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Abstract: The unsteady oscillatory magneto-hydrodynamic
flow of blood in small diameter arteries with mild constriction is analyzed, blood being modelled as a HerschelBulkley fluid. Finite difference method is employed for
solving the associated initial boundary value problem.
Explicit finite difference schemes for velocity distribution,
flow rate, skin friction and longitudinal impedance to the
flow are obtained. The effects of pressure gradient, yield
stress, magnetic field, power law index and maximum
depth of the stenosis on the aforesaid flow quantities are
discussed through appropriate graphs. It is found that the
velocity and flow rate decrease and the skin friction and
longitudinal impedance to flow increase with the increase
of the magnetic field parameter. It was recorded that the
flow rate increases and the skin friction decreases with
the increase of the phase angle. It was also noted the skin
friction and longitudinal impedance to flow that increase
almost linearly with the increase of maximum depth of the
stenosis. The estimates of the increase in the longitudinal
impedance to flow and skin friction are increased considerably by the presence of the magnetic field.
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1 Introduction
Atherosclerosis is an obstruction developed in the lumen
of the artery due to the deposit of calcium, fat, cholesterol,
cellular waste and fibrin [1–2]. Once an obstruction develops in the inner wall of the artery, the passage of the blood
circulation is constricted and it results in stenosed artery
[3, 4]. Since, the stenosis present in an artery leads to

reduction in blood supply to the downstream; it increases
the resistance to blood flow significantly and causes circulatory disorders [5, 6]. Stenoses formed in the cerebral
arteries lead to strokes and the stenoses developed in the
coronary arteries influences heart failure [7, 8]. It has been
reported that the fluid dynamical properties of blood flow
in the arteries with variable cross-section plays a vital role
in the basic understanding and treatment of many cardiovascular diseases [9, 10]. Hence, the mathematical analysis of blood flow in constricted arteries is very useful.
Due to the complex interaction of the intercellular
protein, blood behaves like a magnetic fluid and its magnetic properties are affected by the state of oxygenation
[11]. The magnetohydrodynamic (MHD) flow of blood in
arteries has many clinical applications such as distribution of medicines to different parts of the body and in the
development of medical equipments for cell separation
[12]. Several researchers analyzed blood flow in the presence of magnetic field and reported some clinical applications for their studies [13–16]. Ramamurthy and Shankar
[17] and Rathod et al. [18] mentioned that the presence of
external magnetic field significantly affects the vascular
systems. Mekheimer and Kot [19] studied the influence of
magnetic field and Hall current in blood flow through constricted arteries. Thus, the investigation on the blood flow
in arteries in the presence of magnetic field is important.
Blood behaves like a Newtonian fluid when it flows
in larger diameter arteries at high shear rates; but, it exhibits remarkable non-Newtonian character when it flows
through smaller diameter arteries at low shear rates [20–
22]. It is well known that blood flow in narrow arteries is
highly pulsatile and in this flow situation, blood is modelled by a non-Newtonian fluid [23]. Sankar and Lee [24]
performed finite difference method (FDM) analysis to
study the effects of magnetic field on blood flow through
stenosed narrow arteries, treating blood as Casson fluid
model. The pulsatile flow of Herschel-Bulkley (H–B) fluid
for blood flow in stenosed arteries in the presence of magnetic field has not been investigated by any one so far.
Scott Blair [25] reports “the residual variation which is
the sum of the squares of the deviations of the observed
values of stress from the estimated values was lowest
for H–B fluid when compared with that of Casson fluid
model”. Scott Blair and Spanner [26] propounded that the
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Casson fluid model can be used to model blood when it
flows in smaller diameter tubes at moderate shear rates
γ < 10 / sec ; whereas, H–B fluid model can be used to
model blood when it flows at low shear rate of flow in very
narrow arteries where the yield stress is high. Iida [27]
found that the velocity profiles in the arterioles having
diameter less than 100 μm are generally fairly explained
by both fluid models; but, the velocity profiles in the arterioles whose diameters are less than 65 μm do not conform
to the Casson model. However, it can still be explained by
H–B fluid model. In view of the aforesaid arguments, it is
appropriate to treat blood as Herschel-Bulkley (H-B) fluid
model rather than Casson fluid model when it flows
through narrow arteries at low shear rates. In this study,
we have analyzed the pulsatile flow of blood through stenosed arteries in the presence of magnetic field, treating
blood as H-B fluid model and also compared the present
results with the results of Sankar and Lee [24] for Casson
fluid model.
The structure of our paper is as follows. Section 2
models the problem mathematically and then simplifies
the momentum and constitutive equations through coordinate transformation. The finite difference method is
applied for solving the transformed initial boundary value
problem in section 3. The finite difference scheme for
velocity, flow rate, skin friction and longitudinal impedance are obtained in section 3. The effects of magnetic
field, maximum depth of the stenosis, yield stress, power
law index, amplitude of the flow and phase angle on the
aforesaid flow quantities are discussed in section 4. The
estimates of the percentage of increase in the skin friction
and longitudinal impedance to flow due to the presence of
the magnetic filed at discrete points in the axial direction
are also computed in section 4. The main results are summarized in the concluding section 5.

