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ABSTRACT: The mathematical formulation of the
problem Rayleigh Benard Non Darcy Two-
Component (RBNDTC) Convection in a two
layered system has been investigated for linear,
parabolic and inverted parabolic temperature
gradients with Dufour effect. Both lower and
upper boundaries is rigid . At the interface, the
normal velocity, mass, normal stress, mass flux,
heat, shear stress, heat flux is assumed to be
continuous.  The  non-dimensionalised  and
normalized ODE’s are solved by making use of
Regular perturbation method. The influence of
various physical parameters on the Rayleigh
number versus depth ratio is discussed and results
are depicted graphically.

Key words: Dufour effect, Two-Component
Convection, Rayleigh Number, Composite Layer
Temperature Gradients.

l. INTRODUCTION

The layers of fluid which is subjected to
temperature gradient then we can have observed
that convection clearly when the gradient crosses
critical value. This type of convections can be
occurred due to the influence of induced density
gradient, induced evaporation and induced surface
tension gradients. In a Composite layered system
the exchange of light fluid particles to its top and
heavy fluid particles to its bottom this process will
happens continuously because of presence of
gravitational forces. The double diffusive/Two
component convection in a composite layers has
become very crucial in now days because of its
wide range of applications in geophysics especially

in the field of saline geothermal, a comprehensive
literature review concerning Soret and Dufour
effects are mentioned below. Partha et al [15]
investigated the influence of non darcy, Dufour and
Soret effects in a porous medium then Narayana et
al [14] has extended current work by considering
horizontal flat plate which immersed in porous
medium. The transformed system of ODEs
contains the physical parameters such as diffusivity
ratio, Dufour parameter,, buoyancy ratio parameter
and Soret parameter. The changes in coefficients of
heat mass transfer along with two more parameters
such has Soret and Dufour is portrayed through
graphically. Krishnamurthy et al [10] investigated
the phenomena, where cross diffusion coefficients (
Dufour and Soret) becomes very much significant
in the non darcy medium which contains vertical
surface to analyse two component free convection,
the Keller-Box technique is used to solve the
equations which concerns to boundary layers are
obtained from non linear PDEs. A detailed
discussions are carried out on some important
physical parameters such as Soret number, Lewis
number, Dufour number, Groshof number,
Sherwood number and Nesslet number depicted
graphically. In Darcy porous medium Narayana et
al [14], Postelnicu [16] and Partha et al [15]
reported that a huge changes in the numerous
values of both Soret and Dufour parameters
because there is a sign changes in the
nondimensional quantities such as mass and heat
transfer parametrs. They are also observed that
there is a heat reversal for some combinations of
Dufour and Soret parametrs in the region of
boundary layers. In a porous medium Moorthy et al
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[12-13] discussed Dufour and Soret effects upon
natural convection by considering vertical surface
and variable viscosity after that the current work is
extended for horizontal surface. Ahlers et al [4]
gives review on Rayleigh Benard convection in gas
mixtures with horizontal fluid layer which acts as
stationary. Chilla et al [7] investigates some
important new perspectives concerns to turbulent
RBC, extensively Ahlers et al [3] investigates
logarithmic temperature profiles for the same then
Brown [4] has continued the current work by
including non Boussinesq approximation.

1. MATHEMATICAL

FORMULATION
Composite system/Two-layered which has
rigid-rigid boundaries with different temperature
and concentration. The region-1 and region-2 are
occupied by the fluid and porous layers of
thickness & and d, respectively. Coordinate
system is taken at the interface of fluid and porous

layer moreover Z —.axis is upward direction.

Z-ax1s
Zg=]
FLUID LAYER d =
Ir=)
Yeazus
.......... Weresrens Zorp=]
......... Srvrernans
POROUS LAYER  d_|[ sesvvenshosnrarnsns
+ -/. . res Z_cv'p:‘:l

Boussinesq approximation is taking an
account because of density variation, governing
equations continuity, momentum, temperature,
concentration and state equations are taken under
the above mentioned conditions.

