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Some c h a r a c t e r i s t i c s  of v i scoe las t i c  fluid flow under high shear ing  s t r e s s e s  a r e  analyzed 
he re .  

Much attention has been given in recent  s tudies to the flow of v i scoe las t i c  fluids under high shear ing  
s t r e s s e s .  The r eason  for  this is the impor tance  of the p rob l em concerning the instabi l i ty of such a flow 
which occurs  when cer ta in  c r i t i ca l  s t r a i n  levels  in the medium a re  exceeded (Fig. 1). 

We will examine he re  the d i scharge  of a v i scoe las t i c  fluid f r o m  rec tangu la r  channels .  The veloci ty  
prof i le  of an unstable  flow has been m e a s u r e d  by the s t roboscopic  method [1]. 

A 3.5% aqueous solution of po lyac ry lamide  (PAA) was used as the v i scoe las t ic  medium.  This  solution 
is an in te res t ing  one, s ince it exhibits  a cons iderable  degree  of e las t ic i ty  along with its v iscous  s t ruc tu ra l  
p r o p e r t i e s  (Fig. 2). 

In these  tes t s  the solution was extruded through horizontal  L = 250 m m  long rectar igular  channels with 
a 1 : 10 or a 1 : 20 ra t io  of s ides .  At the exit of the e las t ic  solution f r o m  a channel one could obse rve  an ex-  
pans ion of the continuous {regular) jet  and then, when the tangential  shear ing  s t r e s s  at the channel wall  had 
r eached  a ce r t a in  level  T w = Aph /L  = 310 N / m  2, this jet became  i r r e g u l a r .  (In r epea ted  d ischarge  t e s t s  
this i r r egu l a r i t y  set  in a lways at a lmos t  the s a m e  value of TW.) 

The i r r egu l a r i t i e s  at the exit consis ted  of contract ing longitudinal overshoots  which per iodica l ly  broke  
up the flow pa t te rn ,  when viewed in a plane,  as if into s epa ra t e  jets  (Fig. 1). These  je ts ,  the number  of which 
va r i ed ,  bes ides  flowing in the i r  p r inc ipa l  mode (downward) a lso  ro i led  a c r o s s  the s t r e a m  in a wavel ike man-  
ner  and, as ~'w increased ,  succes s ive ly  pulsated in the d i rec t ion  of flow. At the same  t ime,  the highest Rey -  
nolds number  was never  more  than unity.  
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Fig. 2 
Fig. i. Irregularity of a 3.5% aqueous PAA jet at the exit from a rectangular 
channel (top view). 

F ig .2 .  Fluidity and the f i r s t  d i f ference  between no rma l  s t r e s s e s ,  as functions 
of the tangential  shear ing  s t r e s s ,  for  a 3.5% wate r  solution of PAA. r (m2/N 
. see) ,  1" (N/m2). 
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Fig.  3. Velocity prof i les  of 3.5% 

t,2 

aqueous solution of PAM at various 
~ . f  q8 shear ing s t r e s s e s .  Distance f rom en- 

t rance  150 mm: 1) T w = 210 N/m~; 2) 
~ Z  calculational parabolic  veloci ty p ro -  
~3 file; 3) T w = 375 N/m~; 4) ~w = 420 N 
�9 , , ,  /m 2. 
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Apparent ly ,  we a re  dealing here  with a unique laminar  instabili ty of viscoelas t ic  flow in rec tangular  
channels,  which in somewhat different  fo rm has been observed by other authors during the extrusion of 
v iscoelas t ic  substances through round capi l lar ies  [2, 3]. 

The  veloci ty  profi le  was measured  in the upper half-plane of a channel section with a 1 : 20 ra t io  of 
s ides ,  at a shear ing s t r e s s  T w = 210 N/mZ; i .e . ,  when the flow at the exit sect ion was sti l l  regular  and also 
during laminar  instabili ty at T w = 420 N / m  z. The resu l t s  of some of the measurement s  a re  shown in Fig.  3. 
Each prof i le  has been plotted f rom one set of t racings p roper ly  p roces se s ,  while the mean velocity w has 
been de termined  with the aid of a p lanimeter  and with r e fe rence  to any par t icu la r  flow section.  

The measurements  show that the velocity prof i les  of the viscoelas t ic  fluid inside the channel a re  
f la t te r  (as in the case of pseudoplast ic  fluids) when the jet  d ischarge f rom a cbanuel is regula r ,  while being 
more  elongated than in a Newtonian fluid (as in the case of dilatant fluids) with an inflection point when the 
jet  d ischarge is i r r egu la r .  

It is well known in the hydromechanics  of Newtonian fluids [4] that the la t ter  case must cor respond to 
an unstable flow mode due to a rb i t r a r i l y  small  per turba t ions .  

On the basis  of this analogy, the measurements  seem to indicate some specif ic  instabili ty of v i sco-  
elast ic  flow [3]. 

Thus ,  at low Reynolds numbers  an increasing 1 w t r ans fo rms  the stable mode of v iscoelas t ic  flow 
into a laminar  instability of such a flow due to a rb i t r a r i l y  small  per turbat ions  at the cbam~el entrance,  for  
example,  and this causes i r r egu la r i t i e s  in the jet at the channel exit .  
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N O T A T I O N  

tangential shearing stress at a channel wall; 
hAlf-height of a channel; 
ch~-nel length; 
flow velocity, d imensionless; 
mean flow velocity at a given section; 
fluidity of v iscoelas t ic  fluid; 
f i r s t  difference of normal  s t r e s s e s ,  N/mR; 
distance f rom channel wall, d imensionless .  
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