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CFD Analysis on a Flow Channel of a Bipolar Plate
with Varying Cross-sectional Area in a PEM Fuel Cell

Dong-Jin Yang*, Woon-Jean Park

A flow channel model of a bipolar plate with varying cross-sectional area was newly designed for improving performance
and efficiency of a PEM fuel cell stack. As a result, the varying cross-sectional area model showed poor uniformity in velocity distribution,
however, maximum velocity in the flow path is about 30% faster than that of the uniform cross-sectional area model. The proposed
varying cross-sectional area model is expected to diffuse operating fluids more easily into diffusion layer because it has relatively higher
values in pressure distribution compared with other flow channel models.

It is expected that the implementation of the varying cross-sectional area model can reduce not only the mass transport loss but also the
activation loss in a PEM fuel cell, and open circuit voltage of a fuel cell can thus be increased slightly.
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Fig.1. Fuel cell input and output
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{dimensions in mm)
Fig. 2. Sketch of a bipolar plate with a serpentine type flow
pattern,

(dimensions in mm)
Fig. 3 Flow field shape of a varying cross-sectional model.
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Table 1. Design parameters and dimensions in a half cell model

Sopga | dsgieige
flow channel width 40 mmX40 mm
channe! width 15 mmz YA
land width 05 mmz Yd
channel depth 15 mmz UH 2mmoflAf 1 mmz
channel design serpentine

Table 2. Input parameters and boundary conditions

parameter value
input parameters temperature(k) 350
working fluid H, ideal gas
inlet mass flow e
ratelkg/s) g
boundary
- outlet gauge
condition 0
pressure (Pascal)
wall no—siip
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Table 3. Input parameters in CFD code.

residual target 1.0%10%
maximum
N 1000
number of iteration
serpentine 1176200
diagonal 993048
volume mesh -
spiral 1223744
element -
serpentine
) . 955119
(varying cross section)
turbulence model laminar
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(b) varying cross-sectional area model
Fig. 4 Velocity distributions in a flow channel
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(b) varying cross-sectional area model
Fig. 5 pressure distributions in a flow channel
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