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[ Abstract ]]

The present paper investigates the Magnetohydrooignaouple stress peristaltic flow of
blood through porous medium in a flexible channdbev Reynolds number. A perturbation
method of solution is obtained in terms of wall pgoparameter and closed form of
expressions has been derived for axial velocity tegugsverse velocity and also shere stress.
The effects of various physical parameters on awéddcity, transverse velocity have been
computed numerically. The resulting velocity in tbenverging (constricted) part of the
channel is directed towards the boundary with thigl fimoving in clockwise direction while

in the dilated part, it moves in the anti-clockwisense with resulting velocity directed
towards the axis of the channel.

KEYWORDS: Peristaltic fluid flow, Couple stress fluids, Rejy#® number,
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1. Introduction

Pumping of fluids through flexible tubes by meafishe peristaltic wave motion of the tube
wall has been the subject of engineering and stemesearch for over four decades.
Engineers and physiologists term the phenomenaudi flow as peristalsis. It is a form of
fluid transport induced by a progressive wave ebarontraction or expansion along the walls
of a distensible duct containing a liquid or mixurBesides its various engineering
applications (e.g., heart-lung machines, finger aslter pumps, etc.), it is known to be
significant mechanism responsible for fluid transpoe many biological organs including in
swallowing food through esophagus, urine transfrorh kidney to bladder through thureter,
movement of chyme in gastrointestinal tract, transpf spermatozoa in the ductus efferentes
of the male reproductive tracts, and, in cerviaaa, in movement of ovum in the female
fallopian tubes, transport of lymph in lymphaticsels, and in the vasomotion of small blood
vessels such as arterioles, venules and capillaries

M.S. Thesis. Shapiro et al. (1969) and Jaffrin &tthpiro (1971) explained the basic
principles and brought out clearly the significarfethe various parameters governing the
flow. The literature on the topic is quite extersiy now and a review of much of the
literature up to the year 1983, arranged accorttnthe geometry, the fluid, the Reynolds
number, the wave number, the amplitude ratio ardwhave shape was presented in an
excellent article by Srivastava and Srivastava 4].98

The study of peristalsis has received consideraktiention in last three decades mainly
because of its importance in biological systems amdustrial applications. Several
investigators have analyzed the peristaltic motiérboth Newtonian and non-Newtonian
fluids in mechanical as well as physiological syse(Fung and Yih (1968), Burns and
Parkes (1969), Shapiro et al. (1969), SelverovStatie (2001), Xiao and Damodaran(2001)
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,Misra and Rao (2003), Radhakrishnamacharya amiv&sulu (2007), Maruthi Prasad &
Radhakrishnamachay(2007), Muthu et al. (2007 Peristaltic transport in n-uniform ducts
is considerable interest as many channels in eagige and physiological problems ¢
known to be of nommiform cros-section. Srivastava et al. (1983) and Srivastava
Srivastiva (1988) studied peristaltic transport of Newannand no- Newtonian fluids in
nonuniform geometries. Radhakrishnamacharya and Radhak Murthy (1993) studie
the interaction between peristalsis and heat teangbr the motion of a viscol
incompeessible fluid in a tw-dimensional nomniform channel. Mekheimer (2004) stud
the peristaltic flow of blood (obeying couple sterodel) under the effect of magnetic fi
in nonuniform channels. He observed that the pressueefds a couple stresfluids is
greater than that for a Newtonian fluid. Also thregsure rise for uniform geometry is mt
smaller than that for neuniform geometry. Hariharanet al. (200¢ investigates the
peristaltic transport of n-Newtonian fluid, modeled as power lamd Bingham fluid, in .
diverging tube with different wall wave forms. Mut and Prasad (1973) analyzed
peristaltic motion of Newtonian fluid by considaginthe influence of the viscoelas
behaviour of walls. They assumed that the drivirechanisris in the form of a sinusoid
wave of moderate amplitude imposed on the flexidés of the channel. Dynamic bound:
conditions were proposed for the fluid motion daghe symmetric motion of the flexik
walls which were assumed to be either thinastic plates or membrane
RadhakrishnamacharyaandSrinivasulu (2007) studned imfluence of wall property ¢
peristaltic transport with heat transfer. Sobh @0dtroduced slip effects on couple str
fluid. RamanaKumari and Radhakrishnamacharya () investigated the effect of slip
peristaltic transport in an inclined channel witlalheffects. "he influence of slip, wa
properties on MHD peristaltic transport of a Newamnfluid with heat transfer and porc
medium have been investigated Srinivas and Kothandapani (20(Recently, the study ¢
magnetorydrodynamic (MHD) flow of electrically conductinguids on peristaltic motio
has become a subject of growing interest for rebeas and clinicians. This is due to the
that such studiesre useful particularly for pumping of blood and gmatic resonanc
imaging (MRI). Theoretical work of Agarwal and Anwadin (1984) explored the effect
magnetic field on the flow of blood in atherosclerosessels of blood pump during card
operatims. Li et al. (1994) observed that an impulsive nedig field can be used for
therapeutic treatment of patients who have storegnients in their urinary trac
AmitMedhavi (2008) studied Peristaltic Pumping oNar-Newtonian Fluid. AmitMedhar
and U.K. Singh (2011) studied Peristaltic Induced Flovad®articulate Suspension in a I-
Uniform Geometry

