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ABSTRACT

A mathematical model for the blood flow throughcserlapping stenosed artery with core region uniter effect
of magnetic field is presented. The laminar, incoeapible, fully developed, non-Newtonian (Hersdhdkley)
flow of blood in an artery having overlapping steisois numerically studied under the action of tegrse
magnetic field. Effect of overlapping stenosis arternally applied magnetic field in the blood fl@adiscussed of
analytically and graphically. All the flow characistics are established to be affected by the emist of
overlapping stenosis and revelation of magnetitdfigf different intensities. Analytical expressidios velocity,
core velocity, volumetric flow rate and shear strese derived by using the model. The study previadeinsight
into the effects of magnetic field intensities giedd stress on the velocity, core velocity, andirtric flow rate of
the blood and also on shear stress.

Key words: core velocity, volumetric flow rate, wall shearests, radial distance, axial distance, magnetid,fiel
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INTRODUCTION

These days, magnetic therapy is widely used fomguvarious diseases. The blood which is conside®d
magnetohydrodynamics (MHD) fluid will help in coalling blood pressure and has potential therapeaugécin the
diseases of heart and blood vessel. By using aroppate magnetic field it can become effectivedaditions such
as poor circulation, travel sickness, pain, headsachmuscle sprains, strains and joint pain. Magrtbgrapy could
be useful for the reperfusion of ischemic tissuawing sepsis. When blood flow to a tissue becohiesked or
reduced, necrosis will eventually occur. Local esqge of a magnetic field could potentially resaltolood vessel
relaxation and increased blood flow.

Singh and Singh [1] studied the effect an exteyraghiplied uniform magnetic field on the axially rRsymmetric but
radially symmetric atherosclerotic artery with caegion. Blood is modeled as a Herschel- Bulklayidflby
properly accounting for yield stress of blood inadiblood vessels. Eldesoky [2] presented a mattieatanodel of
unsteady blood flow through parallel plate chanmeler the action of an applied constant transveiagnetic field.
The model has been analyzed to find the effectgaobus parameters such as, Hartmann number, beates
parameter and Prandtl number on the axial velot@typerature distribution and the normal velocitye numerical
solutions of axial velocity, temperature distrilams and normal velocity are shown graphically faattér
understanding of the problem. Tashtoush and Magald] studied heat transfer and fluid flow chaesistics of
blood in multi stenosed arteries with the effectmdgnetic field. They assumed that the arteriatresg to be a
rigid cylindrical tube with multi stenosis and btblowing through it to be Newtonian with constaigcosity. Full
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Navier—Stokes equations in cylindrical coordinaies introduced and solved using the vorticity strdanction

approach by them. They have shown that the effeetastmann number on shear wall as well as Nudsathber.

Shit and Roy [4] investigated the steady as welrassient flow regime for Newtonian hydromagnédticod flow

in a constricted porous channel. Their study pestad a situation where a magnetic field is appired direction
transverse to the direction of flow. Mishra et[al. studied problem of oscillatory flow of blootirbugh porous
medium in a rigid tube with mild stenosis under simaple harmonic pressure gradient.

Das and Saha [6] studied the effect of magnetld fia pulsatile flow of blood through a stenosedops medium
with periodic body acceleration. They obtained wiehl solutions for the velocity, volumetric flovate and wall
shear stress using finite Hankel and Laplace toainsf and their natures are shown graphically ffedint values
of involved parameters. Shaw et al. [7] have shtiveninfluence of the externally imposed body aeclon on the
flow of blood through an asymmetric stenosed anmrgonsidering blood as Casson fluid. The artergylindrical

in shape and the flow is axially symmetric. Theoasplored the influence of the externally imposeahnetic field
on the non-linear Casson flow field. Bali and Aw&agB] studied the effect of an externally appliediform

magnetic field on the multi-stenosed artery witlrecoegion. Blood is modeled as a Casson fluid yperly

accounting for yield stress of blood in small blo@ssel. The analytical expressions for the vakxignormal and
core region), blood flow rate and wall shear strass obtained. The effect of external magnetiadfi@hd other
parameter has been shown graphically for thesdtsely them. Sankar and Lee [9] have shown thecefbé

magnetic field in the pulsatile flow of blood thiglunarrow arteries with axisymmetric mild stendsimvestigated,
treating blood as Casson fluid model. They inveddd that the estimates of the increase in the fsiition and

longitudinal impedance to flow increase considegrakith the increase of the Hartmann number. Bhaagatval.
[10] pronounced that magnetic field can be used #isw control mechanism in medical applicationgnie, it is
useful to study the blood flow in arteries in thhregence of magnetic field.

