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Abstract: A mathematical model has been developed for studying the effect of porous medium on pulsatile
inclined two layered blood flow with magnetic field with periodic body acceleration.Considering the Blood as
couple stresses, non-Newtonian, and incompressible fluid. Finite Hankel and Laplace transform are used to
analytical expression for the velocity profile and flow rate. The effect of various parameters associated with this
flow problem such as porosity, Hartmann number, pressure gradient, body acceleration, gravitational
parameter and inclination angle on the velocity distribution is analysed by plotting the graph. It is found that
velocity decreases with the increase of the Hartmann number and the reverse behavior is noticed for the
pressure gradient and body acceleration. It is also observed that the velocity profile increases with the increase
of the permeability of the porous medium.
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I.  Introduction

Many cardiovascular diseases, particularly atherosclerosis, have been found to be responsible for
deaths in both developed and developing countries. Blood is considered to be one of the most important multi-
component mixtures. It is composed of plasma, red cells and white cells (RBCs and WBCs), platelets, etc. The
study of porous medium with magnetic field is very important both from theoretical as well as practical point of
view; because most of natural phenomena of the fluid flow are connected with porous medium. For instance,
filtration of fluids, under- ground water and oil, reservoir and fluid through pipes.

Various mathematical models have been investigated by several researchers to explore the behaviour of
blood flow under the influence of external magnetic field. Agarwal and Varshney? studied the effect of
magnetic field of pulsatile inclined two layered blood flow with periodic body acceleration .Agarwal and
Varshney™ studied inclined arterial MHD pulsatile blood flow through a porous medium with periodic body
acceleration. Amos and Ogulu®® discussed magnetic effect on pulsatile flow in a constricted axisymmetric tube.
Astarita et.al' investigated non-Newtonian gravity flow on inclined surface. Chaturani and Palanisamy®
considered Casson fluid model for pulsatile flow of blood under periodic body acceleration. Chaturani and
Palanisamy® studied pulsatile flow of Power-law fluid model for blood flow under periodic body acceleration.
Chaturani and Wassf Isaac® discussed blood flow with body acceleration forces. El-Shehed™ considered
pulsatile flow of blood through a stenosed porous medium under periodic body acceleration. Haldar and Ghosh?®
discussed effect of magnetic field on blood flow through an indented tube in the presence of erythrocytes.
Kavitha and Hemadri Reddy et.al'® studied Peristaltic flow of a micropolar fluid in a vertical channel with long
wave length approximation. Rathod and Gopichand® considered pulsatile flow of blood through a stenosed
inclined tube under periodic body acceleration. Rathod and Ahmed® investigated pulsatile two layered flow
under periodic body acceleration. Rathod and Channakote™ studied a study ureteral peristalsis in cylindrical tube
through porous medium. Rathod and HosurkerShrikanth'? considered MHD flow of Rivlin-Ericksen fluid
through an inclined channel. Ravi Kumar et. Al'" considered peristaltic transport of a power-law fluid in an
asymmetric channel bounded by permeable walls. Sapna Singh and Rajeev Ratan Shah'® studied a numerical
model for the effect of stenosis shape on blood flow through an artery using power-law fluid. Srivastava and
Saxena’ investigated two-layered model of Casson’s fluid flow through stenotic blood vessels application to
cardiovascular system. Krishna Kumari and, Ramana Murthy et.al® considered Peristaltic pumping of a
magnetohydrodynamic casson fluid in an inclined channel.Stokes® studied couple-stress in fluid. Sud and
Sekhon” considered blood flow through the human arterial system in the presence of a steady magnetic field.
Sud et.al® discussed effect of magnetic field on oscillating blood in arteries. Tranter?” studied integral transform
in mathematical physics, infinite transform.

