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Abstract

Repercussions of uniform/non-uniform thermal gradients such as linear, parabolic, inverted parabolic, piecewise linear gradient heated
from below (PLHB), piecewise linear gradient cooled from above (PLCA) and step function (SF) thermal gradients in conjunction
with magnetic flux on the onset of Darcy-Rayleigh-Benard-Marangoni (DRBMM) convection in a composite layer involving
incompressible fluid and holding horizontal adiabatic boundaries, rigid beneath the porous layer and free aloft the fluid layer is
performed apropos to Local Thermal Non-Equilibrium (LTNE). Regular Perturbation method is exercised to attain the analytical
solution of the acquired problem. For all the six thermal gradients, (i) The strength of variables such as solid phase thermal expansion
ratio, solid phase thermal diffusivity ratio and inter-phase thermal diffusivity ratio that boosts LTNE are analysed and (ii) The
influence of change in measure of physical quantities viz. fluid phase thermal expansion ratio, fluid phase thermal diffusivity ratio,
Chandrasekhar number and Marangoni number are studied.

Keywords: Local Thermal Non Equilibrium (LINE), Composite layer, thermal gradients, Reqular Perturbation Method, Marangoni
convection

Nomenclature:
English letters

dp = (g vy wy) - velocity vector K : permeability
t - time Cp : specific heat capacity
Pﬂ & Pp 0 : pressure Qﬂ, on : Chandrasekhar numbers,
g : acceleration due to gravity clefiings] [bellony

h : inter-phase heat transfer
T,T, &T . temperatures p

o " fpo ™ T spo ] P coefficient

T, : interface temperature
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English letters

ag & y : non dimensional horizontal H
wave numbers

ng & n,, : frequencies T

Wﬂ & Wp ) : dimensionless vertical velocities  j

Rﬂ, RTfpo, RTspo : Rayleigh numbers, defined

below

: scaled inter-phase heat transfer

: thermal ratio

: depth ratio

coefficient

Greek Symbols

Po : referrence density Kerp & Korp : thermal diffusivity ratio

Hy : fluid viscosity B : porous parameter

Pp & py, : fluid density B> : Darcy number

Ko Ko & Kepo : thermal diffusivities r : inter-phase thermal

Oy O & Oy thermal expansion coefficients diffusivity ratio

¢ : porosity o & To : diffusivity ratios

Qprp & Qgrp : thermal expansion ratio i : viscosity ratio
Subscripts

1l : fluid layer s : solid phase

po : porous medium b : basic state

f : fluid phase

1. Introduction

The use of an electromagnetic field as a heat source is
widely implemented in industrial processes such as
heating, drying, melting, and pasteurizing.
Transmission of heat through convection influenced by
magnetic flux possess a significant place in appliances
involving wellness activities, biophysics etc. Thermal
equilibrium is assumed between solid porous matrix
and saturated fluid in most of the available literatures
related to thermal convection in porous media. But for
sufficiently large Rayleigh number or rapid heat
transfer for high speed flow, it can be expected that the
equilibrium will break down, so that the respective
local mean values of the temperature of solid and fluid
phases are not same. Local thermal non-equilibrium
(LTNE) state will be more suitable than local thermal
equilibrium (LTE) state in this situation. Also, the
assumption of LTE is inadmissible in many
applications like air conditioner cooling, freezing of
foods, microwave heating and in computer chips, so it
has been significant to take account of the LTNE effects.

Barbosa [2005] analysed the challenge of improving
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phase change heat transfer prediction with respect to
two phase non equilibrium models. Min Zeng and
Qiuwang Wang [2009] examined natural convection
with respect to diamagnetic fluid in a porous enclosure
influenced by magnetic field. Sridhar Kulkarni [2013]
examined unsteady heat convection in an anisotropic
porous layer under rotation with respect to thermal
non-equilibrium conditions. Armaghani et. al. [2017]
investigated transfer of heat by forced convection with
respect to nanofluids in a porous channel influenced by
local thermal non-equilibrium using three models for
thermal absorption. Ashoka [2017] analysed an
algorithm based successive linearization method to
obtain critical eigen value in a Rayleigh-Bénard-
Brinkman Convection Problem including the
boundary conditions. Mohsen et. al [2019] examined
natural convection of nanofluid of hybrid nature and
magnetisable, within a porous enclosure subjected to
the effect of two variable magnetic fields. Sumithra and
Manjunatha [2020] studied the impact of non-uniform
temperature gradients on Darcian-Benard- Marangoni
convection in the presence of Heat Source or Sink as
well as Magnetic field with respect to composite layer
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horizontally enclosed by adiabatic boundaries. Sumithra et. al. [2020] examined Benard-surface tension driven
convection in an infinite horizontal composite layer in the presence of heat source/sink together with non-uniform
temperature gradients influenced by magnetic field for non-Darcy model. Israa and Shatha [2021] studied the
onset of convection with regard to bidispersive porous layer under anisotropy and influenced by local thermal
non-equilibrium. Noura et.al. [2022] investigated mixed convection of an undulating cavity filled with nanofluid
under local thermal non-equilibrium in the presence of obstacle and saturated by porous media.

