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ABSTRACT

The problem of the onset of double diffusive convection in a couple-stress fluid saturated with a porous medium
is studied under the effects of magnetic field, rotation and suspended dust particles. Linear stability analysis
based on the method of perturbations of infinitesimal amplitude is performed using the normal mode technique
for the case of free-free boundaries. The governing hydrodynamic and hydromagnetic equations of fluid flow
are governed by the Brinkman model. The stability analysis examines the effects of various embedded
parameters for the stationary mode both analytically and graphically. The principle of exchange of stabilities
holds good in the absence of solute gradient parameter. Also, the sufficient conditions responsible for the
existence or non-existence of overstability are obtained.
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NOMENCLATURE
t time coordinate, c, specific heat of the fluid at constant
d thickness of porous fluid layer, volume
fluid  velocity = vector  having W vertical fluid velocity
components s vertical particle velocity
qq suspended particle velocity having w complex conjugate of
components H horizontal magnetic field having
p pressure components
To reference temperature h perturbation in magnetic field
So reference concentration stret}gth
X vertical component of current
T temperatur'e density after applying normal mode
S concentration method
K’ stokes’ drag coefficient W vertical component of fluid velocity
Ng number density of dust particles after applying normal mode method
k, Darcy-brinkman medium permeability K vertical component of magnetic
kr coefficient of heat conduction field after applying normal mode
ks coefficient of solute concentration method .
. . V4 vertical component of vorticity after
D differential operator . applying normal mode method
m mass of suspended p aﬂlqles ) k wave number in x direction
n frequency of the harmonic disturbance . L
X; gravitational acceleration vector K wave number in y direction

heat capacity of solid material

Resultant wave number
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vp pressure gradient term

2o density of fluid

Ps density of solid material
fluid viscosity

o' couple-stress fluid viscosity

Fet effective viscosity

O effective kinematic viscosity

He magnetic permeability

o thermal expansion coefficient

as solute expansion coefficient

Br adverse temperature gradient

BPs solute concentration gradient

n electrical resistivity

C] temperature component after applying
normal mode method

o) solute component after applying

normal mode method
p perturbation in fluid pressure p

op perturbation in fluid density p

v kinematic viscosity

v kinematic viscoelasticity
KT thermal diffusivity

Ks solute diffusivity

I z-component of vorticity

1. INTRODUCTION

The study of fluid dynamics is of great importance
for scientific researchers and engineers to understand
various significant and fascinating applications of
fluid mechanical phenomena such as calculating
forces and moments on aircrafts, determining the rate
of mass flow in oil industry through pipelines,
forecasting weather patterns, understanding nebulae
in interstellar space and in traffic engineering by
considering traffic as a continuously distributed
fluid. Copious literatures (Lin, 1955; Batchelor
1967; Rajagopal, 1978; Drazin and Reid, 1981;
Bansal, 2004; Gupta and Gupta, 2013) are available
that provide a basic theoretical and experimental
support for various fluid dynamical phenomena as
well as hydrodynamic stability of Newtonian and
non-Newtonian fluids. The influence of magnetic
field and rotation on thermal instability of an
incompressible Newtonian fluid layer has been the
subject matter of great interest over the years since
the pioneering work by Chandrasekhar (1981) within
the framework of linear stability theory. In double
diffusive (when the fluid layer is simultaneously
heated and soluted from underside) phenomena,
convection process is induced by the combined
effects of temperature difference and concentration
difference which have different diffusion rates.
Double diffusive  (thermosolutal) convective
phenomena through a porous medium frequently

3 z-component of current density

Q horizontal rotational vector having
components

v? 3-dimensional Laplacian operator

o growth rate of harmonic disturbance

after applying normal mode method
perturbation in temperature T
perturbation in solute concentration S
Suspended particles radius

vertical unit vector

RS

Non-dimensional Parameters

a dimensionless wave number

R dimensionless medium permeability

P thermal Prandtl number

P2 magnetic Prandtl number

aq Schmidt number

B suspended particle parameter

Q modified Chandrasekhar’s number

Da, modified Darcy-Brinkman number

R, modified Darcy-brinkman thermal
Rayleigh number

S modified solute Rayleigh number

Ta modified Taylor’s number

€ Darcy-Brinkman medium porosity

Y, modified couple-stress parameter

occur in seawater flow, mantle flow in earth’s crust,
ground water hydrology (underground disposal of
nuclear wastes), astrophysics (helium acts like a salt
in raising the density in stellar case), oceanography,
soil science (transportation of soil, solid waste and
mud particles into the rivers and lakes), solar system
(where heat and helium diffuse at differing rates),
atmospheric science and limnology.

