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ABSTRACT

In this study, an in-house program to analyze the performance degradation for gas turbines is developed using MATLAB

and is validated using commercial software. This program consists of design and off-design calculations. The results of design

calculation is used for reference values of off-design calculation. The off-design calculation is composed of measured and

expected performance analyses, and turbine inlet temperature correction. In general, performance degradation is analyzed by

comparing the results of measured and expected performance analysis. However, if gas turbine performance degrades, turbine

inlet temperature might increase due to the general control logic to comply with the power demand. Therefore, it is required

to consider the deviation of turbine inlet temperature from the normal value in the performance diagnosis to analyze the

performance degradation exactly. In this study, a special effort is given to the correction of turbine inlet temperature. The

accuracy of the developed program is confirmed by comparison with commercial software, and its capability of performance

diagnosis using the turbine inlet temperature correction is demonstrated.
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‘New and clean’

‘Degraded’

: Rated performance

: Measured performance
: Measured performance with TIT correction
: Expected performance

: Corrected performance

: Corrected performance with TIT correction

Gas turbine power
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Ambient temperature 15°C
Fig. 1 Variation in gas turbine power with ambient temperature
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Design calculation | |

Off-design calculation |

Input parameters : Input parameters :
Measured ambient condition
Measured fuel temperature
Measured fuel flow
Measured power

Ambient condition
Air and fuel flow
Pressure ratio
Compressor efficiency

TIT / TET Measured TET
Power Measured CDT / CDP

from measured performance

Input parameters : Input parameters :

Measured ambient condition Measured ambient condition

Fuel LHV TT
from expected performance

\ )

Measured performance
analysis

Design analysis

Fuel LHV

A4 A4
Qutput parameters : Qutput parameters :

Turbine efficiency Pressure ratio

| I

Expected performance Turbine inlet temperature
analysis correction

Turbine inlet| temperature
v A

Coolant mass flow rate Compressor efficiency
Turbine efficiency
TIT
TRIT

Fuel composition and LHV

Qutput parameters : Qutput parameters :

Expected power Power
Fuel flow — Corrected power
TT Air and fuel flow
TRIT Pressure ratio
TET Compressor efficiency
Compressor efficiency TET

Pressure ratio

Fig. 2 Structure of the simulation program
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Table 1 Design specifications of F-class gas turbine

Parameters In-house GateC(sl/gle
code 6.1.2
Air temperature (C) 15
Air pressure (kPa) 101.325
Relative humidity (%) 60
Air flow rate (kg/s) 430 430
Inlet duct pressure drop (%) 15 15
Pressure ratio 16 16
Compressor isentropic efficiency (%) 3.9 8.9
Fuel flow rate (kg/s) 9.26 9.26
Lower heating value (kJ/kg) 49426 494272
Combustor pressure drop (%) 3 3
Turbine isentropic efficiency (%) 91.09 90.92
Turbine inlet temperature (C) 1410 1409.98
Turbine outlet temperature (C) 608.9 608.9
Exhaust duct pressure drop (%) 3 3
Generator gross power (MW) 165.4 165.4
Efficiency (%) 36.15 36.15

Input parameters :

Ambient condition
Air and fuel flow rate
Pressure ratio
Compressor efficiency
TIT / TET
Power

v

Assume :
Coolant mass flow rate

v

Assume :
Turbine efficiency
Mechanical efficiency

A

v

Calculated Power and TET
matched with input values?

Calculated Power and TET
matched with input values?

C Finish )

Fig. 3 Flowchart for the design analysis
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Input parameters :

Ambient condition
Expected fuel flow rate
Expected TET
Expected power

:I
A4
Assume :
Pressure ratio
Compressor efficiency

A

Assume :
Air flow rate

A

Is turbine inlet pressure-flow
correlation constant?

Calculated Power and TET
matched with input values?

( Finish )

From design analysis
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Fig. 5 Flowchart for the calculation of expected performance
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