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Abstract : To investigate the characteristics of water droplet on the gas diffusion layer from both top-view and
side-view of the flow channel, a rig test apparatus was designed and fabricated with prism attached plate. This
experimental device is used to simulate the growth of single liquid water droplet and its transport process with various
air flow velocity and channel height. The contact angle hysteresis and height of water droplet are measured and
analyzed. It is found that droplet tends towards to be instable by decreasing channel height, increasing flow velocity or
making GDL more hydrophobic. Also, the simplified force balance model matches with experimental data only in a
restricted range of operating conditions and shows discrepancy as the air flow velocity and channel height increases.
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Nomenclature 1. A 2

B :halfheight of the flow channel (mm) DEAAAY Ag A E S AE AR E
Bo  :bond number de AYaL, As 3 Al GR] Ad s ol Hojut
D : droplet height (mm) Sk A 22 71 100°C o] 32 v A S XU
H  :dimensionless droplet height ole 3t AI-AA A A5 Ao A2 AE =k
L :flow channel length, (mm) ol A& U4l & AA FHJo =R T8 v
Re  :Reynolds number 7)ol Fi-g 7FAE A YA oA A-E-3HE 95
U  :average air velocity (mm s™) o] 3f| 2 Flojof & A Eo] EA gt Sl A 5|
y : sin ((©4-6r)/2) Auate] 747 7449, aefal oA S e d
Oa, Or : advancing/receding contact angle (degree) T Qo= a4 & A A7) sl A 5 o] of 3}
A : ©a-Or (degree) = 2R ok Y

uR AR LY AR A voz E3
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Fig. 1 Control volume enclosing the liquid water droplet
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Fig. 2 Schematic representation of experimental setup
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Fig. 3 Cross section of air flow channel design
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Table 1 Test conditions

Air Dew point (°C) -60
Air flow rate (LPM) 04~40
Temperature (°C) 25
1
Channel height (mm) 1.5
2
o 10
Gas diffusion layer wet proofing wt. % 50
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Fig. 4 Comparison of static contact angles and droplet height
with two types of gas diffusion layer
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Fig. 6 Liquid water droplet instability diagram
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Fig. 7 Images of growing liquid water droplet with time
(2B =2 mm, U =4.17 m/s, carbon papcr wt. 20%)
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Fig. 8 Comparison of computed droplet instability with
experimental observation - effect of air flow velocity.
(carbon paper wt 20 %, 2B = 1 mm)
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Fig. 9 Comparison of computed droplet instability with
experimental observation - effect of channel height
(carbon paper wt 20 %, U =5 m/s)
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Fig. 10 Top-view of droplet emerging from the other point
(2B = 1 mm, carbon paper wt. 20%, U = 4.2 m/s)

Fig. 11 Top-view and side-view of droplet removal by
channel wall (2B = 1 mm, carbon paper wt. 20%, U =
2.5 m/s)

Fig. 12 Top-view and side-view of water droplet removal by
feeding from the other droplet. (2B = 1 mm, carbon
paper wt. 20%, U = 5.8 m/s)
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