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ABSTRACT: Gas turbine combined cycle systems(GTCC)
have wide applications to utilize byproduct gases with the high
efficiency in China’s steel plants. An analytical model was
proposed for simulating the operation of a low calorific value
gas GTCC, aiming to analyze the influence of ambient
temperature, lower heating value(LHV) of gas, and inlet air
temperature on the combined cycle performance under
off-design conditions. Three operating schemes for improving
the performance of GTCC were evaluated as the ambient
temperature rises. The research results show that the maximum
output of the combined cycle can be achieved through the
operation scheme combining the regulation of inlet air
temperature and LHV. For the 300MW M701S(F) unit, the
combined cycle output is increased by 28.96MW through inlet
air cooling at ambient temperature of 35°C. When the
regulation of gas LHV is considered simultaneously, the
combined cycle output can be ultimately increased by
30.28MW.

KEY WORDS: gas turbine combined cycle; low calorific

value gas; off-design; operation scheme
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Fig. 1 Flow diagram of lower heating value GTCC and intake air cooling integrated system
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Table 1 Benchmark operating parameters of GTCC

TiH B4 FEVE T WAE
RS MY C 1300 1300
JEAHUE L 17.92 17.92
JE AL L 17.50 17.50
JEABLEE iR (kg/s) a 522.72
BEENLEE O R (m®h) 496769 496630
IRSEHLE J) /MW 187.62 187.66
AR BREIEIN /MW 300 300
S5 RSN % 31 31
WA TEI R % 49.58 49.58
WEKIESSH 15°C, 100kPa, 37.77%RH
H1:5.776%, CO:23.3498%
WAL CH,:1.9489%, C,Hg:0.1753%
N2:53.1597%, C0:15.5905%
LHV=4386.5kJ/m’
BEOE/% 2.75 2.75
FEA IRBE = B % 0 2
HASEH % 3.05 3.05
HUBAR /% 1 1
HELTUN IR % 2 2
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BE3/(r/min) 3000
FESHL LR % 0 86.1
¥ AN DS SEE/C 426,72 426.52
JCIN SRR % O 85.4
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e SRR % 0 87.30
BT EH B HAEZS B % 0 24.94
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{ o 528.9
g 10.64/3.18/0.58
O 3.04
IR AL/t O 240.9/57.0/45.5
ARG/ t/h O 283.5
FRACHLSR, 0 28.36
FACHLI 1MW 112.73 112.37
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Fig. 2 Simulation verification of air compressor ratio
under part-load conditions
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Gas turbine combined cycle systems (GTCC) have
wide applications to utilize byproduct gases with the
high efficiency in China’s steel plants. The operating
output and thermal efficiency of GTCC have significant
influence on power cost and energy efficiency of steel
plants. It is necessary to study the characteristic of
combined cycle under off-design condition and propose
an operating scheme to ensure the maximum output of
combined cycle. An analytical model is proposed for
simulating the operation of a low calorific value gas
GTCC, aiming to analyze the influence of ambient
temperature, lower heating value of gas and inlet air
temperature on combined cycle performance under
off-design conditions.

The proposed model equations can simulate
off-design characteristics of various components,
including compressor, combustor, turbine, heat recovery
steam generator (HRSG), steam turbines and pump. Its
performance map can describe the compressor operating
characteristics. The combustion chamber operation is
simulated using the energy and mass balance. The
turbine off-design output is calculated based on blade
cooling air model and characteristics of constant
swallowing capacity. The HRSG is modeled as a series
of heat exchangers with varying overall heat transfer
coefficient. The simplified Fligel formula is applied for
steam turbine off-design model. The model of absorb
chiller is built by assuming a constant coefficient of
performance (COP). The generator efficiency for GTCC

is calculated as follow:
— 3600(\Nst +WnetGT)
ngtcc Vf LHV

where Wyt iS the net work output of gas turbine cycle,
Wy is the work output of steam turbine, V¢ is fuel gas
consumption, LHV is lower heating value of fuel gas.
The proposed model is applied for the 300MW
M701S(F) unit to analyze the influence of ambient
temperature, calorific value of gas and inlet air
temperature on combined cycle performance under
off-design conditions. Three operating schemes for

(1)

S19

improving the performance of GTCC are evaluated when
a rise in the ambient temperature exists.

The results show that maximum output of GTCC
can be achieved through decline of inlet air temperature
and calorific value of gas simultaneously based on two
common operating strategies (fuel flow control and inlet
guide vane control). The work output and the thermal
efficiency of combined cycle under different operation
schemes are shown in Fig. 1 and Fig. 2. When the
ambient temperature rises, it is the best operation scheme
to consider both inlet air cooling and gas calorific value
adjustment. When the ambient temperature is 35°C, the
maximum output of the combined cycle can be increased
by 30.28MW, and the combined cycle efficiency
decreases by 0.6% slightly.
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