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Abstract In this study the performance and humidity variation for 2 unit cells connected in series were experimentally
measured. The relative flow direction of hydrogen and air was changed from parallel flow to counter flow. Internal
humidity distribution was then measured by 5 embedded sensors on each channel. In all experimental conditions, the
former unit cell showed a better performance and the gap is noted to be higher when counter flow is applied. The
performance was noted to be higher at high humidification case in the parallel flow. However, in the counter flow,
the difference of performance according to the humidification is negligible. Hydrogen and air are discharged from
the PEMFC unsaturated with water vapor at parallel flow/low humidification condition, which explains lower performance
of the PEMFC than other conditions. The humidities in hydrogen and air streams of counter flow were noted to increase
rapidly even at low humidification condition and the consequential even hydration of membrane is the reason of higher
performance.
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Fig. 1 Flow-field design employed in the experiment. Humidity sensors are located at five points on a flow.
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Fig. 2 Cross-section of the installed sensor from (a) side Fig. 3 Connection of dual PEMFC unit cells and the fuel
view and (b) frontal view. supply direction of (a) parallel flow and (b) counter

flow.
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Fig. 4 Polarization curves of each unit PEMFC according Fig. 5 Total power density curves of dual PEMFC accor-
to the direction of the gas supply and external ding to the direction of the gas supply and external
humidification. humidification.

= N . = = = Y =]
Fiol M= AZtGRANA Cle] st S0l etk ARe 7k Rakel Frtel mebA
=) o 2 = =] [e]
] ks A Al el AFAEL 03 Mem oLl 031d Soaks ae nal

ofj
e
=
i
L
off
i
il
N
)
of
I
P
X
ot
e
%
N
2
__oé
mlo
)5
2
_l
1_4

wEel Ao pehHt) 9 Nskge] Aot olu] FEE 70T o)A Lejd @ae] LhEh %E— 2
omx Arje] 7hsslh,

Fig. 5% 2 Z70] tste] 13 C29] F /Aol 9] Aol A ol 4= A uw s thehirk. 8 Fol 4 Fig
49} SAFA 1 : ECERE

A7
Fx2719 o] PFEATh vt ﬂ%‘%‘%ﬂﬁ 7}*4 M e
T s A Aot flon G awhszd
Fig. 49} Fig. 52| A59] W23 E #5394 72 =4 oﬂ/q,] ./;5\_5,5,} %7
5% A% SAT S5 dlolHE vgo® ARzl 3tk Fig 6 FaFoA 54
el A o] Mo e oA AFgtie 718 555 7IEoRm FoHY, 37 3
ko 2 6%@. ThE fﬁﬁoﬂx = 379 By makgi sav, fgRels 2-5=
el 12 wlEE s 555 7k el 3 WA A A4S T = 50T} Thmn— 70C el
B uf$- e 2 gEhdt) vtk 3759 shgo] 288 70T ZAA TRE 3 AR AlA ALe] 9
AN A o] FaFoR F4E 2SI 5 vk ALe wpet an $aFe] st dAk Srkshed
FaFelA s £ Tl dojutA] ‘”ODE Z7M B BT 375020 E FhlkEo] ol o= Blo
B 5 vk ks s ofv] 3 A GejdA o] Skl A FAFe] FTF 100%= ESFE A I
2~

N

[}

ol Al AxT FaE FY FA 7HEE7] A ARG Eﬁﬁo‘ﬁ’ M= 2 71717k HalFeh vlaiste] w9
vk Ao g vepdtt dajde vitje] 7|59 £ st ankE A ’E AL onjsty o= <lgk ¥V
Teho] Y Aot 7‘421]7‘401 F3t= 7 HEAE EHH] F2 Ao Aol 95 & Sl o9 ol
F3Pdeol ol& Fae AEY FRH(I-DAA A e Hed ole AR 29 sR7F W
F71=r9] e Wil A7) AHEE 2 elelctro-osmosis)ol| 2]5Fe] Aol A F7|F o2 Hojrles Bl Yol
Bo1Fe2Ee st Wl fiold,

Fig 72 715 Aldel 98 ANoIA] S48 2518 vehl o]t WAEEAGA L BATS 0jFT
2 19 Gk A TaheE Uik, 229 A A4 2504 B wagER s
HI3l ti&FR-o] F57F 80%RHE 7HAaw =], o= s dute] o] wjg- 1z 517]’ THEY FAaT
o g B9l shiro] Aelhe tg o] SAoIt) A7 EAdAE PEMEC] 5918 & o) wiow

A% F=o T7PF vehdth 3 FET Rl 5=

oo nny FRE GH oFd oE FhT A

Z7} &%t o] waEn o= rﬂffok oA F7]=<]
Jo] GaZo o] 3 Arrl oFsly] wEo))

ol

146 (© SAREK



fd
e
R
2
Y
re
il
=
N
=}
ful
[
)
>
[>
o
1o
4>
B~
41
lolv
ulil
ok
oL
2
=
i
)4
k1
M
33
SE,
oX,
olf
E
tot,

Cell 1 Cell 2 Cell 1 Cell 2
100 4 100 4 Wernees P L R

_ —_ e ~

S S

> 801 > 80

:-§ K :-§ Counter flow direction

E w0 Y € w0

£ H £

g S Parallel flow direction c|>)

% 40 4 3 % 40 4 j=0.6 A/cm2

E j=0.6A/cm? L g / —0— Counter/T,,,=50C

20 —O— Counter/T,,,=501C \\ : 20 4 Parallel flow direction A Coume'/Tnum—mC
...gp++ Counter /T, =70 —— Parallel/ T, =50C
—e— Paralel I T, 500 <oy Parallel /T, =70C
«eoyp.. Parallel /T, =70C
0 ¢ . . . : . . . . 0 . . . . . . . . . .
141 12 13 1-4 15 241 22 23 244 25 11 12 13 1-4 15 241 22 23 24 25
Sensor number Sensor number
Fig. 6 Variation of relative humidity at the anode through Fig. 7 Variation of relative humidity at the cathode through
the channel of dual PEMFCs. the channel of dual PEMFCs.
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