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Parametric Design Analysis of a Pressurized Hybrid System Combining Gas
Turbine and Solid Oxide Fuel Cell
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Abstract

Thermodynamic performance analysis has been carried out for a hybrid electric power generation system
combining a gas turbine and a solid oxide fuel cell and operating at over-atmospheric pressure. Performance
characteristics with respect to main design parameters such as maximum temperature and pressure ratio are
examined in detail. Effects of other important design parameters are investigated including fuel cell internal
parameters such as fuel utilization factor, steam/carbon ratio and current density, and system parameters such
as recuperator efficiency and compressor inlet temperature.
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Table 1 Reference design parameters
Fuel Methane
GT parameters
Compressor inlet temperature | 15 °C
Turbine inlet temperature 840 °C’
Pressure ratio 29°
Compressor efficiency 0.78
Turbine efficiency 0.82
Recuperator efficiency 0.87
Fuel Cell parameters
Fuel utilization factor 0.85
Steam/Carbon ratio 3.0
Current density 320 mA‘em’
Performance data
Air flow rate 0.534 kg/s
Fuel/air ratio 0.01374
Cell voltage 0.582 V 0.610 V)™
Cell area 104 m? (96 m*)"*
GT power (AC) 41 kW
FC power (AC) 184 kW
Total power (AC) 225 kW
Specific power 422 kd/kg (378kJ/kg)
Efficiency 61 % (57%)"

* data given for analysis

** data from manufacturer
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