2. Formulation of the problem

We consider a peristaltic flow of a couple strdagl$ in a symmetric channel with flexik
walls, which are excited | a traveling longitudinal wave resulting in a peigt motion. An
oscillatory time dependent flux is being imposed tben peristaltic flow. Choosing tl
Cartesian coordinate system 0(x, y), the flexibédisvare represented

y = +ags [X ; ct]

Where ‘g, is the waveamplitude, ‘c’ is the wave velocity,A ' is the wave length an S’
is an arbitrary function of the normalized axiabodinate

o5
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In the case of incompressible fluids when the biodges the body moments are absent
equations of motion is

DV - 4
pE=[—?p+ﬁ?‘?— nv vl

The equations of motion for t-dimensional flow incompressible couple stress flnithe
component form are

dx = dy (2.1)

_ _dp 2u ﬂzu_ dtu otu 2 d*u —[Ez] n
= amtham tay| Vam T oyt 2anayr| LBl [k—lu

(2.2)

__9p, ﬂzv_l_ﬂzv_ ﬂ""v_l_ﬂ"“v_l_z d*v _[EZ]_[ilﬂ
“Tay TMae ey e eyt T T aeyt| T Y TR (g

Where (u, v) are the velocity components along @):directions respectively, p is the flL
pressuref is the density of the fluidi is the coefficient of the viscosi 7 is the

coefficient of couple stres? s the electrical conductivity of the fluigis the permeability
of the porous mediurand Bo is the constant magnetic field. The imposed flusoss the

flexible channel is assumed to ¥r[1 +ke*“"] \where Wra characteristic flux, k is tf
amplitude of the flux an® s the frequency of the oscillation.

The flow being twadimensional in view of the incompressibility of tHew using (2.1) we
introduce a stream functic¥ such that

aW aw
= ,_%
9y and ax (2.4)

Substituting (2.4) in (2.2) and (2.3) and elimingtp, the governing equations in terms¥
reduces to

\‘J'BD.Z

9 (o2 2 2 _ Pros Nyos
5V V] - [WyP2 0]+ iV 14'1,]-‘—]'['.? 1~|a’]—5['.'." v] - o

vy —[L]vztl' o5

w20
Where  dx%  dy?

The relevant conditions (¥ are
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oW o'W _

ax 0 oy? y=0 (26

W o= W[l + ke’ —agcs y =£apslx]  (2.7)
2y

oy3 y = £apslx]l (2.8)

(2.6) guarantees the vanishing of the transverse @n the axis of channel in view of t
symmety. (2.7) corresponds to the no slip of the axidoe#y on the channel and al
guarantees the assumption of the imposed oscyldtox across the channel. (2.8) is -
boundary condition related to couple stress fluille. define the following nc-dimensional

variables

P
[auc f_[aut!] _[an]

Introducing these nordimensional variables in (2.5) the governing eaqumath terms of¥
reduces to (on dropping the asteri

SR ReW - RV W - Re W W RV Y s eV W = ete
" (2.9) '

pcag

R= , Reynolds numb

T}
n
S = pcag? | Couple Sless Parameter

chDZ ag
M= pc , Magnetic Paramet
3[}2

D'=k; ,Inverse Darcy parame

3. Solution of the problem
Under long wave length assumptic £ <<1) keeping in view of the condition (2..-¥

may be assumed in the fc

‘P= ["I—"n + kE!itﬁ[}] + & ['\Pi + kei‘mi (31)

WWwWWw.oiirj.org ISSN 224-9598 Page 160




Online International Interdisciplinary Researchrdad, {Bi-Monthly}, ISSN2249-9598, Volum#, Issue-VI, Nov-Dec2013

Substituting (3.1) in (2.9) and equating the likevers o ¢, the equations corresponding
the zeroth order steady component:

07w
+[RM + D] —F =

Saﬁwu W,

0
dy® Dyt oy’ (3.2)
ace, vy, 070,
RS - +[RM + D =0
ay®  ay* [ ! ay? (3.3)

