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Triple Diffusive Surface Tension Driven
Convection inaComposite Layer in the Presence

of Vertical Magnetic Field
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Abstract: The problem of triple diffusive surface tension driven
convection is investigated in a composite layer in the presence of
vertical magnetic field. A closed form solution is obtained under
microgravity condition. The parameters suitable for fluid layer
dominant and porous layer dominant composite layers are
determined. The parameters appropriate for controlling the
convection are determined which are useful to manufacture pure
crystals.

Keywords: Triple diffusive, Species concentration, Magnetic
field, Surface tension, Composite layer.

I. INTRODUCTION

The presence of more than one chemical dissolved in fluid
mixtures is very often requested for describing natural
phenomena such as contaminant transport, warming of
stratosphere, magmas and sea water. The multi component
has wide applicationsin crystal growth, geothermally heated
lakes, earth core, solidification of molten alloys, underground
water flow, acid rain effects and so on. For single fluid layer,
Chand [1] has applied the linear stability analysis and a
normal mode analysisto study the triple-diffusive convection
in a micropolar ferromagnetic fluid layer heated and saluted
from below. Suresh Chand [10] has investigated the
triple-diffusive convection in a micropolar ferrofluid layer
heated and saluted below subjected to a transverse uniform
magnetic field in the presence of uniform vertical rotation. In
porous medium, the triply diffusive convection in a Maxwell
viscoelastic fluid is mathematically investigated in the
presence of uniform vertical magnetic field through porous
medium studied by Pawan Kumar Sharma et al. [8] using
linearized stability theory and normal mode analysis.

For the composite layers, Sumithra [9] has studied the
triple-diffusive Marangoni convection in atwo layer system
and obtained the analytical expression for the thermal
Marangoni Number. Manjunatha and Sumithra [3-6] have
investigated the combined effects of magnetic field and non
uniform basic temperature gradients on two and three
component convection in two layer system.

In this paper the lower rigid surface of the porous layer and
the upper free surface are considered to be insulating to
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temperature, insulating to both salute concentration
perturbations. At the upper free surface, the surface tension
effects depending on temperature and sdlinities are
considered. At the interface, the normal and tangential
components of velocity, heat and heat flux, mass and mass
flux are assumed to be continuous and intended for
Darcy-Brinkman model. Theresulting eigenvalue problemis
solved exactly and an analytical expression for the thermal
Marangoni number is obtained for composite layer.

II. FORMULATION OF THE PROBLEM
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Figure 1: Physical configuration

Consider a three different diffusing components with
different molecular diffusivities, electrically conducting fluid
layer of thickness d horizontal above the isotropic sparsely
packed porous layer saturated with same fluid of thickness
d,, in the presence of magnetic field H, in the vertical Z-

direction. The lower surface of the porous layer is considered
to be rigid and the upper surface of the fluid layer is free at
which the surface tension effects depending on temperature
and both the species concentrations is considered. Both the
boundaries are kept at different constant temperatures and
salinities. A Cartesian coordinate system is chosen with the
origin at theinterface between porous and fluid layers and the
Z- axis, verticaly upwards.

The basic equationsfor fluid and porous layer respectively
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Here g =(u,v,w)is the velocity vector, H is the magnetic
2

field, t isthetime, uisthefluid viscosity, P = p+ﬂp

is the total pressure, o, is the fluid density, 1 is the

(pOCp)m
(’OOCP)f
the ratio of heat capacities, Cp isthe specific heat, K isthe

magnetic permeability, ¢ is the porosity, A= is

permeability of the porous medium, T is the temperature, K
is the thermal diffusivity of the fluid, & and k', are the

solutel and solute2 diffusivity of the fluid in the fluid layer,
C,and C, are the concentrationl and concentration2 for the

fluid in the fluid layer, v, = L is the magnetic viscosity,
HpO

M. isthe effective viscosity of the fluid in the porous layer,

C,, and C_, are the concentrationl and concentration2 for

The temperature and species concentration distributions
respectively are found to be

(TO _Tu)z

T.(9=T,— r 0<z<d a7)
T -T,
To(z) =T~ 057, <d, (19
C,-C
Cy(2) Cm—(“’d—lu)Z 0<z<d (19)
C].I_Clu Z,
Cun(2) =G B2V 8 07 <q,
(20)
Ca(2)=Cy -2 _dcz”)z 0<z<d (21)
C,-C
C2nb(zm):CZO (2| dZO)Zm 0<z,<d,
(22)
where
xd T, +x dT + C,
_ &y, + T C, _ kG, + K dCy
" kdytx,d 0 kd,tk,d
Cp= kszC(;Z” +|‘(<sz302| are the interface temperature and
2 m+ m

concentrations and the subscript 'b' denotes the basic state.

