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The present article concerns the problem of blood flow through an artery with an axially asymmetric ste-
nosis (constriction). The two-layered macroscopic model consisting of a cell-rich core of suspension of all
the erythrocytes described as a particle-fluid suspension (Jeffrey fluid) and a peripheral zone of cell-free
plasma (Newtonian fluid). The analytical expressions for flow characteristics such as fluid phase and par-
ticle phase velocities, flow rate, wall shear stress, and resistive force are obtained. It is of interest to mention
that the magnitudes of wall shear stress and flow resistance increase with red cell concentration but the flow
resistance decreases with increasing shape parameter. One of the important observations is that when blood
behaves like a Jeffrey fluid, the flowing blood experiences lesser wall shear stress and flow resistance than
in the case of blood being characterized as a Newtonian fluid in both the particle-fluid suspension and par-
ticle-free flow studies. The rheology of blood as Jeffrey fluid and the introduction of plasma layer thickness
cause significant reduction in the magnitudes of the flow characteristics. 
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1. Introduction

It is evident that blood flow through a stenosed artery

affects the circulatory system and stenosis or arterioscle-

rosis is one of the frequently occurring cardiovascular dis-

eases (Young, 1979). Stenoses, developed in the arteries

pertaining to brain can cause cerebral strokes and the ones

developed in the coronary arteries can cause myocardial

infarction which leads to heart attack (Caro et al., 1978;

Ponalagusamy, 1986). One of the leading causes of deaths

in the world is heart related diseases and the heart diseases

mainly occur due to temporary deficiency of oxygen or

blood supply to the heart (Boyd, 1963). Even though the

etiology of the initiation of such diseases remains unknown,

there is a strong belief that hydrodynamic factors play a

very significant role in the initiation, formation, and pro-

liferation of the disease (Chaturani and Ponalagusamy,

1986a; Young, 1968; Young and Tsai, 1973). Irrespective

of the cause it is well known that once the constriction has

developed, it brings about significant changes in the flow

field, particularly, velocity profile, pressure distribution,

wall shear stress, and the resistive force which, in turn,

results into serious penalties. The experimental and theo-

retical studies on blood flow phenomena are also very

much useful for the diagnosis of a number of cardiovas-

cular diseases and development of pathological patterns in

human or animal physiology, and for other clinical pur-

poses and practical applications (Caro, 1981; Distenfass,

1971; Fry, 1968; Ponalagusamy, 2012; Young, 1979). Since

the rheological properties and the flow behavior of blood

are of the pivotal issues in the fundamental understanding

of stenosed artery, the possible interaction between the

fluid mechanical and biomechanical factors and the gen-

esis of stenotic lesions (Allan and Hamdan, 2006), a mod-

est effort has been made to provide a mathematical model

on flow of blood in a stenosed artery by taking into

account of a two-layered macroscopic model consisting of

a cell-rich core of suspension of red cells (Jeffrey fluid)

embodied as a particle-fluid mixture (i.e., a suspension of

red cells in plasma) and a peripheral layer plasma free

from cells (Newtonian fluid).

Deshpande et al. (1979), Forrester and Young (1970),

and Macdonald (1979) have characterized blood as a

Newtonian fluid and investigated the flow of blood

through stenosed arteries. Several studies have been car-

ried out on the assumption that blood behaves like a New-

tonian fluid. It is well accepted that blood behaves like a

non-Newtonian fluid under certain flow conditions, par-

ticularly at low shear rates and in moderate diameter blood

vessels (Cokelet, 1972). Further, non-Newtonian behavior

of blood increases rapidly as hematocrit rises above 30%

and reaching a maximum between 40% and 80% (Baskurt

and Meiselman, 2003). Chaturani and Ponalagusamy (1986a,

1986b), Shukla et al. (1980a), and Chaturani and Ponala-

gusamy (1985) have respectively represented blood as a

power law, Casson, and Herschel-Bulkley fluid. The

investigations referred so far to assume blood as a single

phase Newtonian or non-Newtonian fluid and no attempt

has been made to take into account of red cell concentra-

tion on the flow characteristics. It is well accepted that the*Corresponding author; E-mail: rpalagu@nitt.edu



R. Ponalagusamy

218 Korea-Australia Rheology J., 28(3), 2016

experimental investigation of Cokelet (1972) and theoret-

ical study of Haynes (1960) signpost that blood cannot be

treated as a single-phase homogeneous viscous fluid while

flowing through blood vessels (of diameter ≤2400 μm).

