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Abstract: Based on the concept of high efficiency of gas turbine variable back pressure operation regulation, a high
back pressure gas turbine combined cycle power generation system scheme is proposed, in which a pre-compressor
and an expander are set in front and behind the main top cycle respectively to maintain and regulate the gas turbine
exhaust pressure. Key parameters of the combined cycle are designed based on the initial parameters of the F-class
gas turbine, and the case and characteristic analysis are carried out for the temperature of recirculated gas (divided
into two conditions: cooling to normal temperature and not cooling), the main top cycle pressure ratio and the gas
turbine back pressure. The results show that, the combined cycle efficiency of the recirculated flue gas cooling is
not as high as that of the non-cooled flue gas cooling, which is 58.07% and 58.94% when the turbine back pressure
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is 0.30 MPa. The exergy loss rate of the main compressor is lower because the exit temperature of the main
compressor is higher when the recirculated flue gas temperature is higher. When the gas turbine back pressure is
0.30 MPa, the maximum pressure ratio of the combined cycle system efficiency is 17.0, the corresponding combined
cycle efficiency is 58.97%, and the specific work is 563.87 kJ/kg. Considering the specific work comprehensively,
the recommended main top pressure ratio is 15.4, and when the turbine back pressure is from 0.03 MPa to
0.35 MPa, the variation range of the combined circulation efficiency under the two conditions is about
56.00%~58.57% and 55.81%~59.12%, respectively, which increases at first and then decreases, and the variation
range of the combined efficiency is not large at high back pressure. At the same time, based on the practical
engineering application, the design of a single waste heat boiler is considered, and its thermal characteristics and
possible flexible, low-cost and efficient utilization of renewable energy are analyzed, which provides a new system
scheme reference for the flexible and efficient modern combined cycle with multi-energy complementarities.

Key words: high back pressure; gas turbine; combined cycle; cycle efficiency; compressor; system integration and

optimization
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Fig.1 Schematic diagram of the high back pressure gas
turbine combined cycle process
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Fig.2 Post-transformation process of the high back pressure
gas turbine combined cycle
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Tab.1 Main parameters of the gas turbine combined cycle unit

TiH HRUANLE S IEFAHLAL (PGI35LFA HLALD T R AUB A A LZH

WM AL R R (k) kg ™)

48 685 48 685

JE451/% WRBEE 35, ERMAY 116, RIRHERY 0.98, WEIE 0.25
HoAh 45 :/% PSR 1, KPR 1, R EAEL 0.5
AT RS H 15 ‘C 101.3 kPa, 60%RH
FEASHE B JESHL 0.900, %—PBt0.888, . =. JYB0.920
IESHL B B3 e PR
B2 BI% 18.45 18.45
JEZRKHLE 1 E F1/kPa 103.4 103.4
MERRALI 25
bl BB 09 09
BT —. B 0.900. % =Ff 0.908
biimaiane = AR 7 R 0.87, HFJEGL 0.91, fIR/EHT 0.89
AR ST EIC /USRSy 79 30/25/25
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Tab.2 Design parameters and thermodynamic calculation results of the gas turbine combined cycle units

TiH A T LA J7% 1§48 (0.10 MPa 15 %) J7% 2 Hl4L (0.10 MPa %)
RkA R/ (kg 57Y) 14.3313 14.3313 143313
%P O RIIR/C 1327 1327 1327
FEANUEL 15.4 15.4 15.4
RS R (kg 57Y) 639.94 288.81 288.81
PRSI = (kg 571 0 338.29 352.02
JEAMLE R BEC 390.96 396.84 458.83
75 FHERIR T C 611.42 627.95 637.53
BB THIMW 260.975 254,122 243.112
BHLRCEI% 37.39 36.41 34.83
FIFHLH THIMW 147.105 153.84 166.68
BEAEER H ThIMW 406.495 406.27 407.95
BEA G R R 1% 58.24 58.21 58.45
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Tab.3 Thermodynamic calculation results at typical operating points of the high back pressure gas turbine combined cycle units
i THAL T2 T3
1 E Y LES! E Y TiE1 T%E2
%715 JE/MPa 0.03 0.03 0.10 0.10 0.30 0.30
O AR E/(kg s7Y) 288.81 288.81 288.81 288.81 288.81 288.81
FIE SRR (kg s7Y) 345.11 349.46 338.29 352.02 415.79 421.50
%P HERIRE C 625.74 637.48 627.95 637.53 632.00 643.43
JEAMH FREC 397.96 458.26 396.84 458.83 496.94 551.77
PRHLH ThIMW 238.40 223.78 254.12 243.11 265.31 260.14
PRBLZR 1% 34.16 32.06 36.41 34.83 38.01 37.27
FEREPI SR EIC (RITPIMERD 22.2/17.2/17.2 21.5/16.5/16.5 30.0/25.0/25.0 30.0/25.0/25.0 21.7116.7/16.7  21.4/16.4/16.4
Bl R AR RURZEC e/ MICE 4339 30.0/25.0/25.0
IR HIMW 154.17 167.6 153.84 166.68 141.46 152.82
A TG H ThIMW 390.88 389.52 406.27 407.95 405.33 411.39
EEZh/(kI kgt 616.61 610.28 647.86 636.6 575.26 579.17
B TR 2 1% 56.00 55.81 58.21 58.45 58.07 58.94
F 4 MItEER
Tab.4 Exergic calculation results
T H LI A E B J5% 1 HL4L (0.10 MPa 5 /%) J5% 2 Hl4L (0.10 MPa 5 /%)
MW EL1/% FHMW LL1/% LMW LL41/%
KA 726.07 99.98 726.07 99.99 726.07 99.99
LD St 0.11 0.02 0.05 0.01 0.05 0.01
NI AN 726.18 100.00 726.12 100.00 726.12 100.00
JESML 15.13 2.08 14.82 2.04 15.71 2.16
Phbe= 190.32 26.21 188.10 25.90 179.24 24.69
& 17.72 2.44 17.22 2.37 18.05 2.49
R 33.34 459 35.14 4.84 38.29 5.27
VUETES ZIREHL 13.87 191 14.45 1.99 15.62 2.15
HHRAS 8.36 1.15 12.92 1.78 9.32 1.28
SBERHER 19.47 2.68 15.94 2.20 18.24 251
HoABARAR 21.48 2.96 21.26 2.93 23.70 3.26
A5 % R 319.68 44.02 319.85 44.05 318.17 43.82
o BT 406.50 55.98 406.27 55.95 407.95 56.18
it 726.18 100.00 726.12 100.00 726.12 100.00
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Fig.7 Changes of output power of the combined cycle, gas
turbine and bottom cycle with turbine design back pressure
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Fig.10 The process of the high back pressure combined
cycle system for a single waste heat boiler
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Tab.5 Thermal calculation results of the single waste heat
boiler units and double-waste-heat-boiler units

0 /By ARG A BRI B XUR IR
PREHA R/ (kg 570 14.3313 14.3313 143313
%P DR C 1327 1327 1327
FESHUEL 15.4 15.4 15.4
B O KRR (kg s7Y) 288.81 288.81 288.81
TR AT R (kg 571 422,54 422.54 421.50
7RI R C 643.51 643.51 643.43
T & A HEETIMW 34.06 34.06 34.06
AL MW 28.48 36.00 69.86
FRHLH TH/MW 224.08 224.08 224.34
IR MW 187.65 187.65 152.82
A G H MW 404.08 411.59 411.39
1A BRI % 57.89 58.97 58.94
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