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Abstract

Numerical analysis was carried out to investigate the effect of GDL (Gas diffusion layer) porosity on the
performance of PEMFC (proton exchange membrane fuel cell). A complete three-dimensional model was
chosen for single straight channel geometry including cooling channel. Main emphasis is placed on the heat
and mass transfer through the GDL with different porosity. The present numerical results show that at high
current densities, the cell voltage is influenced by the GDL porosity while the cell performance is nearly the
same at low current densities. At high current densities, low value of GDL porosity results in decrease of the
fuel cell performance since the diffusion of reactant gas through GDL becomes slow with decreasing porosity.
On the other hand, for high GDL porosity, the effective thermal conductivity becomes low and the heat
generated in the cell is not removed rapidly. This causes the temperature of fuel cell to increase and gives rise
to dehydration of the membrane, and ultimately increase of the ohmic loss.
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Table 1 Source terms for governing equations
Governing equation Non-zero volumetric source terms
Location
Conservation of mass sC=s) +(SY ) +( 57 ) +( s! ) Anode CL
H wv J, wy p w P
¢ _ Y Y Y Y th
s° =5, +(swv)e +(swv)p +(s,w)p Cathode CL
Hydrogen transport sho= _J M, A Anode
2 2F 2 cv
CL
Water vapor transport ( 57 ) =« J M, A Anode CL
wy e F 2 cv
(s0) = Jvad\m, 4 Cathode CL
w J, 2F F L0 v
mass
nof v
(sY ) HZOn;v M, | p2-p,, p Entire domain
wy » [1_1)5:3j pv
pV
Liquid water transport ( st ) = _( s V) Entire domain
P e
Oxygen transport sy = ) M, A Cathode CL
: 4F "
Energy equation sh=h 1 oA |-V Cathode CL
e orm 2F cv cell ““cv

= . Entire domain
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Table 2 Computational parameters

Gas channel length (mm) 100
Gas channel width (mm) 0.8
Gas channel height (mm) 1.0
Membrane thickness (mm) 0.05
GDL thickness (mm) 0.28
Electrode width (mm) 1.6
Coolant channel width (mm)

0.8
Coolant channel height (mm)

0.8
GDL permeability (m?) le '

Anode pressure (atm)
Cathode pressure (atm)

Stoichiometric rate at anode 1.5
Stoichiometric rate at cathode

2.0
Anode inlet temperature (°C)

65
Cathode inlet temperature (°C) 65
Coolant inlet temperature (°C) 62
Relative humidity at anode (%) 80
Relative humidity at cathode (%) 80

Exchange current density for HOR (Am™)

2000
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