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Abstract:In order to meet the airworthiness standards and safety requirements of civil aviation aircraft within
the full flight envelope, the engine needs to be designed with a large safety margin to meet the most stringent
noise requirements. Therefore, the engine performance potential cannot be taken full use of. A self-adaptive
mutation strategy is proposed to improve the traditional gray wolf algorithm. Along with the adjustment of
optimization mode during the optimization process, the global optimization performance is improved.
Integrated optimization control of performance and jet noise is studied based on the improved grey wolf
optimization algorithm according to different flight requirements. The control variable is optimized to improve
the engine performance while guaranteeing the safety and noise limits. Simulation results show that the thrust
is increased by 13.45% under the maximum thrust mode, the fuel assumption is reduced by 3.19% under the
least fuel consumption mode, and the temperature of the turbine is reduced by 2.07 % under the lowest turbine
inlet temperature mode.
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Fig.5 Optimization results under the largest thrust mode
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Table 2 Changes of controls and state parameters after optimization under the largest thrust mode by using AMPC-GWO

- ok ik KU S0 WAEETIRE  KUR R BRI A
W/(kges™") Orev/ (%) T,/ % SM/ % n,/ % ¢ UOL/%
AL AT 1.030 27 —5.124 89 101.166 0.310 48 100.332 60 0.95511
AL 5 1.18576 6.811 56 106.913 0.279 61 104.993 90 0.985 91
AR AL 0.155 49 11.936 45 5.747 —0.030 87 4.661 29 0.030 80
3.3 RINEEERBELER +0r
1 CAT R 11 km T %K 0.8 30 £ 0° e 74 0 ~ 35 O eawo
4 —GWO

IR B 540 m B EAR AN 0.625 kg/s M) 46 S #8 0°
(5 OL T I I AR e b B 35 O 9504, Wl T 1A £ B2 Ry
40° M HH AMPC-GWO .3 . GWO Bk f GA vk
X R T AR S R AT R SRR A S
BB E AR RPN R 20 GEARIRECH 100, fie/)
AR IR RCR WA 6 frR , GA B3k G5 Fefl
fi# 4 1.690 67 kg/(N-s), GWO 54 1 15 1 % 1 it
H91.664 72kg/(N-s), AMPC-GWO 3% 315 19 %
R 1.652 37 kg/(Nes)o FEHIF AR KECT,
AMPC-GW O 83 315 1 FE M 2 de /N, A X ) 46 o5
FEIMR 1.706 89 kg/ (N-s )B#MKL T 3.194 1%, AT LATA
SRy B TN A A /I R AR 2 M e O

Fi /DN AR i A o B R 40 R A AR b R
3PN, R SHEORIE I S EHT T H— kb
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Fig.6  Optimization results under the least fuel consumption

mode
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Table 3 Changes of controls and state parameters after optimization under the least fuel consumption mode by using

AMPC-GWO
R g 1R e JXUB 5 - £ 8 T AL i1 66V Jl s W AL I8 74 7 TR 4
W/(kges ) Orv/ (%) T,/ % F/% n/% UOL/%
Ak 0.399 95 7.7 97.184 23.432 95.036 81 80.533
ek ja 0.387 14 7.842 82 95.043 23.433 96.303 36 80.338
Ak —0.012 81 0.142 82 —2.141 0.001 1.266 55 —0.195
3.4 REREABERAXNGTELER s
i KATARA S 3.3 M, il AMPC- ool
GWO B ¥ .GWO 81 1 GA B X A 3l 2 11 X '
S T R AT A R AT AR T IR AR S SRR & 0.98}
WE 7w GAR LS50 5L f# R 0.956 3,
GWO & ik 5 0 s g 0.957 5, AMPC-GWO 0.96
B S5 B LR 0.951 7, 7E AR R Y % 48 TR B vos

T, AMPC-GWO % 1% F-15 1 18 56 /i i B 5 ik, AH
XTH) I AR EE 0.971 8 FEAIR T 2.068 3%, AT LLIA A
T2 B T A A e I IR I A Y e S
i o

S AR T e T O R AT XA A AN R A R A AR
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Fig.7 Optimization results under the lowest turbine inlet

temperature mode
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Table 4 Changes of controls and state parameters after optimization under the lowest turbine temperature mode by us-

ing AMPC-GWO

o J9R I KU S0t XU R 7 R HTIRE  AUREhER . BN NS R
% B
W[/(kg'5 1) 6[(;\//(0) FX?SM/% F/% T4/% 71]/% g&U()L/%
AL TT 0.399 95 7.7 26.423 23.432 97.18 95.036 81 80.533
itk s 0.387 86 7.837 81 26.501 23.434 95.17 95.995 09 80.349
AR AL i —0.012 09 0.137 81 0.078 0.002 —2.01 0.958 28 —0.184
A Aeronautics & Astronautics, 2012,44(6): 786-791.
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A B SE o S B v L AR SEORS B R B L P T
— I F A S N AR S MR Y 2% A RO AR AR SRk
(AMPC-GWO) , b #E M 5% pf #0003t 25 5 % 3
AMPC-GWO 5.3k 09 4= Js 300 1 fig g v 7
GWO BIEM GA R . K 3PS A K LI
PERE S0 P, 78 0 FH B 24 345 4 v i A 3 e 7
2y Ak 45 R 1 AMPC-GWO 5 3 (19 1 1k 1k
et T GWO 4 1 fl GA 8.3k, 76 i i AMPC -
GWO B¥E 5, I 6 & sl HLAE TG e W5 3 M 7 B ok 1)
LT E e KA BN ol T4 ) 13.45%, i
NI AR A 3 AT RAARR I R 3.19 96, i KG9 S Wi L 3 A
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