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Abstract:

In a composite layer that comprises of a porous layer which is sparsely packed and saturated with two component incompressible
fluid and above this porous layer lays a layer of the same fluid, with variable heat sources or sinks in both the layers double
diffusive non-Darcian Benard Marangoni (DDNBM) convection is investigated. The upper surface of the composite layer has
Marangoni effects which depend on temperature and concentration, whereas the lower surface is rigid. The inverted parabolic,
parabolic and linear temperature profile is applied to this composite layer, which is surrounded by adiabatic boundaries. The appropriate
thermal Marangoni numbers (TMANSs) which are the eigen values (EV's) are calculated for all the three temperature gradients. The
impact of different parameters on the EVs with respect to depth ratio is examined, thoroughly. The parameters that effect DDNBM

convection are found.

Keywords: Non-Darcy model, Temperature dependent heat source, Temperature gradients, Adiabatic boundaries.

1.0 Introduction

Double diffusive convection is a phenomenon in fluid
dynamics that explains a type of convection that is
caused by two separate density gradients with
differing diffusion rates. The density fluctuations
within fluids under the force of gravity drive the
convection. Some literature on Double diffusive
Marangoni convection/flow and Non-Darcy flow are
by Herbert et al. (1981) gave a somewhat personal
opinion of the significant developments in double-
diffusive convection, a subject whose evolution has
been the outcome of a close interaction between
theoreticians, sea-going oceano-graphers and
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laboratory = experimenters.  Applications in
astrophysics, geology and engineering have
subsequently emerged. Nithiarasu et al. (1997) explored
convective flow regimes on double diffusive free
convection in a porous medium for Darcy and Darcy-
Brinkmann cases. Using the Forchheimer-extended
Darcy equation, Shivakumara et al. (2006) investigated
the effects of quadratic drag and vertical through flow
on double diffusive convection in a horizontal porous
layer using linear stability theory. Costa et al. (2006)
considering the transition between stable and
oscillatory convection, investigated the double
diffusive convection. Umavathi et al. (2014) investigated
the commencement of thermosolutal convection in a
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porous media saturated with nanofluid for variable viscosity and thermal conductivity. In a Darcy’s porous media
saturated with nanofluid, Dastmalchi et al. (2015) investigated the effects of Brownian motion and thermophoresis
on Double diffusive free convection. Sheremet et al. (2015) in a porous cavity saturated with nanofluid investigated
double diffusive convection using Buongiorno’s model. Sara et al. (2020) investigated the effect of anisotropic
permeability on a Darcy type double-diffusive bidisperse porous media. Manjunatha et al. (2020) examined double
diffusive Marangoni convection for Darcy model and Thermal Marangoni number was determined by solving
the ODE's. For porous media in a vertical channel which was subjected to heat, Yen-Cho Chen (2004) examined
the linear stability analysis of mixed convection. Ashok et al. (2011) for a porous medium in a vertical pipe, looked
into the reports of mixed convection for non-Darcy case. In this problem the effects of uniform and non-uniform
temperature profiles on DDNBM convection in a composite layer with variable heat sources or sinks is
investigated. For all the three temperature profiles the effects of the Darcy number, wave number, internal
Rayleigh numbers, viscosity ratio, solute thermal diffusivity ratios, Solute Marangoni number, solute diffusivity
ratio and thermal diffusivity ratio on DDNBM convection are depicted graphically.

