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Abstract

Flow of a polymer in an intermeshing co-rotating
twin-screw extruder is simulated. Effect of elongational
viscosity on the flow is analyzed using independent power-
law models for the shear and elongational viscosities.
Axial component of the velocity is found to be maximum
in the intermeshing region of the extruder. Axial
component of velocity, which determines the throughput of
the extruder, decreased as the elongational viscosity of the
polymer used for the flow simulation was increased. The
pressure in the extruder decreased from a very high
positive value on the leading edge to a very large negative
value on the trailing edge of the screw. For the same
rotational speed the pressure build-up in the twin-screw
extruder increased as the elongational viscosity of the
polymer was increased.

Introduction

In plastic industry, single- and twin-screw extruders
[1, 2] are commonly used to melt and pump a polymer
through a die. Besides melting and pumping, extruders also
perform other functions such as mixing, compounding,
chemical reaction, devolatization. The flow in a single-
screw extruder is induced by the friction between the barrel
and the polymer, whereas in an intermeshing twin-screw
extruder along with this drag-induced flow in the
translational region, a positive displacement flow is also
obtained in the intermeshing region between the two
screws. Because of this positive displacement flow,
intermeshing twin-screw extruders are preferred for
polymers such as polyvinylchloride (PVC), which have
poor flow characteristics and are susceptible to thermal
degradation. Even though, counter-rotating twin-screw
extruders provide more positive displacement than the
extruders with co-rotating twin screws, co-rotating screws
are commonly used because of their modular nature, which
allows interchangeable screw elements, and because of the
possibility of a self-wiping screw profile.

In comparison to the flow in a twin-screw extruder,
the flow in a single-screw extruder is simple, and is also
easier to simulate numerically because a stationary flow
domain can be obtained by fixing the coordinate frame on
the rotating screw of the single-screw extruder. Since such
a simplification cannot be performed for twin-screw

extruders, relatively fewer attempts have been made in the
literature for a full three-dimensional simulation of the
flow in twin-screw extruders. Instead, many attempts for
flow simulation in twin-screw extruders employ Flow
Analysis Network (FAN) technique, which simplifies the
simulation by using the lubrication approximation [3, 4].
Recently some attempts have been made for full three-
dimensional simulation of the polymeric flow in the
kneading blocks [5 – 8] and also in full-flighted screws [9,
10]. Most of these finite element simulations used a fixed
mesh for a particular configuration of the two screws or
kneading blocks. Some of the recent publications [6, 9, 10]
have used mesh superposition method, which uses a fixed
mesh inside the barrel and determines the flow domain by
superimposing the mesh in the barrel with the meshes in
the screws. With the mesh superposition method, flow in
different screw configurations can be simulated with the
same set of finite element meshes.

In single-screw extruders, the drag-induced flow is
primarily shear dominated, whereas the flow in the
intermeshing region of a twin-screw extruder is
significantly elongational in nature. The elongational flow
in the intermeshing region is the main reason for better
mixing and compounding capability of twin-screw
extruders. In general, an elongational flow has a better
mixing efficiency than a shear flow [2]. Because of the
elongational nature of the flow in the intermeshing region,
for an accurate simulation of the flow in a twin-screw
extruder, it is important to account for the effect of
elongational viscosity on the flow.

Geometry of the Twin-Screw Extruder

The dimensions of the two screws and the barrel used
in the present work, which are shown in Fig. 1, were
adopted from the dimensions of the two-lobe kneading
discs used by Ishikawa et al. [7]. The cross-sectional
dimensions of the kneading discs used by Ishikawa et al.,
were rotated with a screw lead of 30 mm (that is, screw
pitch = 15 mm) to obtain a self-wiping co-rotating twin-
screw extruder. As shown in Fig. 1, the two-lobe cross-
section was rotated through 540o to obtain 45 mm axial
length of the two screws. For the flow simulation reported
later in this paper, the two screws were rotated at 60 RPM.
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Shear and Elongational Viscosity Models

In the present work, the PELDOM software [11] is
used to analyze the effect of elongational viscosity on the
flow in the twin-screw extruder geometry discussed above.
Besides the shear viscosity, to simulate a three-dimensional
flow, the software requires a knowledge of the strain-rate
dependence of the axisymmetric and planar elongational
viscosities of the polymer. Even though the software has
provision for using more realistic shear and elongational
viscosity models, for simplicity, the truncated power-law
model is used in the present work for the shear as well as
the elongational viscosities.

ηs = AeII
n-1 for eII > e0, ηs = η0 for eII < e0

ηa = BeII
ma-1 for eII > e0, ηa = 3η0 for eII < e0

and

ηp = CeII
mp-1 for eII > e0, ηp = 4η0 for eII < e0

where ηs is the shear viscosity, ηa and ηp are respectively
the axisymmetric and planar elongational viscosities, η0 is
the zero-shear viscosity, n, ma and mp are the power-law
indices, and A, B and C are the consistency coefficients.
For the polymer used in this work, the shear viscosity
parameters are A = 53,681 Pa.s0.27, n = 0.27 and e0 = 1.85 x
10-4 s-1.

Results and Discussion

The finite element mesh used to simulate the flow in
the twin-screw extruder is shown in Fig. 2. The finite
element mesh has 15,309 nodes and 54,615 tetrahedral
finite elements. Even though, the flow domain in the twin-
screw extruder is quite complex, since tetrahedral elements
are used in the present work, in comparison to a mesh with
brick elements, the finite element mesh generation is
relatively easy. The 11 ΡΡ+ finite element, which uses linear
interpolation for pressure and a linear interpolation
enriched with a bubble node at the centroid for velocity
[12], was used for the flow simulation. For improved
efficiency, the velocity equations for the bubble nodes
were eliminated at the element level by using the static
condensation technique [13]. It was mentioned earlier that
for the flow simulation screws were rotated at 60 RPM.
The circumferential velocity based upon the rotational
speed of 60 RPM was specified on the nodes on the screw
surfaces, whereas the no-slip condition was enforced on
the barrel surface. No-traction condition was employed at
the two ends of the extruder mesh.

