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Abstract: Cooling of hot sections, especially the turbine nozzle and rotor blades, has a significant impact on gas turbine
performance. In this study, the influence of precooling of the cooling air on the performance of gas turbines and their
combined cycle plants was investigated. A state-of-the-art F-class gas turbine was selected, and its design performance was
deliberately simulated using detailed component models including turbine blade cooling. Off-design analysis was used to
simulate changes in the operating conditions and performance of the gas turbines due to precooling of the cooling air.
Thermodynamic and aerodynamic models were used to simulate the performance of the cooled nozzle and rotor blade. In
the combined cycle plant, the heat rejected from the cooling air was recovered at the bottoming steam cycle to optimize
the overall plant performance. With a 200K decrease of all cooling air stream, an almost 1.78% power upgrade due to
increase in main gas flow and a 0.70 percent point efficiency decrease due to the fuel flow increase to maintain design
turbine inlet temperature were predicted.

- 7154y - m o AR (kels)
e NZ =F Bye= W7
Z
A o5 (m) P : 9FE(kPa)
V @EH“{’—T“E(TH/S) . = X 2=
oot o R : 71 AT (kI kg K)
¢, A HH] 2 (kl/kg'K) RT : i]a %E] ] %7],
HR : 6}$A}O]§LE OE:] 2 ‘}l: T %:(K)
HRSG : 43| oY TIT = g¥ QJF &%
U adol= AE A= (ms)
* Corresponding Author, kts@inha.ac.kr w D &S = (ms)
© 2012 The Korean Society of Mechanical Engineers a cEYolE % A=




172 Holgk - Ard -
g EdelE e AR
o : H ]

1) 37 &8

b BT YL &2&

SHE AL

a s gdlol= AN AR

b : EYol=

c : B7bE7)

g e s

in D YT

1 e Yol Y

2 c 2H Edol= 4

3 c2H 2Yols &7
1. M E

BAg E7FAENS] EjW 12 % (Turbine
Inlet Temperature, TIT)= 7F2=EJHlS] Ad5S 25
she Fod weEa 92 obdt Aot
QA g Qe zola e g xEwe

F-Class? °F 1400C 2] TITE 7}Ath %2 TIT
2 Q& He »=F3 2ZH Efol=s 129
b =E2HH 4 &3S 48 du WE
of HAle] 7FAHWE o]F W3] & £
ol IHI YAFIE o]gs WAUES 48
st vk @Al 7 A WA o4
714 FFEHE Ve 457 T 2edA

= ¢ =
F=3 Edeol= Wi Fudte ot

N
-

sEue TITF FobA s E¥el FrstA ¢
%71 20E AEHE 2§59 WaEle ¢
% F7) Wil Hulel F fERM ole
YoHEI)E s el B 9% A
A AT webd el We 48 oY
e % W2E7I7t shaEe] A vAE o
gol T AT ALHoRE o] FolA: gluk
Wzl Mg e AbolFel thd e
4T Yz ulel g k@ EaAlel AlA

HQomed F gEshash WrhElel EEA
WS E8e Hrsd YAgel nedd

@ Ed TIT b @AFE olFeze] Ut

e Wzherle] frgt oldl mE o 74

A el A A7 =Y Yy
ez

719 BLAF D R

s el uh ek
=

o] =S A& JpAREH HEs] 93
A WAerlE 45712 H FEEA whE AL
B8k T ofyE o dAusv|S AESt
o ¥7E71E WAshe A7t 8 B AE
g vk S ThaEReA dad 9
719 e 29 ¢ e U T shdelH,
Zh=EiRle] A A 9lefA] Wbl o ztol
Agel mAE el ojdel AyE wF UAk®
WhErle] g 2 2xs JkeEe] el
e 9FE A= W T shdolth mEbA
2+ AelMe dA teHa e v
F-Class 7F=ERl & shus AAdste] 7] A7

&

A
MRS ke Abgate] B
shoich mEE A et 3l o9 Jgs
uek AAsA ekl 9le Bue 47e) do
2 RS S wER =23 2Eel Y4e R
Al e mRYe vgon Aa shad

12 492 BA 98

(Heat Recovery Steam Generator, HRSG)E A}-&-3gh
ugtsie Wl AzdEelA dAE A 5
A3 Bgsl wd Axdelq du7 A g
714 wHAEE 98 HRSGOA 34H ==
sge WA I S Qe AA9E

sha 841k

b
=

|
ol

2. = &
2.1 7| & 52U AlLH
B ATolA Aol AREEl F-Class o] 7h2E]
Bl 2Ee GE AR] TFA ol tiE H53 ke A
G Aes =S s Sk ZRREN 3
2® malyge A8 239 GateCycle” S AHE-



Gas Turbine

Bl sl WAL 9% 173

Coolant lines 4

Q Q QO

Steam Turbine

T l

-

H IPST LPST

[

Exhaust
gas

I

—————

HPST -
HRSG U ”
T—(P*S; HP-EVA IP-SH HP-ECO IP-EVA HP—EC?) LP-EVA PRE-
IP-RH LP-8H IP-ECO HEAT
Fig. 1 Configuration of a combined cycle including cooling air pre-cooling of the gas turbine
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Table 1 Performance parameters of the F class

gas turbine

Parameters Reference!'” Modeling
Ambient temperature (K) 288.2 288.2
Ambient pressure (bar) 1 1

Pressure ratio 16 16
Compeser e A s
TIT (K) 1670.2 1670.2

Number of turbine stage 3 3
Turbine stage efficiency (%) NA 88.5
Exhaust gas flow (kg/s) 445.0 444.9
relativceoi)(larilrileflogr (%) NA 17.4
Net power (MW) 171.7 171.5
LHV efficiency (%) 36.5 36.7

