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Abstract: Blood flow in stenosed tube has been modeled in the present investigation. The model is 
aimed at studying the effect of stenosis on  flow rate and shear stress distribution on time dependent 
(pulsatile) flow of blood in the arteries. The model has been compared with the time independent 
model and shown that the time dependent has significant effect on the flow situation. The model 
accounts for the anomalies of blood flow such as; blunted velocity profile, and Fahraeus – Lindquist 
effect (FLE). The model also has been studied for various of parametric effects such as magnetic, body 
acceleration, size of Blood cells (Couple Stress)frequency, amplitude, phase difference, percentage 
stenosis(constriction), and length of stenosis .One of the most important aspect of the present model is 
that the model has been studied for different blood diseases and compared with the case of normal 
blood. 
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INTRODUCTION 

 
 One of the most unpredictable parts of human life is getting affected by heart attack. It is learnt by statistical 
survey that one out every 1000 is getting affected by heart attack around the globe. By and large we know now 
causes associated with the heart attack though exact cause of the same is still far away from the known aspect. 
One of the causes attributed due to heart attack is thinning of the passage (constriction) of blood flow. The 
reason again for constriction is attributed due to accumulation of fatty substance (cholesterol) and blood clots on 
the interior part of tube (leuman).The experimental study suggest that up to 70% constriction the patient do not  
feel uncomfortable at all and he/she can cope up with the requirement of blood supply to various other parts. 
However for the constriction in the range of 80% and above, doctors generally resort to surgery for the patients. 
At present there are no guidelines when is the right time to go for the surgery.  
 Surgeons need to have guide line what effects constriction has on strength of the arteries and how resistive 
are the arteries with varied degree of constriction. In view of the importance of blood flow studies in Cardio-
vascular system the present studied have been oriented with its application to blood diseases. Also the model has 
been aimed at to include effects of time dependency (Srivastava, L.M. and Srivastava, V.P., 1984;Mandal, P.K. 
Mandal and Amin,N. ,2007) (pulsatile nature) anomalies of blood flow [Fahraeus – Lindquist effect (FLE)] 
(Dintenfass, L., 1967), mild magnetic effects on blood  flow (Barnothy, M.F.,1969; Vardanyan, V.A.,1973; 
Deshikachar, K.S. Ramchandra Rao, A.1985), blood cells suspended in plasma (Bungliarello, G. and Sevilla, 
J.,1970), viscosity of blood (for different blood diseases) (Pralhad, R. N. and Schultz, D.H.,2004;Sankar, 
D.S.and K. Hemalatha,2007) and frequency related effects (Haghighi,A.R and R.N. Pralhad,2008;Mustapha, N. 
and Mandal , P.K.,2010; Womersley, J.R.,1955) on the flow. The blood is assumed to be represented by a 
micro-continuum (couple stress) fluid proposed by Stokes (1966).  
 In this paper, the studies have been basically focusing onto accounting of pulsatile nature of blood, 
magnetic and body acceleration in the stenostic artery with a view to account it for different blood diseases. 
Mathematical treatment of the studies has been opted from Hankel transformation approach instead of 
conventional either numerical or empirical approach. Detailed aspect of flow parameters and its variations with 
the pulsatile, magnetic, body acceleration and blood cells has been explored in this paper. 
 
Analysis: 
 It is assumed that the flow is pulsatile and laminar and turbulence effects in the body are neglected  
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 Equation (1) in cylindrical polar co-ordinates under the periodic body acceleration in the presence of 
magnetic field is given by 
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 Where u(r,t) is the velocity in the axial direction,  are the density and viscosity of blood,  is the 
couple stress parameter,  is the electrical conductivity,  is the external magnetic filed and r is the radial 
coordinate. 
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The flow geometry of blood flow has been shown in Figure 1. 
 
 
 
Fig. 1: Blood flow in stenosedtube. 
 
 The relation between tube geometry and axis is given by the following relation (Ikbal, Md.A., S. 
Chakravarty S. and Mandal, P.K., 2009). 
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 For the initial calculation of velocity, flow rate (Q), pressure gradient and body acceleration are assumed to 
be of the form (Tanveer, S., 2005). 
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 Where 0A the steady-state part of pressure gradient, 1A  is the amplitude of the oscillatory part, fπω 2=  and  

 is the heart pulse frequency, 0a  is the amplitude of body acceleration, 11 2 fπω = and 1f is body acceleration 
frequency,  is the phase difference, z is the axial distance and t is time.Flow variables have been normalized by 
using following relations: 
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Equation (2) simplifies to [after dropping stars] 
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Hartmann number, and R is the radius of the pipe. 
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The initial and boundary conditions for this problem are (Haghighi, A.R.  and R.N. Pralhad,2008): 
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 Tanveer (2005) have analyzed the model for velocity computation and for the straight tube this expression 
for velocity has been taken for further investigations in the present studies with appropriate changes for the 
constricted (stenosed) tube. 
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 And J0 and J1are theBessel functions of order zero and one respectively and nλ   are the roots of equation

0)(0 =rJ .Used of transform techniques (Sneddon,N.,1980) have been made use in solving equation (8).  
 
Shear Stress: 
 Shear stress rzτ  which is one of the physiological importance parameters has been computed by using 
following relation 
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Using Equation (13), Shear stress simplifies to  
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 Where 1µ is the viscosity of plasma which is taken as 1.2 cPin the present model and
ωµ

ττ
1

* rz=  (non-

dimensionalshear stress). 
 
