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ABSTRACT

Flow of a Jeffrey fluid through a tapered tube wigrmeable walls is studied. Beavers — Joseptcsiiglitions are
used to solve the governing equations. The expmresdor velocity, volume flow rate and frictionalrdes are
obtained. The effects of various parameters likeclpaumber, slip parameter, radius on velocityctional force
are discussed through graphs.
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INTRODUCTION

Theoretical and experimental studies of the citomadisorders are the subjects of scientific redeasince the
investigation of Mann et.al [1]. According to thésebvery the cardiovascular disease, such as st
arteroscierosis, is closely associated with thes ftonditions in the blood vessels. Scientists Haaen focusing on
this area of Biomechanics. Stenosis medically meanowing of any body passage (tube). Consequémlylow
behavior in the stenosed artery is quite diffeffenin the case of the normal artery. Having knowkedg flow
parameters in the stenosed artery, such as theityefmttern, the flow rate and the stresses velphhio-medical
engineers in developing bio-medical instruments fagatment (surgical) modalities. Several authoeweh
considered various mathematical models for flowsugh stenosed/constricted ducts (Young [2], LeFumg [3],
Shukla et al[4], Chaturani and Samy [5]. In all these matheo@dtstudies, blood has been characterized as a
Newtonian fluid. But Majhi and Nair [6] suggestdtht blood behaves like a non-Newtonian fluid uncientain
conditions. Various non-Newtonian fluids like HemetBulkley fluid, Casson fluid, Bingham fluid, Pewlaw
fluid etc are considered by many researchers. @vakihhy and Mandal [7],Mandal [8] studied Newton&nd
non-Newtonian blood flow through tapered arteriéh wstenosis.

In view of this, we proposed to study the flow effdey fluid through a tapered tube with permealbvldls. The
taper of the tube will be an important factor iegsure development. The steady flow of non-Newtoflidds is
characterized by an arbitrary time independent fmwve through a slightly tapered tube. The vejofigld is
obtained using Beavers and Joseph [9] slip conditibthe permeable wall. The flow of fluid is goved by
Darcy’s law. Some results are deduced and discus$edvelocity, the mass flow rate and its fractibincrease are
obtained.

Mathematical Formulation
Consider the flow of a Jeffrey fluid through a tegmk tube of lengthL with permeable walls. The tube has a

radiusR, at the entrance and radil at the exit. The tube radius at any dista@cefrom the inlet is given by

R(Z) = Ro+[RO Rj @)
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The flow takes place due to pressure gradient.pidieus medium is homogeneous with permealdityThe flow
in the porous medium is governed by the Darcy’s law

Fig.1 Physical Model

The flow is axi-symmetric. Cylindrical polar coondite system is used. The following assumptionsnaade in
deriving the basic equations.

a) The flow is steady and incompressible.

b) The flow is in axial direction.

c) All physical quantities except the pressurefanetions ofr only.
d) The body forces are negligible.

In view of the above assumptions, the basic eqgnati@ boundary conditions of the flow take thedwaiihg form.
The governing equation is

1o r oaw)_ % (2)
ror\1+A or 0z

Boundary conditions are

w_, at r=0 )

or

w= —%Z—:\l -1 at r =R (Beavers and Joseph condition [9]) (4)

where Da is the Darcy number atl is the slip parameter

3.Solution of the Problem
Solving equation (2) along with boundary conditi¢g®sand (4), we obtain the velocity field as

w= P(1+A1J(R2 —r2)+ YD, 3 )PRy 5)
4 a 2

where P = @
0z

The Volume rate of flow for the flow of a Jeffrelyifl through a tapered tube is
2R

Q= [[wrdrdg (6)
00
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[ 2
Q:((l’”‘l)PRA ,vba (1+1,)PR _R JZn (7)
16 da 2

The fractional increase in the volume rate of floithe Jeffrey fluid through a
tapered tube is given by

_Q-Q,_  4PR/Da
i Q  a|l+A)PR-g (1+4) @

RESULTSAND DISCUSSION

The velocity profiles are shown in the figures (2)(10) for different values of Jeffrey paramelgrDarcy
numberDa, pressure gradief?, slip parametegr and radiudR.

We studied the effect of Jeffrey parameter,on velocityw,as a functon of r with
Da=09 P=08 R= 06 a = 005 and is shown in figure (2). It is noticed that fored A,, velocity
decreases with increase in Also observed that for given, the increase i, increases the flow velocity.

We studied the effect of slip parametron velocityw, as a function ofr for Newtonian fluid (A, = 0) and non-

Newtonian fluid (A, = 0.2) with Da = 0.9, R= 0.6, P = 0.8, and is shown in figures (3) and (4). It is noticed
that the velocity decreases with increase iffior fixed value ofr. Also observed that the velocity decreases as the
slip parameterr increases for fixed'. And it is observed that for a givehand @ the velocity increases a8,
increases, that is the velocity increases as theNewtonian behavior of the fluid increases.

From equation (5), we studied the effect of tubdius R on velocity W, as a function oft for Newtonian fluid
(A, =0) and non-Newtonian fluid4, = 0.2) with Da= 09, P = 09, a = 0.1 and is shown in figures is
(5) and (6). It is observed that for fix&]the velocity decreases with increasefinAlso it is noticed that the

velocity increases with increase iR for fixed r. And it is observed that for a givehand R the velocity
increases asl, increases, that is the velocity increases asdheNewtonian behavior of the fluid increases.

