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A finite difference method for the simulation using Cartesian grid is developed. As the body boundary
is not necessarily located on the grid points, finite difference formulation near the boundary is
critically important. The distance from the adjacent stencils to the body boundary is integrated into
the finite difference formulation to satisfy the body boundary conditions. From the stability analysis, it
is proved that the mid-term in the dissipation term should be treated implicitly to avoid the severe
diffusion number condition. The artificial dissipation term based on the reconstruction that uses a
virtual center point gives the most accurate solution near the body boundary. As for the pressure
boundary condition, the internal pressure is defined by the least squares method to satisfy all the
differential calculus along the normal vector to the body boundary should be zero as much as possible

around the stencil.
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Fig. 25 Stream line plot around sphere
(Back view)
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Fig. 31 Stream line plot around the complicated object
(Side view)

Fig. 32 Stream line plot around the complicated object
(Top view)
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Table 3 CPU time per stencil per step (sec.)
Poisson Momentum Compiler
equation equation

Boundary fitted | 1.08x 10° 3.78x 10°° Visual
coordinate grid Fortran
Cartesian grid 4.61x 107 4.68x 10° | Visual C++
(current)
6. 0o

< O0O000O0oooOoOoooooOooooocOoOoooodg
gboobooboobooooobooobooDboo
gbobobooooboobobobobooooodg

< [0O0O00O00O0O00O0DOOOoCcOobOOoOooOoDbOoDo
gboboboooooooboooboan

< [0O000O000O00O0DOOOCcOoDOOOoOoDOoDo
gbooboobooboboboooboobooboo
oo

10

< [0O000O000O00O0DOOOCcOobOOoOboOoDOoDo
gbooboobooboboboooboobooboo
ooo

7. DOOO

(1) T.Ye, RMittal, H.S. Udaykumar and W.Shvy, “A Cartesian
Grid Method For Viscous Incompressible Flows With
Complex Immersed Boundaries”, AIAA-99-3312, pp. 547-
557.

00,00,00,“000000000000000O00
OO000OCOO0OO0DNS, O 1300000000000
oo (1999)

3 o00,00,00,00,“00000000000O00
goooooooooo», 0 nNoooooooooo
ogoo (1997

4 00,00,“00000000000000000~”, 0
0oo0o0o0ooooOooooOog (1996)

G oo,00,“Cco0o000ooooooooooooog
oooooooooooo» 0 130000000 go
oooo (1999

(6) S.Shirayama, “Flow Past a Sphere: Topological Transitions of
the Vorticity Field”, AIAA Journal Vol.30, No.2, pp. 349-358
(1982)

(7) Y.Rimon, S.I.Cheng, “Numerical Solution of a Uniform Flow
over a Sphere at Intermediate Reynolds Numbers”, Physics of
Fluids, Vol.12, No.5, pp. 949-959 (1969)

(8) B.P.Le Clair, A.E.Hamielec, “A Numerical Study of the Drag
on a Sphere at Low and Intermediate Reynolds Numbers”,
Journal of the Atmospheric Sciences, Vol.27, pp. 308-315
(1970)

Copyright © 2000 by JSCFD



