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Abstract Effect of heat and mass transfer on the blood flow through a tapered artery with stenosisis examined
assuming blood as Jeffrey fluid. The governing equations have been modelled in cylindrical coordinates. Series
solutions are constructed for the velocity, temperature, concentration, resistance impedance, wall shear stressand
shearing stress at the stenosis throat. Attention has been mainly focused to the analysis of embedded parametersin
converging, diverging and non-tapered situations.
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1. Introduction
The non-planer arterial configuration is associaiedely with swirling blood flow. Arteries (as
a living tissues) require a supply of metaboliteduding oxygen and removal of waste products.
Blood is multi-component mixtures, consisting cdigha, red and white blood cells (RBCs and
WBCs), platelets, etdl]l The analysis of blood flow in arteries is vpopular now a days
because of some cardiovascular diseagz3]. The nature of blood itself sometimes has a key

role in such diseases. No doubt, it is concluded that blood is a non-Newtonian fluid at low
shear rate (100/s). Humphref2,p 357] pointed out that a rheological properties of bloo
greatly depends upon the change in flow configaratHe characterized blood as a mixture (i.e
solid and fluid). Further Thurston and Chien et |1,5] experimentally observed viscoelastic
properties of blood. Jonefs] found that the flow behaviour of blood changesfiNewtonian

to non-Newtonian character when there is a chamgjeei diameter of vessel from large arteries
to small branches and capillaries. The flow vawéh typical Reynold number from small
arteries to large arteries. Siddiqui et {a‘l] examined the rheological effects on pulsatilevftof
blood in a stenosed artery. Mekheimer and El I[@}t presented micropolar fluid model for
axisymmetric blood flow through an axially nonsynirieebut radially symmetric mild stenosis
tapered artery. Unsteady flow analysis for blood@s-Newtonian fluid through tapered arteries
with a stenosis is studied numerically by Mand@|l Varshney et al€0- considered the
generalized power law fluid model for blood flowan artery having multiple stenosis. They
carried out the numerical study under the actiomasfsverse magnetic field. Power law fluid
model for blood flow through a tapered artery wathtenosis is recently developed by Nadeem
et al. [1]] In another article, Nadeem and Akra[mz] revisited the flow analysis of refl1]

for Jeffrey fluid. Mustafa et al[13] presented the numerical simulation of generalized
Newtonian blood flow through a couple of irregudaterial stenosis. The blood flow with an
irregular stenosis in presence of magnetic fiekltheen looked at Abdullah et glL4].

It is noted from existing literature that only fattempts investigate the blood flow in presence
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of heat and mass transfer. Influence of pulsatded flow and heating scheme on the
temperature distribution with reference to hypartiia treatment was studied by Khanafer et al.
[15]. Unsteady flow and mass transfer in models ofatterrteries considering fluid-structure
interaction was simulated by Valencia and Villamue[%]. Back et al [17] examined the flow
field and mass transfer analysis in arteries vatigltudinal ridges. Heat and mass transfer in a
separated flow region for high Prandtl and Schmidhbers have been studied by Ma et[?aB].
Akbar and Nadeen{lg] constructed the simulation of heat and chemezadtions for Reiner
Rivlin fluid model of blood flow through a taperadery subject to a stenosis. Recently Nadeem
and Akbar [20] studied the blood flow for Walter's B fluid modetough a tapered artery with

heat and mass transfeiSome important article related to the topic acduided in Refs. [22-26].
The interest in the present article is to analyeedffects of mixed convection blood flow of
Jeffery through a tapered stenosid artery. Analyasbeen carried out in the presence of heat
and mass transfer. We arranged this article ifidbh@wving fashion. The next section consists of
mathematical formulation. The solution expressimnyelocity, temperature, concentration,
resistance impedance, wall shear stress and shestrass at the stenosis throat are constructed
in section three. Section four analyzes the safeattres of the problem by graphically
illustration.

