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Pulsatile flow of blood with shear-dependent viscosity
through a flexible stenosed artery in the presence of body acceleration
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Abstract

A mathematical model of physiological pulsatile flow of blood through a stenotic flexible artery in the presence of body
neceleration is presented in this paper. Streaming blood is considered as a shear-thinning non-Newtonian fuid as proposed
by Yeleswarapu (Evaluation of continuum models for characterizing the constitutive behaviour of blood, Ph.D. thesis, Dept.
Mech. Eng., University of Pittsburgh, 1996), and a physiological pulsatile flow rate proposed by Pedrizzetti (J Fluid Mech
310:89-111. 1996) has been taken through the tube. Deformation of vessel wall is modelled as a function of flow rate. This
computational study of an idealized model may bring some insights for realistic blood fiow through a stenotic artery. The
novelty of this work lies in the fact that realistic flow of blood through a stenosed artery has been studied as fur as possible
and a new idea has been provided to describe the arterial wall motion. Governing equations in cylindrical polar coordinates
are solved using stream function-vorticity method. Behaviour of various flow quantities is investigated through o parnmetric
study. It is noted that the degree of constriction and body acceleration have important impacts on the haemodynamic param-
eters such as wall shear stress, oscillatory shear index, and relative residence time. Increasing body acceleration enhances
the peak value of wall shear stress, but reduces the oscillatory shear index and relative residence time. Almost 1/4th increase
in length of flow separation is found when Froude number raises its value from 0.1 to 0.5, other parametric values remain-
ing fixed. On the other hand, almost 50% increase in the magnitude of the peak value of wall pressure is found when the
umplitude of body accelerntion tukes u value 0.4 (A=0.4) compared 1o the without body neceleration case (A =0). These
results have a significant role.

Keywords Non-Ncwtonian fiuid - Pulsatile flow - Stenotic artery - Body acccleration - Finite difference

1 Introduction

Studies related to flow of blood through stenotic arteries
have drawn notcworthy attention to rescarchers during the
last few decades, as the commencement and progress of
muny cardiovasculor diseases which direct to the malfunc-
tion of the cardiovascular system are intimately associated
with the hacmodynamics of such an artery. Atherosclero-
sis or arterial stenosis commences through alteration in
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endotheliul cell utility that encourages white blood cells to
attach to the endothelium instead of flowing through the
blood usually and the endothelium turns out to be damaged
thereby, This permits blood cclls and deadly substances,
such as lipids, low density lipoproteins and triglycerides,
present in the blood to go by the endothelium and mount
up in this area. Different compound phenomena tuke place
in the course of time and lastly calcium builds up over the
wound site to shape a material similar to bone.

The formation of arterial stenosis reduces the supply of
bload to the distul bed through that artery. With the spread
of atherosclerotic plaque, if it becomes unstable, it ruptures
and exposes its e s 10 streaming blood. Platelets may
then build up around the ruptured plague and result in blood
coagulation which occludes the artery. When blood flowing
through an artery is severcly compromised by a blood clot,
the cells of the tissues that depend on the blood flow from
that artery become injured or die. Coronary utherosclerosis
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prevents the supply of blood by occluding the arterics which
prevents oxygen supply to the heart and thus causes heart
attack. Atherosclerotic processes may also cut off the oxygen
supply to a portion of the brain resulting in an ischuemic
stroke [1, 2].

expressed in terms of a single cosine function. Thus, there is
a gap in open literature regarding the effects of body accel-
eration on blood flows through o stenosed fexible artery
subject 1o physiologically realistic pulsatile flow condition.

To fill this gap, a mathematical model is developed in
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Heat transfer in pulsatile blood flow obeying Cross viscosity
model through an artery with aneurysm
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Abstract A mathematical model has been developed to represent heat transfer in pulsatile blood flow through
an artery having an aneurysm in its lumen occurring from different types of anomalous enlargement. Time-variant
wall geometry has been considered and the streaming blood is taken as a non-Newtonian fluid obeying Cross
viscosity model. With the help of stream function-vorticity method, a finite difference scheme is used to solve the
governing equations along with the suitable initial and boundary conditions in order to find out the physiologically
noteworthy parameters up to the required degree of precision. Particular importance has accordingly heen paid in
comparing the current numerical results with the existing ones, and an excellent conformity between these two has
been attained. For additional qualitative insight into the flow and heat transfer, effects of severity of aneurysm and
different hemodynamic parameters on axial velocity, wall shear stress, and heat transfer rate are presented through
graphical representations and analyzed in detail.

