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Modeling and parametric studies
of PEM fuel cell performance
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ABSTRACT

In the present study, a mathematical model has been formulated for the performance of polymer
electrolyte fuel cells. Modify the concentration polarization equation using concentration coefficient that
represents the characteristics of bipolar plate reactant distribution. The model predictions have been
compared with experimental results and good agreement has been demonstrated for the cell polarization
curves. The effects of operating parameters on the performance of fuel cells have been studied. Increases
of operation pressure reduce the effect of temperature on the performance.

KEY WORDS : Fuel Cells(¥dE % A]), polarization(F =), exchange current density(l &7 F 4 %),
limiting current density(3HA] 7 H %), concentration coefficient (& %=X A Al )

T : Temperature, K
Nomenclature T. : Temperature, C
E : Ideal Cell Potential, V
R : Resistance, &
I : Current Density, A/em”
D

. Diffusivity

P  : Pressure, kPa
Psar : Saturation Pressure, kPa
F : Faraday’s Constant, 96,487C/molpressure

. 2
R, : Universal Gas Constant, 8.314J/mol/K Ac : Catalyst Specific Area, om /mg
L¢ : Catalyst Loading, mg/cm

Ec : Activation Energy, 66kJ/mol
T Corresponding author : ywnoh@hyundai-motor.com V! Potential ,V
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Km : Conductivity of nafion, S/m

d : Concentration Coefficient
n : Number of Electron per Molecule of
Hydrogen, 2

A . Water content, mole H,O/equivalent SO;™
o : Relative Humidity
a : Transfer Coefficient
a : Water Activity

t : Thickness, m

& : Diffusion Distance, m

¢ : Porosity

Subscripts

H, : Hydrogen

0, : Oxygen

H,O : Water

ref : Reference Condition(298.15K, 101.25kPa)
m : Membrane
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Table 1. Basic Parameters in the Model

Reference exchange current density at 25C, B
101.25kPa(A/cm” Pt)

Catalyst Specific Area(cm’/mg) 000
Transfer Coefficient 0.4
Activation energy for oxygen reduction 6
(kJ/mob)

Thick of membrane(m) 1.8E-5
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