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An integrated optimization of hypersonic forebody/ inl et
based on surrogate models

WU Xiarryu, LIU-"Rui, LUOShrbin, WANG Zherr gue

(Institute of Aerospace and-M aterial Engineering,

National University of Defense T echnology, Changsha 410073, China)

Abstract: . A successive optimization-strategy “based on surrogate models was applied to
integrated optimization of a hypersenic-2D forebody/ inlet. The sample data points were se-
lected by Latin Hypercubes'\design of experiment technique, and the sample database was
constructed by forebody/ inletflowfield numerical calculation using computational fluid dy-
namics ( CFD) method based on 2D viscous Navier Stokes equation. Four types of surrogate
models including polynomial response surface, Kriging model, BP neural network and radial
bases function neural network were adopted. As compared with baseline forebody/inlet at
orrdesign state, the optimal forebody/ inlet has better flow capture and com pression and total
pressure recover capability, and has lower drag force coefficient, with 5. 3% improvement of
overall performance. The performance of optimal forebody/inlet at off-design states has also

improved to some extent.

Key words: aerospace propulsion system; hypersonic vehicle; forebody/ inlet; integrated

optimization; surrogate models; numerical calculation
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Table 1~ Nomenclature of Parameters Lio= kH i (5)
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Table 2 Configruration and analysis results of baseline forebody/ inlet
1 2 3
Lo/ m 1.8413 ml (kg s) 23.058 20.794 23.980 21.778
Lyampt/ m 0. 468 5 T,/ K 708.214 658. 666 642. 860 817. 346
Lyamo/ m 0.246 5 pal kPa 75.510 61.903 90. 642 68.511
Lewi/m 0.1473 Vaf (m/s) 1487.367 1521.077 1 169.961 1 784. 813
H w2/ m 0.2277 Ma, 2.784 2.954 2,298 3.113
Hi/m 0.0418 o 0. 542 0.572 0.602 0.423
Hi/m 6.0 ¢ 0. 922 0,945 0,777 1.000
0,/(%) 10.0 Co 0. 232 0.241 0.285 0.212
0,/ (%) 13.0 G 0.298 0.081 0.277 0.201
Ot /(%) 6.0 R, 30.644 25. 490 24.942 37.347
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Fig.3 Pressure contours of the baseline forebody/ inlet
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3
Table 3 Configuration and analysis results of optimal forebody/ inlet
1
Ln/ m 1. 8205 m/ (kg/ ) 23.678 21.360 24.579 21.774
Lygup / m 0.493 6 T,/ K 708.214 710.270 663. 975 634. 599
Liuw2/ m 0.308 1 pal kPa 77.426 64.037 91.700 67.834
Lewi/m 0.154 1 Vol (m/s) 1486.991 1515.537 1 164.903 1 787. 820
L2/ m 0.170 7 Ma 2. 818 2.982 2.326 3.177
H .,/ m 0.0420 o 0. 545 0.578 0.611 0.416
0:/(°) 5.389 @ 0. 947 0.973 0.796 1.000
0,/(%) 10. 127 Co 0.231 0.243 0.279 0.207
0:/(°) 13. 873 Cu 0. 239 0.121 0.254 0.172
Beont /(*) 4.500 Ry 31.725 26. 044 25.467 38.044
4
Table 4 Configuration and performance relative changes ofoptimal forebody/ inlet
/ / /(%)
(%) (%) 1 2 3
ALy - 11 N 0-5 AG 0:6 1.0 1.4 - 1.7
AL 5.4 ALs. 0.5 A 2:-7 3.0 2.5 0.1
AL 250 A0, - 102 ACH =04 0.4 -2.0 -2.4
AL s =437 AD, 1.3 ACE -19.8 49.2 -82 - 14.4
N 4.6 AD} 6.7 AR» 3.5 2.2 2.1 1.9
AlLous -25.0 AO.oh =25.0 Af 5.3 4.2 6.8 2.7
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Fig.5 Pressure contours of the optimal forebody/ inlet
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