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The flow of a n e l a s t i c - v i s c o u s  i ncompres s ib l e  liquid (polyethylene melt)  in the batching 
zone of a disk ex t rude r  is examined .  It  is' shown exper imenta l ly  that a s ta te  of complex 
s t r e s s  exis ts  in the conical  gap independent of its angle.  

In r ecen t  y e a r s  a num ber  of r e p o r t s  have been published [1-5] in which the poss ib i l i ty  of the f o r m a -  
tion of s econda ry  flows has  been indicated in the study of po lymer  solutions in r o t a r y  ins t ruments  of the 
c o n e - p l a n e  type.  The authors  s ta te  that secondary  flows can a r i s e  in s y s t e m s  having apex cone angles of 
less  than 170 ~ and a t t r ibute  the appearance  of this phenomenon to iner t ia l  ef fects .  

The question of the behav ior  of po l ymer  mel t s  in such s y s t e m s  r ema ins  open at p re sen t .  

The disk ex t ruder  [6] is a p romis ing  type of ins t rument  which is finding e v e r  wider  applicat ion in the 
indus t ry  of p roces s ing  p las t ic  m a s s e s .  

Since a working gap of conical  configurat ion is ve ry  c h a r a c t e r i s t i c  for  the disk ex t ruder ,  the flow of 
a po lymer  mel t  between a rotat ing cone and a s t a t ionary  disk which has a cen t ra l  opening is examined in 
the p resen t  r epor t .  

A combinat ion w o r m - d i s k e x t r u d e r ,  for  which a schemat ic  d i a g r a m  is shown in Fig. 1, was used to 
conduct the expe r imen ta l  s tudies .  Conical  disks with apex cone angles of 174, 170, 160, and 120 ~ were  
used;  the ro ta t ion  ra te  of the working e lement  2-3 was regulated in the range of 10-200 rpm.  The s ta t ion-  
a r y  disk 1 was made f r o m  h e a t - r e s i s t a n t  g lass  in o rde r  to conduct visual  observa t ions  and motion p ic ture  
photography.  
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Fig. 1. Schemat ic  d i a g r a m  of combinat ion ex t ru -  
der :  1} s t a t ionary  disk;  2) moving cone; 3) worm;  
4) body of ex t ruder l  5) cooling channels ;  6) hopper~ 
7) po lymer ;  8) h e a t e r s .  

A more  detai led descr ip t ion  of the expe r i -  
menta l  appara tus  is given in [7, 8]. 

A mel t  of low-densi ty  polyethylene of brand 
P2020-T w a s  u s e d  as the expe r imen ta l  medium.  
The running index of the me l t  was 2 g / 1 0  mia .  
The t e m p e r a t u r e  of the mel t  in the working gap 
was 180~ 

Let  us examine  the r e su l t s  of a visual izat ion 
of the qualitative flow pa t t e rn  of a po lymer  me l t  in 
the conical  gap of the batching zone of a disk ex-  
t rude r .  

As s een  f rom the motion p ic ture  r e co rd  
(Fig. 2, a-i) ,  the p o l y m e r  melt ,  p r e l i m i n a r i l y  
p r e p a r e d  in the in take-p las t ic iz ing  zone (worm 3, 
Fig. 1), reaches  the working gap (~ = 5 ~ in the 
fo rm of sepa ra t e  bunches,  which a r e  not ground 
between the working su r f aces  but s t r e t ch  out along 
the radius  in the d i rec t ion of the exit  opening as 
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Fig. 2. Process of filling of conical gap (e = 5 ~ with polymer 
melt .  

new port ions of po lymer  a re  supplied.  The bundles, roll ing between the working su r faces ,  a re  twisted 
around the i r  own axis .  The resu l t  of this is that the heads of the bundles, because  of the di f ference in c i r -  
cu lar  veloci t ies  in different  pa r t s  of the bundles along the i r  length, a re  torn off f rom the main m a s s  and 
p e r f o r m  independent ~planetary ,  motion in the gap, gradual ly  approaching the output opening (Fig. 2c, h). 
When the torn  off pa r t s  make  contact  with the main  m a s s  of the bundles they are  m e r g e d  (Fig. 2e, f). The 
development  of the flow is cha r ac t e r i z ed  by the fact  that the d i scharge  of the me l t  through the output opening 
begins even when the working gap is par t i a l ly  filled (Fig. 2f, i). Br idges  and joints a re  fo rmed at the bases  
of the s epa ra t e  bundles (Fig. 2e, f) which, gradual ly  expanding, fill  the working gap and s tabi l ize  the flow. 
The flow en te r s  into a s teady s ta te .  

This  pa t te rn  of development  of the flow in a conical  gap is also cha rac t e r i s t i c  for  a plane pa ra l l e l  gap 
when its  height is less  than 5-6 ram. 

The development  of the flow takes place different ly in conical  gaps with an angle e > 5 ~ The po lymer  
mel t  fil ls the working gap with a continuous flow whose front  has the fo rm of a concentr ic  c i r c l e  di rected 
along the rotat ing cone f rom the pe r iphe ry  toward the cen te r .  The filling of a plane para l l e l  gap p roceeds  
analogously  when its height is m o r e  than 6 ram. It should be mentioned that the d imensions  given above 
for  the working gaps in which the descr ibed  pa t te rn  of flow of polyethylene mel ts  is observed  depend on the 
e l a s t i c - v i s c o u s  p rope r t i e s  of the po lymer  and can be s m a l l e r  or  l a r g e r  depending on the l a t t e r .  

