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Abstract: In order to monitor the condition of the heat recovery steam generator (HRSG) and to ensure the healthy
operation of the HRSG, the three-pressure main steam temperature and pressure prediction model was established
by using the data from the healthy operation of HRSG and combining the three methods of principle component
analysis (PCA), sparrow search algorithm (SSA) and long short-term memory (LSTM). PCA was used to reduce
the input parameters of the model from 22 to 9 dimensions, and taking the reheat steam temperature prediction
model as an example, it was concluded that the model with PCA dimensionality reduction reduced the
hyperparameter optimization time by 11.3% compared with the model without PCA dimensionality reduction.
Compared with the model without SSA, the value of coefficients of determination of these models is significantly
improved, mean absolute error and root mean square error are significantly reduced, and the alarm threshold of the
main steam temperature HRSG is determined according to the distribution of absolute error. Therefore, the condition
monitoring model of HRSG based on PCA-SSA-LSTM has short training time and high prediction accuracy, and
the model provides theoretical basis and technical support for fault monitoring and diagnosis of HRSG in gas turbine
combined cycle power plants.

Key words: HRSG; condition monitoring; PCA; SSA; LSTM

g B B H9: 20221211 MEBEABER: 2023-03-16

E £ W H: EEAEEKEI (2017-1-0002-0002)

Supported by: National Science and Technology Major Project (2017-1-0002-0002)

F—IEHE: Eor (1998, %, BiLOIAE, FEBIRIT A TEFLALE R TR RS T, guohongli731@163.com.
BIEEEEN: mcE (1964), %, g, LA, woxiang@seu.edu.cn.



%10 ¥

E 7 2 JET PCA-SSA-LSTM (14 HAR HromR 25 W A 7y 87

RIREANE T — Pt BRI &% (o RETRAS 2K
AT o 2 B S Re s = AR AT I KRBT A AT
P AT (2016—2030)) MELLl, F] 2030 4
RIRSH 5 — KRR 9% LU ) 15%. PRIk, BAR
RN T EIRR R R -2V RS TR R 2 sk &
Iz R, R R B AR R Gk B
TR RS RAEL R — B IR, 3
SN AR R EOK, T BERD A AR AR A 1S AT R
A FIWrS 2 SR T, DHREVLA RSN
AA] A

I A% B 4P R 78 32 AR AR R B AP
PEREAS AR AY 1) g S7SBIDL K 1 e A A 3021 |, 56
RAPERI ( A T b . B TR R B A
F10) e e Mok U BPF 9 07 vk 3 A DA W] SE 1 g rhs 54
PTTE R AR BB (P s B A 012181 B T BRABE AR (1) 4%
TR R 12 W T R ST DL R R T O B B (1)
B2 W ikle . A RERE N TR RERR K
Ji& s A SR 50y R M 03 A B B T 9T R
207 12 BEE AR 47 M0 WA I8 AT I HPR S S R0 AT
T, TR B S BRIE AT AR T S EUE S T
DU A% 22 R I B 2 2 75 b T BRI AT 2 T

BT, ARSCRH T B IR T R SR
PRI OCHE S BN A, AT SN R # dis
AT RS M H o R R R H ) R A f
FRIGATIN P AR R OR B, 380 {2 R ot Pt A5
RUBEAT ISR, DAE46 R A BRISAT IR d A
ZH SN SH BN C R RN, B3R
P SRR, BENME . SRR
MR FEEAME R AL A SO 3 BOar o
(principle component analysis, PCA) X 7 [¥) 41 A
A B HEAT AL B, AT 25 B A AR B 2 A [ A R
PE, SEIRECE R BELE, FERROR TRIARS B A (RN, 48
yark s T M| EZ R i R A T 2S£ IS S P b e
AL 2 — it B e A0 B, AL A
M £% (long short-term memory, LSTM) s&—F B4
I TR CAZ AR PE I E IR 2 I 265, B 85 A 5 A B A
F] 7 B, PRIEEASCAE A LSTM ARy Rl i 5Ty
o FEEESL LSTM TRIUAAY (ryif fize, 7525 E — L8
HSH, FIEEIRH TN 75 B B A X g
ZAARE S B ), AR SR MR AR R Rk
(sparrow search algorithm, SSA) KXt/ # 24k
BEAT 0, MR BXLE S B RNALE, Fifk
BRI [ FREIRE 2 o 25 EFTIR , AR & PCALLSTM,

