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Abstract

The stability analysis of Soret-driven double diffusive Rayleigh — Benard Marangoni convection in a
composite system with an internal heat source is investigated theoretically. The system is confined between
lower rigid and upper free horizontal surfaces and adiabatically insulated to temperature and concentration.
The system is exposed to uniform and non-uniform salinity gradients. The two-layer model is utilized to
govern the momentum equations for fluid and porous layers, which are Navier Stokes and Darcy equations
respectively. The graphs are plotted using MATHEMATICA to investigate the influence of solute Rayleigh
Number, Soret Number, Darcy number, Thermal Diffusivity Ratio, Thermal Marangoni Number, Solute
Marangoni Number, Internal Rayleigh Number, Thermal Depth, Solute Diffusivity Ratio and the ratio of solute
to thermal diffusivity on the onset of double-diffusive Rayleigh — Benard Marangoni Convection. Solute
Rayleigh number, Soret number, solute diffusivity ratio, and the ratio of solute to thermal diffusivity have a

stabilizing impact on the onset of double-diffusive Rayleigh — Benard Marangoni convection.

Keywords: Double Diffusive Convection, Rayleigh — Benard Convection, Marangoni Convection, Soret
Effect, Internal Heat Source, and Composite Layer.

1. Introduction

Marangoni convection is convection caused by a surface tension gradient. Even slight s changes in
temperature or solute concentration can result in convection since surface tension on the free surface is a
large function of both those variables. The thermal diffusion process, commonly known as the Soret
effect, is induced by a salinity gradient. A horizontal composite layer system of porous and fluid layers
with heat and mass transfer taking place through the interface is related to many natural phenomena and
various industrial applications. The related problem of a liquid layer overlying a porous layer is also found
in many environmental and engineering applications as well. The water layer of a pond or a lake with a
muddy bottom layer, transport phenomena that occur from soil to water and vice versa, and the geothermal
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system are some of examples of environmental applications. The thermodiffu- sion effect or the Soret
effect is the mass flux in a mixture due to a temperature gradient. This effect is very weak but can be

important in the analysis of compositional variation in hydrocarbon reservoirs.

Pearson (1958) investigated the convection cells induced by surface ten- sion. He found that two factors
tending to instability would be relevant. The first one is due to temperature variations and the second is
due to relative concentration variations. He also found that surface tension forces are responsible for
cellular motion in many cases where the criteria given in terms of buoyancy forces would not allow for
instability. Nield (1977) first formulated the onset of convection in a fluid layer overlying a porous layer.
He proposed an analytic solution including the Marangoni effect at a deformable upper surface. He found
that the Marangoni and gravity effects are additive for the onset of convection in a fluid layer overlying a
porous medium. Trevisan and Bejan (1985) first reported on a comprehensive numerical study of the
natural convection phenomenon occurring inside a porous layer with both heat and mass transfer from the
side. Numerical results for overall heat and mass transfer through porous cavity are presented using a
Darcy model and compared with scale analysis for several parameters, which governs natural convection.
Flin chen et al(1989) investigated the horizontal superposed fluid and the porous layer. The depth ratio, is
the ratio of the thickness of the fluid layer to that of the porous layer. The top and bottom walls were kept
at different constant temperatures. The onset of convection was detected by a change of slope in the heat
flux curve. The results a precipitous decrease in the critical Rayleigh number as the depth of the fluid
layer was increased from zero, and an eightfold decrease in the critical wavelength. Anne Silberstein et al
(1990) investigated a synthesis of results, both experimental and theoretical, that were obtained from a
study of natural convection in fibrous in- sulat ing materials presenting a permeable interface to the
adjacent fluid layer. Jean.K.Platten (2006) studied the different techniques to measure the Soret coeffi-
cient, beam deflection technique, thermal diffusion forced Rayleigh scattering technique, convective
coupling and, in particular, the onset of convection in horizontal layers, and the thermogravitational
method). Results are provided for several systems, with both negative and positive Soret coefficients, and
comparisons between several laboratories are made for the same systems. D.V. Alexandrov et al (2006)
analyzed the effect of a temperature-dependent solute diffusion coefficient on the model of unidirectional
solidification of a binary melt with a steady-state two-phase zone is studied. The Soret effect
(thermodiffusion) is also included in the analysis. The concentration and temperature fields in the liquid,
solid, and mixed-state phases are found as functions of all thermophysical parameters. The rate of

solidification and two-phase zone thickness are determined as well.
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2. Mathematical formulation

