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ABSTRACT

The double diffusive convection in a horizontal couple stress fluid saturated anisotropic porous layer, which is heated
and salted from below in the presence of Soret and Dufour effects, is studied analytically using linear stability
analyses. The linear analysis is based on the usual normal mode technique. The modified Darcy equation that includes
the time derivative term is used to model the momentum equation. The critical Rayleigh number for stationary and
oscillatory modes and frequency of oscillations are obtained analytically using linear theory. The effects of anisotropy
parameter, solute Rayleigh number, Lewis number, Vadasz number, couple stress parameter, Soret and Dufour
parameter on the stationary and oscillatory Rayleigh number is shown graphically.
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1. INTRODUCTION

The problem of convection induced by temperature and concentration gradients or by concentration gradients of two
species, known as double diffusive convection. The problem of double-diffusive convection in porous media has
attracted considerable interest during the last few decades because of its wide range of applications, from the
solidification of binary mixtures to the migration of solutes in water-saturated soils. Other examples include
geophysical systems, electrochemistry and the migration of moisture through air contained in fibrous insulation. A
comprehensive review of the literature concerning double-diffusive natural convection in a fluid-saturated porous
medium may be found in the book by Ingham and Pop [7, 8], Nield and Bejan [18], Vafai [31, 32], and Vadasz [30].

In a system where two diffusing properties are present, instabilities can occur only if one of the components are
destabilizing. When heat and mass transfer occur simultaneously in a moving fluid, the relation between the fluxes and
the driving potentials are of more intricate in nature. It has been found that an energy flux can be generated not only by
temperature gradient but also by composition gradients as well. The energy flux caused by a composition gradient is
called the DuFour or diffusion-thermo effect. On the other hand, mass fluxes can also be created by temperature
gradients and this is the Soret or thermal-diffusion effect. If the cross-diffusion terms are included in the species
transport equations, then the situation will be quite different. Due to the cross-diffusion effects, each property gradient
has a significant influence on the flux of the other property.

There are many studies available on the effect of cross diffusions on the onset of double diffusive convection in a
porous medium (see e.g., Nield and Bejan [18]). Thermal convection in a binary fluid driven by the Soret and Dufour
effects has been investigated by Knobloch [10]. He has shown that equations are identical to the thermosolutal problem
except a relation between the thermal and solute Rayleigh numbers. The double-diffusive convection in a porous
medium in the presence of Soret and Dufour coefficients has been studied by Rudraiah and Malashetty [19] for a Darcy
porous medium using linear analysis, which was extended to include weak nonlinear analysis by Rudraiah and
Siddheshwar [20]. Recently, Mansour et al. [17] have investigated the multiplicity of solutions induced by
thermosolutal convection in a square porous cavity heated from below and subject to horizontal solute gradient in the
presence of Soret effect. More recently, Wang and Tan [33] have studied the stability analysis of Soret driven double
diffusive convection of Maxwell fluid in a porous medium. Malashetty and Biradar [15] have investigated the onset of
double diffusive convection in a binary Maxwell fluid saturated porous layer with cross diffusion effects.

It is well known that non-Newtonian fluids occur in a wide variety of industrial and natural flows, ranging from
polymer processing and construction of oil wells, processing of food stuffs to lava and mud flows. There exist different
types of non-Newtonian fluids. In particular, the theory of polar fluids has received wider attention in recent years
because the traditional Newtonian fluids cannot precisely describe the characteristics of the fluid flow involved therein.
These fluids deform and produce a spin field due to the microrotation of suspended particles forming micropolar fluid
developed by Eringen [2]. The micropolar fluids take care of local effects arising from microstructure and as well as the
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intrinsic motions of microfluidics. The spin field due to microrotation of freely suspended particles set up an anti-
symmetric stress, known as couple stress, and thus forming couple-stress fluid. Thus, couple-stress fluid, according to
Eringen [2], is a particular case of micropolar fluid when microrotation balances with the natural vorticity of the fluid.
The couple-stress fluid has distinct features, such as polar effects and whose microstructure is mechanically significant.
Besides, couple stresses are found to appear in noticeable magnitude in fluids with large molecules. For such a special
kind of non-Newtonian fluids, the constitutive equations are given by Stokes [24] and the theory proposed by him is the
simplest one for microfluids, which allows polar effects such as the presence of couple stress, body couples, and
nonsymmetric tensors.

