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ABSTRACT

Proton Exchange Membrane Fuel Cell (PEMFC) has low operating temperature and high efficiency.
And PEMFC consists of many components as bipolar plate, gas diffusion layer, membrane etc.. Flow-field
in bipolar plate roles path for transporting reactants to membrane. Therefore a design of flow-field has an
effect on PEMFC’s performance. In this study, Computational Fluid Dynamics (CFD) simulations were per-
formed for comparing mixed multiple serpentine (MMS) flow-field and multiple serpentine (MS) flow-field.
And we studied an effect according to change mixing region design in MMS flow-field. Finally the
applicability of results is verified by performing CFD simulation about fixed MMS flow-field which is com-
bined good designs.

KEY WORDS : PEMFC(iL¥#} A < 82%)), Mixing region(¥% 3 %), CFD(AAH-#] 218}, Flow-
field design(-f= A 7Al), Mixed multiple serpentine flow-field( &3 thald 213 #=2)

Nomenclature i local current density, A/cm’

my : mass fraction of liquid water

lwg. : average of current density, A/em’
Vear: cell voltage, V

T : temperature, K 1. M =

A : water content inside MEA HT AT ApLo| WE gz A 2

Om : membrane conductivity, S/m 40 FAZ dEge wet AR o
B wAlol EohAa ok AR B
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Fig. 1 Various flow-field design.
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Table 1 Geometry details and properties

Y]
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Properties Value
Channel width (mm) 0.8
Channel height (mm) 1.0
Land width (mm) 0.8
Reacting area (cm’) 10
GDL thickness (mm) 0.25
GDL porosity 0.7
GDL permeability (m’) 1.0e-12
GDL thermal conductivity (Wm'K™) 0.21
MEA thickness (mm) 0.05
MEA thermal conductivity (Wm 'K ™) 0.15
Bipolar plate thermal conductivity (Wm 'K 5.7

T T T
[ 16 32 X [mm}

(a) MS (b) MMS

Fig. 2 MS and MMS flow-field design.
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Fig. 3 Definition of mixing region.
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Fig. 4 MMS designs of mixing region width which has gradient.

Table 2 Case description of changed mixing region design

Case Description

MMS Mixing region width = 0.8mm

MMS-0.5 Mixing region width = 0.4mm

MMS-2 Mixing region width = 1.6mm

MMS-3 Mixing region width = 2.4mm
Mixing region width near outer channel
= l.6mm

MMS-Al ) Mixing region width near inner channel
= 0.8mm
Mixing region width near outer channel
= 0.8mm

MMS-A2 Mixing region width near inner channel
= l.bmm
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(a) MMS-R1 (b) MMS-R2
(c) MMS-R3 (d) MMS-R4

Fig. 5 Combined MMS and MS flow-field.
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Table 3 Boundary and operating conditions

Conditions Value
Flow rate (L/min) 0.207
Stoichiometry 1.2
ﬁ;’e‘ie Relative humidity (%) 100
Temperature (C) 80
Pressure (atm) 1
Flow rate (L/min) 0.614
Stoichiometry 20
C*i’glftde Relative humidity (%) 100
Temperature (C) 70
Pressure (atm) 1
Qutlet Pressure (atm) 1
OCV (V) 0.96
Cell temperature (C) 70

Table 4 Performance of MS and MMS

Vear [V] Pressure drop [Pa]
Case L 2
(lavg=1.0A/cn") Anode Cathode
MS 0.5125 39.371 422.522
MMS 0.5120 55712 967.643
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(a) MS (b) MMS

Fig. 6 Velocity [m/s] vector on cathode channel (around 1st mixing
region, st turning).
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Fig. 8 Variation of Veai and pressure drop by changing mixing
region width.
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(d) MMS-3

Fig. 9 Current density [A/cm’] distribution on MEA surface
according to various mixing region width.
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Fig. 10 Scalar distributions on MEA surface around mixing
region in MMS (a) Temperature distribution {K] (b) Water con-
tent inside MEA (c) Membrane conductivity [S/m] (d) Current
density {A/cmz].
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Fig. 12 Velocity[m/s] vector on cathode channel around last
mixing region, last turning.
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Table 5 Performance of MMS-Al and MMS-A2

Vear [V] Pressure drop [Pa]
Case . 2
(iavg=1.0A/cm") Anode Cathode
MMS-Al 0.5103 43.368 535.092
MMS-A2 0.5093 51.991 869.779

Table 6 Performance of combined MMS and MS

Vear [V] Pressure drop[Pa]
Case . 2
(iavg=1.0A/cm") Anode Cathode
MMS-R1 0.5122 49.394 833.678
MMS-R2 0.5123 51.097 794.487
MMS-R3 0.5124 52.393 785.209
MMS-R4 0.5119 53.377 812.243
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Fig. 13 Scalar distributions on MEA surface of combined MMS and MS (A: Local current density [A/cmz], B: Mass fraction of liquid

water at cathode side).
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