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ABSTRACT

Pulsatile flow of blood under the influence of externally imposed magnetic field and periodic body acceleration
through a multistenosed artery is studied. In this problem a Mathematical model is developed by treating blood
as a non Newtonian fluid characterized by the Casson fluid. The pulsatile is analyzed by considering a periodic
pressure gradient which is a function of time. In this analysis we try to find the computational result by using
the Perturbution analysis, assuming that the Womersely frequency parameter is very small. The effect of
pulsatility and body acceleration have been discussed with the help of graphs.
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I. INTRODUCTION

The study of blood flow through a multi stenosed artery is very important because of the fact that cause and
development of many cardiovascular diseases are related to the nature of blood movement and the mechanical
behavior of the blood vessel walls. A stenosis is defined as a partial occlusionof the blood vessel due to the
accumulation of cholesterols and fats and the abnormal growth of tissues. The stenosis is one of the most
frequently anomaly in blood circulation. Once the constrictionis formed , the blood flow is significantly altered
and fluid dynamical factors play important role as the stenosis continues to enlarge leading to the development
of cardiovascular disease such as heart attack and stroke etc.

In our daily life we often face some external body acceleration, such as travelling in vehicles, aircrafts, running
with high velocity etc. these types of situations undoubtly affects the normal flow of blood which lead to
headache, vomiting tendency, loss of vision and abnormality in pulse rate etc. Many researchers have studied
blood flow in the artery by considering blood as Newtonian or non-Newtonian fluids. Since blood is a
suspension of red cells in plasma. It behaves like a non- Newtonian fluid at low shear rate.

Various Mathematical models have been investigated to explore the behavior of blood flow under the influence
of external acceleration. So, the body acceleration plays a important role in blood flow in arteries. Such body
acceleration is usually caused unintentionally. Sud et. al. (1985) made an analysis of blood flow under the time

dependent acceleration and obtained a result which showed that the high blood velocities and high shear rate are
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capable of harming the circulation which produced under the influence of such time dependent acceleration. Sud
et. al. (1986) againworked on the analysis of blood flow through a model of the human arterial system under the
periodic condition and showed that body acceleration increases the flow rate. Chturani and Palanisamy (1990)
analyzed the pulsatile flow of blood under the influence of periodic body acceleration by assuming blood as a
power low fluid by using finite difference method. Majhi and Nair(1994) studied the pulsatile flow of blood
under the influence of body acceleration treating blood as third grade fluid. Sarojani and Nagrani (2002) studied
the flow of Casson fluid in a tube filled with a porous medium under the periodic body acceleration with
application on artificial organs. Prashant et. al. (2007) studied the effect of body acceleration on pulsatileflow of
non-Newtonian fluid through a stenosed artery and observed that all the instantaneous flow characteristics are
affected by the application of body acceleration. Divyajyoti and Uday (2009) worked on the pulsatile flow of
blood in a constricted artery with body acceleration and observed that the velocity and flow rate increases but
effective viscosity decreases, due to slip wall. Kumar and Dixit (2010) studied Mathematical model for effect of
body acceleration on blood flow in the time dependent stenosed artery. Biswas (2011) analyzed steady flow of
blood through a stenosed artery: a non Newtonian fluid model. Recently Bali and Awasthi (2012) discussed a
Casson fluid model for multiple stenosis artery in presenceof magnetic field.

In this model we consider the problem of Bali and Awasthi (2012) with the introduction of pulsatile flow with
body acceleration under the same condition. The aim of present investigation is to study the effect of pulsatile
flow and body acceleration on velocity profile, the volumetric flow rate, the wall shear stress and resistance to
the blood flow.

Mathematical Formulation:-Let us consider the pulsatile flow of blood through a multiple stenosed artery under
the influence of external applied uniform transverse magnetic field and body acceleration. The geometry of
stenosis is shown in figure 1. We have taken some assumptions for solving the problem.

1) Let us take the flow of blood as axially symmetric and fully developed(i.e.t3. = g = 0, flow in z- direction

only). This is entirely reasonable and reinforces the fact that in unsteady state incompressible flow in a
circular tube of uniform cross section. The velocity does not changein the direction of flow, except near the
entrance and exit regions.

2) Consider blood as casson fluid(hon- Newtonian) and magnetic fluid as red blood cells is a major biomagnetic
substance and blood flow may be influenced by the magnetic field.

