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What is a Fuel Cell?

Fuel cell is an energy conversion device that converts chemical energy into
electrical energy.

@ Electrochemical reaction, no chemical reaction

e High operating efficiency

o No moving parts

o Quick refuel
Proton Exchange Membrane (PEM) Fuel Cell
e Low temperature fuel cell (30° — 100°C)

e Hydrogen is used as fuel, air (oxygen) is used as oxidizer
e Anode: Hy — 2H' + 2e~

1
e Cathode: 502 +2HT +2e~ — Hy0O
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Motivation

The water produced in the cathode of a PEM fuel cell:

May hydrate the membrane

May be passively removed (back diffusion to anode, corner flow,
evaporation, and etc.)

May fill open pores of GDL
May clog the flow channels

} are referred to as flooding

Flooding is reported to deteriorate the performance of the cell and should
be avoided.

o In this study, water removal from an ex-situ PEM fuel cell flow
channel is investigated with an active approach.
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Experimental Setup

Oscilloscope

Speaker

CCD camera and zoom lens
Pressure transducer

DAQ

Function generator
Amplifier

Lights
Test section

Light source
Oscillating chamber
Water tubing
Syringe pump
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Experimental Conditions

e Flow channel size 3 mm (W) x 2.4 mm (H)

o Air flow rate 788 ml/min (superficial velocity 1.82 m/s)

o Air Reynolds number 319.2

e Water flow rate 400, 600, and 800 pf/h (superficial velocity 9.25 x
1074, 1.38x1073, 1.82x1073 m/s)

o Water Reynolds number 2.76, 4.14, 5.52

e Frequencies applied 20 to 120 Hz with a 20-Hz interval (sine wave)

e Superimposition methods: (i) continuous, (4i) pulsating on and off
(10 s), and (4i1) on demand
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Results, Cumulative Water Area
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Results cont., Cumulative Water Area

&
o
v

E 500 &
E off E off
3 400 20/Hz o . 20Hz
O [ B Pulsating at 20 Hz < Pulsating at 20 Hz
B 3001 400 i 5% BRI B o Y H
% 200 i %ﬁ%’{ﬁ; % 200 ’ HH{ H%
£ i £ A
A il Tro i ?
§ of ""ﬁg} » § 0 .«!ﬁgg g HHE’?HH

0 100 200 300 400 500 600 0 100 200 300 400 500 600

Time [s] Time [s]
7 7
Channel wall

Gasflow an Gasflow
H \ N Gas flow A /{ \\
ey 6r__ O
GDL

(a) (b) (c)

WNE Multiscale Thermal Fluids Laboratory

8 /14




Results cont., Pressure Drop

a) 60
g ff
5540 o 40 H.
5 =20
o 80/Hz
60
g
7 40
ﬁ&zo 60 Hz, 100.H; M
o

0
0 100 200 300 400 500 6000 100 200 300 400 500 6000 100 200 300 400 500 600
Time [s] Time [s] Time [s]

fffff o 20Hz - 40Hz --—e-——- 100 Hz
30 1 30.
fa

o

30 Averaged during 600 s

10 ©
o i i 8
> ll ,ll fighth ll " | W ?ﬁ 5 2% 3 §
4 il I 5
0 it 20
£ .i Hir i ?
0 g.l \‘1‘ y 2 15 (]
RN, = g
31 0 20 40 60 80100120
Tlme [s] Frequency [Hz]

WNE Multiscale Thermal Fluids Laboratory

9/ 14



Results cont., Pressure Drop
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Results cont., on Demand
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Mehdi Mortazavi, Anthony D. Santamaria, Jingru Z. Benner, and Vedang Chauha, Enhanced Water Remowval
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Thank you!

Thank youl
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