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Design of Uniform Flow in Polymer Electrolyte Fuel Cell by Lattice Gas Automata Method
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Fuel cells are recently developed in all kinds of fields from the viewpoint of effective energy utilization
and environmental protection. Especially, Polymer Electrolyte Fuel Cell (PEFC) is expected to be
effective power resources of the next generation car. However, flow patterns in the PEFC are
complicated mainly due to the complex geometry of the PEFC separator and it is thus important for the
improvement of performance to precisely estimate the gas flow through the PEFC and to design the
optimum shape of the separator. Lattice gas automata method could be powerful tools to simulate such
a complex geometry in mesoscopic level. In the present paper, a new technique to simulate flow through
narrow channels in pseudo-three dimensional systems is proposed based on FHP model. The FHP model
is a basic model of the lattice gas automata method. To examine a validity of the present technique, the
velocity distribution of flow through the narrow channel are compared with the results of finite
difference method. The comparison showed the good agreement. By using the proposed technique,
fundamental numerical simulations are demonstrated for the single-phase flow through the PEFC
separator in pseudo-three dimensional systems. Though flow stagnation was observed in the original
separator, the stagnation was removed and the uniform flow through was achieved by using the
improved separator shape. It was clarified that lattice gas automata analyses were useful for good
estimation of gas flow through the PEFC. It was concluded that the lattice gas automata method
could be the powerful tool for design the optimum shape of the PEFC separator.
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Fig.1 Schematic of Polymer Electrolyte Fuel Cell (PEFC)
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Flow diagram through the separator
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Fig.3 Time evolution of the lattice gas automata system
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Fig.4 Flow through the narrow channel
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Fig.5 Automaton model to describe the wall effects
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Fig.6 Comparison of velocity distribution with the results
of finite difference method (Re=90)
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Fig. 7 Comparison of velocity distribution in the
seperator (Re=100)
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Fig.8 Comparison of flow rate per channel
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Fig.9 Pressure distribution
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