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Abstract — An analytical method is carried out to investigate
linear stability analysis of convection in a rotating anisotropic
porous layer heated from below. For the accurate modeling
of the anisotropic porous matrix, both mechanical anisotropy
about the rotating axis in the wvertical direction and
hydrodynamical anisotropy prevailing in the horizontal plane
whose principal axes oriented in a direction non-coincident
with the gravity force are considered. On the basis of the
generalized Darcy’s law and the modified Darcy-Maxwell-
Jeffrey model employed to take into account the properties of
the viscoelastic fluid saturating the porous matrix and to
include the time derivate and Coriolis terms, the linear
stability theory related to the normal mode method has been
followed to conduct this analysis. Moreover, the criteria for
both stationary and oscillatory convection is derived
analytically. The rotation inhibits the onset of convection in
both stationary and oscillatory modes. It has been
demonstrated that each physical parameter involved in the
present analysis has an important effect on the system.
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. INTRODUCTION

Over the past years, interest in fundamental studies of thermal
convection in porous media has significantly increased due to
its presence in diverse engineering applications in fields such
as thermal insulation technology, pebble bed nuclear reactors,
cooling of electronic equipment and binary alloy
solidification. The study of the effect of external rotation on
thermal convection has attracted significant experimental and
theoretical interest. Some of the important areas of its pratical
applications in engineering include the food processing,
chemical process, solidification and centrifugal casting of
metals and rotating machinery. Because of its general
occurrence in geophysical and oceanic flows, it is important
to understand how the Coriolis force influences the structure
and transport properties of thermal convection. Rotation
thermal convection also provides a system to study
hydrodynamic instabilities, pattern formation and spatio-
temporal chaos in nonlinear dynamical systems. Further
detailed discussions of applications of natural convection in
porous media and in particular rotating porous media are
presented by Nield and Bejan [1] and Bejan [2]. Previous
research of natural convection due to thermal buoyancy
resulting from the centrifugal body force (while gravity was
neglected) deal with cases of different orientation of the
centrifugal force with respect to the temperature gradient.
Vadasz [3] presented analytical solutions to the three
dimensional natural convection problem in a long rotating

porous box (where the centrifugal force was perpendicular to
the temperature gradient) whilst Vadasz [4] presented the
stability of centrifugally driven natural convection for porous
layers adjacent the axis of rotation. The Coriolis effect on the
stability of gravity driven convection in porous media was
undertaken by Vadasz [5], and it is shown that the Taylor
number stabilises the convection. A nonlinear stability
analysis was performed for thermal convection in a rotating
fluid saturated porous layer using energy stability theory by
Straughan [6]. It was reported that the global nonlinear
stability Rayleigh number is exactely the same as that for
linear instability and for the rotating porous convection
problem governed by Darcy equation, subcritical instabilities
are not possible. The effect of Coriolis force on the
centrifugally driven convection in a rotating porous layer was
analyzed by Govender [7]. The marginal stability criterion
was established as a characteristic centrifugal Rayleigh
number in terms of the wavenumber and the Taylor number.

Moreover, on the one hand, the study of convective
flows in a rotating porous medium saturated with viscoelastic
fluid has received a very little attention, despite its
importance in many fields such as geophysics, petroleum
production and centrifugal casting of metals. Further the
study of such problems will be very helpful in understanding
the effect of rotation on the earth’s core, where the molten
fluid is viscoelastic, which can become unstable on
differential heating, and in the performance of petroleum
reservoirs. To the best of authors’s knowledge only Laroze et
al. [8] have investigated this problem of viscoelastic flow in
a rotating porous medium and obtained the convective
thresholds for the case of rigid-rigid boundary conditions.
Due to various applications in engineering like enhanced oil
recovery, ceramic processing and geothermal receivers come
in contact with non-Newtonian fluid in porous media. The
increasing attention given to this topic, there exit no simple
model have been used to study the non-Newtonian fluids in
porous media. Rudraiah et al. [9] and Bertal and Cafaro [10],
used a Maxwell Jeffrey model to investigate a viscoelastic
fluid in a porous layer heated from below. Tan and Masuka
[11] proposed a Darcy-Maxwell-Jeffrey model by
introducing a flow resistance term to overcome the
disavantage encountered in the modified Darcy-Maxwell-
Jeffrey model.

