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Abstract- The present work deals with the blood flow through the stenosis assuming that flowing blood is represented by a two
layered model. We considered a two-layered blood flow model to study the axisymmetric flow of blood by assuming the core
layer as Bingham plastic (non-Newtonian fluid) and the peripheral layer (Newtonian fluid) in through the stenosis in the
arteries. The analytical expressions for flow rate, resistance to flow and wall shear stress have been developed in this model.
We have depicts the effect of stenosis on resistance to flow and wall shear stress. This study gives an insight into the effects of
slip velocity on the volumetric flow rate, resistance to flow and wall shear stress.
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I. INTRODUCTION

This study is related to blood flow through stenosed arteries having compiled wide interest in the field of Bio-Medical research.
Atherosclerosis or stenosis may be defined as the formation of plaques in the lumen of the artery. Plaques lead to significant
change in the flow of blood, the pressure distribution and the wall shear stress, by that means leading to cardiovascular
diseases. Many investigations are performed for the cure of atherosclerosis which results in better understanding the
characteristics of this type of disease.

Kapur [9] studied the mathematical models in biology and medicine. He described well about the blood flow behaviour in the
stenosed artery. Chaturani et al. [5] have studied on the two phase model for blood flow through small diameter tubes. A
mathematical model for the blood flow through narrow vessels with mild stenosis is developed by Jain et al. [8]. A
mathematical model for the study of blood flow through a channel with permeable walls is given by Mishra et al. [14]. The
effect of stenosis on the non-Newtonian flow of the blood in an artery by Shukla et al. [20]. Flow in Locally constricted tubes
at low Reynolds numbers studied by Fung et al. [6]. The effect of time-dependent stenosis on flow through a tube is
investigated by Young [24]. The study of the effects of couple stresses on the blood flow through the thin artery with mild
stenosis has been developed by Sinha and Singh [21]. A mathematical model for different shapes of stenosis and slip velocity
at the wall through mild stenosis artery by Kumar et al. [10]. The effect of stenosis on Bingham-Plastic flow of blood through
an arterial tube studied by Maiti [13], which is show that the variation of resistance to flow with stenosis parameters. The effect
of elastic property of the wall on flow characteristics through arterial stenosis studied by Moayeri et al. [15], they described
well about the blood flow in the arterial system. Shrivastava [22] studied a two-phase model of blood flow through stenosed
tubes in the presence of a peripheral layer: Applications. A nonlinear mathematical model of blood flow in a constricted artery
experiencing body acceleration is described by Chakravarty et al. [3]. The effect of peripheral layer viscosity on blood flow
through an artery mild stenosis is derived by Shukla et al. [19]. The published literature also reveals that in the stenotic portion,
blood exhibits low shear rate.
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Il. MATHEMATICAL ANALYSIS

In this paper, we considered a two-layered blood flow model to study the axisymmetric flow of blood by assuming the
peripheral layer as Newtonian fluid and the core layer as Bingham plastic type non-Newtonian fluid in presence of stenosis in
the arteries.

Consider the steady flow of blood through an axially symmetric but radially non-symmetric stenosed inelastic cylindrical
arterial tube.

The geometry of constriction in the peripheral layer and core layer may be taken as Shrivastava et al. [23].
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where R(z) ~ Ris the radius of the tube in the stenosed region, R, is the radius outside the stenosis, L, is the length of the
stenosis, O indicates its location and M > 2 is the shape parameter, y is the ratio of the central core radius to the tube radius

outside the stenotic region, J is the maximum height of the stenosis, &, is the bulging of the interface in the stenotic region

located at Z =d + Lo/m%mfl) and 0/R, <<1.
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Fig.1. Geometry of stenosis
The equation of motion for laminar, incompressible steady fully developed flow is given by:

dp 14(ro)

= )
dz r or
dp . _ . .
where d_ is the pressure gradient and (r, z) are the axial co-ordinates
z
The relationship between shear stress and shear rate for Bingham plastic fluid is given by:
ou
T=T4vu —— 3)
or
where U is axial velocity, 7 is shear stress, 7'is the yield stress, and 4 1s the viscosity of the blood.
Boundary Conditions:
The velocity boundary condition on the arterial wall is the no-slip condition, given by:
u=u, at I =R(2) 4)
The regularity condition is given by:
risfinitt at r=0 Q)

Integrate equation (2) and using equation (5), we get:
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_rdp_rp (6)
2dz 2
where Pis dp/dz .

