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ABSTRACT

The effects of Uniform and Non uniform salinity gradients on the onset of Double Diffusive Convection in a
composite layer, comprising an incompressible two component fluid saturated porous layer over which lies a layer of the
same fluid are investigated. The upper boundary of the fluid layer and the lower boundary of the porous layer are rigid 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 assumed to be continuous conducive for Darcy-Brinkman model. The resulting Eigen value
problem is solved by Regular perturbation method. The critical Rayleigh number for all the profiles is obtained and the
effects of different physical parameter on the onset of double diffusive convection are investigated for all profiles. It is
found that for the stability demanding situations like solar ponds, the parabolic salinity profile is the most conducive where
in the onset of double diffusive convection in a composite layer can be delayed. For the heat and mass (solute or salt)
transfer problems like petroleum and geothermal reservoirs, the inverted parabolic salinity profile is most suitable, where

in the onset of double diffusive convection is fast.

Keywords: double diffusive convection, salinity gradients, darcy - brinkman model, solar pond.

1. INTRODUCTION

The sun is the largest source of all renewable
energies on the earth and this energy is abundantly
available in all parts of the earth. It is in fact one of the
best alternatives to the non-renewable sources of energy.
One way to tap solar energy is through the use of solar
ponds. Solar ponds are large-scale energy collectors with
integral heat storage for supplying thermal energy for
process heating, water desalination, refrigeration, drying
and power generation. The solar pond works on a very
simple principle well-known that water or air is heated
they become lighter and rise upward e.g. a hot air balloon.
Similarly, in an ordinary pond, the sun’s rays heat the
water and the heated water within the pond rises and
reaches the top but loses the heat into the atmosphere. The
net result is that the pond water remains at the atmospheric
temperature. The solar pond restricts this tendency by
dissolving salt in the bottom layer of the pond making it
too heavy to rise. A solar pond has three zones. The top
zone is the surface zone, or UCZ (Upper Convective
Zone), which is at atmospheric temperature and has little
salt content. The bottom zone is very hot, 70°— 85° C, and
is very salty. It is this zone that collects and stores solar
energy in the form of heat, and is, therefore, known as the
storage zone or LCZ (Lower Convective Zone).
Separating these two zones is the important gradient zone
or NCZ (Non-Convective Zone). Here the salt content
increases as depth increases, thereby creating a salinity or
density gradient. If we consider a particular layer in this
zone, water of that layer cannot rise, as the layer of water
above has less salt content and is, therefore, lighter.
Similarly, the water from this layer cannot fall as the water
layer below has a higher salt content and is, therefore,

heavier. This gradient zone acts as a transparent insulator
permitting sunlight to reach the bottom zone but also
entrapping it there. The trapped (solar) energy is then
withdrawn from the pond in the form of hot brine from the
storage zone.

In the situation explained above, the occurrence
of non-uniform gradients of salinity and temperature is a
reality. With reference to the above application in mind
we are investigating the onset of Double diffusive (thermo
haline) convection in a Composite layer (two layer)
comprising of an incompressible two component
(temperature and salt) fluid saturated porous layer over
which lies a layer of the same fluid. This composite layer
is subjected to different salinity gradients in search of the
most stable gradient suitable for the solar pond. The upper
boundary of the fluid layer and the lower boundary of the
porous layer are rigid and are insulating to heat and salt.
At the interface, the velocity, shear stress, normal stress,
heat and heat flux, salt and salt flux are assumed to be
continuous conducive for Darcy-Brinkman model. The
Eigen value of the problem, the critical Rayleigh number
is obtained for all the salinity gradients. The effects of the
various physical parameters on the stability of the system
are investigated in detail. The problem also finds
applications in petroleum and geothermal reservoirs,
underground spreading of fertilizers, growth of crystals
(isothermal and non - isothermal methods), solidification
of alloys, materials processing and many more. In these
situations, presence of non-uniform salinity gradients is a
reality but the fundamental research in this area is to be
focused.

