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ABSTRACT

The Rayleigh- Taylor instability of stratified rotating viscoelastic (Rivilin- Ericksen) fluids in the presence of
variable magnetic field is considered. Numerically and graphically results show that the presence of magnetic field
stabilizes a certain wave- number band, whereas the system is unstable for all wave-numbers in the absence of the
magnetic field, rotation and for non- viscoelastic fluid. The wave- number range, for which the potential unstable
system gets stabilizing effect, increases with the increase in the magnetic field and decreases with the increase in
kinematic viscoelasticity
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INTRODUCTION

The stability derived from the character of theiiguum of an incompressible heavy fluid of varlatdensity (i.e.

of a heterogeneous fluid) was investigated by Rglyl€1883). He demonstrated that the system idestabunstable
according as the density decreases everywherecozaiges everywhere. An experimental demonstratiotieo
development of the Rayleigh—Taylor instability weesformed by Taylor (1950). Reid (1960) studied ¢fffect of
surface tension and viscosity on the stability wb tsuperposed fluids. The Rayleigh—Taylor instapibf a
Newtonian fluid has been studied by several auttamsepting varying assumptions of hydrodynamics and
hydromagnetics and Chandrasekhar (1981) in hisbaied monograph has given a detailed account efeth
investigations.

Generally, the magnetic field has a stabilizingeeffon the instability, but there are a few examsialso. For
example, Kent 1966) has studied the effect of azbotal magnetic field which varies in the vertichtection on

the stability of parallel flows and has shown tkta¢ system is unstable under certain conditiondlewh the

absence of magnetic field the system is known tgthble. In stellar atmospheres and interiors nibgnetic field
may be (and quite often is) variable and may attogyealter the nature of the instability.

Coriolis force also plays an important role on stability of the system. In all the above studies fluid has been
assumed to be Newtonian.

With the growing importance of non—Newtonian fluidsmodern technology and industries, the invesitga of
such fluids are desirable. There are many visctielfisids which cannot be characterized eitherNbgxwell’'s
constitutive relations or by Oldroyd’s constitutikelations. One such class of the viscoelastidéls the Rivlin—
Ericksen fluid. Rivlin and Ericksen (1955) have posed a theoretical model for such viscoelastiid flithis and
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other class of polymers is used in the manufacifigarts of space—crafts, aeroplanes, tyres, lbekeayers, ropes
cushions, seats, foams, engineering equipmentRetently, polymers are also used in agricultupearaunication
appliances and in biomedical appliances. The #almf partially ionized superposed plasmas in pinesence of
variable horizontal magnetic field has been stuthe@&harma and Thakur (1982). Sharma and Kumagi(lBave
studied the stability of stratified fluid in poroumedium in the presence of suspended particlesvanidble
magnetic field. Kumar (2000) also have studied Reayleigh- Taylor instability of a Newtonian viscofisid
overlying a Rivilin-Ericksen viscoelastic fluid caning suspended particles in a porous mediuno.Klsmar and
Lal (2005) have studied the stability of two sumemgd viscous-viscoelastic fluids. Kumar and Sing®lp] have
studied the stability of superposed viscous-viszstét fluids through porous medium; found that floe stable
configuration the system is found to be stable mstable. However, the system is found to be unstéd the
unstable configuration. The system is found to hetable for the potentially unstable case, for lyighscous
fluids, in the presence of a uniform rotation. Tdehavior of growth rates with respect to kinematscosity and
kinematic viscoelasticity parameters are examineharically and it is found that both kinematic wasity and
kinematic viscielasticity have stabilizing effect.

Keeping in mind the importance of hon—Newtonianduin modern technology, industries, chemical pagring
and owing to the importance of rotation and vagatilagnetic field in astrophysics etc., we are nadéigl to study
the stability of stratified rotating viscoelastiévih—Ericksen fluid in the presence of variablerizontal magnetic
field in the present paper.

