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Abstract

The steam injection gas turbine system (STIG) is studied in this paper. The system is simulated by
using Aspen plus software, and its thermal performance is analyzed. The influence of pressure ra-
tio, steam injection ratio and turbine inlet temperature on the thermal performance of the system
is discussed. Through a series of calculation and analysis, the optimum steam injection rate and
the optimum pressure ratio of the steam injection gas turbine system are obtained, and the supe-
riority of steam injection gas turbine is proved by comparing with common gas turbine. In addi-
tion, we also get an optimum state point with the turbine inlet temperature of 1300°C, the pres-
sure ratio of 34, the steam injection ratio of 0.2. At this state point, the specific power is larger and
the maximum generation efficiency can reach 53.91%. When steam injection gas turbine is de-
signed to be applied to actual industry, the optimum parameter values obtained in this paper can
be taken as a reference.

Keywords

STIG, Aspen Plus, Steam Injection Ratio, the Optimum State Point

i

AZRRSRANTEIF AT I ILER

RAR, B

Lo [ A R (TS g TR R, bt
P ARG UE S A B AR AE R s, Jb

Email: hbzhao@cup.edu.cn

Weks Hi: 201747 H31H; FHEM: 20174F8H14H; KA HM: 20174F8H21H

SCEG| M B, W, AR RHUER RO BB ST ATRRSEREVE, 2017, 7(4): 78-88.
DOI: 10.12677/se.2017.74009


http://www.hanspub.org/journal/se
https://doi.org/10.12677/se.2017.74009
https://doi.org/10.12677/se.2017.74009
http://www.hanspub.org

R, H

H E

FXUFERRB SV R G (STIG) XTI R, 1ZFAspen plusB X RGEHATHIL, HXFHAT T
FOVERES T BETHRT R, AR PULE i DR EXT R R, BEaiE
ST, BT ERCEIAGNREERRENREERL, HF5EERIEVBTI, R TERR
MRV, A5, BRET —ARERRER, IEFHEDEREN1300°C, EHA34, EHR
HoN0.2, RGN MK RGEM IR R, KBEBEHK, Wik53.91%. AEFILF, E#ETE
RERSRAKSH B, TUSFEABUKRESHE.
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1. 518

BEE AR, ANIXTREIR AT R EA W, (R R AR, N7 E AN H K m6e
BHER, TEAAEIE, BENTRARS, BRI AN SIS, &P 1R R
m, FORHSCRR S, HRE T TR, OEPHE IR AN S, EAEHEE G R E
TRTRE, B H R SN R ZE IR &, (BRI 73 18R 24 b, B4 9 L BE 2 48 K [1] [2] [3].
EATRIEAEEAL, BRI FLE PRI AR 2V AR =, AMESEIL T h & 3 m, e i15&E
FHEHE R SRS U, AR SRR ERA R, WM 4], M EAMES 90 ERBNAS K, FH
IR N 2 — E A F IR STIG RIEAK ARG W5 FARIKE NS0T 7B R IR
(Steam-injected Gas Turbine, &Fx STIG)fEH A Akl Bl AR HI[5]. B2 %E, REKEN, SEERMS
BT AL, X HEHMT TEISTE, B T HILERRERNMIE RG], WM, BOLERSE K R #
AR S FNUREZRVR MG &, R T RS Bl 28R 3 A Ak 1 R A B [7] . Roberto Cara-
pellucci % NHFEZZIR R A G ARG IR MG S, RGP ERMRAEN, Hh— MRV R
SR RFEZZREN T — ARSI, FFRNZH RGHT TR ERERAE G HT[8]. T. Srinivas %5
MNEFZIR R G HE A RUE RS, JE0 T T #JIMEREZHT[9]. M. De Paepe, E. Dick %5 A% &3
HEZRIRHLEE LI — AT RERE LR, Rk, ERGFIN T AERS, HH5 KRG T 745
SHT[10]. A NKE stig H i s ST A A, FENZ R GuEAT AL APERE 2 BT [11] [12] [13]. Shi Jie 55
NIGIEN stig FIRE ST B/ AL, @it [ BEPE RO R ORI AL 24 BE R B2 31 R AL [14]. Hasan
Kayhan 25 \F B GRRSFE ML, T3 28BS AR HURN [ A 20T 2873 e ML T T A M RE AN B R ot LA
.53 M [15] -