Recently Pranesh et al [1] have investigated the
effect of non uniform basic concentration gradient on the
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onset of double diffusive convection in a micro polar fluid
layer heated and soluted from below and cooled from
above, using Galerkin method for different velocity
boundary combinations with isothermal on spin-vanishing
permeable boundaries. They have observed that the fluid
layer with suspended particles heated and soluted from
below is more stable compared to the classical fluid layer
without suspended particles.

Ray-Yeng Yang et al [2] have investigated the
overstability analysis on salt-fingers convection with
parabolic temperature and salinity profiles. They explored
the influence of parabolic profiles of temperature and
salinity, as might arise due to local evaporation or
warming disturbance, on the marginal stability problem in
a salt fingering regime. They have also investigated the
Marginal stability analysis on salt-fingers convection with
parabolic temperature and salinity profiles.

Giestas et al [3] presented a 2D numerical model
where the behavior of a salt gradient solar pond (SGSP) is
described in terms of temperature, salt concentration and
velocity with the fluid density and viscosity dependent on
temperature and salt concentration. The discretization of
the governing equations is based on the respective weak
formulations. The rectangular geometry allows for spectral
type Galerkin approximations for with the essential
homogeneous boundary conditions can easily be imposed.
Taking into the account the variation of density and
viscosity with temperature and salinity improved the
agreement between the numerical and the experimental
results.

2. FORMULATION OF THE PROBLEM
We consider a horizontal two - component fluid
saturated, isotropic, sparsely packed porous layer of

106G\ 1, . _

o ) ¢
T -
A% (G, V)T, =, V2, )
ot
oC -
p—=+(4,V)C, =x,V’C, ®)
ot ‘
and the state equation is

pm :po I:l_at (Tm _7—2))+as (Cm _CO)]
where Z] = (u,v, w) is the velocity vector, 0, is the

constant fluid density, ¢ is the time, P is fluid pressure,
 is the fluid viscosity, p is the fluid density , g is the

('OOCP)

acceleration due to gravity, A =———=""is the ratio of
(P p ) f

heat capacities, C » is the specific heat, K is the

thickness d, underlying a two component fluid layer of

thickness d .The lower surface of the porous layer and the
upper surface of the fluid layer are rigid and are insulating
to heat and mass. A Cartesian coordinate system is chosen
with the origin at the interface between porous and fluid
layers and the z - axis, vertically upwards. The basic
steady state is assumed to be the quiescent and the
governing equations are continuity, momentum, energy

and  concentration  equations  with  Boussinesq
approximation.
For fluid layer
V-g=0 1)

oa R R R ~
Po {—q+(c1 -V)q} =-VP+ VG- pgk @

ot
a—T+(67~V)T=K’V2T 3)
Ot
%—er(E]-V)C:KSVZC @

And the state equation is

P:po[l_at (T_YZJ)_FQS(C_CO):I

For the porous layer,

Vi, =0 ®)

g, — p,gk ©)

permeability of the porous medium, 7" is the temperature,
K is the thermal diffusivity of the fluid, C is the

concentration/solute/salt, K is the solute diffusivity of the
fluid,# is the porosity, «,is the thermal expansion

coefficient, « is the Concentration/solute  expansion

coefficient and the subscripts m and  f refer to the

porous medium and the fluid respectively.

In order to investigate the stability of the basic
solution, infinitesimal disturbances are introduced.
Equations (1) to (8) are linearized and the pressure term is
eliminated from (2) and (6) by taking curl twice on those
two equations and only the vertical component is retained.
The variables are then non-dimensionalised using

2
d—, Z—m, 1,—T, and Co —CM as the units of time
K m

velocity, temperature, and the concentration in the fluid
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d> «
layer and—*, -, T, -T,,
K d

m m

C —-C, as the

corresponding characteristic quantities in the porous layer.
The separate length scales are chosen for the two layers
(Chen and Chen [4], D.A Nield [5]), so that each layer is

of unit depth with (x,y,z)=d(x,y,7) &
(x,,5,,2,)=4d, (x ,y ,z —1).In this manner the
detailed flow fields in both the fluid and porous layers can

~ o d
be clearly obtained for all the depth ratios d = 7’” The

non dimensionalised basic equations are subjected to
normal mode expansion and seek solutions for the
dependent variables in the fluid and porous layers
(following Venkatachalappa M et al [6]). It is known that
the principle of exchange of instabilities holds for Double
Diffusive 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 (following Nield [5]).

