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Pore Scale Modelling of Cathode Catalyst Layer of PEM Fuel Cell to Investigate
the Tortuosity and Effective Diffusivity
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ARTICLE INFORMATION ABSTRACT
Original Research Paper According to the significant effect of the structure and saturation of cathode catalyst layer (CCL) on the
Received 08 November 2016 operation of proton exchange membrane fuel cell (PEMFC), a pore scale model is presented to simulate

Accepted 03 January 2017

Available Online 22 January 2017 the transport processes in CCL. Using this model, the tortuosity and macroscopic effective diffusivity of

CCL with different porosities and saturation levels were obtained. The water distribution was obtained
by solving two-phase flow equations using volume of fluid (VOF) method. The structure of CCL was

Keywords: . . . .

po?',e scale modelling reconstructed by assuming agglomerates as equally-sized circles and spheres in two-and three-

Cathode catalyst layer dimensional domains, respectively. A sequential algorithm was used to determine the location of

;\g&-%alse flli)w agglomerates in the computational domain with specific overlap. A comparison was made between the
el ce

results obtained for three- and two-dimensional domains which showed 2D assumption results in an
overestimating on effective diffusivity. However, the variation trend of effective diffusivity versus
porosity was about the same. According to the results, due to the blocking effect of water presence in
CCL, the increase of saturation causes less available pathways for gas to diffuse. Therefore, the
effective diffusivity decreases as the saturation level increases. Moreover, the decrease of porosity leads
to the increase of tortuosity which results in lower pathways for gas to diffuse into the domain and
hence less effective diffusivity is obtained. The decrease of oxygen effective diffusivity of CCL causes
a lack of oxygen concentration at the electrochemical reaction sites and leads to the decrease of the
PEMFC performance.
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Fig. 1 Schematic representation of a cathode catalyst layer in PEM fuel
cell.
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Fig. 2 Flowchart of numerical procedure. S is the total saturation of
CCL.
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Fig. 3 Schema of water exit from the agglomerates toward the pore
spaces
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Fig. 4 The investigation of domain size on the results of the
simulations. The computational domains in simulations are squares
with the length of L and the porosity of 0.42.
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Fig. 5 The comparison between the results of two- and three-
dimensional simulations.
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Fig. 6 The comparison between the results of three-dimensional
simulations and the results obtained by Bruggeman correlation [6] and
Lange et al. [5]
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Fig. 10 The comparison of normalized effective diffusivity obtained by
our model with and without Knudsen effect with the results of Moldrup
et al. [30] model. Simulations were performed for a layer with the
porosity of 0.50. Horizontal dashed-line shows the effect of Knudsen
diffusion versus the impact of liquid water presence.
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Fig. 7 The distribution of liquid water in a cathode catalyst layer with
the porosity if 0.50. Water is in black, air is in gray, and agglomerates
are in white.
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Fig. 8 The distribution of a) liquid water, and b) oxygen concentration
in a cathode catalyst layer under the porosity and saturation level of
0.50.
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Fig. 9 A surface fitted on the results of the simulations which shows the
variation of normalized effective diffusivity versus saturation and
porosity.
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