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ABSTRACT

This paper is devoted to a study of the peristaltic motion of a Casson fluid in an inclined channel
under the effect of magnetic field. Long wave length and low Reynolds number assumptions are
used in solving the problem. Expressions are derived for the pressure rise, volume flow rate and
frictional force .The effect of magnetic parameter, amplitude ratio, yield stress, angle of
inclination and plug flow on theses are discussed.
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INTRODUCTION

Peristalsis is defined as a wave of relaxation ntragtion imparted to the walls of a flexible

conduit, thereby by pumping the enclosed matetralPhysiology, it has been found to be
involved in many biological organs,e.g., urine sport from kidney to bladder through the

ureter, in movement of chime in the gastro-intedtinact, in transport of spermatozoa in the
ductus efferentes of the male reproductive tradtiarthe cervical canal, in movement of ovum
in the fallopian tubes, in the vasomotion of sniidtlod vessels as well as blood flow in arteries.
Also, peristaltic finger and roller pumps are freqtly used for pumping corrosive or very pure
materials so as to prevent direct contact of thiel fivith the pump’s internal surfaces.

Fung and Yih [6] presented the early theoreticatkwon peristaltic transport primarily with
inertia-free Newtonian flows driven by sinusoidedriisverse waves of small amplitude. Burns
and Parker [3] and Hanin[7] contributed to the tigeaf peristaltic pumping with reference to
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physiological applications. Barton and Raynor [Hda a calculation based on peristalsis theory
of the time required for chime to traverse the $rrdkstine and found that this calculation
compared favourably with observed values.

Most of the theoretical investigations have beerri@d out by assuming blood and other
physiological fluids behave like a Newtonian fluidlthough this approach may provide a

satisfactory understanding of the peristaltic medra in the ureter, it fails to provide a

satisfactory model when the peristaltic mechanisimvolved in small blood vessels, lymphatic
vessels, intestine, ductus efferentes of the negeoductive transport, and in the transport of
spermatozoa in the cervical canal. It has now la@eepted that most of the physiological fluids
behave like non — Newtonian fluids.

It is known that the flow bahaviour of blood in dneessels and low shear rate can be
represented by power law model( Charm and Kurldfpg]. Merill et al. [9] pointed out that
Casson model hold satisfactory for blood flowingubes of 130 - 1000u . Moreover, Blair and
Spanner [2] reported that blood obeys Casson nfodetoderate shear flows.

Srivastava and Srivastava [11] investigated theblpra of peristaltic transport of blood
assuming a single layered Casson fluid and igndhegresence of a peripheral layer. Mernone
and Mazumdar [8] studied the peristaltic transpdr€asson fluid. They used the perturbation
method to solve the problem.Nagarani and Sarojafd@lastudied the peristaltic transport of a
Cason fluid in an asymmetric channel and discuiseffect of yiels stress of the fluid on the
pumping characteristics.

In view of this the peristaltic pumping of a Cass$loid in an inclined channel under the effect of
magnetic field is studied. The effect of variousrgmaeters of interest on the pumping
characteristic is studied.

M athematical for mulation of the problem

Consider the peristaltic pumping of a conducting<da fluid in a channel with permeable wall
of half width a. A longitudinal train of progressiginusoidal waves take place on the upper and
lower walls of the channel. For simplicity, we r&stour discussion to the half-width of the
channel as shown in fig 1.

The region between y = 0 and y iy called plug flow region. In the plug flow regidryx| <
T, . Inthe regiony =yand y = H |t,,| <7, .
The wall deformation is given by H( X, t) = a+ tm%]—T(X -ct) (1)

where b is the amplitudel,is the wavelength and c is the wave speed.
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Fig 1 Physical Model

Under the assumptions that the channel length istagral multiple of the wavelengthand the
pressure difference across the ends of the chamaetonstant, the flow becomes steady in the
wave frame ( x,y) moving with the velocity ¢ awagrh the fixed ( laboratory) frame ( X,Y) .
The transformation between these frames is giver byX — ct , y = Y , u(x,y) = U(X-ct,Y) ,
v(x,y) = V(X-ct,Y). (2)

Using the non — dimensional quantities

u=d x= =27 =20 5= 3)
c a a MC LA
The non-dimensional form of equation governingriaion (dropping the bars) are

) +2. /-1 as M2(u+1) - 7Sné (4)
ap
op _ 5
oy (5)
2
where - P92 ,MZ-B aao

U
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The non-dimensional boundary conditions are
ou