3) Consider the transverse magnetic field. Since the biomagnetic fluid(blood) is subjected to magnetic field, the
action of magnetization will introduce rotational motion to orient the magnetic fluid particle with the
magnetic field.
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Figure :-1 geometry of the multiple stenosed artery.
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The geometry of the multiple stenosed artery in non dimentional form is given by
Rz =1" C|5; Hz—(by + b))} —{z — (by + b )¥| for(by+b) =z=(by+by)+5, (1)

1 otherwise
h C o (2)
wherel =—— ————
Ro(SF
Where & is maximium height of stenosis
St
z=(b+b)+ a5 ————- 3)

Where I = 2 is the parameter for determining the shape of steosis. Ri <« 1.
o

The specified momentum equation for the flow in cylindrical coordinate system is given by

du'  #p' 14(rt) oH'
— = e — == G(t) + ppM—
Pac™ oz r or (&) + uoM

Where r’ and z” denotes the radial and axial coordinates respectively,

-—-@

The above assumptions for Navier —Stokes equations is given by fiyis magnetic permeability, M is
magnetization,H’ is magnetic field density and @ is pressure density of the fluid and G(t7is the periodic body
acceleration which is in the axial direction then G{t) is given by

G(t) = agcos(wt'+¢@) t'=0 — —(5)

Where @y is its amplitude, iy = 2mf; where fj is frequency and ¢ is its phase difference. the frequency of
L . da' .
body acceleration is assumed to be small so that wave effects can be neglected. the pressure gradient a_: is take

as:

—?=AD+A1c09(mgt+qﬂ} t=0 ———(6)
z
where Ajy is the steady state part of pressure gradient,41 is the amplitude of the oscillatory part, wq = 277 |

f= being the heart pulse frequency. For casson fluid, the relation between shear stress and shear rate is :

ow_(VT-ym)

-—— p fort'=1," ———T7(a)
du’
— =0, ‘=1, ———(7(b

Here T' is the shear stress, Tg ' is the yield stress and [ is the coefficient of viscosity of blood along the axis of
symmetry and the axial velocity gradient is vanishing in regions where the shear stress T' is less than the yield
stress Tg ' . thus, when the plug flowis 7' = 75"

The boundary conditions governing the problem as follows:

u'=0atr'=R(z) ———-—-— (8(a))
T'is finiteatr'=0 — ———(8(b))
Inthe core regionu =u, atr =R, ————(8(c))
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Where u,; is the core velocity.

Introducing non dimensional variables

. _RE=) s f
Z—Rn,u = ﬂ,Rl[z} = ,T—Rn,t = wst 8 =
ap
21 2Ty (] g Ay Rﬁmgp H'
= -'3: ! = JB:_J = ‘:—JH:_ ———(9
’ ApRy AgRy “ g Ap © Ay “ K Hy ®)
Where Hg is transverse uniform magnetic field the non dimensional momentum equation (4) becomes
L ou 28(rr) dH
c— =41+ t)+4F t+ +—+F— ———1(10
a— = 4(1 + ecost) cos(wt+ @)) + ———+F (10)
3 Rpwgp _ soHpM
Where ¢ —% and F; = An;%
4
a? is Womersley parameter
Equation (7(a)) and 7(b) can be written as
1/ w2
1/2 _gifz . — (2% ; -
tii=¢g +1ﬁ( ﬂ:r") ift=6 {(11(a))
du
— =10 ifr=@8 ———{11{b
> ift (11(p))
The boundary conditions 8(a),8(b) and 8(c) reduced to
u=0atr=R{z ————— (12(a))
Tis finiteatr =0 ————(12(h))
Inthe core regionu =u, atr =R, ————(12(c))

I1. ANALYTICAL SOLUTION OF THE PROBLEM
considering the Womersley parameter to be small (& << 1), the velocity u, shear stress T plug core radius Rp

and plug core velocity up are expressed in the following form:

ulz,rt) =uglz,rt) +a?ulzrt) + — — .{13a)
tlzrnt) =1z t) +a’nlzrnt)+ —— .(13b)
R.(z,r,t) =Ry (zrt)+a?R, (zrt)+—— ..(13¢c)
ulz,nt) = up(z,rt) + a?u, (z,rt) + — — . (13d)

Substituting (13a) and (13b) in equation (10) and equating constant terms and & terms we get

ad lvl
pw (rrg) = —2r (1 + ecost) + Beos(wt+ @) + F E] ———(13)
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sO+RS| ---a9

ad
- =_2
3 (”u} L

du, 28
2= _Z_ ———(15
5 = 750D (15)

Where g{t) = (1 + ecost) + Beos(wt+¢) — ——(15a)

Integrating equation (14) and using boundary conditions 8(a),8(b) and 8(c) we get

o~

Substituting (13a) and (13b) in equation (11a) then we get

1o =—r|glt) +

ﬂuu.

——=2[6 +1,— 2/61,] -——-1(16)
ar

du lg

——2 =g [1- = ———(17)

Using relation (15a) and (15b) and boundary condition (8a) and (8b) in equation (16) then we obtain the axial

velocity in equation (18)

F, 8H
FlaH 3'3( O+35 )3 3
uo=(s0+ 25 ) (R2—r2) - - (RE-%)+26R—1)| —-(18)
The core velocity can be determined by equation (18):
FlﬂH 8 3( (:}+E?3§) 2
=|(g®+ 23 ) @2 —r3) - 3 (R — R )+ 26(R—Ro)| ——(19)

Similarly 71, 41 and 14, can be obtained by using equation (15),(18), and (19) as :

