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PULSATILE FLOW OF BLOOD THROUGH AN INCLINED BELL SHAPE STENOSED TUBE
UNDER PERIODIC BODY ACCELERATION WITH MAGNETIC EFFECT AND POROUS MEDIA
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ABSTRACT

This is about the mathematical model for blood flow through an inclined bell shape stenosed tube under periodic body
acceleration with magnetic field and porous media. Using appropriate boundary conditions, analytical expressions for
the velocity, the volumetric flow rate, the fluid accelaration have been derived. These expressions are computed
numerically and the computational results are presented graphically.
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INTRODUCTION

Srivastava [1] studied the two-phase model of blood flow through stenosed tubes in the presence of a peripheral layer.
Srivastava and Rastogi [2] studied the blood flow through stenosed catheterized artery: effect of haematocrit and
stenosis shape. Srivastava, et al., [3] studied the macroscopic two-phase blood flow through a bell shaped stenosis in an
artery with permeable wall. Srivastav, et al., [4] studied the blood flow through an overlapping stenosis in catheterized
artery with permeable wall. Srivastav, et al., [5] studied the two-phase model of blood flow through a composite
stenosis in the presence of a peripheral layer. Srivastav [6] studied the mathematical model of blood flow through a
composite stenosis in catheterized artery with permeable wall. Srivastava, et al., [7] studied the response of composite
stenosis to non-Newtonian blood in arteries. Srivastav and Srivastava [8] studied On two-fluid blood flow through
stenosed artery with permeable wall. Tzirtzilakis [9] studied the biomagnetic fluid flow in a channel with stenosis.
Young and Tsai [10] studied the flow characteristics in model of arterial stenosis-steady flow. Young [11] studied the
effects of a time-dependent stenosis of flow through a tube. Srivastava [12] studied the flow of a couple stress fluid
representing blood through stenotic vessels with a peripheral layer. Srivastava [13] studied the particulate suspension
blood flow through stenotic arteries: Effect of hematocrit and stenosis shape. Gupta and Gupta [14] studied the
unsteady blood flow in an artery through a nonsymmetrical stenosis. Paolo and Christopher [15] studied the boundary
layer model for wall shear stress in arterial stenosis. Farzan and Xiaoyan [16] studied the turbulence detection in a
stenosed artery bifurcation by numerical simulation of pulsatile blood flow using the low-Reynolds number turbulence
model. Musad, et al., [17] studied the effect of paired stenosis on blood flow through small artery. Kumar, et al., [18]
studied the effect of porous parameter for the blood flow in a time dependent stenotic artery. Verma [19] studied the
mathematical model of unsteady blood flow through a narrow tapered vessel with stenosis. Wootton, et al., [20] studied
the mechanistic model of acute platelet accumulation in thrombogenic stenosis.

MATHEMATICAL FORMULATION:
Let us consider a one-dimensional pulsatile flow of blood through a uniform straight and stenosed inclined cylindrical
tube by applying magnetic field and porous media with magnetic field and porous medium by considering blood as a

couple stress fluid. The flow is considered as axially symmetric pulsatile and fully developed. The pressure gradient
and body acceleration G are given by the expressions

—aa—z = A, + A cos(awpt) 1)
G =a,cos(m,t +¢) )
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where A, and A are pressure gradient of steady flow and amplitude of oscillatory part respectively, a,is the amplitude
of body acceleration, W, = 2 fp , @, =27 fb with fp is the pulse frequency and fb is body acceleration frequency,

@ is the phase angle of body acceleration G with respect to pressure gradient and time,t.

The pulsatile couple stress equation (Stokes), in cylindrical polar coordinates in an inclined tube under the periodic
body acceleration with magnetic field and porous medium can be written in the form:
ou 0 .
paz—a—p+pG+yV2u—nV2(Vzu)+pgsm0—aB§u—fu 3)
yA

where  V? :l[i(éin
g\ o0&\ " o¢

Where u (&, t) is axial velocity, pand L are the density and viscosity of blood, 1 is the couple stress parameter and
€ is the radial coordinate.

