International Journal of Engineering and Advanced Technology (1IJEAT)

ISSN: 2249 — 8958, VVolume-8, Issue-6S August 2019

Non - Darcian and Non - Uniform Salinity
Gradients on Triple Diffusive Convection in
Composite Layers

B. Komala, R. Sumithra

Abstract:The effect of uniform and non-uniform salinity
gradients on the onset of triple diffusive convection in a
system of composite layers enclosing an incompressible,
three component, electrically conducting fluid which lies
above a saturated porous layer of the identical fluid is
studied analytically. The upper boundary of the fluid layer
and the lower boundary of the porous layer are static and
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 presumed to be
continuous, intended for Darcy-Brinkman model. An
Eigenvalue problem is attained and the same is solved by
the regular perturbation approach. The critical Rayleigh
number which is the guiding principle for the invariability
of the system is accomplished for every salinity profile
individually. The effects of various physical parameters on
the onset of Triple diffusive convection are considered for
all the profiles graphically.

Keywords:  Triple diffusion, non-uniform  Salinity
gradients, Regular perturbation method, Darcy-Brinkman
model.

I INTRODUCTION

In standard Benard problem, density difference was the only
destabilizing source due to which the system was unstable.
This unstability is due to the difference in temperature
between the two surface boundaries of the fluid. This
situation where the temperature is the only diffusing
component is referred to as single component diffusion.

If the fluid has additional salt dissolved in it

then there are two destabilizing sources for the
density difference i.e. temperature field and salt
field, which is known as double diffusion.
Along with the temperature, if there are two
more agencies (salts) present dissolved in the
fluid the convection is referred to as triple
diffusive  convection. The effect of a third
diffusive agent is receiving muchattention in
present day research field asthere are numerous
physical systems withtwo dissolved salts diffusing

independentlyalong with temperature field.
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Griffiths  [4], Turner [19] recognized that there
are  many situations where more than two
dissolved salts are present along with the
temperature field. For instance: solidification of
molten alloys, geothermally heated lakes,
oceanography, high-quality crystal production,
oceanography,production of pure medication,

undergroundwater flow and many more.

Griffiths [4], Pearlstein et al [8] and Lopez [5]
investigated theoretically the onset of convection
in an infinite horizontal layer of triple diffusive
fluid.  Shivakumara | S and Kumar [16]
investigated the bifurcation analysis of a triply
diffusive coupled stress fluid in terms of a
simplified model consisting of seven nonlinear
ordinary differential equations. Shivakumara | S
and Kumar [17] have studied the linear and
weaklynonlinear  triple  diffusive  convection in
couple stress fluid layer. K.R. Raghunathaand I.S
Shivakumara [9] have investigatedthe  triple
diffusive ~ convection in an  Oldroyd-B  fluid-
saturated porous layer by performing linear and
weakly nonlinear stabilityanalyses. Sameena
Tarannum and S. Pranesh [14] have studied a
nonlinear triple diffusive convection in a rotating
couple stress liquid to study the effect of heat
and mass transfer by deriving Ginzburg -

Landau equation. Chand S [1] studied
theoretically the triple-diffusive convection in a
micropolar  ferrofluid layer heated and soluted
below with transverse uniform magnetic field
along with uniform vertical rotation. Rana G.C
et al [11] bhave studied the onset of triple-
diffusive convection in a horizontal layer of
nano fluid heated from below and salted from
above and below both analytically and
numerically.  Rionero  [12] studied a triply
convective diffusive  fluid mixture saturating a
porous horizontal layer, heated from below and

salted from above. Rionero [13] also investigated
the multicomponent diffusive convection in the
porous layer for the more general case when
heated from below and salted by m salts partly
from above and partly from below. Zhao, Wang
and Zhang [22] investigated the problem of
triply diffusive convection in a Maxwell fluid
saturated porous layer. K.R. Raghunath et al
[10] investigated the weakly nonlinear stability of
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the triple diffusive convection in a Maxwell
fluid saturated porous layer. Mukesh  Kumar
Awasthi et al [6] have performed a linear
stability analysis for the onset of triple-diffusive
convection in the presence of internal heat

source in a Maxwell fluid saturated porous layer.

