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ABSTRACT

Multiphase transport is endemic in polymer-electrolyte electrochemical cells due to the need
to operate at high current densities and below 100C, for power density and electrolyte
hydration, respectively. In both fuel cells and electrolyzers thermal and water management
play critical roles, especially with respect to droplet/bubble formation and associated liquid
and gas transport.' Furthermore, the materials properties are highly dependent on local
conditions (e.g., temperature, pressure, gas concentration, etc.), thus making the problem
highly stiff and nonlinear. Mathematical modeling is ideally suited to tackle such issues,
especially due to the inherent divergent time and length-scales involved during operation. In
this talk, recent modeling analysis will be discussed for both electrolyzers and fuel cells.
Within electrolyzers, we will explore the controlling phenomena in terms of transport
including how bubble formation and blockage of the reaction site results in a local periodic
operation. This will be accomplished by comparing multiscale, multiphysics simulations of
the local and electrode length-scales with x-ray computed tomography data. For fuel cells,
we will discuss modeling of distributions of humidity down the channel and how these
impact overall performance in the cell for both hydroxide and proton operating regimes.
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