I. Mathematical formulation

Assume a composite layer which consists of a porous layer with depth d, that is sparsely packed and saturated
with single component incompressible fluid and above the porous layer lays a layer of the same fluid with depth
d,, with heat sources or sinks Q, and Q, which depends on temperature in both layers. The lower layer which is
porous layer is rigid, while the upper layer which is fluid layer is free with Marangoni effects that depend on
temperature and concentration. The following equations are the governing equations:

Vigs =0 ... (1)

a_’ — -_— e
Po [a;:ll*' (G1-V)q | = —VP + 1V, %qr ... (2)

aT —_—

_a.ri + (1. V)T, = 1,V,°Ty + Q(Ty = Ty) ... (3) For Fluid layer
0% L (G V)G, = KV, 2C 4

6_t1+(¢?1- ) = ke V"G (4)

V,5=0 ..(5

aqs — — i
%[a_tz] = =V,P, _%QZ +,(12V22q2 ... (6)

For Porous layer

arT: —

Aa_tz + (qz.V:g)Tz = szzsz + QZ(TZ -_ TO) (7)
aC, . )

(pf}_,fz-l- (42-V2)C = k227G .. (8)

Where, g, is Velocity vector, T, is the Temperature, C, is the concentration, «; is Thermal diffusivity of the
fluid, @ is the Porosity, Q, is the heat source/sink for fluid layer, p, is Fluid density, ¢, is time, y, is Fluid viscosity,
_(Pocp)z

(PoCp),
ratio of heat capacities, C_ is Specific heat and the quantities with subscript ‘2" denote the same in the porous
layer and ‘1" denotes the fluid layer.

P, is Pressure, k., is Solute Thermal diffusivity of the fluid, K is permeability of the porous medium,
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Both the layers the fluid and the porous layer are at rest in the fundamental state. According to Vanishree
and Sumithra (2020), we apply minute disturbances on the fundamental state for both the layers and the
obtained equations are non-dimensionalized using proper scale factors. The resulting equations which are
dimensionless are then exposed to normal mode analysis, leading to the following EV problem:

In0<z <1
RN

2
(D> —a®)' Wy =0 (9
> For Fluid layer

[(D12 — a12 + R”)gi + g1 (Zi) WivRn COS[le]] =0 (1 0)

sin[y/R1]
—
[t:(Dy* —a,?)]S; + W, =0 .. (11)
In-1<2z, <0
™

[(D,* — ay?)@Da —1](Dy* — ax®)W, =0 ...(12)
— For Porous layer

2 _ 2 W2 Rz Cos[mzz]] —
[(D2 a; + RIZ)QZ + g, (22) SE‘R[M] 0 (13)

[12(D2% — ay?)]| Sy + W, =0 ... (14) _/

Q1 4 2
Where, Rj1 = =d;” is the internal Rayleigh number in fluid layer, Rz = L dzz is the internal Rayleigh
K1 K2

2, . ) . _ Kk . _kex |
Z is the viscosity ratio, Da = 2.2 1s the Darcy number, T1 = _Kl is the solute
2

e L : — Kecz . e L o
thermal diffusivity ratio, T2 = 7 = is the solute thermal diffusivity ratio in porous layer.
2

3
number in porous layer, H =

Eight velocity equations, four temperature equations and four concentration equations boundary conditions
are required to solve the above equations.

II Boundary conditions
Boundary conditions which are dimensionless and exposed to normal mode analysis are:

1. Velocity boundary conditions

2
Wi(1) = 0, Wy(=1) =0, Wy(0) = <W,(0), D,W;(0) = £ D,W;(0) A
L, 73
DoWy(=1) =0, Dy*Wy(0) = ar? Wy (0) = i Do "W (0) + a, W (0),
3 2 * C" 3 2 >_
D" W1 (0) = 3a;, "D W1 (0) = — = - D,W,(0) +;[Dz W(0) — 3a,”D,W,(0)] , . (15)
D "Wy (1) 4 a,2M6,(1) =0 )
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2. Temperature boundary conditions (Adiabatic-Adiabatic)

€
D16,(1) =0, 6,(0) = 92(0)% » D161(0) = D;60,(0), D,6,(=1) =0 ... (16)
3. Concentration boundary conditions
€
D;:5;(1) =0,5,(0) = 52(0)?5 , D151(0) = D,5,(0), D;S,(=1) =0 - (17)
—(To-Ty)d, do
Where, M = T LKk o is the thermal Marangoni number (TMAN), T, is the temperature and o is the
K
surface tension, { = d_: is the depth ratio, €1 = E_z is thermal diffusivity ratio, €s = K_z: is solute thermal

diffusivity ratio.
IIT Solution by Exact method

1. For vertical velocity distributions W,(z,) and W,(z,), the velocity equations (9) and (12)
are solved exactly and are obtained as,

