9. COUPLED MULTI-PHYSICS PROBLEMS 1

Cathodic Current Density Distribution Modeling in Proton E xchange Membrane Fuel
Cells

Federico Mord, Ruben SpecogriaAndrea Stells, and Francesco Trevisan
* Dip. di Ingegneria Elettrica, Gestionale e Meccanica, lgrsita di Udine, Via delle Scienze 208, 1-33100
Udine, Italy
t Dip. di Ingegneria Elettrica, Universita di Padova, Via Geaigo 6/A, 1-35131 Padova, ltaly
e-mail: trevisan@uniud.it

Abstract— A numerical model of the cathode of a Proton Ex- y
change Membrane Fuel Cell (PEMFC) is presented. The model,
based on the Discrete Geometric Approach (DGA), couples the —
discrete formulation of steady-state current conduction poblem

in a non-isotropic media with non-linear boundary conditions
representing the charge transfer rate at catalyst layers. Gnstant
voltage or constant current operation modes are analyzed imr-

der to assess the cell performance with different load contbns. ace adl acl | pem | cel cdl cee
. < 10,
tank 2H, 4H | air
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[. INTRODUCTION 21,0 |
During the last decade the idea of a sustainable develop-

ment based on eco-compatible technologies has taken mori

and more relevance, with particular attention to the energy %0 O | O | Om |0 | Ot
production by clean, efficient and low impact processesh suc X
as the chemical processes within the fuel cells [1], [2].SEhe

devices produce electric power from oxidation of hydrogen o Fig. 1: Sandwiched structure of a PEMFC.

other fuels, which are continuously supplied. Fuel cells ar
an important technology for a wide variety of applications
including auxiliary power, transportation power and stasiry The aim of this paper is to develop a numerical simulation
power for buildings and other distributed generation aggpli model of the electronic conduction inside the cathodic cdl
tions. Among different types of cells, proton exchange memaitached to a segmented graphite current collector. Tltriele
brane fuel cells (PEMFCs) are considered to be most suitaBlelar potential distribution is simulated by solving a nhon
for transportation and portable applications due to thaiv | linear, anisotropic conduction problem, where field equrei
operating temperature, high energy density and efficielmcy. are expressed directly in algebraic form by means of the
this context mathematical models are useful for interpgeti Discrete Geometric Approach (DGA) [6] [8] [7]. The current
experimental data and designing optimized configuratiéns. density distribution can be easily computed from potential
higher average current density for a given cell voltage awtistribution in order to estimate its degree of uniformity
more uniform density on the section area are the currergéssuhrough the entire active area of the electrodes [4]. As alties
Proton exchange membranes consist of a Membrane Eléds possible to increase the current density for a giverkingy
trode Assembly (MEA), sandwiched between anode (ace$ll potential.
and cathode (ccc) current collectors, Fig. 1. The MEA can
be divided into five layers compounded together: catalyst
layers (ccl, acl) are dispersed on both sides of the polymeri
membrane (pem), which is interleaved between gas diffusionWe propose a 2D discrete geometric model of the cathodic
layers (adl, cdl). Chemical reactions take place at catalyggion, where the electronic conduction occurs. Due to the
layers, where three-different phases coexist (TPB, tpblase periodic symmetry of the model only a part of the electrode
boundary). The reactants flows through GDLs from flowtructure is considered. We denote with= D¢ pr,UD,UD,
channels to the catalyst layers. Oxygen is typically takemf the domain of interest, consisting of a GDL regibg;p;, and
the atmospheric air and hydrogen is stored in high-pressanmge half of two adjacent graphite current collectors pldigs
vessels or in metal hydride cartridges. Electric chargevio D, separated by an insulating regi@» (Fig. 2). The upper
different paths: electrons are drawn from the TPB by the anogart of the boundary oD« region is in tight contact with
diffusion layer and flow to the external circuit through @nt the catalyst layer, where electric charges are consumedtbdue
collectors, while protons flow through the PEM. Electronthe oxygen reduction reaction. The catalyst layer is asdume
and protons are consumed in the oxygen reduction reactionbe a zero-thickness region since its dimension is tylyical
producing water. negligible if compared to that of the other layers of the MEA.
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Fig. 2. Therefore, the potential has to be computed on the

Catalyst layer entire boundary oD exceptl,, I.
e e L
I1l. NUMERICAL RESULTS
Degpr . o -
We analyzed the current density distribution within the
cathode of a PEMFC by considering only a part of the entire
D. E domain due to periodic symmetry conditions Fig. 2). The
D i D : . . )
a y b 4 non-linear system (2) is solved resorting to Newton-Raphso
2 method. As a boundary condition, we implemented the so-
lq * Iy called constant voltage operation of the fuel cell, where th
5 mm 2 rm 5 mm potential of the primal nodes oh, [, is imposed toV;, =

=0.695 V. In the full paper, we will also show the so-called
stant current operation, where the total current angssi
dual faces along, and [, is imposed, and consequently
potentialsV;, andV;, have to be determined. Fig. 3 shows
) ) ~the current density distribution within the cathodic GDLdan
According to the DGA the computational domaifl is e segmented current collector. These results are in a good

discretized into a pair of interlocked cell complexes, onald agreement with those presented in [4], obtained by means of
of the other. In the case of a 2D field problem, i.e. curreifsinite difference method.

density and electric field are assumed to be paralletyo
plane; the primal cell complex consists of nodgsedgese, x 10"
and facesf!. The dual cell complex, consisting of dual faces T '
f2, dual edges and dual nodes, is obtained according to 6
barycentric subdivision from the primal cell complex [78].[

The behavior of the cathode catalyst layer is simulated by 5r
introducing appropriate non-linear Neumann boundary con-
ditions, which account for the electric charge transfeerat 7
The electron current;; flowing across the dual facg,, in = 5l
Fig. 2 (in one-to-one correspondence with a primal nogda
the catalyst layer) is modeled according to the Butler-\éaim 27
equation [3], [4]

Fig. 2: Two-dimensional model of a segmented electrode %%n
the cathode (the picture is not scaled proportionally).
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where E° is the standard electrode potential, is the Tafel 6

slope, Jy is the apparent exchange current density afid|

is the area of the dual facg,,. Such a steady state current Fig. 3:

conduction problem is formulated according to the DGA [9]

by forming a charge balance on dual cells, as

! ! ! !
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Current density distribution in the cathode.
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