f r o m  t h e b o u n d -  
a r y  condi t ion at  the mov ing  p l a t e .  The b o u n d a r y  condi t ion a t  the s t a t i o n a r y  p la te  is  u s e d  fo r  d e t e r m i n i n g  ~0: 
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o,~o 

q~5 k 
All ~ (0) + B~g~ (0) = a. (17) 

In t eg ra t ion  of  the ve loc i ty  prof i le  f r o m  0 to i y ie lds  the d i m e n s i o n l e s s  
flow ra te :  

1 3 [(i - -  'q0) vk§247 - -  ( - -  3'lo)Vk+n§ 
vk-l- n-l- 

e/a 

o 24 a 

Fig .  4.  Ef fec t  of p a r a m e t e r  
~ m  on the Q (a) r e l a t ion :  1) n m  
= 1; 2) 2.52. 1 2 [(I - -  ~lo),~+n+2 - -  (---%)~k+~+~l}) . 

~ k + n +  
(is) 

When ~/0 -> 1, the t e m p e r a t u r e  p rof i l e  is d e t e r m i n e d  f r o m  the second  of e x p r e s s i o n s  (11), where  

A I =  [G~ (0) - -  G~ (1) 0ol, B I =  X-- [F~ (0).-- F2 (1) 0o1, 
(19} 

a~ = F~ (0) ~ (1) - F3 (1) ~ (0). 

The second  of  e x p r e s s i o n s  (13) is Used for  de t e rmin ing  the ve loc i ty  p ro f i l e .  In  in t eg ra t ing  the r e spec t i ve  dif-  
f e r en t i a I  equat ion,  use  was  m a d e  of the b o u n d a r y  condi t ions  at  the s t a t i o n a r y  pla te .  Sat is fy ing the b o u n d a r y  
condi t ion  at  the mov ing  pla te  y ie lds  an e x p r e s s i o n  for  T0: 

Alf 3 (1) - -  Big3 (1) = ~. (20) 

The flow r a t e  is 

Q = - -  A1 ~k+n+2_ 1 ~z = vk-(-n-}-2 v k @ n + 3  [%k+n+3-Ol~ 

r162 

2 ( }) __ B1 Oh ~ + n + l  __  1 
k~--o vk + n + 1 vk + n + 2 [%k+n+2 _ (qo - -  1) vk+n§ ] �9 (21) 

I t  is  evident  f r o m  (5) that  To c h a r a c t e r i z e s  the s h e a r i n g  s t r e s s  in the gap and at the p la t e s .  I f  both 
p la tes  w e r e  s t a t i o n a r y  (a = 0) then T0 = 0.5 with the p la tes  at the s a m e  t e m p e r a t u r e s  but 7o ~ 0.5 with the 
p la tes  at  d i f fe ren t  t e m p e r a t u r e s ,  within the gap in e i the r  ca se .  

It  fol lows f r o m  the f o r m u l a s  fo r  A t and B1, a l so  f r o m  the e x p r e s s i o n s  fo r  the ve loc i ty  p ro f i l e ,  tha t  
~ +oo as A A1, and A 2 a p p r o a c h  z e r o .  One m a y  conclude,  then, that,  as  the plate  ve loc i ty  i n c r e a s e s ,  ~0 

wil l  i n c r e a s e  but  r e m a i n  be low s o m e  l imi t  defined by the f i r s t  r o o t  of e i the r  one of the th ree  equat ions  

A(• ~lo)~0, h~(• ~ o ) = 0 ,  A~(• r i o ) : 0 .  (22) 

In o the r  w o r d s ,  the s h e a r i n g  s t r e s s e s  at the p la tes  when one m o v e s  at an inf ini tely high ve loc i ty  wil l  
tend not  t oward  infini ty,  as  in the i s o t h e r m a l  p r o b l e m  [3], but  to some  finite l imi t .  Since the e x p r e s s i o n s  
fo r  A, A1, and A 2 do not  conta in  00, hence  this  l imi t  T0 does not depend on the t e m p e r a t u r e  drop  at t h e b o u n d -  
a r i e s .  

