EREYMNE %305 F2H 2015F£4A
104 Journal of Medical Biomechanics, Vol. 30 No.2, Apr. 2015

X E 45 :1004-7220(2015)02-0104-07

F A 3EY 51 #& F Boltzmann 77 ;%5 37 37 22
Xt fil (A B Bk 968 1 37 30 1 F B9 22 1

FER, HSE, E &, #EG
(AR R B S8, I 430074)

FEE: B WSRO AN F IR L0 = 8 AR A B BRI 2 0 2 s . g SRHTHES S0k

Boltzmann J5 {2 % SCAR DX IUEAT R A8 JIN AR, 45 5 it 320 S Ak B 0T A SRR A PN 3l Joomg 04T BB . i i %

SR NS S R TR EE R N RN AR Bl ) S 2 AT, BRTRS [RURE RS A R SR TR T A Bl kR

MR . &SR TEVS/)NE P LT 3 5 T, e 1 o 180° 1) = A T A8 IHD S AR RO i, TOER% 19 = A T B Ivl S 28

JIE_E’JJ_T”/DZ iR/ o AEALBRARERNE O T, B AN RURERS f 2 1) = fJE SR BIHCR 2R B0, ik Tk
SIK& T Boltzmann J5 VA4 4 i1 SAL BEAR TT LUBSIER H AT 5 S BKORT I3 3 1 2 5, S SCBR B He 2 %

ﬁiﬂ“,ﬁﬁllmﬂ? NIRRT IR —E IR T

K : #5T Boltzmann Jrik; ARSI RN s N BRI SCA: LIESh J17%

HESES: R318.01 ERARERED : A

DOI: 10.3871/j.1004-7220.2015.02. 104

Stent effects on hemodynamics of cerebral aneurysm by

non-uniform lattice Boltzmann method

SUN Shuo-ran, HUANG Chang-sheng, WANG Lei, SHI Bao-chang( School of Mathematics
and Statistics, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract; Objective To investigate the effects of triangle stents with different rotation angles on hemodynamics
of cerebral aneurysms. Methods A non-uniform lattice Boltzmann method (LBM) was adopted to make local re-
finement on grids near the stent, and a scheme for the curved boundary conditions was used to numerically simu-
late the stented cerebral aneurysms. The stream plots of flows in the aneurysms, the velocity profiles at the an-
eurysm orifice and the velocity reduction were obtained and analyzed to evaluate the effects of stents with different
rotation angles on treating cerebral aneurysms. Results With respect to velocity reduction, the best treatment
effect was achieved in the triangle stent with rotation angle of 180°, while the triangle stent without any rotation
caused the smallest velocity reduction. In addition, the dynamic differences were not obvious in triangle stents
with different rotation angles at small porosities. Conclusions The non-uniform LBM combined with curved bound-
ary conditions can be used to study hemodynamic characteristics of the cerebral aneurysm accurately, which pro-
vides reference for the design of such stent and also offers some guidance for intervention therapy in clinic.

Key words: Lattice Boltzmann method (LBM) ; Non-uniform mesh; Cerebral aneurysm; Stent; Hemodynamics
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Fig.1 Non-uniform mesh boundary diagram
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Fig.2 Schematic diagram of the curved boundary node
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Tab.1 Parameters of the aneurysm model

el dy d, dy/d, h Tn
SA 200 100 2 108 10
SSA 100 100 1 58 15.5
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Fig.4 Schematic of the stent model (a) The triangle stent without
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rotation, (b) The triangle stent with rotation angle of 90°,
(d) The

triangle stent with rotation angle of 270°, (e) The circular stent

(¢) The triangle stent with rotation angle of 180°,
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Tab.2 Porosity rate of different stent models
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Fig.8 Streamline charts of the flow in different triangle stents at aneurism orifice of the SA model with fine mesh
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Fig.9 Streamline charts of the flow in non-stented model and stented models with different porosities
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Tab.3 The velocity reduction at aneurism orifice inside

the aneurysm

v,/ %

SRR —_— e e R B
90° 180° 270° 2
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sp=35 58.32 59.01 60.69 59.70 59.30
sp=10 89.24 89.28 89.44 89.52 89.31
SSA & sp=20 73.45 74.83 76.92 75.36 74.97

sp=35 47.15 47.67 49.18 48.50 48.04
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Tab.4 The maximum difference values of velocity reduction in

different stents with the same porosity
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