2. Problem development
We examine incompressible flow of Jeffrey fluid kvitonstant viscosityu and densityp in
a tube having lengthL. The cylindrical coordinate syster('l, g, z) is chosen such thai

and w are the velocity components in thle and Z directions respectively. Here =0 is
selected the axis of the symmetry of the tubeseMlizonvection is considered in the presence of

heat and mass transfer by assigning the temperaturand concentratiorﬁO to the wall of the

tube. Symmetry condition for both temperature amcentration is employed at the centre of
the tube. The consideration of stenosis is reptedeas [g] :

h(z)= d(2)-r, b (z-2)-(z-a)')
as z<atb,
= d(z), otherwise
with
d(z)=d, + & 5

In above equationsi(z) is the radius of the tapered arterial sey:tttérstenotic regiond,
is the radius of the non-tapered artery in the si@moic region,& is the tapering parameteb,
is the length of stenosis(,n > 2) is a parameter determining the shape of the gotish profile

and referred to as the shape parameter the synerstgrosis occurs fon=2 and a
indicates its location (see in Fif).
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Fig. 1. Geometry of an axially nonsymmetrical stenositheartery.
The parameter; is given by
n= o
d,b"(n-1)’
in which maximum height of stenosis locatedzat a+-2- is in ref. [8]
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where p is the pressureT is the temperatureC is the concentration of fluid? is the
density, k denotes the thermal conductivitg, is the specific heat at constant presstire,

is the temperature of the mediur® is the coefficient of mass diffusivityK; is the thermal-
diffusion ratio and g is due to the gravity.

Extra stress tenso6 in Jeffrey fluid is [12].
=_ M (e 0
S= +A¥), 8
1+ A, (y ? )
where p is the viscosity, A, is the ratio of relaxation to retardation timeg, is the shear rate
and A, the retardation time. Defining

_F __z W _bu __dip ,_h
r=—, z=—, W=—,U=——, p= , h=—,
d, b U, u,0 u,b d,
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where S, is the Soret numberS, is Schmidt number,P, is the Prandtl numberE, is the
Eckert number, is the kinematic viscosity, is the dynamic viscosityy, is the velocity
averaged over the section of the tube of the widfhand ¢ is the concentration, and using
Egs. (6) and (9) along with the additional conditionf8] :

()
() ReoN™ g 10a
b
)
(i) = b 0o(2), 10b
we have for mild stenosi%&—‘f << 1) the following expressions
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where the Brickman numbeB, = E_.  PiThe boundary conditions are now given by

w_ ,%=O,a—0:0atr:0, 16a
or or or
w=0, =0, o= 0atr =h(z), 16b
h(z)= (1+ fz)ll—/yl((z -0,)-(z- al)”)J, .
0,< 250, +],
and
é’]ﬁ JD '
ﬂl:(n_l),é_:d—,a'lzg,f:dé’fztanqa 18
0 0

in which ¢ is called tapered angle. Further, for convergapgering or (go< O), non-tapered
artery (=0) and the diverging taperingp> 0).

Fig. 2. Geometry of the axially stenosed tapered artery.

3. Solution of the problem

We have an interest to compute the series solbijdromotopy perturbation methobZ]]. For
that we write
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and chooseL = %%(r a—ﬁ) as the auxiliary linear operator. Further théahguesses are

represented by

Wlo(r,z):%(“‘hzj, elo(r,z):(fzghzj, Jlo(r,z):—(rz_hzj_ »

0z 4 4

Putting
w(r,q) = w, +qw, +g°W, + .. 23

0(r,q)=6,+q6, + %6, +..... 24

_ 25
o(r,q)=0,+q0, +q%, +....