Further, the individuality of red cells (of radius 4 μm) is

important even in such large vessels with radius up to 120

cells’ radius (Srivastava and Srivastava, 1983) and a real

description of flow requires consideration of red cells as

discrete particles (Ademiloye et al., 2015; Skalak, 1972).

In view of this, we consider blood as a two-phase fluid,

where the particulate segment is the red blood cells and

the fluid phase is the plasma. 

Gad (2011) has indicated that the exploration on the par-

ticulate theory describing interaction between fluids and

solid particles has been the theme of scientific and engi-

neering research for more than two decades. Also the par-

ticulate theory provides an estimate of red cell concentration

on blood flow characteristics and it becomes a physiolog-

ically useful study in medical field. This theory is also

very much worthwhile in understanding several industri-

ally oriented engineering problems such as powder tech-

nology, sheet metal forming, rain erosion of guided missiles,

combustion, fluidization, electrostatic precipitation of dust,

nuclear reactor cooling, aerosol and paint spraying, and

flows in rocket tubes where small carbon or metallic par-

ticles are used and environmental pollution. The influence

of red cell concentration and stenosis geometry on wall

shear stress and flow resistance is studied (Srivastava,

2002). Mekheimer and Kot (2010) have developed a par-

ticle-fluid suspension model for the flow of blood in a

coaxial tube where the outer tube with a mild stenosis and

the inner tube have a balloon. The effects of slip velocity,

hematocrit and the inclination of the vessel on flow char-

acteristics of blood are analyzed by Chakraborty et al.

(2011). The published literature on the topic of suspension

model for blood flow reveals that all the studies have been

carried out with a Newtonian fluid (blood). It is well

accepted that blood being a suspension of corpuscles in

plasma, blood behaves like a non-Newtonian fluid under

certain flow conditions, particularly at low shear rates and

in moderate diameter blood vessels (Mann et al., 1938;

Ponalagusamy, 2012). It is noteworthy to take into account

of the rheology of blood as a non-Newtonian fluid.

Jeffrey fluid belongs to the class of non-Newtonian

fluid. It is noticed that Jeffrey fluid as a generalization of

Newtonian fluid and hence Newtonian fluid can be

deduced from Jeffrey fluid model as a special case. Many

investigators have analyzed the flow of Jeffrey fluid by

including several factors. Vajravelu et al. (2011) have

developed a non-Newtonian fluid model for peristaltic

flow through a vertical porous stratum with heat transfer

by assuming blood as a Jeffrey fluid. It is shown that the

temperature and the size of trapping bolus increase with

increasing the Jeffrey parameter. Santhosh and Rad-

hakrishnamacharya (2014) developed a mathematical

model of blood flow as a two fluid model where the fluid

in the core region is assumed as Jeffrey fluid and plasma

in peripheral region as a Newtonian fluid. It is observed

that the increase in Jeffrey parameter leads to decrease in

the effective viscosity and core hematocrit. The flow of

Jeffrey fluid has been further discussed in (Akbar et al.,

2013; Jyothi et al., 2013; Rao and Rao, 2012). Akbar and

Nadeem (2012) developed a non-Newtonian fluid model

for blood flow through a tapered artery with a stenosis and

variable viscosity by modeling blood as Jeffrey fluid.

Using perturbation technique, the effects of non-Newto-

nian nature of blood on temperature distribution and flow

resistance are brought out. In these models, blood is

treated as a single-phase Jeffrey viscous fluid and the

investigations thus failed to provide an estimate of red cell

concentration on the blood flow characteristics (velocity

profile, wall shear stress, and flow resistance).