0
Denoting the differential operator — and ——
0z 0z

by D and Dm respectively, an Eigen value problem

consisting of the following ordinary differential equations
is obtained,

In 0<z<1,
(D*~a*) W(2) =Ra*® R d’S ©)
(D2 —a2)®(z)+W(Z):0 (10)

(D’ -a*)S(2)+W(2) h(z)=0 o
Im0<z <1
[(Di-a))ip* -1](D)~a) )W, (z,) = R,a}0, - R,a’5, (12)

wW(@) =0, DW(@1) =0,
w, (0)=0, D,w,(0)=0,
TW(0) =W, (1),

m

DO@1) =0,

DS(1) =0,

D,®, (0)=0, DS, (0)=0,
7dDW (0) = D,W,, (1), ©(0) =T®, (1),

1d* (D +a*)W(0) = (D, +a, )W, (), DO©)=D,0, ),

(D} -a)®,,(z,)+W,(z,)=0 (13)

o (D} =) S, @)+ W, ) (2,)=0
ga,(T,-T,)d’

VK
— gas (CO _Cu)d3

VK

where R = is the thermal Rayleigh

number, R,

is the solute Rayleigh

K
number in the fluid layer 7 =—= is the solutal-thermal

K
diffusivity ratio, [ ? = — = Da is the Darcy number,
d
A V . . . . Ksm .
H=—" 1is the viscosity ratio, 7, =——is solutal-
14 K,
a (T, -T,)xd
thermal diffusivity ratio, Rm = ] t( L 0) ™ is the
VK,
ga,(C,—C,)id,

thermal Rayleigh number, R_ =

sm

VK,
is the solute Rayleigh number, @andd, are the non-
dimensional horizontal wave numbers, ® and @m are the

temperature in fluid and porous layers, S and Sm are the

concentration in  fluid

1 1
[h(z)dz=1ana [, (z,)dz, =1.
0 0

and porous layers, and

Thus we have sixteenth order ordinary differential
equation and which needs sixteen boundary conditions.

3. BOUNDARY CONDITIONS

The Sixteen boundary conditions after non-
dimensionalised and Normal mode expansion and are
given by

as)

7d* B> (D'W(0)—3a’DW (0)) =—D,W,, (1)+ 4B3°D,W,, (1) -

ap*3a2D,W, (1), S©0)=S5S, (1), DS©O)=D,S, Q).

Where T = (T, = T,)/ (T, - T;,),
S':(CL—CU)/(CO—CU), anddAde/d is the

depth ratio. We see that K=k, /K= d/T and

I%S =K, /Ks =d / S because the steady state heat and

mass fluxes are continuous across the interface where K
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and I@S are the thermal diffusivity and the solutal

diffusivity ratios respectively. The Energy Equations are
solved using respective boundary conditions from (15)
(following Shivakumara .S et al [7]).

4. SOLUTION BY REGULAR PERTURBATION
TECHNIQUE
For the constant heat and mass flux boundaries,
convection sets in at small values of horizontal wave
number ‘a’, accordingly, we expand

wl W, w,] W
0 |=>a"|O,|and|0, :Z(cia)] 0,
s| S, s | S,

The equations at first order in a’ are

In 0<z<1

D'W, —RT +RS =0 (16)
D*®,-T+W,=0 (17)
DS, — 7S +Wh(z)=0 (18)

andin 0<z <1

;[lﬂzDr:Wml_Djlel_Rm_'_Rsm :0 (19)
D@, —-1+W, =0 (20)

t, DS, —7,+W,h (z,)=0 1)

m™~ml
The corresponding boundary conditions are

W (1)=0, DW,(1)=0, D®©,(1)=0, DS (1)=0
W, (0)=d’w,, (1), TDW,(0)=dD,W,, (1),

ml m’ " ml

TDW, (0)= aDW,, (1), 6,(0)=7d’,, (1),

m’ " ml

1d*DW, (0)=-D,W,, (1) + 4" D, W, (1),
Dg,(0)=d’D,8,,(1), S,(0)=8d’s,, (1),
Ds,(0)=d’D,s,, (1), W, (0)=0, D,W, (0)=0,

m*~ ml m’ " ml

D0, (0)=0, D,S, (0)=0.

