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Abstract: A two-dimensional isothermal model has been employed for numerical simulations
of a high temperature hydrogen fuel cell with proton exchange membrane. The model is validated
with existing experimental data and used for examination on the effects of various operating
conditions on the fuel cell performance. The present numerical results show that the cell per-
formance increases with increasing exchange current density, ion conductivity of the membrane,
inlet gas flow rate as well as operating pressure. Also, higher porosity of gas diffusion layer (GDL)
results in higher cell performance due to enhancement of the diffusion through the GDL, where the
cathode GDL porosity more influences on the performance as compared with the anode one.
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Fig. 1. A schematic diagram of the computational domain.
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Table 1. Computational parameters

T Operating temperature 180 [°C]
P Operating pressure 101325 [Pa]
€ GDL porosity 0.4
K Permeability of GDL 1.18 x 107" [m?]
Ly, Streamwise length of gas 20 [mm]
flow channel
ten Height of gas flow channel 1 [mm]
tepr GDL thickness 380 [mm]
ter CL thickness 50 [mm]
trem Membrane thickness 100 [mm]
Din-norer 9.15 x 107° [m%s]
Dip-m0,res 2.82 x 107° [m%/s]

Binary diffusion coefficient

Dor-no ref 2.2 x107° [m?s]

Dw>-0,rer 2.56 x 107° [m%/s]

(o™ Ionic conductivity of the 7 [S/m]
membrane

G, Electrical conductivity of GDL 222 [S/m]

ind Exchange current density 1 x 10° [A/m?]

io” 0.1 [A/m?]

Crrer Reference hydrogen molar ~ 40.88 [mol/m’]
concentration

Correr Reference oxygen molar 40.88 [mol/m’]
concentration

Ol Cathodic transfer coefficient 1.0
for ORR

v, Open circuit voltage 0.96 [V]
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Fig. 2. Comparison of the present numerical results with
experimental data.
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Fig. 3. Effects of cathodic exchange current density on
the cell performance.
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Fig. 4. Effects of the ionic conductivity on the cell performance.
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Fig. 5. Distributions of fuel mass fraction in the flow channel (is.= 0.1 A/m%, G =7 S/m).
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