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ABSTRACT

The demands for small, high performance and high loaded aircraft compressor are increased in the world. But the design
requirements become increasingly complex to design these high technical engines, the requirement of the design optimization
become increased. The optimal design result of several disciplines show different tendencies and nonlinear characteristics of the
compressor design, the multidisciplinary design optimization method must be considered in compressor design. Therefore, the
artificial Neural Net method is adapted to make the approximation model of 3-stage axial compressor design optimization for

considering the nonlinear characteristic. At last, the optimal result of this study is compared to that of previous study.
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Table 1 Initial design variables

AAT a4 ElRcls 7% s
Rotorl | 607472 | 587472 | -56.7472
Statorl | 426014 | 446914 | 466014
Inlet Rotor2 | -587134 | 567134 | -547134
Angle —
) Stator2 | 413845 | 433345 | 453845
Rotor3 | 581043 | 561043 | 541043
Stator3 | 414164 | 434164 | 454164
GV 153384 | 17334 | 19.33%4
Rotorl | 323266 | -30.3266 | ~28.3266
Outlet Statorl | 351049 | 551049 | 751049
Angle Rotor2 | 302733 | 282733 | 262733
©) Stator2 | 339961 | 539961 | 7.39961
Rotor3 | -205446 | 27546 | 255446
Stator3 | 514574 | 714574 | 9.14574
IGV | 00461898 | 00513212 | 0.0564533
Rotorl | 0.0537005 | 00596672 | 0.0656339
Maximum | Statorl | 0.0450337 | 0.0500374 | 0.0550411
Thickness Rotor?2 0.0535352 | 0.0594835 | 0.0654319
Ratio Stator2 | 0.0502036 | 0.0557818 | 0.0613600
Rotor3 | 0.0535745 | 00595272 | 0.0654799
Stator3 | 00509538 | 0.0566153 | 0.0622768
GV 288175 | 320194 | 352213
Rotorl | 43862 | 487291 | 536020
Chord Statorl | 204474 | 327193 | 359012
Length Rotor?2 34.3932 38.2147 42.0362
(mm) Stator2 | 232034 | 258316 | 284698
Rotor3 | 281851 | 313168 | 344485
Stator3 | 189119 | 210132 | 231145
Radius Tip -1.0 0 1.0
Offset(mm) | Hub 10 0 10
Rotorl 2.0 0 2.0
Bfg;eL(fgm Rotor2 20 0 20
Rotor3 2.0 0 2.0
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Table 2 Sensitivity analysis

Table 3 Definition of design variables
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o], 2t ZE|Q| F= Zo] |1 o

s T TN AAMeES
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RU%7] AARSES HHEAS AW TR
o}% $I3ko] Table 3ol4 AT ATt o] 47} X ~Xi2
#7)5kEs et

SRS A7) $1stel 28 D-Optimal 7]%el

22

Dgsign Element Lower Upper Variation Mark of design variable Design variable
variable boundary boundary (%) X, Inlet angle of rotor 1
Rotorl 0.855657 0.929334 814 X Tnlet angle of rotor 2
et Statorl 0.906871 0.903663 -0.35 X3 Outlet angle of IGV
gl Rotor2 0.879946 0.921679 461 X Outlet angle of rotor 1
©) Stator2 0.905871 0.904830 -0.11 Xs Chord length of rotor 1
Rotor3 0.894921 0.912461 194 Xe Chord length of rotor 2
Stator3 0.905361 0.905352 0.00 X; Radius offset of tip
IGV 0.916648 0.891866 274
Rotorl 0.884579 0.919458 385
Outlet | Statorl | 0912478 | 0896818 | 173 Teble 4 Fesult of DOE
angle Rotor2 0.897819 0.911622 152 Xi| x| x| x| x| x| xt vi Y2
©) Stator2 | 0907617 | 0903193 -0.49 L] 1|1 -1]-1]-1|1]1 084081 | 2017960
Rotor3 0.902879 0.907556 052 20 1| -1 |-1]-1|1/]-1]-1/|080457 | 201790
Stator3 | 0.905289 0.905541 0.03 3 -1 -1|[-1]0 |1 ] 1] 0 [08638 2050693
IGV 0.905414 0.905412 0.00 401 -1|-1]1|-1]-1]-1/081946l | 1920529
Rotorl 0.909911 0.900824 -1.00 5| -1|-1[-1| 1 |[-1]1]1 [072200 | 192052
Masimum | Statorl 0.905859 0.904946 -0.10 «
thickness | Rotor2 | 0908090 | 0902797 | -0 [22[ o] ofo]oo]o]o]ogmus3]|romn]
ratio Stator2 0905588 0905231 -0.04 :
Rotor3 0.90659 0.904272 -0.26 620 1 | 1| 1 |-1] 1|1/ 1]094625|2151139
Stator3 | 0905433 0.905336 -0.01 63| 1 | 1| 10| 0|-1]-1|0930478 | 2045617
IGV 0.905700 0.905113 -0.06 64| 1 | 1 | 1|1 |-1|1|-1|0875457| 1850276
Rotorl 0.918059 0.885458 -360 65| 1 | 1 |1 |1 |1 |-1]1 |0942276 |1850276
Chord | Statorl 0.903843 0.906230 0.26
length Rotor2 0.914148 0.893664 -2.26 e |
mm) [ Seator2 | 0904937 | 0.905593 007 ] x,;-?‘f/" B
Rotor3 | 0909572 | 0899830 | -1.08 1T T L
Stator3 | 090543 | 0908302 | 00l “wl 7 |
Radius Tip 0.893114 0915078 243 T S B [ .
offset(mm)|  Hub 0.898537 0911141 1.39
Response Surface Method Artificial Neural Net method
Rotorl 0.906746 0.904009 -0.30
Blade lean| Roior2 0.905824 0.905014 -0.09 Fig. 2 Accuracy of the approximation models
gl Rotor3 0.905504 0.905294 -0.03
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Table 5 Result of 3 stage compressor MDO

RSM
Optimal

Design variable Initial Optimal

17.3384 159407 187221

X1

-58.7472 -56.7472 -56.7472

X2

-30.3266 -28.45% -29.3659

0.04873 0.04403 0.04386

-56.7134 -55.1820 -56.4686

0.03821 0.03581 0.03439

0.0000 -0.0004 -0.0008

X7

Efficiency 0.9054 0.9534 0.9359

SF 1.9776 2.1028 2.3272

Objective Function 1.0000 1.0571 1.0909
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