Wy (zy) = Cpq| (Crazy + Cra)ay + (Cpazy + Day]
W,(z;3) = [Cpaas + Cpsatg + Cppasz + Cpyay]Cy
Where,
@, = sinh[a,z,] ; as = sinhla,z,] ; @, = cosh|a,z,] ; as = sinh[6z,] ; a, = cosh|a,z,];

E9CpatE10Cpa ApCpz+8Cpa—EzarCy, E¢Cp1+E7Cp3—Egar
ag = cosh[6z,]; Cpp = ——: (p3 = . — _
6 [ 2]3 f2 Eg E f Es s f4 Es B
E11Cp1+E13Cp3—E14Cps —115—1M14Cpa N13M18—N15M16
Cp1 = E2=Cpz ; Cpp = . : P ;Cp3=—p; g = n8 ST
Eqz M3 N16M14—N13M17

Where,
m = EsEsay — EyE3Es ;= E3Es — EjE3Esay ; Evy = sinh[8];
Ny = E3E7Eg — E3EgEg ; 1 = E1EsEgl + m3Eyg 315 = E1EsEgay + 1mzEs ;
N, = EnkEy Mo = —ayEE; 5 Mg =Ei3—E;y ;5 Mo = @z — 8By, ;
N1 = a2E11 ;M4 = B2 N6 — E1aMs s M2 =06E13 5 Mz =Epans+ nsns;
Ms = NsN7 = N3E125 M7 = Ni2Eiz — MaEia 5 Me = M + Mok
Mg = M1 N7+ MoE1y 5 Eyq = coshlay]; Ee = 2a,% ;E; = 6% + ay?® |

cosh[aq] Ei6 ET E ET 2a.€r E
=== == == = :COShé‘;
17 sinhfag] T B’ 2T 3 37T TS T opgs 0713 (6]
2 4. 3 2 453
— 9.3 =50 e o 3. =078 8 o 24
Eg = 2(11 ] Eg = Daer + or 3(12 :EIO = Daer + or 3(12 5,

Ei, = sinh[ay]; n;3 = Egny — E;E3EqEg ; Eys = sinh[a,] ; Ey¢ = cosh[a, ]

Vol 70 (7A) | http://www.informaticsjournals.com/index.php/jmmf Journal of Mines, Metals and Fuels || 115



Two Component Non-Darcian Benard Marangoni Convection with Uniform and Non-Uniform Temperature Gradients in a Composite Layer...

2. For concentration distributions S,(Z,) and S,(Z,), the solution equations (11) and (14) are
solved exactly and are obtained as,

Cry [Crr 2 z 1 z 7,2
f1|%f241 f 1 1
= - +——a; + a- a; + a|C
S1(z;) Cfl[CfBCrl’l'Cf?az T [ 2a, 2a; 1t 803 32 M T ag, zl 4
|l “ +le C
a, — a a
8a;2 ' 4a? *  4a, ‘|
(ZZCpZ ay) (chpl as) Cpa a5 Cp3 g
S,(z,) =|Chgasz + Cpy ay|Cry —C — —
2(72) [pg ’ v7 4] I fl[ 2a,1, 2a,;T, Tz(a%_52) Tz(a§_52)
Where
E1—=Cfr a4 E E Crgaq—E.
Crr = E3 + CprEy 5 Crg = —2—— ;;161 =3 Cpr = E—: ; Cps = —fsaz -

3. For Temperature distributions 6,(z,) and 6,(z,), the temperature equations (10) and (13)
are solved exactly for three temperature profiles:

3.1 TMAN for Linear Temperature Profile (LTP):

The LTP of the form g,(z,) =1 and g,(z,)=1, is introduced in (10) and (13) and solving we obtain temperature
distributions 6,(z,) and 6,(z,) using (16):

