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Research on Three-Dimensional Finite Element Mesh Generation for the Shape Identification of
Body Located in Fluid Flow
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This paper presents a three-dimensional mesh generation for the numerical method of a shape
optimization of a body located in an incompressible viscous flow. The purpose of the optimiza-
tion is to find an optimal shape that minimizes the fluid forces subjected to the body. The
formulation of the shape optimization is based on the optimal control theory.

To avoid the break down of calculation caused by destruction of element, the finite element
mesh is reconstructed in each iteration of optimization proccess. The grid generation scheme
based on Delaunay triangulation is applied to the reconstruction of mesh. A technique for the
generation of boundary layer mesh is proposed. The boundary layer mesh has a smoothing effect
for the gradient, on which depends shape deformation. A boundary layer mesh is effective for
a stable shape optimization. As a numerical example, drag force minimization problems of a
body located in low Reynolds number flow is carried out.

Key Words : Shape Identification, Optimal control theory, Mesh Generation, Delaunay
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O.Pironneau’s minimum drag profile

Minimum drag ellipse

—24 Pironneau

(1107
AR

launay

!
K>

WAVAY

Wi
i

g"”
4,
7
7

"
/

/)
1
)

4

5
2
V77

7

i
i

]
<
\:‘ il/
=

AVAYA
UEREE

)
2
&
TN
i

b

10)

11)
12)
13)

14)

224 -

, Reynolds

Pironneau, O.: On optimum profiles in Stokes flow,
J. Fluid Mech, Vol. 59, No.1, pp.117-128, 1973.
Ogawa, Y. and Kawahara, M.: Shape Optimiza-
tion of Body Located in Incompressible Viscous Flow
Based on Optimal Contol Theory, Int. J. Comp. Fluid
Dyn., Vol. 17, No. 4, pp. 243-251, 2003.

Yagi, H. and Kawahara, M.: Shape optimization of
a body located in low Reynolds number flow. Int. J.
Numer. Meth. Fluid., Vol. 48, pp. 819-833, 2005

, ,2006.
Yagi, H. and Kawahara, M.: Numerical optimal
shape dtermination of a body located in Incompress-
ible Viscous Fluid Flow, Comp. Meth. Appl. Mech.
Eng., Vol. 196, pp. 5034-4091, 2007.
Brezzi, F., Arnold, D.N. and Fortin, M. : A stable
finite element for the stokes equations, Clalcolo 1,
No.4, pp.337-344, 1984.
Matsumoto, J. and Kawahara, M. : Stable shape
identification for fluid-structure interaction problem
using MINT element, Journal of Applied Mechanics,
Vol. 3, pp.263-274, 2000.
Hughes, T.J.R., Franca, L.P. and Balestra, M. :
A new finite element formulation for computational
fluid dynamics: V. Circumventing the Babuska-
Brezzi condition: A stable Petrov-Galerkin formula-
tion of the Stokes problem accommodating equal or-
der interpolation, Comp. Methods. Appl. Mech. Eng.
Vol. 59, pp. 85-99, 1986.
Maruoka, A. and Kawahara, M. : Optimal control
in Navier-Stokes equation. Int. J. Comp. Fluid Dyn,
Vol. 9, pp. 313-322, 1998.
Jameson, A.: Aerodynamic shape optimization us-
ing the adjoint method, Lecture at the Von Karman
Institute, Brussele, 2003.
A. Bowyer: Computing Dirichlet tessellations, The
Comput. J., Vol.24, pp.162-166, 1981.

: FEM —
1992.
: FORTRAN
1998.
Vol.5, pp. 253-262, 2002.
(2009 4 9 )



