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ABSTRACT

A t h e o r e t i c a l ana lys i s of two-dimensional unsteady flow in a porous

medium bounded by a ho r i zon ta l wall i s presented as a pe r tu rba t ion on B.

bas ic flow. I t i s assumed t h a t the pe r tu rba t ion i s occasioned by a sudden

suct ion at the wal l . Even for a highly permeable medium the c h a r a c t e r i s t i c

Reynolds number in porous media flow i s u sa l l y small and asymptotic so lu i ions

are developed by the Laplace transform technique. I t i s observed t h a t the

perturbed shear s t r e s s at the wall decays exponent ia l ly with t ime.
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1. INTRODUCTION

The problem of flow in a porous medium has several geophysical

applications as reported in Cunningham and Williams (1980). This technological

import has necessitated a series of investigations by Raptis et al. (1981 a,b; 1982). In

on steady flow past a vertical wall. Raptis (1983) has studied the effect of

unsteadiness in porous media flow.

A major pitfall in the above-mentioned works is the assumption of fully

developed flow so that only a single space coordinate is involved in the analysis. It

is then possible to obtain exact solutions but with sacrifice for generality.

In this study we consider the more general two dimensional unsteady flow

as a perturbation on a fully developed flow. The transience is provoked by a

sudden application of a variable suction at the horizontal bounding wall and the

mathematical statement of this flow configuration is given in section 2. In section

3 the solutions and discussions of the problem are presented in quantitative

terms. In a subsequent study the analysis is extended to semi-infinite vertical

porous medium with free convection flows.

2. MATHEMATICAL FORMULATION

We consider the two-dimensional unsteady flow of liquid in a horizontal

porous medium in the cartesian (x', y') coordinate such that t1 is time. If (u, v)

are the velocity components then the equations of molion for a highly permeable

medium as tdvenin (say) Jaluria (1980) are
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(1)

In equations (1), K is the permeability of the medium, p is the pressure, p is the

density and d is the kinematic coefficient of viscosity.

Let the plane y' = 0 be the bounding surface of the porous medium and we

assume that this bounding surface is subjected to a suction velocity -v'o (x') H(t'),

such that v'o (*') is small and H(f) is the Heaviside step function. At time t'<0

we further assume that a steady pressure gradient ptfn o exists which establishes

a futly developed flow of the form u = us(y') and v = 0, where

and in virtue of the no-slip condition at the wall

(2)

This fully developed flow is made possible by permeability. When t*>0 we get

and since v'o(x') is small, the perturbed quantities will also be small and their

squares and products may be neglected . Then substituting (3) in (1) we have
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(4)

If we introduce the vorticity

then on eliminating the pressure gradients, equations (4) can be combined into the

suitable non-dimensional form

subject to the boundary conditions

(5)

M : c ; V

(6)

We have introduced the following non-dimensional quantities
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in which Rk is a characteristic flow Reynolds number. In all porous media flow,

% is either small or negligibly small. Since the basic fully developed flow varies

with y' only, we find it expedient to scale x1 as done in (7) for the perturbed

secondary flow and the credibility of this will become obvious in the course of the

analysis.

The mathematical statement of the problem is now to solve (5) subject to (6).

3. SOLUTIONS AND DISCUSSIONS

Since Rk is small, we seek solutions to equations (5) and (6) in terms of the

asymptotic series expansions

(8)

If we substitute (8) in (5) and (6) we have the sequences of approximations

.-1
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(9)

and

(10)

where

(ID

First of all, we observe from (9) that for Rj,. small thu axial velocity is

dominant over the transverse velocity. This is what one would expect since in the

basic flow the transverse velocity is identically zero. This authenticetes the scaling

on x' mentioned above.

We start the solution of (9) by integrating the v '° ' -equation twice with

respect to y and discard all arbitrary functions of x and t. Then on employing

Laplace transform with respect to t, using s as the transformed variable and

placing a titde over the transformed function, the solution for v^°' is

T



1'ron tables we can deduce the end result

(12)

Next from the second and third equations we get

With the help of (12) and the no slip boundary condition on u ' ° \ the above

equation reduces to

<4 t L 1 ji)|_a2_, x- 1+ jell

where vo(x) is the integral of vo(x) with respect of x.

Finally we solve (10) by taking the Laplace transform of the

and in virtue of the equations (11) and (12) it can be reduced to

(13)

equation,

+l«ts)

A is an arbitrary function of x and s whereas a dash over vo indicates

differentiation with respect to x. Integrating the above equation twice, disarding

arbitrary functions of x and s and imposing the homogeneous condition on

v") at y=0 , we can show that

From standard table of inverse I.aplnce transforms we may invert this equation, so

that

(14)

Having obtained v^', the remaining equations in (10) can be combined as

•a*

V>
(15)

and the value of g(x,t) could be obtained as was done in vS°K

However of more significance is the value of the shear stress at the-wal! and

in non-dimensional variables we can write it in the form

From equation (13) we find that 3u^°Vf)y I y = 0 = 0. Then invoking (15) the wall

shear stress reduces to

.t

It is pertinent to note that the perturbed stress is of order

(16)

and varies

with time like -t. Generally, the whole solution sheds light on the flow

behaviour with x as well as y and t. This is mostly ignored in the literature.
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