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Two-phase transport plays a major role to improve peak power density at low Pt loading in polymer elec-
trolyte membrane fuel cells (PEMFCs). In this regard, optimization of thin porous media of the membrane
electrode assembly (MEA) plays an important role to alleviate cathode flooding for enhanced oxygen diffusiv-
ity, while maintaining good membrane hydration for high ionic conductivity [1]. In this work, the effect of
surface crack density of the microporous layer (MPL) on phase change transport is examined by means of a
hybrid, multiscale model, which combines continuum and pore network formulations [2-4]. Capillary trans-
port of liquid water driven by phase change is tracked with a discrete invasion-percolation (IP) algorithm,
while a standard steady-state continuum solver is used to determine the remaining variables (gas species,
dissolved water in the membrane, electronic and ionic potentials, temperature and flow). The coupling of
continuum and discrete formulations is accomplished through the incorporation of a control volume (CV)
mesh (accounting for heterogeneous effective transport properties) into the continuum-based cell grid. Spa-
tial variations of effective diffusivity, absolute permeability, effective thermal and electrical conductivities and
entry capillary pressure are considered. Phase change of water is assumed infinitely fast compared with other
transport processes in the MEA (thermodynamic equilibrium), so that condensation/evaporation is governed
by the interplay between molecular diffusion of water vapor and IP of liquid water clusters [5]. Therefore, in
the quasi-steady-state model, the relative humidity (RH) distribution in the MEA that arises from finite gas
diffusion determines the phase change rate of water clusters, which drives the growth/shrinkage of clusters
through the path of minimum capillary resistance. The re-distribution of liquid water during instantaneous
IP events in turn modifies the RH distribution. The numerical scheme is stopped when the number of wet
CVs does not change anymore because water clusters either reach the channel or approach a nearly zero
phase change rate. The interaction between the hierarchical pore structure of the MEA and operating RH and
temperature is discussed, with a focus on the effect of MPL crack density.
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