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ABSTRACT

Predicted partial load performance of gas turbines varies depending on the off-design analysis method of the turbine or the
cooling air extraction modeling. This study aimed at investigating which analysis model can analyze partial load performance
more accurately. In many previous studies, the turbine was assumed to be choked. In addition, a simplified extraction model
was used in which cooling air was extracted only at the end stage of the compressor. These simplified models are indeed
effective in high load ranges, where the compressor pressure ratio is high enough. However, they might not be feasible to use
in the low load ranges. Therefore, in this study, partial load simulations were performed using two turbine models and
accuracies were comparatively analyzed using filed operation data of an F-class gas turbine. In addition, the two cooling air
extraction models were compared and the impacts of the cooling air property were analyzed. As a result, assuming choking,
the mean error of the performance parameters was up to 14.7%, but the error was reduced to around 1% when using the turbine
performance map. Also, by using the detailed extraction model, the mean error of the performance parameters was reduced by

up to 0.7%p compared to the simplified extraction model, which enabled a more accurate analysis of actual operations.

Nomenclature NCF : normalized corrected flow
NPR . normalized pressure ratio

m : mass flow rate [kg/s] NEFF : normalized efficiency

w . power [kW] M . corrected flow

n : efficiency PR . pressure ratio

h . enthalpy [kJ/kg] 4 . specific heat ratio

R . gas constant [kJ/kg * K] sf + scaling factor

7 * temperature [K] VIGV . variable inlet guide vane

P . pressure [kPa] LHV : lower heating value [kJ/kg]

NCS . normalized corrected speed @ - angle [*]
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A . difference
Subscripts

in . inlet

out . outlet

C . coolant

N . nozzle

R . rotor

Turb : turbine

isen . isentropic

S . isentropic
design . design point
off—design . off—design point
coolant . coolant flow rate
Comp . compressor
scaled . scaled value
original . original value
IGV . inlet guide vane
PR . pressure ratio
f . fuel

GT . gas turbine
mech . mechanical loss
gen . generator
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Table 1 Cases of the gas turbine performance analysis model

Case | Cooling air extraction modeling | Turbine analysis method
1 Simplified extraction Choking assumption
2 Simplified extraction Turbine performance map
3 Detailed extraction Choking assumption
4 Detailed extraction Turbine performance map
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Table 2 Design parameters of F—class gas turbine of field data and simulation model

Parameters Field data Detailed extraction model ‘ Simplified extraction model

Inlet condition ISO condition (15°C, 101.325kPa, 60% R.H)
Pressure ratio 14.9 14.9 14.9
Fuel flow rate (kg/s) 9.05 9.05 9.05
Turbine inlet temperature (C) N/A 1397 1397
Turbine exhaust gas temperature (C) 606.2 606.2 606.2
Turbine isentropic efficiency N/A 0.910 0.921
Total cooling fraction (%) N/A 19.4 19.4
Net power (MW) 164.6 164.6 164.6
Net efficiency (%) 36.9 36.9 36.9
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