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ABSTRACT

The mathematical model for MHD blood flow through stenosed inclined tube of exponential diverging vessel with
periodic body acceleration is studied. Using appropriate boundary conditions, analytical expressions for the velocity,
volumetric flow rate, fluid acceleration and the wall shear stress have been derived. These expressions are computed
numerically and the computational results are presented graphically.
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INTRODUCTION

Arterial MHD pulsatile flow of blood under the periodic body acceleration is studied by Das and Saha [1]. El-
Shahawey et al. [2] studied the pulsatile flow of blood through a porous medium under periodic body acceleration.
Effect of magnetic field on blood flow under periodic Body acceleration in porous medium is studied by Varun Mohan
et al. [3]. Bhuvan and Hazarika [4] studied the effect of magnetic field on pulsatile flow of blood in a porous channel.
Mishra et al., [5] studied the study of oscillatory blood flow through porous medium in a stenosed artery. Blood flow
through an artery having radially non-symmetric mild stenosis is studied by Singh et al. [6]. Flow of Casson fluid
through an inclined tube of non-uniform cross-section with multiple stenoses is studied by Sreenadh et al. [7]. Rathod
et al., [8] studied the pulsatile flow of blood under the periodic body acceleration with magnetic field. Rathod and
Gopichand [9] studied the pulsatile flow of blood through a stenosed tube under periodic body acceleration with
magnetic field. Sharma et al., [10] studied the pulsatile unsteady flow of blood through porous medium in a stenotic
artery under the influence of transverse magnetic field. Rathod and Ravi [11] studied the blood flow through stenosed
inclined tubes with periodic body accelaration in the presence of magnetic field and it’s applications to cardiovascular
diseases. Singh and Rathee [12] studied the analysis of non-Newtonian blood flow through stenosed vessel in porous
medium under the effect of magnetic field.

Using finite Hankel and Laplace transforms, analytical expressions for velocity profile, volumetric flow rate and wall
shear stress have been obtained for an inclined stenosed tube and their natures are portrayed graphically for different
parameters such as Hartmann number, phase angle, time etc.

MATHEMATICAL FORMULATION
Let us consider the axially symmetric and fully developed pulsatile flow of blood through a stenosed porous circular
artery with body acceleration under the influence of uniform transverse magnetic field. Blood is assumed to be

Newtonian and incompressible fluid. Also for mathematical model, we take the artery to be a long cylindrical tube
along z-axis. The pressure gradient and body acceleration are respectively given by

_Z_IZD = A, + A cos(wpt) (1)
G =a, cos(m,t +¢) )
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where A, and A are pressure gradient of steady flow and amplitude of oscillatory part respectively, a,is the amplitude
of body acceleration, w, = 2 fp , @, =27 fb with fp is the pulse frequency and fb is body acceleration frequency,

@ is the phase angle of body acceleration G with respect to pressure gradient and time, t.

The governing equation of motion for flow in cylindrical polar coordinates is given by

p%?=—%+p6+ﬂV2u—fU—GBOZU+pQSin9 ©

0
where u is the axial velocity of blood; 6_p is pressure gradient; o is density of blood; g is the viscosity of blood,; k
VA

is the permeability of the isotropic porous medium; B, is the external magnetic field along the radial direction and o is
the conductivity of blood.

The geometry of stenos is is shown in figure-1.

a—5| 1+cos 22 , —22,<1<21,
R(z) = 22,
a otherwise

where R(Zz)is the radius of the stenosed artery and depends ond , @is the radius of artery, 47,is the length of

stenosis and 20 is the maximum protuberance of the stenotic form of the artery wall.
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Fig.l.Geometry of artery with stenodis
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The equation (3) becomes
ou i o’u 16u ) .
— = A, + A cos(w,t) + cos(ot+@)+—| —+——|—uC°u+ pgsing 4
P~ HHA (pt) + pa, COS(yt + ¢) Rz{agz 555}# it 4)
where
2
C:1/1+M—, M = ERBO(Hartmann number)
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Fig.2.Flow geometry of an arterial stenosis
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It is considered that the blood is undergoing periodic pulsatile motion through a rigid circular channel with
£

. . . . a Zy . .
impermeable walls which diverge exponentially as, Rl(Z)ZE 1+e™® |where ‘a’ is the tube radius, & the
divergence parameter over a characteristic axial distance Z, and is considered to be very less than one.