Sharma and Thakur [21] investigated the thermal stability of an electrically conducting couple stress fluid saturated
porous layer in the presence of a magnetic field. They reported that the couple stress postponed the onset of stationary
convection. Sunil et al. [27] investigated the effect of suspended particles on double diffusive convection in a couple
stress fluid saturated porous medium. They reported that for the case of stationary convection, the stable solute gradient
and couple stress have stabilizing effects, whereas the suspended particles and medium permeability have destabilizing
effects. Siddheshwar and Pranesh [23] analytically studied linear and nonlinear convection in a couple stress fluid
layer. Recently, Shivakumara [22] have studied onset of convection in a couple stress fluid saturated porous medium
with nonuniform temperature gradients. Malashetty et al. [13] analyzed the double diffusive instability of a couple
stress fluid saturated porous layer using linear and weakly nonlinear theories. More recently, Malashetty and Premila
[16] studied the onset of double diffusive convection in a couple stress fluid saturated anisotropic porous layer using
linear and weakly nonlinear theories.

Anisotropy is generally a consequence of preferential orientation of asymmetric geometry of porous matrix or fibers
and is in fact encountered in numerous systems in industry and nature. Anisotropy is particularly important in a
geological context, since sedimentary rocks generally have a layered structure; the permeability in the vertical direction
is often much less than in the horizontal direction. Anisotropy can also be a characteristic of artificial porous materials
like pelleting used in chemical engineering process and fiber material used in insulating purpose. The review of
research on convective flow through anisotropic porous medium has been well documented by McKibbin [12] and
Storesletten [25, 26]. Castinel and Combarnous [1] have conducted an experimental and theoretical investigation on the
Rayleigh-Benard convection in an anisotropic porous medium. Tyvand and Storesletten [28] investigated the problem
concerning the onset of convection in an anisotropic porous layer in which the principal axes were obliquely oriented to
the gravity vector. Recently, many authors have studied the effect of anisotropy on the onset of convection in a porous
layer (Govender [5]; Gaikwad et al. [3, 4]; Malashetty and Swamy [14]).

In most of the studies on double-diffusive convection, the Dufour (diffusion-thermo) and Soret (thermal-diffusion)
effects were ignored on the basis that these are of smaller magnitude compared with the effects described by Fourier
and Fick’s laws. It is, however, known that there are exceptions when Dufour and Soret effects cannot be ignored; (see,
for instance, Kafoussias and Williams [9] and references therein). Further, the effect of cross diffusions on the onset of
double diffusive convection in a couple stress fluid saturated anisotropic porous layer is not available. The intent of the
present paper is therefore to study the onset of double diffusive convection in a couple stress fluid saturated anisotropic
porous layer in the presence of soret and dufour effects.

2. MATHEMATICAL FORMULATION

Here, we consider an infinite horizontal couple stress fluid saturated porous layer confined between the planes
z=0and z = d, with the vertically downward gravity force ¢ acting on it. A Cartesian frame of reference is chosen

with the origin in the lower boundary and the z-axis vertically upwards. A uniform adverse temperature difference AT
and a stabilizing concentration difference AS are maintained between the lower and upper boundaries. The porous
medium is assumed to possess isotropy in the horizontal plane in mechanical property. The Darcy model with time
derivative is employed for the momentum equation and both the cross-diffusion terms are included in the temperature
and concentration equations. With these assumptions, the basic governing equations are:

