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ABSTRACT

In this paper peristaltic transport of a power law fluid in an asymmetric channel bounded by
permeable beds is studied under long wavelength and low Reynolds number assumptions. The
channel asymmetry is produced by choosing the peristaltic wave train on the walls to have
different amplitude and phase due to the variation of channel width, wave amplitudes and phase
differences. Expressions for the velocity, pressure rise and frictional force are obtained. The
effect of various parameters on these is discussed through graphs.
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INTRODUCTION

Peristalsis is a form of fluid transport in a tullen a progressive wave of contraction or
expansion propagates along its length. Peristes®w well known to the physiologists to be
one of the major mechanisms for fluid transponmiany biological systems like urine transport
from kidney to bladder, movement of ovum in thédjailan tubes and in the vasomotion of small
blood vessels. Roller and finger pumps also use itiiechanism to transport blood, slurries,
corrosive fluids, foods etc, whenever it is dedeab prevent the transported fluid from coming
in contact with the mechanical parts of the pump.

Several authors [Tang and Fung [20]] considereddland other bio-fluids to behave like a
Newtonian fluid for physiological peristalsis. Atthigh this approach provides a satisfactory
understanding of peristalsis mechanism in uretéails to give a better understanding when the
peristaltic mechanism is involved in small bloodss&ls, lymphatic vessels and intestine. It is
now accepted that most of the bio-fluids behavee likon-Newtonian fluids. [Raju and

Devanathan [12], Patel et al. [10],Srivastava andaStava [15], Lou and Yang [6], Dutta and
Tarbell [2]].
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Raju and Devanathan [12] have first studied théstadtic transport of power-law fluids and they
have obtained the stream function as a perturbasenes in the amplitude ratio.
Radahakrishnamacharya [11] studied the peristatidtion of a power-lawfluid under long
wave length approximation. J.B.Shukla et al. [14Hged the peristaltic transport of a power-law
fluid with variable viscosity.

Krishna Kumari et.al [18] studied the peristaltiangping of a Casson fluid in an inclined
channel under the effect of a magnetic field. KmsHKumari et.al [19] studied the peristaltic
pumping of a Jeffrey fluid in a porous tube. Srte&a and Srivastava [16] studied the peristaltic
transport of a power-law fluid in uniform and nondHorm two dimensional channels. The
applications of these results to the rats obsenvete ductus efferent of the male reproductive
tract is discussed. Assuming chyme as a non-Newtofiuid, transport of chyme in small
intestine and oesophagus has been studied by @rr@aand Srivastava [17], Misra and Pandey
[7,8],Usha and RamachandraRao[21] have discussegditistaltic flow of two layered power-
law fluids.

Tang and Fung [20], Gopalan [5],Chaturani and Raatye [1] in their discussion described the
walls to be permeable in various ducts of livingdies. Ravi Kumar et.al [13] studied the

unsteady peristaltic pumping in a finite lengtheukith permeable wall. The importance of the
study of peristaltic transport in an asymmetricroiel has been brought out by Eytan et al Elad
[3] with an application in intra uterine fluid flomn a non-pregnant uterus. Some of the
physiological systems in a human body can not oximated as a symmetric channel (for
example sagittal cross section of the uterus). rEgtaal.[4], Mishra and Ramachandra Rao [7]
studied the peristaltic flow in asymmetric channels

In view of this, in this chapter, we consider thezigtaltic transport of a power-law fluid in an
asymmetric channel bounded by permeable walls. ditennel asymmetry is produced by
choosing the peristaltic wave train on the wallbawve different amplitude and phase due to the
variation of channel width, wave amplitudes andsghdifferences.

Mathematical formulation of the problem

We consider the peristaltic transport of a powerdlid in an asymmetric channel with flexible
porous walls. The channel asymmetry is generatgatdyyagation of waves on the channel walls
traveling with different amplitudes, phases anchwite same constant speed, c.

Y=H;=a + b1C052A—n(X —ct) (upper wall)

Y=Hy=—-a, - bZCos(zA—n(X —-ct)+8) (lower wall) Q)

where R,b, are the amplitudes of the wavesiay is the width of channel, is the wave length,
0 is the phase difference which varies in the radgy8< mmand t is the time 0 = 0 corresponds
to symmetric channel with waves out of phase Girdtthe waves are in phase.

Introducing the wave frame of reference (x, y) nmgvaway with speed ‘c’ in which the motion
becomes independent of time when the channel laagth integral multiple of the wave length
and the pressure difference at the ends of thenehhama constant. The transformation from the
fixed frame of reference

(X, Y) to the wave frame of reference (X, y) isan by
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x = X-ct, y=Y, u= U-c, v=V and p(x) = P(X, t) (2)

where (u, v) and (U, V) are the velocity compongptgnd P are pressures in wave and fixed
frame of references respectively.

