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Abstract 

The spread of numerous deadly diseases such as Thrombosis, Diabetes, Atherosclerosis and other cardiac diseases, 

carry on to be major root of demise and growing public curiosity about the prevention and treatment of such fatal 

disorders. Body acceleration has very important role on the flow through stenosed artery. In this research work a 

problem for irregular development in the inner wall of the artery is known atherosclerosis that settled as a result of 

buildup due to cholesterol on the arterial wall has been discussed. In this work the effects of body acceleration, slip 

velocity in presence of catheter on the wall shear, velocity profile and flow rate reveal the graphical finding for 

pulsatile blood flow in narrow blood vessels. Here it is shown that flow rate, velocity and shear stress escalate as body 

acceleration increases. 
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1. Introduction 
In the present time, the attention in hemodynamic studies has developed significantly because in 

realty, many cardiac disorders are directly associated to the flow of blood and its conditions in the 

artery. Apparently enforced body acceleration has a key character on flow of blood. A study for 

irregular growth in the inner layer of the blood vessel is named stenosis that settled in order to 

buildup blood glucose in the inner layer of artery (Akbar & Butt, 2016). Some studies (Ellahi et 

al., 2014; Nadeem et al., 2011) have been done for the flow features of blood in a blood vessel 

with stenosis and without stenosis through presenting non-Newtonian fluid flows of various type 

to denote the blood flow characteristics. As blood is made of white cells, red cells, plasma and 

behaves like a fluid which has constant viscosity and at very less rate of shear in capillaries. Some 

researchers (Neofytou & Drikakis, 2003; Rathod & Ravi, 2014) have represented a widespread 

Newtonian model taken mostly for flow at great shear when blood performs as Newtonian fluid. 

 

Several theoretical and experimental analyses (Nadeem et al., 2011; Rathod, & Ravi, 2014; 

Varshney et al., 2010) were done to investigate the flow features in the occurrence of stenosed 

artery. Among several models proposed to blood, Casson fluid model (Ellahi et al., 2013) which 

explains the stress (yield) of blood has extensively advised for describing the movement 

characteristics of flow of blood in smaller diameter vessels. Returning of blood to the heart is 

responsible for the pulsatile nature in all arterial vessels. The heart refuses, further receives the 

blood in broken sequences known systole and diastole. And then heart relaxed while diastole and 
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no blood are driven out whereas in the systole the heart pumped out the blood. In some papers 

(Biswas & Chakraborty, 2010; Nadeem et al., 2011) the pulsatile nature of flow with non-

Newtonian characteristics of blood flow along an artery with stenosis in order to present 

mathematical modelling of blood as a Casson fluid has been considered for study. Some of the 

studies (Rahbari et al., 2017; Varshney et al., 2010) have been done for pulsatile nature of flow 

through artery which is having stenosis. 
 

 
 

Figure 1. Blood flow in an artery. 

 

 

In some more studies (Ellahi et al., 2014; Rahbari et al., 2017; Rathod & Ravi, 2014) the pulsatile 

nature of blood with stenosed artery modeling under the condition of Herschel-Bulkley using a 

perturbation scheme has been done. In these studies, it has been observed that the pressure 

gradient increased with increasing values of yield stress. This has also been noticed that the flow 

is increased significantly with increase in stenotic height. Several theoretical and experimental 

studied have been done to get the results in the presence of slip at the tube wall (Ajdari et al., 

2017; Neofytou & Drikakis, 2003). On the interpretation of experimental and theoretical studies 

with condition of slip, this is inadequate to overlook the slip condition in flow through blood 

vessels. This is noticed in previous work, that the researchers are not able to find the exact 

expression to find the effects of slip velocity. Therefore, it was necessary to derive a expression to 

find slip velocity. In theoretical study of (Akbar et al., 2011; Ellahi et al., 2013) the effects of slip 

velocity parameter on flow of blood in artery with stenosis have been analyzed. In the study of 

