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Abstract. Peristaltic transport of two fluid model with micropolar fiLin the core region
and Newtonian fluid in the peripheral layer is studied undher assumptions of long
wavelength and low Reynolds number. The linearised equaioverning the flow are
solved and closed form expressions for pressure rise, tirmeaged flux and frictional
force have been obtained. The effects of various parameteitsese flow variables have
been studied. It is found that the pressure rise increagbsmcropolar parameteint)
and central mean radiug)( but decreases with coupling numbeé¥)and viscosity ratio
(). The frictional force £) decreases with coupling numbe¥) and viscosity ratiog)
but increases with micropolar parameter)(@nd mean radius of central layey)(

Keywords: peristaltic transport, peripheral layer, micropolar fluire region radius,
amplitude ratio, frictional force.

1 Introduction

Peristaltic transport is a form of fluid transport that osowhen progressive wave of area
contraction or expansion propagates along the length dftartible tube containing the
liquid. It appears to be the major mechanism for urine transip ureter, food mixing
and chyme movement in intestines, transport of spermatiozcarvical canal, transport
of bile in bile ducts and so on. Roller and finger pumps usestasis to pump corrosive
materials so as to prevent direct contact of the fluid withpgheap’s internal surfaces.

The study of peristalsis has received considerable adtenti last three decades
mainly because of its importance in biological systems addstrial applications. Seve-
ral investigators have analyzed the peristaltic motionathiNewtonian and non-Newto-
nian fluids in mechanical as well as physiological systenusi¢Fand Yih [1], Burns and
Parkes [2], Shapiro et al. [3], Selverov and Stone [4], Xiad Bamodaran [5], Misra and
Rao [6], Radhakrishnamacharya and Srinivasulu [7], Mafthsad and Radhakrishna-
machrya [8], Muthu et al. [9]).

103



K. M. Prasad, G. Radhakrishnamacharya

The effect of peripheral layer on peristaltic flow has reedigome attention in the
recent past in the view of its relevance in physiologicateys. Hence, Shukla et al. [10]
studied the effect of peripheral layer on peristaltic tporsof a bio-fluid. Srivastava and
Srivastava [11] investigated the effect of peristalsis diow of a two-layered model with
Casson fluid in the core region and Newtonian fluid in the fremipl layer. Ramachandra
Rao and Usha [12] investigated the peristaltic transpdwoimmiscible fluids in a circu-
lar tube under the assumptions of long-wavelength and loyn&ds number. Misra and
Pandey [13] considered a two-dimensional channel flow ofvegpdaw fluid surrounded
by a peripheral layer of power-law fluid having viscosityfeient from that of core fluid.

It is realized that the model of micropolar fluid introducedHringen [14] serves as
an appropriate model for blood (Ariman and Turk [15]). Thélsé&ls consist of rigid,
randomly oriented (or spherical) particles suspended inseous medium where the
deformation of particles is ignored. Basically, these #uidn support couple stresses and
body couples and exhibit micro rotational and micro inéeigects. It can be observed
that micropolar fluid model takes care of the rotation of flpatticles by means of an
independent kinematic vector called micro rotation vectdherefore, the model of a
micropolar fluid may be more appropriate for any bio-fluidsenide, Muthu et al. [16]
and Srinivasacharya et al. [17] studied peristaltic transpf a micropolar fluid. The
steady stagnation flow towards a permeable vertical suifiaceersed in micropolar fluid
is investigated by Anuar Ishak et al. [18]. The peristaltiotion of micropolar fluid
in a circular cylindrical tube with elastic wall propertiaas been studied by Muthu et
al. [19]. Hayat and Ali [20] investigated the effects of arleacope on peristaltic flow of
micropolar fluid.

However, peristaltic motion of a two-layer model with mipmdar fluid has not
received much attention. It is known that the viscosity effllnid in the peripheral region
is different from that in the core region in many vessels iygiblogical systems like
vasomotion of some blood vessels, motion in ductus effeseot the male reproductive
tract, transport of spermatozoa in the cervical canal spartation of chyme in the oe-
sophagus (Misra and Pandey [13]). This study may help in rataleding the interaction
of micropolar fluid and peripheral layer in peristaltic tsgort with particular reference
to the above mentioned systems.

