B32% A1
2019 4¢3 H

(S 8 # & K)
GAS TURBINE TECHNOLOGY Mar. , 2019

Vol. 32 No. 1

AR A = 3h 09
3 RR D AR,

x| KR A

SENEEBRULERERNHBE

ﬁ&lz Xlz

(l. BEIRERRY I TEFKE, KX 430033;

2. PEARMAEIOCI HA, LA FHEH

266012

3. BREEFR AL R, LM MR 233012)

O R TERE

VSRR M ARG R R B0 A5 DT T, BN A TR R T A R L

PEREIRBALIEARIR R . 4RI T RAEHLIEREIR LAY HRR AR BE IR R AR bR DR R AR BANAT L AR
FLAESEAR . WA T RAE R AL A IR AL N 7 IO MRS, J T 4 RBCRIB AR IR 7 i i 1B AR A i 1R A4
JEE AL T HIRE SR RAE TR AL R B R e = S AR IR AL B FE AR . R N T M RO E R it = R(E
T M 22N IR S IR IR AL IR PR SRR AN AT 7 3k, AT TS o0 O BE— 2 T SRR AR LT RE

IRARZSITAG R T REAHESE

X 8 R MRRHL MEREIRAL BRI R IR ILH T
X E 45 :1009-2889 (2019)01-0026-08

HE 5> K S TK478 XHEIRE A

IR DU A R b, 8 b sl 25 9 = By
i A AL A B A5 B W R T AR R T ]
B AN RS ARy it AR 3 R R 54T AR TE |
HATIE I 2 2 55 2 o S BUUBE LA 2 505 8 HL A
B, AR R AL b 5 25 30 A 3L RO e A AR
b, SEURTEALRYVE RE A A= 1Bk, BRI T FESS I
FRIFRCRT [ 7 A T R, HEIARE TR =
SRS

F MU i 8 1 BE BB 1k £ 20 = A
2R MO BRI 0, it B LA AR AR A A 2
FRAE AR . FTPIAS D 2R T8 R S EOR AT PR e
B, kk#/\ﬂ%—IU\Lﬁ{ﬁﬁﬁ}j—iﬂmm%&jﬁﬁ
W #H&Hﬁﬁﬁ B AR Y P SO M % 2 2 S 44 JEE
SRR . BB R GRS AR M S BURBE &
EHD&%T“/\?EE’JW%O PE I DB AR R I B 3%
Wk A2 IR BRI AR G JIHR SN, 1 1 R A1
MR AR

Kurz B G538 T AL IR 56 R = 25 i
IBAEHLEE, FEOFTE T 1L RE IR AL 2 U ey e R 5T R i 444
SEHUE WL TAR A A2 SR o S 38T i PR fE

I 5 HHA:2018-09-04 4%5 HHA.2018-11-18

EF BN XA (1959—) , 5, Bd, Wk, BIF5E 5 1) Sy T AEE 20 bR 285 s 0 5 8 o 2

Rk BT TAESHC o Khani %7 2534 TG
megﬁﬁw FEHLAS AR Y . Zachary™

VIR T 4535 B | IA] B A 45 P S DR 28 0K il 5

;gméﬂﬁl%ﬁﬁmmA%*%ngwm

R, F4 T AR T TR i Ak 3 R R U A
SR TE 2R B R VR A5 I A T i B Ak 1 O
Zwebek 251100 o P AR AR AL R AE TR S HLAN
TRFCEEYR B SN AR 4, AT RE S 2
WS EAHL I 5E B R R B 2 A 20 s 11 4558 1k
JPRSEEHLPECR TR HES BRI CIRE 152

Wi, FEAMT T AR AL R — 26 VI A 7R R B B I
Hanachi 251 3 T4y FRUBE AR 1) P HESR A8 8 L P
AN AR LSRRI SRR LI REE L
FER, SRR T 0B RO I 28 I 245 45 5 16, ) 415
1% SMW (19 B R 56 WL U A 381 ) A 2008 4F:
% 2011 4F 38 4> A BT EURIEAT T 40T .

