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In-Su Han", Jeehoon Jeongz), Jongkoo Lim”, Chan Lim", and Kwang Sup Jungs)

Key words : Bipolar-Plate(¥2l®), CFD(AAMF-A <38, PEMFC(#EAAs]d A& AA]), Fuel Cell
Simulation(AS A =] ZA}L), Bipolar-Plate Design(Z&l¥ A #A)

Abstract : Optimal flow-field design of bipolar-plates for a commercial class PEM(polymer
electrolyte membrane) fuel cell stack was carried out on the basis of three-dimensional
computational fluid dynamics(CFD) simulation. A three-dimensional CFD model, originally
developed by Shimpalee et al.”, has been utilized for performing large-scale simulation of a
single fuel cell consisting of Dbipolar-plates, gas diffusion layers, and a
membrane-electrode-assembly(MEA). The CFD model is able to predict the current density, pressure
drops, gas velocities, vapor and liquid water contents, temperature distributions, etc. inside a
single fuel cell. Depending on simulation results from the CFD modeling of a PEM fuel cell,
several flow-fields of bipolar-plates were designed and verified. The final design of the
bipolar-plate has been chosen from the simulations and experimental tests and showed the best
performance as expected from the simulation results under a normal operating condition. Thus, the
CFD simulation approach to design the optimal flow-field of the bipolar-plates was successful.
The final design was adopted as the best flow-field to build a commercial scale PEM fuel cell
stack, the performance of which shows about 42% higher than that of the older bipolar-plate
design.
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Fig. 1 Comparison between the simulation results
and the experimental ones (H)/Air Operation, \p =
1.2 and Moz = 2.0, and Ty = 707C).
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Fig. 2 Computational performance of the cluster
used for CFD simulations of a PEM Fuel Cell.

Table 1. Estimated model parameters

Tuning Parameters Anode Cathode
Exchange Current
. 5 240 2800
Density (Ip,A/m”)
Kinetic Transfer
. 1.0 0.58
Coefficient (a)
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Fig. 3. Simulated cumrent density distribution for the
best bipolar-plate design.
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Fig. 4. Simulated cathode pressure distribution for
the best bipolar-plate design.
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Fig. 5. Simulated oxygen concentration distribution
for the best bipolar-plate design.

Fig. 6.
distribution for the best bipolar-plate design.
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Fig. 7. Polarization curve of the 5 kW-class cell
stack with a new bipolar-plate design (Hy/Air
Operation, A = 1.2 and Ax = 2.0, and Teen = 6
5TC).
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