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ABSTRACT

This paper is devoted to study the effect of thickness of porous material on the peristaltic pumping of couple stress
fluid when the tube wall is provided with non- erodible porous lining. Long wavelength and low Reynolds number
approximation is used to linearize the governing equations. The expression for axial velocity, pressure gradient and
frictional force are obtained by using Beavers-Joseph Boundary conditions. The effect of various parameters on
pumping characteristics is discussed with the help of graphs.

Keywords: Peristaltic pumping, Newtonian fluid, volume flomate, pressure rise, couple stress fluid, pumping
Characteristics, Darcy’s law.

INTRODUCTION

Peristaltic pumping is now well known to physiolsigi to be one of the major mechanisms for fluichdpart in

many biological systems. In particular, a perigtathechanism may be involved in swallowing foodotigh the
esophagus, in urine transport from kidney to bladdeough urethra, in movement of chyme in gasirgestinal

tract, in transport of spermatozoa in ductus effexe of male reproductive tracts and in cervicabtan movement
of ovum in female fallopian tubes, in transportlghph in lymphatic vessels, and in vasomotion ofrblood

vessels such as arterioles, venules and capillahiesddition, peristaltic pumping occurs in mansagdical

applications involving biomechanical system. Aldmger and roller pumps are frequently used for ping

corrosive or very pure materials so as to prevémict contact of the fluid with the pump’s interradrfaces. A
peristaltic pump consists of a tube or channel ihdirst compressed at one location, and thenctimpression is
moved along the length of the channel, displachegftuid that was in front of it. It is primarilysed for moving
highly viscous fluids that are either corrosivecannot be contaminated.

The idea of peristaltic transport in mathematicainp of view was first coined by Latham [8]. Theitial
mathematical model of peristalsis obtained by t@disinusoidal waves in an infinitely long symmetdhannel or
tube has been investigated by Shapiro et.al [18]Fumg and Yahi [5]. After these investigations,nmauthors
have studied the peristaltic pumping for Newtongrd non- Newtonian fluids in different situatiod®eristaltic
transport through uniform and non uniform annulas heen studied by Rathod and Asha [18]. Effethiokness
of the porous material on the peristaltic pumpihg deffry fluid with non - erodible porous linigall is studied by
Rathod and Mahadev [21]. Unsteady peristaltic piagnin a finite length tube with permeable walktsidied by
Ravi Kumar et.al [22].
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A study of ureteral peristalsis in cylindrical tutigough porous medium is made by Rathod and Chate§20].
An experimental study of fluid flow at the interabetween a porous medium and fluid layer with bipindary
condition was first investigated by Beavers ancepbd6]. Vijayaraj et. al [19] studied the Peristapumping of a
fluid of variable viscosity in a non-uniform tubetiw permeable wall. Ravi Kumar et.al [11] studiée tunsteady
peristaltic pumping in a finite length tube withrpeable wall.Sobh et.al [15] studied heat transfer in peristalti
Flow of viscoelastic Fluid in an Asymmetric Channgffect of thickness of the porous material on pleeistaltic
pumping when the tube wall is provided with noneléibte porous lining has been studied by Hemadai £T].

The study of couple stress fluid is very usefuuimderstanding various physical problems becaupesisesses the
mechanism to describe rheological complex fluidshsas liquid crystals and human blood. By couplesst fluid,
we mean a fluid whose particles sizes are takem aotount, a special case of non-Newtonian fluidsurther
investigation many authors have used one of thelgioation is that they have assumed blood to lsespension of
spherical rigid particles (red cells), this suspem®f spherical rigid particles will give rise tmuple stresses in a
fluid. The theory of couple stress was first depeld by Stokes [12] and represents the simplestrgkzation of
classical theory which allows for polar effects lswas presence of couple stress and body couplesinfoer of
studies containing couple stress have been inastigoy Raghunath Rao and Prasad Rao [17], Sxixea§ld],
Elshehawey and Mekheimer [3], Elshehawey and EB8eld], Ramireddy et.al [24], Rathod and Asha [Z3jhalil
Nadeem and Safia Akram [16], Alemayehu and Radkhkémacharya [2], Rathod et.al [25], Couple Stiess
Peristaltic Transport of Fluids is studied by Elséeey and Mekheimer [9] ,Peristaltic transport @@uple-stress
fluid in a uniform and Non- uniform Channels isdird by Mekheimer [10].

In this paper, our concern is to investigate thespadtic transport of a porous material on theigialtic pumping

when the tube wall is provided with non- erodibbtequs lining with couple stress. The Navier stokgsations are
governed by the free flow past the porous mataral the flow in the permeable wall is describedDaycy’s law.

The axial velocity distribution, the stream functigdhe volume flow rate, the pressure rise andftiiktonal force

are calculated. The effect of thickness of poriniad) on the pumping characteristics is discussed.