2. Formulation of the problem and perturbation equations

Consider an infinite horizontal layer of thickne€ls bounded by the plane2=0 and Z=d . The character of
the equilibrium of this stationary state is detared by supposing that the system is slightly distdrand then,

following its further evolution. The fluid is acteon by gravity forcej (0,0,—g), a uniform vertical rotation
Q (0,0, Q) and a variable horizontal magnetic fid;-?b( HO(Z) 0,0 )

Let o, U, U', p and V (0,0,0) denote, respectively, the density, the viscoditg viscoelasticity, the

pressure and the velocity of fluid. Then the emumest expressing conservation of momentum, mass,
incompressibility and Maxwell’s equations for theaoelastic Rivlin—Ericksen fluid are
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where [/, the magnetic permeability is, assumed to be eahsEquation (3) represents the fact that theitjeos
a particle remains unchanged as we follow it wishmotion.

Letdp, op, V ( u,v, W) and h ( h,, hy, hz) denote, respectively, the perturbations in derﬁi(yz),

pressurep) (Z) , velocity V (0,0,0) and variable horizontal magnetic fid%(Ho(Z) 0, O). Then the equations
(1)—(5) after perturbations, neglecting non—lineams, in the linearized form yield
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Analyzing the disturbances into normal modes, wek solutions whose dependence Bny, Z and time t is

given by f (z) exp( ik, x + ik, y +nt),

where f(Z) is the some function o —only and K, ,

(15)

ky are the wave-numbers in tke- and y—directions,

respectively,k = (kf + kj )}é is the resultant wave-number arfd is the growth rate of the disturbance which is

in general a complex constant.

Equations (6)—(14) using expression (15) , sulisiiuthe values ohX , hy and hz in resulting equations, we get

pnu= —ikX5p+(,u+,u’n)(D2 k ) u+te
pnv=-ik,dp +(u+un)(D? -

an——D5p+(,u+/,1n)(D2—k )

_(ikXHou _wDHoj DHO}_ o (Dp)w

n n H,

where{, = ik, v =ik U, is the Z—component of vorticity.
Multiplying equations (16) and (17) by ik, andik,

2n Q2 Dw

ikaoZz , ik, WDH,

('k ': WJDHO+2,0V_Q, (16)
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Multiplying equations (16) and (20) by ik, and —ik,
onDw = -k26p + p(v +U’n)(D2 - k2)

2nQ

n?-n(+un)(D?-k?)+kV,>
Substituting the value of(Z in equation (17), we get

~ kaOW_D(ikXHou _wDHoj

% ik WD( 0)-2puQ.

' [nz —n(v+uvn)(D? —k?)+V, K>

n n n
(18)
, respectively, and then adding, we get
(19)
29 nDw ik,
n? -n(u+un)(D? - k2)+ k2
(20)
, respectively, and then adding,), we obtain
2,0} Dw. (21)
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Eliminatingu ,Vv and p from equations (16)—(21), using equation (17) get
np(u +u'n) (D2 - k2) Zw-p (nz + kaAZ)(DZ _ kz)w
40Q° 1.k?D (H 2)
-1 n?(D 1+ _ He™x o/ | Dw + ak3(D —0.22
{n ( ,0)( n? —n(u+u'n)(D2 _k2)+kX2VA2] e W + g ( p)W (22)

3. The case of exponentially varying stratificatios
In order to obtain the solution of the stabilityoplem of a layer of Rivlin—Ericksen fluid, we sumgeothat the

density0 , viscosity// , viscoelasticity 4’ and magnetic field H vary exponentially along the vertical direction,
therefore equation (22) transforms to

1
(07 -k f w- (n? +kav? ) (07 —k?Pwa— L
2 [ 2

n (Uo +Uon)
In* + K22 (20 +K2V7Z)-VZ K2 B, n(u, +uyn) - g k2B, n(u, +uin)| (D2 - K2 )w
B 1

n” (v, +ugn)
Considering the case of two free boundaries, we imae
w=D?w=0 atz=0andz=d. (24)
The appropriate solution of equation (23) satigfytine above boundary condition is

(s +u5n)

[aen? +v Az (07 + kv 2)- g k2B, (n? + K2V 2)w]=0. (23)

W:AosinmlnZ

: wherem, is an integer andA, is a constant. (25)

Substituting the value oiv from equation (25) in equation (23), we obtairpdision relation

2
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2
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3

Equation (26) is biquadratic ifn and is the dispersion relation governing the é¢$fed uniform rotation, variable
horizontal magnetic field, viscosity and viscoelst on the stability of stratified Rivlin—Ericksefluid.

