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Abstract: In order to improve the performance of aero—engine modelling and optimization algorithm, a new
average ensemble model is proposed and used to assist the ego optimization method. By using six well-known
mathematical functions with varying dimensions and numbers of training points, it is proved that the proposed en-
semble model is more accurate than the other ensemble models, and the convergence of the proposed optimization
algorithm is better than that of the classic optimization algorithm. Meanwhile, the steady performance modelling
problem of the variable cycle engine and the optimization problem of the variable cycle engine acceleration fuel
control schedule are also considered, it is proved that the proposed algorithms perform well in solving a complex
engineering problem.
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Fig. 1 Flow chart of SEO algorithm
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Table 1 Summary of modelling functions

Function $iz§ of Size of  Number of training
training set test set and test sets
BH(2.) 12,24,36 1000 30
Ca(2.) 12,24,36 1000 30
M(2.) 12,24,36 1000 30
Co(4.) 24,48,72 1000 30
ER(8.) 48,96, 144 1000 10
DP(12.) 72,144,216 1000 10
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Table 2 Summary of optimization functions

Size of initial Optimization Number of initial

Functions

data set cycles data sets
BH(2.) 12 36 100
Ca(2.) 12 36 100
M(2.) 12 36 100
Co(4.) 24 48 30
ER(8.) 48 96 10
DP(12.) 72 144 10
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Table 3 Range of design variables for VCE

Design variables Efnv;l lIiJnIl)it
Fan design bypass ratio 0.1 0.7
Fan design pressure ratio 3 4.5
Core driven fan stage design bypass ratio 0.2 0.5
Core driven fan stage design pressure ratio 1.2 1.8
Compressor design pressure ratio 5 9
Combustor chamber outlet temperature/K 1650 1950
Fan relative spool speed/% 70 100
Core fan stage inlet guide vane angle/(°) 0 45
Low pressure turbine nozzle relative area/% 70 130
Front variable area inject inner duct relative area/%  -50 50
Rear variable area inject inner duct relative area/%  —50 50
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Fig.2 Variable cycle engine
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4k 6 D BUE T DL K AR 6 8 % sh LR S 1k
AL A, 45 Y T Goel™, Acar'™, OWS!™ = Fifr %f
40 A R DL K PEL FI PE2 20 45 #5570 A 24 5 AR 1% 22
RMSE. N T F X o 47, % 4 th ik 78 45 5 b 45
T — A X T AR 25, BIBR DL T2 i 5 4
rh JORE i 20 G A 1 Oy iR 25 0T B A KA
051) B A 0 1) 2 B R A R e o R AR ) it
A DL AR SO 4R H R 2L G B R A R AR B
AT =Rkt Lo 4 A AR

AR SCHTHE B PEL 414 A B 2L LY PE2 4 & LR
PERE R I 4 . R4 76 i A MR 55 B p, PE2 4 5 458
AU LT RRAT T B 0 A2 B 45 2R PET 4 A 1B 9 Ik
AT G @A R R PRI A RIA LY
PE2 4 A BRI Ry Fa s o PELAE 16413 55 1] v A
XF 158 22 {1 <1.03, T PE2 A AE 13 4> W0 3 53 451 v A1 X 352
ZE{H <1.03; PETALAE 1A I 3 55 491 o A % 35 25 18 >
1.05, 11 PE2 7E 4 4> W 55 451 v Af % 3 25 {5 >1.05. 53
Ab PELALAE BH(24.) 1 LE 1A X FU AR Y (Acar) K B
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Table 4 RMSE of each ensemble model

Item Goel Acar ows PE1 PE2
BH(12.) 22.3(1.12) 23.2(1.17) 21.3(1.07) 20.2(1.02) 19.8(1.00)
BH(24.) 14.8(1.11) 13.3(1.00) 13.9(1.05) 13.7(1.03) 14.4(1.08)
BH(36.) 9.93(1.13) 9.40(1.07) 8.85(1.00) 8.81(1.00) 9.47(1.07)
Ca(12.) 17.8(1.16) 17.0(1.11) 17.2(1.12) 15.7(1.02) 15.4(1.00)
Ca(24.) 12.0(1.25) 11.8(1.23) 11.4(1.19) 10.3(1.07) 9.62(1.00)
Ca(36.) 7.25(1.11) 7.54(1.15) 6.83(1.04) 6.54(1.00) 7.06(1.08)
M(12.) 0.269(1.17) 0.260(1.12) 0.257(1.11) 0.232(1.01) 0.231(1.00)
M(24.) 0.0735(1.20) 0.0745(1.21) 0.0643(1.03) 0.0614(1.00) 0.0620(1.01)
M(36.) 0.0345(1.63) 0.0358(1.69) 0.0251(1.18) 0.0214(1.01) 0.0213(1.00)
Co(24.) 2.23(1.05) 1.99(1.05) 2.31(1.03) 2.64(1.00) 2.76(1.00)
Co(48.) 1.91(1.06) 1.82(1.05) 2.61(1.04) 2.30(1.01) 2.36(1.00)
ER(110.) 3.12x10%(1.47) 2.51x10%(1.19) 2.62x10%(1.23) 2.12x10°(1.00) 2.15x10°(1.01)
ER(220.) 2.80x10°(1.49) 2.28x10%(1.21) 2.30x10%(1.22) 1.88x10°(1.00) 1.89x10°(1.00)
DP(182.) 1.99x10°(1.58) 1.46x105(1.16) 1.66x10°(1.32) 1.26x10°(1.00) 1.26x10°(1.00)
DP(364.) 1.84x107(1.74) 1.25x10°(1.18) 1.42x105(1.34) 1.06x10°(1.00) 1.06x10°(1.00)
Thrust 642.4(1.04) 623.1(1.01) 634.7(1.03) 618.8(1.00) 658.8(1.06)
sfe 0.1947(1.21) 0.1799(1.12) 0.1845(1.15) 0.1630(1.02) 0.1605(1.00)
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Table S Comparison of optimization result

Optimization result EGO SEO-PEI SEO-PE2
BH 0.402 0.402 0.400
Ca -1.029 -1.031 -1.030
M -3.120 -3.120 -3.120
Co 558 539 454
ER 2384 1213 1505
DP 9030 1025 1214

Acceleration time/s 7.1 6.5 6.9
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Fig.3 Optimization results of engine acceleration process
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