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EFFEECTS OF NON-NEWTONIAN FLUID MODEL ON HEMODYNAMICS
IN CEREBRAL SACCULAR ANEURYSMS

J.-S. Park* and S.-W. Lee™

The importance of shear thinning non-Newtonian blood rheology on the hemodynamic characteristics of
idealized cerebral saccular aneurysms were investigated by carrying out CFD simulations assuming two different
non-Newtonian rheology models (Carreau and Ballyk models). To explore effects of vessel curvature, a straight and
a curved vessel geometry were considered. The wall shear stress(WSS), relative residence time(RRT) and velocity
distribution were compared at the different phases of cardiac cycle. As expected, blood entered the aneurysm at the
distal neck and created large vortex in both aneurysms, but with higher momentum on the curved vessel.
Hemodynamic characteristics such as WSS, and RRT exhibited only minor effects by choice of different rheological
models although Ballyk model produced relatively higher effects.

We conclude that the assumption of Newtonian fluid is reasonable for studies aimed at quantifying the
hemodynamic characteristics, in particular, WSS-based parameters, considering the current accuracy level of medical

image of cerebral aneurysm.
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Table 1 RMS differences in the wall shear stress(dyne/cmz),
relative to the Newtonian model

Carreau Ballyk

Straight vessel
time-averaged 0.3181 (6.6%) 0.4458 (9.2%)
peak systolic 0.5398 (7.4%) 0.6922 (9.5%)
end-diastolic 0.2800 (8.4%) 0.4099 (12.3%)
deceleration 0.2957 (6.2%) 0.3830 (8.0%)

Curved vessel
time-averaged 1.2342 (6.5%) 1.3619 (7.1%)
peak systolic 2.5267 (7.2%) 2.7530 (7.8%)
end-diastolic 0.9722 (9.3%) 1.0483 (10.0%)
deceleration 1.3373 (6.9%) 1.4112 (7.2%)

Bl A ol W AUl eR s & AolE Hol=
RAE & 4 9lon E3] Ballyk 229 7$- Carreau ol
H3le] AA o R TS & Aol BHYrh HH E A
o] Ballyk 229 A& Al¢jsta BE A9 Hl5-FEYL
F A 2 Aol st JF2 10% olstE HERAILE ¢

B e EU1E fEolAe] dRway 2o

A& i*}} Lee %—[YH Ao} 52 6}E‘r Lee 52 7

D 3MolA 2 gowshy mas

bl
4
%}xga»z A5 0 B WSS sl Ao
*

b PO i

o U flf dp off o T
o
¢ 2

%Himage processing error)= <1 q=

A7) wpo] Agwsty md M) Fai urhe 4

g3t gae mdol urh Fage B

AA R G wd vl s Bys] )
Bol A Be WS M Qe ENE 47 9L o
B e 7o 9 CPD &4 A, om g sld= B
34+ #€](image processing) JJrﬂOﬂ e E7He o
27} EASA =W, o7]4 71918 B84 (uncertainty) &
Fole] Wi Rt 54 vﬁ*éé ArH o okahA
Aoz Fhtgch

SEAR WA B f4 RE W LEF EG AT
wE U 2 s 2P 4R s slow el
A 9tk Fig. 5 AR the REug b WA A
HEE U AEREE el 382 K nRw)
HEARAN B B SEFS AL HEUG e
FE RARE & 5 Aok 53 A ) AR
A FYBRIL ASAF A9 AT Sl Jrjme
2 43l $EERA A% HEUE dene ue ure
Faslol MEAF AN ASE 2 Fione)E s
A% o gtk A4 maEne] 9 AAHOR ¥EUR
W fEel 45 e 24 BaR x5 499 &
AT 9 FE9 SEYo] rjHoz Ao} UR 5



3 HE

il

=

F 3FATAAM MFSEUS FA 2] JF

A16d, A23, 2011. 6 / 85

—
i)
—

(b)

()

Straight Vessel

Newtonian Carmreau

1%
()
()

K
00006
eN00e
eN0808N

024
020
016
012
008
o

Ballyk

Curved Vessel
Carreau

Newtonian

Fig. 5 Comparison of velocity magnitude (normalized with respect to time-averaged velocity at the parent artery) at the different
cardiac phases (a) peak systole (b) end-diastole (c) deceleration phase
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Fig. 6 Comparison of viscosity distribution (normalized with respect to Newtonian viscosity) at the different cardiac
phases (a) peak systole (b) end-diastole (c) deceleration phase
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