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Computational Analysis of Heat and Mass Transfer in a Planar-type
Solid Oxide Fuel Cell

Hee Seok Jeong, Hoon Cha, Jeong Lak Sohn, Sung Tack Ro

Key words : Solid Oxide Fuel Cell(ZA4tatE A F4X]), Computational Analysis(H4Fs|41), Current
Density and Temperature Distribution(AHF2E ¥ 2% E¥) Transport Phenomena(ZHEdA), Heat
Generation( QA1)

Abstract : The performance prediction of a planar-type solid oxide fuel cell is conducted by a
computational analysis. The transport processes are formulated with the help of a simplified
treatment of heat generation by the electrochemical reaction. From the result of the
computational analysis, it Is shown that the electrochemical reaction is closely related to the
transport phenomena inside a solid oxide fuel cell. Transport phenomena including heat and mass
transfer have influence on the distribution of local current density and, as a result, on the
per formance characteristics of the fuel cell. Computational analysis is also extended to the
parametric study to investigate the performance behavior of the fuel cell with different amount
of supplied fuel flow rates. It is also demonstrated that the mathematical formulation and
computational procedures proposed in this study can be applied to prove the importance of the
specific TPB(Three-Phase-Boundary) area in the manufacturing process of electrodes in a solid
oxide fuel cell.

Nomenclature X x-axis
. y y-axis
specific TBP area [mz/m3] .
vt n’] z z-axis
activati .
¢ tvation areatm n activation voltage loss (V]
Faraday constant - . 3
® specific mass generation [kg/m’s]
enthalpy [J]
current [A] . subscript
current density [A/m”]
specific current fA/m’] a,c : anode, cathode
molecular weight [kg/kmol] ¢ + electrolyte .
far f1 e [kmol/ fc.ac : fuel channel, air channel
molar flow rate [kmol/s] EC . fuel cell
pressure [Pa]
heat generation {W] 1. M 2
area-specific electric resistance [mz]
electric resistance [2] or gas constant [J/K]
entropy [J/K] 1) M8Uistn 7| Agsas st
E-mail @ suk96@snu.ac.kr
temperature [K] Tel : (02)880-1646 Fax : (02)-883-0179
e cellvoltage [V) 2) MEUstn J|ASSZET ot
open-circuit voltage [V 3) Medsu J|AeS Sty At
S reltage IVl 1) MBOET JAZRRY 2
power [J]
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Fig. 1 Schematics of a planar-type solid oxide fuel cell
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Table 1. Dimensions and material characteristics of

components of the reference unit cell

Partname Dimension(mm) material
He 2.0
Interconnector (Anode) Hee 1.0 LaCr03
Wi 2.0
Anode 8 0.1 NilYSZ
Electrolyte S 0.1 YS§Z
Cathode 8« 0.15 LSM/YSZ
Hr’.\C 1.0
Interconnector (Cathode ) Hai 2.0 LaCr03
Wi 2.0
Fuel flow channel Hie 1.0
N/A
(Anode) We 1.0
Air flow channel Hac 1.0 N/A
(Cathode) We 1.0

Table 2 Inlet conditions of flow channels of the reference

unit cell
Channel Values
Flow rate 1000 m*s
Fuel flow Channel Temperature 923 K
M ass Fraction 0.7(H2) 0.3(H20)
Flow rate 3000 m s
Air flow Channel Temperature 923 K
Mass Fraction [0.233(02) 0.767(N2)
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(a) Reference unit cell

(b) Computational domain

Fig. 2 Reference unit cell and computational domain
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Table 3 Inlet condition of flow channel of the Yakabe's

model

Co-flow Counter-flow
Fuel Velocity 0.4 m/s 0.4 m/s
Fuel Temperature 1273 K 1273 K
Air Velocity 3m/s 3m/s
Air Temperature 1173 K 1123 K
Channel length 100 mm 100 mm
Table 4 Resluts of Yakabe and SNU-model
Yakabe SNU-model
ICounter-| Co- [Counter-
Fuel CH4 Hg
Maximum
1352 | 1488 1383 1423
Temperature (K)
Averaged Current
. ) 3860 | 3980 | 4660 5326
Density (A/m”)
Fuel utilization (%) | 77 79 80.33 73.44
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233

(c)O2 in air flow channel
Fig.4 Distributions of mass fractions of gas
compositions in flow channels of the reference unit cell

(vertical plane at x=0.0mm)
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Fig.5 Temperature distributions on the surface of the

computational domain

(b)z/L =0.5

(c)z/L=0.75
Fig.6 Temperature distributions in solid parts of the

(d) z/L = 0.99

reference unit cell at various cross-sections along the

longitudinal direction
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(b) Along the longitudinal direction
(at x=0.0mm, y=0.0mm)
Fig.7 Distributions of the local current density of the

reference unit cell
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