All the above literature are confined to the single layer of
fluid or porous layer but in many physical systems, the
occurrence of composite layer and salinity gradients is
natural which motivated us to study the onset of triple
diffusive convection in fluid - porous composite layer for
uniform and non-uniform salinity gradients.

For Fluid layer,

1. FORMULATION OF THE PROBLEM

We consider a horizontal three component,
electrically conducting fluid saturated isotropic sparsely

packed porous layer of thickness ‘dm underlying a three

component fluid layer of thickness|d |.The lower surface of
the porous layer and the upper surface of the fluid layer are
bounded by rigid walls. 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 governing equations are continuity equation,
momentum equation, energy equation, species concentration
equations, and the equation of state are as follows,

is the fluid viscosity@ is the total pressure, is the

fluid density, is the acceleration due to the gravity,
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¢ m2 + (qm 'Vm )sz = szvﬁwcmZ (11)
where
Pm = Po I:l_atm (Tm _TO ) + (le _CO)+ o (Cm2 _CO ):I (12)
and the symbols in the above equations have the ( C )
following meaning A= Pop ) | . - Ac 1.
[ is the ratio of heat capacities,|“p| is the
|q = (U'V, W)l is the velocity vector, |t] is the time, (pcp )f

specific heat, |K] is the permea of the porous

bilit
medium, is the temperature, is the thermal
diffusivity of the fluid,
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Cy Czl are the concentrations or the salinity fields, |’<m |
is the solute diffusivity of the fluid,

asl

“ __l(a_Pj
t P\OT Jor

1(0op _1(op ) ) )
(a—cjpvq o, ___(5_(3)%2 is the porosity and the subscripts and

yo,

0

refer to the porous medium and the fluid respectively.

The basic steady state is assumed to the quiescent and we consider the solution of the form,

In the fluid layer,

[uv,w,P,T,C,,C,]=[0,0,0, Pb(z),Tb(z),Cbl(z),Cbz(z)]|

and in the porous layer
[Up Vi, W, P

m? "m?

m? m’Tm’CmUCmZ]:I:O’O’O’ Pmb(Zm)1Tmb(Zm)1cmbl(zm)1cmb2(zm):||

the subscript|'b I denotes the basic state.

The temperature distributions|Tb ( Z) ' ITmb (Zm )

are found to be

are found to be

(13)

(14)  where

(15)

(16)

(17

(19)

(20) where

h(z)="h,(z,)|and

(1)

T -T,)z
(TI _To)zm
Tw(2,)=T, g |in 0<z, <d.
m
xd T +x dT,
Ty = #Kmdl is the interface temperature.
The concentration distributions Cm(z)’ Cmbl(zm)’ Ch2 (Z) and|Cupz (Zm)’
oc, C,-C
= Cen(a) o220
C, -C
_8Cmb1: 1L~ 10 hm(Zm) inOSZdem
oz, d,
(18)
(Czu _Czo) z
Co, (Z) =Cy +T in
C,—-C,)z
Copz(Zn)=Cso —w in|0<z, <d_
dm
h(z), hm(Zm) are salinity gradients in fluid and porous layers respectively At the interface
xd C +x. dC
Cp=—"7T— M—L| s concentration at the interface.
xd, +x,,d
Inrorder to investigate the stability of the basic solution, infinitesri mal disturbances are introduced in the form,
[0,P.T.C,.C,]=[0,R,(2).T,(2),Cy(2).Cy (2) | +[0". P 6.S,,S,]
and

[am’ Pm’Tm’Cm17Cm2]:|:o’ Pmb(Zm)’Tmb(Zm)’Cmbl(Zm)’Cme(Zm):|+[(|{|r’n’ Pn;’Hm’Sml'SmZ]
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The primed quantities in the above equations are the
perturbed ones over their equilibrium counterparts.
Egs.(21) and (22) are substituted into the Egs.(1) to (12)
and are linearized in the usual manner, the pressure term
is eliminated from (2) and (8) by taking curl twice on

these two equations and only the vertical component is
retained. The separate length scales are chosen for the
two layers (following Chen and Chen [2], D.A Nield [7]),

the fluid and porous layers can be clearly obtained for all

dn

the depth ratiog d=

so that each layer is of unit depth with
|(x, y,z)=d(x,y', Z')|and|(xm’ Yons Zn ) = Aoy (X0 Vi 2o, —1)|
In this manner the detailed flow fields in both 0
Nield [7])and denoting the differential operator 5 and
. The non dimensionalised basic 0
d 67 by @ ang Dm respectively, an Eigen value
m