(Nadeem et al., 2011; Nagarani & Sarojamma, 2008) a mathematical model has been developed 

with slip condition at constricted wall for the impact of blood flow along stenosed arterial 

segments. Pulsatile nature of blood for a catheterized blood vessel with distinct shape of stenosis 

was shown (Varshney et al., 2010). So, the purpose of this analysis is to find the characteristic of 

flow of blood through an artery as a Newtonian model. The impact of slip velocity and body 

acceleration in existence of catheter have been obtained for pulsatile blood flow. 
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2. Mathematical Formulation 
Considering flow of blood is pulsatile nature of blood with external body acceleration is applied 

along the wall with stenosis due to slip velocity has been studied. The laminar, axially symmetric, 

fully developed and one dimensional, Newtonian fluid through a catheterized artery with mild 

stenosis have been taken. The catheter can be considered as rigid tube with the radius 𝑅1 as in 

Figure 1. Wall of the tube has been taken rigid. The geometry of the stenosis is given in equation 

(1). 
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Where, 0R  is constant radius of the artery,  R z  is stenotic segment radius, 
0z  is half distance, 

s  is maximum height. 

 

The governing equations by [5, 8]: 
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where, p  is pressure, u  is axial velocity, τ  is shear stress, ρ  is density of the blood, t  is time. 

 

Blood has treated as Newtonian fluid and can be written as below: 
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μ  = Shear viscosity. 
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Here, 
1R is radius of the catheter, Su  is Slip velocity. 
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Here, 1A  is amplitude, 0A  is Pressure gradient. 

 

)tωcos(a)t(F b0                                                                                                                  (9) 

0a  is amplitude. 

 

Variables to make non-dimensional; 
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where, 0R  is radius of the normal artery, 0A  is pressure gradient component, pω  is frequency 

oscillation and )
μ4
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(
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00 , denotes the central line velocity. 
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Here, )
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0p2   is called Womersley frequency parameter. 

 

)
r

u
(

2

1
τ




                                                                                                                                (12) 

 

By putting the value of  in Eqn. (11) we have; 
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The equation no. (6) and (7) are as; 
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The dimensionless form of equation (1) is as; 
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3. Solution of the Problem 
The velocity of blood may be stated as below; 
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Substituting Eqn. (19) in Eqn. (13) and in eqn. (14) respectively; 
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To determine 0u and 1u  Integrating equation (20) and (21) using boundary conditions (22), (23); 

))Rf(t)(R
s

(u
)ln(R/R

)ln(r/R
)rf(t)(Ru 2

1

2

1

122

00                                                                (24) 

 

where )]Bcos(ωcecost)[(1f(t) 
 

2 2
2 2 4 4 2 2 21

1 1 1 1 1

1

2 2
2 2 4 4 2 2 21 1
1 1 1 1

1 1

(R - R )
u D[((R r /4 r /16) -3(R /16) (r ln (r/R ) r R )

4ln(R/R )

ln(R /r) (R - R )
[(R R /4) (R /16)) 3(R /16) (ln (R/R )R R R )

ln(R/R ) 4ln(R/R )

    

     

 (25) 

2 2 2 2 21
1 s 1 1 2 3 4

1

ln(r/R )
u(z, r, t) f(t)[(R - r ) (u  f(t)(R R )] α D(C C C C )

4ln(R/R )
                  (26) 

 

where; 

/16)](R3/16)(r-/4)r[(RC 4

1

422

11  , )Rr)(r/Rln (r
)4ln(R/R

)R-(R
C 2

1

2

1

2

1

2

1

2

2  ,
 

/16)3(R/16))(R/4)R[(R
)ln(R/R

/r)ln(R
C 4

1

422

1

1

1
3  , )RR)R(R/R(ln 

)4ln(R/R

)R-(R
C 2

1

22

1

1

2

1

2

4  .
 