We choose Ostwald-de Waele power-law model whiclthiaracterized by the constitutive
equation [Bird et.al]

r:—{n*W/%(A:A

Wherer is the stress tensor ardis the symmetric part of the velocity gradientsian

PR TR TP TR o
S@:8) =2((3) +(a;) b+, 50 (@)

Where ‘m’ is the consistency parameter and ‘nhis fluid behaviour index parameter.

n-1

A 3)

The fluid is shear thinning or pseudo plastic flifid < 1 and a shear thickening or dilatant fluid
if n > 1. For n = 1 it becomes Newtonian fluid.

The equations of motion in a wave frame of refeeesu® given by

or
p(u@-pv@) = —@4-%4-_3’)(
ox oy ox 0x oy
or,, O0r
pu vy =P Oy, 0Ty ©)
ox oy dy oOx oy
n-1,0U -1,0U OV
- CD 12_ - n-1 UJ UV
Where T, =|®| > v || (ay + 6x)
n-1, 0V . .
T, =|®) 26_y , p is the density. (6)
Introducing the non-dimensional variables
- X -y - u - _V d
X== == u=— V=—o 0o=—
A Y d’ c’ co '’ A’
" Ct H 1 H — pd i
t=— - =_2 =
i =" h, i P e (7)

in equations (5) and ( 1) ( dropping bars) , we ge

ou du ap , 0, 0u, 0 ou _,0v
Reuy—+v—)=—-(—7)+20"—(¢p—) +—(¢(— + 0" —
( 0x ay) (ax) ax( ax) ay(¢(0y ax)}
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d d ou d d
Re52(ua_v+ v = —( ) 2—{(¢ +0° V)} 252—(¢(—)} 8)
X oy 0x
=h =1+ ¢Cos27x | y =h, = —1— ¢,Cos(27x + 9) (9)
Vs W U v 2
_los2pOVy2  (OVipy  OU o OV, ol 2
Where¢—‘25{(ax) +(6y) P o5 ‘
2-nn
] :g , & :g , Re= x 20 is the Reynolds number for power-law fluid.

Under the lubrication approach neglecting the teomsrder O and Re the governing equations
(8) becomes

op_0 au a_u
0X ay ay ay
op _
dy (10)

The Beavers-Joseph boundary conditions for a péaveftuid are given by (in a wave frame of
reference)

u=-1+ug aty=h (11)
u=-1+uy aty=h,

a —

a“ — (U, Q) aty =h, (12)
Y (Da)n

M (U, - Q) aty = (13
Y (pay”

u_, aty:M (14)
oy 2

1
g 1
whereQ, = —‘%‘ (%)(Da)n i=12

Solution of the problem

It is very difficult to choose a correct sign fdret modulus which appears in the governing
equation. A regularity condition on the axis isdise determine the axial velocity uniquely in a
pipe flow. Two appropriate non — unique solutiof$l®) satisfying the corresponding boundary
conditions only are obtained.

The axial velocity attains a maximum value on theés and the similar regularity condition
extends to asymmetric channel geometry also .

ou
Thus choose— =0 fory = hth,
oy 2
As u is maximum on the middle line, we have
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ou h +h
—<0fory=-2_2, 15
ay y 5 (15)

and @>Ofory=u. (16)
oy 2

Solution of the equation (10) using the correspogdhe corresponding boundary conditions
(11), (14) and (15) is

1
n apﬁ_l ap h +h, = h, —h, = h +h,
- T E(y-22 )y (2 ) 4y, -1y 17
+16X()[(y ) (2)]U31y > (17)
where the slip velocityg, is given by
1 =
0 E_l 0 Da) "1 -h 1 1
o=t (BT By (D)) a8)

In this solution nth root always to be taken fguasitive quantity as the negative quantities lead
to complex values which are not physically meanihgf

+h

The solution (17) can not be used fymbas it does not satisfy the boundary condition at

the lower wall y = RA physically meaningful solution in this regionabtained by solving (10)
with boundary conditions (12), (14) and (16) as

_n ap @ h1+h2_ E h1 2 n _ h1+h2
= 1o ON=——=-y)" -(—— ) ]+u Lys—=— (19)
where the slip velocitylg, is given by
1 1
dp|n~ ap, (Da)™ h -h, .
Ug, == (= "—(Da)"
Bz‘ax‘()[a(z)()]
The volume flow rate ‘q’ in the wave frame of rdace is given by
hy
—ludy —_ ap ap 2n h-h, n2 2(Da)” h, - hz n’ h
q hf o ol ) B 1-(h-h,)
(20)
From this, we have
@___ q+hl_h2 "~ q+hl_h2
v ‘ ( ) 5 1)

1
- 1, Eﬂ : 1,
WhereD = 2n (hl hZ)n 2y Z(Dz-) (I‘l1 hz)n 1
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The instantaneous flux Q(x,t) in the laboratoryrfeais

hy
Qb= [u+hdy = q+h —h, (22)
h,
A
The average volume flow rate over one perio-EI £ E)) of the peristaltic wave is defined as
1 T
?i ——j(qm h)dt =q+1+d (23)

Pumping characteristics
Integrating the equation (21) with respect to xromee wave length, we get the pressure rise
(drop) over one cycle of the wave as

1

L
d
Ap = J;d—zdx = J'—

(24)

. (n-1) —
_(Q-1-d+h-h [ Q-1-d+h-h,
< )‘ e

The pressure rise required to produce zeroagedlow rate is denoted pro .

