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At this work, fluid-structure interaction was used to biomechanical challenges relating
to blood flow in artery bifurcation to investigate potential solutions. The purpose of
this study was to evaluate the influence that artery geometry has under constant flow,
pulsatile flow, and varied blood temperatures. In this study, the flow of blood through
the artery was simulated using a non-Newtonian fluid model, and the finite element
technique was utilized to analyse the data. For the purpose of analysing the differences
between pulsatile flow and steady flow, a user-defined function, or UDF, was
developed as part of the suggested input velocity model. In order to accurately
estimate the pressure distribution, velocity flow, wall shear stress, and wall
deformation, a simulation called ANSYS 17.2 is used to model the fluid-structure
interaction that occurs when blood flow is superimposed on an arterial wall. According
to the findings, the pressure amplitude steadily increases in the artery zone for high
temperatures, demonstrating that the projected pressure is 15% greater than it was
when the temperature was low. This is in contrast to the low temperature, for which
the predicted pressure was 15% lower. In addition, the area close to the apex has the
highest levels of shear stress, which then drop down precipitously farther along the
wall until they reach an almost constant level. In general, the location of maximum total
deformation is shown at peak systole for the artery when the temperature is high. This
is the location where the pressure is high, particularly at the artery bifurcation, and
where there is a maximum wall deformation of 0.447 mm. In addition, this is the
location where the maximum total deformation occurs. These findings are of great use
in the design of arterial bifurcation as well as the assessment of recurrent mechanical
loads, both of which contribute to the prediction of life.

1. Introduction

The circulation of blood via the arteries is a complicated process that takes place in three
dimensions. During this process, pulsating fluid moves through a flexible conduit. Because of the
flexible nature of arteries, these unsteady loads on the arterial wall cause the wall to move in an
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unstable way. They also contribute to the normal and tangential stresses that are placed on the
arterial wall. From a clinical point of view, the majority of published papers on blood flow consider
the artery as if it were a hard wall. The magnitude and variance of the stresses at the
endothelium/blood interface are of interest because of their putative significance in thermogenesis
[1]. Because the cause and development of many arterial diseases that lead to the malfunction of the
cardiovascular system are, to a great extent, related to the flow characteristics of blood in
conjunction with the geometry of the blood vessels, the study of blood flow through arteries is very
important. This is because of the fact that the cause and development of many arterial diseases leads
to the malfunction of the cardiovascular system [2].

The assumption of rigid walls is made in large part due to the difficulty of finding a solution to the
problem of coupled blood flow and vessel deformation. This assumption is justified by the
observation that, under normal conditions, wall deformability does not significantly alter the velocity
field, this finding was established for arteries where the wall motion is minimal; it is possible that this
observation may not hold true for arteries where the deformations are greater [2]. The modelling of
the three-dimensional blood flow in compliant arteries, which are tethered to and supported by the
surrounding tissue and organs, is extremely difficult for a number of additional reasons. Some of
these reasons include the necessity of precise constitutive descriptions of the behaviour of the tissue
and outflow boundary conditions. In order to apply methods of fluid—structure interaction in
simulation-based medical planning, additional work must be done because multiple surgical
interventions need to be modelled, solved, analysed, and compared within a timeframe that is
relevant to clinical practice [3,4]. This can be a challenging endeavour.

Blood's nature and behaviour are not only dependent on the fluid's properties, but also on other
mechanical factors, such as the forces that are exerted on the fluid, the fluid's motion, and the
boundary conditions of the arterial geometry. These factors all work together to determine blood's
nature and behaviour. In addition to this, the viscosity of the blood also controls its behaviour. The
flow of blood may be described as either being constant or pulsatile, Newtonian or Non-Newtonian,
laminar or turbulent, depending on which of these characteristics are present. It is possible to
characterize fully developed flows using velocity and pressure fields, with all kinematic parameters
being independent of the axial coordinate; however, this ideal behaviour is never realized in the
vascular system [5]. There are two key distinctions that can be made between the wall of a blood
artery in the vasculature and the materials that are often used for constructing pipes. In contrast to
pipes, which typically have a stiff structure, the walls of blood vessels are both elastic and porous [6].

