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Abstract

In this paper, the effect of internal heat source and Soret effect has been
investigated on double diffusive convection in a rotating anisotropic porous
medium saturated with a couple stress fluids, heated and salted from below.
Linear stability analysis has been performed by using Normal mode technique
and for nonlinear analysis, minimal representation of Fourier series up to
two terms has been considered. The modified Darcy model, which includes
the time derivative term and Coriolis term, has been employed in the momentum
equation. The effect of Taylor number, couple stress parameter, solute Rayleigh
number, internal heat source parameter, Lewis number, Darcy-Prandtl number,
thermal and mechanical anisotropy parameter on the stationary and oscillatory
modes of convection has been obtained and shown graphically, Also the heat
and mass transports are obtained in terms of the Nusselt number and Sherwood

e-mail : ajaysingh0044@gmail.com

number respectively, and shown graphically.

1. INTRODUCTION

A well-known phenomenon that involves
coupled heat and mass transfer is the thermal
energy flux that is generated by concentration
gradients is called the Dufour (diffusion-thermal)
effect. The Soret (thermo-diffusion) effect is the
effect of the temperature gradient on mass flux.
Swiss scientist J. Soret was the first to study the
thermo diffusion in 1879. Hurle and Jakeman [1]
performed theoretical study of Soret driven
thermosolutal convection in a binary fluid mixture.
Gaikwad et. al. [2] studied linear and non-linear
double diffusive convection in a fluid saturated
anisotropic porous layer with cross-diffusion
effects. Malashetty et.al. [3] studied linear and
nonlinear double diffusive convection in a fluid
saturated porous layer with cross diffusion effect.
Recently, Altawallbeh et al. [4] studied double

diffusive convection in a fluid saturated anisotropic
porous layer with Soret effect and internal heat
source.

Internal heat generation arises in many
important situations, including reactor safety
analyses, metal waste that is produced by spent
nuclear fuel, fire and combustion studies, and the
storage of radioactive materials. The study
concerning internal heat source in porous media
was provided by Tveitereid [5], who studied
thermal convection in a horizontal porous layer
with internal heat sources. Hill [6] performed
linear and nonlinear analyses on the double-
diffusive convection in a porous layer with a
concentration based internal heat source. Bhadauria
et al. [7]-[9] studied the effect of internal heating
on double diffusive convection in a couple stress
fluid saturated anisotropic porous medium.
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The study of double diffusive convection in a
rotating porous media is importance both
theoretically and due to its practical applications
in engineering. Some of the important areas of
application in engineering include the food and
chemical process, solidification and centrifugal
casting of metals, rotating machinery, petroleum
industry and biomechanics problems. Chakrabarti
and Gupta [10] have analyzed the nonlinear
thermohaline convection in a rotating porous
medium. The effect of rotation on linear and
nonlinear double diffusive convection in a sparsely
packed porous medium was studied by Rudraiah
et.al.[11]. Malashetty et al. performed double
diffusive convection in a Darcy porous medium
saturated with couple stress and also carried out
effect of rotation on the onset of double diffusive
convection in a Darcy porous medium saturated
with couple stress fluid [12]-[13]. M.S. Malashetty
and Rajasekhar Heera [14] studied the effect of
rotation on the onset of double diffusive
convection in a horizontal anisotropic porous layer.
Gaikwad [15] have studied linear stability analysis
of double diffusive convection in a horizontal
sparsely packed rotating anisotropic porous layer
in presence of Soret effect. Sulochana et.al [16]
performed the onset of double diffusive convection
in a couple stress fluid saturated rotating
anisotropic porous layer. Bhadauria et al. [17]
studied cross diffusion convection in a Newtonian
fluid saturated rotating porous medium. Very first
study on double diffusive convection in porous
media mainly concerns with linear stability
analysis, and was performed by Nield [18].

With the growing importance of non-
Newtonian fluids with suspended particles in
modern technology and industries, the investigation
of such fluids is desirable. Applications of such
fluids are found in extrusion of polymer fluids in
industry, exotic suspension, fluid film lubrication,
solidification of liquid crystals, cooling of metallic
plate in bath, colloidal and suspension solutions.