http://rlfd.cbpt.cnki.net

SSA 3 Py VRN Y TRINAE v« IR (8] 2 ) A
AR = R AT S R TR A, i
B A At RS M
1 KSR IRZS S AR B [ 38
11 RMRIP R LR

Ve ISR LA S109FA IS A HLALIY
RIERIHE AT TN R o R BT =
TEAMATY RGN 2P A e P AR
3AMNEN%, B E 1 s, 3 MEAIRFR
Grig 47 R ZRIRER N ARERE IS 2 77 A IR
J AR 2 5 IREE AL I HER A 2 AR T
s ARG AR B R R 2R i IR L HE R
HIRBENEAGS 1IN, SRR 2 AR AR
TR TGS 2, FRAES 2 7 tH I B AR
PRENP GRS mkid #ves 1 B ARIR G
H 28Rt U T IR SR RN R R S 2, R
RIS 2 7 A R v e AR EE N R IR LA . A
SN AN B AR IR TR

M R AR B AT, SR SRR
PR RS ML E. Rk, A0k
3 MEAERA T ERZARRE SRS (RE
FAREIC . BRETIRE/C. m kAR
JE/°C. RIEEZVREIKPa. FE#GRIRE J1/kPa.
e R AR J/kPa) A9 7 EE TN 4 A B G
BEZA  RPPRAS MM 75 LTI ) 4t 24

LPEC—R/E B EA%; IPEC—HEE A RH—F#E:; HPEV—&E &
KR, LPEV—IREZE LS IPEV—TEZE K ATTP—IRiR 2%
HPSH— & id ;s LPSH—IR I #4ds s IPSH—rh R id #4uds
HPEC—m B35 .

B 1 KPR ZREEM
Fig.1 Heating surface of HRSG

1.2 PCA

PCA & — i i 2 e Bdls o th Uik, W LAk
H PCA FREUEMRE AL, THE LA RELE & Rk
IR R 5 S AR, JF HIX SRR bR Z [R5 A
A, AR RS f S fl o, SR 2l e H
fryus-20l, R AT,

D B R as 8 o0 n HdE, FHEE S




88 r VXL A 2023 4
A mASH, KBRS AHERERIER: I, =oW, x[h,x]+b) ©9)
Xu X o Xy X G, =tanh(\Ng X[r]t—l’)(t]+bg) (10)
N R L PV 1) KI5, LSTM X IH BITRE AT 8T, HN
= : W3R (11).
Xy Xpp oo Xom Xoi C,=F xC_,+1,xG, (11)

2) R X brtEAs BIbRHEACAERE Z:

Xi —X; . )
z. =——21i=123..,nj=123..,m (2)

S
anxij
:/H\:EP: X]: izln H Sj
3) & Z Wty ZHFE C:
ZZ"
i )

4) WRABAUE-CI=0 THHE MM FE C MFEHEE

Ai(Aa> A>...> Q) BN L HHFALE [ B e
uiz[uil Ui, ’ uim]T,i=1,2,~-,m (4)

5) tHEHER Fi:

F=u,X;+u, X, +---u,X,,i=12,3---m (5

6) MER | NEMDTTHREN ki, HatH A
WA(6); HERT | > FEer B Rt oriEkE Ny p,
TR A (7).

k.= 4% x100% (6)
2
r=1
pi :z I(x (7)
x=1

KrFoTERE R, SRR | S RO FE R R
WEBERE 1S Bt e
1.3 LSTM [RE2

LSTMPURJEIAFHZ 4% (RNND [ —Fh AR {4,
5 RNN AL, LSTM $9h0 7 —Sefe i e, st
BT BN TR ], AR T RNN HRAEAE
[ “REBERNE” AN “BARET I )

2 9 LSTM [1) 2% Bt g o), 3 3 BHEqT
WARMN.

o6, LSTM @ E s 1% b — %I [1015 Bk
PBHREE. E—REMAGE ha 548 NG
B % — A% sigmoid %l o .

