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Experimental and Numerical Analysis of PEM Fuel Cell Performance with a New Helically
Symmetrical Flow Channel

H. Rajabian’, H. Amiri*, M. Rahimi?, S.M.B. Marashi? A. Arab Solghar®
! Department of Energy, Graduate University of Advance Technology, Kerman, Iran.
2 Department of Physics, Faculty of Science, Vali-e-Asr University of Rafsanjan, Rafsanjan, Iran.
® Department of Mechanics, Vali-e-Asr University of Rafsanjan, Rafsanjan, Iran.

Abstract

In this paper, a Proton Exchange Membrane (PEM) fuel cell with new symmetrical flow channel pattern was
designed and fabricated in-house. The fabricated PEM fuel cell has nominal power of 10 W, with an active
area of 25 cm? and Nafion 117 membrane. Using a fuel cell test station, the effects of temperature and
relative humidity on the performance of fabricated PEM fuel cell (i.e. voltage - current density curve) was
examined. Laboratory results showed that fabricated PEM fuel cell is able to produce maximum power
density of about 0.45 [Wcm™] or 11W power. A comprehensive three-dimensional, single phase and non-
isothermal model is developed for the fabricated PEMFC. The presented model is a nine-layer model that
consists of current collectors, flow channels, gas diffusion layers, catalysts layers at the anode and the
cathode as well as the membrane. A commercial CFD software (Fluent) was used to solve the governing
equation. Comparison of numerical and experimental results shows that there is a good agreement between
them. The results indicate that the new flow pattern can produce uniform temperature, current density and
concentration distributions over the PEM fuel cell active area.

Keywords: PEM Fuel Cell; New Flow Pattern; Numerical Simulation; Design and Fabrication.
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