FRARFERRMERARG, HNTRAMEZRESH, st HARRERE R
PR BEXT RS8R0 A AT BRI . RS, Bk, AU =ANZSHO0hE, ERiiRiX =4

SR EZR RN AR G, DMEAERATEARTUR RN BT I A e 20, 4T e ES
%%%o
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2. R

TEZRVS RSB HL 2 5 (Steam-injected Gas Turbine, fiifR STIG R45), & MR A HLA LA BT
&, SR —F e EE IR R B, HIER R wE 1 AR,

RGN TAERAR R AW 1)& 2 SRANUE S s & 2SR 2) 5 S BBHE 4l
Ja FIREN i 6) —EEIHEANRRE KW 7) R 5 8)idE AR #Hi ) (Heat Recovery Steam
Generator, f#FK HRSG), £ &l F#k B IAEFIIHES (WU 4) e s R (W0 9))E E A
Wb, 5 MBEHERB = BIREGIREE, BRIMES W 3)dE N RE TR, w3k BpLk
s BRAIE T HIHESE S AR I PRI K e A 1 5 15 BURIR RS (038 5)HEH o R AR SRR A M
Lo, ARSI ARG AR RV LA, 7EAH R B e 77 R T AR 52 8. 534k, M
BRECHIAHLL, FARRRAERAE TN T 28R, MR EIE A FK, SR &MEREIK, B T2&A
PN, BRI T E R DR AR R, (R DA R K, Kk Y IN[16].

3. B SHIEF

KRR Aspen plus X RAEREAT BB . S EN 1 kals, BASFHLEE IR E N
900°C~1300°C Z[]. N T W& MR VEMATHE, KRB IR N ELRE RN 10°C, /iR 72 1%
N 50°C, AT B ILRIR EE SR, BRHERIEEE BN 100°C [7] [17] [18]. A THHEIE, R &R
HPK. FAL, EHCOESYLEE OSSO HE, #ERRENEARRES S SREN I E. A7 EE
JPfE, EHAEZR L B © SIA Fox. HIIRM wRoR, kKWikg, KHEZCRM 5 Fon. HfEH A
PRI BRI 1 FTR .

Ht

Lok —

®

Figure 1. The flow of steam-injected gas turbine system
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Table 1. The simulation conditions of the system [9]

=1 RETEEM[19]

PRRL RS CH, 81.3%, C;Hg 2.9%, C3Hg 0.4%, C4H10 0.2%, N, 14.3%, CO 0.9%
A RN AR 90% iR LIRiIR & 99%
WORHE AR LA R 90% WRRHEAEHLD LR 2% 99%
BRRIB T AR 90% AT AR 99%
RGN IR 10°C RIGRI Ie N 22 50°C
YRR 90% EHURRCE 99%
BARHENR L 100°C e & 99%

4, RGNTTRM4EES T
4.1. HEFKE

K 2. K3 AMAMARFIEE T, Bl z=22bar f1 =10 bar, #F% 7 EARRE S ERE T, RS
FeIhZe w R R o B 28R H SIA BB ol WK 2 WLLE R, 7EiEPik i E —ert, 16
Kb = 220, w RGN, &P RS, wsOR, TEAREAIE SRR, wBE SIA 3G R
FIlR B SEA AR, FEELE 7= 10 B, w BARAL AR AN o = 22 JEARHMIR. A 3 AT LLE R, BEEEZIRLEL
SIA FIBE K, RER n Fet RGN, AEEMORE X B — AN R R . 3B Pk D, Xt
LB R AR R, SRR 28R b th ok . XF L = 10 P OZRAb s, ATLAE R, 7=10, #ANE
Pk RS N R AREZRIR R T o = 22 B R e 20K b . BBtk 7EI& P R EEAR RN, 48
REFEFIE H ThEe, ERRLL/NE, FEZRRIERIPRE SRy, MRS RR &SR B,
PGP LR, SRR WBRNIRES S 8. 54k, 7= 22 B, AFIEPHE 0 8] I ROR 218
KT =10 X RCR 2. i PR E N 1300°C, JEEE RN 22, REiRIHEEARIE 0.24, LA,
RGN K BB B, 9 52.28%.