(22)

The solutions of the Equations. (16) and (19) give
W, and W respectively which are important in obtaining

the Eigen values and they are found to be

A A

RS
14 :—x(z“ +C, 2 +C7° +C2z+C]) (23)

and

2

ZHX RIYIS - R"l 24
Yoo 9

, 1
where p = |— and C, 's(i =1,2,3,...,7 ) are
/Uﬁ2 ( )

arbitrary constants given by

W, =Cs+Cyz,, +Cre"™ +Cee " +(R, . — R

ms m
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244> (C7 (—pe " —e " +1)+Ce " (~1+ pte” )) N 24d’¢ " (R, ~R,)

o (kT -R3)e” 2 (RF-RS)e"
c - 2462’(C7 (1—67”)+C867”p(1—ef”)+(Rms —Rm)ef”)

’ T(RT-RS)e™” ’
C3 B f(Rj;l—zliiSA)e_p I:C7p2 + C867211p2 +(Rms _Rm)eip}

_4(Cp(er+p-1)+Cpe* (1-p=e”))  4(e7 (R, -R,))

t 7d [ (RT-RS)e ™ Tdf* (RT-RS)e”’

C=—C -, -RaBa - pc,4pc
e 'T(RT-RS)(b, —4a,)+(R,, ~R,)(ab, —a,b,)

<= (aZbl _alb2)
. e 'T(RT = RS )(4a,~b)+(R,, R, )(ab, —ab,)

=

(azbl _ale)

n N 4p(—1 r
a, =24d2(1—pef” —e"’)+24dp(l—ei1’)+12;}p2+ p( ;};:Fe )
a, = 244> (—1+ p+e"’)e"’ +24c§pe‘” (l—e"’)+12,[1pze_2” +
4 pe*r (l—p—e”)
dp’

. ay = (125{2 +24d +12/1— 6222 ]ep,

12p(—1+p+e"’)

b =24p" +24dp(1-e" )+ — . b,=24dpe" (1-¢7")
ap
12pe” (1—p—e” A 12
+244pe” + ( > ) b,=|24d +24——~— |e "
ap ‘ ap
4.1 Compatibility condition » ] _ equations involving D2191 , D251 , D29m] ,D’S
The boundary conditions involving h ibilit diti
e compatibility condition
Dgl . DSl N D@ml ’ DSml (23)3, 4,15 and 16 and the differential P 4
1 1 ~ 1 “ 1 R R n
J-VV]dz + z'meVVlh(z)dz +d2J-Wmldzm + rdZIW,llhm (z,)dz,, = (§+d2)z'rpm +T+d”?
(0] (0] (0] (0]
Thus, by substituting expressions for W, and W, 4.2 Linear salinity profile
in equation (25) we obtain an expression for critical For  this h(Z ) = hm (Zm) =1. The

Rayleigh number for different basic salinity profiles in
both fluid and porous layers. The results thus obtained are

discussed below. and is solved from the

sm m

ml?

critical

Rayleigh number R, for this profile is obtained from (26)
equation
(R.f—R3)B,+(R,,~R,)B,~(S+d*)er,A—(T+d”) =0
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_l+7, N Alfe_” (b2 —4a, ) + A2fe_” (4411 _b1)

