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1. INTRODUCTION 

 

Many researchers considered blood as a homogeneous medium in order to simplify the analytical treatment of 
the transport problems. Substrates within the capillary are often transported in two forms (i) those that dissolve 

in the plasma and (ii) those that bound to some transporting protein. For example, oxygen and carbon dioxide 

bind to the hemoglobin of red cells, and serum albumin is a carrier for many small molecules. Only the 

substrates which are dissolved in plasma are available for immediate transfer across the capillary wall and into 

the surrounding tissue. These are in kinetic equilibrium with binding protein throughout the macrocirculation 

and also in parts in microcirculation. Thus, loss of substrates due to diffusion in tissue creates a kinetic 

imbalance and  initiate release from binding protein. 

 

The study of blood flow through arteries is of considerable importance in many cardiovascular diseases 

particularly artherosclerois (stenosis) which are responsible for the death of people, which are closely related to 

the nature of blood movement and the dynamic behavior of blood vessel. Flow and diffusion through capillary 

tissue exchange system has been identified as one of the thrust areas of research in the last decades. In narrow 
capillary, at times, the radial transport becomes much larger as compared to the axial transport and it contributes 

to the development of atherosclerotic deposition. The problem of flow and diffusion becomes much more 

difficult through a capillary with stenosis at some region. From medical survey it is a well known fact that more 

than eighty percent of the total deaths of human beings are due to the diseases of blood vessel walls. 
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Abstract: 

A mathematical model is developed to study the influence of an externally applied magnetic field and 

chemical reaction on the flow characteristics of blood in the presence of mild stenosis. The equations of 

momentum are solved under appropriate boundary conditions using Hankel transform. Taylor's dispersion 

model [17] is used to obtain dispersion of solute in blood flow.  The effects of various parameters entering 

into the problems are discussed numerically and explained graphically. 
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Many authors [4,5,6,7] proposed various representative models for blood in narrow capillaries. Tandon et al. 

[15] have developed a model consisting of the viscous fluid representation which is identically same as the 

suspending medium of the blood. Other models have also been proposed to discuss the nutrition transport in 

capillaries, but no work has been undertaken except Tandon et al. [16] in very narrow capillary. Shukla et al. 

[12, 13] have studied the effect of stenosis on the resistance to blood flow through artery by considering the 

behavior of blood as a power law fluid a Casson fluid. Srivastava and Saxena [14] presented the effect of 

stenosis on the blood flow, when blood is a two-layered model satisfying a core region of suspension of all 

erythrocytes assumed to be a Casson fluid and the peripheral layer of plasma as a Newtonian fluid. 

 

Layek and Mukhopadhyay [10] and Kumar et al. [9] worked on a mathematical model to study the flow through 

a variable shape stenosed artery under the influence of magnetic field and demonstrated the effect of stenosis 

shape and magnetic field on the resistance to the flow . Haldar and Ghosh [7], Mekheimer and El Kot[11] 

mathematically analyzed the steady blood flow through a multi-stenotic artery under the effects of magnetic 

field and porosity. Eldesoky [8] studied the slip effect of unsteady magnetic field on pulsatile blood flow 

through porous medium in an artery under the effect of body acceleration. Bali and Awasthi [1] studied the 

Newtonian blood flow through the tapered arteries. Tripathi[18] investigated a mathematical model for blood 

flow through an inclined artery under the influence of an inclined magnetic field.  Bhatnagar et. al.[2]  worked 
on a numerical analysis for the effect of slip velocity and stenosis shape on Non-Newtonian flow of blood. 

Bunony et. al.[3]investigate an oscillatory blood flow in an indented artery with a heat source in the presence of 

magnetic field. 

 

The main objective of this paper is to study the dispersion of solute following the Taylor’s dispersion 

model[17].In the present work, the effect of an externally applied magnetic filed with chemical reaction over the 

flow characteristics in an inclined circular channel to study the nutritional transport of blood from capillary to 

tissues in mild stenosed arteries is considered.  

