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Effect of arterial wall viscoelastic properties on wall shear stress distribution

Fukui, Tomohiro
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i _Computational and experimental developments for pulse wave propagation phenomenon
are conducted to investigate effects of arterial wall viscoelastic properties on wall shear stress
distribution.

To solve the interactions between fluid and structure on a Cartesian grid, virtual flux method and

regularized lattice Boltzmann method are applied. The commercial code Radioss was also used to solve the
interactions by using ALE method.

Pulse wave propagation phenomenon is reproduced using silicon tubes and evaluated in terms of pulse wave
velocity to compare that from the Moens-Korteweg equation.



# XL C—19, F—-19, z2—19 (Gtm)

1. SRR YWD R

B AREE AV IE O IE & 5 28 AL O HE R 1T,
MAT N FR R BERNPES b TWnbH 2 &
DEOHNTWD., ZO7-0, 3 WTHICEME
72 M N O MR T 2 FERIIC I~ D Z &%
BARAE AL AE O E B REAN 72 & QN IER BEM
BWHI RN D Z LRI TEY, FHE
Mo Ial—YarotE~o@EMAixas
REEL D, THETORITE T, E
12, Caro HDIKT VS EICHES X, Mg
WEAVICE [N 2 BE T A Wi D43 i % 55
WMEMHTIC L it TE =, 2D X 97
RIRAT CIE, —RE9IS, MEBERHNATH 5
CIRET D Z Enn, BEEY WIS 0 IX
MR DI L > TIRIESND. &AM
FEEEOIMmE L, OE S S ki &
STRELILIEL, Z ORI EHE TR
RN EEE L THD 2 ENnD, K aEm
REM R AW DA 255 120121, ik &
1 7& BE & oo FH FLVE ) 72 08 i R % R <
ENHD.
HEEEOME 7L —7 132 ETIZ, 3%
T R [ A B ARAT L2 L 0 13 DR RE I
PE S MEBED LT EE) % B I AN T AREE
{RFEMRAT 2 ATV, IS A O SE B 3 B kA b JE
DI FEEBALA B I > TV B Al FEM: 2 7RIR L
T& 72, ABFFE T, AKREERIC LY S %
Wil L7V a v F a—7 OE N IsER
r&EiTe, £z, EBRERBIOCINETIZ
55T A REHARE R %, BRI ISR
FiAteZ LIz k0, XML AR 7R D
ONZEET & AWTIS AT 24T\, BIREE AL AE
DFENE & 5T O HE R I B D HR % #
BMNEETS.

2. WMHEOHM

WRBEARFR I LE 5 A BE O EBNX, EiZ, A
VMICARE R 0 B /e 2880 (I 025
M) e (MEOE# S Enby, Ik
\CBEE Y AWS D 2B LS5, (mEEED
DR L, M OISR TR L,
B 5 Wl 7 AT B 3 TG 3 O VRS
WLERD., ZoLE, MEREOEE)DEER
AW NG 2 D BN RKRERD, 2O
EEXDORX IIFAERTTFMHEETHD. &
WNIZBWTIE, B20E, BIREE(CIE D45
WAL E LT BN TV A SEENRIE, KENRSY
I, SHEHIR YIS, KA ORMENAR & B D FE 5
RRHRICHENTRY, Z2HOHERT LI
DEELTWD EEZLND. 2RI,
1078 0> 3 7 S AT 52 TR S0 1L BE 0D SRy T Y
TR SRR E O, MLEEEA B &< J1FE
BROBEND, IREEHERSRZ S HICEMEC L
W5
AWFZECIL, MAEEED J5EE 2 5N L
BREAIY B IFREICER L, mMERED
BB R PE ARG AR R7E F & OVIRIE I T 12 -
R DB EESRTHT- DI, MEE2EE LT
vVarFa—TEHOTE KM EREITD.
DX MKFEERNEONTT—X %,

FHE VAT ISR T D BERKMICT 4 — K
Ny 7 SHBHZ ET, L0AEENIZTWE
BREAaEa—& BIIHEL, ZhETIC
BoNnlAFHIFEREEZEDED Z EIC
XV, X0 R AEAT 72 & ONTEERE A
Wi JI AT 24T 9

