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Abstract: The problem of surface tension driven double diffusive convection is investigated

in a two-layer system with an incompressible two component fluid saturated porous layer

above which lies a layer of the same fluid. The lower boundary of the porous layer is rigid

and the upper boundary of the fluid layer is free with surface tension effects depending on

both temperature and concentration / salinity. Both the boundaries are insulating to heat and

mass. At the interface, the velocity, shear stress, normal stress, heat, heat flux, mass and mass

flux are assumed to be continuous conducive for Darcy-Brinkman model. The resulting eigen

value problem is solved for linear, parabolic, and inverted parabolic temperature profiles and

analytical expressions for corresponding Thermal Marangoni Numbers are obtained. Effects of

variation of important physical parameters on the Thermal Magangoni numbers are compared

for the three temperature profiles. The most suitable temperature profiles for the situations

wherein the convection has to be controlled and where in the convection is needed are found.
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1. Introduction

Double diffusive convection in two layer systems is essential in understanding
the evolution of a number of systems that witness several causes for density
variations. These include convections in Magma chamber and in Sun (where
heat and helium diffuse at differing rates). The forms of convection in magma
chamber arise from compositional variations caused by processes such as par-
tial crystallization, partial melting, contamination and thermal effects. Mag-
mas exhibit a wide range of convective phenomena not encountered in single-
component fluids and that are due to these compositional changes and to the
difference between the diffusivities of chemical components and heat. When
crystallization occurs in such multi component systems, fluid immediately ad-
jacent to the growing crystals is generally either depleted or enriched in heavy
components and can convect away from its point of origin. The convective
motions in chambers are usually sufficiently vigorous to keep crystals in sus-
pension, although settling can occur forming two layer systems at the margins
of the magma chambers. To understand the magma genesis, it is essential
to understand the stability of magma chambers under different thermal and
compositional/concentration gradients. These gradients are also encountered
in a wide range of industrial and geophysical applications, such as flows in
fuel cells, filtration processes, the extraction of oil from underground reservoirs,
ground-water pollution, and in flow in biological materials, the manufactur-
ing of composite materials used in the aircraft and automobile industries, flow
of water under the earths surface and growing of compound films in thermal
chemical vapour deposition reactors. In this paper, the problem of surface ten-
sion driven double diffusive convection in a two layer system is investigated for
three temperature gradients, linear, parabolic and inverted parabolic tempera-
tures exactly and the Thermal Marangoni numbers for the three gradients are
obtained.

Some literature is available for the non-uniform temperature gradients in
single fluid/porous layers. Nanjundappa etal [1] have investigated the effect of
non-uniform basic temperature gradients on the onset of Marangoni convection
in a horizontal layer of a Boussinesq particles. They observed that the fluid
layer with suspended particles heated from below is more stable compared to
the classical fluid layer without suspended particles. Shivakumara etal [2] have
investigated that the stability of Rayleigh-Benard-Marangoni ferroconvection is
significantly affected by basic temperature gradients. Melvina Johnson Fu etal

[3] have studied the effect of six different non-uniform basic state temperature
gradients on the onset of Marangoni convection in a horizontal micropolar fluid
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layer bounded below by a rigid plate and above by nondeformable free surface
subjected to a constant heat flux using Rayleigh Ritz technique. Siti Suzillian
etal [4] have investigated the effect of six different non-uniform basic tempera-
ture gradients on the onset of Marangoni convection in a horizontal layer with
a free-slip bottom heated from below and cooled from above using single-term
Galerkin expansion procedure. The combined effects of vertical magnetic field
and nonuniform temperature profiles on the onset of steady Marangoni convec-
tion in a horizontal layer of micropolar fluid are investigated by Mahmud etal

[5]. Shivakumara etal [6]have found that the parabolic and inverted parabolic
basic temperature profiles have the same effect on the onset on the convection
in a layer of an incompressible couple stress fluid saturated porous layer.

