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Figure 3: Stability analysis during the

injection molding process conducted

using the PTT-XPP rheological model

Figure courtesy of T. Smit

Plan of Action

1. Characterize the rheology of a given polymer melt.

2. Conduct computations to verify the conditions that

yield the fountain flow instability.

3. Subject the polymer melt to the injection molding

process. Here, the process is mimicked by a cell with

two continuously-rotatingconveyor belts.

Introduction

During the injection molding process of a polymer melt, an

instability at the flow front may arise (see Figure 1). This

instability is in turn responsible for defects in the final

product, such as those illustrated in Figure 2.

Objective

The aims of this project are to:

• Design experiments to visualize the fountain flow

instability.

• Quantify the instability as a function of the rheological

properties of various polymer melts.

• Compare experiments against computational results.
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Previous Computational Work

Finite element computations have been conducted to

simulate the injection molding process. By implementing the

PTT-XPP rheological model, the onset of the fountain flow

instability has been quantified as a function of the

Weissenberg number Wi.

Above a critical Weissenberg number, the flow front

undergoes the fountain flow instability, in which the interface

oscillates periodically as it advances.

Future Work

To determine the origin of the fountain flow instability, a

given polymer melt will be rheologically characterized and

subjected to the previously-described conveyor belt setup.

The critical Weissenberg number will then be determined

as a function of the rheological properties of various

polymer melts (e.g. first normal stress coefficient,

extensional thickening, shear thinning).

Oscillatory shear rheology Linear relaxation spectrum

Extensional rheology Nonlinear rheological parameters

M. Bulters and A. Schepens (2000) Figure courtesy of DSM

Figure 1: Fountain flow instability Figure 2: Defects on final product due to the flow instability

Figure 4: Flow cell implemented to

mimic the injection molding process

and visualize the fountain flow

instability

Setup developed byA. Grillet

DPI affiliation: Dutch Polymer Institute (DPI), P.O. Box 902, 5600AX Eindhoven, The Netherlands


