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ABSTRACT

The interaction between peristaltic transport ofdasty fluid (Saffman’s model) in a two-
dimensional uniform channel and the elasticityhaf thannel’s flexible walls was studied under
long wavelength approximation and uniform magndteld. Perturbation solutions were

obtained for the stream functions of both the flp&dticles and solid particles, in terms of the
wall slope parameter. The expressions for averagiecity of the fluid particles and solid

particles, and average fluid flow rate were derived
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INTRODUCTION

Peristaltic pumping is the transport of a fluid waveling waves imposed on the walls of the
tube or channel. This is known to be a major meisharin biological systems, including urine
transport from the kidneys to the bladder throuigé treter. The industrial use of Peristaltic
pumping in roller/ finger pumps is well known. Engers to pump corrosive materials and fluids
that must be kept away from pumping machinery hed@pted this principle. In particular, the
peristaltic transport of toxic liquid is used byethuclear industry so as not to contaminate the
environment. Peristaltic pumping is used in biornabdevices such as the heart-lung machine to
pump blood. It is also speculated that peristatgy be involved in the translocation of water in
tall trees. The translocation of water involvesniistion through the porous matrix of the trees.

Many of these studies explained the basic fluid macal aspects of peristalsis and two
important phenomena trapping and reflux. Reflwenefto the net retrograde motion of some
part of a fluid in a direction opposite that of vweapropagation on the wall and trapping is the
development and transport of an internally ciraatabolus of fluid (Shapiro [1]). Fung and Yih

[2] observed that pumping against a positive pmesguadient than a critical value results in a
backward flow in the central region of the stredmaifrin and Shapiro [3] provide an elaborate
review of the curlier literature regarding perisial As the behavior of most physiological fluids
is known to be non-Newtonian, attempts have beetent@ analyze the peristaltic transport of
non-Newtonian fluids. Several researchers (Picologit al [4]; Srivatsava [5]; Misery et al [6];
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Srinivacharya et al [7]) that described the non-denan behavior of fluids as power law,
couple stress, micro polar, and generalized Newtoriuid models, respectively investigated
peristaltic transport of blood in small vessels.

Saffman’s [8] dusty fluid model serves as a goodiehdor describing blood as a binary system.
Kaimal [9] studied peristaltic transport of a selithid mixture at a low Reynolds number under
long wavelength approximation. Radhakrishnamachg@hstudied the pulsatile flow of a fluid
containing small solid particles through a two-dimsienal constricted channel.

Mitra and Prasad [11] studied peristaltic transpafita Newtonian viscous fluid in a two-
dimensional uniform channel while considering thestcity of the wall. They reported that flow
reversal occurs at the center of the channel ifvib#s of the channel are elastic and that the
position may shift to the boundaries if the viscalasnping forces are considered. Srinivasalu
and Radhakrishnacharya [12] studied peristaltiesfpart in a non- uniform channel with elastic
effects. Srinivasacharya et al. [13] studied tHeotfof wall properties on peristaltic transport of
a dusty fluid. Rathod and Asha [14] studied thagpaltic transport of a couple stress fluid in
uniform and non-uniform annulus moving with a camstvelocity. Rathod and Mahadev [15]
studied the Effect magnetic field on Ureteral pat@s in cylindrical tube. Study of this
interaction under different conditions may leaditbetter understanding of the role of peristalsis
in the transport of physiological fluids.

The present research aimed is to study the effefctshannel wall properties on peristaltic
transport of a Hydro magnetic dusty fluid (Saffrsmhodel) through a two-dimensional
channel. The expressions for average velocity ef fthid particles and solid particles, and
average fluid flow rate were derived. The effectsvarious elastic parameters and mass
concentration of dust particles on the streamliitepn and average fluid flow rate were studied.

Formulation of the problem
Consider the laminar flow of an incompressibledlitihat contains small solid particles, whose
number density (N) (assumed to be a conqu,r)tis large enough to define average properties

of the dust particles at a point through a symroakitiwo-dimensional channel. Peristaltic waves
of long wavelength are assumed to travel alongwks of the channel. The geometry of the
wall surface is described by

. (2n
n:d+a&{ir&—dﬂ (1)
Where d is the width of the channeR s the amplitude of the wave] is the wave length and
{ is time (Figurel).
The equations of motion of a viscous incompressiliiel with uniform distribution of solid

particles are given by Saffman (1962). The flowthad# fluid is governed by the continuity and
momentum equation.

