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Abstract: Using the computational fluid dynamics (CFD) technique, we performed a numerical simulation in anode-
supported solid oxide fuel cell (SOFC). The effect of gas channel/rib width on the cell performance and temperature
uniformity was investigated in planar type SOFC. The open source CFD toolbox, OpenFOAM, was used as a numerical
analysis tool. As a result, the effect of gas channel/rib width on the cell performance and temperature uniformity was
not significant if the oxygen depletion is not occurring. On the other hand, the usage of a wide rib and operation at high
current density may lead to performance degradation due to oxygen depletion.
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ofe i k! SOFCE ¥=H &= o] -0
21 Jhel A= A5 Abold 9] lfz ﬂxﬂ a8
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THHE ST = Aol kgl Ao
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2.1 X|ufj ebd Al
SOFCe] FA A& 98t v 22 AE59]
AR5 A

A= 1 FE2](conservation of mass) :
div(pu) = Sp, (1
Sm =21 Si (2)

&% K2 (conservation of momentum) :
div(pii - u) = —grad P + div(ugrad) + S, (3)

Sp=—"% @)

71A & X2 (conservation of gas species) :

div(pt y;) = div(D" grad y;) + S; )
SHZ = _%MHZs SHZO = %MHZOa

So, = —==Mo, ©)
ol =] H.E2)(conservation of energy) :

div(pC,i T) — div(k grad T) = Sf + 5 (7)
S¢ = LAH(T) — iveel, 5] = i?R (8)

2F

qA7IM4 pE HE, uE FHAAS, ke FH:
(permeability), y,i= & &S (mass fraction), My, =
Tl A, My, =9 ZH, Mgy, = A
A%, ¢, 9€%, HE A2 (enthalpy)E <lV]
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o34 vl A (porous media) oA 7]A] o]
2 F2 Fk(diffusion)o] o] o] FojHTE F &
SHHA G (effective  diffusion  coefficient)s= binary
diffusion(D;)#} Knudsen diffusion(D;x,)¢] 2 3Hst
Bosanquet formula & Bl 2 t}S-3 o] T

o

o =£( 4 5) ©)
Dy = % (10)
Dikn = 5 dpore [y (11)
dpore = ==, (12)

o714 P& hE¥(bar), M= =4 F(kg/kmol)
ol (My =2(1/M; + 1/M)™), 4 (10)°ll 2|&}ed
Aatdl Dol @9 em’/so|th

2.2 7| atskabd Al

AR ety 3] 24 SH(open circuit voltage,
yory, k= 3} (cathode overpotential, 7,), ==
7} 71 9} (anode overpotential, 5c) 2 W54 & (ohmic
resistance, iR)2] Ao 2 X HAHT]

Vcell — VOCV _ nA _ nC — iR = VOCV _ iri (13)
1/2
o = 8 By (P (Foa y') (14)
2F 2F Py,0 \100000

EoATOE $5 gk 83 AAe 2 v
FAES HAS5UHE A & (umped internal resistance)
= o]&ste] Rt siglen, JTUHTAZES
Global Thermoelectric Incoll Al 54 ¥ ARE o]&
AT =W 550~1200 °Col A ZHE o
Fashe Ao tew g
7, = 0.3044 + 0.408y + 0.8687y2 + 2.7861y3 + 2.9825y*
(15)

— 1.1463 (16)

_ 1000

3 ASL(XE+E CCCL)Y Interconnect?t <=7}
+ A% A4 (contact resistance)2] F T 11 5}
[e)

TMNAa go]lB g ¢l OpenFOAMS o] &-3}o]
T AL A 9] 4534 (computational fluid
dynamics, CFD)S Aldslqitt. Anjukg 2 &2
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(finite volume scheme)E ©]-&-3to] ALkE At &4
G FE TAA oAl HHEA o7 FAdE o] 9l

SIMPLE < 18] Z(algorithm)¥} 7}$-2~ A& 2
(Gauss linear scheme)< ©]-83}o] X|ulj 7 2] o]
AArE] AT FEE OpenFOAMU 9] #ho] B8 g

