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Effects of magnetic field and an endoscope on peristaltic motion

V.P. Rathod and Asha. S. K

Department of Sudies and Research in Mathematics, Gulbarga University, Gulbarga, Karnataka, India

ABSTRACT

The Problem of peristaltic transport of a fluid with magnetic fluid with variable viscosity through
the gap between coaxial tubes where the outer tube is non-uniform with sinusoidal wave
traveling down is wall and the inner tube is rigid. The relation between the pressure gradient,
friction force on the inner and outer tube are obtained in terms of magnetic fluid and viscosity.
The numerical solution of pressure gradient, outer friction and inner friction force and flow rate
are snown graphically.
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INTRODUCTION

The purpose of this paper is an attempt to undaisthe fluid mechanics in a physiological
situation with the presence of an endoscope igdlaoncentrically. The pressure rise, peristaltic
pumping, augmented pumping and friction force amitiner tube (endoscope) and outer tube is
discussed by the Srivastava et.al [1], and Siddaqai Schwarz [2]. Latham [3] investigated the
fluid mechanics of peristaltic pump and since thetiher work on the same subject has been
followed by Burns and Parker [4]. Barton and Rayf®rhave studied the case of a vanishingly
small Reynolds number. Lyokoudis and Roos [6] €tddhe fluid mechanics of the ureter from a
lubrication theory point of view. Zien and Ostra¢] have investigated a long wave
approximation to peristaltic motion, and the anialys aimed at the possible application to urine
flow in human ureters. Rose Lykoudis [8] studied #ifect of the presence of a catheter upon
the pressure distribution inside the ureter. Ramadira and Usha [9] studied the influence of an
eccentrically inserted catheter on the peristgtimping in a tube under long wavelength and
low Reynolds numbers approximation Abd El Naby &hdWlisery [10] studied the effect of an
endoscope and generalized Newtonian fluid on pdtistmotion .Gupta and Seshadri [11]
studied peristaltic transport of a Newtonian flidnon- uniform geometries. Srivastava and
Srivastava [12] have investigated the effect of @olaw fluid in uniform and non-uniform tube
and channel under zero Reynolds number and longeleagth approximation. Provost and
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Schwarz [13] have investigated a theoretical stoidyiscous effect in peristaltic pumping and
assumed that the flow is free of inertial effecd ahat non-Newtonian normal stresses are
negligible. Bohme and Friedrich [14] have invesighperistaltic flow of viscoelastic liquids
and assumed that the relevant Reynolds number adl emough to neglect inertia forces, and
that the ratio of the wavelength and channel heigtérge, which implies that the pressure is
constant over the cross-section. El-Misery et 18l [have investigated the effect of a Carreau
fluid in peristaltic transport for uniform channdtlshehaway et .al [16] studied peristaltic
motion of generalized Newtonian fluid in a non-wnih channel under zero Reynolds number
with long wavelength approximation. Most of studies peristaltic motion, that assume
physiological fluids behave like a Newtonian flmdth constant viscosity fail to give a better
understanding when peristaltic mechanics involvedsinall blood vessel, lymphatic vessel,
intestine, ducts efferent of the male reproductiaets, and in transport of spermatozoa in the
cervical canal. According to Haynes [17], Bugliarfind Sevilla [18] and Goldsmith and Skalak
[19] it is clear that in pre mentioned body orgamiscosity of the fluid varies across the
thickness of the duct. Cotton and Williams [20]dstuhe practical gastrointestinal endoscope.
Rathod and Asha [21] studied the peristaltic transpf a couple stress fluids in uniform and
non-uniform annulus moving with a constant velacRathod and Asha [22] studied the effect
of couple stress fluid and an endoscope on pdrcstabtion.

The effect of magnetic field with variable viscgsthrough the gap between inner and outer
tubes where the inner tube is an endoscope andutiee tube has a sinusoidal wave traveling
down its wall is the aim of present investigation.

Formulation and analysis: Consider the two-dimensional flow of an incomprekesi
Newtonian fluid with variable viscosity through tgep between inner and outer tubes where the
inner tube is an endoscope and the outer tube bissisoidal wave traveling down its wall. The
geometry of the two wall surface is given by thea@ns:

i:a, (1)

1
- . 2T~ -
r —a20+bsm7 (z-ct) 2)
Where al is the radius of endoscopi;t;0 is the radius of the small intestine at inlet,sbthe

amplitude of the wavej} is the wavelengthE is time and c is the wave speed.