B HHT R 1L, 2R 58 BRI AL BE IR L T8 4R
TR Z B SCHRE R B A 305 76 HT BT 9T i S Al
b A R B T S R S A L RE IR fL B
bR, SAE AR5 77 v 0 R < v, R RS

Z W , E-mail ; Zhikongshi@ 163. com ; il

RS A e (1986—) , 53, 1k A= BT 5 1ol Sy MR E 2 50 13 2 AR 25 -5 K B2 M, E-maill : dragon686 @ 163. com,,



511 i = A SR R IR L IR AR IR R A 27
BRECHLPEREIR FL T F JEA FEARZSHIRFE ML ARAR, DR T A 9 2 2

1 HgER U IStRRYE L

ARSC AR R AR A B WA T B3
FoR B 1R, 1 RF S LCHC B
HT LT PT 4 5 R I FEUHL 85 1R TR “UBL kb
= BRI SRR RIS S iRde . SOh ks T
BRI | bR AR LA

iHTi LT : PT :
B =Rl B

11 EH g R IER
1.1.1 HEEWHE

BEH TR REIR 1b , SR AR HLEL AL R T Y FABE
ANATREAR AR IR S I — 4 22, Dy 34T R AR 4 g 46 200
SRR AN A, M S EORR U AR AR R (IR i
R R To) Mizh fpim ekl Lok 2 rEAr R
UL BRI, HER AT — S FRAIE S XA ST TR
BRREEHL, i1 T T BE T BHE T hrestora » B XHEBA
J}f( exhaust gas temperature margin, M el ) N

Megl = Tﬁ,lhreshuld - Ts/aa ( 1 )

A .0 = T,/288. 15,0 J I RIFEEIRIE T, ¥
WP EHEE T a =k T/ T, Ty BT, SRR
DU —BEmr A T #1 Ty A AP 28, 5, R T
Xf Ty PRI BEIIRIA . M, AT LUCIR <R AR
aetEREIB LS
112 AR AEAR

Xt TR TR ) T 00, £ 3l AR L AR AR AL
PE R (0 g R A S A o A IR T
e HE L E T o A R R IO TR R A AR R fE
B o 2 LI AEHR (heat loss index, 1)
R e 1t P S AT S B A Y 2 5 SR
Z L

Lc ! HC

]hl :(TG_T(),exp)/Tﬁcl (2)
s T S SEIN MM, T, 2 55 M 00 LA (]
RIS RO A 0F T, d AR Fe HL TSR
PRI ERAE, T R Wl TOCBHT AR E . £, T
SRR AP REIR L AKF
113 ZRARHEAR
M T PEREIR AL, R AR IR i, Do — i ek

TR A ML R IR ALK P LT AR 2 4
Fr' ") ( power deficit index, /) N U)FA B 75T
MIEZ I, R
I,=(Ny, =N)/N, (3)
N g SERRE I EG N, R SSE T, SR
PR BEH DR N, BT RUE TR
114 #AMAIILL
M g YR PERRIR A F S e
EPFEIF L AR RS, X R SR
SRS GRG0 25 (8 7] HIRRAEVERERYIR
fko 52 SUBAMATI Y (excess heat ratio, R,,,) A HE
SPRAESM R E 5 DR L, J
Reh = (Hpto _Hpm,m>/Nd (4)
VL LRV B BN 3 S A R AR A B Sp =R
BRI A
1.1.5 L
B X P R (thermal efficiency ratio, R, )
Ry B IRCR S AR TR IS AT 254 T A S0 ) FA
K2

R. =7/, (5)

7, =N/(G; - H,) (6)

N, =N,/ (G, + H,) (7)
G+ H, -G - H =N, -N (8)

AP o, ESCE SR A PGR , n,, R
AR N RS2kt DR, N, o o SEIIE T
SRAFHY B 1 DI 6 RSP R, Gy, R B
ot TR REI RSSO DRS00 TR N = o N PSR AR i
{Ho PARCRLL R IR B S TR AR ML AT
APEREIR 1L o
1.2 SEESBGEREIRLIER
1.2.1 BT