Flow Rate: 
 Flow Rate ( Q ) has been computed by using following relation  
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RESULTS AND DISCUSSION 

 
 One of the main objectives of the model is to study exhaustively the effects of shear stress and resistance to 
flow on blood flow. Hence, computations are mainly focused onto shear stress and resistance to flow for various 
parametric effects. 
 Shear stress and resistance to flow have been computed for the case of Normal Blood and for the diseased 
blood (Polycythemia, Plasma Cell Dyscrasias, and for Hb.ss). The data required for the computation has been 
taken from  [ Tanveer,S.,2005;Pralhad, R. N. and  D.H. Schultz,2004] and shown in Table 1.Use of Matlab and 
Maple software (Yang, W.Y., Cao, W., Chung, T.S. and Morris, J. 2004;Hanselman, C.D. 2002) has been made 
use while computing for shear stress and resistance to flow. 
 
Table 1: Viscosity Data (Pralhad, R. N. and  D.H. Schultz,2004). 

Diseases cp,µ  cp,1µ  
Normal Blood 3.81 1.2 
Polycythemia 6.75 1.2 

Plasma cell  Dyscrasis 4.99 1.2 
Hb.ss 3.29 1.2 

 
 Shear stress has been computed for the case of Normal Blood and other blood diseases [Polycythemia, 
Plasma cell Dyscrasis and Hbss]. Effect of parametric  variation have also been observed in the analysis. The 
results have been shown in Figure (2-19).The observations are highlighted below. 
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Fig. 2: Shear Stress for stenosed, different ’s [H*=2, =2, =4,

 

 
Fig. 3: Shear Stress for stenosed, different ’s [H*=2, =2, =4,

 
 
 Variation of shear stress with  [Figure (2-9)] and  Figure (19) shows that, the values of shear 
stress increases with the respective increase in parametric values. However with , Figure (9-13) and time t 
Figure (6-17), it is observed that, shear stress decease with increase in parametric values. These observations are 
found to be in agreement with the physics of flow and deformation.  For instance increase in  means decrease 
in blood cells counts which in term should increase velocity  gradient and hence in  shearing stress value which 
is been observed by the findings of the present analysis. Similarly increases in magnetic effect, body 
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acceleration and time observation should decrease the shear stress since magnetic effect and body acceleration 
enhance body functioning, and time will subside all initial perturbations. It is also noted that distinct behavior of 
time dependency with that of time independency has been observed if we observe the shear stress value at t=0.5 
and at t=1.5[Figure (2-15)].One of the most significant observation in stress distribution found is when 
computed with the variation of  percentage increase of stenosis  height(constriction) [Figure (14-15)].  
 

 
Fig. 4: Shear Stress for stenosed, different A0’s [H*=2, , =4,

. 
 

 
Fig. 5: Shear Stress for stenosed, different A0’s [H*=2, , =4,

. 
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It is observed that shear stress increases with increases of stenosis height from 0 to 0.6 however when computed 
for 0.8 we found that the stress values suddenly drops off. This strange behavior can be attributed due to sudden 
choking of the leuman and at this stage the reverse flow may start of and that could be the reason for sudden 
decreasing in stress value. This observation is in agreement with that of Young [1979] whose experimental 
observation found that, the flow behaves abnormally after 70-80% of constriction. 
 

 
 

Fig. 6: Shear Stress for stenosed, different A1’s [ H*=2, , =2,
 

 
Fig. 7: Shear Stress for stenosed, different A1’s [ H*=2, , =2,

. 
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Fig. 8: Shear Stress for stenosed, different a0’s [ H*= 2, , =2,

. 
 

 
Fig. 9: Shear Stress for stenosed, different a0’s [ H*= 2, , =2,

. 
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Fig. 10: Shear Stress for stenosed, different H*’s[ , , =2,

. 
 

 
Fig. 11: Shear Stress for stenosed, different H*’s[ , , =2,

. 
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Fig. 12: Shear Stress for stenosed, different ’s [ , , =2,

. 
 

 
Fig. 13: Shear Stress for stenosed, different ’s [ , , =2, 

. 
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Fig. 14: Shear Stress for stenosed, different 

. 
 

 
 
Fig. 15: Shear Stress for stenosed, different 

. 
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Fig. 16: Shear Stress for stenosed, different

 
 

 
Fig. 17: Shear Stress for stenosed, different
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Fig. 18: Shear Stress for stenosed, different 

. 
 

 
 
Fig. 19: Shear Stress for stenosed ,different 
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Conclusions: 
 Blood flow in a stenosed (constriction)tube has been studied in the present investigation due to its 
importance in Cardio-vascular and biomedical science [Fung, Y.C.,1984,1986]  The flow of blood is assumed is 
be represented by a couple stress fluid. Effect of magnetic, Body acceleration together with time dependency 
(pulsatile nature of blood flow) has been considered in the model. The study also account for different blood 
diseases [Polycythemia, Plasma Cell dyscrasis, and Hb ss] and compared with the case of normal blood. 
 The results indicate that, the effects of time dependency on flow parameters such as shearing stress have 
significant effect on the flow in comparison to steady aspect. Also, Effect of magnetic, body acceleration has 
significant effects with time dependency. The size effects have found to aggravate flow situation in Normal 
blood and worsen in case of diseased case due to the presence of more blood cells. One of the most significant 
aspects of the present investigation is that the model confirms with the findings of Young [1979] beyond 
constriction of 80%, the flow becomes critical and exhibit quite abnormal behavior. 
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