 

The wall shear stress has been found by putting velocity from equation (24) and (25). 
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The flow rate is as below; 
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where; 
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Effective viscosity is represented from equation (18) and (29). 
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4. Results and Discussion 
The main objective of research work is to examine the impact of acceleration in presence of 

catheterized stenosed artery. Effect of slip velocity has also been examined in the presence of 

catheterized stenosed artery. Blood flow has assumed as Newtonian flow. The governing equation 

has been solved by perturbation technique. The influence of Womersley frequency parameter has 

been seen which is very small. With the help of MATLAB computer codes have developed for 

numerical results for viscosity, flow rate, wall shear stress and velocity. All parameter values 

have been taken from the literature of the research area (Varshney et al., 2010) to obtain the 
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different profiles of blood flow. It is significant to obtain the configuration of profile of velocity 

as the exhaustive explanation of flow field has been given by profile of velocity. 

 

And changes in velocity in axial direction with the distance in radial direction for the following 

parameters 𝜔 = 1, 𝑒 = 1, 𝑧 = 0, 𝜙 = 0.2, 𝑢𝑠 = 0.05, 𝛼 = 0.5 growth of cholesterol or stenosis 

has been shown in Figure 2. The body acceleration has been represented by a parameter and it is 

assumed between 0 to 2. The range of pressure gradient parameter is considered between 0 to 0.5. 

And the magnitude of lead angle is considered as 0.2. So, from the figure it is anticipated that due 

to body acceleration the velocity is more and increases speedily as the body acceleration rises. 

This is also observed that velocity increased as there is an increase in body acceleration and body 

acceleration increases hence the plug flow region contract and due to that change, there will be 

more blood flow which takes place in the artery. 

 

The changes in flow rate in presence of pressure gradient for distinct values of body acceleration 

along with the values 1 0.2, 0.1, 1, 0.1sR t u     have been shown in Figure 3. It has shown 

in this figure that the flow drops as height of stenosis increases (Rathod & Ravi, 2014). The flow 

rate is examined minimum at e = 0. The maximum and minimum results in the rate of flow is 

found with 𝐵 = 0.1, 𝑢𝑠 = .1, 𝛿𝑠 = 0 and 𝐵 = 0.0, 𝑢𝑠 = 0.1, 𝛿𝑠 = 0.1, this can be seen from the 

graph as well. It is also depicted from the graph that the slip velocity and body acceleration boost 

the flow rate (Nadeem et al., 2011). Body acceleration along with slip velocity increases the rate 

of flow, this is because of increasement of width region of plug flow. 

 

 

 

 

 
 

Figure 2. Axial velocity with radial distance for different value of body acceleration. 

 

 

B=2 

B=1 

B=0 
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Figure 4. Shear stress with catheter radius for slip velocity. 
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that as the radius of catheter rises, the stress escalates. Whereas, it has also seen that the velocity 

profile raises wall shear stress reduced in an artery (Nagarani & Sarojamma, 2008). 

 

5. Conclusions 
It is revealed in this work that due to the presence of catheter, wall shear increases, which will 

also depend on the catheter’s size. Body acceleration raises the velocity and flow escalates. 

Whereas it has obtained that wall shear is significantly a decrease as slip velocity increases. It has 

also revealed that the axial velocity escalates as wall slip grows. And flow also rises with the 

increasing values of slip parameter. It has revealed from the work that there is a significant 

influence of slip velocity and body acceleration on the profile of flow. In this research work a 

parameter which plays a very important role is body acceleration parameter this parameter shows 

quantitative changes as well as qualitative changes in velocity profiles. As a consequence of 

analysis, the wall slip in artery under stenotic condition, may play a vital role in flow problems. 

Due to fall in the wall slip the wall shear stress increases. This model is very useful for 

bioengineering and bio-mathematical fields to examine the effects of the various parameters and 

to explore the experimental results for many biological equipment and future research. 
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