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Abgtract: To correctly simulate performance characteristics of fuel cells with a modeling method, various physical
and chemica phenomena must be considered in fud cdls. In this study, performance characteristics of planar solid
oxide fuel cells were smulated by a commerciadl CFD code, CFD-ACE+. Through simultaneous considerations for
mass transfer, heat transfer and charge movement according to electrochemica reactions in the 3-dimensiona planar
SOFC unit stack, we could successfully predict performance characteristics of solid oxide fud cells under operation
for structural and progress varigbles. In other words, we solved mass fraction digtribution of reactants and products
for diffusion and movement, and investigated quditative and quantitative analysis for performance characterigtics in
the SOFC unit stack through internal temperature distribution and polarization curve for electrica characteristics.
Through this study, we could effectively predict performance characteristics with variables in the unit stack of planar
SOFCs and present systematic approach for SOFCs under operation by computer simulation.
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Fig. 1. Schematic diagram of the electrochemical reaction in SOFCs based on oxygen-ion conductors.
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Fig. 2. 3-dimensional solution model of planar SOFC (reference
mode).

Table 1 Dimension of the employed planar SOFC (reference model)

thickness(mm) width(mm)

cathode 0.05 3.92
electrolyte 0.2 3.92
anode 0.05 3.92
separator rib 10 242
Separator 1.0 15
channel 1.25 392
cell length 500(mm)
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Table 2 Initial operating conditions (reference model)

parameter values
operation temperature (K) 1273
pressure (atm) 1
air components 0.210,+0.79N,
fuel components 0.096H,+0.428H,0+0.26C

0+0.216CO,

air mass flow rate (kg/s) 3.5e-6
fuel massflow rate (kg/s) 5.7e-7
anodic Tafel constant(o.,) 0.7
cathodic Tafel constant(o.e) 0.7
exchange current density (anode) (A/m°) leld
exchange current density (cathode) (A/m®) 1e10
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Table 3. Material properties of the cell components (reference model)

anode electrolyte cathode Separator

density (kg/m®) IGL ‘IGL IGL ‘IGL
electrical conductivity (1/ohm-m)(gas phase) 10 10 10 1e-20
specific heat (Jkg-K) " JANNAF ~ JANNAF " JANNAF ~ JANNAF
thermal conductivity (W/m-K)(gas phase) MIXKIN “MIXKIN MIXKIN MIXKIN
porosity 04 0.001 0.5 0.001
permearbility(m?-(total volume/surface area)?) le-12 1e-18 1le-12 le-18
thermal conductivity (W/m-K)(solid phase) 6.23 2.7 9.6 9.6
diffusivity bruggman(1.5) bruggman(4) bruggman(1.5) bruggman(4)
electrical conductivity (1/ohm-m)(solid phase) 100000 1e-20 7700 100

*|GL: idedl gaslaw
** JANNAF: use JANNAF curvefits
***MIXKIN: kinetic theory for the mixture thermal conductivity
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List of Symbols

velocity vectors of fluids, m/s
therma conductivity coefficient of solid, W/mK
reaction enthalpy, Jkg

pressure, am

diffusive mass flux of species, kg/m?s
exchange current density, A/m®
current, A

molar concentration of species, mol/l
diffusion coefficient, m%/s

mass fraction

mixture molecular weight, kg/mol
faraday constant, 96487 C/mol

gas constant, JmolK

time, s

temperature, K

reference current density, A/m®
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Greek Symbols

density of reactants or products, kg/m®
porosity of the backing layer
permearbility of backing layer, m2
viscous stress tensor

overpotentid, V

electrica potentia, V
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o dectrical conductivity, 1/ohmm

o molar production rate of species, kmol/m®s
oa anodic Tafd constant

oc cathodic Tafed constant

Subscripts

eff effective

ref  reference
i species

A anode

C cathode

S <olid phase

F  fluids phase
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