Keeping the above in view, we considered the effect of pasist on flow of two-
layered model with microploar fluid in the core region and @vian fluid in the periph-
eral layer. Assuming that the wavelength of the peristaléwe is large in comparison
to the mean radius of the tube, the linearised equations tibmbave been solved and
closed form expressions for pressure rise and time avefageldave been obtained. The
effects of various parameters on these flow variables hae &teidied.

2 Mathematical formulation
Consider the peristaltic transport of a micropolar fluideunded coaxially by Newtonian

fluid in an axisymmetric tube of radius with core radius:;. Choosing the cylindrical
polar coordinate systeifz, 6, Z) the wall deformation due to propagation of an infinite
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train of peristaltic waves is given by
.27
R:H(Z,t):aersmT(cht), 1)

whereb is the amplitude) is the wave length and c is the speed of the wave.
Following Shukla et al. [10], the nature of the interface &ng& as that of wall
movement as shown in Fig. 1.

forr—2T7
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F

Fig. 1. Peristaltic transport in a tube.
Hence the geometry of the central layer is given by
.27
H(Z,t)=a1+ b1 smT(Z—ct). (2)
Using the transformation
r=R, 0=0, z=Z—ct, w,=W,—¢, w.=W,

from a stationary to a moving frame of reference, the eqoata motion in two regions
are given as follows:

(a) Peripheral region (H1(z) <r < H(z)):

Jp

92 Vw1, )
op

ar )

whereV? = (59—:2 + %% + 5"—;), wy IS the component of velocity in direction,p is the
pressure ang, is the viscosity of Newtonian fluid in peripheral region.

(b) Coreregion (0 < r < Hy(z)).
The constitutive equations and equations of motion for agotar fluid flow are given by
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(Srinivasacharya et al. [17])

V.w=0, (5)
p(w - Vi) = =Vp+k(V x @) + (pe + k) Va0, (6)
pj(w-Vg) = =2kg+k(V xw) —y(VXVxg)+(a+B+7)V(V-7), (7)

wherew is the velocity vectorg is the microrotation vectop is the fluid pressurg; and

j are the fluid density and microgyration parametggss viscosity of micropolar fluid in
core regionk, «, # and~y are the material constants and satisfy the following inéties
(Eringen [15]):

2uc+ k>0, k>0, 3a+8+vy>, ~>|Bl

Since the flow is axisymmetric, all the variables are indejes of @ as hence for this
flow, the velocity vector is given by = (w,,0,w.) and microrotation vector ig =
(07 Vg, 0)

Introducing the following non-dimensional quantities

2
h'—H h,_Hl ;T P ;Wi , . a’p
— 1 — ) r=-, Z =7, wl_ ) P = )
a a a A c AldeC
L S N A
" el P el 0T A a?

into equations (3) to (7) and dropping the primes, we get

2 _, ©)
601'1:- % ag;z —0, (10)
R.&® (wr 6aw,. + w, a;;,.)
R 5<wr 8811? o aawz)

-2 (B D 10 2O ) 2
jR.6(1—N) (wr dvg WZ@>

N 0 0

= —2uy + (528£T - 8614;2) + 27;21\7 [% (%%(rve)) +52862;‘)}, (13)
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wherepn = Z—P is the viscosity ratioj = ¢, R. = % is the Reynolds numbeN = —%

etk
is the coupling numbe(< N < 1) andm? = % is the micropolar parameter.

