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Abstract

In this paper a 2D isothermal axisymmetric model of an anode-supported Solid Oxide Fuel Cell
(SOFC) has been developed. Also a parametric analysis to find the effect of important parameters
on the cell performance has been done. The geometry of the model with its mesh is illustrated in the
(Figure 1). The meshing process has been done based on the importance of cell components and
considering the low thickness of Positive Electrolyte Negative (PEN) structure of the cell in
comparison with the dimensions of fuel and air channels. This simulation has been carried out at 1
atm and 1073 K, but has a potential to run in different ranges of pressure and temperature which
could be tested in parametric analysis part. Also it is possible to trace the effect of cell length and
PEN thickness on the cell performance by parametric study. The PEN materials are traditional ones:
Ni-YSZ/YSZ/LSM-YSZ as anode, electrolyte and cathode respectively, but also model could use
different material library, if it is needed in the future modeling. Of course with changing the
materials, different specifications should be used in the new simulation. The developed model
includes the following processes: electronic and ionic charge balance (Ohm's law), Butler-Volmer
charge transfer kinetics, flow distribution in gas channels (Navier-Stokes), flow in the porous gas
diffusion electrodes (GDEs) (Brinkman equations), mass balances in gas phase in both fuel and air
channels and porous electrodes (Maxwell-Stefan diffusion and convection). So all forms of
polarizations have been included in the simulation process. The simulation has been performed with
the COMSOL Multiphysics software. Among the results of the simulation process, the most
important ones are polarization and power density versus current density curves that show a good
agreement with the experimental data (Figure 2). Because of multiphysics nature of the model, so
far three different physics: secondary current distribution, transport of concentrated species and free
and porous media flow have been applied in the simulation and some more modules such as heat
transfer, chemical reaction engineering and CFD should be added to model to complete the other
aspects of the simulation. Some other results of the present model are: electrolyte potential and
current density profiles, mass fraction profiles of water vapor, oxygen and nitrogen in the cathode
and air channel, mass fraction profiles of hydrogen and water vapor in the anode and fuel channel
(Figure 3) and the 3D velocity and pressure profiles in the channels and PEN structure (Figure 4).
Moreover, some improvements are expected in the next steps of modeling due to the extension of
the model from 2D axisymmetric towards 3D geometry. Also a parametric study on the role of



material properties on cell efficiency will be carried out in the future.
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Figures used in the abstract

Figure 1: 2D axisymmetric geometry of the setup with its mesh.

Figure 2: Polarization and power density vs current density curves.



Figure 3: Hydrogen, water vapor and oxygen mass fraction profiles.

Figure 4: 3D profiles of velocity and pressure.


