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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.
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(GDL) flooding.

� Flooding results in degrading
the cell performance.
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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
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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
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� To study the effect of gas flow channels with different 
surface wettability on the cell performance

0
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Parameter Type Condition

Gas Dry Air
Laminar flow

Re << 2000

Liquid De-ionized water
Laminar flow
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Liquid De-ionized water
Laminar flow

Re << 2000

Temperature -- Room temperature

Pressure -- Atmospheric pressure
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No. Surface Condition
Coating  
Material

1 Superhydrophobic Silica/PDMS

2 Hydrophobic PTFE
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2 Hydrophobic

3
Slightly 

hydrophobic ---

4 Superhydrophilic Silica

PDMS:  Polydimethylsiloxane
PTFE:   polytetrafluoroethylene
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No.
Surface 

Condition
Coating  
Material

Combined
surface 

Silica/PDMS –
(bottom surface) 

�12���%���#��� �!��� �/

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

5 surface 
wettability 

(bottom surface) 
raw graphite 
(side walls)

68



No. Surface Condition
Contact
Angle

Sliding 
Angle

1 Superhydrophobic 155���� 2° 19 ���� 1°

2 Hydrophobic 145���� 5° 67���� 1°

3 Slightly hydrophobic 95���� 2° > 90°
Superhydrophobic
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3 Slightly hydrophobic 95���� 2° > 90°

4 Superhydrophilic 15 ���� 2° ---

5
Combined surface 

wettability --- ---

Superhydrophilic
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Description Value

Membrane: Nafion 112

Thickness 53� m

Catalyst: supported

Platinum loading

0.5mg/cm 2  (for 

both anode and 

cathode)
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Flow field  Channel Design

Platinum loading cathode)

GDL: Carbon Paper
Porosity 

Thickness(Uncompressed)
75%

230 � m

Sealant: silicon 254 � m

6&
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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
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� Each cell is tested for five times to confirm the 
repeatability of the obtained data.
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Description Value

Cell temperature (T cell )(°C)
65 

Anode Inlet temperature (T cell )(°C) 65

Cathode Inlet temperature (T cell )(°C) 65 

Anode and Cathode pressure (gauge) ( kPag)
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Anode and Cathode pressure (gauge) ( kPag) 25

Anode stoichiometry (St.) 1.2

Cathode stoichiometry (St.) 2

Relative humidity at the cathode and anode inlet (%) 100

6:
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1

2

3

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

3

4

5

65
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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
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• Slide and roll on the surface

� Combined surface wettability channel (5)
• Sticks on the side walls
• Rolls on the bottom surface



� Slightly hydrophobic channel (3)
� Sticks to the surface
� Moves in a slug form
� Long tail left behind the slug
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� Superhydrophilic channel (4)
� Quickly spreads to a thin film
� Moves faster at the corners than through the bottom
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Superyhdrophobic

Slightly Hydrophobic

Superhydrophilic
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� 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
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� Measured pressure drop across the channel
o Smallest for superhydrophobic surface (� =155±2°, � =19±1°)
o Highest for superhydrophilic surface (� =15� 2°)

� Showed better cell performance at high current densities for
superhydrophobic flow channels
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