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ABSTRACT

The aim of this problemis to study the peristaltic motion of a viscous conducting fluid through a
porous medium in an asymmetric vertical channel by using Lubrication approach. The
expressions for velocity and pressure rise are obtained. The effects of Darcy number, phase
shipt and Hartmann number on flow characteristics are studied in detail.
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INTRODUCTION

The study of the mechanism of peristalsis in bo#timanical and physiological situations has
recently become the object of scientific researEleveral theoretical and experimental attempts
have been made to understand peristaltic actiahfferent situations. A review of much of the
early literature is presented in an article by rdafand Shapiro (5). A summary of most of the
experimental and theoretical investigations regbweéh details of the geometry, fluid Reynolds
number, wavelength parameter, wave amplitude pasamaed wave shape has been studied by
Srivastava and Srivastava (16).

Flow through a porous medium has been studiedriym@er of workers employing Darcy’s law is
given by A.E. Scheidegger (14). Some studies athosippoint have been made by Varshney (18)
and EL-Dave and EL-Mohendis (2). Elshehawey ef4)l.studied peristaltic motion of a generalized
Newtonian fluid through a porous medium. Ramireeds. (11) studiedoeristaltic transport of a
conducting fluid in an inclined asymmetric channikristaltic motion of a generalized Newtonian
fluid under the effect of a transverse magnetid & studied by Elshehawey et al.,(Sxtyanarayana
et al(13) studied Hall current effect on magnetohydro dyr@nfiree-convection flow past a semi-infinite
vertical porous plate with mass transfdflow through a porous medium has been of coreidier
interest in recent years particularly among geojglysluid dynamicists. Examples of natural
porous media are beach sand, standstone, limesi@nbread, wood, the human lung, bileduct,
gall bladder with stones and in small blood vessels
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The first study of peristaltic flow through a posomedium is presented by Elshehawey et al.,
(3). The interaction of peristaltic flow with paldle fluid under the effect of a transverse
magnetic field through a porous medium bounded byadimensional channel is studied by
Afifi and Gad (1). Mekheimer and Arabi (8) studiged non-linear peristaltic transport of MHD
flow through a porous medium. Mekheimer (9) stddperistaltic flow of blood under effect of
a magnetic field in non-uniform channels. He obsdrthat the pressure rise for a couple stress
fluids (as a blood model) is greater than for a dMewan fluid and is smaller for a
magnetohydrodynamic fluid than for a fluid withcan effect of a magnetic field. Non-linear
peristaltic transport through a porous medium inretined planar channel has been studied by
Mekheimer (10) taking the gravity effect on pumpuitaracteristics. Peristaltic transport of a
viscous fluid in an inclined asymmetric channel bhasn studied by Subba Reddy (Hegcently
the effects of heat transfer on MHD unsteady freevection flow past an infinite/semi infinite
vertical plate was analyzed by [6,7, 12, 15].

This paper deals with the effects of Darcy numipdiase shipt and Hartmann number in the
peristaltic motion of a viscous conducting fluidddigh a porous medium in an asymmetric
vertical channel in the presence of magnetic field.

Mathematical for mulation and Solution

We consider the peristaltic transport of a visceosducting fluid through an asymmetric
channel with flexible walls and asymmetry being eyated by the propagation of waves on the
channel walls travelling with same spee€d but with different amplitudes and phases. We
assume that a uniform magnetic field stren@his applied in the transverse direction to the
direction of the flow (i. e., along the directiof the y-axis) and the induced magnetic field is
assumed to be negligible. Fig 1. shows the physicalel of the asymmetric channel.

The channel walls are given by

Y =H,(X.0)= 3 +BcosS (K ~ct) (1a)
217
Y=H2(X,t)=—a2—bzco{7 X —ct )+9) (1b)
— 7 \
—> b, a2
H, (X 1)
s o . b
A A
, h - N

Fig 1. Physical M odel
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Where b, b, are amplitudes of the waves,is the wavelengtha, + a,is the width of the
channel@ is the phase differenceq@<m) andt is the time.

We introduce a wave frame of referer(oe y) moving with velocity C in which the motion

becomes independent of time when the channel laagth integral multiple of the wavelength
and the pressure difference at the ends of thenethasm a constant (Shapiro et al., (1969)). The

transformation from the fixed frame of referer(c)é, Y) to the wave frame of referenéel, y)

is given by

x=X-ct,y=Y,u=U €,v=V andpx) =P(X,t),

where (u, v)and (U, V) are the velocity componentsp and P are pressures in the wave
and fixed frames of reference, respectively.

The equations governing the flow in wave framestérence are given by

a_u-}-@:o’ (2)
ox oy
2
0 u@+v@ - 9P pou au aeBgu—ﬂu, (3)
ox oy ax el ox? ay k
p u@+v@ :—@+£ a_\2/+a_2\2/ —Ev_ (4)
ox oy ody €\ ox® oy K

Where g, is the electrical conductivity of the fluid,andk are the porosity and permeability of
the porous mediumy is the density ang: is the viscosity of the fluid.