The presence of waste matter in water or air is
responsible for certain chemical reactions helpful to
understand several mass transport processes such as
groundwater pollution and transportation of nuclear
wastes, food processing industry, contaminated air
transport in atmosphere (presence of dust particles in
atmosphere), manufacturing of glassware and in
polymer production. Nearly all fluid flow
mechanisms happening in the universe involve
circulation or rotational effects which have
applications to a greater or lesser extent in a number
of processes which include large scale circulations in
the atmosphere and oceans, motion of a hurricane,
tornado and tsunami and in many small scale flows
like stirring of tea in a cup. Thermo-convective
phenomenon in a rotating system is of practical
significance and finds its applications in rotating
machinery, crystal growth, food processing industry,
centrifugal casting of metals and in thermal power
plants (to generate electricity by the rotation of
turbine blades). Greenspan (1969) studied the theory
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of rotating fluids which has applications in various
technological situations which are governed by the
action of coriolis force. The double diffusive
convective problems of couple-stress fluid through
an anisotropic porous medium considering rotational
effect have been discussed in the references by
Malashetty and Kollur (2011) and Malashetty et al.
(2011). A major part of the universe is filled with
charged particles and magnetic field is present in and
around the heavenly bodies. Magnetic field plays a
dominant role in several clinical purposes such as in
neurology and orthopaedics for examining the
internal organs of the body in various diseases like
tumours detection, heart and brain diseases, stroke
damage etc. The theory of magneto-hydrodynamics
(MHD) has several scientific and practical
applications in geophysics (in the study of earth’s
core), atmospheric science (solar wind is governed
by MHD), astrophysics, plasma physics, space
sciences etc. Thermal instability problem of an
electrically conducting couple-stress fluid heated
from below through a porous medium in the presence
of a uniform magnetic field has been investigated by
Sharma and Thakur (2000). Sharma and Sharma
(2004) have considered the effect of suspended
particles on couple-stress fluid heated from below in
the presence of vertical rotation and vertical
magnetic field and noted that the effect of rotation is
to stabilize the system, whereas suspended particles
have destabilizing effects. Thermosolutal convective
problem for a couple-stress fluid through a porous
medium under the influences of uniform vertical
magnetic field and uniform rotation has been studied
by Singh and Kumar (2011), whereas the effect of
suspended particles on couple-stress fluid heated and
soluted from below through a porous layer has been
noted by Sunil et al. (2004).

Couple-stress theory due to Stokes (1966) is of vital
importance to understand different aspects including
the lubrication mechanism and functioning of
synovial joints during human locomotion and opened
new vistas in several areas of scientific and technical
research. Shivakumara et al. (2011) illustrated the
linear and nonlinear stability problem of double
diffusive convective phenomena for couple-stress
fluid through a porous layer. Kumar et al. (2015a, b,
2016) considered, theoretically, thermal convection
problems for both couple-stress fluid and ferrofluid
to include the effects due to magnetic field, rotation,
compressibility, variable gravity and heat source
strength through Darcy as well as Brinkman porous
medium. Thermal as well as thermosolutal
convective instability problems through a porous
medium have extensive attention over the years and
also recognized as the problems of fundamental
importance in solidification and chemical processing
industry, bio-medical sciences, geophysical fluid
dynamics, soil sciences, petroleum industry and
filtering technology. Extensive reviews related to
thermal and thermosolutal convective problems
through a porous medium have been covered in the
books by Ingham and Pop (2005), Vafai (2000,
2005), Nield and Bejan (2006) and Vadasz (2008).
McDonnel (1978) has conducted extensive and
systematic studies regarding the impact of porosity
in astrophysical situations because a greater part of
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the universe is filled with fine dust particles. It is well
known that the Darcy equation fails to give
satisfactory results for high permeability porous
medium. So, the consideration of non-Darcy
(Brinkman) model, which take care of boundary and
inertia effects, is of practical interest for high
permeability porous medium. Kuznetsov and Nield
(2010) analyzed the thermal instability problem in a
porous layer saturated by a nanofluid employing the
Brinkman model for the porous medium. Mahajan
and Sharma (2012) studied the asymptotic stability
and also determine the stability bounds for both
equilibrium and arbitrary flows of a couple-stress
fluid in a Brinkman flow. Recently, the linear and
nonlinear stability analysis of double-diffusive
reaction convection in an anisotropic Darcy-
Brinkman porous layer is performed by Gaikwad and
Dhanraj (2016).

Therefore, the Brinkman model, which is physically
more realistic than the other ones, is considered for
the porous medium to include effects due to
horizontal magnetic field and horizontal rotation in
a dusty couple-stress double-diffusive convection.
Some previous published works by Sharma and
Thakur (2000), Sharma and Sharma (2004), Sunil et
al. (2004) and Singh and Kumar (2011) can be
recovered from the present investigation.