To examine the stability of the system, we give a small
perturbation to the system as

4=0,+d . P=R(z)+P, T ( )

€ =G ()+5.C. =G (2)+5., A= Hy(2)
q qnb+qm’P R (Zm)+Pr;1’Tm:Tnb(zm)+0m'
Clm :Cln‘o( )+Sn1’ sz :CZrTb(Zrn)+Sn2’
Hp=Ho(z,)+H, (24)
Where the primed gquantities are the dimensionless ones.
Equations (23) & (24) are substituted into the (1) to (14),
apply curl twice to eliminate the pressure term from (3) &
(10) and then the variables are nondimensionalized.

To render the equations nondimensional, we choose different

scales for the two layers (Chen and Chen [2], Nield [7]), so
that both layers are of unit length such that

(% ¥.2)=d(X,y,Z ) and (X, Y Z) = Ay (%0 Y- 20 1)
Omitting the primes for simplicity, we getin 0<z<1 and
0<z, <1 respectively

(23)

the fluid in porous layer, v, = ™ isthe effective magnetic
p AYEN, Von =~ &g 1 a(VZW)=v4W+QTf a(V*H,) (25)
viscosity and the subscripts'm’ and 'f “ refer totheporousand ~ Pr ot "oz
the fluid layer respectively.
060 2
The basic steady state is assumed to the quiescent and E=W+V 0 (26)
consider the solution of the form, oS
d=6d, , P=P(2 , T=T,(2) , Clzq.b(z)' G =C2b(z) ’ E=W+71V251 @7)
H=r() WS _winvs
O = G Pm nb(zm)'Tsznb(Zm)-Cnnzcmb(zm)- ot ?
Com=Conp (Z1) (16) (28)
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@;z :%N 7, VPH, (29)
lfr_@VTW AV, Ve + Qe W—Zm (30
A% =w,+V20, (31)
g% =w, +7,,V2S, (32)
g%—w +7,,V2S., (33)
o oy oy (34)

at at rrmm m

Where, for the fluid layer Pr="is the Prandtl number,

K
H 2d2
Q=" s the Chandrasskhar number, 7, =" isthe
IUKTfm K

ratio sainityl diffusivity to thermal diffusivity, 7, = -2 is
K

the ratio salinity?2 diffusivity to thermal diffusivity. For the

EVyy

porous layer, Pr = is the Prandtl

number,
Km

K

B = Fha

m

= Da is the Darcy number, S porous parameter,

H2d2
= isthe viscosity ratio, Q. _fpTorm

=Qed? isthe

Chandrasekhar number , 7, = K

K

is the ratio sdlinityl

diffusivity to thermal diffusivity, 7, =Em s the ratio

Km
salinity2 diffusivity to therma diffusivity, 6 and 6, are the
temperature in fluid and porous layers respectively, S, S,
and S, S,, are the concentrations in fluid and porous layer
respectively and W and W,, are the dimensionless vertica

velocitiesin fluid and porous layer respectively.

We apply norma mode expansion on dependent variables as
follows,

w| [W(2)
0] |0(2)
S |=|S(2)|f(xy)e" (35)
S| [S(2)
LH] [H(?
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o | | Wa(20)
On | | On(zn)
S | =] Sra(Zn) | Fn (X Vi) E™ (36)
Swe| | Swa(2n)
LHon ] [Ha(z)

With Vif +a’f =0 and V2 _f

2m 'm

+a’f =0, where a and
a, are the nondimensional horizontal wavenumbers, n and
n, are the frequencies. Since the dimensiona horizontal
wavenumbers must be the same for the fluid and porous

layers, we must have gz % and hencea,, = da.