There are also some literature available on single component convection in
two layer systems, starting from Nield [7], Taslim and Narusawa [8], McKay
[9] and a few literature on two component convection in two layer systems by
Venkatachalappa etal [10],Gobin etal [11] and Sumithra [12] . The combined
effects of magnetic field and non uniform basic temperature gradients on single
component convection in two layer system is investigated by Sumithra and
Manjunatha [13, 14].

2. Formulation of the Problem

Consider a horizontal two - component, fluid saturated isotropic sparsely packed
porous layer of thickness dm underlying a two module fluid layer of thickness d
. The lower surface of the porous layer rigid and the upper surface of the fluid
layer is free with surface tension effects depending on both temperature and
concentration. Both the boundaries are kept at different constant temperatures
and salinities. A Cartesian coordinate system is chosen with the origin at the
interface between porous and fluid layers and the z-axis, vertically upwards. The
continuity, momentum, energy and species concentration /solute/salt equations
are,
for the fluid layer

▽.−→q = 0 (1)

ρ0[
∂−→q

∂t
+ (−→q .▽)] = −▽P + µ▽2−→q (2)

∂T

∂t
+ (−→q .▽)T = κ▽2T (3)

∂C

∂t
+ (−→q .▽)C = κc▽

2C (4)
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for the porous layer

▽m.−→q = 0 (5)

ρ0[
1

ε

∂−→qm

∂t
+

1

ε2
(−→qm.▽m)−→qm] = −▽mP + µm▽

2
m
−→q −

µ

K
−→qm (6)

A
∂Tm

∂t
+ (−→qm.▽m)Tm = κm▽

2
mTm (7)

ε
∂Cm

∂t
+ (−→qm.▽m)Cm = κcm▽

2
mCm (8)

Here −→q = (u, v, w)is the velocity vector, ρ0 is the fluid density, t is the time, µ is
the fluid viscosity,P is the pressure, T is the temperature,κ is the thermal diffu-
sivity of the fluid, κc is the solute diffusivity of the fluid, C is the concentration

or the salinity field,K is the permeability of the porous medium, A =
(ρ0Cp)m
(ρCp)f

is the ratio of heat capacities, Cp is the specific heat, ε is the porosity and the
subscripts ’m’ and ’f’ refer to the porous medium and the fluid respectively.
The basic state is quiescent, in the fluid layer

[u, v, w, P, T,C] = [0, 0, 0, Pb(z), Tb(z), Cb(z)] (9)

and in the porous layer

[um, vm, wm, Pm, Tm, Cm] = [0, 0, 0, Pmb(zm), Tmb(zm), Cmb(zm)] (10)

where the subsript ’b’ denotes the basic state. The temperature and species
concentration distributions Tb(z), Tmb(zm) and Cb(z), Cmb(zm) respectively are
found to be

−
∂Tb

∂z
=

(T0 − Tu)

d
h(z) in 0 ≤ z ≤ d (11)

−
∂Tmb

∂zm
=

(Tl − T0)

dm
hm(zm) in 0 ≤ zm ≤ dm (12)

Cb(z) = C0 −
(C0 −Cu)z

d
in 0 ≤ z ≤ d (13)

Cmb(zm) = C0 −
(Cl − C0)zm

dm
in 0 ≤ zm ≤ dm (14)

where T0 =
κdmTu + κmdTl

κdm + κmd
,C0 =

κcdmCu + κcmdCl

κcdm + κcmd
are the interface temper-

ature and concentrations, h(z) and hm(zm) are temperature gradients in fluid
and porous layer respectively.
We superimpose infinitesimal disturbances on the basic state as

[−→q , P, T,C] = [0, Pb(z), Tb(z), Cb(z)] + [−→q ′, P ′, θ, S] (15)
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and

[−→qm, Pm, Tm, Cm] = [0, Pmb(zm), Tmb(zm), Cmb(zm)]

