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Abstract. In this paper, we apply streamline-diffusion and Galerkin-least-squares fi-
nite element methods for 2D steady-state two-phase model in the cathode of polymer
electrolyte fuel cell (PEFC) that contains a gas channel and a gas diffusion layer (GDL).
This two-phase PEFC model is typically modeled by a modified Navier-Stokes equa-
tion for the mass and momentum, with Darcy’s drag as an additional source term in
momentum for flows through GDL, and a discontinuous and degenerate convection-
diffusion equation for water concentration. Based on the mixed finite element method
for the modified Navier-Stokes equation and standard finite element method for wa-
ter equation, we design streamline-diffusion and Galerkin-least-squares to overcome
the dominant convection arising from the gas channel. Meanwhile, we employ Kirch-
hoff transformation to deal with the discontinuous and degenerate diffusivity in water
concentration. Numerical experiments demonstrate that our finite element methods,
together with these numerical techniques, are able to get accurate physical solutions
with fast convergence.
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1 Introduction

Owing to their high energy efficiency, low pollution, and low noise, fuel cells are widely
regarded as 21st century energy-conversion devices for mobile, stationary, and portable
power. Through tremendous progress made in the past decade, currently available fuel
cell materials appear to be adequate for near term markets with highest cost entry points.
As a result, industries are currently placing their focus on fuel cell design and engineering
for better performance, improved durability, cost reduction, and better cold-start charac-
teristics. This new focus has led to an urgent need for identification, understanding,
prediction, control, and optimization of various transport and electrochemical processes
that occur on disparate length scales in fuel cells.

A fundamental fuel cell model consists of five principles of conservation [29]: mass,
momentum, species, charge, and thermal energy. These transport equations are then cou-
pled with electrochemical processes through source terms to describe reaction kinetics
and electro-osmotic drag in the polymer electrolyte fuel cells (PEFC). Typically the fuel
cell to be modeled is schematically shown in Fig. 1 and divided into seven subregions:
the anode gas channel, anode gas diffusion layer (GDL), anode catalyst layer, ionomeric
membrane, cathode catalyst layer, cathode gas diffusion layer (GDL), and cathode gas
channel.

Figure 1: Schematic diagram of a polymer electrolyte fuel cell.

In this paper we specifically focus our interests on mass, momentum conservation
and water concentration arising in gas channel and GDL of the cathode of PEFC. High-
current-density operation of PEFCs, is prone to liquid water formation due to excessive
water generation at the cathode, resulting in two-phase transport phenomena. The trans-
port processes then become significantly more complicated due to the coupled flow of
liquid water and gaseous reactants in porous media. Moreover, the ensuing two-phase
transport of reactant and product species becomes a limiting mechanism for cell perfor-