We consider a homogeneous porous layer of thickness d,, underlying an incompressible
liquid layer of thickness d Cartesian coordinates are used with origin at the liquid - porous
interface. The z direction is opposite to the gravitational acceleration g. The bottom of the
porous layer is a rigid, and the upper surface of the fluid is free and the system is adiabatically
insulated for heat and mass. The temperature difference of fluid layer is T, — T;, and of the
porous layer is T; — T, and that of the total system is T; — T,,. The concentration difference of
fluid layer is C, — C,,, of the porous layer is C; - C,. And that of the total system is C; — C,.

Governing Equations

Under the Boussinesq approximation, the equation of continuity, the equation of fluid, the heat
equation and the concentration equation and the equation of state are given by,

For fluid layer,

Equation of Continuity,

V-g=0 (1)
Equation of Momentum,
Po f,—f +(q- V)ﬁ] = —VP + uVv%G — pgk )
Equation of Energy,
L+ (3T = krV2T +Q 3)
Equation of Concentration,
% 4 (§V)C = kV2C + kg V2T @)
Equation of State,
p= ,00(1 —ar(T, —Ty) + ac(Cy — Co)) (5)
For porous layer,
Equation of Continuity,
Vip * Gm = 0 (6)
Equation of Momentum,
Po i% + 2 G Vdiim| = —YmPn = G — Pk (7)

Equation of Energy,
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aTm - 2
W + (Qm V)T = kvam T+ Qm ®
Equation of concentration,
0Cp 5 )
QD? + (Gm " V)C = kcmv mCm + kvam T 9

Equation of State,
Pm = Po(l - am(Tl - TO) + am(cl - CO)) (10)
Basic state solution

The basic state solution of the composite system is obtained for the quiescent flow where
velocity, temperature, concentration and pressure are functions of z only and is given by,

For fluid layers,
Gr=0, P=Py(2), T=Ty(2), p=pp(2), C=Cy2)
For porous layers,
Gm =0, Ppn=Pup(Zn), Tm=Tm(Zn), Pm = Pmp(Zm),
Cm = Cop(Zm)

The temperatures distributions Ty, (z) and T,,,;, (z,,,) are

— (Zz_dz) (Ty=To)
Ty,(2z) = —Q 27 +( - )z+T0

m To-T
Top (Zm) =2 [Zrzn + dmzm] + (( (:i 1)) Zm + T

ZKTm m
The concentration distributions C,(z) and C,,;,(z,,) are
(Cu - CO)Z
d

(CO - Cl)Zm
dm

Cb(Z) = CO +

Cmp (Zm) =Co+

At interface temperature (T,)

. Tykrdm + Tikr, d dd,,(Qd + Qmmdm,
o~ dd,, 2(dkr, + krdy,)

At interface concentration (Co)

_ Cukedp + Cike, d
7 ke d+kedy
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Linear Stability Analysis
Perturbed state

In order to investigate the stability of the basic solution, we superpose perturbations on the
system in the form.

for fluid layers,
G=0+q, P=P,(2)+P, T=Ty(2)+6, C=Cy(z)+ 0

For porous layers,
(_im =0+ q,mb' Py = Ppp(2m) + Pml; T = T (Zm) + O,

Cn = Cp (Zm) + 0

The above equations are substituted in equations (1) to (10) and are linearized in the usual
manner. By taking curl twice on equations (2) and (7), the pressure term is eliminated and only
the vertical component is retained. The variables are then non-dimensionalized by choosing
separate length scales for the two layers so that each layer is of unit depth.

