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Abstract : The performance of fuel cell is enhanced with increasing reaction surface. Narrow flow channes in flow
plate cause increased pumping power. Therefore it is very important to consider the pressure drops in the flow chan-
nel of fue cel. Previous research for pressure drop for micro channd of fuel cell was focused on effects of various
configuration of flow channel without eectrochemical reaction. It is very important to know pressure loss of micro
flow channel with electrochemica reaction because fluid density in micro channd is changed due to chemicd reac-
tion. In this paper, it is investigated that the pressure drops in micro channe of various geometries a anode and
cathode with electrochemica reaction and compared them to friction coefficient (fRe), velocity, pressure losses for
corresponding non reacting flow channel. The results show that friction factors for cold flow channel could be used
for pardld and bended flow channed for flow channel design of fue cel. In the other hand, pressure drop for ser-
pentine flow channd is the lowest among flow channels due to bypass flow across gas diffusion layer under reacting
flow condition athough its pressure drop is highest for cold flow condition.

Keywords : Friction factor, PEMFC, Electrochemicd reaction, Bypass flow, Serpentine flow.

Nomenclature n number of electrons in electrochemical reaction

Ny Electro-osmotic drag coefficient

Aw Specific surface area of the control volume [m?] P Pressure [pa]
Dy Diffusion coefficient of water [my/g] T Temperature [K]
F Faraday constant [C/mol] u Velocity vector [m/s]

h Convective heat transfer coefficient [W/n?K] Greek letters

| Local current density [A/n?] o Net water flux per proton flux
Mmry Equivalent weight of a dry membrane [kg/mol] € Porosity

k ionic conductivity [S'm]
*E-mail: hwang@incheon.ac.kr A water content in the membrane
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u Dynamic viscosity [kg - §/n]
p Density of the mixture [kg/nT]
Pmry Density of a dry membrane [kg/nT]
Om Membrane conductivity [Sm]|
Superscripts

eff effective value in porous region
ref reference condition
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Table 1. Source terms by electrochemical reaction
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Fig. 1. Three Different types of flow channels used for numerical; simulation (a) parallel type (b) bended type(c) serpentine type.
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Table 2. Cell design parameters and cell operating conditions
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Description Value
Cell/electrode length (cm) 10
Gas channel height (cm) 0.12
Gas channel width (cm) 0.08
Anode GDL thickness (cm) 0.0375
Porosity of anode GDL 0.7
Membrane thickness (cm) 0.01
catalyst layer thickness (cm) 0.0025
Porosity of cathode GDL 0.7
Cathode GDL thickness (cm) 0.0375
Cell temperature (K) 353
Pressure at the anode gas channel inlet (atm) 1
Relative humidity of inlet fuel stream (%) 100
Anode stoichiometry 2
Pressure at the cathode gas channel inlet (atm) 1
Cathode stoichiometry 3

Cell voltage(V) 0.6
Inlet nitrogen-oxygen mole fraction ratio 0.79/0.21
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Fig. 4. Variation of fRe along the x axis with and without reaction at anode(a) and cathode(b) for straight channel.
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Fig. 6. Velocity vectors around the corner for bended flow channel
without(a) and with(b) reaction.
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