Bl 2
120 a,b, —ab,
_ Al (asbz _a2b3)+ Az (a1b3 _a3bl)
’ (a2b1 _albz) >
1+ 4 p-1 vp? (147, )dp(1-¢”
Al:( Tm)li(e p )+(1+TT),up +( Tm)AP( e )+
24td e’ 6te”" 2be””
(1+Tm)d2(A1_—pe_” —e”)_&z[(l+r)(e” —1) (1) (1+r)p}
te”” p 2
_ (1+Tm)p(—€_p _p+1) + (1+Tm)ﬁpze_p + (1+Tm)d’\p(1_e_p)
- 24id B 6f 2f
1+7,)d* (-1 ) a1 I )
+( ) ( Tpre )— ( +T)(e )_d{(1+r)+(1+r)pj,
t p 2
_ n 3 72
A - (IA-i:rm)+(l+TT),u+ (1+r:n)d N (1+T:")d +l’
241d p* ot 2t t 6
and the constants a;S and b;s are defined previously. (Rczf —Rsf)Bl +(R,,—R,)B, —(§ +d? )TTmA —(f +6;'2) =0
4.3 Parabolic salinity profile where
Following Sparrow et al [8],
h(Z) =2z, h, (Zm) =2z . The critical Rayleigh B = 3+57, 4 Alfe‘l’ (b2 —4a, ) + Agfe_p (4611 —bl)
1= s
number R, for this profile is obtained from (26) and is 360 a,b, —ab,
solved from the equation B — A (ab, —a.by)+ A, (ab, —ab,) A
2 3
(azbl _albz)
A= (5+87m)[i(e_” +p—1) . (3+4rm)f§p(l—e_”) . (1+rm)c22 (}—pe‘p —e"’) ‘AL
120td Be™” 6te ” te’”
ap® A —2— r—1 a | —6— F—p—-1
4, =23l AP +d2[ 2-p (¢ )}21512[ 6-2p (¢ ! )J
12te”” 2 P 12 p
4= (5+81m)pe’;(—e” —p+1) +(3+41m)c§f?(1—e’p) +(1+rm)622 (t1+p+e”)+AS’
120¢d 5* 61 t
NI -r ]
=(2+3Tm)iupep+d2[_1+£_(e )+A6}’
12t 2 p

2

n —e? —pe”? +1
A6=2m’2{3+2p+( P )],
6 P

_ ~ £l 72
A (SJ:AST’”)+(2+3T:”)'u+(3+4f’”)d+(1+T’f)d +d2(l zj
1201d B° 127 61 2t

6 4
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and the constants @, andb," are defined previously. Rayleigh number R ; for this profile is obtained from (26)
and is solved from the equation
4.4 Inverted parabolic salinity profile (R—RS3)B +(R,—R,)B,— ( S+d’ ) 7, A— (f +d? ) =0
For this case, where

m

h(Z)ZZ(l—Z), h (Zm)=2(1—zm). The critical

_3+7, + Afe” (b, —4a,)+ Aje " (4a,—b,)

B :
360 a,b,—ab,
B = Al(a3b2_a2b3)+A2(a1b3_a3b1)+A
2 3y
(aZbl_ale)
(1+21’"jp(e‘”+p—l) (1+T’"J,&p2 (1+2T’”jc2p(l—e_”)
5 2 3
, = — + ~ + e
24td Bre”” 6te”” 2te””
1+7, )d(1—pe? —e?
+( ») (A_p )+A4,
te”’
P I, e’ -1 N e’ —p—1
A =d’ 2 p+( ) +27d7| 20 2p+( I; ) ,
2 p 12 p
2 T 2 A
—(1+z’ j (1+’“j/} (1+r jd 5
n )¢ (1+2,)d
A = AAS + 2 + 3A +( TT) +d2(2+rj,
) 24td B 61 2t 2t 12
1+g2'm p(—ep—p+1) 14+ m fp’e” 1+grm c;'p(l—e_”)
5 2 3
A= + = +

24id 5° 61 27
+(1+z'm)c2(—fl+p+e”)+A5’
A= d2<—p(2+ p)—(e”—l))+2rd2(p2 (—6—2p)+12(e”+p—1))’

2p 12p?
and the constants a;S and bl-ls are defined previously. where & is the solutal depth in the fluid layer and &, is
the solutal depth in the porous layer. The critical Rayleigh
4.5 Piecewise linear salinity profile with salting from number R, for this profile is obtained from (26) and is
below i ) . solved from the equation
For this case, following Currie [9], . . PR L