3

6=~ -3 =m0 @) ---ew

480 |Page




International Journal of Advanced Technology in Engineering and Science g
Vol. No.5, Issue No. 05, May 2017 ij ates
www.ijates.com ISSN 2348 - 7550

uy = LORN O (Y s Ve 16y 2 3)5 L
17 g R R I| FoHy_ |3 \R/ 147'R 147
Je® + 35 )R
3
g 128 ;r\3 64 ,ryz 320
—) ——= (=) +=}| ———(21
(m+F16H)R 63 (R) 9 R) 53} (21)
4 gz
. _ . 7
) _g(OR* (RDG)“+4(RE,,:)3+3+ N E(RDG)‘ 424(%): 1144
= g R R F, 0H 3\ R 147\ R 147
xl( ®+3 5 )R
3
8 123(RDC)3 54(5@)5 320 (22)
((ﬂJFFlﬂH)R 63 \ R 9\ R 63
4 gz
8'3( (t}+FlaH) a a
F 8Hy. ., . 19z/7.3 3
u=|{glt)+— (RZ—+2)— Rz—rz|+28(R—71)
4 8z 3
. —_ 7
Lg (DR e 72 6 16 ;72 424 3] 1144
AL @) @) v e 50 - @
8 R R I| L HoH 3\R/ 147\R 147
(5"&3' 3R
3
g 128 ,r+3 64 ,ryz 320
o 63 () ~ =) +_} ———()
( (t}+ 1 )R R 9 B 63
The volumetric flow rate Q(t) is given by
K
Qlt) = 4j urdr — — — —(24)
o
4 &( (t}+ :]
F, 8H 16
— p4 1 ) il
Q(t) =R (g(} 2t > +37
F, 8H
,CORC 2+12“ '3(9‘@“ +3:) 320
16 |3 77VR 35R

The resistance to flow can be calculated by using the formula
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PI}_PL-

Alt) = 0

—— ——(25)

Where P=P,at z=0 and P=P, at z=L

I11. RESULT AND DISCUSSION

This model has been presented to study some aspects of flow of blood through an artery having multiple
stenosis. The objective of the present work is to study the effect of body acceleration on the pulsatile flow of
blood flow through an artery having multiple stenosis. The results are discussed by computing the flow flow

variables at suitable values of &, B, &, ¢ and t by fixing other parameter occurred in the flow.

Fig.- 1 Shows the variation of axial velocity with radial coordinate for different values of B(Body acceleration
paramenter). It is clear that as B increases, axial velocity increases.
Fig.- 2 Represents the variation of volumetric flow rate with time t for different values of B. it is observed that

as B increases volumetric flow rate increases.

IV.CONCLUSION

the pulsatile blood flow through an artery having multiple stenosis have been studied in the presence of
externally imposed body acceleration. Results have been shown that all the instantaneous flow characteristics
are affected by the application of body acceleration. It is observed that the presence of body acceleration

increases the axial velocity and volumetric flow rate.
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Variation Of Volumetric flow with
pressure gradiant for different values of B
.

3.5

3 4 //
. .—__./_.,_—-I”'.—’.—"
2 B =1

5

1.5 4 B=2

1 ——B=3
0.5 A

0

0 0.2 0.4 0.6 0.8 1 1.2
Pressure Gradiant(e)
Figure-2
REFERENCES

[1] Bali R. and Awasthi U. A Casson fluid model for multiple stenosedartery in presence of magnetic field.
Applied  Mathematics, 2012,3pp 436-441.

[2] Biswas D. and chakraborty U.S. 2009. Pulsatile flow of blood in a constricted artery with body acceleration.
Journal of application and applied mathematics, 2 Page 329-342

[3] Biswas D. and chakraborty U.S (2010), Pulsatile flow of blood through a chatheterized artery with an
axially non symmeterical stenosis. Applied Mathematical Sciences. Vol 4. no. 58, 2010, pp 2865-2880.

[4] Chaturani P. and Palanisamy V. (1990), Pulsatile flow of power low model for blood flow under periodic
body acceleration. Journal of Biorheology,27, 747-758.

[5] Kumar S. and Dixit A.(2009) Effect of porous parameter for blood flow in a time dependent stenotic artery.
Indian Journal of Biomechanics special issue (NCBM 7-8 march)

[6] Kumar S. and Dixit A (2010) Mathematical model for the effect of body acceleration on blood flow in time
dependent stenosed artery. International journal of stability and fluid mechanics vol.1,No. 1 PP 103-115.
147

[71 Majhi S.N. and Niar V.R. (1994). Pulsatile flow of third grade fluids under body acceleration modelling
blood flow . International Journal of engineering science, 32, 839-946.

[8] Mandal Kumar P. Chakrabvarty S., Mandal A. and Amin Norsarahaida (2007). Effect of body acceleration
on steady pulsatile flow of non newtonian fluid through a steenosed artery. Journal of Applied Mathematics
and Computation, 189,766-799.

[9] Mishra J.C., Adhikar S.D. and Shit G.C.(2008) Mathematical analysis of blood flow through an arterial

segment with time dependent stenosis. Journal Of Mathematical Modelling and analysis, 13, 401-412.

483 |Page




