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ABSTRACT

Performance changes of an anode-supported tubular SOFC including current collectors are analyzed
at different current collecting methods using numerical simulation. From the two dimensional numerical model
of the solid oxide fuel cell with nickel felts as anodic current collectors and silver wires as cathodic ones,
the performance curves and the distributions of temperature, concentration, current density are obtained. Also,
the voltage loss of the cell is divided into three parts: activation loss, concentration loss and ohmic loss.
The results show that the performance change of the cell is dominantly influenced by the ohmic loss. Although
the temperature and concentration distributions are different, the total activation loss and concentration loss
are nearly same. And the ohmic loss is divided into each parts of the cell components. The ohmic loss of
the anodic current collectorreaches about 60~80% of the cell’s total ohmic loss. Therefore, the reduction
of the ohmic loss of the anodic current collector is very important for stack power enhancement. It is also
recommended that the load should be connected to the both ends of the anodic current collector.

KEY WORDS : Numerical analysis(5=%]3ll4]), SOFC(aL#|4tstE 15 7 A]), Current collector(H % A)),
Activation loss(24 3} £41), Concentration loss(‘&- %= =41), Ohmic loss(#] 3F<=4

Nomenclature

. 3
¢, . molar concentration, mol/m

2
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o P £ . P @kl C, : heat capacity, J/(mol-K)
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D . diffusion coefficient, m’/s
E : activation energy, kJ/(mol-K)
F: Faraday’s constant, 96485 C/mol
i : local current density, Alem’
i, : exchange current density, A/cm’
n @ number of participating electrons in the reac-
tion (anode: n=2 cathode: n=4)
P : total pressure, Pa
R : universal gas constant, 8.314 J/(mol-K)
s : molar specific entropy, J/(mol-K)
q : heat flux, W/m?
T : temperature, K
u : velocity vector, m/s
x; : molar fraction of species i
a : transfer coefficient, 0.5
v @ pre-exponential factor, A/m’
w @ viscosity, Pa's
p : density, kg/m3
A @ heat conductivity, W/(m-K)
n . activation loss, V
o electric or ionic conductivity, S/cm
¢ : electric or ionic potential, V
Subscripts
a : anode
: cathode

cc : current collector
¢t : contact resistance
e : electrolyte
elec : electron
ion : anion
rev : reversible
rad : radiational
irr : irreversible
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Table 1 Electric conductivity of each layers of the cell

Table 2 Parameters of exchange current density

Conductivity (S/cm)
Anode 1000
Cathode 150

Electrolyte 2 (6)

Anode current collector 2.03e4

Cathode current collector 1.43e5
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E [KJ/(mol-K)] factor, v [A/m’]

Anode 100 1.4e8

Cathode 120 4.1¢9

A,
1/2
RT, (75 70)
Voov= Ve T ln{mﬂoj 7)
V., =127483-2.81535x 10! T ®)

43 £47 AFdEe] #AAE e e
Butler-Volmer?| 2]& ARttt

NSNS R
iz ol ] _ (] w0
Nact.a = Petec ~ Pion (11)
T]aat,(t = ¢elec - ¢i(}7l - VOCV (12)

71 st E = 2906 A A e

04 = [ L
S o]l g3t om 29 2 A4E Table 29 U
U]

}j]
ERf A
)
Zb(],a :’Va(l.hg)(l)f[zo)io.se o (13)
|-
2o,c 7(:(x()3 )0'20 e o (14)
24 2 BAHZAH
A3 As)Ae] Aol AL 4 (155 2ol whs

=24 Z AoUXss] =28 M22a3 M2s 201149 43

it



B

Mu =" op

e 3 A ol e A o]
shed o F AnIEd 3 1%@; Fiahe o

&3} .

Anode  —i,(electron), i, (ion)

Cathode i (electron),  —i_(ion)

ARk Aol Hake n
7] s 4 (18)2 Ol%ﬁkﬁ SECCEDIES
elstge. ol FEAT o) WAAst
Aolol] ERA Fol7h wAFS olv|gt

B
il

N
U o oL E&

%

fd

=

|¢u ¢F’f’(|
Helfd st =0 Aol A= wheol o3 A
o] EAETh DAL A U (19)3,
28t Fp ol o9k n7ke A (A (20) L
2 P & gov oew g
Grey = #T[SHZO_(SH + 2 802)] (19)
qirr,a = ianaxta qzrr c (‘nad c (20)

B A T B, ek |
2 vrog (e B deaS nestgon

Uk 2

qrad = Jsb( ]:17 7}4) (21)
(s! cell surface, f: furnace wall)

25 MEXM 4Y

L&Y dAolA A Wl e A ¥sE

Trans. of the Korean Hydrogen and New Energy Societ(201

OlEIS: et E = 218
Lead
pir <j i
Cathode current collestor Cathode current collector
MEA | [ MEA |

Anode current collector ‘ l Anode current collector J

Fuel <::] T
I Load

CASE 1
Load Load

|—‘ Cathode current collector '—I |—‘ Cathode current collector ’J

MEA MEA

220.25m 2=0m

Anode current collector

|—1 Anode current collector >—| |—1
T o —— T load

CASE 2 CASE 3
Load\_\ Load —_—
Cathode current collector '—l ’m’J
\ MEA | \ MEA |
|—{ Anode current collector }—I |—‘ Anode current collector ‘
Load Load
CASE 1 CASE 5
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Table 3 Operating conditions of the cell

Conditions Value

Operating temperature/pressure 1073K / 1bar

0.5 L/min, 1073K,

Fuel inlet condition w  0.97 xipo : 0.03

0.5 L/min, 1073K,

Air inlet condition 0 2 021 xo0 : 0.79

Contact resistance

10 (mQ -cm’)
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Table 4 Ohmic ASR of each cases (slopes of graph in Fig. 9)

CASE-1 | CASE-2 | CASE-3 | CASE-4 | CASE-5
(QA.Scilz) 0.0544 | 0.1542 | 0.2925 | 0.1603 | 0.3023
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Table 5 Comparison with literature values of Ohmic ASR for
planar type SOFC

electrolyte contact resistance
(CASE-1) 0.0157 0.0266
Jung et al.'"’ 0.0170 0.0280
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