
Swiss Competence Center for Energy Research
Efficient Technologies and Systems for Mobility

References

Evaporative Cooling in Polymer
Electrolyte Fuel Cells (PEFC)

Cooling by evaporation of water is an alternative way to removing heat

from a fuel cell stack by a liquid coolant. However, this requires

knowledge on the fundamental phase change properties in the thin

porous media in the fuel cell stack. Based on the lattice Boltzmann (LB)

methodology, a modelling framework is designed so as to understand

the phase change processes of water in the gas diffusion layer (GDL)

under the flow of air and hydrogen in cathode and anode sides of the

fuel cell, respectively. The porous geometry is obtained from X‐ray

tomographic microscopy at the Swiss Light Source (SLS) facility of Paul

Scherrer Institute. Validations against available experimental data for

the exact same porous GDL are carried out, which pave the way to

better understand the phase change process in fuel cells.

Pore‐level investigation of water evaporation under air and hydrogen 
flows in gas diffusion layers of polymer electrolyte fuel cells

Evaporative cooling:
The electrochemical reactions in the fuel cell
stack produce electricity and heat. Evaporative
cooling is an attractive alternative method to
dissipate heat from the stack by evaporation in
the gas diffusion layers (GDL).

Problem:
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Experimental and Numerical Setup

Final 3D simulation setup

Fully Coupled Multicomponent 
Lattice Boltzmann Framework

LBM is used to model air/vapor and H2/vapor mixtures

Lattice Boltzmann Eq. for each component

Recovers Navier‐Stokes and Stefan‐Maxwell Eqns.
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Diffusive boundary condition at water/gas interface:
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Current understanding of
the evaporation process at
the pore scale is limited
and experiments are
restricted to certain
boundary conditions.

D3Q27 LB stencil Parallel GPGPU computations 
on CSCS’ Piz-Daint
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Conclusions:
• Evaporation is a diffusion limited process in GDLs [1].
• Increasing the gas flux does not increase evaporation at the same rate.
• Hydrogen gives almost 50% higher evaporation rate than air.
• Evaporation –induced currents are very strong under hydrogen (anode).

Schematic of PEFC