Fig. 3 shows the effect of elongational power-law
index on the velocity distribution in two of the planes
perpendicular to the extruder axis. In Fig. 3 and in all
subsequent figures, the polymer enters the extruder at z = 0
and the extruder exit is at z = 45 mm. Arrows in Fig. 3

show the direction of velocity, whereas the magnitude is
depicted by the color of the arrow. As expected, in Fig. 3,
in the translational regions in the two lobes, the velocity
decreases from the screw surface to the barrel surface,
whereas in the intermeshing region the fluid is transferred
from one lobe to the other lobe. Qualitatively, in Fig. 3, the
velocity distributions for the three different values of the
elongational power-law index are similar.

Variation of the axial component of velocity for the
three different values of the elongational power-law index
is shown in Fig. 4. Irrespective of the value of the
elongational power-law index, the maximum axial velocity
is in the intermeshing region. However, as the elongational
power-law index is increased the axial velocity in the
intermeshing region deceases. Therefore, for the same
rotational speed, the flow rate in an extruder is expected to
decrease for a higher elongational power-law index. In the
translational region in Fig 4 (a), where the flow is shear
dominated, elongational viscosity has only a limited effect
on the axial velocity distribution.

In Figs. 4 (a – c), the minimum value of the axial
velocity component is zero, indicating that everywhere in
the two cross-sections shown, the flow is in the forward
direction. However, the predicted axial velocity component
at some locations in the intermeshing region at the exit was
in the reverse direction. This reverse flow might have
resulted from the no-traction boundary condition enforced
at the exit, which may not be valid in the intermeshing
region. Because of this reverse flow at the exit, even
though the software can predict the temperature
distribution in a polymeric flow, only an isothermal
version of the software was used to simulate the flow in the
twin-screw extruder. To solve the energy equation for a
non-isothermal flow simulation, temperature at the exit in
the regions with reverse flow is required as an input, which
is not known. A non-isothermal simulation of the flow in
the twin-screw extruder was attempted in the present work,
but erroneous temperature was predicted in the regions
with reverse flow at the exit.

Fig. 5 shows the pressure distribution in two of the
planes perpendicular to the axis of the extruder. The
predicted pressure distribution on the barrel surface is
shown in Fig. 6. It should be noted that a logarithmic scale
has been used for the coloring scheme in Figs. 5 and 6. It is
evident from Figs. 5 and 6 that the pressure changes from a
very high positive value on the leading edges of the two
screws to a very large negative value on the trailing edges.
In Fig. 6, in the channel between the two adjacent screw
flights, in comparison to the pressure near the two flights,
the magnitude of the pressure is small. However, it is
evident from Fig. 6 that the pressure in the translational
region in this channel between the two adjacent screw
flights increases towards the exit. It is also noted that there
is a sharp change in the pressure in this channel as the
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polymer goes from one lobe to the other lobe of the twin-
screw extruder. In general, in Figs. 5 and 6, the predicted
pressure in the extruder increases significantly as the
elongational power-law index is increased.

It should be noted that for n = ma = mp, the viscosity
model used in the present work, reduces to the truncated
power-law model with the generalized Newtonian
formulation. Therefore, the velocity and pressure
distributions in Figs. 3 (a) – 6 (a) are the same as those
predicted by the generalized Newtonian formulation.
However, since the elongational viscosity of a polymer is
typically higher than the elongational viscosity predicted
by the generalized Newtonian formulation, the predictions
in Figs. 3 (b, c) – 6 (b, c) may be closer to the actual
velocity and pressure distributions in polymeric flows.

Conclusions

Polymeric flow in a twin-screw extruder was
simulated. Effect of elongational viscosity on the flow was
analyzed. For a fixed shear viscosity, as the elongational
viscosity of the fluid was increased, the axial component of
velocity, and hence, the throughput of the extruder was
found to decrease, whereas the pressure build-up in the
extruder increased for the higher elongational viscosity.
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Table 1: Dimensions of the twin-screw extruder.

(mm)
Barrel Diameter 30.0
Screw tip diameter 29.2
Screw root diameter 21.0
Centerline distance 26.0
Screw lead 30.0

Fig. 1 Geometry of the two intermeshing screws.

Fig. 2 Finite element mesh used for the flow simulation.
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(a)

(b)

(c)
Fig. 3 Velocity distributions in two of the planes

perpendicular to the axis of the twin-screw
extruder. Elongational power-law index is (a)
0.27, (b) 0.5, (c) 0.7.

(a)

(b)

(c)
Fig. 4 Axial velocity component in two of the planes

perpendicular to the axis of the twin-screw
extruder. Elongational power-law index is (a)
0.27, (b) 0.5, (c) 0.7.
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(a)

(b)

(c)
Fig. 5 Pressure distribution in two of the planes

perpendicular to the axis of the twin-screw
extruder. Elongational power-law index is (a)
0.27, (b) 0.5, (c) 0.7.

(a)

(b)

(c)
Fig. 6 Pressure distribution on the barrel surface and exit

of the twin-screw extruder. Elongational power-
law index is (a) 0.27,(b) 0.5, (c) 0.7.
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