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ABSTRACT

The effect of magnetic field on peristaltic transport of a couple stress fluids in non-uniform two dimensional
channels has been studied. Long wavelength and low Reynolds number approximation is used to linearize the
governing equations. The expressions for pressure gradient and frictional force are obtained by using boundary
conditions. The effects of various parameters on channel are discussed with the help of graphs.
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INTRODUCTION

Peristaltic pumping is now well known to physiolstgi to be one of the major mechanisms for fluichdpart in
many biological systems. In particular, peristalsian important mechanism generated by the praimegef waves
along the walls of a channel or tube. It occurshie gastrointestinal, urinary, reproductive traemsl many other
glandular ducts in a living body. The initial mathatical model of peristalsis obtained by train iofusoidal waves
in an infinitely long symmetric channel or tube Heesen investigated by Shapiro et al., [1] and Fang Yahi [5].
After these investigations, many authors have stlidihe peristaltic pumping for newtonian and noewtonian
fluids in different situations. Effect of thicknee$ the porous material on the peristaltic pumpafig Jeffry fluid
with non-erodible porous lining wall is studied Rgthod and Mahadev [13]. Rathod and Mahadev [2&]isd slip
effects and heat transfer on MHD peristaltic flof Jeffrey fluid in an inclined channel. Rathod abaxmi
Devindrappa [24] studied slip effect on peristattiansport of a conducting fluid through a porousdiam in an
asymmetric vertical channel by Adomian decompositinethod. Rathod and Laxmi Devindrappa [25] studied
peristaltic transport of a conducting fluid in aymmetric vertical channel with heat and mass feanRathod and
Laxmi Devindrappa [26] studied effects of heat $fan on the peristaltic MHD flow of a Bingham fluidrough a
porous medium in a channel. Vijayaraj et al., [§R]died the peristaltic pumping of a fluid of vdalie viscosity in a
non-uniform tube with permeable wall. Ravi Kumaragt [8] studied the unsteady peristaltic pumpima finite
length tube with permeable waliiffect of thickness of the porous material on teegialtic pumping when the tube
wall is provided with non-erodible porous liningshaeen studied by Hemadri et al., [6].

A number of studies containing couple stress hasenbinvestigated [2,4,9,10,11]. Couple stress irisiadtic

transport of fluids is studied by Elshehawey andkiMgmer [3]. Peristaltic transport of a couple ssrdluid in a
uniform and non- uniform channels is studied by Rkkner [7]. Peristaltic pumping of couple stressdithrough
non-erodible porous lining tube wall with thicknedporous material is studied by Rathod et aD].[3rivastava et
al., [21] studied peristaltic transport of a physgical fluid: part | flow in non-uniform geometryGupta and
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Sheshadri [22] studied peristaltic pumping in naifarm tubes. It is now well known that blood bebaJike a
magneto hydrodynamic (MHD) fluid Stud et al., [17]he consideration of blood as a MHD fluid helps in
controlling blood pressure and has potential fardpeutic use in the diseases of heart and blosdeig by
Mekheimer [16]. Peristaltic transport to a MHD thiorder fluid in a circular cylindrical tube wasvestigated by
Hayat and Ali [14]. Hayat et al., [15] have invegstied peristaltic transport of a third order fluitder the effect of a
magnetic field. Subba Reddy et al., [18] have stddhe peristaltic transport of Williamson fluidanchannel under
the effect of a magnetic field. Jayarami Reddylet{&9] have studied the peristaltic flow of a Wimson fluid in
an inclined planar channel under the effect of gmeéic field. Rathod and Sridhar [27] studied el flow of a
couple stress fluid in an inclined channel. Ratkbdl., [28] studied peristaltic flow of a coupleess fluid in an
inclined channel under the effect of magnetic figkathod et.al., [29] studied peristaltic transpafra conducting
couple stress fluid through a porous medium inanaolel.

We propose to study peristaltic transport of a aiscincompressible fluid (creeping flow) in nonfanin two

dimensional channels at long wavelength and lownRkels number. A motivation of the present analysis been
the hope that such a theory of a couple stresd #uiery useful in understanding the role of pgalic muscular
contraction in transporting bio-fluids behavingelikouple stress fluid, besides its numerous agitato other
physiological and engineering problems. In thisgvapperistaltic transport of a couple stress flwith effect of
magnetic field in a channel is investigated.

