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Abstract: Arterial wall shear stress is hypothesized to be an important factor in the localization of

atherosclerotic. Height of the stenosis is a more important factor influencing blood flow than tapering.

Since high wall shear stress cause the innermost membrane of an artery or a vein thickening, but may also

activate platelets, cause platelet aggregation, and finally result in the formation of a thrombus. In this

paper, a mathematical model has been developed to study the effect of porous parameter and height of

stenosis on the wall shear stress. The blood flowing through the tapered artery under the porous medium

is considered to be Newtonian. The study reveals that as the height of stenosis and porous parameter is

increased, the wall shear stress also increases, but as the velocity of blood is increased, the wall shear

stress decreases.

Keywords: Newtonian Fluid; Blood Flow; wall shear stress; tapered vessel; stenosis; porous parameter

INTRODUCTION

Wall shear stress is an important factor in the

study of blood flow. Fluid-induced wall shear stress is

a dynamic frictional force induced by a viscous fluid

moving across a surface of solid material. Wall shear

stress appears to be closely related to the development

of various vascular diseases, such as arteriosclerosis

and cerebral aneurysms. High wall shear stress is

related to the formation of cerebral aneurysms.

Conversely, low and/or oscillating wall shear stress is

regarded as a risk factor in the development of

atherosclerotic lesions in healthy arteries. The

endothelial cell is sensitive to alternations of wall shear

stress. However, there is no doubt that blood flow

dynamics play an important role in the genesis, growth,

and possible rupture of cerebral aneurysms. Wall shear

stress has been shown to be an important determinant

for the release of vasoactive compounds from

endothelial cells. Both the high blood pressure and the

narrowing of blood vessel cause high flow velocity,

high  shear  stress  and  low or negative pressure at

the throat of stenosis, low shear stress, flow separation,

or even collapse at the distal side of the stenosis.

These may be related to thrombus formation,

atherosclerosis growth which leads directly to stroke

and heart attack. The wall shear stress distribution is an

important diagnostic factor for examining the flow

characteristics of the blood through the arteries. There

is no question that tapering is a significant aspect of

mammalian arterial system. A porous medium basically

consists of a bed of many relatively closely packed

particles or some other form of solid matrix which

remains at rest and through which a fluid flows. Some

porous media, such as biological tissues, are

deformable under mechanical loads. Biological tissues

are  heterogeneous, in which the porosity is equal to

the  void  fraction of local interstitial fluid. Therefore,

in  analogy  with  flow in porous media, the blood

flow in the thin vessels will be described by

macroscopic  equations,  i.e. by Darcy’s law  and[1]

mass conservation. 

Blood vessels are exposed to many forces induced by

pulsatile blood flow, such as hydrostatic pressure,

dynamic pressure, and fluid-induced wall shear stress.

Although all of these intravascular forces are thought

to be responsible for various vascular diseases but

recent studies have focused on the significance of

fluid-induced wall shear stress . The distribution of[3 ,4]

fluid-induced wall shear stress in a tapered artery is not

uniform, as it is in a straight artery.  Thus, in this

paper, we are interested to find fluid-induced wall

shear stress in pulsating flow through a tapered artery

with stenosis. A mathematical model of tapered arteries

having an axially symmetric stenosis is established. The

blood (taken as a Newtonian fluid) flowing through

several stenotic and tapered rigid model under the

porosity is investigated.



Res. J. Medicine & Med. Sci., 2(2): 98-101, 2007

99

Nomenclature:

C ô: Shear stress 

C G: pressure gradient, 

C u: velocity of blood

C ì: Viscosity of blood

C K: porous parameter

C r: radius of the artery

C l : Length of artery

Development of the Model: We neglect the friction

within the fluid and exchange of momentum between

the fluid and solid phases.

For a Newtonian fluid, ô = r G / 2 (1) 

From the Darcy law, we have,

U =- KG \ µ (2)

Fig. 1: Physical model and coordinate system. 

From the equations (1) & (2), the expression for the wall shear stress through the artery is given by:

Let (r,è, z) be the coordinates, where z- axis is along the axis of the artery, while r and è are along the radial and

circumferential directions, respectively.

Guo Tao Liu et al.,  discussed the physical model of tapered artery with stenosis.[2]

1  where R(z) is radius of the tapered arterial segment in the constricted region ,R is the radius of the artery in

0the non- stenotic region, ö is the angle of tapering , hcosö is the height of stenosis, z  is the half length of

stenosis, m=( tan ö) is slope of tapered vessel (figure 1) .

From equations   (3) and (4), we have
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Fig. 2(a,b,c): represents the variation of shear stress against height of stenosis , porous parameter and velocity

of blood respectively for ì =0.04 dyne\c. m ,2

1 o u=50 c.m\s, R  =1.5 c.m, l =5 c.m, d =2c.m, z  =0.2 c.m, m=0.08 

The wall shear stress is thus given by 

Conclusion: Considering the strong correlation between

the localization of arteriosclerosis and arterial wall

shear stress, quantifying wall shear stress is important

in understanding the development of arterial disease.

These studies will help to elucidate the role of shear

stress conditions on arterial adaptation to changes in

blood flow and the development of atherosclerotic

disease. Accurate predictions of the distribution of the

wall shear stress are particularly useful for the

understanding of the effect of blood flow on

endothelial cells. Equation (6) is solved numerically

and we observe that as the height of stenosis H (hcos

ö) and porous parameter increases, the wall shear stress

also increases.(Fig.2(a), Fig.2(b)) but as velocity of

blood increases the wall shear stress decreases

(Fig2(c)). Since low and oscillating shear stress has

been related to the initiation and localization of

arteriosclerosis, hence the post-stenotic zone could be

prone to the propagation of the disease. 
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