Trans. Korean Soc. Mech. Eng. B, Vol. 41, No.10, pp. 667~673, 2017 667

<'6'I-§_‘E_E_> DOI https://doi.org/10.3795/KSME-B.2017.41.10.667 ISSN 1226-4881(Print)
2288-5324(Online)

A LEE ARFK| o RSUEf wE 2 7Yd I

Effect of Flow Direction on Temperature Uniformity in Solid Oxide Fuel Cell

Dong Hyup Jeon' ", Dong-Ryul Shin", Kwang-Hyun Ryu" and Rak-Hyun Song"
* Dept. of Mechanical System Engineering, Dongguk Univ., ** R&D Center, LTC,
Y Y
*#% Fuel Cell Research Center, Korea Institute of Energy Research

(Received April 21, 2017 ; Revised August 7, 2017 ; Accepted August 10, 2017)

Key Words: SOFC, (2L A|2Fs}2 o & 71 #]), CED(HAH+A] 9 8}, Temperature Uniformity(<-% ¥ 7J), Planar-
type(* #3]), Flow Direction(F-5 " 3F)

S: e A A eholneeld OpenFOAME ol stel £ AAAY BALSE AsiA
Ao eEgdgel B ATE FAHAL 3§D FESBIDR, WFF, Al ojstol
FAMA el ool Atk thgy BAWANAS /A EEE FEFNATE ol g3kl ANHAT £
wol ey QgE melsrh A5 ANS st APHoRH de JFURAY w
of AEHAT FANY A% HFFA HY FAL SEREE ey

Abstract: We investigated the temperature uniformity in an anode-supported solid oxide fuel cell, using the open
source computational fluid dynamics (CFD) toolbox, OpenFOAM. Numerical simulation was performed in three
different flow paths, i.c., co-flow, counter-flow, and cross-flow paths. Gas flow in a porous electrode was calculated
using effective diffusivity while considering the effect of interconnect rib. A lumped internal resistance model derived
from a semi-empirical correlation was implemented for the calculation of electrochemical reaction. The result showed
that the counter-flow path displayed the most uniform temperature distribution.
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Fig. 1 Geometry and meshes of planar-type anode-
supported SOFC
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Table 1 Physical properties of materials
Thickness . d,
(mm) porosity (um)

Interconnect 3.5 - -
ASL 1.0 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
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1) anode substrate layer(ASL), 2) anode functional
layer(AFL), 3) electrolyte, 4) cathode functional
layer(CFL), 5) cathode current collect layer(CCCL).
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Table 2 Results of grid independency test
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0.834 1179.3 193. 896
193. 949

Case Grid size
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Fig. 2 Temperature distribution at i,,, = 0.5 A/em? for
grid independency test. (a) case 1, (b) case 2
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Table 3 Predicted results of SOFC

r<(v) Tore(K) o'(K)

co-flow 0.834 1179.3 13.20
counter-flow 0.837 1198.5 4.84
cross-flow 0.836 1184.8 10.68
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Fig. 3 Temperature distribution of SOFC at i,, = 0.5
A/em?. (a) co-flow path, (b) counter-flow path, (c)
cross-flow path
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