On the other hand, in all the above studies the porous
media were assumed to be isotropic whereas, in several
applications, the porous materials are anisotropic. The
inclusion of more physical realism in the matrix properties of
the porous medium is important for the accurate modeling of
the anisotropic media. Anisotropy, which is generally a
consequence of a preferential orientation or asymmetric
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geometry of the grain or fibers, is in fact encountered in
numerous systems in industry and nature. Despite this fact,
natural convection in such anisotropic porous media has
received relatively little attention. Only few studies have been
reported on convection in an anisotropic porous medium
uniformly heated from below. The review of research on
convective flow through anisotropic porous media has been
well documented by McKibbin [12,13] and Storesletten
[14,15]. The effects of an anisotropic permeability on thermal
convection in a porous medium began with the investigation
of Castinel and Combarnous [16], concerning the onset of
motion in a horizontal layer heated from below, and
continued with the works of Epherre [17], Kvernvold and
Tyvand [18] and Nilsen and Storesletten [19]. Natural
convection within enclosures heated from the side was
investigated by Kimura et al. [20] and Ni and Beckermann
[21], for the case when one of the principal axes of anisotropy
of permeability is aligned with gravity and by Zhang [22],
Degan et al. [23] and Degan and Vasseur [24] when the
principal axes are inclined with respect to gravity. It was
demonstrated by these authors that the effects of the
anisotropy considerably modify the convective heat transfer.
Recently, Malashetty and Swamy [25] have examined the
combined effect of rotation and anisotropy on onset of
convection in a horizontal porous layer using linear stability
theory and a weak nonlinear theory. It was found that the
effect of mechanical anisotropy is to allow the onset of
oscillatory convection instead - of stationary. Linear and
nonlinear thermal instability in a rotating anisotropic
medium, saturated with viscoelastic fluid, has been
investigated for free-free surfaces by Kumar and Bhadauria
[26]. The critera for both stationary and oscillatory
convection were derived analytically.

The objective of the present investigation is to study
the combined effect of the relaxation time and retardation
time of the viscoelastic fluid, the rotation of the system and
the anisotropic parameters of the porous matrix on thermal
instability of heat transfer in an open-top anisotropic rotating
porous layer saturated by a viscoelastic fluid. The porous
medium is anisotropic in permeability in the vertical direction
about the rotating z-axis and in the horizontal plane with its
principal axes oriented in a direction that is oblique to the
gravity vector.

Il. MATHEMATICAL FORMULATION

We consider here the problem of thermal instabilty of
viscoelastic fluids saturated horizontal rotating porous cavity
caracterized by an anisotropic permeability (see Fig. 1). The
porous layer is confined between two parallel horizontal
planes at z = 0 and z = H, the height of the cavity. The
planes are extended horizontally in x and y directions and are
rigid-free. A cartesian frame of reference is chosen in such a
way that the origin lies on the lower plane and the z-axis as
vertical upward. The system is rotating about z-axis with a
constant angular velocity Q. Adverse temperature gradients
is applied across the porous cavity and the lower and upper
are kept at temperatures Ty and Tc, respectively, with Ty =

T + AT . The anisotropy of the porous medium is
characterized firstly, in the horizontal plane (Oxy) by the
anisotropy ratio K* = K; /K, and the orientation anisotropy

angle 0, defined as the angle between the horizontal direction
and the principal axis with the permeability K2, and secondly,
in the vertical direction Oz by the anisotropy ratio, { =
K, /K5, being the permeability along z-axis.

In order to derive the governing equations of fluid
motion and energy transport, the following assumptions are
made. It is assumed that the fluid and the porous medium are
everywhere in local thermodynamic equilibrium. The
saturating fuid is viscoelastic, and its motion through the
porous medium obeys the model Darcy-Maxwell-Jeffrey and
the generalized Darcy’s law proposed by Bear [27] to take
into account the anisotropy of the porous matrix. The
thermophysical properties of the fluid are assumed constant,
except for the density in the buoyancy term in the momentum
equation (i.e., the Boussinesq approximation is valid).

