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ABSTRACT

The aim of this study is to determine the optimal cleaning time interval of compressor in gas turbine of
a combined cycle power plant. A major cause of reduced compressor efficiency is from compressor blade
fouling, which results in a lower overall power plant efficiency. Compressor off-line cleaning can recover some
of the lost Isentropic Efficiency. The level of efficiency depends on the cleaning time interval. The data for this
study are collected from the operational data of combined cycle power plant within the past 2 years. This plant
comprises with two 221 MW gas turbines and a 262 MW steam turbine and has a generating capacity of 704
MW. Gas turbine Compressor has 18 stages and 16.6:1 pressure ratio. The plant average utilization factor is
0.79%. Variables affect compressor efficiency, such as inlet & outlet compressor temperature, inlet & outlet
compressor pressure and cleaning time, are used to determine the compressor efficiency. The optimal
cleaning time is analyzed by using the minimum expense cost which consists of the additional fuel cost (to
maintain the same plant electrical power output against degradation of plant efficiency), cleaning cost and lost
opportunity cost. While the benefit is the constant electrical power output which is independent of cleaning
time. From the analysis it was found that the degradation of compressor efficiency is 0.31 % per month for

compressor 1 and 0.37% per month for compressor 2 and the optimal cleaning time is every 6 months.

KEYWORDS

Compressor Cleaning, Suitable Cleaning Time, Gas Turbine, Combined Cycle Power Plant, Isentropic

Efficiency
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Degradation curve of GT2
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3.3 WA lEAE5EUINNNITINANAZ AT AAANINS AL EasuLUaanlal

(Compressor Off-line Cleaning)

- A l[angnsnnANazenfenIdmesuuLaen latiannannisi (6)

it 1 = Anadalemalunisgoy@atlsduiiosmnanmaveganisudalii
Wnku 2,818,356 UM Aadu (ANaan19u@am b sady aAnTuaL 12,526,027.4 KWh LAy
annAgulunisfiainlssieniaewiniy 0.225 unsiamilon)
C2 = AranaaTiuarAtn A F i sinAnLarann Tl 60,000 11N AeAss
C3 = A9 lUN199" off-line cleaning tEWRY 2,000 LN FiaA%a
c4 = Al Flumsdugnanfazuinemsin off-line cleaning
Sy 12,000 19 AaAss
C5 = fuun1s start-up Tsalvi#n luiu 1,100,000 U enss
S9vi An1F A8 lunmin off-line cleaning(CO) 1fuRuLlszanns 4 &1uumn Hepsaradis Aalriaaa

AN9A9 2 LATD

3.4 WszazA I ANIZANTUNNISYINANNAZ DI AN NS A LEDSURILATAININU

- iU liiinasa off-line cleaning %07 3, 6, 9, 12 uaz 18 1hau luszezioan 3 T uarldnanluniemii

off-line cleaning t{uian 2 44 wszaznaNunizanlun1InIANNaze A ARLINTdLTa5 IRl ATReRaYl Tag

= PP ° = Y o I~
Wmmmmﬂmhmmqumqm RAINANNITN (1) VL@N@@\W]’]?’]Q‘V] 3

713797 3 A ldane luumazAND189n1990 off-line cleaning 18939 AN NAT I UALEauTINTIR T

Fuuade . = . o AmsauLdn Ansiiau sauenldnavionun
LU RGERE!] AIMSEaLEE AIMSEaLEE o
msihaNu P gV LHfarwdaesiu GT1,2 anm (Total Expense
a1 . LHalw&vaay GT1 | awwdvnag GT2 '
(Fau /néa) sraia (loss cost) (loss cost) (Loss Cost) (Cleaning Cost) Cost)
¢ia 36 1fau (17n) (17n) (17n)
3 12 72,288,975.84 77,112,296.84 1459,401,272.68 82,040,547.95 231,441,820.63
4 9 76,517,636.47 82,102,579.58 158,620,216.05 61,530,410.96 220,150,627.01
6 6 84,628,935.54 91,722,162.01 176,351,097.56 41,020,273.97 217,371,371.53
9 4 96,507,532.34 105,850,716.45 | 202,358,248.78 27,346,849.32 229,705,098.10
12 3 110,435,449.22 122,310,930.31 232,746,379.53 20,510,136.99 253,256,516.52
18 2 133,556,471.30 145,504,093.72 283,460,565.02 13,673,424.66 297,133,985.68
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1y o o

- Taaluindseruaansdeusania lunliddeaninlunisenisdantingauasAnAnldanan1siiaana

P o & Yy ° . . = A ey o @ a
aza1nnnde 3.3 fiaune aviulfidanievin off-line cleaning N7 6 e aziA1ldaasanagaiiuty
A a , A o o @ ! A v o A o PR .
217,371,371 UM uazieAAUENUAazLATeilfing wudi azilanldanasnaqaiianinnazain ludumeun

6 LiuLATAIY AIANINN 3 uaznavizUi 14

350,000,000
300,000,000
250,000,000 Minimum expense cost /.
——squalfsianae
— (Total Expense Cost)
§ 200,000,000 {um)
‘a . - -
- -GS LA LR NE
c 57U GTL,2 (Loss Cost)
»g 150,000,000 B (1)
T L
T dnsvinaTINERaIn
(Cleaning Cost)
100,000,000 (1m)
50,000,000

