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Introduction 

A detailed account of the various investigations in 

hydrodynamics and Hydromagnetics of the 

Rayleigh Taylor insatiability, which arises from the 

character of the equilibrium of a layer of a 

heterogeneous fluid and of which the two 

superposed layers of homogcneot is fluids is a 

particular case, has been given by Chandra Sckhar. 

Bhatia has studied the Rayleigh-Taylor instability 

of two superposed electrically conducting viscous 

fluids in a horizontal magnetic field. This problem 

of Rayleigh-Taylor instability has been studied by 

several researchers under varying aspects.  

 

Bhatia and Chhonkar  have studied the stability of 

superposed viscous rotating plasma in the presence 

of finite Larmor Radius (FLR) effects while 

Hooper and Grimshaw have examined the 

nonlinear instability of the interface between two 

fluids Gupta and Bhatia have studied the stability 

of plane interface between two viscous superposed 

partially ionized plasmas of uniform densities in a 

uniform two dimensional horizontal magnetic field 

Srivastava and Khare have investigated the 

Rayleigh-Taylor instability of two viscous 

superposed Conducting fluids in a vertical 

magnetic field. Osorozco has studied the Ruyleigh-

Taylor instability of a two fluid layer under a 

general rotational field and a horizontal magnetic 

field. Alluh has investigated the effects of surfaces 

tension and heat and mass transfer on the instability 

of two streaming superposed fluids. All the above 

investigations have been carried out for the 

Newtonian fluids. Since visco-elastie fluids play an 

important role in industrial applications Sharma 

and Kumar have studied the Rayleigh-Taylor 

instability of two superposed conducting Walters 

B’ elasticoviscous fluids in 2-D magnetic field. 

Recently Khan and Bhatia have studied the stability 

of two superposed visco-elastic fluids through 

porous medium.  In both these studies the effect or 

surface tension has not been included As the forces 

arising from surface tension where the density 

changes discontinuously play an important role, it 

would therefore be of interest to investigate the 

effects of surface tension on the Rayleigh-Taylor 

instability of two superposed conducting Walters 

B’ elastico-viscous fluids. This aspect forms the 

basis of this paper where in the fluids are 

permeated by a uniform two dimensional 

horizontal magnetic field we have carried out the 

stability analysis for two fluids or  equal kinematic 

viscosities and visco - elasticities but different 

densities’. 

 

The stability derived from the character of the 

equilibrium of an incompressible heavy fluid of 

variable density (i.e. of a heterogeneous fluid) was 

investigated by Rayleigh (1883). He demonstrated 

that the system is stable or unstable according as 

the density decreases everywhere or increases 

everywhere. An experimental demonstration of the 

development of the Rayleigh–Taylor instability 

was performed by Taylor (1950). Reid (1960) 

studied the effect of surface tension and viscosity 

on the stability of two superposed fluids. The 

Rayleigh–Taylor instability of a Newtonian fluid 

has been studied by several authors accepting 

varying assumptions of hydrodynamics and 

hydromagnetics and Chandrasekhar (1981) in his 

celebrated monograph has given a detailed account 

of these investigations. 

 

Generally, the magnetic field has a stabilizing 

effect on the instability, but there are a few 

exceptions also. For example, Kent 1966) has 

studied the effect of a horizontal magnetic field 

which 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 stable. In stellar atmospheres and 

interiors, the magnetic field may be (and quite 

often is) variable and may altogether alter the 

nature of the instability. 
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Coriolis force also plays an important role on the 

stability of the system. In all the above studies the 

fluid has been assumed to be Newtonian. 

 

The Kelvin-Helmholtz discontinuity arising at the 

plane interface between 2 superposed streaming 

fluids is of prime importance in various 

astrophysical, geophysical, and laboratory 

situations. The Kelvin-Helmholtz instability arises 

in such situations as when air is blown over 

mercury, highly ionized hot plasma is surrounded 

by a slightly cold gas, or a meteor enters the earth’s 

atmosphere. 

 

A comprehensive account of investigations of these 

problems in hydrodynamics and hydromagnetics 

was given by Chandrasekhar (1961) in his 

monograph. These problems of instabilities in 

hydrodynamic and hydromagnetic configurations 

continue to attract the attention of researchers due 

to their importance in actual physical situations. 