Thus we obtained non-dimensional linearized equations for momentum, temperature,
concentration in fluid and porous layers respectively. for fluid layers,

k 1
(u,v,w) = %(u*,v*,w*), 0 =(T,—T,)0", V= EV* (11)

2

d
(erJZ) = d(x*’y*'Z*)r @ = (CO - Cu)(b*i t = k_t* (12)
T

For porous layers,

kr. 1
(umi Ums» Wm) =70 (u;n' v;;u W;l)' em = (Tl - TO)G;;I' Vm: _V;n (13)
dp, dm

2
m

k. tm (14)

(xm' Ymtzm) = dm(x:n' y;;uz;kn)' Qm = (Cl - CO)Q;W tm =

Substituting (11) to (14) in the above equations for momentum, temperature, concentration in
fluid and porous layers. We obtain the following non-dimensionalised equations.

For fluid layer,

1 9(Viw) . 5 5

)

06 ,

E—wzv 0+ R;(2z— 1w (16)
oJ0]

E—W = TV2®+51-V29 (17)

For porous layer,
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Dy 0(Viwm) _

5 g = ~ViWn + Vi0mRaz, — Vi0uRas, (18)
m
96, X
As = Wi = Vil + Ry, (22 — D)y, (19)
m
a®7’n 2 2
Q? —Wn = vamwm + 517 V50 (20)
m

Where,

Pr = —£— is the Prandtl number in fluid layer.
pokr

_ pod3gar(To—Ty)

Ra; = ST is Rayleigh number in fluid layer.
T
3 —
Rag = %}M is solute Rayleigh number in fluid layer.
T
(To—Ty)

Sr = is soret number in fluid layer.
(CO_Cu)

T = % is the ratio of solute to temperature diffusivity in fluid layer.

T

Pry, = ‘;{@ is the Prandtl number in porous layer.

PoRTy,

_ Pod ga'r(T1=Tp)

Rar T is Rayleigh number in porous layer.
k pod? C1—Co) - . .
Rag = %Lod 99c(Ci=Co) s o) 1te Rayleigh number in porous layer.
m ke,

k . . .
Da = ——is solute Rayleigh number in porous layer.

k T;—T, . .
s, = <em T1=T0) o sret number in porous layer.

kr,, (C1—Co)

Ty = :C—m is the ratio of solute to temperature diffusivity in porous layer.

Tm
2
Rar = “ZL{T Da Ray isthe Relation between Rar and Rar,,
2
Rag, = “gfc Da Rag is the Relation between Rag and Rag,

Thus the momentum equation in porous layer is transformed in terms of

RaT - RaS.
Da dV?w, ark? ag k2
o = VWt — Da(Vi0mRar — —= Da(V3By)Ras

The non-dimensionalized equations are subjected to normal mode expansion on the dependent
variables in the fluid and porous layers as:
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w w(z)
[9] = IQ(Z)‘ f(x,y,z) elx+my)+nt (21)
0) ?(2)
Wm Wm(Zm)
Q)m Q)m(zm)

with V3f +a?f =0 and V3,,f;n + a2 f,, = 0 where a and a,, are the wave numbers,
n and n,, are the frequencies, W and W,, are the dimensionless vertical velocities in the fluid
and porous layers respectively. As the principle of exchange of stability is valid for the present
problem, the time derivatives are dropped, i.e., n=0=mn,,. Where land m are the
horizontal wave number in the x and y directions respectively. Substituting equations (21)
and (22) in equations (15) to (20), we get the following ordinary differential equations:

for fluid layer,

(D? —a®)w(z) = a®(Ray6 — Ras®) (23)
(D? —a?®)0(z2) + w(z) + (Ra;(2z — Dw(z) =0 (24)
1(D? — a®)P(z) + w(z) + Sr(D? —a?)8(z) =0 (25)

For porous layer,

(Drzn - arzn W (Zm) = a%n(Rangm - RaSm®m) (26)
(Dr%q - arzn )gm(zm) + Wi (Zm) + (Ralm (22, — l)Wm(Zm) =0 (27)
T(Drzn - arzn ) (Z) + Win(z) + Srm(Drzn - arzn )0 (z) =0 (28)

Where,

. . . d d
a and a,, are the non dimensional horizontal wave number, Pl D and — =D,

0z
@ and @, are the concentrations @ and 6,,are the temperature in fluid and porous layers
respectively. W and W, are dimensionless vertical velocity distribution in fluid and porous
layers respectively.