Introducing Egs. (35) and (36) into the Egs. (25) to (34) then
we get an Eigen value problem consisting of the following
ordinary differential equation in 0<z<1 and 0<z <1

respectively

(Dz—a +Prj(D2—a)W ~Qr,D(D*-a’)H (37)

(Dz—a +n)®+W=0 (38)

|:r1 —a?)+ ]§+w 0 (39)

[rz ) }sﬁw 0 (40)

[rf +nJH+DW 0 (41)

- 32 -4
:ermﬂsz(Dﬁ]—a,f])Hm (42)

(DZ-&%+An, )0, +W, =0

(43)  |z(D2-a)+ N ]S +W,=0

(44)

[rmz(D,i—a,i)+nngSn2+Wm:0

(45)

[rm(D;—qzn)+nmg]Hm+Dwm=o (46)

It is known that the principle of exchange of instabilities
holds for triple diffusive magneto convection in both fluid
and porous layers separately for certain choice of parameters.
Therefore, we assume that the principle of exchange of
instabilities holds even for the composite layers. In other
words, it is assumed that the onset of convection is in the
form of steady convection and accordingly we
taken=n_ = 0. Eliminating the magnetic field in Eqgs. (41)
and (46). The Eigen value problem becomes, in 0<z<1 and
0< 2z, <1 respectively.

(D?-a?)’'w =QDW

(47)
(D*-a°

)®+W=o (48)
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(49)
(50)

7,(D*-a’)§ +W=0
7,(D*-a%)S,+W=0

[(07-af) 2" -1)(o;

- ari )Wm = (?mﬁ2 Drf\Wm

(51) (D2-2a)0, +W,=0
(52)

[ 70 (D2 - [S +W, =0 (53)

I:Tmz(Dri_aTi)J Sn2 +Wm =0 (54)

[II. BOUNDARY CONDITIONS

The boundary conditions are nondimensionalized then
subjected to normal mode analysis and finally they take the
form

DW(D) +a’MO(1)+a*MyS (1) +a*MyS, (1) =
W(1) =0,DO(1) =0, DS (1) =0, DS,(1) =0,
TW(0) =W, (1), TdDW(0) = D,W, (1),

Td® (D*+a*)W(0) = /1( D2 + a2 )W, (D),
Td*s*(D°W(0)-3a’DW(0)) =

- Dme (1) + /} ﬂz ( D;Wm (1) - Sari Dme (1)) ’
©0)=T0,1, De(0)=D,0,®,

S(0)=SS,.(, DS(0)=D,S,®.
S$0=55,@®, DS(0=D,S,®,

W, (0)=0,D,W,(0)=0,D,®,,(0)=0,

DS« (0)=0,D,S,,(0)=0 (55
Where M =—%(T°;—Z“)d is the therma Marangoni
number, Mﬂz—Z—é(Cm;—S“)d is the  solutel
Marangoni  number, M52=—%M is the

oC, UK

solute2 Marangoni number, T=-5 istheratio of thermal

Km

diffusivities of fluid to porous layer , d:%—"‘ is the depth

ratio, S1 X9 istheratio of solutel diffusivities of fluid

K slm

Ksz

KSZ m

diffusivities of fluid to porouslayer.

to porous layer |, ézz is the ratio of solute2

IV. METHOD OF SOLUTION

From egs (47) and (51), we get velocity distributionsfor fluid
and porous layer respectively

W(z) = Acoshsz+ Asinhsz+ Acoshéz+ Asinhéz - (56)
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W, (2,) = Acoshc,z, + Aisinhc,z,, + Acoshe;z,,
+ Asinhc,z,
Where

5o JQ-JQ+4a? £ JQ+Q+4a?
2 ’ 2

C, = /C1+C / 3 and A's (i=12,...8) are

arbitrary constants are obtained by using velocity boundary

(57)

conditions of (55). The expressions for W(z) and
W,,(z,) are appropriately written as

W(z) = A [coshsz+asinhdz+a,coshéz+a,sinhéz]  (58)
a, coshc,z,, +a;snhc,z,, +a,coshc,z,,

W (Z0) = ALaﬁi nhc,z, } (59

We get the species concentration for fluid layer S, S, from
Egs. (49) & (50) aso from Egs. (53) & (54), we get the
species concentration for porous layer S;,S,, using the
species concentration boundary conditions of (55) as

8(2)= A{asooma“ags‘”haﬁ f(Z)} (60)
21
(2= A{%C"S‘“aﬂansnha“ f(z)} 62)
7
Where
t(2) :_(alsinh52+coshc'>‘z)_(agsinh§z+azcosh§z)
(52_a2) (fz_az)
f (z.) :_(asSi”hC4Z,2+azcoshc4zm)
(C4 _am)
_(aysinhc,z, +a; coshz,)
(=)

a, = S(a,cosha, +a, sinha,) -
1 .
8 = (8,8, 00N, + 83, Snha, ~ Ayp)
Ag ﬂ

am:_A_so’ &, = a

a, =S (a,cosha, +a,sinha,) -
1 .
8 =~ (83,005, + 8,3, SN, ~Ag,)

