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An Analysis on the Performance and the Heat Transfer of
Molten Carbonate Fuel Cell Stack
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Abstract

A numerical investigation has been carried out for the electrochemical reaction, mass and heat
transfer characteristics of the Molten Carbonate Fuel Cell(MCFC) stack. The effects of cooling air
channel and water gas shift reaction were taken into account.

The current density distribution of electrodes, the molecular fractions of reactant gasses and three
dimensional temperature distribution can be calculated and shown by several lines of equivalent
values. The results have been compared with the existing ones, and reasonable agreement has been
obtained.

To examine the influence of changing parameters, such as the composition of reactant gases, the
target average current density, the utilization of reactant gases, the cooling air inlet temperature
and flow rates, the computer simulation has been done.

The analysis method and computer program developed in this study will be greatly helpful to
design and verify the optimum operating condition of MCFC stack.
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Cell type Stack Single cell Stack
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Table 2 The effects of utilization change
Utilization of Fuel 75% 50 %

Utilization of Oxidant 50% 25% 10% 50% 25% 10%
Output Voitage(V) 3.76 362 3.30 384 3.69 337
Output Power(KW) 2.68 2.58 2.35 2.74 2.63 240
Mean Temp(K) 935 05 865 923 896 862
Max Temp.(K) 980 966 911 964 950 902
4Tmax(K) 113 127 87 109 116 78
Mean C.D.(mA/cm?) 198 198 198 198 198 198
Mex CD.(mA/cm®) 317 362 329 246 288 287
dimax(mA/cm®) 196 249 203 116 174 158
Fuel Flow Rate(mol/hr) 148 148 148 222 222 222
Oxidant Flow Rate(mol/hr) 457 914 2280 457 914 2280

Table 3 Effect of cooling temperature

£ Inlet Temp 843K | 813K [ 783K [ 753K

‘ e Output Voltage(V) 373 | 362 | 349 | 3.34

E Output Pwr.(KW) 266 | 258 | 248 | 238

e / 2 Mean Temp.(K) 915| 903 | 891| 880

/ iy s Max. Temp.(K) 965 | 966 | 971 980

/ / /—\-] ATmax(K) 103 | 127| 155| 187

Mean CD.(mA/cm?) 198 198 | 198 | 198

Fig.9 Current density and temperature distribution Max C.C.(mA/cm®) 334 | 362 | 403} 465
at Up=50%, Uns=50% dimax(mA/em?) 210 | 249 | 305| 389
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Table 4 Effect of cooling air flow rate

Air Flow Rate(mol/hr) 100 3000 6000 9000 12000 15000
Output Voltage(V) 372 363 362 362 362 361
Output Owr.(KW) 2.65 259 2.58 258 258 257
Mean Temp.(K) 954 906 903 902 901 901
Max. Temp.(K) 1080 975 966 963 961 960
4Tmax(K) 237 135 127 124 123 122
Mean CD.(mA/cm® 198 198 198 198 198 198
Max CD.(mA/cm® 488 375 362 357 355 353
dimax(mA/cm?®) 392 263 249 244 242 240
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