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SHAPE DESIGN TO CONTROL LIFT OF AN ISOLATED BODY LOCATED IN UNSTEADY
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This paper presents numerical analysis method of shape design problems for controlling
lift of an isolated body in unsteady uniform viscous flow fields. The shape design problems
for maximizing the lift and controlling the lift for the isolated body are studied. Shape
gradients of these shape design problems are derived theoretically using the Lagrange
multiplier method, adjoint variable method, and the formulae of the material derivative.
Reshaping is carried out by the traction method proposed as an approach to solving shape
optimization problems. Numerical analysis programs for the shape design problems are
developed by using FreeFEM, and the validity of proposed method is confirmed by results
of 2D numerical analyses.
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Fig. 1

Isolated body in uniform flow
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Fig.2 Numerical model for 2D isolated body
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(a) Flow velocity and pressure distribution at final time (¢=T') for initial shape (Re=100)

Flow velocity

Pressure

(b) Flow velocity and pressure distribution at final time (¢=T) for optimum shape (Re=100)
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(g)Optimum shape (Re=0.1)
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Fig.3 Numerical results for lift maximization (Re=100 and 0.1)
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(a) Flow velocity and pressure distribution at final time (¢=T') for initial shape

Flow velocity

Pressure

(b) Flow velocity and pressure distribution at final time (t=T") for identified shape
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Fig.4 Numerical results for lift control (Re=40)
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Fig.5 Numerical results for lift inverse phase (Re=100)
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