Ag Ag

Qg =" &=

Ag ay,
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1| 8(sinhs+a,coshs) &(a,sinhé+a;coshé)
Ap=— 2 .2 + 22

21 (5 —a) (f —a)
AM_QAAMO_ﬂ

Tm 21

(agsinhc, +a, coshc,) (a,sinhc; +agcoshc;)
Ao = 2 2 + 2 2

(ci-4) (-4a)

A = 1 I & :A;l,so_Awl
o(67-a7) (&-a7) Y ta o
_c4(a4sinhc4+ascoshc4)+cs(assinhcs+a7coshcs)

N (@)

ad s

o) (e
_ 1| ag G2,
A“g‘rJ(cf—azf(cs—aa)

A, =aS snhacosha,, +a, coshasinha,,
Ag, :%(a@isinhasinham+amcoshacoshegﬂ)—A510
Ay, =asinhaA,, +Agcosha+A,

A = A L Ay = SA o _ AT471
2

Ao Augr 1

T2 T2

8C, | G&
(ci-ap) (E-ar)
A, =aS snhacosha, +a, coshasinha,,

A A .
Ags :—i(aszsmhasmham +amcoshacosham)+A630
Agy =asinha Ay + A cosha+ Ay,

V. THERMAL MARANGONI NUMBER

From egs (48) & (52), we get temperature distributions for
fluid and porous layers using temperature boundary
conditions of (55) and they are

©(z) = A[a,coshaz+a,sinhaz— f (2)]

©.(z,) = Ala,c0o8ha, 7, +a.snha,z, - f,.(z,)]
Where

a, =T(a,cosha, +a;sinha,)-A,

(64)
(65)

1 .
A Za(%%mam+ai4%9”h%—Am)

_ A57 _A55
&y = Asﬁi%—%

A

Agy =TAugy —Ayrgs Ay = Dygy =Dy
~ 5(§nh5+a1wsf15)+ £(a,sinh& +a;coshé)

G )
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3, C:ay

Ay = S+ A=Ay,

(e (&)

Ay, =%5(a'l°sinhasinham+amCOShaCOSh<%)—A57o1

A, =asinha A, + A cosha+A,,

Now the thermal Marangoni number is obtained by the
boundary condition (55) as

M = -1 DW(Q) +M_a’S (D) +M_a’S, (1)
al o)
A +A+HA,
- fogen]
Where

A, =6%coshs+a6°snhs+a,E% coshé +a,E2sinh &

21

A, = Msla{agcoshaﬂagsinha—i}

Ay = Mszaz[a16 cosha+aﬂsinha—5}

(2
A, =a*[a,cosha+a,snha-R]
(alsinh§+cosh§)+ (a;sinh& +a, cosh &)
(5" ) (£-2)

R =

VI. RESULT AND DISCUSSION

The thermal Marangoni number M obtained as a function
of the parametersis drawn versus the depth ratio d = Z—m and

the results are represented graphically showing the effects of
the variation of one physical quantity fixing the other
parameters. The dimensionless fixed values are

T=10a=12 4=20,8=03 £=10,Q=50, M =10
M, =107, =7, =7, =7, :S :S =0.75.

The effects of the parameters a, g, ¢, 4,Q,7,,M4,M_, and
7,, Onthermal Marangoni number are depicted in figures 2
to 10.

140

100 -

20

M

&0

ELYS

Published By:

Exploring Innovation

& Sciences Publication


http://www.ijeat.org/

Triple Diffusive Surface Tension Driven Convection in a Composite Layer in the Presence of Vertical Magnetic Field

Figure 2 show the effects of a, horizontal wave number on
the thermal Marangoni number M for the values a=1.3, 1.4,
1.5. It is evident from the graph that an increase in the value
of a, thetherma Marangoni number decreases and its effect
is to destabilize the system. Also the curves are converging
indicating that the effect of horizontal wave number isdrastic
for fluid layer dominant composite layers.

i
T = B=04
1
1
1

100 |

L

> /=03

o

ant

Figure 3. Effectsof porous parameter B

Figure 3 show the variations of the porous parameter
p= %2 on the thermal Marangoni number for the values

B =02, 0.3, 04. Increase in the value of g, that is
increasing the permeability, the thermal Marangoni number
increases. Hence the surface tension driven triple diffusive
magneto convection sets in earlier on increasing the porous
parameter, this may be due to presence of diffusing
components. Also, for d>04 the therma Marangoni
number decreases to destabilize the system.

