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Shape Optimization of Steady-state Viscous Flow Fields for Drag Minimization

and Lift Maximization

Eiji KATAMINE*!, Naoshi NISHIHASHI and Hideyuki AZEGAMI

*! Department of Mechanical Engineering, Gifu National College of Technology
2236-2, Kamimakuwa, Motosu, Gifu 501-0495, Japan

This paper describes a numerical solution to the shape optimization problems of viscous
flow fields. The drag minimization problem and lift maximization problem for an isolated body
in uniform flow were formulated in the domain of steady-state viscous flow fields. The shape
gradient of the shape optimization problems were derived theoretically using the adjoint variable
method, the Lagrange multiplier method and the formulae of the material derivative. Reshaping
was accomplished using a traction method that was proposed as a solution to domain optimization
problems. The validity of the proposed method was confirmed by results of 2D numerical analyses

using finite element method.
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Method, Adjoint Method, Traction Method
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Fig. 1 Isolated body in uniform flow
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Fig. 2 Numerical procedure
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Fig. 3 2D isolated body problem and finite element
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Fig. 4 Numerical results: Velocity and pressure distributions for initial shape
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Fig. 5 Numerical results: Adjoint velocity distributions for initial shape in drag minimization problem
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Fig. 6 Numerical results: Optimum shapes for drag minimization
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Fig. 7 Numerical results: Velocity and pressure distributions for optimum shapes in drag minimization problem
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Fig. 9 Numerical results: Adjoint velocity distributions for initial shape in lift maximization problem
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Fig. 10 Numerical results: Optimum shapes for lift maximization
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Fig. 11 Numerical results: Velocity and pressure distributions for optimum shapes in lift maximization problem
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