SH R PRSP T iR AR S
FIABIN T RS, Wi 2 B, B HLE IE
RS A BB AR o, =f(y,) , Horh
xp= (g, e, x,) " IR R E SRy, =
(y1sasmsy,) " AT TAESHL

R TEEHLA I — R s SR e A PEREIR
et SR REEHLI T AR iR A e AR, AR A AR
PRI th LB A AR IR A TR, 1T A B
PER S A AR Ak, JUHT 09 AR S0RE LT IR e PR &
(Hhek 1) Bosh. ARz iE A B ethd kA 1%
A T AR ROR R S BN R ) B s, 2846 T B9 B



28 MEREIER

GIEER

)
R
ot

=

o y

K2 PEREIRALH IR IEERES RO TAE AR SRR 58
SEHYER RS (BT i £k 2) 2 AN JEE B, (B AT LA
DR 1 REZ RS 2 B Rl (RIINER 3) T 58 A
PEREIRILIPARAT 55 o

IR RBIRAL S BRI RES B B &
PR RSTAZ AT A2 A, 25 BRHAR B A RO 28 1 T
FHVCIL S A2, TR ES BN A =00

Ax =x, +x; +X (9)

Ao, RAAEME T ARG, & A SR TEA
AR OL T, DCC A 5 A AR e 7 A i 7 A= 1Y A2 Ak
(K2 A2 D) ;x IR TAERAE, 2 A
ErREPEAS AL I U TE M i 2 i AR A% (BT 2
i D 3] C) ;v 2R PR, 02 A Bt
PR B RFE LR Rt (18] 2 R BC Br) o IR
WAL R AR EREIR AL, BRI R R A4 1728k,
W AR A T AR, U 2 AR 0,

Prx Jef—2BEIN 7,0 =5, + 5 9% T 2KIR
PIH -, 2 R S AR A RO AR AR B PE REAR AL A R A
ARSCR R —2RIB I T

FEAHUFT# FE P RE IR AL 16 b5 - 48 PCRIB AL A

T i AR T G
R M R AL - MR ACR EAL T 7y
SRR REGRALA T &
HECRIHE S 28 B M R LA R - i I )
SBALET &, HEUE S SCB L T £
1.2.2 kgl )E
AT LB, AR RR SR LI TAE A5 R
LR TR AT SR S, DU 2 05 K
MR, BB (surge margin) | oz Xty -
7. G,
k=(3 o
Sty Gy S TAE R LRIV AE , 7, .
SOl 7 ) 6 48 15 W O 300 R 4 9 48 A I 1

el =N
ULEL -

—1) % 100% (10)

1.2.3  SRE IR %

FEAR IR e th P AR JE T A A7 16 A 4R A IR 2
el . PRI R R IR 22 .
SCARLRLEE T#0 8 S, o P r A ey 36 K0 e
R 22 2400 B S, Dy fRr il e ey 132 45055 KA
PR 22 3#OTHIUKE Sy D AL iR R A 5 3 IR
PRz 2% . IV BTRE  UE SUVRHEDN S, B AR
FEL AP 2 R RIPR T s O L 8 Y eR %, B

S, =k TS =k, T, +b (11)

ATy 45 18 A~ B B R BT B 5 BF R (1
552 A 278 CRYPITAT I ) PR 2% fie g 5 Al B
R BRI, Ty AR R AL R . RS
WKk, =0.1,k, =0.08, IR HMAE b =33.3,

W AL S, S, MSy (R 3CEERK S) AlS, , nl £
B SR B S HRBE TR AT RRHIL 4 2 G T e e
IS IR o M TR — T, e (e
{EL, 0 S R IRBR s IR B I 00 IR RMIE 2 R 48 i e
TE MBI A S0 NIHBRIETRIE T, (1Y
SN 7 TS R

S, =8/60° (12)

X:0="7,/288.15,a HI=N(1) 1Y a {H,

1.3 BHRFEEEERLIER

(1) WIS G MR AR - 15 0L R 5K
VAR DL TE ROT R E DLk BT R
WL

(2) AP BE bR O & Jm BRI DL
i L e B S A B\ PQ R R ELBE BRI DL
DS {H REVE R B AR 555l R A LN
FRAH R | AR AE R IR I AR AR DL