RESULTS AND DISCUSSION

(a) Case of stable stratiﬁcationsi(e.,B1 < 0). Equation (50) does not admit any positive reator complex root

with positive real part using Routh—Hurwitz critani therefore, the system is always stable foudisinces of all
wave-number.

(b) Case of unstable stratificationsi(e. ,81 >0):
kiV /2

|f,81 >0, 1>ﬁ andx—zA 1_& <&g ,

L, k L) L,

the constant term in the equation (26) is negadive therefore has at least one root with positdad part using
Routh—Hurwitz criterion, so the system is unstdbieall wave-numbers satisfying the inequality

(2 < Bd’gseC 8-V (i - pd?)
V/.d?
where @ is the angle betweek, andKi.e. (kx = kCOSH).

: (27)
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A

2 Piok’
If ,6’1 > 0, (unstable stratificationg) > — andV, > 1

i — A=
° Lskf(l—ﬁlJ
L3

Equation (26) does not admit of any positive realtt ror complex root with positive real part, theref, the system
is stable. The system is clearly unstable in theeabe of magnetic field, rotation and for non—vidastic fluid.
Therefore the magnetic field, stabilizes potenjialhstable stratifications for small wave-lengthtpebations

(2 5 B d’gsed 0-V2(min® - Bd?)
V22
Also, it is clear that the wave-number range, fbicl the potentially unstable system gets stalilinecreases with

the increase in magnetic field and decreases Wihiricrease in kinematic viscoelasticity. All lomgwve-length
perturbations satisfying equation (28) remain umstand are not stabilized by magnetic field.

(28)

The behaviour of growth rates with respect to kiaeviscosity U, kinematic viscoelasticit)u(') and square of

the Alfvén veIocityVA2 satisfying equation (26) has been examined numiléricising Newton—Raphson method
through the software Mathcad. In graphically, fignl) shows the variation of growth rafe (positive real value
ofn) with respect to the wave-numbek satisfying equation (50) for fixed permissible wes
of =2, m =1 d=6cm, y, =4, Q=1 rotation/minute,g = 980cm/s’, k= kcos4s’, V? =55
for three values oYJ(') =2, 3 and 4 respectively. The various parametereghatisfy the inequality (27), which

provides the wave-number range for which the sysgeonstable. These values are the permissibleesdir the
respective parameters and are in good agreemednthwitcorresponding values used by ChandrasekB@d]ivhile
describing various hydrodynamic and hydromagnetidibty problems. The graph shows that for fixedve-

numbers, the growth rate increases kog 0.6 with the increase in kinematic viscoelastictty;, which indicates
the destabilizing effect of viscoelasticity where¢as growth rate decreases f6 < k < 1.6, implying thereby
the stabilizing effect of kinematic viscosity oretiystem. Figure (2) shows the variation of gromate N, (positive
real value of N) with respect to the wave-numberk for fixed permissible values of
B,=2 m =1 d=6cm, Q=1Rotation/minuteyy, =1, g =980cm/s’, k, =kcos45’, V} =55
for three values o, =2, 4 and 6 respectively. The graph shows that if@df wave-numbers, the growth rate
increases fork < 0.6 with the increase in kinematic viscosity, which indicates the destabilizing influence of

kinematic viscosity, whereas the growth rate desgsdor 0.6 < k < 1.6, implying thereby the stabilizing effect
of the square of the Alfven velocity of the system
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Figure 1: Variation of N, (positive real part of ) with wave-number K for fixed permissible values of
B=2,m=1d=6cm, v, =4 Q=1revmin, g = 980cm/s revimin,
k, = kcos45’,V} =55 for three values of v, = 234.
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Figure2: Variation of N, ( positive real part of ) with wave-number K for fixed permissible values
of B,=2,m =1 d=6cm,Q =1revimin, g =980cm/s’, k, =kcos45’,
V} =55 vy, =2 for threevalues of v, = 246.
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Figure 3: Variation of I']r ( positive real part of N) with wave-number K for fixed permissible values of,ﬁ’1 =2 ,

m, =1.d= 6cm, Q = lrevmin, g-= 980:m/52 , kx = kCOS450, U, = 4, U(') = 2 for two values of
V7 = 1555,
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