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Excess water at the cathode
side results in gas channels
blockage.

Channel blockage results In
cathode gas diffusion layer
(GDL) flooding.

Flooding results in degrading
the cell performance.

Channel
side wall
Catalyst

layer
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Pumping more air in the channel reduce the water
blockage high Dp  high parasitic losses

Modifying the surface wettability of the gas flow channels
will have a crucial effect on pressure loss Dp in the channel
and cell performance

Modifying the gas flow channels surface wettability by
Polytetrafluoroethylene (PTFE) has been commonly used
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To investigate the effect of different surface wettability
conditions, ranging from superhydrophobic to
superhydrophilic, on

- Two phase flow inside the flow channel

- Pressure drop through the flow channel

To study the effect of gas flow channels with different
surface wettablility on the cell performance
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Parameter Type Condition

_ Laminar flow
Dry Air Re << 2000

. . Laminar flow
Liquid De-ionized water Re << 2000

Temperature Room temperature

Pressure Atmospheric pressure

Fuel Cell Seminar and Exposition Waterloo
Oct. 31, 2011 — Nov. 3, 2011 %




12 % #

Coating

Surface Condition Material

Superhydrophobic Silica/PDMS

Hydrophobic PTFE

Slightly
hydrophobic

Superhydrophilic

PDMS: Polydimethylsiloxane
PTFE: polytetrafluoroethylene
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Surface Coating

Condition Material
Silica/PDMS —
(bottom surface)
raw graphite
(side walls)

Combined
surface
wettability
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Contact | Sliding

Surface Condition Angle Angle

Superhydrophobic 155 2° |19 1°

Hydrophobic 145 5° 67 1°

. _ h hobi
Slightly hydrophobic 95 2° > 90° Superhydrophobic

Superhydrophilic 15 2°

Combined surface
wettability

Superhydrophilic
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Description

Membrane: Nafion 112

Thickness 53 m

Catalyst: supported 0.5mg/cm 2 (for

both anode and
Platinum loading cathode)
GDL: Carbon Paper

Porosity 13%
Thickness(Uncompressed) 230 m

Sealant: silicon 254 m

Flow field Channel Design

niversity of
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N, N,-tank 0, -tank

Pressure Valve

One-way valve

N Humidifier
k1

Heating tape

—_—

Temperature
controller I:j_

Electronic Load ; A 0, Out

Data
collector

Simplified schematic diagram of FCATS-S800 system
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Three different single cells are tested, each cell with
different cathode gas flow channels surface wettability:

Superhydrophobic
Slightly hydrophobic
Superhydrophilic

Each cell is tested for five times to confirm the
repeatability of the obtained data.
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Description

Cell temperature (T ,)(T)

Anode Inlet temperature (T ;)(T)

Cathode Inlet temperature (T .;)(T)

Anode and Cathode pressure (gauge) ( kPag)

Anode stoichiometry (St.)

Cathode stoichiometry (St.)

Relative humidity at the cathode and anode inlet (%)
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Superhydrophobic channel (1)

- Uniform spherical shape

« Rolls on the surface

Hydrophobic channel (2)
- Distorted spherical shape
- Slide and roll on the surface

Combined surface wettability channel (5)
« Sticks on the side walls
« Rolls on the bottom surface
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Slightly hydrophobic channel (3)
Sticks to the surface
Moves in a slug form
Long tail left behind the slug

<— side wall surface

" Air < bottom surface

Pe  side wall surface

Superhydrophilic channel (4)
Quickly spreads to a thin film
Moves faster at the corners than through the bottom

Fuel Cell Seminar and Exposition WATSHE0
Oct. 31, 2011 — Nov. 3, 2011 %




Water Superficial Velocity = 0.015m/s Water Superficial Velocity = 1.028m/s
1.50 —1—— 180 0——F——F——F—

o

~

3
|

’-\U)
L]
(ol
X
N
()
—
2
()]
()]
)
| .
o

T T T T T T T 0.00 I
2 4 6 8 10 2 4 6 8 10

Air Superficial Velocity (m/s) Air Superficial Velocity (m/s)

University of

Fuel Cell Seminar and Exposition Waterloo
Oct. 31, 2011 — Nov. 3, 2011 %




W# N

Superhydrophilic

Slightly Hydrophobic

T
=
o

SP(KPa) =

Superyhdrophobic

g
=
oh

JL{imis)

Universit

Fuel Cell Seminar and Exposition Waterloo
Oct. 31, 2011 — Nov. 3, 2011 %




H# + )" ) %"

Fuel Cell Seminar and Exposition WATSHE0
Oct. 31, 2011 — Nov. 3, 2011 %




W #E +)" ) Yot "

Fuel Cell Seminar and Exposition
Oct. 31, 2011 — Nov. 3, 2011




Fuel Cell Seminar and Exposition
Oct. 31, 2011 — Nov. 3, 2011




%%# +

Investigated two phase flow dynamics and characteristics, including
pressure drop across the channel

o Droplet formation on hydrophobic and superhydrophobic surfaces
o Thin water film formed on hydrophilic surfaces
o Water slugs formed on slightly hydrophobic surfaces

Measured pressure drop across the channel
o Smallest for superhydrophobic surface ( =155£2° =19+19
o Highest for superhydrophilic surface ( =15 2°)

Showed Dbetter cell performance at high current densities for
superhydrophobic flow channels

Fuel Cell Seminar and Exposition
Oct. 31, 2011 — Nov. 3, 2011




1%

The Optikon Corporation Ltd for providing us their high
speed camera system and associated expertise for the
two-phase flow imaging reported in this study

Financial support of the work by

The Natural Sciences and Engineering Research
Council of Canada (NSERC)

AUTO21 Network of the Centres of Excellence of
Canada (AUTO21)

Ballard Power Systems

Fuel Cell Seminar and Exposition
Oct. 31, 2011 — Nov. 3, 2011




[1] J. L. Yuan and B. Sunden, "Numerical analysis of heat transfer and gas flow in PEM fuel cell ducts by a
generalized extended Darcy model," International Journal of Green Energy, vol. 1, pp. 47-63, Feb 2004.

[2] H. Olgun, et al., "Simulation study of a PEM fuel cell system with steam reforming," International Journal of
Green Energy, vol. 1, pp. 313-325, Aug 2004.

[3] X. Li, et al., "A flow channel design procedure for PEM fuel cells with effective water removal," Journal of
Power Sources, vol. 163, pp. 933-942, Jan 1 2007.

[4] M. M. Mench, et al., "Impact of channel wall hydrophobicity on through-plane water distribution and flooding
behavior in a polymer electrolyte fuel cell," Electrochimica Acta, vol. 55, pp. 2734-2745, Mar 1 2010.

[5] W. Zhu, et al., "MicroCT X-ray imaging of water movement in a PEM fuel cell," Proton Exchange Membrane
Fuel Cells 8, Pts 1 and 2, vol. 16, pp. 995-1000, 2008.

[6] A. Bazylak, et al., "Liquid water transport between graphite paper and a solid surface," Journal of Power
Sources, vol. 185, pp. 1147-1153, Dec 1 2008.

Fuel Cell Seminar and Exposition
Oct. 31, 2011 — Nov. 3, 2011




Fuel Cell Seminar and Exposition
Oct. 31, 2011 — Nov. 3, 2011




