MRS ISSN 1003-3254, CODEN CSAOBN E-mail: csa@iscas.ac.cn
Computer Systems & Applications,2022,31(6):354-360 [doi: 10.15888/j.cnki.csa.008527] http://www.c-s-a.org.cn
O E RGBT TR . Tel: +86-10-62661041

ETFAAMAMRSR NOX HM B WE 2
e

AR, Rt

(HREE TR B EE R, 1l 200093)

WASVE#: XA, E-mail: liuyuanhua@usst.edu.cn

OE Oy T ) TS A, an e HER Al THIR AL R E ALY (NOx) HERCE F RIS R K 22, X
HORBAAL BT R B R BN, i TR LR AR I R AR AE AR TS5 0 B 7R f e 2 5 32 ALk e e LI
F) Tl o7 I B SR . K fe /s 36 (PLS) ATEAZ B (M) 414 A ARIUE § NOx 95 1F 4% 5 17 B A 8501 5 0 il 12k
HIFH PLS i € FEM A AL NOx FARFIEAS B4 H , 8 S 1 e AR I TV P 2 R PR 4. PR A5 B (M) k%
HE f A0 AR IR AR R Ik AN [ 0 TR0 AR R R AT 07 EL by ST AE R — AL S R G SRR AT X HL. 45 SRR W], X<
HL NOx HERCH i R 3R (K F 72, PLS-MI 415 A5 R 178 IR A A2 o 5 AR, I REWS DR IE TS 2L AR ARG 2,
PRI AT AT, i) (R BRAE T FR ik H, B — 2 IR T AT 5L

R RIA): fi e/ IR AR RAN; R

Sl ks 3R R X T H A B AR AL NOx HEBG i R 22 A 5. v BEHL 2R 428 ,2022,31(6):354-360. hitp://www.c-s-a.org.cn/1003-
3254/8527.html

Research on Influencing Factors of NOx Emission from Gas Turbine Based on Combined Model

SHI Cui-Cui, LIU Yuan-Hua
(Business School, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: For the reduction of pollutant emissions from power plants, the ways to accurately estimz;te the emission value
of nitrogen oxide (NOx) from gas turbines and identify its key influencing factors are erucial for effective optimization
design. The accuracy and generalization performance of a single model can hardly meet the requirements of industrial
applications because of variable operating conditions in the gas turbine operation process. The combined modeling of the
partial least square (PLS) method and mutual information (MI) énsures the effectiveness and accuracy of the feature
variable selection of NOx. Specifically, PLS is employed to determine the number of feature variables affecting the NOx
of gas turbines, which can aveid subjective factors of variable selection and reduce dimensions. Then, mutual information
(MI) is applied to select optimal feature variables. Different prediction models are used for simulation analysis, and single
and combined feature selection is compared. The results show that in this study, the combined model PLS-MI can select
more representative feature variables and can ensure the generalization accuracy of the prediction model, reducing the
model complexity and providing a theoretical basis for optimal control of power plants with certain application prospects.
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MI. RF $HE 257 10 e PR A (075 5, 4T 90
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1 NOx R 2 BRI AR Bk 45 2R

5 RIS TE N PLS RF MI
X, WEHREAT (C) 1.7502 0.47 0.4769
X, 5L L JJAP (kPa) 0.9795 0.01 0.4268
X, WEHREAH 1.0283 0.03 0.4742
X, 2RI JE A Z AFDP (kPa) 1.2457 0.18 0.4760
X PR ECHIHERUE JIGTEP (kPa) 1.0286 0.03 0.4782
X, RSEH R H GTT 0.6883 0 0.1761
X, PRAUR A 45 7% 38 GGn (rpm) 04376 0 0.2583
Xq GTHEAiHLEH DR EZT (C) 0.1971 0 03611
X, MR FERE TR EETIT (C) \1.1679 0.02 0.4609
Xio PRHLIRES H TR BETAT (C) "i_ 0.9009 0.04 0.3365
X, PEHLIRFCRE R TEY (%) 1.0557 0.01 0.4561
X1y R g R ) (KPa) 05098 0 0.2051
Xis, \ GTHFEL (kPa) 1.0222 0 0.0957
Xy | BEGHLSEH OEAE )% (Pa) 15827 0 0.3198
Xis PRI ES B DS R IRE (C) 0.5136 0 0.4122
Xie FEHHHEE T (kPa) 1.0614 0 0.4702
X7 BB R (kg™) 0.3500 0 0.3250
Xis IRECENIEHITIC (%) 0.3212 0 0.3225
X9 —&ECo 1.3748 0.2 0.3203