and then employing the procedure of r{élf9] for g=1, we have the following results for
velocity , temperature and concentration fields:

w(r,z)= (rz ;th(1+Al)%+a2(r2 ~h2)+ay(r* -h®)+a,(r* -h*)
+a23(r8 —h8)+ a24(r7 —h7)+ aQS(r6 —h6)+ a%(r5 —h5)
+a, (14 =0 )+ ag(r* =n° )+ 2y r? -h7), 26
0(r,2)= a.:.,(r4 —h“)+a6(r6 —h6)+ a51(r11—h11)+ a.52(r8 —h8)
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+a57 r3_h3)’ 27




J(r,z): _(rz _hzj—SrSc(as(r4 —h4)+a6(r6 —h6)+351(r11—h11)

4
+asz(r8 - h8)+ asa(r7 - h7)+ 3154(r6 - h6)+ ass(r5 - hs)
+ag,(r* ~h*)+a,(r* -h?)) 28
The volume flow rateQ is expressed as
Q= _[Oh rwdr. 29

Through Egs.(26) and (29) one has

dp__ 16Q . 16a

dz = @+A)h* @+ A)h* 30
The pressure drop{Ap = patz= CandAp=-patz= L) across the stenosis between the
section z=0 and z=L can be obtained using the expression given below

! dz

3.1. Resistance impedance
The resistance impedance is given by

a+b

/T:%:{EF(ZXhzldz+ [ F (e i F(z)|h:1dz},

a+b

32
in which
z)= - .
@+A)h*  QE+A)h*
On simplification, Eq. (32) yields

b :{(L—b)[ 16 _16ay, ]+1'bF(z)dz} .

@+4) Q@+A)

F()=_ 18 168y,

3.2. Expression for the wall shear stress
The expression for dimensionless shear stress is

~ 2 34
5 =1 [a—ij o'wl |
1+ A, |\ or oroz

The wall shear stress is of the form

~ 2
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The shearing stress at the stenosis throat i.@adlieshear at the maximum height of the stenosis
located atz=2 +—-L- can be expressed as
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I,=S

S rz

h=1-6~
The final expressions for the dimensionless rastet@o A , wall shear stressS,, and the
shearing stress at the throat are

A:i:l{(l_gj[( 16 16a B"‘laj:bR(z)dZ} 37
23U Dlla+a) earay)) LY

!

T,
['rzzi,['s:_s_, 38
Z-0 Z-0
with
A, = 3L, 7, =4Q. 39

4. Numerical results and discussion
Our interest in this section is to analyze theaf®f the ratio of relaxation to retardation time
A, , retardation timeA,, the stenosis shapa and maximum height of the stenosds for
converging tapering, diverging and non-taperediaden Jeffrey fluid. This object has been
achieved through the plot§3) to (1) . The variation of axial velocity ford, , n, A, and
J in converging, diverging and non-tapered artesiesdisplayed in the Figg3a) to (3d) .
We observed that due to increaseAn, n and 9J, the velocity profile decreases. The
velocity increases due to increaseAn . It is also seen that for the case of convertapgring

the velocity gives larger values as compared ta#se of diverging tapering and non-tapered
arteries. Figs(4a) to (4c) show how the converging, diverging and non-taghanteries

influence on the wall shear stress, . Interestingly with an increase id;, and J the shear
stress increases and decreases with an increag.ift is also seen that the stress yield
diverging tapering with tapered angle> 0 , converging tapering with tapered angge< 0
and non-tapered artery with tapered angle O . In the Figs. (5a) and (5b) it has been
noticed that the impedance resistance increasesfverging , diverging and non-tapered
arteries when we increas,. Such resistance decreases upon increadingWe also

observed that resistive impedance in a divergipgriag appear to be smaller than in converging
tapering because the flow rate is higher in thentarcase when compared with the later.
Impedance resistance attains its maximum valu#dsisymmetric stenosis cage = 2) . Figs.

