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This paper presents numerical solution to shape design problems of unsteady natural
convection fields to control time history of flow velocity. The square error integral between
the actual time history of flow velocity and a target time history of flow velocity on
the prescribed sub-domain during the specified period of time is used as the objective
functional. Shape gradient of the shape design problem is 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 analyses program for the shape design
is developed based on FreeFem++, and the validity of proposed method is confirmed by
results of 2D numerical analyses.
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(a)Mesh

(b)Distribution of temperature

(c)Distributions of flow velocity and pressure

Fig.2 Mesh and distributions of temperature, flow velocity and pressure at final time (7' = 1600) for initial shape
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(b)Distribution of temperature

(c)Distributions of flow velocity and pressure

Fig.3 Mesh and distributions of temperature, flow velocity and pressure at final time (7' = 1600) for identified shape
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Fig. 4 Time history of flow velocity and history of conver-

gence for solar tower model
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(a)Mesh (b)Distribution of temperature (c)Distributions of flow velocity and pressure

Fig.6 Mesh and distributions of temperature, flow velocity and pressure at final time (7' = 24000) for initial shape

(a)Mesh (b)Distribution of temperature (c)Distributions of flow velocity and pressure

Fig.7 Mesh and distributions of temperature, flow velocity and pressure at final time (7' = 24000) for improved shape
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