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ABSTRACT  
  
The pulsatile flow of Herschel – Bulkley fluid through an inclined multiple stenoses artery with periodic body 
acceleration has been investigated in this paper. Assuming the stenoses to be mild, the nonlinear equations 
governing the flow are solved using perturbation technique. Analytical expressions are obtained for axial velocity, 
plug velocity, wall shear stress and flow rate. Their variations with different flow parameters are plotted in figures. 
It is noticed that the velocity increases as body acceleration increases but it decreases as yield stress increases and 
wall shear stress increases as body acceleration increases. 
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INTRODUCTION 
 

The cardiovascular system primarily functions in nutrient and waste transport throughout the body. The blood 
vessels distribute blood to different organs and supply themselves with nutrition. The arteries, far from inert tubes, 
adapt to varying flow and pressure conditions by enlarging or shrinking to meet changing hemodynamic demands. 
The systemic flow is characterised predominantly by its pulsatile nature and the many levels of branching of the 
vascular network. The heart ejects and fills with blood in alternating cycles called systole and diastole. Blood is 
pumped out of the heart during systole. The heart rests during diastole, and no blood is ejected. In situations like 
traveling in vehicles or aircraft, jackleg drills, operating jackhammer or the sudden movements of the body during 
sports activities, the human body experiences external body acceleration. Prolonged exposure of a healthy human 
body to external acceleration may cause serious health problem like headache, loss of vision, abdominal pain, and 
increase pulse rate. Due to physiological importance of body acceleration, many mathematical models have been 
proposed for blood flow with body acceleration. Chaturani and Palanisami[1] discussed Casson fluid model of 
pulsatile flow of blood flow under periodic body acceleration. Chaturani and Palanisami[2] investigatedpulsatile 
flow of power law fluid model for blood flow under periodic body acceleration. Chaturani and Palanisamy [3] 
considered pulsatile flow of blood with periodic body acceleration. Chaturani and  Samy[4] studied Pulsatile flow of 
Casson's fluid through stenosed arteries with applications to blood flow. Chien[5] discussed hemorheology in 
clinical medicine, Recent Advances in Cardiovascular Diseases. El-Shehed [6] considered pulsatile flow of blood 
through a stenosed porous medium under periodic body acceleration. Elshehawey et.al [7] discussed pulsatile flow 
of blood through a porous medium under periodic body acceleration. Mandalet.al [9] considered effect of body 
acceleration on unsteady pulsatile flow of non-Newtonian fluid through a stenosed artery. Maruthi Prasad and 
Radhakrishnamacharya [10] studiedeffect of multiple stenoses on Herschel-Bulkley fluid through a tube with non-
uniform cross-section. Maruthi Prasad and Radhakrishnamacharya [11] studied flow of Herschel-Bulkley fluid 
through an inclined tube of non-uniform cross-section with multiple stenoses. Merrill et.al [12] considered pressure 



Raja Agarwal and N. K. Varshney                                Adv. Appl. Sci. Res., 2016, 7(3):102-113        
 _____________________________________________________________________________ 

103 
Pelagia Research Library 

flow relations of human blood in hollow fibre at low shear rates. Nagarani and Sarojamma[13] studied effect of 
body acceleration on pulsatile flow of Casson fluid through a mild stenosed artery. Sankar and Hemalatha[14] 
investigated pulsatile flow of Herschel-Bulkey fluid through stenosed arteries a mathematical model. Sarojamma 
and Nagarani[15] considered pulsatile flow of Casson fluid in a homogeneous porous medium subject to external 
acceleration.Shukla et.al [16]investigated Effects of stenosis on non-Newtonian flow through an artery with mild 
stenosis. Siddiqui and Mishra [17] studied a study of modified Casson’s fluid in modeled normal and stenotic 
capillary – tissue diffusion phenomena. Siddiquiet.al [18] considered Mathematical modelling of pulsatile flow of 
Casson’s fluid in arterial stenosis. Tu and Deville [19] discussedpulsatile flow of non-Newtonian fluids through 
arterial stenoses. Vajravelu et.at [20] investigated peristaltic transport of a Herschel-Bulkley fluid in an inclined 
tube. 
 
In the present investigation an effort has been made to study the pulsatile flow of Herschel – Bulkley fluid through 
an inclined multiple stenoses artery with non-uniform cross-section subject to periodic body acceleration assuming 
that the stenoses are mild. Analytical expressions for axial velocity and flow rate have been derived and the effects 
of various parameters on these flow variables have been studied. 
 
MATHEMATICAL FORMULATION 
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The following restrictions for mild stenoses [10] are supposed to be satisfied: 
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Here iL  and iδ ( 1,2)i =  are the lengths and maximum heights of two stenoses (the suffixes 1 and 2 refer to the 

first and second stenosis respectively). 
 
The pressure gradient and body acceleration are given by: 

0 1cos( ),p

p
A A t

z
ω∂− = +

∂
         (2) 

0( ) cos( )bG t a tω φ= +                 (3) 
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Where 0A and 1A  are pressure gradient of steady flow and amplitude of oscillatory part respectively, 0a is the 

amplitude of body acceleration, 2p pfω π= , 2b bfω π=  with pf  is the pulse frequency and bf  is body 

acceleration frequency, φ  is the phase angle of body acceleration  with respect to the pressure gradient and t  is 

time. 
 