(3) WhuE AR IE2E . JE2E T FER I S5 RS
1.4 ZMiREERR

(1) IRNEBEABAE 723 el
[P A A Z IR B i3 A s, S5 s ) g X )i
FRAF R SIS AR R R PR sh 2

(2) WS . 5% 75 b, 25 B 1)+
Yo, 7ERE 2L 3 N i 22 5|k A 48 5k ZU Ak 3 ( R 3E
AR, B b A O I A B T A i SR ol SR
B RN R S5 K R e o R
W SORTTEE N ZR A K. FEE A AL,
Fr ot 2 DR B A W 2R sl 30 T i AR A A Bl R mT
AE2x B 55 B , 0T e s b 000 s e 2 149
PO o e ARk



1

AR = A SR RER LIS ARtk RVt 29

2 MEEgRUEFRHNITESHENHE

2.1 FFREBGEFSH

FIH AL I 5 1k il & 405 S A R e
KRR, GG DR SEOCR T i m i
LR YR T AR AR VE L O R A FE—E
P S S FeE A, d 2 (13) ik, A5 A )
IIE RN 251 T £ BRI B8 AA, 5 S B AA LAt
T AT SR B AR AR S LR BRaR A8 hn . A58 HL
P REAR b FE b AT 2 B - v Ab RS 1A 2 B oK A5
HARfp s, BAR S5 3Ck[ 21 ],

F(T,,P,,G,n,,n,,T,T, P, ,P,,Pg,P;,N) =0
(13)

2.2 Zit=R{EE

TEBCA A AR HERIE LT, 845 09 13 {H an i i
TSR B2 S0P RE e Vil 0 VA B R I (T LA PR 4
TH=BRIEE RS

B A

x\\‘dmiug = X + 20-

" 2
-3 [l -3 )
(14)
SH R .
Xpreshold = )? + 30
L3 -ty )
(15)

Arp X RIARRE 0 AME », TEE, 0 0 A
1 x, BIPRIEZ .
2.3 IMREE
IR ] 2R H/IMIg 25 753K M o RS HLAE
FRECERAL, BN (13) , R PR PR 1 7 1k 5
AR AR R A A UM 22 AT 15
BSy = Cox (16)
A28y = Ay/y, AR T AE S 500 A8 X /)N
22 ] &, 6% = Ax/x, Ay 1B A A 19 AH X /M i 22
[r]
8y =B ' Cé% = Hox (17)
KXA:B™ N B R S, HOFR N 52 IR R U
M, ook H W& SRR+ or; B2 1E 1 AN
DT R A PR AN AR B S R Sy, 1 AR fb A
i

6x =H '8y (18)

Aob H U H T SO, FR O IE Ak R B .
P 0 2R AR )M 22 ) 12 By , ] SRS IR AL A
AN /M 22 1) £ 6% o BARSK A I3 7] W2 %5 3¢
BRL18]

2.4 FIRERK

IR E RN A PRI TR VLR L B e i
FEAL TS AARAS 23 MRl ARE Y | RIS T AR A S 8k
R T AR 2K T8k (/N e ™) Ak Rk 3
B R F, AN AR H,, iR (19) B, i )
LM AR R R 2 U8 B 4 A KA

{x'<t> =F,(x(t) ,u(t),w(t)) (19)
y(&) =H, (x(¢t) ,u(t),v(t))

K, x(t) HBILHFHARE S B &, u (1)
st SEn Ly (0) RIS E L, w (1) AR
MRS v () MR BETH IR R S ) 1R
18, 256 S | 207 5 0T SEIN 0% I 1 AR
AR B SE B IEAL o BAR DT ] W2 k[ 24 ] .

