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ABSTRACT

The Hydrothermal growth of crystals is mathematically modelled as the onset of Surface tension driven double
diffusive magneto convection in a two-layer system comprising an incompressible two component, electrically conducting
fluid saturated porous layer over which lies a layer of the same fluid in the presence a vertical magnetic field. Both the
upper boundary of the fluid layer and the lower boundary of the porous layer are rigid and insulating to both 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 eigenvalue problem is solved exactly for both parabolic and inverted
parabolic temperature profiles and analytical expressions of the Thermal Marangoni Number are obtained. Effects of
variation of different physical parameters on the Thermal Marangoni Number for both profiles are compared.

Keywords: surface tension, magnetic field, temperature profiles, Marangoni number.

1. INTRODUCTION

Double-diffusive convection is a mixing process
driven by the interaction of two fluid components which
diffuse at different rates. Leading expert Timour Radko [1]
presents the first systematic overview of the classical
theory of double-diffusive convection in a coherent
narrative, bringing together the disparate literature in this
developing field. Double diffusion convection holds
importance in natural processes and engineering
applications. Double diffusive convection occurs in sea
water, the mantle flow in the earth’s crust as well as in
many engineering and physical problems such as in
contaminant transport in saturated soils, food processing,
and the spread of pollutants, also appears in the modeling
of solar ponds. Marangoni convection resulting from the
local variation of surface tension due to a non-uniform
temperature distribution is an interesting fluid mechanical
problem. In the present investigation the double diffusive
convection in a composite layer horizontally bounded by
rigid walls presence of vertical magnetic field is
considered and the resulting eigenvalue problem is solved
exactly. The effects of variation of the important physical
parameters and its thermal Marangoni number are
obtained. The idea of using magnetic field is to
dampenmelt turbulence and thereby improve microscopic
homogeneity of the crystal has been first introduced
independently by Utech and Flemmings [2] and Chedzey
and Hurle [3]. In addition to damping out the turbulence
and thereby removing the dopant striations, the magnetic
field can be used to control the growth conditions at
various stages in the growth process.

Though some literature is available for single
layers of fluid/porous layers, but in composite layers, there
are very few. Double diffusive convection in composite
layers has wide applications in crystal growth and
solidification of alloys. Inspite of its wide applications not

much work has been done in this area. Recently
Siddheshwar and Pranesh [4] have obtained the effects of
a non- uniform temperature gradient and magnetic field on
the onset of convection driven by surface tension in a
horizontal layer of Boussinesq fluid with suspended
particles confined between an upper free / adiabatic
boundary and a lower rigid / isothermal boundary have
been considered. A linear stability analysis is performed.
The Galerkin technique is used to obtain the eigen values.
Shivakumara et al [5] have investigated the onset of
surface tension driven convection in a two layer system
comprising an incompressible fluid saturated porous layer
over which lies a layer of the same fluid. The critical
Marangoni number is obtained for insulating boundaries
both by Regular Perturbation technique and also by exact
method. S.P.M. Isa et al [6] have investigated the effect of
magnetic field on the onset of Marangoni convection in a
horizontal layer with a free-slip bottom heated from below
and cooled from above with non-uniform basic
temperature gradient is considered. Melviana Johnson Fu
et al [7] have obtained the effect of a non-uniform basic
temperature gradient and magnetic field on the onset of
Marangoni convection in a horizontal micropolar fluid
layer using the Rayleigh-Ritz technique. S.P.M. Isa et al
[8] investigated the effect of non-uniform temperature
gradient and magnetic field on Marangoni convection in a
horizontal fluid layer heated from below and cooled from
above with a constant heat flux. A linear stability analysis
is performed. Norihan Md. Arifin er al [9] studied the
effect of a non-uniform basic temperature gradient and
magnetic field on the onset of Benard-Marangoni
convection in a horizontal micropolar fluid layer using the
Rayleigh-Ritz technique. Joseph et al [10] have obtained
effects of electric field and non-uniform basic temperature
gradient on the onset of Rayleigh-
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Benard-Marangoni convection in a
micropolarfluid is studied using the Galerkin technique. R.
Sumithra and Manjunatha. N [11, 12] have obtained the
closed form solution of the problem of surface tension
driven magneto convection is investigated in a two layer
system comprising an incompressible electrically
conducting fluid saturated porous layer over which lies a
layer of the same fluid in the presence of a vertical
magnetic field.

