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Numerical investigation of the effect of gas diffusion layer thickness on current density
in solid electrolyte fuel cell considering two-phase flow
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Abstract

Optimal management of water-and reactants in solid electrolyte fuel cells plays a decisive role in enhancing their efficiency and
lifespan. Despite extensive research. in this field, the lack of a comprehensive understanding regarding the dynamics, unsteady
behavior of two-phase flow as directly.influenced by micrometric variations in the gas diffusion layer (GDL) thickness remains a
critical(research gap. The objective of the present study is to bridge this gap through an unsteady, three-dimensional numerical
simulation of a solid electrolyte fuel cell, accounting for two-phase flow within a novel configuration utilizing paired feed channels
on both the anode and cathode sides. In this simulation, the current density varies within the operational range of 0.4 to 1 A/cm?, and
the impact of three different GDL thicknesses (130, 150, 170 um) on mass transport phenomena and cell performance is rigorously
investigated. The quantitative results demonstrate that reducing the GDL thickness decreases the species diffusion resistance and
improves cell performance specifically, a 13.5% average increase in layer thickness leads to a 1% reduction in output voltage, an
architectural loss that can be highly significant in a fuel cell stack's total power. Furthermore, contour analysis reveals that the water
mass fraction on the cathode side is higher for the thinner GDL (130 pum), indicating enhanced water production, facilitated moisture
removal, and consequently, a higher potential difference in this region.

Keywords: solid electrolyte fuel cell, Gas Diffusion Layer (GDL), Two-Phase Flow, Current Density, Unsteady Solver,
Computational Fluid Dynamics (CFD).
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