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Fig.3 Airfoil geometry (left) and C} distribution (right) (NACA0012-RAE2822, B-spline parameterization)
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Fig.4 Airfoil geometry (left) and C) distribution (right) (NACA0012-RAE2822, PARSEC parameterization)
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Fig.5 Airfoil geometry (left) and C) distribution (right) (NACA0012-RAE2822, OSF parameterization)
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Fig.6 Airfoil geometry (left) and Cp distribution (right) (OAF139-RAE2822, B-spline parameterization)
Curve “obtained-1” and “obtained-2” are computational results by using our method and

Levenberg-Marquardt method respectively
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Fig.7 Airfoil geometry (left) and Cj distribution (right) (VR15-RAE2822, B-spline parameterization)
Curve “obtained-1” and “obtained-2” are computational results by using our method and

Levenberg-Marquardt method respectively
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A GLOBAL CONVERGENCE METHOD ON INVERSE DESIGN OF
TRANSONIC AIRFOIL Y

Cui Kai?  Yang Guowei Ma Xiaoliang Chen Dawei
(Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Sciences,
Beijing 100080, China)

Abstract Inverse design problem can be represented by a nonlinear optimization problem or a complex
nonlinear equation. Some traditional algorithms, such as nonlinear least square method, can be used to solve
inverse design problems. But unfortunately, they are all local convergence and an unsuitable initial value of
iteration may lead to a divergent computational procedure. In this paper, a global convergence method was
developed to overcome the shortcoming. Based on the idea of a homotopy method, the original formulation for
inverse design was replaced by a homotopy function, and then an iterative local linearization method was used
to solve the equation. Moreover, a quasi-sigmoid method was utilized to adjust the homotopy parameter during
the iteration, which can assure a stable and efficient iteration procedure. As numerical examples, the surface
pressure distribution of RAE2822 airfoil was taken as the target pressure distribution, three parameterization
methods, which include B-Spline, PARSEC and Orthogonal Shape Function methods were individual used to
parameterize the airfoil shape, and three different airfoil shapes, including NACA0012, OAF139 and VR15
airfoils, were used as the initial shapes, all inverse design results demonstrate the feature of global convergence

and efficiency of the presented new method.

Key words homotopy method, transonic airfoil, inverse design, parameterization, Reynolds-averaged Navier-

Stokes equations
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