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Abstract >> In this study, a 100 cm? cell frame for a molten carbonate fuel cell

was designed using CFD analysis. Electrochemical reactions, gas flow, and the
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heat transfer in 100 cm? cell frame were modeled using COMSOL Multiphysics.
Two design variables such as the height of the cell frame and the length of the

gas input area were determined to obtain minimized temperature distribution
and uniform gas distribution. With two design parameter such as height of the
cell frame and the length of the gas flow channel, the temperature difference in
the cell fame was decreased to 5C and the gas uniformity in the flow channel

were achieved.
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Table 1. Thermal properties of AISI 316L, the anode and the
cathode

Anode | Cathode
AISE3I6 | Nicr) | (NiO)
Density (kg/m’) 7800 8220 6794
Heat capacity (J/molK) 500 444 44,352
Thermal conductivity
(W/mK) 25 78 5.5
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Table 2. MCFC Standard operation condition

Variable Specification

HleOz:HzO:CO
=0.617:0.077:0.203:0.103

02:C0,=0.33:0.67
(Air:C0,=0.7:0.3)

Fuel gas composition

Oxidant gas composition

Inlet gas temperature 893 K
Gas utilization 0.4
Operating pressure 1 atm

Gas
distribution
space

Gas Flow Channel\,,\“ -

istributi -
™

Le

Fig. 1. Schematic figure of the 100 cm? unit cell for MCFCs
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Fig. 2. Maximum temperature of the one channel with respect
to the cell frame height (Hr)
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Fig. 3. Difference between the maximum temperature and the
minimum temperature in one channel with respect to the cell
frame height at 0.8 V
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(a) H- = 10mm

T, = 634.2°C

AT= 14°C
ey

(b) He = 60mm
T

=620.2°C

min

=625.13°C
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AT=4.93°C

T, =620.2°C
Fig. 4. Comparison of temperature distribution in the one
channel at Hr of 10 mm and 60 mm (Vcei=0.8 V)
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Fig. 6. Comparison of the cathode side velocity at the
channel center when Lgis 5 mm and 30 mm (V¢ei=0.8 V,
L=0.1 m, H==60 mm)
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Fig. 7. Maximum temperature of the one channel with respect
to the cell frame height (Hr)
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Fig. 8. Current density distribution when the length of the gas
distribution space (Lg) is 5 mm, 10 mm, and 30 mm
(Veer=0.8 V, L=0.1 m, Hr=60 mm)
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Inlet @ Outlet

(a) Hy = 60mm
Temperature (°C)
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625.17

AT=235[0]

(b) Hy = 30mm
Temperature (°C)
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AT=3.78 [0 ]

Fig. 9. Comparison of temperature difference when Hr is
60 mm and 30 mm (V¢ei=0.8 V, L=0.03 m)

1 4
0.95 \

—_—

¢

< 09 \
7]

B 0.5

=

-E 0.8

» -

xS

=

2 T

&

0.65 e —

350 600 850 1100 1350 1600 1850 2100 2350
Average current density (A/m?)

Fig. 10. -V Curve in 100 cm? unit cell (Veai=0.8 V, He=60
mm, Lg=30 mm)

2 A% 27 2% 62002} oF 10C 7}
Wl el §74 et AR Bershl
A T2)9) ol 60 mm AASAL

Fig. 102 & olto] ube 44 Aziel 4 Zeg)
$£0|(H) 60 mm, 712~ 22} Zol(Lo) 30 mm, 1t
=

2] 100 em’e] that ARLE-HGL (1-V) FAlo]
A%

o] 7}
wketa

o} AEYE BX 1500 A/molA] Al H 0.82 VE,
712 A% A3K0.818V)V2} 2 zjo|E Ho|z] Y=
e g 5 U

> SHRLAUMOIK|3HE] =2

COMSOL Multiphysics& o]-8-s}o] T #%]9]
7§ AL A ZA9e Rasn e A
7| BEPLS, Th o, AR W3S Ak
o1 olgsiel £ % A FULE B
= S 29 FEE AT 2 ok
of A W4 A 2A|g) ol(H9h 7k Hugel
o] 7 O](LF)O]E}

1) 3t 7j9] 7k g Aol dis A 2 ¢) 2o
& WAt 2o ik 9Fe A A 2
A o7t o, il 2t fashes A
RIS

2) 7k 2l g ] dol 30 mmof| A RES-7A7}
T s FUE = e RIS E:H 100 em
A ZY oA A ZH YO o7t W2 A A
oM o) Aol 2E7F AAH R Asshe e
gHelst it

wegeqe] o] 30 mm, %‘
A Ay FRE AT 5 99

o AL ALE|Ethet WfATH|Y A
do Syurk

References

1. K. S. Lee and H. H. Cho, “Numerical Analysis of Molten
Carbonate Fuel Cell Stack Using Computational Fluid
Dynamics”, Journal of the Korean Electrochemical Society,
Vol. 8, No. 4, 2005, pp. 155-161.

2. M. G. Kang, H. S. Park, H. C. Ham, S. C. Jang, C. W. Yoon, J.
Han, S. W.Nam, S. H. Kim, and S. P. Yoon, “Effect of Cs,CO;
in Li/K and Li/Na Carbonate on the Oxygen Reduction
Reaction for MCFC”, Journal of The Electrochemical
Society, Vol. 163, No. 8, 2016, pp. F962-F967.

3. C.Yuh, J. Colpetzer, K. Dickson, M. Farooque, and G. Xu,

“Carbonate fuel cell materials”, Journal of Materials

H298 HM1= 20184 28



Engineering and Performance, Vol. 15, No. 4, 2006, pp.
457-462.

. C.W.Lee, M. Lee, S. C. Chang, S. P. Yoon, H. C. Ham, and
J. Han, “Effect of the flow directions on a 100 cm®> MCFC
single cell with internal flow channels”, International Journal
of Hydrogen Energy, Vol. 41, 2016, pp. 18747- 18760.

. G. Wilemski, “Simple porous electrode models for molten
carbonate fuel cells”, J. Electrochem. Soc. Vol. 130, 1983,
pp. 117-121.

. C.Y.Yuh and J.R. Selman, “The polarization of molten car-
bonate fuel cell electrodes. 1. Analysis of steady-state polar-
ization data”, J. Electrochem. Soc., Vol. 138, 1991, pp. 3642-
3648.

7. J.H.Koh, B. S. Kang, and H. C. Lim, “Effect of various stack

Vol. 29, No. 1, February 2018

10.

i=}
ozt
it
w

parameters on temperature rise in molten carbonate fuel
cell stack operation”, J. of Power Sources, Vol. 91, 2000, pp.
161-171.

. H. Hirata, T. Nakagaki, and M. Hori, “Effect of gas channel

height on gas flow and gas diffusion in a molten carbonate
fuel cell stack™, J. of Power Sources, Vol. 83, 1999, pp. 41-49.

. C.G.Lee, K. S. Ahn, S. Y. Park, H. K. Seo, and H. C. Lim,

“Temperature characteristics of the molten carbonate fuel
cell stack”, Trans. Of the Korean Hydrogen and New Energy
Society, Vol. 15, No. 1, 2004, pp. 54-61.

H. Hirata and M. Hori, “Gas-flow uniformity and cell per-
formance in a molten carbonate fuel cell stack”, J. of Power

Sources, Vol. 63, 1996, pp. 115-120.

Transactions of the Korean Hydrogen and New Energy Society <<