. ° (R.f-R3)B +(R, ~R,)B,~($+d")er,A~(T+d*)=0

n(z)= &, 0<z<e h(z,)= &,, 0<z,<¢g, N

= 2,2, )= where
0, e=<z<I 0, ¢,<z,<I
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_ I+7, ¢ N Ate™” (b, —4a,)+ Aje™" (4a,—b,)

Bl 9
120 a,b, —ab,
_Alap-ab)+a(ab-ap) - (+ne)p(e"+p-1)
2 (a,b,—ab,) v 24id Be?
1+7,e2)ap* (1+7,)dp(1-¢?) (1+7,)d*(1-pe? -
( T"'f_)ﬂp +( ng)f( ‘ )+( %) (A_pe ¢ )+A4,
6te ” 2te’” te’”’
. 1 n _
A=d*|-1-£ u+r(—1—p—%+g) :
p Pe,

p+
2

3\ o-n(_p .
(1+rmg )pe ”( e’ p+1)+(1+2'mé‘)dp(l e ”)

A=

24id B 2f
(1+rm52)A,&p2e”+(1+Tm)czz(t1+p+e”)+A5’
6t t
-1 “Pén _
A5:d2 _1+£_u+2-(_1+p_8m_QJ ,
2 p 2 D&,

_(1+rm¢93)+(1+rmsz)ﬁ +(1+rmg)cz +(1+Tm)c§2

+

l+ze.

Y 24idp 6f 21 2%
and the constants af and b; * are defined previously.
4.6 Piecewise linear salinity profile with desalting
above

In this case, following Vidal and Acrivos [10],

0, 0<z<(l-¢ 0, 0<z, <(1-¢,
L N

, 5l (1-5,)<z, <1

where & is the solutal depth in the fluid layer and &, is

the solutal depth in the porous layer. The critical Rayleigh

6

number RC5 for this profile is obtained from (26) and is

solved from the equation
(R ~R3)B,+(R,, ~R,)B,~(S +d)rz,A=(T +d*) =0

K

where
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T, 5 ) )
1+7(1_(1_5) )+ Ate™? (b2 —4a2)+A2te"’ (4a1 —bl)

B=—2=% :
120 a,b, —ab,
B - A (a3b2 _azb3)+A2 (alb3 —a3b1)
’ (azb1 —ab, ) ;
(1-}-2-'”(1—(1—6‘)4)}]7(6_’”-}-[7—1) (HT’"(1—(1—8)3)];7]72
A= - —t +
24id e bre™"
[1+2"(1_(1—g)2)j¢2p(1—e”) (1+z'm)c22(l—pe"’—e"')
~ + A +
2te” te’”
d’*2 —2—p+(€p—1) +ﬁ _gm-l-p((l—gm)z—l)-l_ep_el’(lEm) ’
2 p g, 2 p
A2:(mgm(1_(1_g>4))pe-p(_ep_p+1)+(l+fg(1_<1_8)3)jﬂpze-p
24fd B> 6f
+(1+T:(1‘(1‘3)2)j‘2p(1_e_p)+(1+rm)c?2(—1+p+e"’)+
2t f
d2 _2+p_(e—p_1) +d_2T _8m+p(l_(l_grn)2)+—€_p+€_p(]_gm)
2 p g, 2 )4
—(1+Tm(1—(1—g)“)j (1+Tm(1—(1—g)3)jﬁ m(l—(l—g)Z)jd
A= : NPy + : 7 * - f
24td p ot 2t
Arm)d L (1-1-5,))
2t 6 6¢, "
from the

and the constants ais and b, * are defined previously.

4.7 Step function salinity profile

Here for this profile the basic
concentration/solute/salt drops suddenly by an amount
AS at z=cgand AS, atz, =&, otherwise uniform.
Accordingly,
h(z)=6(z—¢), h,(z,)=56(z,—¢,) where &
is the solutal depth in the fluid layer and &, is the solutal
depth in the porous layer. The critical Rayleigh number

Rc6 for this profile is obtained from (26) and is solved

(R ~R3)B,+(R,,~R,) B, ~(
Where

S
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+

d

N

(L
P&N

equation
Z)TTmA—(f+c§2) =0
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_lesret Afe ™ (b, -4a,)+ Aje” (4a,-b))