3. Boundary Conditions

Boundary conditions at the fluid and porous layer interface have a great effect on the prediction

of convection stability in a composite layer. The interface effect also determines the flow
pattern, temperature mass distributions and heat transfer rates. Equations (23) to (28) are to be
solved subjected to the following appropriate velocity, temperature and concentration
boundary conditions.

The velocity boundary conditions are:
At the free surface of the fluid layer,
W) =0
D?2W (1) + Mara?6(1) + Maga?¢p(1) =0

At the rigid surface of the porous layer,
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Wm(o) =0
At interface,
d
W) ==—W,(1)
kr
a3
D*W(0) = IE_D’Z”W"‘(D

T

d*
DSW(O) = mDme(l)
T

Adiabatic temperature boundary condition:
At the top of the fluid layer,
DO(1) =0
At the bottom of the porous layer,
D,,0,,(0)=0

At interface,

~

kr
0(0) = F O (1)

DO(0) = Dy, 6, (1)

Adiabatic concentration boundary condition:
At the top of the fluid layer
D®(1) =0
At the bottom of the porous layer
D, ®,,(0) =0

At interface

~

ke
®(0) = Fl m (1)

D@(0) = Dy (1)

The system comprising of equations (23) to (24) corresponds to the fluid medium and the
system comprising of equations (25) to (28) corresponds to the porous medium along with the
boundary conditions forms an eigenvalue problem with Ra; being the eigenvalue. Since both
systems consist of space varying coefficients. It is no longer possible to obtain a closed form
solution of the problem. We therefore use a regular perturbation method to solve the eigenvalue
problem.
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4. Method of solution by Regular Perturbation Technique

An eigen value problem with Raras an eigen value that has to be solved for different salinity
gradients. The horizontal wavenumber a is negligibly small. Hence, the eigen value problem
is solved by regular Perturbation technique with wave number a as a perturbation parameter
accordingly, the variables W, ® and @ expanded in powers of a? as,

(W(,00),6(2) = Y (@) Wi(2), 6:(2), (=) 29)
i=0
(Win ), O ), b (2)) = ) (@2 Wi ), O ), Prs(zn) (30)
i=0

Substituting equation (29) and (30) into equation (23) to (28) yields a sequence of equation for
the unknown functions.

Wi (2), Wni(Zm), 0;(2), Omi(z0), @i (2), @i (z) fori =0,1,2,3 ......
The zeroth order equations are:
D*W,y(2) =0
D2W,0(zn) =0
D?%0y(2) =0
D},010(zm) = 0
D%®y(z) =0
DZ®,.0(zy) =0
The corresponding velocity boundary conditions of zeroth order are:
We(1) =0
D2W,(1) =0
W,0(0) = 0

Wmo(l)

.:(]‘N)l Qo

W, (0) =

>
w

D Wino (1)

D2W,(0) =

Gl

T

~

d4
D3W0 0) = - ]’E_ Dy Wino (1)

T

The corresponding adiabatic thermal boundary conditions of zeroth order are:
DOy(1) =0
Dm@mo(l) =0
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~

kr
90(0) = g Qmo(l)

D6,(0) = Dpy03no(0)

The corresponding adiabatic concentration boundary conditions of zeroth order are:

Dy, ®no (0) =0

k¢
®Py(0) = g Do (1)

D¢0 (O) = Dm(pmo(l)

The solutions to zeroth order equations are:

Wy(z) =0
Wio(z) =0
0o(z) =T
Omo(Zpm) =1
Dy(2) =C
Ppo(Zm) =1
The equations of first order of a? are:
D*W,(z) = Ra;T — RagC (31)
D} W1 (zm) = —Rary, + Ragy, (32)
D?0,(2) + Wy (2) + R,z - DW,(2) =T (33)
D201 (Zy) + W1 (Z) + R 2z, + DWWy (2) = 1 (34)
T D%®,(2) + Wy (2) + SrD?0,(2) =1 C + SrT (35)
T D21 (Zi) + Wit (Zn) + STy D2 Oy (z) = 1 (36)

The corresponding velocity boundary conditions of first order of a? are:
W, (1) =0
D*W;(1) + Ma;T + MagC = 0
Wi (0) =0

1
W1 (0) = me(l)

T

D2W,(0) = L D2 W, (1
1(0) = = DinWin (1)
T
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d?
D3*wy(0) = _WDme(l)
T

The solutions to equations (31) and (32) after applying velocity boundary conditions , we
obtain,

24

C
<<A7 + Aoz + Ayz% + Agz3 — ﬁz > Ra5>

~

+ ! +A T Mar + +A £ M
P~ zZ——Z a e zZ——=Z a
dk;Da T 6 " "\dk;TDa """ 6 s

T
Wl(Z) - <A8 +A10Z+A2Z +A4Z +_Z )RaT

~

T?Da C*Da 1
Wi (zm) = | AeZm — 5 Zin Ray + | A5z, + 5 Zm Ra5+<mzm>MaT

¢
+|=—2z, |Ma
<TDa m) s

Where,
k2 Da kr Da ke A ky A
1=TCA_, A2=—_TA_,A3=_ _C+_1 ) A4= _T—_Z

2ky d3 2 g3 12d = 3 12d 3

B 6kTDaA3 kCDa _ (kiDa 6krDaA,

A5 - = - - dA4 - dAZ )
A = 5 kC Da {46 krDa
77 \dky ZkT as “\dk; 245 )

ke T
=—-A;— A —As+—, Ap=—-Ag—A;—Ay———
Ag 7 1 3+ 124 10 8 2 * T 5u4d

5. Compatibility condition

Compatibility condition is obtained by integrating the temperature and the concentration
equations. Integrating temperature and concentrations equations (33) and (34) between z=0
and z=1, and multiplying equation (35) and (36) by > and integrate between z,, =

0 and z,, = 1 and adding the resulting equations, we obtaln the compatibility condition as,
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Sr 1 2R,Sr 1
T(l—RI)J Wif(z)dz + - (1-R) j W, f(2)dz
0 0
ZRImSTm 1 EC 1
{ St (1+ Ry) Wiifm(Zn)dzy, + —dez L ZoWimifmZm)dz, ¢ = _E — ﬁ
+_

T d?

0 11 1 1
__f ng(Z)dZ - Azf Wmlgm(zm)dzm
\ T 0 de 0

By substituting the expression for W; and W,,; and f(z) = f,,(z,) = 1 into the above
equation, integrating and solving we obtain critical Rayleigh number Rc;.

Y —IliRas — [ Mar — [Is Mag
n

RCl s

Where,
I, = (B2+ B6 + B10 + B14 + B18 + B22),
I, = (B3 + B7 + B11 + B15 + B19 + B23),
I1; = (B4 + B8 + B12 + B16 + B20 + B23),
I, =(B1+B5+ B9+ B13 + B17 + B21)

S A A A k
B = TR (P g i a5

Sr A A A k
B, :7(1_R1)(79+?1+T3+A7_1206d);

