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Efficiency

Percent Nominal values
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Fig. 1 Ambient temperature influence on gas turbine, steam turbine
and combined cycle efficency
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Fig. 2 Effect of ambient temperature on power, mass flow & heat rate.
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Temperature

Flow mass
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Fig. 3 Effect of ambient temperature on exhaust, turbine inlet
and compressor exit temperature.
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Fig. 4 Variation flow mass due to ambient temperature change.
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Fig. 5 Turbine exit temperature variation with injected steam mass
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Fig. 6 Power output as function of injected steam mass flow rate
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Fig. 7 Turbine inlet temperature variation with steam injection.
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Fig. 8 Part Load Exhaust Flow
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Exhaust Temperature
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Percent Specific Power
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Design Point of the Heavy Duty Industrial Gasturbine Engine Feb. 7 1998

Design Point Values unit

Ambient Conditions

Temperature 279.90 °K

Pressure 1.01325E+5 Pa
Compressor

Inlet pressure loss 1.50 %

Inlet temperature 279.90 °K

Outlet Temperature 638.42 °K

Pressure Ratio 14.8

Efficiencylisentropic) 0.885

mass flow rate 424,269 ka/sec

he (compressor power) 155904 KW

Bleed airtfor Turbine cooling) 10.0 %
Combustor

Inlet temperature 638.42 K

Outlet temperature 1562.00 K

Pressure loss 3.0 %

Efficiency 99

Fuel LHV 47.901 MJ/kg

Fuel Flow 8.879 ko/sec
Turbine

Inlet Temperature 1561.58 °K

Outlet Temperature 875.31 K

Expansion ratio 13.523

Fuel to air ratio 0.02093

Efficiency(isentropic) 0.925 KW

mass flow rate 433.148 kg/sec

hr (Turbine power) 3161778 KW

Exhaust press. loss 1.5 ) %
Rotor Dynamics

Rotating Speed 3,600 mm

Generator Shaft Speed 3,600 mm
Performance

Effiiciency 36.28 (32,5 at Gen.T) %

Shaft Horse Power 160.273 MW
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HRB GAS-SIDE - plant total gas flow cross-section.

Zone |Tg C Tw e bt o Afm  [DELTA P (Mg Qg Vg Tube Fin

fpath [/HX sam lem H20 {th kealfs m/s Rows Eff,
5025 14567 1358

2 HPS3 83.1 271 1052.6 i7736.0 16.5 48 0.613

‘ 4974 12954 202.1

1 5925 i456.1 136.4

1 RH2 402 271 4809 135345 15,6 53 0.616
4974 3495 1479

2 14974 2054 2021

2 HPB1 1233 6.31 15335 212749 13.4 146 0.723
3120 29054 167

3 3120 2808 222

2 HPE3 1233 i3.67 15335 73845 10.9 10.7 0.741
2457 11840 618

4 2457 12322 135

1 IPS1 1233 029 15335 2787 10.3 08 0.694
2432 1840 i50.3

5 2432 1840 593

1 IPB 1233 | 2.27 15335 1i4684.2 9.8 75 0.753
2006 1840 167

6 2006 1840 167

2  HPE1 106.7 i3.16 13186 i4909.5 8.8 11.9 0.763
1482 1055 427

6 2006 1784 222

1 IPE2 152 i3.16 1992 7416 9.4 10.8 0.757
1482 1046 436

6 2006 1822 184

0 LPS 14 3.16 15.7 58.6 8.0 14.2 0.654
1482 1045 438

7 1482 11045 438

0 LPB : 1233 0.78 15335 116525 8.2 2.9 0.801
133.0 11045 285

8 1330 933 396

0 ILTE 1233 i1.14 15335 41460 7.7 5.1 0.780
945 1362 i583

Totals 20.33 56401.0 61.2
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HRB Water Side - Plant Total Flow