For Region — 1(fluid layer)
V.qq
=0

Jt
= _vpsr + usrvzg
- psrgsrk (2)

S+ @ DT,

= KfVZTsr
+ Kre VZCsr (3)

aq—) —_— —_—
pOf[ - + (qsr' V)qsr]

CSI‘

50 T @ VCs
= Kgrf VZCsr (4)
Psr
= pOf[ 1+ Agr (Csr - COf)
- O(Zf(Tsr

= Top)] 5)

For Region — 2 (porous layer)
vsrp . asr_p)
=0 (6)
Por] 0qsrp
N P = _Vsrp Psrp
q)m atsrp
Ke

P — 2 P —
- K Qsrp + Hsrp Vsrp Qsrp
srp

— Psrp gsrpk (7)
aT,
Al5e2]+ @y
srp
= KpVErp Tsrp
+ KTp vgrp Csrp (8)
9Cqpp

¢ | T (mvsrp)csrp
Ot

= Ksrp Vgrp Csrp (9)

Psrp

= pOf[ 1- Asrp (Tsrp - Tof)
+ (sz (Csrp
— Cop)] (10

Where,
@) = (ul V! W)! tl I"lSl"' PSI" pSI" gSI" TSI" Kf’ Kp ’
Krf) Csr» sy A2f) q)m: Ksrp ,

_ (pof Cp)m
Hsrp, A = (Drpr)f
velocity vector, time, viscosity of fluid, pressure,
density of fluid, gravity, temperature, thermal
diffusivity, solutal diffusivity, Dufour coefficient,
concentration, thermal expansion coefficient,
solutal analog of o,f, porosity of the porous
medium, perrrtegffility of the porous medium,
porous medium effective viscosity, heat capacities
ratio, specific heat and referring fluid respectively.
In the porous medium the quantities are referred by
the subscripts p.

Basic/Primary state conditions are implem
ented to the governing equations which are in the
form of partial differential equations (PDE’s)
to discover the answers of basic state. The set-up
istaken into consideration of undergoing super-
imposition with infinitely small perturbations. The
equations are then linearized using the units of
perturbations after that resulting equations are

,Cp, porare the fluid layer
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going to be non- dimensionalised and normalized
which turns PDE’s are reduced to system of
ODE’s.

For region — 1(Fluid layer)

[Dsr2 - asrz](Dsr2 - asrz)wsr (11)
=Ry asrzesr
- Rsrf asr2 Ssr

(Dsr2 - asr2)® + Wsr (12)
+ Duf(Dsr2 - aer) Ssr
=0

[T(Dsr2 - asrz)] Ssr + Wsr =0 (13)

For region —2(porous layer)
[/}1\82 (Dgrp - a?rp) - 1](D§rp - agl’p )Wsrp (14)
= Rrp asrp zesrp

2
- Rsrp Agrp Ssrp

(Dgrp - agrp)esrp + Wsrp (15)
+ Dup (Dgrp - agrp )Ssrp
=0

[Tpm (Dgrp - agrp )]Ssrp + Wsrp =0 (16)

1. BOUNDARY CONDITIONS
W, 1 =0, Dy, W, =0, Dsr®sr(1)
=0,Ds S(1) =0

TWL(0) = W, (1), TUD, Wery (0) = DWepy (1),0,,(0) = TO,(1) ]

Dur B (0) = D Gy (1), 53 (0) = 85551, Dr 5 (0) = Dy S (1)
fatg: Dy "W, (0) N . Dy Werp (1) |
=370, W (0)] T [+ 887D YW (1) — 35,30, W, (1)) ]

T (D" + & )W (0)] = 2(DL, + i, )W, (1)

W (0) =0, Derp W srp 0) =0, Dgrp Osrp 0)
=0, Dsrp Ssrp 0)=0

IV. REGULAR PERTURBATION
METHOD
For the consistent mass and heat fluxes, expanding
the physical parameters in terms of horizontal wave
number "ay." and "ag.,"

W, ® erj Wsrp
O, | = Zasrzj ®rfj & ®srp
SSr j=0 Srfj Ssrp

w Worpi

= Zasrij ®51"Pi

j=0 Ssrpj

To find the Solution of zero order equations using

the arbitrary factors as mention below

Wer(Zsr) =0,

WsrpO(Zsrp) =0,
®sr0(zsr) = T:

Ser(Zsr) = §,
®srp O(Zsrp)
= 11 Ssrp 0 (Zsrp )
=1,
First order equations are mention below.
For Fluid layer (zg. € [0,1])
Dsr4Wsr1 - Rsr T + RsrfS =0

an
Dsr2®sr1 + Wsrl + Qu(Ds’EZSsrl (18)
-9 -T=0
D4 %S + Wy — 185 =10 (19)
For porous layer (zg, € [0,1])
ﬁBZ Dsrp 4-Wsrp 1 Dsrp 2Wsrp 1 (20)
— R + Ry
=0
Dsrp 2®srp 1 + Wsrp 1 (21)
+ Dyp Dsrpzssrpl =Dy —1=0
Tm Dsrp ZSSrpl + Wsrp 1= Tm =0 (22)

Boundary conditions related to 15t order equations
are given below.
Wsrl(l) = 0, Dsrlwsrl(l) = Or Dsr1®sr1(1)
=0,Dg1 Sr1(1) =0
Twsrl = azwsrp 1 (0), TDsrlwsrl (¢Y)
= aDsrlwsrpl(O)r ®sr1(1)
= aZTG)srp 1 (0)
D101 (1) = azDsrpl ®Srp1(0)' Ser1 (1) =
gazssrp 1 (0)7 Dsrlssrl (1) = Dsrp 1 Ssrp 1 (0)
TaBZDsr13Wsr1(1)
= _Dsrp 1Wsrp 1 (0)
+ ﬁBZ [Dsrp 13Wsrp 1 (O)]
TDsrlzwsrl (1) = ﬁDsrlzw srl (0)
Wsrpl(o) =0, Dsrplw rsrpl(o) =0,
Dsrp1®srp1(0) =0, Dsrplssrpl(o) =0
The equations (17) and (20) are solved using the

relevant boundary conditions then we get velocity
distributions as below,

TRsr B SRSrf 2
Wsrl(zsr) = T (Cl + CZZsr + C3zsr
+ C4Zsr3
+ 25 ") (23)
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2 p2 = a(ay + a— Day; wy = ——
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V. COMPATIBILITY CONDITION
The differential equations corresponding to
concentration and temperature, along with
corresponding boundary conditions gives the
compatibility condition as below.

~ D. -
[ ‘ Wees (2, dizy, — _‘_. } Wirs (250 N2y, )dzy, l
{ a 0

2F Dy = [
lo d* f Werpi(Zep) U2y, — Y—’- T ’\'r",p,i{..',,,vl g-(.'.”',uil,,p]
E' ‘in 3
-d+7 (25)
In the abov_e express_ion, f(z,.) and g(_Zsrp) are
taken according to basic temperature gradients.

5.1 Linear temperature Profile(LTP)
For this temperature profile f(z,.) = 1 & g(zs) =
1 (26) and Rayleigh number (R)is obtained by
using (25) and (26) then.
T + az + ng(M01 — }LlMOZ)
Ryrp = =
T(M01 - ;"IMOZ)
Where,
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5.2 Parabolic Temperature Profile(PTP)

For this temperature profile
f(Zsr) = ZZsr& g(Zsrp) = 2Zsrp (27) and
Rayleigh (R) number is obtained by using (25)
and (27) then.

prd’
Rprp == T; My
Chy Ry
T hy Ry
3tt, — 3Dy
o 5 Ng
=A;+—4+—;
Py Ry
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5.3 Inverted Temperature Profile(ITP)

For this temperature profile f(z,.) =2(1—
zsr&fzsrp=21-zsrp(28) and Rayleigh number
(R)is obtained by using (25) and (28) then.

RITP ¢ —c
( d2 Rarp [ﬁ] (M = 1 M) |)
TL-To + TL-To
= [ﬁ] My — M) [ﬁ] My — Ay M)
l oz =) '
O — ;) )
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B’Z\d3 h3 fl4 6 - ZDR
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7R 17 g, + h, 720 2
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T T hy Ry
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240 ATR2
gty 4y 12y
= A9 7 nt— 6
121, ’
Ay = hyhg + hohyg + hyg Ry + Ayshyy + d*(Rys
) + Nie);
Ay = hghyg + Ayghyy + hlzhls + Rig + Ry
- ZhlsTdZDMR;
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2T "

_Dwr g
1,3
_DypI=g—-1)2
Tng? e
hi; =g CA—g—1); hyg = g1 —C); hy
=-14+g+G
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m
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Ty 3 T g2