2. MATHEMATICAL FORMULATION

Consider an infinite, horizontal porous layer of
thickness d of an incompressible couple-stress
fluid with dust particles heated and soluted
from below through a porous medium of

porosity € and permeability K . The fluid
layer is acted upon by a uniform horizontal
magnetic field H=(H,0,0)and a uniform
horizontal rotation Q =(€,0,0) . The fluid layer
is heated and soluted from below such that an

adverse temperature gradient [ B = di] and

concentration  gradient ( Bs

maintained. The coriolis effect has been taken
into account by including the coriolis force
term2(gqxQ) in the momentum equation,

whereas the Centrifugal force term

(,lgrad‘g xr \ZJ can be realized as a gradient
2

of a scalar and, therefore, has been absorbed

into the pressure termp=(pf —%p‘QXI"ZJ.

The term p¢ stands for the fluid pressure and

Q denotes the angular velocity of rotation.
The Brinkman model is employed for the
porous medium and the fluid density variation
is based on Boussinesq approximation (1903).
The boundaries are taken to be free maintained
at uniform temperatures and the porous layer
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Fig. a. Geometrical Sketch of the Physical Problem.

is extended infinitely in Xandy directions

and the Z axis is taken vertically upward with
the origin at the lower boundary. The pressure
p , density p , viscosity ¢ and viscoelasticity
' depend upon the vertical co-ordinate z-
only.

The basic equations in a double diffusive
convection for an incompressible couple-stress
fluid saturating a Brinkman (1947a, b) porous
medium under Boussinesq approximation are
defined as

The density equation of state is given by
p:p0[1+a-|— (TO—T)+aS(S—SO):| (D

Equations of momentum and mass conservation are
defined as

~Vp+poX; —kil(ﬂ—u’Vz)q+

&@lv:}zﬂ Q ('&Ef;)vz
e{@t-'—e(q' )q S (qx )+ S ar

K'N,

(aq —q)+%(VxH)xH

@
3
Neglecting the variations in pressure force, Darcian
force, magnetic field and buoyancy force (due to

gravity) on the particles, the equations of motion and
continuity for the particles are as

Vq=0

0
mNo{%é(qd-V)qa}:KNo(q—qd) @
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Assuming that the suspended particles and the fluid
particles are in thermal and solute equilibrium, the
equations for temperature and solute concentration
can be presented as

oT
[E PoS& + PsCs (l_ e)]g + P& (Q-V)T
Q)
+mN OCpt |:€ g + (qu):lT = kT VzT

’ ’ as ’
L& pocy + pscs (1= €) ] ==+ poci (aV)S :
a
+MN (C iy [e g + (qd.V)JS =kgV?s

where, ¢,Cs,Cpy and Kg denote  the analogous
solute coefficients.

The Maxwell’s (1866) electromagnetic equations
yield

e%:Vx(qu)+enV2H ®)

and VH=0 )

3. PERTURBATION TECHNIQUE
AND LINEAR STABILITY
ANALYSIS

Here, the stability of the basic state of system has
been examined by using the perturbation technique.
Let the perturbations in the basic variables such as

fluid q(0,0,0),
dg (0, 0,0) , temperature T, pressure p , density p ,

velocity particle  velocity

particle number density N ; and magnetic field H
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be denoted by q(uv.w), aq(l.r,s), 8, sp, o

, N ,h (hx ,hy ,h, ) , respectively.

After linearizing the system of Egs. (1) — (9) and
following  Boussinesq  approximation,  the
perturbation equations obtained after eliminating the
pressure gradient term are as follows

dp=—(ar0-asy)p (10)

[ P & @ &)\l
g{“‘f[axﬁayz]@‘%[axﬁayz]y}

(B3

(11
2E ()
1jog]| _ mN o a8
6{6’[} » e[mgﬂj {at}+ (12)
=K' at
/,leH ﬁ _L ! 2
_47[p0{ax} kl (U vV )C-’_
e[a;tzj:H[%j+en(V2hz) (13)
e(%]:H(%]+en(Vzé) (14)
[(E+be)§—ﬁvz}9:ﬂr(w+bs) (15)
[(E'+b’e)g—xsvz}y:ﬂs(w+b’s) (16)
where,
E =c+(I- pS—CSJ,E'_ - (@]
=+ E)[,DOCV e+ e) PoCy

mN ,C mN (C,
b - [&J and b’ = (A}
Poly Poy
Differential Egs. (11) — (16) can be solved using the
method of normal modes. Suppose that the

perturbations in various physical quantities have a
solution with a dependence on X, y and t of the form

W (z).0(z ),Z(Z)}
K (2).X(2),®(z)

exp (ikyx +ikyy +nt)

[W707€7hz’§=7]:|:

