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Abstract: In this paper, commercial CFD program FLUENT v5.3 is used for simulation of MCFC stack. Besides
using conservation equations included in FLUENT by default, mass change, mole fraction change and heat added
or removed due to electrochemical reactions and water gas shift reaction are considered by adding several equations
using user defined function. The stacks calculated are 6 and 25 kW class coflow stack which are composed of 20
and 40 unit cells respectively. Simulation results showed that pressure drop took place in the direction of gas flow,
and the pressure drop of cathode side is more larger than that of anode side. And the velocity of cathode gas
decreased along with the gas flow direction, but the velocity of anode gas increased because of the mass and volume
changes by the chemical reactions in each electrodes. Simulated temperature profile of the stack tended to increase
along with the gas flow direction and it showed similar results with the experimental data. Water gas shift reaction
was endothermic at the gas inlet side but it was exothermic at the outlet side of electrode respectively. Therefore
water gas shift reaction played a role in increasing temperature difference between inlet and outlet side of stack.
This results suggests that the simulation of large scale commercial stacks need to consider water gas shift reaction.
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Table 1. Principal analysis conditions

Item 6 kW class stack 25 kW class stack
Cell area 3000 cm? 6000 cm?
Gas channel height 1.25 mm 1.7 mm
Separator thickness 5 mm or 10 mm 5 mm
Cell(electrodetelectrolyte+ 2.2 mm 2.15 mm

matrix) thickness
Inlet gas composition
(mole fraction)

Inlet gas temperature

Fuel H,:CO,:H,0=0.72:0.18:0.10
Oxident CO;:0,:N,=10.3:0.15:0.55
773 Kor 823 K

Operating pressure I atm
Current density 50, 100, 150 mA/cm? 150 mA/cm?
Gas utilization 0.4 0r0.6 0.6

Thermal conductivity ke = 7.07 W/mK
kseparator =229 W/mK

Kinsutaror = 0.05 W/mK

Heater

Header
plate

Heater

(a) (b)

Fig. 1. Schematics of MCFC stack configuration. (a) 6 kW stack, (b)
25 kW stack.
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3.1. Voltage and output power
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Fig. 2. 6 kW-class stack grid.
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Fig. 3. Voltage and output power of stack compared with
experimental data (U=U,=0.6, i=150 mA/cm?).
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3.2. Temperature distribution
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Fig. 4. Planar view of temperature distribution of 10th separator (6
kW, U=U,=0.6, i=150 mA/cm?).
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Fig. 5. Planar view of temperature distribution of MCFC stack (6
kW, U=U,=0.6, i=150 mA/cm?).
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Fig. 6. Temperature distributions compared with experimental data
(6 kW, U=U,=0.4, =100 mA/cm?).
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Fig. 7. Temperature distributions compared with experimental data
(6 KW, U=U,=0.6, =150 mA/cm?).
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3.3. Pressure distribution
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3.4. Velocity distribution
MCFCE A4 Felke 7k2rt A3 98 A o og
3 e AF W) s 7k Asht 2es Ao,

anode : H2+C0§7 > H,0+CO,+2e (16)

cathode : %oz 1CO,+2e - COY (17

Anodedl M E Hy7t 2RFHE ¥ Ot H,07) A=
2a7} Z7V6A HAL cathodedlE CO2F O7F g0l 2
3lo] AnElng Buyt A "ol Zzke] Aedsls 15
o] H, ¥kE Al anode®} cathodeoll] 242} 60 go] A3 AR 7}



160 J. Korean Electrochem. Soc., Vol. 8, No. 4, 2005

9.83¢001
] 9.300401

8.78¢+01

$.25+01
77301

H
7.20e+01

6.68¢+01
6.15¢+01
5.63e01

i
5.10¢+01

Fig. 8. Planar view of pressure distribution of 10th anode channel
(6 kW, U=U,=0.6, i=150 mA/cm?).

157¢+02

1.39¢+02

1.30c+02
131402
112402

1.03¢+02

9.402+01

850401

7.60c+01

Pt
6.70¢+01

5.80c+01
4.90e+01
4.00:+01

Fig. 9. Planar view of pressure distribution of 10th cathode channel
(6 kW, U=U,=0.6, i=150 mA/cm?).
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Fig. 10. Velocity distribution of 10th channel (6 kW, U=U,=0.6,
=150 mA/cm?).
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Fig. 11. Temperature of 10th separator of 25 kW stack at different
air utilization rate (U=0.6, =150 mA/cm?).
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3.6. Water gas shift reaction
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Fig. 12. Temperature of 10th separator of stack. 6kW : U=U,=0.6
=150 mA/cm?, 25kW : U=0.6, U,=0.3 /=150 mA/cm?
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