3 LB

SR =R AL 2 4EZ 647 T 2 000 h
PR REIR A SS , WIH]7E 595 h 986 h.1 274 h i#17 T
SYOKIE TR, WM SECAESREIRE T, . KR
Py AR ny 5 RS 0, PT $38 n, LC
HEakf P, HC O &S P, LT A &S P LT
R EE T (PT M RS T, g th 228 N R o
G, %o T LA B EEE AT 404, LT B B E
BE YR T
3.1 EflEEIERITE

H AR DB BB R AR HER AR FE M, PR
RAGDR Ly R RIS Ly HMATI L R, (AR
IR AN 3 ~ 8 7 iR, 0 ~3595 h 624 ~
986 h.995 ~1 274 h 1 1 348 ~ 1 856 h PU-/~Iifa) B
Ly T F0 R RZB N TR M, R 2EET
Rk,

M3 ~ B 7 WA 24— IR B ST Tk, AR
PLAPE RE L2 W 45 2K &2, i BE IS 193847 Pk fig
ST B, AT S VT LA AR A T R Y
PEBEIR LK.

3.2 MEBEBEESHEITE

Kl 8 /R T #iE T FHr & 48U S, .S, S5
£ 2 000 h IR AL, IF FH = BRIEEIHE T S,
(R R (., 8] 8 e b R (1)



30 MERIBFEAR $32 %
1507 0.45¢
LR o
oy |kt " TR “
......... e 0.40f RS i ’
s i :

[ ]
[}
1 I. .I
1600 2000

80000 800 1200
TAERSTH)/h
3 HEIRAEE M, BZAE [TVE 3Hr

o KT
SRECP I H .
.......... EHE{/{%‘:&EUE .
- R 4

0.11

0‘030 I 4(I)O ) S(IJO ) 12|00 I I(ISOO I 2(|)00
TAEHE)/h
OWBM IR IR 1, LM B 5357
I o RTEEE
TRECPE A
oosk Lo g*i‘rilﬂwj
\2
1€ 0.06
ya
i)
l'é
3 0.04f
—5‘
0.02f

OO I 4(I)O I S(I)O I IZIOO I I(;OO l 2(I)OO
TAEHtTE)R
BIS  DRA AR bR 1 AR DB 734y

SREFRUSVF UL S,0 810850 S5 FIR M FRiF 50
HUEE S, o S B{EAZIE T S, o 16 300 ~480 h if[A]
B S, HUTE S WA . TR R R S AR A1
&, = BRAETT IR REA R i 0 5 T
3.3 MR AR KA

R A6 E A 1 2 A, B E N T, Py AE,
HT AR AR LA R RE R, 7E 25 Rt 2 807 R X

h
=]
W
L

WOMATILL R,
o
3

0.25

0.20f

N N
015 400 300 1200 1600 2000
TAEHE)/h

| T BN R AL

=
S

IRTHHIREL R,
o
O
el

0.96[,

094k 1
0 400

800 1200 1600 2000
TAEHSE]/A
K7 PRI R AZAERLE AT

L
.......... Sa

80 .

T S I AR SR
— il

BUE THLHHUE /K

60t
sot
40}
30
S3c
06200 800 1200 1600 2000
TAEHF )/

B8 AT A o BUE AL
| AR TS SR AL R, A A TR R
AS I SAE TR, SR /I 2 15 SR A5 5 1) 22 600 I L 32
1, G FRMBFREST A, 71 TR ¢ FR MBS
IBRUEDT A . MR T PERES B S I B 5%
ZIIMSER . IR RGN ER T SR AL R A
ERE . B T RO AS A S BRI R S 3
VAR L 338 T V005 2 010 M RN AR 2 1) 2 &y, i =0



1 AR = A SR RER LIS ARtk RVt 31

(18) nRAFBACIN 7 B AR /M 22 1) 10 6% adad SCPERIRGERY nl WM, 5205 W BT BR , AP RT3
SN 2R SRR I AT R — 20 0 A i A 2 R SR LA
k1 ¥wmAREHR