(17)
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Using expression (17), the Eq. (11) — (16) into non-
dimensional form reduce to (after dropping the
asterisk for convenience)

{:{“(ﬁ;n)}*é{lY(Dzaz)}ElAe(Dzaz)}

242 . 4
gad 2Qik,d
O(z)—ag® _x
" ["‘T (z)-as (Z)]+ 0

(D?-a%)W(2)+

g2
Z(z 7%@27&)1(@):0
(18)
o f 1 D
L{l+(ﬁa+l)}+ﬂ{1¥(D2az)}H‘\E(Dzaz)}
ik, d? ik, d?
z(z):m'ez w(z)#‘ﬂpoxu X(z)
19

[pza—(Dz _a2):| eK(z) :(Hlknde]W(z) (20)
| P2o-(D?-a%)|eX(2)- [HikUXOIZJZ(z) @1

|(0*-&)-pEc]efz) :—(WJ(B+TIO-]W(1) (22)

ISy l+50

ks \l+go

(o2~ -amfote—{ A 225 i

where, the following non-dimensional quantities
with the scaling have been used in Egs. (18) —(23)

2
z*{ij,k =(3}U=£ﬂ L
d d v d2 KT

Ny =2 B —1+b,
m

U
The boundary conditions appropriate for the case of
two free boundaries are defined as

E,=E+be E,=E'+b’e, T=—>,Dy :[MJ.
vd

W =DW =X =DZ=0=0=0a z = Oand 1.
DX =K =0, ona perfect conducting boundary

24

Eliminating ©(z), ®(z), Z(z),X(z) and K(z) from

Egs. (18)-(23) and considering an appropriate

solution for W (vertical component of fluid velocity)

of the form
W =W, sinl zz, (25)

a dispersion relation is obtained as follows

TaAAA X cos” 0 {BMJI]
e(Alﬁq e+Qx cos” 9)
)+{Q1A2A3x(1+x)oos29} 0

AAAA, (1+X)+

1+in0

XAy (S ~Rify ) | SR

(26)
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where,
R a . o P, I’
= X=——,icj=——,R =——,k*= ,
R 2= =, d?
Q X Ta 5 S
:7,Y:7,T = 0=">"7, =,
A= =g A= =29 2
Da=2 .k, —keosd =[(1+x)+i oypE |
A |272,'2’ X Cos !AZ ( ) O-lpl 1 |»

Ai:{i:l{1+(1+i];20_1)}+|13{1+n(1+x)}+EA;(1+X) ,

A =[(1+x)+ioQE, |, A=[(1+X)+iaip, ,

d 4
R= 9or frd” (Darcy-Brinkman thermal Rayleigh
UKT
number)
gaspsd”
S ==—=— (Solute Rayleigh number)
UKg
244
Ta = 40 2d (Taylor’s number)
v
H’d?
e = (Chandrasekhar’s number)
4mpovr

Equation (26) is the required dispersion relation
accounting the effects of suspended particles,
horizontal magnetic field, horizontal rotation,
medium permeability and medium porosity on
thermosolutal instability of a couple-stress fluid
saturating a Brinkman porous medium.

4. THE STATIONARY STATE

In a stationary convection, the marginal state occurs
when o =0 (i.e. growth rate vanishes). Substituting
o =0in Eq. (26), the stationary Rayleigh number
R, in terms of various parameters and the square of

wave number X is obtained as

(1+x)°

e+ 28 1 +M
{2 o

€

+SxB

@~

Tax(1+x) cos? 0

f{e(lgx){n(wﬁ+Z“1](1+x)}+Q|xaos29} _

@7

The effect of various parameters on thermosolutal
convection can be realized analytically by evaluating

the following derivatives ﬁ,@,ﬁ,ﬁ, .
dTp dS de dB

RR R R

dQ; " dY; dDy dpP

Equation (27) yields
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dR; (1+X)2P00529 28)
ATy, | B efe(1+x)G +QPx cos’ 6}
ar_ (29)
ds,
Q, TaP(1+x)°G
2
R (1+x)eos’8] < [e(1+X)G+QPxcos”6)
de Be TaP(1+X)
Te{e(1+x)G+Q1F5(c0s29}
(30)
(1+x)zG +le (1+x )cos* @
dR, 1 ? )
__ 2.2
& - B, Ta X (1+x) cos™ @
€ {G(H_X)G+Q1X cos’ 9}
P
31
ﬁ_(1+x)m29 X TAlex(1+x)ooszq9 32
= 2
Q@  Be [e(1+X)G+QPxcos” 0]
ﬁz(ler)3 - TAIPZX(1+X)c0520 (33)
2
dr,  BRx {6(1+X)G +Q,Px cos’ 9}
dR, :(1+x)3 L TAIsz(l+x)cos29 (34)
D BPX He(iix)e +Q1P><cos26'}2
ﬁ:(l+X)ZG TAIX(1+X)GCOSZH 1 35)
P Bx {e(1+X)G+Q1Fb<00529}2 P2