3. WOk

(1) Kl S8R

VU arF o —7 & T EE
K DA EFEEDOREEITY. Ta—E
TRT (=A BEHRKEHE) 2HOTEE
OB TIRAB ORI 2170, vV a5
2a—TIWENEES 25, ZoLE, EHK
EOTHT—T (RS AR IR IE AT,
GFLA-3-70-3LT) (ZX VW HlEL, PC => b
— VBT O B RERR (RS A AU 2R
Z2HT, DC-004P) ZFWTH 7V v 7K
$12,500 Hz \I2CT—¥ 2B 5. &L
T =2 ) A XEEERET LD
B 7 — V) =B EITV, JENET — 2 DA
R NT LEFRD. PRI G O
BT, 2 s TEERMZEZRD D Z
CICE VBT S, 72, WREGTEICHE 5 ks
MBGROFN E LT, 7— U e
HARY MVORIEE —DODOREE T 5.

(2) FHEIIMEAT

KFESEER & A E R R ET VA2 a2
Ea—# BICHEL, KEERTEONZ
SR 2T 5. T0F 2 —7 OS5
DET ML, ENEERFIE> v a2 T
2 =T DOOTHHEE L, IREMTICE D =%
X —HORRE & B, T —7 FET T
X ok R E B 2 5. EEEAEEOET
MEICH, BIEAAXRE T v 2Ry e
HEDHICLDRBEE 2D, K EFEKRE
DOEFRIZEBIT A E'ATALE ERAMIC L A HfES
IEOREEEITH. THICE VIR EEERE O
FHAEERZ X, IREEEHREEHET 5.
F70, TNETITHNY. L CEHEFED
i b, Wi & ER & o Rk R E A 7 < B L
WEHR FIEOB3 21T 9. Ak o ALE EX1b
W2 X DEENRFE AL, & OKRER %
tE9 L9 RATICIHB W TS KRS B IER %
B 5, FIT, THINEERICTAHA T
—HYRLIR T K 2 iR —A 3 Rk AT T 5 % B
¥ L, EEWERIRE DY OF BB ST %2
AIRE & D AR HIES, R OLEN LK
A ESED 2 ENARERIERILK R
WY AAERMAAT Z LI, IR EHE
T 72 & UM BE i 1 A0 W his 7 g dr (1 4
5.

4. WFFERRE:

AEERIVEONTZENRE (EF—
2) & IR IR ARTRE I O FH 2,
IO DT DLFRFR 2= %2 RO 5 LE RN
HDHD, X105 HFEOWTITIES TILRu.
B2, WRIBGIEEEE I TARNICB TR 10



m/s (26K, ZOEFEE 2 FHINXIER 2R
HThDH, AL, FHKEOR EEH
L, ZNOOEBIZDFT iz, /A
KRGy DI RN RET D HiEEHA
Lz, /A XBREZOEHFE &K 2 127,
ZHIC XY, BREREMZEEREE R EHIIT S
ZEMARE L T2, ARIEER T OARBAR TR E
1X57.70£3. 77T m/s &ERFEV, vVarFa
—TDOBEXY TR (VaT A4 L0
20MPa L HH) ZEEREIC AR 56. 20
m/s EHERTHIORETRD A Z LN TE
7=, E7o, RiMEEOGROFEAM & LTI, DFT fi#

WroBIT % 227 ML oERZ AV, %R0
ﬁﬁﬁﬁ%%kiﬁ%m—ﬁ#b:&%%

mu l/ 71:_.

200

Strain (x 109

0 1000 2000 3000 4000 5000
Time  (x 80us)

M1 EDEE (ET—4)

150

—— CHO1 (V4 XIRE)
— CHO2(/1 XIRE)
" CHO3 (/14 XIRE)
~ CHO4 (/1 XIRE)

Strain (x 109

-150

0 1000 2000 3000 4000 5000
Time  (x 80us)

X2 JEHER (A4 XrEk)

IKERENOHZONTZT — X 2352,
By 2 b—3a 2 X DR AR T %2
1Totz. Wik %3_ & DL TE M TR AT &
FREIZT D721, TMIRITITED 72 B %
BRIZANTZ. B O A 121X ALE ERAL
Z AV, fi# 8T — RiZiX Altair #£8¢ Radioss
FEMALE. Znicky, ApsERIZBWNT
B2 T-H—OERBENEME Z /#0722 n 5
BT BB ORB AT (X3).

