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The flow of anelastic ~viscous incompressible liquid (polyethylene melt) in the batching
zone of a disk extruder is examined. It is'shown experimentally that a state of complex
stress exists in the conical gap independent of its angle.

In recent years a number of reports have been published [1-5] in which the possibility of the forma-
tion of secondary flows has been indicated in the study of polymer solutions in rotary instruments of the
cone—plane type. The authors state that secondary flows can arise in systems having apex cone angles of
less than 170° and attribute the appearance of this phenomenon to inertial effects.

The question of the behavior of polymer melts in such systems remains open at present,

The disk extruder [6] is a promising type of instrument which is finding ever wider application in the

industry of processing plastic masses.

Since & working gap of conical configuration is very characteristic for the disk extruder, the flow of
a polymer melt between a rotating cone and a stationary disk which has a central opening is examined in

the present report.

A combination worm—disk extruder, for which a schematic diagram is shown in Fig. 1, was used to
conduct the experimental studies. Conical disks with apex cone angles of 174, 170, 160, and 120° were
used; the rotation rate of the working element 2-3 was regulated in the range of 10-200 rpm. The station-
ary disk 1 was made from heat-resistant glass in order to conduct visual observations and motion picture

photography.
- §7 & I
i Zrb\% \&
4 NS
# S8 02
# \ 5é 8
% ! 5
% / i
V4 0 o
%
R
(i \ ;
s z gz 4 5

Fig. 1. Schematic diagram of combination extru-
der; 1) staticnary disk; 2) moving cone; 3) worm;
4) body of extruder; 5) cooling channels; 6) hepper;
7) polymer; 8) heaters,

A more detailed description of the experi-
mental apparatus is given in [7, 8].

A melt of low-density polyethylene of brand
P2020-T was used as the experimental medium.
The running index of the melt was 2 g /10 min,
The temperature of the melt in the working gap
was 180°C.

Let us examine the results of a visualization
of the qualitative flow pattern of a polymer melt in
the conical gap of the batching zone of a disk ex-
truder.

As seen from the motion picture record
(Fig. 2, a-ij, the polymer melt, preliminarily
prepared in the intake-plasticizing zone (worm 3,
Fig. 1), reaches the working gap (¢ = 5° in the
form of separate bunches, which are not ground
between the working surfaces but stretch out along
the radius in the direction of the exit opening as
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Fig. 2, i’rocess of filling of conical gap (e = 5°) with polymer
melt.

new portions of polymer are supplied. The bundles, rolling between the working surfaces, are twisted
around their own axis, The result of this is that the heads of the bundles, because of the difference in cir-
cular velocities in different parts of the bundles along their length, are torn off from the main mass and
perform independent "planetary® motion in the gap, gradually approaching the output opening (Fig. 2e¢, h).
When the torn off parts make contact with the main mass of the bundles they are merged (Fig. 2e, fj. The
development of the flow is characterized by the fact that the discharge of the melt through the output opening
begins even when the working gap is partially filled (Fig. 2f, i). Bridges and joints are formed at the bases
of the separate bundles (Fig. 2e, f) which, gradually expanding, fill the working gap and stabilize the flow.
The flow enters into a steady state,

This pattern of development of the flow in a conical gap is also characteristic for a plane parallel gap
when its height is less than 5-6 mm.

The development of the flow takes place differently in conical gaps with an angle ¢ > 5°. The polymer
melt fills the working gap with a continuous flow whose front has the form of a concentric circle directed
along the rotating cone from the periphery toward the center. The filling of a plane parallel gap proceeds
analogously when its height is more than 6 mm. It should be mentioned that the dimensions given above
for the working gaps in which the described pattern of flow of polyethylene melts is observed depend on the
elastic —viscous properties of the polymer and can be smaller or larger depending on the latter,

One or more colored granules were introduced into the polymer melts to study the flow lines in the
developed and steady flow, Flow lines of steady flow are shown in Fig. 3.

The visual observations and an analysis of the motion picture materials showed that secondary (cir-
culation) flow develops in the working gap whose magnitude depends on the geometrical parameters and
rotation rate of the cone, the size of the conical gap, and the resistance of the forming instrument [9].
The flow lines are Archimedes spirals whose pifch depends on the parameters enumerated above, With
high enough rotation rates of the cone and large angles & two (or more) circulation streams can develop in
the working gap, which indicates the complicated nature of the flow of the polymer melt.
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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. Patternof quasi-turbulentflow inconical working gap.

The presence of circulation flows confirms the theoretical 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 reverse flows where the velocity vector has a zero radial component [7],

The formation of circulation flows can be explained on the basis of the following considerations. For
conical gaps with small angles the influence of the Weissenberg effect on the melt particles in the immediate
vicinity of the rotating cone is sufficiently great and the flow produced by it is directed from the periphery
toward the center. As the angles ¢ increase the influence of the Weissenberg effect on the melt particles
“in the zone of the moving cone remains as before and the flow produced by it has the same direction, At the
same time, for the melt particles located near the stationary disk the circular velocity is decreased thanks
to retardation 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 pressure gradient which develops
in the process of motion of the melt and increases from the periphery to the center of the disk remains con-
stant over the height of the gap and positive in the direction of flow, as a result of which radial flows de-
velop near the stationary disk directed from the center to the periphery.

Experimental studies were made of the stability of the flow of polymer melts, It was found that the
fully developed laminar flow is stable in the range of rotation velocities of the cone studied (for v = 2-400
sec™!), This is apparently explained by the rather high viscosity of the melts, Nevertheless the laminar
flow can break down, producing a "starved" process of supply of the working gap. In this case gquasi-turbu-
lent flow develops (Fig. 4) whose nature is identical to that shown in Fig. 2. At the periphery 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 preserved,

A detailed study of the mode of processing of polymers represented in Fig. 4 showed that it has great
significance for the mixing of polymers and compositions based on them to obtain a product of high quality.
The composition based on a polymer is mixed intensively upon arriving in the gap in the form of bundles.
The central zone, in which laminar flow is preserved and the melt completely fills the working gap, plays
the role of a hydraulic valve which does not transmit into the molding head the volatile substances, mois-
ture, etc. given off by the bundles. The latier are removed from the working gap through openings located
in the peripheral zone. The studies showed that the achievement of the process described in a gap of coni-
cal or plane parallel configuration even without additional devices for mixing makes it possible to obtain
high-quality compositions with very different contents of filler or dye.

When a stable process of "starved® supply is achieved the pattern of flow remains unchanged and the
diameter of the central zone depends on the rate of drift, decreasing when the drift rate increases. Thus,
the ratio of the dimensions of the zones of quasi-turbulent and laminar flow can be regulated through varia-
tion in the rotation rate of the cone (flat disk) and the size of the working gap. An increase in the rate of
drifting deformation can lead to disruption of the laminar flow, i.e., to an unstable mode of operation.
Therefore 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 the cone—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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