In the category of non-Newtonian, couple stress
fluids have specific features, such as polar effect.
The theory of polar fluids and related theories are
models for fluids whose microstructure is
mechanically significant. Theory for couple stress
fluid was proposed by Stokes [19], which is a
simpler polar fluid theory and shows all the
important features and effect of such fluids that
occur inside a deforming continuum. Stabilizing
effect of couple stress parameter is reported in the
works of Sharma and Thakur [20], who
investigated thermal instability in an electrically
conducting couple stress fluid with magnetic field.
Sunil et al. [21] studied the effect of suspended
particles on double diffusive convection in a
couple stress fluid saturated porous medium,
Sharma and Sharma [22] investigated the effect
of suspended particles on couple stress fluid,
heated from below, in the presence of rotation and
magnetic field. Malashetty et al. [23] did an
analytical study of linear and nonlinear double
diffusive convection with Soret effect in couple
stress liquids. Gaikwad et al. [24] performed linear
stability analysis of double diffusive convection
in a horizontal sparsely packed rotating anisotropic
porous layer in the presence of Soret effect.
Malashetty and Kollur [25] investigated the onset
of double diffusive convection in a couple stress
fluids saturated anisotropic porous layer.
Shivkumara [26] carried out linear and non linear
stability analysis of double diffusive convection
in a couple stress fluid saturated porous layers.

In the present literature, no work is available
related to the rotation with an internal heat source
and Soret parameter. Therefore, in the present
study stability analysis of Soret effect and internal
heating effect on double diffusive convection in a
rotating anisotropic porous medium saturated with
a couple stress fluids has been investigated.

2. GOVERNING EQUATION

We consider a couple stress fluid saturated
porous medium, confined between two infinitely
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extended horizontal planes,at 7 =0 and z=d, K 42+ QT =0, (10)
heated from below and cooled from above. Darcy T 422

model has been employed in the momentum ,

equation. Further, an internal heat source term has di ) (11)
been included in the energy equation. A Cartesian dz*®

frame of reference is chosen in such a way that the solution of Eq. (10) and Eq. (11) subject to

the origin lies on the lower plane and the z-axis  the boundary conditions (7), are given by
as vertically upward. An adverse temperature

gradient is applied across the porous layer and the sin /R, (1—L)\
T, =T+ AT 12
lower and upper planes are Kkept at b= lot <in fd_Ri : (12)
temperatureT,+ AT, and T,, and concentration
So+AS , and S, respectively. The governing S =S +AS(1—Z) (13)
equations are given by b0 d
V.q=0 1) Now, we superimpose finite amplitude
perturbations on the basic state in the form:
1oq 2p,
=-Vp+p g(BT-B S)-"""°(Qxq) g=q +q, T=T +T', p=p +p’, S=S +5', p=p +p",(14)
¢ 6( 0 T S ¢ b b b b b
(p-pv?) ) The resulting equations are then non-
HoHY ) dimensionalized using the following
Gl oT transformations;
b
Ve +(q-V)T =V (& .VT)+QT—W_aZ_ 3) i k.
(X,y,Z)Z(X,y ,Z)d,t =t (_)1q =__0q,
Kr, d

oS AS
¢at+(qV)S =W q +KSVZS+K21V2T (4) o

(u,v,w) =(u",v,w )|(ETT\|, T'=(AT)T", S'=(AS)S” (15)
d

000 [BT-B:5] © Y

The physical variables have their usual meaning.

The externally imposed thermal and Solutal
boundary conditions are given by

the pressure term is eliminated by taking curl twice

the momentum equation. The non-
dimensionalized equations (on dropping the asterisks
for simplicity) are obtained as,

FclovALi gt 28 and Lo gtz=9: (10 .10 162\( 2)\(1 01 ) &
° 0 PraV +V,+&az [(1-CV )| prat+——CV |+T,&2
: : (7 u D L y Ao ¢ J I
2.1. Basic Solution ZE 2 2
——+—cV (RarViT-RaV:S) =0 (16)
(Prpét € )
At this state, the velocity, pressure, temperature
and density profiles are given by (Q—IGW 2, @R )T+W@=O
h ) i 17
0, =0, p=p,(2),T=T,(2).S=S,(2), 0=, (2). ) \at \ oz ) oz an
Substituting Eq. (8) in Eq. (1-4), we get the o ,11 ,
following equations: Pt -V TJS ~SVT-w=0 (18)
dp
d_zb ==Pn0, 9)
123
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gyvd’
where Prp = « k15 Darcy-Prandtl number,
7

B: 9ATK,d .

