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ABSTRACT 

The instability of the plane interface between two Oldroydian viscoelastic superposed fluids through porous 
medium in the presence of uniform rotation and variable magnetic field is discussed. The magnetic field, 

the viscosity and the density are assumed to be exponentially varying. For stable density stratification, the 
system is found to be stable for disturbances of all wave numbers. The magnetic field stabilizes the 

potentially unstable stratification for small wave-length perturbations which are otherwise unstable. The 
long wavelength perturbations remain unstable and are not stabilized by magnetic field. Rotation does not 

affect the stability or instability, as such, of stratification. 
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1. INTRODUCTION 

A detailed account of the instability of the plane interface between two Newtonian fluids under varying 
assumptions of hydrodynamics and hydromagnetics, has been given by Chandrasekhar [4]. Bhatia [1] has 

considered the Rayleigh-Taylor instability of two viscous superposed conducting fluids in the presence of a 
uniform horizontal magnetic field. Bhatia and Steiner [3] have studied the problem of thermal instability of 

a Maxwellian viscoelastic fluid in the presence of rotation and have found that the rotation has a 
destabilizing effect in contrast to the stabilizing effect on Newtonian fluid. 

The problem in porous medium is of importance in soil, ground water hydrology and in atmosphere. When 
the fluid slowly percolates through the pores of a macroscopically homogeneous and isotropic porous 

medium, the gross effect is represented by Darcy's law according to which the usual viscous term in the 

equations of fluid motion is replaced by the resistance term  vk


1/ , where is the viscosity of the 

fluid, k1 the permeability of the medium and v


the filter velocity of the fluid. Vest and Arpaci [11] have 

studied the stability of a horizontal layer of Maxwell's viscoelastic fluid heated from below. Sharma [10] has 
studied the instability of the plane interface between two Oldroydian viscoelastic superposed conducting 
fluids in the presence of a uniform magnetic field. Generally, the magnetic field has a stabilizing effect on 
the stability, but there are a few exceptions. For example, Kent [6] has studied the effect of a horizontal 

magnetic field that varies in the vertical direction on the stability of parallel flows and has shown that the 
system is unstable under certain conditions, while in the absence of magnetic field the system is known to 

be unstable. Lapwood [8] has studied the stability of convective flow in hydromagnetics in a porous medium 
using Rayleigh's procedure. Bhatia and Mathur [2] have studied the Rayleigh-Taylor instability of two 

superposed Oldroydian fluids in a uniform vertical magnetic field through porous medium. The magnetic 
field stabilizes the unstable configuration for wave number band k>k* in which system is unstable in the 
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absence of magnetic field. It is also found that the viscosity, viscoelasticity and medium porosity have 
stabilizing influence while elasticity and medium permeability have destabilizing influence. 

Since viscoelastic fluids play an important role in polymers and in the electro-chemical industry, the studies 
of waves and stability in different viscoelastic fluids dynamical configuration has been carried out by several 

researchers in the recent past. Jukes [5] investigated the Rayleigh-Taylor instability problem in MHD with 
finite conductivity and found that finite conductivity introduces new and unexpected modes. Sengupta and 

Basak [9] have studied the instability of the plane interface separating two superposed viscoelastic 
(Maxwell) conducting fluids in a uniform vertical magnetic field. Numerically it is found that both viscosity 

and viscoelasticity of fluid have stabilizing influence while permeability of porous medium has mostly 
destabilizing effect on the growth rate of unstable mode of disturbance. Kumar and Singh [7] have studied 
the instability of two rotating Maxwellian viscoelastic superposed fluids with variable magnetic field in the 

presence of porous medium. 

Keeping in mind the importance of non-Newtonian fluids in modern technology and industries and owing to 
the importance of variable magnetic field, rotation and porous medium in chemical engineering and 
geophysics, the present paper attempts to study the instability of the plane interface separating two 
incompressible superposed rotating Oldroydian viscoelastic fluids in porous medium in presence of a 

variable magnetic field. 

2. PERTURBATION EQUATIONS 

Let   iiijijijij xvpeT ,,,,,,,,, 0    and 
dt

d
 denote respectively the total stress tensor, the shear 

stress tensor, the rate of strain tensor, the viscosity, the stress relaxation time, the strain retardation time, 
the isotropic pressure, the kronecker delta, the velocity vector, the position vector and the mobile operator. 

Then the Oldroydian visoelastic fluid is described by the constitutive relations 

ijijij p                …(1) 

ijij e
dt
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Above relations was proposed and studied by Oldroyd. Oldroyd also showed that many rheological 

equations of state of general validity, reduced to (1) – (3) when linearized. 0 = 0 yields the fluid to be 

Maxwellian, whereas  = 0 = 0 gives the Newtonian viscous fluid. 