(=1 +R)Sr (=1 +R)Sr k¢
By = ———""—(12+dks); B,=-— (=12 +d ky) ;
3 24d2%T T * 8d2T ky T
R/Sr (24, A, 2A, kr
Bs = L S A ——|;
> r<3 T2t Tt ng)
R/Sr (249 A, 24, k¢ RSt  2ksR,Sr
Be=—— <3+2+5+A7 72d) P T3 T asan
B - S5KcR;St 8kcR,ST 5. = (1 + R;)S1, (344d* — Dak?)
87 3d2k;t  45dt ' o 6d°t,,
_ (1 + le)STm(3A5d4 - Dakg) . _ kTSTm kT le STm .
10 6d°T,, ’ 17 2d31,, 2d3t, '’
_ keStn | ke Ry Sty _ 2A6RpySTy  Daky® Ryp Sty
127 2d31,, 2d3t,, '’ 137 3d2g, 4dot,, ’
_ 2A5Rp Sty Dake® Ry, Sty _ 2ky Ry St
47 342, 4dot,, ' 57 3437,
2k¢ Ry St 1(A,, A, A, ky
= Z0C im o m, Byy=———+=+="=+A4g+——;
16 3d3t,, 17 2 T3 T3 T8 T 204
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1(4y A, A k¢ 1 ko
18 ( 2 "3 T T 1204 YT 2d2t 24dr
ke 3k, Ay Dak;”
Bao = — T 532k 1 Bor = = 5azr Y easr
8dr 2d%k;t 2d*t,, 6d°t,
As  Dak.® ky ke
By, = — ; Bys=————; B, =——2%¢
22 = " oa2 T der,, 2= T, 2= T

6. Graphical Interpretations

The onset of Rayleigh-Bénard-Marangoni convection in a composite layer is investigated, with
a focus on the critical conditions for the onset of instability. The study examines how the
Rayleigh number varies with the depth ratio, incorporating the effects of key parameters such
as the solute Rayleigh number, Soret number, Darcy number, thermal Marangoni number,
solute Marangoni number, internal Rayleigh number, thermal diffusivity ratio, solute
diffusivity ratio, and the ratio of solute to thermal diffusivity. The stability analysis is
performed using linear stability theory, and the critical Rayleigh number is determined as a
function of the governing parameters. The results, presented graphically, reveal the combined
effects of thermal and solutal buoyancy, interfacial tension gradients, and the porous medium
properties on the stability thresholds. Specific trends are observed, such as the destabilizing
influence of the thermal and solutal Marangoni numbers and the stabilizing role of the Darcy
number, which characterizes the permeability of the porous medium. Parameters like the Soret
number and diffusivity ratios significantly impact the coupling between thermal and solutal
fields, influencing the onset of convection. For clarity, certain parameters are held constant
during the analysis, and their values are chosen based on physical relevance to the problem.
This comprehensive investigation provides insights into the fundamental mechanisms driving
convection in composite systems.The fixed value of the parameters are D, = 0.03, M, =
5 M, =5R; =0.1,S, = 0.5 R, = 100,y = 1.0,K, = 1.0and T = 0.3.