Ray = == — is the thermal Rayleigh number,
Tz

B gASK d

Ras = ~ k. s the solute Rayleigh number,

2
Ri:_%d_is the internal Rayleigh parameter,

Tz

(20K ) K
T, = 2| isTaylor number,'7=iisthermal
\ e ) ST K,
K

anisotropy parameter, L. =i is Lewis number,

K AT
S =", the

r

K
Soret parameter, §=

Kz AS K
mechanical anisotropy parameter. The above
system will be solved by considering stress free
and isothermal boundary conditions as given
below:

z

2
W:a_V;I:T:S:O on z=0,z=1.
oz

3. LINEAR STABILITY ANALYSIS

(19)

In order to do linear stability analysis, we solve
the Eigen value problem defined by Eq.(16)-(18)

subject to the boundary condition by (19), using

time dependent periodic disturbance in horizontal
plane as

(w,T.8)=(W,0.8)exp(i(Ix+my)+ot),  (20)
Where |, m are horizontal wave numbers and
0 =0, +i0j, growth rate. Substituting Eq. (20)
into the linerized Eq. (16)-(18), we obtain

I 2 / .
HLG(DZ Sk ® - kl‘C(DZ‘aZ)) 7 (Dz—az)LTaDZINV

o 0 L TRE )y
T+ :C(D—a)\(—aRaT®+aRag¢)

\Prp € )

[0-(D*-na*)-Ri]®-W=0 (22)
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|—0 D?2-a? | .,
L + . J¢—W—(D -a“)5,0 =0. (23)

Where D=d/dz and a? = |2 + m?, the boundary
conditions (19) now becomes

e

oW
W=Er=®=¢ =0 on z=0,z=1.  (24)
We assume the solution W, 0,¢
(W,0,9) = (Wo, 80,9, )Sinnmz (n=1,2,3.......),

The most unstable mode correspondston=1

(fundamental mode). Therefore, substituting
above equation with n = 1 into Eq.(21)-(23), we
obtain a matrix form A X =0

[[e8* +8;(Co. +1)|o- 4 +C8)| (o 1 Lo 1 st ara |

L F’rD it F’rD € | B +f+C52 [azRay ‘Pﬁ £ | o

g U ) U ( 1

a1 (0 +5°-R) 0o, }\89 -0, ()
|

|
‘ 1 SVBZ o+—
(

The thermal Rayleigh number can be obtained
as

|F |
2 2
Ra = (@10 ~R) |(Ui+62(C62+1)\+ T
T a ILPrD ! ) 4+ 4CH
I Pr, ¢ I

(o+622—Ri)—16ZSr
1Y o v iecer |
o+L "Pr ¢

Uoelo )

(26)

2
where 2 2 2 §?=T"4+a? §%=m?+na’

0 =T +a 1 3 2
The growth rateo is in general a complex quantity
such that 0 =0, +1i g;. The system with g, <0
is always stable, while for g, >0 it will become

unstable. For neutral stability state o, =0
3.1 Stationary State

The S PRsTEh 8r T fefaMREghaigh STaRMLY

for stationary mode of convection is as given
below:
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i |5 (1+C6 )+ |+
T a’ h +co? |
'3

((522—R_)—6ZS )L (27)

Ra

S

52(51 +C62}

Ra®* =A +io A (32)
T 1 i 2
Where
A _dd,rofdd,  _dd -dd,
2 d 2 +O.Zd 2

1 2 2 2
d3 +0 d4 !