Meagre research work has been carried out so far over composite layer considering LTNE into account. Inspired
by the above survey of literature, the present paper examines the repercussions of uniform/non-uniform thermal
gradients such as linear, parabolic, inverted parabolic, piecewise linear gradient heated from below (PLHB),
piecewise linear gradient cooled from above (PLCA) and step function (SF) thermal gradients in conjunction with
magnetic flux on the onset of Darcy-Rayleigh-Benard-Marangoni (DRBMM) convection in a composite layer
involving incompressible fluid and holding horizontal adiabatic boundaries, rigid beneath the porous layer and
free aloft the fluid layer under Local Thermal Non- Equilibrium (LTNE) conditions.

2. Mathematical formulation

zg=d Ty

Fluid Layer — 40 y
z, =0, To 0 X
z,,=0 Porous Layer S ™
z,, =-0y, E> T

Figure 1: Prototypical Sketch

An infinite horizontal layer involving incompressible, Boussinesq electrically conducting fluid holding thickness
dg, is considered. Densely packed porous layer saturated with same fluid with thickness d,  lies beneath the fluid
layer, and both the layers are levied with magnetic field of intensity H, in the perpencficular z-direction. The
precinct below the porous layer is presumed to be rigid and that above the fluid layer is presumed to be with
surface tension effects based on temperature. A Cartesian coordinate system in which the origin is placed at the
interface between fluid and porous layers, and the z-axis pointing upright is considered. For the porous layer,
solid phase as well as the fluid phase are purported to be in LTNE and a solid-fluid field model is considered to
express distinctly the temperatures with regard to the solid and fluid phases. The above system is governed by
the following basic equations.

Vi, =0 (1)
V.H—ﬁ -0 - (2
g (. N ) (T v\

a L—rfu (479 } = VB, + iV~ pgh+p,(H,V ) H, - G)
or 5

oH , : 27

U —Vxg xH +v.V'H. NG
af xgﬁx K l’m K ( )

P = poll=apy (T =1))] .- (6)

Voo =0 - (7)
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V,,,.H—ﬂ =0 .. (8)
L0 LG v Siolev P~ 25 ko, (H,V)H
Py Earpo +?(qw- p)po | ==V o o~ g dpo P8 +ﬂp( - ) p . (9)
C o G )T V po’ Ty +h(Tyy, —T
(P P)_,[Z)O 95 ot (q;)o‘ po) fpo éxfpo PO L o ( spo ,{UO) (10)
o
ar,
(l_é)(pcp)spor_(l ¢) spovpo spo h(z—;‘po wa) (11)
po
oH ,
Qm =V, xquH +VLmVPO H .. (12)
)00[1 a]'j{uo( fpo ?El)_afs;m spo 1"—('))] - (13)
The system is quiescent for which the basic state is expressed by
[tg.vp, ﬂ,Pﬂ,Tﬁ,H 1=10.0,0, Py, (z ). T3, (z ). Hy(z )] in the fluid layer .. (14)
and [tV po- Wpo- P T o Tpo H 7 1=10.0.0.P, 4 (2,).T 50 (2o 1 Ty (20 )- Ho (2,,)] .. (15)

in the porous layer

The basic state temperature distributions 7’ b(Z ﬂ) Joob (z,,) and 1,0(2,,) respectively are found to be

T, =1,

Tpp(z) =Ty == 7, zpin 0=z, =d, .. (16)
1,1, -

T (z,,) =1y = L pos(Z,0) M —dpy <2, <0 .. (17)

For investigating sTability of the basic solution, following diminutive disturbances are introduced.