* 2 BP MM TSR 5 B 45 5

TR 4 TR MAE RMSE MAPE (%) Time (s)
PLS 55863  6.3503 10.5215 0.80
MI 34847 44473 6.5172 2.59
RF 3.5400  4.7432 6.6844 0.26
RF-MI 33253 3.9877 6.2351 0.22
PCA-MI 3.6059  4.8541 6.6931 0.19
PCA-RF 35112 44394 6.5844 0.27
PCA-PLS 45603  5.1530 73,56'44 0.16
PLS-MI 2.8243  3.5061 52932 0.25

s

%

AT 95 115 BP0 24 5000 S 20 4 (B SR i
PRI AL 5 (GA) titk BP #5245 ) GABP #5
RIRR AR A R 5% (BAS) 14k BP #1248 44 ] BASBP
TR AT T 07 L5256, 45 RN 3 MK 4 fiw.

R 3 GA-BP W Z R T ) 177 S48

T 44 FR MAE RMSE MAPE (%) Time (s)
PLS 43272 49725 8.0600 70.12
MI 32294 42357 6.0633 90.73
RF 3.6726  4.7448 6.9078 4236
RE-MI 34319  4.1085 6.4124 24.73
PCA-MI 3.1628  4.3666 5.8932 100.65
PCA-RF 37715 4.6770 7.0682 27.61
PCA-PLS 34781  4.0168 6.4849 45.26
PLS-MI 32213 4.0148 6.0387 25.91

WFAL 18] IS BP 14 4% . GABP. BASBP ¥
S TFIN R TR 3 90| 7 B0 AT 4510 A B A FH AT A [R] IR AR B
JEFE T AT SR IR T 45 AT T Seit, il
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P, SR T — 88 B AESEPR I B, B — 07 VE D
AR R, R PLS-MI 414 HIRFIE R B T 5
—HJ PLS. MI $#fEi%#¢, 8] PLS F1 MI 1E 52 HURFAE
I AT RANRRE AR 23, RV RRE TR T B, =
FHRBURFE AR B R R KEA G S, FRICBE 1) 7
DT RE. $E PLS Al MI AR A 2H A X 52 ma 5 < e MLV
A R REAE A% B e B S i HR S AN () )4 R BRI
BT PLS-MI A& A . — ) PLS. MI. RF A4
4 ) PCA-MI. RF-MI. PCA-RF. PCA-PLS $F{L45 &
B TTVE SRR AR AL 5 AR M HoRe f e AR Y
THA RE.
# 4 BAS-BP PIZS AR BTN 17 HLAG A

A2 F MAE RMSE MAPE (%) . “Time (s)
PLS 37571 44766 69781 10.9
MI 2.8246" 36135 = 5.1980 16.15
RF 2.9034 ' 3.5240 53925 11.83
RF-MI 27667  3.4750 5.1377 10.46
PCA-MI 3.0985  3.9049 57010 16.84
PCA-RF 26252  3.4513 4.9030 16.14
PCA-PLS 32574  3.8827 6.0563 11.16
PLS-MI 24881  3.1411 4.6508 14.00

3.3 REUESH
T SR PLS-MI 41 & ReAE % 35 75 00k 35t 4%
TP NOx HYsEm R 28, MR R 1 5 MI(EEBCR
FIRFER RN X, v Xsv Xav Xan Xign Xon X1
REAE G 35 (1 B 1 A2 AE 5 TR0 R <R L NOx ) HE
TR, D)5 EEXE 2 NOx HETBU A8 5 3EAT B 43 #T,

iy 5 FRAEAZ X NOx IS R /N A IE A ARG s T

5 TR, SEHLE 7 ANVE R, Xy X X NEBEET R
AT, % SCR RGN NOx % i i & IR T
Xsv Xign Xo Al Xiy HI4 ANISTAS B HEAT %,

-08  -06  -04 02 0 0.2
PN Ea
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4 g
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SRR A AL RHEAT VPAS, e B HCHR U 79 10 2%
B WU PR 73K % # LL 2 Tk [E A 1
HERHHEAT 30T, DURFAE 55 ARG RH 6 P 1F 9728 B i
PR AL, (FLRAETEIC IR 5 18 % LR RO,

SR, R AT SR L NOx HUiR 43 BT A
HESEEFr 3 2 e, 9 749 805 2 (1947 P s 2, 0T
i 2 (10 5 047 010 O R L 24 AR B A M4 28
S 2 4 AT T B A A G0 T ) T A
FEOA IR 1 2 5% MBS L2 (0B R, HFE AL i
%%z'f\@fs-:m%nhEﬁﬁ?~¢4kﬁ$%é@%ﬁﬁ\ ARICHE
SRR T HL NOx HE AL R (S DR 35, e 18—
BURRAE (032 AL b Al 5 2 R U (0 BRI RE ), ST
TERTAEAEARYE . 2 T 0L, it AS R Al AT
TR BT AR 1 3
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