 

The problems of non-streaming, superposed 

instability (Rayleigh-Taylor instability) and 

Kelvin-Helmholtz instability have been 

investigated by several researchers from different 

points of view. Jukes (1964) investigated the 

problem by incorporating finite electrical 

conductivity effects and concluded that this 

inclusion introduced new and unexpected solutions. 

Gerwin (1968) studied the stability problem of 

nonconducting, streaming gas flowing over an 

incompressible conducting liquid. The influence of 

viscosity on the stability of the plane interface 

separating 2 incompressible, superposed fluids of 

uniform densities was studied by Bhatia (1974), 

who concluded that viscosity has a stabilizing 

influence. A comprehensive account of various 

hydrodynamic stability problems was also given by 

Joseph (1976) and by Drazin and Reid (1981). 

Several researchers have examined the Kelvin-

Helmholtz instability in superposed fluids in 

hydrodynamic, hydromagnetic, and plasma regimes 

from different points of views. 

 

Sengar (1984) analyzed the stability of 2 

superposed gravitating streams in a uniform, 

vertical magnetic field in the presence of effects of 

magnetic resistivity. He found that magnetic 

resistivity had a destabilizing effect on the system. 

Mehta and Bhatia (1988) studied the Kelvin-

Helmholtz instability of 2 viscous, superposed 

plasmas in the presence of finite Larmor radius 

(FLR) effects and showed that both viscosity and 

FLR effects suppressed the instability. D´avalos-

Orozco and Aguilar-Rosas (1989a, 1989b) and 

D´avalos-Orozco (1996) examined the effects of a 

general rotation and a horizontal magnetic field on 

the stability of superposed in-viscid fluids. El-

Sayeed (2003) examined the effect of viscosity and 

finite ion Larmor radius on the hydrodynamic 

transverse instability problem. 

 

With the growing importance of non–Newtonian 

fluids in modern technology and industries, the 

investigations of such fluids are desirable. There 

are many viscoelastic fluids which cannot be 

characterized either by Maxwell’s constitutive 

relations or by Oldroyd’s constitutive relations. 

One such class of the viscoelastic fluids is the 

Rivlin–Ericksen fluid. Rivlin and Ericksen (1955) 

have proposed a theoretical model for such 

viscoelastic fluid. This and other class of polymers 

is used in the manufacture of parts of space–crafts, 

aeroplanes, tyres, belt conveyers, ropes cushions, 

seats, foams, engineering equipments etc. Recently, 

polymers are also used in agriculture, 

communication appliances and in biomedical 

appliances. The stability of partially ionized 

superposed plasmas in the presence of variable 

horizontal magnetic field has been studied by 

Sharma and Thakur (1982). Sharma and Kumari 

(1991) have studied the stability of stratified fluid 

in porous medium in the presence of suspended 

particles and variable magnetic field. Kumar (2000) 

also have studied the Rayleigh- Taylor instability 

of a Newtonian viscous fluid overlying a Rivilin-

Ericksen viscoelastic fluid containing suspended 

particles in a porous medium. Also Kumar and Lal 

(2005) have studied the stability of two superposed 

viscous-viscoelastic fluids. Kumar and Singh 

(2010) have studied the stability of superposed 

viscous-viscoelastic fluids through porous medium; 

found that for the stable configuration the system is 

found to be stable or unstable. However, the system 

is found to be unstable for the unstable 

configuration. The system is found to be unstable 

for the potentially unstable case, for highly viscous 

fluids, in the presence of a uniform rotation. The 

behavior of growth rates with respect to kinematic 

viscosity and kinematic viscoelasticity parameters 

are examined numerically and it is found that both 

kinematic viscosity and kinematic viscid-elasticity 

have stabilizing effect. 

