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Abstract

Imbalanced water management in a proton exchange membrane (PEM) fuel
cell significantly reduces the cell performance and durability. High membrane
dehydration causing the proton conductivity to decrease sharply, and overabundance
of water impeding the flow of reactant gases in the gas diffusion layer (GDL) as well
as in the flow channels are two extreme conditions of water content in PEM fuel cells.
Therefore, the visualization and quantitative measurement of water presence in PEM
fuel cells can lead to greater comprehension of water distribution and transport
processes. In this thesis, visible and terahertz (THz) imaging techniques have been
investigated as tools to aid our understanding of the water distribution phenomena
within the fuel cell. The prior purpose is to observe water in the flow channels, which
leads to a custom design of PEM fuel cell such that both visible and THz light can
access the area.

In visible imaging, we directly recorded water-droplet dynamics in the flow
channels of PEM fuel cell through poly-methyl-methacrylate (PMMA) window. The
results reveal that while the cell-voltage adjusts almost instantaneously to a change in
drawn current, it takes approximately 10 seconds to noticeably alter the water

distribution in the flow channel as a result of load changes. At a fixed drawn current,



vi

the water-droplets started to form and build up at 5 seconds after drawing the current,
particularly at the bend of channel where the reactant gas was denser, i.e., more
reactions. Land-touching droplets appear after 5 minutes of drawing current; some of
them grow and expand until they become water column. The water removal process
speeds up when the water droplets become smaller in size; some droplets eventually
are removed from the cell. However, it is difficult to remove the water droplet at the
bend of channel out of the cell due to wall adhesion effects.

For the THz imaging, the THz radiation known for being water sensitive is
explored for possibility to detect water in a flow channel of PEM fuel cell. The THz
radiation in the form of coherent transition radiation generated from femtosecond
electron bunches is used as a source. The ex situ THz imaging experiment is
performed on a model PEM fuel cell via reflective mode THz imaging. The THz
images were obtained from two types of THz window materials: PMMA and silicon
(S1) windows. Both windows can satisfactory distinguish water-filled region from the
air-filled region in the machine-through-brass flow channel. Under the current setup
with 30 degree of incident angle, insertion of a polarizer to our THz imaging system
results in image resolutions of 2.3 £ 0.5 mm and 2.2 £+ 0.5 mm for p-polarized and s-
polarized THz radiation, respectively. Increasing incident angle should improve the
resolution using the polarizer. Using metal mesh filtering is another way to improve
the image resolution. The calculation suggests a higher mesh number will filter out
more of lower frequency components in THz radiation, which results in smaller
focusing beam size. The insertion of metal mesh in the THz imaging system is
consistent with the calculation as the spatial resolution of 380x380 um” mesh is 1.9 +
0.5 mm, while that of 180x180 pm?® mesh is 1.7 + 0.5 mm. The THz imaging
technique is proved to be a promising tool for studying water management in the PEM

fuel cell.
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