V-q=0, 1)
0
%[G—?Hq-v)qj=—Vp+pg—(u—ucV2)qa, @
oT 2 2
}/E+(Q-V)T=K11VT+K‘12V S, ®)
0S 2 2
85+(Q‘V)S =KV T +K,V'S, @
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p=poL=Fr (T =To)+ B (S =Sp)), ©®)

where  is the Darcy velocity vector, P is the pressure, ¢ is the acceleration due to gravity, g is the viscosity, T is
(PO

f
of the fluid and (pC),, =(1—¢)(pcC), +&(pC), is the volumetric heat capacity of the saturated medium as a

the temperature, S is the concentration, & is the porosity. ¥ = , Where (,oc)f is the volumetric heat capacity

whole, with the subscripts f, S, and m denoting the properties of the fluid, solid, and porous matrix, respectively.
K, and K, are effective thermal diffusivity and solutal diffusivity of the medium, «;,and x,, are the Dufour and

Soret coefficients. Further, B; and [ are the thermal and solutal expansion coefficients in the medium.
2.1 Basic State
The basic state of the fluid is assumed to be quiescent and is given by
d, =(0,0,0), p=p,(2), T =T,(2), S=5, (Z)' P =py(2). (6)
Using Esg. (6), Egs. (1) — (5) yields

d d’T, ,d’S
%:_pb ’ d22b :O’dTZbZOl Py = Pod= B (T, —To) + B5 (S, = Sp)) . ()

with boundary conditions

T=T,+AT and S=S,+AS at z=0, (8)
T=T,and S=S, at z=d. ©)

The steady state solutions are given as
YA YA
T,(2) =T, + AT (l—a} Sb(z)=SO+AS(1—Ej. (10)

2.2 Perturbed State

On the basic state, we superpose small perturbations in the form
g=0,+q9, T=T,+T,S=S,+S,p=p,+p,p=p,+0" (11)

where the primes indicate perturbations. Substituting Eq. (11) into Egs. (1)- (5), using the basic state solutions (10), we
obtain the equations governing the perturbations in the form

vV-q' =0, (12)
%%—Tz—Vp'+pog(ﬂTT’—ﬁsS')—(ﬂ—ucvz)q;. (13)
7%+(q’-V)T’—W'Ad—T:K11V2T'+K12VZS', (14)
gaa—sl'_’+(q'-V)S’—W'Ad—S:K21V2T'+K22V28'. (15)

By operating curl twice on Eq. (13), we eliminate p’ from it, and then render the resulting equation, and the Egs. (14)
and (15) dimensionless using the following transformations:
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. yd?
Ky

T'=(AT)T", $'=(AS)S", (16)

(x,y,2)=(x",y,z)d, t=t

, (U v, w) =%(u*,v*,w*),

to obtain non-dimensional equations as (on dropping the asterisks for simplicity),

2 2 2
L Oge, 6—2+8—2+16—2 (1-CV?) |[w—-Ra, VT +Ra,V:S =0, (17)
| yVa ot ox~ oy- ¢&oz
a 2 2
—-V JT—DfV S—-w=0, (18)
ot
gng—ivsz—SrVZT—w:O, (19)
ot Le
2
where RaT='BTLTdKZ, Ras=ﬂ5gASdKz, C= ’ucz, Val=ng , Le=&, gzﬁ,
VKn VK ud Ky K, K2 K,
gnzf, szl(‘leS, r_1<21AT
y K, K, AS

The dimensionless groups that appear are thermal Rayleigh number Ra , solute Rayleigh number Ray , couple-stress
parameter C, Vadasz number Va, the Lewis number Le, mechanical anisotropy parameter &, the normalized

porosity &, the Dufour parameter D, and the Soret parameter S, . It is worth mentioning here that the Vadasz

_ 1% K, _ _
number Va includes the Prandtl number Pr = —, Darcy number Da = —- and porosity & of the porous medium,
Kn

EPr
that is Va = D— The Prandtl number affects the stability of the porous system through the combined dimensionless
a

group known as Vadasz number. The Vadasz number is also known as Darcy-Prandtl number in the literature. For
detailed discussion on this dimensionless group one can refer to the excellent study of Vadasz [29].

