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Abstract
Modeling and simulation of fuel cells can be a great tool for understanding the fundamentals of fuel cell operation,
optimizing their design and developing control and diagnostics strategies. However, there are two main challenges
facing the fuel cell modeling and simulation for the purpose of design optimization, control and diagnostics. The
first is validation of the simulation. The applicability of the models used for each component, the parameters used in
each model, and the model assumptions must be carefully examined. In addition, the data used to validate the
simulation results should be systematically collected to ensure repeatability and reliability. The second challenge is
that the time required for executing the simulation should be feasible for a required mission. No existing PEM fuel
cell simulation software program meets this challenge. To address these issues, the Center for Advanced Vehicular
Systems (CAVYS) initiated fuel cell modeling and simulation efforts a few years ago. These efforts draw upon the
strong simulation capabilities developed at the High Performance Computing Collaboratory (former Engineering
Research Center) and also upon collaborations with other departments such as the Dave C. Swalm School of
Chemical Engineering and the Department of Chemistry. A multi-resolution fuel cell simulation framework has been
developed. Using a modular design for each component, the time required for model implementation and upgrade
has been reduced. Further, the multi-resolution approach also makes feasible the simulation of industrial size fuel
cells for operation and design optimizations. A state-of-the-art experimental test bed, including impedance
spectroscopy and mass spectroscopy, has been established for the validation efforts. Fuel cell fabrication capabilities
have also been developed to serve the purpose of model validation and design of model-based control and diagnostics
strategies. The future research directions that we are pursuing in the area of alternative energy will also be discussed.
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