Bugliarello and Sevilla (1970) and Bugliarello and

Hayden (1963) have experimentally observed that when

blood flows through tubes, there exists a cell free plasma

layer near the wall. In view of their experiments, it is pref-

erable to represent the flow of blood through tubes by a

two-layered model instead of one-layered model without a

cell-free plasma layer near the wall. Shukla et al. (1980b)

have taken two-layered model and analyzed the influence

of peripheral plasma viscosity on flow characteristics.

Chaturani and Kaloni (1976), Chaturani and Ponalagusamy

(1982), Ponalagusamy (2007), Srivastava and Srivastava

(2009), Srivastava et al. (2010), and Srivastava and Ras-

togi (2010) have considered the flow of blood represented

by a two-layered model and studied the effects of plasma

layer thickness on flow characteristics. Srivastava and

Saxena (1994) have considered a two-layered model (Cas-

son-Newtonian) and presented the analytic expressions for

velocity profiles, flow rates, wall shear stress and resis-

tance to flow. Ponalagusamy and Selvi (2011; 2013; 2015)

have investigated the two-layered model for blood flow

and analyzed the influences of slip velocity, peripheral

plasma layer thickness, radially variable viscosity and

temperature on wall shear stress and resistive force. No

attempt is made in the works mentioned above to inves-

tigate the effects of red cell concentration, non-Newtonian

behavior of blood, peripheral plasma layer thickness and

size and shape of stenosis on the flow characteristics tak-

ing into account that flowing blood has to be embodied by

a two-layered with two-phase model.

Based on the foregoing arguments, a modest effort has

been made in the present investigation to study the simul-

taneous effects of an axially non-symmetric but radially

symmetric stenosis, non-Newtonian nature of blood, red

cell concentration, and plasma layer thickness on physio-

logically important quantities such as velocity, wall shear

stress, and flow resistance for blood flow in a stenosed
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artery by taking into account of a two-layered model com-

prising of a core region of suspension of all the red cells

described to be a particle-fluid mixture (Jeffrey fluid) and

a peripheral zone of cell-free plasma (Newtonian fluid).

2. Formulation of the Problem

Let us consider an axially symmetric, two-dimensional,

steady, laminar and fully developed flow of blood in a ste-

nosed artery. In the present study, blood is represented by

a two-layered model consisting of a cell-rich core zone of

suspension of all the erythrocytes (Jeffrey fluid) supposed

to be a particle-fluid mixture (i.e., a suspension of red cells

in plasma) of radius  and a peripheral layer of cell-

free plasma (a Newtonian fluid) of thickness ( − ,

where  is the radius of artery in the stenotic region.

We shall take the cylindrical coordinate system ( )

whose origin is located on the axis of arterial stenosis

(Figs. 1 and 2). The wall profile of the flow geometry is

expressed as

(1)

where ,  is the unconstricted radius of

arterial stenosis,  is the maximum height of the stenosis

occurring at , n(≥2) is a parameter determin-

ing the shape of the stenosis (The symmetric stenosis

occurs for n = 2), d indicates the location of stenosis, and

 is the length of stenosis.

The appropriate governing equations for the  and 

components of momentum with the equation of continuity

in the cylindrical polar coordinate system for the core

region ( ) consisting of both the fluid and par-

ticle phase flow of Jeffrey fluid maybe written as

Fluid phase:

, (2)

, (3)

. (4)

Particle phase:

, (5) 

, (6)

(7)

where 

,

,

,

(8) 

are the stress components (Abd-Alla et al., 2015; San-

thosh and Radhakrishnamacharya, 2014), ( ) are the

axial and radial velocities of fluid, ( ) are the axial

and radial velocities of particle,  and  are the densi-

ties of the fluid (plasma) and the particle (erythrocyte)

phases, respectively, C denotes the volume fraction den-

sity of the particles,  is the pressure,  is the drag coef-

ficient of interaction for the force exerted by one phase on

the other, λ1 is the ratio of relaxation to retardation times,

 is the retardation time, , , and  are shear

stress components respectively in the planes of ,

and , and the subscripts f and p denote the quantities
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Fig. 1. Geometry of an axially asymmetric arterial strenosis.

