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Figure 1 Proton exchange membrane fuel cell structure dia-
gram (color on line)
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Figure 2 Three-dimensional model of single channel for fuel cells (color on line)
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Table 1 Model geometric dimensions

Parameter Value/mm
Channel length 50
Channel width 1.2/1/0.8
Channel depth 1
Rib width 0.4/0.5/0.6
Double plate height 15
Catalytic layer thickness 0.01
Gas diffusion layer thickness 0.28
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Table 2 Relevant physical parameters™!

Elasticity

Component modulus/MPa Poisson ratio Porosity
BP 13000 0.26 0
GDL 5.54 0.256 0.8

PEM 232 0.253
CL 249 0.3 0.3
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Figure 3 GDL thickness curves under different assembly pressures with channel to land width ratio of (A) 3:2, (B) 1:1, (C) 2:3 (color

on line)
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Numerical Study on the Influences of Flow Channel and
Rib Width Ratio on the Performance of Gas Diffusion Layer

Rong-Qiang Wei!, Shi-An Li**, Yi-Hui Liu*, Zhi Yang',
Qiu-Wan Shen*?, Guo-Gang Yang**
(1. School of Marine Engineering, Dalian Maritime University, Dalian 116026, Liaoning, China;

2. The Institute of New Energy Technologies for Ship Power System, Dalian Maritime University,
Dalian 116026, Liaoning, China)

Abstract: Proton exchange membrane fuel cell (PEMFC) has the advantages of low noise, high power density, and zero emission.
It is widely used in ships, automobiles, aviation and other fields. PEMFC is composed of bipolar plate (BP), gas diffusion layer
(GDL), catalytic layer (CL) and proton exchange membrane (PEM). GDL has a supporting catalytic layer and proton exchange
membrane, which provides gas diffusion for the reaction and a channel for the reaction to produce water, and transmits the anodic
oxidation reaction. In the assembly of fuel cells, a certain assembly pressure is required to ensure air-tightness and effective conduc-
tivity. The assembly pressure will cause the GDL deformation and the loss of hydrophobic materials; however, the assembly pres-
sure can improve the durability of the battery. Too small assembly pressure will lead to insufficient battery sealing, high contact re-
sistance and other undesirable results. Larger assembly pressure can improve the hydrogen utilization rate and ensure the stable op-
eration of the battery as the assembly pressure increases, Liquid water accumulates more; excessive assembly pressure leads to re-
duced porosity and lower reaction rate, and even damage of membrane electrode assembly (MEA). Therefore, there is an optimal
assembly pressure to obtain lower contact resistance when compressing GDL. At the same time, it has a relatively high porosity.
Scholars at home and abroad have mainly studied the effect of GDL deformation on the battery performance, but the exploration of
fuel cells with different flow channel widths is not clear. This paper uses the finite ele ment method to establish a single flow.
Three-dimensional model of the PEMFC channel has been studied, and the GDL thickness changes and their impacts on the pores
under different assembly pressures and three kinds of flow channel to rib ratios (the channel and rib width ratios of 3:2, 1:1, 2:3)
were investigated. The results show that: (1) GDL deformation increased with the increases of the ratio of flow channel to rib width
and assembly pressure, but the rate of change gradually slowed down. (2) Under the ribs, the porosity of GDL decreased with the in-
crease of assembly pressure, and the decreased change rate continued to be accelerated; under the same assembly pressure, the
greater the ratio of channel to rib width, the more significant the porosity change. (3) Conductivity increased with the increase of as-
sembly pressure, and the rate of change was also accelerated with the increase of assembly pressure; under the same assembly pres-
sure, the greater the ratio of the flow channel to the rib width, the greater the electrical conductivity. When the ratio of channel to rib
width was 3:2, there was an intersection point at 1.5 ~ 2.0 MPa. According to the balanced relationship between porosity and con-
ductivity, the optimal assembly pressure may be in this interval, which needs to be further verified.

Key words: gas diffusion layer; assembly pressure; proton exchange membrane fuel cell; performance
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