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ABSTRACT

In this paper, we have investigated the effects of length of stenosis, shape parameter, parameter }J/ on the

resistance to flow for a Bingham plastic flow of blood through a generalized artery having multiple stenoses locate
at equal distances. Here, the rheology of the flowing blood is characterized by non-Newtonian fluid model. The

study reveals that flow resistance decreases as shape parameter and )/ increases and it increases as stenosis height
and length increase. We have also shown the variation of wall shear stress for different values of parameter )/
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INTRODUCTION

Hardening of the arteries is a procedure that aftarurs with aging. As we grow older, plaque byddharrows our
arteries and makes them stiffer. These changes imakeder for blood to flow through them. Clots yrfarm in
these narrowed arteries and block blood flow. Riedglaque can also break off and move to smhlterd vessels,
blocking them. Either way, the blockage starvesugs of blood and oxygen, which can result in dar@adissue
death. This is a common cause of heart attack tnokles High blood cholesterol levels can cause éwirdy of the
arteries at a younger age. For many people, highesterol levels are the result of an unhealthgstifle most
commonly, eating a diet that is high in fat. Othisk factors are heavy alcohol use, lack of exetcend being
overweight.

Singh [1] observed that flow resistance decreaseshape parameter arjdincreases and it increases as stenosis

height and length increase. He has also shownwhltshear stress increases up to mid axial distamz then it
decreases for increasing values of paranjéteingh and Singh [2] discussed the effects of flmhavior indices
on non —Newtonian blood flow in small arteries mavimultiple stenoses and post-stenotic dilatatiaa been
discussed. They observed that as flow index behaviveases, rate of flow resistance ratio increaSingh et al.
[3] assumed the stenosis is mild and radially ngmssetric. They performed the graphical analysisafeingle loop
of stenosis having maximum depression at diffepaitt. They also observed that increasing valupasmeter
J/shows lower variation. Singh and Shah [4] presemtetimerical model to investigate the effect ofpghaf

stenosis on blood flow through an artery using pelae fluid model. They found that the resistanodlow, wall

shear stress and apparent viscosity decreasesnasistshape parameter increases but increastnasis size and
stenosis length increases. Krishna et al. [5] dised the effects of various parameters like Darayber, slip

parameter, radius on velocity, frictional force.eVyhobtained expressions for velocity, volume floater and
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frictional forces. Shah [6] presented a numericaldel to determine the effect of magnetic field daok flow
through an axially non-symmetric but radially syntrite atherosclerotic artery. She has also showh ithahe
presence of magnetic field, blood did not drasyoehange the flow patterns, but caused an appolecidecrease in
the shear stresses and a slightly lower resistantew.

Mishra and Verma [7] investigated the wall sheaesst, resistance parameter and flow rate acrosk stehosis
situated symmetrically on steady blood flow throudmbod vessels with uniform or non-uniform crosstem by
assuming the blood to be Non-Newtonian, incompbéssind homogeneous fluid. Misra and Shit [8] depetl a
mathematical model for studying the non-Newtonilowfof blood through a stenosed arterial segmeheyT
noticed that the resistance of flow and the skictibn increase as the stenosis height increasals.aBd Awasthi
[9] studied flow of blood through a multistenosetesy under the influence of external applied maigrfeeld. They
observed the effect of magnetic field, height ehsisis, parameter determining the shape of thesiteon velocity
field, volumetric flow rate in stenotic region. 8mma et al. [10] studied the influence of bodgederation on the
flow of blood through a stenosed catheterized wrtathey found that the insertion of a catheter giett stress of
the fluid increase the resistance to flow enormpuaEpending upon the size of catheter. Singh anghS[11]
considered a fully developed one dimensional Bingipéastic flow of blood through a small artery hayimultiple
stenoses and post-stenotic dilatation. They obdetivat the resistance- to - flow moves nearer tioyuas yield
stress increases and flux decreases. Variatiorsaosities shows no significant change in Resiga#o-flow ratio.

MATHEMATICAL FORMULATION
Let us consider an artery with stenosis symmdtebaut the axis but non-symmetrical with respectadial co-
ordinates. The mathematical expression for geonieigiven by

% :1—€[Los_1{yz—nd ~(n-1)lo} ~{yz-nd ‘(”_1)"0}81

;n(d+L0)_LOSyZS n(d+|_0)

=1 ; otherwise Q)

Where R, RO are tube radius (with, without stenosi§,2 2is a shape parameter determining stenosis shape,

Lois stenosis Iengthd indicates its locationis the number of stenosis in the artgfis a positive number
greater and equal than 1.