91 (21) = Cfl[fl (Zl) + Cfﬁ a; + C}r5 Q'B]
0,(22) = [f2(22) + Cpg @9 + Cps @10] Cr1

Where a; = sinh(b,z;); ag = cosh(b,z;) ; ag = sinh(b,z;,); a;, = cosh(b,z,);
a2 = cos[yRpz1] ; @11 = sin[y/Rpyz4] ;
a3 = sin[\/Rp2z;] ; @14 = cos[{/R32,] ;

a5 = sinh[b;]; a;¢ = cosh[b;] ; @15 = cosh[b,]; a7 = sinh[b,];

az0 = CUS[\} Rp]; a9 = Sin[\} Rpy | azy = Sin[\} Ry ] s ap, = COS[\} Rz 1.
b, = \?alz —Rj1, by = \?azz — Ry

f1(z1) = Sp1[f1+ f2 + f4 + [3]

f2(2z2) = Spa[p1 + p4 + p2 + p3]

S _ _-\|'R11C1 i S _ ﬁfszcl
fl o - pl o

1 c
f1 :m—JR—“(al a1); f2= 2aj;—u(“2 ai1) ;

Cr3 Q120 Oz 014
=—L |z, a; ay; + 2= - 221,
f 2a/Rp1 1+1 Y11 \/R_M a, ]
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2

f4= ZaJ—[Zlaza11+ TR o

Cp1 Cp2
1=—L—a30y3; P2=—""—0a,a3;
p 2a2JR_,=2 3 W13 » p Zaz-\/R_.rz 4 Y13,

c
p3 = Ti’;m [ar3 (26Rpz) as + ¢ ayy ag);

C
p4 = ﬁ (@13 (26\/Rp2) @ + ¢ ay4 a5);

Cfsz%T[Cps— Ps] + Py Cﬁzbll[cpﬁbz_ Ps+ Py ;

P7 a18—Pg 036 S C = Pg +Cps baaty7
biags0qg }Z‘sz'ln'lls > Tpe byag

Cps =

P; = Py + Psatyp — @16Py + “15(E_TP3_P2)b1§

VR

P6=
a3z

2 az\/— \}Rf 10z, + ayE1505;)

Cp3

{2 R ( Eip (\/ﬁ a2 — Eqq (a2) a21)
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+ m ( 28R 3022E14 — 021(28%/Rjz )E13- €8 Eqy @z

+ ¢y Rz Eq3 ;)

Cpa

t o7 462R,, (@22 (26R;2) B1s + a1 (26%/Rp2 ) Eqg + @z (¢6) Eys

— O34 (C\/R_fz)Em ) }
\/R_Iz{cpz + Cp4

Ooq 2(12 C2 + 4’52R‘(2

Py = Al[Cf2\/R_I1+ Crs Ay

1
2 a; tq9

e

5 = [25R;2 +C6]}

A, =

P _ Cc\/ Rz Cp3
3 (C2+462sz)l119
Py = —A—
2 a R; 9
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P, = A1[0‘19 a,E6 + azo(m)gls + a19(Craa1)Eqs + 30 (Crr \/RTl )E16
+ Cf4 (_Elﬁ Q9 + \/R_uaanlﬁ + Ey5 Ay g9 + @y Egs C‘lg)
+ CfB (_0(19515 + \/R_IIEH Ozo + 0z Az E16 + a4 Eig C‘lg) ]
From the last velocity boundary conditions in (15), the TMAN for LTP is as follows:

_ ZQitay 2MgQs3
a1?Q;

M,

Where
Q1 = (2Cr4ay + a1 + Cr3a,2) Eyg + (2Cr3a; + Crpa,? + Cr40,2)Es

— __1 Eis a0 _ Eie a1 ®20E16
Q; = Cretys + Cf50(16 201010 [CfB ( N + a19E;5 @ ) + CrzE16 19 + Cf4 ( VR +