2 Mathematical formulation
2.1 Geometry of the flow filed and governing
equations
Consider an axially symmetric, laminar, unsteady (pulsatile) and fully developed uni-directional flow (in the axial
direction z ) of a non-Newtonian viscous incompressible
fluid (blood) through a circular artery with an axisymmetric mild stenosis in the presence of uniform transverse
magnetic field B 0 . The non-Newtonian behaviour of
blood is characterized by Herschel-Bulkley (H-B) fluid.
Since, blood possesses the property of diamagnetic mate-

( )

( )

Fig. 1: Geometry of segment of an artery with axi-symmetric mild
stenosis.

rial when oxygenated and paramagnetic when deoxygenated, blood is treated as magnetic fluid [28]. Due to the
presence of stenosis in the artery, the wall of the artery is
assumed as rigid. The arterial segment under study is
assumed to be long enough so that the entrance, end and
special wall effects can be neglected. Cylindrical polar
coordinate system r ,ψ , z is used to analyze the blood
flow, where r and z are the variables taken in the radial
and axial directions respectively and ψ is the azimuthal
angle. The geometry of the arterial segment with mild constriction is shown in Fig. 1. The equations of continuity
and momentum for the magnetohydrodynamic (MHD)
flow are

(

)

∇ • V =0

(1)

DV
1
= − ∇p + ∇ • τ + J × B
Dt
ρ

(2)

where V is the velocity vector, DV Dt is the material derivative, p is the pressure, ρ is the density of the flowing
fluid, τ is the stress tensor, J is the current density,
B=B 0 +B 1 is the total magnetic field, B 1 is the induced
magnetic field which is assumed to be negligibly small
when compared with the external magnetic field B0 for
MHD flow at small magnetic Reynolds number. The electric field due to the polarization of charge is also assumed
as negligibly small. By Ohm’s law, we have

(

J= σ E + V × B

)

(3)

where σ is the electrical conductivity and E is the electric
field. The imposed and induced electrical fields are
assumed to be negligible. Thus, the term J × B in Eq. (2)
can be simplified as
J × B = −σ B 2 V

(4)

It can be shown that the radial velocity is negligibly
small and can be neglected for a low Reynolds number
flow. Since, the present study deal with the uni-directional
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where ω =22πff,, ff is the heart pulse rate. The geometry of
the arterial segment with time dependent mild stenosis is


defined by


+
−
≤ ≤ +
 −

 



R z ,t = 



δ
if d ≤ z ≤ d + 2 z 0
 R0 −  1 + cos π z − z 1 z 0   a t
2



∂u
∂p 1 ∂
z , t = R0 a t
in the non-stenotic
=
− −
ρ
r τ − σ B02 u
(5)

region
∂t
∂z r ∂r

(10)
∂p
0= −
(6)
∂r
where R z , t is the radius of the arterial segment in the
constricted part of the artery, R0 is the radius of the artery
where τ = τ rz is the shear stress. Since, the flow is assumed
in the normal region, z 0 is the semi-length of the stenosis,
as slow, the magnitude of the inertial terms in the momenz 1 is the centre of the stenosis and δ is the maximum
tum equations are negligibly small and are neglected in
depth of the stenosis. The time-dependent parameter a t
Eqs. (5) and (6). The constitutive equation of the H-B fluid
is defined by
model which represents the blood when it flows in narrow
arteries at low shear rates is
a t =
1 − k cos ω t − φ
(11)
flow of blood in narrow arteries, the fluid-solid interaction
between the flowing blood and the wall of the narrow
artery is negligibly small in magnitude and can be ignored.
However, this effect should be taken into consideration
for two-dimensional flow of blood in large diameter
arteries [29]. Thus, the momentum equations in the z and
r directions in the presence of MHD interactions become
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τ −τ y
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−
=
 µH
∂r 
0

