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e Immersed Boundary Method

— Peskin(1972), cardiac mechanics and blood flow

* “Immersed boundary methods simulate viscous flows with immersed (or
embedded) boundaries on grids that do not conform to the shape of
these boundaries” (R. Mittal & G. laccarino, Annu. Rev. Fluid Mech. 2005)

— Simplification of the task of grid generation
— Flows with moving boundaries

H - type cartesian grid for a multi - element airfail
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vander Meulen, R.J.R. (2006)

Fadlun et al. (2000)

Immersed Boundary Method
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A source term (or forcing function) in the governing equations that
reproduces the effect of boundary

4 N\

0% | (u-Vyu+1vp— Ly =
\3t b ’ J

Continuous or Discrete forcing approach




Discrete forcing approach
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» Shape representation SDF or Binary
»Immersed Boundary Method

» Finite difference method

» Spatial derivative terms approximated
by 2nd order central differential method
»Fractional step method

»>Reynolds number : Re_ =5

»Orthogonal mesh
»Grid resolutions

n| 4| 8 |16 |32 64
n, | 12 | 24 | 48 | 96 | 192

n,| 6 | 12| 24| 48 | 96

16x48x24

Velocity profile on a cross section




Validation of accuracy (Re =5, 6=0deq)

i
m
" ¢
£ ,
s
i ,
— 0.001 i SDF e
i Binary W
X1
, x2
1e-04 - :
0.01 0.1 1

SDFIZ& S ERELGHIRKRIBEZFATHILET, 2REENFLNTILND

Velocity profile on a cross section

I
-
-q..
-ﬁ
0 %“?
—_ '
1 - - Tl
-
-
-4'4- -- by
%%4’5"

16x48x24




Validation of accuracy (Re ,=5, 6=36.9deq)
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It A (Asian dragonEBY D)

Asian dragon (XYZ RGB Inc.) 7,219,045 faces

SDF of Asian dragon

Intel Pentium D CPU 3.2GHz
with 4GB memory

SDF generation time : 53 sec
(240x120x120)
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240x90x120

»Parallel computing (MPI + OMP)
*Domain decomposition
|Intel Xeon 5160@3GHz dual core
2CPU x 8nodes

»Immersed Boundary Method with SDF

» Spatial derivative terms approximated
by 4th order central differential method
»The approximated advection term
including 6th derivative artificial viscosity
»>DES (hybrid turbulence model
RANS+LES)

»Fractional step method
»2nd order Adams-Bash force method
for the advection and viscosity term

»Reynolds number : Re = 10,000
»Orthogonal mesh
»Numerical Domain 6Lx2.25Lx3L
> Grid resolution 240x90x120

vcao

Flow around the Asian dragon




Time evolution of turbulence viscosity
(volume rendering with local shading model)

Volume rendering

Local shading model Emission model
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High Intensity Focused Ultrasound therapy
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http://www.prostatecancercentre.co.uk/treatments/hifu.html http://www.fel.t.u-tokyo.ac.jp/~yukio-k/study/8thUS/HIFU.mpeg
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»Parameter of Transducer

*Size 40mm

*Focus distance 40mm
»Frequency 1MHz (A~1.5mm in water)
»Grid resolution 0.1mm
»Numerical domain 102.4(mm)"3
»Grid number 1024"3=1Gpoint

»Input/Output data size
»>Scalar data 4GB
»>Restart data 60GB

»Memory size 104GB

»Parallel computing (MPI)
*Domain decomposition
*BlueGene (8x4x4=128node)
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— 3,00073=27Gpoint (270{E &)

« AHAT—%
— 27Gpoint x BE¥5E (4Byte) = 108 GB
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