4.2. BiEEEE

KB4, F5, FETHAMERIEZRSE, B S/A = 0.12 F1 S/A = 0.08, BFFT T ANEEF-HE TR EE
T, ARG LT w AUR AR ¢ MG R o 1R AN 4 vTRLE S, BEE R 7 (30, w
SeIEINIGE RN, AFERCRNHTH O D2l , WX NG — AR b 7, PR O R, wolkoR, &P
FIR R, Rk, ATRUES], 755 Pk IR A 1300°C, VEAIRE N 0.12, ikt h 22
B, RGN LTI R K, N 628.7 KW,

M 4 B 5 TR R, BEAE L o 38, LeThae w RIR B o Jel KSR, 43 Bilx R—
AL, BRI, R UK . SOR AL Th i & i R LE AR H], L Th Ry i (1 i
R NT ARG RN RAEEE . B4h, SHE 4. B 5 ATER, BEEEILNEEL, IR LR
FERL/N, RSN BEARR, AT U B0 52 K . X LG S/A = 0.08 B 32 AL T LA 2],
SIA =0.12 BB IR B /T SIA = 0.08 B [ f Ak I b . AT LA Y, 7R3 TE IR BN 1300°C, 12875 E
N0.12, EARSCHFFMELER P, EHA 22 1, RERIKBMCERF, 7 51.31%.

Kl 6. I7E$%m% BHLAI EL T RN AR B 5 L ALE Tk DR R A, AT 5K
% SENRGIMEREEAT . ATRUE H, XTHIhMN S, R SEAL R s L Z8 VR R AR B

» BAEFIRERE T TR R, LR R LN TR 28R R ML e IR b S5 R FE R
D,Fwﬁﬁmm% NI LR SN E BURR,  HAEFREMIE P DIREE T, BAReNLREEE

DOI: 10.12677/se.2017.74009 81 CIESES 42


https://doi.org/10.12677/se.2017.74009

R, H

1200 —
1000
800
e
< i
=
2
= 600
400
| —=— Pk LR 1300°C - I
200 4 —e— i HE DR EE1100°C 00 ot 02 o3 o4
—— &Pt R AZ900T s
T T T T T T T T T )
0.0 0.1 0.2 0.3 0.4 0.5
S/A

Figure 2. The w varies with the S/A and the inlet temperature of the turbine
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Figure 3. The 5 varies with the S/A and the inlet temperature of the turbine
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Figure 4. The w varies with the z and the inlet temperature of the turbine
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Figure 5. The # varies with the z and the inlet temperature of the turbine
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Figure 6. The w of gas turbine varies with the 7 and the inlet temperature of the turbine
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Figure 7. The 5 of gas turbine varies with the z and the inlet temperature of the turbine
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R T 28 S L A R L . A TR BRI R R 2R, B R AR R RS, * R
HURIE ZEPRE SN R R T LU, TRV R B R B B s TR e L, FLBEE R L
MIME R, FEARREHLCE B RRCE, RIFEZRIR IR, RAVLIFEDD, ®ks. WA 5
FE, FEARTIREHU R RN 51.31%, X RHREE A 38, MR SAHLIIER R HALR N
43.47%, Xt S A TR oA 46, 24 ECHLIAI R LA 38 B, 6 B2 43.22%, ELiE 2SR S B ALK T 8.09%.
FIAN, IR, AR B R LU, VEZSVR AL EE D 3 2 628.7 KW, TR A HLII ELTh 2 )y 444.3
KW, FVEZVRRSENUIC 184.4 KW i, tm] DLEEEH, R ACK EHGE FHES UGS, AMERT DU S L
ThEHIHH, IERRER = RS R AR .

4.3. BRAMRETET RS

M _ETH IR AT LG B, & P R R R — &, REFAERAERIRI, 758 Pk DR R
AR —ERN, ROFERERL. (A2, EARMELT, SEFEZREAR, EARRREZRL
T, ERIHEAFE. fEFERR SR SEBR N A B, i P R — i, BNk R AN 2805
PERE R Z D, AR RGN ERe R, X R TREM R . Rk, TR, AR LR
ARG ILFEIER, ARWXNEZRR RN R QAT TR THL /0. il Aspen plus %k
PEXHEZRR R G AT, TR FE P CHRE . FRRAER T, REMH#IEREL. WE
9 10 JFAE, 4 B i T30 LR 9 900°C. 1100°C. 1300°C, iH57E % L AT N (325 53 11 IR
T RGO 2R OB L, ARG R IE RIELL, MBI T /A%
AR E 2R R L. 20— RAINIHE, BT RGN IR MAEEARFE R, HEER
FCANIZE Pk PR EE T IBUE, IR origin £ BICRR v 545 BB RIE b, Wil 8, |49 fs, il
XA, BTG HX =35 3L R R ATz, JEANEE B BIR RS A, R
Gt T RE A A -