The modelling and simulation of how blood flows through an artery is an important technical
challenge. The objective of this study is to do a CFD simulation on a non-Newtonian model of blood.
In order to make an accurate prediction of the interaction that occurs between the flow of blood and
the elastic walls of the blood vessel while carrying out numerical simulations on different arterial
blood temperatures for pulsatile flow. After running the simulation, we are able to witness the
pressure and velocity contours that are present within the wall. In addition, we are able to investigate
the stresses and deformations that are present in the wall as a result of the force that is applied by
the blood. Therefore, it has the potential to improve the effectiveness of contemporary medical
therapy.

2. Geometry and Boundary Conditions
ANSYS Design Modeller is used to create the geometry of the fluid domain, and ANSYS Meshing

is used to construct the computational grid. A bifurcating artery with a length of 12.5 centimetres
and a wall thickness of t=0.5 millimetres; blood enters the bifurcating artery from the inlet and leaves

121



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 36, Issue 2 (2024) 120-130

by either of the two outputs; this is seen in Figure 1. The diameter of the artery at its entrance is
around 7 millimetres. The diameter of outlet number one is around 7 millimetres, whereas the
diameter of outlet number two is approximately 5 millimetres.

Outlet-2

Fig. 1. Geometry model of 3D bifurcation artery in blood region

Blood was confused with a fluid that is homogeneous and incompressible and has the qualities of
blood that are outlined in Table 1.

Table 1
Elastic properties of artery blood at
normal temperature [7,8]

Physical properties Value
Density, kg/m? 1060
Young modulus, MPa 1.08
Poisson ration 0.49

Thermal conductivity, W/m.K  0.492
Specific heat capacity, J/kg.K 3594

Because blood is a non-Newtonian fluid, its viscosity coefficient is not a fixed value; rather, it
varies according on the temperature, as shown in Table 2. This relationship may be shown by
referring to the table.

Table 2
Parametric variation of viscosity with
temperature [8]

Case Temperature (K) Blood viscosity(Pa.s)

1 312 2.689 % 1073
2 309 3.00 x 1073
3 295 3.784 % 1073

The fluid domain is given the boundary conditions of having a time-dependent entrance velocity
and a constant pressure of 100 mm Hg at the outflow. These conditions are imposed as the applied
boundary conditions. The walls of the artery models are presumed to have some degree of flexibility.
In the case of a study flow, the velocity at the inlet was maintained at 0.3 meters per second
throughout the experiment, and a pulsatile flow sinusoidal profile of inlet velocity throughout artery
was utilized to imitate a physiological pulse (see Figure 2 for an illustration of this). In order to
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implement the suggested inlet velocity model, a user-defined function, or UDF, was penned [9-11].
In the ANSYS software, further information about boundary conditions will be presented.

0.5
0.4
0.3

0.2+

Inflow velocity (m/s)

0 0.2 0.4 0.6 0.8 1
Flow time (sec)

Fig. 2. The sinusoidal pulsatile flow profile of non-newton fluid
3. Mathematical Model

The simulation is executed with the help of the ANSYS 17.2 program coupling function that is
available with the company's ANSYS Workbench package. Both the continuity equation and the
Navier—-Stokes equations, which may be written as follows [12,13], are considered to be the general
differential equations of motion that are responsible for regulating the flow of incompressible fluids.

V.V =0 (1)

The Navier—Stokes equations have the inertia forces listed on the left-hand side of the equation.
These forces are balanced off by the forces listed on the right-hand side of the equation, which
include the pressure force, the body force, and the viscous force;

p(5e+V.WV ) = =VP + pg + uv?V (2)

Where stands for the density of the fluid, V=u,v,w for its velocity in the x, y, and z directions, g for
the acceleration of the gravitational field vector, for the fluid's viscosity, and P for its pressure. The
pressure—velocity coupling in the existing three-dimensional laminar CFD model may be achieved by
utilizing the SIMPLEC method. This simulation makes use of a spatial discretization technique to
discretize equations such that they may be solved by a solver that is a second-order upwind. The
Green—Gauss cell-based scheme and the PRESTO pressure scheme are both used in the application
of the transient simulation scheme, which is a first-order implicit scheme. This scheme is
implemented in time. In order to simplify the basic equations and get a better approximation of the
features of the domain's blood flow, one might make a number of assumptions. The individual
components of the stress tensor, which are denoted by the equation for the constitutive property as
[14,15];

