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Abstract: Cardiovascular diseases takes many lives yearly, whereas atherosclerosis is on the top. Carotid
atherosclerosis disease considered as a multi-aspects disease and only by considering all of its aspects, a
comprehensive insight can be achieved. It seems that wall motion has great effects on arterial hemodynamics and Low
Density Lipoprotein (LDL)mass transport and concentration while LDL concentration is believed to be highly associated
with atherosclerosis plaque formation. The primary goal of this study is to investigate the wall elasticity effects on carotid
hemodynamics and LDL mass transport through carotid artery bifurcation as a challenging case due to its geometry and
location. The blood is modeled as Carreau fluid which is considered as a well-behavior model for blood. A pulsatile
speed profile applied as the inlet boundary and two-ways Fluid Structure Interaction (FSI) transient analysis is performed
to achieve more accurate. In order to investigate wall elasticity effects, the carotid bifurcation modeled as solid, linear
elastic and hyperelastic (Mooney-Rivlin). As the high LDL concentration can be considered as atherogenes is region
indicator, therefore, it is used as the criterion for assessing the different arterial wall assumption. The wall elasticity
effects on the hemodynamics are presented in three-time steps; early systole, end systole and end diastole. Results
show that linear elastic and hyperelastic models predict very alike flow pattern however wall deformation and behavior
are totally different. Results indicatet hat solid wall assumption is not appropriate for large and complicated arteries such
as carotid bifurcation. Hyperelastic model (Mooney-Rivlin) seems more relevant and one the second place, the linear

wall elastic model may be a good choice.
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1. INTRODUCTION

During recent years, due to full fat diets, smoking,
hypertension and some other risk factors,
cardiovascular disease especially atherosclerosis has
taken many lives in modern countries [1].
Atherosclerosis plagues mostly take form in locations
which flow deviates from its general pattern (such as
aorta, coronary and carotid sinus). In these areas shear
stress is low, LDL mass ratio is high, and flow
separation and recirculation zones may be observed. In
many numerical researches such as Perk told [2]
Marshall et al, [3] and the experimental works like [4]
arterial wall motion is ignored and wall assumed to be
solid.

Because of the wall elasticity plays major role in
converting pulsatile flow to more uniform flow, it seems
that solid wall model is not suitable for large arteries
like aorta and carotid.

Moayeri [5] and Zhao et al, [6] are used linear
elasticity in their works. Some papers like Stephan is
[7] investigate the wall elasticity module and report
different values by different methods. The arterial wall
has a multi-layer structure and when it stretches, it will
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become stiffer, so carotid bifurcation behavior is similar
to hyperelastic materials. One of the best hyperelastic
models is Mooney-Rivlin. Valencia [8] and Mehmet et
al, [9] use this model in their works. Blood modeled as
Newtonian [6] and non-Newtonian fluid [10] but is
accepted that if blood shear rate is more than 100(1/s),
blood behaves like a Newtonian fluid. In large arteries
in vicinity of the heart, due to high velocity, shear rate is
high and red blood cells move in parallel manner. In
this state, many researchers [6, 11] assumed that
blood is a Newtonian fluid but in arteries with more
complicated geometry like carotid bifurcation, flow
separation and recirculation may occur and therefore
shear rate becomes very low and we should not use a
Newtonian blood model. Many Non-Newtonian models
like Casson [12], Carreau [13], Carreau-Yassuda [14]
and power law models [14] are presented for blood
mimicking fluid. Among stall these models, Carreau
model seems to be the best choice. Often the out of-
plane curvature of the ICA ignored in average models
[2, 3]. There is variant 2D [12, 15] and 3D [10, 16]
carotid models. In 2D model secondary flow cannot be
seen. The 3D geometrical models divided in two
categories; the average model [15] and the realistic
model [16].

Due to some arteries complicated geometry (such
as carotid) the flow deviates from its main pattern. So
these arteries become potential to atherosclerosis. As
a result, low density lipoprotein (LDL) concentration
© 2017 Savvy Science Publisher
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increases and infiltrates the endothelial layer
(especially in hypertension) which leads to athero-
sclerosis plaque formation [17]. It is believed that after
infiltration, LDL molecules are oxidized and this causes
a chain of chemical interactions, which result plaque
formation factors to be absorbed [18,19,20]. Because
of plaque formation and consequently artery lumen
reduction, thrombosis is more likely to be trapped. Also
artery may be occluded or plaque may be ruptured and
may consequently cause plaque bleeding, recovering
and re-growing [17]. It assumed that infiltration is
higher in places with high LDL concentration. LDL
concentration increases in regions which are
associated with low shear stress, flow separation and
recirculation [18, 19]. So LDL concentration is a good
sign for plaque formation. Because of wall elasticity
role in flow properties and LDL concentration,
investigating wall elasticity effects on blood flow
domain and LDL mass transfer through carotid
bifurcation are the current study purposes.