(

)

n

if τ ≥ τ y

(7)

(

)

where φ is the phase angle, k is the amplitude parameter.

if τ ≤ τ y

where τ y and µ H are the yield stress and viscosity of the 2.2 Non-dimensionalization
H-B fluid respectively. Eq. (7) indicates that normal flow
occurs in the region where the shear stress is greater than Let us introduce the following non-dimensional variables.
the yield stress of the fluid and plug flow (solid-like flow)
tU
r
R
z
u
p
occurs in the region where the shear stress is less than or
=
,R =
, z =
,u
=
,t
=
,p
=
,
r =
2
2
equal to the yield stress of the fluid. Resolving Eq. (7) for
R0
R0
R0
R
ρ
U
ρU R0 µ 0
0
the shear stress τ and then substituting it in Eq. (5), we get
ω R0
R0 A0
R0 A1
τy
p
δ
= = = =
=
=
=
,ω
, A0
, A1
,δ =
,θ
,
=
=
=
2
2
2
U
U
R0
ρU
ρU
ρU 2
1/ n  
 
2
  ∂u 
σ B0 u
1 ∂p 1 ∂  
∂u
ρ U R0
=
−
−
r τ y + µ H  −     −
(8)
B0 R0 σ
δ


= =
=
, Re
=
,H
(12)
∂t
∂r   =
ρ ∂z ρ r ∂r 
ρ
  =
2
 

ρU
µ0

µ0
0

(

(

)

Blood is transported into different parts of the body by
means of the pressure gradient produced by the pumping
action of the heart which is pulsatile in nature. The pressure gradient term in the momentum equation characterizes the pulsatile flow nature of blood flow. Hence, it is
quite common to assume the pressure gradient term in the
momentum equation (8) as the sum of the constant pressure gradient A0 (for steady flow) and pulsatile pressure
gradient A1 (for unsteady flow) multiplied by a cosine
function of the product of angular frequency and time as
given below [16, 30].
−

∂p
= A0 + A1 cos ω t
∂z

)

(9)

(

)

where µ 0 = µ H 1 ρ U 2 R has the dimension as that of Newtonian fluid’s viscosity, Re is the Reynolds number and H
is the Hartmann number which is a non-dimensional
number representing the effects of magnetic field. Applying the non-dimensional variables defined in Eq. (12) into
Eqs. (8)–(11), we obtain the dimensionless form of these
equations respectively as the following equations.
1/ n



 ∂u  
∂u
1  ∂p 1 ∂  
=−
+
+ H 2 u
r θ + − 



∂t
Re  ∂z r ∂r  
 ∂r  
 



−

∂p
= A0 + A1 cos ω t
∂z
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if d ≤ z ≤ d + 2 z 0
in the non-stenotic
region
(15)

()

(

a t =
1 − k cos ωt − φ

)

(16)

The non-dimensional form of the appropriate initial and
boundary conditions are [15, 16]

( ) 

( ) 

 A + A   I H r
0
1 
 0
 1 −
 H 2  
I0 H


u r , z ,0 = 
2
 A0 + A1    r  
−
1

 

 4    R  

(

)

The finite difference method is a straight forward and an
efficient method for solving the resulting nonlinear partial
differential equation (20) with the initial and boundary
conditions (21)–(23). The central difference formula is
used to approximate the spatial derivatives and forward
difference formula is used to approximate the time derivative and are given below.

