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Numerical Study of Land/Channel Flow-Field Optimization in Polymer
Flectrolyte Fuel Cells (PEFCs) (II)

- The Effects of Land/Channel Flow-Field on Temperature and Liquid Saturation Distributions -
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Abstract

Using the multi-dimensional, multi-phase, nonisothermal Polymer Electrolyte Fuel Cell (PEFC) model
presented in Part I, the effects of land/channel flow-field on temperature and liquid saturation
distributions inside PEFCs are investigated in Part II. The focus is placed on exploring the coupled
water transport and heat transfer phenomena within the nonisothermal and two-phase zone existing in
the diffusion media (DM) of PEFCs. Numerical simulations are performed varying the land and
channel widths and simulation results reveal that the water profile and temperature rise inside PEFCs
are considerably altered by changing the land and channel widths, which indicates that oxygen supply
and heat removal from the channel to the land regions and liquid water removal from the land toward
the gas channels are key factors in determining the water and temperature distributions inside PEFCs.
In addition, the adverse liquid saturation gradient along the thru-plane direction is predicted near the
land regions by the numerical model, which is due to the vapor-phase diffusion driven by the
temperature gradient in the nonisothermal two-phase DM where water evaporates at the hotter catalyst
layer, diffuses as a vapor form and then condenses on the cooler land region. Therefore, the vapor
phase diffusion exacerbates DM flooding near the land region, while it alleviates DM flooding near
the gas channel.
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Table 1 Two-phase steady-state PEFC model: governing equations
Governing equations
Mass Ve (pu)=38, (1)
Flow channels (Navier-Stokes Egs.):
1 == (2)
Momentum A (puw) ==Vptv « 7
Porous Media (Darcy's Egs.): p;:—]?(Vp 3)
Flow channels and porous media:
- 4)
(mpmi;):V . [pgD;q’effV(m?)}-i-V . [(m{-’—mi)jl]—FSi
Species Water transport in the membrane:
men nem (5)
mem o . . | —
Vo | v/\)M v ndF)M +v ( - vP) 0
Proton transport: V (k:eff V¢5)+S¢=O (6)
Charge
Electron transport: v « (0“/v@ )-8, =0 (7
Energy Ve (p;C[f’T):V (B T)+V . (hjéfqpl;[)-‘rST (8)
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Table 2 Two-phase steady-state PEFC model: source/sink terms

691

Source/sink terms

Mass In the CLs: S5, =Y,8+M, - (Df’”""pEiWV)\) 9)
F in CLs: S—M[ (”da ° 10
. or water in CLs: 5 =2~V « | —2l|= (10)
Species )
S.
For other species in CLs: S, =— A/, niﬂ (11)
Charge In the CLs: S,=j (12)
' . av, I
In the CLs: ST—j n+ Tﬁ +W (13)
Energy
12
In the membrane: S;=—+ (14)
Lelf
Table 3 Electrochemical correlations
Electrochemical reactions:
M; = chemical formulaof speciesi
Esiﬂlfzn67 , where {si = stoichiometry coef ficient (15)
k n = number of electrons transferred
Hydrogen Oxidation Reaction (HOR) in the anode side:
1
Hy—2H"=2¢" (16)
Transfer current density, [A/m3]:
Cy vz a,ta
. A\ ref] 2 a c (17)
! (1 S) azma[ CHZ.refj ( RuT Fn
Surface over-potential, [V]: n=¢,—¢, (18)
Oxygen Reduction Reaction (ORR) in the cathode side:
19
2H,0— Oy—AH =4e” (19)
Transfer current density [A/m3]:
S T R (20)
J= s az(},(: C()Z‘rgf €xp RUT n
. @1
Surface over-potential, [V]: n=¢,—¢,— U,
Thermodynamic equilibrium potential:
U, =1.23—0.9x103(7—298.15) (22)

Temperature dependence of the ORR kinetic parameter:

_ . E (1 1
aiy ! (1) = aif! (353K) exp[— R (?_ 353.15 )]

(23)
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Fig. 1 Dimension of the PEFC geometry where
the electronic contact resistances are
applied at the DM/CL interfaces and
bipolar plate/DM interfaces"”
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Table 4 Cell properties, and operating conditions

Description Value

Thermal conductivity for CL, kco 1.0 W/m-K

Thermal conductivity for MPL, kypr |1.0 W/m'K

Thermal conductivity for DM, kpy 5.0 W/m'K

Thermal conductivity for BP, kzp 10.0 W/m'K

zhermal conductivity for membrane, 1.0 WimK

Thermal contact resistance between 5

BP and DM, Ripr 0.75 cm™K/W

Electronic contact resistance between 2
5.3 mQ-cm

BP and DM, R,z

Contact angle of DM and MPL, 6 |110°

Permeability of anode and cathode

1.0-10"*m’
DM, Kou m
Permeability of MPL, Ky 1.0-10"°m’
Porosity of anode and cathode DM, 0.6
Epm '
Porosity of MPL, eups 0.5
Relative entry pressure for MPL, 5000 Pa
P entry
II;Iydrauhc permeability of membrane, 5.0-102m?
Anode and Cathode inlet pressure,

1.5 atm
P in
Operating current density, / 1.5 Alem’
Operating temperature, 7' 70°C
Anode/cathode inlet humidification 100%/100%

at 70°C, RH./RH.

Anode/cathode stoichiometry, ¢ /¢ 2/2

3.5.
Rchaanland - e * (24)
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e =8 0)"7e Fxsy] akid
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ol = Fig. 191 A H in-plane®dFo 2ol Y
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ol gzl EAsE Aol
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Fig. 2 Channel width effect on temperature
contours in the cross-section of the
PEFC geometry at I=1.5 Alem”  with
Land width=0.25 mm ; (a) Channel
width=0.5 mm, (b) Channel width=1.0
mm, (c¢) Channel width=1.5 mm
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Fig. 3 Channel width effect on liquid saturation
contours in the cross-section of the
anode/cathode DMs at /=1.5 A/cm’ with
Land width=0.25 mm ; (a) Channel
width=0.5 mm, (b) Channel width=1.0
mm, (c¢) Channel width=1.5 mm
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Fig. 4 Land width effect on temperature contours
in the cross-section of the PEFC geometry
at /=1.5 A/em’ with Channel width=1.5
mm ; (a) Land width=0.25 mm, (b) Land
width=0.5 mm, (c) Land width=1.0 mm
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Fig. 5 Land width effect on liquid saturation
contours in the cross-section of the
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width=0.25 mm, (b) Land width=0.5 mm,
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Table 5 Cell voltages Ve, average liquid saturation
for the anode DM, s, and cathode DM, s,
and the maximum temperature rise in DM,

Tumax for all simulation cases

Land Channel
Vcell, Sa, Scs AT
width, width, .
V] [%] [%] | [C]
[mm] [mml]
0.25 0.5 0.630 | 0.00 4.79 4.0
0.25 1.0 0.620 | 0.00 3.04 6.0
0.25 1.5 0.608 | 0.46 2.55 7.6
0.5 1.5 0.603 | 1.88 5.82 7.7
1.0 1.5 0.558 | 9.36 | 11.21 | 10.0

¥ g A2 2 4 e Ao g5HAe
™ WA=(land)9} A (channel)Fo] Wol ol uhe}
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