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Abstract

A theoretical analysis of free convective two dimensional unsteady flow of a
visco-elastic incompressible fluid through a porous medium bounded by an
infinite vertical porous plate subjected to a uniform suction is presented under
the influence of a uniform transverse magnetic field. Approximate solutions
for velocity distribution,fluctuating parts of the velocity profiles,amplitude and
phase lead of the skin friction at the plate has been found by using perturbation
technique. The effects of various parameters has been studied, discussed
numerically and shown graphically. And numerical values of coefficient of
skin friction for various values of physical parameters are presented.

Key words: Rivlin - Ericksen fluid, Porous medium, Suction and Free
convection.

Introduction

Raptis et.a [1],Raptis [2] and Raptis & Perdikis [3] studied the steady free convective
flow through a porous medium bounded by an infinite vertica plate. In above
problem porous medium was considered to be homogeneous. In fact, a porous
material containing the fluid is a non —homogenous medium and there can be
numerous inhomogeneties present in the porous medium. Because of its possible
application in design of stream displacement processes in oil recovery and various
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geothermal system. Chandrasekhara et. a [ 4 ], Vedhanayagam et. a [ 5 ] have
considered the permeability variation to study the buoyancy induced flow behaviour
adjacent to a horizontal heated surface in a porous medium and porous medium and
have shown that variable permeability has a greater influence on velocity
distribution.Singh et.a[6] investigated the effects of permeability variation on free
convective flow in a porous medium bounded by a vertical porous wall when the
permeability varies in a direction. Maharshi & Tak [ 7 ] studied fluctuating free
convection through porous medium due to infinite vertical plate with constant heat
flux. Two dimensional MHD oscillatory flow aong a uniform moving infinite vertical
porous plate bounded by porous medium studied by Ahmed & Ahmed [8 ]. Unsteady
two dimensional flow and heat transfer through an elastic — viscous liquid along an
infinite hot vertical porous medium studied by Sharma & Sharma9]. Sharma &
Yadav [10] studied the three dimensional flow and heat transfer through porous
medium bounded by a porous vertical surface with variable permeability and heat
source. Sreekanth et.al [11] studied hydromagnetic free convective flow through a
porous medium with variable permeability. Noushima et.a [12] studied unsteady
MHD memory flow and heat transfer over a moving continuous porous horizontal
surface.

In this paper,we have studied the problem of Sreekanth et.al with Rivlin —
Erciksen [13] fluid whose constitutive equation gives covers both elastic and inelastic
fluids and large number of fluids like aqueous solution of polyacrylamid ; poly —
isobutylene are well covered by this constitutive equation.

Formulation of the Problem
The permeability of the porous medium is assumed to be of the form

K’(t) =Ko (1+ce')
where Kj’ isthe mean permeability of the medium,

o’ isthe frequency of the fluctuation,
t’ isthetimeand ¢ (<< 1) isaconstant quantity.

We consider the flow of incompressible memory fluid through a porous medium
bounded by an infinite vertical porous plate with constant suction, under the influence
of a uniform transverse magnetic field .The x — axis is taken along the plate in the
upward direction and a straight line perpendicular to that asthey - axis . All the fluid
properties are assumed constant except that the influence of the density variation with
temperature is considered only in the body force term. The magnetic field of small
intensity Hop is introduced in the y - direction. Since the fluid is dightly conducting ,
the magnetic Reynolds number is much less than unity and hence the induced
magnetic field is neglected in comparison with the applied magnetic field following
Sparrow and Cess [14]. In the absence of any input electric field, the equations
governing the flow under Boussinegs approximation are
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Ut+v Uy =0B (T-Teo) +v Uyy +B1( Uty +V Uyyy) v U/ K' (') —

oue’Ho’u/ p )
vy=0 (2
Te+vTy=(K1/pGCy) Ty (3)

where u and v are the components of the velocity in the x and y direction
respectively, g is the acceleration due to gravity , B the coefficient of volume
expansion, 1 kinematic viscoelasticity. p, u , v, Ky ,Cp, are the density,viscosity,
kinematic viscosity thermal conductivity and specific heat if the fluid at constant
pressure, t is the time, ¢ the electrical conductivity of the fluid and u . the magnetic

permeability. T ,, and T.. are the temperature of the plate and temperature of the fluid
far away from the plate.

Equation (2) yields

V=-Vy (4)

where vp > 0 is a constant and the negative sign indicates that the suction is
towards the plate. It is worth while to mention that the basic flow in the medium is

entirely due to buoyancy force caused by temperature difference between the wall and
the medium.

The boundary conditions of the problem are:

y=0:u=0,T=Ty

©)
y—>oo:u=0,T=T.
Introducing the following non-dimensional quantities :
y=yVolv t=tve/ v ©=4v o/ vy?
u=u/vo 0=T-T./To-T. Gr=vgPB (To-T)/Ve
Pr=uCp,/x Ko= Ko Voo M = ope? Ho? vipvo®
Rm = B1Vo/ V2 (6)

using (6), (1) and (3) reducesto ( dropping the bars).
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u/Ko(l+ece)—Mu 7)
Y40(-0y=1/Pro,, )
where subscripts denotes the differentiation. And Gr ,Pr K oM and R, are
Grashoff Number, Prandtl Number, Permeability Parameter, Magnetic Parameter and
Magnetic Reynolds Number respectively.