For oscillatory onset A, =

3 4

0 and g, =0, where

o isthe oscillatory frequency which is not given

It is important to note that the critical wave  for brevity.
number a = a° " depends on the couple stress Where
parameter and Taylor number. In the absence of B
Taylor numberi.e. T =0 Eq. (27) gives A=Tmopr (6 fR) 0’5’ ( + +C<5 |
a P,
[ 1 w0 S @L e ) @3
(6"-R) (¢ -R)-6"s )L | Pro(rce ) (5. -R)| +
Ra = \6 (1+C5%) + (e pa \ N ) D)
T a2 ‘ é+C5z S | (28)
L ( J i o 2) 2
A=5°(5 z_RA)(l +Co% -0 YT m2pr
For isotropic porous mediawhen § =n =1 and | L | I(\(gz—R f 11:?:) \a D 34
picp =Nn= +0 2Pr (1+062)| z Yy +coz ( )
the system without internal-heating, i.e., R, =0 too Lo 3 )
we get
. (P (n2+a n2+a Bl:RaS(62Z_Ri_6ZSr) (39)
Ral= ;’a) (14C5%) +LRe  ~—p (505) Z(29)
B, = Ra, (36)
In case of no solute Rayleigh number i.e.
Rag =0 ClzaZPrD(%_‘_Céz\ (37)
\ )
2 2\2
R st — (Tr +a ) 2
a.l. —az (1+ Co ) (30) CZ _ a2 (38)
which is the same as obtained by Shivkumara et 5201 ,
. . . o)
al.[26]. When C=0 (i.e. Newtonian fluid) c, 4__L_+ 062] P (39)
Rast = (M7 +a%) (31) Y P
T a.2 B 62 l_ 5
which has the critical value Ra™ = 4172 fora = 17 €. = TP +§ +co (40)
T c e D
and which are the classical results obtained by
Horton and Roger [27] and Lapwood [28] for d,=AC;+BC,-0?(AC,+BC,) (41)
single component fluid in porous layer.
3.2 Oscillatory State d; = AC; +B,C, + AC, +B,C, (42)
For the oscillatory mode of convection, we set d =CC -ogCC (43)
o=io; inEq. (27) and clear the complex quantities 2o 2
from the denominator, to obtain d =CC +CC (44)
4 2 3 1 4
125
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We have the necessary expression for in Eq.(46)-(49) and equating the like terms, the
oscillatory Rayleigh number as: following set of nonlinear autonomous differential
Ra’™ — A (45) equations is obtained
T 1
ax
4, NONLINEAR STABILITY ANALYSIS a D (54)

In this section, nonlinear stability has been .
studied using minimal truncated Fourier series. For where X =(M,,M,M,,M;,M,,F,G)
simplicity, we consider only two dimensional rolls,

) " _ D = (D,,D,,D,,D,,D,,D,,D,)"
sq that all the physical quantities are independent (Do, D, Bz, Dz, D:, s, B )
of y. We introduce the stream function y as Prol, 1 ]
= 14C3 Mo—T1(T, ) F+aRasM—aRadvi
ow o _ N 0 8|[5( Wo—T7(T, ) F+aRanMi—aRad 3|J (55)
= W then taking curl to eliminate

pressure term from Eq.(2), to get

u Dl:—|_|—aM0+naMoMz+(522—Ri)MJJ (56)

]

[ 2 Ima

D=-"(4m*-RM —"—"M M
(10 (62 1082) ) Lav 2 Ifn i) 2 5 o 1 (7)
| —V2H __ +_ |(1—CV2) lw—(T)e+ !
\Pr e Eo2) ) Y a 46 1 T
Ra%—ﬁ’i—Ra%—Szo (%6) D3=—LaMO+ITaMOMZ+62|_ M3+Sr62M1| (58)
Tox o Sox F e TJ
(1 06 (1 \ 14 D=—amzimM -"qM M +amsM
|W§+(§__CV2\MV+(E¥T(5=O (47) 4 L T 4 - 03 r ZJ (59)
Lo J)

A ) I (A D F>w1 Céz\F Tll\/l1 60
(§AnGerGp-rilt 2L 28 o e =Pl g+Co Frm(T)r M| (60
L\ )) " \

12 o(y,S ) =_ Co? G
|(_—Le v\|s— v )+£—S,VT:O (49) >, Pro|§-Jr | (61)
Lot ) a(xz)  ax \ )

It is to be noted that the effect of nonlinearity 4.1. Steady Finite Amplitude Motions

is to distort the temperature concentration fields For steady state finite amplitude convection we

a component of the form sin(2rr z) will be generated.

A minimal Fourier series which describes the finite 5°(1+C8M —11(T ):F+aRaM —aRa M =0 (62)
1 0 a T 1 S 3
amplitude convection is given by aM +7aM M + (5 2_R )M -0 (63)
W = Mo (t)sin(ax)sin(rr2), (50) i S
(4m*-R)M - M M =0 (64)
T =M, (t)cos(ax)sin(ir z) + M, (t)sin(277z), (51) ' 2
S = M3(t)cos(ax)sin(r z) + M, (t)sin(21 2)(52) aM, +maMM, +6 zLilvu +56°M, =0 (g5)
V = F(t)sin(ax)cos(rr z) + G(t)sin(2rrz) (53
(t)sin(ax) cos(1m2) + G(t)sin(2rrz)  (53) 47721_;M4_"_26M0M3+4,TZSFMZ:0 (66)
Where the amplitudes M (t), M,(t), M,(t), e
Ma(t), M4 (1), F(t), G(t) arefunctionsoftime and 1 )
aregtg)be déltgr)miné(}. Sut()s)tituting above expressions “+C6" F+m(T M =0 (67)
Lf J a 0
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(1 )

