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Fig. 1 The computational grid around the airfoil
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Fig. 2 Comparison of the pressure ¢beient between the CFD and

experiment data
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P=7 8 2.7
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(a) FH 1 R B EXT
(a) Comparisomf mean of lift codficient
3 THIREEIE ST R 2 WU AR HR L 2
Fig. 3 Variation of mean and standard deviation of lift fiméent

compared with MC
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(b) T+ R E TR L
(b) Comparisorof standard deviation of lift coefficient
3 A I FREIIME G W7 2R 2 R HCR M 2 (48)
Fig. 3 Variation of mean and standard deviation of lift ffméent

compared with MC (continued)
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(a) Comparisomf mean of drag coefficient

(b) B3 B T AR L
(b) Comparisorof standard deviation of drag coefficient
Kl 4 ) R EUSE ST 7508 2 B0 R B0 e th 2k
Fig.4 Variation of mean and standard deviation of draglogent

compared with MC
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(a) Comparisof mean of moment coefficient

(b) JyHE AR 7 RS e
(b) Comparisorof standard deviation of moment coefticient
5 N RHISE Sy 2 2 A R B0 i 2k
Fig.5 Variation of mean and standard deviation of momentfmdent

compared with MC

(a) MCSUF it S s ) R =
(a) Mean pressure coefficient contour computed by MCS
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Fig.6 Comparison of mean pressure méent contour of flow field
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(b) PCEJF it S/ P44 [ ) R A s 4]
(b) Mean pressure cdigcient contour computed by PCE
K 6 W s ) = EXF L (2R)
Fig.6 Comparison of mean pressure méent contour of flow field

(continued)

(8) MC AT IE ) REUTT IR =

(a) pressure cdécient standard deviation contour computed by MCS
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7 VIS IINRTT R L
Fig. 7 Comparison of pressure d¢beient standard deviation contour of

flow field
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Fig. 8 Flow chart of the robust design system
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Fig.9 The pareto front solutions of robust design based on PCE
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Fig. 10 Comparison between the three airfoils
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Fig. 11 Pressure distributions for RAE 2822 and two optimizations at
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UNCERTAINTY QUANTIFICATION AND ROBUST DESIGN OF AIRFOIL BASED ON
POLYNOMIAL CHAOS TECHNIQUE

Zhao Ke'Y Gao Zhenghong Huang Jiangtad Li Jing*
*(National Key Laboratory of Aerodynamic Design and Reseaidbrthwestern Polytechnical UniversityXi'an 710072, China)
f(China Aerodynamics Resear&hDevelopment CenterMianyang621000, China)

Abstract Robust design optimization has gained increasing concern in the engineering design process because it car

provide an economical design that is insensitive to variations in the input variables without eliminating their causes. The
key of robust design is uncertainty analysis. So in this paper the uncertainty analysis based on polynomial chaos was
investigated and combined with CFD method to quantify the uncertainties in computational aerodynamic design. The

transonic flow around RAE2822 airfoil is studied to test the presented method and analyedhef ¢he polynomial or-

der to the precision of the aerodynamic characteristic. The robust design of a supercritical airfoil based on the uncertainty
of Mach number was conducted to validate the PCE method. It is shown by the optimization result that theficéentoe

was decreased at the design point while the sensitivity of the drag coefficient about the Mach number was weakened. I
is proved that the PCE method can improve the efficiency of robust design and is a good choice for aerodynamic robust

design.

Key words robust design, NSGAII, polynomial chaos, Hermite polynomials, uncertainty quantification
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