(u)

in the presence of
magnetic field
∂ 2u
=
∂ξ 2
in the absence of
magnetic field
(17)

)

(u)
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()

k

k

() ()
( )
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2
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− u
i , j −1
=
2 ∆ξ

∂u
=
∂ξ

∂u
=
r , z , t 0=
at r 0
∂r

(

3 Finite difference method of
solution

k +1

k

i, j

i, j

(u )
sx

k

(25)

i, j

(26)

∆t

)

( )

where, ξ j = j − 1 ∆ξ , j = 1,2,... N + 1 such that ξ N + 1 = 1; z i = i − ∆
(19)
=
1;
zi = i − =
1 ∆z , i 1,2,... M + 1; t k = k − 1 ∆t , k = 1,2,... for the
N+
entire arterial segment under consideration with ∆ξ and
and∆
where I 0 is the modified Bessel function of first kind and
∆ and ∆z being the respective increments in the radial and axial
of order zero.
directions and ∆t being the time increment. Applying Eqs.
(24)–(26) into the Eq. (20), the finite difference scheme for
the velocity field can be obtained as:
2.3 Radial coordinate transformation

(

)

u=
r , z , t 0=
at r R

( )

( )

Applying the radial coordinate transformation ξ = r R z , t
into the momentum equation (13), one can obtain
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Under radial coordinate transformation, boundary and
initial conditions (17)–(19) become

(
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)
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∆t   ∂p 
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Using Eqs. (24)–(26) in the initial and boundary conditions (21)–(23), one can get

(

 A + A   I 0 H ξ R 1
j i
1 
 0
 1 −
 H 2  
I0 H

ui1, j = 
2
 A0 + A1  
 1 − ξ j Ri1 


 4  

(

( )

) 
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in the presence of
magnetic field
in the absence of
magnetic field
(28)

uik,1 = uik,2

(29)

uik, N + 1 = 0

(30)

(22)
(23)

Using the computed velocity distribution, one can
obtain the following finite difference schemes for the wall
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shear stress, flow rate and longitudinal impedance to
flow.

(τ )

k

w i

( ){

 1
=
− ufξ
θ +
 Rik


( )

Qik =
2π Rik

2

( )

k
i,N

}
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 ∫ ξ j uik, j dξ j + ∫ ξ j uik, j dξ j 

β
 0

 ∂p 
λik =  − 
 ∂z 

(31)

(32)

k

Qik

(33)

where β is the plug core radius.

Fig. 2: Velocity distribution for different fluid models with A0 = 0.2,
ω = 0.02, k = 0.05, φ = 0.2, θ = 0.1, δ = 0.276 and z = 14.

4 Numerical simulations of results
and discussion
The objective of the present analysis is to bring out the
effects of the magnetic field, power law index, phase
angle, pressure gradient, yield stress and maximum depth
of the stenosis on the physiologically important flow
quantities such as velocity, flow rate, wall shear stress and
longitudinal impedance to flow. Sankar and Lee [24]
mathematically analyzed the MHD flow of blood in constricted narrow arteries, modelling blood as Casson fluid.
In this article, we have theoretically investigated the MHD
flow of blood in narrow arteries with mild constriction,
treating blood as Herschel-Bulkley fluid model and compared the present results with the results of Sankar and
Lee [24].
For the numerical simulation of various flow quantities and to validate the present results with the published
results, the values (range) used for different parameters in
this analysis [16] are given below.

Fig. 3: Velocity distribution at different axial points with n = 0.95,
A0 = 0.2, ω = k = 0.02, φ = 0.2, θ = 0.1, δ = 0.1 and H = 2.