MATHEMATICAL FORMULATION

Consider the peristaltic transport of a couplesstiituids in a tube of radius ‘a’. The wall of thébe is lined with

porous material of permeability ‘k’. The thicknesfsthe porous lining it . The axisymmetric flow in the porous
lining is governed by Navier-Stokes equation. Tloevfin the porous layer is according to Darcy's ldw a

cylindrical coordinate systemrf, z ), the dimensional equation for the tube radiusdorinfinite wave train is
represented by

R:H(Z,t):a+b8'n27”(z—ct) 1)

Where b is the wave ampIitud&, is the wavelength, c is the wave speed.
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Figl. Physical Model
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The transformation from fixed frame to wave framgiven by

R2
r=R; z=Z-ct; p(2)=P(Z;t); l//:q"? 2
Where, i andW are stream functions in the wave and laborat@més respectively. We assume that the flow is
inertia- free and the wavelength is infinite.

In the wave frame, the equations governing the thogv

. ou op 1 9, .0u Fu
A Serw Sy == = Sy w50y ot O y) 3)
0z or r or or 07
., OW op 19, .0w, &w
0z 0z r or or 07
ou “_ aﬂ_o (5)
o r 0z
0 0
Where[]? =——(r' —-
erel] or’ ( or )

U and W are radial & axial velocities in the wave framg is density, pis pressureld is coefficient of
viscosity, and/7 is coefficient of couple stress parameter.

It is convenient to non-dimensionalize variables amtroducing Reynolds number Re, wave number ralioas
follows:

B " * 2 *
Z:i,r:r_’Q:g,E:E ’u:A_u, p: a p*(i )’Re:ﬂ-_:a b’:i,hzﬂ
A a c A ac Auc Y7, A a ®)
W W, k ._ 1oy . _1loy
W:_l :_1Da:_1u == *_*’W 1 _I
¢ T a’ r’ oz A

The equations of motion (3), (4) and (5) becomespping the stars),

ou ap 19, ou, ,0°U O°
Re*fu—+w—}=——+5*=—(r—) +o0* —-—D2 02(u 7
{ or a} or r or ar) 7 (07 () @)
ow ow op 190 6W 0w 1, .,
Red u—+w— T+ I (r) +P—-= % (O0%(wW 8
{ or } 0z ror 6r) 0z y2 (07 (w)) ®)
6—“+”+6—""—0 ©
or r 0z
Where ) = d

> couple-stress parameter.
a

Using long wavelength approximatiod <1) and dropping terms of orde¥ it follows from equation (7) and (8)
becomes,

ap
— =0 10
or (10
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op_10  ow -
37 Irar( )VZD(D(W))

The dimensionless boundary conditions are:

a_vv_o o°w 77 ow

=0, ——-=—=0 At r=0
or or® r or
2
W:—1+WB,6—\QV—Qa—W:Oat r=h-e¢
or r or
ow a
— = (W, - at r=h-¢
P» \/D—a( 5~ Q)
WhereQ=—%@
U 0Z
M
#= H,

M, = Viscosity in the free flow region

M, = Viscosity in the porous flow region
a = Slip parameter

SOLUTION

(11)

(12a)

(12b)

(13)

Solving the equation (10) and (11) using boundanydiions (12)-(13), we obtain the velocity as

w= px Lx |+ x (14)
4y2 4y
Where, p:@ X=r?-(h-&)*+2(h- g)—'Da—ﬁ
dz U
Integrating the equation (14) and subjected tdothendary conditiong =0 at r = 0, we get the stream function
as,
ph?| r* r’v_ 1 r6 212 re 1 re
= | (——-X,—)- —+X;—=-2X,—) |+— ——X,— 15
Where, X, = (h—¢)? = 2(h-£) Y22 + 4 D8
a H
2
=106 -2[a-£)d0a 40
h) hl h) a nu

The volume flux g through each cross section inthge frame is given by

q= Zhjfwrdr
0

(16)
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:_p(h—g)“l_ 4yDa  _8ba 1 (h—£)2+23a+ ®Da®
8 (h-&)a uh-gy> p° 6 a? u’h-¢)?

Q(h—e)\/ﬁ_SDa\/ﬁ+6Da)]_(h—e)4[l_ 4/Da _ ®a
T« uh-ea  u 8 = (h-&)a uh-e)

1 17)

Wherep = %
Z

From equation (17), we have

d h-g)* 4/Da 8Da 4/Da Pa
P =g+ - -8 ih-eta- ot DA,
dz 8y” (h-&)a wuh-¢) (h-¢)a wuh-¢)
1 (h-¢) N 2I32a+ 28Da -3 h-eNDa 8&avDa N EDa))] 18)
V' 6 a’®  pih-e) a uh-ea u
Following the analysis given by Shapiro et al. [bhp mean volume rowQ over a period is obtained as
Q=q+(-¢) +% (19)

Which on using equation (18), yields

+

A s 4o &, (-8 4/Da _ 8Da _ ., 4/Da
G TR e =T B e T e U
8a 1 (h-¢f 2Da_ ®@a’ _, p-e)NDa_ ®a/Da  @a

uh-e? y*> 6  a* pih-e)* ~  a uh-ea  u
(20)

N

THE PUMPING CHARACTERISTIC
Integrating the equation (20) with respect to zrawee wavelength, we get the pressure rise (drog) one cycle of
the wave as