2. FORMULATION OF THE PROBLEM

Consider a  horizontal two-component,
electrically conducting fluid saturated isotropic sparsely
packed porous layer of thickness d, underlying a two

component fluid layer of thicknessd with imposed
magnetic field intensity H, in the vertical z — direction.

The lower surface of the porous layer is 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, solenoidal property of the
magnetic field, momentum, energy, species concentration
and magnetic induction are, for the fluid layer

V-g=0 (1)

V.H=0 )

r
0 T r r
2o —63 +(q -V)q} =-VP+uViq+

. . (3)
u,(H-V)H
o (4T =T )
ot
oc +(g-V)C=kVC (5)
o
2 T T
M G bsH +v VH ©)
Ot
For the porous layer,
vm.émzo (7)
I
Vv, H=0 (8)
185 1 r r r
— (g -V = -V.P +uV:
poL P U2 m)qm} P+ 1,4,
I I
~L g, —u,(H-V,)H ©)

K

oT r

A—"+(q,-V,)T,=x,V.T,
ot (10)
¢ X1 (§,-v,)C, =k, V2C, an
ot
88877 = vm >< qm >< H + VLWIVIZVI m (12)

. . 1 .
Where cr[:(u,v,w) is the velocity vector, H is

the magnetic field, p, is the fluid density, ¢ is the time,
2

s the fluid viscosity, P= p + ad is the total pressure,

u, is the magnetic permeability, T is the temperature, x
is the thermal diffusivity of the fluid, k,

diffusivity of the fluid, C is the concentration or the

is the solute

1. L . .
=—— 1is the magnetic viscosity, K is the

H,0
(,D OCﬁ ),,,

(eC,),

ratio of heat capacities, C, is the specific heat, ¢ is the

salinity field, v,

permeability of the porous medium, A= is the

m

. _V
porosity, v, = -

is the effective magnetic viscosity and

the subscripts ‘m’ and ‘f* refer to the porous medium and
the fluid respectively.
The basic state is quiescent, in the fluid layer

[uvaTC r] {(()Z‘,EO)P(()’)];( )} (13)

and in the porous layer

0,0,0,P, ,
[um’vm’w/m’Rn’T C ]_|: mh(zm) :| (14)
7:nb (Zm )’Cmb (Zm)

where the subscript ‘b’ denotes the basic state.
The temperature and species concentration distributions

T,(z). T,,(z,) andC,(z). C,,(z,) respectively are

found to be
T -T
o, (% ”)h(z) in 0<z<d (15)
0z d
or,, (1,-T,)
LT h(z,) in 0<z,<d, (16)
oz, d,
C,—-C )z .
CAZ)ZQ‘% in 0<z<d 0
C -C .
th(Zm):Co_w in 0<z, <d, (18)

m
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xd, T +x,dT, kd,C, +k,dC,
where T, = , G === are
Kdm+rcmd kd, +k, d

cm

the interface temperature and concentrations, #(z) and
h,(z,) are temperature gradients in fluid and porous layer

respectively.
We superimpose infinitesimal disturbances on the
basic state as,

+[q P’esfl’}
G, (2)-Ho(z) S (19)

and

r 11 10.P(20). T (2n)s
[ )= {cmbfz ) 1
[qm,P’ 0,.S, H'}

m>~m?*

(20)

where the primed quantities are the perturbed
once over their equilibrium counterparts. Now Equations.
(19) and (20) are substituted into the Equations. (1) to (12)
and are linearized in the usual manner. Next, the pressure
term is eliminated from (3) and (9) by taking curl twice on
these two equations and only the vertical component is

retained. The variables are then non dimensionalized
. d?

using — , 5, T,-T,,
Kk d

velocity, temperature,

C,—C,and H, as the units of time,

species concentration and the

magnetic field in the fluid layer and ﬂ, L T,-T,,

m m

C,—C, as the corresponding characteristic quantities in

the porous layer.