[é,;,ﬂ;,T;,H_ﬂ]=[<l,P o () Ly (), Ho (2 )] +1G ', Py 0, H '] . (18)

[GposPros Lo Topo H g 1=10.P, (20T g0t (200 T (20 ) Ho (2 N+ G o ' P O o H '] - (19)

where the prime 1nd1cates perturbation over the equilibirium counterparts. Now (18) and (19) are placed in
the corresponding physical quantities of equations (1) to (13) and are linearized in the customary manner. Then,
the pressure term is removed from (3) and (9) by the procedure of operating curl two times on these two equations
and keeping only the vertical component.

d ﬂz Kp
Next, the resulting equations are nondimensionalised applying dp, e ?d—,T 0 ~1ysHy as the units of length,
mnoHn
d 2«
. . e . . Zpo TR T H
time, velocity, temperature and magnetic field in the fluid layer correspondingly and ’ »ip 400 as

fpo “po
the units of time, velocity and temperature in the porous layer whereas the scale for length in the porous layer

is (X, p052p0)=d (X', 0" 552" ,,—1). Following this fashion, the flow- fields pertaining to fluid as well as

porous layers can be achieved for all depth ratios d= j;ﬂ Normal mode analysis is performed on the
dimensionless equations as follows:
Wa | |WaGa)
Op |=|00z0) | fpCep.0 )™ . (20)
Hy] [HaGp)
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4 W, (2,0)

po
6'}?-’0 _ ng(ZPO) f (x y }enpo!

Opo | | Opo20) |77 . (21)
Hy | |Hp@z,)

with V2f,+a,*f;=0 and V., ° [, +a,,° [0 = 0
The resulting equations are:
In0<z,;<1

(Dﬁ3—9ﬁ3)9ﬂ+uﬁ=0 .. (23)
mo<z, <1
{Dpo" po ) H( _ﬂzRTﬁ;oa;m fpe — ﬁ Rﬁpo pa spc)r onﬂ I) (24)
P(D,,2 = a,, )0, + W= —H(O,, -0, ) .. (25)
{]-_ &)(Dpoz _apoz }g.;po = H{gspo - gﬁ)a} (26)
gap (1, _:‘Fb')dﬂ3 ,upHOzdﬁz
Where for the fluid layer, R = specifies the Rayleigh number, €7 == specifies the
VaKn HAK AT fpo

15

p
Chandrasekhar number, [fo = specifies the diffusivity ratio, and for the porous layer,
Kn

gai"ﬁ)o (TL - I-E])dpo:‘ (ga]‘"vpo (T T )dpo
Ry = specifies the fluid Rayleigh number, Ry, = specifies the solid
Vﬁ Kﬂ’o VKfpo
2 K )” H O‘d 1] 2
Rayleigh number, B = d. 2 Da specifies the Darcy number, Opo = ——=0ped specifies the
po /uﬂ K po mpo
Vepo Ky
Chandrasekhar number, “mpo = _ specifies the diffusivity ratio, ' ~ . specifies the ratio of thermal diffusivity
po fpo
hd },02
of the solid to the fluid phase, H= s specifies the scaled inter-phase heat transfer coefficient.
Jpo

Equations (22) to (26) are ordinary differential equations of fourteenth order and required to be solved with
the help of the following fourteen boundary conditions.

3. Boundary conditions

Normal mode expansion performed on the appropriate boundary conditions after non dimensionalization. They
are,

W,)=0, D,/ W,)+ M ,a,’0,(1)=0,D,0,(1)=0,
TW O)=W,,(), fJD W, (0)= tD, 7, (1)
6},(())= 0,5, (), 0,(0)= 76 (), D,0,(0)=D,,0,,(1), Dﬂeﬂ(()):l)m 0.,

Spa

Td* (D W, (0) ~3a D (on == Dyl )+ (D, W,y (D =3a,, Dy W,y (D)
Td*(D ;> +a ;" W, (0) = ;a([ o W o (D)
Po (0) =0 E) POWPO (0) =0 ? DPO Jpo (0) 0 51"0 (0) 0
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. I, =T, K i d po s _ Hyo
Where T =T 7. specifies the thermal ratio, f=|7=,4d= . specifies the depth ratio and H= i
0t dpo Fi f

specifies the viscosity ratio.

4. Solving using regular perturbation method

At boundaries with constant heat dissipation, convection occurs for smaller horizontal wave number ‘a fl * .
Hence we expand

W, « W, P v
A 25| A 2j

[9 } z Gﬂ_j[ﬁ’ j} and |0y, |= ¥ a,,”| Op,
nl J=0 7 0 =0 0
spo spaj

Zero order system is solved using an arbitrary factor and the solutions are

Wﬂo(zﬂ):{}, ﬁﬂg(a'ﬂ)=f» WWQ(ZPO)ZU, Q@DU(ZPG):], QSPOO(ZPD):]

The first order equations in uﬂ2 are:

