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Table 2 Comparison of analysis results errors CFD calculation times and computing time among three methods
CFD
1% 1% /min
0.0651303 0.0452392 800 500
Kriging 1 0.0620658 -4.70 0.0433786 -4.10 20 25
Kriging 2 0.064 807 12 -0.49 0.0457063 1.03 27 200
5

Fig. 5

Airfoils and pressure distribution corresponding to upper and lower bounds of drag coefficient variation interval
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Table 3 Computing results of RAE2822 and

optimized airfoils
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0.01354 2.84263 0.82449 -0.0916 0.07804

4

Table 4 Comparison of optimization results between

optimized airfoil and other works
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Amoignon-RBF ' 15 0.00754
Anderson % 14 0.0072
Poole 2! 10 0.008 13

7

Fig.7 Comparsion of optimized airfoils

8
Fig.8 Pressure distribution comparison of

optimized airfoils
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Fig.9 Robust optimization design process considering geometric uncertainties
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Table 5 Optimization result comparison
Cp ¢ A C, Cy 4,

RAE2822 0.021127 0.033261 0.015527 0.824 888 -0.102279 0.077873

0.013546 0.024 063 0.010529 0.824487 -0.091623 0.078 044

0.015634 0.016 627 0.002 096 0.823707 —-0.083295 0.082 126

13

Fig. 13 Optimized airfoils and pressure distribution comparison
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Fig. 14 Airfoils and pressure distribution corresponding to upper and lower bounds of objective and constraint intervals

15 N

Fig. 15 Drag coefficient moment coefficient and area comparison of samples for uncertainty analysis
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Interval analysis for geometric uncertainty and robust
aerodynamic optimization design
SONG Xin' > ZHENG Guannan'®>"  YANG Guowei' > JIANG Qian'’

(1. Key Laboratory for Mechanics in Fluid Solid Coupling Systems Institute of Mechanics Chinese Academy of Sciences
Beijing 100080 China; 2. School of Engineering Science University of Chinese Academy of Sciences Beijing 100049  China)
Abstract: Uncertainties will make aircraft deviate from the designed aerodynamic performance resulting
in the decrease in aerodynamic performance and even destruction. Due to the problem that the probability dis—
tribution of geometric uncertainty cannot be given in engineering and nonlinear aerodynamic problem in tran—
sonic flows the non—probabilistic parametric modeling of geometric uncertainty is studied and the fast nonlin—
ear interval analysis method is established in combination with Kriging model and optimization method. The
effects of geometric uncertainties on a symmetric airfoil are analyzed using the above method and the quantita—
tive variation range of aerodynamic performance is obtained. Based on interval uncertainty analysis a robust
optimization design process is established. The single-objective interval uncertainty optimization problem was
transformed into deterministic multi-ebjective optimization problem based on the order relation and possibility
degree model of interval number and the optimization problem was solved by adaptive multi-ebjective particle
swarm optimization which is based on Pareto entropy. The robust optimization design is implemented for the
supercritical airfoil with the drag objective as well as lift moment and area constraints under geometric uncer—
tainties. The results compared with deterministic optimization design show that deterministic design is prone to
failure under the influence of uncertainties while the robust design is more secure and reliable.
Keywords: geometric uncertainty; nonlinear interval analysis; directly manipulated free-form deforma-
tion ( DFFD) ; aerodynamic optimization design; robust optimization design; adaptive multi-objective particle

swarm optimization algorithm; Kriging model
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