 
Figure: 1 Geometry of an inclined tube with multiple stenoses 

 
The governing equation of motion for flow in cylindrical polar coordinates can be written in the form:  
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Where r , z  denote the radial and axial coordinates respectively and ρ  denote density, u  axial velocity of 

blood, t  time, p  pressure and τ  the shear stress and β  be the small angle of inclination, g is acceleration due to 

gravity. For Herschell-Bulkley fluid the relation between shear stress and shear rate is given by 
n

H H

u

r
τ µ τ∂ = − + ∂ 

if Hτ τ>         (6) 

β 
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0 if H

u

r
τ τ∂ = <

∂
              (7) 

 

Where u  is the total velocity, Hτ  is the yield stress, n is the power law index, and Hµ  is the coefficient of 

viscosity for Herschell-bulkley fluid. 
 

When Hτ τ< i.e. the shear stress is less than the yield stress, there is a core region which flows as a plug and Eq. 

(7) corresponds to vanishing velocity gradient in that region. However, the fluid behavior is indicated whenever

Hτ τ> . 

  
The boundary conditions are: 
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The non-dimensional momentum equation (4) becomes 
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Where 
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Equations (6) and (7) can be written as 

( )
1 1

2
n

H

u

r
τ τ ∂ − = − ∂ 

if Hτ τ>              (12) 

0 if H

u

r
τ τ∂ = <

∂
            (13) 

 
The boundary conditions (equations 8 and 9) reduce to 
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is finite at 0rτ =                (14) 

 

0 at ( )u r R z= =                (15) 

 
The geometry of the stenosis in non-dimensional form is given by 
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METHOD OF SOLUTION 

On using perturbation method, the velocity u and shear stress τ  are expanded as follows in terms of 
2α  (where 

2α <<1) 
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Substituting (17) and (18) in equation (11) and equating the constant term and 
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Integrate equation (21) and using boundary condition (14) 

( )0 f t rτ =            (23) 

Where  ( ) sin
1 cos cos( )

4
f t e t a t

F

βω φ= + + + +
 

 
Substituting (17) and (18) in (12) 



Raja Agarwal and N. K. Varshney                                Adv. Appl. Sci. Res., 2016, 7(3):102-113        
 _____________________________________________________________________________ 

107 
Pelagia Research Library 

( )10
0 02 k

H

u
k

r
τ τ τ−∂− = −

∂
              (24) 

( )21
0 1 02 ( 1)k

H

u
k k

r
τ τ τ τ−∂− = − −

∂
             (25) 

 
Where k = 1/n 
 
Integrating equation (24) using the relation (23) and the boundary condition (15) we obtain 
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The plug core velocity 0 pu  can be obtained from equation (26) as 
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Using equations (17) and (18) the total velocity distribution and shear stress can be written as 
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The second approximation plug core radius 1pR  can be obtained by neglecting terms of O (
4α ) and higher powers 

of α  in equation (20) as 

1 0
1

( )

( )
p

p

R
R

f t

τ
=                (35) 
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Figure 2: Variation of axial velocity with radial distance r for 0.1, 2,
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Figure 3: Variation of axial velocity with radial distance  for 0.1, 2,
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Figure 4: Variation of axial velocity with radial distance r for 0.1, 2,

1, 0.2, 0.1
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Figure 5: Variation of axial velocity with radial distance r for 0.1, 2,
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Figure 6: Variation of axial velocity with radial distance r for 0.1, 2,

1, 0.2, 2
H a

e

τ
ω φ

= =
= = =

 

 

 
Figure 7: Variation of axial velocity with radial distance r  for 2, 2,
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Figure 8: Variation of shear stress  with time  for 0.1, 2, 1,

0.2, 0.1
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RESULTS AND DISCUSSION 

 
The velocity profile for the pulsatile flow of Herschel – Bulkley fluid through an inclined multiple stenoses artery 
with periodic body acceleration is computed by using (32) for different values of parameter e, body acceleration 

parameter a , time t, phase angle φ , inclination angle β, yield stress Hτ  have been shown through figures 2- 7. 

Figure - 2 shows that the variation of velocity profile for different values of parameter e. It can be noted here that as 
the parameter e increases the velocity profile increases. In the presence of body acceleration, velocity increases 
rapidly. As the body acceleration increases, the plug region shrinks and hence more flow takes place (figure.3). It 

can easily be seen from figures 4 & 5 that an increase in the time t and phase angle φ  leads to decrease in the 
velocity profile. From figures 6 and 7 it can be observed that an increase in the inclination angle β and yield stress 

Hτ lead to an increase in velocity profile. Variation of wall shear stress with time t is presented in figure - 8. From 

this figure, it can be clearly observed that for any value of body acceleration parameter a, wall shear stress gradually 
decreases as time t increases until it attains its minimum at t = 1800 , wherefrom it gradually increases with time and 
reaches its approached magnitude at t = 3600. 
 

CONCLUSION 
 

The present study deals with a theoretical investigation of the characteristics of the pulsatile flow of blood through 
an inclined multiple stenoses artery with periodic body acceleration. Blood is represented by Herschel – Bulkley 
fluid model. Using appropriate boundary conditions, analytical expressions for the velocity and flow rate have been 
obtained. It is clear from the above result and discussions that the body acceleration effects largely on the axial 
velocity of blood flow.  
 
A proper understanding of interactions of body acceleration with blood flow in presence of inclination could be 
useful in the diagnosis and therapeutic treatment of some health problems (joint pain, vision loss and vascular 
disorder) to better design of protective pads and machines. 
 

0

0.5

1

1.5

2

2.5

3

0 45 90 135 180 225 270 315 360

a = 0

a = 1

t

τ



Raja Agarwal and N. K. Varshney                                Adv. Appl. Sci. Res., 2016, 7(3):102-113        
 _____________________________________________________________________________ 

113 
Pelagia Research Library 

Hence from all the above discussions we can conclude that a careful choice of the values of the parameters of body 
acceleration, yield stress and inclination angle will affect the flow characteristics and hence can be utilised for 
medical and engineering applications. 
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