2006 |- -

1500 -

M

1000 -

500

Figure 4: Effectsof porosity ¢
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Figure 4 show the effects of porosity ¢ for thevalues ¢ =0.8,
0.9, 1.0. It is observed that there is no effect of porosity for
smaller value of depth ratio up tod >0.4. For d > 0.4 the
curves are diverging indicating that, its effect is drastic for
larger depth ratios, hence its effect is immense for porous
layer dominant composite layer. Whereas ¢ increases, the

thermal Marangoni number decreases i.e., to destabilize the
system.

\
t)
Il
[
Ln

\
ktﬂ

Il
ko
o

Nl

Figure5: Variations of viscosity ratio H

Figure 5 show the variations of viscosity ratio g for the
values 4 = 1.5, 2.0, 2.5. Increase in the value of 4, the
values of the therma Marangoni number M increases for
d<0.4.Also, d>0.4 theincreasein thevaluesof viscosity
ratio decreases the thermal Marangoni number. By increasing
the viscosity ratio the system can be stabilized or destabilized

and hence the surface tension driven triple diffusive magneto
convection is delayed or faster.
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Figure 6 exhibitsthe effects of the magnetic field on the onset
of triple diffusive surface tension driven magneto convection
by the Chandrasekhar number Q for the values Q= 50, 60, 70
When the value of the Q is increasing, the thermal
Marangoni number increases for smaller depth ratio.

The curves are converging between the 0 < d <05, whichis
evident that the effect of Q isdrastic for fluid layer dominant
composite layer. Also, d>0.5 the curves are diverging

indicating that the effect of Q is effective for porous layer
dominant composite layer.

300 ]: T T T T
"'.
j

200 - I

100 -

Figure 7: Effectsof “

Figure 7 display the effects of 7, is the ratio of solutel

diffusivity to thermal diffusivity fluid in fluid layer for the
values r,= 0.50, 0.75, 1.0. As increase in the value of 7, ,

there is a decrease in the values of the thermal Marangoni
number. Increasing the value of 7, the surface tension driven

triple diffusive magneto convection setsin earlier i.e., system
can be destabilized.
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Figure 8: Effects of Mslsolutel Marangoni number
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Figure 8 show the effects of M is the solutel Marangoni
number for M =10, 20, 30. By increasing the values of

solutel Marangoni number, the thermal Marangoni number
increases. The surfacetension driven triple diffusive magneto
convection can be delayed by increasing solutel Marangoni
number, hence the system can be stabilized. Also the curves
are converging which is evident that the effect of M is

drastic for fluid layer dominant composite layer.

300 11‘ \
I

250 | V -

M_, =100

M _, =300
200 -

M_, =500

M

30

100 -

0.6 0.8 1.0

Figure9. Effects of Mszsolutez M arangoni number

Figure. 9 illustrates the effects of M, is the solute2
Marangoni number for M _,=100, 300, 500. From the graph
it is evident that, by increasing the values of solute2
Marangoni humber the thermal Marangoni number decreases
also for smaler depth ratio solute2 Marangoni number
increases to stabilize the system. So, the surface tension
driven triple diffusive magneto convection can be preponed
by increasing solute2 Marangoni number, hence the system
can be stabilized or destabilized.

Figure 10 display the variations of the value of 7, is the
ratio of salutel diffusivity to thermal diffusivity of the porous
layer for thevalues z,, = 0.50, 0.75, 1.0. Increasing thisratio,
thermal Marangoni number decreases. So, the surfacetension
driven triple diffusive magneto convection is preponed i.e.,
system can be destabilized. The converging curvesindicating
that z,, parameter is effective for the fluid layer dominant

composite layer.
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VIl. CONCLUSION

(i) By decreasing horizontal wave number, porosity, ratio of
solutel diffusivity to thermal diffusivity fluid in fluid layer,
solute2 Marangoni number, ratio of solutel diffusivity to
thermal diffusivity fluid in porouslayer and by increasing the
porous parameter, viscosity ratio, Chandrasekhar number,
solutel Marangoni number, the surface tension driven triple
diffusive magneto convection can be delayed and hence the
system can be stabilized.

(ii) The parameters g, ¢, 4,Q, 7, and M, are effective for

porous layer dominant composite layers.
(iii) The parameters a, M, and 7, are effective for fluid

layer dominant composite layers.
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