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Optimization design of two dimensional convergent and
divergent nozzles’ profile based on

surrogate models
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Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Based on the influence research of design parameters on the aerodynamic per-
formance of two dimensional convergent and divergent (2D-CD) nozzle, the optimization de-
sign of 2D-CD nozzles” profile was conducted. The goal of optimization design was to get
thrust coefficient as high as possible. The design variables of optimization design were throat
aspect ratio, throat radius ratio, convergent half angle, divergent half angle. In the design
process, the initial sample points were selected using the orthogonal experiment design
method, then the Kriging surrogate model of thrust coefficient for design parameters was es-
tablished. The analysis and optimization was conducted with the Adaptive Simulated Annea-
ling Algorithm (ASA). The results show that when the throat aspect ratio is 6, throat radi-
us ratio is 0. 3, convergent half angle is 15°, divergent half angle is 5. 64°, the maximum

thrust coefficient of the 2D-CD nozzle is 0. 97847, and the flow coefficient is 0. 987 78.
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Fig. 1 Profile sketch of 2D-CD nozzle
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Table 1 Factors and levels of profile design

K- R, R./R;s o/ (*) B/
1 4. 24 0 38.42 3.24
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Table 2 Initial sample points and thrust coefficient of profile design
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1 4.24 0 38.42 3.24 0. 926 80
2 4. 24 0.2 45 9 0. 95930
3 4.24 0.1 25 15 0.93875
4 4.24 0.3 15 2 0.97475
5 3.49 0 45 15 0.90223
6 3.49 0.2 38.42 2 0. 95808
7 3.49 0.1 15 3.24 0.97068
8 3.49 0.3 25 9 0.97076
9 ) 0 25 2 0.95072
10 5 0.2 15 15 0. 95831
11 5 0.1 38.42 9 0.94381
12 S 0.3 45 3.24 0.97225
13 6 0 15 9 0. 96683
14 6 0.2 25 3.24 0.96933
15 6 0.1 45 2 0. 94156
16 6 0.3 38.42 15 0.95779
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Table 3 Accuracy test data of Kriging surrogate model
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17 6 0.3 15 9 0.97571 0.97473 —0.098
18 6 0.3 45 3. 24 0.97268 0.97282 0.014
19 6 0. 186 15 .57 0.97415 0.97603 0.188
20 6 0.3 15 .57 0.97769 0.97642 —0.127
21 6 0.174 15 2 0.97197 0.97408 0.211
22 3.49 0.3 45 15 0.95263 0. 95599 0. 336
23 3.49 0 45 2 0.91449 0.91844 0.395
24 6 0 45 2 0.91331 0.92303 0.972
25 5 0.3 15 2 0.97556 0.97495 —0.061
26 3.49 0.3 15 2 0.97408 0.97438 0.03
27 5 0 15 9 0. 96676 0. 96506 —0.17
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