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Introduction
During injection molding of polymeric materials, flow 
instabilities may occur, influencing production speeds 
and product quality. Experimental observations of the 
instability are illustrated in Figure 1. The project goal 
is to simulate the fountain flow instability to gain more 
insight in the relevant physics. We will compare the 
characteristic critical Weissenberg number, a measure 
of elasticity in the flow, with previous work [1][2]. It is 
defined by (1) for a k-mode fluid and flow speed U.

Figure 1: Sequential shots of the instability (left) and the 
effect on the product (right) (M. Bulters, A. Schepens)

Conclusions and future work
For a single-mode PTT-XPP model, we find a critical 
Weissenberg number of 10. Increasing the number of 
branched arms, we find that this critical Weissenberg
number decreases, destabilizing the flow.
For the multi-mode simulations we observe the same 
trend when increasing q of the highest mode.
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Results
We find the critical Weissenberg number (Wi) by a 
step-wise increase of the flow speed, applying a minor 
perturbation at each step. This perturbation initially 
vanishes, but starts to grow at the critical Wi. Figure 3 
shows such a transition, with a critical Wi of 10 for a 
single mode. The norm of the velocity field, showing 
an oscillatory pattern here, is a measure of stability.

Figure 2: Rheology of the PTT-XPP model, showing shear
(bottom) and extensional viscosity (top) for varying q. 

Constitutive model and rheology
Due to it’s superior capability to describe the shear
behavior of a polymer melt, we choose the PTT-XPP 
model [3]. The rheology of this model for a set of 
material and model parameters is shown in Figure 2, 
where we vary the number of arms (𝒒) to show their
influence on the shear and elongational viscosity.

Table 1: Critical Wi

No. arms Critical Wi
q=2 20+
q=5 16
q=9 10
q=15 8
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Figure 3: Transition from stable to unstable flow for a single mode
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By varying the number of 
arms q, we vary the rheology 
of the fluid. Table 1 shows the 
effect of these changes in the 
rheology on the critical 
Weissenberg number. 

To verify whether or not our results also apply to real 
polymer melts, we run simulations of a multi-mode 
PTT-XPP model
fit to a DSM
LDPE melt. We
observe a
transition
similar to the
single-mode
simulations.
Figure 4 shows
the oscillation
pattern during
unstable flow.
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Figure 4: Multi-mode oscillations. 
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