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A B S T R A C T 

A numerical study using the finite element method was carried out to determine the 

rheological characteristics of the LDPE (Lower density Polyethylene) polymer in 

extrusion through a simple and axisymmetric matrix. This polymer is considered a 

generalized Newtonian fluid that follows Cross law. The numerical simulation was 

carried out using POLYFLOW software developed by the firm ANSYS, this calculation 

code is based on the finite element method, it is specially designed for polymer 

flows.The Polyflow software requires the GAMBIT code as a preprocessor for finite 

element meshing. The calculation parameters provided by the Polyflow code are 

velocity, shear rate, pressure and viscosity. These results are of paramount importance 

for the design and optimization of the matrix geometry. This study shows clearly that the 

increase in the outlet diameter of the matrix makes uniform extrusion characteristics. 

 

1 Introduction 

In recent years, there has been considerable progress in the field of new materials, particularly polymers. The diversity 

of polymer properties and their ease of shaping have contributed to the broad development of the plastics industry [1]. 

However, according to [2] extrusion defects may occur by significantly limiting these processing processes. This crucial 

industrial problem in the shaping of plastics has given rise to a great deal of research into the flow of molten polymers. 

Often engineers are interested in finding optimal shapes of the extruder matrix in order to reduce loads and control the 

microstructure of the materials to be formed, This is done in order to reduce production costs to a minimum and to obtain a 

healthy product or with few defects [1]. In extrusion, the matrix design process is very often a test and correction process, 

and a number of extrusion tests are required before reaching a satisfactory design [3, 2]. A well-designed extrusion matrix 

should have a uniform output speed to avoid distortion and be able to provide a section within the range of specified 

tolerances [4]. 

One of the first techniques to correct or control the flow of material in extrusion dies is by changing the length of the 

bed bearing or the depth of the bed opening [5]. According to the latter author, by reducing the length of the bearing at a 

particular point in the opening of the bed, the flow resistance decreases and the flow rate increases. The opposite effect is 
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achieved when the length of the bearing is increased. A uniform velocity at the outlet of the bed can therefore be obtained, 

by changing the length of the bearing. In this sense, profiled dies are used of profiles designed to adapt to the plastic flow. 

On the other hand, only the geometric parameters influence the extrusion but also the hydrodynamic parameters. For 

low flow the extrude is smooth and transparent, the higher the flow defects appear. The influence of the flow on the shape 

quality of the extrude have been experimentally studied and reported in [6,7]. Depending on the flow rate, extrusion may 

take different aspects depending on the nature of the polymer. There are generally three main types of defects: shark skin 

defect, cap defect and extrusion rupture. The shark skin defect is manifested by the formation of scratches on the surface of 

the extrusion. 

In the past, the numerical prediction of polymer extrusion was a large challenge process. However, with the continuous 

and rapid development of computational means and with the development of new digital techniques, it is now possible to 

simulate, analyze and optimize the extrusion processes of complex geometries, taking into account the non-linear and 

viscoelastic behaviour of the molten polymer. 

With numerical simulations, the velocity, pressure and temperature inside the extrusion matrix can be obtained, which 

is otherwise impossible experimentally. The finite element method (FEM) is one of the most widely used methods today to 

solve partial differential equations of Navier-Stokes governing extrusion. 

The objective of this study is to simulate the flow of the melted polymer inside the extrusion matrix for the purpose of 

designing the extrusion matrix. The design of an output uniform flow matrix is a difficult problem that can be solved using 

finite element optimization methods. 

2 Numerical modeling  

This study is primarily concerned with predicting the flow of the LDPE (low-density polyethylene) polymer in the 

molten state in a single axial symmetrical extruder of well-defined geometry (see Fig.1). Secondly, we are interested in 

improving this extruder by studying the influence of geometry (inlet diameter and outlet diameter), inlet flow rate and 

screw rotation velocity on dynamic viscosity, pressure and shear rate. These numerical simulations were conducted for the 

different influencing parameters, see Table.2. Fig.2 shows the pumping section of the extruder. 

Flow in a matrix requires the resolution of the continuity equation, and the motion quantity equations for a set of 

frontier states. 
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In this study, Low Density Polyethylene LDPE is used because of its availability and lowest cost. The polymer in the 

pumping zone and in the matrix is molten state (liquid). The characteristics of this material in the molten state are reported 

in Tab.1. 

Table 1 – The characteristics of the polymer LDPE [8].  

Density in molten state  =760kg/m3 

Viscosity for a shear rate 

equal to zero 

 =85000Pa.s 
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Normal time

 
 
 

Fig. 1 – Presentation of the extruder 

2.1 Mesh and boundary conditions 

The finite element discretization of the structure (pumping

under version 2.4.6. It is a two-dimensional 

number of elements used is of 200 elements

elements. 

To solve such a flow, boundary conditions of the system must be a priori defined.

defines the boundary nomenclature of the studied system. Six boundary conditions have been considered:

Boundary 1: flow inlet, Boundary 2: outer wall
and Boundary 6: rotating screw. 