Fig. 2. Geometry of an arterial stenosis with plasma layer.
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associated with the plasma (fluid) and erythrocyte (particle)

phases, respectively. The pressure gradients have been

assumed to be same for the two phases (fluid and particle)

which is true in most of the practical situations (Drew,

1976). Srivastava and Srivastava (1983) have pointed out

that the field interaction between particles can be

neglected for the case of low concentration of small par-

ticles. 

The analytic expressions for the viscosity of suspension

 and the drag coefficient of interaction  for the

present investigation have been chosen as 

, (9)

and 

, (10) 

where  is the plasma viscosity,  is the radius of a red

blood cell, and T is the measured in the absolute scale of

temperature (K). As suggested by Charm and Kurland

(1974), the empirical relation for the suspension viscosity

( ) is observed to be reasonably accurate up to C =

0.6 (i.e., 60% hematocrit). Charm and Kurland (1974) ver-

ified Eq. (9) with a cone and plate viscometer and found

it to be in good agreement within 10% error in the case of

blood. Eq. (10) was derived by Tam (1969) for a case of

small particle Reynolds number. It is of interest to note

that the volume fraction density of the particles C is cho-

sen to be constant which is a good approximation for the

low concentration of small particles (Drew, 1979).

The momentum and continuity equations for the flow of

a Newtonian fluid in the cylindrical polar coordinate sys-

tem for the peripheral plasma layer region ( )

are expressed as 

, (11)

, (12)

(13)

where ( ) are the axial and radial velocities of plasma

fluid and  is the density of plasma fluid.

Let us introduce the following non-dimensional vari-

ables:

(14)

where  is the velocity averaged over the cross section of

the tube of radius ,  is a constant viscosity of New-

tonian fluid for the case of one layered model, and Re is

the Reynolds number. With the help of Eq. (14), the

appropriate equations in their non-dimensional form gov-

erning the steady flow of fluid and particle phase in the

core region and peripheral plasma layer in the case of mild

stenosis ( << 1) subject to the following two more

conditions (Mekheimer and Kot, 2010; Ponalagusamy,

1986; Young, 1968) 
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may be expressed as
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in the peripheral plasma region ( ):
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where , , , 

is the suspension Reynolds number,  and

are the suspension parameters. The two

conditions mentioned in Eqs. (15) and (16) are explained

as follows: (i) the condition in Eq. (15) implies that Reyn-

olds number would be small and thus the condition

 is satisfied, (ii) the condition in Eq. (16)

elucidates that an order of magnitude of product of the

dimensionless variable ( ) and the value of 

(related to stenosis shape) is approximately unity or less.

Symbolically, this order of magnitude is denoted as o(1).
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(iii)  at r = 0  (22)

where  is the shear stress in the core

region (fluid-particle phase) and  is the shear

stress in the peripheral plasma region. The wall profile of

the flow geometry in its dimensionless form is expressed

as

= 1, otherwise
 (23)

where  and .

3. Solution

With the help of boundary conditions given by Eqs. (20-

22) and Eqs. (17-19) the analytic solutions for velocity of

fluid and particle phase in the peripheral plasma layer and

core regions may be respectively expressed as
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The total flow flux is obtained as 
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It is of interest to note that the total flow flux is equal to

the sum of the flow fluxes across the peripheral plasma

and core regions. According to the study made by Pon-

alagusamy (1986), one can obtain the following relation as
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4. Results and Discussion

