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Prediction of Fuel Cell Performance and Water Content in the Membrane
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Abstract : A one-dimensional numerical analysis is carried out to investigate the effects of inlet gas humidities, inlet
gas pressures, and thicknesses of membrane on the performance of a proton exchange membrane fuel cell. It is found
that the relative humidity of inlet gases at anode and cathode sides has a significant effect on the fuel cell performance.
Especially, the desirable fuel cell performance occurs at low relative humidity of the cathode side and at high humidity
of the anode side. In addition, an increase in the pressure ranging from 1 atm to 4 atm at the cathode side results in a
significant improvement in the fuel cell performance due to the convection effect by a pressure gradient toward the
anode side, and with decreasing the thickness of membrane, the fuel cell performance is enhanced reasonably.

Key words : Proton exchange membrane fuel cell( 2 241 5] & < & A X)), Electro-osmotic drag(Z 7] A A5<9h,
Back diffusion( % €4}, Pressure gradient($te] 724l

Nomenclature

: concentration of water in the membrane

(mol/em’)

: diffusion of water in the membrane (cm’/s)
: equivalent weight of the membrane (g/mol)
: open-circuit voltage (V)

: Faraday constant, 96487 (C/mol)

: mass transfer coefficient or Henry constant

(cm/s)

: current density (A/em?)
: water permeability (cm?)

: thickness of the membrane (cm)
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: pressure (atm)

: temperature (K)

: voltage (V)

: number of water molecules per sulfonate
acid groups

: water viscosity (g/cm - s)

Subscripts

: activation overvoltage

: fuel cell voltage

: concentration overvoltage
: ohmic overvoltage

: average value
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Fig. 1 Schematic of the water transport process in PEMFC
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Table 1 Values of parameters for simulation Va=E—-V,—V,_ hm
Parame.:ters Symbol Value Reference 25 Ak E5 vpAeke
Density P 2.02 g/em? 6 o] Alokal 715415 ALa el

| o13] 2 5
Equivalent weight | Z1 | 1100 g/mol 6 I Ak 394 = o

Water permeability

k, | 1.58x10 Yem?® 5

Water viscosity
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Prediction of Fuel Cell Performance and Water Content in the Membrane of a Proton Exchange Membrane Fuel Cell
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3
=
w
=3
an
=
-3

1.0

——— he=0.81
e hes(),005
——%— he=0.0028
——pp he=0.001
——t—— hc=0.0005
i he=0,00025
—@— he=0.0001
—B5—— he=0.00005
i 1e=0.00001
— - Kg - he=0.000005
T
0.8 1.0

Fig. 3 Effects of henry constant on water content

nE2 A o] grE&E MRIZ S35 49
dlole] st ahe) Anh ¥ e Aol ch 2ol A
¢ 4= 91 %o] Henry <=7} 0.001cm/s¢] 73-$-1}o)
A whe] 571 0022m o] 74 A o]
2.2 QA51913, 7 0)919] Honry B4 4
2 Z dAsHA = gk oled ol {2
B =X Aol A= Henry A5FE 0.001em/s Lo =
ARetATh o] o]F9 S AL A= Nafion
112/117¢] A QP& B2 3t A AT
Fig. 5% o12] AE2 004 Aee) =
& o) el o el Bas tehd 23lo]
th(1¥ (), (b) 183 ()= ABFH 759 &
#F YES 2T 1am o2 33irh) 19 ()= A8

720
6ol
sof
40k
<
3
3.01
2.0F ~fF—— Reference (13)
B ——y—— Present result(hc=0.005)
[ @ Present resuft(hc=0.001)
- ——&— Present result(he=0.0805)
10~ s Present result{hc=0.0001)
L TR SENUTIN OO W U SOV I I SR SR S T |
0’8.00 0.01 0.02 0.03

x{cm)

Fig. 4 Comparison of the present result with the experimental
result

Transactions of the Korean Society of Automotive Engineers, Vol. 14, No. 6, 2006 155



—— 1=0.1 A/em’
e [=0.2 Afem’
——y— 1=0.3 Alem’
——p— [=0.4 Alcm’
et 1=0.5 Alem’
—— 1=0.6 A/cm’
e 1=0.5 Adem®
—&— 1=0.8 A/em’
A 0.9 Alom’
—-—— 1.0 Alem’
Lo o b b

0. FWI TR .
?).0 0.2 0.4 0.6 0.8 1.0
x/L
(@
1.4
[ | —=— aRHI00%- CRE40%
[ |~ ARH 90% - CRH$0%
| | —w»— ARH 80%- CRH40%
12} | —>— ARH 70%- cRit40%
| |~ ARHL00%- CRUBO%
b | A& ARH 90%- CRHB0% ’ \
L | 5 ARH 80%- CRHS0%
Lo b Lo awn 0% crisen
o [
< b
=3 |
0.8
0.6
0.4
I 1 | Y L 1 i 1
0.0 0.2 0.4 0.6 0.8 1.0

x/L
{©)

FI=E
1.6
L= 50um
L4~ L= 75um
[ - L=100 pm
- — L=125 um
g L=150 pm
12+ e L=175 UI0
@ L=200 um
2
<
< 1.0

0.8~

o.6f

NSNS EUENENES BT AT EEEEE B
0'1).0 0.2 0.4 0.6 0.8 1.0
x/L

)

el A Tatm - C datm
|- e A latm - C 3.8atm

o —%—— A latm - C 3atm
0.6 [~ e A Latm - € 2.58tm
N e A latm - C Zatm
~——4@—— A latm - C L5atm
@ A latm - C latm

04
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Fig. 6 Polarization curves for the fuel cell at different humidifies of anode side
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Fig. 8 Effect of different pressures at cathode side on fuel
cell performance
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