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Abstract 

The mathematical model is developed by considering blood as Casson fluid through the asymmetric 

artery with the stenosis. The non-Newtonian fluid behaviour is characterized by using Casson-fluid flow 

model. The analytic expression for flow rate, resistance to flow and skin friction are derived by using this 

model. We observed that the flow rate decreases when the yield stress and viscosity coefficient increases, 

the skin-friction increases with the increase of yield stress in presence of slip velocity for velocity 

coefficient parameter. The results are derived in detail with the help of graphs for the variation of 

different flow parameter. Flow rate, resistance to flow, and skin-friction and impedance analysis of the 

casson fluid have been shown graphically by varying the yield stress. 

 

Keywords: Stenosis, artery blood flow, flow rate, blood flow and casson fluids model 

 

Introduction 

Arteriosclerosis is often referred to as “hardening of the arteries.” The word comes from the 

Greek words athero (meaning paste or gruel) and sclerosis (hardness). It’s the process in which 

deposits of fatty substances, cellular waste, cholesterol, calcium and other substances build up 

in the inner lining of an artery. This buildup is called plaque. Plaques can block blood flow or 

break off. It causes a heart attack, stroke and another severe disease. There are many pieces of 

evidence that mathematical modeling in fluid dynamics plays a significant role in the 

development of blood vessel structure. Stenosis (narrowing the artery) is one of the serious 

cardiovascular diseases. Some researchers derived that Herschel-Bulkley fluid model and 

Casson fluid model are the fluid models with the yield stress, flow rate, and wall shear stress. 

Merrill et al. [16] developed a Casson-fluid model holds satisfactorily for blood flowing in 

tubes of diameter 130-1300, whereas Herschel-Bulkley fluid model may be employed in tubes 

of diameter 20-100. Several researchers have been studying on this diseases like Younge [29], 

Biswas, et al [2], chaturani et al [6], Shukla et al. [23] and many more.  

An analysis on the effect of stenosis on the non-Newtonian flow of the blood in an artery by 

Shukla et al [23]. A mathematical model for the study of blood flow through a channel with 

permeable walls is given by Mishra et al [17]. The steady flow of blood through a stenosed 

artery is developed by Biswas et al [2]. The effect of time-dependent stenosis on flow through a 

tube is investigated by Young [29]. A mathematical model for the blood flow through narrow 

vessels with the mild stenosis is developed by Jain et al [11]. Two-layered poiseuille flow 

model for blood flow through arteries of small diameter and arterioles is developed by 

Chaturani et al [7]. The study of the effects of couple stresses on the blood flow through the thin 

artery with mild stenosis has been developed by Sinha and Singh [25]. A mathematical model 

for different shapes of stenosis and slip velocity at the wall through mild stenosis artery studies 

by Kumar et al [15]. The two-phase model of blood flow through stenosed tubes in the presence 

of a peripheral layer: Applications is derived by Srivastava [27]. The effect of peripheral layer 

viscosity on blood flow through an artery mild stenosis is studied by Shukla et al [24]. The 

effect of the Magnetic field on the peristaltic transport of couple stress fluid in a channel with 

wall properties is proposed by Sankad et al [22].  
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Effect of stenosis on the non-Newtonian flow of the blood in an artery is derived by Rao [21]. The effect of elastic property of the 

wall on flow characteristics through an arterial stenosis is developed by Moayeri et al. [18]. A nonlinear Mathematical model of 

blood flow in a constricted artery experiencing body acceleration is derived by Chakravarty et al. [5]. The steady flow of blood 

treated as a Bingham plastic fluid in a circular cylindrical tube studied by Fung [10]. A technique for solving the approximate 

equations that the steady flow in tubes having axisymmetric mild stenosis is studied by MacDonald [15]. He derived an observation 

that the approximate equations are also valid if the stenosis is severe. The study of blood flow is very useful to cure 

atherosclerosis problem. 

 

Mathematical Analysis 

Let us consider the steady blood flow through an axially symmetric but radially non-symmetric constricted artery.  