 

2. MATHEMATICAL FORMULATION 

 
The blood flow is modeled to be steady, laminar and the nature of blood is incompressible, homogenous flowing 

in the z direction through an inclined stenosed circular artery. The physical model of the problem is shown in 

Figure 1. The blood flowing in the tube is assumed to be a suspension of red blood cells in the plasma.  

In deriving the governing equation and the corresponding boundary conditions the following assumptions are 

made: 

(i)  The flow is Newtonian, viscous and unidirectional. 

(ii) Stenosis developed in the artery in an axially symmetric manner and depends upon the axial distance zand 

the height of its growth. 

(iii) The maximum height of the stenosis is much less as compared to the length and unobstructed radius of the 

artery i.e., stenosis is mild. 

(iv) Radial velocity in the stenotic region is very small in comparison to the axial velocity. 

(v) A uniform magnetic field is applied normal to the direction of the blood flow. 
(vi) Longitudinal diffusion is much less than the transverse diffusion, which implies        
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Using the above assumption the governing equations for incompressible flow of Newtonian fluid in cylindrical 

coordinates are 
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The concentration equation for the solute is expressed as follows: 
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where, ρ is the fluid density, g is the acceleration due to gravity, 'k is the permeability of porous medium , u  

is the  axial(z) component of the velocity, 'p  is the pressure, ��(= �′��) the electro-magnetic induction, �′ the 

magnetic permeability, ��  the intensity of magnetic field, 	�  is the conductivity of fluid, 
′  represents the 

concentration of the solute and D the diffusion coefficient for the solute under  consideration in the blood. 

The constitutive equation of a Newtonian fluid (blood) is given by  
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where, � is the coefficient of viscosity of blood. 

 
Figure 1: Geometry ofan inclined artery with stenosis. 

 

Stenosis geometric is idealized in the typical fashion by a cosine expression as(Tandon et al.[15, 16]) 
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To solve the equations (1)-(3), the following boundary conditions are introduced  
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where, N is the retention parameter. 
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Using the non-dimensional variables, equation (1) reduces to  
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2M  is the square of Hartmann number, Fr is the Froude number, Re is the 

Reynolds number. 

The boundary conditions (6) and (7) in dimensionless form can be written as 
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The geometry of the stenosis in dimensionless form is given by  
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To solve equation (3), we use the following non-dimensional variables: 
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If the Taylor’s longitudinal conditions are valid in this problem, the partial equilibrium may be assumed at any 

cross-section of the artery and the variation in C with r is obtained from equation (14) takes the form, 
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3. METHOD OF SOLUTION 

 

3.1. Velocity Distribution  

Solving equation (10) with the boundary conditions (11) and (12), we get 

We define Hankel transform as,  
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Taking the inverse Hankel transform, we obtain the velocity distribution, 
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The average velocity is given by 
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3.2. Concentration Distribution  

To solve the equation (15), we use the boundary conditions (16) and (17), hence, we get 
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The volumetric rate at which the solute is transported across a section of the artery of unit breadth is  
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Following Taylor [17], we assume that the variations of C with r are small compared with those in the 
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where
t

∂

∂
 represents differentiation with respect to time at point, and ξ  is constant. Using (22), equation (23), 

becomes 
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which is the equation governing the longitudinal dispersion. Equation (24) implies that  
� is dispersed relative 

to a plane which moves with average velocity exactly as though, it has been diffused by a process which obeys 

the same law as the molecular diffusion but with a relative diffusion coefficient.  

 

4. RESULTS AND DISCUSSION 

 

The results of the analysis for different values of the Hartmann number (M), stenosis height (
) and Reynolds 

number (Re) for velocity, concentration and dispersion coefficient are obtained analytically and the numerical 

values have been computed in the figures 2 to 11  using MATHEMATICA 8.0. The analysis for normal and 

diseased inclined artery with chemical reaction associated with stenosis due to the local deposition of lipids 

which help in identification, diagnosis and treatment of many cardiovascular disorders.  