1 A5 BE T e A T I EAT & T v RS T
FIZTHBERLIITY O, (RIEHRFRIER D
WIZIEBREE ARy <~ ke vz, R
PEAENL, TV MET B TEE IR
ERBTDHEZODOFETHY, Rm LICiiE
NFEMRBEREME 525 2 ERHTH
D, MOTFIEL LT, RIS ISR
WTHRERBENR TR IZ W EW )RR

~—— CHO1 dft_data
—— CHO2 dft_data
~—— CHO3 dft_data
—— CHO4 dft_data

NhHDH., ZNHLOFEEMAATLZ LITXD,
KEVRN AT 21T - 7=, FHEET I,
EAEG L POz Eicky
ERE L7=. E£72, HETAORMFETR % ih
%k%%@zo@ﬂifw&miwﬂﬁfé
ZLIZEY, FADLDOKE IRNEHNOE
WIS AR5 2 BB e LA
(K 4).

Longitudinal velocity uy (m/s)

N T C |
0.0 0.6

flow

> o
o ©

@
=)

n
=)

/\

\/\/‘\_J

o

o
S)

Wall shear stress t (Pa)

=)

N
o

o

200 400 600 800 1000
Longitudinal position y (mm)

3 WREA=FE AT

TAWSS [ Pa]
| _HERSEEERE |
0.0 240

LﬁJ

( a ) Model 1

( b) I\Iodel 2
B4 AW T AT

|\\\\\[1.|

(ln 4(!

5. ERRERLE
(FFFEAEE . BFZE
X TR

Sy A M ORISR 1

GdEaEamse) (BH4 k)

OEMER, \BAEZE, AR5, SRHAFlEE,
FRVE ST, K BRI 23 98 KB AR O 1.
T LT REBOEMEMT, e
34(2), pp. 167-174, 2015, #aeh Y.

@Muhammad Izham, Tomohiro Fukui, and Koji
Morinishi, Simulation of Three
—dimensional  Homogeneous Isotropic
Turbulence using the Moment-based
Lattice Boltzmann Method and LES



-Lattice Boltzmann Method, Journal of
Fluid Science and Technology, 9(4), pp.
1-13, 2014, #E#HAY.
DOI: 10.1299/jfst.2014fst0064
@EHER, BHAEZE, AP, SHFl=E,
ARV SEhR], KL BT O B KB RIC
B D Mg OBAEMEAT, HA VR E5
258, 12(1), pp. 1-8, 2014, #HHAY.
@ Tomohiro Fukui, and Koji Morinishi,
Influence of Vortices in the Sinus of
Valsalva on Local Wall Shear Stress
Distribution, International Journal of
Life Science and Medical Research, 3(3),
pp. 94-102, 2013, HFAH Y.
DOI: 10.5963/LSMR0303002

(FaxR] Grboth)

(DTomohiro Fukui and Koji Morinishi, 2-D
Numerical Study on the Depth Filtration
by Virtual Flux Method, IV International
Conference on Particle—Based Methods.

Fundammentals and Applications,
September 28-30 2015, Barcelona
(Spain).

@ Tomohiro Fukui, Hiroaki Asama, Manabu
Kimura, Toshiyuki Itoi, and Koji
Morinishi, Influence of Geometric
Change of the Thoracic Aorta due to
Arterial Switch Operation on Wall Shear
Stress Distribution, 27th International
Conference on Parallel Computational
Fluid Dynamics, May 17-20 2015, Montreal
(Canada).

@ Tomohiro Fukui and Koji Morinishi, Blood
Flow Simulation in the Aorta related to
Initiation and Progression of the Aortic
Valve Stenosis, The 10th International
Conference for Mesoscopic Methods in
Engineering and Science, July 22-26 2013
Oxford (United Kingdom)

@Tomohiro Fukui and Koji Morinishi, Blood
Flow Simulation in the Aorta passing
through the Aortic Orifice by Virtual
Flux Method, 3rd South—East European
Conference on Computational Mechanics,
June 12-14 2013, Kos Island (Greece).

®Tomohiro Fukui and Koji Morinishi, Blood
Flow Simulation in the Aorta with Aortic
Valves using the Regularized Lattice
Boltzmann Method with LES Model, Fluid
Structure Interaction 2013, April 10-12
2013, Gran Canaria (Spain).

() GFofh)

(PEEIA PEHE)
OmIREL (G0 1)

OBfsRL (70 1)

’

(Z DOAfth)
R bR—
http://www. feslab. kit. ac. jp/

6. WFICREGE

(D) MFgefiz=a

wmH &% (FUKUI, Tomohiro)

TR T2 E e - B TR - Bh#
BFgEE &5 1 00451542



