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Abstract: The unsteady and incompressible flow of non-Newtonian fluid throughposite stenosis is investigated in the present
study. The micropolar fluid is treated as a blood flow model. Mild stenosisigmuelocity are also taken into account. The governing
equations are given in cylindrical coordinates system. Analytic solutibmslocity and volumetric flow flux are developed interms of
modified Bessel functions. The expressions for the impedance @&istance) , the wall shear stress distribution in the stenotic region
Tw and the shearing stress at the stenosis thipate also given. Impact of involved pertinent parameters is sketafedxamined by
the resistance of impedance and shear stress. The stream lines ana@édstor different sundry parameters.
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1 Introduction solved their mathematically model for mild stenosis case.
Riahi et al P] have examined the problem of blood flow

in an artery in the presence of an overlapping stenosis. A
"hathematical study on three layered oscillatory blood
flow through stenosed arteries have been investigated by
ripathi [10]. In a number has papers, Mekheimer and El
ot [11-14] have discussed the different aspects of blood
ow analysis in stenosed arteries. Very recently, Mishra et

In the last three decades, the study of non-Newtonia
fluids [1-7] has gained great importance and this is
mainly due to their huge range of applications, such a
blood flow, paints, melts of polymers, biological solutions
and glues but a careful review of the literature reveals thaﬁ

H&gggﬁgfr}ggﬁgoﬁg bflllcjgj d Hg\i’ gf;gﬁ?Ne'erg nﬁ:‘y al [15] have studied the blood flow through a composite
' y stenosis in an artery with permeable wall. Some relevant

e e o saornesy o e ime Poaies on he fopiecan be seen from the Tt o
eferences 16, 17] and a number of references on the

vessels such as hearts attacks and strokes are the leading : :
cause of death worldwide. Even though the considerable ic can be found therein.
inventions for the diagnosis and treatment of these Moreover, getting an exact analytic solution of a given
disorders have been made, but still this subject needgoupled partial differential equation is often more difficu
more care and attention to avoid these diseases. Fews compared to getting a numerical solution. However,
investigators have highlighted different aspects of bloodresults obtained by numerical methods give discontinuous
flow analysis in arteries. points of a curve when plotted. Though numerical and
Recently, Mekheimer and El Ko8] have studied the analytic methods for solving coupled partial differential
mathematical modeling of unsteady flow of such fluids equations have limitations, at the same time they have
through an anisotropically tapered elastic arteries withtheir own advantages too. Therefore, we cannot neglect
time variant overlapping stenosis. The§] janalytically  either of the two approaches but usually it is pleasing to
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solve a coupled partial differential equations AT
analytically [L8-24].

Motivated by these facts, the present work has been
undertaken in order to get an exact solution of fully d L

developed flow of an incompressible blood flow of
AT
2
/-\ ’

micropolar fluid through a composite stenosis in an artery

with permeable wall. Physical problem is first modelled
and then simplified by using the nondimensional
variables. The analytical solution of the simplified

equations are found and the results for the resistance }

paper are as fOHOWS' Section 2 C(_)ntalns mathematlcahg. 1: Flow geometry of a composite stenosis in an artery with
formulation. In Section 3 exact solutions of the problems

. . . - .~ permeable wall.
are presented. Discussion and results are given in Sections
4. Finally Section 6 summaries the concluding remarks.

-

impedance, wall shear stress axial velocity, pressure
gradient and stream functions are discussed througt
graphs for various physical parameters of the problem.
After the introduction in Section 1, the outlines of this

. . Introducing the following nondimensional variables
2 Mathematical formulation of problem

u bv dzp i G = doG

/X _r _u _ h / I __
~ b r_d07 u/_IJo’ u057 T do? p " ugbu’ J _dg7 up °

X
Consider an incompressible micropolar fluid is flowing
through a composite stenosis in a circular artery withMaking use of above nondimensional quantities and for
permeable walls. We are considering cylindrical the case of mild stenosis, we arrive at

