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An Analytic Approach to Operational Data for Generating
Performance Map of a Gas Turbine Compressor
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ABSTRACT

The accuracy of gas turbine performance prediction depends on the precision of the performance map. An accurate
performance map is crucial for maintaining the gas turbine compressor's efficiency and stability across diverse operating
conditions. Traditionally, performance maps have been created by manufacturers based on experimental data. This study aims
to generate a gas turbine compressor performance map using actual operational data from power plants instead of experimental
data. To achieve this, Gas Path Analysis (GPA) was implemented to calculate and correcte performance parameters according
to external conditions, resulting in a more accurate performance map. Our research consists of the following steps. First, a
virtual performance map was used to construct a virtual dataset to validate the accuracy of the GPA was performed using the
virtual dataset, and the results were compared with the virtual data to verify the accuracy of the GPA. Next, actual operational
data from power plants were applied, and extensive filtering and GPA were used to calculate the gas turbine performance
parameters. Based on these performance parameters, correction criteria for operating points were established, and fitting
techniques were employed to generate the performance map. Finally, the accuracy of the generated performance map was
evaluated through off-design analysis and compared with actual operational data. This validation confirmed that the performance

map accurately reflects various operating conditions and effectively predicts performance variations.

Nomenclature NCF normalized corrected flow

NCS normalized corrected speed

CC correction coefficient NEFF normalized efficiency

CDP  compressor discharge pressure NPR normalized pressure ratio

CF corrected flow P pressure [kPa]

CS corrected speed PR pressure ratio

h enthalpy [kJ/kg] R gas constant [kJ/kg * K]

LHV lower heating value [kJ/kg] RH relative humidity [—]

m mass flow rate [kg/s] T temperature [C]

N rotation speed [RPM] TIT  turbine inlet temperature [C]

n number of data points TET  turbine exhaust temperature [C]
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W power [W]
W% specific heat ratio
Subscripts
Air air
Comp compressor
cool cooling air flow
d design point
gas combustion gas
in inlet
loss losses
nozzle nozzle
out outlet
RH relative humidity
RMSE root mean square error
s isentropic
Turb turbine
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Fig. 1 Flowchart of the gas turbine compressor
performance map generation process
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Table 1 Rated performance gas turbine

Parameters Manufacture | Simulation

Inlet air flow rate [kg/s] NA 440
Compressor pressure ratio [-] 16 16
Compressor polytropic efficiency [%] N/A 89.8
Fuel flow rate [kg/s] N/A 9.46
Combustor pressure loss [%] N/A 4
Combustor efficiency [%)] N/A 99.5

Turbine inlet temperature [C] 1397 1397.01
Turbine exhaust temperature [C] 601.1 601.1
Turbine Isentropic efficiency [%] NA 89.2
Shaft speed [rpm] 3600 3600
Mechanical efficiency [%] N/A 99
Net efficiency [%] 36.8 36.76

Net power output [MW] 171.6 171.5
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Table 2 Operating data of gas turbine: design parameters
and simulation results

Parameters Filed data | Simulation

Inlet flow rate [kg/s] N/A 436.6

Compressor discharge pressure [kPa] 1556.81 1556.81

Compressor discharge temperature [C] 387.50 387.50
Stage polytropic efficiency [%] N/A 92.1
Fuel flow rate [kg/s] 9418 9.418
Combustor pressure loss [%)] N/A 4
Combustor efficiency [%] N/A 99.5
Turbine inlet temperature [C] N/A 1397

Turbine exhaust temperature [C] 615.69 615.69
Isentropic efficiency [%] NA 88.25
Shaft speed[rpm] 3600 3600
Mechanical efficiency [%] N/A 99

Net efficiency [%] N/A 36.45

Net power output [MW] 171.69 171.7
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Table 3 Selection criteria for ambient conditions based on
Korea Meteorological Administration data

Parameter Minimum limit value | Maximum limit value
Ambient temperature [C] -159 31.8
Ambient pressure [kPa] 98.325 104.325
Relative humidity [%] 20 100
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Table 4 Number of data points filtered by filtering process

Ambient temperature [C] Selected data points (1 Year)
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