19E75
Ei6 @19 — @ ) + 0‘19E15]

1

_ 1 1 Cfg 1 1 sz Cf4,
Q3 = CrgEys + CprEr6 — Z[ZE“—’ + E(m&s + Eys — ;1516) to Bet o, (mgm +

Erg — = Ens)|

3.2 TMAN for Parabolic Temperature Profile (PTP):
The PTP of the form g,(z,) and g,(z,) = 2z,, is introduced in (10) and (13) and solving we obtain temperature

distributions 6,(z,) and 6,(z,) using (16):
91(21) = Cl[fz(zl) + Cfﬁﬂ‘f? + Cf5a'3]
ap(zp) = C1[f2p(22) + Cpetg + Cpsayp]
Where

f2(z1) = Sea[f1+ f2+ f3 + f4]
fon(22) = Spa[p1 + p2 + p3 + p4]

sz _ -2VR;y : sz _ -2vR;,

U9 Uzq
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B 2 a, \/R]1

VRi

di1p G 011 Iy

a,

1
f2

|

= —|Z; 110> +
2a\fR,1|1 nee

VR

(=30, + I3104]

a,

__ s
2aVR,;

3

221
31 = 7o 12
VR,

3
I3 = ——
a1y Rn

fa=—11

- zal\/R_fl

2 2
——=—ay; + 7z +
Rpy
274

Ay +——ay
ay

[Iy10, — Lyp0q]

27,

Iy = —=
41 \/R—Il

2

2
Q12 TR a1+ 2z7%°aqq +
n

2
a12

A1

3
Iy = —F—
a;y/Rn
Cp1 2

- 2a2\/R_I2 | Rz
C a4 a4

p2=—=
2a2\/R_I2 . x/R_ip

Cp3

26\Ry2

22‘1

A +—ag,

Qya Oy
pl 13 Y4

+Zz 0513 {‘I3 -

a;

13 A3

+Zz 0513 {‘14 -

a;

p3

[p31 = Ips2]

_2JR; [ Gy

C
P
021 [2a,+ R}, “

p2 p
— 42

Py
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a; NP
Py = az051E11 — a1 Eqp + a32Eq, ( - ) + Rppa53Eq;
NAT az

a; VR
Py = —a,05:E{» + 051E{1 — a»,E —— —— | —/RpayE
42 202112 21011 22012 (\/R_IZ a ) V2204

Py3 = Py3p + Py3q

c c2 c c?
Pia, = —p+\fR ——p)a E —(—p—6+—p)a E
43a (2 R, I2 4«/5’_12 52 22814 25 4R,,0 21813
Pazp = ( 0 0 26 - Rm) az2Eq13 (C_p - Cg 1- _Cp ) az1Eq14
JR;2 2,/R, k) ,fR,ch 6 6% 4R,6° Rp2

Pyq = Pyap + Paaq

—c cz c c
Piga = @23E13 | ——=—JRpz + ——=— )+a E (—"—6+ )
44a 22513 (2 z, 12 +JR, 6° 21814\ 55 4R,,0
p . ( % § JRn 2¢ ) . (cp ) cs cp)
= —a - - - =—-1- —-—
44p = 22513 5 ;—RI s "_sz 5 f_RIZfS 21514 | 52 4R,,52 R,
P3 = P3; — P33
p _ 2 Rfl 1 ( aq Rfl) Cf;]_ (2 RI 3 )]
3 a‘Zl zal,(Ru Rfl al 2&1,(}?, ‘\f‘ Rfl
P _ 2 R!Z l Cpl ( as R[z) Cp3 ( Cp 6 _ ‘\JfRIZ _ 2Cp )l
27 0 ek, \Re @ ) 25Uk, \2VRae  JR. 8 JR,®
Py = Py — Py,
2l a9 2ayR;; 2a,Rpy

