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Abstract: In order to evolve aeroengine overall performance design from the determinis-
tic design to the probabilistic design, an aeroengine cycle optimization design approach for
multiple operating conditions performance reliability based on distributed cooperative re-
sponse surface method (DCRSM) was proposed. The turbofan engine simulation model with
uncertainty component performance was established as an example. The distributed response
surface models of thrust and special fuel consumption performance under several typical oper-
ating conditions were established by the experimental design and the off design point per-

formance simulation, and then the cooperative response surface model was established for cy-
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cle optimization. The non inferiority solution set of the cycle parameters was generated from

optimization and verified by the random trial. The results showed that the all cycle parame-

ters from the non inferiority solution set could make the engine overall performance achieve a

high reliability of not less than 97.5% simultaneously under all expected operating condi-

tions. From the non inferiority solution set obtained by multiple operating conditions per-

formance reliability cycle optimization method, the most suitable cycle selection can be decid-

ed according to the physical truth in engine preliminary design phase.
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Fig. 1 Aero-engine performance design methodology
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Table 1 Benchmark performance of typical operating conditions
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Table 4 Parametric experiment design and simulation result

P XCRig 1) Rﬂ%‘ﬁi&ﬁg ﬁr*}ei%ﬂujj ﬂ;‘%
X R a3 2y s F Cy F F,
JE AR 0 0 0 0 0.4790 0.4700 0.5705 0.5215
1 —1 0 0 0 —1 0 0 0 0
2 0 —1 0 0 —1 0 0.0338 0 0
3 —1 1 0 0 0 0 0.0463 0.9517 0
4 1 0 0 1 0 0 0.4038 0 0
5 1 —1 0 0 0 0 0.0263 0 0
6 —1 0 0 —1 0 1 0 0.9992 1
7 0 0 1 0 1 1 0.0813 1 1
8 —1 0 1 0 0 0.6275 0 0.9992 0.9925
9 0 0 0 0 0 0 0.6625 0 0
10 0 1 0 0 —1 0 0.9225 0 0
11 —1 —1 0 0 0 0 0 0.92 0.01
12 0 0 —1 1 0 0 0.6313 0 0
13 0 0 —1 —1 0 0.0225 0 0 0.0125
14 0 0 0 —1 1 1 0 1 1
15 1 0 0 0 —1 0 0.1875 0 0
16 0 1 0 1 0 0 1 0 0
17 0 0 1 —1 0 1 0 1 1
18 0 —1 0 1 0 0 0.9863 0 0
19 1 0 1 0 0 0.2075 0.6613 0.2938 0.3313
20 0 0 0 —1 —1 0 0 0 0
21 0 0 0 0 0 0 0.6413 0 0
22 0 0 0 0 0 0 0.6088 0 0
23 0 0 —1 0 —1 0 0.24 0 0
24 0 0 1 0 —1 0 0.0375 0 0
25 0 —1 1 0 0 1 0 0.1275 0.9975
26 0 1 0 —1 0 1 0 0.0833 0.9988
27 0 0 —1 0 1 0 0.4475 0.9925 0
28 —1 0 —1 0 0 0 0.32 0.0342 0.6938
29 —1 0 0 0 1 1 0 1 1
30 0 —1 0 —1 0 1 0 0.1492 1
31 0 0 0 0 0 0 0.605 0 0
32 1 0 0 0 1 0.7325 0. 365 0.4492 0.9501
33 0 0 0 0 0 0 0.6113 0 0
34 1 0 —1 0 0 0 0 0 0
35 0 0 0 1 —1 0 0.9998 0 0
36 0 —1 —1 0 0 0 0.0363 0 0
37 0 1 1 0 0 0. 495 0.6225 0.1458 0.6951
38 1 0 0 —1 0 0.9988 0 0 1
39 0 0 1 1 0 0 1 0 0
40 0 —1 0 0 1 1 0.0888 1 1
41 0 1 —1 0 0 0 0.6788 0 0
42 —1 0 0 1 0 0 0.9988 0.0783 0
43 0 0 0 0 0 0 0.645 0 0
44 0 0 0 1 1 0 1 1 0
45 1 1 0 0 0 0 0.6725 0 0
46 0 1 0 0 1 0.9925 0.9825 1 1
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Rp (X) =—4.9 X102, —1.25 X 10 " ay 4 0. 265 — 0. 252, + 0. 2525 — 0. 11y s +
3X 10 ' xyx, — 4.9 X 10 2 xy25 — 0. 1y ey — 1. 25 X 10 P ey s — 0. 2425204 + 0. 250,05 —
0.25x,x5 + 0. 1228 +0. 192 + 0. 1122 + 0. 222% + 0. 222+ 1. 25 X 10 xfx, +5.95 X 10 P2y —
0.252%x, +0. 2282 +4. 9 X 10 *x125 — 6 X 10 P2y 25 — 4.9 X 10?25 + 0. 15250, — 0. 25052, +
0.25x525s — 0. 1oyt — 1. 25 X 10 P2 — 7. 825 X 10 *xbx, — 7. 825 X 10 P a3 22 (1D)
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Table 5 Non inferiority solution of cycle parameter

ig=; T T T./K Rl)p Wa/ (kg/s)
JRth  3.302 9. 750 1715 0.7900 122.7
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Fig. 6 Performance histogram of 1stcycle sample
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Fig. 8 Performance histogram of 3rd cycle sample
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Table 6 Random trials result of pareto-optimal solution

F% Re /% Re /% Re /% Re /%

JE bk 47.90 47.00 57.05 52.15
1 99. 95 99. 85 100 99. 90
2 100 97.95 99. 60 100
3 100 97. 85 98. 55 100
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