E:G(\fo[ht-l’)(t]+bf) (8)

Hk, BN sigmoid E AT ENEIRIZ,
P tanh JZ 5 sigmoid Z&5A7E—H, XTHRITHPIR
AHATHE R, FEM Q) 5K (10).

http://rifd.cbpt.cnki.net

B, I H /5 2] LSTM BT il s &40 H
F R W (12) 5 A (13)
Y, =oW, x[h,x]+b,) (12)
h, =Y, x tanh(C,) (13)
A WORKLE; b AmZERRE: FfAEETT; i
NEINT T Yhy NEH T OB Z C O ITIRES;
ol sigmoid FEIE AL tanh Dy tanh 0T 2R .

2LSTM W4k B T4
Fig.2 LSTM network unit structure diagram

1.4 SSA [R1E

R REILAC SRR —MBENLI L EIAR, BAT T
PR AR RMREIT R, fRAES
AR — R RE DAL SRS, A2 SRR R AE 1
FRERFIE,  ROFERRAERE AR b T DA RR 22 70 N R B
UM 2 Fp2RAY 32 B R 0 R P8,

s — M RREFEFH n RRAEA R, 72
MIZHHERE Sy m, iZA ] LLR R 93(14).

Xp Xp v X
x=|"e T e (14)
an XnZ Xnm

RIF I TONBHA TR EY), A E KR
YRRV . EROIERT, R T ALE T
H(15).

xi',t 'eXp(_ . )’ Rz < SST
Xijia = l O~ Viem, (15)
X +Q-L , R, =S
fQEP: t ﬁ%%m%{tﬁ, iitem,max %%E%j(li’?ﬁ%\

e X B | MRELES | SHAEENMERF R
a €[0,1]12& —MHENLEL: R2E[0, 1] R EAH ; SstE




%10 ¥

E 7 2 JET PCA-SSA-LSTM (14 HAR HromR 25 W A 7y 89

[0.51]F R %2 l: Q NRMIER 3 AuBEHLEL
HFE BT TG R AE AR Y 1.
BN (A7 B 5 8T W20 (16).

Xworst_xi't .
Q-eXp —21 ,|>n/2
1

X (16)

it

Xp,t+l +|xij,t - Xp,m

A Xo N HBTEIE S BRI Xworst N2
Wi fai 22 B s A R L4 1Xd [RERE, HEFEH
IR TCRBELHIRE 1 801, A*=AT(AAT),
TERRFERIE, RERE DU GRS AR K
(¥] 109%6~20% . 32X & 73 JFR 12 R AT 4 o7 LA AE BEHLAE B
i, HREAIA(L7).
Xbest,t + ﬂ'|Xij,t - Xbest,t

Xij,t+1: X“ +K- |Xii,t_xworst,t , fi —f (17)
i (f—f)+e :

A Xoet NARTERBMAE; IR
BE )9 00 J7 2N 1 KIES S AKIBENEG K —
ANBEHLE AAE[-LAXTRI A fi D9 AT R MA
WA Ty NERRIENEE: fw NERRE
WA e MRANHE R

