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ABSTRACT 

One-dimensional, steady, Herschel-Bulkley fluid flow of 

blood through a stenosed artery under the effect of external 

magnetic field is studied. The blood is assumed as 

incompressible. The governing equations are solved 

analytically. This model has been used to study the influence   

of  yield stress on blood flow through the stenosed artery. The 

effects of magnetic  field on axial velocity, flow rate and wall 

shear rate has been shown graphically. The effects of all the 

parameters are quite significant on axial velocity, flow rate 

and wall shear rate as evidence from the results. 
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1. INTRODUCTION 
 Blood is a suspension of formed cellular elements that 

includes red blood cells, white blood cells and platelets. 

Viscous liquids including whole blood can be divided in terms 

of rheological properties into Newtonian and general non-

Newtonian and viscoelastic fluids. At low shear rate blood 

exibit yield stress and shows Non-Newtonian characteristics 

[1], [2], [3]. Also at low  shear rate (0.1 per sec) the blood 

exibit yield stress and behaves like a Herschel Bulkley 

fluid[4], [5], [6]. Herschel Bulkley fluid is of general type and 

the results obtained by this model enables one, in deriving the 

corresponding results in cases of Newtonian fluid, Bingham 

plastic and power law fluid model ,by inserting appropriate 

measures of flow parameters and flow characteristics. 

Abnormal constriction of an artery is termed as stenosed 

artery. Existing literature in blood flow reveals that the shear 

rate of blood is low in stenosed artery. With the help of 

Magnetohydrodynamics the flow of blood through such type 

of arteries can be controlled. The applied magnetic field 

reduces the shear stress parameter and changes the speed of 

blood [7], [8], [9]. Some researchers have studied  the flow of 

blood through a stenosed artery with slip at the wall wherein 

the rheology of blood is described by Herschel-Bulkley 

constitutive equation [10].   

Here an attempt has been made to study the effects of 

magnetic fields in transverse direction. In doing so  we  shall 

stress upon the variation of axial velocity, wall shear stress , 

volumetric flow rate for different flow parameters.   

2. MATHEMATICAL FORMULATION 

2.1 Assumptions 
Consider steady, laminar flow of blood through a straight, 

rigid tube of circular cross-section with the formation of a 

stenosis at the inner most vessel wall. The geometry of the 

stenosis is as shown is as shown in the Fig. a. The blood has 

been assumed to behave as Herschel –Bulkley fluid. Let us 

take the flow of blood as axially symmetric and fully 

developed (i.e. the flow in z-direction only). An external 

magnetic field of strength 0B is applied in transverse 

direction. 

2.2 Flow Geometry 
It is assumed that the stenosis is developed in an axially 

symmetric manner. The radius of the artery ( )R z  in 

stenosed region can be taken as [10] 
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where 0R  and ( )R z  are the radius of the uniform and 

constricted region. L  is the length of the artery , 0  ,  ,L d   

are the length, location and maximum height of the stenosis. 

And r  and z  are the radial and axial co-ordinates. 

 

Fig a: flow geometry and co-ordinate system 

2.3 Governing Equations 
Under the applied magnetic field the governing equations of 

motion for laminar, incompressible, fully developed, one 

dimentional flow of blood  is given by 
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where    represents the shear stress of blood behaving as a 

Herschel –Bulkley fluid and p is pressure at any point. 

The constitutive equation for Herschel –Bulkley fluid may be 

written as  
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where w  stands for the axial velocity and  0H   is the 

yield stress and k  , the fluid viscosity and  ( 1)n   is the 

fluid behavior index. 

The boundary condition to the problem under study 
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where 
*

sw  is the axial slip velocity.  

2.4 Solution of the Problem 
Introducing the non-dimentional form  
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the governing system of Eqn’s (2)  become 
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The boundary conditions given in Eq. ( 4)   reduces to 
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 where sw  is the axial slip velocity. 

Using the boundary conditions given in Eq. (6) in Eq. (5)  and 

assuming that the average velocity to be constant for 

incompressible fluid  flow, we get  
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 where R is the wall shear stress and ( )R R z  and cW is 

the constant average velocity. 

Now integrating Eq. (3) and using the boundary conditions 

given in Eq. (6), Eq. (7), Eq. (8) , the velocity function 

become 
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The volumetric rate of flow is defined by  

( )

0

2 ( )

R z

Q rw r dr   

 

3
2

( )

2 1

( ) ( ) ( )

( )
( )

( 3)

2 2
1 1

2 1 ( 2)

n

s R z

n

R z R z R z

R z
Q R z w

n k

n n n






  

  


         
                         

 

                                                                                      (10)  

2.5 Results and Discussions 
The problem under investigation is solved analytically and the 

expressions derived have been computed for different 

parameters such as for Hartmann number, stenosis height, 

yield stress, Reynolds number. In this paper the effects of 

these parameters on axial velocity, volumetric flow rate and 

wall shear stress in presence of external magnetic field is 

studied. The present analysis corresponds to the flow of 

Newtonian fluid and that in a normal artery for parameter 

values n=1, 0.0H   respectively. 

It is observed  from Fig. 1  that the axial velocity decreases for 

increasing value of the magnetic parameter i.e. the Hartmann 

number for fixed values of z=8, n=1, k=2, C=1.46 and slip 

velocity 0.05sw  . It is due to the fact that as the magnetic 

field applied, the Lorentz force opposes the flow of blood and 

hence reduces the velocity. Again for the same fixed values 

the axial velocity with radial distance decreases for increasing 

values of stenosis height and yield stress which is shown in 

the Fig. 2 and Fig. 3. Fig. 4 shows that the axial velocity 

increases for increasing values of Reynolds number.  

The variation of blood flow rate with axial distance is shown 

in Fig. 5 and Fig. 6 for different values of Hartmann number 

and yield stress respectively. The graphical results shows that 

magnetic field and yield stress reduces the flow rate for the 

same fixed values z=8, n=1,k=2,C=1.46 and 0.05sw  . 

Also from Fig. 7 and Fig. 8 we have seen that the wall shear 

rate decreases with increasing value of Hartmann number and 

yield stress. 
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3. GRAPHICAL ANALYSIS 

 

Fig 1: Variation of axial velocity with radial distance for     

different values of Hartmann number 

 

Fig 2: Variation of axial velocity with radial distance for 

different values of Stenosis height                                             

 

Fig 3: Variation of Axial velocity with radial distance  for 

different values of  yield stress 

 

Fig 4: Variation of axial velocity with radial distance for 

different values of Reynolds Number 

 

Fig 5:Variation of flow rate with axial distance for 

different values of Hartmann number 

 

Fig 6: Variation of flow rate with axial distance for 

different values of yield  Stress 
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Fig 7: Variation of wall shear stress with axial distance for 

different values of  Hartmann number 

 

Fig 8: Variation of wall shear stress with axial distance for 

different values of  yield stress 

4. CONCLUSION 
From the above analysis we can conclude that a significant 

variation takes place in flow characteristics due to non-

Newtonian rheology and  application of magnetic field. Hence 

the non-Newtonian behavior is an important factor and should 

not be neglected. It is seen that the  flow rate and wall shear 

rate decreases with the increase in strength of Magnetic field. 

So the present study would be helpful in blood pressure 

control. This present analysis also provides a scope to study 

the influence of induced magnetic field on different flow 

characteristics.  
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