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Abstract

The tendencies to use computer simulation approach to daily medical site have been growing
in recent years. The computer simulation is used to research of biomechanical studies today.
But it difficult to tough to be used as a tool for daily medical site because it requires making
complex actual blood vessel meshes. Reentry, Studies of voxel based fluid analysis, which can
easily use medical images via a computer tomography (CT) or a magnetic resonance imaging
(MRI) as a computational grid is performed. However, it is not performed that the voxel based
fluid-structure interaction analysis considering with an interaction between a blood flow and a
blood vessel wall. Therefore in this study, to make using the fluid-structure interaction analysis
for daily medical site easy, I studied the models about the fluid-structure interactions on voxel
and developed such interaction analysis system. And I verified the system.

In this study, as a method of approximating a object shape by the voxel, I employed the
luminosity voxel of the medical image. It can be directly created from medical images without
the preprocessing like a computing VOF value or an surface extracting. The interaction analyses
need computational grid and treatment of deformation. In this study, the computational grid
is made from the luminosity voxel by binarization. And I made the model that considers the
deformation by advection of luminosity value.

As a blood vessel and blood flow kinetic model, First, I aimed an artery having over 1.0mm in
diameter because the limitation of the current medical image resolution. Next I assumed that
the blood flow is Newtonian viscid laminar flow. And then I assumed that the blood vessel wall
is an isotropic linear elastic medium, it is obeying Hooke’s law. A pressure effect is predominant
than a viscous effect for the deformation of blood vessel wall. So I employ the pressure as a fluid
force to elastic wall and consider an essential force to wall is the pressure difference between
internal and external via a thin wall.

As a method of treatment of the fluid-structure interaction, I employ weak-coupling method.
This method separately solves the fluid problem and the structure problem. So it doesn’t
require numerous amount of memory and computation time, and it can be easily improvement.
Since I employed the weak-coupling, I studied information exchanging model between structure

analysis and fluid analysis.



First as he information to the structure analysis from the fluid analysis, I employed fluid
force on wall, that is, pressure difference. Next as the information to the fluid analysis from the
structure analysis, I employed shape deformation and wall moving velocity. In this study, fluid
region shape deformation is performed the luminosity advection using displacement velocity
from structure analysis. For the next time step fluid analysis, computational grid is made from
luminosity voxel by binarization. When the wall displacement is very small, it is likely not
to be involving the change of shape by such small displacement into next time computational
grid. But the luminosity voxel memories such small displacement by advection, therefore in
this method, small displacement effect can be involved. this feature is superior than use simple
stair-step voxel for expressing shape. And the wall displacement velocity is also transmitting
to the fluid analysis of the next time step as a wall boundary condition. By this method, the
small displacement effect can be also involving the fluid analysis of the next time step.

In this study, I verified this system reliability for the fluid-structure interaction analysis
about the blood vessel by comparing with consumer fluid-structure interaction analysis software
FIDAP.
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F(zi+o,y; + B2 +7) = Cs007> + Cosoy® + Coosz® + Caroz?y + (4.20)
Co21y*z + Cro22°x + Craoy’z + Cor22°y +
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U0 FOzyz00000

Fo(zi+o,yj+ Bz +7v) = 3C50022 + 202102y + Cio222 + Craoy? + 2Co012% + (4.21)
C111yz + 2Cs007 + Cr10y + Cr012 + Cro0

Fy(zi+o,y;+ B,z +7) = 3Co30y° + 2C51022 + Coo1yz + Craozy + Cor22% + (4.22)
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F.(xi+ oy + 6,26 +7) = 3Ch032° + Coa1y2 + 2C1022x + 2Co10yz + Coprz® + (4.23)
Crizy + 2Co02z + Co11y + Cio1z + Coor
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00000000002 0000080000000000 fO00O0000000O fa, fy, f2
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C300
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(Ax)? (Ax)3
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(Ay)? (Ay)?
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 Jicpgrek-1y2  fivyzg-1/2k-172 = fivr2 126172 — fic1/25-1/2.6-1/2 N
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Jwit1/2,541/2,k—1/2 = Jrit1/2,j—1/2,k—1/2
AxNy
_ Jic1y2j-1/20+1/2 + fic1/25+1/2k—1/2 — fic1/2,541/2. k4172 — fic1/2,5-1/2,k—1/2 N
(Ay)?Dz
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AyNz
_ fipgere t fiapgoapknye = fivyzgoekeye = ficypgoiyzeeye N
(Az2)2%x
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Jeic1241/2k41/2 — Jeic1/2,5-1/2,k41/2

4.
NzAx (4.30)
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NzAx (4.33)
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(Ay) Ay
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Co11 - N -
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C1o0 Jrie1/2,j—1/2,k—1/2 (4.41)
Co1o Jysio1/2,5-1/2,k—1/2 (4.42)
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Coo2” + Cr1008 + Cor1 By + Cro1 By +
Croor + Co108 + Coo1y + Cooo

fwiciy2j-1/206-1/2 = 3Cs000” 4 2C21008 4 C1027” + Cr208° + 2Co010y +  (4.46)
C11187 + 2C200c + Cr108 + Cro17 + Croo

ficij2j-1/2k-172 = 3Co308% + 2Ca1002 + Coz21 87 + Ci2008 + Cor27* + (4.47)
Criiay + 2Co208 + Crioa + Co11y + Coro

Fricijzjoipop—12 = 3Co0sy> + Co2182 + 2C1027a + 2C012B7 + Copra® +  (4.48)
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Joooooobooobooooooooobooobo00ooooooDobo «O00o0ooo
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O000O000000000000 ', v, w*0000000 zyz0000 ul,uy,us,vl,v), vy, wh, w
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~ * O 2, % 2, % 2, %
a=w+A{-2+L (55 +5% +5%)} (4.49)
~ * o) 2,,% 2, % 2, %
p=v+At{-2+ 4 (55 + 55 + 5% )} (4.50)
~ o 2,00 2, % 2, %
@ =w+ At{- 4 L (G5 4+ S 4 ut)l (4.51)
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i,j-12, k Vv i+1,-1/2, k

043 «000000040000000
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Ox Re 0x? oy? 022

e ] P —pige 1 (g = 2Wiaagn o
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Ui i1k ™ 212k T Yio1/2,541 .k

_|_
Ay?
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+ v (4.52)
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Ax?
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oooooooo ép 0000000000000 OOODODODDOO.
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= Uliy9,k + AL 65pi+1,j,2; OPi-Ljk (4.57)

”Zill/zk = Viji1j2k Ataég;’j’k
- u3j+y2k-+zﬁtaép“j+Lig;5p@f+Lk (4.58)

wz;fliﬂ/z = Wijps12 T AL %gij’k
= uzj,Hl/Q + At a(spi’j’kHA_z OPijk-1 (4.59)

000 2zyz00000000000O00O0OODOO (46004.59)000000000000000
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