OV =0 2)
N wow=-Lopreorve Ny oy oo By 3)
ot P P P
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The motion of the dust particles is governed by tdeve second law is

ov. K
s OV =—~(V-V
o +(V,.O)V, m( A (4)

And the continuity equation

OV. =0 (5)
WhereV, =[u_,V.,] is the velocity of solid particles arfiilis the mass of the solid particles.
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Figurel. Geometry of two-dimensional peristaltic motion of channel walls.

n=d +asin

WhereV =[U,V] is the velocity of the fluid particlesp is the fluid pressure; electrical
conductivity of the fluid,B, is the applied magnetic fielg) is the density of the fluid) is the
kinematic coefficient of the viscosity of fluid, @K is the resistance coefficient for the dust
particles-a constant. The first two terms on tgétrside of Eq. (3) are, respectively, the pressure
gradient and viscosity terms. The last term rempsséhe force due to the relative motion
between the fluid and solid particles. It is assdrteat the Reynolds number of the relative
velocity is small. In such a case, the force betwd#e solid and fluid is proportional to the
relative velocity.

The governing equation of motion of the flexiblelilwaay be expressed as
L) =p- R (6)

Where L is an operator that is used to represent the matfathe stretched membrane with
damping forces such that
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6+ 0 Ci (7)

L=-T m —
ox’ ot? ot

HereT is the tension in the membrai®, is mass per unit area, C is the coefficient ofais
damping forces, an), is the pressure on the outside of the wall duension in the muscles.

This tension may be due to the constitutive retettiof the muscles when the displacements are
known. Certain terms may be added to Eq. (7) towatcfor spring foundations, but they do not
change the mathematical nature of the problemgtbes, to keep the analysis simple they are
not considered herein (Mitra and Prasad, 1973).

It is assumed tha{d,=0 and the walls of the channel are inextensildethat only their lateral
motion takes place and the horizontal displacenwénthe wall is zero. Thus, the no-slip
boundary condition for the velocities is

u=0u =0Aty=%7 (8)

Continuity of stresses requires that at the int&$aof the walls and fluid p must be the same as
that which acts on the fluid §t= %/} .the use of the x-momentum equation yields

0 ap 0°u  0%u du, ou. adu| KN, B
— (L) =—=pU| —+— |- p| —+U—+V— uy-o—=>u
ax( ) ax P {ax2 ay?} p{ax ay ay} 0 —, (u-y- Yo,

aty =9 9)
Introducing the steam functiog® and ¢ such that

oy _ oy _0p _0¢
oy’ % ox

(10)

and following non-dimensional variables

X =xIAy =yld,n =nid,t' =(t)/(Ad),¢' =@ iv,¢ =¢l(Kd*/m)
(11)

into Equations. (2)- (5), we obtain the followingjuations (after dropping primes and
eliminating the pressure term)

Lt(mfw) +9%.9 (z) - 640:( l(//)} l(,z/+p{ 02p- wa} (0p) @)

dy 0x
J{R%(qua)+g—;”:—x(ﬂf¢)—g—f%(ﬂf¢)}= ROy -Oip (13)
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Where 17 = (52
R= lzgl and P =

62
PV + Y ,£=ald,0=d/A are geometric parameters and
X Yy
KN, d* _ _
are non-dimensional parameters.
o)l

And M?= Bod\/E is the Hartman number.
U

The boundary conditions in non-dimensional form ra@gome

0 0
_‘//:_¢_ at y =17 ==%(1+esin 27 (x—t)) (14)
dy 0y
209 51004 04 00¢ 000y, pf10¢ 09| .00 _
ay ot 0y 0y oxody 0xdydy Ry dy oy
0° 0° 0°
—+ +
(Elax” = 0x0t> Ega)qu
ay = 21 = ¥(1+ £sin2n(x - t)) 15}
4
WhereE, = Td , membrane tension parameter,
up
2
E, = S mass characterizing parameter, and
3
=——, damping parameter.
E up ping p

Method of Solution
Assuming the parameteidis very small, the stream functiog®s and ¢ may be expanded in

power series ob as
Y=o+, + Y, + ...

P=@+op+0°p +...