H (parameter of the magnetic field) with A0 = 0.2, ω = 0.02,
k = 0.05, φ = 0.2, θ = 0.1, δ = 0.276 and z = 14. It is clear that
the velocity decreases significantly with the increase of
the Hartmann number H. i.e. the presence of magnetic
d=
z0 =
7, z 1 =
14, β =
0.025, A0 =
0.2 A1 , Re =
300, t =
50; A0 field− influences
ω the −velocity field by decreasing its magniIt− is also seen that for a given set of
=
=
=
50; A0 : 0.2 − 0.8; k ,ω: 0.02 − 0.05; φ: 0.2 − 0.5, H : 0 − 4;θ : − tude δsignificantly.
−
values of the parameters, the velocity of the H-B fluid
−
H − 4;θ : 0 − 0.15; δ : 0 − 0.25, t: 0 − 90
model is significantly higher than that of the Casson fluid
The flow region is discretized by taking the step size in model. The plot of the velocity profile of the Newtonian
the axial and radial directions as ∆z =
0.05 and ∆ξ =
0.025 fluid is in good agreement with that in Fig. 2 of Ikbal et al.
respectively and the time step is chosen as ∆t =0.0001 for [16].
The velocity distribution at discrete points in the axial
convergence of the solution to the fifth order [16].
direction (since, the stenosis is assumed to be symmetric,
we have taken the discrete points in the first half of
the stenosis) with A0 = 0.2, n = 0.95, ω = k = 0.02, φ = 0.2,
4.1 Velocity distribution
θ = δ = 0.1 and Η = 2 is sketched in Fig. 3. It is seen that the
Fig. 2 shows the velocity distribution for different fluid velocity increases marginally with the increase of the axial
models and for different values of the Hartmann number variable z in the first half of the stenosis and this behaviour
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Fig. 4: Velocity distribution for different values of A0 with n = 0.95,
H = 2, ω = k = 0.02, θ = δ = 0.1 and φ = 0.2.

Fig. 6: Variation of flow rate with axial distance for different values
of A0 and φ with H = 2, ω = k = 0.02, n = 0.95 and θ = δ = 0.1.

is expected to be reversed in the second half of the stenosis (not shown in the figure).
Fig. 4 shows the velocity distribution for different
values of constant amplitude of the flow with H = 2,
n = 0.95, ω = k = 0.02, θ = δ = 0.1 and φ = 0.2. The velocity
distribution increases considerably with the increase of
the amplitude of the flow when all the other parameters
held constant. Figs. 2–4 bring out the effects of magnetic
filed, amplitude of the flow and yield stress on the velocity
distribution of blood when it flows in stenosed arteries.

0 to 0.02 and then it decreases rapidly (nonlinearly) with
the increase of the parameter k from 0.02 to 0.08. It is also
observed that the flow rate decreases significantly with
the increase of the Hartmann number H. (i.e. the presence
of the magnetic field affects the flow rate by decreasing its
magnitude significantly).
Fig. 6 illustrates the variation of flow rate with axial
distance for different values of the constant amplitude
parameter A0 and phase angle φ with H = 2, ω = k = 0.02,
n = 0.95 and θ = δ = 0.1. One can note that the flow rate
decreases slowly with the increase of the axial variable z
from 7 to 9 and then it decreases quite fast as the axial
variable z increases from 9 to 14 and then it increases symmetrically as the axial variable z increases further from 14
to 21. It is observed that for a given value of the phase
angle φ, the flow rate increases significantly with the increase of the amplitude of the flow. The flow rate increases
slightly with the increase of the phase angle when the
amplitude of the flow is kept as invariable. Figs. 5 and 6
exhibit the effects of magnetic filed, amplitude of the flow
and phase angle on the flow rate of blood flow in stenosed
arteries.

4.2 Flow rate
The variation of flow rate with amplitude of the artery
radius k for different values of the Hartmann number H
with n = 0.95, A0 = 0.2, ω = 0.02, φ = 0.2, θ = δ = 0.1 and
z = 14 is sketched in Fig. 5. It is seen that the flow rate
decreases slowly with the increase of the parameter k from

4.3 Skin friction

Fig. 5: Variation of flow rate with amplitude of the artery radius for
different values of the Hartmann number H with n = 0.95, A0 = 0.2,
ω = 0.02, φ = 0.2, θ = δ = 0.1 and z = 14.

Skin friction is an important measurement in hemodynamics. Accurate prediction of skin friction distribution is
useful in analyzing the effects of blood flow on the endothelial cells [31]. The variation of skin friction with axial
distance for different fluid models with A0 = 0.5, ω = 0.02
and θ = δ = 0.1 is shown in Fig. 7. It is found that the skin
friction increases slowly with the increase of the axial
variable z from 7 to 9 and then it increases considerably
with the increase of ‘z ’ from 9 to 14 and, it decreases sig-
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Fig. 7: Variation of skin friction with axial distance for Casson and
H-B fluid models with A0 = 0.2, ω = 0.02 and θ = δ = 0.1.

