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Local permeability directions for porous media
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Simulation in Liquid Composite Molding (LCM) is an intrinsic part of predicting and
optimizing issues in the polymer composite material production. It gives insight into
process phenomena, which are not easily accessible by experiments and especially it gives
valuable opportunities for novel process design. For example, thermoplastic composites
offer advantages (e.g. easier recycling etc.) over their thermoset counterparts, however,
also introduce challenges into to the production procedure (different mixing performance,
turbulence, etc.). For that reason it is of paramount importance to investigate and un-
derstand the key phenomena.

In the ongoing investigation the anionic polymerization of glass fiber reinforced polyamide
6 composite is investigated with OpenFOAMR©[1]. For the description of the reinforcing
fibers during the filling period it is common to use the porous medium approach. Thus, ge-
ometric effects (e.g. weaving pattern) as well as forces (e.g. capillary) on the microscopic
scale are modeled with a macroscopic model. The model parameter is the permeabil-
ity. Usually, the permeability of a fiber mat is measured in the three orthogonal spatial
directions. However, in a real life geometry with arbitraty curvatures and edges, these
directions are rotated in regard to the global coordinate system (see figure 1 (b)). This
way, in the simulations a global coodinate system for the description of the permeability
directions would result in physically incorrect flow patterns (see figure 1 (c)). In combi-
nation with polymerization, this would result in a completely misleading polymerization
behavior during the production process.

For this reason the Darcy-Forhheimer model was extended in order to use a tensor field
for the permeability instead of only one global tensor. In order to correctly rotate the
permeability tensor for a given cell, a utility was implemented in OpenFOAMR©, which
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Figure 1: Investigated geometry (a); schematic sketch of the permeabilty directions (b); liquid phase
fraction with the standard model for porous media (c) and liquid phase fraction with the modified model
for porous media (d) at t = 7 s - bottom view

calculates the correct directions given by a selectable patch of the geometry (e.g. wall).
In order to show the importance of local permeability directions the filling simulation of
a calotte shaped geometry is shown (see figure 1 (a)), where three-dimensional arbitrary
rotations are required in order to correctly depict the permeability tensor field of the fiber
mat.

This way it is possible to asses the influence of the flow on the reaction and the related
kinetic model[1] during the production process of a fiber reinforced composite part with
an arbitrary geometry enabling fast and cost efficient decisions during optimization.
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