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 
Abstract: The effect of electrically conducting fluid flow in an 

inclined tube with permeable walls and having multiple stenosis 
through porous medium was studied. The Homotopy Perturbation 
Method is used to calculate the phenomena of Nanoparticle and 
temperature of the coupled equations. The solutions have been 
analyzed on the basis of pressure drop, resistance to the flow and 
wall shear stress. It is identified that the heights of the stenosis, 
Thermophoresis parameter, local temperature Grashof number, 
local nanoparticle Grashof number, Magnetic parameter 
increases with the resistance to the flow and Brownian motion 
number, permeability constant decreases with resistance to the 
flow. It is remarkable that, the resistance to the flow is found 
increasing for the values of inclination      and decreases for 
the values of     . The observation also notes that, the shear 
stress at the wall is found increasing with the height of the 
stenosis, Inclination, Thermophoresis parameter, local 
nanoparticle Grashof number and Permeability constant, but 
found decreasing with Brownian motion parameter and Magnetic 
Parameter. 
 

Keywords: Nanofluid, Resistance to the flow, Stenosis, 
Permeability constant, Magnetic Parameter, Porous Medium .  

I. INTRODUCTION 

Cardiovascular diseases such as stenosis 
(artherosclerosis) are solely found reasons for large number 
of deaths both in developing and developed countries. 
Medical survey reveals that, these deaths are due to the 
diseases of arterial walls. These diseases are related to 
abnormal flow of blood in stenotic arteries, and are caused 
due to the deposits of the cholesterol. 

The cardiac issues arise out of deposition of fatty 
substances on the walls of the arteries. These gatherings of 
fatty substances in arteries are known as stenosis. Stenosis 
increase flow resistance in arteries which leads to raise in 
blood pressure that is required to keep blood supply. As a 
result, there will be change in distribution of pressure, shear 
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stress etc. To know the effects of stenosis on blood flow in 
arteries, several studies have been showed by well-known 
researchers. Hence, for better understanding of blood flow 
situation in physiological systems, in-depth knowledge of the 
flow in the stenosed artery is required, which are very 
complex in nature. Some assumptions have to made to 
analyse flow problems through mathematical models like, 
bio-fluids behave as Newtonian fluid. 

In the past, many researchers studied blood flow in the 
artery systems, considering blood as Non-Newtonian or 
Newtonian. But, in general blood behave like 
non-Newtonian. In the recent times, several investigators 
have been showing interest to study Nanofluid. Choi et al., 
[16] firstly introduced the investigation on the nanofluid. The 
problems on non-Newtonian fluids considering nanoparticles 
in fluid flow have been studied by many researchers. The 
blood flow of nanofluid through an artery with composite 
stenosis and permeable walls have been discussed by Ellahi 
et al., [14]. Nabil et al., [17] studied peristaltic flow of a 
Jeffrey nanofluid in a tapered artery with mild stenosis and 
slip condition. Jain, M. et. al. [23] have dealt a mathematical 
modelling of blood flow in an artery under MHD effect 
through porous medium. Bhatnagar et. al. [22] worked on 
numerical analysis for the effect of slip velocity and stenosis 
shape on Non-Newtonian flow of blood. Most of the 
theoretical models studied the blood flow in a circular tube 
having single stenosis. But there is a possibility of forming 
multiple stenoses in the arteries.  

In the present paper, the effects of various parameters on 
resistance to the flow and wall shear stress are analysed by 
obtaining the expressions for pressure drop, resistance to the 
flow and wall shear stress, considering the stenoses are mild. 

II.  MATHEMATICAL FORMULATION 

The study flow of electrically conducting Nanofluid over a 
circular tube of non-uniform cross-section with permeable 
walls having two stenosis in a porous medium is considered.  

 
Fig.1. “Geometry of an inclined tube with multiple 

stenoses” 
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Consider a Cylindrical polar coordinate system         so 
that z-axis coincides with the centre line of the tube, with an 
assumption that the tube is inclined at an angle     to the 
horizontal axis [Fig. 1]. 
The stenoses are assumed to be mild and develop in an axially 
symmetric manner. The radius of the cylindrical tube is 
considered as (GurjuAwgichew et. al. [9]) 
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Where, 
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Here       and       are respectively the lengths and 
maximum heights of two stenoses. 
The governing equations for Mass Momentum of Nanofluid 
particles under electrically conducting Nanofluid and porous 
medium are given by 
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Here,    is pressure,    is the nanoparticle phenomena,    is 
the Brownian diffusion coefficient and     is the 

thermophoretic diffusion coefficient and   
     

     
 is the 

ratio between the effective heat capacity of the nano particle 
material and heat capacity of the fluid. As    tends to    , the 
values of    and    are     and     respectively. 
The boundary conditions are  
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Using the following non-dimensional quantities 
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Apply the mild stenosis approximation,                   
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The equations for an incompressible fluid obtained from Eq. 
(2) to Eq. (8) are 
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Where   is the velocity with radius    .               and 
   are temperature profile, nanoparticle phenomena, 
Brownian motion parameter, thermophoresis parameter, 
local temperature Grashof number and local nanoparticle 
Grashof number respectively. Also,   is the viscosity of 
blood,   is the permeability of porous medium and   

   
  is magnetic parameter. 