5 éLC My 5 (N;HC Muc s ZN;HT Mur s (N;LT oMy S (N;PT Mpr ong
6T, 0.36 -0.37 -0.21 0.03 -0.13 0.05 0.00 0.03 0.01 0. 04 -0.08
LY 0.29 -0.28 0. 06 -0.26 -0.39 0.11 0. 06 0.03 0.00 0.05 -0.18
6T, -0.13 -0.03 0.01 -0.04 -0.11 0. 08 0. 08 -0.01 0.04 -0.06 0.38
&7, -0.07 0.04 -0.03 0. 06 0.13 -0.08 -0.11 0.02 0.04 -0.01 0.18
6T, -0.19 0.10 0.01 0.05 0.09 -0.03 0.07 -0.07 -0.04 -0.06 0.05
6T, -0.17 0.14 -0.01 0.10 0.12 0.00 0.08 -0.06 0.08 -0.22 -0.04
SP,, 1.02 -0.13 -0.66 -0.01 -0.44 0.02 0.01 0.00 0.01 -0.01 0.07
6P, 0.82 -0.02 0.01 0.00 -1.04 0. 04 0.05 -0.01 0.01 -0.03 0.17
&Py, 0. 81 -0.03 0.02 -0.03 -1.05 0.02 0.04 -0.01 0.02 -0.05 0.22
SPs, 0.85 0.00 -0.02 0.04 0.09 -0.05 -1.04 -0.01 0.01 -0.02 0.11
&P, 0. 06 -0.02 0.00 -0.02 -0.03 0.01 -0.02 0.03 -0.53 -0.52 -0.03
oMic -0.01 0.98 0. 00 -0.01 0.00 -0.01 0.00 -0.01 0.00 -0.01 0.04
SMyc 0.08 -0.06 -0.30 0.96 0.27 -0.03 -0.03 0.01 0.00 0.00 0.00
SMpr -0.01 -0.01 0.00 -0.01 0. 00 -0.01 0.00 -0.01 -0.04 0.95 0.03
86, 0.96 -0.01 0.02 -0.01 0.01 -0.01 0. 00 -0.01 0.00 -0.01 0.03
86y 0.12 -0.07 0.57 0.01 0.38 -0.01 -0.01 0. 00 -0.01 0.01 -0.08
8Gpy 0.00 0. 00 -0.01 0.00 0.00 0. 00 0. 00 0.00 0.96 -0.04 0.00
8G; 0.45 0.13 0. 00 0.09 0.11 0.00 0. 08 -0.05 0.08 -0.20 -0.04

3.4 FREBIRBEKEBUETF BRT 0 B LI A N HOIRZS HE B Y SEMES 5 5
A JEAL AR, AN TR B R B
71 dﬁ%(ﬁ/ﬁ%*ﬂ%ﬁ%@:ﬂ@ﬁ%?&ﬁgﬁﬁﬁ4 /l\jE 0.03 B

------- Lol 1]

HEF X =16 Gie,omic,d Gye,dnue ), BILTE W
BIEHF R 0, U 5 Z 8 Y = [6P,,, 6P, , 8P, ,
8Ty, , 0T, 1" itk 2= A 5 FE hy
X(k+1) =X(k) +W(k)
Y(k) =HX(k) +V(k)
W (k)T 2280 Q =10 E, ., ,V(k) 7 2B R
=diag{ 03, ,Obp, » Topy s Tare. » Tap, | 5 W7 ZEWIUAE

001} |\

—0.01

TREEEUR IR T

B P, =diag{31.33,4. 26,32.96,0. 006 | , H H/IMp 005300 800 1200 1600 2000
9 R e A 2 5O AR VL 4, L 26k LA
~ Ko RHEEASHL R LR AR {3
S UEPORTF 2 000 h ikF LC JiiRiB LI 16 G Al &9 FIE 10 BT, LC 5 B B AL 2

N 7% ,HC it i KIB4E 1725 11% ,HC 21 LC i
IR A E . S U UE LC M HC iR A
TR, BEWIAE U VX R P R Al

HC Wi RSRALIE T 8 G oo 5 (0345 B 9 A
10 ok, B RBESI I T 3 vils PE e B (0 2
PERIE(E . B ALH T LE BT 20 RIS — s U th



32 MEREIER

GIEER

— IR
RPERA

—0.08—%%0

800 1200 1600 2000

TAEE)/A
E 10 SEESAURERIEHE P b
B2 BRI 5 — KA = I B A

4 ZERIE

ARSCHIR TR LB PR BE U L ol &R
4¢SS IR BN, B AT A TR AL
REIRILAEARIA 2R o 4RI T B e e it — IR
(ELVE /M 22 15 AR 2K 8 8 I AR IR AL 5 AR SR A A
GIMTITE IFBEAT TSI St — IR RIS
FAPEREIBIOIRSPPAG A T IEAKESE . LBl By
eiF

