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ABSTRACT

This study examines the impact of various operational factors on the performance of gas turbines. Unlike previous studies

that compared performance based on the same turbine inlet temperature, this study compares performance based on the

temperature control curve. Additionally, since different control strategies are applied to full-load and part-load operations, their

respective effects on performance were examined. As a result, both full-load and part-load operations showed that compressor

fouling and turbine erosion significantly impacted performance. In full-load, a 2% decrease in the dimensionless mass flow rate

due to compressor fouling resulted in reductions of 4.93 MW (2.7%) in overall power and 0.36%p in overall efficiency.

Furthermore, when turbine efficiency decreased by 1% due to turbine erosion, TIT dropped by 10.07 °C, resulting in reductions

of 6.67 MW (3.6%) in overall power and 1.06%p in overall efficiency. Meanwhile, in part-load, turbine erosion-induced

efficiency degradation led to significant changes in TIT. The overall power exhibited different variations depending on the

extent of turbine efficiency degradation. Additionally, overall efficiency decreased as turbine efficiency declined, with a 1%

reduction in turbine efficiency leading to an overall efficiency decrease of 0.68%p at 75% load and 0.61%p at 50% load.
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Fig. 1 Gas turbine configuration
Table 1 Design specifications of the gas turbine®™™
Reference . .
Parameters Simulation
© a0 [an
Ambient temperature [C] 15 15
Ambient pressure [kPa] 101.325 101.325
Ambient relative humidity(RH) [%] 60 60
Inlet air flow rate [kg/s] 440 | 435 | 436 | 44045
Compressor pressure ratio [-] >155| 16 | 16.1 15.7
Compressor isentropic efficiency [%] | <90 [8595| - 89.76
Fuel flow rate [kg/s] >98 1952 | 10 9.861
Combustor efficiency [%] 99.6 | - - 99.6
Turbine inlet temperature [C] 1427 | 1410| - 1427
Turbine exhaust temperature [C] | >610 |601.1|605.6| 616.83
Turbine isentropic efficiency [%] |91.68|91.5| - 91.18
Net efficiency [%)] >37 36.5(36.5| 37.65
Net power output [MW] >180 | 171.7| 183 183.05
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Table 2 Reference GT performance by load

100% 75% 50%

P:
arameters Load Load Load

Inlet air flow rate [kg/s] 44045 | 359.86 | 281.98

Compressor discharge temperature [C]| 387.92 | 360.31 | 334.70

Compressor discharge pressure [kPa] | 1579.54 | 1274.50 | 979.60

Compressor isentropic efficiency [%] | 89.76 86.54 80.52

Fuel flow rate [kg/s] 9.861 7.975 6.001

Turbine inlet temperature [C] 1427.00 | 1395.70 | 1339.23

Turbine exhaust temperature [C] 616.83 | 635.00 | 650.00

Turbine isentropic efficiency [%] 91.18 90.88 90.20

Net efficiency [%] 37.65 34.90 30.44

Net power output [MW] 183.05 | 137.22 | 90.05

Table 3 Representation of performance change factors

Case Factors Effected by
Ref New and clean GT & i
reference LHV, RH
A Inlet duct pressure loss AP, .. =+10%
B | Exhaust duct pressure loss AP, . =+10%
C Compressor fouling ANFC=—2%, ANEF=—1%
D Turbine erosion ANFC=+2%
E Turbine erosion (severe) | ANFC=+2%, ANEF=—1%
F LHV decrease ALHV=-1%
G LHV increase ALHV=+1%
H RH decrease 60% —10%
I RH increase 60% —90%
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Nomenclature
CDP compressor discharge pressure
CDT compressor discharge temperature
IGV inlet guide vane
LHV lower heating value [kJ/kg]
m mass flow rate [kg/s]
NCF normalized corrected mass flow
NCS normalized corrected speed
NEF normalized corrected efficiency
NPR normalized corrected pressure ratio
P pressure [kPa]
R specific gas constant [kJ/kg - K]
RH relative humidity
SF scaling factor
T temperature [K]
TCC temperature control curve
TET turbine exhaust temperature
TIT turbine inlet temperature
w power [kW]
Greek
efficiency
w rotation speed [rad/s]
Subscripts
comp compressor
d design
deg degradation
GT gas turbine
in inlet
mech mechanical
original original value
s isentropic
scaled scaled value
turb turbine
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