The non-dimensional boundary conditions are :

y=0:u=0,0=1

9)
y—e:u=0,6=0
In the neighbourhood of the plate, we take solution of the form
u(y,t) =uo(y) +ee' u(y) (10)
0(y,t)=60(y) +ee' 81 (y) (12)

Substituting (10) and (11) into (7) and (8) , and comparing the harmonic and non -
harmonic terms, we obtain

Rm Uolll — Uoll- Uo:L +Liug=Gr0g (12)

R U™ i u (1 + R/ 4) +up Lo = Gr 6, +

Uo/ ko (13)
o™+ Prog =0 (14)
0.+ Pro-Prio/46,=0 (15)

where the primes denotes differentiation with respect to y.
Now the boundary conditions (9) reduces to

y=0:Up=u;=0,60=1,6.=0
(16)

y—>eo:iUp=U;=0,00=6,=0
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The equations ( 12 ) and (13) are third order differential equations, due to
presence of elasticity. Since the viscoelasticity coefficient B; is very small, therefore
Uo, Up IS expanded using Beard and Waltersrule [15]

Ug = Ugo + Rm Uo1

17
U = Uy + RnUp2
Zeroth —Order of Ry, :
Uoot + Ugo™ - Ugo Ly = - Gr e™ (18)
U™ + U - U Lo = - Uoo / Ko (19)
First - Order of Ry, :
Uor™" + U™ - Uog L1 = Ugo ™ (20)
U™ + Upo’ - Upo Lo = Ug ™t - i@ / 4ugs ™ uor / ko (21)
The corresponding boundary conditions are :
y=0: U= Uo1=Un=U2=0
(22)

y—> o0 I Ugo= U = U1 = U2 =0
solving (18) to (21) under the boundary conditions (22) and substituting the

obtained solution into (12) and (13). Using thisin equation (10) & (11), velocity field
can be expressed in terms of the fluctuating parts as

uly) =[ Lo(e™’ —e™ ) +Rn (Gy(e ™ —e ™)) -G,y e™Y) ]+
e (cosmt M, - sin ot M;) (23)
where M, +iM; = uy(y) .
M, =Le¢e® sinby —e® (Losinby + Lgcosby ) + Lge ™Y +
Rm[€¥ (Lscosby +Lgsinby) -y €¥ (Lsz sin by — L4 cosby )
+Ly€™Y —Lse™™]
my

M; =Lee® cosby —€¥ (Lgocosby - Lgsinby) - Lge ™+

Loe ™ +Rn[€¥ (Lsacosby-Lygsinby)—ye®
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( Lss cos by + Lz, sin by) + ( Lso + Yy L17)e'm1y— Lso e_Pry]

oy)=e (24)

Hence, the expression for the transient velocity , for wt =t/ 2 is given by
u(y, ©/ 20) = Uo(y) —e M | (25)

The expression for the skin - friction at the plate in terms of its amplitude and
phase as

Ci=Z'1fve*=(@uldy)y=0

Z=Lo(Pr—my) +Ru[ Gy (M-Pr) =Gz ]+ee'™ (N, +iN;) (26)

Where

N;=bLe¢+alg—bLg-Prlg+Rn[-alap+bLas+Lss-myLlag+PrLs]

Ni=-aLe+alo+blg:miLg-PrLo+ Ry[-alai-bLlg-Lsz—mylsy+
L7+ Pr Lsz]

Z=Lo(Pr—my) +R [ G1 (M- Pr) =Gz ]+ eI Nl cos(wt+a) (27)
INIT=V(N2+N;? tano.= N; / N,

where Gy, Gy, a ,b, L3 to Lsp are constants , their expressions are not presented
here for sake of brevity. Ry, = 0.05 has been taken throughout the computations.

Results and Discussions
Table 1 , depicts that the skin friction coefficient at the plate increase with the
increasein Ko, Gr , o, but decrease with increasein M & Pr.

Fig 1, It is seen that velocity profile u increases with increase in y for different
values of permeability parameter Ko, Grashoff number Gr & frequency parameter o,
but decrease with increase in Magnetic parameter M & Prandtl number Pr.

Fig 2, It is seen that fluctuating parts of velocity profile M, decreases with
increasein Ko, Gr, ® , M & Pr.

Fig 3, It is seen that fluctuating parts of velocity profile M; increases with increase
in Ko, Pr & M and decreases with increasein Gr & .



Hydromagnetic Free Convective Rivlin - Ericksen Flow 273

Fig 4, It is seen that amplitude INI of the skin friction at the plate decreases with
increasesin Ko, Gr, ®, M & Pr.

Fig 5, It is seen that Phase lead tan o of the skin friction at the plate increases
with the increase in M, o while tan o. decreases with theincrease in Ko, Gr & Pr.

Table 1: Values of skin- friction coefficient at the plate when & = 0.2

Ko Gr M Pr ® Cr
0.3 4 5 0.71 4 1.12134
0.4 4 5 0.71 4 1.17966
0.3 8 5 0.71 4 2.24267
0.3 4 7 0.71 4 1.00651
0.3 4 5 1.0 4 1.01282
0.3 4 5 0.71 8 1.2693
°° L]
. |
035 | Voo | Ko=03Gr=4 M=5Pr=071 0=4
031 Vi, I Ko=04 Gr=4 M=5 Pr=0.71 =4
to2s | Il Ko=03 Gr=8 M=5 Pr=0.71 0 =4
021 IV Kg=03 Gr=4 M=7 Pr=071 ©=4
°'01j: V Ko=03Gr=4 M=5Pr=1.0 0=4
. VI Ko=03 Gr=4 M=5Pr=071 ©=8
y
Figure 1: Velocity Profileu against y.
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Figure 2: Fluctuating parts of the velocity profile M, against y.
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Figure 3: Fluctuating parts of the velocity profile M; against y.
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Figure 4: Amplitude of the skin friction against frequency parameter w.
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Figure5: Phase lead of the skin friction tan o against frequency parameter .
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