2. FORMULATION OF THE PROBLEM
Consider the peristaltic flow of a couple stressdflithrough a two-dimensional channel of non-umifahickness

with a sinusoidal wave travelling down its wall. \beoose a rectangular coordinate system for therehavith X
along the centerline in the direction of wave piggieoon andy* transverse to it, see in Fig. 1. The geometnjhef t
wall surface is defined as

h (X ,f)=a(x )+bSin(277T(>2 —ct)) (2.)

With a(X') = a,, +kX 2.2)

Where a(X ) is the half-width of the channel at any axial diste X from inlet, &, is the half-width at the inlet,
k (<<1) is the constant whose magnitude dependthenength of the channel exit and inlet dimensidnss the
wave ampIitude/,] is the wavelength, c is the propagation veloaity t is time.
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Fig 1: Peristaltic transport in a non-uniform channel

In the absence of the body force and body coutllessquations of motion in the laboratory frame are

ou  ov

—t—= O .
ox oy #
A0y Uy Oy — P ey~ ) - 0B ) (2.4)
ot 0X oy 0X
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Whereu  and V' are velocity components in the corresponding coateéis. O is density, [{ is viscosity,/] is

couple stress parameted, is electric conductivity andB. is applied magnetic field.

Introducing a wave frame (X, y) moving with velgoit away from the fixed frame)(* , y*) by the transformation
X=X -ct,y=y ,u=u-cv=v ,p=p (X t)

It is convenient to non-dimensionalize variableeang in equation (2.1-2.5) introducing Reynoldsnber Re and
wave number ratia@ as follows:

x=X. y:L, u=L :A—V p=—2 %o p(X), t:t—c, Re=PP0 5%
A &y c aC e A H A
K b (2.6)
M=B. -2 h="" =1+ sn2m(x-t)] where ganplitude) =— <1
Iua20 0 a'zo 0
The equation of motion and boundary conditionsiimeshsionless form becomes
ou  ou_, (2.7)
ox oy
Rea{—+ua—“ —} ap FO2(0) —-2 00 =M AU 2.8)
ox y2
Rea{@w% —} __ap +0°0%(\) - 7 L V) =M V) 2.9)

n g
Where, )y = 5~ couple-stress parameter 1 =B. 5~ is the Hartmann number
Hay, M3y,

Using long wavelength approximatiod (<<1) & low Reynolds number (Re 0), it follows from Eqs (2.7)—( 2.9)
that appropriate egn. describing the flow in labanaframe of reference are:

ap
= 2.10
oy (2.10)
ap 6 u 1 6 u _M2(u) (2.11)
ax  ay? y2 ay*
with dimensionless boundary conditions

3
a—u =0, 6_[; =0 at y=0
ay oy
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u=0 —=0 at  y=h (2.12)

Integrating equation (2.11) and using boundary @mrd(2.12), one finds the expression for viscpsitofile as
op (y>-n%  (h* =Yy

u(x,y,t)=—I ] (2.13)
0z (2-M?y?) 2°
The instantaneous volume flow rate Q (x, t) is giby
h 5 2hM+/2(-2+h2M 2)ArcTanhf™ |
dp 2h 2
Xt)=|udy=— - 2.14
Q(x1) ! V=4l 2 ¢ — )] (2.14)
Or
dp Q(x.t)
dp _ (2.15)
dx 5 2hM+/2(-2+h2M 2)ArcTanhlM ]
2h 2
[— 3 ]
52 2hM

The pressure riseﬁlpL (t) and friction force F_ (t) (at the wall) in the channel of length L, in theion-
dimensional forms, are given by

A 1) = | —dx 2.16
p.(t) ! o (2.16)
AF (1) = | h(-—)dx 2.17
(1) ! (=50 (2.17)
Where A=LIA,

Use of Eq. (2.6) & Eq. (2.15) in Eqns. (2.16) aAd.{) gives

Ap,(t) = j [ Q.Y m Jdx (2.18)
0 o _(ZhM +y/2(-2+ WM )ArcTanh\/E ]}
5y 2hM ®
aF () =1 ~hQ(x.1) ——]dz
o _ . 2hM ++/2(-2+h>M? )ArcTanhﬁ ] (2.19)
AL J2 4
5)> 2hMm 3 !

Putting k=0 in equations (2.18) and (2.19), redutteshe expressions for pressure rise and fricfamge in a
uniform channel. The analytical interpretation of @analysis with other theories are difficult to kaaat this stage,
as the integral equations (2.18) and (2.19) aresobable in closed form , neither for non-unifomar uniform
geometry (k=0).Thus, further studies of our analysie only possible after numerical evaluatiorheke integrals.

