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Influence of the inlet oxygen humidity on PEMFC performance
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Abstract @ The comparisons between measured performance of lab-scale PEMFC and calculation were
conducted to understand the detail phenomena of PEMFC for the various inlet oxygen humidity of
cathode side. Experiments were performed at 65°C operation temperature and different 1inlet
humidity conditions such as 40%, 60% and 80%. We used the MEA manufactured by oneself which
include Nafion® 112 membrane, Nafion solution 20%, and carbon paper (E-TEK). As a result of this
experiment, cell performance was getting higher by increasing inlet humidity condition at cathode
side because ion conductivity of electrolyte membrane is increased. A 3D CFD simulation model of
PEMFC was developed using commercially available CFD code that 1s one of the STAR-CD module,
es—pemfc under same operating conditions. Model calculations results were compared with
experimental ones on the polarization curves and calculation results are in good agreement with

the experimental ones. Local water distribution and current density inside PEMFC are discussed
in detail.

Nomenclature

a : net water flux per proton flux

o : membrane conductivity, Sm”

Cw : concentration of water vapor, mol m”

D, : diffusion coefficient, m* s

I : local current density, A m”

Mmdry : equivalent weight of a dry membrane,
kg mol”

ng : electro-osmotic drag coefficient

F : faraday constant, 96487 C mole-of-electrons”

tm: membrane thickness, m

subserip

a : anode
C : cathode
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Fig. 1 Schematic diagram of experimental setup
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Fig. 2 3-D geometry configuration for

simulation
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Fig. 3 ; Polarization curves(a) and Power
curves(b) as functions of cathode inlet
humidity.

2.3 T4t

B Ao = AR CFD =<1 STAR-(De] ®
T % 512l es—pemfcE FH 835l Ado] HEd
9 dsAdAo digt CFD AL 35Tt
es—pemfce CD-adapco AFollA] USC(University of
South Carolina)$} FEog2 7, Ag3}3l Al
FE2XN 3R MEH dS5H2] e AAH E
2]AQl =S TEH3tn e & e 71F

[»)

2 BRER Yot B AT AEAARA

- 36 -



Table 1 3} Zo| HL5AU}. 75 24L 4+
wZot Ad £59 dFE AAHHUG. B =7
A= anode®l FNEFE=E F 7h58taL cathode
o] As=E ¥IA

0.8 ——40%
s CFD40%
0.7 —n—60%
* CFD 60%
LN I
06¢ N u— B0%
< | \\ 9 s+ CFD80%
5 05} % .
£ S
304} | ﬁk@ .
303} N !
Q .
0.2F \{iﬁﬁla
01f Kk
0 40 80 120 160 200

Fig. 4 Polarization curves of three operating
conditions compared to calculation points.
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Table 1 Kinetic parameter, Inlet humidity
condition and membrane property

Anode Stoichiometry 0.2
Cathode Stoichiometry 7.6
Anode Charge transfer coefficient 0.52
Cathode Charge transfer coefficient 0.22
Anode Exchange current density [A/cnf) 120
Cathode Exchange current density [A/em?] 1200
Inlet temperature [C] 65
Anode dew point temperature [TC] -35
Cathode relative humidity{%]/dew point g;g
temperature[C] 80/60
ocv [v] 0.755
Cell Temperature [C] 65
Dry membrane density [g/cm’] 2
Equivalent weight of membrane [g/cm®] 1100

3. €

Table 2 Comparision of analytical result with
exper imental measured data

Relative Humidity

%] exper iment calculation
2 0.597V, 0.6V,
0.027A/ e 0.027A/ e
50 0.612V, 0.612V,
0.027A/cn’? 0.027A/cm?
& 0.622V, 0.61V,
0.027A/cn? 0.027A/cm’
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Fig. 4 Net water fiux per proton on MEA
surface ; (a) RH 40% at 0.6V ,
(b) 60% at 0.612V, (c) 80% at 0.61V.
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3.2.1 Water transfer in electrolyte
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3.2.2 Membrane conductivity
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Fig. 5 Membrane conductivity on MEA surface.
, (a) RH 40% at 0.6V , (b) 60% at 0.612v,
(c) 80% at 0.61V.
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