Agarwal et al. [11] investigated the effect of fhlag flow in the cystic duct on the flow characstig of bile. They
considered bile as a Casson fluid. They foundadkahe size of stone and the core radius incretsesgsistance to
flow and shear stress also increasiagh and Singh [12fonsidered the influence of blood yield stresscassty
and flux on the resistance to flow ratio for Binghalastic flow of blood through vessels contanifm@mal
segments. They studied that as the yield stressdres, the resistance to flow ratio moves furfiteen one. They
also recorded that resistance to flow shows nafsignt variation for variable blood viscosity aitdlecreases and
moves closer to one as flux decreasgsma et al. [13] studied the blood flow throughyanmetric stenosis during
artery catheterization assuming blood to behavewtdhian fluidReddy et al. [14] have made an attempt to study
the Hall current effects on a steady flow of visedlwid through a porous medium bounded by a poswuace
subjected to suction with a constant viscosityhia presence of radiation and homogenous chemiaetioa of first
order. Reddy and Reddy [15] studied the MHD péltistanotion of a third grade fluid in an asymmetdbannel
under the assumptions of long wavelength and loynBlels number. Series solutions of axial velocity @ressure
gradient are given by them using regular pertuopat&chnique when Deborah number is small.

2. MATHEMATICAL FOEMULATION
The geometry of the stenosis, assumed to be mteifds the arterial segment is described (Chaktgvand
Mandal [21] and Srivastava, et al [22]) in Fig.sl a

1- 30
R(2=R| 2R(,)

{11(z—d)(5’)3—47(z— dF ( F+ 72¢- d ¥ ] - 36¢- dj} Db x (1)
1 Otherwise

where R) is the radius of the artery (assumed to be a dgizlilar tube) outside the stenosR( 2) is the radius of

the stenosed portion of the arterial segmé&%ﬁs the length of the stenosisl’ indicates its location and is the

] i 1 '
maximum height of the stenosis into the lumen, appeat the two different locationsZ = d +E lO and

I

] r 5 ! I ] I 35
zZ=d +E l, . The height of the stenosis at= d +%, called critical height isz.
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Figurel. Geometry of an overlapping stenosisin an arterial segment

The Navier-Stoke equation is
op 10
_L* + * *
0z r or

Where I and Z be the radial and axial coordinates respectivellyg, nagnetic permeabilityM magnetization,

*

* * aH
rr )+ M—*ZO 2,
(r7)+u, 3 ) (

His magnetic field intensityp* is pressure and’ be shear stress.

The constitutive equation for Herschel-Bulkley flus given by

* * n au* . * *
(r -1,) :K[—ar*j,r 7, G
au* * *

—=0;7 <T, .. (4
ar 0 ()

Where T; be the yield stress afdbe the viscosity coefficient of blood.

The boundary conditions pertaining to the problem

u=0ar =R (2 ...(5a)
T isfinite atr” =0 ...(5b)
In the core regiod = uc* atr’ = RC* ... (5¢)

Where U, is the core velocity.

3. SOLUTION OF THE PROBLEM
Introducing the following non-dimensional scheme
r z o_R g 7
20T - 2"
R R R Py Uy PY,

'
lo

R,

,d=

H!
H=—/,= . (6
H'® (6)

P

Where Hois the external transverse uniform constant magfieid.
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The geometry of the stenosis in non-dimensionahfigrgiven as

R(2= FS 2R, 4{

Equations (2) to (4) reduce to

@_O’ < 0

or

Where fzz%! f, =
U~ Ry

1

loMH,
pU;

The boundary conditions (5a-5c¢) will now become

u=0atr=R(2
Tis finiteatr =0

In the core regiod = U, at I =R,

11(z- d)}* - 47(z- df |2+ 72 df §- 36( d} ;

< = o (6)

Otherwise

Q)

.. (8)
.. (9)

.. (10)

...(11a)
...(11b)
.. (11c¢)

On using analytical method in Equations (8-10) asitig boundary conditions (11a, 11b, 11c)

The expression for velocity and core velocityd, are

1 o _
" (ap aH) 0z
2" f f,o
0z 0z
fu=u, atr =R,

u. =-

T (apl faH)H(%

0z 0z

faH]r—Zro}n+ {[
0z

oH ™
1R

The volumetric flowQ rate is given by

R R
Q= 277[ ru.dr + 2ﬂj rudr=Q.+Q
0

op
0z

9 _

0z

Where Q. and Q, are the flow rate in core and annular region efgtenotic artery.