The separate length scales are chosen for the two
layers (see F. Chen and C.F. Chen [13], D.A. Nield [14]),
so that each layer is of wunit depth such that
(x! y’Z) :d(x'7y"zv) and (xm’ ym’Zm) :dm (xml’ym"zmv 71)’

The following dimensionless equations (after
neglecting the primes) are: in, 0<z<1

1 oVw OV’H

_ = V“ + R — 21
Pr ot w0, 0z @h
29 _ wh(z) + V20 (22)
ot

s _ w+tV’s 23)
ot

OH. v, . vh, 24)

ot o M F

In 0<¢, <1

B oVow

NV 424y V2
Prnl 6t lllﬂ m m m m
OV:H ()
+ szz-mmﬂ2 ——

0z,
AT~ (2,)+ V26, 6)
c 5;,, —w, +7, VS, @7
e Peir ViH,, 28)

t t h

For the fluid layer Pr= Y is the Prandtl number,
K

wHd | Vi
Q=" is the Chandrasekhar number, = = and
K

ﬂKT_[m

k . .. .
7=—< are the diffusivity ratios. For the porous layer,

is the Prandtl number, ﬂZ:EZ:Da is the

m m

. ~ |4 .
Bis porous parameter, 2=-" is the

14

Darcy number,

2352

#pHO dm
UK, T

m” mm

viscosity ratio, 0, = =Qsd’ is the Chandrasekhar

_V k g .
“t and7,, =— are the diffusivity ratios
K, K,

m m

in the porous layer and /K(z), h,(z,) are the non-

number, 7,,,

1
dimensional temperature gradients with Ih(z)dz =1,

J. (z,)dz=1 and W ,w, are dimensionless vertical

velocmes in fluid and porous layers respectively.

Introducing the normal mode solutions of the

=
T

form,

wl |W(z)

0| @(z) u

s 171 2(2) f(xy)e (29)

H| |H(z)

and

Wi Wm(zm)

Hm _ ®m(zm) Nyt

S S (X V)€ (30)
(2n)

with Vif+a’f=0 and Vi f, +a.f,=0, where
a and g, are the nondimensional horizontal wave

numbers, n and n, are the frequencies. Since the
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dimensional horizontal wave numbers must be the same

for the fluid and porous layers, we must have gz% and

hence a, =da .

Substituting Equations. (29) and (30) into the
Equations. (21) to (28) and denoting the differential
operator ; and ai by D and D, respectively, an
Z L

eigenvalue problem consisting of the following ordinary
differential equations is obtained,

In0<z<I,
(Dz -& +§)(D2 -a*)W =-Qr,,D(D*-d*)H (31)
(D* =@ +n)®+Wh(z)=0 (32)
[7(D*=a*)+n]s+W =0 (33)
[rfm(D2 —a2)+nJH +DW =0 (34)
In 0<z, <I

m

n (35)
=0,7,,8°D, (D, ~a,)H,
(D) -a,+An,)®, +W,h,(z,)=0 (36)
[rpm(Dj, —a;)+n,ng]s,n +W, =0 (37)
[rmm (D2-a2)+ nngHmz +DW, =0 (38)

Since the principle of exchange instability holds
for surface tension driven convection in fluid layer and
porous layer, we assume that it holds good even for the
present configuration as well and eliminating the magnetic
field in Equations. (31) and (35). The eigen value problem
becomes

in0<z<1,

(D* —a*) w=0DW (39)
(D*-a’)O+Wh(z)=0 (40)
T(Dz—aZ)S+W=O (41)
In 0<¢, <1

(D2 -a)iB* -1](D} - a2 )W, = 0,8’ DIW, (42)
(D)-a)®, +W,h,(z,)=0 (43)

2 (D2 —a2)S, +W, =0 (44)

m m

3. BOUNDARY CONDITIONS

The upper boundary of the fluid layer and the
lower boundary of the porous layer are rigid and 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

DW()+M a*0()+ M, a’S(1) =0,
W(1) =0, DO(1) =0, DS(1)=0
TW(0) =W, (1), TdDW (0) = D, W, (1),
W, (0) =0, DW, (0) =0,
D,©,(0)=0,

Td*(D* +a* )W (0) = i D}, + a}, )W, (D),

Td*B*(D*'W(0) - 3a2DW(0))
=—D,W, (1)+ 4 (DW,,(1)-3a,D,W, (1)),

©(0)=T0, (1), DO0)=D,0, (),

m—"m

$(0)=$8,(1), DS(0) = D,S, (1), D,S,0)=0 (45)
where
N — N - T,—-T )d .
S:C] CO’ T:Tl TO’M:_%M is the
¢ -C, I, -T, or HK
_00,(G,=C,)d .