Keywords Ancurysm - Blood flow - Cross viscosity model - Heal transfer - Stream function—vorticity method

1 Introduction

From the theoretical, experimental, and clinical perspectives, blood flow through a discased artery is an attractive
field of research, Unusual expansion in the arterial wall is supposed by many rescarchers to play a major role in
the formation of a disease, a leading cause of mortality in the present world. Several mathematical models have
been constructed to explain the capacity to understand the accessible treatment. Weakening of vessel wall in certain
locations forms a blood-filled balloon-like dilatation known as an ancurysm, Normal flow of blood through arteries
thus becomes perturbed and complicated. Rhythmic flow of blood inside an aneurysm worsens the structure, and
rupture may happen ultimately, The most common sites of aneurysm ure the arteries such as cerebral, carotid,
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abdominal. and renal. An aneurysm grows gradually with time and grows faster as it becomes larger. A large-
sized aneurysm has a significant risk of rupture. Severe internal hemorrhage, other complications, and in the worst
situation death for up to 90% of victims may occur due to burst of an ancurysm. Bulge diameter is generally referred
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Abstract

The aim of this article is to investigate the steady two-
dimensional flow of a magnetohydrodynamics Max-
well liquid over a stretched exterior having prescribed
exterior hotness in the presence of changeable free
stream temperature. Here the Maxwell liquid replica
reflects non-Newtonian liquid behavior. By means of
similarity alterations, the leading differential equations
which are partial in nature are altered to differential
equations that are ordinary in nature and subsequently
numerical solutions are received via a shooting
scheme. The motion and heat transport characteristics
for the leading parameters is scrutinized and talked
about elaborately using their graphical demonstration.
It is established that the liquid speed reduces with
escalating magnetic parameter. The consequences of
growing Maxwell parameter are to hold back the speed
of liquid. An increment in heat movement speed has
been observed for enhancing the temperature ratio and
Maxwell parameters.

KEYWORDS

boundary layer, Maxwell fluid, MHD, non-Newtonian fluid,
shooting method, stretching surface, variable free stream
temperature
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Cu-water nanofluid flow with arbitrarily shaped nanoparticles
over a porous plate in a porous medium in the presence of slip
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Abstract. The objective of the article is to analyse the foreed convection nanofiuid flow over a permeable plate
in an absorbent medium using slip boundary conditions. A single-phuse model for the nanofluid is used with
variable shupes of nanoparticles. The partial differentinl equations (PDEs) of the model are altered into a set of
non-linear ordinary differentinl equations (ODESs) by a suitable alteration. To obtain the solutions of the system of
equations numerically, Runge—Kutta method 1s used with a shooting technique. The effects of various parameters,
like permeability, suction/injection, nanoparticle volume fraction, velocity slip, thermal slip and nanoparticle shape
parameters on velocity and temperature profiles are presented graphically and analysed. In addition, for a clear
understanding of the model. the flow and the heat transfer characteristics are presented through graphs and analysed.
Fluid velocity is found to augment with the increasing values of permeability of the porous medium, whereas
temperature is found to reduce in this case. Temperature is a rising function of the thermal slip parumeter, whereas
it 1s a decreasing function of the velocity slip parameter.

Keywords. Nanofluid; forced convection; porous medm; arbitrarily shaped nanoparticles; partial slips;

permeable plate,

1. Introduction

Nanotechnology has attracted enormous attention
among researchers due to its widespread applica-
tions in manufacturing processes and medical sciences.
Nanofluid is an innovative class of fluids, the concept for
which has been planned as a foundation for increased
performance of heat transport fluids. To augment the
thermal conductivity of the base fluid (viz., water, ethy-
lene glycol, oil), which has low thermal conductivity,
nanometre-sized elements are scattered in the base lig-
uid. To permit more heat transfer, usually, these elements
are prepared of metal or metal oxide to supplement the
conduction and convection coefficients. Choi [1] was
the first to understand that the accumulation of nanopar-
ticles in the foundation liquid tremendously augments
the thermal conductivity of the liquid. Buongiorno [2]
first studied the convective heat transfer in nanofiuids
by observing the augmentation in thermal conductiv-
ity owing to Brownian movement and thermophoretic
dispersion of nanoparticles. Later, Tiwari and Das [3]
initiated a novel replica that is well accepted nowadays.

Mustafu ef al [4], Nadeem et al [5, 6], Hussain et al
[7], Das er al [8], Mabood et al [9], Hayat ef al [10]
and many others have investigated various aspects of
nanofiuid flow and heat transfer.

