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Comparative Part Load Performance Analysis of Gas
Turbine Power Generation Systems Considering

Exhaust Heat Utilization
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ABSTRACT

This paper presents analysis results for the effect of power control strategies on the part load
performance of gas turbine based power generation systems utilizing exhaust heat of the gas turbine such
as combined cycle power plants and regenerative gas turbines. For the combined cycle, part load efficiency
variations were compared among different single shaft gas turbines representing various technology levels.
Power control strategies considered were fuel only control and IGV control. It has been observed that gas
turbines with higher design performances exhibit superior part load performances. Improvement of part load
efficiency of the combined cycle by adopting air flow modulation was analyzed and it was concluded that
since the average combined cycle performance is affected by the range of IGV control as well as its
temperature control principle, a control strategy appropriate for the load characteristics of the individual
plant should be adopted. For the regenerative gas turbine, it is likewise concluded that maintaining exhaust
temperature as high as possible by air flow rate modulation is required to increase part load efficiency.
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Fig. 1 Design performance data for commercial gas turbines
for electric power generation”
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Fig. 2 Schematic diagram of the combined cycle power plant
adopting a single—pressure bottoming system
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Table 1 Part load control strategies

Scheme Strategy Simulation
I Maximum air flow control Constant air flow rate
I IGV and VSV control up to 30% air flow reduction with { Air flow reduction up to 30% followed by
constant TET followed by maximum air flow control constant air flow
m IGV control up to 145% air' flow reduction with constant | Air ﬂowvreduction up to 15% followed by
TIT followed by maximum air flow control constant air flow
Table 2 Design specifications of combined cycle plants with different design technology levels of gas turbines
Gas Turbine A B C D
Gas turbine parameters
Pressure ratio 9 12 15 22
Turbine rotor inlet temperature (C) 1000 1100 1300 1500
copressr & e ety low mid high highest
Turbine exhaust temperature (C) 5432 545.3 606.7 6188
Specific power (kJ/kg air) 1981 274.2 3825 489.1
Thermal efficiency (%) 249 309 36.1 409
Bottoming system parameters
Steam pressure (kPa) 3,000 3,000 5,000 5,000
Steam temperature (C) 523.2 525.3 560.0 560.0
Stack temperature (C) 1426 142.1 1363 1306
Specific steam turbine power (kJ/kg air) 1529 1558 196 206.1
Combined cycle
Specific combined cycle power (kJ/kg air) 351.0 4293 5781 694.2
Combined cycle efficiency (%) 441 484 54.6 58.1

All calculations are based on ambient condition of 101.3 kPa and 288K and methane as fuel.

Combustor

and exhaust pressure losses of 4% are included.
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