In the present section we have considered the problem of Agarwal and Varshney [1] introducing
porous medium under the same conditions taken by Agarwal and Varshney[1].
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1. Mathematical Formulation
Let us consider a one-dimensional pulsatile inclined two layer flow of blood with periodic permeability
of porous medium in the influence of external magnetic field by considering blood as a couple stresses, non-
Newtonian and incompressible fluid. Consider the flow as axially symmetric, pulsatile and fully developed.
The pressure gradient and body acceleration G are given by:

—Z—Z:A“A&cos(a)pt), t=xo, . 1)
G =g,cos(at +¢), txo, . )

Where Aoand Al are pressure gradient of steady flow and amplitude of oscillatory part respectively, @, is
the amplitude of body acceleration, W, = 27 fp, ), = 27 fb with fID is the pulse frequency and fb is

body acceleration frequency, ¢ is the phase angle of body acceleration G with respect to the pressure

gradient and t is time.
The governing equation of motion for flow in cylindrical polar coordinates
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Where ui(r) is velocity in the axial direction, P is the blood pressure, oP is the pressure gradient,

0z
P, is the density of blood, ¢ is the viscosity of blood, O, is the density of plasma, £, is the viscosity of

plasma, BO is the external magnetic field along the radial direction and © is the electrical conductivity, r is the

radial coordinate and # is the couple stress parameter, g is acceleration due to gravity, 0 is the inclined angle. K
is the permeability of porous medium.
Let us introduce the following dimensionless quantities:

ui*:i’ r*:L’ t" =tow, Ab*:i'%, Ai*:iAu
@R R y770) y7¥0;
* R * R * K
) :pl_am g =p'—9, K == 5)
y770; y770, R
Where i=1,2

In terms of these variables, equation (3) and (4) [after dropping stars] becomes
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i 1
a2%: A, + A cost +a, cos(bt + ¢) + gsing + 10 r%
ot ror\ or @)
Where
2 2
&2 = R # is couple stress parameter, & = R(%j is Womersley parameter,
n H

2 1 o )2 ) w, . .
M, =H"+ E H =B,R| — | isthe Hartmann number, b = —= and R is the radius of the tube.
1 @

p
The initial and boundary conditions for the problem are
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u, =0 and VU, =0 atr=1 (12)
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Il. Required Integral Transforms

The finite Hankel transform, defined by Tranter [22], over the interval (0, h) is

t) :joh ruJ,(rA)dr L (13)
and its inverse transform is U(I’,t) = Eiu*(l ) ( n) ........... (14)
h2 n=1 n (32 +/12)

The Hankel transform over the interval (h, 1), defined by Tranter [22],

U (Aut)=[ruB,(ra)dr (15)
and its appropriate inverse transform is
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Where

B,(4,r) = J,(4,")Y (4,h) =Y (4,r)J,(4;h)

A, are positive roots of the equation J  (A.)Y, (4.h) =Y. (4,)J,(14,h)=0

and J n and Yn are the Bessel’s functions of first and second kind of order n respectively.
The Laplace transform of any function is defined as:

s):.f:e‘“f (t)dt, s>o L (17)

1VV. Solution Of The Problem

Applying Laplace transform (17) to equation (6) in the light of (8, 10, 11) we get
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Next applying the finite Hankel transform (13) to (18) which gives as
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Now rearranging the terms of (19) to take inverse Laplace transform
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Now taking inverse Laplace transform to (20) and rearranging the term we get
www.iosrjournals.org 5| Page



The Effect Of Porous Medium On Pulsatile Inclined Two Layered Blood Flow With
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Now taking the finite Hankel inversion (14) gives the final solution as:
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Next applying the Laplace transform (17) to equation (7) using of (9), (10), (11), and (12), we obtained,
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Now taking inverse Laplace transform to (24) and rearranging the terms finite inverse Hankel transform as,
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Now taking the inverse Hankel transform (14) to (25), which gives final solution as,
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The expression for the flow rate Q, which is the volume of the suspension flowing per unit time across a cross-
section of the tube, for two phase fluid is given by the equation

Q:Q1+Q2
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Where
h 1
Q =27 rudrad Q, =2z ru,dr
2,7hJ (hﬂ, )
Th = 1 n h,t),
o Q 2,3, (hA,) u, (h.t)

2e[By (n4,) = By (4)
4,B,(hA4,)

sz _Uz(h,t).

