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Abstract. This article analyses the fluid dynamic characters of bloodstream in Y-type coronary artery
based on fluid dynamics. Velocity at the inlet is given for boundary condition. The speed is equally
distributed. The fluid conditions of bloodstream at bifurcation and in branch vessels are analysed in
the main text. The velocity, pressure, shear stress and energy loss are studied in this process. The
results show that the vascular bifurcation is the optimal location for thrombus due to the low speed
and high pressure.

Introduction

Thrombus may block vascular, causing less blood supplies in human body. Once the unstable
thrombus falls off, it may remove with bloodstream to the other organs and cause organ functional
disease. According to statistical material, the number of deaths caused by vascular disease takes a
portion of 51% of total deaths caused by disease. It has become a main threats to human health.

According to research, thrombus mainly happens at the location of vascular bifurcation and
vascular bend. High speed and vortex are most likely to happen. [1]So the study of fluid characters is
meaningful both for theory development and in practical value.

The current studies on thrombus focus on clinic treatment[2], endovascular stent[3,4] and
theombolitic treatment[5]. This article studies the velocity and mechanical properties of bloodstream
passing through vascular bifurcation of Y-type coronary artery based on fluid dynamics and
hemodynamic.

The model of vascular bifurcation of Y-type coronary artery

Vascular bifurcations of coronary artery are normally classified by two different types, Y-type and
T-type. This article has built up a geometric model of Y-type vessel bifurcation of which the branch
angle is less than 70 degree.The model is built as shown in figure 1.

I
1 2
i
I —
lLe 5

Figure 1. Model of Y-type vascular bifurcation of coronary artery
Due to the radial deformation of coronary artery is much smaller the diameter, also the flexibility
of vessels will be reduced when vasculopathy occurs, thus the vessels of coronary artery can be
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equivalent to rigid circular pipe. Bloodstream is assumed incompressible in this article, and viscosity
is constant.

The speed of bloodstream equally distributed at the entrance of vessel (section 1-1), the speed is V1.
The bloodstream is flowing in laminar motion in vessels. The radius of main vessel is R, and length is
L., The radius of two branch vessels has same radius defined as R-, and be symmetrical about
X-axis. The vascular bifurcation of Y-type coronary artery is located horizontally. The gravity of
blood stream is ignored. The pressure of bloodstream at the entrance is indicated as P-.

The analysis of the location of vascular bifurcation

1. bloodstream at the location of vascular bifurcation

When bloodstream goes through the location of vascular bifurcation, the speed will be slow down
due to the influence of vascular wall, then vortex and turbulent fluctuation will take place.
Bloodstream will become a low-speed area in front of the vascular bifurcation. The pressure towards
the vascular wall will increase in a short time because of the speed change. According to the
momentum equation, the acting force against bloodstream which pass through the vascular
bifurcation can be described as Eq. (1):
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According to the relationship between acting force and reacting force, the acting force against
vascular wall on bifurcation position is shown as Eq. (2):
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The speed of bloodstream passing through the vascular bifurcation can be decomposed into 2
velocity components which are parallel to the axis of branch vessel and vertical to the axis of branch

vessel, indicated as Ve and Vo,
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There has been a significant change on the velocity component Vi of the area nearby upper
vascular wall of the lower branch vessel due to the acting force of vascular wall. So the wall shear
stress will be observably here. The wall shear stress will become higher along with the increase of the
branch angle. However, the wall shear stress will be lower along with the increase of the branch angle
nearby the lower vascular wall of the lower branch.

According to the symmetry of the branch vessels, the conclusion for upper branch vessel can be
drawing as well: the wall shear stress and pressure of lower wall will be significantly higher, while the
wall shear stress and pressure of upper wall will be lower.

High pressure agaist vessel walls may cause injuries to vessel wlls.[6] Meanwhile the hemocyte
and thrombocyte will accumulate at the location, so that it may become the optimal location for
thrombogenesis.[7]
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2. the bloodstream in branch vessels

According to Murray’ law, the relationship between the radiuses of branch vessel and main vessel
can be described as: the cube of radius value of main vessel equals to the total summation of the cubes
of radius value of each branch vessel. In this case, it can be revealed as Eq. (5):

R® =2R" (®)
When bloodstream flows in Y-type bifurcate coronary artery, the relationship of the speed of main

vessel bloodstream V2 and speed of one branch vessel bloodstream Vs can be indicated as Eqg. (6) :
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According to Eq. (30) and Eqg. (31), the fully-developed speed of bloodstream in branch vessels is
shown in Eq. (7):
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It is indicated that the speed will be lower after flowing into branch vessel, the speed of branch
vessel is 2° times of the speed in main vessel. According to Newton Shear Theorem:
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The speed distribution is revealed in figure 2 down below:
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Figure 2. The speed distribution of Y-type bifurcate coronary artery

According to Bernoulli equation:

f3
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Ps is referred to the intensity of pressure of the branch section, i stands for the energy loss at the
location of vascular bifurcation.

Eq. (9) reveals that the energy loss of vascular bifurcation consists pressure energy and kinetic
energy. Due to the increasing loss of kinetic energy, the total energy loss at the vascular bifurcation is
higher than other locations.

Numerical simulation and analysis

The numerical modeling is realized in Fluent. The parameter settings are obtained referring to the
real blood parameter. However there is no unified value of blood parameters because it changes with
time and different persons. So the value adopted in this article is the statistic value.
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The angle between two branch vessels is 50 degree. The branch vessels are symmetric about the
main vessel axis. The radius of main vessel and branch vessels satisfied Eq. (30). The inlet velocity is
0.4 m/s. The viscosity of blood is 0.004 kg/ms. The density is 1055 kg/m3

The result of numerical simulation to the pressure and velocity is shown in figure 6 and figure 7
down below.
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Figure 3. The pressure of vascular bifurcation
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Figure 4. The velocity of vascular bifurcation

According to figure 6, pressure is much higher at the location of vascular bifurcation. So it is the
location where thrombus most likely happened. The pressure becomes lower in branch vessels. So
that the shear stress will decrease as well.

According to figure 7, an vortex appears in front of the vascular bifurcation. The particular matters
may deposition in vortex. The vessel wall of vascular bifurcation can be damage by particular matters
driven by shear stress. It shows that the optimal location for vasculopathy. The speed slows down in
branch vessels.

Conclusion

Based on flow dynamics and hemodynamic, this article studied the speed, pressure, shear stress
and energy loss in the process of blood flow. The conclusion can be as below:
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1. When bloodstream flows into main vessel, the speed near vessel wall slows down gradually,

and the speed in center increases. Speed will retain constant as fully developed flow is formed.

It is a stable value on the cross section of through-flow. The speed is in parabolic distribution.

The shear stress is in linear distribution as the fully developed flow is formed.

3. Vortex will take place in at the location of vascular bifurcation. The pressure will become
higher in a sudden time, and the velocity is lower. So it is the optimal place for vasculopathy to
happen.

4. As the bloodstream flows into branch vessels, the speed and pressure will decrease.
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