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Abstract

Water management has been recognized as a crucial factor for achieving better performance and
stability in polymer electrolyte membrane fuel cells (PEMFCs). Proper water management should
provide favorable water conditions, including the local humidity, membrane water content, and liquid
water saturation in PEMFCs, thereby leading to more uniform electrochemical reaction and current
generation. In this study, computational fluid dynamics (CFD) simulation was conducted to investigate
the effects of the cathode relative humidity (RH) on the performance of a 3 by 3 cm’ PEMFC with
serpentine flow fields. The CFD results showed that the best performance of the PEMFC was obtained
for the cathode RH of 80%, but the performance variation was small for the cathode RH range of
60~100%. However, the loss of the PEMFC performance was significant when the cathode RH was
reduced below 40%. The reason for such performance variation was investigated through the detailed
inspection of ohmic loss, activation and concentration overpotential, and water and current distributions.
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Table 1 Geometrical parameters.

Parameters Value
Channel width 1 mm
Channel height 0.8 mm
Rib width 1 mm
Active area 3 x 3 cm’
GDL thickness 250 pm
GDL porosity 0.7

GDL permeability 1x10"* m’
PEM thickness 50 pm

Inlet

,Cell Centerline

-

Outlet

Fig. 1 The single serpentine flow field for both
anode and cathode in the present PEMFC

model
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Cathode Flow Channel
(O2, H20, N2)

Bipolar Plate

Fig. 2 The grid structure for CFD simulation in the
present PEMFC model
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Table 2 Governing equations and source terms.

Governing equations

Mathematical expressions

. 0 0 0
Mass conservation (apj) + (a[;v) + (g);u) =s,,, where s, :st(Or 302) +5ﬁ20m+s{f‘120m'
0 0 0 0 0 0
ua(pu) +U6(pu) +w a(pu) :_8717 7(u7u)+7(u7u)+7(u7u +5
ox oy 0z or ox\ ox oy \" oy 0z \" 0z b
0 0 0 7] 0 2] 0
U o(pv) +ov 2(pv) +w 2(pv) :——p+—(u—v)+—(u—v)+—(u—v)+s ,
. ox oy 0z oy ox\ ox oy \" oy 0z \" 0z Py
Momentum conservation a(pw) a(pw) o(pw) 5 o | ow o [ ow 5 | ow
T - A u—)+—(u—)+—(uf)+s ., Where
ox oy 0z 0z  ox\' ox oy \" oy 0z \" 0z b
Spy = ]ﬂ(u, Spy = ]ﬂ(v, and s,, =— ]ﬂ(w for GDL regions.
alpm;)  alpm;) alpm;) a(J,) o(J,) o(J,)
u P +o P +w P = AL LA ot +s;, where
ox oy 0z ox oy 0z '
_ 1ay) .
sy, = ?MHZACU at anode GDL/MEA interface, and
= )y hode GDL/MEA interf:
S0, = VA 0,4 at cathode G interface.

P e
SH,0,0 = S1,0,0 T 81,000 where

Species conservation
5?120,v = %}(—:y)[ (I,y)]WHZOAa, at anode GDL/MEA interface, and
1+2 ¥ )
3%204, = %1 (xay)]‘/[HZ()Am, at cathode GDL/MEA interface, and
mass,,
P ]\4H20 n;v ]LZL p;{(;fov _szoﬂl . .
SH,0,0 = SH00 T i T 7 X for fluid regions.
10} h o} h 1o} h 0 oT 1o} oT 0 oT
ox oy 0z ox ox oy oy 0z 0z
i Ah orm
Energy conservation s, =1 (z,y) [2—;— V] A, at cathode GDL/MEA interface, and

sh = 81,0, X< hy, for fluid regions.
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Table 3 Operation conditions.

Temperature

70°C

Pressure

1 bar

Cathode gas

Relative humidity

100, 80, 60, 40, 20%

O, mass fraction

0.183, 0.194, 0.205, 0.215,
0.224

H,O mass fraction

0.215, 0.168, 0.119, 0.079,
0.040

Stoichiometric flow rate

1.2 A/em®

Inlet temperature

70°C

Dew point 70, 65, 58, 50, 37°C
Anode gas

Relative humidity 100%

H> mass fraction 0.115

H,O mass fraction 0.885

Stoichiometric flow rate [2.4 A/cm’

Inlet temperature 80°C

Dew point 80°C
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Fig. 3 Effects of cathode relative humidity on cell
current-voltage performance of PEMFC

4 @A 4,5 A wWe WAL oug
o @A A ()9l p, ( p
oo o3t 4FE wEskel AR ot

B
s
IS

dfalo] AbgE nEA Aafd ArHA o &
Z710] Table 39 A o] Ut A5
71A1e] A &% 80°CE ZH&EHT}E 10°C

ol
-/

2 ol 3@ Hir B o2

=
om HHe AFLULE 12 Alem® 5=
=1

= =
Ny
=

e Ny W
= ol

- 2EE 70°C
2 S35 FUEEE 100%1 4 20%7F4 20%
o, fHEFe AFEUE 24 Alem’® 5
]

3.1 HRHA| M5l ojxiE e
T3 4T ARt wEA A48 A
A

= il
= 9SS Fig 3904 HAESA
F=7F 80%% A5 43

d - A3F
0.10
Cathode RH
008 . 100%
> —o— 80%
o —— 60%
:0.06- 40%
8 20%
.2 0.04
IS
<
(@)
0.02
(a)
0.00+—mmF———F— T
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Current density 7 (A/lcm?)
12
E J
v 1A
- |
5 10
2
= ]
T 97
=} 4
2
Q 84
o 4
(8]
2 7]
S '\"*\v\,\,\v
z
o 1 N\‘\o\._,—, (b)
5 T

00 02 04 06 08 10 12
Current density 7 (A/cm?)

Fig. 4 Effects of cathode relative humidity on (a)

average ohmic loss, and (a) average ionic

conductivity in PEM
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