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The qualitative flow pattern of polyethylene melts in rotary  instruments of the plane--plane 
and cone--plane type is examined. It is shown experimentally that in these instruments the 
flow lines are  Archimedes spirals,  which indicates the presence of radial mass t ransport .  

Rotary instruments of the plane--plane and cone--plane type are  widely used to determine different 
proper t ies  of viscoelastic liquids, typical representat ives of which are  polymer solutions and melts .  Un- 
fortunately, it must be stated that the behavior of polymer melts during shear flow in these instruments 
has not been experimentally studied thoroughly enough. Moreover,  there  is no single opinion at present 
on questions dealing With the formation and development of normal s t resses  in a deforming n~edium. This 
in turn prevents the creation of a r igorous theory of the viscoelastic behavior of mater ials  on the basis of 
which the Weissenberg effect [1] could be studied. 

In recent years  a number of works [2-5] have appeared in which the possibility of the development of 
circulation flows in rotary  instruments is indicated. However, the authors asser t  that circulation flows 
can develop only in instruments of the cone--plane type having cone angles of less than 170 ~ , and attribute 
the origin of this phenomenon to inertial effects.  The question of the behavior of viscoelastic media in 
instruments of the plane--plane type remains open at present .  

In connection with the above, we have attempted to study experimentally the shear flow of a visco-  
elastic material  in instruments of the plane--plane and cone--plane types.  

An apparatus [6] which made it possible to create  a model of a ro tary  instrument and to conduct not 
only visual observations but also photography and filming was used to conduct the experiments.  Plane 
disks and conical disks with apex angles of 170, 160, 150, and i20 ~ were used as the working organs. The 
diameters  of the disks and bases of the ccaes were 0.115 m. The range of shear velocities w~s ~/=20-400 

Fig. 1. Flow of polymer melt in a plane parallel gap (Y = 20-400 
see-l). 
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Fig. 2. Flow of polymer melt in a plane parallel gap (~ = 15-90 sec-i). 

sec  -1. The exper imen ta l  m a t e r i a l ,  P2020-T brand polyethylene of low densi ty,  in the f o r m  of a mel t  at 
a t e m p e r a t u r e  of 453 ~ was loaded into the working gap and comple te ly  filled i t .  

The construct ion of the working unit pe rmi t t ed  the introduction of a t r a c e r  m a t e r i a l  (a colored 
granule  of po lymer)  during the opera t ion of the ins t rument  at any depth with r e spec t  to the height of the 
gap and the rad ius  of the working s u r f a c e s .  H e r e  it should be mentioned that  t he r e  was no t h e r m o s t a t i c  
control  of the m a t e r i a l  during the opera t ion  of the appara tus  since the main  purpose  was to study the 
qual i ta t ive flow pa t te rn  of the  p o l y m e r  me l t .  

We have made  analyt ical  s tudies  conf i rming the na ture  of the flow of a v i scoe las t i c  liquid in the  
batching zone of a disk ex t ruder  (the p r e s e n c e  of the d i scharge  of liquid through the cent ra l  opening in the 
s ta t ionary  disk) e a r l i e r  [6, 7]. These  studies can a lso  be valid in a f i r s t  approximat ion  fo r  the quali tat ive 
flow pa t t e rn  of a po lymer  mel t  in r o t a r y  ins t rument s  which is considered below. 

In the f i r s t  ve r s ion  of the expe r imen t s  the colored granule  was located nea r  the pe r iphe ry  o f  plane 
pa ra l l e l  d isks  with gaps  of H = 0.003 m (Fig. 1) and H = 0.006 m (Fig.  2). The colored ma te r i a l  t r ave led  
along an Arch imedes  sp i ra l  toward t h e  center  of ro ta t ion  and a re tu rn  flow was observed  s imul taneously ,  
a s  in the p r e s e n c e  of a d i scharge  through the cent ra l  opening in the s ta t ionary  disk.  

As a r e su l t  of th is  a g r ay  r ing i s  fo rmed  at  some dis tance f r o m  the center  a f t e r  sufficiently long 
ro ta t ion  as  a r e su l t  of the over lapping of the two opposing f lows.  This  is  i l lus t ra ted  in F ig .  1, in which 
the  development  of an Arch imedes  sp i ra l  is  shown, and in Fig.  2, inwhich the development  of an Arch imedes  
sp i r a l  and the indicated g r a y  r ing a r e  seen .  The inner  d i ame te r  of the region of spread  of the colored 
m a t e r i a l  depends on the shea r  ve loci ty  and d e c r e a s e s  as  the shear  veloci ty  i n c r e a s e s .  