Substituting Equation (16) in Egs. (12) - (15) aatlecting the coefficients of various powers of

(16)

o on both sides, we obtain the following sets ofpted linear differential equations g, @

andy,,q.4:

Zeroth order in 0
oY, ,
ay*

P( 1 62% _azwoj_ MZ

0Y, _
oy

(17)

RAY 0y
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2 2
RIA _OYs (18)
ay oy
And the corresponding boundary conditionsyat +7 are
R _ 94, _ (19)
oy oy
0, 10 oy aw 9° 92
+P — 7 _Z7o — 70— + 20
oy’ (Ray ay ) E1 5t Baay” (20)
First order in &
644[/1 laz_qq—% _Mzazl’yl al/lo al//0 al/lO _al//oal//o (21)
4
oy ROy 0y 0y 60)? oyoay 0 xay
Oy, _0°q _ 0’ , 0p O’y _0¢0°g
2 Az + - (22)
ay>  ay oy’ 0y 0y 9x 0V
and the corresponding boundary conditiony at+n are
99 _0¢, _ (23)
dy oy
O, o[ 100G _0,\_ 200, _ W,  0W, 0, 04,0, (24)
ay* ROy 0y ay aﬂy dyoady 0x0¥
The solutions of Eq. (17) and (18), subject tolibendary conditions (19) and (20),
are
AlY -371%y
l/lo = (2 ) (25)
‘7()/2 - 2’7Y)
AR(Y -37%y)
= (26)
‘7()’ - 2’7Y)
Where A =—%[(2n)3(|51+ E,) Co2n( x )}~ §(27)" sia( x )

Similarly, the solutions of Eq. (21) and (22) subj® the boundary conditions (23) and (24)

are

v, = {840 BV BY 4y}/1-M2(y2-2f7y) @7)
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R(Blygazmsgy:&y] GR{Dlyzozy:DsyJ
7= 840 120 6 _ 20 6

(1_|\/|22(y2_2,7y)j2 (1_M22(y2_2/7y)j
Where
B, =12(1+ S) A(3 4/ )

B, =6(1+ S)[ 6A7(97/0 ) +(0 A0 )]

(28)

B, =12A (0A/0Xn* + 36 A’n*(dn/d ¥ - 6 Ar(dn/0 )—% 4 —%,72

B 6,B . B >
B, =—|—n+—n"+—=
* (120'7 24 T

0, =8,/[6(1+ 9]
D, = Bz/[6(1+ S):I

D D
D, = 6R?| —Lp* + =22
1 (4’7 2’7}

N,m , ,
S= , mass concentration of dust particles.
Yo,

Average axial velocities of the fluid particlé | and the solid particleti) (up to first order)
over one period of motion are given by

U:j'udt (29)
Uszjl'usdt 30§
Where
LAY ) X M (y-n) A( V-3
_ -
.[BY ., BY  BY . BY, BY_BY (31)
f{x {120+ 24 2 +B4}+2M (y=n) X{ 840 120 6 a%}

X4
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:3R,q(y?—/7)x+|\/| AK y-37°Y

s x2

+5{RX{120 ST BJQMZR(H) I 5%}

24 840 120

X4

GRZJ{X(DZy 22y +D3]+|v| ( 2 Dy3+ DSyJ}

+ )(2

WhereX = ( (y2 20 y)j -

The fluid flow rate (Q) defined by
n
Q= [udy (33)
0

can be obtained using Eqg. (31) as

7 5 3
5| B B By +By)
-2An° 840 120 6

Q: 2 + 5 2
(1+Mf7 j (1+M/7 J

The time average flow rate over a period defined by

(34)

Q= j Qdt (35)

0
can be obtained using Eqg. (34).

RESULTSAND DISCUSSION

To explicitly see the effects of various parametardhese flow variables, these quantities were
numerically evaluated and the results are grapigipaésented in Figure 2-8. The rigid nature of
the wall is represented by the param&emwhich depends on the wall tension aigrepresents
the stiffness property of the wall. The paramdfgrepresents the dissipative feature of the wall.
The choiceE, =0 implies that the wall moves up and down, withdamnping force on it and,
therefore, indicates the case of elastic walls.

The effect of the rigid nature of the walls on gteeamline patterns for the elastic walks, £0)

is shown in the Figure 2a and 2b. It can seen fiwarfigure that the streamline got closer as the
tension parameterH, ) increased and the phenomenon of trapping was\adxbelt is significant

to note that the trapping phenomenon became predminiand the area of the trapped bolus
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increased as the tension parameter increased.ffBoe @ the dissipative feature of the walls on
the streamline are given in Figure 2c and 2d. lEg2e and 2d shows that, as the dissipative
feature of the wall increased, change in the cherad the streamlines for fixed values Bf

was not significant. Though trapping was observed \@as predominant, it can be seen that as
damping increased the area of the trapped bolssrire regions decreased.