O-ij = —P6l] + Zyeij’ l,] = 1,2,3 (3)
In Eq. (3) above, §;; the Kronecker delta,uis the dynamic viscosity and e;;=1,2,3 are the

components of the strain rate tensor defined as follows;
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= 12w, 9y
eij - 2 <6x] + axi) (4)

4.Verification and Validation

For the purpose of this simulation of blood flow in 3D arteries, the majority of the physical
qualities have been accounted for. These include the non-Newtonian fluid properties of blood as well
as the pulsatile aspect of the flow. Elastic wall elements, on the other hand, need to be included into
the simulation in order to get it as near as possible to the actual situation. By linking the solution
from the FEA simulation with the CFD simulation in ANSYS Workbench, it is possible to achieve this
goal. In this particular instance, we will examine the inlet boundary conditions to confirm that the
UDF is functioning as we had anticipated it to. After that, we will do a mesh refinement and make
use of a lower time step in order to determine whether or not the findings are in agreement with the
initial computation [16,17]. By using a finer mesh and a more incremental approach to the time step.
Despite the fact that findings were derived from the FSl investigation of healthy pulse oscillations. In
this part of the illustration, the maximum pressure that each scenario may exert on the wall is
computed. The findings that were achieved after the spatial and temporal refining will then be
compared to one another using a case study.

5. Results and Discussion

The ANSYS Fluent tool was used to create the 3D model of the arteries in order to study blood
hydrodynamics and shear loads at various temperatures. The impacts of a few blood flow parameters
were then investigated for both steady-state and pulsatile flow scenarios. It was done [18-20] to
investigate how the arterial's wall shear stresses, flow rate, and pressure distribution changed as the
blood temperature changed. The findings of the study's pulsatile flow and velocity flow are shown in
Figure 3. It may be argued that the velocity behaviour is comparable in both circumstances, with the
differences being negligibly small, since the constant input velocity solution is, on average, smoother
than the velocity profiles. Both examples have an identically sized and situated recirculation zone.

study flow pulsatile flow
Fig. 3. Contour plots of velocity distribution for different inlet velocity (steady and pulsatile)

In Figure 4, the impact of temperature change on blood flow is shown at various temperatures.
For the artery, the linear relationship between heat conductivity and blood flow has been verified.
Viscous blood moves rapidly and without much trouble when the blood flow is low in viscosity. Due
to the elevated blood viscosity, an adverse condition may result in a reduction in blood flow rate.
Blood viscosity is thought to decrease by 2% for every 1 °Crise in body temperature. The relationship
between flow and viscosity is inverse, and blood is non-Newtonian because circulatory shock causes
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it to become more viscous at low flow velocities. As maintaining a consistent and adequate blood
flow rate is the primary objective of the blood circulation control system.
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Fig. 4. Blood flow rate with time at different values of the temperature

The findings of the research and pulsatile flow's effects on blood pressure distribution on blood
wall are shown in Figure 5. This pressure contour clearly demonstrates that the pressure is greater
towards the apex where the flow divides into the daughter branches. Additionally, the artery is
squeezed when the gauge pressure is negative due to the pressure differential, which is greater
outside the artery and lower within the artery. Furthermore, the pressure contours in the FSI
simulations exhibited the same qualitative pattern [21].

study flow pulsatile flow
Fig. 5. Contour plots of pressure distribution for different inlet velocity (steady and pulsatile)

In order to compare the pressure in various situations, the influence of the blood temperature
on the blood wall is shown in Figure 6 at various temperatures. It is shown that at high temperatures,
the pressure amplitude gradually increases in the arterial zone. According to the findings, the
calculated pressure is 15% greater for the high temperature than the low temperature. The figure's
conclusion—a 10.38% rise in pressure as a consequence of a 312 K temperature increase—must have
therapeutic significance. Although sensing models for pressure patterns exhibit a similar tendency,
there are significant disparities in magnitude, the body may adjust by increasing blood flow.

