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Abstract—When water and reactant gases keep steady-state flow in the membrane and electrode of polymer electro-
lyte membrane fuel cell, water distribution and membrane resistance in the membrane were calculated from one
dimensional diffusion model equations. Water content in the membrane increased from anode to cathode and the
difference of the water concentration gradient between anode and cathode increased at higher current density. The
thinner membrane and the higher operating temperature, the water concentration increased and the membrane resist-
ance decreased. The performance plot calculated by mathematical modeling approximately agreed with the performance
plot measured by experiments in the range of membrane resistance overpotential.
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Fig. 1. Schematic diagram of PEM fuel cell.
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Fig. 2. Flow chart for calculation.
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Table 1. The base-case input parameters and some computed variables
for a cell with membrane of 127 pm thickness

Input parameters Computed variables

J=05 A/cm? Rm=0.453
P,=3 atm a=038
Pc=3 atm X1 =0.106432
t4=0.0365 c¢m X0 = 0.106423
tc=0.0365 cm X3 = 0.224397
tmem =0.0127 cm X4 = 0.224821
Tw=70C Xt = 0.15564
Tawa= 80t XuCintet = 0.156564
TW(‘: 750C
1, =0.065 A/cm?
V= 4
vo=6

Anode Membrane Cathode
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Xws =0.106432 |

Xw2=0.106423

1 2 3 4
Fig. 3. Schematic diagram of water concentration gradient in mem-
brane.
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a  :water vapor activity
D  : diffusion coefficient [cm?%/s]
F  :Faraday constant [96484 C/mol]
I  :water molar flux produced at cathode J/2F [ mol/cm’s]
] :current density [A/cm?]
M, :equivalent weight of membrane
Nuq : electro-osmotic drag coefficient
N :molar flux [mol/cm?%]
P :pressure [atm]
R :molar gas constant
R, :membrane resistance [{lcm?]
t. :membrane thickness [cm]
T :temperature [C]
V  :cell voltage [V]
x  :mole fraction
z  :distance variable [cm]
IajolA Xt
a :ratio of net H;O flux in membrane to HyO flux product
at cathode
n  :overpotential [V]
A :water content or net local ratio H,0/SO°” in the mem-
brane
v :stoichiometric coefficient
: density [g/cm’]
: conductivity [ 'cm ']
3 X}
1  :anode plenum to anode interface
2 :anode electrode to membrane interface
3  :membrane to cathode interface
4  :cathode to cathode plenum interface
A :anode region, or component A
B  :component B

177

C  :cathode region

H  :hydrogen, H;

I :exchange current density [mA/cm?]

N :nitrogen, N,

O :oxygen, O,

mem: membrane

sat : saturation

W water
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