In this study, three wall models have been used: 1)
solid wall, 2) linear elastic and 3) Mooney-Rivlin
(hyperelastic material). The Carreau model is used for
blood simulation. Also Fluid Structure Interaction (FSI)
analysis in elastic cases is performed to obtain more
realistic results.

2. PROPOSED MODEL

The schematic of the 3D averaged model of the
carotid bifurcation is depicted in Figure 1. The
geometrical model is structured according to the
Bharadvaj (1982) [21].

A ‘ Flow Divider

ICA
ECA
CCA

Figure 1: Averaged model of carotid bifurcation.

As shown Common Carotid Artery (CCA), Internal
Carotid Artery (ICA) and External Carotid Artery (ECA)

are coplanar and the flow divider is assumed as a blunt
nose. All cross section considered to be circular.

Figure 2 is shown the schematic of the 3D model of
the blood.

Figure 2: Blood model.

3. GOVERNING EQUATIONS

The continuity, Navier-Stocks and mass transfer
equations in 3D transient incompressible flow are used
as follows:

Continuity equation:
v.(V)=0 (1)

Navier-Stocks equation:
p (54 V.97) = —Vp+ VT +pF )

Mass transfer equation:

%"‘ V.(pVBu0r — pDyoy- VB ) =™ ®)
Where V,p,T,p,F and D,,, are velocity field, pressure,
stress tensor, bulk density, body force, and LDL
diffusion coefficient in blood respectively. LDL mass

p LDL
p

ratio (@5 ) is equal to . Also m™ is mass creation

rate. Bulk density was considered 1060 Kgg‘mg[22]. At
37°C, LDL diffusion coefficient in blood (Dyp; ) is equal
to 2x1073 M/, 23],

3.1. Blood

Blood consists of Blood Cells and plasma [22]. The
upper limit and the lower limit of blood viscosity are
0.056pa.s and 0.00345pa.s respectively [24]. The
Carreau model is used to simulate blood viscosity in
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stress tensor of Navier Stocks equation. The Carreau
viscosity equation is as follow:

Bopr = o+ (g — pe) (14 A7 2" (4)

Where A, [ i and n are constant, ¥ is effective
deformation rate and [.s¢ is effective viscosity. For
blood ity A andnare 0.00345Pa.s, 0.056Pa.s,
10.976 and -0.3216 respectively [14].

3.2. Arterial Walls

In this research, wall modeled as solid, linear elastic
and hyperelastic. In case of solid model, only blood
model can be used. In linear elastic model, stress-
strain relationship defines as below:

o =Es (%)

Where o, E and ¢ are stress tensor, linear elasticity
module and strain tensor.

In fact, the artery wall behaves as a hyperelastic
material. The Mooney-Rivlin model is one of the best
hyperelastic material models that express relation
between strain energy and strain invariant. This strain
energy function is given by:

W, = C, (I, —3)+C,(I,—3) +

Ci(L, =3 +C,(,-3)1,-3)+
C(L,—3)P+cC.(,—-3)°+ (6)
C,(I, —3)*(1,—3) + C(1, —

N -3 4+C(L,—-3)°%+

D1(EEP[:52([1_ 3))_ 1

Where W, and I, are strain energy density and strain
invariant respectively. For arterial wall, C; (i=1 to 9), D,
and D; are 0,2613.4Pa and 8.5 [25].

Arterial wall thickness is between 0.08-0.1 artery
lumen [6]. In this study arterial wall thickness has been
considered 0.1.

Also Fluid Structure Interaction (FSI) analysis in
linear elastic and hyper elastic models is performed. In
fluid-structure interaction analyses, fluid forces are
applied onto the solid and the solid deformation
changes the fluid domain. The interaction occurs along
the interface of the solid and fluid domains. The FSI
analysis represents the most accurate results in large
arteries like carotid bifurcation [10, 26].