Fig. 3a – Subdomains a
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time   =0.20 s 

 

of the extruder  Fig. 2 – Problem description

The finite element discretization of the structure (pumping-die part) was carried out by GAMBIT software (2007) 

dimensional model; the elements used are of quadratic isoparametric types at 4 nodes. 

ed is of 200 elements, i.e 164 nodes (Fig.3b). The grid used is a mesh structure of quadratic 

To solve such a flow, boundary conditions of the system must be a priori defined. Fig.3

the studied system. Six boundary conditions have been considered:

Boundary 2: outer wall, Boundary 3: surface, Boundary 4: flow exit, Boundary 5: symmetry axis

 

Subdomains and Boundary Fig. 3b – Mesh of FEM

 

Problem description 

die part) was carried out by GAMBIT software (2007) 

the elements used are of quadratic isoparametric types at 4 nodes. The 

. The grid used is a mesh structure of quadratic 

3a shows quite clearly and 

the studied system. Six boundary conditions have been considered: 

Boundary 5: symmetry axis 

 

Mesh of FEM 
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3 Results and discussions 

In this section, different results from the numerical predictions of the extrusion through the machine ( Fig.1) are 

présented using the Polyflow code. 

To better optimize the flow through this machine, we will study the influence of the following parameters (see Tab.2): 
(I) the diameter of the screw D; (II) the outlet diameter of the die d; (III) the angular velocity ; (IV) the flow rate Q. First, 
are presented results of an extruder taken as a reference with following characteristics: Q = 10 cm3 / s,  = 2 rad / s, D = 
6cm and d = 2cm. The calculations of the velocity, the pressure, the shear stress and the dynamic viscosity were determined 
at the outlet of the die over a distance of 9.6 cm (line path), see Fig.1. 

 

Table 2–Calculation parameters. 

(I) 

For d=2; 

=2 et Q=10 

(II) 

For D=6; =2; et 

Q=10 

(III) 

For D=6; 

Q=10 et d=2 

(IV) 

For d=2; D=6; 

et = 2 

D (cm) d (cm)  (rad/s) Q (cm3/s) 

6 1.2 2 10 

10 1.6 4 20 

18 2.0 6 30 

- 2.4 8 40 

- 2.8 - - 

 

3.1 Study of the influence of flow rate (=2 rad/s, D=6cm, d=2cm): 

The study of the influence of the flow rate (Q=10, 20, 30 and 40 cm3/s) on the physical quantities for the polymer was 

carried out in this subsection for =2 rad/s, D=6cm, d=2cm.  Fig.4 shows that the increased flow rate increases the pressure 

of the extrusion. On the other hand, this increase in flow does not change the structure of the flow, which remains uniform 

and stable as shown in Fig.5, Fig.6 and Fig.7 show us respectively that the flow decreases the viscosity and increases the 

rates of the shear of the extrusion. 

   
Fig. 4 – Pressure for different flow rates: (Q=20cm3/s, Q=30cm3/s, Q=40cm3/s, =2 rad/s) 
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Fig. 5 – Velocity and pressure current lines for different flow rates (Q=20cm3/s, Q=30cm3/s, Q=40cm3/s, =2 

rad/s) 
 

   
Fig.6 – Viscosity for different flow rates (Q=20cm3/s, Q=30cm3/s, Q=40cm3/s, =2 rad/s) 

 

   
Fig. 7 – Shear rates for different flow rates (Q=20cm3/s, Q=30cm3/s, Q=40cm3/s, =2 rad/s) 

 

In the same direction of comparison, Fig.8 shows the velocity, pressure, viscosity and shear rates for different flow 

rates at the outlet section of the matrix. This figure shows us very interesting results from a technological point of view, and 

shows us that to have a hard material and low viscosity it is necessary to increase the flow. On the other hand, if you want 

to obtain reverse characteristics you must work with low flow. According to Fig.8(a), the velocity reaches a maximum 

value of 3.4 cm/s for a flow of 40 cm3/s (x=0.8cm), followed by a sharp decrease. According to Fig.8(c), the dynamic 

viscosity decreases by increasing the inlet flow (Q=40cm3/s) by 33000.104Pa.s. The lower the flow rate (Q=10cm3/s), the 

higher the viscosity (42000.104Pa.s).Viscosity is inversely proportional to the input flow. In contrast, the shear rates 

increases with the flow rate reaching a maximum value of around 70 N/m2 at a flow rate of 40 cm3/s. 
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(a) 

(c) 

Fig. 8 – Effect of flow  rate on the distribution of the 
path: (a) longitudinal velocity
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(b)

(d)

 
rate on the distribution of the extrudate characteristics at the outlet of the matrix

: (a) longitudinal velocity ; (b) pressure ; (c) viscosity et (d) shear rate, for (D=3cm, 
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(b) 

 
(d) 

 
characteristics at the outlet of the matrix following line 

=3cm, =2 rad/s) 
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3.2 Study of the influence of the outlet diameter (Q=10cm3/s, D=6cm et =2 rad/s): 

   
Fig. 9 – Pressure for different diameters : (a) d=1.2cm ; (b) d=2cm ; (c) d=2.8cm avec Q=10cm3/s 

 

