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a b s t r a c t

The flow of air to feed oxygen to the cathode of each plate in a proton exchange membrane fuel cell
(PEMFC) is studied for a 300 W stack in a realistic 3D configuration. Two configurations for gas income
are solved, a “U” shape, where both the inlet and outlet of the air collectors are at the same end plate, and
a “Z” shape, where inlet and outlet are at opposite sides of the stack. Under a simplified assumption for the
flow of oxygen entering the gas diffusion layer of each cell, detailed mass flow and pressure distributions
are shown, including the possibility of a turbulent flow inside the main collectors.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

A correct distribution of the reactant flow through each one
of the cells that make up a proton exchange membrane fuel cell
(PEMFC) stack is essential to a correct performance of the fuel cell.
In particular, a similar distribution of mass flow circulating through
each individual cell is desirable, which also helps to guarantee a
most important issue: an approximately equal pressure distribution
for all plates [1]. It should be reminded that the velocity of the gas
reactants entering the gas diffusion layer (GDL) is essentially depen-
dent on the pressure gradient along it, which on its turn depends on
the geometry and flow conditions. As all the plates in the stack have
the same geometry, then it is the flow conditions which, under an
ideal situation (no water flooding, etc.), finally determine the pres-
sure gradient, and eventually, the flow of reactants reaching the
catalyst layers.

Some previous works [2,3] have addressed this problem by
considering a standard pipe network approach, using for example
friction coefficients to calculate both the pressure losses along the
main collectors and local losses associated to bends. The main crit-
icism for this otherwise fast approximation is that the “exits” from
the collectors to the individual plates are multiple and very close.
That disturbs the flow in the main collectors, so for example, in a
laminar case in a cylindrical collector, the velocity does not present
the typical paraboloidal Poiseuille shape. Something alike happens
in the case of a turbulent flow inside the collectors. The consequence
is that the real friction coefficient does not match the theoretical
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one. In fact, the real coefficient depends strongly on the geometry
and flow conditions, making this approach dubious.

Another more recent approach [4] considers a 2D approximation
where the channels are not represented geometrically, but taken as
tubes filled out with porous media.

In this paper, the Navier–Stokes (NS) equations are solved in
the main collectors (with a turbulence model) and channels of the
plates, with a detailed 3D description and without any extra model
for the flow or geometry. The flow through the porous media (GDL)
is also solved using the Brinkman–Darcy approximation, as the for-
mulation by Ochoa-Tapia and Whitaker [5].

2. Mathematical formulation

As explained in Section 1, to specify flow and pressure distribu-
tions along the stack, including the plates, NS equations are solved,
with the needed modifications for the flow in the porous media.
In the case of a laminar flow, NS equations are fully solved and no
extra model is used. In the case of a turbulent flow, the Standard
k–epsilon model is used. Steady-state conditions are considered in
both laminar and turbulent configurations.

In the channels of the bipolar plates and the collectors, the 3D
steady version of the incompressible Navier–Stokes equations is
used, � being the kinematic viscosity, � the density and ui the i =
1, 2, 3 component of the velocity field:

Continuity:
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