4. BOUNDARY AND INITIAL CONDITIONS

The initial conditions are assumed as follow:

V,=0,V, =0y, =0.0705 ™/,

These values are equal to the last CCA inlet
velocity, in a cardiac cycle.

Also,
@pn; =0, m"=0 at walls.
The boundary conditions are assumed as follow:
ICA outlet: Free boundary condition
ECA outlet: Free boundary condition

CCA inlet: ©@,,, =1 and pulsatile velocity (Figure 3).

» 0.25 —CCA Inlet Velocity

=]
~

Velocity(m/

0.1

=)
=)
a

0 02 04 0.6 08 1
Time

Figure 3: Velocity wave in CCA inlet B.C [14].

As shown in figure 3, blood flow in CCA inlet is
completely pulsatile [2].

Reynolds number: Re= 118 to 728 (based on the
common carotid artery entrance).

5. NUMERICAL SCHEME

In this study a commercial software package based
on finite element method (ADINA) is used. An
unstructured mesh and structured mesh are used for
the blood and the artery wall respectively. A coarse
mesh applied and 26 times refined until mesh size
independency achieved. Figure 4 is shown the grid
study.

Finally, the 180113FCBI-C(fluid Flow Condition
Based Interpolation) elements (720452 nodes) and the
3500 solid elements (28000 nodes) are used. After 2
cycles, the relative fluid and mass transfer variables
error was less than 2 percent; so all results is
presented from second to third cycle.

The applied method for FSI analysis is iterative and
three 2.4Giga Hz processors with 4Giga bytes RAM
within three days are used to obtain 3-cycle converged
solution.
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Figure 4: Grid study (axial velocity, CCA middle).

a

Figure 5: Cross sections: (a) ICA inlet (b) ICA sinus (c) axial plane (d) Walls positions.

6. RESULTS

The propose of this study is to investigate wall
elasticity effects on flow domain and LDL mass transfer
inside of carotid bifurcation. To investigate the flow
phenomena in carotid bifurcation, three cross sections
were selected: one cross section at the inlet, one cross
section at sinus region of internal carotid artery and the
other cross section selected at axial plane of common
carotid artery for better flow phenomena sight. (See
Figure 5)

Velocity vector plot and LDL Mass Ratio (MR) band
plot in three non-dimensional times are shown in
results. These non-dimensional times are early systole

(¥t =0.2), end systole (t/ft; =0.35) and end diastole

(Vt;=0.9)) of a cardiac cycle time (f;). In many
researches such as Sui et al, [27], low WSS introduced
as an important factor of atherosclerosis plaque
formation. So wall shear stress (WSS) components at
sinus region are plotted.
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6.1. Velocity Vectors

In this section, velocity vector plots for better
understanding of flow phenomena like vortexes and
flow direction are presented.

The velocity profile at the entrance of internal
carotid and early systole is shown in figure 6. In
Mooney-Rivlin and linear elastic models, flow moves
from non-divider wall (through the anterior and
posterior walls) toward divider wall but in solid model,
flow is weaker than the two other models. In solid
model, the flow uniformly moves from non-divider wall
towards divider wall.

As shown in figure 7, the Mooney-Rivlin and the
linear elastic models predict similar flow patterns at the
entrance of internal carotid at end systole. In these
models, flow moves from non-divider wall toward
divider wall through posterior wall. Also two vortexes
can be observed; one clock wise (CW) vortex at
anterior side of divider wall and the other a contra clock
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Figure 6: Velocity vector plot at ICA entrance and early systole (t/t,=2.2). From left to right: Mooney-Rivlin, linear elastic and
solid models.
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Figure 7: Velocity vector plot at ICA entrance and end systole (t/t,=2.35). From left to right: Mooney-Rivlin, linear elastic and
solid models.
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Figure 8: Velocity vector plot at ICA entrance and end diastole (t/t,=2.90). From left to right: Mooney-Rivlin, linear elastic and
solid models.

wise (CCW) vortex at anterior side of non-divider wall. of the cross section at the entrance of internal carotid
The solid wall model predicts low magnitude and highly at end diastole. The bigger vortex (CCW) locates at
unidirectional flow from non-divider wall to divider wall. non-divider wall and center regions and smaller one

(CW) can be seen at anterior side of divider wall. Again
in the solid model flow is weaker and its direction is
from non-divider wall toward divider wall.