   
Fig. 10 – Velocity and pressure current lines for different diameters : (a) d=1.2cm ; (b) d=2cm ; (c) d=2.8cm avec 

Q=10cm3/s 
 

   
Fig.11 – Viscosity for different diameters (a) d=1.2cm ; (b) d=2cm ; (c) d=2.8cm avec Q=10cm3/s 

 

   
Fig.12 – Shear rates for different diameters : (a) d=1.2cm ; (b) d=2cm ; (c) d=2.8cm avec Q=10cm3/s 

 

Figures 9, 10, 11 and 12 show the influence of the output diameter (d=1.2cm; 2cm; 2.8cm) and for the same flow rate 

(Q=10cm3/s) as well as the same angular velocity ( =2 rad/s) on the characteristics of the extruding polymer. According to 

Fig.9, the greater the diameter of the die the lower the pressure in the area between the end of the screw and the opening of 

the die. On the other hand, Fig.10 indicates that the flow is completely uniform without the presence of a vortex or counter-

current, which is justified by the small number of Reynolds. Fig.11 shows that the increase in the output diameter increases 

the viscosity of the material in extrusion. On the other hand, the shear rate is inversely proportional to the opening of the 

matrix as is clear in Fig.12. 
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(a)  

(c ) 

Fig.13 – Effect of the output diameter on the distribution of the exudate characteristics at the outlet of the 
matrix following line path: (a) longitudinal velocity

 

The comparative study of the extrusion output parameters in the output sec

that the greater the aperture of the matrix, the more uniform these characteristics become. On the other hand, for small 

diameters the extrusion leaves the matrix faster under high pressure and with low viscosity and higher shear rate in 

comparison with that of the large opening

Conclusion: 

In order to improve the extruder the influence of 

have been studied. Mentioned parameters are as follows: 

matrix, 3-the angular rotation velocity of the screw and 

It is appearing that the variation of the screw diameter has no significant influence on the pressure, velocity, 

and shear rates of the polymer. However, increasing the size of the machine can only increase its size.

For the study of the influence of the matrix output diameter on these parameters, it is clear that the greater the aperture 

of the matrix, the more uniform these characteristics become. On the other hand, for small diameters the extrusion leaves 
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(d) 

 
Effect of the output diameter on the distribution of the exudate characteristics at the outlet of the 

longitudinal velocity ; (b) pressure; (c) viscosity et (d) shear ratefor
=2 rad/s) 

The comparative study of the extrusion output parameters in the output section is clearly shown in Fig.

the greater the aperture of the matrix, the more uniform these characteristics become. On the other hand, for small 

diameters the extrusion leaves the matrix faster under high pressure and with low viscosity and higher shear rate in 

opening. 

extruder the influence of several parameters on the velocity, viscos

ioned parameters are as follows: 1-the diameter of the extruder screw, 

the angular rotation velocity of the screw and 4-the shear rate of the polymer stream through the extruder

he variation of the screw diameter has no significant influence on the pressure, velocity, 

and shear rates of the polymer. However, increasing the size of the machine can only increase its size.

For the study of the influence of the matrix output diameter on these parameters, it is clear that the greater the aperture 

of the matrix, the more uniform these characteristics become. On the other hand, for small diameters the extrusion leaves 
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Effect of the output diameter on the distribution of the exudate characteristics at the outlet of the 

shear ratefor (Q=10cm3/s, 

tion is clearly shown in Fig.13. It appears 

the greater the aperture of the matrix, the more uniform these characteristics become. On the other hand, for small 

diameters the extrusion leaves the matrix faster under high pressure and with low viscosity and higher shear rate in 

parameters on the velocity, viscosity, pressure and shear rate 

the diameter of the extruder screw, 2-the output diameter of the 

the shear rate of the polymer stream through the extruder 

he variation of the screw diameter has no significant influence on the pressure, velocity, viscosity 

and shear rates of the polymer. However, increasing the size of the machine can only increase its size. 

For the study of the influence of the matrix output diameter on these parameters, it is clear that the greater the aperture 

of the matrix, the more uniform these characteristics become. On the other hand, for small diameters the extrusion leaves 
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the matrix faster under high pressure and with low viscosity and higher shear rates in comparison with that of the large 

opening. 

It is showed in the first case, that there is no significant qualitative influence of the screw diameter on the pressure, the 

current line, the viscosity and the shear rates. In the second case it is appearing that that more the aperture of the matrix is 

large the more these characteristics become more uniform.  Moreover, it has been showed in the third case that the change 

of the angular velocity does not change any physical magnitude of the previously mentioned parameters. The last case 

shows that to have the smooth extruded hard and low viscosity it is necessary to diminish the flow. On the other hand, if 

reverse characteristics are needed, low flow should be used. 
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NOMENCLATURE 

Re Reynolds number     / 
Q Flow rate cm3/s 
P Pressure Pa 
u Velocity cm/s 

 Viscosity  Pa.s 
ρ Volumic mass kg/m3 

 Shear rate  Pa 

 Angular velocity  rad/s 
D Screw diameter  cm 
d Outlet diameter matrix cm 

 

 

 

 

 


