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Numerical Investigation on the Performance of a PEM Fuel Fell with
Honeycomb Flow Field

E. Afshari™’, S. A. Atyabi', M. H. Khayyam? and M. Adami?

1. Department of Mechanical & Aerospace, Malek Ashtar University, Shahin Shahr - Isfahan
2. Department of Mechanical Engineering, Faculty of Engineering, Isfahan University

Abstract: Proton exchange membrane (PEM) fuel cell performance is directly related to the bipolar plates design and their
flow field. The bipolar plate design plays a significant role in the reactant and current density distributions, and water and heat,
management in a PEM fuel cell, thereby improving the cell performance. In this study, a novel configuration of flow field in the
bipolar plate, a honeycomb flow field, is proposed, where the flow-field network is formed by many hexagonal pins arranged in a
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regular pattern. A set of governing equations, conservation of mass, momentum, species, energy and charge, as well as
electrochemical kinetic for all regions of fuel cell are considered and developed numerically while the model is treated as a single-
domain by presenting a three-dimensional model. Through this model, the effects of honeycomb flow field on the oxygen
transport, oxygen and current density distributions, water transport, pressure drop across the channel and PEM fuel cell
performance are investigated. The main design criteria in this research are based on more oxygen and current density
distribution uniformity, higher voltage, power density output, and low pressure drop. The results reveal that in the PEM fuel cell
with honeycomb flow field, an enhancement in the oxygen transport, uniform oxygen and current density distribution, higher
voltage and power density output at the catalyst surface, especially at the positions right beneath the locations of pins occurrs

although the pressure drop across the channel increases.

Keywords: PEM fuel cell, honeycombflow field, hexagonal pins, oxygen transport, uniform oxygen distribution.
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