(1) HERA L AR IR AR TR A AR A
HMAT FERIECR LU AR R AT LA RO BERR e HL
HEHLAIPEREAR AL DL , X 455 MITE TE A= B9 1k e
PR e LA WL

(2) FRHLAE I R S IR BE 2 SRR B 1 RRE
HEZ 2 G A ey e 10 8 T I A AR S, — BR{ELTT ¥ g
AT AR B RS T

(3) BALH T IR T EOH R e R A A
AR . TEGI AR T @B A S, 2
/M 2R A IR A 2 B0 [, R T ) IR 7K 8 g ¢
I ADRAFR AL 7 Ay St A2 4L, i T I IR R
BIEA

SE K

[1] MOHAMMADI E, MONTAZERI G M. A fuzzy-based gas turbine
fault detection and identification system for full and part-load
performance deterioration[ J . Aerospace Science and Technology,
2015,46.82-93.

(2] BB, FETHI 2 HAREHUERBR AT R D] R ¥
FTRER,2010.

[3] STALDER J. Gas turbine compressor washing state of the art: field
experiences| J . ASME Journal of Engineering for Gas Turbines and

Power,2001,123(2) :363-370.

[4] SPAKOVSZKY Z S, GERTZ J,SHARMA O P, et al. Influence of
compressor deterioration on engine dynamic behavior and transient
stall margin[ R]. ASME Paper 99-GT-439,1999.

[5] KURZ R,BRUN K. Degradation in gas turbine systems [ J]. Journal
of Engineering for Gas Turbines and Power,2001,123.70-77.

[6] KURZ R,BRUN K, WOLLIE M. Degradation effects on industrial
gas turbines [ J ]. Journal of Engineering for Gas Turbines and
Power,2009,131(6) :062401. 1-062401.7.

[7] KHANI N, SEGOVIA C, NAVARATNE R, et al. Towards
development of a diagnostic and prognostic tool for civil aero-engine
component degradation [ R ]. ASME Paper GTINDIA2012-
9703,2012.

[8] ZACHARY J. Evaluating performance degradation in gas turbines a
challenging task[ R]. ASME Paper PWR2005-50024 ,2005.

[9] ZACHARY J. Assessing performance degradation in gas turbines for
power applications - a challenging task[ R]. ASME Paper GT2007-
27976,2007.

[10] ZWEBEK A, PILIDIS P. Degradation effects on combined cycle
power plant performance part [ : gas turbine cycle component
degradation effects [ J ]. ASME Journal of Engineering for Gas
Turbines and Power,2003,125:651-657.

[11] ZWEBEK A, PILIDIS P. Degradation effects on combined cycle
power plant performance part IIl : gas and steam turbine component
degradation effects [ J]. ASME Journal of Engineering for Gas
Turbines and Power,2004 ,126 :306-315.

[12] HANACHI H, LIU J, BANERJEE A, et al. Effects of humidity
condensation on the trend of gas turbine performance deterioration

[J]. Journal of Engineering for Gas Turbines and Power, 2015,
137:122604. 1-122604. 11.

[13] HANACHI H, LIU J, BANERJEE A, et al. A physics-based
modeling approach for performance monitoring in gas turbine
engines[ J ]. IEEE Transactions on Reliability, 2015, 64 (1)
197-205.

[14] HANACHI H, LIU J, BANERJEE A, et al. A physics-based
performance indicator for gas turbine engines under variable
operating conditions [ R]. ASME Paper GT2014-26367, 2014.

[15] HANACHI H, LIU J, BANERJEE A, et al. A framework with
nonlinear system model and nonparametric noise for gas turbine
degradation state estimation [ J ]. Measurement Science and
Technology ,2015,26 (6) :065604.

