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Numerical Simulation of Non-Newtonian Blood Flow
Near a Cerebrovascular Branch with an Aneurysm
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This study deals with numerical simulation performed on pulsatile blood flow near a typical
cerebrovascular branch with an aneurysm. Non-Newtonian properties of the blood is taken into
account in this simulation by use of Carreau-Yasuda viscosity model. The aneurysm concerned takes
the shape of sphere, this simple geometry being chosen for the sake of wide range of parametric
studies. The numerical studies using a commerical solver CFX-5 (ANSYS), which employs un-
structured grid system with clustering of prism-type elements near the cerebrovascular artery and
aneurysm walls, reveal the important effects of several parameters such as aneurysm angle or
bifurcation flow ratio upon magnitude of wall shear stress and its gradient on the wall. Besides, an
attempt is also made using several models of the aneurysm with different sizes to clarify how and to
what extent the appearance of the aneurysm changes the flow field around the bifurcation without
aneurysm.
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Tablel Flow analysis conditions

Boundary Conditions | Inlet: velocity profile specified
(paraboloid of revolution)
Outlet : flow rate fixed
Wall : non-slip
Viscosity : Carreau-Yasudamodel
Density : 1.05 g/em’
Reference Pressure : 0 Pa
Time Step 10% s
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Fig.1 Schematic of aneurysm model

Fig2 Mesh system for blood flow analysis

2 H X E®E T
AR CHRA LIZHEET VER LIRT. 20
EFUL, 1AROBEL Y PRI LTz 2 KO
A, BROGIENAFAET DERIE O DR S 4
T\, EEAY, MEEOESIZ T 6mm & L

7 TR b (BYTE EBOEEE L D) 13,

FELL R BT AL RS 16 LLETH D

LWORIROZBREICLTC, ZTOE 2 L7 mE
ERIMEOOHE, BELEH 3 mm & L, il
EEE 1200 ThD. DR COMTES~DA L)
H OB AR BT 572, BEROIEOES
A ENEIMEEROK 54 % (160 mm) KU¥ 34
% (100 mm) & U7z, F£72, #E - E O
TE CEDIE R EVND) L Ealissh s Do
AR CUBEAK LIRS (LT, 4fBEOmA
E O, 15, 20 KO'30 ) AL IBE A,
BOMIEGREILIZ1 - 1 RO2 1 1O @Y ThbH.

B 1R EEET L% 3T CAD TYERL L7214,
kR AR 7~ ICEM CFD (ANSYS) T CAD &
— FETIRATr, K2 DX D IR EARR LT, HiR
Bud# 130 77, EREIK 208 HTHDH. BERFED
TNERER O 257280, BEIBHZITT ) XA
FEFEA L. IHEERT2AV5E, BEREOR
+53 723 B OBERE T OER OB EE) TIE 2 &
XL, AEIC—RRAT D=2 — b UIRIEDTALA
— KT R ZFHUCE THNCFREETE N
L, i, ARBEESRCEERE 2 RE LI5S
W2 Z DGR ERERFTE 72N L ARBR LT\ D
B, Z ORERTAEROBICEREL, K218
HEME T ERERL L., OB PRV T=a2—
ERDTIN RN, BUEA R TO—ERITh
S, BRI ClERd i & A 5 AR SR
THIELEMERLTND.

3. MW F E

FUBRAEYT Y 7 b CFX56 (ANSYS) ZFC,
FEEHIEENIE= 2 — D AT 21T o 72, ELiE
TR LT Veu . BRI EE FRFRETHE R
it ¥ —D origin3800 (sg) ZFUFA L7-. f#HTELE
ERUITRY. AR UCTHENT 2 s % 5
Ao, EEORFRINZE L 2 — & LT, BB
Lo TH LT 20 REMEEBNRC OUHERTY 1 A
SEEALEZ (X3) . ALEESMICE, o103
ELENE LT, RO TCEEENK 3 T
OHPE T 2HES A (BERHmE) %547
IEEHAHEDOBAT v 71311028 & LTz, IEEFFT
BEITHORNG, 0 sITRV HHBITHE 2 i AEE &
LCEFRAEZIT, ThEAVEMES Lo, SRR R
Ty THOBRKERD IR UERE 10 [E & L, RREE
104 % FaE -7z & SPGR LIz & B LT,

MEDOIE=a2— b ME2ZEST 5729, Carreaw
Yasuda ¥SEETNERA L. ZOETVTHE, #
PRI RO L 5 1252 BB,



BN % 1 5 BUEIIRTIBES & 0 D DI = 2 — b > ST 3

H, —H.
(1+(27)) M

U, :1.6x10"Pa-s , u_:3.5x107Pa-s
a:123, b:0.64 , 1:82s

w(y)=p.+

RO F ORI T~~~ 7 U v ME 45%D ik
IZRETAETHD. Ty XTOTHEET, OF
HHET vV v e={e, } AU TSNS,

7=\2¢,6,. € =(du,/ox +du /3x,)[2 @

KD TEHE SN ARMHRE & OF 758 & DORIRE
AT RMEIROIMFEO O Zs T 100 81 &K
L HEDZ ENEETH VO, ZOHER 45 B
LOVRERC, —fRICiE=a— R Uitk E LTRO 2 &
(2725705, BNREEZME O %HE, BANTORILD L EH
WRRERANTRI SN, OFTREEER T L) =
h AEDRBEE SN D.

AEFFETIE, LATORQ) TER S D BEREE AW
IEHWSS)DRE Xt | & 7, D2 ARIWSSG)
OREZ|Vr, | #AWT, WA THE L.

7, =2ue-n, ®

ZIZC, o, [ EERTOERNY ML THD. WSSG.
[ZOWTHE, NREICRT DIE8E RO B hil L
T FEEEK (hyperplasia) FEELOPIMEZR S 70 &
DOFREME AR T DR H 5 — T, LR rEE
HWESETHHRE®LH Y, WSSGHFRAUT & S i
BRIEOFHEMECRET 2IHE L LTHICH D0 DR
MTEE > TV Ve ABIFETIE, BBEOTDERG
BHANZBONTEHL WS,

4 & R ¢ E =

BEET)L LT CERCEIREN ORI D) &
BEEPE AT F14547 B OBERRE AT AECIZ DT
Fead b, FORE, X3 ORI LB TOREZL
BOW, XFD 4 SOEEMABIZIST ARERIZOVNT
DOHEFREEITY. D 4->OMHFEE 1, OhbEBILE
AR 002 ) OFRSHEERIERAREERER 0.1 o)
CIER AR 0229 @y NHEEIERH0.33 9),
Thb. 1HBICRIT 2 ERERROEEHEIC &
SLUA I NVZENL, BREE 180—630 THD (ks
PAFRH IO . 2

08 .
0.7 2

@ 0.6

€

> 05

304

o

Z03
2

J?'_w@vl\“w»' v

0 0.10203040506070809 1

Time{s]}

Fig3 Velocity variation of pulsatile flow
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Fig. 4 Viscosity variation with strain rate calculated by
Carreau-Yasuda model.
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Fig. 5 Inner surface development of the aneurysm model
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Fig 6 Instantaneous contours of shear stress characteristics on
the model surface and streamlines( bifurcation flow rate 1:1)
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aneurysm angle cases (bifurcation flow rate 2: 1)
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