Figure-1 illustrates the impact of the various values Darcy number D, = 0.03,0.04 and 0.05
on thermal convection in a porous medium, particularly focusing on the onset convection. For
a fixed depth ratio , it is evident that as Da increases, flow resistance decreases, as reflected by
the reduction in the critical Rayleigh number. This reduction highlights that a higher Da
destabilizes the system, allowing convective motion to commence at lower Rayleigh numbers
and thereby promoting the earlier onset of DDRBM convection. The physical interpretation of
this phenomenon is tied to the permeability of the medium. As Da increases, the porous
medium becomes more permeable, reducing the damping effect of viscous forces on flow and
enhancing the convective instability. Consequently, the system transitions from a more stable
to a less stable state as Da rises. Additionally, the convergence of curves at both ends of the
plot suggests consistent system behavior at extreme values of Da. The porous medium exhibits
behavior similar to free fluid convection. These trends confirm that Da is a critical parameter
governing the stability and onset of convection in porous systems.
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Figure-2 illustrates the influence of the solute diffusivity (k. = 0.8,0.9 and 1) on
DDRBM convection in a composite layer. For a fixed value of the depth ratio, an increase
in the Rayleigh number indicates that flow resistance increases with higher values of the
diffusivity ratio. Consequently, this parameter tends to stabilize the system, thereby
delaying the onset of DDRBM convection. But the effect different values of thermal
diffusivity ( kr = 0.8,0.9 and 1) plays opposite role as shown in figure-3 and plays dual
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role. Figures 4 and 5 illustrate the influence of Solutal and Thermal Marangoni numbers
(Mys = Myr = 5,10and 15 ) on DDRBM convection. As the Rayleigh number
increases, the flow resistance intensifies due to enhanced buoyancy effects. This resistance
becomes more pronounced for higher values of the Solutal and Thermal Marangoni
numbers (M, and M), indicating that interfacial tension gradients play a significant role
in stabilizing the flow. Consequently, DDRBM convection can be delayed or suppressed
under conditions with sufficiently large Marangoni numbers. This suggests that the
interplay between thermal and solutal effects provides a mechanism to regulate convection
in the system, potentially extending the stability regime for certain parameter ranges. Such
findings are critical for understanding and optimizing transport processes in systems
governed by coupled thermal and solutal effects. Figure- 6 illustrates that an increase in
the Solutal Rayleigh number (R,s = 100,200 and 300) leads to a corresponding rise in
the overall Rayleigh number (R,). This increase in (R,s) enhances the concentration
gradients within the fluid, which delays the onset of convection by increasing the
stabilizing effect of solutal buoyancy forces. Consequently, a higher (R,) stabilizes the
onset of Double Diffusive Rayleigh-Benard Marangoni (DDRBM) convection. Figure-7
demonstrates that an increase in the Internal Rayleigh number (R, = 0.1,0.2 and 0.3)
enhances the internal heat generation within the fluid. This additional heat source reduces
the thermal stability of the system, thereby hastening the onset of convection. As a result,
an increase in (R;) destabilizes the system, leading to the earlier onset of Double Diffusive
Rayleigh-Bénard Marangoni (DDRBM) convection. These results underscore the
destabilizing role of internal heat sources in systems influenced by coupled thermal and
solutal effects, providing insights into the thermal management and stability of such
configurations. Figure -8 demonstrates that an increase in the Soret parameter (S, =
0.3,0.4 and 0.5) leads to an increase in the critical Rayleigh number R,. across all
salinity gradients. This rise in (S,) enhances the thermal diffusivity within the system,
which accelerates the onset of convection by reducing the thermal resistance.
Consequently, the increase in (S,) destabilizes the system, the onset of Rayleigh-Bénard
Marangoni convection at lower stability thresholds. These findings emphasize the
destabilizing influence of thermal stratification in systems where both thermal and solutal
gradients govern the fluid behavior.

7. Conclusion

Double Diffusive Rayleigh-Barnard-Marangoni (DDRBM) convection in a composite layered
system, incorporating the Soret effect and a constant heat source, is analyzed and solved in
closed form using the Regular Perturbation method. This study investigates the interplay
between thermal and solutal buoyancy forces, surface tension gradients, and the Soret-driven
mass diffusion on the stability and dynamics of the system.

The following conclusions are drawn:

1. Effect of increasing the values of ratio of solute to thermal diffusivity ,solute diffusivity
and solute Rayleigh number increase the critical Rayleigh number. Consequently, it
stabilizes the onset of double diffusive Rayleigh Benard Marangoni convection with
constant heat source.

2. Effect of increasing the values of solute Marangoni number and thermal Marangoni
number increases the critical Rayleigh number. Consequently, it stabilizes the onset
of double diffusivity Rayleigh Benard Marangoni convection with constant heat source.
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3. Effect of increasing the values of soret number decreases critical Rayleigh number.
Consequently, it destabilizes the onset of double diffusive Rayleigh Benard Marangoni
convection with constant heat source.

4. Effect of increasing the values of internal Rayleigh number decreases critical Rayleigh
number. Consequently, it destabilizes the onset of double diffusive Rayleigh Benard
Marangoni convection with constant heat source.
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