Under the above approximations the equations
governing the conservation of mass, momentum, and energy
can be written as follows [11,27]

V.V =0 (1)
o\ (00 OV 00— — ~ 9\ -
(”’hﬁ){FEJrF(QAV)} +u(K) 1(1 +/12&)V
Y, =
= (1+25;) (Fv+p3) @
T — . -
o+ V. (VT —aVT) =0 3)
p=0ol1—B(T—Ty)] 4)

In the above equations, V is the superficial flow
velocity, T the temperature, t the time, % the density, g the
gravitational acceleration, p the dynamic viscosity, 8 the
coefficient of thermal expansion of the saturating fluid, o the
heat capacity ratio,((pc),/(pc)s), 4, the relaxation time, 1.
the retardation time and ¢ the porosity. The symmetrical
three-order inverse permeability tensor (K)~? is defined as

_— 1
K)™ 1Ifg | (5)
T =—]c
K.|l-— =
"7 7 0‘
0 0 1
where

a = cos?p + K*sin%g
a = sin’¢ + K*cos?¢

1
c :E(l + K*) sin2¢

K, (6)
K*=—

K,
(=

3

At the basic state, the fluid is assumed to be quiescent,
therefore the quantities at the basic state are given by
Vb = (0 '0 !0) !p = pb(z)!
T = Ty(2) and p = 0,(2)(7)
Then at the basic state, governing equations, Egs. (2) -(4), are
dpy d’T, 8
P ST = ®
where with T, = Ty — (A?T)z
At this basic state, one can impose a small perturbation in the
form

V=V, +V, T=T,(2)+T,
p=rp,(2)+p, p=0,@+ p" (9
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where the primes indicate the perturbation state. Substituting
Eqg. (9) into Egs. (1)-(4)

using the basic state equations (8) and the following
transformations

* kK (x,’ y,'Z’) * a ’
[ b
{ ( * * *)_ ( ! ! I)H T*_ T’ (10)
ut,v,w) = (W, v, w o = AT

* K3 12 * * a
b = IEP , (4520 = (/11'/12)m
we obtain the dimensionless governing equations, as follows

V.V =0 (11)
LoN( 1 oV =
(1 th at*) {PrD o Ta(TAV" )}
0\ -
K, (K)™?t (1 A" )V*
+ K5(K) a"‘ 2 3
=(1+2 —) Vp*
( t v 5e) (VP
—RaT"k) (12)
a I —.
(at* + V*.V)T* —w* = VT (13)
where PrD = 6P r/Da is the Vadasz number,

Da = K; /H? the Darcy number, T, = (291{3)2 the Taylor

number, Ra = K3;gBpo,ATH/(ua) the Raylelgh number
based on-the permeability in-the vertical direction, Pr =
u/(eo) the Prandtl number, v = u/g, Iisthe kinematic
viscosity and K is the unit vector on the z-axis.

The hydrodynamical and thermal boundary
conditions considered here are

Z*=0: w* =0, T 1 (14)

et 29 g T* =0 (15

=1 : 517 = 0 =0 (15)

7*=0,A : =0 aT*—O 16

- Y = u =y, ax* - ( )

where A = L/H is the aspect ratio of the cavity.
Eliminating the pressure term from Eq. (12) by applying curl
on it, one can have

aN( 1 0 av® d\ -
1+, ) — T (1 A )
( T4 o {PrD o “<az*>} T 50 )¢
—(1+,1* a)R (aT**
- 1) " Gyt
aT**) 17
dx* a7

where w = VAV* denotes the vorticity vector, 7 is

the unit vector on x-axis, j the unit vector on y-axis, and (j =
(Q1, Q2 Q3) is such that

_ dw* cou* baov* 18
1 dy* {0z (0z* (18a)
_ (6w* aou” 4 c 617*) 18b
Q2 dx* (dz* (0z* ( )
_ 1( w” ou” ou” N av*) 18
Qs = ¢\ 0x* Cax* aay* aaz* (18a)

Following Vadasz [5] and Kumar and Bhadauria
[26], in most of the traditional porous media applications the
value of the Vadasz number is found to be very large. For that

reason, the corresponding term has to be neglected in further
present analysis.

