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ABSTRACT

The present paper deals with fully developed oneedsional Bingham plastic flow of blood throughhaadi artery
having multiple stenoses and post-stenotic dilatat\We have determined the resistance- to flowo-riatr yield
stresses 0, .02, .04 rfinblood viscosities 0.00345, 0.004, 0.00455 Pad farxes 1, 10, 100. The resistance- to -
flow moves nearer to unity as yield stress increas® flux decreases. Variation in viscosities shaw significant
change in Resistance —to-flow ratio. The degreth@se changes is maximum for yield stress andtsbgffor flux.
The results are discussed numerically and graphical
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INTRODUCTION

An elevated arterial pressure is probably the nmgbrtant public health problem in developed angettEping
countries. It is common, asymptotic, readily angtofead to lethal complications if left untreated.

Coronary microvessels have been confirmed to ba&fsignt in the regulation of local resistance diodv. Recent
studies also propose that these microvessels are approachable to physiological and pharmacolbgitauli
than tool vessels. But little is known about thenparative understanding of different microvascudagments in
response to flow (shear stress) and agonists.

Ikbal et al. [1] presentechathematical models that characterize non-Newtofieam of blood through a stenosed
artery in the presence of a transverse magnelit. fithey estimated the effects of Hartmann numpewer law
index, generalized Reynolds number, severity ofstie@osis on various parameters such as flow vg|dtix and
wall shear stress by means of their graphical sgprationsSreenadh et al. [2] developed a mathematical model
study the steady flow of casson fluid through anlimed tube of non-uniform cross section with npléi
stenoses. Chakravarty and Mandal [3] developedthenmtical model of non-linear two-dimensional ldtw in
tapered arteries in the presence of stenosis. Bishal. [4]proposed a fluid mechanical study on the effectthef
permeability of the wall through an artery with @ngposite stenosis. They derived expressions foblthed flow
characteristics, flow resistance, the wall shesesst shearing stress at the stenosis throat. Jgtaa Shah [5]
studied the effects of peripheral layer on blocalvflcharacteristics due the presence of a mild sten&he
developed a two fluid model for blood flow throughnormally constricted stenosed artery. Mukhopagletaal.
[6] presented numerical techniques based on press&locity formulation to solve approximately, theverning
equations for viscous flows through a tube (sinintagn artery) with a periodic constriction. Thégcainvestigated
effect of constriction as well as the rigid of thée, on the flow characteristics and its conseceerior arterial
diseasesYadav and Kumar [7ktudied the non-Newtonian behavior on blood flowotlyh stenosed artery with
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power law fluid model. They gave the result that tesistance-to flow increases with stenosis sizedffferent
value of flow index behavior.Agarwal et al. [8] estigated the effect of the plug flow in the cystiect on the flow
characteristic of bile. They considered bile asaagon fluid. They found that as the size of stowkthe core radius
increases, the resistance to flow and shear sitessncreases. Srivastava and Mishra [9] invetiythe effects of
an overlapping stenosis on blood flow charactessth a narrow artery. They investigated that tin@ddance
increases with the non-Newtonian behavior of blasdvell as with the stenosis siz€han et al. [10]nvestigated
fluid and structural responses to pulsatile non-téevn blood flow through a stenosed artery. Thaynfl highest
stress concentration at the throat of the sten8sieg et al. [11performed a numerical analysis to investigate the
effect of rotation on the blood flow characteristigith four different angular velocities. Srivastsand Rastogi [12]
investigated blood flow through a narrow cathetiartery with an axially nonsymmetrical steno$isey studied
that the impedance increases with the catheter #izehematocrit and the stenosis size (heightlangth) but
decreases with the shape parameter. Verma et3lsfadied the blood flow through a symmetric stendsisng
artery catheterization assuming blood to behavewtbdhian fluid. Pincombe et al. [1gfoposed a fully developed
one-dimensional casson flow through a single vesssling radius as a model of low Reynolds numbeodb flow
in small stenosed coronary arteries.

MATHEMATICAL FORMULATION
Let us consider the flow of blood through a straigiigid, axisymmetric artery containing multipléoreormal
segments. The Geometry of the wall of artery i2gilay
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The distance from the origin to the start of tj1teh abnormal segment is given by
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The distance from the origin to the end j)?h abnormal segment is
i
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Fig.1: Geometry of arterial wall with multiple stenoses and Post dilatation

3286

Pelagia Research Library



A.K. Singh et al Adv. Appl. Sci. Res., 2012, 3(5):3285-3290

The constitutive equations for Bingham Plasticdlare

d [ r>T
: u = 1o
B=f(@)=-—=
dr
0 IT<Tg

The flux Q through the artery is given by

R
Q= 2rrudr

0

Integrating (5) and using the no-slip boundary é¢tmad U = O whenr =R

R du
Q=] rz( jdr

0 dr
Applying (4) in (6) to obtain

R 2
Q= rof(r)dr
0

The expressions fdr andl' R (the shear at the wall i.e. whén= R ) is given by

rd Rd
LA JWP Y.
2dz 2 dz
Where Pis the pressure. From equations (7) and (8), we get
3
IR™ 'R
Q= =—= j r? f(r)dr
TR 0

Substitution of equation (4) and rearrangementgifie result
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Using the seci)nd result of equation (8)
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Integrating equation (11) with respect # with the condition that
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K+1 k+1
A =—f1|: > dj +|1:|— f2|: > dj +|2:|
j=1 j=1

k+1
A=—(f+ 1) T dj—(folg+f4 )
=1

If there is no abnormal segments,

AN =—(fp+ o)L

kgld
PSRN GUSAPD)
L (f+fy)L
Substitute in equation (1) to obtain
O; O; ¥
aJ = ——J, J :_J’B:]T—Z_]T Z—aj -1
2R, 2R, ! 2
%zl—bj (1- cod |
As Z= O’j implies thatd = 27T and Z = ,BJ implies thatd = 0 Then (16) reduces to
k | 2m k |
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NUMERICAL RESULTS

Fig.2: Variation in resistanceto flow for different yield stress

0=100

Fig.3: Variation in resistanceto flow for different Flux
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= .00455
% =004
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Fig.4: Variation in resistanceto flow for different blood viscosities

CONCLUSION

Resistance to flow ratio is a calculation of how tlae resistance to flow in an artery of abnornalss-section
deviates from normal condition. Here we have cargd the influence of blood yield stress, viscoaitg flux on
the resistance —to-flow ratio for Bingham plastmaf of blood through vessels contaning abnormahsaygs. The
study reveals that as the yield stress increakestesistance to flow ratio moves further from oResistance to
flow shows no significant variation for variableobd viscosity and it decreases and moves closen¢oas flux
decreases. It is important for medical purposeiti@ease in flux elevate the Reynolds number asihg the blood
viscosity.
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