In the present mathematical model, blood is embodied

by a two-layered model consisting of a core region of sus-

pension of all the erythrocytes represented as a particle-

fluid suspension (Jeffrey fluid) and a peripheral zone of

cell-free plasma (Newtonian fluid). In order to understand

the effects of volume fraction density of the particles C

(red cell concentration), non-Newtonian behavior of

blood, peripheral plasma layer thickness, shape and height

of stenosis on the flow characteristics such as velocity,

flow flux, wall shear stress, and resistive force, computer

codes have been developed for the numerical computa-
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given value of Jeffrey fluid parameter or the ratio of relax-

ation to retardation times (λ1), the wall shear stress is

found to be higher in one layered model (γ =1.0) than in

two layered model (γ < 1.0). The rheology of blood

changing from Newtonian fluid (λ1 = 1.0) to Jeffrey fluid

(λ1 = 1 & 2) and the presence of plasma layer near the

wall play a key role in reducing the wall shear stress. This

is attributed to the fact that the increase in λ1 and periph-

eral plasma layer thickness can cause a reduction in the

effective viscosity of blood which, in turn, reduces the

wall shear stress. This phenomenon comforts the release

reaction and aggregation of human platelets, and the align-

ment of endothelial cells on the surface of arterial wall to

be intact. The results of axial variation of wall shear stress

for different values of λ1 and the stenosis shape parameter

(n) are numerically computed and illustrated in Fig. 4. As

the shape parameter (n) increases, the wall shear stress

decreases in the converging region while it increases in

the diverging zone in a similar circumstance. As one

moves from the commencement of stenosis to the end

point of stenosis (constriction), the rate of increase of τw in

the upstream of the throat decreases with the increase in n,

whereas the rate of decrease of the same in the down-

stream of the throat increases with the increasing values of

n. This phenomenon diminishes when the rheology of

blood is characterized as Jeffrey fluids. The effects of red

cell concentration (volume fraction density of the parti-

cles), Jeffrey fluid parameter and the plasma layer on the

wall shear stress at the mid-point of stenotic region (or at

the throat of stenosis) are shown in Fig. 5. The values of

wall shear stress at the stenosis throat are higher in par-

ticle-fluid suspension study (two phase analysis) than in

single phase analysis (particle-free flow) and are lower in

the two layered model than in the one layered model. One

of the noteworthy results is that the consideration of Jef-

frey fluid model makes the flowing blood to experience

less shear stress. 

The combined effect of red cell concentrations, plasma

layer thickness, Jeffrey fluid parameter, and stenotic

height on the wall shear stress at the stenosis throat is dis-

played in Fig. 6. One may observe that the shear stress at

the stenosis throat increases with stenosis size when other

parameters are held fixed. In both the one layered and two

layered models, the percentage increase in the shear stress

at the throat of stenosis against the stenosis size is found

Fig. 3. (Color online) Axial variation of wall shear stress (τw) in

the stenotic region.

Fig. 4. (Color online) Wall shear stress (τw) distribution in the ste-

notic region for different n and Jeffrey fluid parameter (λ1).

Fig. 5. (Color online) Variation of wall shear stress at the mid-

point of the stenosis (τws) ith volume fraction density of the par-

ticles (C) for different λ1.
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to be higher for Newtonian fluid over that for Jeffrey fluid.

The result of Fig. 7 reveals the influence of Jeffrey fluid

parameter (λ1) on the shear stress at the stenosis throat. It

is newly recorded from the result that the flowing blood

experiences more shear stress in particle-fluid suspension

problem with the lower values of λ1 than in particle-free

flow analysis with the same values of Jeffrey fluid param-

eter λ1. For any given set of parameters considered in the

present study, the shear stress at the stenosis throat is

found to be rapidly decreasing for large λ1. The results of

shear stress at the arterial wall computed from the present

work reduce to the same results for Newtonian fluid (λ1 =

0) in the core region found in Srivastava and Saxena

(1997), Srivastava (2002), and Srivastava et al. (2010).

Another important feature of the present study is to

depict the axial variations of flow resistance (resistive

force) λ for different values of Jeffrey fluid parameter (λ1)

in both the one layered and two layered models as shown

in Fig. 8. It is noticed that the flow resistance (impedance)

increases with the increase of axial distance (z). When the

rheology of blood changing from Jeffrey fluid to Newto-

nian case, the rate of increase of flow resistance with the

axial distance (z) is seen steeply increasing in the case of

one layered model as compared to two layered model.