NIV | - . W)

=

[}

0.1 i 0.1 T TR -8 0.2 p.g 0.5 0.8

I.'I.I
af,=1.0 and E;=0.0 &, =1.0 and E;=0.0
¥/ v v W
1.5 ] .k 1
1 1 1 1
0.5 {05 U ]
-0.1 o 0.1 ooz 0.2 0. 0.5 o.g -0.1 0 LI § n.z 0.2 0.3 0.5 0.6
c) E;=1.0and E;=0.01 @, =1.0 andE; =0.01

Figure 2. Effect of E and E; on the streamline pattern of fluid particlesfor E,=0.2, =02, £ = 0.4 M=0.1,
R=1and S=0.5

Figure 3 shows the effect of the mass characteyiparameterE, on the streamline pattern for
elastic and dissipative feature of the walls. Astitass concentration paramdfgrincreases, the

streamlines get closer and the area of the trappkt increases, both for elastic (Figure 3a and
b) and dissipative feature of the walls (FigureaBd 3d). The effect of the mass characterizing
parameter (S) on the streamline pattern is showRigare 4; change in the character of the
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streamlines with the variation in the mass conegiatn of dust particles (S) was not significant.
Though trapping was observed and was predominaiifgalues of S, it can be seen that as the
mass concentration of dust particles increasedatha of the trapped bolus in some regions
decreased. Figure 5 shows that as we increase anen&hn, the area of the trapped bolus
decreased in some regions. The phenomenon of m@ppas observed and the area of the
trapped bolus increased along with the tensionnpater, but decreased with damping, mass

concentration of dust particles and magnetic field.
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Figure 3. Effect of E,and E; on the streamline pattern of fluid particlesfor E; =1.0, 0 =0.2, £ = 0.4 M=0.1,
R=1and S=0.5

274
Pelagia Research Library



V. P. Rathod et al Adv. Appl. Sci. Res., 2011, 2 (3):265-279

AN =7 W
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Figure 4. Effect of Son the streamline pattern of fluid particlesfor E =1.0, E,=0.75, E;=0.6,0 =0.2,
£=0.4M=0.1and R=1.

The effect ok ,E,, E;, S and M on the average fluid flow rate is sholwotigh the figures 6-
10. The phenomenon of reflux, i.e. flow reversalpbserved for all values of the parameter. For
higher values of, andE,, the amplitude ratio at which the fluid flow rasedecreased. It can be
seen from Figure 8 that for lower damping values=0.2), reflux occurred. Figure 9 shows that

for higher mass concentration of dust particles)(8) reflux occurred for amplitude ratio up to
0.2 (approx). Figure 10 shows that for values @f rartmann number reflux occurred for all
values of amplitude ratios.
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Figure5. Effect of M on the streamline pattern of fluid particlesfor E; =1.0, E,=0.75,
E,=0.6,0=0.2, £ =0.4 S=0.5and R=1.
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ao_g o_= a_G o_id

| £=02 ----- B=05 -——- E=15——— E=2

Figure 6: Effect of E on theflow rateof fluid particlesfor E,=0.5, E,=0.75, 0 =0.1, M=0.1, R=1 and S=0.5.

—&=02---- £,=05 -——- E=15 ——— E,=2

Figure 7: Effect of E,on theflow rateof fluid particlesfor E =0.5, E;=0.75, 0=0.1, M=0.1, R=1and
S=0.5
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o.2 0.4 0.6 0.8

—EF=02 ---5=05 ___.F=156 —— — E=20

Figure 8: Effect of E;on theflow rateof fluid particlesfor E =05, E, =0.75, 0 =0.1, M=0.1, R=1 and S=0.5

— s=02 ....S=04 _-___S=06 _ _ _ S=08

Figure 9: Effect of Son theflow rate of fluid particlesfor E =05, E,=0.75, E,=0.75, 0 =0.1, R=1 and
M=0.1.
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—M=01 ... M=05 ____M=10 —— —M=15

Figure 10: Effect of M on the flow rate of fluid particlesfor E =0.5, E,=0.75, E;=0.75, 0 =0.1, R=1and S
=0.5.
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