2 FIERAPAR TS N T AR BY 5 3T
2.1 PCA-SSA-LSTM 412

{f ] PCA-SSA-LSTM J7 Vi 37 S HER IFoR S
WA TR (e 25 R U B 3 BT o

- A" - L, otherwise

T

B 3 RARIPRTSENEEZE LR
Fig.3 Condition monitoring model establishment flowchart

http://rlfd.cbpt.cnki.net

T SR B R S U 4 . B R THL
M BT, WHRIPEEE N 2022 6 H 1 H—7 H
30 Ho 7EIZI A Bt N ARG AR A Wi, AR
FRIZATHPIRES o RAEZAR I ] [AIFF 9 20 s, —3&
H 271 648 HEE . HARESHIAR B FE 74
A DL R A 2SI AT I R8s o 58 ) A R AL 4
N SRR EEGER L. SR
FIIfiE SIS RFRLE, @RI s D IR T LTS
H AR AT BB . IR, IR Re R I A Il 254
FOPREE, INGEER RIIZRAE AL, MaCAE F kit
Rz A RE T SRR SSA X LSTM 34k, il
HSHEE 11 WU, @R Y i,
Fl SSA XA S HO R LSTM RS 8Y3E47H
SR Gk, BRGSO R E 3 partll fir
TN B E R S HARNAS [F] 1) 4 th 2 B P s
RISy LSTM TR, 2 iR 2 MR iats, %
o5 18 I AR TN 5 3 S A P L R B i A Y
(A FIUIN 7 A ek A T T P ASE 2R B e
2.2 R IELE R
2.2.1 By NAH G F

B 1 A, BEARPERIP R E R A&
TR B AN B2 BIHTRG HE N A F0BR e R K AR R 2R
Ko MBBELSFIH S LRI A TR, RSl R A
SZINTH 2 JE A5 R IR A e S22 R A R, R
IEBRSAE RS A L B K S HON R B i A 7 A
MRS HOE B E B R 2 20
R 2 R 2 AR K RN, FF B R L HE
RGP R HERIR AN EGS 1A, 2 Rt
GR 2 E FRE A AR K RN s X BRI R A2
SN A AR SZ IR R S S A SR 72

DR M AR ST 6 6 LT DR T R B b (0 i DA
RGBS T E H 22 MRASEL 0
JINLER B Aaf (MWD S AR RE (%) FRBEIRE (°C).
PR HE NI E CCO BV HEN R S F7 (kPa)
R K EHER BRI E (Vh). AKEEES
(kPa). FF#ER A CCO. HRABALES
(kPa)- & R ST HEA IR (°C ) R 28I (°CH.
R ZE VR LR (Yh) R E S (kPa). F#WK
BEAKAE (h). BIGEERAERE CCOH. &R
KR (Yh). BRI (C). mER RS
HiE (h). FIEAKRE (W) RIEAKERE
B CCOAREAKERBIES (kPa). RIEL K
ZRAWME (Uh). B PCA AbH i N,




90 kA% R

2023 4

A m=22 HAERE A HES T N EIR ey
NS BUHES T -
2.2.2 12 M IE R % HAL S FIR TF &

PAHLLE B 11 D9 15 WL K a2 B DL B R 2 0 i
MIbRHESHL, AEHLEERE 2 BR AR R 2 L BRI S
ANFEET 0 OB AR ARSI A TR e A5 P PR 2 T
EE k. HEZRHN. Joilk e e HA
APEE O, THRE R O AR T S E S e,
R O AR AR EZE S A R B N T
FEAHE BIME, B BUE N BB s L
Ky FENARRSEIE: RZNWRSEEE. A3
52 i A EC 50, FIE BRIME DY 0. 01 HLAL B s
I BRI 0 A . FaaSkas Rl 4 pror.

E 4 M RIFEREEES %
Fig.4 Initial and filtered data distribution

XN A BEAT ARSI L G, R IE AR A T
I RE R A FIRE Hefh S 8™ A RIFIRCR, ik
WA NI IS T R IR KR . IR
3ANSEEATRORKAE . HIE 4b) R H1, WIaGHHE L4
RSG5, ol T Ra st o) A £E A [F] Y X 8]
W, Z5BIEN 3 NS HE I RBL WL, THAES

http://rifd.cbpt.cnki.net

e BUR BT o A0 PE S BB A B NS B 4 A TG
BN~ : ML 241.56~332.90 MW, AHXHE
28.17%~72.77%, IEHE 26.21~41.59 C.,
2.2.3 PCA &4 4

WEBMA t=0. 9, M ETTTERE pi>t B, TiH
BT 1 AN 380 BTk 55 (1 BUR 15 B S 2B G EuR
) 90%, [RIL A HT i A B PR A H SR AE A ST
TR TG E A S (T PCA A3 R 6%,
BN E R R TR A DK STER A ] 5
Fice BB S AIET: FERSr 1 M oTRRERIA 2] 40% LA
by b R TTERE R E LR SR R 3
9 i, RIFTTIRFECLIAE] 91.6%, J54EF s 1
BREZE O/ RIIE E AT 9 AN Lo A Pt A5
RIS, B NETE M 22 4ERE 2] 9 4.