This property is attributed to the fact that the increase in

Jeffrey fluid parameter (λ1) leads to the decrease of the

apparent viscosity of blood and hence the flowing blood

experiences lesser resistive force. Fig. 9 reveals that for

Fig. 6. (Color online) Variation of wall shear stress (τws) with

maximum stenotic height (δs).

Fig. 7. (Color online) Variation of shear stress at the stenosis

throat (τws) with Jeffrey fluid parameter λ1.

Fig. 8. (Color online) Axial variation of flow resistance (λ) in

the stenotic region.

Fig. 9. (Color online) Flow resistance (λ) distribution in the ste-

notic region for different n and Jeffrey fluid parameter (λ1).



R. Ponalagusamy

224 Korea-Australia Rheology J., 28(3), 2016

any value of stenosis shape parameter (n) and any axial

location (z) in the stenotic region, the magnitude of flow

resistance (λ) or impedance experienced by blood stream

is lower in the flow of Jeffrey fluid than in Newtonian

fluid. It is clear from Fig. 9 that the impedance (λ)

decreases with increasing stenosis shape parameter (n) and

attains its maximum value in the case of symmetric ste-

nosis (n = 2).

The results of variation of flow resistance (λ) with red

cells concentration (C) for different Jeffrey fluid parame-

ter (λ1) are depicted in Fig. 10. It is of interest to note that

the resistance to flow is less in the two-fluid model than

its corresponding value in the one-fluid model for a given

C and λ1. The increase in the particle concentration, C,

tends to increase the flow resistance. This property is due

to the fact that the apparent viscosity of blood is increased

by increasing red cells concentration in blood. From Fig.

10, it is evident that the rheology of blood described by a

Jeffrey fluid and the existence of plasma layer near the

wall cause noticeable reduction in the resistance to flow.

Fig. 11 exhibits how the non-Newtonian nature of blood

affects the flow resistance by decreasing its values to a

great extent. It is pertinent to point out here that the flow

resistance is always higher in the case of a particle -fluid

Fig. 10. (Color online) Variation of flow resistance (λ) with red

cell concentration (C) for different Jeffrey fluid parameter λ1.

Fig. 11. (Color online) Variation of flow resistance (λ) with Jef-

frey fluid parameter (λ1).

Fig. 12. (Color online) Radial distribution of fluid velocity (uf)

with red cell concentration (C) for one- layered and two -layered

models for Newtonian fluid.

Fig. 13. (Color online) Radial distribution of fluid velocity (uf)

with red cell concentration (C) for one-layered and two- layered

models for Jeffrey fluid.
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suspension than in the case of a particle free flow (C = 0)

when other parameters involved in the present investiga-

tion are considered fixed. One of the most striking obser-

vations is that the flowing blood experiences more flow

resistance in particle-fluid suspension problem with the

lower values of λ1 including λ1 = 0 (Newtonian fluid) than

in particle-free flow analysis with the same values of Jef-

frey fluid parameter λ1. Furthermore, the flow resistance is

found to be steeply decreasing for large λ1. 

Considering the rheology of blood as a Newtonian fluid

(λ1 = 0) and Jeffrey fluid (λ1 0), the radial distribution

of fluid velocity (uf ) with red cells concentration (C) for

single and double-layered models has been respectively

displayed in Figs. 12 and 13. For a given set of parame-

ters, the fluid velocity is higher in the case of Jeffrey fluid

flow than the case of Newtonian fluid. One notes that the

fluid velocity decreases as the red cells concentration

increases. An inspection of the analytical expressions of

fluid and particle velocities reveals that velocity of red

cells (particle) is always greater than that of core fluid.

5. Conclusions

The present investigation sheds some light on investi-

gating the effects of red cells concentration (hematocrit),

non-Newtonian rheology of blood, peripheral plasma layer

thickness, and stenosis size and stenosis shape simultane-

ously on the flow characteristics. It is stressed that no

attempt has been made so far to investigate the non-New-

tonian behavior of blood on the suspension flows with

presence of plasma layer near the wall of arterial stenosis.