E = ‘[0 at y:0 (6)
ou

— =T at =h 7
dy 0 y (7)
Solution

Solving equation (4) , (5) together with boundeoyditions (6), (7)
we get the velocity as

u = c,Cosh(ay) + ¢, Sinh(by) +%(—? -M?-7Sng0<y<y, (8)
X
1 r,Snh(ah) 1 , dp 2 I,
c =— +—= (-LP_m2-pgng),c, =0
whereC, Cosh(ah)( b MZ( I i ),C, b
M =X
=7 PTA

by taking y=y, we get plug flow velocity as

1 0 '
W(‘G—E‘MZ‘USHQ),YOSYSh 9)

u, =c,Cosh(ay,) +c,Snh(by,) +
The volume flux through each cross section in thgevframe is given by

0
q:(—a—z—Mz—USnH)kl+k2 (10)

h +§[S’nh(ah) _ Sinh(ay,)

where K, = —LCOSh(ayo) +W

M *Cosh(ah)

T Yolo T y
k, =—2Cosh(ah) + =22 Snh(by,) —-2 Cosh(by,) + —2—Cosh
2 =52 0 (ah) b nh(by,) p C° (by,) Cosh(ah) osh(ay,)

+%Tanh(ah)¢osh(ayo)

From, equation (10) we get

ap -q+t kz 2 ‘

—= -(M*+nSnéd 11
™ K ( nSno) (11)
The dimensionless average volume flow i@tever one wavelength is obtained as

— 14
Q=—[Qdt=q+1 (12)
0

431
Pelagia Research Library



SV.H.N.Krishna Kumari. P et al Adv. Appl. Sci. Res., 2011, 2 (2):428-436

Pumping Characteristics
Integrating the equation (11) with respect to xrowee wavelength, we get the pressure rise
(drop) over one cycle of the wave as

t—(Q-1+k
Ap:'[[%—(M 2 +nSn@)]dx (13)
0 1
The pressure rise required to produce zero avéiageate is denoted b¥p, , given by
t+k .
p, = [ - (M 7SI a9
0

The dimensionless frictional force F at the wallass one wavelength is given by
1
dp
F =|h(-—)dx 15
[ as)

RESULT AND DISCUSSION

From equation (13),we calculated the pressure réifiee AP as a function of Q for different
values of magnetic parameter M and is shown inréigl2 and 3.Figure 2 is drawn foy =0

and Figure 3 is drawn for, =01 .From Figures 2 and 3 it is observed that fHp >0

( pumping) andAp = O(Free pumping)Q decreases as the magnetic parameter increases. For
a given flux Q , the pressure ris&p depends on M and it decreases with increasingAi.

also it is observed that for a givékp, the5 decreases as the yield stress increases.

The variation of Ap with 6 for different values ofd with, ¢=0.6, M = 2, 7,=01,
Y, = 02,7 =01 is shown in figure.4.1t is observed that for a givBP ,the flux Q increases as

the angle of inclinatiory increases. For a given fluQ , the pressure ris@P increases with
increasinge.

The variation of AP with Q for different values of yield stress, with ¢=0.6,y, = 02,

n=02, 8=n/3M =2 is shown in figure .5 it is observed that for aegivAP, Q increases as
T, increases.
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Figure 2. Thevariation of AP with Q for different valuesof M with ¢=0.6,
6=nl6r,=0y,=02n=01.

Figure 3. Thevariation of AP with Q for different valuesof M with, ¢=0.6,
6=nl6r,=01y,=02n=01
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Figure 4. Thevariation of AP with Q for different valuesof & with ¢=0.6,M =2,

r,=01y,=02n=01.

Figure 5. Thevariation of AP with Q for different valuesof 7, with ¢=0.6,

Yo =02n=026=n/3M =2
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Figure. 6. Thevariation of Ap with 5 for different valuesof ¢ with 7, = 0.1,
yO = 0'21,7 = O'ZJH:H/S,M :2.

Figure 7. Thevariation of AP with Q for different values of ¢ with 7, = 0.1,
Yo, =02n7=026=n/3M =2
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The variation of AP with 6 for different values of amplitude ratig with 7, = 0.1,

Y, =02n=02 6=n/3M =2 can be seen in figure.6. It is observed that tresgure rise
increases with the increasing amplitude ratio. Ffmure 7 it is also observed that for a fixed
E,Ap increases with an increase in the width of the fllow region.
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