B 5 EMSRiTTEEUARTHEHTN
Fig.5 Cumulative contribution rate of principal components
and the change of contribution rate

R LNAT 9 AL RFEE . STHRR PR R
THOTHRER o RAERAEAE S X BRI B, AR5
PN (B)TH 5 & B B

x1HTINERAMER
Tab.1 Top 9 Principal Component Information

% FHAEME TTHRERI% R Ik ER%
1 9.543 43.376 434
2 3.211 14593 58.0
3 2.288 10.402 68.4
4 1.466 6.662 75.0
5 1.033 4.697 79.7
6 0.876 3.980 83.7
7 0.803 3.649 87.4
8 0.530 2411 89.8
9 0.413 1.877 91.6




%10 ¥

E 7 2 JET PCA-SSA-LSTM (14 HAR HromR 25 W A 7y 91

2.3 SSA 3t LSTM ##ELEBSHFMER

FEASFH SSA X LSTM #8L [f) 4 24 SR 2 Tl
T BRI N B 5 6 S T AR BT xof I8 e 2
BT IH— A EE, DAV BR RN DL A SAEA SR 1
o, IF B BIE RN 70%7E NIl44, 30%1EAN
MR . {8 SSA X LSTM FEL [ LSTM JZ K]k
BHTTHL VIR IR L2 BN REEX 3 NS
AT I SSA LS E P MREECE W E N 50,
IEAIRERE B 30, IE R R 0k A S S e =
K ) B E S TS (35 7 AR AR 22 . e Ak Sl
A A A& e s A — A Ab B, SR
{(18). 3INHSH IR EM TR ILE 2.

Ormse = (18)
A n MR REA SRy, NTIIME: yih

HH .
SR 6 R 2V RSB S SSA X LSTM 11

TR, fe 445 B )& I JEE o AIAE DAl S 5
AW 3. H13E 3 T4, 24 SSA FALIEMRIRHLL
F 30 25, ENZRENELIFE 0.04 2K, HH]
TR

*2 BSH LTI
Tab.2 Hyperparameter upper and lower limits

WH  LSTMERSHECH WRFEIR L2 WA
ERR 150 3x10°3 1x10-2
MR 5 1<104 11010

RN T EEBUE 4 PCA AR ) 8 5 4
FIARZ PCA AbEE I A M REAT R R A 2 1 57 7]
RN SHOAR S PCA REFEI 22 504 .
SHONH RGBS AT TR R @ ST O HLAROA
B 1), JRild SSA XA 1 i S HkAT S0,
ARG 3 AR (A%
e gt PCA ALE, K HARONERT 2) [T 14s
BEATRIEL o 2 SRR EAT SSA i S MU FE Hhad B FE
PR B S AR B AL P DL B 6 P

% 3SSA X LSTM BESHIMER
Tab.3 Hyperparameter optimization results

B gE| 3 N R 0 LSTM ZRa & ook YIRS > % L2 IEMfL R
FHAGRRIR B 0.0158 98 2x10-3 1.35104
IO F 2RI 0.0323 93 1.7x103 1x10-10
fe I R R 0.009 3 84 1.7x104 11010
FHRIERES 0.0227 27 9.33x104 1.2x10-3
REFZEIRET 0.020 4 88 1.6x103 4.26%105
R E AR 0.008 4 105 1.9<104 2.7X10°10

6 &N B R AR
Fig.6 Fitness function values change plot with number of
iterations

HIFl 6 FI: FERT 12 Yk, 2 BB &
52 PR HUE SR T R, SRR BIREEAE 0.019 At

http://rlfd.cbpt.cnki.net

2 RBERNIE R R Z AR 2 JEESE
ZUGERE, AR 2 B)FE N R BN
0.0158, A 1 FU0E R REE N 0.0151, FHZ%E
0.0007. HILAT WL, 2 PCA AbBH 5 A Bl 2k 1)
BEITETTNRE B b — @Bk, A MRk
/N ABETE GRS [] |, #5581 (¥R 8] A 4 571 min,
FEAY 2 (I 6] 4 054 min, #E7Y 2 () SO0 e) E L
R 1 /b 517 min, 4T 11.3%) G-I E .
AEH PCA X EHHEAT B4 B, TEARPEAR /N
ORGP 1A R H T B % K K 46 s 1 AR B 45
(AR ] 6