The effects of various parameters involved in the present

analysis on the fluid and particle velocities, wall shear

stress distribution, and flow resistive force are illustrated

graphically. It is observed that the magnitude of flow

velocity of a Jeffrey fluid is higher than that of Newtonian

fluid but it decreases with the increase in red cells con-

centration. Further, the magnitude of flow velocity near

the tube axis is higher in two-layered model than in one-

layered model.

Wall shear stress is a function of the velocity gradient of

blood near the endothelial surface. Hence, a thorough

understanding of wall shear stress distribution is particu-

larly useful in the understanding of the effects of blood

flow on aggregation of human platelets and endothelial

cells. The resistance to flow is one of the physiologically

and industrially important flow variables to be investi-

gated. It is of interest to mention that the wall shear stress

and flow resistance decrease with the increasing values of

Jeffrey fluid parameter and plasma layer thickness. The

flow resistance is found to be decreased and the pattern of

wall shear stress distribution against the axial distance (z)

is changed as the value of stenosis shape parameter is

increased. Based on the observations aforementioned, the

knowledge about the effects of the enhancement of red

cells concentration of diseased blood and the rheology of

blood as a Newtonian fluid on the blood flow and the way

of increasing the value of Jeffrey fluid parameter, stenosis

shape parameter and plasma layer thickness could be use-

ful for bio-medical engineers for the development of new

diagnostic tools. Further, the information about the impact

of Jeffrey fluid parameter and peripheral plasma layer

thickness could be useful for biological and medical sci-

entists to develop a new type of medication (in the form

injection or capsule or both) to increase velocity of blood,

reduce resistive impedance and skin friction (wall shear

stress) in the case of blood flow through stenosed arteries.

It is of importance to mention that the present study

deals with suspension flows (suspending fluid exhibiting

non-Newtonian behavior) and the significant results obtained

are not only useful to understand a more or less realistic

description of blood flow through a stenosed artery but

also to understand many fields such as chemical, biolog-

ical, medical, polymer melts, and petroleum industry.

Even though a considerable attention has been made in the

present work by taking account of non-Newtonian rheol-

ogy of blood, stenosis size and stenosis shape, and plasma

layer thickness on the flow of particle-fluid suspension

system, only a modest effort would be required to incor-

porate the viscoelastic properties of red blood cells and

arterial wall (Ademiloye et al., 2015), the dependence of

thickness of peripheral plasma layer (a particle-free layer)

on the local hematocrit, radius of artery, the axial distance

(z), and the state of diseased blood, the rheological prop-

erty of non-Newtonian fluid on effective viscosity and fric-

tional forces, moderate and severe stenosis, permeability

of blood vessels (Allan and Hamdan, 2006), and an inser-

tion of catheter in an arterial stenosis into blood flow anal-

ysis which, in turn, leads to the development of the

realistic blood flow model that overcomes the limitations

of the present study.

List of Symbols

‘−’ : Represents the dimensional quantities

 : Radius of a red blood cell

C : Volume fraction density of the particles

d : Location of stenosis

L0 : Length of stenosis

L : Length of arterial stenosis

n : Parameter determining the shape of stenosis

p : Pressure

Q : Volumetric flow rate

r : Radial coordinate

R(z) : Radius of the stenosed artery

R1(z) : Radius of core region

R2 : Radius of the catheter

R0 : Radius of the normal artery

≠

a0
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Re : The Reynolds number

S : Drag coefficient of interaction

T : Absolute scale of temperature (K)

: Average velocity of fluid in uniform artery 

uf, vf : Axial and radial velocities of fluid

up, vp : Axial and radial velocities of particle

u0, v0 : Axial and radial velocities of plasma fluid

Greek Symbols

 : Maximum stenotic height

 : Density of plasma fluid

, : Actual densities of the material constituting the

fluid (plasma) and the particle (erythrocyte) phases

τ : Shear stress field

τw : Wall shear stress

: Plasma viscosity

: Viscosity of suspension

: Viscosity of Newtonian fluid for the case of one

layered model

λ1 : Ratio of relaxation to retardation times

λ : Flow resistance

: Retardation time

γ : Ratio of central core radius to the tube radius in

the unobstructed region
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