Thermal Marangoni number, M = is the

ocC UK
solute Marangoni number.
The Equations. (39) to (44) are to be solved with
respect to the boundary conditions (45).

4. METHOD OF SOLUTION
The solutions of W and W, are found to be,

W(z)=ACosh(5z)+ A,Sinh(5z)
+ A,Cosh(&z) + A, Sinh(&z)

(46)

‘/Vm (Zm) = ASCOSh(C‘th ) + A65inh(c4zm )
+ A, Cosh(Cyz,, )+ ASinh(Csz,,) (47)

Whereéz“/a_ “2Q+4a2, §=\/§+ ‘2Q+4a2,

constants and the expressions forW(z) and W (z,)are
appropriately written as

W(z):A{

Cosh(8z)+ a,Sinh(5z) :|

+a,Cosh(£7) + a,Sinh(Ez) (43)
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- ( ) A a4C0sh(C41m)+asSinh(C4zm)
m\&n )= A +a,Cosh(Csz,,) +a7Sinh(C5zm) (49)

where as(i =1,2,3,......7) are determined using the
velocity boundary conditions of (45), we get

A 1 a,Ay + Ay —a A,
a = 2 a,=— [a1A30+A31]’ ay =— - >
A A ’ A
&) 29 20
a,Ag+ A, _T(1+a2)—a4Al 3
a, = » s = ; Ay =—ay,
A A,
asc, - N
a,=— o a;, =Ta, cosha, +Ta, sinha, +A,,
5

A, = Coshe, — Coshe,, A, =Sinhc, —<* Sinhc;,
Ss

A, =c, Sinhc, — ¢ Sinhc;,

A, =c, Coshc, —c, Coshc;,

A= ﬁ[(cf + a:,)Coshc4 - (052 +al )Coshcs},

A /}{(cf + ai)Sinhc4 - (cf + a}i)C“Sinhcs},
Cs

A, =T pd* (5 -3a’5), A =T pd* (&' -3a%¢),
A, =(-1-3a 4B )(c, Sinhc, — c; Sinhcy ),

Ay =(~1-3a,4p )(c, Coshe, — c, Coshcs),

Ay, = i’ (¢, Sinhc, - c;* Sinhc),

A, = 0B’ (043 Coshe, —c,ci Coshcs),
As=Ay+A,, A, =Ay+A,,

Ay =Td (8 +a®), Ag=Td(£+a?),

AA A A
Ay =As—— L, A :AIG_TA_ﬁ’
2 2
LA, o
Ay =As-T =, A, =Td¢,
A,
A n . A A A
A, =Tds, A, :%+Tﬂ_M,
AI7 AZ AZ A]7
A, = A A, +7:£_A19A1A4’
A17 2 AZ A17
A, T +fﬂ—7A“‘A‘A”,
Al7 AZ AZ Al7
A= A A, +7:ﬂ_ Ay AA, ’
Ay A, A Ay,
Ay
A, = Coshé + —=Sinhé,
Ay
A,
A,, = Sinhé ——=Sinh¢,
20
A A A
A, = CoshS + =2 Sinhé, A,y =—2—2—A,,,
20 Ay
A A A A
Ay =4, - SA =, Ay = — — Ay,
20 20
Ay A A A
Ap =2y =120 Ay =220 - Ay,
29 29

5. LINEAR TEMPERATURE PROFILE

Here taking

h(z)=1and h,(z,)=1(50) Substituting equation
(50) into the heat equations (40) and (43), the expressions
for ® and ©®,, are obtained as

B(2)= A [a20 Coshaz + a,,Sinhaz + g, (z)]

(50)
0,(z,)=A4 [azz Cosha,z, +aySinha,z, + g, (Zm)] (51)
where
——(4,Sinhéz +Coshéz)
—a
g()=- )
+ﬁ(a3Sinh§z +a,Coshéz)
e (a4C05hc4zm +as Sinhc4z,n)
gz ==
1
+— 5 (asCoshesz,, + a, Sinhcsz,,) (52)
CS - am
where a;s(i =20,...23)are constants to be

determined by using the temperature boundary conditions
of (45), we get

ay, =P(ay, cosha, +ay,sinha, ) - As,,

. a,, a,sinha, +a,, a, cosha, — A,
21 — B

56 am

¢, (a, Sinhe, + a5 Coshc,)

