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Abstract : GDL(Gas Diffusion Layer) is one of the main components of PEM fuel cell. It
transports reactants from the channel to the catalyst and removes reaction products from the
catalyst to the channels in the flow filed plate. It is known that higher permeability of GDL
can make it possible to enhance the gas transport through GDL, leading to better performance.
And MEA's temperature is determined by gas and heat transport. In this paper, three dimen-
sional numerical simulation of PEM fuel cell of parallel channel and serpentine channel by the
permeability of GDL is presented to analysis heat and mass transfer characteristics using a
FLUENT modified to include the electrochemical behavior. Results show that in the case of
parallel channel, performance variation with change of permeability of GDL was not so much
This is thought because mass transfer is carried out by diffusion mechanism in parallel channel.
Also, in the case of serpentine channel, higher GDL permeability resulted in better performance
of PEM fuel cell because of convection flow though GDL. And mass transfer process is
changed from convection to diffusion when the permeability becomes low.
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Table. 1 source terms
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Table. 2 Physical parameters

Description Value Description
Channel width (nmm) 1 Anode stoichiometric number
Channel height (mm) 1 Cathode stoichiometric number
GDL thickness (mm) 0.254 Density of dry membrane (kg/n?*)
Catalyst layer thickness (mm) 0.03 Equivalent weight of a dry membrane (kg/mol)
Anode Inlet temperature (°C) 70 Anode Operating pressure (atm)
Cathode Inlet temperature(°C) 70 Cathode Operating pressure (atm)
Cell Operating temperature (°C) 70 Operating Voltage (V)

Permiability : 1E=10m®

g v e e

Permiabitity : 1E=8 m’ Permiability : 1E=9 m’

POt bt T 0t T it bt P 0T Tl TEd T fmdfili
Average Current Density : 6198.43.4/m? Average Current Density : 6141.51.4/m?* Average Current Density : 6130.52
Permiabllity : 1E-11 m* Permiabllity : 1E-12m’

v e o o o o o e S e e e e e oo Cutent Density
(a/m®)

rrrrr Wt ottt Wt rr e

Average Current Density : 6129.574/m®>  Average Current Density : 6129.56.4/m?

Fig. 2. Local current density contours according to permeability in MEA of parallel channel.
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Fig. 3. Temperature and ion conductivity profiles in the plane cutting across the middle of the fuel cell o
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Fig. 5. Distributions of oxygen mass fractions in the cathode side at the middle length cross-section of
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Fig. 8. Distributions of temperature and velocity vector in the cathode side at the middle length cross-se
channel.
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Fig. 10. Distributions of oxygen mass fractions in the cathode side at the middle length cross-sec
channel.
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Nomenclature

English letters

Ag Specific surface area of the control volume [m™']
D, Diffusion coefficient of water [m?/s]

F Faraday constant [C/mol]

1 Local current density [A/m?]

M, Equivalent weight of a dry membrane [kg/mol]
n number of electrons in electrochemical reaction
ny Electro-osmotic drag coefficient

P Pressure [pa]

T Temperature [K]

7 Velocity vector [m/s]

2 activity of water

P vapor pressure of water

t, vapor pressure of water

iy exchange current density [A/m?]
Greek letters

a Net water flux per proton flux

£ Porosity

A water content in the membrane

7 Dynamic viscosity [kg-s/m?]

P Density of the mixture [kg/m’]
Pnary  Density of a dry membrane [kg/m®]
o Ion conductivity [S/m]

27 Transfer coefficient

Superscripts and subscripts

a anode

¢ cathode

aw water of anode
cw water of cathode
w water

0, oxygen

H, hydrogen
H,0
k species

water

1
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