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Thermal performance analysis of high-parameter gas turbine and supercritical
carbon dioxide combined cycle system
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Abstract: A high-parameter gas turbine and supercritical carbon dioxide (S-CO2) combined cycle model was
constructed, and thermal performance analysis was carried out. The top cycle uses a high-parameter gas turbine
with a combustion chamber exhaust temperature of 1 800 °C, and the bottom cycle adopts S-CO, Rankine double
turbine cycle, while using three-stage flue gas heating and two-stage turbine exhaust gas recovery. The parameters
and thermal performance under the optimized combined cycle operating conditions are obtained by the penalty
function method. The influences of the main parameters of the high-parameter gas turbine top cycle and S-CO;
Rankine bottom cycle on the combined cycle performance is analyzed. The results show that the combined cycle
thermal efficiency can reach 68.61% at the gas turbine pressure ratio of 35.5 and the combustion chamber outlet
temperature of 1 800 C, and the efficiency of the combined cycle of the gas turbine and S-CO; is 2.3 percentage
points higher than that of the combined cycle of the gas turbine and steam.
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Fig.1 General arrangement of combined cycle

http://rlfd.cbpt.cnki.net

TEI N =S BIRREEHIE, RS R
B S AIE T = R . RIS N S-CO, A
IR, K S-CO2 il i V- SRIRIE FIIE A T &,
S-CO, =yt ik iy R 325 P A 5L ~F 12 A7 2 K A
i, RGEFH O SHE SR FUIRES, &P
R CO2 i RN TH R 1 A E AR 5, @
it CO AT EAEIA L5 77

TEN 5K H @ d BT HFH il s
S-CO INARAS L, K SR #F F = #40 S-
COz iEFHFR g7, £ S-CO, B RE
e, CO & RN 12 3%, FHAEAEES 13 B EIEL
R, FEId COz IR 14 1 CO, £ 2% 16 Ft
JE#& 34 MPa. £ A ST, H—% S-COz
TSR INAAES 6 ik, 25 % S-CO, L.
RS E FHES AR R A8 10 il ik
S-CO; LRI )G, T B Mk, Ho—i
S-CO; L H5MALEFIEMME 5 Heh, F—ik
S-CO; T i 5 i iz P HE S AE =il Rl #8s 9 Hudiys
% S-CO, LIRLIt G, 1E C AL FIR TN %,
— % S-CO, T &(REEY 8 KM, H—B
S-CO; L 5 SAE CO, Sl in#Aes 4 #ah 53k N
S-CO: mitmit 7 2K L), S-COy miliiZ~F 7 1
HREmIRFALE 9 f5 5 S-CO (KifiE T 8 HIHES
7E D SYLI, ARIRFIFER 10 AIFTA 248 11 2 CO;
JESENL 12, W B A4 11 M R a4 2% 15 2N T
/> CO JEAENL 12 A1 CO, &L % 16 HIFET).
1.2 MSEHEE

TFE O GEIHA02 SRS ACHLII K ==
FHREE AR E] 1600 CEEHL, BRAFHREE
CHE RSN, 28 50 45, “FHRERSY
12 Cl, 7EFA 1 600 CLZILA Ekbe=H I
BEMSS LR 12 CiemMEARMEE . B, M
RESIHLEIH AR e = R 82k i1 i A & ) AR
T EMR 1050 “C (950~1050 C) 12, kg
N TS BUR AL . B IR 2 R
FR>N 200 °C (150~200 °C) W31, A EIEAR PRI
FBRA 600 ‘C (400~600 C) B4, Zi&%peis T
FAH R Z DL AR I R R e a sy, 1R
RKKILTHEN, @SEIRTENIREE B R
HHIAF) 1800 CEg, HIMF A HImIH & ER .

