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Motivation

The development of new alternative power supplies is
an important task nowadays. Polymer electrolyte
membrane (PEM) fuel cells are currently intensively
investigated and improved for mobile applications,
e.g. in automobiles, buses or laptops. Their main
advantage over other fuel-cell types is their high
power density and efficiency.
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The general assembly of a PEM fuel cell comprises of
a proton-conducting polymer membrane situated
between two porous catalytic electrodes. The
electrodes consist of a porous diffusion layer and a
reactive layer containing a catalyst (e.g. platinum).
This membrane-electrode assembly (MEA) is placed
between two cell plates providing an electrical
connection and generating a flow field necessary to
supply the reactants to the reaction layer and the
removal of excess products (H,O) from the cell.
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Schematic view of the assembly of a PEM fuel cell

Problem & Objectives

It has been found that the kinetics of oxygen reduction
and hence the transport of oxygen in the gas-diffusion
layer of PEM fuel cells is a limiting factor for their
performance. Especially water generated at the
cathode has been found to constrain the oxygen
transport to the reaction layer. Thus, an efficient water
management is essential to improve the performance
of PEM fuel cells.

Due to the small dimensions of the MEA, a direct
measurement of water saturation or oxygen
concentration in the system is very complex and often
impossible. Thus, numerical models help us to
understand the complex non-isothermal multiphase
processes elapsing in PEM fuel cells, as they can
identify performance limiting factors and suitable
measures for overcoming them.

The major objective of this work is to develop a
reliable, prognostic numerical model, capable of
simulating the non-isothermal multiphase multi-
component processes occurring in the MEA of PEM
fuel-cells.
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Simulation Results

Modeling complex systems like the non-isothermal
multiphase system under investigation requires in a
first step the formulation of a conceptual model. In our
model concept, the two phases water (I) and gas (g)
are considered to occupy the pores space. Each of
these phases may be composed of the three
components: water (w), oxygen (o) and nitrogen (n).
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Phases, components considered in the model concept

Whereas well-established equations of state are
available for the description of fluid properties as a
function of state variables, such relations are not
available for other important parameters. For
example, constitutive relations describing the capillary
pressure in the mixed hydrophilic / hydrophobic
diffusion layer are still to be developed. This is one
major objective of a related project at the ICVT at the
Universitat Stuttgart.

In addition to the hydrodynamic model, an electro-
chemical model is necessary to describe the redox
reactions in the reaction layer. This model is coupled
to the hydrodynamic model by exchange terms for the
single components (w, 0) and energy. A detailed
description is provided in Acosta et. al: 2006, JPS.

Mathematical Model

The developed model concept is implemented in the
numerical simulator MUFTE-UG which includes a
variety of single- and multiphase flow and transport
models in porous and fractured porous media.

For each component considered in the model
concept, a mass balance equation is solved:
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and an energy balance equation for the whole system:
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On the basis of the Tafel equation and the work of
Wieser (Wieser: 2001), a relation for the local current
density is derived for the cell:

For the spatial discretization, the Box-method, is
applied. A Newton-Raphson method is used for the
linearization of the problem. In time we use a fully
implicit Euler scheme.

In a first step the developed numerical model is used
to investigate the influence of two different gas
distributor geometries on the system response in the
cathode of a PEM fuel cell. In the study a conventional
and an interdigitated gas distributor are investigated.
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Researched flow fields: conventional (top), intgitdited (bottom)

The simulation results show significant differences for
the two investigated gas distributors. Due to the
mainly diffusive transport in the conventional case, the
results exhibited a distinct water accumulation and an
oxygen depletion close to the reaction layer. For the
interdigitated gas distributor, the water saturation in
the system remained close to residual saturation and
a good oxygen supply of the reaction layer.

The improved oxygen supply of the catalytic layer and
the fact that water formed at the cathode is efficiently
removed in the interdigitated set-up, yields an
increased current density / efficiency, of up to 20%
compared to the conventional set-up.

0 02 04
x[107m]

Difference plot of oxygen concentration (left), eragaturation
(middle) and current density (right).

Summary / Outlook

The non-isothermal multiphase / multicomponent
model of the MEA of a PEM fuel cell proved to be
capable of reproducing the basic system behavior for
the gas distributors under investigation.

In order to derive a prognostic model, we intend in a
next step to:

« couple the multiphase model of the
porous diffusion layer with a model for
the gas channel;

« implement novel constitutive relations for
the mixed-wettable diffusion layer.
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