Ay, =T

(cf - “rzn) _ 1 . a4
¢ (ag Sinhes + a; Coshcs) (62 —az) (éz—az) ’
(e ~a2)

¢,(a, Sinhe, + a5 Coshc,)

T )
L GlagSinhe, + a, Coshey) — 5a,__ ca,
(i -ap) (°-a’) (&-a)
Ay = (5%“2)( SinhS +a, Coshd ) +
ﬁ(% Sinhé + a, Coshé),
Ay = asc, s,

[ S— + —,

(-] (-

Ay = Ta Sinha Cosha,, + a, Cosha Sinha,,,
_As

Ay, = (fa Sinha Sinha,, + a,, Cosha Cosha,, ) -
a

m

(aSinhaAs, + Ay, Cosha + A54),
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The species concentration equations (41) and
(44), the expressions for S and S, are obtained as

S(z) =4 [a16 Coshaz + a,Sinhaz + fz(z)]

(53)
S,.(z,)=A [a18 Cosha,,z, + a,Sinha,,z, + fmz(z,,,)] (54)
Where
(a,Sinh6z +Coshsz)
| (52 _az)
fr(@)=—— )
T . (a3Smh§z +a, Coshg‘z)
(&)
_ ] -
(ci-a.’)
a,Coshc,z,,

+ay Sinhc,z,,
1
2 2
(¢ ~a,)

a,Coshc,z,,

fa(z)=——

Ton |

+a, Sinhcsz,,

where  as(i=16,..19) are constants to be
determined by wusing the
conditions of (45), we get

A = ﬁa,scosham +agsinha, ) —A,;,

concentration boundary

_ayga,sinha, +aga,cosha, — Ay

a, = ,
a
A A
Ay =—-25 @y =—"2,
Ag a,
1| 8( Sinhs + a,CoshS)  &(a,Sinhé + a, Cosh&)
A== 2_ 2 + SR ’
T S —a & —a
[ (a5 Sinhe, +a, Coshc,)
N N (ci-a2) Yt
T +(a7 Sinhc; + a; Coshes) | 7 (52 —az) (g‘z —az) ’

2
(‘5 7am)

[N (a4 Sinhc, + a; C()Shc4)

Ay =L (ci-al) _1[ as _, ag ]

T cs(ag Sinheg + a, Coshey) | ©
e s

2
G —a,

1 asc csa
— 5-4 577
Ap=—l> " ~+t5 |
Tom _(L4 _am) (('5 _“m)
Ay, =8B Sinha Cosha,, + a,, Cosha Sinha,
AV

Ay = (§Ba Sinha Sinha,, + a,, Cosha Cosha,, ) -
a

m

(aSinhaA, + A, Cosha+A,),
Now the thermal Marangoni number is obtained

m?

by the boundary condition (45)' as

M= (A,X A,)
’ (35)
A, = 6 Coshd + a, 5°SinhS + a,E*Coshé + a,&>Sinhé
(Coshé + a,Sinhé) .
(R
(azCoshé‘ + a3Sinh§)
(& -a)

A, =M a’{a,Cosha + a,,Sinha —

a,,Cosha + a,,Sinha
(a,Sinhé + CoshS)  (a,Sinhé + a,Coshé)

TFee) @

_ 2
Ay=a

6. PARABOLIC TEMPERATURE PROFILE
Following Sparrow et al [15], we consider a
parabolic temperature profile of the form

h(z)=2z and h,(z,) =2z, (56)

Substituting equation (56) into the heat equations
(40) and (43), the expressions for ® and ®, are obtained

as

0O(z) = A [a8 Coshaz + a,Sinhaz + f, (z)] (57)

0,(z,)=A4 [alo Cosha,,z, + a,Sinha,z, + f,, (Zm)]

m

(58)

2 ~(a,Sinhdz +Coshdz) -
a

8-
(2452)2(Sinh5z +a,Cosh6z) +
0" —a
f@)=-
Where ﬁ(aﬁin%@z +a,Coshéz) -
(gzé‘é:z)z(azSinhcfz +a, Coshéz)
-a

