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Investigation of Water Droplet Behaviour on GDL Surface and in the
Air Flow Channel of a PEM Fuel Cell under Flooding Conditions
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Abstract >> Proper water management is crucial for the efficient operation of polymer electrolyte membrane (PEM)
fuel cell. Especially, for automotive applications, A novel water management that can avoid both membrane dry-out

and flooding is a very important task to achieve good performance and efficiency of PEM fuel cells. The aim
of this study is to investigate the liquid water behavior on the gas diffusion layer (GDL) surface and in the cathode
flow channel of a PEM unit fuel cell under flooding conditions. For this purpose, a transparent unit fuel cell is

devised and fabricated by modifying the conventional PEM fuel cell design. The results of water droplet behavior

under flooding conditions are mainly presented. The water distributions in the cathode flow channels with cell

operating voltage are also compared and analyzed. Through this work, it is expected that the data obtained from

this fundamental study can be effectively used to establish the basic water management strategy in terms of water

removal from the flow channels in a PEM fuel cell stack.

Key words : Water management(& #2]), Polymer electrolyte membrane fuel cell(ZZEAA3)2AE ARZA]),
Flooding(&2]9), GDL(7} &41%), Flow channel(-3-2), Operating voltage(Z-s A
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Hydrogen

Optical Window

Fig. 1 The transparent unit PEM fuel cell adopted for direct
visualization experiment
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Fig. 2 Schematics of the experimental apparatus for the
visualization of air flow channel used for the current study
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Table 1 Detailed experimental conditions used for current
study

Case Base Modified
Cell temperature
o 40 40
(0
Air flow rate 0.75 075
(LPM) T s
(m’/s) (1.25x107) (1.25x107)
H, flow rate 0.16 0.16
(LPM) 6 6
(m’/s) (2.67x107) (2.67x10™)
Relative humidity Lo Lo
(RH) (%) Fully humidified | Fully humidified
Operating cell
voltage (V) 04 06
Average current (A) 223 15.4
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stk 371 2 e 1§ 5% 24
ZFA(MFC, mass flow controller)o]] 23l AJof, <1
Az Fa= 3k

7Y 2k S5, G A 55 99 A
o] &r Z0] AlF W4EL Labview' " 7]5He] o]
El A2 AlAEo]| ofste] 242y AAE Il At 24
off AR&-ETE

213

N

3 Mg

o

IR AY AR AF S AES
stof 71iE 27l(base case)= gkl 1 27049
71T F= AdellA o] & BEE THAISeT &
Aol AE AU Fa e HeE AAst

A AYL 1L AR "k dtolA 37 &Y

= 27(04V)1} 0.6Vl gt 71A|S)H
Pt A ArAxe] g 24
P A 228 Table 10] Aejsto] Uehfgich

AP AR ﬂEXVH = wE 7 A

i/

o

;&r

& 56(3}5 =, 7%, f5)0lA o

7
AAE 7HB]= HMOCY) AefollA 27 Al

FHL F715 F=2 QoM =8 5 54 1FE 479

ZHOF 30-40%) QPRSI EE AFA 71T,

- Bap2 B8] ARE &% Agos §x1417]
o] o, Uit AR U ghe shefeka 4
AF Aol ESSHE=AE W3] BHleh.

- B8] 2t Al AeetE ol gste] 27
I 42 A Rholq BAE Fujic

- RAEE el A gl BEEUS 1)

ﬂl

ol

r

we o BN

a3l oS A 1 se
Aoz deh 2A0E WAste] A=A ol

= Mo o e

go do pot Ly

= wEE 27|71

oo

4

3.1 H=HX| R2 iHE el EUE oIS

m

B AT A=A JE o7 AN f=
A E 0% BHS A AISte] A7t o
e} ojul X2 SEAS A Fig 3o] UiEhiglch 13
ARAsAY ARAA A ) B D715 w3

oJste] 3715 & Fuks FAUNA HEE, &
2AH9] Aol Ak HAAW $4 Zoi o
FHE B 31T kA BUF ZOR o)FHT

7bs Bk o] EtAsHAl £ 35 A
A Hek 283l F5(pore)S A olFolls =74
°F KR AE HOoR 52 o]FHTE £ ATA
< olef Zol f= A= yehd & HdS 53l
A% 7HA skt Aol

Fig. 304 H52o] 3715 2 W 2852 7k~
ik AT 3= FERE st =2 We

238 A5Z 20129 109



480 bl

o
e

t=500s

t=430s

Zoomed image

Fig. 3 Picture images of dynamics of water droplets in the cathode flow channels of transparent unit fuel cell at base condition
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Cathode/Cell/Anode(°C) = 40/40/40, A/C(LPM) = 0.16 / 0.75, Operating Voltage = 0.4 V
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Fig. 4 Picture images of liquid water distribution in the cathode flow channels at the operating cell voltage of 0.4V
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Cathode/Cell/Anode(°C) = 40/40/40, A/C(LPM) = 0.16 / 0.75, Operating Voltage = 0.6 V
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t =200s

Fig. 5 Picture images of liquid water distribution in the cathode flow channels at the operating cell voltage of 0.6V
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