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Performance and Safety Analysis of Marine Solid Oxide Fuel Cell and

Gas Turbine Hybrid Power System
(under Conditions of Turbine Cooling and Constant TIT)

Myoung-Hwan Kim?¥

Abstract : The strengthened regulations for atmospheric emissions from ships like
MARPOL Annex VI have caused a necessity of new, alternative power system in ships
for the low pollutant emissions and the high energy efficiency. This paper attempts to
investigate the configuration of SOFC/GT hybrid power system for LNG tanker taking
into account the safety and to analyze the influence of design parameters on the system
performance. The simulation results provide the basic data for the design and efficiency
improvement of SOFC/GT hybrid system and indicate the guidelines for the safe system
operation.
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Key words : Ship power system(Xu-sA]2:8l)  Solid oxide fuel cell(ZAAF3HES AFHA]),
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4). Safety(t24)

JleAMy i current density (A/m?
i, : limiting current density (A/m?
D : coefficient K equilibrium constant
E : open circuit reversible potential (V) P : partial pressure (Pa)
F : Faraday constant (C/mol) R gas constant (J/mol-K)
G Gibbs free energy (J/mol) T : temperature (K)
H : enthalpy (J/mol) V electrical potential or overpotential
HC : enthalpy change of combustion V)
(J/mol) W power (W)
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Q : area specific resistance (Qcm?)
§ : thickness (m)

ne : electrical efficiency

n, : total efficiency

p  : resistivity (Qcm)

ofei & X}

a : anode

act : activation

aux : auxiliary machinery
¢ : cathode

e ! electrolyte

ohm: ohmic

r : reforming

S ¢ shifting

sofc : stack
trans: concentration
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2 A 2" A5 Aol AbEe 2UES Table 1
3 2ot
Table 1 Setting Parameters for the lumped analysis
Electrical output (kW) 3000
Anode thickness (um) 200
Cathode thickness (um) 2000
Electrolyte thickness (um) 20
H, utilization ratio (%) 80
Limiting current density (A/m? 9000
Inverter efficiency (%) 95
Reformer temperature effectiveness (%) 10
Steam carbon ratio 3
Economizer gas outlet temperature (K) 473.15
Steaming pressure (kPa) 700
Air compressor adiabatic efficiency (%) 75
Turbine adiabatic efficiency (%) 0.82
Turbine mechanical efficiency (%) 0.93
Generator efficiency (%) 0.97
Converter efficiency (%) 0.95
Fuel feeder adiabatic efficiency (%) 75
Fuel feeder mechanical efficiency (%) 90
Fuel feeder motor efficiency (%) 95
Reformer pressure drop(air side) (%) 4
Reformer pressure drop(fuel side) (%) 2
Stack pressure drop(air side) (%) 6
Stack pressure drop(fuel side) (%) 6
Recuperator pressure drop(air side) (%) 4
Recuperator pressure drop(gas side) (%) 2
Combustor pressure drop(air side) (%) 2
Combustor pressure drop(fuel side) (%) 6
Turbine pressure drop (%) 80
Mixer pressure drop (%) 2
Economizer pressure drop(gas side) (%) 2
Ambient temperature (K) 298.15
Ambient pressure (kPa) 101
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Turbine inlet temperature (K)
Fig. 9 Effect of TIT
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