)

120 a,b, —ab,
B - A (ab, —a,by)+ A, (ab,—ab)) A
? (azbl 7a|b2) :
~ (1 +4rm83)p(e”’ +p —1) . (1 +31m52)/}p2 . (1 +2rma)c}p(l —e’”)
" 24id fre” Gle " e ”
. (1+r,],)c;'({ipg’ﬂ _e*P) X Ve (-2-p) N d’ (el’ _1) s (_1 Cprer )’
te™” 2 p
A= (1+4z’mg3)pe;” (—e” -p +1) . (1+31m52)ﬁp2e”’ .
24td 61
(1+ ZTyllg)Jp(l—e”’) (1-%—1',”)c22 (—1+ P +e”’)
% ' 7 '
dz(_21+p) _d'(e; 71) +z'd2(—l+17+e”’”"'),
A —(1+4rmg3) (1+3rm£2)/3 (1+20,6)d (1+7,)d’ 2L ©,
g & a2 e

and the constants d [.s and bl-s are defined previously.

5. RESULTS AND DISCUSSIONS

5.1 For linear, parabolic and inverted parabolic
salinity profiles

LINEAR PROFILE

PARABOLIC PROFILE

1000 [
L —_—
-

900 :
[ PARABOLIC
PROFILE

LINEAR
PROFILE

600
INVERTED

CRITICAL RAYLEIGH NUMBER R¢
~
g

Los 9 5 PARABOLIC
500 ’ i
[ . ' PROFILE
\\,
wool
0 1 2 3 4 5

[
DEPTH RATIO d

Figure-1. Variation of critical Rayleigh number R, for

linear, parabolic and inverted parabolic profiles with

respect to depth ratiod .

Figure-1 shows the variation of critical Rayleigh

number RC for Linear, Parabolic and Inverted Parabolic

profiles with respect to depth ratio d for fixed values of

Da=0001, $=1, T=1, 7, =075 =05 R =1000, x=25 &=1.

7

The critical thermal Rayleigh number R, for the profiles

differ only for values of depth ratioQ<d<5.
Graphically it is evident that the parabolic salinity profile
is the most stable one and the inverted parabolic salinity
profile is the unstable one, so by choosing the appropriate
salinity profile one can control the onset of double
diffusive convection in a composite layer.
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Figure-2. Effects of the thermal diffusivity ratio K in linear, parabolic and inverted parabolic

profiles on the critical thermal Rayleigh number R, R ,and R ;.

The effects of the thermal diffusivity ratio
K= 1, 1.397, 2.259, are displayed in Figures 2 (a), (b)
and (c) respectively for fixed values of
Da=0001, §=1, T=1, r=05 7,=075 R =1000, =25 &, =1

. The curves in all the profiles are converging at both the

ends that is, we can see the effect of the thermal diffusivity

ratio K only for the values of depth ratio 0.5<d <5 | so
the effect of the thermal diffusivity is limited to this range
of depth ratio. In this range, for a fixed value of depth

ratio, the increase in the value of K decreases the critical
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Thermal Rayleigh number. So thus destabilizes the system
and hence the onset of the double diffusive convection is

LINEAR PROFILE

PARABOLIC PROFILE

earlier.

INVERTED PARABOLIC PROFILE
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Figure-3. Effects of 7 in linear, parabolic and inverted parabolic profiles on the critical thermal
Rayleigh number R, R ,and R ;.

K
The effects of the diffusivity ratio T = —%  which
K

is the solutal to thermal diffusivity ratio of the fluid in the
fluid layer, are displayed in Figures 5(a), (b) and (c) for
linear, parabolic and inverted parabolic salinity profiles
respectively for fixed values of
Da=0001, $=1, T=1, R =1000, r, =075 &=1, =25 ¢, =1
.The curves in all the profiles are converging as the depth
ratio increases, that is, the effect of the diffusivity ratio is

only up to the depth ratiod =3 .For a fixed value of d
the increase in the values of 7 ,decreases the value of the

Thermal Rayleigh number R, Thus destabilizes the system

and hence the onset of the double diffusive convection is
quicker. Thus the system can be stabilized by decreasing
this ratio that is, increasing the thermal diffusivity of the
fluid layer or by decreasing the solute diffusivity of the
fluid in the fluid layer.