We studied the effect of pressure gradi€hton velocity w, as a function off for Newtonian fluid (1, =0) and
non-Newtonian fluid ¢, = 0.2) withDa= 09, o = 005 R = 05and is shown in figures (7) and (8). It is
noticed that velocity decreases with increasé ifor fixed value ofP. Also observed that for fixed, the increase

in Pincreases the flow velocityv. And it is noticed that for a givem and P the velocity increases a4,
increases, that is the velocity increases as theNewtonian behavior of the fluid increases.

From equation (5), we studied the effect of Darayber Da on velocity W, as a function off for Newtonian
fluid (A, = 0) and non-Newtonian fluid4, = 0.2) with R= 04, P = 0.8, @ = 005and is shown in figures
(9) and (10). It is observed that for fixeR, the velocity decreases with increaserinAlso it noticed that the
velocity W, increases with increase a for fixed r. And it is observed that for a givehand Da the velocity

increases asl, increases, that is the velocity increases asdaheNewtonian behavior of the fluid increases.

The Volume rate flowprofiles are shown in figure (11) — (17) for diféett values of Jeffrey paramesr, Darcy
numberDa, pressure gradief® and slip parameter.

We studied the effect of Jeffrey parameté;on volume flow rate Q,as a function of R  with
Da = 05, P =08, a = 005 and is shown in figure (11). It is noticed that fored A, volume flow rateQ,
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increases with increase iR. And also observed that for givé}) the increase ind; increases the volume flow
rate Q.

We studied the effect of slip parametar on volume flow rateQ, as a function of R for Newtonian fluid
(A, = 0) and non-Newtonian fluid4, = 0.2) with Da= 0.5, P = 0.5and is shown in figures (12) and (13). It
is noticed that the volume flow ra®, increases with increase iR for fixed value ofr. Also observed that for
givenR, the increase im¥ decreases the flow raf®. And it is observed that for a givelR and &, the flow rate

increases asl, increases, that is the volume flow ra@ increases as the non-Newtonian behavior of the flu
increases.

We studied the effect of pressure gradiéhton the volume flow rate), as a function oR for Newtonian fluid
(A, = 0) and non-Newtonian fluid4, = 0.2) with Da = 0.5, & = 007 and is shown in figures (14) and (15).

It is noticed that volume flow rate increases witlrease inR for fixed value ofP. Also observed that for
givenR, the increase i increases the volume flow ra@. And also it is observed that for a givéd and P,

the volume flow rate increases ds increases, that is the volume flow ra@ increases as the non-Newtonian
behavior of the fluid increases.

From equation (7), we calculated the effect of aramber Da on volume flow rateQ, as a function oR for
Newtonian fluid (A, =0) and non-Newtonian fluid A, = 0.2) with P =05, a = 007 and is shown in
figures (16) and (17). It is observed that for éiXaa, the increase irR increases the volume flow rae Also it
noticed that the volume flow rate increases wittréase inDa for fixed R. And also it is observed that for a

given R and Da, the volume flow rate increases zl§ increases, that is the volume flow r&fe increases as the
non-Newtonian behavior of the fluid increases.

The fractional increase in volume rate of flow ismklated from equation (8) and is depicted in fgu(18) and
(19). It is observed that for fixed valuesifa , RandA,, increase in Darcy numbdDa increases the fractional
increase in volume flow rate, which is shown in

Fig (18), whereas for fixed values da, P, R and A, increase in slip parameter decreases the fractional
increase in volume flow rate, which is shown irufig (19).

6*5_‘_‘_“_\““\““““““\““*
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Figure (2). Variation of velocity W with radius r for different valuesof A,
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Figure (5). Variation of velocity W with radius r for different valuesof R with A, =0
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Figure (6). Variation of velocity wwith radius r for different valuesof R with A, = 0.2
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Figure (7). Variation of velocity W with radius r for different valuesof P with A, =0
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Figure (8). Variation of velocity W with radius r for different valuesof P with A, = 0.2
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Figure (10). Variation of velocity W with radius r for different valuesof Da with A, = 0.2
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Figure (11). Variation of volumerateflow Q with radius R for different valuesof A,
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Figure (13). Variation of volumerateflow Q with radius R for different valuesof a with A, = 0.2
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Figure (14). Variation of volumerateflow Q with radius R for different valuesof P with A, =0
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Figure (15). Variation of volumerateflow Q with radius R for different valuesof P with A, = 0.2
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Figure (16). Variation of volumerateflow Q with radius R for different valuesof Da with A, =0
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Figure (17). Variation of volumerate flow Q with radius R for different valuesof Da with A, = 0.2
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Figure (18). Variation of fractional increasein volumerate of flow with Darcy number Da
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Figure (19). Variation of fractional increasein \;olumerate of flow with dip parameter a

CONCLUSION

1.1t is observed that for a fixed value df, the velocityW increases as the paramet&sP and Da increases,
whereas for the slip parametay, the velocityWW decreases ag increases.

2.Also it is observed that for a fixed value df, the volume rate flowQ increases as the parameterandDa
increases, whereas the opposite behavior is olibéovéhe varying slip parameter.
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