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Abstract — In this study, the effect of properties of gas diffusion layer (GDL) on the performance of polymer electro-
lyte membrane fuel cell (PEMFC) was investigated using the numerical simulation. The multi-phase mixture (M?)
model was used to calculate liquid water saturation and oxygen concentration in GDL. GDL properties, which were con-
tact angle, porosity, gas permeability and thickness, were changed to investigate the effect of GDL properties on the per-
formance of PEMFC. The results demonstrated that performance of PEMFC was increased with increasing contact angle
and porosity of GDL, but decreased with increasing thickness of GDL. The liquid water saturation was decreased but
oxygen concentration was increased at the GDL-catalyst layer interface, because the mass transfer resistance decreased
as the porosity and contact angle increased. On the other hands, as the thickness of GDL increased, pathway for liquid
water and oxygen gas became longer, and then mass transfer resistance increased. For this reason, performance of

PEMFC decreased with increasing thickness of GDL.
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Fig. 1. Schematic diagram of the cathode GDL.
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Table 1. The properties of GDLs

Contact Angle Thickness Permeability Porosity Pore size
©) (m) (m?) (m)
138.5 280 % 107 03427 x10°  0.84 13x107°
Table 2. Physical properties and parameters
Symbol Property Unit Value
R Gas constant J/mol-K 8.314
F Faraday constant C /mol 96487
My, Water molecular weight kg / mol 0.18
M,,  Oxygen molecular weight kg / mol 0.032
0, Liquid water density kg/m?3 983.2
Pe Gas oxygen density kg/m?3 1.0382
Ly Liquid water viscosity Pa-s 472x107*
Mg Gas oxygen viscosity Pa's 203 x 1070
D;Z Gas oxygen diffusivity m?/s 1.805 x 107
T Temperature K 343
P Pressure Pa 1.013 x 10°
ng,, Inlet oxygen mass fraction - 0.21
u,,  Inlet velocity m/s 1
Voe  Open circuit voltage \Y% 1.1
L Channel length m 0.05
H,  Gas channel thickness m 0.001
I Current density A/m? 12000
L, /Cfm Constant in Tafel equation A/m? 3125
H,,  Membrane thickness m 2.5%x 107
6,  lonconductivity of membrane - 4
o Net water transport coefficient - 0.5
o,  Cathode transfer coefficient - 1
c Surface tension N/m 0.0625
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Fig. 2. Effect of porosity and contact angle of the GDL; (a) on the
water saturation in GDL, (b) on the oxygen concentration
in GDL.
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Fig. 3. Effect of thickness and contact angle of the GDL; (a) on the
water saturation in GDL, (b) on the oxygen concentration in
GDL.
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a  :cross section area[m?]
: species mass fraction
dp : pore diameter[m]
D : diffusivity[m? s7']
F  : Faraday constant[96493 C mol™']
: gravitational acceleration[cm s~
: convective mass transfer coefficient[cm s™']
H, : height of GDL and channel[m]
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H, : gas channel height[m]
H,, : membrane thickness[m]
I : current density[A m™']

L; :exchange current density[A m~]

J(s) : Leverett function

k. :Kozeny-Carman constant[m?]

k. :relative permeability

K : gas permeability[m~]

L : channel length[m]

M : interfacial mass transfer rate[kg m2s™']
M  : molecular weight[kg mol™']

p  : pressure[pa]

R : gas constant[8.314 J mol™' K]

s : liquid water saturation

t o timefs]

T :temperature[K]

u : velocity vector[m s7']

u  : the x-direction velocity component[m s']
V  : cathode potential[ V]

Ve : open circuit potential[V]

J2[o|A =X}

o : net water transport coefficient per proton
: cathode transfer coefficient
€ : Porosity

n  :over potential[V]

: ohmic losses[V]

A :individual mobility

w  : viscosity[pa-s]

v : kinetic viscosity[m? s7!]
6. : contact angle[o]

p : density[kg m™]

o : surface tension[N m~]

c

: ion conductivity of the membrane

m

IRt

eff : effective property
H,O : water

O, :oxygen

O=HEXL

g : gas phase

in :inlet

k  :phase k

ref : reference value

v :vapor
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