Equations (17)—(19) are to be solved for impermeable, isothermal and isosolutal boundaries. Hence the boundary
conditions for the perturbation variables are given by

w=T=S=0 atz=0,1. (20)
3. LINEAR STABILITY ANALYSIS
In this section, we predict the thresholds of both marginal and oscillatory convections using linear theory. The eigen

value problem defined by Eqgs. (17)- (19) subject to the boundary conditions (20) is solved using the time dependent
periodic disturbances in a horizontal plane. We assume that the amplitudes are small enough and can be expressed as

w W (z2)
T |=| O(z) |exp[i(Ix+my)+wt], (21)
S D(z)

where |, m are the wavenumbers in the horizontal plane and @ is the growth rate. Substituting Eq. (21) into Egs.
(17)- (19), we obtain

2
{%(D2 —a2)+[%—a2j(l—C(D2 —az))}w +a’Ra,®-a’Ra,® =0, (22)
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W +(D*-a*-w)®+D, (D*-a*)® =0, (23)

W +S, (D —a2)®+(é(D2 —az)—gna)jCD _0, 24)

d
where D=— and a® =1° + m?.
dz

The boundary conditions (20) now read
W=0=0=0at z=0,1. (25)

We assume the solutions of Eqgs. (22)- (24) in the form

W (z) Wo
0(z) |=| O, |sinnzz, (n=1,2,3,...) (26)
D(z) D,

which satisfy the boundary conditions (25). The most unstable mode corresponds to N =1 (fundamental mode).
Therefore, substituting Eq. (26) with n =1 into Egs. (22)- (24), we obtain a matrix equation of the form

S*oVat+8/(1+Cs%)  -a’Ra, a’Ra, W, 0
1 — (6% + w) -D,s° 0, [=]0|. 27)
1 ~§,6° —(6%Le + ¢, 0) \Py) \O

For the nontrivial solution of the above matrix equation (27), we require
Ra. = S2oVa™t +52(1+Cs?) [ (8 +w)(6° +¢,Lew) - D, S, Les*
T a’ 52(1-D,Le)+¢, Lew
2 f—
+ = oU-S)+o RagLe, (28)
0°(1-D,;Le)+¢,Lew

where 8°=7z%+a’, and 512 = ﬂzf’l +a’. The growth rate @ is in general a complex quantity such
thatw = @, + 1w, . The system with @, < 0 is always stable, while for @, > 0, it will become unstable. For neutral

stability state @, = 0.
3.1 Stationary State

For the validity of principle of exchange of stabilities (i.e., steady case), we have o = 0 (i.e., ®, =@, = 0) at the margin
of stability. Then, Eq. (28) gives the Rayleigh number at which marginally steady mode exists is given by

Ra’ =

(z° +a%)(x*E +a%)[1+C(x° +a%)](1-D, S, Le) 1-5S
> + — |RagLe. (29)
a“(1-D,Le) 1-D,Le

The minimum value of the Rayleigh number RaTSI occurs at the critical wavenumbera =a_', where aft =Jx

C ’
satisfies the equation

x3(2CE) + X2 (€ +Ca(1+28)) -z (1+Cx?) =0. (30)
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In the absence of Soret and Dufour effects, the stationary Rayleigh number given by Eq. (29) reduces to

(7? +a)(r*E "t +a°)[1+C(x* +a%)]
aZ

Ra’ = +RagLe. (31)

This result coincides with the results of Malashetty and Premila [16].

For an isotropic porous medium, that is when & =1, Eq. (31) gives

Ra’ :%(ﬂ2 +a°)’[L+C(x* +a%)]+RagLe, (32)

the result given by Malashetty et al. [13] for the onset of double diffusive convection for stationary mode in a couple
stress fluid saturated isotropic porous medium. Further, in the absence of couple stresses, that is C = 0, the Eq. (32)
reduces to

Ra> :iz(yz2 +a’)* +RagLe. (33)
a

This is the classical result for double diffusive convection in a porous medium for the stationary mode (Nield and Bejan
[18]). For single component couple stress fluid saturated porous medium, Rag = 0, the stationary Rayleigh number
given by Eq. (31) reduces to

1
RafE?(;zz +a®) (7t +a’)[1+C(x* +a%)]. (34)
When C =0, i.e., in the absence of couple stresses, Eq. (34) reduces to
1 _
RaTSt:?(yz2 +a’)(r’&t+ad), (35)

the result given by Storesletten [25] for the case of single component fluid saturated anisotropic porous layer. Further,
for an isotropic porous medium, & =1, the above Eq. (35) reduces to

(7% +a%)*
2 H

RaSt —
T a

(36)

which has the critical value RaTst =47?, for acSt = ;¢ obtained by Horton and Rogers [6], and Lapwood [11].