Using Uand U, from equations (12) and (13) in equation (14), thew rate Qis

Q — y|:9(an+2,7 _ﬂn+2K) +%(ﬂn+lR2_a,n+132)j|

Where

—fa—H)R—Zro} ] - (12)
0z
aHJ o }}
0z
.. (13)
.. (14)
.. (15)

Pelagia Research Library

321



Lokendra Parmar et al Adv. Appl. Sci. Res., 2013, 4(6):318-328

_[[op_ oH _[(9P_ (oMY
| SR o= (S )
1

T

y= 8=
n oP OH
2" f (n+1)£ j (ap—f aHj (n+2)(n+3)
0z az 0z 0
oP oH oP oH
-f,—|(n+2 21, -f,— |(n+2)R-2r,
Eaz 0z j( R - (az 0z j( )
ou
The wall shear streds, = K(arj ... (16)
Where K = 4

Now differentiating Equation (12) with respectit@nd substituting in Equation (16), then

_u (P aHj "
T -f— |R-2r .. (7
; 2”f2K02 57 0 a4

RESULTSAND DISCUSSION
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=

Graph-1: Variation in velocity of blood with axial distancefor different yield stresses

Pelagia Research Library

322



Lokendra Parmar et al Adv. Appl. Sci. Res., 2013, 4(6):318-328

0.43

0.4

0.33

0.3

0.23 1

027

0.13

0171

0.03 t t t t 1 t t t t
1] o1 02 03 04 05 06 07 08 049 1
=

Graph-2: Variation in velocity of blood with axial distance for different values of magnetization
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Graph-3: Variation in velocity of blood with axial distancefor different values of pressuregradients
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Graph-4: Variation in Core velocity with stenosis heightsfor different values of Magnetic field intensity

Graph-5: Variation in Core velocity with axial distancesfor different values of Pressure gradients
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Graph-6: Variation in Corevelocity with axial distancesfor different values of Magnetic field intensity
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Graph-7: Variation in Volumetric flow rate with axial distancesfor different valuesof yield stresses
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Graph-8: Variation in Volumetric flow rate with axial distancesfor different values of pressure gradients
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Graph-9: Variation in wall shear stresswith axial distancesfor different Magnetic field intensity
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Graph-10: Variation in wall shear stresswith axial distancesfor yields stresses
The expression of velocity, core velocity, voluneffow rate and wall shear stress are obtainedcamaputed data

0
are plotted for different values of magnetic fiettensity,(H) magnetizatior(l\/l ) pressure gradierfta—p] and
V4

yield stres{l'o) .Graphs (1), (2), (3) depict variation in velocity of blood with axidistance for different values of
shear stress, magnetization and pressure gradiEotsher that velocity of blood increases as ysit@ss increases
in graph (1). The variation of velocity with parameter magnmﬂn(l\/l ) is also shown imgraph (2). The result

presented in this figure indicates that velocityuses with the increase in magnetization parameétergraph (3)
illustrates that the velocity increases with theréase in pressure gradient.

Variation of core velocity {.) with the stenosis height for different valuesimduced magnetic field gradient

dz
then it increases up to the stenosis height 1.€e @elocity diminishes with the increase in magnégld intensity.
Variation in core velocity with axial distances ftifferent values of pressure gradients and magfietd is shown
in graphs (5) and(6) respectively. It is seen that core velocity hagéasing trend with the increase in pressure
gradient.

dH
(H =——| is shown ingraphs (4). The result show that core velocity decreases updcstenosis height 0.5

Variations of volumetric flow rate with axial distees for various yield stress and pressure grexlemeat presented
in graphs (7) and (8) respectively. The study reveals that with incregsjield stress, rate of flow increases for
increasing axial distance It is also observed that flow rate becomes hidoerincreasing values of pressure
gradients.

The results of variation of wall shear streéER) with axial distancez for different values of magnetic field

dH
intensity( H= d_ and yield stres( TO) have shown iigraphs (9) and (10) respectivelylt is noted thathe
z

wall shear stress increases as the axial distaimoeeases form 0 to 0.2 and then it decreasesmseases from 0.2

327
Pelagia Research Library



Lokendra Parmar et al Adv. Appl. Sci. Res., 2013, 4(6):318-328

to 0.5 after that it again increaseszdges from 0.5 to .8 then it decreases for z liesnf .8 to 1lt is also obvious
from these figures wall shear stress decreasasdmasing values of magnetic field and yield stres

CONCLUSION

In the present theoretical study, an attempt ha&s beade to examine various aspects of blood flodiffierent

segments of the circulatory system in a situatitvene the system has been subjected to an exteagaatic field.

On the basis of the results obtained here, it @adzomplished that the velocity of blood and sis¢é@ss on the
wall of artery due to overlapping stenosis can dtrolled satisfactorily by the use of an extenmalgnetic field. It
is also possible to bring down these quantitiesrny desirable level by increasing/diminishing of thagnetic field
intensities. Accordingly this analysis throws adatguillumination towards the clinical use of thdewmance of
external magnetic field in the treatment of cardssular diseases such as high blood pressure,tegpiem and
atherosclerosis.
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