As shown in figure 8, the Moon-Rivlin and the linear
elastic models, two large vortexes occupy the most part
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Figure 9: Velocity vector plot at ICAsinus and early systole (t/t,=2.2). From left to right: Mooney-Rivlin, linear elastic and solid

models.
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Figure10: Velocity vector plot at ICAsinus and end systole (t/t,=2.35). From left to right: Mooney-Rivlin, linear elastic and solid

models.

The velocity profile at sinus region and early systole
is shown in figure 9. In the Mooney-Rivlin and linear
elastic models, divider wall vortex (CW) is very larger
than non-divider wall vortex (CCW) and approximately
occupies 60% of the cross section. Non divider wall
vortex is highly stretched and locates on the anterior
side of non-divider wall. The velocity magnitude in
Mooney-Rivlin model is higher than linear elastic
model. Again, solid wall model predicts lower velocity
magnitude and high unidirectional flow from non-divider
wall to divider wall.

The velocity pattern at the sinus region and end
systole is similar to early systole results for the
Mooney-Rivlin and linear elastic models. But in solid
model, blood moves from non-divider wall and flows
toward other three walls. These results are shown in
figure 10.

The velocity profile at sinus region and end diastole
is shown in figure 11. In the linear elastic and the
Mooney-Rivlin models, two vortexes are very similar to
their end systole status results but are more stretched.
In solid model, the flow direction from non-divider
toward divider wall is fixed and no vortexes can be
observed.

Figure 12 is shown the velocity profile at axial
cutting plane and early systole. As shown in the elastic
and Mooney-Rivlin models, flow mostly transfers from
CCA in vicinity of non-divider wall to ICA and
accelerates at ICA outlet. In Mooney-Rivlin model, flow
in ECA skewed towards divider wall but in linear elastic
model high value velocity occupies entire of ECA. Also
Mooney-Rivlin model predicts higher velocity values
than linear elastic model. In solid model flow is very
uniform and moves parallel to CCA axis and moves like
a wave.
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Figure11: Velocity vector plot at ICAsinus and end diastole (t/t,=2.90). From left to right: Mooney-Rivlin, linear elastic and solid

models.
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Figure12: Velocity vector plot at axial plane and early systole(t/t,=2.2). From left to right: Mooney-Rivlin, linear elastic and solid

models.
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Figure13: Velocity vector plot at axial plane and end systole(t/t,=2.35). From left to right: Mooney-Rivlin, linear elastic and solid

models.

Figure 13 is shown the velocity profile at axial
cutting plane and end systole. Results show that in
Mooney-Rivlin model, the flow concentrates in center
regions of CCA and a big vortex occupies the most part
of ICA sinus in Mooney-Rivlin model. Also a separation
zone can be seen at non-divider wall of ICA entrance.
In this model, Flow enters from ICA to ECA through
blunt nose flow divider, but in elastic model flow in ICA

becomes so week and also a separation zone can be
observed at non-divider side of ECA entrance. In solid
model, flow moves like a wave that passes through
CCA to ICA and ECA and no vortex can be observed.
The velocity magnitude in the Mooney-Rivlin and the
solid wall models are higher than the linear elastic
model.
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Figure14: Velocity vector plot at axial plane and end systole(t/t,=2.90). From left to right: Mooney-Rivlin, linear elastic and solid

models.

|—'!
MASS_RATIO_1

TIME 2-200
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Figure 14 is shown the velocity profile at axial
cutting plane and end diastole. In the Mooney-Rivlin
model, flow in ICA region is so week and enter to ECA
through blunt nose flow divider. In the linear elastic
model, one large vortex occupies most part of ICA and
flow moves from ICA to ECA near blunt nose flow
divider. In the solid wall model uniform flow is seen in
all regions. But vortex and back flow are absent. The
velocity magnitude in the linear elastic model is higher
than the other models.

It can be concluded that except velocity magnitude,
Mooney-Rivlin model and linear elastic model behave
very similar to each other, but solid model is unable to
predict secondary flow, vortexes, separation and back
flow regions which is in contrast with helical flow
phenomena in ICA. This model predicts a very uniform
and unidirectional flow.

6.2. LDL Mass Ratio

The LDL concentration (or mass ratio) is a primitive
symptom of LDL particle accumulation helps us

diagnose areas that are face to atherosclerosis plaque
formation. Therefore comparison between LDL accu-
mulation, which obtained from result and clinical data
can be a key to choose best wall model for large
arteries like carotid bifurcation.