3RBI MR M E R
B e R R, TR ZE Srvise PA ST

HiXT iR 7 omae TE NIRRT $EFR, A R2 ) dmae
THER A -




92 kA% R 2023 4

) NCERN AP n ABERRE AN Gy NS
RP=1- (19) N T VAl PCA-SSA-LSTM A58 () FLII A £,
S(y-v) il PCA-BP 5 PCA-LSTM HEAI{E Ayt fLL, X
= 3N FEFRIRESHT 3 N FHRIE ISR A
" FH 3 FhOTVEHEAT ISR, BESTARX SRR, 6
;ﬁ—%\ PRI AERL ( F 45 REATIIE o FF S

Owe == @) mcrmE 7 s,

73 #RETNE S AR Em %k
Fig.7 Curves of the predicted and true values of three models

http://rifd.cbpt.cnki.net



%10 ¥

E 7 2 JET PCA-SSA-LSTM (14 HAR HromR 25 W A 7y 93

H B 7 T, 75 3 PR TS AL, PCA-
BP 112kt () T A 2R () N A R A 22, 5 B SHE
B FEEE R (XS TR A A 5 7= A 0 i
A& — P a3 $E ) s @i PCA-LSTM L& PCA-
SSA-LSTM # 37 [1) Tl A5 2 () Tl KA SR BE 4F

R IR 2V S BT PR AL $E AR S L
% 4.

% 4 KPGRIPFEH H S BITNITEEIEREE

Tab.4 HRSG steam output parameter prediction and
evaluation index information

xof LAY PCA-BP PCA-LSTM PCA-SSA-LSTM
drmse 2,177 1.786 0.516
IR R? 0.170 0.441 0.953
Omae 1.884 1.357 0.362
Jrmse  2.633 1.686 0.938
REFZEREE R 0.107 0.335 0.617
Omae 2177 1.816 0.688
ORMSE 1.515 0.820 0.434
FIEEARERE  R? 0.506 0.855 0.959
Omae 1.243 0.581 0.283
drmse  35.577 7.971 6.592
FAGRRES R2 0.175 0.959 0.972
OMAE 30.035 6.122 4,743
Jrmse  5.047 2.314 1.747
RIEEZRIES R 0.609 0.918 0.954
dvwae  3.929 1.778 1.338
ORMSE 41.305 8.855 7.004
FIEEHRES  R? 0.003 0.920 0.950
omae  33.126 5.417 5.019

M 4 aTLLE—B 08 3 B S .
MAE {1 £ B3 #7, {4/ PCA-SSA-LSTM J7i: 2 57
) 3 AMEZAIRILEE IR Swae /0T 0.7,
3 AN FEZEVRE T TIEALE Smae /0T 5.1; AHXT
THA 2 FO7EMN S, omae I FEARNEE KT
7.3%. MULE R R? BIfERAT o0, XA
PCA-BP 77 MIEE T 6 MR &, A1 R2EHT
BT 0.61, {#] PCA-LSTM J7 %z iRl R
A T HEMEA; m{EH PCA-SSA-LSTM J5i%
HEST LAY B R AR R TR, B AAEIRIR
fE. 1. mEEZEREE . IR 3R
JE A0 RZAEHRBALAE 0.95 247, RIS E 5 20505
FETRIAE A () R2 A5 R A 0.617, {H %A R2 {4
WX T PCA-LSTM J5 kg kiR i e 1
84.18%. M5 7R 2 B A BEEAT oA, {81 PCA-
SSA-LSTM 77 VA5 S B AL A XT3 H PCA-BP 77
1% Orvise AR IIIEFE A 64.38%~83.04%, AHXf T