Fig. 8: Variation of skin friction with yield stress for different values
of phase angle φ and constant pressure gradient A0 with n = 0.95,
k = ω = 0.02 and θ = δ = 0.1.

nificantly with the increase of ‘z ’ from 14 to 19 and then it
decreases slowly when ‘z ’ increases from 19 to 21. For a
given value of the power law index n, the skin friction increases significantly with the increase of the Hartmann
number H which indicates that the presence of magnetic
field influences the blood flow by increasing the skin friction. It is further observed that the skin friction increases
marginally with the increase of the power law index when
the Hartmann number is held fixed. Note that for a given
set of values of the parameters, the skin friction is considerably lower for the H-B fluid model than that of the
Casson fluid model.
Fig. 8 depicts the variation of skin friction with yield
stress for different values of the phase angle φ and constant
amplitude A0 of the pressure gradient with n = 0.95, ω =
k = 0.02, H = 2, and z = 14. It is noticed that the skin friction
increases linearly with the increase of the yield stress θ. It is
also clear that the skin friction decreases with the increase

201

Fig. 9: Variation of skin friction with maximum depth of the stenosis
for different values of the amplitude k of the artery radius with
n = 0.95, ω = 0.02 and θ = 0.1.

of either the phase angle φ or amplitude of the pulsatile
flow A0. But, the decrease in the skin friction is marginal
when the amplitude of the pulsatile flow increases and is
very significant when the phase angle increases.
The variation of skin friction with the maximum depth
of the stenosis δ for different values of the amplitude parameter k of the artery radius with n = 0.95, H = 2, ω = 0.02
and θ = 0.1 is shown in Fig. 9. It is clear that the skin friction increases linearly with the increase of the maximum
depth of the stenosis. The skin friction increases marginally with the increase of the amplitude parameter k of the
artery radius. Figs. 6–9 spell out the effects of magnetic
field, amplitude of flow, maximum depth of the stenosis,
non-Newtonian behaviour of the flowing fluid and artery
radius on the skin friction in the pulsatile flow of blood
through a narrow artery.

4.4 Longitudinal impedance to flow
Fig. 10 shows the variation of longitudinal impedance to
blood flow with the maximum depth of the stenosis for
different values of the Hartmann number H and the amplitude k of the artery radius with ω = 0.02, φ = 0.2, A0 = 0.5,
δ = θ = 0.1 and z = 14. The longitudinal impedance to
the flow increases very slowly with the increase of the
maximum depth of the stenosis δ for lower values of the
Hartmann number (H = 0, 2) and increases slightly (nonlinearly) with the increase of the maximum depth of the
stenosis δ for higher value of the Hartmann number
(H = 4). It is clear that for a given value of the amplitude
k of the artery radius, the longitudinal impedance to
flow increases significantly with the increase of the Hartmann number H. It is also noticed that the longitudinal
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Fig. 10: Variation of longitudinal impedance to the flow with
maximum depth of the stenosis for different values of H and k with
ω = 0.02, φ = 0.2, A0 = 0.5, θ = 0.1 and z = 14.

impedance to flow increases slightly with the increase of
the amplitude k of the artery radius when the Hartmann
number is held constant. Fig. 10 brings out the effects of
the magnetic field, maximum depth of the stenosis and
radius of the artery on the longitudinal impedance to
blood flow.

4.5 Quantification of skin friction and
longitudinal impedance
It is important to know the precise effects of the magnetic
field in blood flow by quantifying the increase in the phys-

iologically important flow measurements such as skin
friction and longitudinal impedance to flow. The increase
in the skin friction/longitudinal impedance to flow due to
the presence of the magnetic field is defined as the ratio
between the skin friction/longitudinal impedance of a
fluid model in the presence of magnetic field for a given
set of values of the parameters and the skin friction/
longitudinal impedance of the same fluid in the absence
of the magnetic field for the same set of values of the
parameters.
The estimates of the increase in the skin friction for
different values of the magnetic field parameter H in the
axial direction (upto the half of the stenosis length) for
H-B fluid and Casson fluid [28] with A0 = 0.7, θ = δ = 0.1,
k = ω = 0.02 and φ = 0.2 are computed in Table 1. It is observed that estimates of the increase in the skin friction
increase marginally with the increase of the axial variable
‘z ’ and increase significantly with the increase of the Hartmann number H. The estimates of the increase in the skin
friction are considerably lower for H-B fluid model than
those of the Casson fluid model.
The estimates of the increase in longitudinal impedance to flow are computed using the same procedure that
was adopted for estimating the increase in the skin friction. The estimates of the increase in the longitudinal
impedance to flow for different values of the Hartmann
number H in the axial direction for H-B fluid model and
Casson fluid model with A0 = 0.7, k = ω = 0.02, θ = δ = 0.1
and φ = 0.2 are given in Table 2. It is observed that the