2z

2 2
¢, —a,

m

(a,Coshe,z
_de
(ci-a’)
(asCoshc,z

2z

2 2
Cs —a,

+as Sinhc,z,,) —

m

+a, Sinhc,z,, )+

fml(Zm) __ m

m

(asCoshcsz,, +a, Sinhesz,, ) -
g
2 2)?
CS - am

_(a7C0shcszm + ag Sinhc, zm)

where  as(i=8,..11)are constants to be
determined by using the temperature boundary conditions

of (45), we get

434



VOL. 13, NO. 2, JANUARY 2018

ISSN 1819-6608

ARPN Journal of Engineering and Applied Sciences S

©2006-2018 Asian Research Publishing Network (ARPN). All rights reserved.

www.arpnjournals.com

ay =Ta,,cosha, +Ta, sinha, + A,

a,a,sinha, +a, a,cosha, + Ay Ay Ay
9 = s g =" Gy =—""",
a Ay a,
268°+a’
Ay =20 F9) (4 Sinh + Coshs)
(6" -a?)

- 5,275,( Sinhd + a,Coshd )

2
s
+ 745-7 2

(& ~a)
4c,(a, Sinhc, + a; Coshc,)
2 2)?
(c4 -a, )
4c, (a6 Sinhcg + a, Coshcs)

2
2 22
(05 - am)

_[ 46a, . 4¢a, }
(6= (&-a)
(as Sinhc, +a, Coshq)
(e
(a7 Sinhcs + ag Coshey) '

(5 —an)
25 +a’) | 2 +ad)
Ay =- 2722_ fizzaz
(6 -a) (&)
2¢, — (a, Sinhc, + a; Coshc,)

-
(C4 7‘117.)

2 2

+ M (as Sinhc, + a, Coshc,)
(ci-ay)

2cs .

> (@, Sinhcs + a, Coshey)

T2
(Cs - arn)

2cy +a
+ [W}(m Sinhcs + ag Coshcs),

((ay + a)Sinhé + (£a, + a,) Coshé))

(a;Sinhé +a, Coshé),

Ay =T

27
+

2 2 2 2
2cs” +a,,) 2c,” +a,)
2 ) 2 4>
2 2 2 2
(Cs _am) (C4 - am)

Ay = Ta Sinha Cosha,, +a, Cosha Sinha,,,

Ay =

A
Ay = i(Ta Sinha Sinha,, + a, Cosha Cosham)
a

m

—(aSinhaAy + Ay Cosha+Ay,),

Now the thermal Marangoni number is obtained
by the boundary condition (45)] as

(A +4,)

M= (59)
4

a,Cosha + a,Sinha —

2(CoshS + a,Sinhd) . 46 (a,Coshd + Sinhd)

A4 = a2 2 2 2
(0" —a’) (52 _a2)
B 2(a2C0sh§ + a3Sinh§) . 4¢& (a3C0sh§ + azSinhé‘)
(&' -a”) (& -a’y

7. INVERTED PARABOLIC TEMPERATURE
PROFILE

For the inverted parabolic temperature profile we
have

h(z)=2(1-z) and h,(z,)=2(1-z,) 60)

Substituting equation (60) into the heat equations
(40) and (43), the expressions for ® and ®, are obtained
as

0O(z) = A [a]2 Coshaz + a,Sinhaz + f3(z)] 1)

0,(z,)=A4 [a14 Cosha, z, + a,Sinha,z, + fm3(Z,,,)] (62)
Where

2(21 =) (a,Sinh6z +Coshz) +
—da

48
(6" ~a’)
2(1-2)
(:2 P

(4‘/§)z(azSinh§Z +a, Coshéz)
&-a

Fol _
%(%Coshqz +a, Sinhc4zm)
4 m

(SinhSz +a,Coshdz)+
fs(z) =

(a3Sinh§z +a,Coshéz) +

m

2 (a, Sinhc,z,, + asCoshc,z,, )

