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Simulation and optimization for the PEMFC based on single-cell stack structure
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Abstract: Proton exchange membrane fuel cells (PEMFCs) attract extensive attention due to their high power-generation
efficiency and working stability at normal temperatures. Traditional PEMFCs are vulnerable to flooding because of the
uneven power generation loads among stacks. Most researches on PEMFC optimization are made by improving the flow field
of a single cell, but PEMFCs are usually assembled in the form of stacks. Thus, a single-cell stack structure with a vertical
channel as the inlet and outlet of reactants is designed, and a new series compensation flow field is proposed which has
three air inlets and three flow channels connected in series. Reactants can compensate each other in the flow channel. A
simulation study is conducted on the singe-layer PEMFC stack by ANSYS. On the premises that the anode adopts the same
serpentine flow field and the cathode adopts the traditional single-channel serpentine flow field or the new series
compensation flow field, the distributions of current density, oxygen mass fraction, liquid water saturation, velocity vector
and flow channel pressure in the porous medium layers (GDL and CL) of the singe-layer PEMFC stack are analyzed. The
simulation results show that the single-layer PEMFC stack in traditional single-channel serpentine flow field is of a higher
overall channel pressure, and the closer it is to the inlet, the higher the current density and oxygen mass fraction are, and
vice versa. The liquid water saturation around the outlet is relatively high and the velocity vector shows no significant
increase as liquid water tends to hoard around the outlet. However, the current density distribution in the new series
compensation flow field is relatively even, and there are multiple and extensive-distributed areas with high oxygen mass
fractions. The electrochemical reaction is more sufficient and the overall pressure drop is lower. The velocity vector is
significantly higher in the areas with higher oxygen mass fraction, which promotes the rapid compensation and diffusion of
oxygen between flow channels. The overall liquid water saturation is relatively low. The high velocity vector around the
outlet facilitates the drainage effect.
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Fig.1 Composition and structure of a PEMFC!
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Table 1 Geometric parameters of the model"*
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Table 2 Settings of the main parameters of the simulation'*>
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Table 3 Governing equation
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Fig.3 Verification of grid independence
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Fig. 5 Model of a single-layer PEMFC stack
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