Z“R’[ NN
Zazsz 26\ R;» \/R_;z \/R_;zﬁz

ZW lzal\/ﬁ
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a; VR
P, = \Rj1030E 16 + a4 Q19E 5 — Qy9E16 + (_ _) Uz0E1s

aq R
Pll = 1!'R11(120E15 + al algEls - a19E15 + (_ ) aZOElﬁ

VR a,
a R 2a 3
Py; = ( - “) 2050E16 + ( :

a, ——+ )0{ Eic — 2040F
JR—H al 1 Rn (21 19~16 19~15

2\ R, 3
+ 0y E1s (\j Ry +———— )
aq Rfl
a VR

2a, 3
P, = — 2050 E +(a ——+—)0t E.c —20,F
14 (\/R_n a, ) 20 £15 1 R, @ a, 19L15 19L16
2\ R, 3
+a20516( Rf + — a 1 \/R_)
1 I

From the last velocity boundary conditions in (15), the TMAN for PTP is as follows:

_ —Q1+a;°MsQs
M, = —ata Msds
a1°Qz

Where

Q1 = Ers(ai? + Cpzai? + 2Cpqa,) + Ev5(Croa,” + cf4a12 + 2cf3a1)

2/ Rp; 1
Q, = Crgys + Crsyg — Q Q Q Q
2 re&1s 516 G |2a, ,—Rn 21t 20, ,—RI 22t 2a, ,—RI 23 T 20, ,—Rl 24
E Eie
A20L15 16 Q19
Q21 = —F—+ Quobi1s ——
v'Ru a1
_0poEie Ei5 aq9

= 2010 4 yoEy — —2
QZZ JR_” 19%~16 a,

2 2 2
Q23 = Ejs Eazn - R_”aw + a0+ 7.2 %10

1
£ 2 N 3
16 a (19 IR Uz0

2 2 2 2 3
Q24 = Eq5 \/?“0(20 - R_”alg + 0y + a_lzalg —Ejs a_alg + QAzp

1 a1/ R
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Q3 = Cr7E 6 + CrgEys

1[65 lE+Cf3(1E+E E)

+C”( L Bt Erg——F )]
4a, \2a,2 16 16 a 15

3.3 TMAN for Inverted Parabolic Temperature Profile (ITP):

The ITP of the form g,(z;) = 2(1-z,) and g,(z,) = 2(1-z,), is introduced in (10) and (13) and solving we obtain
temperature distributions 6,(z,) and 6,(z,) using (16):

01(z,) = C1[Crsag + Creaz + f3(21)]
0,(z;) = C1[Cp5‘110 + Cpeg + f3p(Zz)]

Where
o) = s 1+ L fr b D gy
D=
2a4+/ R4 2a1,/R, 2a1,/R, 2a1,JRI
fn3(z2) =S, l Co pl+ p2+p3+p4l
SO PV 2a2,/
S. = ﬂ- S =ﬂ
3 g’ p3 sin[y/R;2]
1102 aq1204
fl= + a a4, (1 zf)—
ag Rif
111 Aq1202
f2= +a2a11(1 —zf)—
ar Rif
f3 =15 +15
A1204 a1
I3 = +
31 ’_Rif Zf 1 aqq @
; (221 2 N N 2 ) ( 221 )
1y — a Z:°a aq a a
32 \/R_” 12 \/R_” 11 1 11 12 al,\/_ 12 2
Iy = lyy + 1y

224 2 3 274
Iy = — x/_ F“11+Zl 11 +a_12 aqiq |z + %TR—”alz‘Fa_l“n a

fap(22) = pl +p2 +p3 +ps
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o« Aq2
pl = 1483 +Eppai3 (1 —2,) + S