3 4 f g 12 18

! &
euitunsineuazaia (haw/asd)

217 14 AND N9 off-line cleaning WeuruAnldane neilselniinasauannfausuiall

al

4. agUnauaztaiauanus

41 @gdua

2
a o

A = o A4 oo oo P
niddeiAnmszaznanmEnzanluniiAusrenAesnsdme SluATeiaiufing e alag i
WANIUAMNFRUIIN AMNNI9IILTINTRYANTAWATEIINNAAZ NS AN sr AENNTBARNINTALTRS 16
o o = _ . y o d o 2 . .
n3n1sident/srEnBNN ( degradation curve) Wuannaidunse Inadin1sidentss@nsnImmuasaInnisinAIu

grannuuaanlaiingzansflaati 2%-4% MIvezioan 4 1Hau WaNeMIINITaA A9 ANBANIR

o

ABNLNIALTAS A 0.31% ABLAAY ANUTUABNINIALTATAIN 1 Lax0.37% ALt AUFUABNINIALIASHAN 2 LAy

a

\Ha AU ANFLY TR TR INRINgRABAINNNTRe N ss AN BN N TesReNINgaLme ] saNuAn lEAnaszudenng

MpnNazernpeNmsasasuuueanla wudn n1avin off-line cleaning N7 6 e azliir lausumgn G

ansnsnth isvenaliiulss i naseuansbausani lidadnin ludouaesnnsanisdanting et

v v
o

AssillRansan Fuuanienimamazflusaneaisaanfuld vatinnaden s @nsn1naedAaNNg gL 8 5Uaa



n9ANEITEazAMIUNNZaN lUN1IRIANAT e A AR NN AR T LA AR a9 19 TN NA 99 WA R TN

v
o

et miuaziinnidetien Tutuanmundesesusacinelss i v duazess sideiainadu ARnun

e mAdiuimzTinesnsaimed sl ldnansiiameinanansiueenlUuiuusazlsdnin
lunsdiaslasliimdauanubeuion A dueaiustemn 4 ieu site 3 afsetl ludeuamney

AWMANLATEUINAN %ﬂummqﬂlﬁuLﬂ%mﬂﬂ%@ Az911 off-line cleaning TuiReanAMANMEATINNN9TINg9E N

szan1l (Plan outage) dauluipaummeuLAzSUNAN FangaAwAsaiiasaniloywnsiivgadaintas s

v
v ar

(Gas shortage) \NadanTngaunasANgsssNEAENA LAz AN Aeiumnss WA uANFausan A
vgaLAuATaAaLNeN 2 ATesiatllunstl gas shortage azvinliidseudnenldanalugaunnsyin off-line cleaning
souisA@sTanalfiiutu Usynnns 7 Suum (Aeanandalanialunisgadanils (C1) Whwean 2 4 il

Rutszanns 6 Erunn uazanldanalugauniami off-line cleaning a1 (C2-C5) 1iuRudszanns 1 §ruuan)

v

4.2 ADLAUDLUS

d‘ 09// d‘d a di a o ' 's 1 o dl

[HesaInynATIRnIsugaALATasarinisinAuazanparinsdaiuueanlal avudiunisulan
Air inlet filter &8 sariuaziflunisfadninisAnelsrdnininaednannsamasina AN N1ITNIAINAZE A
pamsartasuuuaanlalsaniun1sdanld Air inlet filter nanziiafinnsnAugzatnluueaeanlatiiias a5
Air inlet filter azfinsiiangnislfununiulaglifiesdinnsnldauluivza in1siiaainazann Air inlet filter iaw
AINNAMNEraInPaNnsatasuLuaan lainssaly

= = o o o o o \ P Aa o P a -

prsiinasirauaudeyanulselnilindsaunsintensonau Nldnwue RewlaninfuAses

9 \ A 9 = o = s v o = o = o o ao & w
ﬂﬂqWLL'Jm@@mﬁnﬁjmﬂ@qﬂﬂﬂﬂﬂu Iﬂﬂllﬂ']ﬂ,ﬂ‘].l"ﬂ@ﬁ;l}@wqﬂqi‘qLﬂfm:Vﬂlu@ﬂﬂmzLﬁﬂqﬂuﬂU\?quq’Qﬂu LAIANANIT

Anrzviinasldnaludnensinaniuisely

5. naRngsNszn1A

a a a e‘d‘ Ve v a o v
LBNINLLALNTEAN ANARTIATIN AF.ANEN eiasty a1ansdnLine g liiuueAn Adenuazufila
¥ I ' k4 va o Y o a o :// Ly = v
faunniaasine nasnauliitaniafidelfwmuinszuaunisfin nazuaunisinausaNialsaunisninisie g
AABAAT wazaaveLAnRAINIdalsrAnann sl dhan@snuinlszmelng lunisliiaouiuiiadoudeya

132917 ousissalunisnunnmanmae
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