3.2 Oscillatory State

For overstable convection we allow for the possibility of oscillatory motion, and therefore, @ is represented in the
form w =w, + ia)i . At the marginal stability state @, =0. Therefore, we now set @ = ia)i in Eq. (28) and clear the
complex quantities from the denominator to obtain

Ra, = A, +iwA,. @37)

Since Ra; is a physical quantity, it must be real. Hence, from Eq. (37) it follows that either @, = 0 (steady onset) or

A, =0 (w, # 0, oscillatory onset).

For oscillatory onset A, = 0 (@, # 0) and this gives an expression for frequency of oscillations in the form (on
dropping the subscript i)

© 2012, IIMA. All Rights Reserved 2718



S. N. Gaikwad* & Dhanraj M. / The Onset of Double Diffusive Convection in a Couple Stress Fluid Saturated Anisotropic Porous
Layer with Cross-Diffusion Effects/ IIMA- 3(7), July-2012, Page: 2713-2727

5°(1-D,Le)(-1+D,LeS,)-a’LeRaVas*(1- D, Le+Le(-1+S,)¢,) -

, Vas*(1+Cs%)(1+ D, Le(-1+ Le(-1+S,)¢,)) 5! 38)
w = '
Le?s, (6% (D +¢,) +Va@l+Co?)e,8;

Now Eq. (37) with A, =0 gives

a’LeRaVa((-1+ D, Le)(-1+S,)5* + Leg,0”) —6°(1+ D, Le(—-1+ Le(-1+S,)¢, ) o*
— Le?5%? " +Vads?(1+Co%)((-1+ D, Le)(~1+ D, LeS,)5* + Le’e, (D, +&,)a?)5?)
a’Va((-1+D,Le)’5* + Le’s’ »°)

Ra>™ = . (39)

The analytical expression for oscillatory Rayleigh number given by Eq. (39) is minimized with respect to the
wavenumber numerically, after substituting for o’ (> 0) from Eq. (38), for various values of physical parameters in
order to know their effects on the onset of oscillatory convection.

4. RESULT AND DISCUSSION

The onset of double diffusive convection in a couple stress fluid saturated anisotropic porous layer with cross diffusion
effects is investigated analytically using the linear theories. In the linear stability theory the expressions for the
stationary and oscillatory Rayleigh number are obtained analytically along with the expression for frequency of
oscillation.

The neutral stability curves in the (RaT ,a) plane for various parameter values are as shown in Figs.1-8. We fixed the
values for the parameters as & =0.2, C=0.3, ¢, =0.4, Ra; =100, Le =20, Va =10, D, =0.005, and

S, =0.05 except the varying parameter. From these figures it is clear that the neutral curves are connected in a
topological sense. This connectedness allows the linear stability criteria to be expressed in terms of the critical Rayleigh
number, Ra,. , below which the system is stable and unstable above.

Fig.1 shows the neutral stability curves for different values of mechanical anisotropy parameter & and for fixed values

of other parameters. We observed that increasing of the mechanical anisotropy parameter & decreases the minimum of
the Rayleigh number for both stationary and oscillatory state, indicating that, the effect of increasing mechanical
anisotropy parameter & is to advance the onset of stationary and oscillatory convection. Further, we find that the

minimum of Rayleigh number shift towards the smaller values of the wavenumber with increasing mechanical
anisotropy parameter. This indicates that the cell width increases with increasing mechanical anisotropy parameter.