+[−→qm
′, P ′

m, θm, Sm] (16)

where the prime indicates the perturbed quantity. Now Eqs. (15) and (16)
are substituted into the Eqs. (1) to (8), eliminating the pressure term from
the momentum Eqs. (2) and (6) by taking curl twice on these two equations
and only the vertical component is retained. In the dimensionless formulation,
scales for time, velocity, temperature and species concentration respectively
d2

κ
, κ
d
, T0 − Tu, C0 −Cu in the fluid layer , d2m

κm
, κm

dm
, Tl − T0, Cl −C0 as the corre-

sponding characteristic quantities in the porous layer.
The separate length scales are chosen for the two layers (see F.Chen and
C.F.Chen [15], D.A.Nield [16]), so that each layer is of unit depth such that
(x, y, z) = d(x′, y′, z′) and (xm, ym, zm) = dm(x′m, y′m, z′m − 1).
The dimensionless equations (after neglecting the primes) are:
in 0 ≤ z ≤ d

1

Pr

∂▽2W

∂t
= ▽

4W (17)

∂θ

∂t
= Wh(z) + ▽

2θ (18)

∂S

∂t
= W + τ▽2S (19)

in 0 ≤ zm ≤ 1

β2

Prm

∂▽2
mWm

∂t
= µ̂β2

▽
4
mWm − ▽

2
mWm (20)

A
∂θm

∂t
= Wmhm(zm) + ▽

2
mθm (21)

ε
∂Sm

∂t
= Wm + τpm▽

2
mSm (22)

where,for the fluid layer Pr = ν
κ
is the Prandtl number,τ = κc

κ
are the diffusivity

ratios. For the porous layer, Prm = ενm
κm

is the Prandtl number, β2 = K
d2m

= Da

is the Darcy number, β is porous parameter, µ̂ = νm
ν

is the viscosity ratio,
τpm = κcm

κm
are the diffusivity ratios in the porous layer , h(z) and hm(zm) are the

non-dimensional temperature gradients with
1∫
0

h(z)dz = 1 and
1∫
0

hm(zm)dz = 1

and W and Wm are dimensionless vertical velocities in fluid and porous layers
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respectively.
Introducing the normal mode solutions of the form,




W

θ

S


 =




W (z)
θ(z)
S(z)


 f(x, y)ent (23)

and



Wm

θm
Sm


 =




Wm(zm)
θm(zm)
Sm(zm)


 fm(xm, ym)enmt (24)

with ▽
2
2f + a2f = 0 and ▽

2
2mfm + a2mfm = 0, where a and am are the nondi-

mensional horizontal wave numbers,n and nm are the frequencies. Since the
dimensional horizontal wave numbers must be the same for the fluid and porous

layers, we must have
a

d
=

am

dm
and hence am = d̂a .

Substituting Eqs. (23) and (24) into the Eqs.(17) to (22) and an eigenvalue
problem consisting of the following ordinary differential equations is obtained,
in 0 ≤ z ≤ 1

(D2
− a2 +

n

Pr
)(D2

− a2)W = 0 (25)

(D2
− a2 + n)θ +Wh(z) = 0 (26)

τ(D2
− a2 + n)S +W = 0 (27)

in 0 ≤ zm ≤ 1

[(D2
m − a2m)µ̂β2 +

nmβ2

Prm
− 1](D2

m − a2m)Wm = 0 (28)

(D2
m − a2m +Anm)θm +Wmhm(zm) = 0 (29)

τpm(D2
m − a2m + nmε)Sm +Wm = 0 (30)

Since the principle of exchange instability holds for surface tension driven con-
vection in fluid layer and porous layer,we assume that it holds good even for
the present configuration as well. So,the eigen value problem becomes
in 0 ≤ z ≤ 1

(D2
− a2)2W = 0 (31)

(D2
− a2)θ +Wh(z) = 0 (32)

τ(D2
− a2)S +W = 0 (33)
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in 0 ≤ zm ≤ 1

[(D2
m − a2m)µ̂β2

− 1](D2
m − a2m)Wm = 0 (34)

