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Numerical methods for viscoelastic flow suffer from stability problems at moderate and
high measures of the fluid elasticity, hence restricting their scope for industrial purposes.
The loss of convergence of iterative algorithms beyond some limiting value of the fluid
elasticity is well-known in computational rheology as the so-called ‘High Weissenberg
Number Problem’ (HWNP). Although a complete solution is not known until today, sev-
eral effective stabilization methods have been developed during the recent years to cope
with the HWNP.

We present different stabilization approaches which are required to solve the coupled
system consisting of the differential constitutive equations for the stresses and the bal-
ance equations for mass and momentum at high Weissenberg numbers. The considered
methods are based on a change of variable formulation of the constitutive models, for
instance, the logarithm conformation tensor representation [1, 2] and, moreover, on the
introduction of additional elliptic operators into the momentum balance [3, 4]. Further
improvements relate to the discretization practice [5].

There is indeed a multitude of constitutive models describing viscoelastic material be-
havior, with which distinct stabilization approaches are to be combined. Hence, we have
developed a numerical stabilization framework that provides the full combinatorial flexibil-
ity between rheological models on the one hand and cutting-edge stabilization approaches
on the other hand. We present our newly developed comprehensive stabilization library
which is based on the OpenFOAM C++ framework. By means of evaluations of estab-
lished benchmark-tests, such as the 4:1 contraction, we show that our applied methods
are both robust and accurate, while they significantly alleviate the HWNP.
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(a) Flow pattern and flow-type pa-
rameter, stabilized approach.

(b) First normal stress differences near the re-entrant corner
before numerical ”blow-up” of the standard method [6].

Figure 1: Benchmark solution of an Oldroyd-B fluid in a 4:1 contraction at Wi = 2.5.

Figure 1a shows the 4:1 contraction benchmark solution of an Oldroyd-B fluid at Wi = 2.5.
The simulation was stabilized with the logarithm conformation tensor representation. For
spatial discretization of the advective terms, we used the high resolution scheme Gamma
0.2. When running the same simulation with the standard solver ‘viscoelasticFluidFoam’ [6],
we did not find any convergent solution.
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