Flow rate: The volumetric flow rate QC at the core layer is given by:

H i ou
Q.= |2zrudr=x|r (——jdr (7
! "5

using equations (3), (4) and (6) into (7), we get:

2
Q. _{(Epj}d
He
2
Q. _{(zpj}d
M
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where [L. is the viscosity of the central core layer

The volumetric flow rate Qp at the plasma layer is given by:
R

R
Q, =|2zrudr=
=] Em
using equations (3), and boundary conditions, we get:
1 7P (.,
Q, => " (R*~R,) ©
8 i,

where My is the viscosity of the plasma core layer
The total flow rate is given by:

Q=Q.+Q, =—ﬂ—{ PR — (- )R}~ 8”‘ } (10)

p
where p = ,up/yC , and the pressure gradient P can be defined as:

8,UpQ N 82"le3
_d_p B T 3

= = 11)
dz  R'-(1-pR
Integrating equation (11) using condition p=p; at z=0 and p= P, at z=L, we get:
8 L ' 3 d+L,
#Q +87’uRO (L-Ly)y° + I(Rjdz
T 3 0
Pi = P = T . (12)
M-t -(-L)a-wrt) [ 1] o | —a-m| JH| pdz
d R R

Resistance to flow: The resistance to flow is given by:
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/1 pl pO (13)
Q
The resistance to flow for Newtonian flow is given by:
8u. L
Ay =— (14)
Ry
The non-dimensional resistance to flow is given by:
d+L
7ZR 0
1+ To/u ( jy + J [ ]
- A 3/1 Q L
1= = (15)
A’O d+L, R 4 Rl 4
(L-Li-@-mr'] [ o | -] 22|
d I:QO I:20
Wall shear stress: The wall shear stress is given by:
R
s R LA ROR
V4 3 16)
T. =
S f-1-wR
The wall shear stress for Newtonian fluid in the absence of stenosis is given by:
4
o= - p? (17)
ﬂRO
The wall shear stress in dimensionless from can be written as:
R
;zRO“V"Q +;ro,uR13R}
r=ls 2 o . (18)
o 1QR - @R’
The wall shear stress at the throat of the stenosis is given by:
3
0, 1)
4 ,u,uc(sg + 410;1(0( —SJ (1—5]
7R, 3 R, R,
ws — (19)
5. 5.
( RO F\)O
Thus the non-dimensional wall shear stress at the throat of the stenosis can be written as:
3
1 0, 0,
R, ,u,uc(a) +-orpua——||1-22
_ - 7R, 3 R, R,
=% - (20)

T s s
1-9% | —-p) a-2
ﬂQ( Ro] ( Iu)( ROJ

I1l. RESULT AND DISCUSSION

The present model has been developed to analyse the effect the variation of flow rate, resistance to flow, wall shear stress
and wall shear stress at throat with respect to stenosis size. Fig. 2 shows the variation of flow rate Q for different values of
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 » Which shows that the flow rate Q decreases with the increases of y . Fig. 3 shows that the flow rate Q decreases with
the increase of ;. Fig. 4 and 5 represent the variation of non-dimensional resistance to flow Z with respect to stenosis
size 0, /R, which shows that resistance to flow /. increases with the increase of » M. Fig. 6 show that the resistance to
flowz increases with the increase of ;. The variation of the non dimensional wall-shear stress ;for different values of
y and 4 is plotted in fig. 7 and 8, which show that the wall-shear stress ; increases with the increase of 5 but the

reverse effect happen when  increase. The wall shear stress at the throat of the stenosis 7nd for the variation of ; and

4 With respect to stenosis size 5S/R0 is represented in fig. 9 & 10, which show that the wall shear stress at throat at

stenosis 7nd is increases with the increase of » and 4 .
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Fig. 2 variation of flow rate Q with the stenosis size 55/R0 .
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Fig. 3 variation of flow rate Q with the variation of u
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Fig. 5 variation of resistance to flow A for different values of shape parameter m.
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Fig. 4 variation of resistance to flow A for different values of 5 .
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Fig. 6 variation of resistance to flow A for different values of 4 .
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Fig. 7 The variation of wall shear stress 7 for different values of » .
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Fig. 9 The variation of wall shear stress 7 for different values of 4 .
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Fig. 10 The variation of non-dimensional wall shear stress at the throat of the stenosis 7nd for different values of 4 .

v. CONCLUSION

In this paper, we constructed a two-layered blood flow model to study the core layer as Bingham plastic (non-Newtonian fluid)
and the peripheral layer as the Newtonian fluid through the stenosis in the arteries. We have defined the effect of stenosis on
resistance to flow and wall shear stress. These results are derived from the numerical solutions using MATLAB software for
distinct values which are shown by graphically (fig.2-10) and we described as follows,

i) The flow rate decreases as stenosis shape parameter with the increases of 5, 4.

i) The resistance to flow A increases with the increase of 5, m.

iif) The wall shear stress at the throat at stenosis 7nd is increases with the increase of 5 and .

The study of blood flow could be useful in blood flow modeling, its accurate and exact measure in accordance with
physiological situations, is quite important.
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