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Shape design of inner flow problems considering fluid-structure-interaction
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This paper presents numerical solution to a shape optimization of stationary fluid-structure-interactive (FSI)
fields. The minimization problem for total dissipation energy in the viscous flow field and the mean compli-
ance minimization problem in order to achieve stiffness maximization in the structural field are considered
for the shape optimization. In the FSI analysis, a weak coupled analysis is used to alternately analyze the
governing equations of the flow field domain and the structural field considering geometrically nonlinear.
Shape derivative function of the shape optimization problem is derived theoretically using the Lagrange
multiplier method, adjoint variable method, and the formulae of the material derivative. Reshaping is car-
ried out by the H' gradient method proposed as an approach to solving shape optimization problems. For
shape optimization of the FSI fields, a new shape update method is proposed to overcome separation and
interference of the finite element meshes on the common boundary between the flow field and the structural
field. Numerical analysis program for the shape optimization problem is developed by using FreeFEM, and
the validity of proposed method is confirmed by results of 2D numerical analyses.

Key Words : Shape Optimization, Adjoint Variable Method, Finite Element Method, Fluid-Structure-
Interactive, H' Gradient Method
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(d) Domain variation of structural domain
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(c) H' gradient method for structural domain:
Imposed displacement 8T on I"*

-2 Interface tracking method: A new shape update method is proposed to overcome separation and interference of the finite

element meshes on the common boundary I'* between the fluid domain Q and the structural domain Q°.
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(a)Numerical model (b)Finite element meshes

-3 Numerical analysis model and meshes.
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-4 Deformed shapes for fluid domain Q/ and structure domain Q° for initial shapes after fluid structure analysis.
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[K-5 Flow velocity and pressure distribution of flow fluid field Q' for initial shapes after fluid structure analysis.
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X-6 Deformed shapes for fluid domain Q and structure domain Q°* for optimum shapes after fluid structure analysis.
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-7 Comparison of initial shape (thin lines) and optimum shape (bold lines) for flow field Q' and structure field Q°.
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[X]-8 Numerical results for curved channel model: Iterative histories for objective functionals.
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