£+(h—£)4(1_ 4/Da _ 8Da /(-8 4/Da

2 8 h-e) ph-¢y h-e)
8Da 2+i2 h-¢) N 2D2a+ 28Da -3 h-cNDa &a+yDa N ®a))]]dz
uth=¢e)= y 6 a® u(h-g) a uh-&)a u
(21)

The pressure rise required to produce zero avélageate is denoted bﬁp0 and is given by

+

Dp=[[[-8(Q-(1-¢)" -
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;f L (h- e)( 4J/Da  8Da ih-8)(- _4Da

J [-8(Q-(L-&)* -

8y° h-e)a uh-ef (h-e) )a
8Da 2+i( th-e) +2D2a+ 28Da2 2_3@-5)/0_61_ 83a\/D_a+ EDa))]]dZ
uth-g)? y*° 6 a*  u*h-e) a puh-ga u
(22)

The dimensionless frictional force F at the wahoss one wavelength in the tube is given by

¢f ,(h-9* 4/ba __ 8Da

F= j(h £)7[-[[-8(Q-L-#)*- 87 (1- -2\ 2= )))]/[(h 9*

_4/ba 8a 1 h-¢f Da  ®a’ ,h-e)yDa_
(h-&)a uh-¢? y*° 6 a?  pih-¢>2 °  a
8DavDa = 6Da
+——))]]dz (23)
uth-ea u

RESULTS AND DISCUSSION

In order to see the effect of various pertinengpasters such as the thickness of porous linéy @mplitude ratio
(@), ratios of viscosities in the free flow regiondaporous region {/ ), Darcy number (Da), slip paramete® ()
and couple stress paramet¢f § on pumping characteristics have plotted in FAg$3.

The variation of pressure risApwith average flow ratea for different values of Da with@ = 0.7, £ =
0.01,u4 =0.2,a =0.6,)y = 0.5is presented in Fig. 2. It is observed,tmpumping region the time averaged

flow rate Q decreases with increasing Darcy number. Further nioted that smaller Darcy number, larger pressu
rise.

Fig.3. depicts the variation gff on pumping characteristics witf# = 0.7, Da = 0.02,
£ =0.01,a =0.6, )y =0.8. Itis seen that, an increasetin increases the pressure ridg against which the

pumping works. In addition, it is noted that thexﬂa increases with increase ¢f .

The variation of pressure risdpwith average flow ratd_Q for different values of slip parame@rwith @ = 0.7,
£ =0.01,4 =0.2,Da=0.02) = 0.8is presented in Fig. 4. It is observed,thatincrease in the value of slip

parameted , decreases the pressure fAqe.

The effect of amplitude ratip on the pumping performance is shown in Fig.5 with
Da=0.02,& =0.01, 4 =0.2,a =0.6, )y =0.5,itis noted that, larger the amplitudéoagreater the pressure

rise against which the pump works .i.Ap increases with increase¢h

Fig.6. shows the variation of pressure rl&pwith average flow rateé for different values of & with @ = 0.7,
Da=0.02, 4 =0.2,a =0.6, y =0.2. Itis found that, larger the thickness ofqus lining, greater the pressure
rise against which the pump works.
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Fig.7. shows the relation between the pressuee/kj3 and averaged flué for different value ofy with @ =
0.6,& =0.01, ¥ =0.1, Da=0.01ga =0.6. Itis found that in the entire pumpinggion the volumetric flow
rate increases with the increase in couple strasseter.

The variation of friction force F with averagedvﬂaate6 under the influence of all emerging parameter$ sisc

Da,£, U ,a ,@,y. ltis observed that the effect of all the paramseta friction force are opposite to the effects
on pressure with the averaged flow rate is obseirvéids. 8-13.

Da=001

—  _ _Da=003
—  _Da=004

a0
“*h‘ Ho=01
o l'“=|:|2
L5y -~ ———— =03
- —_———
- - #o=04
10 ""*-\.-_h ,
Ty
S H"""-..h H“\\,
~'|. T H--*H-"‘-H -‘*"-u.. s
br i,
0s 10 :51'5:--...,__“:-11
o -
-5f . .
— -
Q -
-wf .

Fig.3. Effect of p on Apwhen @=0.7, Da=0.02, @ =0.6, £=0.01, y = 0.8
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Fig.4. Effect of @ on Apwhen ¢=0.7, Da=0.02, (/=0.2, £=0.01, y = 0.8

@ =04

Fig.5. Effect of @ on ApwhenDa=0.02, 4=0.2, a=0.6, £=0.01, y = 0.5

Fig.6. Effect of £ on Apwhen @=0. 7, Da=0. 02, (/=0.2, a=0.6, )y = 0.2
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Fig.10. Effect of & on Fwhen@=0.7, Da=0.02, 4=0.2, a=0.6, )y =0.2

Fig.11. Effect of@ on Fwhen®=0.7, Da=0.02, w=0.2, £€=0.01, y = 0.5

Fig.12. Effect of p on F when ¢=0. 6, Da=0.01, @ =0.5, £€=0.01, y = 0.2
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Fig.13. Effect of )y on Fwhen@=0.6, Da=0.01, =0.1, a=0.6, &=0.01
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