Using long wavelength approximatiof< 1) and neglecting inertial termg( =0),
equations (11) to (13) reduce to

Ip

— = 14
o~ (14)
N 0 Pw, | 10w, dp

— - =(1-N)= 1
rar(TUG)—i_(arQ +7" 8r) ( )827 (15)

ow, 2-NO /(10
2vp + ar + 2 or (;E(T’Ue)) =0. (16)
The non-dimensional boundary conditions are

wy = —1 at r =h(z) =1+ esin[27z], 17)
ows _, at =0, (18)
or

w, is finite at r=0, (29)

vg =0 at r =hi(z) =n+ e sin[2nz], (20)

wy = w, at r=hi(z2), (21)

_%7810277 N
“ar*ar 1-N

vg at r = hyi(z), (22)

b1

a "

wheres (¢ = g) is the amplitude ratio; = % ande; =

3 Solution
Solving equation (8), subject to the boundary conditior) (Ve get
_ L gy dp e (T
w1—4ﬂ(7“ h)dz+ ﬂlOg(h) 1. (23)
Equation (15) can be written as
0 [ Ow, r2 dp

Using equation (24) and (16), we get

0%vg 10wy 5 1 m2(1— N)r dp m2 ¢
- = = =—— ‘= —=. 25
8r2+7“67“ (er 2>v9 2—-N 2dz 2-Nr (25)
The general solution of equation (25) is
N 1-Nrdp cy 1
vg = c3(2)1(mr) + c4(2) K1 (mr) — 5 N3 ds + N5 (26)
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wherel; (mr) and K5 (mr) are modified Bessel functions of first order and second order
respectively.

Using equation (26) in (24) and solving far,, we get
N r? dp2 N
—~ T [ cslo(mr) + caKo(mr)] + Zd—p% +cs, (27)
wherel, and K, are modified Bessel functions of zeroth order.

Using the boundary conditions (18)—(22), the expressionsf andw, are given

by

w, = Ca logr

1 ndp T
= —1 -] =1 <r< 2
wy 4M( h)dz+ ﬂ og(h) , hi(z) <r < h(z), (28)
-N 1-NY\ dp
= —¢- | — <r<
Wy — cslo(mr) + (2 — N) e +es, 0<r<hi(z), (29)

wherec; = —Nhy (Z)Il (mhl)uc;;,

hi—h% [(1-N\h3 h? hi\ N (1=N\ hy Iy(mhi)] dp
= | A (2 ) N e b= o Py,
4 2—-N/ 2 20 h) m\2—=N) 2 Ii(mhy)] dz

The dimensionless flux (¢ = L

hl h
= /2rwz dr+/2rw1 dr. (30)
0 hy

Substituting forw; andw, from equation (28) and (28) in (30) and finally we get

~Nhidp (h®—h})? dp

h2
N4 dz 8 ds e

-N
q205< >Il(mh1)h1 + —
m2

(31)
201 h_Q_h_Q_h_% hl —h2—h2
T a4 42 h ( 1)
From equation (31), we get
dp q+h?
where

(h?—h2)? hE (R2—h2R2 ([1-N\h* N , (h
—— - M Vg2
S 8ii +2N4+ Afi 27N2 anloe (3

o) S e (o)~ [ 2 ()]
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The pressure drop over a wavelengdth, is defined by

1
Apy = 7/ (%) dz. (33)
0

Substituting the expressioﬁ}g—’ in equation (33), we get

—Apy =qLy + Lo, (34)

whereL; = fol L, Ly = 01 h—;dz.
Following the analysis of Shapiro et al. [3], the time ave@dux over a period in

the laboratory frame, is given by

2

Q:l-l—%—i—q. (35)

Substituting equation (34) in (35), we get

= g2 Apy  L»
pr— 1 —_— —_— —_— .
Q=1+5 ( 2y Ll) (36)

The dimensionless frictional forde (F' = %) at the wall is given by

1
F= hQ(— @) dz. (37)
0/ dz

4 Results

The effects of various parameters on pressure rsA,), pressure rise at zero time
averaged flux fpyo), time averaged flux at zero pressure ri€g) and frictional force
(F) have been computed using numerical integration by usirthenaatica 5.1 software
and the results are graphically presented in Figs. 2—-17.