(library)& ©]-&3to] E3gh 34 Hd 5] A

AFE AT =, Sparse matricesE  E7] $38H]
conjugate-gradient(CG) ~ method”7}  AF8-% a1,
symmetric matrices®] AAHS 913t Incomplete

Cholensky preconditioning method”7} A}-8 % )0
asymmetric matrices®] S 9138+ BI-CGSTAB
method”} AFEEHATH FA A e] G284 Sl
of A% HEH, 25F BWEA, VA T BEHS
Zkzre] H-3tod o (sub-region)ol| A, ol HEA S
Z 4] & o (whole-region)ol| A A|2F5FA 2™ mapping
= Fote] A deoly w{rt o] Fol Al

14 =

ol
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Fig. 12 B3I &= AAAEP SOFCE
) & F (counter-flow) S Aoz 3 ow, =%
+ 2] F(Interconnect), 72> A'E, PEN(positive
electrode-Electrolyte-Negative electrode)® -7 & ©]
ATH PENZ Thdh 22 579 Som /5o
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Fig.1 (a) Geometry of planar-type anode-supported
SOFC (counter-flow), and (b) the detailed
schematic of computational domain
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Table 1 Physical properties of materials

Thickness d,
(mm) ‘ (um)
Interconnect 3.5 - -
ASL 1 0.5 2
AFL 0.007 0.25 1.3
Electrolyte 0.008 - -
CFL 0.018 0.25 0.5
CCCL 0.267 0.5 12

Table 2 Operating conditions

Fuel Air
Mass fraction of H,(or O,) (%) 0.782 0.233
Mass fraction of H,O(or N») (%) 0.218 0.767
Inlet velocity (m/s) 2 5
Operating temperature (K) 1000
Operating pressure (atm) 1

21T}, 1) anode substrate layer(ASL), 2) anode functional
layer(AFL), 3) electrolyte, 4) cathode functional layer
(CFL), 5) cathode current collect layer(CCCL). & <1
Tl A= Wk A o] 100 em’(10 cm< 10 cm)©] ™
=g e gol | mmx1 mmel S A7 ®
A5 HArh A5 1000 K, 183 s
< 1amo 2 AAsglon, 79 S5 A9
@ Mol A BAEAL A gt BAYol
AHg&H SOFCe] Alst X9 #exae 7H7t
Table 17} Table 20 FEAISSITE 2 Ao A&
oA TR HI ARtddAl T
(http://openfuelcell.sourceforge.net) &1 2] A}-&=}ol] 2]
dto] Zmase] HFo] & o] FojAaL lo
o, T ASAN BRH IO glo] B A
Ao RS Agefeit
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Fig. 2 I-V characteristics at 1000 K
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Fig. 4 Current density distribution on AFL surface at i =
6000 A/m’*. wa/w,,= (a) 0.5/0.5 mm, (b) 1.0/ 1.0
mm, (b) 1.5/1.5 mm

(©

Fig. 5 Temperature distribution on AFL surface at i =
6000 A/m”. w,,/w,s= (a) 0.5/0.5 mm, (b) 1.0/ 1.0
mm, (b) 1.5/1.5 mm
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AA AFALEI I BiEmo] Q). Fo] 4l Table 3 Predicted results of SOFC at i, = 6000 A/m*
AT5 o] ?ﬂ Jo] FHo] e O]Tli_‘ *o] Y W/ Wrip VIV To0o(K) 5 (K)
AdE 2B o R AhEde =FaElAA 0.5/0.5 0.789 12177 14.52
Ard=rt ‘;%OW" ojm gty spAIvt % ®shd 1.0/1.0 0.786 1218.1 14.58
A7 ABUEe HA AFTWUE] zfo|7} IA & 1.5/1.5 0.783 1219.2 14.71
of Z7te] AFAE BE Aol A %S AL
2 dadn. ol 2 (159 (16)9] AFTNH-A 20
& o]&3st] A s st A Gl o s
Ao wm dehen ol
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Mo Jgeny X PO — - < =78 T
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