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Abstract
In low-temperature fuel cells, liquid water condenses within the porous gas diffusion layer and is subsequently drawn into the gas microchannels. Efficient .
water removal is essential for optimal performance. Uneven distribution and blocked channels cause flow maldistribution and can damage the cell. The u /
current range of multiphase models for large simulation domains is limited. Small domains are analyzed using the Volume of Fluid (VoF) method, while for
larger domains usually two-fluid models are utilized that ignore wall interaction, despite surface tension dominating in microchannels. We propose analyz-
iIng droplet behavior in gas channels with a Discrete Element Method (DEM) based on an immersed boundary approach. This technique offers a significant .
speed-up over VoF while producing comparable results and being more robust. With this method droplet detachment in a single channel and in two parallel
\ channels are analyzed. J
Liquid Water in PEM Fuel Cells
m Reaction: 2H; + O, — 2H0 Dimensional analysis Flow Regime Transition
m Water condenses within the porous gas diffusion layer and is m Ca="E" << 1 - smallviscous deformation ‘
drawn intO micrOChannels for removal . We — IOUZD << 1 — small inertial deformation Phase InteraCtlon Coalescense
pggz Gas-Liquid Flow
— How is the gas distribution between channels? B Bo === << 1 - smallgravityinduced deformaor Ve in Microchannels N
Wall Interaction Breakup
— Does blockage occur? L . \
— Surface tension is dominant
i i i : : . Droplet Growth
= Robust simulation method suitable for larger domains — Assumption: Rigid-body model of droplet PR
while capturing necessary physics
Primary phase: Eulerian .
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Results: Single Channel . _ Results: Two Channels " Channel
i - H/Ax =20 Droplet Movement
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Note: The model and simulation assume a 1.8 mm channel SymmetriC Steady osciallation 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 0.22
\ width vs. 1.6 mm in the experiment. ) \ between Channels t(S) )
Summary and Outlook
m DEM gives comparable results to VoF while enabeling a coarser resolution for this application m Add other flow types (e.g. film flow, slug) like [3]
m DEM can be used to predict droplet detachment in microchannels m Add particle-particle interaction (e.qg. ) m
m DEM can be used to analyze interaction between multiple microchannels m Implement parallelization of finite size particles ’ ’
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