For the linear stability analysis, let us consider the
projection on coordinate axes of the governing equation (17)
expressed as

LN dwy ou* Y
(1“11 0t*>{PrD ot “J“(a )} (1”2 E)Ql
(1+/11 6t> % (19)
<1+/1 , 0 1 awy ) ( R )
1 at*){PrD ot* ( } 2 ot Q2
=(1
PR aT*
! at) ox* D1 B S
* wz w
(142 %Mﬁ ot +VTa<Oz*)}

0
+ (1 + /12*§) Qs
=0 21
After derivating Eq. (19) with respect to y *, Eq. (20)

with respect to x* and Eq. (21) with respect to zx
respectively, and by rearranging the terms for W(u*, 0, z%),
one can obtain in the limit of very large Vadasz number which
is not applicable for porous media (i.e. P rD — 0), the
following equations

290* 2, %
B (1 + Al*%>mag*gy* + (1 A ai*) (Zx%
?w* ¢ 0*u* a O*u’
i dy*? ©dz'dy* (0z'ox*
. 0 d%T*
= (1+)L1 6t*>Ra<m
62T*) 22)
Oy*z , (
<1 +A4° ai*) \/ﬁz;)z
, 0\ [c o%u’
- <1 T 6t*) (Zaz*ax*
_aow ) 23)
¢ dz*dy*

From the continuity equation, du*/dz* + dw*/dz* = 0, we
can deduce that
2%u* 3 2°w* "
0z*0x*  gz*2 (24)
Substituting Eq. (24) into Egs. (22) and (23), and
deducing the expression of 92u*/dx*dy* from the resulting

equations, one can obtain
L 0N, a ) |
6t*> (A1 +Zaz*2>w
{(c . 0
+z{z<1”2 )
(1+'11 at* )\/_} 9z *2

2
(1+,11 at)(1+/12 - )RaAT
= (25)
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where A2= 9%/(dx**) + 0%/(dy*?) is the horizontal
Laplacien

Now we can perform the linear stability analysis in reducing
into linear form Eq. (13) by neglecting the non-linear terms.
Then, Eq. (13) becomes

0
<6t* - VZ) T = o (26)
Substituting Eq. (26) into Eq. (25), we obtain

{(a?:* B Vz) {(1 A 66t*) (Alz * %ai;)

rel ()

(1427 2) (1422 Rast o

Th g (Mt e 5p) Radij
=0 27)

The stress rigid-free boundary conditions in terms of w are

given by

zr=0; w" =0 (28)
f=1 o (29)
Z = ; =
dz**

A. Normal Mode Analysis

Using the normal mode analysis, we seek the solution of
unknown field w™* in the form
w* =W(z")explet”

+ i(lx*

+ i(lx*

+my”)] (30)

where | et m are horizontal wave numbers and ¢ is

the growth rate, which in general a complex quantity given
by € = &, + ig;. Substituting Eq. (30) into Eq. (27), we obtain
a single ordinary differential equation for W(z #) in the form

. D? 14+ 21,%¢)? s aD2
€+F— ( + 28) —A—2+Z

+ g{(l + A, VTa + % 1+ Al*s)«/ﬁ}z DZ}
k2

+ ;7€) Ra} w 3D
The boundary conditions in terms of W are given by
z°=0; W =0 (32)
°w
z"=1; > =0 (33)
daz*

The boundary value problem considered here can be
regarded as an eigenvalue problem. Following many authors,
the solution of this problem is assumed to have the forme
W(z*) = A, sin(nnz"), where A, denotes the amplitude
which gives the minimum Rayleigh number when n = 1,
showing that W(z*) = A, sin(mz"), is the eigenfunction for
the marginal stability. Substituting W(z*) = A, sin(wz"),
into Eq. (31), we obtain the expression for the Rayleigh
number as follows

Rast
k_z 2 2
= (£+;“2+n) - {(1+Al*e)2<k—+gn2)
A—2(1+A1 1+ 21,7¢)
{m (c .
+T{?(1 +1,7¢)
+(