(D2
m − a2m)θm +Wmhm(zm) = 0 (35)

τpm(D2
m − a2m)Sm +Wm = 0 (36)

3. Boundary Conditions

The lower boundary of the porous layer is rigid and the upper boundary of the
fluid layer free with surface tension effects depending on both temperature and
concentration/salinity. Both the boundaries are insulating to heat and mass.
At the interface the velocity, shear stress, normal stress, heat, heat flux, mass
and mass flux are assumed to be continuous conducive for Darcy-Brinkman
model. All the boundary conditions are nondimensionalized and then subjected
to Normal mode expansion and are

D2W (1) +Ma2θ(1) +Msa
2S(1) = 0,

W (1) = Dθ(1) = DS(1) = 0,

Wm(0) = DWm(0) = Dmθm(0) = DmSm(0) = 0,

T̂W (0) = Wm(1), T̂ d̂DW (0) = DmWm(1),

T̂ d̂2(D2 + a2)W (0) = µ̂(D2
m + a2m)Wm(1),

T̂ d̂3β2(D3W (0)− 3a2DW (0)) = DmWm(1)

+µ̂β2(D3
mWm(1)− 3a2mDmWm(1)),

θ(0) = T̂ θm(1),Dθ(0) = Dmθm(1),

S(0) = ŜSm(1),DS(0) = DmSm(1) (37)

where Ŝ =
Cl − C0

C0 − Cu

, T̂ =
Tl − T0

T0 − Tu

,M = −
∂σt

∂T

(T0 − Tu)d

µκ
is the Thermal

Marangoni number , Ms = −
∂σt

∂C

(C0 −Cu)d

µκ
is the solute Marangoni number.

4. Method of Solution

The solutions of W and Wm are from equations (31)and (34)

W (z) = A1 cosh az +A2z cosh az +A3 sinh az +A4z sinh az (38)
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Wm(zm) = A5 cosh amzm +A6 sinh amzm

+A7 cosh δmzm +A8 sinh δmzm (39)

where δm =

√
1

µ̂β2
+ a2m and A′

is(i = 1, 2, ....8) are constants and the expres-

sions for W (z) and Wm(zm) are appropriately written as

W (z) = A1[cosh az + a1z cosh az + a2 sinh az + a3z sinh az] (40)

Wm(zm) = A1[a4 cosh amzm + a5 sinh amzm

+a6 cosh δmzm + a7 sinh δmzm] (41)

where a′is(i = 1, 2, ...., 7) are determined using the velocity boundary conditions

of (37), we get a1 =
(a6∆12 + a7∆13)

T̂ d̂
,

a2 =
(a6∆10 + a7∆11)

∆9
, a3 =

(a6∆5 + a7∆6 −∆8)

∆7
,

a4 = −a6, a5 = −
a7δm

am
, a6 =

1

∆1
(T̂ −

∆2∆17

∆18
), a7 =

∆17

∆18
.

where

∆1 = cosh δm − cosh am,∆2 = sinh δm −
δm sinh am

am
,

∆3 = δm sinh δm − am sinh am,∆4 = δm(cosh δm − cosh am),
∆5 = (δ2m + a2m) cosh δm − 2a2m cosh am,

∆6 = (δ2m + a2m) sinh δm − 2δam sinh am,∆7 =
2aT̂ d̂2

µ̂
,

∆8 =
2a2T̂ d̂2

µ̂
,∆9 = −2a3T̂ d̂3β2,

∆10 = am sinh am(1 + 2amµ̂β2)− δm sinh δm
+ µ̂β2 sinh δm(δ3m − 3a2mδm),
∆11 = am cosh am + 2a2mµ̂β2 cosh am − δm cosh δm