Figure 15 is shown the mass ratio at the entrance of
internal carotid and early systole. The Mooney-Rivlin
and the linear elastic models predict high-value LDL
mass ratio at center towards divider wall and the other
regions have the low value LDL mass ratio. The
maximum values can be observed near divider wall.
The solid wall model shows maximum values at
anterior and posterior sides of non-divider wall and low
values at the other regions.

Figure 16 is shown the mass ratio at the entrance of
internal carotid and end systole. In this step all models
show high LDL mass ratio through all of the cross
section but the solid wall model predicts higher values
(near twice) than the other models. The Mooney-Rivlin
and the linear elastic models show a lower LDL mass
ratio near center of cross section.
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Figure 17 is shown the mass ratio at the entrance of
internal carotid and end diastole. The Mooney-Rivlin
and the linear elastic models predict high LDL mass
ratio near the divider wall and center. Also the low LDL
mass ratio is seen near the non-divider wall. The solid
wall model shows very similar pattern to early systole
(high LDL mass ratio regions become larger). In the

solid model, the LDL mass ratio magnitude in high
region is so higher than the other models.

As shown in figure 18, for the Mooney-Rivlin and
the linear elastic models the maximum LDL mass ratio
values are seen at center and near divider wall at sinus
region and early systole. In the linear elastic model
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there is no evident border between low and high
regions. In the solid model high and low LDL mass ratio
values are observed at anterior side of non-divider wall
and a region that extended from non-divider wall to
divider wall through center line, respectively. Again in
the solid model, the LDL mass ratio magnitude is so
higher than the other models.
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Figure 19 is shown the mass ratio at sinus region
and end systole. The Mooney-Rivlin and the linear
elastic models show high values at posterior region of
the cross section and low values at anterior wall toward
non-divider wall. But in the solid wall model a relative
uniform mass ratio region can be seen in all over the
cross section, which is higher than the other models
prediction.
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Figure 19: Mass ratio band plot at ICAsinus and end systole(t/t,=2.35). From left to right: Mooney-Rivlin, linear elastic and solid

models.
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Figure 21: Mass ratio band plot at axial plane and early systole(t/t,=2.2). From left to right: Mooney-Rivlin, linear elastic and

solid models.
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Figure 20 is shown the mass ratio at sinus region
and end diastole. The Mooney-Rivlin and the linear
elastic models predict high LDL mass ratio at center
and anterior side of divider wall and low values at the
posterior side of the non-divider wall. In the solid model
the high LDL mass ratio exists at anterior side of non-
divider wall and low values at divider wall. The Solid,
Mooney-Rivlin and linear elastic model predict higher
LDL mass ratio values respectively.

Figure 21 is shown the mass ratio at axial cutting
plane and early systole. In Mooney-Rivlin and linear
elastic models, maximum value of LDL mass ratio
locates at the entrance of CCA and its minimum value
exists near ICA and ECA non-divider wall entrance. In
the solid wall model, the high LDL mass ratio value
exists at CCA inlet and ICA and ECA outlets. The other
regions have low values and the LDL mass ratio
distribution is nearly symmetric in ICA and ECA.

Figure 22 is shown the mass ratio at axial cutting
plane and end systole. In the Mooney-Rivlin and the
linear elastic models, the high LDL mass ratio exists at
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ECA divider wall, ICA divider and non-divider wall. The
lowest values can be observed at ICA outlet. In the
solid model, all of the bifurcation regions have high
values and the other regions have relatively low values.
Also the linear elastic model shows the higher LDL
mass ratio values than the other models.

Figure 23 is shown the mass ratio at axial cutting
plane and end diastole. The Mooney-Rivlin and the
linear elastic models show higher and lower the LDL
mass ratio near the divider wall of sinus and the non-
divider wall entrance of ICA respectively. In the solid
model CCA and bifurcation regions have low and ICA
and ECA outlet have high LDL mass ratio respectively.
Also the linear elastic model predict higher LDL mass
ratio than the other models.

6.3. Wall Shear Stress(WSS) and Wall Displacement
in Sinus Region

Sinus region of ICA is the most prevalent to
atherosclerosis plaque formation. In many researches
low WSS introduced as an important factor of
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Figure 22: Mass ratio band plot at axial plane and end systole (t/{,=2.35). From left to right: Mooney-Rivlin, linear elastic and

solid models.
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Figure 23: Mass ratio band plot at axial plane and end diastole (/t,=2.90). From left to right: Mooney-Rivlin, linear elastic and

solid models.
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atherosclerosis plaque formation. So WSS and wall
displacement investigated in this area.

