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ABSTRACT

Climate change and urban pollution are a direct consequence of the consumption of fossil fuels
in, for example, the transportation and electricity production sectors. In order to reduce the con-
sumption of fossil fuels in the transportation sector, battery electric and hybrid fuel cell-battery
electric vehicles are under investigation by many automotive manufacturers. In order to reduce
the cost of polymer electrolyte fuel cell (PEFC) electric vehicles, the cost of the fuel cell stack
should be reduced by increasing its current densities without sacrificing efficiency. Operating at
high current density requires the development of strategies to mitigate water accumulation, the
only by-product of a fuel cell, as excess water can block fuel and reactant transport and, poten-
tially, shut down the system. The analysis and design of fuel cell architectures and strategies to
mitigate water accumulation at high current densities are of paramount importance.

Water accumulation occurs inside the fuel cell porous materials and is influenced by both the
physicochemical and geometric properties of the micro-pores in the material, as well as the
macroscopic properties of the adjacent layers. Therefore, in order to accurately analyze wa-
ter accumulation, both micro-scale models capable of analyzing water accumulation in the
porous material, and macro-scale models capable of studying water movement and accumulation
throughout the different components of the fuel cell are required. The goal of this presentation
is to describe the steady-state and transient numerical tools that our research team is developing
in our open-source fuel cell simulation framework, OpenFCST (www.openfcst.org), in order to
study water transport at the micro- and macro-scale.

First an overview of the image analysis, stochastic reconstruction, and meshing tools developed
to create realistic computational domains to study fuel cell porous media will be given. Then,
the cluster-based full morphology model proposed in [1] will be presented. Validation results
with respect to x-ray tomography data show that this method can be used to quickly estimate
the amount of water accumulated in the electrode. This method is then used to create new
meshes for finite element transport simulations and estimate effective porous media properties
at different levels of saturation.

Micro-scale simulation results are used to estimate effective transport properties for a transient,
volume-average full-cell model that accounts for multi-phase mass, charge, and heat transfer,
as well as electrochemical reactions, and where the effect of the micro-scale porosity and mor-
phology is idealized by means of a pore size distribution model, and a local reaction model
[2]. Using the pore-size distribution model, mathematical expressions for absolute and relative
permeability, effective diffusivity, and liquid-vapour interfacial area are obtained, and the re-
quired semi-empirical constants are obtained by direct comparison to micro-scale simulations
and experiments. The volume-average model is then used to estimate steady-state and transient
performance of the fuel cell. Steady-state results show that the thermal conductivity of the
gas diffusion media adjacent to the electrode can be used to mitigate water accumulation and
improve the performance of the electrode [3].



2

REFERENCES

[1] M Sabharwal, JT Gostick, M Secanell. Virtual liquid water intrusion in fuel cell gas diffusion
media. Journal of The Electrochemical Society (2018) 165 (7), F553-F563.

[2] J Zhou, A Putz, M Secanell. A mixed wettability pore size distribution based mathematical
model for analyzing two-phase flow in porous electrodes I. Mathematical model. Journal of
The Electrochemical Society (2017) 164 (6), F530-F539.

[3] J Zhou, S Shukla, A Putz, M Secanell. Analysis of the role of the microporous layer in
improving polymer electrolyte fuel cell performance. Electrochimica Acta (2018) 268, 366-
382.


