Unidirectional water flows through diode-like porous media for
improved water management in fuel cells
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ABSTRACT

The peak performances in fuel cells are strongly limited by flooding of the electrodes [1]. Flooding
occurs as a consequence of the intense electrochemical reaction in the cell, when, at high current
density, a high amount of water is produced and trapped in the gas diffusion layers (GDLs). The
trapped water blocks the pores of the fibrous GDLs and impedes the uniform diffusion of fuel gas
along the cell area. Therefore, a fast removal of water from the porous layer is demanded. The
water transport should be unidirectional, from the catalyst layer to the fuel cells distributing
channels. Also, in order to avoid the dry-out of the fuel cell membrane, the amount of water
to be transported away from the catalyst must be carefully controlled. How to obtain such an
optimised water transport in order to improve the fuel cells performances remains still an open
question.

In the present study we address this problem with an innovative bottom-up approach: by means
of Lattice-Boltzmann simulations, we investigate the effects of the microstructure at the pore-
scale on the two-phase flows dynamics, in order to optimise the GDLs design and obtain an
efficient water management at the macroscale.

Results show that, imbibition of water through a porous medium occurs only at certain con-
ditions. In particular, by tuning the shape of the fibres composing the GDL and breaking the
symmetry of the microstructure, unidirectional flows can be observed. The porous media can
effectively act as a diode, by allowing the water flow in one direction and impeding it in the other.
The flowing mechanism is primarily governed by the thermodynamic energy barriers induced by
the pore expansions: different microstructures determine different energy requirements for the
wetting phase to be transported. These findings suggest a possible new route for innovative
design of gas diffusion layers in fuel cells applications, where the GDL microstructure is carefully
designed for unidirectional water flows and optimal water management.
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