5.2 For salting below, desalting above and step
function salinity profiles

900

SALTING BELOW PROFILE

> STEP FUNCTION PROFILE

700 F — = DESALTING ABOVE PROFILE ]
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Figure-4. The variation of critical Rayleigh number RC for

salting below, desalting above and step function profiles
with respect to the saline depth £ .

Figure-6 displays the variation of critical thermal
Rayleigh number R_for Salting below, Desalting above
and Step function salinity profiles with respect to the

saline depth & for fixed values of
Da=0001, §=1, T=1, r=05 7, =075 R =1000, 4=25 <=1, &, =1

From the above graph it is clear that, step function salinity
profile is stable for the solutal depth 0 <& <0.05and
0.5<£<0.9. Desalting above profile is stable for the
solutal depth 0.05<&<0.5and for the solutal depth
0.9 <& <lsalting below and desalting above salinity
profiles are stable also desalting above salinity profile is
unstable for the solutal depth 0<g<0.05, salting
below profile is wunstable for the solutal depth
0.05 < £<0.9and for the solutal depth 0.9 <& <1step
function salinity profiles is unstable. Thus we choose
appropriate salinity profile to control the onset of double
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understood easily from the following table.

Table-1. Salinity profile to control the onset of double diffusive convection.

Solutal depth &€

Stable profile

Unstable profile

0<¢<0.05

Step function salinity profile

Desalting above salinity profile

0.05<¢£<0.5

Desalting above salinity profile

Salting below salinity profile

0.5<e<09

Step function salinity profile

Salting below salinity profile

09<e<1

Salting and desalting salinity profile

Step function salinity profile

600

500

CRITICAL RAYLEIGH NUMBER Ry

100 -

400 -

300 -

200

The effects of the thermal diffusivity ratio
Kk =1,1.397,2.259, are displayed in Figures 5(a), (b)

and

(©)
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Figure-5. Effect of thermal diffusivity ratio X in salting below, desalting above and step function

profiles on the critical thermal Rayleigh number R ,, R cand R .

respectively  for

fixed values of

The curves are diverging in desalting above profile where

600

CRITICAL RAYLEIGH NUMBER Ry

200

0.

K.
The effects of the diffusivity ratio T = —=  which
K

is the ratio of saline to thermal diffusivity of the fluid are
displayed in Figures 6 (a), (b) and (c) respectively for
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300
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DESALTING ABOVE PROFILE
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STEP FUNCTION PROFILE
T T

the curves are converging for salting below and step
function salinity profiles. For a fixed value of &, with the
increase in the value of K the critical Thermal Rayleigh
number decreases. This destabilizes the system and hence
the onset of the double diffusive convection is rapidly.
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Figure-6. The effects of 7=0.25, 0.5, 0.75 in salting below, desalting above and step function
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profiles on the critical thermal Rayleigh number R ,, R sand R .

fixed

The curves in desalting above are diverging i.e., the effect
is more for greater values of solutal depth & and it is
reverse for Step function salinity profile.From the graph it

values

pm

Da=0001, S=1, T=1, 4=25, 7, =075 R =1000, #=1, &, =1.
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can be seen that with the increase in the value of 7
decreases the critical Thermal Rayleigh number R . Thus

destabilizes the system and hence the onset of the double
diffusive convection is earlier.

6. CONCLUSIONS
a) For the stability demanding situations like solar

ponds, the parabolic salinity profile is the most
conducive where in the onset of double diffusive
convection in a composite layer can be deferred.

b) For the heat and mass (solute or salt) transfer
problems like petroleum and geothermal reservoirs,
the inverted parabolic salinity profile is most suitable,
where in the onset of double diffusive convection can
be quicker.

¢) Increasing the parameters viscosity ratio and solute
Rayleigh number and decreasing the parameters
thermal diffusivity ratio and the solute to thermal
diffusivity ratio the onset of double diffusive
convection in a composite layer can be delayed for all
the salinity profiles.
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