equations are subjected to normal mode expansion and
we seek solutions for the dependent variables in the fluid

problem consisting of the following ordinary differential

and porous layers (following Venkatachalappa M et al equations is obtained for the first concentration
[20]). Assuming that the principle of exchange of distribution is obtained as below,
instabilities holds for the superposed layers (following
|n|0 <z Sll
2 2)? 2 2 2
(D?-a’)’'W =Ra’®0-R,a’%, -R,,a’%, 23)
(D*-a’)e+W =0 (24)
rl(Dz—a2)21+Wh(z):0 (25)
7,(D*—a%)X,+W =0
(D*-2°), -
In O S Zm Sl
2 2\ ~p2 2 52 2 2 2
|:( Dm —a, )/Uﬂ _1j|(Dm —-a, )Wm = Rma‘m(am - Rsmlamzml - Rsmzamsz 27)
(Dz-a%)®, +W, =0 (28)
Ty (D2 —82) %, + W, (2,) = o| (29)
2 2
Tomz (D =22 )2, +W,, =0 )
ge, (T,-T )d?® ga, (C,-C,, )d?
For the fluid layer, ‘R = (To-T.) is the Rayleigh number, [Ry= 2(Co=Cy) ,
VK VK
ga.,(C,,—C,, )d? K. K.
Ry, = 3 231( ) are the Solute Rayleigh numbers, |71 = —4,7, = ?sz are the diffusivity ratios. For the
~ V ga, (T,—-T,)d K
porous layer, ,32 =—= Day| is the Darcy number, |1 = — 1 is the viscosity ratio R, = t( : U) "— =RDa
d; 14 VK,,
g, (C,—-C,)d K gr,, (C,, —-C,,)d_K
is the Rayleigh — Darcy number Ryt = Sl( 5 10) —= RaDa| |Rg,, = 32( 2 20) —= R,,Da
VK, VK,
. . . Ksml Ksmz . .. .
are the Solute Rayleigh — Darcy number in porous medium{Zpm = 1 Toma = - are the diffusivity ratios, @ and
m m

a,, | are the non-dimensional horizontal wave numbers and |9m| are the temperature

1 1
m | are the concentration in fluid and porous layers and J. h(Z)dZ = J. hm (Zm)dzm =1
0 0

in fluid and porous layers, and

Egns. (23) to (30) are twentieth order ordinary differential equation which are to be

solved using the below mentioned boundary conditions.
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BOUNDARY CONDITIONS

The boundary conditions after non-dimensionalisation and Normal mode expansion are

W(1) =0, DW(@) =0, DO@1) =0, DS,(1)=0,DS,(1)=0, D,S,,(0)=0, D,S,, (o)=0,|

A A

TW (0) =W, (1), TdDW (0) = D, W, (1),

Td®*(D*+a’)W (0) = (D} +a2 W, (1)

0(0)=Te, [,

DO(0) = D,0, (1), S,(0)=5S,,(1), DS,(0)=D,S,,1)

5,(0)=55,,(0, DS,(0)=D,S,,@), W,(0)=0, DW,(0)=0, D,0,(0)=0|

Td? > (D°W (0)—3a’DW (0)) =

~D,W, (1)+ 48* (D3W, (1)-3a2D,W,, (1))

where T=(T| _TO)/(TO —Tu), Ies=Ksm/K'S=d/S, Si:(CiI_CiO)/(CiO_Ciu) for i:1,2
K=k, lc=d/T, &K =k,,/Kk,=0/S|andK,, =Ko !k, =0d/S,.|&, Kland K., are the
thermal diffusivity and the solutal diffusivity ratios
respectively. The Energy Equations are solved using V. SOLUTIONBY Iﬁ_lfz(étéll_\l,?SSEERTURBATION
respective boundary conditions from (29) (following
Shivakumara I.S et al [15]). For the constant heat and mass flux boundaries
convection sets in at small values of horizontal
wavenumber ‘a’, accordingly, we expand
W WJ Vvm Wmi
© :ia“ | ang | O :ia“ ™
DX = A R Zal = | Zm
Z2 X 2m2 2mj2
With an arbitrary factor, the solutions for zero order equations are:
W,(2)=0, O,(z)=T, Z,(z)=S, Z,(z)=S,
WmO(Zm)zo’ ®m0(zm)=1’ Emlo(zm)zl’ z:mZO(Zm)Z:l'

