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Shape Optimization Using Adjoint Method
Based on Material Derivative and Shape Derivative

I B

Kazunori Shinohara

Summary

To obtain maximum-drag profiles on a surface of an object located in unsteady flow, a shape optimization

algorithm based on an adjoint method is presented. The adjoint method is based on the Lagrange multiplier

method. Using a first variation of the Lagrange function, stationary conditions can be derived. These conditions

consist of state equations, adjoint equations, and sensitivity equations with boundary conditions. The sensitivity

equations are derived based on the shape derivative and the material derivative. To achieve the optimal shape

based on these stationary conditions, a smoothing technique, a constant volume technique, a node relocation
technique, the SUPG-PSPG stabilized method, and the GPBi-CG solver are implemented in the shape
optimization algorithm. Using this algorithm, under Stokes flow, we can obtain the Pironneau’s results in the
literature (optimal shape of the rugby ball type). Under unsteady flow, this algorithm can also construct an

optimal shape.
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Fig. 1 Re-entry of Hayabusa capsule (JAXA)
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