http://rlfd.cbpt.cnki.net

H PCA-LSTM 75k Srwse FEARITREE N 17.30%~
71.11%, FHARIEEEIR K. knl W, {FH SSA Xt
LSTM A ATk 2 Jo A 3L Tl A P i e 2 3%
Rk, A RIfEA PCA. SSA. LSTM &7 H
AR R I O B 2R S 2 BRI A B AN AN R ek /)
PR BN Grbof 18], [ ES) A A  Hb2 =) 1 g sl gk B
BATHRE Z A R, R B0 &SSO AT HER T
DUFEHEAT W ) B 1. 254 B | 6 A~ %:F PCA-SSA-
LSTM J5 &SR S I 28 7R i H S BT AR Y T s #4
BRI R SE, TG SR HAER R Gifid Ris 17
R B B EA

44 it

D i PCA JiidlgEsim 22 Y N S50%
IR E] 9 4k, 7 R 4f K 5 SR B 90% LA LI RTHE T,
B TR AL BN ZR IR ), 58 TiF RIS
B [A]

2) {{ifll SSA Xf LSTM BALHEAT#E S 50T
R e AR B A0 1 68 2 B ST A 28V S U
AR, GBI A AR DL A SR AR )
BOVERT AN, REATRIRE RS 2 AR JaE, AR
(1 S Br L AN -

3) I AR AR RS AT I 7 SR R =
HLRPER TR EE R EERR. #
INFRYRIR P DL SR FTi AT AR AL (1 g vy, ] DA
T H R G EERIZ AT A R B ZRIR B, AR
PR AP BRIRAS BRI LR 5 BOR 1S HE

[Z % X #]

(1] HEZXRARRENEZ. G4 2 Ear il (2016—

2030) [R]. HEZ & RekHiZs, 2016: 1.
National Development and Reform Commission.
Revolutionary strategies for energy production and
consumption (2016—2030) [R]. National Development
and Reform Commission, 2016: 1.

[2] FRER. BA—ARUREGIERRBBIPATT K 3
AFFEWEFC[D]. dbnt: At iR, 2011: 1.
ZHANG Yudong. Optimized design and research on
dynamical characteristic of HRSG in gas steam combined
cycle[D]. Beijing: North China Electric Power University,
2011: 1.

(3] EAk NI, RER, % F RIKAMEALE R A5
BUARIEBE NIRRT T7 5T [I]. IR, 2022
51(8): 84-89.
XIA Lin, ZHOU Gang, WU Changbing, et al. Research on
dual heat source cascade heating plan for natural gas based
on heat recovery steam generator of F-class combined
cycle power unit[J]. Thermal Power Generation, 2022,
51(8): 84-89.

[4] BALDI S, QUANG T L, HOLUB O, et al. Real-time




94 kA% e

2023 4

monitoring  energy efficiency and performance
degradation of condensing boilers[J]. Energy Conversion
and Management, 2017, 136: 329-339.

[5] ONG"IRO A, UGURSAL V I, TAWEEL A M A, et al.
Modeling of heat recovery steam  generator
performance[J]. Applied Thermal Engineering, 1997,
17(5): 427-446.

[6] SHIN JY, SON Y S, KIM M G, et al. Performance
analysis of a triple pressure HRSG[J]. Journal
of Mechanical Science&Technology, 2003, 17(11):
1746-1755.

[7] ALSAIRAFI A A, Effects of ambient conditions on the
thermodynamic performance of hybrid nuclear-combined
cycle power plant[J]. International Journal of Energy
Research, 2013, 37(3): 211-227.

[8] GANAPATHY V. Simplify heat recovery steam generator
evaluation[J]. Hydrocarb Process 1990, 69(3): 77-82.

[9] HAGLIND F. Variable geometry gas turbines for
improving the part-load performance of marine combined
cycles—-Combined cycle performance[J]. Applied Thermal
Engineering, 2011, 35(2): 562-570.

[10] KIM T S, RO S T. The effect of gas turbine coolant
modulation on the part load performance of combined
cycle plants. part 1: gas turbines[J]. Proceedings of the
Institution of Mechanical Engineers Part A Journal of
Power & Energy, 1997, 211(6): 443-451.