The equations at first order in @are,
For fluid layer,

DW, ~RT +R,$, +R,,$, = 0|
D?O,-T +W, =0
7,D%%,, —7,S, +W;h(2) =0

7,D%%, - 7,5, +W, =0

For porous layer,

Ap°DW_ -D?W_—-R +R_ +R_,=0
D!®, ,-1+W_ =0
r D% —r +W_h (Zm ) =0
T2 DnZiny = Ty T Wi, (Zm) =0
(38)

The corresponding boundary conditions are,
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W, (1) =0, DW,(1) =0, D®,(1)=0, DS,(1)=0, DS,(1)=0 |
TW,(0)=dW_ (1), TdDW,(0) =d2D,W,, (1), Td2DW,(0) = 2D2W, ,(1)d?,
©,(0)=Td*0_,(1), D®O,(0)=d?D 6, (1),
S,(0)=S,d%S_ (1), DS,(0)=d?D,S,,(1), S,(0)=S,d%S_,(),
Td*4?DW, (0) =—d*D,W,, (1)+ 48°d°D3W,, (1), DS,(0)=d*D,S,,(),
W,,(0)=0, bW,,(0)=0, D,©,,(0)=0, b,S,,(0)=0, D,S,,(0)=0

The solutions of the Egs.(32) and (36) give and W, respectively are important in obtaining the Eigen values and are
found to be,
4
- 2 2\ Z
W,(2)=C,+C,2+Cy2" +C,2* +(RT - RS, - RSZSZ)ﬂ (39)
2
Wml (Zm) = CS + Cezm + C7ePZm + C767 Pim — ( Rm - Rsml - Rsmz )% (40)
1
Where [P = [1_,32 and C17C2,C3,C47C5,C6,C7,C8 are constants which are determined using the velocity
boundary conditions and are as follows
d’B d’B /B
C,=AC,+AC,——, C,=AC,+AC,——, C,=AC,+A,C, —%,
B
C4:AlC7 +A2C8 +W1 C5:—C7—CS, 06: pCS—pC7, C7 :AA17+BA18,
Co=AA+BA,, A= RT - Rs1SA1 - Rszéz’ B=R, —Ru— R

A _AB'pe —pePrp _ pe’—p-jptpie

' 6Td B ? 6Td B
~n2aP ~N20—D 3 J 12
ape ap‘e d d _ d
A: =~ y A: = y A:T ep_ y A:T —ep, A:—Aep— —1,
=, T 5T(p p)eT(pp)7T(p)
i
Asz_f " =p-1), Ay=A+A;+A;+A, Ap=A;+A+A,+A,,
~ I 42
1l=6foliﬂ2_%_%_gf’ A, =Ag+2A,+3A,, Ay=A,+2A,+3A,,
. Ay Ay
Ay=—r QB 6 24 _ DAy —AA,
14 A ~ ~ 15 ' 16 !
2 dﬂz T T A10A12_A9A13 A10A12_A9A13
A A 1 AGA -+ A
A17:_[ S ]1 AlSZ_( — llj’ A19:A7A17+A15A8’
Aq 24A9 A,
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d? d
A20 = A7A18 + AlGAB - Ef Ay = A5A17 +AA, Azz = A5A18 + AlGAG = Aza =—Ap— AlG’

A

L
Azs = A3A17 + A15A4’ A24 = A3A18 + A16A4 - ?i Azs = A1A17 + AlSAZ’ Aso = p(AlG - AlS)

1
A ZAA +A A +7
26 1718 16—2 6Td

2 i)

A27 =-Ay; _A15’ Azg = p(Als _A17)'

4.1 Solvability condition

The differential equations and boundary conditions corresponding to temperature and concentrations yield the
compatibility condition

1 1 1 1 1 1
ledz +7 'fwlh (z)dz+d 2.[Wmldzm +7,d 2melhm (z,)dz, + rpmzjwldz + 1,d° J W_dz_
0 0 0 0

pml

~

=T+d*+7,7 pml(S d2)+rzrpm2(§2+az) (41)

number for different basic salinity profiles in both fluid
and porous layers.