SFFSENLS S-CO, BRATEIM S, A=
H PR R T, B G IEIR R I T B ER LT, A SC T
TR = BRI R RS DR E IR




102 #A%E 2

1800 C. g FE(EEE T SCHR[10-17]+ GE 9HA.02
N H RN R . PREECH LR 14
HIBEAI S Jordal 2285628 28RN Jonsson £856: /4
19, 7£ EBSILON -1 & Fah, eI
FIRSEHE =% FDBR MRS HEE -
1.2.1 MR A s LA A
FRHE SCHR[L0], MRS EFEHLEENLRE R T C R L R
AR B SRR RN
Hi, + He +MQuy Moomy = Poe + How + Qioss - (1)
Pot =11MQupy )
My, + M, =m,, 3)
o Hin 9 ESMLEE OS50 He MBS meA
PR s Quav ARAEMIRA, FVE, ASBIHY R KL R
FHHGE, EEMEAEE 50 015 KI/KY;  7eombs J9AKE
FERE; Pou NIRRT 2 How NIE-T-H H
K5 Quoss NEEEMIR: mARRTERHEE: m, NIk
SNUEO TR E; M, NE DR E.
1.2.2 Mk A hLik P 2p A A
Z: [ Jordall8l H ()74 ZR R 22 50 A St
BRAECHLE TV — it R TR E. AEITRS
F R E SRR E, AL
FT AT E

agp\](Tg -Ty) :Gccpc(T 0= Te) (4)
a,
Sty = (5)
PgVgCpg
G, = Py A (6)
G
=_c 7
@ G, (7
T.-T.
— Cco Cl 8
=TT (8)

e o AN R Ap BRI
AT Ty BRSNS s To Ay R IR A s
Ge NAHIESIE; cpe N TR Tl
AT ORE; T NI SNTEEE; Sty N
PRSI oy IR v BRI
Cog IR E LT Gy WA RN E; Ay N
PRAERETH R e NS HICR: o NiE
F— WA SR ESR SRR ERN .

Z:7% Jonsson <5 N\[OE H 174 HIAR A 22 56 0 3
THEAAHAE, SIANRRSH D, s:

G,cC

cl”pc _ b(Tout _Tb )s (9)
G,Cpy T, -T,

2023 4F
c = hb,c B hci (10)
Pe Tb _Tci
h .—h
c = g,0ut Ci (11)
P Tout _Tci

A G WEARHT R E; Tow AL E T D E;
Cpc N F IR 5 AL TR B 2 [ PR35
hoe RSN PRSI ELkS s he A E0IEIE
AN R EIZ SIS s cpg N RS SR = R
FEZ TR LURS : hgou FIMRKEREE H VR LLAS

Sto/An/Ag X 0.037 58515 cpg/Cpc HY 1.21851; 17 P4
KR e AL 06891101 2 [ HI B i = AN B B
FEOR, ToH 982 CRY GG 5 B m e EIA
AIEAH, s B 1~2[200; b HY 0.05~0.101200, #R4EL
IR0, RO AR = R R %
PR R AR B s AV R LS S
A LATHEAS BB T2 — 2 H S SR B AR YA 2
TAE; RIEEFANTRE, BEG O
24, ATDOHE YR IE AR, e R
HINNE AR
1.2.3 RASMA R IBUE

T RS HEIRERERN, o SEIES % T X
R[10,20-21], HARSEUKYE OB EeHIMERE, 4
SE RN LR LG 1 BB G [ 25~45021, 78 i [
W, e R S50 RS R B AP
EMREALR I ZH, WA T E S H
TR 1, BEEHIEEZR 1800 C, MAEHIE
FLHY 30, HH T TR R ML HF L TR & T &
H AR AES, I BRIA A -ZERIBE G IR B =R R
PP B BUE, TREAHES R 7 E 0.103 MPas.

®1 MRS IHTESH

Tab.1 Preliminary calculation parameters of the gas turbine
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Tab.2 Comparison of gas turbine model calibration results
with literature data
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Tab.4 S-CO: cycle initial parameters
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Tab.5 The results of S-CO2 Rankine cycle model
verification are compared with the literature data
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Tab.7 Optimized gas turbine parameters
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Tab.8 Optimized S-COz cycle parameters
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Tab.9 Optimized combined cycle thermal performance
calculation results
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Fig.6 Variation curve of combined cycle thermal efficiency
with S-CO2 high temperature turbine inlet temperature
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Fig.8 Variation curve of combined cycle thermal efficiency
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