Journal of the Korean Electrochemical Society
Vol. 8, No. 4, 2005, 155-161

et

CFDZ °]-83F §a8Hg dE83x] Z9e] X2}

7 E 8} A 2F 2
#Agof et s EF S (A A% GS Caltex(—r))
(20053 10 25¢ H<4=:2005d 119 15¢ A=)

Numerical Analysis of Molten Carbonate Fuel Cell Stack Using
Computational Fluid Dynamics

Kab Soo Lee’ and Hyun Ho Cho*

Department of Environmental System Engineering, Kimpo College, Kimpo 415-761, Korea
*School of Chemical & Biological Engineering, Seoul National University, Seoul 143-701, Korea
(Current Address : GS Caltex Co., Daejeon, Korea)

(Received October 25, 2005 : Accepted November 15, 2005)

Fo

=

|

34 CFD ZZI3<l FLUENT v5.3& o83t §§aitd A5HA] &g X BAME 319t FLUENTW ]
2= = i%%‘%% 1 S, ALEAF G drE 01%6}04 ISR =S S A718EE vk Fakeol
43%”401‘&?1011 ok At 7k 244 st Y Folss auiste] Ao AL AxE A3t siTh U*}Oﬂ A}
L8 2"He 6 kWHEH 25 kWﬂ 2gloz 7kz} 20709} 407H4 ez &%f‘& Pelon ez F9)
= 7IE coflowdEIE 249 AdS Se7H AAIEY Stk BARE Sl GolE 28 U] JEEEE 7k 5

R HAsl7E dofuby anode AHEETE cathode AHEelA e =Pt o =7 ‘)rE]rLL‘:}. Ad W SERIE
A dbgol ot Z=F 9 RudEsiE Q3] anode A'dolMe 7HAsE WEOR w7t 57}3}1—‘:‘ HHH  cathode Ad
NME &rr) Zhhste A BAvh 28 ] SERIE vk sEWeke R Ztsle ATS By, AXAdte)

QU)o DAYE AL 5 Yol PPRAISS FUE Bt 337 cto s a2 )
29 FT FRAAE PRl S8 9 whgol, 7 FReME Wase] Yot o]z sl YT
Sh &) 2mApl B ALE Selsiich. webd Fgsh 202 Fu kWaE o] Uy 28 RAs] e
FATbeAel S HE LY AOoR P

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(electrode+electrolyte+ 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 C0O,:0,:N,=0.3:0.15:0.55
773 K or 823 K

Operating pressure 1 atm
Current density 50, 100, 150 mA/cm? 150 mA/cm?
Gas utilization 0.4 0r0.6 0.6

kcen =7.07 W/mK
kscparamr =22.9 W/mK
kinsu]ator =0.05 WmK

Thermal conductivity

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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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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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. 9. Planar view of pressure distribution of 10th cathode channel
(6 kW, U=U,=0.6, =150 mA/cm?).
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Fig. 10. Velocity distribution of 10th channel (6 kW, U=U,=0.6,
=150 mA/cm?).

1100 Uf=06, Uo=03 = = = =Uf=06, Uo=04
Uf=Uo=06
1060
< 1020
o
3
4@ 980
8
£ 940
[}
]_
900
860 |
820
05 07 09 11

Gas flow direction (m)
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air utilization rate (U=0.6, i=150 mA/cm?).
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