By substituting expressions for El and (W | in equation
(41), we obtain an expression for critical Rayleigh

4.2 Linear Salinity Profile:
In this prOﬁ|E|h(Z):hm(zm):1| (42)
The critical Rayleigh number for this model is obtained by substituting (42) in (41) and is found to be

8; 4+ (RS, + RS, )& +(Rypy + Ry ) &,

R01=
'f[55+d '856]
K
where
é‘lelg'Fﬁ'Fﬂ"'%'Fi, 52:A20+ﬁ+ﬂ+ﬂ1
2 3 4 120 2 3 4

p_ AP
53:A27+—A29+A17[—e 1)+A1{1 € j
2 p p

p_ P .
54:A28+%+A18(e—pl}+A16[1s j—% 65:(1+rpm1+rpm2)5l+d2(1+rl+rz)53,

8y = (14 Tpmy + T2 ) 5, +d? (1417, +7,)68,, & =T+d*+q7 pml(S+d )+z‘21pm2(§2+dz).

'S - -
Ai remains same as earlier.

4.3 Parabolic salinity profile:

(43)

Following Sparrow et al [18],|h(2) =2z, h, (Zm) =2z,
The critical Rayleigh number for this model is obtained by substituting (43) in (41) and is found to be

R 5l+(R5181+R528 )A2+(Rsml+Rsm2)A3
c2 =
d?
{ RIS ﬁ A
where
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Ay = A0, + 85105+ Agy0y + A0 + 0 + Ay 07 + Aggy + A8y + A6y
Ay = D0y + Ay 03 + A0y + A pg 05 + D0y + N3y 0 + Ayg0 — Oy

51:f+az+T1Tpm1(§+a2)+rzrpm2(§2+az)

2t ml 1+Tm2 Tom1 1+Tm2 2T o 1+Tm2

2 1+Tpml Toma» 05 = 3? + 2p , 0, = p2 +Tp, 05 = 5" 4p

Tpml 1+ Tme 12 (21-1 1+72)

=t 5, =d (ltg ), 6 =d° ,

R T AR SR ) =

A p p ep_l
5 =d’ Zl(e——e2+i2j+(1+r2)( ) ,

p p P p

A S . .
i [remains same as earlier.

4.4 Inverted Parabolic salinity profile:

For this case |N(2) =2(1-2), h,(z,)=2(1-z,)

(44)

The critical Rayleigh number for this model is obtained by substituting (44) in (41) and is found to be

51 +(Rsl§1 + R32§ )AZ +(Rsm1 + Rsmz)AS

{2
Where

Ry = A0, + 85105 + Agy0y + A0 + 0 + Agy 0, + DggFg + A5y + A0
Ay = A0y + D03 + A0y + D05 + A8y + NgyO + Ayg0y — Oy

Rc3 =

& :-I:'sz""[12-;)m1(§*_dz)—H—2 Tpm2(§2+az)

Tom 1+7.., T, 147, T,q 1+7
S, =147, +7,,, &= ‘é + 2" , O, = 'é +T", S5 = go 1
1 1) 147 3 7, 14t
O = +—P2 5 =d?(l+1,+1,), &= dz( Ly Zj,
° "'“1(120 144) 120 ! (Lta+e) 3 2

- eP-1 1 ef-1
59=d2[22'1(7+6j+(1+72)( p )J;

A 1_e_p .
o, =d%| 27, —21 1 (1+r2)( ) , 5ll=d2(i+1+_72j
Y p p 12 6

S - -
Ai remains same as earlier.
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4.5 Piecewise linear Salting below Salinity profile:

(45)

-1 -1
g, 0<z<¢ g, 0<z <¢
For this case following Currie [3], h(Z) = { { " nor

h (z )=

0, e<z<1 n(Zn) 0, ¢,<z <1
The critical Rayleigh number for this model is obtained by substituting (45) in (41) and is found to be
51 +(Rslsl + RSZS ) A2 + ( Rsml + Rsm2 ) A3

{2
where

AZ = A1’952 + A2153 + A2354 + A2555 + é‘6 + A2757 + A2958 + A1759 + A15510’
A?. = A20(3‘2 + A2253 + A2454 + A266‘5 + A286‘7 + A3058 + A196‘9 - 511’