4/ R]z a;

a Aq2 A
p2 = — L +Epai3 (1 —2,) + s

\,‘ R]z aZ
3 Cp3 Cp3

= +—]
Z+457R, ™ 25 Ry, P

Ipz1 = C¢p @146 + 261 Rpp 43 A5
1 Cp )
- X145 —
Yl RIZ Yl RIZ 62
1 c

1. %
* (5 * R,za) 13 s

LI 41+L[ 2
c2 + 48%R;, P 26\R;; ¥

CpZz

2,/R;36

[p32 = _(

p4d =

[;:,41 = Cp Hq405 + 26 sz 13 g

140 — (25) (22 — =5 <7

I (1 v )a a vz A4 ( . i )a a _cgzz
— — — —_— z —_—
re2 =\ R0 135 2 ,»—szé, 145 ,—sz ,—sz 52 14dg P 4R,,52 30
24/ Rfl 2\1‘ Rfl
P, = " [P11+ Pip + Pyg + Pyl — " [Pis + Py + Py7 + Pigl
1 1
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From the last velocity boundary conditions in (15), the TMAN for ITP is as follows:
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IV Result and Discussions

The three TMNs M,, M, and M, versus ¢ for the LTP,
PTP and ITP respectively are obtained for the
parameters horizontal wave number a,, Darcy number
Da, thermal diffusivity ratio €, solute thermal
diffusivity ratio 7;, solute thermal diffusivity ratio in
porous medium r,, solute Marangoni number Mg,
viscosity ratio i, solute diffusivity ratio €, internal
Rayleigh numbers R, and R, for porous and fluid
layers respectively. For all three temperature profiles,
the effects of the specified parameters on the TMAN, M
vs ¢ are visually illustrated in the given figures. The
curve patterns for LTP and ITP are same, however the
PTP has a slight difference. That is, when the value of ¢
increases, the TMAN increases for parabolic profiles,
while when the value of ¢ increases for inverted
parabolic and linear curves, the TMAN initially
increases and subsequently drops for higher values
of .

Effect of the a, on the TMANs M,, M, and M, are
depicted in the Fig.1(a), 1(b) and 1(c) respectively. It is

C
E15 +_Elﬁ + ﬁ(

Cra 1 1
4L (B —— s+ —Em)]
a,

1 1

Eis——FE —FE
15 as 16 T 2 15)

2af

observed that, for PTP the curves are diverging and for
LTP and ITP the curves are converging. Also, by fixing
G, one can observe that the increase in the value of a,,
raises the values of the TMANs M;, M, and M, i.e., the
increase in the value of 4, stabilizes the composite layer
system for LTP, PTP and ITP, hence the DDNBM
convection is postponed.

The impact of ‘Da’ on the TMAN are shown in
Fig.2(a), 2(b) & 2(c) for LTP, PTP and ITP respectively
for Da=1,10,100. The curves are diverging as the value
of ‘Da’ increases for all the three profiles, indicating that
it is effective for the composite layer dominated by
fluid layer. As Da increases, the TMAN M,, M,
decreases in a composite layer dominated by porous
layer and increases for the composite layer dominated
by fluid layer. The same effect of ‘Da’ for ITP is to
decrease “M;" in both the extent of layers. This indicates
the system is destabilized for ITP and stabilized for
LTP and PTP for composite layer dominated by fluid
layer.

The impact of €, on the TMAN are shown in Fig.
3(a), 3(b) & 3(c) for LTP, PTP and ITP respectively for 4

Figure 1. Wave number ‘a
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Da=05, 10, 100

Da=035, 10, 100

Da=05, 10, 100

(b)

(a)

(b) (c)

Figure 3. Solute diffusivity ratio ‘¢ on LTP, PTP and ITP

=0.5, 0.6, 0.7. For the lower values of ¢, the curves are
converging for LTP and ITP. The increase in the value
of €4 decreases all the three TMANs M,, M, and M,.
This indicates the system can be destabilized for all the
profiles LTP, PTP and ITP by increasing this parameter,
hence DDNBM convection can be proponed.

The influence of €, on the TMAN are shown in Fig.
4(a), 4(b) & 4(c) for LTP, PTP and ITP respectively for e,
=0.1, 0.2, 0.3. Here similar effects are noted for the three
profiles and this parameter is effective for the
composite layer dominated by fluid layers. The
increase in the value of € decreases the TMAN for LTP
and PTP, the same effect, decreases M, for the ITP for
fluid layer dominant composite layers, where as for
the composite layer dominated by porous layer, the
TMAN decreases for the ITP.