(6a) and (6b) illustrate the variation of shearing stress atdtenosis throatr, with o . The
shearing stress at the stenosis throat decreateamincrease inQ and 4, . Figs. (7a) and
(7b) depict the variation of temperature profile fdfetent values of Brinkman numbeB,

and ratio of relaxation to retardation timg. It is observed that with an increase in Brinkman
number B, . The temperature profile decreases while increaftesan increase in ratio of
relaxation to retardation timel, , temperature profile has the large values forveaging
tapering when compared with the diverging and regreted arteries. Figd8a) and (8b) are
prepared to see the variation of concentrationilerédr Brinkman numberB, , ratio of



relaxation to retardation timed, and Soret numbes, . It is found that with an increase in

Brinkman numberB, and Soret numbesS, , the concentration profile increases. However it
decreases because of an increase in ratio of teElaxa retardation time/, . It is also observed
that concentration profile has an opposite behasorompared to the temperature profile. Figs.

(9) to (11) show the streamlines for different valuesrof A, and A, . Streamlines for

different values of the stenosis shapeis shown in Fig.(9). Here it is noticed that the size of

the trapping bolus increases when we increaset¢hesis shape. Figd10) and (11) are
plotted to see the streamlines for different valoiestio of relaxation to retardation timg,

and retardation timel, . Here the size of the trapping bolus increasés an increase in ratio
of relaxation to retardation time while it decremsdien retardation time increases.

Fig. 3 . Variation of velocity profile for(a) A,=03 n=2 and A,=05, (b)
A =03 n=2 and =05, (c) 4,=03 A,=05 and d=05 . The other parameters are
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Fig. 4 . Variation of wall shear stress fda) 4,=03 and 4,=05, (b) A, =03 and
3=05, (c) A,=03 and d=05 . The other parameters a = 03, o,=00, z=05,
n=2 Q=03 G, =05 C =03 S =05 andS =05

Fig. 5 . Variation of resistance fofa) A, =03, (b) A,=04. The other parameters are
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Fig. 6 . Variation of shear stress at the stenosis tHowa{a) Q=05 (b) A, =03. The
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Fig. 7 . Variation of temperature profile fofa) A, =05, (b) B, =03 The other
parameters ar&®Q =03, o0=00, z=05 n=2 0=03 G, =05 C, =03
S. =05 S =05 and A, =03.
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Fig. 8 . Variation of concentration profile fofa) S =05, (b) A, = 03. The other
parameters ar&®Q=03, 0=00, z=05 n=2 0=03 G =05 C =03 S =05
and A, =03.

Fig. 9 . Streamlines for different values of (@) n=2 (b) n=4. The other parameters
are Q=03 0=01 A =02 G =04, S =05 S =05 C =06 and # HO.3.



Fig. 10 . Streamlines for different values of, (c) A, =01 (d) A, =03. The other
parameters ar®Q=03 0=01 n=2 G =04, S =05 S =05 C =06 and
A, =03

Fig. 11 . Streamlines for different values of, (e) A, =0.
parameters areQ=03, 06=01 A, =02 G =04 S
n=2.

Conclusions

This study examines the mixed convection effectblond flow of Jeffrey through a tapered

stenosed artery. The main points of the perfornmadiyais are as follows.

1 . The influence of relaxation to retardation timés, shape of the stenosis and height of
the stenosisd on the velocity profile is qualitatively similar.

2. The velocity profile increases when retardatiamet A, increases

3 . The velocity in converging tapering gives largalues when compared with the cases of
diverging and non-tapered arteries.

1 (f) A,=03. The other
=05 S =05 C, =06 and



4 | The resistive impedance in a diverging tapeisrgmaller than converging tapering
S . Shear stress increases by increashgand d. However the shear stress decreases with an
increase in A,.

6 . Itis observed that with an increase in Brinkmamber B,, the temperature profile
decreases. The temperature profile increases withcaease in ratio of relaxation to retardation
times A.

7 . Concentration profile has an opposite behaviaoimparison to the temperature profile.
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