6.3.1. Wall Displacement

As shown in figure 24, the Mooney-Rivlin (M-R)
model predicts more displacement at both divider and
non-divider walls rather than the linear elastic model.
Also the solid model has no wall displacement. In all
elastic models, non-divider wall displacement is more
than divider wall displacement.
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Figure 24: Sinus walls displacement.

6.3.2. XY-Wall Shear Stress

The XY-Wall shear stress is shown in figure 25. At
non-divider wall, the linear elastic model predicts the
maximum value and the Mooney-Rivlin model has the
second place. For divider wall, XY-WSS in linear elastic
model is more than the Mooney-Rivlin model.
Therefore the Mooney-Rivlin model predicts the lower
WSS at sinus region than the linear elastic model. Also
XY-WSS for the solid model is very smaller rather than
the other models and is near zero for divider and non-
divider walls.
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Figure 25: XY-WSS at sinus.

6.3.3. XZ-Wall Shear Stress

The XZ-Wall shear stress is shown in figure 26. The
Mooney-Rivlin (M-R) model predicts lower XZ-WSS

component value at the divider wall rather than the
linear elastic model. Also these phenomena can be
seen at the non-divider wall. In the solid model XZ wall
shear stress, has the lowest values at two sides of the
sinus like XY-WSS.
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Figure 26: XZ-WSS at sinus.

6.3.4. YZ-Wall Shear Stress

The YZ-Wall shear stress is shown in figure 27. The
Mooney-Rivlin (M-R) model predicts higher values at
divider and non-divider walls than the linear elastic
model. At peak systole, in the Mooney-Rivlin model at
divider and non-divider wall YZ-WSS is the same. It is
important to note that in the linear elastic model at
divider wall during the cardiac cycle, except in peak
systole, YZ-WSS is negative. In the solid model, the
YZ-WSS are very low and is nearly zero, which is
similar to the other WSS components.
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Figure 27: YZ-WSS at sinus.

CONCLUSION AND DISCUSSION

In this study, we investigate the wall elasticity
effects on the blood flow and the wall motions. Blood
modeled as Carreau and three wall model selected: (1)
hyperelastic model (Mooney-Rivlin) (FSI analysis
performed) (2) Linear elastic model (FSI analysis
performed) and (3) Solid wall model.
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Results show that the Mooney-Rivlin and the linear
elastic models approximately predict very similar
velocity patterns and values in all cross sections. But in
the solid wall model vortexes are absent and the LDL
mass transfer represents like a wave that initiates
moving from CCA inlet and disperses to ICA and ECA
through bifurcation. Also the linear elastic model and
the Mooney-Rivlin model show similar LDL mass ratio
distribution. Only the linear elastic model predicts the
higher LDL mass ratio than the Mooney-Rivlin model.
The Mooney-Rivlin and the linear elastic models just
differ from each other at the absolute minimum and
maximum of LDL mass ratio.

Also the Mooney-Rivlin model at the X-Y and the X-
Z components at the divider and the non-divider walls
predicts lower WSS values than the linear elastic
model. This result for Y-Z component is vice versa. The
solid wall model predicts very low values at both sides
of sinus region, which is not confirmed by experimental
results.

Based on this simulation, the wall and blood
behavior are different in the solid and the linear elastic
or Mooney-Rivlin models.

It seems for arteries like carotid bifurcation, which is
located in heart vicinity, the solid wall model is not
adequate. The Linear elastic and the Mooney-Rivlin
(hyperelastic) models are very similar in flow field and
the LDL mass transfer. In arterial wall simulation, the
Mooney-Rivlin model predicts lower X-Y and X-Z WSS
components in comparison to the linear elastic. The
linear elastic model predicts lower Y-Z WSS than
Mooney-Rivlin model.

There is not very important difference between the
liner elastic and the rubber like material model results
to predict the flow pattern and LDL mass transfer. But
the Mooney-Rivlin model would be more accurate to
simulate the wall behavior.

At the end, we report that the hyperelastic models
(Mooney-Rivlin) are the best arterial wall model for
large arteries like carotid bifurcation and also the linear
wall elastic model is in the second place and shows
more acceptable behavior in comparison with the solid
wall model.
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