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Study on Analysis of Blood Flow and Aortic Valve Behavior by Considering
Heartbeat and axial-flow
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I have visualized blood flow from the left ventricle to the aorta and
researched the pressure change in them with the simulation model generated from a real patient CT
data.

In the model generation, data reduction and addition of dummy particles for prevention of outflow
particle have been performed. In addition, Navier-Stokes equation and Cauchy-Navier equation are
derived from Cauchy equation of motion by applying constitutive equations of liquid and elastic body

Eor the behavior analysis of them, so that it has become easier to analyze the interaction between
them.

As the result of the simulation, the aortic valve has opened according to the pressure ascension in
the left ventricle, and the blood flow into the aorta has been observed. By the comparison of the
simulation result with pressure change in a medical book, | have confirmed that the pressure change

in the left ventricle was similar to the data in the book.



CG

(Computer Graphics) VR(Virtual Reality)
AR(Augmented Reality)

1997

VR

CT(Computed Tomography)

2000

€Y

c6
«

¢ )

X CT
3

X CT

€]

CG



@

P t
u (o) k
() ()

D

D—‘E-l—p? w= (1)

Du
pﬁ=1?-c.r+pk (I

)
)

Du .
pa=—‘?p+n‘?‘u+pk (1II)
pi:=%l+MVWJu+HWH+Pk (W)

Ao n
() ()
«C )
©)
1)

2)

@
(b)
@
1(b)
CG
@
40[ms]
90[ms](b) 270[ms](c)
335[ms](d)
350[ms](e)
10[kPa]
365[ms](F)
15[kPa]



15kPa

OkPa
(8 40[mg] (b) 90[ms]

(©) 270 [mg (d) 335[mg]

(e) 350 [ms] (f) 365 [mg]

Pressure [kPa]

1600 |~
1067
1333 —
8.00 o
533 —

267 —

”

Vol .71, No.11, 2017, pp.J252-J258,

, DOI
https://doi.org/10.3169/itej.71.J252
Nobuhiko Mukai, Yuto Hizono, and
Youngha Chang, “ Waterfall Simulation
with Spray Cloud in different
Environments” , The Journal of the
Society for Art and Science, Vol.15,
No.3, 2016, pp.111-119, ,
http://ww._art-science.org/journal/v
15n3/index.html

, Vol.44, No.4, 2015,
pp.637-643, ;
http://ww. iieej.org/gakkaishi/l11EEJ
_Vol44-No4 .pdf

", , Vol.14,
No.3, 2015, pp-66-72, ,
http://ww._art-science.org/journal/v
14n3/v14n3pp66/artsci-v14n3pp66. pdf

20

Nobuhiko  Mukai, Yuki  Matsuura,
Masamichi Oishi, and Marie Oshima,
“ Chromatic Aberration based Depth
Estimation in a Fluid Field” , ICIGP,
2018




, 2017
Nobuhiko Mukai, Tsuyoshi Ishizu, Kimie
Mori, Yoshiko Takei, and Hiroko Yamada,
“ 3D Tongue Model Construction and the
Motion Regeneration” , SMIT, 2017

2017
”, 17
VR , 2017
Nobuhiko  Mukai, Yuhei Okamoto,

Kazuhiro Aoyama, and Youngha Chang,
“ Blood Flow and Pressure Change
Simulation in the Aorta with the Model
Generated from CT Data” , SIMULTECH,
2017

, 2017
Nobuhiko Mukai, Yusuke Eto, and
Youngha  Chang, “ Representation

Method of Snow Splitting and Sliding on
a Roof” , AET, 2017

Nobuhiko Mukai, “ Keynote Speech 1:
Physical Simulation with Particle
Methods” , URST, UR(UAE), EAP & EIRAI
International Conference, 2017
Nobuhiko Mukai, Tomofumi Takahashi,
Ryosuke Ishizuka, and Youngha Chang,
“ Aortic Valve Simulation based on
Blood Flow Velocity” , SMIT, 2016

2016
, 2016
", Visual
Computing/ CAD
2016
I 1“2 N
3
2016

Nobuhiko Mukai, Tomofumi Takahashi,
and Youngha Chang, “ Particle-based
Simulation on Aortic Valve Behavior

with CG Model Generated from CT” ,
VISIGRAPP, 2016

Nobuhiko Mukai, “ Generation of the
Aorta Model and Simulation of the
Aortic Valve with Particle Method” ,

SMIT, 2015
Nobuhiko Mukai, Naoki Mita, and
Youngha Chang, “ Bubble Rupture

Simulation by Considering High Density
Ratio” , SIGGRAPH, 2015

Naoaki Nishibe, Nobuhiko Mukai, and
Youngha Chang, “ Spray Cloud
Simulation by Considering Environment
Conditions” , NICOGRAPH International,
2015

", , 2015

URL http://www.vgl.cs.tcu.ac.jp

o
MUKAI Nobuhiko

20350233

*
(ISHIZUKA Ryosuke)

TAKAHASHI Tomofumi
OKAMOTO Yuhei

AOYAMA Kazuhiro



