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Metal-supported solid oxide fuel cells (SOFC) are a promising new technology for the
conversion of chemically stored energy, but there are still problems that hinder deployment
on a large scale. Among this problems is, for instance, the durability of the metal-support.
The reasons for the eventual material failures seem to be creep and corrosion due to
elevated temperatures present during operation. To understand these effects and the
mass-transport in the anode better it is necessary to do simulations on a microscopic
level.

The work presented here is part of an ongoing project where the findings on the micro-
structure level are going to be used for the simulation of a complete SOFC cell and stack.

To accurately represent the geometry in the model these steps were taken: the material
sample was scanned using X-ray tomography. From these samples statistical properties
were calculated and an in-house code [1] was used to reconstruct a full 3D micro-structure.
A part of this structure was written out as a OpenFOAM-mesh and used in subsequent
simulations.

The reconstruction step preserves important geometric properties of the material like the
porosity. But it can also be used to modify them to generate “aritficial” materials.

On this geometry regular OpenFOAM-solvers were used to determine properties that are
important for the macroscopic simulation, but difficult or hard to measure on the real
material: for instance, the tortuosity τ or the effective diffusion coefficient. But also the
distribution of the pore size and the porosity as a function of the height.

For evaluating properties of the flow and the mesh swak4Foam was used and additional
features (like averages of values at different heights) were added to it. For certain calcu-
lations (pore size distributions) a Matlab-code was used.
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As the computational domain is only a small section of the overall geometry and the
reconstruction algorithm cannot generate cyclic meshes. Correct boundary conditions
have to be found to mimic the flow patterns of an infinite mesh.

No experimental values were available for the material in questions but the code was
verified with the results of other groups (which were verified with macroscopic measure-
ments).

The work is still ongoing and one part of the effort will be to study corrosion and its
effects on transport parameters (e.g. porosity, tortuosity, permeability ....). Another aim
is to replace the MATLAB-calculations with equivalent Python-calculations (which will
be done inside the Python-integration of swak4Foam) so that all the calculations are done
OpenSource-software.
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