125



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 36, Issue 2 (2024) 120-130

R
1344 20 : : : : : :
1.342
1.34 |
E
E 1.338 1
413367
=9
1334 + \
T=295 K
1332 + T=309 K
1.33 1 1 1 1 1 1 1 T=312K
0 0.1 02 03 04 05 06 07 08 09 1

Time(sec)
Fig. 6. Blood pressure with time at different values of the temperature

Figure 7 illustrates the shear stress distributions throughout the walls of the artery, which is an
essential parameter in the studies of blood flow through arteries. These investigations have
demonstrated that shear stress is an important parameter. The position of the WSS drop aligns with
a place that is favourable to the emergence of plaque and is compatible with the theory that the
recirculation zone is responsible for the phenomenon. At this portion, the maximum wall shear stress
reaches 2.1 Pa at its apex. Gradients in the velocity either rose or reduced as a consequence of the
beginning or end of the geometry's arterial curvature [22-25]. This was because the geometry
included an arterial curvature. The wall of the artery is subjected to strain as a result of the
fluctuations in pressure caused by the flow of blood through it.

Fig. 7. Contour plots of shear stress on the wall for different inlet velocity (steady and pulsatile)

Figure 8 illustrates the influence that temperature has on shear stress by showing that, for a given
amount of temperature, the highest shear stress is localized around the apex area, and then it rapidly
decreases down the wall until becoming almost constant again. In addition, the highest value is
reached at temperatures below freezing because of an increase in viscosity.
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Fig. 8. Shear stress on the wall with time at different values of the temperature

In order to look into the examination of artery bifurcation's strength at various temperatures.
ANSYS transient analysis is used to hold the three ends of the artery fixed throughout the FSI. In the
cruciform sample, the stress distribution is not uniform, with the largest stresses along the curved
edges and the lowest stresses in the centre of the complete model, as seen in Figure 9 and Figure 10.
At various temperature field values, stress varies from 6.24 to 8.65 MPa. It indicates that the highest
peak value was reduced by 21% due to the large variations in the stress value at the artery's
commencement. The pressure field produced by the flow exerts pressure on the artery walls.

0.015071 Min

Fig. 9. Contour plots of the Von-Misses stress on the wall in blood temperature 312 K
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Fig. 10. Von-Misses stress on the wall with time at different values of the temperature

The wall deformation trend's behaviour is identical to that of the whole stress domain and is seen
in Figure 11 and Figure 12. Due to the lower arterial stiffness caused by the curvature, the bifurcation
zone, namely at the base of the artery branching, has the most deformation. In general, maximal
deformation occurs near the pressure's centre, particularly at the bifurcation's apex. The bifurcation's
curvature lessens the wall's stiffness, causing a considerable degree of wall deformation to be seen
at peak systole for the artery at its warmest temperature (maximum deformation of 0.447 mm, 0.516
mm). The arterial tissue remodelling process is initiated owing to the loss of mechanical strength and
stretch of the artery tissue caused by changes in blood pressure. The blood pressure in the artery
increases as the simulation goes on, expanding the elastic arterial structure. As a consequence of the
fluid barrier expanding, the pressure of the blood flowing through the artery decreases, and the
artery is perceived to constrict.

8/20/2022 11:56 AM

0.31573 Max
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Fig. 11. Contour plots of the total deformation on the wall in blood temperature 312 K
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Fig. 12. Total deformation on the wall with time at different values of the temperature
6. Conclusions

ANSYS 17.2 is used to model two-way fluid-structure interaction in blood flow in arteries, and the
results are published at various temperature field values. The artery model was based on non-linear
elasticity, and the blood was represented as an incompressible fluid. The findings demonstrate that
the hemodynamic properties are significantly influenced by the elastic deformation of the wall. For
various values of the temperature field, the blood flow rate and negative pressure in the small neck
both slightly rose, whilst the wall shear stress marginally reduced. Since whole blood viscosity
generally decreases as blood temperature increases, the shear rate is low. However, temperature
variations and low-flow conditions have the power to drastically modify it.
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