Rc4 =

51:'I:+(12+Tlrpml(§+&2)+rzrpmz(§2+d2), 0, =147, + Tpmas 53:;( pm1+1+Tpm2)’

4

0, = ( 2 pml+1+z'pmz), 55:3'1( 3 pml+1+z-pmz), 56:1;'0( pml+1+z'pmz),

ooll—\

~

2 12
5, =d*(1+7,+1,), &, =d?(grl+1+r2), Oy = d ( - (e"5“1’1)+(1+r2)(ep —1)}

d? e _ P 2 (1+7
510=F(;—1(1—e P )+ (147, ) (1-e P)] 511:d2£%+( 62)}

m

‘S - -
A are defined earlier.

4.6 Piecewise linear Salinity profile Desalting above:
For this case following Vidal and Acrivos [21],
n(2) 0, 0<z<(l-¢)  (2,) 0, 0<z,<(1
Z)= , Z =
et (l-g)<z<1y "MV el ( &n) <2,

The critical Rayleigh number for this model is obtained by substituting (46) in (41) and is found to be
51+(R5181+R328 )A2+(Rsm1+Rsm2)A3

(a5
where

Ay = A0, + 85105 + Agy0y + A0 + 0 + Ay;0;, + AggOg + A0 + A0y
Ay = A0y + Dpy0s + Ay 0y + A pg 05 + A8y + N3O + A0 — Oy

~én)
1 (46)

R

5 =
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51:'f+dz+rlrpm1(§+(§2)+rzrpm2(§2+d2), 8y =147, + T o
1(7 m 2 1(7 m
5325( 21(1—(1—5) )+(1+rpm2)], 54:5 21(1—(1—5) )+(l+rpm2)},
1 T m 4 1 T m
5, :Z( (1 (1-¢) )+(l+rpm2)j, 5= rp| - (1-(1-¢) )+(1+Tpmz)}
22 62 7 2 Ai
5 =0 (1+r47,), =" —(1—(1—gm) +(1+1,) |,
gm
5 _4 i(e"—e"(l"fm))+(1+r )(eP-1)|, & _4 i(—e"’+e"’(1’gf“))+(1+r )(1-e)
9 p gm 2 ! 10 p 5m 2 !
dz
o =E(rl((l—gm)3—1)+(1+r2)).
are defined earlier.
4.7 Step function salinity profile:
In this profile the basic concentration/solute/salt drops suddenly by an amount at |Z=¢£land AS, lalZy = €,

otherwise uniform. Accordingly. h(z) = 5(2 —5)' h,, (Zm) = 5(Zm _5m) (47)

Where is the solutal depth in the fluid layer and is the solutal depth in the porous layer.

The critical Rayleigh number for this model is obtained by substituting (47) in (41) and is found to be
51 + ( Rslsl + RsZS ) A2 +(Rsm1 + Rsmz) AS

o2
where

Ay = A0, + 85105+ 8gy0y + A0 + 0 + Ay 07 + Aggg + A8y + A6y
Ay = A0y + Ay 0y + A0y + Apg 05 + A0y + Ny + Ayg0 — Oy

R

c6

A, A A A oA 1+7
=T +d? Tlrpm1(8+d2)+rzrpm2(82+d2), 52:1+rpml+fpm2, 53:gz'pm1+ 2pm2,
1+7 1+7 e'r 1+7 .
_ a2 pm2 _ .3 pm2 _ pml pm2 _AJ2
S,=¢ Tom t S, =¢ Tom + S5 = YEMETIIR &, =d*(1+7,+7,),

. . ef -1
58=d2(£mrl+1+272j, 5, =d? rlepgm+(1+rz)( . ) ,

. 1-e°
510:d2 Tle_pgm+(1+fz)% , 511—d (Tl(; (1+—62-2)J

S - -
A are defined earlier.
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V.