VI. GRAPHICAL
INTERPRETATIONS
The physical configuration of the problem

Rayleigh Benard Non Darcy Two — Component
(RBNDTC) Convection in a two layered system
has been investigated for uniform temperature
Gradient/profile (linear, parabolic and inverted
parabolic) with diffusion thermal ( Dufour effect).
To find the eigenvalue for dimensionless factors
such as viscosity (i), Darcy number (D,) , Solutal
Rayleigh number (R,) , Dufour number for fluid
layer (D), Dufour number for porous layer (D),
variations in the Rayleigh numbers Ryp, Rprpand
R;7p against the depth ratio (d) for all three uniform
temperature gradients are plotted. Now set D, =
1,Dy = 1,R; = 500,D, = 0.0001,t,, =
0.25t=025p=1S=1 T=1.
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The Figure 1 portrays influence of (D,) on Rayleigh number R
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The Figure 3 portrays influence of (D,,,) on Rayleigh number R
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The Figure 5 portrays influence of (R,) on Rayleigh number R

Figure 1portrays the difference in critical
Rayleigh numbers Ryp , Rpppand Rippagainst the
depth ratio dfor various values of D, =
0.0001,0.001 and 0.01for LTP, PTP and ITP. The
Graphs shows that for linear temperature profile D,
has a destabilizing the composite system and for
parabolic and inverted parabolic temperature
profile D, has a stabilizing the composite System
influence on (RBNDTC) because of Ry pp de-
escalating as the value of D, increase, Rprp and
Rrpescalates as the value of D, increasing so that
the composite system is unstable for parabolic and
inverted parabolic temperature profiles and stable
for linear temperature profile.

Figure 2portrays the difference in critical
Rayleigh numbers R;rp ,Rprpand R;rpagainst the

depth ratio dfor various values of Dy =1,1.4and
1.9 for LTP, PTP and ITP. The graphs shows that
the Dufour parameter for porous layer D,, has a
stabilizing influence on (RBNDTC) because of
Ryrp ,Rprpand  Ryrpescalate as the values of
D, increases. Resistance of flow is increases for
improved values of D,,, so the system is stable for
all the three temperature profiles. And also Dufour
parameter for fluid layer D, compare with D,,, it
plays a same role as in case of PTP and ITP
moreover it plays quite opposite role for LTP has
shown in Figure 3. Figure 4 portrays the difference
in critical Rayleigh numbers R;rp,Rprpand
R;rpagainst the depth ratio d for various values of
u=1,1.5and 2 for LTP, PTP and ITP. The graphs
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shows that uhas destabilizing inuence on
(RBNDTC) convection because of R;rp , Rprpand
R;rpde-escalate as the improved values of u, so the
system is unstable for the three temperature
profiles. Figure 5Sportrays the difference in critical
Rayleigh numbers R;rp , Rprpand R;ppagainst the
depth ratio d for various values of R, = 500,750
and 1000 for LTP, PTP and ITP. The graphs shows
that R, has stabilizing influence on (RBNDTC)
convection because of R;;p , Rprpand R;rp escalate
as the improved values of R,, so the system is
stable for all the three temperature profiles.
Moreover also conclude that the deviation of
curves in parabolic and inverted parabolic
temperature profiles are more compared to linear
temperature profile.

VII. CONCLUSION

For the effect of LTP, PTP and ITP on the
onset of (RBNTDTC) Convection in a Two
layered/Composite system along with diffusion
thermal/Dufour effect has been explored. The
expressions for the LTP, PTP and ITP Rayleigh
numbers are found as functions of various
dimensionless quantities and their influence on
stability of composite system is depicted graph-
ically. And the following findings are made from
the study. (RBNTDTC) Convection in a Composite
layer system with Dufour effect is solved in closed
form using Regular Perturbation method and the
following deductions are made from the study.

i The composite system is destabilized by the
parameters Darcy number (D,) and Dufour
number related to fluid layer (D) because
of linear temperature profile (LTP) moreover
composite system is stabilizes for parabolic
temperature profile (PTP) and inverted
parabolic temperature profile (ITP).

ii. The physical parameter viscosity ratio (p)
destabilizes the composite system for all the
three temperature profiles (LTP,PTP) and
(ITP).

iii.  The physical parameters Dufour number
concerns to porous layer (D, ) and Rayleigh
number concerns to solute (R,) are stabilizes
the composite system for all the three
temperature profiles (LTP, PTP) and (ITP).
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