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Performance Characteristics for Off-design Operation of
Micro Gas Turbines

T. S. Kim, S. H. Hwang
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ABSTRACT

Micro gas turbines are designed with low turbine inlet temperature and pressure ratio. To overcome the
efficiency defect of the simple cycle, adoption of the recuperator is an inevitable choice. In addition to the
design performance, we should also pay attention to the off-design performance of gas turbines since they
usually operate at part-load conditions for a considerable amount of their lifetime. This study analyzes
off-design performance characteristics of micro gas turbines and addresses the importance of the
recuperation process during the part load operation. Comparative analyses have been performed to evaluate
the part load performance differences among various design and operating options @ simple vs recuperative
cycles, single vs two shaft configurations, various operating strategies for the single shaft configuration, and
current vs advanced engines. Major finding is that maintaining high turbine exhaust temperature is crucial
for efficient operation of micro gas turbines.
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Table 1 Design specification of a single shaft micro gas turbine

Ambient temperature, K 288.15
Ambient pressure, kPa 101.3
Turbine inlet temperature, K 1100
Pressure ratio 35
Compressor efficiency, % 81
Turbine efficiency, % 85
Recuperator efficiency, % &
Shaft speed, rpm 30,000
Air flow rate, kg/s 05
TFuel LHV (natural gas), kJ/kg 49,720
Turbine exit temperature, K 872 (867)%
Exhaust temperature, K 517 (867)*
Shaft power, kW 53.6 (60.4)*
Specific power, kJ/kg 107.3 (121.0)*
Thermal efficiency, % 300 (156)=

* simple cycle
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Table 2 Design specification of a simple cycle gas turbine

Turbine inlet temperature, K 1300
Pressure ratio 12
Compressor efficiency, % 33
Turbine efficiency, % 89
Specific power, kJ/kg 250
Thermal efficiency, % 30.0
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Table 3 Design specifications of a high temperature advanced

micro gas turbine

Turbine inlet temperature, K 1450
Pressure ratio 50
Compressor efficiency, % 83
Turbine efficiency, % 87
Recuperator efficiency, % 0
Turbine exit temperature, K 1077
Exhaust temperature, K 572
Specific power, kJ/kg 250
Thermat efficiency, % 438
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