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Multi-objective optimization design of hypersonic

axisymmetric inlet

WANG Changsheng, Erigitai, DING Wenhao

(School of Energy and Power Engineering,
Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Taking the hypersonic axisymmetric inlet as the research object, firstly, par-
ametric design of the inlet profile was carried out, and seven parameters, such as the general
conic saturation, the general conic control line, the transition arc radius, the throat corner,
the throat straight line to height ratio, the center line control parameter and the equivalent
cone angle, were selected as the design variables to carry out the multi-objective design of the
inlet. In the design process, the initial sample points were determined by orthogonal test de-
sign method, and Kriging surrogate models between two optimization objectives of inlet total
pressure recovery coefficient and outlet distortion with design parameters were established.
The surrogate model was analyzed and solved by the second generation of Non-Dominated
Sorting Genetic Algorithm (NSGA-][ ). The results showed that after multi-objective opti-
mization, the total pressure recovery performance of the inlet increased by 2. 63% . and the

outlet distortion reduced by 27. 57 %.

Key words: axisymmetric inlet; parametric design; surrogate model;

NSGA-]I algorithm; multi-objective optimization design
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Table 3 Initial sample points and numerical results of aerodynamic performance in profile design
. Bt 24 TERES %L
o L R O La/Hu Y., Ouc Olxcfd Dy Ma,,
1 0.4 80 650 8 2 0.68 6 0.3917 0.0207 0.1419
2 0.4 80 650 8 2.5 0.8 7.5 0.4114 0.0212 0.1459
3 0.4 80 650 8 3 0.92 9 0.4008 0.0239 0.1477
4 0.4 210 800 10 2 0.68 6 0.4716 0.0116 0.1401
5 0.4 210 800 10 2.5 0.8 7.5 0.4720 0.0157 0.1429
6 0.4 210 800 10 3 0.92 9 0.4767 0.0168 0.1438
7 0.4 340 950 12 2 0.68 6 0.4795 0.0129 0.1445
8 0.4 340 950 12 2.5 0.8 7.5 0.4843 0.0164 0.1456
9 0.4 340 950 12 3 0.92 9 0.4849 0.0194 0.1410
10 0.6 80 800 12 2 0.8 9 0.4896 0.0220 0.1445
11 0.6 80 800 12 2.5 0.92 6 0.4895 0.0165 0.1389
12 0.6 80 800 12 3 0.68 7.5 0.4937 0.0183 0.1423
13 0.6 210 650 8 2 0.8 9 0.4847 0.0182 0.1432
14 0.6 210 650 8 2.5 0.92 6 0.4868 0.0127 0.1398
15 0.6 210 650 8 3 0.68 7.5 0.4813 0.0172 0.1413
16 0.6 340 950 10 2 0.8 9 0.4691 0.0250 0.1443
17 0.6 340 950 10 2.5 0.92 6 0.4688 0.0156 0.1434
18 0.6 340 950 10 3 0.68 7.5 0.4668 0.0179 0.1422
19 0.8 80 950 10 2 0.92 7.5 0.4953 0.0188 0.1444
20 0.8 80 950 10 2.5 0.68 9 0.4896 0.0210 0.1461
21 0.8 80 950 10 3 0.8 6 0.4880 0.0171 0.1401
22 0.8 210 650 12 2 0.92 7.5 0.4960 0.0191 0.1411
23 0.8 210 650 12 2.5 0.68 9 0.4985 0.0214 0.1432
24 0.8 210 650 12 3 0.8 6 0.4965 0.0150 0.1471
25 0.8 340 800 8 2 0.92 7.5 0.4531 0.0206 0.1426
26 0.8 340 800 8 2.5 0.68 9 0.4732 0.0163 0.1437
27 0.8 340 800 8 3 0.8 6 0.4729 0.0131 0.1414
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Table 4 Accuracy test data of Kriging surrogate model

fi B S5 MRS

g o L R 0n Lao/Hy Yo o 0O Gieeid O RZE/N Dy D,  B®E/%
28 0.5 250 830 9 2.5 0.72 7.5 0.4637 0.4628 0.1963 0.0271 0.0281 3.6900
29 0.5 250 840 10 3 0.74 8  0.4852 0.4845 0.1622 0.0202 0.0198 1.9802
30 0.7 300 850 11 3 0.76 8  0.5059 0.5110 1.0038 0.0191 0.0201 5.3927
31 0.75 100 860 12 2 0.78 7 0.4785 0.4757 0.5868 0.0198 0.0205 3.5354
32 0.7 310 820 11 2.6 0.8 8  0.4969 0.4938 0.6192 0.0241 0.0231 4.1308
33 0.8 150 800 10 2.7 0.88 9 0.4922 0.4908 0.2841 0.0229 0.0216 5.6901
34 0.8 200 890 9 2.8 0.7 7  0.4936 0.4988 1.0608 0.0203 0.0195 4.0933
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Fig. 12 Local streamline diagram of inlet model 23
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