+ µ̂β2(δ3m cosh δm − 3a2mδm cosh δm),∆12 = ∆3 − a
∆10

∆9
,

∆13 = ∆4 − a
∆11

∆9
,∆14 =

∆12 cosh a

T̂ d̂
+ (

∆10∆7 +∆5∆9

∆9∆7
) sinh a,

∆15 =
∆13 cosh a

T̂ d̂
+ (

∆11∆7 +∆6∆9

∆9
∆7) sinh a,

∆16 = (
∆8

∆7
) sinh a− cosh a,∆17 = T̂∆14 −∆1∆16,

∆18 = ∆2∆14 −∆1∆15.
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4.1. Linear Temperature Profile

Here taking

h(z) = 1 and hm(zm) = 1 (42)

Substituting eq(42) into(32) and (35), the θ and θm are found to be

θ(z) = A1[a8 cosh az + a9 sinh az + f(z)] (43)

θm(zm) = A1[a10 cosh amzm + a11 sinh amzm + fm(zm)] (44)

where
f(z) = −

z

4a2
[(4a+ aza1 − a3) sinh az + (4aa2 + aza3 − a1) cosh az],

fm(zm) = −[
(a4zm sinh amzm + a5zm cosh amzm)

(2am)

+
(a7 sinh δmzm + a6 cosh δmzm)

(δ2m − a2m)
], a′is(i = 8, ..., 11) are constants determined

by using the temperature boundary conditions of (37), we get
a8 = T̂ (a10 cosh am + a11 sinh am)−∆19,

a9 =
1

a
(a11am cosh am + a10am sinh am −∆20),

a10 = −
∆23

∆24
, a11 = −

∆22

am
.

where

∆19 = T̂ [(
a4 sinh am + a5 cosh am

2am
) + (

a6 cosh δm + a7 sinh δm
δ2m − a2m

)],

∆20 = (
a4 sinh am + a5 cosh am

2am
) + δm(

a7 cosh δm + a6 sinh δm
δ2m − a2m

)

+ (
a5 sinh am + a4 cosh am

2
)− (

2aa2 − a1

4a2
),

∆21 =
1

4a2
[(2a+ 2a2a2 + (a2 − 1)a3 + aa1) sinh a

+ (2aa2 + 2a2 + (a2 − 1)a1 + aa3) cosh a],∆22 =
a7δm

δ2m − a2m
+

a5

2am
,

∆23 =
∆22

am
T̂ a sinh a sinh am − a sinh a∆19 + cosh am∆22 −∆20 −∆21,

∆24 = T̂ a sinh a cosh am + am sinh am cosh a,∆25 =
∆21

τ
.

From the species concentration equations (33) and (36), the expressions for S

and Sm are obtained as

S(z) = A1[a12 cosh az + a13 sinh az + g(z)] (45)
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Sm(zm) = A1[a14 cosh amzm + a15 sinh amzm + gm(zm)] (46)

where

g(z) = −
1

τ
[f(z)], gm(zm) = −

1

τpm
[fm(zm)] , a′is(i = 12, ....15) are constants

determined by using the concentration boundary conditions of (37), we get
a12 = Ŝ(a14 cosh am + a15 sinh am)−∆26,

a13 =
1

a
(a15am cosh am + a14am sinh am +∆27),

a14 = −
∆30

∆29
, a15 =

∆28

am
.

where

∆26 =
Ŝ

τpm
[(
a4 sinh am + a5 cosh am

2am
) + (

a7 sinh δm + a6 cosh δm
δ2m − a2m

)],

∆27 =
−1

τpm
[(
a4 sinh am + a5 cosh am

2am
) + (

a5 sinh am + a4 cosh am
2

)

+ δm(
a6 sinh δm + a7 cosh δm

δ2m − a2m
) +

1

τ
(
2aa2 − a1

4a2
)],

∆28 =
1

τpm
(

a7δm

δ2m − a2m
+

a5

2am
),

∆29 = Ŝa sinh a cosh am + am sinh am cosh a,

∆30 =
∆28

am
(Ŝa sinh a sinh am + am cosh am cosh a)