coordinates(r,8,z) in such a way thaz—axis is taken ap 1 /620 1du N @
along the axis of the artery where ps6 are the radial 2z 1-N <0r2 + Tar + Tar (rG)) , (8)
and circumferential directions respectively ( see Fig. 1).
Letr = 0 is considered as the axis of the symmetry of the ,5_ _9U L 2-N 0 (10 (rG) )
tube. The geometry of the stenosis is assumed to be ar  m2 dr \rar ’
manifested in the arterial segment is described as where
2k(2u +k
- N = kk,rr\Z:dO(“Jl:). (10)
R@Z)/Ro=1-—— (z—d);d<z<d+Llo/2, (1) M+ Y +K)
Ro Lo The boundary conditions are
20 2n 9
=1-=—(1+cos—(z—d—-L 2) ou _
Ro ( L ( 0/2) 5 =0atr=0, (11)
; d+Lo/2<z<d+Lo, 2 du
_ ou_ _ tr =R 12
— 1: otherwise, 3) u=ug and ar \/W(UB Uporous) atr (2), (12)
whereR =~ R(z) andRy are the radius of the artery with  where Uporous = _%%, Uporous 1S the velocity in the

and without StenOSiS, is reSpeCtiVel}G is the |ength of permeab'e boundarwa is the Darcy number andy

the stenosis and d indicates its locatiod, is the  (called the slip parameter) is a dimensionless quantity
maximum projectiorimaximum heightof the stenosis at  gepending on the material parameters which characterize
z=d+Lo/2. Consider the blood as micropolar fluid, the the structure of the permeable material with in the

equations for the flow model are described as boundary region.
v v du_ @
or r oz 3 Solution of the problem
p(G+ult+vi) =-R+wu+x (F+1%+%) +;:a(;r<(3)57) Equation(8) can be written as
d [ du r2dp
p (§vBirvgr) =3 (urig x (S5 39— ) K58, o (1 rre-—a-w5 ) o a3
©) After integrating, we get
i (v8S 1498 — kG _k(u _ av 2 (1909)) | o%
Pl <V5r+udz)_ %G k(alrJ d\é>+y(dr<r o )+az2)7' @:(1—N) £@+é NG, (14)
(7) or 20z ' r
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16

whereA is constant of integration. Invoking E¢L4) into
Eq.(9), we arrive at

0°G 104G 1 (1-N)n? [rap A

oz tror MHRICE TNy <zaz >
(15)

The general solution of above equation is defined as

1-N 0 A

where Bli(mr) and CKi(mr) are modified Bessel
functions of first order of first and second kind
respectively. Substituting Eq(16) into Eq. (14) and
integrating with the help of boundary conditions, we
obtain

o= G (42) (12 38 (9
17)
The slip velocityug is calculated as

_ 7‘@21_'\') (35) (R— 21“:/%) (18)

The volumetric flow fluxQ is thus calculated as

R
Q= 27'[/ rudr,
0

or

Q= m(1-N) dp (N—Da
4(2—-N) 0z 4N 2NI0(mR)R

m?  mi(mR)

2y/Da(N—1)(N—2)R+4Da(N—1)+(N—-1)Rea

(19)
Note that wheN — 0, the results of Mishra et al f] can
be recovered as a special case of our problem

m(1—N)dp

Q=4 n) oF @ (20)

R

2y/Da(N—1)(N—2)R+4Da(N-1)+(N-1)R?a )

F(2=F ( oy TEI%I)IOG(mR)
mly(mR)

(21)
L
ap
— 22
o< 0z (22)
4(2—N)
A= 7'41 23
TA-N) (23)
where
d+Lg/2
—J Fonre 02T | P ramn
R/RO 1 ()R/Rofrom
d+L0 (24)
A W
d+{o/2F<Z)R/ROfrom(2 d+fL0F )R/Ry= 1

The expressions for the impedance (flow resistanae)
the wall shear stress distribution in the Stenotic redign
and the shearing stress at the stenosis tfkdattheir non-
dimensional form can be calculated as

A—1— Lo +1 n d+Lo/2 dz

(l+2\/*RéN 2) (RO""*mF)UzﬁERg)
Nko /™ 1
2l (1 S (o0 ) )
(25)
T, = 1
T ((Ro/R o /B2 (Ro (RRo)? 4 2V ReER ) )
(26)
= - (27)
(bs JD?R%I 2) (Roszrzam:b))
where

ar~a(z)=1-20(z—d)/RoLo, b=1-0/Ry, c=—9/2Ry,

0~ 0(B) =b+cosB, B =m— (21m/L)(z—d — Lo/2), n:1+ZVD;F%‘ 2 (Rﬁ%()