‘fm3 (Zm) ==
-2Z,) .
+72(a6C0shcszm +a, Smhcszm)
P S
(652 - amz )2
as(i=12,..15)are  constants to be

determined by using the temperature boundary conditions
of (45), we get

(g Sinhcsz,, + a;Coshesz,,)

where
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a,, =Ta,cosha, +Tasinha, +A,,,

a, a,sinha, +a;a,cosha, +A,,
3= ’
a

2 2
A A o= _2T @) | Sinhs + Cosh)
a :i a :—i ((3‘2—612)4
WTA 15 5
44 m
2 2
+ 7Lﬂl2) (1135'1‘11119g +a, C()Sh§),
(&)
2 46a 2a 4¢a
_ + Ly 2, s
41 (52_(12) (§2fa2)2 (52—(12) (fzfaz)_
%(% Sinhc, + as C()shg) - i(aé Sinhcy + a, C()shcs),

(cf —afl)z (Lsz _auzx)z
_ 23a 28°+a’) | 2a¢
Ap= (52_;2)+ (52_(12)2 +(§2—a2)

2, 2 ‘+al
_{2(5 ta 7)}12_[2(9 +am)](a55inhc4+a4Coshc4)

(e-a) ) ((e2-a)
3 2 2
_ w (a, Sinhcs + a, Coshes),
(e -a)
A, = 2cia;  2ca;

) )
(C4 _am) (cs _am)
2(042 +afl) 2(c52 +a:'1)
= la, — Ag,
2 2\2 |4 2 2\ |®
¢ —a, ¢ —a,

A, = Ta Sinha Cosha,, + a, Cosha Sinha

m?

Apfn
Ay = A(Ta Sinha Sinha, + a, Cosha Cosham)
a

m

—(aSinhaA, + A, Cosha+A,),

Now the thermal Marangoni number is obtained
by the boundary condition (45)] as

A +A

M, = _(A+Ay) (63)
3 A
where
) 46 (Sinhd + a,Coshd)

a,,Cosha + a;Sinha — A

Aj=a’ (5 - )
4§(azSinh§ + a3C05h§)

(52 _a2)2

8. RESULTS AND DISCUSSIONS

The Thermal Marangoni numbers M, , M, and M,
obtained as a functions of the parameters are drawn versus
the depth ratio 4 and the results are represented
graphically showing the effects of the variation of one
physical quantity, fixing the other parameters. The fixed
values of the parameters are
0=200,7=531.0,a=1.0,6=0.7,4=02,

M,=M,=10,r =7, =025 and H=2.0.The

effects of the parameters a, 3,0, ft,e and M, on the

Thermal Marangoni number are obtained and portrayed in
the figures 1 to 6 respectively.
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Figure-1a, 1b& 1c. The effects of ¢ horizontal wave
number on the thermal Marangoni number M
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The effects of ¢ horizontal wave number on the
Thermal Marangoni numbers for both the parabolic and
inverted parabolic profiles M ,M,& M, are shown in
Figure-1a, 1b and 1c respectively for a=1.0,1.1and 1.2.
From the figures it is clear that the Thermal Marangoni
number for the parabolic profile is more than that for the
inverted parabolic profile. At the value of 0.2<d <0.3, the
effect of both the profiles are neutral and no effect of the
horizontal wave number a on the thermal Marangoni
number. The curves for the three wave numbers both the
profiles are converging up to the value of d =02  whereas
the three curves are diverging for the values of the depth
ratiod >0.2 . For both the profiles, when the value of a
the horizontal wave number is increased, the Thermal
Marangoni numbers decrease and its effect is to

destabilize the system. That is, its effect is to advance
surface tension driven convection.
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Figure-2a, 2b & 2¢.The effects of g on the thermal
Marangoni number M

The effects of the porous parameter B on the
thermal Marangoni numbers for the both the profiles are
exhibited in the Figure-2a, 2b and 2c. The curves are for
£=0.20,0.25,0.30. The curves diverge for smaller values

d=024 and again
diverge and converge at d =0.32 and, as the depth ratio is
further increased the curves diverge. For smaller values of
depth ratio, increase in the value in the value of the porous
parameter increases the thermal Marangoni number,
whereas for values of the depth ratio 024<d <034 , the
increase in the value of the porous parameter is to decrease
the thermal Marangoni number and again for values of
d >0.34 the behaviour again reverses. So, the onset of
surface tension driven convection can either be made
faster or delayed by choosing an appropriate value of the
porous parameter depending on the depth ratio. In other
words increasing the permeability of the porous matrix
one can destabilize and also stabilize the fluid layer
system, this may be due to the presence of magnetic field.