− a sinh a∆26 + cosh a∆27 −∆25.
Now the thermal Marangoni number is obtained by the boundary condition
(37)1 as

M1 = −
(Λ1 + Λ2)

Λ3
(47)

where
Λ1 = a2 cosh a+ a2a

2 sinh a+ a1(a
2 cosh a+ 2a sinh a)

+ a3(2a cosh a+ a2 sinh a),

Λ2 = Msa
2[a12 cosh a+ a13 sinh a−

Σ

τ
],

Λ3 = a2[a8 cosh a+ a9 sinh a− Σ],

Σ =
1

2a
(sinh a+ a2 cosh a) +

1

4a
(a1 sinh a+ a3 cosh a)

−
1

4a2
(a3 sinh a+ a1 cosh a) .
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4.2. Parabolic Temperature Profile

Following Sparrow etal [17], we consider a parabolic temperature profile of the
form

h(z) = 2z and hm(zm) = 2zm (48)

Substituting eq. (48) into (32) and (35), the θ and θm are found to be

θ(z) = A1[a16 cosh az + a17 sinh az + L(z)] (49)

θm(zm) = A1[a18 cosh amzm + a19 sinh amzm + Lm(zm)] (50)

where
L(z) = −

z

4a3
[(3za(a − a3) + 3(a1 − aa2) + 2a2z2a1) sinh az

+ (3za(aa2 − a1) + 3(a3 − a) + 2a2z2a) cosh az]

Lm(zm) = −[
z2m
2a2m

((ama4 − a5) sinh amzm + (ama5 − a4) cosh amzm)

−
2

(δ2m − a2m)2
[(zma7(δ

2
m − a2m) + 2δma6) sinh δmzm

+ (zma6(δ
2
m − a2m) + 2δma7) cosh δmzm]],

a′is(i = 16, ...., 19) are constants determined by using the temperature bound-
ary conditions of (37), we get
a16 = T̂ (a18 cosh am + a19 sinh am)−∆31,

a17 =
1

a
(a19am cosh am + a18am sinh am −∆32),

a18 = −
∆36

∆35
, a19 =

∆34

am
.

where

∆31 = T̂ [(
a4 sinh am + a5 cosh am

2am
)− (

a5 sinh am + a4 cosh am
2a2m

)

+ 2(
a7 sinh δm + a6 cosh δm

δ2m − a2m
) + 4δm(

a6 sinh δm + a7 cosh δm
(δ2m − a2m)2

)],

∆32 = (
a4 sinh am + a5 cosh am

2am
) + (a2m − 1)(

a5 sinh am + a4 cosh am
2a2m

)

− 2(δ2m + a2m)(
a7 sinh δm + a6 cosh δm

(δ2m − a2m)2
)

+ 2δm(
a6 sinh δm + a7 cosh δm

(δ2m − a2m)
)− (

a3 − a

2a3
),

∆33 = (
sinh a+ a2 cosh a

2a
) + (a2 − 1)(

a2 sinh a+ cosh a

2a2
)

+ (a2 + 1)(
a1 sinh a+ a3 cosh a

2a3
) + (

2a2 − 3

6a2
)(a3 sinh a+ a1 cosh a),
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∆34 =
−a4

2a2m
−

2a6(δ
2
m + a2m)

(δ2m − a2m)2
,∆35 = ∆24,

∆36 =
∆34

am
(T̂ a sinh a sinh am + am cosh am cosh a)

− a∆31 sinh a−∆32 cosh a−∆33.
We obtain the expressions for thermal Marangoni number from boundary con-
dition (37)1 as

M2 = −
(Λ1 + Λ2)

Λ4
(51)

where Λ4 = a2[a16 cosh a+ a17 sinh a−̟],

̟ =
1

2a
(sinh a+ a2 cosh a)−

1

2a2
(a2 sinh a+ cosh a)

+
(2a2 + 3)

6a3
(a1 sinh a+ a3 cosh a)−

1

2a2
(a3 sinh a+ a1 cosh a)