Introducing the following non-dimensional variables

- X = - U - \Y a
x:—,y:l,u:—,v:—,dzﬁ, =—2
A a C co A a
2
- p _H _H b b
p_—/"rﬁ__l’hz__z’qal__lv¢2__2
HC CT C 4 1
in the governing equations (1-4), and droppingttfies, we get
h =1+g@cos2rx ,h,=-d - ¢, cof 2x+6) (5)
ou av -0, ()
X ay
2
Red| u 4y |20 00U Yy L, @)
ox oy ox & X ay Da
2 2
Red®| u 4y |=-0P, O 5262\2/+62\2/ _oy (8)
ox oy ady ¢ ox- oy Da
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where Re= 22 is the Reynolds numbeDa=£2 is the Darcy number anill = B,a, /ﬂ is
H a, H
the Hartmann number.

Using long wavelength (i.e),<<1) and negligible inertia (i.eRe — 0) approximations, we
have
2
P _p, U _Ney=P, ©)
oy ay dx

where N? = £(i+ M Zj.
Da

The corresponding non-dimensional boundary conultare given as
u=-1 at y=handy=h, (10)

Solving equation (9) using the boundary conditifi®), we get

u=c,coshNy+c, sinh\ly—% N? (11)
(—1+°"°/N2 [sinhNh, — sinkNh|
wherec, = dx d

an
[coshNh, sintNh, = coshh, sinkh)]

(—1+32/N2 [coshNh, - cosiiNh, ]

C, = .
* [coshNh, sinfNh, = coshih, siniih,]

The volume flow rate in the wave frame is given as

hy
=| ud
q=] udy
G o C _
—W(sthhl S|nH\|h2)+W2( cosiNh, — coskh,) (12)
_%(hl_hZ)
dx N?
From (12), we have
dp _ _gN’D, + DN (13)
dx D,-(h—h,)ND,
where
D, = coshNh, sintNh, - coshih, sinkh, and

D, =(coshNh, - cosiNh,)’ =( sinhNh,— sinh,)”,
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The instantaneous flux at any axial station is gilg
hy
Quxt)=[ (u+Ddy=q+h -h, (14)

The average volume flow rate over one wave pefledi(/ c) of the peristaltic wave is defined
as

=_ 17 _ 1.t _
Q—?_[O th_?jo (@+h -h)dt=q+1+d. (15)

The pressure rise over one wave length of thetpkigsvave is given by

idp, _+ gN°D, +D,N?
Ap=| —dx= L —2 dx
g Io I ,—(h,—h,)ND,
(16)
1(Q 1- d)ND+DN2 _
_[ =Ql +1,
! ~(h,—h,)ND,
1 3 1_ 3 2
Wherellz_[ N'D, dx andIZ:j (L+d)N'D, +D,-N7
oDz_(h1_h2)ND1 0 DZ_(h.L_h2)ND1
The equation (4.16) can be rewritten as
Q=201 17)

ly

RESULTSAND DISCUSSION

The variation of velocityu with y for different values ofM with ¢ =07, @ =12 d

=2,0=05, x=025 &£ = 005 Da = 008 and & = Ofor
0] dp =-05; (i) ? =0; (i) ? =1 as depicted in Fig 2. It is observed that theimam
X X

velocity U increases with the increase in Hartmann nunvbéor all the three case%IE =- 0.5,

dx
o _ =0 and— dp
dx dx
The Fig 4 shows the variation of velocjywith A for different values of Darcy numbBa with

@A=0.7, @=1-2, d=2, n=0.5,x=0.25 &0.05, M=0.5 and & 774 for (i) ? =0 and (ii)% =2.
X X

=1. The similar behaviour observed for phase sBiptn /4as shown in Fig 3.

It is observed that as the Darcy numbardecreases the maximum velocity increased. But when
Da< 0.01, the change in maximum velocity is negligibl

Using equation (17), we have plotted the variatiériime-averaged volume flow ra® with
pressure risép for different values of phase shit with ¢@=0.7, @ =1.2, d=2, &=1, &0.1
M=0.5 andDa = 0.01. The pumping increases as the phase ghgecreases, where as phase
shipt8 increases. The free pumping as well as co-pumipitig increases is show in Fig 5.
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Fig 3(i).The variation of velocity U with Y for

Fig 2(i).The variation of velocity U with Y for different values of M with, w_,
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Fig 2(iii).The variation of velocity U with Y for Fig 3(iii). The variation of velocity U with 'Y for
different values of M with % =1. different values of M with, X =2
dx X
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Fig 6 shows the variation of time-averaged volurwevfrate Q with pressure risedp for

different

values of Hartmann number M with

@=0.7,

@ =12,d=2, 5=1, &=0.1 & 774 andDa-0.01. AsM increases the pumping is increases.

0.2

Dia = 0.0001 Da=0.0Q1

dp _

Fig 4(i). Thevariation of velocity U with Y for different values of Dawith d_ =
X

2 T T
Dla:0.000J Da =0.0D1
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Fig 4(ii). Thevariation of velocity U with Y for different values of Dawith —p =

dx
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Fig 5. The variation of time-averaged volume g g

flow rateQ with pressurerise Ap for different flow rateQ with pressurerise AP for different

al f Hart b M ith
values of phase shift & with Da=0.01 values  of - hartmann - numboer W

Da=0.0.
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