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One of the most important issues to advance the fuel cell technology to a commercially attractive
level is the water management in proton exchange membrane (PEM) fuel cells. This thesis concerns
the water behaviors at the cathode of polymer electrolyte membrane (PEM) fuel cells. The technology
of the fuel cell is still immature and has not yet been implemented as dominant in any application or
niche market. Research and development is currently being carried out to investigate the mitigation
strategies for the cathode flooding. However, there has been little investigation on the effects of the
in-plane carbon fiber directions of the GDL. The research of this thesis is devoted on the invéstigations
of the effects of carbon fiber directions of an anisotropic gas diffusion layer (GDL) on PEM fuel cell
performance. ' '

The work includes results from experimental test facilities such as the performance measurement
and the visualizations inside the cell. The studies on cell performance have focused on the influence
of the carbon fiber directions of the GDL on the cell performances. The measurement results was
evaluated on a single cell with different fiber directions relative to the channel directions. Using two
types of the separator, serpentine and straight, I-V polarization curves were compared. The results
confirmed that performance was apparently different for the fiber directions, which was due to the
difference in the liquid water transportation.

The operating conditions including, the operating current density, humidification, Oxygen concen-
trations, air and fuel stoichiometric flows have a great influence on the cell performance. The vdltages
of the two fiber directions at different humidification and the cell performance at various conditions de-
picted the advantages of the perpendicular cell over the parallel fiber direction GDL. Transport losses
due to the water flooding in the GDL have always been a serious problem in PEM fuel cells operations.
The effects of the fiber direction on the mass transport losses in the anisotropic GDL have been inves-
tigated with the two different fiber directions of the GDLs, and limiting current measurements were
conducted. It was clear that the use of the perpendicular carbon fiber direction allows an adequate
oxygen supply, when comparing with the parallel fiber direction cell.

Direct visualization which is one of the fundamental experiment methods for investigation of liquid
water behaviors, were conducted to investigate the characteristics of the water removal from the GDL

to the flow channel in two different fiber directions. The observations indicated the better removal
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ability of the liquid water produced under the ribs with the perpendicular direction GDL fibers than
with the parallel fiber GDL.

Because the only visible place of the direct visualization of the liquid water is inside the flow
channel, an advanced observation method involving freezing of the accumulated water was developed
to investigate the effects of the carbon fiber directions on the water distribution inside the GDL. In this
freezing method, a small cell was modified so the bipolar plates can be separated into two parts, The
liquid water produced inside the cell was frozen, and then the ice distribution in the cross-sectional
view of the cell was investigated by cutting the cell at the boundary between the two pieces. The
cross sectional images of the cell showed different existence of the accumulated water inside the GDL
under the ribs in two different cells, parallel and perpendicular. It was also shown that the different
amount of water at the MEA/MPL interface under the channel and rib. The résults indicated that the
more oxygen can be transported from the channel into the zone under ribs in perpendicular case than
in parallel case. The efficacy of the developed freezing method is demonstrated in the measurements
of the water distribution in the cell.

In conclusion the paper demonstrates the effects of anisotropic gas diffusion layer and the mecha-

nism inside of the cell.
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