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ABSTRACT. The effect of the porosity of the medium on the stability
characteristics of a viscoelastic fluid flow over a stretching plate is investigated. A
three-dimensional linear stability analysis is performed by means of the Method
of Weighted Residuals for disturbances of the Taylor-Gortler type. It is found that
the porosity of the medium exerts a stabilizing influence on the flow.

INTRODUCTION

The flow above a stretching sheet has various interesting engineering applications
such as in the polymer processing unit of a chemical engineering plant, and for the metal
working process in metallurgy. CRANE [1] studied the steady two-dimensional boundary-layer
flow caused by stretching the sheet which moves in its own plane with a velocity that varies
linearly with the distance from a fixed point on the sheet. Later, many authors have extended
this problem to non-Newtonian fluids without or with heat and mass transfer [2-7]. Extensions
to the case of electrically conducting Newtonian and non-Newtonian fluids without or with
heat transfer were examined by several researchers [8-13]. BHATTACHARYYA and GUPTA [14]
and TAKHAR et al. [15] have studied the viscous flow of a Newtonian fluid over a stretching
sheet with respect to three-dimensional disturbances of the Taylor-Gortler type. Later,
DANDAPAT et al. handled the stability of a viscoelastic non-Newtonian fluid flow caused by
stretching of a sheet in the hydrodynamic case [16] and in the magnetohydrodynamic case
[17].

In the present study, the effect of the porosity of the medium on the stability
characteristics of the viscoelastic compressible fluid flow due to a stretching sheet was
discussed. The flow through the porous medium deals with the analysis in which the
differential equation governing the fluid motion is based on the Darcy’s law which accounts
for the drag exerted by the porous medium [18-20].
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MATHEMATICAL FORMULATION

The flow of an incompressible viscoelastic fluid is due to the stretching of an
impermeable flat plate in the x-z plane which is stretched along the x-axis. The viscoelastic
fluid occupies the half space defined by y>0. The basic velocity field (u,(x,Yy),v,(x,Y),0)

developed due to the stretching of the plate will satisfy the boundary-layer equations
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with the boundary conditions
y=0:u, =cx,v, =0,x>0, (3)
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where ¢ is a constant and v, ., p, and K denote the kinematic viscosity, viscoelastic

parameter, density of the fluid, and Darcy permeability [20], respectively. Following
DANDAPAT et al. [17] an exact similarity solution of the above system can be obtained as

u, =cxe " =cxf'(n), (5)
Vo =—(cv)"*(1-e7")/Q =—(cv)"* f (1), (6)
1 N 1/2
whereQ = [ 1+ j , N =v/(cK), = y.c/v,and the similarity variable is 77 = (c/v)"?y.

To discuss the stability of the above solutions (5) and (6) we follow the procedure of
DANDAPAT et al. [17] and then we obtain the following perturbed equations after eliminating
all variables except u and v:
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where &? =a?v/c and g = f#/c. It should be pointed out that in deriving Egs. (7) and (8)

we have assumed that all the perturbed quantities have periodicity in the direction normal to
the basic flow with the usual exponential time-dependence. Here « and £ denote the wave

number and the phase speed, respectively, and u, and v, are the corresponding normal mode
components for u and v [17]. The corresponding boundary conditions are

u=v,=v,=0atp=0and 7> . 9)
Following Dandapat et al. [17] we have transformed the 7 variable into T according to

T-eo =719 (10)
dt

and then applying the Method of Weighted Residuals to the transformed equations by
expanding u, and v, as

u, = iAiui My, = i B;vi(T). (11)

u,(T) and v, (T) are chosen by satisfying the transformed boundary conditions
Uu=v,=Lv,=0atT=0and T =1,

and

u =T'A-T)and v, =T'(1-T)%. (12)

The growth rate 4 is calculated as the eigenvalue of the matrix which is formed using (11) in
the transformed equations and restricting to the orthogonality condition as demanded by the
Method of Weighted Residuals [21]. In this calculation we have restricted ourselves to 10-
term trial functions, although good results may be obtained with even a 2-term approximation.

DISCUSSION

The analysis in the preceding section helps in determining the combined effects of
fluid viscoelasticity and the porosity on the stability of the boundary layer flow along a
stretching plate. However, for an inelastic fluid (y = 0) the problem reduces to the Newtonian

flow problem considered by TAKHAR et al. [15], whereas the non-porous case examined by
DANDAPAT et al. [16] is recovered for N=0. This shows that the flow is stable for
disturbances of the Taylor-Gortler type. The porosity stabilizes the flow for both Newtonian
(7 =0) and non-Newtonian (» = 0) fluids for the whole range of wave-number which can be

explained as the disturbance kinetic energy gets exhausted in order to overcome the resistive
porosity force.
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