The conditions to be satisfied ¢, and ¥, are

v, = 1- S[K] y=+% S[X] : Wﬂ =1 y= E[X] (34)
a3y, —0 azmn —0

dy? y=0 ; dy? y=0 (3.
W, _ av, o

ax y=0 , Ox y=0 (3.
W _ o d*V¥,

dy3 B y=+ S[x] - dy? o y= $[x] (3.7)

Solving (3.2) and (3.3) subject to tconditions (3.4-3.7), we obtain
¥, = Ci + C3 Coshla;jv] + C3 Cosh[a,y] (3.8)

¥, = C4 + Cs5 Coshla;jv] + Cg Cosh[a,y] (3.9)
Where

s’ [1 - S[x]] oy’ [l - S[x]]
C =

oty 2 [Cosh[azs[x] - 1]] — ! [Cosh[als[x] - 1]] ) a2

Cosh[a,S[x] — l]] — 2

Cosh[al S[x] - 1]]

az?[S[x] — 1]

C =
? 7 |e1? [CoshazS[x] — 1]] - az?[Coshla;Skx] - 11]

c _[ aiz[l—S[x]] ]
" lay?[Coshle,S[x] — 11] - &t;2[Coshla, SIx] - 11]

2

a; alz
0y [Cush[ﬂzs[x] - 1]] - oy [Cosh[ﬂjs[x] - 1]] a?[Cosh[o; S[s] -~ 1]] - @ *[Cosh[a; S[x] - 11]]
Cs = a*
32 [Cosh[a; S[x] — 1]] - @32[Cosh[a, S[s] - 1]]
ﬂiz
C6 = @ 2[CoshleyS[x] — 11] — ay?[Coshla,Sx] - 1]
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f .
| —_ [ —a7 f ) .
1+ [1—4RS(MR + D1 1 — 1 ars(MR + D-1)

oty = | o T
N ZRS A ZRS

4. Discussion of theresults

In this paper, an attempt has been made to stualytemally a mathematical model for t
Magnetohydrodynamic peristaltic flow of a -fluid through a porous medium under
influence of low Reynolds number, considering tha-fluid to be a couple stress fluids. St
a study possibly explains the pathological situstiavhen a distributionf fatty cholesterol
and artery clogging, blood clots are formed inltiraen of the coronary artery, which can
considered as equivalent to a fictitious porous iovadVe have presented the graph
results of the solutions axial velocity u, Transeewelocity v. Figures (1) to (4) reveals ax
velocity profiles for M = 0.1 and S = 0.2, > 0.1 and D > 0.5.Figure (1) reveals axi
velocity profile for M = 0.1, S = 0.2, i 0.1 and D= 0.5, the resulting velocity in tt
converging (constricted) parf the channel is directed towards the boundary wth fluid
moving in clockwise direction while in the dilatgart, it moves in the ar-clockwise sense
with resulting velocity directed towards the axigtee channel. Figure (2) corresponds to
velocity profile for M = 0.1, S = 0.2, > 0.1 and O = 1 As already indicated that the flc
separation takes place at all these values witld flmoving towards boundary in tl
clockwise sense in the constricted case and tovthedaxes in thanticlockwise sense in tl
dilated case (See Figure (1)), but in the dilatagec the fluid flow drof out with higher
speed. This is true even if M = 0.1, S = 0.2> 0.1 and D = 1.5 (Figure 3), but in tt
constricted case the fluid flow enhances ' higher speed, which is the contrast to the ec
case. Figures (4) to (6) reveals transverse vglqeitfiles for M = 0.1 and S = 0.2,> 0.1
and D' > 0.5, we observe that the flow separation takasepht all these values with flt
moving towardsoundary in the clockwise sense in the constrickes® and towards the a
in the anticlockwise sense in the dilated case (Beee (4)) . But, in the dilated case f
fluid flow drops out with higher speed and also tinéd flow enhances with high speed in
the constricted case (See figures (5) and
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Figure (1): u with R when M=0.1, S=0.2 D"'=0.5 €=0.01, k=0.1, X = t =n/6

I Il 11 v \% Vi
R 0.1 0.2 0.3 -0.1 -0.2 -0.3
B 0.005 0.00¢ 0.005 -0.005 -0.005| -0.005
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Figure (2): u with R when M=0.1, S=0.2 D=1 €=0.01, k=0.1, x =t = /6
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Figure (3): u with R when M=0.1, S=0.2 D"'=1.5, €=0.01, k=0.1, x = t = 71/6
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Figure (4): v with R when M=0.1, S=0.2 D"=0.5 €=0.01, k=0.1, x = t = /6
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Figure(5): v with R when M=0.1, S=0.2 D=1, €=0.01, k=0.1, x =t = n/6
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Figure (6): v with R when M=0.1, S=0.2 D"=1.5, €=0.01, k=0.1, x = t = /6
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