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AB: Anode blower AP: Air preheater C: Compressor IN: Inlet
CB: Combustor G: Generator M: Mixer REF: Reformer
P: Pump PT: Power turbine  S: Splitter ~ T:Turbine V: Valve

Fig. 1 Configuration diagram of aviation SOFC-GT hybrid

system
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Table 1 Specific parameters of the hybrid system

Parameter Value
Fuel cell area/m’ 0.04
Anode thickness/pm 500
Cathode thickness/pm 50
Electrolyte thickness/pm 20
Cathode inlet temperature/K 998
Fuel utilization 0.75
Average current density/( A/m?) 5000
Oxygen to carbon ratio 0.3
Steam to carbon ratio 2.0
Reformer pressure drop 0.02
Compressor pressure ratio 10
Combustion efficiency 0.98
Combustion pressure drop 0.03
Generator efficiency 0.98
Inverter efficiency 0.97
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Comparative analysis of performance of aviation SOFC-GT
hybrid system with fuel series/parallel connection

LIU He', WANG Jingyi*, QIN Jiang', XIU Xinyan', JI Zhixing', DONG Peng'

(1. School of Energy Science and Engineering, Harbin Institute of Technology, Harbin 150001, China;
2. School of Science, Harbin Institute of Technology, Shenzhen 518055, China)

Abstract: When the solid oxide fuel cell — gas turbine (SOFC—GT) hybrid system is used as the power
source for electric propulsion aircraft, it faces low—temperature and low—pressure atmospheric environment and
has strict weight requirements. Therefore, optimizing the system configuration to make the hybrid system satisfy
the aviation applications is an effective way to solve the problems. In this paper, two configurations of SOFC-GT
hybrid system with fuel in parallel and series are proposed, and they are compared and analysed in terms of ther-
mal cycle theory, system thermodynamic performance and power—to—weight ratio. The results show that the ther-
modynamic performance of the parallel system is better than that of the series system. The electrical efficiency,
specific work and power—to—weight ratio increase by 3.32%, 113.14% and 34.04%, respectively, and the CO,
emission rate is reduced by 3.22%. With the increase of the pressure ratio, the efficiency of the series system has
an optimal value, while with the increase of the combustor temperature, the efficiency of the parallel system con-
tinues to decline. In the range of 4~6 of the ratio of air to fuel, the output power of the series system changes more
obviously, which is 116.29%~87.11% compared with the parallel system. In addition, although the power—to—
weight ratio of the SOFC~GT hybrid system is relatively low, it is better than the lithium battery in terms of ener-
gy density based on its excellent efficiency, which is conducive to improving the performance of electric propul-
sion aircraft.

Key words: Solid oxide fuel cell; Gas turbine; Power generation system; Thermodynamic performance;

Electric propulsion aircraft
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