 

Figures 2 to 5 shows that the variation of the velocity with axial distance r for different values of Hartmann 

number (M), stenosis height (
), Reynolds number (Re) and permeability respectively. Figure 2 depicts that, 

when the Hartmann number increases for the fixed value of 
 = 0.5  and Re=0.2, the blood flow decreases and 
the profiles get flatter and approach those of the plug flow. From the Figures 3, 4 and 5, we observe that the 

velocity profile is parabolic and the velocity of the blood flow increases with increase in stenosis height, 

Reynolds number and permeability of porous medium. Velocity profiles are similar in stenotic and non-stenotic 

regions, but the value is greater at the stenotic region than compared with the  non-stenotic region.  Figures 6 

and 7 depict the concentration with r for different values of Hartmann number (M) and chemical reaction rate 

coefficient ( β ). Clearly, the concentration in the capillary region decreases with increase in the Hartmann 

number (M) and chemical reaction rate coefficient ( β ). 

 

 
 

Figure 2: Effects of Hartmann number M on velocity profile. 
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Figure 3: Variation of velocity (U) with radial axis (r) for different values of height stenosis δ. 

 

 

 
Figure 4: Variation of axial velocity (U)  with radial axis (r) and height of stenosis (δ) for 

different values of Reynolds number (Re). 

 

 

 
 

Figure 5: Variation of axial velocity (U)  with r and height of stenosis (δ) for 

different values of permeability(K). 
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Figure 6: Concentration distribution versus r for  different values of M. 

 

 

 

 
Figure 7: Concentration distribution versus r for  different values of .β  

 

 

 

The diffusion of large and small molecular weight nutrients with the capillary for different values of Re and 
 is 

also studied. The large molecular weight nutrients face more resistance within the capillary region to diffuse into 

the tissue and therefore the cells of the deeper regions are deprived from getting sufficient nutrition. Figures 8 

and 9 are the plots for dispersion coefficient  �∗ against Re and M for different values of Hartmann number (M) 

and chemical reaction rate coefficient ( β ) in the stenotic and non-stenotic regions. It is clear that �∗ decreases 

with increase in the Hartmann number (M) and chemical reaction rate coefficient ( β ). Figures 10 and 11 

represent the �∗ in capillary region with M for different values of 
 and Re.  It is observed that �∗ increases 

with increase in 
 and Re. It is similar in stenotic and non-stenotic region. The above results are very useful for 

analysis so that the regions of the artery which are affected with stenosis get the proper and sufficient nutrients 
in the stenotic region.  
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Figure 8: Dispersion coefficient D* versus Reynold’s number  for different values Hartmann number  M. 

 

 

 
 

Figure 9:  Dispersion coefficient D* versus Hartmann number M for different values reaction rate. 

 

 
 

Figure 10: Dispersion coefficient D* versus Hartmann number M for different values of height of stenosis. 
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Figure 11: Dispersion coefficient D* versus Hartmann number M for different values of Reynolds 

number and for fixed value of reaction rate 0.β =  

 

5. CONCLUSION 
 
In this paper, we have studied the dispersion of solute in capillary in normal and stenotic state depending on the 
variation of parameter with chemical reaction. The concentration of the blood flow decreases with increase of 
chemical reaction rate for both the stenosed artery and the non-stenosed artery.  The present study provides 
valuable information for medical practitioners who seek to understand the flow of blood under stenosis 
conditions as well as for treating hypertension patients using magnetic therapy. Further, an important conclusion 
arrived at in this study is that those cells which are situated at the deeper regions of the stenotic affected area of 

the tissue are deprived of the nutrients, therefore, by improving the nutrient supply of these cells the progression 
of the disease can be controlled thereby the sufferings of the patient can be alleviated. 
 

REFERENCES 

 
[1] Bali, B. and Awasthi, U. (2011). Mathematical model of blood flow in the small blood vessel in 

presence of magnetic field, Applied Mathematics, Vol. 2, 264–269. 

[2] Bhatnagar, A., Shrivastav, R.K. and Singh, A.K. (2015).  A numerical analysis for the effect of slip 
velocity and stenosis shape on Non-Newtonian flow of blood, International Journal of Engineering, 
Vol. 28 (3), 440-446. 

