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Study on Performance and Optimal Operating Conditions
of Regenerative Steam-Injection
Gas Turbine Systems

Kyoung Hoon Kim* - Dong Joo Kim* - Sang Hee Park*’
Man Soo Oh** - Dong Myung Kim**

ABSTRACT

The system performance of the regenerative gas-turbine cycle with the steam injection into the
combustor has been studied through the thermodynamic cyclic analysis. The effects of the pressure
ratio, the steam injection ratio, the ambient temperature, and the turbine inlet temperature are
investigated on the thermal efficiency, the fuel consumption, and the specific power as well as the
operating conditions for the maximum thermal efficiency of the system. The results of the present
analysis find that the use of steam injection in the regenerative gas-turbine system can greatly enhance

the thermal efficiency and the specific power of the system.
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gas—turbine cycle with the steam injection
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Table 1. Parameters used in the present simulations st T S 3eMe Eo] BEF S

for the gas-turbine system 57l 250CE HolAt 39 &FT7E A

Symbol Parameter Value ol wi7I7kAE ThdEe] EF 49 645CE
T, 9 e 0~ 50°C Ea=leg

P, F9 o4H 101.325kPa 11004 F9 dh7]et 22 FHE 54

RH, 9 ddis= 60% T AF7] A% gy 191%9 d8E ¢FH

TIT BNl 2= 1200°C 12014 2% 205°C &2 Asatw, A7 S 4

N WE7I EHEERS & 80% 2 v 2719 A davldl Sojzith Bw

n, BNl EPEEH &E 0% YTLE 1200°CE A7 Ash duFUP

e,  AdERINS fE= 8% o] ARHM, AxY ABAE 0] BEE P&

€, HRSG®] #&%= 83% 3 CO.9F H,08 ERE =715ld HEl 9T 5

o8 CH, ANHE Oy Ny CO, B F5719] AR go] 7

Z+ 15.60%, 76.72%, 5.30%, 20.93%7} ®t}. EH

yebdth di7]e=7t 15°C, AdisErt 60%, T 691N &7t 722°CE Yol EFV|AE

S7lREARE RO FEEIZE 22 15% 379 A A 7= %sﬁ Ax7E FFEHE TUE HE

ZA A"l dEAQ] G FECd tig A QA7 2F 74 57} 353°CE v

AARE G5t Table 29 Z2oh &4F7] ol A& dI4 272 ETEY

LIME Oy Npy CO; B 5719 AFEE 23 84 2x7} 8107 Woldnh o] 3%

;L
(B371 1 kg 71¥)el
0.0

Zy7y 23.23%,

76.72%,

FZ719 T2E 209%% WEo] g AAAE

5%, Loa%olth. =71 F7 290M4= F717F o ge EAeA oy, SU1RAIG] Be A
FEEAA 257t 295°C 2 st Aeh tr]e Fell= A7l ETAA 5] dold & AUt
T ES A¥Y] A% div 15%%F 35 5 oA AA 71t HRSGAIAM Y Exdo] Al2H
1B 7] 4T 99 FHEIE T 1094 F o H]Ale FFS AN BU|Z stk End]
Z7) 13.84%7} AT YA 116%E AH o A & o JFS vA= HA W
EZ U2tk ol 457 7 29 3¢ &F FEo] Bol AAR JF2HE A|2HY] dT 3|
Table 2. Representative system properties at the cyclic positions of the gas—turbine system
osition Oz N2 COZ HzO(g) CH4 HzO(l) T P h S
P ) (%) (k) () (B (%) (O  (kPa) (Ki/kg) (kJ/kgK)
1 2323  76.72 0.05 1.64 0.00 0.00 15.0 101.3 294.1 6.87
2 2323 76.72 0.05 1.64 0.00 0.00 294.6 709.3 591.4 7.02
3 2323 76.72 0.05 16.64 0.00 0.00 249.8 709.3 689.0 8.53
4 2323 76.72 0.05 16.64 0.00 0.00 645.1 709.3 1,256.9 9.33
5 15.60 76.72 5.30 20.93 0.00 0.00 1,200.0 709.3 2,237.1 10.39
6 15.60 76.72 530 20.93 0.00 0.00 7221 101.3 1,434.8 10.46
7 15.60 76.72 530 20.93 0.00 0.00 352.9 101.3 866.9 9.75
8 15.60 76.72 530 20.93 0.00 0.00 81.1 101.3 478.1 8.94
9 0.00 0.00 0.00 0.00 0.00 15.00 15.0 709.3 -291.3 0.56
10 0.00 0.00 0.00 13.84 0.00 1.16 165.5 709.3 97.6 1.49
11 0.00 0.00 0.00 0.00 1.91 0.00 15.0 101.3 9.4 0.22
12 0.00 0.00 0.00 0.00 1.91 0.00 205.0 709.3 18.6 0.23

(T, =15°C, RH, = 60%, 1, = 0.80, 7, = 0.90, ¢, = ¢, =0.83, TIT=1200°C, 7, =7, f

—15%)
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