4.3. Inverted Parabolic Temperature Profile

For the inverted parabolic temperature profile we have

h(z) = 2(1 − z) and hm(zm) = 2(1− zm) (52)

Substituting eq. (52) into (32) and (35), the θ and θm are obtained as

θ(z) = A1[a20 cosh az + a21 sinh az + Γ(z)] (53)

θm(zm) = A1[a22 cosh amzm + a23 sinh amzm + Γm(zm)] (54)

where
Γ(z) = −

z

6a3
[(3a2(2− z) + 3aa2 + a1(3a

2z − 2z2a2 − 3)

+ 3a(z − 1)a3) sinh az + (3a2(2− z)a2 + 3a+ a3(3a
2z − 2z2a2 − 3)

+ 3a(z − 1)a1) cosh az]

Γm(zm) = −[
2(1 − zm)(a7 sinh δmzm + a6 cosh δmzm)

(δ2m − a2m)

+
4δm(a6 sinh δmzm + a7 cosh δmzm)

(δ2m − a2m)2

−
zm

2a2m
[(am(2− zm)a4 + a5) sinh amzm + (am(2− zm)a5 + a4) cosh amzm],

a′is(i = 20, ....23) are constants determined by using the temperature boundary
conditions of (37), we get
a20 = T̂ (a22 cosh am + a23 sinh am)−∆37,

a21 =
1

a
(a23am cosh am + a22am sinh am −∆38),
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a22 =
∆44

∆41
, a23 =

∆40

am
where

∆37 = T̂ [(
a4 sinh am + a5 cosh am

2am
) + (

a5 sinh am + a4 cosh am
2a2m

)

+ 4δm(
a6 sinh δm + a7 cosh δm

(δ2m − a2m)2
)],

∆38 = (
a4 sinh am + a5 cosh am

2am
) + (a2m + 1)(

a5 sinh am + a4 cosh am
2a2m

)

+ 2(δ2m + a2m)(
a7 sinh δm + a6 cosh δm

(δ2m − a2m)2
) + (

(a(1− a1) + 2a2a2 − a3)

2a3
),

∆39 = (
sinh a+ a2 cosh a

2a
) + (a2 + 1)(

a2 sinh a+ cosh a

2a2
)

+ (
a3 sinh a+ a1 cosh a

6
)− (

1

2a3
)(a1 sinh a+ a3 cosh a),

∆40 =
a4

2a2m
+

a5

am
+

2a6(δ
2
m + a2m)

(δ2m − a2m)2
+

2a7δm
(δ2m − a2m)

,∆41 = ∆24,

∆42 = (T̂ a sinh a sinh am + am cosh am cosh a),

∆43 = a∆37 sinh a+∆32 cosh a+∆39,∆44 = ∆43 −
∆40∆42

am
.

We obtain the expression for thermal Marangoni number from boundary con-
dition (37)1 as

M3 = −
(Λ1 + Λ2)

Λ5
(55)

where
Λ5 = a2[a20 cosh a+ a21 sinh a− χ],

χ =
1

2a
(sinh a+ a2 cosh a) +

1

2a2
(a2 sinh a+ cosh a)

+
(a2 − 3)

6a3
(a1 sinh a+ a3 cosh a)

5. Results and Discussion

The Thermal Marangoni numbers M1,M2andM3 for linear, parabolic and in-
verted parabolic temperature profiles respectively are obtained as a functions
of the parameters are drawn versus the depth ratio d̂ and the results are repre-
sented graphically showing the effects of the variation of one physical quantity,
fixing the other parameters. The fixed values are T̂ = Ŝ = 1, a = 0.5, β =
0.2,Ms = 10, τ = τpm = 0.75 and µ̂ = 2.0 The effects of the parameters
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a, β, µ̂, τ, τpm and Ms on all the three Thermal Marangoni numbers are ob-
tained and portrayed in the figures 1 to 6 respectively. By observing the values
of the thermal Marangoni numbers of all the profiles, the parabolic profile is
the most stable one and the inverted parabolic profile is the most unstable one
as the thermal Marangoni numbers are highest and lowest respectively, for a
given set of fixed values of parameters.