[3] Bunony, K.W., Israel-Cookey, C. and Amos, E. (2018). Modeling of Blood Flow through Stenosed 
Artery with Heat in the Presence of Magnetic Field, Asian Research Journal of Mathematics,Vol. 8(1), 
1-14. 

[4] Casson, N. (1958).  A flow equation for pigment oil suspension of the printing ink type, in Rheology of 

Disperse Systems, Pergamon Press, New York. 
[5] Chaturani, P. and Mahajan, S.P. (1982).Poiseuille flow of micropolar fluid with non-zero couple stress 

at boundary with applications to blood, Biorheology, Vol. 19(4), 507-518. 
[6] Cokelet, G.R. (1972). The rheology of human blood, in Biomechanics, Edited by Fung, Y.C. et al., 

Prentice Hall, Englewood Cliffs, New Jersey. 
[7] Haldar, K.  and Ghosh, S.N. (1994). Effects of a Magnetic Field on Blood Flow through an Indented 

Tube in the Presence of Erythrocytes,  Journal of Pure and Applied Mathematics, Vol. 25, No. 3, 345-
352.  

[8] Eldesoky, Islam M. (2012). Slip Effects on the Unsteady MHD Pulsatile Blood Flow through Porous 
Medium in an Artery under the Effect of Body Acceleration, International Journal of Mathematical 

Sciences, Article ID 860239, (2012), 26 pages.  
[9] Kumar, S. and Sharma, M.K.,  Singh, K. and Garg, N.R. (2011). MHD two-phase blood flow through 

an artery with axially non-symmetric stenosis, International J. of Math. Sci. & Engg. Appls. (IJMSEA). 
5(11), 63-74, 2011. 

0.5

0 .5

0.2 0.4 0 .6 0.8 1.0
M

0.01

0.02

0.03

0.04

D

Re 0.1

Re 0.2

Re 0.3



 Dispersion of Solute with Chemical Reaction in Blood Flow   

 

395 

 

Bulletin of Pure and Applied Sciences  

Vol. 38E (Math & Stat.) No.1 / January- June 2019 

 

[10] Layek, G.C. and Mukhopadhyay, S. (2008). Numerical modeling of a stenosed artery using 
mathematical model of variable shape, Int. J. of Applications and Applied Mathematics,Vol. 3, 308-
328. 

[11] Mekheimer, Kh.S.  and El Kot,  M.A. (2008). Influence of magnetic field and Hall currents on blood 
flow through a stenotic artery, Appl. Math. Mech. Engl. Ed., Vol. 29(8), 1093-1104. 

[12] Shukla, J.B., Parihar, R.S. and Rao, B.R.P. (1980). Effect of stenosis on non-Newtonian flow of blood 
in an artery, Bull. Math. Biol., Vol. 42, 283–294. 

[13] Shukla, J.B., Parihar, R.S. and Rao, B.R.P. (1980). Biorheological aspects of blood flow through artery 
with mild stenosis: effects of peripheral layer, Biorheology, Vol. 17, 403–410. 

[14] Srivastava, V.P.and  Saxena, M. (1994). Two-Layered Model of Casson Fluid Flow through Stenotic 
Blood Vessels; Applications to the Cardiovascular System, Journal of Bio-mechanics, Vol. 27, 921-
928.  

[15] Tandon, P.N. and Agarwal, R. (1989). A Study of Nutritional Transport in Synovial Joints, Computers 

& Mathematics with Applications, Vol. 17, No. 7, , 1131-1141. 

[16] Tandon, P.N., Nirmala, P., Tewari, M. and Rana, U.S. (1991). Analysis of Nutritional Transport 
through a Capillary: Normal and Stenosed, Computers Math. Applic. Vol. 22(12), 3-13. 

[17] Taylor, G.I. (1953). Dispersion of soluble matter in solvent flowing slowly through a tube, Proceedings 

of the Royal Society, 219(1137) (1953), 186–203.  
[18] Tripathi, D. (2012).  A mathematical model for blood flow through an inclined artery under the 

influence of an inclined magnetic field, Journal of Mechanics in Medicine and Biology, Vol. 12, 1–18. 
 