The effects of Mg on the TMAN are shown in Fig
5(a), 5(b) & 5(c) for My = 25, 26, 27. Here, similar effect is

Vol 70 (7A) | http://www.informaticsjournals.com/index.php/jmmf

observed for all the profiles, LTP, PTP and ITP i.e., the
TMAN decreases with increase in My which shows that
the composite layer system is destabilizing for all the
profiles. In case of PTP the curves appear to diverge
whereas the curves converge for LTP and ITP proving
its effectiveness for lower values of ¢.

In Fig 6a, 6b, 6¢ the effects of 4 = 0.1, 0.2, 0.3 are
shown. Here, similar effect is observed for all the three
profiles, LTP, PTP and ITP i.e., the TMAN increases with
increase in ' which shows that the composite layer
system is stabilizing for all the profiles and DDNBM
convection is postponed. The curves converge for LTP
and ITP and are found diverging for PTP.

The effects of 7, on the TMAN are shown in Fig.7(a),
7(b) & 7(c) for the values of 7, = 0.65, 0.7, 0.75. Here,
similar effect is observed for all the three profiles, LTP,
PTP and ITP i.e., increase in 7, increases TMAN which
shows that the composite layer system is stabilizing
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Figure 6. Viscosity ratio ‘fi” on LTP, PTP and ITP
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(a) (b) (c)

Figure 9. Internal Rayleigh number for fluid layer ‘R,,” on LTP, PTP and ITP
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Figure 10. Internal Rayleigh number for porous layer ‘Rim’ on LTP, PTP and ITP

for all the profiles, hence DDNBM convection can be
postponed. The curves converge for LTP and ITP and
are found be diverging for PTP.

The effects of 7, on the TMAN are shown in Fig 8(a),
8(b) & 8(c) for the values of 7,=0.1, 0.5, 1. Here, similar
effect is observed for increase in 7, increases M,;, M, and
M,, which shows that the composite layer system is
stabilizing for all the profiles, so DDNBM convection is
postponed. The curves are converging for all the three
profiles indicating its effectiveness for lower values of
=

In Fig. 9(a), 9(b), 9(c) the effects of R;; =-0.1, 0.5, 1
(sink to source) on M;, M, and M, are shown. The
curves are found to be diverging and also the as R,
increases TMAN decreases for all the three profiles,
which is physically reasonable. This shows the effect
of R, is to destabilize the system and hence its effect
is to prepone DDNBM convection.

The effects of R, on the TMAN are shown in
Fig.10(a), 10(b) & 10(c) for LTP, PTP and ITP respectively
for R, = 0.1, 0.2, 0.3. The curves are found diverging
drastically for LTP, PTP and ITP. The increase in the
value of R, increases the TMAN for the PTP and
decreases the TMAN for the LTP and ITP. Hence the
increase in the value of R, stabilizes the composite
layer system for PTP and destabilizes for the other two
profiles.

V. Conclusions

From the investigation considered, the following

conclusions can be drawn for set of parameters

considered in this study,

1. The most stable profile is inverted parabolic, which
can be used to control DDNBM convection, whereas
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the most unstable profile is the parabolic, which can
be used to augment DDNBM convection.

2. For Parabolic profile larger values of ¢ the
parameters a, Da, €, Ms, i, 7, R, and R, are
significant. For lower values of ¢, the /i and 7, are
effective.

3. In the Linear profile for larger values of g, the
parameters a, Da, €, Ms, R;; and R, are effective.
For lower ¢, €g Ms, 7, 7, are significant.

4. In the Inverted parabolic profile for larger values of
¢, the parameters a, Da, €, Ms, I, R, and R, are
appropriate. For lower ¢, the Ms, i, €, 7, 7, are
effective.
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