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Polymer electrolyte fuel cells (PEFC) are considered as a prime candidate among the state-of-the-
art fuel cells for the power source, particularly for the automotive applications, due to their high power
density, low operating temperature, low emission and environmental friendly nature. But for PEFCs
to become commercially viable, it is critical to reduce cost and increase power density. Therefore,
understanding and predicting the phenomena inside a cell, and optimizing various parameters are of
significant importance. The work presented in this thesis provides a profound insight into the flow
behavior as well as the effect of the GDL deformation and flow cross-over on the flow field inside the
gas channel and GDL of PEFCs.

For developing a numerical method, convergence of continuity is a major problem for the flow
simulation including the porous media, and the situation becomes critical in lower-permeability cases.
This research newly propose an implicit treatment of Darcy drag term to solve this key problem for
faster convergence and a more accurate continuity condition. Explicit, implicit and semi-implicit treat-
ments of the Darcy drag term are compared for various physical parameters of the GDL, e.g., Darcy
number and porosity parameter, by 1D numerical simulation and superiority of the implicit scheme is
confirmed. Moreover, by 3D numerical simulations outstanding performance of this implicit scheme
is confirmed in terms of quicker convergence and strict continuity condition.

The operating conditions such as pressure and flow distribution in the flow channel and GDL has a
great influence on the performance of PEFCs. It is desired to have an optimum pressure drop because
a certain pressure drop helps to remove access liquid water from the fuel cell, too much of pressure
drop would increase parasitic power needed for the pumping air through the fuel cell. In order to
accurately estimate the pressure drop precise calculation of mass conservation is necessary. As a
result, this newly developed numerical method based on the implicit treatment is successfully applied
to a couple of major flow design problems in the channel and gas diffusion layers, which are regarded
as the important elements of a PEFC to control transport of reactant gases towards the catalyst layer
and also byproduct from the catalyst layer.

The first application of the newly developed 3D numerical method is to investigate the pressure drop



in the separator channel and gas diffusion layer of PEFC and deformation effect of porous media. The
GDL deformation resulted from the compression pressure has a significant impact on the performance
of PEFCs, because compression can change a number of operating parameters of a cell. To perform
the numerical simulation, verification experimenté and data acquisition of physical parameters were
conducted by the mechanical measurement. The experimental result showed t\hat, to estimate the
actual flow configuration in the cell, the GDL deformation shape due to clamping by the separator
lands has a significant influence. The numerical results shows, except for the GDL deformation shape,
the variation in the GDL physical parameters also needs to be considered. Moreover, the pressure
loss mechanism and the contribution of the flow field and physical parameters to the pressure loss are
further identified.

Finally, newly developed 3D numerical method is adopted to study the flow cross-over through the
GDL in PEFCs with serpentinez flow channel. Serpentine flow channel is one of the most common and
practical channel layouts for PEFCs, in that it can ensure the removal of water produced in the cell
with an acceptable parasitic load. The results indicants the flow behavior i_n the serpentine channel is
well captured. In addition, the amount of flow through the GDL can also be quantified. Furthermore,
by comparing with the corresponding experimental results, it is further verified both the feasibility in
large scale calculation and the capability to capture the flow phenomena in complicated channel by

this newly developed numerical method.
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