Let us introduce the following dimensionless quantities:
* u * * R * R * pR * z * pR * k
u :—1t :ta), = , = , = ’Z =—, = ’k = — 4
R A ﬂw%Al ﬂwAiao wao 9 ng 7 @)

Consider the axi symmetric flow of blood through a bell shaped stenosis, specified at the location as shown in Figure 1,
in an artery. The geometry of the stenosis, assumed to be manifested in the arterial wall segment, is described
(Srivastava et al. 2012) as
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Figure-1: The geometry of a bell shaped stenosis in an artery

where Ro is the radius of the arterial segment in the non-stenotic region, R(z) is the radius of the stenosed portion

located at the axial distance z from the left end of the segment, & is the depth of stenosis at the throat and, @ is a
parametric constant, € is the relative length of the constriction, defined as the ratio of the radius to half length of the

stenosis, i.e., & =R, / L

Let us introduce a radial coordinate transformation given by:

r
TR

In terms of these variables, equation (3) [after dropping stars] becomes

0 s () [t o)) (rof,o)|(raf,
aa e a Ay +aAcos (bt)+aa;cos (Ct+g)+a [5(%(565)] [565[%5]}[565[%5]] ©
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— 0]
Where 0L2 =R 2 (Ej -- Couple stress parameter, ocz =R 2 (—pj -- Womersley parameter
n u

o, w c
b=—, c=—2%, H? = BOZRZ(—] -- Hartman number,
1)

1
h 2 _ E -- permeability of the porous media and R -- radius of the tube.

The initial and boundary conditions for this problem are:

u(E O)_Zi\]o(&n)ﬁz [A + A +a,cosd+gsind]
TS A0 @) (H )]

u and V?u are all finite at £ =0
u=0, V2u =0 at&=1

(7a)

(7b)
(7¢)

INTEGRAL TRANSFORMS: If f (&) satisfies Dirichlet conditions in closed interval (0,1) then it’s finite Hankel

transform, Sneddon is defined as

1
F ()= £(£) 3o(é2)
0

where A, are the roots of J, (A ) = 0. Then at each point of the interval at which f (&) is continuous:

)‘]O(é:ﬁ'n)

F(E)=25 £7(A |
(&) E (An 122

®)

©)

Where the sum is taken over all positive roots of J, (&) =0, J, and J, are Bessel functions of first kind.

The Laplace transform of any function is defined as:

f(s)=[e™ f(t)dt, s>0
0
SOLUTIONS: Employing the Laplace transforms (10) to equation (6) in the light (7b) we get:

on As _,(a,(scosp-csing)) _,(1 0 ( au
o* (sT-u(é, 0))=a . +b2+a [ e j+a [505[5 5]]
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U(f,s):ofe‘“u(é,t)dt
0

where

Now applying the finite Hankel transform (8) to (11) and using (7c) we obtain;

(10)

(11)

(12)

U(,1n,5)=‘]1(§jn)a {'Ab AS +ao(SCOS(P CS'”(P) QSIHH Z[AO+A1+a ,C0S @ +gsind]
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n

Where m = EZ.OLZ
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Now rearranging the terms for taking the inverse Laplace transform,
—2
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where h =
m

Now taking the inverse Laplace transform of (13) gives:
—2
u*(j/ )= Jl(fﬁn)(l AO
n n [ (A2+a?)+a’(H2+h?)]
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The finite Hankel inversion of (15) gives the final solution as:

uEn) =250 (4,) f](fj))
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The expression for the flow rate Q can be written as:

Q =2ﬂi§Ud& 17)
Then
—2
00 (04
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Similarly the expression for fluid acceleration F can be obtained from:

0
FeD="" 9

Then we have
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(20)

RESULTS
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Fig.2.Variation of velocity profiles for different &R
against & with ¢$=30°,6=40°t=1,9=9.8,k=0.1
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In Fig 2, velocity u versus & for different H is plotted. Velocity u decreases with increase in £and as H increases u
decreases.

In Fig 3, velocity u versus & for different time t is plotted. It is observed that velocity u decreases with increase in &
As tincreases, velocity u decreases.

In Fig 4, velocity u versus &£ for different k is plotted. Velocity u decreases with increase in &and as k increases u
decreases.

In Fig 5, flow rate Q versus & for different H is plotted. As H increases, flow rate Q decreases and as t increases, Q
decreases.

In Fig 6, flow rate Q versus & for different k is plotted. As t increases, flow rate Q decreases and as k increases, Q
decreases.

In Fig 7, fluid acceleration F versus & for different time t is plotted. As £ increases, F increases. Also, as t increases, F
increases.

In Fig 8, fluid acceleration F versus & for different time H is plotted. As & increases, F increases and as H increases, F
increases.

In Fig 9, fluid acceleration F versus & for different time k is plotted. As & increases, F increases and as k increases, F
increases(slightly).
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