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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 ‘High Weissenberg Number Problem’ (HWNP) refers to the loss of convergence of
all numerical methods beyond some limiting value of the fluid elasticity and has been a
major challenge in computational rheology for the past three decades. Although a com-
plete solution is not known until today, several effective stabilization methods have been
developed to cope with the HWNP [1, 2, 3]. However, there is a multitude of constitutive
models describing viscoelastic material behavior, with which the stabilization approaches
are to be combined. For the first time, this combination has been realized in a general
way by deriving model-independent forms of the stabilized equations.

We have developed a generic stabilization library that provides full combinatorial flexi-
bility between different kinds of rheological models on the one hand, and distinct stabi-
lization methods on the other hand. Our framework has been implemented by massive
use of generic C++ template programming, runtime polymorphism and overloading. It
is build on top of the open source library OpenFOAM, which provides a finite volume
method on general unstructured meshes. Regarding the pressure-velocity-stress coupling
on a collocated grid, we make use of special face-interpolation techniques in order to make
the algorithm pseudo-staggered and the stencil compact.

By means of evaluations of established benchmark-tests, such as the 4:1 contraction flow,
we show that the numerical methods in our comprehensive stabilization library are both
robust and accurate, while they significantly alleviate the HWNP. Using our library, we
are capable of adapting appropriate numerical methods to arbitrary flow problems in a
straightforward way. We present a comparative study of computational benchmark prob-
lems using different combinations of stabilization approaches and constitutive models.
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