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Effects of temperature and cathode humidity on
performance of PEM full cell
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MA Jing , MA Qiang , WANG Junjie , GUO Zhensong , SUN Yasong
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2.School of Energy and Electrical Engineering, Chang’an University, Xi’an 710018, China

Abstract: The performance of proton exchange membrane fuel cells (PEMFCs) is significantly influenced by their
temperature and cathode humidity, as they affect power density and internal water distribution. The interdependent
nature of these two parameters necessitates their simultaneous consideration in practical engineering to achieve high
efficiency and reliable PEMFC operation. Therefore, this study proposes a synergistic analysis of the dual-parameter
effect of working temperature and cathode humidity on PEMFC performance, using a three-dimensional steady-state
model for counter-flow single-channel PEMFCs. The model’s correctness is verified through comparison with experi-
mental results, and the resulting power density and internal water distribution characteristics of PEMFCs are studied
based on voltage changes. The findings indicate that the sensitivity of the proton exchange membrane (PEM) to
temperature and cathode humidity varies at different voltage stages. Coupling analysis of these two factors enhances
proton exchange membrane conductivity and expands the range of power density adjustment. Consequently, this
study provides crucial insights into the interplay between temperature and cathode humidity in PEMFCs, facilitating

the design and optimization of PEMFC systems for practical engineering applications.

Keywords: proton exchange membrane fuel cell; operating temperature ; cathode humidity; battery performance

synergistic analysis
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