(a) (b) (c)

Figure 1: Effects of Horizontal wave number a

The variations of a , horizontal wave number on the Thermal Maran-goni num-
bers for the linear, parabolic and inverted parabolic profiles M1,M2 and M3

are respectively shown in Figures 1(a), 1(b) and 1(c) for a = 0.5, 0.6 and 0.7.
We note that the Thermal Marangoni number for the parabolic profile is larger
than those for the inverted parabolic and linear profiles. For all the profiles,
it is evident from the graph that an increase in the value of a , the Thermal
Marangoni numbers decreases and its effect is to destabilize the system. That
is, its effect is to advance surface tension driven double diffusive convection.
The variations of the porous parameter β on the Thermal Marangoni numbers

(a) (b) (c)

Figure 2: Effects of Porous parameter β
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for the three profiles are exhibited in the Figures 2(a), 2(b) and 2(c). The
curves are for β = 0.1, 0.15, 0.20 . Increase in the value of β , that is, increasing
the permeability, the thermal Marangoni numbers decrease for all the three
profiles. Hence the surface tension driven double diffusive convection occurs
quicker on increasing the porous parameter, which is physically reasonable, as
there is more way for the fluid to move. So, the system is destabilised. The

(a) (b) (c)

Figure 3: Effects of Viscosity ratio µ̂

variations of the viscosity ratio µ̂ , which is the ratio of the effective viscosity
of the porous matrix to the fluid viscosity are displayed in Figures 3(a), 3(b)
and 3(c) respectively for linear, parabolic and inverted temperature profiles re-
spectively. Increase in the value of µ̂ , the values of the thermal Marangoni
numbers increase for all the profiles. So, the increase in the values of viscosity
ratio is to stabilise the system and hence the onset of surface tension driven
double diffusive convection is delayed. The variations of the diffusivity ratio τ ,

(a) (b) (c)

Figure 4: Effects of Diffusivity ratio τ

which is the solute to thermal diffusivity ratio of the fluid in the fluid layer,
are displayed in Figures 4(a), 4(b) and 4(c) for linear, parabolic and inverted
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temperature profiles respectively. For all the three profiles, there is a small
increase in the values of the thermal Marangoni numbers, when the value of
the solute-thermal diffusivity ratio of the fluid in the fluid layer. Increasing
the value of τ stabilises the system. Figures 5(a), 5(b) and 5(c) displays the

(a) (b) (c)

Figure 5: Effects of Solute Diffusivity ratio τpm

variations of the value of τpm , which is the ratio of the solute diffusivity to
thermal diffusivity ratio of the fluid in the porous layer. Increasing this ratio,
the thermal Marangoni numbers decrease for all the three profiles. So, the on-
set the surface tension driven double diffusive convection is earlier and hence
the system can be destabilised. Figures 6(a), 6(b) and 6(c) display the effects

(a) (b) (c)

Figure 6: Effects of Solute Marangoni number Ms

of the solute Marangoni number Ms, on the thermal Marangoni numbers for
linear, parabolic and inverted parabolic temperature profiles respectively. By
increasing the values of Solute Marangoni numbers, the thermal Marangoni
numbers increase for all the three temperature profiles. So, the onset of surface
tension driven double diffusive convection can be deferred by increasing solute
Marangoni number, hence the system can be stabilised.
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6. Conclusion

1. The parabolic temperature profile is the most suitable for the situations
demanding the control of convection, where as the inverted parabolic profile is
suitable for the situations where the convection is needed.

2. By increasing the values of µ̂, τ,Ms and by decreasing the values of a, β
and τpm the onset of surface tension driven double diffusive convection in a
composite layer under microgravity condition can be delayed and hence the
system can be stabilised.
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