For Linear, Parabolic and Inverted Parabolic Salinity Profiles:

RESULTS AND DISCUSSIONS

400

~ w
= S
S S

CRITICAL RAYLEIGHNUMBER R
=
S

> LINEARPROFILE

PARABOLIC
PROFILE

INVERTED
PARABOLIC PROFILE

02 04 06

DEPTHRATIO d

10

Fig.1. The variation of critical thermal Rayleigh number|&| for Linear, Parabolic and Inverted parabolic salinity

profiles with respect to the depth ratio

a:

dn
=

Figurel shows the variation of critical Rayleigh number |&|for different profiles with respect to the depth ratio for

fixed values of

Da=01 x=1 wu=2,

7,=7,=025 7,

Toma = 0.75,

=S, =1,

S,

Rsl = RsZ :5

and [T =1. Graphically it is evident that the parabolic salinity profile is the most stable. Inverted parabolic profile is
unstable fol 0 < d <0.65] and linear profile is unstable fo0.65<d <1| ~At|d = 0.65|linear and inverted parabolic
profiles have same effect on R..
LINEAR PROFLE PARABOLIC PROFLE INVERTED PARABOLIC PROFLE
- - w0 - - - 50 - - -
14 14 14
w w w
g ol B 181
2 42 2
z z z
5 5 5
o o 20 . 4010
5 iF > i=15 s
g g g
14 14 14
S 5 100 %\—> f=1 g 5 50
= = OIS . =
x 14 ~ =05 x
g 5 ;___ll_ . 8}
é z‘x 5 %0 05 10 15 20 25 30 %0 05 10 15 20 25 30
DEPTH RATIO d DEPH RATO d DEPTH RATO d

Fig.2:

respect to the depth ratio

d\:

d

The effect of on critical Rayleigh number for Linear, Parabolic and Inverted parabolic profiles with
dm

Figure 2 shows the variation of critical Rayleigh number |&| for different profiles with respect to the depth ratio for fixed

Da=0.1 x=1],

values of

TlZTZZ

0.25,

T

pml

T2 =075, R, =R, =5 §=S§,=1,

A

T

1.

and

The effects of the viscosity ratid

A=y | 1t

which is the ratio of the effective viscosity of the porous matrix to that of the

fluid viscosity is displayed in the above graphs. For fixed values of depth ratio, the increase in the value of increases the

value of critical Rayleigh number |&|i.e., the system is stabilized. Thus the onset of triple

diffusive convection is delayed.
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Fig.3. The effect of first solute Rayleigh number Ry |on critical Rayleigh number for Linear, Parabolic and

Inverted parabolic profiles with respect to the depth

for different profiles with respect to the depth ratio
for fixed

ure 3 shows the variation of critical Rayleigh number
R

values of

7, =0.75,R,, =5,

|-[: =1-|The

él = §2 :1, and

~ d
ratiod=?m-
[Da=0.1x=1u=05|7=7,=0257,, =
effect of solute Rayleigh number of first solute
ga,(C,—-C,)d?
R, = al lEK ) is displayed in the above

graphs. As the curves are diverging the effect of Solute

Rayleigh number Ralis large for small change in the value

of depth ratio. From the curves it is evident that for fixed
values of depth ratio, the increase in the value of solute

Rayleigh number Ryl increases the value of critical
LINEAR PROFLE

PARABOLIC PROFLE

Rayleigh numbe|| Rcli.e., the system is stabilized. Thus the
onset of triple diffusive convection is delayed. The

increasing values of solute Rayleigh number Rg1 |will affect
the onset of convection only for larger values of the depth
d

—m

ratio|d = d that is, in porous layer dominant composite

systems the convection is delayed.

INVERTED PARABOLIC PROFILE
T T
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Fig.4 The effect of on critical Rayleigh number for Linear, Parabolic and Inverted parabolic profiles with

A dm
respect to the depth ratid d= ? .

Figure 4 shows the effects of the diffusivity rati

which is the ratio of first saline diffusivity to thermal

diffusivity of the fluid on critical Rayleigh number for
different profiles with respect to the depth ratio for fixed
values of Da=0.1x=1.=05]
7,=0.257 Tomz = 0.75, Ry = Ry, =50, [and

pml —

S, =35, =LT =1 1tis clear from the graphs that all the
three curves are converging which shows that for larger

Retrieval Number: F11590886S19/19©BEIESP
DOI:10.35940/ijeat.F1159.0886519

846 Blue Eyes Intelligence Engineering

values of the depth ratig"¥ = dl there is no effect of any

variation in the values of . The effect ois prominent
for fluid layer dominant composite systems. For a fixed

value of depth ratio, the increase in the value of | 7;|increases
the value of the critical thermal Rayleigh number. Thus
increasing values of makes the system stable and hence
delay the convection.
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For Salting below, Desalting above and Step function
Salinity Profiles:

36 F e

-~
-~

— SALTING BELOW

DESALTING ABOVE

STEP FUNCTION,

CRITICAL RAYLEIGH NUMBER Rc

SALINE DEPTH |

ISSN: 2249 — 8958, VVolume-8, Issue-6S August 2019

Fig.5: The variation of critical Rayleigh number|&| for

Step function, Desalting above and Salting below profiles
with respect to the saline dept.