In the fixed coordinatesr(z) the flow in the gap between inner and outer tibamsteady but

if we choose moving coordinatet_s,(_z) which travel in thez- direction with the same speed as
the wave, then the flow can be treated as steduy cdordinate’s frames are related through:

z=Z-ct, Tr=R, 3)
w=W-¢ u=U, 4

WhereJ ,W andu,w are the velocity components in the radial andlakr@ction in the fixed
and moving coordinates respectively.
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Equations of boundary condition in the moving caoates are: Continuity equation:
%M +5_\1V =0, (5)
r or 0z

And the Navier Stokes equation:
_ou  _ou op 0., _,.0u, 2uf)ou U
—twW—)=—"F+—[20(r)—]+ L L(—-—=
p(UGF Waz) r ar[ ”()ar—] r (ar_ F)

o (6)
0 ou ow
+ (D= +)] -oB3U
az[ﬂ(lr)(az alr_)] oBy W)
_OW _ 0w 6[3 0 ..,  OW
aew ) == 20T —1+
'O(uar_ Waz) 0z 67[ ”()az] 7)

19 ou | oW,
= [A(F)F (= +—)] - oBA(W
=5 LADT(_+= 01 - 0B

p is the pressure 4(r) is the viscosity functiorg is Electric conductivity and @s applied
magnetic field. The boundary condition are

r:Fl r=r (8a)

T=0 at F=F (2.8b)

1

w=-c at

The following are the non dimensional variables tReynolds number (Re) and the wave
number @) introduced:

r=— :3, r1=i=—°=£<1,z=5, z=% ,ﬂ(r)=ﬂ(r),

a20 aZO_ 20 a20_ A A luO
u=2U g =AW W W o8

a,,C a,C c c A

y _ _
Re= €900 p= 40P ,t:E ,¢:£< 1,
Ho CAL, A Ay

r, :r—2:1+qosin2nz ) (9

0
Where ¢ is the radius ratiog is the amplitude ratio and, is the viscosity on the endoscope.
Then the equation of motion and boundary conditiortie dimensionless form become:

1o(u)  ow_,, (10)
r or 0z
ou du op 0 ou 0 ou ow
Red’ U—+w—)=——+"— + O — ()0 —+—
QJar az) or or (2u(r)a—r) GZW()( 0z ar)

+ 252,U(r) (@ _E) _62M Z(U)

11
r or r (11)

104
Pelagia Research Library



V.P. Rathod et al Adv. Appl. Sci. Res., 2011, 2 (4):102-109

ReJ(ua—W+wa—W): %P, 19 @ (526—u+a—w)]
or 0z 0z ror 0z or [12
+8° 2 22 -M>w)
0z 0z
M :\/EBOa20 is the Hartmann numbewo, is Electric conductivity
Y7,
The dimensionless boundary conditions are:
w=-1 at r=r, r=r, (13a)
u=0 at r=r,. (13b)

Using the long wavelength approximation and neglgcthe wave numberd=0), one can
reduce Navier-Stokes equation:

% =0 (14)
P =22 (ur - M7 (15)
The ins}antaneous volume flow rate in the fixedrdowate system is given by:
G = 27 WRGR (16)

f

WhereT, is a constant and, is a function ofZ andt . On substituting equations (3) and (4) into
(16) and then integrating, one obtains:

Q=q+m(; —1?) 71

Whereq = 271.[ wrdr (18)

f

is the volume flow rate in the moving coordinatsteyn and is independent of time. Hergs a

function of Zalone and is defined through equation (2). Usirggdimensionless variable, we
find equation (18) becomes:

_ 9 _f
F= = | wrdr of1
2maic ;[ !

The time- mean flow over a peridd= A at a fixed Z position is defined as:
Cc
1t=
== |Qdt 20
Q== j Q (20)
Using equations (17) and (18) in (20) and integrptve get:
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— b?
Q:q+nc(a22—af+?)

Which may written as:

Q - q +1(1_£2+¢]2)

2malc  2maliC 2 2

On defining the dimensionless time-mean flow as:

_Q
2mas,c

We write equation (21) as:

O=F +1(1—£2 +ﬁ)
2 2
Solving equations (13) - (15), we obtain:
W :1%“1(0 - |2(r){ |1( r?) - Iﬁr)} - Ig r)l I (zr)z = (2r)1|(1r)2] - (1/2)|\/|2D-1
2dz |2(r2)_|2(r1)

Where b 212X =1{0} =1¢R 161, =16n,16r),
lz(rz)_ I 2(r1)

1,(r) = Iﬁdr
dr

Using equation (19), we obtain the relationship/\lmﬂn% and F as follows:
z

F 1O (L)L) | 1 1 ()10
4dz 1,(r)=1,(r) 4 [,(0r)-1,0,)
-2 )

_rr
|3 —Imdr

i

Solving equation (26) fc%E, we obtain:
z

2 _.2y\_ 2,['1(r2)_|1(r])]2_
4F 2 =1)= A " T )

dz [1(0) =1 _,
lz(rz) -1 2(r1) ’
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(23)

(24)

(25)

(26)

(27)

J28
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The pressure risé\P, and friction force on inner and outer tub&$’ andF, in their non-
dimensional forms, are given by:

_t,dp
AP, = j (5,)% (29)
) 1 dp
FO =[r2(-2yq 30
i el (30)
1 dp
(0) — 20
FO = { r2( OIZ)o|z 31§

The effect of viscosity variation on peristaltiarisport can be investigated through equation (29)
- (31) for any given viscosity functiqu(r) .