2 — — =(1-
PrDLEwLCﬁ JG =0 (68) Nu = KTQI = (1-2T M) -
d
Numerical method was used to solve the above 3
nonlinear differential equation to find the Sh = ﬁséS_: (1-2mM )+S L (A-2mM )
amplitudes on solving for the amplitudes in terms d
of My, we obtain M;,M,,M;,M, as Substituting M, , M4in (72), the expressions
M = - 2a(4m® -R M fornuand sh are obtained as above-
L eEmar=r)te=r)  (69a)
0 i 2 i
4000 ¥ T T T r T
M =-— a’mMo?
3500 F
Yoam/m+2(4m’-R)(6,°-R)) (69b) (a)
(8aM L )(arM ? (1L S ) +2(4 R )(6° -R-557)) 0
0e 0 er i 2 i r ; 2500 F
(aZMozLez +862) (azM)znz +2(4n2 —R})(522_R1))| s000 Ri=2. 3
(69c) .
1500 | Ri=5 3
(ML )( (ML -86 )s2L (4R )(8°-R -567))
_ 0 0 e r e i 2 i r 1000 ; . T - . 1 w— s ‘, -
) @M +88 ) (M1 +2(47 R )6, —R}))‘ o 2 &2 F R & W
(69d) Fig. 1: Variation of Stationary Rayleigh number with
wave number for the different values of R,

In the study of this type problem, quantification

of heat and mass transport is very important.

If H and J are the rate of heat and mass 5. RESULTS AND DISCUSSION

transport per unit area. Then Effects of Soret parameter and internal heat
oT source have been studied on the double diffusive
H=-K total R R . .
g e (70a) convection ina couple stress fluid saturated rotating
=K Mot K O ) (70b)  anisotropic porous layer using linear and nonlinear
2N oz stability analyses. In this section, we discuss the
where the angular bracket corresponds to a effects of the existing parameters on the onset of
horizontal average and double diffusive convection numerically and
z graphically.
Toa =To —AT THT(6 2D (70c)
7 4000 ' T T T , T
Stotal = SO - AS E+ S(X’ Z’t) (70d) 3500 F (b)
Substituting Eq.(50)-(51) into Egs.(69¢c,d) and Ao
using the resultant Egs.(69a,b), we get S 2500F N—— P 3
2000 1 . R
L 100
H = KTdAT (1 -2 M 2) (7la) 1500 ;— 9
KAS I(.)(’("-'L.AL:AL.Ai;AL;JL.AALAL;A‘.AL.i
J="y [1-2mM )i s 1 (1-2mM,)]  (71b) : - ’ 1 : 6

Fig.1: Variation of Stationary Rayleigh number with wave

Substituting the value of Eq. (71a,b), The Nusselt number for the different values of T

number and Sherwood number are obtained as
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4000 T T 77T T T
3500 F (c) / ]
' 4
3000 F E
= o £
& 2500
Ras=500. 300
2000 ¢ ]
1500 b 100 ]
1000 1 il P | " L PR} PO .
1 2 3 4 5 6 1

Fig.1: Variation of Stationary Rayleigh number with wave
number for the different values of Ra,

3000 pr—rpr—r— _/_

2800 4 :
2600 F "’;: (d) / ]

2400F | 3

2200 f \ 3
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2000 F

T
pddadadassliai

T
_’-\{.
1]
o
:J’l
"A
L

1800 F
1600 F A —

T
aliiala

Fig.1: Variation of Stationary Rayleigh number with wave
number for the different values of S,

4000

3500
3000 1

2500 F 3 :

Rat

T
1

3000 ¢
2800 F . / 3
A \ (1) |
2600 F 3
2400 F ]
2200 F g ]

Rat

2000 F _ 7 3
1800 F Le=70. 50 3
1600 F

20

T
sl

Fig.1: Variation of Stationary Rayleigh number with wave
number for the different values of L,

5.1 Linear Analysis

The marginal stability curves in the (Ra,, a)
plane for the stationary and oscillatory modes are
presented for different values of various governing
parameters. We fixed the values for the parameters
as Ta=100,C=2,Ra;=100,L,=2,=5,Pr,=
10, S=.05, =5 and R, = 2, except the varying
parameter.