K8, K9 43l Pt R N 900°C~1300°C B, FEAFEIEHAEZR LA T, KA toRm
KA ALNAES . B, W BRI, EIEX R E 3 R B4 58 1300°C, 1100°C 900°C. M
S E T R FE Y 1300°C B R HPERR AU DL, 7T LLE B, 165 b — e i, Bl 203 &= 13,
farh LETh RGN, R ARSI IR RN, AR AR, KR BUNTEE P R K2
B, FENGEF AR BB A AR E R KM, BT e ThE gk, iR AR EA S — g &
G, SRR RIRRE], E A AR AR PR, N b= S, RSO == 1 A R
P e ARSI, RORIEK. BRI —En, BEEERIIMER, RGN H L Th 2R iRk 2
et RGN, ELGERR, BRI EBRR, IORFEDN R LR, &P R B PR, PR 2R
RERG. HTE i R RV RE A — € 52m, 2E -k HIR Y 1100°C A1 900°C B, &
G 1) EE Th RN R It 2 1A 2595 LA ERAR A B A A3 - 33E 18R N 1300°C B SEAAH ], AN A] A 38 T3k
FHR B, RGN 4 H EL DI RICR R, B Pk TR RO, R R ELE R, SR R LR
BT AR I L AR AR R 2R VR LU RO, o i@ Pk DB R RE R, & — RAIRHE, ATk —
AN KRME A WE 8 aTLUE R, FEASCHEFLIITEREIN, HIhR IR Al 2SR E i B E  1300°C, J&
by 38, VEZKIKEL N 0.32, MHRAELThE )y 1300.8 kKW, {H 2 EL D25t Ik b (R a5 /. AAIE] 9 T LA
EE, BWHREEREIRE S, W REMBCER K, IR, SRR X R E N 34, 7
ARV 0.2, KRR K RN 53.91%, K HLECR N L RIVEZR VR LU U PE B R . AT 13 3011
Kot v LIORTE AR R A LI S Bz - 145 =

4, EEFEEE N 900°C I, THRAE TGRS 10~26, /N FIHARBEANEE TR LEE,
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Figure 8. The w varies with the z, S/A and the inlet temperature of the turbine
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Figure 9. The # varies with the z, S/A and the inlet temperature of the turbine
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BRI, B IR 900°C B, ARLLHADE MEEE, KB FOHASR RS, mREERE L, §
OB FHA IR AT, 5 FHES A L UAE R AR A 205, ARSI B 1, R %
BT

5. &g

AT UAVEZS IR EE N BTN %, B Aspen plus B, W% RSEE4T T HERSTHE . BT T 105
SPE RS 73509 900°C~1300°C B, VEZEIRACHL A PE REBE A 3 28V LU AN & L AR A R

1) 7E&E P IR — @, JR—enf, FEEFZARILIIER, KRG LLohR B {gn, K5
IR R R G KGN, FAERKIEZRIS . BT R, SRR, REHH
H LC DD ZR RO, R PR 8 Rt iy, B35 P 3dF LIRS A 1300°C, IR EEN 22, REGM I 281 L 0.24,
UEIE, RGHK BRCRE R, N 52.28%.

2) FUBESEAAE L, 2R TN R GAFAE B R R e, HLI& P DR R, e L e R,
XN EE D3RR . H, Pk LR — @ I, 2GR AL IR e KR B 800 L PR e £ 1 B /)
TR NN B A B AR b o 7635 P HE TR EE A 1300°C I, VEZIIR ML ik R LR N 51.31%,
X N () [ b Ay 38, TR S LI B K &k FLRICR N 43.47%, Xt iR EE oA 46, 4IRS B ML IS EL oy 38 I,
X N ) 43.22%, LLiEZRVIR S FEHUIK T 8.09%, 3Bt i LA 78 thidt —2DAIE B 1y 287 R SRR WL s R

3) TEAFME - IREE, EHANEZRIBIRMET, A — s RS, RSk RN
1300°C, Hebth 34, 7HZIREE N 0.2, ZIRES SN R G LI 2B, KRR K, 71k 53.91%.
FESERR Tl A, FERMTIE VRSN S EO T, AR B m Ui 2R SR LR R G, wT LA
SHERAFH IR ESHE.

E&UH

[ 2K H AR5 4 100 H (NO. 51274224).
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