It  is to be noted that  the r e s u l t s  in [1] apply to the spec i a l  ca se  n = 1 and the r e su l t s  with u = 0 a re  
found in [3]. In the c a s e  of  a pure  Couet te  flow (A = 0), the t e m p e r a t u r e  p ro f i l e ,  the ve loc i ty  p rof i l e ,  and 
the flow r a t e  a r e  

0 =- C 1 cos (• + C3 sin (• , 

1 
w = - -  {C a sin (nun) -}- Cz [1 - -  cos (• 

Q = 1 {C 1 [1 - - cos  (• -}- C 3 [• - -  sin (• 
~Z~ 4 

H e r e  

C a 0 o, C~ : 1 ~ 0 o cos (• Vo • ko~ Ih3CI+ -~: 
sin (~) kohC ' ~,J 
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and C is the root of the transcendental equation 

C1 sin (• + C 2 [1 - -  cos (• = a• 

L e t  the g i v e n  t e m p e r a t u r e s  at  the  u p p e r  p l a t e  be  c o n s t a n t  whi l e  the  l o w e r  p l a t e  i s  t h e r m a l l y  i n s u -  
l a t e d .  I n s t e a d  of  the f o r m e r  b o u n d a r y  cond i t i ons  (7) r e g a r d i n g  the t e m p e r a t u r e ,  we now have  

dO 
--  0 at q = 0. (23) 

dn 

The  f o r m u l a s  for  d e t e r m i n i n g  the t e m p e r a t u r e  p r o f i l e ,  the  v e l o c i t y  p r o f i l e ,  and the f low r a t e  in  the gap ,  
a l s o  the equa t i ons  fo r  d e t e r m i n i n g  70 wi l t  a l l  r e m a i n  unchanged ,  but  the c o e f f i c i e n t s  A 1 and B i d e t e r m i n e d  
f r o m  the new b o u n d a r y  cond i t i ons  w i l l  be  

A~ G 4(0) , B ~ - -  F4(O) , A = F , ( 1 ) G  4(0)~- -F~(0)6~(1) ,  ( O ~ n o < l ) ,  
A A 

A~ Ga(O), Bx Fs(O) , Az=F~(1)G3(O)--F3(O)G,(1), (rlo.~O), 
A1 ~1 

A , =  Ga(O---~), B, Fa(O--), Ae=Fa(O)G2(1)--F2(I)Ga(O), ( n o > l ) .  
A 2" A~ 

o o  

e ,  (n) = ( ,k  + 1) (n - no) a ,  (n) = b ,k - -  7o) 
k=O k~0 

F~ (n) = Z a~ (vk + 1) (no - -  n) vk, Ga 01) = b~vk (no --  q),k-i. 
k=O k=O 

The formulas derived for the case of thermostaticized plates remain valid for a pure Couette flow, 
only the coefficients C I and C 2 change to: C I = i/cosQ< z) and C 2 = 0. 

Numerical calculations according to these formulas have been performed on a computer and the re- 
sults are shown in Figs. i-4. 

Curves of • as a function of 7o, based on Eqs. (22), are shown in Fig. la for various values of n. As 

point (~4, 770 ) approaches such a curve, parameter oz~-~. From the expressions for A, At, and A2it ap- 

pears that, at a fixed value of x, these quantities are functions of 70 symmetrical with respect to ~0 = 0.5. 

Therefore, the points on curves symmetrical to those in Fig. la with respect to the ordinate 70 = 0.5 will 

also be roots of Eqs. (22). As the point with coordinates (~4, ~0) approaches these curves, parameter c~ 
-~ +m. The limit approached by the shearing stress at o~-~ :~ rises as ~--~0. 

A peculiar feature here is the intersection of curves plotted for different values of n. For n = i, 

curve 2 is identical to the analogous curve in [i] after correspondence between the respective systems of 
coordinates have been established. 

The intersection points of the curves with the ordinate ~70 = 0.5 yield the values % : ~t., which are 

critical. For all ~4 < ~4. there exists a steady flow mode, for all ~t _> ~4, a steady flow mode is impossible 
and a loss of thermal stability occurs. As ~4 ~t., the temperatures and the velocities rise rapidly. The 
critical ~4. is a monotonically increasing function of n and it depends neither on the temperature drop at 
the plates nor on the velocity of the moving plate. 

Curves of ~t 070) at various values of n are shown in Fig. Ib for the case of a thermally insulated 
lower plate. Here the curves are not symmetrical and, within the 0 < ~0 < 0.5 range, they pass through a 

maximum which determines the critical ~4, value. The left-hand branches of these curves determine the 

l i m i t i n g  v a l u e s  of  rio when ~--* + ~ ,  whi l e  the  r i g h t - h a n d  b r a n c h e s  d e t e r m i n e  the l i m i t i n g  v a l u e s  of  ~o when 
o~ ~ _ , o .  As  n i n c r e a s e s ,  the  s i o p e  of t h e s e  c u r v e s  a s  we l l  a s  the va lue  of  x ,  i n c r e a s e  and,  a t  the  s a m e  t i m e ,  
the  m a x i m u m  of e a c h  c u r v e  a p p r o a c h e s  the o r d i n a t e  V0 = 0.5. C u r v e  2 i s  i d e n t i c a l  to c u r v e  1 in F i g ,  2 in [1]. 