One or m o r e  colored granules  were  introduced into the po lymer  mel t s  to study the flow lines in the 
developed and s teady  flow. Flow lines of s teady flow a re  shown in Fig. 3. 

The visual  observa t ions  and an analys is  of the motion pic ture  m a t e r i a l s  showed that secondary  (c i r -  
culation) flow develops in the working gap whose magnitude depends on the geome t r i ca l  p a r a m e t e r s  and 
ro ta t ion  ra te  of the cone, the s ize  of the conical  gap, and the r e s i s t ance  of the forming  ins t rument  [9]. 
The  flow lines a re  Arch imedes  sp i r a l s  whose pitch depends on the p a r a m e t e r s  enumera ted  above.  With 
high enough rota t ion r a t e s  of the cone and large  angles e two (or more)  c i rcula t ion  s t r e a m s  can develop in 
the working gap, which indicates the compl ica ted  nature  of the flow of the po lymer  mel t .  
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Fig. 3 Fig. 4 

Fig. 3. Flow lInes durIng flow of polyethylene melt  in coni-  
cal  gap (e = 5~ 

Fig. 4. Pa t te rn  of quasi- turbulent  flow in conical working gap. 

The presence  of c i rculat ion flows confirms the theoret ical  conclusions that the velocity field changes 
sign in the batching zone of a disk extruder,  i.e., there is a boundary along the height of the conical gap be-  
tween the direct  and r eve r se  flows where the velocity vec tor  has a ze ro  radial  component [7]. 

The format ion of c irculat ion flows can be explained on the basis  of the following considerat ions .  For  
conical gaps with smal l  angles the influence of the Weissenberg  effect on the melt  par t ic les  in the immediate 
vicinity of the rotating cone is sufficiently grea t  and the flow produced by it is directed f rom the per iphery  
toward the center .  As the angles ~ increase  the influence of the Weissenberg  effect on the melt  par t ic les  
in the zone of the moving cone remains  as before and the flow produced by it has the same direct ion.  At the 
same time, for  the melt par t ic les  located near  the s ta t ionary  disk the c i r cu la r  velocity is decreased  thanks 
to re tardat ion in the layers  of the melt  owing to forces  of viscous friction, which in turn reduces  the in- 
fluence of the Weissenberg  effect and slows the flow. However the radial  p r e s su re  gradient  which develops 
in the p rocess  of motion of the melt  and increases  f rom the per iphery  to the center  of the disk remains  con-  
stant over the height of the gap and positive in the di rect ion of flow, as a resul t  of which radial  flows de-  
velop near  the s ta t ionary disk directed f rom the center  to the per iphery.  

Exper imenta l  studies were made of the stabili ty of the flow of po lymer  melts .  It was found that the 
fully developed laminar  flow is stable in the range of rotation velocit ies of the cone studied (for " /= 2-400 
sec-1). This is apparently explained by the ra ther  high viscos i ty  of the mel ts .  Nevertheless  the laminar  
flow can break down, producing a ~starved,  p rocess  of supply of the working gap. In this case quas i - turbu-  
lent flow develops (Fig. 4) whose nature is identical to that shown in Fig. 2. At the per iphery  of the work-  
ing gap the continuous flow is replaced by bundles of melt  which are  the means of supply to the central  zone 
in which the laminar  flow is p re se rved .  

A detailed study of the mode of process ing  of po lymers  represented  in Fig. 4 showed that it has great  
significance for  the mixing of po lymers  and composit ions based on them to obtain a product  of high quality. 
The composit ion based on a po lymer  is mixed intensively upon arr iv ing in the gap in the form of bundles. 
The centra l  zone, in which laminar  flow is p rese rved  and the melt  completely fills the working gap, plays 
the role of a hydraul ic  valve which does not t ransmi t  into the molding head the volatile substances,  mo i s -  
ture,  etc. given off by the bundles. The lat ter  are  removed f rom the working gap through openings located 
in the per iphera l  zone. The studies showed that the achievement of the p rocess  descr ibed in a gap of coni-  
cal or  plane paral le l  configuration even without additional devices for  mixing makes it possible to obtain 
high-quali ty composi t ions with ve ry  different contents of f i l ler  or  dye. 

When a stable p rocess  of , s t a rved  ~ supply is achieved the pat tern of flow remains  unchanged and the 
d iamete r  of the centra l  zone depends on the rate of drift, decreas ing  when the drif t  rate inc reases .  Thus, 
the ra t io  of the dimensions of the zones of quasi- turbulent  and laminar  flow can be regulated through va r ia -  
tion in the rotation rate of the cone (flat disk) and the size of the working gap. An increase  in the rate of 
drif t ing deformat ion can lead to disruption of the laminar  flow, i.e., to an unstable mode of operation.  
There fo re  a stable supply has paramount  importance for  the operation of a disk extruder .  Such supply 
can be acoomplished by forced means,  for  example, using a worm feeder  [10]. 
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The analysis presented above shows that in rotating instruments of thee0ne-plane type and also of the 
plane-plane type secondary flows must develop independently of the size and configuration of the working 
gap, which indicates the state of complex stress  in the polymer studied. 
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