For the present instigation, we assume viscositiatran in the dimensionless form following
Srivastava et al. [1], as follows:

Ur)=e= (32)
Or
ur)=1-ar fora <<1 (33)

Where a is viscosity parameter. The assumption is reasentl the following physiological

reason. Since normal person or animal or simitee takes 1 to 2L of fluid every day. On the of
that, another 6 to 7L of fluid received by the dmiadestine daily as secretion from salivary
glands, stomach, pancreas, liver and the smabtingeitself. This implies that concentration of
fluid is dependent on the radial distance, heneevibcosity of the fluid adjacent to the wall of

small intestine is less than the away from the widierefore, the above choice p(r) =e%is
justified.

Substituting from equation (33) into equations (42p) and (27) and using equation (28), we
obtain:

g ) . 2 _,2\2
dizj =[[({16©-8(1L-¢ +¢§)+8(r2 —r)l /{M—(rz4 -

log(r, /1)
(] — 2 (r22 _ rlz)(r23 - r13) _ (rzz B rlz)z(rz - (I‘25 - r15) (I’22 - r12)2 _(eh
(L= (da+MEX 3log(r, /r,) 4A(In(r, /1,))? 5 ) i log(r, /1)) (r' =)

(34)
substituting from equation (34) into (29)-(31) viel

_1 _ o (f - (rzz_rlz)z_ .
AP, =] (160 -8~ + )+ 8 kNG (=)
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x(1— (40'+M2){(r2 (- _(r _rlz) Z(rz_rl) _ (rz_rb}

3log(r, /r,) 4(logt, Ir,)f 5
/{% ~(r -1} }dz (35)
F(i) - j‘_rZ[({16@ _8(1_ 82 +ﬁ) +8(I‘ 2 _ r 2)}/{ (r22 — r12)2 _( r 4_r fj})]
A 0 1 2 2 1 |Og(l‘2 /rl) 2 1
(1 — 2 (r22 B rlz)(r23 B r13) _ (r22_ rlz) 2(rz_ r,_ (r 25_ r 15)
(- (da+ MY 3log(r, /r,) 4(logt, Ir,)f 5 J
(rz2 _ r12)2 _(r4_
/{m (r} -1} dz (2.36)
FO = j—r?[({lee—sa—g2 22y g2 - ) sy
A ) 2 2 2 1 |Og(l‘2 /rl) 2 1
(1 — 2 (r22 B rlz)(r23 B r13) _ (r22_ r12) Z(r 2l (r 25_ r 15)
(L= (da+ Mo 3log(r, /r,) 4(logt, Ir,)f 5 J
(r22 _ r12)2 —(r4_
/{m (r; rf‘))}] dz (37)

RESULTSAND DISCUSSION

The dimensionless pressure rise X and the friction forces on the inner and outdyetdor
different given values of the dimensionless floke@, amplitude ratiog , radius rati&,

magnetic field M and viscosity parametarare computedising the equations (35), (36) and
(37). As the integrals of equation (35) to (37) ac integrable in the closed form so they are
evaluated using

a—=1.25cm andl =0.156

The values of viscosity parameteras reported by Srivastava et.al [1] @are0.0 anda =0.1
Furthermore, since most routine upper gastroimaktndoscopes are between 8-11 mm in
diameter as reported by Cotton and Williams [20H amadius ratio 1.25cm reported by
Srivastava and Srivastava [12].

In figure (1) the pressure against the flow rat@ldted, here it is observed that the pressure
increases with the increase of flow rate for ddfdar values of radius ratio
£=0.32¢=0.38nde = 0.4 and pressure decreases for the viscosty.0 and a=0.1.
Figure (2) shows that as the viscosityncreases the pressure is decreases and forfteeedt
values of amplitude ratipp=0.0 andp=0.4 the pressure is decreases.

In figures (3) and (4) the friction force oretbuter tube for different values of radius rato a
amplitude ratio are plotted , here it is obsertreat as radius rati@ increases the friction force
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also decreases and they are independent of raatiosat certain values of the flow rate [for the
valuesp=0.4 ando=0.0 anda=0.1].In figures (5) and (6) it is noticed thaetfriction force on

the inner tube (endoscope) and on outer tube ttepl@gainst the flow rate for different values
of amplitude ratigp and for different values radius ratie =0.32,£ = 0.38and¢ = 0.4 and for

the values of viscosity=0.0 ando=0.1 Here it is noticed that as the amplitudeoratincreases

the friction force on the outer tube and inner tdleereases and as the viscosity increases the
friction force on the outer tube and inner tubereases.

From Figure (7) it is noticed that the pressureaases for different values of magnetic field
M=1, 3 and 5. From figures (8) and (9) it is naoticthat the friction force decreases on
endoscope and on the outer tube as magnetic fietdases.
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