4 Discussion and results

To observe the quantitative effects of the micropolar
parametemm. The coupling humbeN, computer codes
are developed for the numerical evaluation of the
analytical results obtain for flow impedande the wall
shear stres$,, for parameters valuds=1,2,3, Lo = 1,

d = 0 and for various values of slip parameter darcy
number,/D, and stenosis heigh®/Ry. It is noticed from
Fig. 2 that the flow impedancg increases by increasing
the stenosis height/Ry, while a decrease in impedance
is observed by increasing the slip parameateand tube
lengthL by keeping all other parameter fixed. The effects
of m, stenosis heighd /Ry and Darcy’s numbex/D, on
the impedance@ are plotted in Fig. 3. It is depicted that
impedance decreases with the increaseninvioreover,
impedance increases with the increases in stenosis height
d/Ry and Darcy’s number/D,. The effects of tube
lengthL and micro-rotation viscositil on the impedance
are shown in Fig. 4. It is observed that impedance
decreases with the increase of batlandN. The effects

of impedance againsin for various values ofN are
sketched in Fig. 5. It is seen that with the increas&in
impedance decreases for all valuesfThe wall shear
stressly, against axial distance for various values ofr
and,/D, are given in Fig. 6. It is concluded that the wall
shear stress increases with the increase &amd decreases
with the increase in/D,. The wall shear stres§, for
different values ofmandN are shown in Fig. 7. It is seen
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Fig. 2: variation of resistance to flow with \/Dj,.

115 N=0.5

Fig. 5: variation of resistance to flow with m.

Fig. 3: variation of resistance to flow witha.

D:”=o.17, D?=0.18, D:'2=o.19
that shear stresd,, increases by increasingl and | ) — oy I
decreasingn. The streams lines for different parameters : .”V

are shown in Figs. 8 to 11. It is seen that with the NG

increases imm, the size of trapping bolus decreases (see .= 1_‘

0.5}

Fig. 8). Fig. 9 shows the streams lines for different values
of N. It is observed that with the increasesNn the size

of trapping bolus slightly decreases. The streams lines for
different values ofa are given in Fig. 10. Here the
trapping bolus increases with the increasesain The 0
large Darcy’s number,/D,, causes to decrease the
trapping bolus (see Fig. 11).

_ Fig. 6: variation ofT,, with z for various values ofd and./Dj.
5 Conclusion

A mathematical model for the blood flow of micropolar

fluid through a composite stenosis in an artery withvelocity, pressure gradient and stream functions are
permeable wall has been studied. The physical problem isliscussed through graphs for various physical parameters
first modelled and then simplified by using the of the problem. To the best of our knowledge, no such
nondimensional variables. The exact solution of theanalysis is available in the literature which can describe
governing equations are solved analytically. The resultshe effects of non-Newtonian micropolar fluid in arterial
for the resistance impedance, wall shear stress, axidblood flow through composite stenosis simultaneously.
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Fig. 11: Stream lines fofa) /Da = 0.34, (b) v/Da = 0.36, ()
v [)Ei = ().:353

The results presented in this paper are now available for

Fig. 7: variation ofT,, with z for various values of m and N. further experimental verification to give confidence for
the well-posedness of this boundary value problem. The
following main results are observed.

—The stenosis itself and the tapering effect change the
flow pattern.

—The flow impedanceX increases by increasing the
stenosis heighd /Ry, while a decrease in impedance
is observed by increasing the slip paramateand

tube length_.
. : —Impedance decreases with the increasm.in
a b ¢ -With the increase iN impedance decreases for all
values ofm.
—The shear stres$,, increases by increasiny and
decreasingn.

—By increasingn, the size of trapping bolus decreases.

—Trapping bolus increases with the increases in

—The large Darcy’s numbeyD,, causes to decrease the
trapping bolus.

-When N — 0, the results of Mishra et allp] are
recovered as a special case of our problem.

o 0.z 0.4 0.6 0.8 L

a b c
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