[16] HANACHI H,LIU J,BANERJEE A et al. Effects of the intake air
humidity on the gas turbine performance monitoring[ R ]. ASME
Paper GT2015-43026,2015.

(17] pskcde , KUZRRG Ay AL, 3. —FhBE T 2R R e LS Bt
Gk )] fias sh J1244,2018 ,33(11) :2802-2808.

(18] JEER, INEAR, AR U R S HLE 2 W s [ M. iRt
2 ik, 2004 :27-30,4047.

[19] VES €, W PG6551B BANLHES /31l BE Il e i) 7 A7 5 4k
HLT] BRREEHLEOR ,2004,17(2) :58-68.

[20] JAlWeT=, ¥ 55 4k DLN-210 + R b % HR B S i 0 40 1 B 4k 28
[J]. R EE LR A ,2007,20(2) :56-60.



1 AR = A SR RER LIS ARtk RVt 33

[21] Bric e, SUZR IR, KUK , 55 MRS WL 25 Y BB T 45 i $2 B [24] URBAN L A, VOLPONI A J. Mathematical methods of relative
R4 Fam 00 [ 0], 8 4 T8 K22 4k, 2018,30 (2) . engine performance diagnostics [ R]. SAE Transactions, Technical
100-104. Paper 922048 ,1992.

[22] skgste, BB RS EEHL AT SEMELE P e e [ M ). B it [25] LU F,JU H,HUANG J. An improved extended Kalman filter with
RS K2 WL, 2016 :102-106. inequality constraints for gas turbine engine health monitoring[ J].

[23] #HESE fias AshPLissl M) [M]. P22, 1640 Tk keE Aerospace Science and Technology,2016,58 :3647.

Rt ,2008 :113-121.

Construction of Performance Degradation Indices System of
Three-Shaft Marine Gas Turbine

Liu Dongfeng'* , Fang Youlong'?, Liu Yongbao', Yu Liangwu'?, Deng Zhiming’
(1. College of Power Engineering,Naval Univ. of Engineering, Wuhan 430033, China;
2. Unit No. 91663, Chinese Peoples Liberation Army,Shandong Qingdao 266012, China;
3. Mechanical and Electrical Department,Naval Petty Officer Academy, Anhui Bengbu 233012, China)

Abstract: The indices system of marine three-shaft gas turbine performance degradation is built, from the aspect of the overall engine
performance, gas path components, the lubricating oil system, vibration, etc. The exhaust gas temperature margin, heat loss index,
power deficit index, the extra heat ratio and thermal efficiency ratio are put forward, which are the characterization of overall engine
performance degradation. The concept of degradation factor, characterizing the degradation of gas path components, is expounded. The
degradation indexes of gas path components such as compressor, turbine and combustion chamber are put forward, including the
adiabatic efficiency degradation factor, the flow capacity degradation factor, the surge margin, the thermocouple dispersion and so on.
The solving and analysis methods of degradation indices are proposed, such as building mathematical model, statistical threshold
method, small deviation method and Kalman Filter method, which are carried on the instance analysis. The paper constructs the basic
framework for further research of gas turbine performance degradation.

Key words: gas turbine engine; performance degradation; indices system; degradation factor
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Numerical Analysis on the Influence of Methane Composition
on the Combustor in Micro Gas Turbine

Liu Hongzhao' , Wang Yuzhang', Gao Huifeng®, Weng Shilie'
(1. School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China;
2. Shanghai Aerospace Energy Co. , Lid. , Shanghai 201201, China)

Abstract: In order to explore the influence of methane composition on the combustor of micro gas turbine, the flow and combustion
processes in the annular combustor of micro gas turbine were numerically analysed under the various fuel components. The parameters
such as pressure, temperature and pollutant generation in the combustor were obtained. The change of fuel flow, temperature and
pollutant distribution and export parameter was also investigated. The results show that to maintain the thermal load of micro gas
turbine, the decrease of CH, in fuel will increase the flow and pressure of fuel. In addition, the rise of CO, in fuel increases the high
temperature area and temperature gradient in the combustor, affects the process of complete combustion, and then adds the formation of
NO, and CO.

Key words : micro gas turbine; combustor; methane; numerical analysis