2000

o

4000 T T T T T T T T
1
. E} ]
3500+ '»' 1
\ ‘ :
3000 F | (&) ]
S 2500f 3
2000
2000 i
1500 + 5 N 1
1000 L 1 I 1 1 1 1 1]
I 2 & 4 5 & T 8

(e)
1500

T
I

10001‘1..l‘x.‘l.k.‘l.“xl“‘xl‘.‘xl

Fig.1: Variation of Stationary Rayleigh number with wave
number for the different values of C

The expressions of the thermal Rayleigh number
for the stationary and oscillatory modes of
convection have been computed for different
values of the parameters; Taylor number, couple
stress parameter, solute Rayleigh number, Darcy-
Prandtl number, and Soret parameter and depicted
in figures.

128

Fig.1: Variation of Stationary Rayleigh number with wave
number for the different values of n

4000

L TS R B B B e i e e e e e i el et i e e e e e 3

T
1

3500
300 E (h)

3000

T
1

"

]
‘b

= 2500 F 2 3
& 2500 _

2000

T
1

1500

T
1

1000 &

—
2
-

e
b
(=)

1
[#'e]

Fig.1: Variation of Stationary Rayleigh number with wave
number for the different values of ¢
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5000 (+ x . ; :
(a)
4000 + \ ‘ .
3000 5
Ri=2, 3 '
2000 ¢ P ]
Ri=5" ™ —
1000 ' : . :
0 1 2 3 4 5 6 7

Fig.2: Variation of Oscillatory Rayleigh number with
wave number for the different values of R,

SOU0 rr ™ T T T T T T
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b) '
4000 F
3000 +
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1000 L . i ; 2 ; ; i
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Fig.2: Variation of Oscillatory Rayleigh with wave
number for the different values of T,

I e
1780 F (c) / 3
1760
1740 ¢ -
1720 f :
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1680 | ' ]
- 100.300 :

1660 F .

Fig.2: Variation of Oscillatory Rayleigh with wave
number for the different values of Ra,
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;
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1
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Fig.2: Variation of Oscillatory Rayleigh number with
wave number for the different values of S,

In Fig. 1(a) and Fig. 2(a), we observe that the
stationary Rayleigh number decreases with the
increase in internal Rayleigh number R, which
indicates that the internal Rayleigh number
destabilizes the system. Additionally, the increasing
internal Rayleigh number decreases the minimum
oscillatory Rayleigh number, which means that
internal Rayleigh number has destabilizing effect
on the oscillatory mode of convection as well.
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Fig.2: Variation of Oscillatory Rayleigh number with
wave number for the different values of C
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Fig. 2: Variation of Oscillatory Rayleigh number with
wave number for the different values of L,
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From Fig. 1(b) and Fig. 2(b), we observe that on
increasing the value of Taylor number T,, values
of stationary Rayleigh number and oscillatory
Rayleigh number increase, thus stabilizing the
system and delaying the onset of convection.
Besides, the critical wave number increases with
increasing T,.
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Fig. 2: Variation of Oscillatory Rayleigh number with
wave number for the different values of n
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Fig. 2: Variation of Oscillatory Rayleigh number with
wave number for the different values of &

Fig. 1(c) and Fig. 2(c) depict that the stationary
and oscillatory Rayleigh number increase with an

increment in solutal Rayleigh number Rag  which
indicates that the effect of solutal Rayleigh number
IS to enhance the stability of the system. Therefore,
the solutal Rayleigh number Rag has a stabilizing
effect on the system.
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Fig.2: Variation of Oscillatory Rayleigh number with
wave number for the different values of Pr
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Fig.3: Variation of Nassult number with Rayleigh number
for the different values of S,

Fig. 1(d) and Fig. 2(d) show that increasing the
value of Soret parameter S is to decrease the
stationary Rayleigh number. So it has a
destabilizing effect on the stationary convection.
On the other hand, the oscillatory Rayleigh number
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increases with increasing Soret parameter, which
means that the Soret parameter S_has a stabilizing

effect of the system.