V. Results And Discussions

The velocity profile for the effect of permeability of porous medium on pulsatile inclined two layered
blood flow with magnetic field and periodic body acceleration is computed by using (21) for different values of
permeability of porous medium K, Hartmann number H, steady state part of pressure gradient Ay, amplitude of
oscillatory part A;, amplitude of body acceleration a,, gravitational parameter g and inclination angle 8 have
been shown through Figures 1- 7.

Figure -1 show that the variation of velocity profile for different values of permeability of porous
medium K. It can be noted here that as the permeability of porous medium K increases the velocity profile
increases. Figure -2 shows that the variation of velocity profile for different values of Hartmann number. It can
be noted here that as the Hartmann number H increases the velocity profile decreases. It can easily be seen from
figures 3, 4 & 5 that an increase in the steady state part of pressure gradient Ao, amplitude of oscillatory part A;
and amplitude of body acceleration a, leads to an increase in the velocity profile. From figure — 6 it can be
observed that the gravitational parameter g increases the velocity profile also increases. From figure — 7 it is
observed that inclination angle 8 increases the velocity profile also increases.

VI  Conclusion
Result of the present study suggests that the permeability of porous medium effects the blood velocity
of flow. Hartmann number effects largely on the velocity profile of blood flow. From the figure —1 velocity
profile is shown. From the figure-2 the amount of deviation in u(r, t) due to H is shown. So, by taking
appropriate values of H we may regulate the blood flow velocity. In case of arthritis, gout etc. patients are often
advised to take protective pads or tractions. By using an appropriate magnetic field with porous medium it is

possible to control blood pressure and also it is effective for conditions such as poor circulation, travel sickness,
headaches, pain, muscle sprains, strains and joint pain etc.
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Fig. 1: Variation of velocity profile for different values of K;
Taking A;=4, a,=3, ¢ =15°, H=10, g=9, t=0.5, b=1, a=1, QL =1
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Velocity profilerfor different values of H

Fig. 2: Variation of velocity profile for different values of H;
Taking Ap=2, A;=4, 3,=3, ¢ =15°, 6=30°, t=0.5, b=1, a=1, 0L =1

—a—A0=2

0 0.1 0.2 03 | 04 0.5 0.6 0.7 0.8

Velocity profile for different values of Ao
Fig. 3: Variation of velocity profile for different values of Ay;
Taking A;=4, a,=3, ¢ =15° H=10, g=9, t=0.5, b=1, a=1, Ol =1
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Velocity profile for different values of a,

Fig. 5: Variation of velocity profile for different values of a;
Taking Ap=2, A;=4, ¢ =15°, H=10, g=9, t=0.5, b=1, 0=1, 0L =1
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Velocity profile for different values of A:
Fig. 4: Variation of velocity profile for different values of Ay;
Taking Ap=2, a,=3, ¢ =15° H=10, g=9, t=0.5, b=1, a=1, QL =1
—&—a0=3
—a—a0=6
¢ ——a0=9
—e—a0=12
0.2 0.3 0.4 0.5 0.6 0.7 0.8
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0
0 0.1 0.2 03 04 0.5 0.6 0.7 0.8
Velocity profile for different values of g
Fig. 6: Variation of velocity profile for different values of g;
Taking Ao=3, A;=4, a,=3, ¢ =15° 0 =30°, H=4, t=0.5, b=0.5, a=3, 0L =1
0.6

0 0.1 0.2 03 r 04 0.5 0.6 0.7 0.8
Velocity profile for different values of 6

Fig. 7: Variation of velocity profile for different values of 0;
Taking Ap=3, A;=4, a,=3, ¢ =15°, g=9, H=4, t=0.5, b=0.5, a=3, QL =1
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