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Abstract : The impact of a static applied magnetic field on pulsatile flow in stenosed arteries is
examined in this paper. The Navier Stokes equations model the physical issue. It is investigated how
the magnetic field, the Womersley number, and the Darcy number affect the wall shear stress and
volume flow rate.
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Introduction : Both the study of blood flow under healthy physiological conditions and under
pathological conditions is significant. Cardiovascular disorders account for the majority of deaths in
developed nations, and the majority of these diseases have some connection to irregular blood flow in
arteries. These disorders' exact causes are not yet fully understood. The arterial disease atherosclerosis
or stenosis affects the arteries by causing a subendothelial build-up of fatty or lipid material rich in
cholesterol. For such a condition, high WSS (Wall Shear Stress) plays a significant role in the
development of the illness. Many authors have written about the issues of contraction. A
mathematical model of arterial blood flow in the presence of moderate stenosis was examined by
Sanyal and Maiti in 1998.. They concluded that the pressure gradients increases with the increases in
hematocrit value which indicates that there is higher value in systolic and lower value in diastolic
pressure. Sanyal and Maiti (1998) studied a mathematical model on arterial blood flow in the presence
of mild stenosis and obtained the pressure gradient and wall shear stress by series solution. They
concluded that the pressure gradients increases with the increases in hematocrit value which indicates
that there is higher value in systolic and lower value in diastolic pressure. Sanyal and Maiti (1998)
have worked out pulsatile flow of blood through a stenosed artery. In this paper, it has been attempted
to study the magnetic effect on the unsteady blood flow through stenosis when the tube is filled with a

porous material of constant permeability K.
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Formulation of Problem : Let us consider the pulsatile axially symmetric unsteady flow of blood
through stenosed artery. The blood flowing in the tube is assumed to be a suspension of red cells in
plasma. The hematocrit dependent blood viscosity is taken as described by the Einstein equation
p=po[1+P h(r)]. The diameter of the artery is not less than 1mm so that Fahreus Lindquist effect is not
significant. The artery is considered as long cylindrical tube with axis of symmetry coinciding with
the z-axis. A static transverse magnetic field of moderate strength has been applied, so that induced
E.M.F is assumed negligible result of which a Lorenz an force came into existence opposite to flow
direction

and tube is filled with porous material of constant permeability K. Geometry of the stenosis is defined
by the function

R(Z): l—i(l+cosﬂz) —-L<z<L
R, 2R, L

M)

1 otherwise
2L is the length of stenosis. R(z) is the radius of the tube in the stenotic region; d is the location of the
stenosis, R, is the radius of unconstructed tube ,8 is maximum thickness of the stenosis

The governing equations of the motion with axisymmetric condition —()=0 and

impermeable wall in the cylindrical coordinate system (r, 6, z) is given by

M_g
0z
P _g
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BZw
I -
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The boundary conditions are
w=0atr=R(2)
and
dw
—— =0atr=0 @)
dr
Introducing following non-dimensional parameter :
RéoB? R?
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(4)
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Substituting the values of v, p, h(r) in the equation (2) and then using (4),we get

REow -RZép 10 o« ow| RZoBiw (a—ky"
10 0_=_0_p+__|:(a_ky )y_:|_ 0 0 _( zy)W
ty 4ty Ot Ly O Yoy oy ) Da
Bhy =k
a=1+k
For the solution of the equation (1.7), let us consider
w(y, t) = W(y) e"; ®)
Riop
— _O_p = Celmt (6)
Mo 0Z

Then we have

Ly ™M @i 2w W=
y dy dy Da Da
()
The corresponding boundary conditions are transformed to
W=0 at R ®)
= at y= —
R
and
dw
—— =0 at y= 0 (9)
dy

Method of Solution :
Frobenius method is applied for the solution. For this, it is required that W is bounded aty = 0 and

the only admissible solution satisfying the boundary condition (8) is
o0 C o0
w=D> A y"-——3 A,y"? (10)

m=0 43. m=0

Where D is an arbitrary constant to be determined by the boundary condition (8) and

. a K
(@i+H? +ﬁ)A’“ +k(m+)(M-n+DA —gAmfn—l

A+ =
' a(m+1)*

(11)

and
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(12)
with Ag=Ag=l1land A, = A_m=o
Here the constant D involved in the solution (10) is obtained with the help of (8) as

R(@)

(13)

Hence

(14)

i A{EJ

m=0

(15)

In particular, in the absence of the hematocrit, the average velocity wy is given by Wo
_ e 1 Da’
(azi + D:;Z] I, (/e D:;Z

(16)

The dimensionless form of w with respect to wq is now obtained from equations (15) and (16) as
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Volumetric Flow Rate : The volumetric flow rate Q of the fluid in the stenotic region is given by

R/Rg
Q=2nR I Wydy (18) Using the equations
0

(6) and (15) , we have
Q=27'C RO

Ceimt 0 R m+2 © 0 R m ©

. 7\’ o A m _ A Y }\’ m+2 d
RIRo| 4a moo m[Roj mZ::o nY mZ::o m[RoJ mZ::O LA

(19)

Let Qq denotes the flow rate of plasma fluid in unconstricted tube when M=0 and H=0, Then

R, 0pj
- _ il 20
Q 8#0( ). (20)

0
(a—pJ being the pressure gradient of the fluid in unconstricted uniform tube.
Z)g
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Thus non-dimenional flow rate 6 = g is given as:
0

6:£ 5 m=0 m=0 m + m=0 m=0 m+
(%) > a2
)y 2 Mg,
(21)
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