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ABSTRACT

Turbine blade cooling is one of the major technologies to enhance the performance of gas turbine and combined cycle power
plants. In this study, two cases of coolant pre-cooling schemes were applied in combined cycle power plant: decrease of coolant
mass flow needed to cool turbine blade and increase of turbine inlet temperature (TIT). Both schemes are benefited by the
decrease of coolant temperature through coolant pre-cooling. Under the same degree of pre-cooling, increasing TIT exhibits
larger plant power boost and higher plant efficiency than reducing coolant flow. As a result, the former produces the same gas
turbine power with a much smaller degree of pre-cooling than the latter. Another advantage of increasing TIT is a higher plant
efficiency. Even with an assumption of partial achievement of the theoretically predicted TIT, the method of increasing TIT

can provide considerably larger power output.
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Flg. 1 Configuration of combined cycle power plant adopting coolant pre—cooling system

Table 1 Design parameters of the virtual gas turbine

Table 2 Combined cycle specification

Design parameters Value Design parameters Value
Air flow (kg/s) 650 HRSG HP Pressure (bar) 165
Pressure ratio 22.0 HRSG IP Pressure (bar) 40
Turbine inlet temperature (C) 1550 HRSG LP Pressure (bar) 5
Turbine rotor inlet temperature (C) 1467 HP inlet temperature (C) 600
Turbine exhaust temperature (C) 620 IP inlet temperature (C) 600
Compressor isentropic efficiency (%) 90.0 LP inlet temperature (C) 2%
Turbine stage efficiency (%) 87.0 HP turbine efficiency (%) 92.2
Total coolant mass flow relative to 19.1 IP turbine efficiency (%) 937
compressor inlet air flow (%) LP turbine efficiency (%) 8.9
1st nozzle coolant mass flow relative to 78 Total steam turbine power (MW) 161
compressor inlet air flow (%)
Gas turbine power (MW) 330 831995}, 3 7FX|(THA, 02, SGT6-8000H, M501J)9] HF 7}
Gas turbine efficiency (%) 41.8 2E] AR e st 7t FhAE 0] AA HE A
Combined Cycle power (MW) 491 519100, Table 17} 70| FatAel H 459 Zhe 7J4ke)
Combined Cycle efficiency (%) 62.1
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Table 3 Coolant mass flow relative to compressor inlet air flow

Coolant mass flow relative to compressor
inlet air flow Value
1st nozzle 7.8%
1st rotor 45%
2nd nozzle 3.3%
2nd rotor 2.1%
3rd nozzle 0.7%
3rd rotor 0.5%
4th nozzle 0.2%
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Fig. 2 Cooling curve of virtual gas turbine (based on H-class)
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Table 4 Cooling parameters of H-class and virtual gas turbines

THA.02 | SGT6-8000H
0.049 0.046

M501]
0.043

Virtual GT
0.046

Cooling constant C

Fixed TIT Fixed coolant mass flow

| CASE 1 | | CASE 2 |

l Pre-cooling l Pre-cooling

Decrease of coolant Decrease of coolant
temperature temperature

! !

| Decrease of ¢ I | Increase of TIT I

! !

Decrease of coolant I Maintaining ¢ I
mass flow

Fig. 3 Comparison of the pre-cooling processes of each case
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Fig. 4 Variations in TIT and TRIT with degree of pre—cooing
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Fig. 5 Variation in gas turbine power with degree of pre—cooing
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Fig. 6 Variation in gas turbine efficiency with degree of pre-cooing
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Fig. 7 Variation in combined cycle power with degree of
pre—cooiling
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Table 5 Comparison of various cases
CASE
Parameters Ref.
1 2a 2b
TIT (C) 1550 1550 1564 1598
Degree of 0 100 9 100
pre—cooling (C)
Total coolant mass flow
relative to compressor 191 175 19.2 19.6

inlet air flow (%)

1st nozzle coolant mass
flow relative to

compressor inlet air flow
(%)

7.8 6.6 7.8 7.8

GT power (MW) 330 334 334 339
GT efficiency (%) 418 | 414 | 417 | 413
CC power (MW) 491 496 497 507
CC efficiency (%) 621 | 615 | 621 | 616
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