of the depth ratio, converge near
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Figure-3a, 3b & 3c. The effects of Q0 on the thermal

Marangoni number M

Figure-3 exhibits the effects of the magnetic field
on the onset of convection by the Chandrasekhar number
0 . From the figures it is clear that the Thermal Marangoni
number for the parabolic profile is more than that for the
inverted parabolic profile for a fixed value of depth ratio.
At the values ofd =0.2700.24, the effects of both the

profiles are neutral and there is no effect of the Q on the
thermal Marangoni number. The curves for the three
Chandrasekhar numbers for both the profiles are
converging up to the value of d=0.24 _whereas the three

curves diverge for the values of the depth ratio d >0.2.
For both the profiles, when the value of the Chandrasekhar
number is increased, the Thermal Marangoni numbers
increase and hence stabilize the system. That is the
Marangoni convection is delayed for the smaller values of

d that is for values of d<0.2and d >0.24.

20000

15000

= 10000

5000

co

depth ratio

(4a)

30000 T

25000:
zonon:
= 15000
10000:

5000

depth ratio

(4b)

438



VOL. 13, NO. 2, JANUARY 2018

ISSN 1819-6608

©2006-2018 Asian Research Publishing Network (ARPN). All rights reserved.

ARPN Journal of Engineering and Applied Sciences i ;ﬂ\

www.arpnjournals.com

10000

8000

6000

4000

2000

ol
0.0

depth ratio

(40)

Figure-4a, 4b& 4c. The effects of 2 on the thermal
Marangoni number M

The effects of the viscosity ratio #, which is the
ratio of the effective viscosity of the porous matrix to the
fluid viscosity are displayed in Figures 4a, 4b and 4c. The
curves diverge and again converge between the values of
depth ratio 0<d <0.24.The curves are diverging for the
values of the depth ratio d >0.24 for both the profiles and
the behaviour of the change in the viscosity ratio reverses.
Increase in the value of the viscosity ratio increases the
thermal Marangoni number for the values of depth ratio
0<d <024. Whereas the same decreases the thermal
Marangoni number for d>024. The effect of the
viscosity ratio is to stabilize the system for smaller values
of the depth ratio, while the effect of the same is to
destabilize the system for later values of the depth ratio.
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Figure-5a, 5b & Sc. The effects of ¢ on the thermal
Marangoni number M

Figures 5a, 5b and 5c depict the effects of
porositye, on the Thermal Marangoni numbers
M ,M,&M, for the Linear, parabolic and inverted
parabolic profiles respectively. For the both the profiles,
upto the value of depth ratio d =0.2 there is no effect of
porosity on the thermal Marangoni number. For the
values of the depth ratiod >0.2 the curves are diverging
and for a fixed value of depth ratio, increase in the value
of porosity decreases the thermal Marangoni number that
is to destabilize the system. In other words the increase in
the void volume of the porous layer decreases the thermal
Marangoni number and hence destabilizes the system.
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Figure-6a, 6b & 6c¢. The effects of M, on the thermal
Marangoni number M

Figures 6a, 6b and 6¢ displays the effects of the
solute Marangoni number M, on the thermal Marangoni

number M . The graph has three converging curves. This
number has dual effect on the thermal Marangoni number.
For values of M_<0.2 the curves are converging and
here for a fixed depth ratio the increase in value of M,
increases the thermal Marangoni number where as, for the
values of depth ratio M, >0.2 the curves are diverging,

and here for a fixed depth ratio the increase in value of
M, decreases the thermal Marangoni number.

9. CONCLUSIONS

The increase in the values of Horizontal wave
number « , the Chandrasekhar number Q, and the porosity
¢ increases the thermal Marangoni number for both the
parabolic and inverted parabolic temperature profiles,
hence their effect is to delay the surface tension driven
convection i.e., to stabilize the system. Whereas the
increase in the values of the Porous parameter S , the

viscosity ratio 4 and solute Marangoni number M the
thermal Marangoni number decreases so the effect of these

parameters is to destabilize the system for both the
parabolic and inverted parabolic temperature profiles.
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