Table 1: Estimates of the increase in skin friction due to the presence of magnetic field at discrete points in the axial direction for H-B and
Casson fluid models with A0 = 0.7, θ = δ = 0.1, k = ω = 0.02 and φ = 0.2.
7

8

9

10

11

12

13

14

H=1

1.2926

1.2979

1.3118

1.3301

1.3489

1.3648

1.3753

1.3789

H=2

1.7287

1.7422

1.7782

1.8263

1.8763

1.9192

1.9479

1.9580

H=1

1.5937

1.6020

1.6244

1.6548

1.6868

1.7143

1.7329

1.7395

H=2

2.0202

2.0359

2.0748

2.1289

2.1860

2.2357

2.2693

2.2811

z
H-B fluid with
n = 0.95

Casson fluid

Table 2: Estimates of the increase in longitudinal impedance due to the presence of magnetic field at discrete points in the axial direction
for H-B and Casson fluid models with A0 = 0.7, k = ω = 0.02, θ = δ = 0.1 and φ = 0.2.
7

8

9

10

11

12

13

14

H=1

1.1633

1.1638

1.1644

1.1650

1.1656

1.1662

1.1669

1.1676

H=2

1.6345

1.6385

1.6422

1.6465

1.6510

1.6558

1.6582

1.6621

H=1

1.1659

1.1660

1.1662

1.1666

1.1671

1.1675

1.1679

1.1681

H=2

1.6554

1.6556

1.6566

1.6584

1.6609

1.6635

1.6654

1.6662

z
H-B fluid with
n = 0.95

Casson fluid
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estimates of the increase in the longitudinal impedance
increase considerably with the increase of the Hartmann
number H and increase slightly with the increase of the
axial variable ‘z ’. It is also found that the estimates of the
increase in the longitudinal impedance to flow are lower
for the H-B fluid model than those of the Casson fluid
model. It is important to mention that the presence of
magnetic field influences the skin friction and longitudinal impedance of the flow by increasing their magnitude
considerably.
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Sankar and Lee [24] and this mathematical model may be
used to predict the physiologically important flow quantities which may find applications in the clinical case
studies.
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5 Conclusion

References

The pulsatile flow of blood flow through narrow arteries
with mild axi-symmetric stenosis in the presence of magnetic field is analyzed, treating blood as H-B fluid model.
The main results of this study are summarized below:
– Velocity and flow rate decrease considerably and the
skin friction and longitudinal impedance to flow increase significantly with the increase of the intensity
of magnetic field parameter.
– Velocity of the H-B fluid model is significantly higher
than that of the Casson fluid model.
– Flow rate increases and skin friction decreases with
the increase of the pressure gradient.
– The longitudinal impedance to flow and skin friction
increase with the increase of the amplitude k of the
artery radius.
– Skin friction and longitudinal impedance to flow
increase with the increase of the maximum depth of
the stenosis δ.
– Estimates of the increase in the longitudinal impedance to flow and skin friction increase considerably
with the increase of the intensity of the magnetic
field.
– Estimates of the increase in the longitudinal impedance to flow and skin friction are considerably lower
for H-B fluid model than those of the Casson fluid
model.
The primary contribution of this study is the investigation
on the MHD flow of Herschel-Bulkley fluid for blood flow
in narrow arteries with mild constriction and this work is
the complement to the study by Sankar and Lee [24] for
the MHD flow of Casson fluid model for blood flow in constricted arteries. As the Herschel-Bulkley fluid model has
many advantageous over Casson fluid model for blood
flow modelling which are mentioned in the introduction
section of this article, it is hoped that the present study
may be considered as an improvement over the study of
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