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Analysis of Relationship Between Design and Part Load Performance of
Gas Turbines
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Abstract

This study analyzed the dependence of part load performance of simple cycle gas turbines on their design
performance. Various parametric calculations were carried out to examine effects of design temperature ratio,
pressure ratio and component efficiencies using a simplified analysis. In addition, a more practical analysis
was done for realistic design conditions with the aid of a comprehensive performance analysis program. The
results show that gas turbines with higher design performance exhibit less efficiency degradation during part
load operation. The influence of power control method (fuel only control and air flow control) on part load
performance was examined as well.
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ojF 3 TF o] YF7Ie} Ei‘”c’ oz 7i¢]
(AR 2~3 7y HHo 2 Felatq] F& 6}"} o]
A FE OFH(multi-shaft) A5 71530, o4&y
7t 5‘3 gE7 8 JhAaEHE 2 ol§ SA4goR
Mz3 MZEE 7FSE ¥ (aeroderivative gas turbine)
o] ole] FFsicy HA {4 LHEoz Uy
ZF2EHNES giFE OF A2doln] B ¢F
ME ol BTt

o
RS
N
)
z {»
o
=
)
Jhi
o
N
rzi
z
l>
ﬂ=
% o
Kv)
rju

A g o }04 7]
o} Aele mope tﬂ%fo} xial%—Oi AHS

+7F o st webd BREA 9
‘%‘ AT 58S deksin ol& MAATEE
o Fastt. JAZA ARl A
el 7z £IVE Fotd 4d F glow,
o3 Y& vEFo R g AT =Eo] EA
Ao 2y o) ATES WREE FoiF
AARE vBe= FERS, o doprt gAdA
Fee] A5 dFse VIEE ANEEAUeY A
T MAskE e ANFEEY 2R R
oA gle B7h dif-Eeln, =EA dAMY
AR FEFs Ao dAE sHstnA A
= A70% 48,

A AHD e skaERE 22X RE
AlEete g ol2714A] &8 2 R &
AAM A8 W EXE HolnE AAHoR
4e54E Fotste o] Fasth 2y o
=T8S Bl AN TR BAMNE B¥S &
T8 F e, FEES

QP &2 gAA 3}%01] dHaiMe GMH dFE Bt

fo H Mo i X
[ o [ A1

sh o] slAwrel 2 FAR AGE Gae
2 @ d4E % ST B A RERs 4
¢ AW A § Y A} RSk

2 AToME deitelE taEEE Ao
2 3to] AAHoE AA e LRI} 45
o 4RARAL BAH2A SR HF ARH
2y A dade B 2dRe B
@ sxo] WasHe, 47 4 FEF 2
o A YoiH B BuE v
HHozE dg 5 along HA Az
B AR ol2E ERE b3
T RugoeRy PRV AFEAS
ol]oj A AgAEow Bas TR pdald ule
& £ 4 $eg ojgsd A4HA SfaEE

i

i

21 2y

TFEER] Abe| EellA 7 & d9EH st
gl AAA $Fv)9 gAY &Av 18}
T vUmA EAERIET 48 &4 e FAE
ot AU sh2Eel "4 gyl W4 B
< 2 F9 AAHQ kAN #AA 2
£33 AR {FFHE FASL stae EAAE
g—a—}c}v ZHAstd Fig. 1 9 & ZEAEY A}
29 &8 o HE
er Zol gdHg

ﬁm__Yl

¥ (specific power) w ¥ &

_ Gl -T)=C,(T,~F) 0
Cp(T3_T2)
w=Cp(Ty~T,)~C,p(T, - T;) @)

22d) o, FEY r, G571 BHUY EYERT
A &(ploytropic efficiency)S AH&3H A&3 Fab
Astd HEHE2 ol A& Zo] 3] HEH

o ZERY &2 vlidA e ¢EH)dN
o SAERY FEolY AAVIE AEE HAS
€ JE2A NN FAEZY FES Y3
A Bzt AEE FHERY 5848 93
< Aol & A Hejrt
e
g kT
q:l_’__’—z_i—l 3)
t—rk"”“



1166 2

k-1 k-1
=t Q=r Ky 1 @)

w
C,T,
4714

k k
L .
S S £ L O R o
LR T 5 \1,

251, & HJuENYFHSE} FAXE vE
‘;’l g0l HXrt SR 5E3) o v
,; dHH = gAen TERS 44

2

P =1t for maximum w (6)

FE7]9h B ST FA 0|4 ol (ideal)
Atol el WeiMe 2 e wieh o] Y
ol Ao tg wes

ideal CyClC 4 = ([ —r kK ) n (7)

\/_ for maximum w

7t2Edle] £8E dRsl 37
ot zdHh A "}C‘ﬂ' s
Aol (7 H%EE HFHo2 243X
HFBAAZE E$)old, ¢E7]9
WAl (inlet guide vane, IGV)S o] &3t F7]&
ZE3E IGV A% AHEE IGV AolE EHul
ET72EE A A8 I3 5(heat recovery)
"é‘o‘o Folnzt 3= o] F EFo|r}. A4 7}
1o A d8u7l o HE god &)
5 EAAN 9A3% 3A oﬂ/ﬂ( Agoz A}
9% Jh2ERlA E AL fAFojok
A7t Wi Fon2O® A5 grel Aoje)
%71 fFeol A9 Atk IA g
7 ol ERIQIFolA e Rt}
7t s e Aol #aHo|t}. @

FF A
He 9z
ol-_g_
Y

d

to 2 o 2

}o

=3

O

=
=
#F2

r'Im

oX
oft
E.

nl__.‘o}!.uq'()bizl
_:LE
nlo

2 X o M

ool & Ho g
O
"’U

I
M

3
>

= constant ®
3

2.2 OjatE{ol AlO|E
o]l Alo]E2 HAAZE T8 Erlsslx

08 100
70
o ——
06 F~ AN A ) 730
AN \Y T T———720
0.5 \ 1T 7 s
A\ N 81
= 04— t=4/ 15/ t=6,"t=7. 6
03} 4
=2
02}
r=2
0.0 1 1 1 1

0.0 0.5 10 15 20 25 30
w/C T

Fig. 2 Specific power—efﬁmency chart for ideal cycle

1.0

09|
0.8

0.7

06 |-

thin lines :t=4
thick lines : t=6

Relative efficiency

04 PR I R RNPU S
0.0 0.2 04 0.6 0.8 1.0
Relative power

Fig. 3 Part load efficiency of ideal cycle
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Table 1 Design performance of gas turbines
Item GT-A GT-B
Ambient condition 288K, 1.013bar
fuel CH,
Main features
COMPressor pressure ratio 15 9
number of compressor stages 18 10
compressor stage efficiency® 091 0.82
turbine rotor inlet temperature, K 1573 1273
number of turbine stages 3 3
turbine stage efficiency® 0.90 0.86
coolant fraction® 0.099  0.031
(relative to inlet air flow)
turbine exhaust temperature, K 877 810
Performance
Specific power, kJ/kg 391 205
thermal efficiency, % 36.5 25.7

a constant for all stages
b all coolant after first stage nozzle
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Fig. 13 Effect of control mode and component
efficiency (¢,=5, r;~11, based on section 2.3).
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