P T h m UA Q A
ata C kcal/kg  [t/h kcal/s-C  {kcal/s sq.m
HP Circuit:
HPFW 84.51 105.5 107.1 218.137
HPE1 218,137 i177.46 4861 19227
6 8346 i184.0 1874 0.000 :
HPE2 218.137 i0.00 0 0
7 8346 i184.0 187.4 0.000
HPE3 218.137 1190.86 7311 19866
8 8205 i289.8 308.0 0.000
HP blowdown 8205 12954 3154 2.160
HPB1 215.977 i286.31 21064 27208
9 82.05 2954 659.1 0.000
HPSO . 215977 :0.00 0 0
22 8205 12954 6591 0.000
HPS1 215977 i0.00 0 0
10 8205 12954 659.1 0.000
HPS2 215977 10.00 0 10
18 8205 2954 659.1 0.000
HPS3 215977 146.40 7659 6056
1 79.66 i456.7 786.7 0.000
HP steam 79.66 14567 786.7 215977
To HPT 77.34 4544 786.2 215.977
RH Circuit:
R/MH extr 35,15 3495 7421 213,816
Cold R/MH 3515 3495 7421 213.816
RH1 213.816 10.00 0 0
16 35.15 13495 742.1 0.000
RH2 213816 12488 3500 3254
5 3413  i456.1 801.0 0.000
RH3 213816 i0.00 0 0
23 34,13  i456.1 801.0 0.000
reheat steam 34.13 i456.1 801.0 213,816
RH to ST 33.14 14544 8004 213.816
1P Circuit:
IPFW 11.52 11046 104.9 34.804
IPE1 34.804 i0.00 0 0
19 1152 i104.6 104.9 0.000 :
IPE2 34894 12337 734 2472
1 11,19 1784 180.7 0.000
IP blowdown 11.19 184.0 186.5 0.345
IPB 34.548 130.51 4638 14008
2 11,19  i1184.0 663.9 0.000
iPB 34.548 139,51 4638 14008
2 11,19 11840 663.9 0.000
IPS1 34548 9,01 276 1487
3 1086 2322 692.6 0.000
IPS2 34.548  i0.00 0 0
4 10.86 2322 692.6 0.000
induction 1055 12306  i692.1 34.548
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Feedwater:

Cond return 0.07 36.5 36.5 255576

Total makeup 3.52 15.0 15.1 3.045

FW o LTE 1.24 36.2 36.3 258.621

LTE 258.621 8572 4105 9590
13 1.21 93.3 93.4 0.000

LTE to D/A 1.21 03.3 93.4 258.621

Deaerator:

LPB to D/A 1.21 104.5 640.8 5394

FWto LP 1.21 104.4 104.6 10.985

FW to IPHP 1.21 104.4 104.6 253.030

LP circuit:

LPFW 1.21 104.4 104.6 10.985

LPB 10985 4644 1636 5486
12 1.21 104.5 640.8 0.000

Steam made 1.24 1045 640.8 10.985

Stm to D/A 1.21 104.5 640.8 5.394

LPS 5.591 2.00 58 301
15 117 182.2 678.1 0.000

LP to ST 1.14 :181.0 677.6 5,501

Boiler feedpumps i= 754.4 ikWe

ESTIMATED G.T. CYCLE

STREAM TENCIP_ PZ%:S MASS:LOW W MOLE COMPOSITION %
N2+Ar o2 co2 H20
Ambient air in 15 103 1502.43 28.86 7822 | 2074 0.03 1.0t
Cooler inlet 15 1.03 150243 28.86 7822 i 2074 0.03 1.01
Compr. inlet 15 1.02 1502.43 28.86 7822 ¢ 2074 003 0.00
Turbine coolant misc 167.54
Combustor infet 308 15.13 1334.89 2886 7822 ; 20.74 0.03 1.01
Fuel flow 68 2042 31.08160
Turbine inlet 1288 14.52 1365.99 2834 75.08 11.86 405 9.01
Turbine coolant 167.54
Turbine exhaust 535 1.06 1533.53 2840 75.41 12.81 3.62 8.15
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