+ Al*s)\/ﬁ}z}

B. Stationary State Analysis

Stationary convection occurs when ¢ = 0 and is calculated
by the expression of the Rayleigh number Ras¢

Ra’t = —(Z_z * nz) {(k_z + En2>

k2 A2 {
2z

2 2

+ (4 v7) J o)
Taking dRa*t /(dk) = 0, we obtain the critical wave number
kSt given by

( 2 2 (¢ z 1/2\2
k§f=n2{1+ T (;;\/T_a) } (37)

\ )

Similar reults have been obtained by
Khumar and Bhadauria [26] while considering the same
problem for the case corresponding to an anisotropic porous
medium whose the permeabilities K; and K5 are coincident to
the horizontal and the wvertical principal directions,
respectively, i.e., when a = 1 and ¢ = 0. Therefore, the
critical wave and the critical Rayleigh number are given by
kst = n[¢(¢("% + Ta)] /* and

Rast = w[1+ Q2 +Ta)| (38)
In the same way, for rotating isotropic
porous layer corresponding to take the parameters a =
1,c = 0and { = 1, we obtain after their substitution in
Egs. (37) and (38)
kst = m(1 +Ta)"/* and  Ra*t

= ?(1+Vi+Ta)’ (39
which are nothing but the Vadasz [5] results for the previous
identified situation.

Moreover, for the case of non-rotating
isotropic porous layer, we put a =1,¢c =0, { =
1and Ta = 0, then Egs. (36) and (37) give

kt=m and  Ra’t = 4nu? (40)
which are identical with the results of the Newtonian study
conducted by Horton and Rogers [28], Lapwood [29],
Combarnous and Bories [30].

C. Oscillatory State Analysis

For oscillatory marginal state, we must have ¢, =
0 and ¢ # 0 Now putting & = ig; into the Eq. (49) and
making the denominator as real, we obtali
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(5+m2) (1= 2,27 + (A + ,)¢?

Ra®¢ = - — —
A—2(1+/11 e2)(1+ 2,7 2)
k2 *2 ¢ * * 2
et a-ae s (o) - e anvra) )
N 52{(1—/12*/11* 2= (S+m) (" + 2, )
E+ 4% )(142,78)
k a (1‘[2 . .
X{Az <A2+€T[>+27<?/‘12 +ﬂ.1 \/ﬁ)( +\/_)}+ng (41)
Where
(k—§+ﬂ2)(1—/12*/11*e2)+(/11*+/12*)ez 2 a o e .
o B O i) i )
A—Z(l +24,77e2 ) (14 2, €2) A* ¢ a \¢ ¢

(1= 2,262 — (& 4 2
+ { (A2

)@+ 220

C+2e2)(1+2,7%¢2)

x {(f;+(n)(1—/12*2 2)+—{< +\/_)

Since oscillatory Rayleigh number Raosc should be
real, its imaginary part X must be zero. Therefore,as X = 0
in Eq. (41) and € # 0 , we must have X = 0. Accordingly,

(%,12* + Al*\/ﬁ)z}} (42)

we deduce from Eq. (42) that €% can be calculated by the
expression

2

20,q0 + A A q, + 4as \[(ZQZ% + 42 4+ q3q5)* — 4 417257 qs {ZCIZ ( +m ) + CI1CI5}

22" — q3
where
k*? a 2 2
(22 > (T
0 <A2+Zn>+ a<(+\/ﬁ) (44a)
K a
1= 1 _2+Z1T
{m? (c c
+—(=2"+2 \/ﬁ><—
a ( 2 1 (
+ \/T_a) (44b)
K a
CI3 /‘{2 F‘l‘cﬂ
2 2
+%(%/12* +/11*\/Ta> (440)
k2
qs = <A2+1T>/11 A5+ A5+ 245 (44d)
k2
CIS = 1 - (F‘l'nz) (Al* +lz*) (446)