It is assumed that t < 0 only the pumping action of the heart is present and at t = 0, the flow in the artery

corresponds to the instantaneous pressure gradient i.e.,

oP
- = +
5 - h A
As a result, the flow velocity at t=0 is given by
+ I,(CR
ue,0)="2 ZA{1— ol 5)} ©
uC 1,(CRS,)
where |, is modified Bessel function of first kind of order zero and &, = %
0
The initial and boundary conditions to the problem are
u(e,0) = DA {1_ l,(CR¢) }
uC 1,(CRS,)
u=0 at £=¢
uis finite at£=0 (6)

Solutions: Applying Laplace transform to equation (4) and first boundary condition of (6), we get

pr— 2o A) {1_ IO(CRf)}
uC 1,(CRS,)
B . ”_ _ .
=i+ 2Ais : +pa0(scozs¢ a;bsm¢)+i2 a_uerl&_u —yCZU+'DgS'n9 @
s (s"+w°) (" +w") Rl 0&° & o6& S
where T(&,S) = j e~Su(&,t)dt(s = 0)
0
Then applying the finite Hankel transform to equation (7), we obtain
A As  pa(scosg—m,sing) p(A +A)R
2 + 2 2 + 2 2 + 2p2 2
T°(1.s)= J,(&A4)R s (S°+wy’) (s* + @) u(C*R*+ 4.%) -
" A LesRP+ w(CPR2+ 2] pgsing
+—
S

1
where U"(4,,5) = I ru(r,s)J,(r4,)dr and A, are zeros of J,,Bessel function of first kind and v = fad
0 P
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The Laplace and Hankel inversions of equation (8) give the final solution for blood velocity as
(A, + pgsinO)R? . ARZ[v(4,2 +C?R?)cos wpt + w,R?sin w,t] ] |
u(A? +C?R?) p[R*@,% + (1.2 +C?R?)?]
aOR [v(4,2+C?R )cos(a)bt+¢)+a)bR25|n(a)bt+¢)]
R'e,? +v*(1,2+C*R?)?
> 1] (l &) —-Aw,
uie:= Z; A J(EA) y(iz+C2R2)[Rf2);+v2(i2+C2R2)2] ©
e—(é](ﬂn“Csz)t a,R’[v(4,? +C’R?)cos ¢+ w,R*sin ¢]
R'o,? +v* (4, +C°R?)’
pgsing R?
V(ﬂ»n2 +C2R2)

which can be written in the form

{ A+pgsing _ el(4,’ +C’R*)cosayt +a’ sin wpt]}

A (4,2 +C?R?) (A2 +C°R*)* +a*
W(Et) = 2,6\)R2 i 1 J,(A4,8) PRy (4,7 +C?R?) cos(am,t + @) + B sin(a,t + @)
n=1 é:j“n Jl(gl/in) Ab (ﬂ‘n2 +C2R2)2 +ﬁ4
—ea’
(A% +C*R))[a* + (4, +C*R*)?]
P a2, ~2p2 2 o
_(szunucmz)t A {(4,” +C"R?)cos ¢ + B° sin ¢}
—e \R +
(ﬂn2+C2R2)2+ﬂ4
gsing 1
+- gAO (1.2 +C?R?) (10
2 o2 )
where ® = @eR” _ Re, B _ R Re, (9=i
1% , 1% ' A

The analytical expression of u consists of four parts. The first and second parts correspond to steady and oscillatory
parts of pressure gradient, the third term indicates body acceleration and the last term is the transient term .As t — oo,
the transient term approaches to zero. Then from equation (10), we get

{ A, + pgsing +g[(/1 +C2R?) cos wpt + o smwpt]}
W, t)_ZAORzi 1 3,48 | A (4 +CRY) (14,2 +C? R-) +a' "
i G i(84,) . P (A% +C?R?) cos(m,t + @) + B2 sin(w,t + @)
LA (A, +C?*R*)*+ B* |
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R
The volumetric flow rate Q is given by Q(&,t) = 27[J- ru dr
0

{ A +pgsingd  g[(4,7+C’R?)cos wpt +a’ sin wpt]
AzAR?E 1 | | A (42+C?R%) (4,2 +C’R*)?* +a*
Q-T2 e .
uo A Jr,oa0 (A4, +C R7)cos(am,t + @) + S sin(aw,t + @)
Ab (ln2+C2R2)2+ﬁ4

ou

The fluid acceleration F is given by F(&,t) = Y

Fey=22y 1

{azg{—(/lnz +C?R?)sin wpt + a® cos wpt}}

Jo (<) (14,2 +C*R*)? +a*

,0 n=1 12’n ‘Jl(glﬂ’n)

}

A) (ln2+C2R2)2+ﬂ4

. . ou
The expression for the wall shear stress 7, can be obtained from 7, = ,u(
r=R

a2

N

or
[ A +pgsing . £[(1.2 +C?R?) cos w,t + ar sin ,t] | |
A (/”tn2+C2R2) (/1nz-|-CZR2)2+054
Py (4.7 +C?R?)cos(m,t + @) + B sin(a,t + @)
A (4, +C*R*)* + B° ]
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Fig.3.Variation of velocity profiles for aorta
artery against & with ¢=90°, 6=30"and t=2
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Fig.4.Variation of velocity profilesfor aorta
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Fig.7.Variation of flow rate for aorta artery
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Fig.8.Variation of wall shear stress t for aorta
artery against t when ¢=45", 06=30°and £,=0.4

Fig.-3: Velocity decreases with increase in & for increase in magnetic field for particular value of ¢ = 90°,6 =30°
and t=2

Fig.-4: Velocity increases with increase in t for increase in magnetic field for particular value of ¢ =90°,8 = 30°
and £ =0.2

Fig.-5: If we plot F vs & for increasing t for particular value of ¢ = 90°,0 =30%and M =2 then the nature of
the curve is as shown in the figure.

