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Improvement of Gas Turbine Performance Using LNG Cold Energy
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Abstract

This work describes analysis on the effect of inlet air cooling by the cold energy of liquefied natural
gas(LNG) on the performance of gas turbines. Gas turbine off-design analysis program to simulate the
influence of compressor inlet temperature variation is prepared and an inlet air cooler is modeled. It is shown
that the degree of power augmentation is much affected by the humidity of inlet air, If the humidity is low
enough, that is the water content of the air does not condense, the temperature drop amounts to 18°C, which
corresponds to more than 12% power increase, in case of a 1350°C class gas turbine with methane as the fuel.
Even with 60% humidity, about 8% power increase is possible. It is found that even though the fuel contains
as much as 20% ethane in addition to methane, the power improvement does not change considerably. It is
observed that if the humidity is not too high, the current system is feasible even with conceivable air pressure

loss at the inlet air cooler.
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Fig.1 Schematic of the gas turbine system using fuel cold
energy.
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Fig.2 Compressor inlet air mass flow as a function of inlet
temperature.
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Table 1 Design performance of gas turbines.

Item GT-A GT-B
Ambient condition 15°C, 1.013bar,
60% RH
Main features
compressor pressure ratio 15 10
number of compressor stages 17 10
compressor stage efficiency 091 0.86
turbine inlet temperature, °C 1350 1000
number of turbine stages 4 3
turbine stage efficiency 0.88 0.86
(from first to last stage) ~091 - ~0.88
number of cooled blade rows 6 3
total coolant fraction 0175  0.068
(relative to inlet air flow)
turbine exhaust temperature, °C 587 500
combustion efficiency 0.995 0.99
mechanical efficiency 0.995 0.99
generator (+gear box) efficiency 0.99 0.94
compressor inlet pressure loss, % 0 0
combustor pressure loss, % 4 4
exhaust pressure loss, % 2 2
air mass flow rate, kg/s 430 6.0
fuel (CH,) LHV, ki/kg 50056 50056
fuel supply temperature, °C 15 15
fuel supply pressure, bar 15 15
fuel delivery pressure, bar 22.8 15
fuel compressor efficiency 0.8 -
fuel to inlet air mass flow ratio 0.0208 0.0153
Performance
power, MW 1628 1.247
thermal efficiency, % 363 271
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Table 2 Properties of natural gas.

Item Pure CH, CH,/C,H;
(80/20)
Molecular mass, kg/kmol 16.04 . 1845
Lower heating value, ki/kg 50056 49240
(at 15 °C)
Air cooler inlet temp., °C -161.5 -159.1
(1.013 bar, sat. lig.)
Alr cooler outlet temp., °C 10°C lower than
(15 bar) ambient temperature
hf,ou: _hf.fn » kJ/k.g
887.0 848.7

(for Ty, =20°C)
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Fig. 4 Variation of power and thermal efficlecny of GT-B
with compressor inlet air temperature.
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