 

When two fluids of different densities arc 

superposed one over the other (or accelerated 

towards each other), the instability of the plane 

interface between the two fluids, when it occurs, is 

called Rayleigh-Taylor instability. Chandrasekhar 

has given a detailed account of the instability of the 

plane interface between two incompressible and 

viscous fluids of different densities when the 

lighter is accelerated into the heavier. Roberts has 

extended the analysis to the case of two fluids of 

equal kinematic viscosities in presence of a vertical 

magnetic field. While Gerwin has studied the case 

of compressible streaming fluids. The influence of 

viscosity on the stability of the plane interface 

separating two incompressible superposed fluids of 
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uniform densities, when the whole system is 

immersed in a uniform horizontal magnetic field 

has been studied by Bhatia. He has carried out the 

stability analysis for two fluids of equal kinematic 

viscosities and different uniform densities. A good 

account of hydrodynamic stability problems has 

also been given by Drain and Reid and Joseph. 

Allah has investigated the effects of surface tension 

and heat transfer on the instability of two streaming 

super fluids. The fluids have been considered to be 

Newtonian in all the above studies.  

With the growing importance of non-Newtonian 

fluids in modern technology and industry, the 

investigations of such fluids are desirable. The 

presence of small amounts of additives in a 

lubricant can improve bearing performance by 

increasing the lubricant viscosity and thus 

producing an increase in the load capacity. These 

additives in a lubricant also reduce the coefficient 

of friction and increase the temperature range in 

which the hearing can operate. A number of 

theories of the micro continuum have been 

postulated and applied (Stokes: Lai el al.; Walicka). 

The theory of couple-stress fluids has been 

formulated by Stokes. One of the applications of 

couple-stress fluids is the study of the mechanisms 

of lubrication of synovial joints a human joint is a 

dynamically loaded bearing which has an auricular 

cartilage as bearing and a synovial fluid as 

lubricant. When a fluid film is generated, squeeze-

film action is capable of providing considerable 

protection to the cartilage surface. The shoulder, 

ankle, knee and hip joints are loaded bearing 

synovial joints of the human body, and these joints 

have a low friction coefficient and negligible wear. 

The normal synovial fluid is a viscous, non 

Newtonian fluid and is generally clear or 

yellowish.  

 

References 

1. A. Berezovsky; O. G. Martynenko and Yu. A. 

Sokovishin, Free convective heat transfer on a 

vertical semi infinite p late, J . Engng. Phys., 33, 

(1977), 32. 

2. O.G. Martynenko; A.A. Berezovsky and Yu. A. 

Sokovishin, Laminar free convection from a 

vertical plate, Int. J. Heat Mass Transfer, 27, 

(1984), 869. 

3. U. N. Das ; R. K. Deka and V M. Soundalgekar, 

Transient free convection flow past an infinite 

vertical plate with periodic temperature 

variation, J. Heat Transfer,’(ASME), 121, 

(1999), 1091. 

4. Chandrasekhar, S. (1961) Hydrodynamics and 

Hydromagnetic Stability, Clarendon Press, 

Oxford. 

5. Bhatia, P.K, (1974) Nuvo Cimento 19B: 161. 

6. Bhatia, P.K, & Chhonkar, R.P.S. (1985) 

Astrophys, Space Sci., 114:271. 

7. Hooper, A.P & Grimshaw, R. (1985) Phys, 

Fluids, 37. 

8. Gupta, A & Bhatia, P. K. (1991) Astrophys, 

space sci, 131 : 103. 

9. Srivastava, AK. & Khare, H.C. (1996) Proc. 

Nat. Acad. Sci. 66: 151. 

10. Osrozco, L.A.D. (1996) Astrophys. Space Sci., 

243; 291. 

11. Sharma, R.C. & Kumar, Pardeep. (1998) Proc. 

Nat. Acad. Sd .68 151. 

12. Allah, M.HO. (1998) Proc. Nat. Acad. Sci., 68; 

163. 

13. Khan, Aiyub & Bhatia, P.K. (2001) Indian J. 

Pure Appl. Math, 99. 

14. Chandrasekhar,S.: Hydrodynamic and 

Hydromagnetic Stability, Clarendon Press, 

Oxford, (1961). 

15. Roberts, P.R.: Astrophysics J., Vol. 137, 1963, 

p.699. 

16. Bhatia, P.K. Nuovo Cimento, Vol. 19B, 1974, 

p.161. 

17. Shanna, R.C.: I Maths Phys. Sd, Vol. 603, 1978, 

p.13. 

18. Sharma R.C. 45, 1978, p.21 and Sharma K.C. : 

Acta Phys. Hung, Vol.3. 

 

7 


