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Numerical Simulation of Mass Transfer and Electrochemical Reaction for

Microscopic Structure Design of SOFC Porous Electrode
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The effects of electrode microstructure upon the mass transfer characteristics in a solid oxide fuel cell are
investigated through detailed numerical simulation using Lattice Boltzmann Method (LBM). The tortuosity factor
is calculated in porous electrodes modeled as randomly packed spheres. It is shown that the value of tortuosity
factor is significantly smaller than those reported previously. It is increased with decreasing the porosity, while
the effect of particle diameter on the tortuosity factor remains relatively small under the present simulation
conditions. Due to the increase of tortuosity factor under the low porosity condition, the concentration
polarization is increased. By increasing the Ni/YSZ diameter ratio, the ionic conductivity is significantly
improved, while gas diffusivity remains almost unchanged. Thus, the electrode performance is improved by

controlling the Ni/YSZ diameter ratio.

Key Words: Solid oxide fuel cell, Electrode, Numerical Simulation, Lattice Boltzmann Method, Mass transfer

1. #8
E A B LB EL B #L(Solid Oxide Fuel Cell: SOFC)I&
FWRENEZGT ORMER= R L= 2T AL Lf/aa

HENTWAO, EMFEIED SOFC OfEREm FiciX, K
ISR, BEAA L, BT ENENROE *’J}Wf@ﬁﬂé!ﬁr&

OUWENEETH Y, FIUITRL 772 & O BABMAE G

NS 72 [EENOEFEMIZHOWTIE, B EHNTYSZ
EYVDRLTREOEENBEEZImE A TET MEINT
W3, oL, MUSKIEOERMEICRS 3 5 Bk E > 7
7 ZTDEIZHOWTHE, BEERO LV FEr LR S
TofE(T > 10)? & REROIRHUERIC L 0 JE S fE(r=2.5
~3OMRKEL Ao TEY, LI ZMLIZZ L.

ARHFFETIE, SOFC % ﬂﬂ“ﬂwm%n_@%ﬁ Ficmir, &
MRS 2S SOFC PERE R BUEREATIC L 0 FE
i 2. ¥z, EFNVE ﬂ? :I?ab\f SRR, ZFUBERL TR
/\%ﬁ%fﬂt SHZBOEME Y 7 7 ¥ ZHEHEICL YR

W, POMIAEE DSOS T AL R, R OVEMRMEREIZ RIET
WA BT,

2. HEXR-F#H

LI, AP TRHWZZFUE BT T L %17 . Monte
Carlo 5% IV CERIKL 7 % B EBEIRANIC X 5D 1%,
il 22 DRET- DB/ NENL 2R KT Z & THREEDZERRe%
BT D228 ERERR L. R ERIS TR EEE O —
WALYD 02 fgL Lz, F7-, BEMEFREORKEZBEL,
WHOZAEROR 754 1.05 £, T 1.10 {2452
LT, EREOBHBTHRONIERWERRELFH L. £z,

TRRAT(NVYSZ ) THERK SN D B A FHH L, R RO
H70 D TR ORISR C O 2 AT o T2 R RRHIX 0.6 0 1 ~
1:1THY, ZyORFEEERITT~T1:1 & L.

HE L RITIINL RN 7 L OES & UCHER L LT,
W5 TERE 3 FHIC 192 S TH Y, SR FEE
WZX LT 23 ~ 42 SRREOHKTFHEIVEToND. BEHE

o

e LT, VBRI FRER B CIRREAR R LLEL, v, 2

FINZIZERRA S EZH L2, Adfle=0), HOMflE=
LW CIEENETNDORELZ —E L Liz.
2006 FFEFRKE

[No.06-1] HAHEM A2 AR SCE (7)

Diffusion
direction

Fig. 1 Computational model of porous electrode,

(a) mono diameter packing, (b) binary diameter packing (0.6 : 1).
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Fig. 2 Effect of porosity upon tortuosity factor.
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Fig. 3 Effect of particle diameter variance upon tortuosity factor.
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Table. 1 Simulation condition.

Volume ratio (Ni : YSZ) |Particle diameter (Ni/YSZ)|  Porosity Anode thickness
45:55 2 um/ 2 um 0.4 1.0 mm
Current density Fuel composition (H,/H,0)|  Pressure Temperature
5000 A/m* 70:30 1.0 atm 800 C
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Fig. 4 Effect of porosity upon overpotentials.
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Fig. 5 Effect of diameter ratio upon (a) overpotentials, (b) TPB density

and ionic resistivity.
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