Fig. 2 shows the neutral stability curves for different values of the couple stress parameter C and for fixed values of
£=0.2, g, =04, Rag =100, Le =20, Va=10, D; =0.005, and S, =0.05. We observe from this figure

that the minimum value of the Rayleigh number for both stationary and oscillatory modes increases with an increase in
the value of the couple stress parameter C , indicating that the effect of the couple stress parameter is to stabilize the
system.

Fig. 3(a) shows the marginal stability curves for stationary mode for different values of Lewis number Le are drawn.
We find that the increase in the value of Lewis number increases the critical Rayleigh number for stationary mode. Fig.

3(b) shows the marginal stability curves for oscillatory mode for different values of Lewis number Le . We find that an
increase in the value of Lewis number decreases the critical Rayleigh number for oscillatory mode. Therefore, the

effect of Le is to advance the onset of oscillatory convection, whereas its effect is to inhibit the stationary onset.
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The effect of the Vadasz number Va on the oscillatory neutral curves for the fixed values of other parameters is shown
in Fig. 4. We find that increasing VVadasz number increases the oscillatory Rayleigh number, indicating that the increase
of Vadasz number is to enhance the stability of the system.

Fig.5 shows the neutral stability curves for different values of solute Rayleigh number Rag and for fixed values of
other parameters. We find from this figure that the minimum value of the Rayleigh number for both stationary and
oscillatory modes increases with an increase in the values of solute Rayleigh number Ray , indicating that the effect of
solute Rayleigh number is to stabilize the system.

Fig. 6(a) shows the neutral stability curves for stationary mode for different values of Dufour parameter D, and for

fixed values of other parameters. We find that the stationary Rayleigh number increases with an increase in the value of
the Dufour parameter, indicating that the effect of Dufour parameter is to enhance the stability of the system. Fig. 6(b)
shows the neutral stability curves for oscillatory mode for different values of Dufour parameter D, and for fixed

values of other parameters. We observe that the oscillatory Rayleigh number decreases with increasing the value of the
Dufour parameter, indicating that Dufour coefficient advances the oscillatory convection.

In Fig. 7(a), the marginal stability curves for stationary mode for different values of Soret parameter S, and for fixed

values of other parameters are drawn. We observe that with an increase in the negative Soret parameter, the stationary
Rayleigh number increases indicating that the negative Soret parameter stabilizes the system. On the other hand, for
positive Soret parameter, the minimum of the stationary Rayleigh number decreases with an increase of the Soret
parameter, indicating that the positive Soret parameter destabilizes the system. Fig. 7(b) shows the marginal stability

curves for oscillatory mode for different values of Soret parameter S, and for fixed values of other parameters. We find

that with an increase in the negative Soret parameter, the oscillatory Rayleigh number decreases indicating that the
negative Soret parameter destabilizes the system. On the other hand, for positive Soret parameter, the minimum of the
oscillatory Rayleigh number increases with an increase of the Soret number, indicating that the positive Soret
coefficient has a stabilizing effect.

Fig.8 shows the marginal stability curves for different values of normalized porosity parameter &, and for fixed values

of other parameters. We observe that the effect of increasing the normalized porosity parameter decreases the minimum
of the Rayleigh number, indicating that the effect of normalized porosity parameter is to advance the onset of double

diffusive convection. Further, it is important to note that the effect of normalized porosity is significant for small &, .

The detailed behavior of stationary and oscillatory critical Rayleigh number with respect to the solute Rayleigh number
is analyzed in the (Ra; ), — Rag plane through Figs. 9-15.

The variation of the critical Rayleigh number for both stationary and oscillatory modes with the solute Rayleigh
number for different values of mechanical anisotropy parameter & and for fixed values of other parameters is shown in
fig. 9. We find from this figure that the critical Rayleigh number for both stationary and oscillatory modes decreases
with increasing mechanical anisotropy parameter & indicating that the effect of mechanical anisotropy parameter is to
advance the onset of stationary and oscillatory convection.