) Ss/ s-1
Ro Lp°(s-1)
O be the maximum height of the stenosis at
,_nd+(n-Dlp+Lo Jsist
Y

)
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Fig.1: Geometry of Artery with multiple Stenoses

The constitutive equations for Bingham plasticdlare
T —T

0
. du rz27
B=1()=-—=1 U 3)
dr
0 T<Tj
The flux Q through the artery is given by
R
Q= 27mrudr 4)
0
Integrating (4) and using the no-slip boundary é¢tod U = O whenl = R
R du
Q=7Tjr2 —— (dr )
0 dr
Applying (3) in (5) to obtain
R
Q=7 r2f (r)dr ©)
0
The expressions fof and TR (the shear at the wall i.e. whén= R ) is given by
rd Rd
T:———p andTR :———p (7)
2 dz 2 dz
Where Pis the pressure. From equations (3) and (6), we get
R® R
Q=—[r*f(r)dr ®)
I O
Substitution of equation (3) and rearrangementgitie result
Rt e 4 4
Q= il (Rl R O ,ll(3+_z_0 9
U | 4 3 R 3
Using the second result of equation (7)
d 2| 4 4
_p:—— ’u?+—2'O (20)
dz Rl nR> 3 |
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dp_ 8uQ 8 1

—T,— (11)
0

dz mR* 3°R

Integrating equation (11) with respect Zowith the condition that

p:plat2=0andp:poatZ:|

-4 -1
8uQ L R 8r, [ R
—Po=- — | dz-—=| — | dz
a-nel(7) = RlF) .
-4 -1
p=PPo__ 8”4T[5] dz- 2T L(BJ oz )
Q TRy o\ Ry 3RQ ol Ry
8u 8r
Supposef =——f = 0
LR 3RQ
d+Lpo)- d+
" LJ9) > R - N=Mmax . VLO) R - L R -
A=-1; ) (—j dz+ Y [ (—] dz+ | (—] dz
0 Ro n=1 n(d+Lp)-Lo\ Ro n(d+Lo)\ R
14 14
nd+olo n(d+Lo) . .
y R N=Nmax 4 R L R
-f5 [ (—j dz+ [ (—] dz+ | (—J dz
0 Ro n=1 n(d+Lp)-Lo\ Ro n(d+Lo) \ Ro
14 14
(14)
TakingN =1, we get
/1:_(f1+fZ)(L_ﬁ)_(flll+f2|2) (15)
4
n(d+Lg) n(d+Lo)
y R y R)™
Wherel 1 = | — dz, I, = | — dz
n(d+Lo)-Lo\ Ro n(d+Lo)-Lo\ Ro
14 y
If there is no stenosis i.e. in the normal conditiwe have
/1N :_( f1+ fz)L (16)
The resistance to flow is given by
-4 1 Lo fili+olp an
AN yL (fi+ )L
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(18)

From eq. (7) and (10), the wall shear stress isrgly TR = [ 3 5

4,L1Q+4T}
0

Wall shear stress in normal situation is written as

44Q

In =—— 19
N 3 (19)
The wall shear stress ratﬁR can be obtained as

= -Ir _ Ry’ [4/1(? 42-o 1 +7TR03T0
Iy 4uQ mR

T } (20)
R 3 3! Q
3 ( Rj
The wall shear stress ratio at the mid point ofsfemosis is
nmR’1, 1
= + (21)

T =30 (1_5j3
R

NUMERICAL RESULTS
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Fig.2. Resistanceto flow with stenosisheight for different values of stenosislengths and y
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Fig.3. Resistance to flow with stenosis shapefor different stenosisheightsand par ameter y
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Fig.4. Wall shear stresswith axial distancefor different value of y

CONCLUSION

In the present study, we have derived an analgtation for resistance to flow for Bingham pladtmwv of blood
through an artery with multiple stenoses situatetha points of equal distance. For enhanced péveepf the
problem the graph has been plotted for a single loartery. It is observed that growing ¢fshows the minor

variations for different values of stenosis heighaddition to stenosis length.
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