I1l. RESULTS AND DISCUSSION

For the discussion of results in this study, we can
fundamentally distinguish two types of anisotropy in
permeability, namely, the first, the anisotropy in permeability
in the vertical direction along z-axis, controlled by the
parameter ¢, and the second, the anisotropy in permeability
in the horizontal plane (Oxy) for which the control
parameters are K™ and ¢. In the first case of anisotropy, the
permeability along the vertical axis, K;, is more important

43
24,72, q3 (43)

than others in the porous matrix, and this situation yields
K; > K; and K; > K,, such that (( < K* < 1). In the
second case of anisotropy, the two permeabilities K; and K,
along the two principal directions in the horizontal plane
(Oxy) are predominent in the porous medium, such thatk, >
K; and K, > Kj, the resulting condition yields here (1 <
K* < ).

The linear stability analysis gives the conditions for
the stationary and oscillatory convection as presented in the
Figs.2 —5 for the case of anisotropic permeability in
vertical direction, i.e. when({ < K* < 1). Figs 2 -5
illustrate the effects of varying the physical parameters on the
Rayleigh number Ra expressed as a function of k the
wavenumber when the others are held fixed at K* = 0.9,
{ =06, Ta =50, 1 = 05,15 = 0.8,and ¢ = 45".

The neutral stability curves for stationary and
oscillatory convections are drawn in these figures. It is seen
from the latters that the oscillatory convection regime
prevails earlier than stationary convection regime for a
similar range of the values of the wavenumber k, while
outside that range of values, the stationary convection regime
is noticed. The criteria of linear stability of the convection is
predited in terms of the critical Rayleigh number, Rac below
which the system is stable and becomes unstable above. The
necessary condition but not sufficient of stability or
overstability is expressed by €2 > 0 but has to be completed
by ROS¢ less than by RSt. So, it is easy to observe from
Figs. 2 - 3 that instability prevails initially for a large range of
values of k. However, it is seen that Ras becomes less than
ROSC with an increase in the wavenumber k and therefore the
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instability of the convection sets in as stationary regime
solution. Moreover, the bifurcation points where the
overstable regime solutions branch off the stationary regime
solution can be observed easily for different values of the
physical parameters. Also, the Taylor number Ta from Fig.2
and the permeability ratio ¢ in the vertical direction in Fig.3,
respectively, increase as the critical Rayleigh number
increases and consequently, the onset of convection takes
place at the latter point and accordingly the system becomes
more stabilized. In Figs. 4 -5, from left to the bifurcation
point, it is noticed that the instability of the system sets in as
overstability regime solution. And in that interval, upon
increasing the relaxation time A; in Fig. 4, the critical value
of Raosc increases too and thus the system becomes more
stabilized. However, at the right side of the bifurcation point,
Rast decreases upon further increasing Aj. The inverse
situation is observed in Fig.5 from which at the left of the
bifurcation point, the retardation time A5 decreases when
Raosc increases while at the right of that latter point, an
increase in A% corresponds to a decrease in RSt. This result
has been obtained in the past by Kumar and Bhadauria [26].
In the same line of thought, concerning the case of
the horizontal anisotropy in the plane (Oxy) i.e. when (1 <
K™ < {), Figs. 6-10 depict the effects of Taylor number Ta,
of permeability ratio K*, of anisotropic orientation angle, of
relaxation time A7, and of retardation time, 45 , respectively
on the Rayleigh number Ra expressed as a function of k the
wavenumber when the others are held fixed at K* = 2.5,
{ =3, Ta =50, 4] 0.5, 45 = 0.8, and ¢ = 45°.
As seen previously, the effect of varying the Tayor number
Ta illustrated by Fig. 6 is analogous for this anisotropy case.
From Fig.7, the permeability ratio K™ in the horizontal plane
increases as the critical Rayleigh number decreases and thus,
the convective system becomes more instable further from
left to the bifurcation point. However, in Fig. 8, an increase
in the anisotropic orientation angle ’ involve an increase in
the critical Rayleigh number and consequently, the onset of
convection takes place at the latter point and thus the system
becomes more stabilized. The behaviour of the relaxation
time A7 and the retardation time A3 as described previously
reveals the same from Fig. 9 and Fig. 10 respectively, for the
case of the anisotropic permeability in the vertical direction.