Fig. 10 shows the variation of the critical Rayleigh number for both stationary and oscillatory Rayleigh number for
different values of the couple stress parameter C and for fixed values of other parameters. We observe that the critical

Rayleigh number for both stationary and oscillatory modes increases with increasing couple stress parameter C
indicating that the couple stress parameter stabilizes the system.

In fig. 11(a), the variation of critical stationary Rayleigh number(RaTSt)c with solute Rayleigh number Rag for

different values of Lewis number Le for fixed values of other parameters is shown. The critical Rayleigh number
increases with increasing Le, indicating that the effect of Lewis number is to stabilize the system in the stationary

mode. On the other hand, Fig. 11(b) shows the variation of critical Rayleigh number for the oscillatory mode (Ra?sc)C
with solute Rayleigh number Rag for different values of Lewis number Le. We observe that the critical Rayleigh
number decreases with increasing Lewis number Le, indicating that the effect of Lewis number is to destabilize the
system in the oscillatory mode.
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Fig. 12 shows the varitation of critical Rayleigh number with solute Rayleigh number for the oscillatory mode for
different values of Vadasz number. We observe that the critical oscillatory Rayleigh number increases with an increase

in the value of Vadasz numberVa, indicating that the Vadasz number inhibit the onset of oscillatory convection.

Fig. 13(a) shows the variation of critical stationary Rayleigh number (RaTSt)C with solute Rayleigh number Rag for
different values of Dufour parameter D, . We find that critical stationary Rayleigh number increases with an increase
of D, . Thus, the effect of Dufour parameter is to enhance the stability of the system. Fig. 13(b) shows the variation of
(Ra?sc)C with Rag for different values of Dufour parameter D . We find that critical oscillatory Rayleigh number

decreases with an increase of D, indicating that the effect of Dufour parameter is to advance the onset of oscillatory
convection.

Fig. 14(a) shows the variation of (RaTSt)C with Rag for different values of Soret parameter S, and for fixed values of
other parameters. We find that the negative Soret coefficient has a stabilizing effect, and on the other hand, the positive

Soret coefficient has destabilizing effect. Fig. 14(b) shows the variation of (RaTOSC)CWith Rag for different values of

Soret parameter S, is drawn. We observe that the negative Soret coefficient has destabilizing effect, and on the other
hand, the positive Soret coefficient has a stabilizing effect.

The effect of normalized porosity parameter &, on the critical oscillatory Rayleigh number (Ra?sc)C and for fixed
values of other parameters is shown in Fig. 15. We observe that the critical oscillatory Rayleigh number decreases with
increasing normalized porosity parameter. Thus, the effect of normalized porosity parameter &, is to destabilize the
system.

5. CONCLUSIONS

The onset of double diffusive convection in a couple stress fluid saturated anisotropic porous layer in the presence of
Soret and Dufour effects, is studied analytically using linear stability analysis. The modified Darcy model that includes
the time derivative term is used for the momentum equation. The effects of anisotropy parameter, solute Rayleigh
number, Lewis number, Vadasz number, couple stress parameter, Soret and Dufour parameters on the stationary and
oscillatory convection are shown graphically. The following conclusions are drawn:

1. The effect of increasing the mechanical anisotropy parameter is to advance the onset of both stationary and
oscillatory convection.

2. The effect of couple stress parameter is to delay, both stationary and oscillatory convection.

3. The Lewis number has a stabilizing effect in the case of stationary convection while it has destabilizing effect in
the case of the oscillatory convection.

4. The Vadasz number enhances the onset of oscillatory convection indicating that it has a stabilizing effect.
5. The solute Rayleigh number has a stabilizing effect on both stationary and oscillatory modes.

6. The Dufour parameter stabilizes the system in the stationary mode, while it destabilizes the system in the oscillatory
mode.

7. The negative Soret parameter stabilizes the system and positive Soret parameter destabilizes the system in the
stationary convection, while in the oscillatory convection the negative Soret coefficient destabilize the system and
positive Soret coefficient stabilizes the system.

8. The normalized porosity parameter has a destabilizing effect in the case of oscillatory mode.
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