Fig.-6: If we plot F vs t for increasing M for particular value of ¢ =90°, 8 =30°and & =0.2 then the nature of
the curve is as shown in the figure.

Fig.-7: If we draw Q vs t for different M, as M increases Q decreases for increasing t for particular ¢ = 45°,0 =30°

Fig.-8: 7 increases with increase in M for different t and the nature of the curve is as shown in fig. for particular

$=45°,0=30%and & =0.4

© 2016, IJMA. All Rights Reserved 205



V. P. Rathod", Ravi.M 2 / MHD Blood Flow Through Stenosed Inclined Tube of Exponential Diverging... / IIMA- 7(5), May-2016.

REFERENCES

1.

2.

10.

11.

12.

K.Das and G.C. Saha, “Arterial MHD Pulsatile flow of blood under the periodic body acceleration”, Bull. Soc.
Math . Banja Luka,Vo0l.16(2009),21-42

El-Shahawey ,E.F. Elsayed, M.E.et al., “Pulsatile flow of blood through a porous medium under periodic body
acceleration”, Int. J .Theoretical Physics39(1),183-188(2000)

Varun Mohan, Dr. Virendra Prasad, Dr.N.K.Varshney and Dr. Pankaj Kumar Gupta, “Effect of Magnetic
Field on Blood Flow (Elastico- Viscous) Under Periodic Body Acceleration in Porous Medium”, 10SR
Journal of Mathematics (IOSR-JM) e-ISSN: 2278-5728,p-ISSN: 2319-765X, Volume 6, Issue 4 (May. - Jun.
2013), PP 43-48

Bhuvan.B.C.and Hazarika .G.C. ,“Effect of magnetic field on Pulsatile flow of blood in a porous channel”,
Bio-Science research Bulletin.17(2),105-111(2001)

Gaurav Mishra, Ravindra Kumar and K.K.Singh, “A study of Oscillatory blood flow through porous medium
in a stenosed artery, Ultra Scientist.\Vol.24(2)A,369-373(2012)

Bijendra Singh, Padma Joshi and B. K. Joshi, “Blood Flow through an Artery Having Radially Non-
Symmetric Mild Stenosis”, Applied Mathematical Sciences, Vol. 4, 2010, no. 22, 1065 — 1072

S.Sreenadh, A.Raga Pallavi and Bh.Satyanarayana, “Flow of Casson fluid through an inclined tube of non-
uniform cross section with multiple stenoses”. Pelagiya Research Library ,Advances in Applied Science
Research,2011,2(5),340-349

Rathod.V.P, Shakara Tanveer ,ltagi Sheeba Rani, G.G. Rajput, “Pulsatile flow of blood under the periodic
body acceleration with magnetic field”, Ultra Scientist of Physical Sciences,17(1)M,7-16(2005)

Rathod .V.P. and Gopichand, “Pulsatile flow of blood through a stenosed tube under periodic body
acceleration with magnetic field”, Ultra Scientist of Physical Science, Vol(1)M,pp109-118(2005)

Mukesh Kumar Sharma , Kuldip Bansal and Seema Bansal, “Pulsatile unsteady flow of blood through porous
medium in a stenotic artery under the influence of transverse magnetic field”, Korea-Australia rheology
journal,September 2012,Volume 24,1ssue 3, 181-189

V.P.Rathod, Ravi.M, “Blood Flow Through Stenosed Inclined Tubes With Periodic Body Accelaration in
The Presence Of Magnetic field and it’s Applications to Cardiovascular Diseases”, IJRET: International
Journal of Research in Engineering and Technology elSSN: 2319-1163 | pISSN: 2321-7308, Volume: 03
Special Issue: 03 | May-2014 | NCRIET-2014

Jagdish Singh and Rajbala Rathee, “Analysis of non-Newtonian blood flow through stenosed vessel in porous
medium under the effect of magnetic field”, International Journal of the Physical Sciences,VVol.6(10),pp.2497-
2506,18May,2011.

Source of support: Nil, Conflict of interest: None Declared

[Copy right © 2016. This is an Open Access article distributed under the terms of the International Journal
of Mathematical Archive (IJMA), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.]

© 2016, IJMA. All Rights Reserved 206