DA1
€

where, G = {1 + [Yl +

%%

From the derivatives (28) - (35), it is clear that the
Taylor’s number and solute gradient rule out the
possibility of the onset of convection, whereas
suspended particles and medium porosity
accelerate the onset of convection. The magnetic
field, couple-stress and Darcy-Brinkman parameter
have stabilizing (or destabilizing) effect and the
medium permeability has a destabilizing (or
stabilizing) on thermosolutal instability if

2
[e(1+x)G +Q1Fb(cos29J >(or <)TA1P2x(1+x)00529
respectively. In the absence of rotation
(i ,e,TAl:()), magnetic field, couple-stress and

Darcy-Brinkman parameters always postpone the
onset of convection, whereas medium permeability
assures the destabilizing effect on the system. The
variation in Rayleigh number R; for the stationary
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state against various values of parameters such as
rotation, solute gradient, medium porosity,
suspended particles, magnetic field, couple-stress,
Brinkman number and medium permeability on
double-diffusive convection saturating a Brinkman

porous medium are depicted graphically in Figs. 1-
8, respectively for 6 = 45°.

—+— TA=1000 e
==4==TA=5000 &
300 —€— TA=10000
e TAZ0000 > o
--A-- TA=40000 AT

g

Rayleigh number R1

g

2408

o L I
0.5 1 15 2 25
wave number X

Fig. 1. Variations of R, with Xfor various

values of rotation parameter
Ty, (1000,5000,10000,20000, 40000) and

B =5,8=200,e=2,P=3Dp =20,Y; =20,

Q, =200, 0 = 45",

g
=

—+—SI=100

g

8
==

Rayleigh number R1

T T 1
05 1 15 2 25
wave number x

Fig. 2. Variations of R, with Xfor various

values of solute gradient parameter
S = (100, 200,300, 400,500) and
B =10,P =10,e=5Dp =251} =25Q, =200,

Ta, =10,000,0 = 45°.

5. PRINCIPLE OF EXCHANGE OF
STABILITIES

Here, the conditions have been derived, if any, under
which principle of exchange of stabilities (PES)

holds true and also the possibility of oscillatory
modes.
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—+— porosity=2
==#=- porosity=4
—©— porosity=6.
& porosity=3
=A== porosity=10

2701

Rayleigh number R1

05 1 15 2 25
wave number X

Fig. 3. Variations of R, with Xfor various
values of medium porosity = (2,4,6,8,10) and
B =5P =35 =200,Q =200,D,, =20,Y, =20,

Ta, =4000, 0 =45°.

Rayleigh number R1

05 1 15 2 25
wave number X

Fig. 4. Variations of R, with Xfor various
values of suspended particles B = (5,10,15,20,25)

and P=20,e=5Dp =25Y;=25Q =500T, =20,

000,S; =200, 6 = 45°.

585 T

—— Q=0
== Ql=4)
—6— Q=60
[ [=B- Q=80
== QI=100

&

=

o

Rayleigh number R1

1 15 2 25
wave number X

Fig. 5. Variations of R, with Xfor various

values of magnetic field
Q; =(20,40,60,80,100) and
B =10,e=2,P=20,Dp =20,Y; =20,Tp =10,

000,S, =500, 6 = 45°.
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5751 —+— couple-stress=3

==+=- couple-stress=5
—8— couple-stress=7
8 couple-stress=9 A
=-A-- couple-stress=11 -

g

Rayleigh number R1
@
L:d

&
&
I
/

S5~

wave number x

Fig. 6. Variations of R, with X for various values
of couple-stress parameter Y|(3,5,7,9,11) and
B =5,e=5,P =15,Dp =10,Tp =40,000,S, =500,

Q, =100, 6 = 45",

605 —+— Brinkman parameter=4
==#== Brinkman parameter=§
—6— Brinkman parameter=12
-+ Brinkman parameter=16
=-A=- Brinkman parameter=20

g

8

g

Rayleigh number R1

L L L
05 1 15 2 25
wave number x

Fig. 7. Variations of R, with Xfor various

values of Darcy-Brinkman parameter
D, (4.8,12,16,20) and B =3,e=2,P =15,Y; =5,

Ta, =20,000,S; =500,Q, =100, 6 = 45°.