IV. CONCLUSION

The problem solved analytically here concerns linear stability
analysis of convection of viscoelactic fluid in a rotating
anisotropic porous system heated from below. This study
performs combined effect of the relaxation time and
retardation time of the viscoelastic fluid , the rotation of the
system and the anisotropic parameters of the porous matrix
on linear stability analyses of convective heat transfer in an
open-top anisotropic rotating porous layer. The porous
medium is anisotropic in permeability both in the vertical
direction rotating about z-axis and in the horizontal plane with
its principal axes oriented in a direction that is oblique to the
gravity vector. The following points are drawn :

1) Itis seen that initially instability sets in as overstability
for a large value of the wavenumber k and however, upon
increasing the value of k, Rast becomes less than Raosc
and thus the instability sets in as stationary solution.

For the case of anisotropic permeability in vertical
direction, i.e. when ({ < K* < 1), both the Taylor
number Ta and the permeability ratio ¢ in the vertical
direction increase as the critical Rayleigh number
increases and consequently, the onset of convection takes
place at the latter point and accordingly the system
becomes more stabilized. On increasing the value of
relaxation time Aj, and on decreasing the value of
retardation time A , the critical value of Ra®*¢ increases
and as A7 increased and A5 decreased further, we notice
a shift in the overstability from the left to the right of
bifurcation point and the critical value of Raosc
decreases.

For the case of anisotropic permeability in the horizontal
plane (Oxy) directions, i.e. when (1 < K* < (), the
effect of varying the Talyor number Ta is similar to that
seen previously. The permeability ratio K* in the
horizontal plane increases as the critical Rayleigh
number decreases and thus, the convective system
becomes more instable further from left to the bifurcation
point. However, an increase in the anisotropic orientation
angle ¢ involves an increase in the critical Rayleigh
number and consequently, the onset of convection takes
place at the ne latter point and thus, the system becomes
more stabilized. The behaviour of the relaxation time
Ai and the retardation time A} as described previously
reveals the same.

2)

3)

Figl
Fig. 1. Physical model and coordinate system.
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Fig.2 Effect of varying Ta on Ra for neutral stability for anisotropy in vertical direction
case (ie., for (( < K* < 1) when{ =0.6,K*=0.9, ¢ =45°, 4] =0.5and 45 =0.8.
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Fig.3 Effect of varying ¢ on Ra for neutral stability for anisotropy in vertical direction
case (i.e., for (( < K* < 1) when Ta= 50, K* = 0.9, ¢ =45°, 41 =0.5 and A5 =0.8.
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Fig. 4. Effect of varying A] on Ra for neutral stability for anisotropy in vertical
direction case (i.e., for (( < K*< 1) when { = 0.6, K= 0.9, ¢ =45°, and A5 = 0.8.
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Fig. 5. Effect of varying A5 on Ra for neutral stability for anisotropy in vertical
direction case (i.e., for ({ < K* < 1) when { =0.6, K*=0.9, ¢ =45° and A; =0.5.
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Fig. 6. Effect of varying Ta on Ra for neutral stability for anisotropy in horizontal
plane case (i.e., for (1< K* < {) when { =3, K*=2.5, ¢ =45°, 1] =0.5 and 4; = 0.8.
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Fig. 7. Effect of varying K* on Ra for neutral stability for anisotropy in horizontal
plane case (i.e., for (1 < K* <{)when{ =3, Ta=50,9p=454] =0.5and 45 =0.8.
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Fig. 8. Effect of varying ¢ on Ra for neutral stability for anisotropy in horizontal plane
case (i.e., for (1< K*< {))when { =3, K*=2.5,Ta=50,4] =0.5and 45 =0.8.
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Fig. 9. Effect of varying A} on Ra for neutral stability for anisotropy in horizontal
plane case (i.e., for (1 < K*< {)when { =3, K* =2.5, ¢ =45°and A5 =0.8.
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Fig.10. Effect of varying A3 on Ra for neutral stability for anisotropy in horizontal

plane case (i.e., for (1 < K* < {)when{=3,K* =25, ¢ =45°and 4] =0.5.
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