The geometry of equation of stenosis is derived by: 
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If 
)( zR

 is the radius of the artery with stenosis, 0
R

is the radius of the artery without stenosis, s


denotes the maximum height 

of stenosis, c is a parametric constant l is the relative length of stenosis, defined as the ratio of the radius to the half-length of 

stenosis. If L and 0
L

are the half-lengths of arterial segment and the stenosed segment respectively, then 00
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Fig 1: Geometry of arterial segment with stenosis 

 

The geometry of equation (1) can be written as: 

 

 
2

1)(
0

Bz
eARzR




                       (2) 

 

where 0
R

A
s




and 

2

0

22

R

lc
B 

 

 

The constitutive equation of Herschel-Bulkley equation is given by: 
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where u is the axial velocity of blood, 
g

is the velocity coefficient of Casson-fluid,  is the shear stress and '  is the yield stress. 

We consider the flow equation in the form: 
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here 
p

 is the pressure at any point and  is the shear stress of blood considered as Casson fluid. 
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Boundary Conditions: The boundary conditions are: 

The velocity boundary condition on the arterial wall is the slip condition, given by: 

 

s
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 at 
)( zRr 

                        (5) 

 

The regularity condition is given by: 

 

 is finite at 0r                          (6) 

 

using the equation. (4) into (6), we have the skin friction: 
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from equation (7) and (8), we have: 
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which can be written as: 
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and, 
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Flow Rate: The volumetric flow rate is given by: 
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Integration (11) and using equation (5), we have: 
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using equation (4), we have: 
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using equation(9) and (10), we get: 

 




























  








d
RR

g
uRQ

ss

s

s
2

0

2 )'(

 
 

  dr
g

R
uRQ

s

s

s

2

0

3

3

2
' 








 

 



 

~34~ 

International Journal of Statistics and Applied Mathematics 
 












3

'

4

3

2 


s

s

g

R
uRQ

 
 

g

R

g

r
uRQ

s

s

3

'

4

33

2 
 

                      (12) 

 

from equation (12), we can get: 
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using equation (8), we get: 
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Integrating equation (14) with conditions 0
pp 

at Lz  and 1
pp 

at Lz  , we get: 
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Resistance Parameter: The resistance to flow  is given by: 
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The resistance to flow in the dimensionless form is given by: 
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where 0


is resistance to flow in the absence of stenosis, using eq.(16), we get: 
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using eq. (16) and (18) into (17), we get, 
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where, 
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using equation (2), the Equation (19) can reduced to: 
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Results and Discussion  
The analytic expressions have been derived for the resistance to flow, yield stress and wall shear stress. The expression for the 

resistance to flow is given by equation (20) and for the yield stress is given by equation (13).These results are plotted with using 

MATLAB software. In fig.2 the variation of flow rate
Q

 is plotted with the yield stress and slip velocity, with the variation of

0
R

s


, this shows the flow rate
Q

 decreases with the increase of 0
R

s


 and yield stress, but the reverse effect happens when 

slip velocity increases. The variation of flow rate 
Q

 is plotted with 0
R

s


in fig.3. The effect of yield stress and slip velocity on 

resistance to flow with 0
R

s


is represented by figs.4 and 5 It is observed that fixed value of 
,g

resistance to flow increases with 

the increases with the increases of 0
R

s


. It is also increased when both yield stress and slip velocity increase. In figs. 6 and 7 

show the variation of skin-friction for different values of yield stress and slip velocity. It is noticed in these graphs that skin 

friction increases with the increases of 0
R

s


. Skin-friction increases with the increase of yield stress and slip velocity for fixed 

values of
g

.  

 

 
 

Fig 2: variation of flow rate
Q

 with 0
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
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Fig 3: variation of flow rate
Q

 with 0
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Fig 4: variation of resistance to 
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 with 0
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Fig 5: variation of resistance to 
Q

 with 0
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Fig 6: variation of skin-friction for different values of yield stress 

 

 
 

Fig 7: variation of skin-friction for different values of slip velocity 

  

Conclusion 

In this paper, we developed the flow characteristics of a Casson fluid model for blood flow with velocity slip conditions in 

presence of the magnetic effect in the stenosed arteries. In this paper, we studied of the mathematical modeling of blood flow in 

narrow arteries stenosis. We observed that the flow rate decreases when the yield stress and viscosity coefficient increases, the 

skin-friction increases with the increase of yield stress and slip velocity for velocity coefficient parameter g . The results are 

compared with the results of Chaturani et al. [7] for blood flow in cosine curve–shaped stenosed arteries treating blood as Hershel-

Bulkley fluid and Misra et al. [17]. This type of model can be developed for the deformation of stenosis with delivery models in 

human artery. This study will be useful in prediction of flow characteristics in stenosed arteries. 
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