5 I I L
05 1 15 2 25
wave number x

Fig. 8. Variations of R, with Xfor various
values of permeability P =(10,20,30,40,50)
and B =10,e=2,D5 =10,Y; =5Q =40,

Ta, =10,000,S; =500, 0 =45°.
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For this purpose, multiplying Eq. (18) by W * and
then integrated over the range of z. Using Egs. (19)-
(23) with the help of boundary conditions (24) gives

HZ[”UJQG)};HI]

+{(EY+DA)}|2_ gaTaz
R e Br b

1+70"
— (! +opEI
[B +2'10' ]( 3 ! 4)

gasa l+70"
I +aqE
st [ J ’ e )

bl e
" :

B+r0"

e €d?
4700 P2

loo +'10) (Palyo+112) =

477,00 )
(36)

Substituting, o = o, +io; in Eq. (36) and equating
real and imaginary parts leads to

1 f (1+'[10'r)

— 1+
{ 1+z'10'r )2+(110'i )2

2
| (|17d2|7)79;r‘r;

1+2'10'r )(B +710'r)+71 oj } PiEl4 gasa2

B +70, )2 + T120'i 2} Bsthi

Q

/,le S
(B +70 )2 +7%0] 2} 4mpy

lg— d? I“

{ 1+2'10'r B+110'r)+2'10', }qlEZ

(11-d%7) | fro?(n+d)
+
R e{(1+110r )2 +(r10i )2}

(eY+Dp)(I2+15) gogd’

€h Ao
{(1+110'r)(B +’[10'r)+’[120'i2}|3 +
B)pEil4
{(B + 110, )2+1120'iz}

rlaiz(l—

{(1 + 110y )(B +1107 )+ 1120'i 2} I+
. 710°(1-B)q,E,l 6

{(B +7,0, )2 +712‘7i 2}

gasa yeedz(

I, =1
Bt 47pop, 2o

(37
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and

f N gasra2

1+ I+
(terei (e | AP

m | =

{(1+rlar)(B+rlcrr)+z'12cr,2} PEl 4+7(B-])
(I3 +oipEls)
\(B+aci) 4o

{(1+05)(B+7i07) +7°65 | ol +

gaet | 4(B-1)(Is+agEs )

A {(B+f10r)2+fl2q2}

&, f(+2n5) Hae(|9+d2|11)

| [(1+Tl0r)2+(fla|)2| a2 ]

(3%)

4
T

where, the positive defined integrals |, —1,, are
defined below as

1= Jy([ow [ +a2w [z,

UDZW‘Z +a*W * +2a2|DW \z}iz,
Dol +a?(ef* iz, 1, = 1o k.
\D@‘Z +a2‘q)‘2}12, P :j;(‘q)‘z}jz,

(
(
(\Z‘Zﬁz, g :J‘;(\sz +a2‘z‘2)dz,
|

oK [ +a?[K [z,

2=y
Li

Jé
=l
o=,

o :J'OUDZK‘Z+a4\K\2+2a2\DK\2}12,

1 1
I :Jo(‘x ‘2}12, I, :IO(\DX ‘2 +a2‘X ‘2)12.

Equation (37) implies that either o, >0 or o, <0,

meaning that the modes of the system may be
unstable or stable, respectively. Thus, it is concluded
that the modes may be oscillatory or non-oscillatory.

Equation (38) implies that 0; may be either zero or

non-zero, which signifies that the modes may be non-
oscillatory or oscillatory, respectively.

In the absence of solute concentration (i €. ag =0),
Eq. (38) gives Eq. (39).

As the terms inside the bracket in Eq. (39) are
positive. So, 6; =0 which assures that the oscillatory

modes are not allowed and also confirms the validity
of the PES in the absence of solute concentration
gradient with the condition that B >1.

Hence, the oscillatory modes are dominant due to the
presence of solute concentration gradient &g only.
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1, gar?
ade

I+
1+
< 1+Tlo'r +(z01) }

{1+rlo'r B+z'10'r)+r1 }plEl 4+7(B-1)

(I3+apEll4)
{(B +70; )2 +f120'iz}

ﬁ . f (1+2z0;)

€ {(1+710'r )2+(z'10'i )2}

€
|7=4i200(|9+d2|“)

(39)
6. OVERSTABILITY CASE

Here, the possibility whether the observed
instability may actually be overstability has been
examined.

