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Temperature Characteristics of
the Molten Carbonate Fuel Cell Stack

Lee Choong-Gon, Ahn Kyo-Sang, Park Seong-Yeon, Seo Hai-Kyung, Lim Hee-Chun’

Korea Electric Power Research Institute (KEPRI)
103-16 Munji-dong, Yuseong-gu, Daejeon 305-380, Korea

ABSTRACT

Temperature characteristics in a stack of molten carbonate fuel cell (MCFC) have been
investigated with simulation based on the computational fluid dynamics (CFD) codes and
experimental way. The MCFC has generally two stack structures when the natural gas is used
as fuel; one is the external reforming type and the other is internal reforming type. Computer
simulation at the external reforming stack suggests that the maximum temperature in the stack
depends on the gas flow length. The 2 kW MCFC stack with 25 cm gas flow length showed

about 675C of maximum temperature.
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Fig. 1. Temperature simulation results with electrode
length in the MCFC stack with assumptions
that the stack is composed of 20 cells at
the anode utilization 60%, cathode utilization
40% with gas inlet temperature 550°C,
current density 150 mA/cm?2, at atmospheric
condition.
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Fig. 2. Simulated temperature profiles in 90 cells MCFC stack with same assumptions at Fig. 1.
(a) 50 cm electrode length (b) 25 cm electrode length
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Fig. 3. Schematic drawings of external reforming type
MCFC stack.
1. anode gas inlet manifold
2. cathode gas inlet manifold
3. internal manifold
4. matrix with electrolyte

S.cathode 6. separator
7. anode 8. positive current lead
9. upper plate 10. negative current lead

11. anode gas outlet manifold
12. cathode gas outlet manifold
13. lower plate
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Fig. 4. Voltage and power relations with current

density at the 2 kW MCFC stack. Anode
utilization is 60%, cathode utilization is 40%,
inlet gas temperature is about 550C at
atmospheric condition.
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Table 2. 2 kW MCFC ~®4 A& A}

Matrix Electrolyte Anode Cathode Separator

Material | G0z ) | O L KCOs | Nij10mcr | Lithiated NiO | SUSB16L

Size(cm x cm) 955 x 46.5 | 24.5 x 45.5 | 55.2 x 45.3
Thickness (mm) | 1.5 0.4 0.70 0.72 0.6
Porosity(%) 55.6 - 66~69 70 -
e (e 0.25 - 45 9.2 -

Trans. of the Korean Hydrogen and New Energy Society (2004.3), Vol. 15(1) 59



o1E2 -

5650C gk 20709 @9 Ax7 AF dFHE o
7] w5 7324 e} (open circuit state)oll A &
A5y Aol 77HE 215 VE Holw, UFE
alo] Z7ll wet Aol Moz Faste
#ardrt o)A MCFCY dH-EA3 #
RnogM AINgE&rrt weE 44
ol7] wWjEog AZsH: ot AF
,AFUERE 150 mA/emiAl e AgHe
AA G 0765 VEA AZHH 100 cm’F o
ol Mz o] Aol FY +HZANA 2 08
Vel AL nshd oo e A Jdoh 1
2 2" 2xTu] o w2 J3ds 7
okl 4% 3 ATS Holn vk & F 3l
o} =3 2o 232 AQty HF FOEA
AFRste F7td wa E¥ol IS ¢ F
9lom, 150 mA/em’ ZAA F 23 kW] 28
& 71&39

Fig. 5t 7H3| 248 A 150 A9l A/FE A7}
3 7399 2" 2T W3E A7t dis e
3 et $HZAL Fig 49 FYdd, 94
Zto] WE &xyslE A A AT 19
9] Upper part: AF @0 7HF £& &89
2 AztE e AR sta &4eke] 3 mm 3
o] 7L o A AFAM ¢ 15cm E
2 2R 2xolt) Lower parts &AM
M B 2R AZHE dEHY st
PR 2 3mm AA FHE o] S48 A
Zol A oF 15 cm oA FEY kot g
3 Anode In€ Q83 4+Z9] njyZ= Ui
7t22 x5 o|n, Cathode In& Sd3HA &7 ¢
F& gJES Yo kA 2xol ol 19
o] &= K g9 ANE o|83ldq FAHA
1=

HA N ZAENA dEF dTRET 3]
2 YF 259 HF) & Fo] JEHL oA
AR fFEo] F73o vls] A o] H7]4
d7)& 53 7tdo] £ol3l7] WEoz AZdh
oo ujaj N3 zgefolA B (Lower part)
o) 5= o 570°Col AH-(Upper part)d] &

gL

Brorf S o (B o o

1

=

A

a9

o

Ok

60 '

I'

24

Temperature / °C

Time/h

5. Temperature variation by the addition of 150
mA/cm2 current density to the 2 kW MCFC
stack at the same conditions of Fig. 4.
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