The zone of spread  of the colored ma te r i a l  a f t e r  65 revolut ions  of the disk i s  shown in Fig .  la  and 
a f t e r  130 revolut ions  in Fig .  l b .  He re  the ro ta t ion  r a t e  of the disk was constant  and equal to 20 r p m .  

F igure  2a was made  a f t e r  25 revolut ions  of the disk and Fig .  2b a f t e r  100 revolut ions  at  a ro ta t ion  
r a t e  of 15 r p m .  Hard ly  any advancement  of the colored m a t e r i a l  toward the cen te r  was observed  during 
fu r the r  opera t ion at th is  speed so the ro ta t ion  ra t e  was inc reased  to 45 r p m  and F ig .  2c was made a f t e r  
270 revolut ions  of the disk.  F igu re  2d shows the m a x i m u m  zone of spread  of the colored m a t e r i a l  at a 
d isk  rotat ion r a t e  of 90 r p m .  In the second ve r s ion  of the expe r imen t s  two colored granules  were  placed 
in the gap.  
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Fig .  3. Flow of po lymer  melt  in conical gap (~/ = 2-240 sec -1) . 

F igure  3 i l lus t ra tes  the behavior of these two granules  introduced into a polyethylene melt  which is 
in a conical gap (e = 10 ~ at a cone rotat ion rate  N = 50 rpm.  While the par t ic les  of granule I, located 
c loser  to the per iphery  of the cone, undergo intensive displacement along the radius of the gap, granule 
II during the same t ime is smeared  out into a concentr ic  r ing whose a rea  does increase  but remains  small .  

F igure  3 ref lec ts  the state of the sys tem at the t ime the rotat ion of the cone started (b: af ter  one 
revolution of the cone; c: s f t e r th ree ;  d: s f ter  !0; e: af ter  20; f: af ter  30 revolutions of the cone). The success ive  
photographs show the change in the pat tern of displacement  of the colored mater ia l  af ter  each 2.5 min. 
In Fig .  3k af ter  655 revolutions of the cone we see the maximum zone of spread of the colored mater ia l  
at the rotat ion rate  indicated above.  

The change in the intensi ty of the color  of the zone of granule I (Fig. 3, g-k) shows how it is  d i s -  
placed, gradual ly  s m e a r s  out, and colors  the main po lymer  m a s s .  

Thus, it is c lear ly  seen in which zone of the conical gap at these cone rotat ion ra tes  the secondary 
flows have an important  effect on the flow of the po lymer  melt  and in which zone they prove t o  be un impor -  
tant .  Never the less ,  with sufficiently prolonged rotat ion of the cone one would expect the merging  of the 
zones formed by granule I and granule II .  This indicated that the intensity of the secondary flows differs 
at different points of the conical gap and i~ in di rect  dependence on the shear  veloci ty.  After  the moving 
cone was stopped and the opening of the forming head was uncovered the" spontaneous extrusion of the melt  
f r o m  the working gap was observed (Fig. 3/),  with the distensLon of the s t ream of extrudate reaching 
two to three  d iameters  of the forming opening and 4-8 cm 3 of po lymer  melt  flowing out. This can be 
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considered a s t h e  realization of revers ible  (elastic) deformations. The intensity of discharge of the melt 
f rom the working gap increases  during rotation of the cone. However, it was repeatedly noted that not all 
the melt i s  extruded from the working gap. 

This indicates that the velocity field both in a plane parallel gap and in a conical gap is nonuniform 
and a zone exists in the  gap where the Weissenberg effect is vanishingly small. 

It must be remarked that the opinion which has been expressed [5, 8] concerning the possibility of the 
development of secondary (circulation) flows in rotary instruments of the cone--plane and plane--plane 
types due only to inertial effects was not confirmed experimentally for polymer melts.  Secondary flows, 
which are the consequence of~the effect of normal s t resses  (the Weissenberg effect), occur both in plane 
parallel gaps and in conical gaps independently of their  size. 

It should also be noted that the assumption [8] that the creeping out of the polymer melt along the 
per iphery from the gap of a rotary  instrument because of inertial effects along the rotating surface was 
not coufirmed. It follows from the results  presented above that the creeping out of the melt is connected 
with secondary flows and can occur only along the stationary disk (if, of course, the rotation rates of the 
working organ are  not so great that inertial forces have a substahtial magnitude). 

Thus, summing up the results  of the discussion of the experimental studies obtained on the qualitative 
flow pattern of polyethylene melt in rotary instruments it must be emphasized that secondary flows exist 
both in instruments of the plane--plane type and in instruments of the cone--plane type and their  nature 
depends on the geometrical parameters  of the working gaps and the shear velocity (the rotation rate of the 
moving working organ). It can be concluded from all the aforementioned that not only simple shear but 
also a complex s t ress  state is realized in rotary  instruments of the type studied. 
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