Figure 5 shows the variation of critical Rayleigh number |&|f0r different profiles with respect to the saline depth for

fixed values of

Da=0.1, =05 d=1 g =1 x=1

§,=5,=1T=1 R,=R,=5,

7,=7,=0257,,=7,,=0.75.

Graphically it is evident that the step function salinity
profile is the unstable profile.Salting below salinity profile

is the stable profile for the depth ratio [0 <d <0.45
and Desalting Above salinity profile is the stable profile

STEP FUNCTION  PROFLE
T T

for the depth ratio [0.45<d <1.] at|d =0.45( poth
salting below and desalting above profiles have same

effect o .
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Fig.6: The effect of on critical Rayleigh number|&| for Step function, Desalting above and Salting below profiles
with respect to the saline dept.

Figure 6 shows the effects of the viscosity ratio

p=4n 15225,
7,

which is the ratio of the effective

viscosity of the porous matrix to that of the fluid layer on

critical Rayleigh numbe . For fixed wvalue of

A

S,

A

$, =1,

A

Da=0.1, d=1 &,=1 x=1,

T=1 R,=R,

5, T

p

7, =7, =0.25,

1= Tomy = 0.75.

With the increase in the value of ,[l increases the critical

thermal Rayleigh which stabilizes the system, so the

onset of triple diffusive convection is delayed. In other
words, when the effective viscosity of the porous medium
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|ﬂ|is made larger than the fluid viscosity#], the onset
of the convection in the fluid layer can be delayed.
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Fig.7: The effect of| Rsllon critical Rayleigh number|&| for Step function, Desalting above and Salting below profiles
with respect to the saline dept.

ga, (Cp—Cy )d?
) . R — sl 10 1u — 5 50 100
Figure 7 shows the effect of solute Rayleigh number of first solutd R i oY, . For fixed

values of |Da=01, d=1 &,=1 x=1, 4=05]S$=S,=1, T=1 R,=5]|r,=7,=025
Tom = Tpma = 0-75.

pml

From the above graphs it is evident that for fixed values Rayleigh number|&| i.c., the system is stabilized. Thus

i ‘e i i . — L
of saline depth the increase in the value of solute the onset of triple diffusive convection is delayed.

Rayleigh number Rq| increases the value of critical
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Figure 8. The effect ofon critical Rayleigh number for Step function, Desalting above and Salting below
profiles with respect to the saline dept.

Figure 8 shows the effects of the diffusivity ratio

K.
21 :;120-25’0-510-75’ which is the ratio of first

saline to thermal diffusivity of the fluid for fixed values

Da=0.1, 4=05 d=1 ¢ =1 x=1|5=S,=1T=1 R,=R,=5,
7,=0257,,=7,,, =0.75.

pml —
From the graph it is clear that critical Rayleigh number

R| decreases as |7ilincreases in step function and
desalting above profiles and increases with increase

the in in Salting below profile . Thus the system is

destabilized for step function and desalting above profile
and stabilized for Salting below profile.
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VI. CONCLUSION:
6.1. For Linear, Parabolic and Inverted Parabolic
salinity Profile:

i) The curves of solute Rayleigh number of first solute

R
are diverging, indicating that, in porous layer
dominant composite systems the convection is delayed by

R

sl

s1*

increasing solute Rayleigh number

ii) The curves of diffusivity ratio are converging,
indicating that, in porous layer dominant composite
systems the convection can be made fast by increasing
the concentration of first salt.

6.2. For Salting below, Desalting above and Step
function Profile:

7 R
i) By increasing the parameter and |_51| triple

diffusive convection for the above profiles is delayed.

T
ii) By increasing the thermal diffusivity rati , the
triple diffusive convection in the above profiles is quick.
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