Nu

Fig.3: Variation of Nassult number with Rayleigh number
for the different values of &

From Fig. 1(e), (g) and Fig. 2(e), (9), it can be
found that the increase in the value of couple stress
parameter C and thermal anisotropic parameter are
to increase the stationary and oscillatory Rayleigh
number. Thus the system has stabilizing effect for
both the modes.
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Fig. 3: Variation of Nassult number with Rayleigh number
for the different values of Ra,

We find from Fig. 1(f) and Fig. 2(f) that the effect
of increasing the value of Lewis number L is to
increase stationary Rayleigh number, which

indicates that the Lewis number stabilizes the
stationary mode of convection, while oscillatory
Rayleigh number has opposite effect.
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Fig.3: Variation of Nassult number with Rayleigh number
for the different values of C

In Fig. 1(h) and Fig. 2(h), we found that
increasing the value of mechanical anisotropic
parameter, stationary Rayleigh number and
oscillatory Rayleigh number decrease, thus is to
destabilize the system. From Fig. 2(i), we observe
that increasing the value of the Darcy-Prandtl
number Pr, decreases the oscillatory Rayleigh
number, indicating that the Darcy-Prandtl number
is to destabilizing the onset of oscillatory
convection.
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Fig.3: Variation of Nassult number with Rayleigh number
for the different values of n

5.2 Nonlinear Analysis

The effect of various parameters on the rate of
heat and mass transfer are shown in Fig. 3 and
Fig. 4. Fig. 3(a) and Fig. 4(a) Show that an increase
in the value of the internal Rayleigh number R,
increases both the rate of heat and mass transfer.
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Rayleigh number for the different values of L,

Fig. 3(b), 3(c)-4(b),4(c) depict that the Nusselt
number N,and Sherwood number Shincrease with
increasing Soret parameter S. and mechanical
anisotropic parameter, which indicates the effect
of mechanical anisotropic parameter and Soret
parameter S, is to increase the rate of heat and mass
transfer.
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Fig. 4: Variation of Sherewood number with Rayleigh
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Fig.4: Variation of Sherewood number with Rayleigh
number for the different values of &

In Fig.s 3(d),3(f)-4(d),4(g), it can be seen that both

the rates of heat and mass transfer decrease with
the increasing solute Rayleigh number Ra and
S

thermal anisotropic parameter. Fig. 3(e), 3(g) and
Fig. 4(e), 4(h), we note that increasing the value
of couple stress parameter C and Taylor number
T, are to decrease the Nusselt number N, and
Sherwood number S,, thus reducing the heat and
mass transfer.
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Fig. 4: Variation of Sherewood number with Rayleigh
number for the different values of Ra_

number for the different values of R,
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In Fig. 3(h)and Fig. 4(f), it is shown that an
increase in the value of Lewis number L, decreases
the value of Nusselt number N, and increases the
value of Sherwood number S,, thus the effect of
Lewis number L, has a stabilizing effect on heat
transfer.
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number for the different values of T,

6. CONCLUSIONS

In this paper, Soret and internal heating effect
on double diffusive convection in a couple stress
fluid saturated rotating anisotropic porous layer,
heated and salted from below, is investigated. The
problem has been solved analytically, performing
linear and nonlinear analyses. The linear analysis
is done using normal mode technique. Following
conclusions are drawn:

1) The Taylor number T,, Couple stress fluid C,
solute Rayleigh number Rag and thermal
anisotropic parameter has a stabilizing effect
on both stationary and oscillatory modes of
convection.

2) The internal heat parameter R, , mechanical
anisotropic parameter destabilize the stationary
and oscillatory system.

3) The effect of Lewis number L, has a stabilizing
effect on the stationary and opposite effect has
oscillatory convection.

4) The Soret parameter S_has a stabilizing effect
on the oscillatory and opposite effect has
stationary convection.

5) The Darcy-Prandtl number Pr has a destabilize
effect in case of oscillatory convection.

6) The Increasing the value of internal Rayleigh
number R, ,Soret number S, and mechanical
anisotropic parameter then increase the value
of Nusselt number N, i.e. increased heat transfer
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7)

but increasing the value of Taylor number T,
solute Rayleigh number Ra,, Lewis number L,
thermal anisotropic parameter and couple stress
parameter C decrease the value of Nusselt
number N,.

Mass transfer increased with increasing the
value of Soret number S, and mechanical
anisotropic parameter, Internal Rayleigh

number R, Lewis number L, i.e. stable and
decrease with thermal anisotropic parameter,
Taylor number T, ,and couple stress parameter
C, solute Rayleigh number Ra i.e. destable.
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