We wi l l  now d e t e r m i n e  the r a n g e s  of p a r a m e t e r  ,a and ~ va lue s  wi th in  wh ich  the v a r i o u s  f low m o d e s  
o c c u r .  The a n a l y s i s  w i l l  be  a p p l i e d  to the  c a s e  of  one t h e r m a l l y  i n s u l a t e d  p l a t e .  S t e a d y  f low is  p o s s i b l e  i f  

< x , .  I n s e r t i n g  ~?0 = 0 and 70 = 1 in to  the equa t ion  A(~t, 70) = 0 y i e l d s  r e s p e c t i v e l y  two v a l u e s :  x0  and x l ,  
x0  > x l .  If~4 < ~41, then a l l  t h r e e  f low m o d e s  a r e  p o s s i b l e :  V0 -< 0, 0 ~ V 0  ~ l , a n d ~ / 0  -~ 1. A t a g i v e n x  < ~tl, 
i n s e r t i n g  into  Eq.  (14) (but  wi th  c o e f f i c i e n t s  A i a n d  B 1 c o r r e s p o n d i n g  to the c a s e  of one t h e r m a l l y  i n s u l a t e d  
p l a t e )  ~?0 = 0 and 70 = 1 w i l l  y i e l d  r e s p e c t i v e l y  two v a l u e s :  c~ 0 and ~ l :  

613 



r = A1 ~ a~ ~_ B1 E bk 
~k § n -~ 1 ' = v k + n - ] -  2 k=o . 

co 

% = A1 vk  -~ n q- 2 
k=O 

B~ ~ b~ 

(24) 

These  flow modes  wi l l  occur  when,  r e s p e c t i v e l y ,  a -> a 0, a t  -< a -< s 0, and a ___ a t. 

When ~1 -< ~ -< n0, on ly  two flow modes  a re  pos s i b l e :  with T0 wi th in  the gap and V0 -< 0; m o r e o v e r ,  
T0 -< 0 when  s _~ s 0. At  a l l  o the r  va lues  of a ,  pos i t ive  as wel l  as nega t ive ,  0 _< ~0 - 1. If n 0 -< n < ~ . ,  
then  ~0 o c c u r s  wi th in  the gap a t  any  value  of s .  

In  the ca se  of t h e r m o s t a t i c i z e d  p l a t e s ,  n 0 = z l  owing to the s y m m e t r y  of the c u r v e s  and,  t he re fo re :  

only  one flow mode  with 0 --_ V0 -< 1 o c c u r s  when u0 -< ~ < ~t. ,  bu t  a l l  t h ree  flow mode s  (with V0 -< 0, 0 --_ V0 
___ 1, and ~?0 -> 1) occu r  when,  r e s p e c t i v e l y ,  s _> a0, ~1 -< s _< s0,  and s _< a t if  n ~ u0 where  a 0 and a 1 a re  
d e t e r m i n e d  f r o m  (24). 

When a = 0 ( s t a t iona ry  p la tes ) ,  0 < T0 < 1 and,  t h e r e f o r e ,  a lways  s 1 < 0. Th i s  m e a n s  that  the flow 
mode wi th  70 -> 1 can occur  only at  nega t ive  va lues  of s .  I t  m u s t  be  e m p h a s i z e d  h e r e  that  a > 0 in  s c r e w  
p u m p s  and e x t r u d e r s .  F o r  this  r e a s o n ,  these  dev ices  can  ope ra te  in  on ly  two modes :  ~?0 -< 0 and 0 -< ~?0 < 1. 

The t e m p e r a t u r e  p ro f i l e  in  the gap b e t w e e n  two p la tes  is  shown in  Fig .  2 for n = 3, s = 1.34, and 
= 1.22. The so l id  cu rve  r e p r e s e n t s  the ca se  of both t h e r m o s t a t i c i z e d  p la t e s  a t  the s a m e  t e m p e r a t u r e  (00 
= 1), the dashed  cu rve  c o r r e s p o n d s  to the ca se  where  the lower  p la te  is  t h e r m a l l y  i n s u l a t e d .  

