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ARTICLE INFO ABSTRACT
In this study, a mathematical model for a two-dimensional
Article Type: pulsatile blood flow through a stenosed artery in the presence of

a magnetic field and body acceleration is simulated. The artery is
assumed to be an elastic cylindrical tube and stenosis's geometry
. is considered time-dependent to provide resemblance to the in-
Received: 13.03.2024 vivo situations. The blood flow has been assumed to be non-linear,
Revised: 04.06.2024 incompressible, and fully developed. Moreover, due to the
Accepted: 14.08.2024 . . . : L
pulsatile pressure gradient arising from systematic functioning of
the heart and the body acceleration, the blood flow has been
Keyword: . assumed unsteady. To facilitate the application of the finite
?_ull(sjagledblood {]ow,_Magnetlc difference scheme in solving the governing equations, a
1eld, Body acceleration, coordinate transformation is employed, transforming the
Crank-Nicolson scheme . .
stenosed artery into a rectangular artery. The nonlinear
momentum and the continuity equations under suitable initial
and boundary conditions can be numerically solved using the
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velocity profile, the volumetric flow rate, and the resistance to
Ahmad Reza Haghighi flow are obtained and the effects of the severity of the stenosis and
Email: ah.haghighi@gmail.com the magnetic field on these flow characteristics are discussed.

Besides the blood flow characteristics through elastic arteries
have been compared with the rigid ones.
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EXTENDED ABSTRACT

Introduction

The examination of blood flow through a stenosed artery, where the normal
circulation is substantially disrupted, has garnered considerable attention from
researchers. The exploration of fluid dynamics is pivotal in comprehending and
addressing various cardiovascular diseases. Motivated by this, our study employs
cylindrical polar coordinates, with the -axis aligned to the tube's symmetry, and and
representing the radial and circumferential directions, respectively. In this context, we
explore a dimensionless representation of a non-linear, incompressible, fully developed,

pulsatile, and unsteady model characterizing blood flow:
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The velocity components u and vrepresent flow along the axial and radial directions.
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This model encompasses distinctive features and advantages that enhance its realism
in representing blood flow, including:

L. In diseased conditions and arteries with small diameters, blood exhibits
notable non-Newtonian properties. The model incorporates a non-Newtonian
flow to accurately depict blood flow in such scenarios.

I1. In numerous everyday situations such as travel, vehicle operation, maritime
travel, aviation, and dynamic physical activities in sports, the human body is
frequently subjected to accelerations or vibrations. The model incorporates
body acceleration through the term G(t) = a, cos(bt + ,)-

111 Under normal physiological conditions, the transportation of blood in the
human circulatory system relies entirely on the pulsatile pressure gradient
generated by the pumping action of the heart. The model integrates pulsatile

blood properties through the pressure gradient term —? = A, + Acoswt .
/A
IV. As blood is an electrically conducting fluid, it exhibits magnetohydrodynamic
properties, potentially influencing health. Application of a magnetic field
induces both electric and magnetic fields in the moving fluid. The model

incorporates magnetic field properties into blood flow through the inclusion of

the Hartmann number , _g r [ 2.
0o )

The mathematical description of the time-dependent stenosis geometry is
presented in dimensionless form as:
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R(z.1) :{1“‘['31(Z‘d)—(2—d)”]a1(t), d<z<d+l,
a0, oW,

It has been observed that in real-life situations, the development of a stenosis does not
result in a symmetric shape. This paper addresses the current study by considering a
non-symmetric geometry. Additionally, the mathematical model accounts for the
flexibility of human arteries through the inclusion of the term g (t) . The inclusion of

these two properties in the geometry of the stenosis constitutes distinctive features and
advantages that contribute to the enhanced realism of the model.

To set boundary conditions in the artery's central core, we assume zero radial flow
along the axis and a zero axial velocity gradient. Mathematically, these are stated as:

ou(r,z,t)
or

v(r,z,t)=0, =0. The arterial wall conditions are v(r,z t):aj u(r,z,t) =0’

and the initial conditions are v(r,z,0) =u(r, z,0) =0.

Methodology

For the numerical investigation of the aforementioned system of equations using a
finite difference scheme, a real non-symmetric artery is transformed into a rectangular
computational domain using the coordinate transformation &=r/R . Following the
coordinate transformation, the initial step involves calculating the radial velocity by
multiplying the continuity equation by R and integrating over the domain (., &) . Following

some straightforward mathematical manipulations, the formula for radial velocity is
derived as

V2.0 =+ S -]

To compute the axial velocity, the finite difference scheme is applied. This involves
discretizing the domain by
(fj:zi:tk) : éjj = (J —1)A§, ‘:(Nﬂ) =1, z; = (' _1)sz t = (k_l)At; .
{ i=12,.,N+1 i=12,,,M+1 k=12,. }
Subsequently, the Crank-Nicolson finite difference method is used for all ¢ -

direction derivatives, central finite difference for z -direction derivatives, and forward
difference approximation for the time derivative. This procedure results in the
following formula for computing the axial velocity:

k+1 k+1 k4l
U B +Ci,jui,j+1_ D, ;-

C

ij?

The coefficients A B D, ; are known values, which are determined at the K level. We

i i
also calculate the volumetric flow rate (Q) and the resistive impedance (A) Of the blood

flow by
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Results and discussion

The numerical computations were implemented in the MATLAB programming
language, utilizing input data available in scientific literature.
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Figure 1. Graphical illustrations depicting the impact of various parameters related to artery
shape and magnetic field on the characteristics of blood flow.

To validate To validate our findings, Figure 1a illustrates the axial velocity values obtained
through our presented Crank-Nicolson approach with those from [Shaw S., et al. (2010), The
Open Transport Phenomena Journal, 1(1), 55-68] and [Mandal P. et al. (2007), Applied
Mathematics and Computation, 189, 766-779]. Additionally, Figures 1b to 1f portray the axial
velocity, volumetric flow rate, and resistive impedance of blood flow for various stenosis
severities at different time points and for various Hartman numbers. These figures also compare
the blood flow characteristics between rigid and elastic arteries. The pulsatile nature of blood
flow is further explored in the paper.

Conclusion

In this study, a mathematical model simulates two-dimensional pulsatile blood flow through
a stenosed artery influenced by a magnetic field and body acceleration. The artery is modeled as
an elastic cylindrical tube with time-dependent stenosis geometry to mimic real-life scenarios.
The blood flow, assumed non-linear and incompressible, exhibits unsteadiness due to pulsatile
pressure gradient and body acceleration. To numerically solve, a coordinate transformation
converts the stenosed artery into a rectangular form, and the Crank-Nicolson scheme is then
applied to solve the nonlinear momentum equation. The study investigates blood flow
characteristics, including velocity profiles, volumetric flow rates, and resistance to flow. The
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impact of stenosis severity and magnetic field on these characteristics is discussed, and a
comparison between elastic and rigid arteries is presented. The results obtained from the
presented modeling indicate that an increase in stenosis severity leads to a reduction in axial
velocity and volumetric flow rate, while the resistance to flow increases. The magnetic field exerts
a diminishing effect on axial velocity. It was observed that an augmentation in the magnetic field
results in a decrease in volumetric flow rate, suggesting the potential for controlling blood flow
volume during surgical procedures.
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