Table 2 Coolant mass flow, temperature and inlet
gas temperature for each turbine blade

row

Stage  Blade ﬁbc(kg/ s) T,(K) T,(K)
. Nozzle 324 691.4 1670.2

st
Rotor 18.5 691.4 1600.0
Nozzle 13.5 600.4 1312.0

2nd
Rotor 8.2 600.4 1292.2
3rd Nozzle 3 520.1 1065.2

HRSG W9 &5 AL&3HA HH o] & 1

A HAoz JERALE o] BE &F7] .,
HP A&7 4ol A Z+2zt o]
5 F3 sPHAlelFolA HTF we

JeHe 4= U

N

M fo o T oYtz ol

W B Rle] =7 % 71(Chocking condition)?} Fig. 2

Table 3 Combined cycle specification

Parameters Modeling
HRSG HP (bar) 180
HRSG 1P (bar) 40
HRSG LP (bar) 3
Pinch temperature difference (K) 11.1
Gas side pressure drop (bar) 0.04
GT power (MW) 168.2
ST power (MW) 94.3
Total power (MW) 262.5
LHV efficiency (%) 56.1
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and efficiency with the depending on
degree of coolant precooling

F-Class

7] ddzs A8, GAA S
E\ﬂg] )\é&;

€}
o) 4

H
A9 EAEe Ewdd ot d37s)
==

wj o] o

2 7MAer) sHAR olur} H

4
o
2 oL me nly

FhzEn @ B A

2
oL
)

o, T,
2> [ o

ot
o
22
>

e

4 T

.

o3
)
il
1
O _\L:IL
2
%0
)
ok,
N
o9

It
ol ok

A

i
e

N
~

E
ool

o
N g

x
ol
ol
N
At 4o e my
%o Lo o
o o T
S o (T

Ay
o

H
3 S7t2 9% HulEy S7hgol

&7k
o AaBs & 92 Sk dd B3 5
Fhe] FEZr 8 TITE dASA FA

st7] 9t Ax ARVE FUFste] a&2 A4S
=

(3) EEA A" A= WE T oyt
o] Ao upg} 7pAENIY] FFETt FA F
% 3t #HAsh7|E skl oldd S| uhEof
Sh-Atol 2] &9 o] Wglsit) o3 FFk
Aae 543 TITE A8t 5n|7F S71s)
7] w&olt}

4) HFEA A =goA = derbaEREeY
-9} Fd3A FHe SIS 28 Aaste
Aes YebH, ozt Al @Ae d8 sHFAL
olZedl A 3|F8te] ALESIAS AT B AlolE

nz

ror

(1) Horlock, J. H., 2001, "The Basic Thermodynamics
of Turbine Cooling," Journal of Turbomachinery,
Vol. 123, pp. 583~592.

(2) Young, J, B. and Horlock, J, H., 2006, "Defining
the Efficiency of a Cooled Turbine," Journal of
Turbomachinery, Vol. 128, pp. 658~667.

(3) Horlock, J. H. and Torbidoni, L., 2008, "Calculations
of Cooled Turbine Efficiency," Journal of Engineering
for Gas Turbines and Power, Vol. 130, 011703.

(4) Kawaike, K., Kobayashi, N. and Ikeguchi, T., 1984,
"Effect of New Blade Cooling System With Minimized
Gas Temperature Dilution on Gas Turbine
Performance," Journal of Engineering for Gas
Turbines and Power, Vol. 106, pp. 756~764.

(5) Horlock, J. H., Watson, D. T. and Jones, T. V.,
2001, "Limitations on Gas Turbine Performance
Imposed by Large Turbine Cooling Flows," Journal
of Engineering for Gas Turbines and Power, Vol.
123, pp. 487~494

(6) Torbidoni, L. and Horlock, J, H., 2005, "A New
Method to Calculate the Coolant Requirements of a
High-Temperature Gas Turbine Blade," Journal of



Wg7)e) dyd ol 7k

Turbomachinery, Vol. 127, pp. 191~199.

(7) Jordal, K., Torbidoni, L. and Massardo, A. F,
2001, "Convective Blade Cooling Modeling for the
Analysis of Innovative Gas Turbine Cycles," ASME
Paper No.2001-GT-0390.

(8) Kwon, I. H., Kang, D. W., Kim, T. S. and Sohn,
J. L., 2010, "Influences of Cooling Air Temperature
and Flow Rate Gas
Performance," KSMFE

Tubine
2010

Variations on
of the
Spring Annual Meeting, pp. 9~10.

(9) GateCycle ver. 6.0., 2006, Enter Software.

(10) Farmer, R., 2009, Gas Turbine World 2009 GTW
Handbook, Vol. 27, Pequot Prblishing Inc., pp. 75.

(11) Kim, Y. S, Lee, S. J, Kim, T. S., Sohn, J. L. and

Proceedings

i Aol mA= G 179
Joo, Y. J, 2010, "Performance Analysis of a

Syngas-fed Gas Turbine Considering the Operating
Limitations of its Components," Applied Energy, Vol.
87, pp. 1602~1611.

(12) Cohn, A. and Waters, M., 1982, "The Effect of
Alternative Cooling Schemes on the Performance of
Utility Gas Turbine Power Plants," ASME paper,
82-JPGC-GT-19, pp. 1~10.

(13) Saravanamuttoo, HIH., Rogers, GFC. and Cohen,
H., 2001, Gas Turbine Theory 5th edition, Pearson
Education Limited, England, pp. 306~373.

(14) Moustapha, H., Zelesky, M. F., Banies, N. C.
and Japikse, D., 2003, Axial and Radial Turbines,
Concepts NREC, USA, pp. 1~29.