All these researchers considered no-slip conditions
at the boundary. However, the no-slip condition at the
boundary is unsuitable in situations where the exterior is
sufficiently glossy. Partial slip speed is usually present
on the border for emulsions, suspensions, foams, poly-
mer solutions etc. Slip velocity at the boundary also
occurs in a variety of situations, particularly in per-
forated plates and nets finished by wires, greased or
chemically indulgenced hydrophobic surfaces, rough or
porous surfaces (Hafidzuddin er al [11]), and amaz-
ing hydrophobic nanosurfaces (Choi and Kim [12],
Hafidzuddin ef af [11]), Applications of slip at the
boundary are used in simulated heart valves, compound
fluid problems and fluid flow on many interfaces. Hayat
et al [13] managed to find an analytical solution. They
found the influences of slip on the flow of a second-grade
liquid over an extended surface in an absorbent medium.
Heat transfer performance of a houndary layer flow over
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Unsteady stagnation-point flow of CNTs suspended nanofiuid on a
shrinking/expanding sheet with partial slip: multiple solutions and stability
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Description  The purpose of the study of single/multi-wall carbon nanotubes (SWCNTS/IMWCNTS)
mixed water-based nanofluid having unsteady stagnation-point flow on
shrinking’expanding sheet with velocity and thermal slip effects Is to decode the heat
transfer mechanism 1o know tha high cooling rata criterla. Goveming boundary layer
coupled partial differantial equation (PDES) are converted into ordinary ones The
transformed equations are numencally solved by shooting method with RK-4 scheme
The Impacts of different paramaters are descrided graphically and a comparison
between current and previous results Is made in tabular form. Existence of muttiple
solutions along with unique soluton appears for speciic cases of shrinking and
expanding velocities. The investigation also reveals that SWCNT-nanoparticles have
more dominating heat and momentum transfer rates than MWCNT-nanoparticles.
Velocity slip

Tota! cilations  Cited by 3

Scnelar articies  Unsteady stagnabion-point flow of CNTs suspended nancofiuid on a shrinking/expanding
sheet with partial s!ip: multiple solutions and stabllity analysis
S Rajput, K Bhattacharyya, AK Verma, MS Mandal... - Waves in Random and Complax
Media, 2022
Cited by 3 Related arficles



Buoyancy driven non-Newtonian Prandtl-Eyring nanofiuid flow in Darcy-
Forchheimer porous medium over inclined non-linear expanding sheet with
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Description  In the existence of mixed convection and double stratification. the 2D, viscous,
incomprassible, steady, laminar boundary layer flow of Prandtl-Eyring nanofluld over the
inclined non-linear expanding sheet in Darcy-Forchheimer porous medium Is scrutinized.
To analyze the impacts of Brownian mation and thermophoretic force on diffusion of
nanoparticies Buongloma model has been utilized. Flow governing equations are non-
linear. higher order, coupled PDEs with no slip boundary condition, which are
transforming into coupled, non-finear, higher order ODES via suitable transformations
Obtained ODEs are solved using MATLAB bvpéc funchon. The impacts of flow governing
parameters on flow associated distributions are acknowladged through graphs. In limiting
sense, to check the credibility of numerical method, present results are compared with
previously published data The analysis reveals that fluid velocity displays an . .
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HYPERSINGULAR INTEGRAL EQUATION
FORMULATION OF THE PROBLEM OF WATER WAVE
SCATTERING BY A CIRCULAR ARC SHAPED
IMPERMEABLE BARRIER SUBMERGED IN WATER OF

FINITE DEPTH
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Medgachi, Burdwan 713403, India)

and
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Summary

In this article, we study the problem of scattenng of water waves by o thin impermeable circular
arc shaped barrier submerged in ocean of finite depth under the assumption of linearised theory
of water waves. The problem is formulated i terms of a hypersingular integral equation of an
unknown function representing the difference of potential function across the curved barrier.
The hypersingulur integral equation is then solved by using two numerical methods, The first
method is BEM where the domain and range of integral equation are discretised into small Tine
segments and the unknown function satisfying the integral equation is assumed to be constant
in each small subinterval. This reduces the integral equations to i system of algebraic equations
which is then solved to obtamn the unknown function in each sub-interval, The second method is
collocation method where the unknown function is expunded in terms of Chebyshev polynomials
of second kind. Choosing the collocation pomnts suituhly, the integral equanon 1s reduced o &
system of algebraic equations which is then solved to obtain the unknown function satisfving the
hypersimgulur mtegral equation. The physical quantities of mterest viz. the reflection coefficient.
transmission coefficients, which are expressed in terms of the solution of the hypersingular integral
equation, are computed by both the methods. The comparnison of the reflection coefficient by the
two methods shows reasonably good agreement, The reflection coefficient is depicted graphically
against the wave number. The graphical results show that the size. position of the burmer and the
depth of the water region has some effect on the reflected and transmitted wave.

1. Introduction

Hypersingular integral equations are a powerful mathematical tool whose solution plays a crucial
rale in solving boundary value problems arising in wave propagation problems. Parsons and Martin
(cf, (1)) first initiated the hypersingular integral equation formulation of the problem of scattering of
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