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Development of a Performance Analysis Program for the
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ABSTRACT

Accurate prediction of off-design performance is an important task in the design stage of gas turbine combined cycle (GTCC)

power plants, and commercial software is generally used for that purpose. Most commercial software is easy to use in general

but is hard to use effectively to guarantee a high accuracy because the mathematical models are very simple or not easy to

be tuned to specific purposes. In the GTCC analysis, the analysis of the heat recovery steam generator (HRSG) is the major

source of simulation uncertainty. To overcome the problem, a GTCC analysis program was developed, focusing on enhancing

the convenience and versatility of the HRSG analysis. The program was coded with the Excel Visual Basic for applications

(VBA). The program was validated through comparison with reference data. The maximum deviation from the reference data

was 0.27% in the design calculation and 3.26% in the off-design calculation, which are lower in comparison to commercial

software.
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Table 1 Target values and unknowns for the

GT design analysis

Target values Unknowns

Turbine inlet temperature Compressor bleed mass fraction

Turbine rotor inlet temperature Coolant mass fraction

Exhaust gas temperature Turbine efficiency

Power output Power discrepancy

Table 2 Target values and unknowns for the
GT off—design analysis (Mode 1)

Target values Unknowns

Compressor mass balance Air mass flow

Turbine inlet temperature Fuel mass flow

Turbine chocking Beta line

Ambient pressure Turbine outlet pressure

Table 3 Target values and unknowns for the
GT off—design analysis (Mode II)

Target values Unknowns

Compressor mass balance Air mass flow

Net power Fuel mass flow

Turbine chocking Beta line

Ambient pressure Turbine outlet pressure

Turbine inlet temperature /

Exhaust gas temperature VIGV angle
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Fig. 4 Configuration of the bottoming cycle
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Table 4 Target values and unknowns for the

bottoming cycle design analysis

Target values Unknowns

Downstream SPHT outlet
temperature

DESH secondary mass
flow rate

Turbine efficiency
LPT efficiency

Turbine outlet temperature

LPT outlet enthalpy

Table 5 Target values and unknowns for the
bottoming cycle off—design analysis

Target values Unknowns

Downstream SPHT

DESH secondary mass flow rate
outlet temperature

Turbine inlet pressure HRSG outlet steam pressure
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Table 6 Bottoming cycle specifications

Parameters In-house code ‘ Reference data
. .. 19°C, 1.01 bar,
Ambient conditions 587 %R L
Mass flow rate
2467.60
[ton/hr]
Gas I e perature [°C] 610.00
Input
.. 13.72 (02), 6.12 (CO2), 5.68 (H20),
0,
Composition [wt.%] 73.17(N2), 136 (AR)
Desired steam
production [ton/hr] | 299.90 (HP), 62.8 0(IP), 38.00 (LP)
(EVAP)'
Steam Deaerator operatin;
input P J 32
pressure [bar]
Turbine inlet
125.00 (HP), 30.60 (IP), 5.70 (LP
pressure [bar] (HP), ), (LP)
Exhaust gas
90.30 90.54
Output temperature [°C]

* Enter cold side outlet temperature for SPHT, ECON.
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Table 7 Gas turbine operating condition

Case Ambient temperature | Gas turbine load Evaporative cooler
[C] [%]
1 5 100 Off
2 35 100 Off
3 19 100 On
4 35 100 On
5 19 90 Off
6 19 80 Off
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Fig. 9 Turbine inlet mass flow deviation between

program results and reference data: (a) HP (b) IP (c) LP
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