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hemodynamic parameter is not been ignored.
It is found that most studies have been in the left main
coronary bifurcation, although the right coronary artery
(RCA) has been attractingso me recent interest [8]. So the
analysis of solid-fluid couple of the right coronary artery
is studied in this paper.

Abstract
The variation of the hydrodynamic parameters of the
coronary artery is researched while the elastic property
of the blood vessel and the effect of the heart muscle are
considered. The coronary artery with geometry branches
is reconstructed using the software Mimics based on the
clinical detection of CT images of coronary angiography.
Spring elements connected the vascular wall are used to
simulate the effect of elasticity of the heart muscle. The
effects of the material properties on hemodynamic
parameter can be obtained by solid-fluid coupled analysis
using the finite element method. The results show the
blood velocity decreases with the decrease of the elastic
modulus of the vascular wall and the blood velocity is
highest when taking the vascular wall as rigid body. And
the blood velocity increases with the decrease of viscosity
of blood.
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2.

3-D reconstructed coronary artery

The 219 CT images of coronary angiography of
healthy human body are from Beijing An Zhen Hospital.
The three dimensional reconstructed of the right coronary
artery with geometry branches is reconstructed using the
software Mimics, shown in Figure 1.

Introduction

Atherosclerosis is a kind of multifactorial disease in
which conditions such as high cholesterol level, high
blood pressure, which has been the subject of numerous
previous investigations [1-4]. Most studies have been in
the research on hemodynamics, in which the blood vessel
is assumed as rigid body. However, coronary vessels are
surrounded by myocytes, which contract and relax
constantly and exert the periodic mechanical influence on
coronary vessels and flows. The mechanical interaction
between myocardium and coronary vessels yields the
unique profile of coronary flow velocity [5]. Data show
that the angle of cyclic flexion, and consequently the
stresses due to cyclic flexion of the artery were greatest in
the region of plaques that progressed over the period of
observation. Such stresses may have contributed to tissue
damage or fatigue resulting in a more rapid progression of
the atheromatous plaques [6]. Thubrikar's study describes
a rabbit model in which cast placement at reduced arterial
pressure leads to inhibition of atherosclerosis at arterial
branch sites [7]. Therefore, the coupled action of the
coronary vessels and the blood should consider, and the
effects of the material properties on the variation of the
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Figure 1. Three dimensional reconstruction of the
coronary artery.

3.

Coupled solid-fluid simulation

3.1.

Finite element model

The finite element model can be gotten using the
software Adina. The shell element is used to simulate the
blood vessel wall. In order to simulate the effect of
elasticity of the heart muscle, the spring elements are
connected the vascular wall, shown in Figure 2. The
materials properties of the blood vessel are taken as linear
elastic materials, whose elastic modulus is taken as 1MPa,
and the Poisson’s ratio is taken as 0.49. The spring
stiffness is taken as 10N/m.
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contains some periods of reverse flow as well as periods
of rapid acceleration and deceleration[4]. In order to get
the stable results, the three cardiac cycles are calculated,
shown in Figure 3. The reference pressure at the outlet is
taken as 120mmHg.
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Figure 2. Finite element model of right coronary artery.
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The blood is simulated using the brick elements, which
are built using the software Adina based on the model of
blood vessel. The blood is supposed as Newtonian flow,
whose viscosity is taken as 0.0039235kg/ms and the
density is taken as 1056kg/m3. The Reynolds number,
which characterizes the ratio of the convective inertial
forces of the fluid to the viscous forces, has an average
value of Re=600. Under these conditions, the character of
the flow can be safely presumed to be laminar.
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Control equation

4.

∇⋅v = 0
where v is the 3D velocity vector, P pressure, ρ
density.
The behavior of the blood vessel can be governed by
the following equation
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Results and discussion
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i, j = 1, 2,3
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where σ is the stress tensor and the u is the
displacement.

NODE 1502
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It is found that there is the maximum value of the
velocity at the node 1502 and the velocity of node 1502
varies with the time is shown in Figure 4. It is shown that
the results of the second cardiac cycle are similar as the
results of the third cardiac cycle. Therefore, the results of
the second cycle are taken as the results. In the second
cycle, the minimum value of velocity is at the time 1.147
and the maximum value of the velocity at the time 1.856.
Therefore, the results at the time 1.147 and 1.856 are
given in the following.

∂v
+ v ⋅ ∇v = −∇p + µ∆v
∂t

d 2 ui
= σ ij , j
dt 2
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Due to the entrance of the coronary artery is connected
with the aorta, the boundary condition of the entrance of
the coronary artery is taken as fixed. In addition, the
normal velocity and normal force must keep continuous
on the interface of the solid and fluid.

and the continuity equation
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Figure 3. Inlet velocity.

To study the behaviour of blood flow in the right
coronary artery, it must be assumed that blood can be
represented by an incompressible fluid which is governed
by the Navier-Stokes equations

ρ
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Boundary conditions
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The boundary conditions required to solve the
governing equations are as follows. On the solid walls of
the artery (which are assumed to be elasticity), the no-slip
condition is imposed on the velocities. At the inlet of the
artery a uniform inlet velocity profile with the time
varying forcing function given according to the right
coronary artery of a normal 56-year-old female and
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Figure 4. Velocity at the node 1502.
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3.0

4.1.

Velocity distribution

4.2.

The distributions of the velocity at the time 1.147 and
1.856 are shown in figure 5.

Pressure distribution

The pressure in the blood vessel at the time 1.147 and
1.856 are shown in Figure7.

(a) t=1.147
(a) t=1.147

(b) t=1.856
(b) t=1.856
Figure 5. Distribution of the velocity.

Figure 7. Distribution of the pressure.

4.3.

There are the low velocity field of the blood flow at the
curve part of the blood vessel and neighborhood of the
branches of the vascular wall. For example, the
distribution of the low velocity field at the time B is
shown in Figure.6. The colored zone represents the
velocity is larger than 0.11m/s, and the block zone
represents the velocity is smaller than 0.11m/s.

Displacement of blood vessel

The displacement of the blood vessel at the time 1.147
and 1.856 are shown in Figure 8.

(a) t=1.147
Figure 6. Low velocity field.

(b) t=1.856

Figure 8. Distribution of the displacement.
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It is found that the effects of the elastic modulus of the
blood vessel on the velocity of blood are not obvious. The
reason might be the movement of the heart is not been
considered although the effect of the elasticity of the heart
muscle is simulated using the spring elements.

4.4.
Effects of material properties on
hemodynamic parameter
It is often found that the elasticity of the blood vessel
will change for patients with elevated blood pressure. The
velocity vary with the variation of the elastic modulus of
blood vessel should be considered. The variations of the
elastic modulus of the blood vessel are taken from 1 to
5MPa. At the same time, the case which the vessel wall is
assumed as the rigid body is calculated. The results are
shown in Figure 9. It is found that the blood velocity
decreases with the decrease of the elastic modulus of the
vascular wall and the blood velocity is highest when
taking the vascular wall as rigid body.
It is obvious that the velocity will decrease with the
increase of the viscosity of blood, shown in Figure 10.
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Figure 9. Velocity variation with the different elastic
modulus of blood vessel.
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Figure 10. Velocity variation with the different viscosity
of blood.
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