A c c o r d i n g  to the d i a g r a m ,  the t e m p e r a t u r e  p rof i l e  be tween  two t h e r m o s t a t i c i z e d  p la tes  p a s s e s  
th rough  a m a x i m u m .  The a s y m m e t r y  of the so l id  c u r ve  is  exp la ined  by the a s y m m e t r y  of the ve loc i ty  p r o -  
fi le in  a g e n e r a l i z e d  Couet te  flow. When the lower  p la te  is  t h e r m a l l y  i n su l a t ed ,  then,  not  s u r p r i s i n g l y ,  the 
m a x i m u m  t e m p e r a t u r e  is  r e a c h e d  at  the lower  p l a t e .  

The r e l a t i o n  be tween  the d i m e n s i o n l e s s  flow r a t e  Q and the d i m e n s i o n l e s s  p r e s s u r e  g r a d i e n t  a = A 
/A  m (A m denot ing  the m a x i m u m  p r e s s u r e  g r a d i e n t  in  an i s o t h e r m a l  fl6w 04 = 0) of a Newtonian fluid (n 
= 1), which  o c c u r s  a t  a ze ro  flow ra te)  has  b e e n  ana lyzed  for  va r ious  va lues  of the p a r a m e t e r s .  P a r a m e t e r s  

s and ~4 can  be e x p r e s s e d  as  follows: 
n + l  

4 
(:Z = O~m/a n,  ~ ~ -  ~4raa , 

where 

Vo , ~4 = ko~ (A,~h) ~§ h~ 
am ko h (Amh)n m ~.j 

C u r v e s  of Q (a) at  a m = 0.168 and ~<m = 2.52 in  F ig .  3 for two va lues  of n .  As n i n c r e a s e s ,  the flow 
r a t e  i n c r e a s e s  too and at  a r a t e  which b e c o m e s  h igher  at  h ighe r  va lues  of a .  C h a r a c t e r i s t i c  he re  is  the i n -  
t e r s e c t i o n  of so l id  and dashed  l i n e s .  To each such  p a i r  of c u r v e s  t he r e  c o r r e s p o n d s  a va lue  a = a 0 which 
is  the a b s c i s s a  of the i n t e r s e c t i o n  poin t .  When a < a 0, the flow r a t e  unde r  ad iaba t ic  condi t ions  at  the lower  

$ 

pla te  is  h igher  than  unde r  i s o t h e r m a l  cond i t ions ,  and c o n v e r s e l y  when a > a0. 

The effect  of the d i s s i p a t i o n  p a r a m e t e r  n m on the Q (a) r e l a t i o n  is  shown in  F i g . 4 f o r  the case  of a 
t h e r m a l l y  i n s u l a t e d  lower  p la te .  A c c o r d i n g  to the d i a g r a m ,  th is  effect  on the flow r a t e  is  s t r o n g e s t  when 
the e x t r u d e r  s c r e w  o p e r a t e s  n e a r  f r e e  flow or  n e a r  shutoff .  An  i n c r e a s e  in  r im,  m o r e o v e r ,  c a u s e s  an  i n -  
c r e a s e  in  the flow r a t e  when a is  s m a l l  and a d e c r e a s e  in  the flow r a t e  when a is  su f f i c i en t ly  l a r g e .  In  the 
ca se  of t h e r m o s t a t i e i z e d  p l a t e s ,  these  c u r v e s  follow the s ame  t r e n d .  

h 

Y 
Yo 
v 

Vo 
dp/dx = A 

NOTATION 

is the distance between the plates; 
is the coordinate; 
is the coordinate of the point where the shearing stress is zero; 
is the velocity; 
is the velocity of the upper plate; 
is the pressure gradient; 
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T 
k, n 

J 
T, T l, T 2 

Q 

~7 = y / h ,  w = v/v0,  0 = 1 + f i ( T - T 2 )  

a = vo/koh(Ah) n, ~4 4 = kofl (Ah)n+lh2/XJ, 0o=1 +f l (T1-T2)  

is the shearing stress; 
are the rheological parameters; 
is the thermal conductivity of the fluid; 
is the mechanical equivalent of heat; 
are the temperature of the fluid, of the lower 
plate,  and of the upper plate respect ive ly ;  
is the dimensionless  flow rate ;  
are  the dimensionless coordinate,  velocity, and 
tempera ture  respect ively;  
are  the dimensionless  pa rame te r s ;  
is the critical value of ~4. 

lo 
2. 

3. 
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