We consider a static state in which an incompressible Oldroydian viscoelastic fluid is arranged in 
horizontal strata in porous medium and the pressure p and the density  are functions of the vertical 

coordinate z only. The system is acted on by a variable horizontal magnetic field   0,0,0 zHH


, a uniform 

rotation   ,0,0


 and a gravity force  gg ,0,0


. The character of the equilibrium of this initial 

static state is determined as usual , by supposing that the system is slightly disturbed and then by following 
its further evolution. 
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Let   ,,,,, pwvuv 


 and  zyx hhhh ,,


 denote respectively the perturbations in fluid velocity 

(0,0,0), fluid density , fluid pressure  p and the magnetic field   .0,0,0 zHH


 Then the linearized 

hydromagnetic perturbation equations of rotating Oldroydian viscoelastic fluid in porous medium are 
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,             …(8) 

where  is the medium porosity, e  the magnetic permeability and 
dz

d
D  . Equation (8) results from 

the fact that the density of every particle remains unchanged as we follow it with its motion. 

Analyzing the disturbances into normal modes, we seek solutions whose dependence on x, y and t 
is given by 

F(z)exp (ikxx + ikyy+nt)             …(9) 

where F(z) is some function of z, kx and ky are horizontal wave numbers, (
222
yx kkk  ), and n may be  

complex, is the rate at which the system departs away from the equilibrium. 

For perturbations of the form (9), (4)-(8) become, 
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ikxu + ikyv + Dw = 0                       …(13) 

ikxhx + ikyhy + Dhz = 0                        …(14) 

 nhx = ikxHu-w(DH),                        …(15) 

 nhy = ikxHv,                                   …(16) 

 nhz = ikxHw,                         …(17) 

 n = - wD.                        …(18) 

multiplying (10) and (11) by –ikx, - iky respectively, adding and using (13), (15)-(17), we obtain, 
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where  , the z-component of vorticity , is given by 

uikvik
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Multyplying (10) and (11) by –iky, +ikx, respectively , adding and using (13), (15)-(17), we obtain 
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where 
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2 H

V e
A  is the square of the Alfv’en velocity and 












v  stands for kinematic viscosity. 

Eliminating p between (12) and (19), using (21), we get after simplification 
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3. THE CASE OF EXPONENTIALLY VARYING DENSITY, VISCOSITY AND MAGNETIC           FIELD 

Assuming the stratifications in density, viscosity and magnetic field of the form 

zzz eHHee   2
0

2
00 ,,  ,           …(23) 

where 000 ,, H  and  are constants. Equations (23) implies that the coefficient of kinematic viscosity 

and the Alfven velocity are constant every where. Using the stratification of the form (23), (22) transform to 
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where 
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V e

A   are constant. 

The general solution of (24) is 

zqzq
eAeAw 21

21                          …(25) 

Where A1, A2 are two arbitrary  constants and q1, q2 are two roots of the equation 
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If the fluid is supposed to be confined between two rigid planes at z=0 and z=d, then the vanishing of w at 
z=0 is satisfied by the choice 

 ,21 zqzq
eeAw                     …(27) 

while the vanishing of w at z = d requires 

exp(q1 – q2) d =1,                    …(28) 

which imply that 

(q1 – q2) d = 2 im,                            …(29) 

where m is an integer. 

Equation (28) gives 
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Inserting the values of q1,q2 from (30) in equation (29), and simplifying, we obtain 
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where, we have put 
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C = 4 k
2
d

2
g       

  

Equation (31) is the dispersion relation studying the effect of rotation and the variable (exponential) 
horizontal magnetic field on the stability of stratified (exponentially varying density, viscosity) Oldroydian 

viscoelastic fluid in porous medium. 

4. DISCUSSION 

For stable stratification  < 0 (31) does not have any change of sign and so has no positive root of n and the 
system is always stable for disturbances of all wave numbers. 

For unstable stratification and if 
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the constant term in (31) is negative, therefore , it has at least one positive real root and hence, the system 
is unstable for all wave numbers satisfying the inequality 
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where  is the angle between kx and k (i.e. kx = kcos ). 

If > 0 (unstable stratification) and also 
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then (31) has no positive root and so the system is stable. 

Thus , for unstable density stratification and magnetic field such that 
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the system is unstable for all wave numbers satisfying 
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Also, it is clear from (31) that rotation does not affect the stability or instability, as such of stratification. 
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