Rewriting Eq. (26) in the following form

{(14+x) +i oG Ep }{(1+X) +i oy py |

e(1+x)+|{(1+x)+iap, {(1+x) +i oG Ey | Qi
{(1+x)+io-1p1E1}

e

{(1+%) +i o Ep J{(1+%) +i o-lpz}2
Rx e [M] -QRix 2 cos? H[M]

I+ityo I+izy0;

[{(1+x)+i o} {(1+X) +icyps | [+ Sx €

iO'l +f7 4 T .
[e{l (l+i120'1)} G] (Els::fl}
{(1+x)+icrlplE}{(1+x)+ior1p2}2
QSx%cos 9[{(1+x +|o-1p1E1}{(1+x)+|<71p2}}

E"’l{ EEid
0+

[?ilrﬁl}r )+ioipy }{(1+X) +ioypE)}
+1 7,07
> X)+ioE, )

Qix (1+x)cos29+[Q12X2(HX)COS49]

(S

[{(1+x)+i alplEl}{(1+x)+i o-lqlEz}]Jr[W]

€

[{(1+X)+i crlplE]}{(1+x)+i olqlEz}{(1+X)+i U|p2}2}=0
(40)
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Equating the real and imaginary parts of Eq. (40)
gives

(6 ettt ~atfriat 1ot [0 -att ] |
(1+x) —201[{(1+f )G +oPLs +q“Lﬁﬂ[o-lL2—o-ﬁL3} c
(1+x)+[6" evarlly +o-14L6}[{(1+X)3 7o]2Ll}]Qx(1 x)e
cos0-Qx(1+X) eoosZH[al(m )+ (24 )mﬁﬂ
(oo oLy [-Rx &[G EMZLLJ[B(HXV —oi'Lg —0'14L9}
Rx [ (141 )+o-132'22}[0'1L10 oLy, —q5(r22p22q1E2)]—
QRX? s 1-+02; )[ (14%)° -y —oi'( pquEz)]
15x &[Gl et Ld[ (14X~ o |_14]—§x 2
[ai(1+f) +q3r22}[q|_15 ol —q5(122p1p22E1ﬂ+Q§,x2 2
00529(1+q22'22)[8(1+x)2—q2L17—0'14(122p1p2E1)}+Q1X(1+X)
ecoszé{GTe+0'12L18+0'14L19}[{(1+X)37q2L1}]QX(1+X)e
cos a[o-l (14 )+070, 2 (2+F ) 40z, }[qu—Ul3L3}+Q12X2
(1+x) ccos* ] 142075, o' }[{(1+X)2—0'12(p1q1E1E2)”+
Tax coos’ ] 142075, + ' }[{(fofquzoml“LﬂH:o
(41)
and
{(G* e+q2L4)2—0'12{r220'12 +14f )}2}[@2—0&_3} e(1+X)
20 [(1+) G oL +q4L6}]H(1+x)3—012L1}]e(1+x)
1QX(14+X) eccs” 6{GT etoil, +q4L6J[alL2 —q3L3}+Q1X
[a1(141) rer'e (2t )+q5124][{(1+x)3-oleH(Hx) c
co0-Rx 2] ' eng}[quo oy —qS(rfpfqlEZ”
R Z[(14+) +or'z; ][ (14x) ~oPLy—c3 Lg}ﬂaxzé
s’ 1407 )[qL22+q Ly —0; L24}+qu eZ[GT e LLJ
[quS —GI3L16—615(122p1p22E1)]+$X 2[ai(1+1)+0%
[B(1+x)3—q2L5 —q4L26}+(1+q2122)[a]L27 +orly QS
& s’ 9+le(1+x)[eT e+oPlig +q4L19:|[qL2 —q3L3} c
o5’ 0+Qx(1+X) eooszé{q (14 ) +or'n, 2 (24 )+q52'24}
[{(1+x)3 oL, ”+Q2x2 (14x) e 1420777+ |

(qL29) +T X ecos {l+2q 53 +q (%) :|[qL30—q L31}:0
(42)

where, the symbols G Tand L; —Ls; are defined as

o)t}

Ly ={(1+X)(P%E2 + PAEE, + Pi:Ey )}
L2:{(1+x)2(p2+q,E2+plEl)},L
2 _~t 2
L4:(r22 oy 12),L5{(r2 eGl+f 1z, )A ]
(1+f )+(z- 2eG')
Le=(r" G +f ,* ) Ly =(2n eGT+1 )0,
I_S_{sz(Hx){p2 +2q1E2}—{(1+x)3r22}]’
—2,(1+x)* (B ~1){2p, +GE,
Ly= [Tz P2 (1+x){py +20,E; ) + {P22Q15272(B—1)}]=
Lig=| (1+x)* {52 (1+X)(1-B) + B (2P, +GiE, )} |
(14+%) {220, (1-B) + 25,p,0,E, (1-B)}
f(pzz‘hEzB)*Tzz(”X)z{sz +0,E} ]
__(pquEzB)—{rzz(Hx)z}—]
;rz(B—l)(1+x){p2+q1E2} ’
_pZB(1+x){p2+2p1E1}—{(1+x)3122q
ey (1+x )} (B-1){2ps + PEL} ’

(
2
2203 (1%) (P + 20 + o B (B 1)

3 :(p1p20hElEz)7

(
)

