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Abstract: With the transformation of launch vehicle R&D mode, rapid iteration and collaborative
optimization design have become a major trend for the research. This requires that aerodynamic
characteristics calculation, which is an important part of the conceptual design, can supply real-
time data online. Therefore, it is necessary to develop a surrogate model that can calculate aerody-
namic characteristics rapidly, in place of time-consuming CFD methods and wind tunnel experi-
ments for overall design optimization. This paper compared a variety of calculation methods com-
prehensively, and chose two methods: Gaussian Kriging interpolation and BPNN, to build a sur-
rogate model. A script program was used to drive Cart3D to generate a set of numerical
experiment samples. The relative error between the sample value and the result obtained by Fluent
was less than 14 %. Through sample point training, internal parameter optimization, and point ad-
dition strategies, a surrogate model with a relative error of less than 10% was finally obtained. It
can output real-time aerodynamic characteristics data for a certain shape, which is significant for
aerodynamic design to play its role in the overall design of launch vehicle.
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Fig. 1 Construction approach of surrogate model
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Tab. 1 Relative error between Cart3D and Fluent results

Ma Ci CM= X Ma C CMz Xo
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S 0.067 142 0.053 952 —0.024 9

G 10270 B b TE A 21 68

5 HEIMR

W HEAR R . L Xm0 AR AR
3 RBF i {E A%, Kriging B A4, SVM % £ &
L. BP MM, £ 2 40T FiRJLFGT A

x2 EFRERAUER

B B FAR SO X 48w, B4
YRR . BORILE A G ERR . Lk T
brifE Kriging B8 JF i | GA A& 5k it 17 i 214k
fb. [FIEFEEH] BP #Z M 45 (30 X2) fE R XT 22
2, XF Kriging 45 R a7 X L PEA .

B

Tab. 2 Applicability comparasion of basic surrogate models
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Fig. 6 Cross-validation error distribution
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Tab. 3 Relative error of output data

Ci/% Ca/% X/ %
Kriging-GA 7.78 8.62 4.11
BPNN 10. 0 11. 40 5.92
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