1 (n—l)

—1-d+h-h -1-d+h-h,
" i 25
ence &, = [~|=—m ) ) (25)
—_ £+ E‘*‘l _ }+
Where D =—2" (h1 h2)n 2, 2(Da) (hl hz)nl
2n+l" 2 a 2
The dimensionless frictional force F at the walloss one wave length in the channel is given by
-d
= j h(—~ IO)dx 2

RESULTSAND DISCUSSION

From the equation (24), we have calculated thespredifferenceAp for a power law fluid as a

function of time averaged qu>(_3 for different values of Darcy number ‘Da’ for axéd
@ =07,¢ =12 and is shown in Figure .1.lt is observed thatdagiven time averaged flux

Q the pressure difference increases with an incrgadea. In the similar way the relation
betweenAp andais shown in Figure. 2 for the phase sh’;?ftzg.The similar phenomenon is
observed .And it is also observed tidgt decreases with the increase in the phase &hift

The variation of the time averaged flgx with Ap for fixed a,g =07, =126 and n for

different values ofr is shown in Figures .3 and 4.1t is observed tinateasing the values ofr
decreases the pumping and also free pumping.

Figures 5 and 6 are drawn for the variation/gf with Q for fixed a,q@,@and n for different
values of phase shiff . It is observed that for a given time averagewkfﬁ ,the pressure
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difference decreases with an increase in the pdtafié). And also it is clear that for a givexp,

Q decreases with an increasefin

Figure.l. Thevariation of Ap with 6 for different valuesof Dawith a = 4,¢ = 0.7,
®»=12d=26=0n=1

.
40 5
Lt
) - Da=0.000001
0 I Da =0.000002
N - - - -Da=0.000003
(N
A2 ~
-‘_lr.l} \
-~ -.--q- ;__ \
& S ~
.h---- h
L 1 L I. i I-h;-— L
~ ‘.“.""--
0 — ~ Tew
Sy
& ~
a0 *
= .
-
y b
A"

Figure2. Thevariation of AP with 6 for different valuesof Dawith a = 4,¢ = 0.7,

@ =12.d :2,6?:§,n:1.
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The variation of axial velocity ‘u’ with 'y’ for dferent values of Darcy number with fixed
a,@,¢ and for =0 is shown in Figure 7.1t is observed that theogity is maximum at the
centerline of the channel. It is also observed thatvelocity decreases with decrease in Darcy
number for negative pressure gradient.
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Figure 3. Thevariation of Ap with 6 for different valuesof @ with ¢ = 0.7,
@ =12,d=26=0,Da=0.000001n=1

LT | & =04

Figure4. Thevariation of Ap with 6 for different valuesof @ with @ = 0.7,
@ =12,d=246=0,Da=0.000001n=1
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The variation of axial velocity ‘u’ with ‘y’ for dferent values of Darcy number with fixed
a,g,e and for 6=§ is shown in Figure 8.Here also it is observed tiat velocity is

maximum at the centerline of the channel and ofeskthat the velocity decreases with decrease
in Darcy number for negative pressure gradiens dtbserved that the velocity decreases with an
increase in the phase sh#ftfor fixed Darcy number.
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Figure5. Thevariation of Ap with 6 for different valuesof & with ¢ = 0.7,
@ =12d=2a=1Da=00ln=1
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Figure 6. Thevariation of Ap with 6 for different valuesof & with Q= 0.7,
@ =12,d =2,a =3 Da=0.000001n=1.

The Figure 9 is drawn for the variation of the &xilocity u with y for varyingr . It is observed
that the velocity is maximum at the centerlinehd thannel. It is also observed that the velocity
decreases with an increaserin
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Figure 7. The Velocity profilesfor different valuesof Dawith ¢ = 0.5,¢, = 0.,

d=26=0a=00Ln=1
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Figure 8.The Velocity profilesfor different valuesof Dawith ¢ = 0.5,¢, = 0.,

d=26=n/2a=001ln=1.
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Figure 9. The Velocity profilesfor different valuesof @ with ¢ = 0.5,¢, = 0.8,
d=26=0,Da=0.00001n=1
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