3. NUMERICAL RESULT AND DISCUSSION
To discuss the results obtained above quantitgtiwel shall assume form of instantaneous volume flate Q (X,
t), periodic in (x-t) as [21,22]
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Q(x,t) = Q+ gsin(27(x 1)) (3.20)

WhereQ is time-average of flow over one period of wavhisTform of Q(x, t) has been assumed in view of fac
that the constant value of Q(x,t) givﬁPL (t) always negative, and hence there will be no pughpition. Using

this form of Q (x, t), we shall now compute dimamdess pressure risé.F,’_ (t) and friction forceF_over channel
length for various value of dimensionless timeime&hsionless flow average(ra@, amplitude ratio , couple

stress parametel/ and M is magnetic field. Average rise in pressnikd:’l_ and friction force F([) are then

evaluated by averagingﬂPL (t) andF (t) over one period of wave. Using the following vahfethe parameters
in equations (18) and (19) as:

a,=0.01cm, LA =10cm k = % =0.000&

The integral in Egs. (2.18) and (2.19) are numéyievaluated. Figs.[2-5] represents the variatidmlimensionless
pressure rise with dimensionless time t for différealues of magnetic field, amplitude ratio, floate and couple
stress for non-uniform channels respectively. Fegh@ws that as the magnetic field M increases thespre rise
decreases. Fig.3.which shows the effect of incngalie amplitude ratio is to increase the presgaee Fig.4.it is

clear that an increase in the flow rate decreaBesptessure rise. Fig.5.shows that as the coupdssstiuid

parameter increases the pressure rise decreases.

The friction force F with dimensionless time t unttee influence of all emerging parameters sucinagnetic field,
amplitude ratio, flow rate and couple stress. bliserved that the effect of all the parametergriotion force are
opposite to the effects on pressure with time seobked in Figs. [6-9].

Average pressure rise verses time average mearrdi@ws plotted for different values of magnetad, amplitude
ratio and couple stress for a non-uniform chanRigls.[10-12] which shows a linear relation betwéeam. It is
clear that an increase in the flow rate decredsegpressure rise. Fig.10. the effect of incredsesitagnetic field M
is to increases the pressure rise. Fig.11.alsoeffieet of increasing the amplitude ratio is toresse the pressure
rise and fig.12 also, shows the effect of couplesst fluid, where the pressure rise increases aplestress
increases.

Figs.[13-15] represents the friction force F veriese average mean flow rate is plotted for d#éfervalues of
magnetic field, amplitude ratio and couple stressafnon-uniform channel. Here, it is observed thateffect of all
the parameters on friction force are opposite ¢oeffiects on pressure with time average mean fatevis observed.
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Fig 3: Variation of dimensionless Pressurerise over dimensionlesstimefor M =2, J/ =3, Q =0&different values of @
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Fig 4: Variation of dimensionless Pressurerise over dimensionlesstimefor M =4, )/ =8, # =0.7& di fferent val ues of Q
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Fig.6. Effect of M on friction for ce of non-uniform when w:o. 7, V- 3, Q =022
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Fig.7. Effect of ¢on friction force of non-uniformwhenM = 2, V- 3, Q =0.22
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Fig.9. Effect of yonfrictionforceof non-uniformwhenM = 2.5, Q =0, 4 =0.7
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Fig.10. Effect of M on Pressurerise when 4 =3, t =0, @ =07
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Fig.13. Effect of M on friction force of non-uniform when ¢:O.7, y =3, t =0
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Fig.15. Effect of yon friction force of non-uniformwhenM = 2.5,t = 0, ¢ =07
CONCLUSION

In this paper we presented a theoretical approactudy the peristaltic flow of a couple stressdflwith effect of
magnetic field in non-uniform two dimensional chahThe governing Equations of motion are solvealyitally.
Furthermore, the effect of various values of patanseon Pressure rise and Friction force have leamputed
numerically and explained graphically. We concltiiefollowing observations:

* Pressure with time:

Pressure decreases with increase in magneticMeldw rate Q & couple stress parametgrand increases with
increasing in amplitudg.

e Pressure with averaged flow rate:

Pressure increases with increase in magnetic fieldmplitudep & couple stress parametgr

« The variations of friction force with time and azged flow rate shows opposite behavior to thatre$sure.
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