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A Simulation Study of the Effect of Microstructural Design on

the Performance of Solid Oxide Fuel Cells With
Direct Intermal Reforming

SANGHO SOHN', IN HYUN NAM?

'Korea Institute Machinery & Materials
2Daegu Nat'l Univ

Abstract >> The paper is to study on the simulation of the micro/macroscale thermo-electrochemical model of
a single cell of anode-supported SOFC with direct internal reforming. The coupled heat and mass transport,
electrochemical and reforming reactions, and fluid flow were simultaneously simulated based on mass, energy,
charge conservation. The micro/macroscale model first calculates the detailed electrochemical and direct internal
reforming processes in porous electrodes based on the comprehensive microscale model and then solve the
macroscale processes such as heat and mass transport, and fluid flow in SOFCs with assumption of fully-developed
flow in gas channel. The simulation results evaluate the overall performance by analyzing distributions of mole
fraction, current density, temperature and microstructural design in co/counter flow configurations.

Key words : Solid oxide fuel cel(SOFC, iLA|4I8HEA=®A]), Direct internal reforming(%] 7 W-77]2),
Microscale electrode model(v}o]|=Z 2 Z=Xd), Macroscale flow model(MjZ22 §-FEE),
Electrochemical reaction(Z7]|3}8}H-S-)

Nomenclature Dy : kundsen diffusivity of species i, m’/s

2 F . faraday’s constant, 96485 C/mol
A : area, m

C : molar concentration, mol/m’ Suscripts
¢, : specific heat, J/JKg K

D : binary diffusivity of species i and j, m’/s A : anode
C : cathode
TCorresponding author : sangho@kimm.re kr E : electrolyte

[ A4 : 20139.14 54K @ 2013.10.16 AREFELY @ 2013.10.31 ] i : species index
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DIR : direct internal reforming
asr : contact resistance

act : activation

conc: concentration

ohm : ohmic

eff : effective

INT : interconnect

TPB: three-phase boundary

CH; : methane
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Fig. 1 Schematic of an anode-supported SOFC with direct
internal reforming
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I. methane steam reforming

CH, + H,O«> CO+3H, , Ah=+206.1 k.J/mol (10)

II. water-gas shift
CO+ H,O— CO,+ H, , Ah=—41kJ/mol a1

III. reverse methanation

CH, +2H,0«> CO, +4H, , Ah=+164kJ/mol (12)
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Table 1 Geometric & Operating conditions of DIR-SOFC

L X 40 okA o] o1 7 - Paramter Values
3 A =F A okl o]=x o A5
Oﬂ EH T OO H ‘1 lq ]‘s [eX} Oﬂ Dimension 10x 10 sz
o 2]
YA B Al A7)sksl, WRhE vhe-AlE Bt Fuel channel height 1mm
Geometry

elo 7 Lar|olt) o] X|ujulA AT} vheAle 7 Air channel height 1mm
X]‘;ﬂ-?'], O]%Zﬂ%, AIAE Xiﬁh Z{ ]‘—/—\-‘E'??:l]—, 2 Interconnect height 0.1 mm

Output voltage 0.5—1.0V

[N

£, 4 55 WARHOE GAElgd, old] ;

Inlet temperature 600— 800 C
3 A SRR AneES eR A — =
WA AS Ol A Sslal, CGS &9 E 0]-8-3)o Fuel flow rate 5.6 10 *mol 5!
22812 1519}l DIR-SOFC A|E#lo]dSs 95t Air flow rate 6.7<10 *mol 5!

Operation | Pre-reforming degree | 30 %
Steam to Carbon ratio | 2.5
~ 0.1710 CH,, 0.4936 H,C
| T)ul'u\:nwdc\,npt‘m\mguumhlmvw | Fuel ComPOSition 0.2626 H,, 0.0436 CO,,
0.0294 CO
Pre-process | Constmer thenno-eleclrochemical model. | - —
rﬂenﬂ'z\l:meiﬁ(wd, el Air composition 0.21 0y, 0.79 N2
R T — Flow configuration Co/Counter-flow

| Caleulats upen-circuit voltage and polarizstions.

Calenlaw: TPB resistane,
Solve ionic ansd elest onic potentiols
Calculate current

Table 2 Micro-structural parameters of DIR-SOFC

Solving-process
- - Paramter Values
Culeulate Telbmme waenon rals {DIR) .
et 40, 200, 600, 1000
caleulation 5 5 > >
| Calentate moly lew in ¢harme! | An()de 1ayer 1500’ 2000
¥
‘ Caleulate couductivity | Anode functional layer ;;)010, 20, 40, 100,
Sulve b.')ll)‘)umllﬂu Thickness
| Calenlule: lolal el current deryity, | (Mﬂ) Electrolyte 5, 10, 20, 30
Cathode functional layer| 10, 15, 25, 40
Caleulate porlormancs lrctors Cathode layer 30, 60, 85, 100, 200,
Post-process | - T utilization, ar retiv, clicwmey 300
Anode layer 3,4,5 6,7
L ) Anode functional layer | 3, 4, 5, 6, 7
Porosity
Cathode layer 3,4,5 6,7
Fig. 3 Numerical procedure for DIR-SOFC simulation Cathode functional layer| 3, 4, 5, 6, 7
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Fig. 9 The effect of electrolyte thickness
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b (a) Cathode current collector layer - porosity
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