Ly =

I~
©
|

Liz=

Lig=

[

Lis= [1+x 7,(1+x)(1-B)+B(2p, + pE )}]
7Py (1+x)(1-B){py +2pE} +
[ p1p2 EB 722 (1+x)*{2p, + PE 1}],

pp,EB) - 1+x)2}

Lz B-1)(1+x) p2+p1E1}]’
(2 2eGh+f 72) Lig= (2'2 EGT+ffz3)
(

Ly = 1+X Pz + PaiEE, +2P1P2E1+2P2Q1E2)]

GE; + Py +7,
(1+X)(1—B)H
) (1+x){p2+qlE2}+r2(1—B)

_{(1 +X )2 7’ - szlEzB}

Lo ={r2’ (1-B) POiEs .
_pZB(1+x){p2+2p1E1}—{(1+X)3122}]

ol PB)opnE]

Lag=| 7 Po(14) (P2 +2RE)} +{ P, "PEm(B-1) |

Loy =[ B(1+X){ piE; + Py +75(1+X)(1-B)} |

Ly =[722(1+X){ P +PE} | plpZEITZ(l_B)}J’

Loy =[(1+X)(GE> + PE) Lo ={(1+X)3{2p2 +q H

E,+pE

Ly =(pipasE, Ez) Lo —{B(HX){

Ly =| (1) 2PPAEE: + PPy E Py Esf |

(43)
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Eliminating Ri from Egs. (41) and (42) and assuming
012 =2Z , an eight degree polynomial in Zis obtained

as

0@28 +alz7 +0:226 +a325 +a424 +ogz3 +a622 +o4Z +0 =0
(44)

where,

o ={ pp 0 B € x(1+x)| (43)

and

o :[{GT €(1+x) +Qleoos2q 5 x(1+x)2(B —l)}
G2 & (1+x)+Q exoos29(1+x)(1+G%) 3
+Q12X200849+TAX(1+X)COS29 =
(i3 E6x(Hx)éB(plEl_pZ)JrGﬂe5x(1+x)7B(1+f ) ]
46" € (14x)'QBos’GIRE -y +G' €%
(1+X) QU Beos” G 1) +Q) X (1) B(1+
00529(6*_1)+GT2 & x*(1+x) B(pE, ~qEy) +2
G'QS € x}(1+x) B2 s’ A P, -G, +TaQ € X°
(14+x) Beos* @ pE; + ) +G € 33 (14x)° QB ocs* 6
’ (2pE,—p,)+Q* € x3(1+x)5(GTplE1—pz)B°054‘9+
2 x3(1+x)5qlEchos4H(GT —l) +GITy & x3(14x)°
PEBcs?0+GQ & x*(1+x) pEB s’ 0+Q7S &
x*(14%)* (B ~GEy) B2 st 0+Q2 € 33 (14x)° (14 )
Baos* 0+4Q° € x*(1+%) B’ O pE; —py ) +€ X

(14%)° (1 )Boos” 6] 26" €Q ~Ta (1+)]

) (46)

The coefficients oy, a,,03,04,05,0ganda;  are
quite large and also of trivial importance in
determining the overstability of the system. Since o

should be real for overstability to occur, therefore, all

the roots of Eq. (44) should be positive.
} ie.

positive and this has to be negative for the non-

From Eq. (44), the product of roots:[a8
A

happening of overstability. Sinceis always

positive as obvious from Eq. (45) and &g will be

negative if

B<LG'<l pE <p,, G'pE <p,,

. (47)
PiE; <aiE,, 2GT €Q) <Tp (1+x).
Thus, the aforementioned inequalities are the
sufficient conditions for the non-occurrence of
overstability, the violation of which does not assure
the possibility of overstable modes.
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7. CONCLUSION

The onset of double-diffusive convection in a
couple-stress porous fluid layer with the
presence of magnetic field, rotation and
suspended particles was analyzed analytically
using the linear stability theory. The Brinkman
model is employed for the momentum equation.
For the stationary state, it is found that the
stable solute gradient and rotational parameter
rule out the possibility of the onset of
convection, whereas suspended particles and
medium porosity accelerate the onset of
convection. For a rotating medium, the
magnetic field, medium permeability, couple-
stress and Darcy-Brinkman parameter have
dual effects, whereas for a non-rotating system,
the parameters like magnetic field, couple-
stress and Darcy-Brinkman have stabilizing
effects and medium permeability has a
destabilizing effect and these effects are also
depicted both analytically and graphically. The
principle of exchange of stabilities is found to
hold true in the absence of solute gradient
parameter forB>1. Hence, the oscillatory
modes are dominant due to the presence of

stable solute gradient parameter(as)only.

Also, the sufficient conditions for the non-
happening of overstability are obtained.
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