The non-dimensional boundary conditions are 
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III. SOLUTION 

By using Homotopy Perturbation Method (HPM), the 
solutions of the coupled equations (13) and (14) are  
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 (16) 
                                    

    1                          (17) 

Where    is the embedding parameter in [    . Assume, a 

linear operator   
 

 

 

  
  

 

  
 .     and     are the initial 

guesses, given by 
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In many cases, the series (19) and (20) are convergent, which 
depends on the nonlinear part of the equation. Implementing 
same procedure as done by R. Ellahi [14], 
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the solution for temperature and nanoparticle phenomena can 
be obtained for      as 

         
     

  
                    

 (21) 
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By using boundary conditions in equation (12), the exact 
solution for the velocity is 
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256+ 6288       (23) 

The dimension less flux   can be calculated as  
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      0.02083 6+0.001627 8  +  02    
 (26) 

The pressure drop per wave length 
             is 
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            (27) 

The resistance to the flow   is defined as  
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   0.02083 6+0.001627 8  +  02    (28) 

In the absence of stenosis    , the pressure drop is denoted 
by     and is obtained from Eq. (27) as  
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83+0.001627  +  02      (29) 

In the normal artery, the resistance to the flow is denoted by 
   and is given by 

   
   

 
  

 
 

 
 

 

 
 

 
 

 

  
 
 

 
    

   
   

 

 

18+  +  02196sin  +    −  0.001627)
+(0.00013  +  02−      0.02083+0.001
627  +  02                 
 (30) 

The normalized resistance to the flow denoted by 
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And the wall shear stress 
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627 8  +  02              
  (32) 

IV. RESULT AND ANALYSIS 

The Eq. (27), Eq. (31) and Eq. (32) represents the pressure 
drop    , resistance to the flow    , and wall shear stress     
respectively. The effects of various flow parameters on 
resistance to the flow     and wall shear stress     have been 
studied. All graphs are plotted by using Mathematica 9.1, by 
taking 
                                        
               and    . 

Figures (2-9) shows the effects of various parameters on the 
resistance to the flow      for different values of heights of 
the stenosis     , inclination      Thermophoresis parameter 
    ,  Brownian motion number     ,  
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local temperature Grashof number     , local nanoparticle 
Grashof number     , permeability     and  Magnetic 
parameter    .  
It is noted that, the heights of the stenosis            , 
thermophoresis parameter     , local temperature Grashof 
number     , local nanoparticle Grashof number      and 
the resistance to the flow      increases with the resistance to 

the flow      and Brownian motion number      and 
permeability constant     decreases with resistance to the 
flow. 
From Fig.8, it is shown that, the permeability constant     
increases with the resistance to the flow, but this increase is 
significant when the primary stenosis exceeds the value 0.06. 
From Fig. 9, it is observed that, the resistance to the flow 
increases with the heights of both primary and secondary 
stenosis             with the magnetic parameter    . 
However, this increase is significant when the primary 
stenosis value exceeds 0.04. 
The remarkable aspect here is, the resistance to the flow      

is found increasing with inclination in the range     
 

 
 

and decreasing in the range 
 

 
   

 

 
, which are shown in 

figures (3.1 & 3.2). 
The shear stress acting on the wall      over the height of 
stenosis has shown in the figures (10-17). 
It is noted that the height of the stenosis,              
increases with shear stress at the wall and   , Magnetic 
Parameter    decreases with shear stress at the wall. 

V. GRAPHS 

 
Fig. 2. “Effect of    on    “ 
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Fig. 3.1. “Effect of   on    “ 
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Fig. 3.2 “Effect of   on    “ 
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Fig. 4. “Effect of    on    “ 
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Fig. 5. “Effect of    on   ” 
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Fig. 6. “Effect of    on   ” 
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Fig. 7. “Effect of    on    “ 
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Fig. 8. “Effect of   on   ” 
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Fig. 9. “Effect of   on    “ 
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Fig.10. “Effect of    on   ” 
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Fig. 11. “Effect of   on   ” 
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Fig.12. “Effect of    on   ” 
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Fig.13. “Effect of    on   ” 
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Fig.14. “Effect of    on   ” 
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Fig.15. “Effect of    on   ” 
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Fig.16. Effect of   on    
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Fig. 17. Effect of   on    
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VI. CONCLUSION 

The Mathematical model for study flow of electrically 
conducting Nanofluid through a inclined tube of 
variable cross-section with permeable walls, having two 
Stenoses has been presented. Solutions have been 
obtained for resistance to the flow, wall shear stress. 
The observations are:  

1. The heights of stenosis, Thermophoresis parameter, 
local temperature Grashof number local nanoparticle 
Grashof number and Magnetic Parameter increases with 
resistance to the flow. 

2. The Brownian motion number and permeability constant 
decreases with resistance to the flow. 

3. It is also observed that the resistance to the flow 
increases for the values of   

 

  
 
 

  
 
 

 
 and decreases 

for the values of   
 

 
 
  

  
 
 

 
  

4. The wall shear stress increases with the heights of 
stenosis, Inclination, Thermophoresis parameter, local 
temperature Grashof number, local nanoparticle Grashof 
number and Permeability constant 

5. The wall shear stress decreases with Brownian motion 
parameter and Magnetic Parameter. 
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