It can be seen from Figs. 2-5 that the pressure risAx,) increases with the
increase of the time averaged flug)for the fixed values of viscosity ratigif, mean
radius of central radius)j, micropolar parametem() and amplitude ratios{). Further,
it can be seen from Fig. 2 that the pressure risAp,) decreases with coupling number
(V). It can be seen that the pressure rise decreases as wisetisi{i;) increases (Fig. 3).
Also, Figs. 4 and 5 show that the pressure rise increasesamititopolar effect()
increases and with mean radius of the central laykgr (

The pressure rise at zero time averaged flip;), an important flow variable, is
calculated from the expression equation (33) by takilag= 0 and the results are plotted
in Figs. 6-9. It can be seen from Figs. 6 and 7 thiapy,) decreases with the coupling
number (V) and viscosity ratio g) but this decreases is significant only for values of
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Fig. 2. Effect ofQ and N on (—Ap,)
(i=0.51=05¢=04,m=2).
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Fig. 4. Effect ofQ andm on (—Ap,)
(n=05¢=04,N=08, ji=05).
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Fig. 6. Effect ofe and N on (Apxo)
(m=2,7=0.8,=0.5).
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Fig. 8. Effect ofe and m on (Apaxo)
(n=0.8, N =0.8,fi=0.5).
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Fig. 3. Effect of@ and i on (—Ap»)
(n=0.5¢=04 N =08 m=2).
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Fig. 5. Effect ofQ andn on (—Ap,)
(m=2,¢=04,N=0.8, i =0.5).
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Fig. 7. Effect ofe and i on (Apxo)
(m=2,7=0.8 N =0.8).
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Fig. 9. Effect ofe andn on (Apaxo)
(m=2,N=08,ji=0.5).
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0.1 N=06
N=04
0.05
a1 5>
o1 0.2 0.3 0.4

-0.05

-0.1
-0.15

Fig. 10. Effect ofe and N on (Qo)
(m = 0.001, n = 0.8, i = 0.5).
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Fig. 12. Effect ofe and m on (Qo)
(N =0.6,n =04, i = 0.5).
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Fig. 14. Effect ot andN on F’ (m = 10,
n=04,7=0.5 Apy = 0.2).
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Fig. 16. Effect ok andm onF (i = 0.5,
N =0.8,17 =04, Apy = 0.2).
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Fig. 11. Effect ofe and & on (Qo)
(m =0.001, N = 0.8, 7 = 0.4).
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Fig. 13. Effect ofe and n on (Qo)
(m=2,N=08,ji=0.5).
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amplitude ratio £) beyond0.3. However, Ap,,) increases with micropolar parameter
(m) and mean radius of the central laye) (Figs. 8 and 9).

The effects of various parameters on time averaged flux atm@ssure risef),
i.e., the time averaged flu® calculated forAp, = 0, are shown in Figs. 10-13. Itis
observed that for fixed values other parameters, the timeaged flux at zero pressure
rise increases with coupling numbé¥), viscosity ratio f;) and mean radius of central
layer (), but this increase is insignificant for lower values of aitygle ratio € < 0.2).
Further,Q, decreases with micropolar paramete) (

The variation of frictional forcef” with various parameters is shown in Figs. 14 to
17. The frictional force decreases with the coupling nun{dérand viscosity ratio j)
(Figs. 14 and 15). However, Figs. 16 and 17 show that thadriat force increases with
micropolar parameten{) and mean radius of central layey) (

The expressions for the flow variables reduce to those ofi8hepal. [3] if we take
the micropolar parameters to be zero and the peripheral fayme absent.

5 Conclusion

Peristaltic flow of two-layered model with microploar fluidthe core region and Newto-
nian fluid in the peripheral layer has been investigated utidelong wavelength approx-
imation. It is found that the pressure rise decreases witiplany number and viscosity
ratio but increases with other micropolar parameter anchiresdius of central layer. Also
the frictional force decreases with coupling number andosgy ratio but increases with
mean radius of central layer and other micropolar parameter
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