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Changes in Performance and Operating Condition of a Gas Turbine
Combined Heat and Power System by Steam Injection
— A Focus on Compressor Operation
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ABSTRACT

This study simulated the effect of steam injection on the performance and operation of a gas turbine combined heat and
power (CHP) system. A commercial simple cycle gas turbine was analyzed. A full off-design analysis was carried out to
investigate the variations in not only engine performance but also the operating characteristics of the compressor caused by
steam injection. Variation in engine performance and operation characteristics according to various operation modes were
examined. First, the impact of full steam injection was investigated. Then, operations aiming to guarantee a minimum
compressor surge margin, such as under-firing and partial steam injection, were investigated. The former and latter were turned

out to be relatively superior to each other in terms of power and efficiency, respectively.
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Table 1 Specifications of the simple cycle gas turbine

Component Parameter Reference|Simulation
Tnlet Temperature (K) 288.2 288.2
Air Pressure (kPa) 101.3 101.3

(Input) Relative humidity (%) NA 60
Pressure loss (%) NA 05
Compressor Pressure ratio 15.6 15.6
(Input) Nu@ber (?f .stage 13 13
Isentropic efficiency (%) NA 849
Fuel (natural gas) flow NA 03873
rate (kg/s)

Co(rlnbus‘;or Lower heating value NA 40303

nput (k/kg) <
Pressure loss (%) NA 3
| Turbine ml(z‘EC”)Femperature NA 1986
FI(Iurf :;33 Stage efficiency (%) NA 4.7
Number of stage 3 3
Exhaust temperature (K) 822 822
Exhaust Pressure (kPa) 101.3 101.3
gas Gas mass flow rate (kg/s)| 21.09 21.09
(Input) Pressure loss (%) NA 05
Gearbox efficiency (%) NA 97.8
Performance | Generator efficiency (%) NA 97.8
(Output) Power (kW) 6300 6300
Thermal efficiency (%) 32.9 33.1
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Table 2 HRSG design parameters

Inlet water temperature (C) 15
Inlet water pressure (kPa) 3000
(Gas-Steam approach temperature difference (C) 30
Pinch point temperature difference (C) 10
Economizer exit sub—cooling (C) 10
Overall heat transfer coe;fﬁcient of 005
superheater(kW/m'K)
o G
Water & steam pressure drop in economizer, 3
superheater(%)
Pressure drop of gas side(%) 3
Heat loss of each component (%) 1
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Table 3 Definition of CHP and FSTIG operations

eratin; . Steam
O g Description L. TIT
mode injection
. Design
CHP Normal CHP operation None
value
Full steam injection in the Design
FSTIG ! Full &
combustor value
8500 L] L] L] L] L]
8000 -
7500 -1
g 7000 -
<
]
2 6500 -
o
6000 b
5500 [ —o— Modeling T
—e— Reference
5000 1 1 1 1 >
-20 -10 0 10 20 30 40

Ambient temp(°C)

Fig. 3 Validation of off-design simulation
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Table 4 Operation modes to meet 10% surge margin

ati - Stez
Operating Description .. ed.m TIT
mode injection
Full steam injection in the
Under-firing | combustor with under—firing Full |Reduced
to meet 10% surge margin
Partial steam injection in the Desien
PSTIG combustor to meet 109 surge | Partial v aluge
margin
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Fig. 10 Variation in injected steam rate with ambient temperature
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