[11] Bff &, M, E7H. PERR-ZRRE IR R

SRR BT[], TR AR 2B 4R (B AR B AR),
2018, 14(3): 209-215.
YANG Qianyu, JIANG Yang, WANG Lei. Factors
influencing efficiency of heat recovery boiler in gas-steam
combined cycle generator[J]. Journal of Shenyang
Institute of Engineering (Natural Science), 2018, 14(3):
209-215.

[12] SILVIANITA, NOVEGA A S, ROSYID D M, et al.
Project delay analysis of HRSG[J]. IOP Conference Series
Earth and Environmental Science, 2017, 79: 1-6.

[13] CARAZAS F, SALAZAR C H, SOUZA G. Availability
analysis of heat recovery steam generators used in thermal
power plants[J]. Energy, 2011, 36(6): 3855-3870.

[14] PLIS M, RUSINOWSKI H. A mathematical model of
an existing gas-steam combined heat and power plant
for thermal diagnostic systems[J]. Energy, 2018, 156:
606-619.

[15] FES, B, REr, 5. 5T 1L B RE AR 1L i R Hivdi
PRI I & R[], #Ee ) ) LA, 2022, 37(10):
156-161.

TANG Yin, LYU Cheng, ZHU Jing, et al. Fault diagnosis

http://rifd.cbpt.cnki.net

and application for HRSG based on change of heat transfer
performance[J]. Journal of Engineering for Thermal
Energy and Power, 2022, 37(10): 156-161.

[16] FAST M, PALME T. Application of artificial neural
networks to the condition monitoring and diagnosis of a
combined heat and power plant[J]. Energy, 2010, 35(2):
1114-1120.

(171 2R, BRIRE, W5 855, BRA IR P HLAE AR #tin
SRR ST [I]. 7R H, 2020, 49(7): 130-136.
HUA Xinguo, CHEN Shiyi, CAO Qiwei, et al. Efficiency
sensitivity analysis for HRSG of combined cycle unit[J].
Thermal Power Generation, 2020, 49(7): 130-136.

(18] #%. B Geih[M]. dbai: =% #0H ik, 2004:
296-315
YANG Hu. Mathematical statistics[M]. Beijing: Higher
Education Press. 2004: 296-315.

[19] BRWS. T ARZME 3 5 dr 73 M 5 A 22 N 2% 1) 2 B 1ot
BAR[D]. Bl PR, 2007: 1.

QIU Tian. Prediction model of parameters based on non-
linear principle component analysis and neural
network[D]. Chengdu: Sichuan University, 2007: 1.

[20] Z#, Woxp, BEWK, & #ET PCA-PSO-LSSVM ]

R, 3 B R 2 TN RS BRI AL (). AU R R, 2021,
50((12): 43-50.
LI Yang, LAN Maowei, ZHAO Guogin, et al. Study on
prediction model of utility boiler efficiency based on
PCA-PSO-LSSVM[J]. Thermal Power Generation, 2021,
50(12): 43-50.

[21] HOCHREITER S, SCHMIDHUBER 1. Long short-term
memory[J]. Neural Computation, 1997, 9: 1735-1780.

[22] #dE. WAL LSTM i8] 7 51 50 iF 72
[D]. BB R 20K, 20201 1.

LI Mengxuan. Time series forecasting based on
incremental integrated LSTM model[D]. Wuhan:
Zhongnan University of Economics and Law, 2020: 1.

[23] HINCHEY M G, STERRITT R, ROUFF C. Swarms and
swarm intelligence[J]. Computer, 2007, 40(4): 111-113.

[24] BONABEAU E, MEYER C. Swarm intelligence. Awhole
new way to think about business[J]. Harvard Business
Review, 2001, 79(5): 106-114.

[25] Bl —FiEn B R BE A0 AL SR MBI 92 55 82
[D]. k¥ ZREEKAE 2019: 1.

XUE Jiankai. Research and application of a novel swarm
intelligence optimization technique: sparrow search
algorithm[D]. Shanghai: Donghua University, 2019: 1.

(DUESHE %K%