For fluid layer,

D W =R,y T=0,D Wy =0 - (27)
D20,y ~T+W, =0 -~ (28)
For porous layer,

Dpozwwl + Qpanﬁszozwwl + ﬁZRTfpo + ﬁzRBpor =0 (29)
(¢D,,> —H)O,, +HO,,, + W, —$=0 ... (30)
[(A=¢$)D,,’ —H]IO,,,, +HO,, —(1-¢$)=0 .. (31)

The corresponding boundary conditions are

W) =0, D *Wo()+M p0,,()=0, D0, (1)=0

TW 5, (0)=d*W,, (1), TD W, (0)= tdD, W, (1)

0, (0)=Td"0,,,(1), 0,(0)=1d°0,,,(1)

D40, (0)=d’D,,0,,(1), D,0,©0)=d’D,0,, (1)

1d °D W 5, (0) = =D W, (D + i3> D, W, (1), TD W, (0)= itD W, (1)
W (0)=0, D W, (0)=0, D,0,,0)=0, D0, (©0)=0

Wy and W, are obtained by solving equations (27) & (29) and are

R,T
Wn(2)=C+Cz, +(3C0511,|I'Qﬂzﬂ +(4Smh\/§ﬁzﬁ —EZE G

2 2
ﬁ R?ﬁ;o +/B Ri'".spor - 2
20+0,,°) "
Where the constants C,, C,, C,, C,, C; & C, evaluated using velocity boundary conditions, are

Ry +Reoot| 1 - R,T T R,T ~(Ryp, + Ry 0| 1
oo = TTwo" |~ 4 pd R |-t = A o = o)
dQﬁ Qﬂ- Qﬂ- 2Qﬂ T(l*‘onﬁ ) dQ_ﬂ

ngl (zpo) = CS + Cﬁzpo - (33)

S TA+0,,5)

+£:3ﬁ2],
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¢, = R,T - M,T - Tanh /O, ‘(Jt‘ii.}‘rmg + Ry 7)
Y0, Cosh,JO, 0,Cosh\J0, 70,0, 1+0,5
Ripo + Rppot 1
= Tp , G=G=0

14+0,,/° 10,0,

4.1 Solvability Condition:

The compatibility condition derived from the differential equations and boundary conditions with respect to
temperature is

I 1
{I)Wﬁl(zﬂ)(}ﬁ (z)dz, + d_{) w01 (20 0 o (2,,0)dZ +T .. (34)

Wy (z,) &W,,(2,,) are substituted in equation (34) and Critical Rayleigh Number is obtained for distinct
basic thermal profiles with respect to fluid as well as porous layers.

4.2, Linear Thermal Gradient:

For this gradient, Gﬁ (z5)= Gp{,(zpa) =1 ... (35)
For this model, the critical Rayleigh number is achieved by using (35) in (34) and is calculated as

d*+T -0,
Rep = :

s 2 2 ] 54 s e o o
-0, +06, +0;+ I:aFTEKFTD + LK r]d A (04 + 05— 05 — a?)

- -~

- T C_ T 1 1 .
where 4, = =—5—="Tanh JO,, S=—— 65, =—| —+adp’ |,
Qﬂ 0,9, ¢ 30,7 2rldo,

35 = TdQﬁ r Smh\/Q_ﬂ F(Sech\/_ Cosh@) >

Cosh Qﬂ 1 ‘ _(}3[;2 X _Mﬂf | Tanh.fQﬂ

O = Smh.f — |, &=—, &= - s
1dg, o, Qﬂ‘ N N Qﬂ 6 9y Oy

[0 £
1 Ifpo
Ay = 1+0, ﬂz and “FIE = ay is the ratio of the thermal expansion coefficients of fluid phase in porous layer

aﬂpo

to the thermal expansion coefficient in the fluid layer, Use = ay represents ratio of the thermal expansion

K
=1
coefficient of solid phase in porous layer to the thermal expansion coefficient in the fluid layer, *#7> =

K fo
K

represents ratio of thermal diffusivity in fluid layer to that of fluid phase in the porous layer, *s70 = « s the
spo
ratio of thermal diffusivity in fluid layer to that of solid phase in the porous layer.

4.3. Parabolic Thermal Gradient:

Here, G4(z,)=22, &G (z,) =2z, ... (36)
For this model, the critical Rayleigh number is achieved by using (36) in (34) and is calculated as
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d*+T+B, (B, +By)
B, (Bz + B;)Jr By + [aFTEKFTDE + aSTEKSTDzr] ‘}435 {BG_B?(BZ+BB)+BS[BQ+BIU)_BIl}

T 2 2 (.. 1
where By=—————, B,=—Cosh [0, | 1+— |, By=——| Sinh /O, +—|,
! Qﬂ2 Cosh }Qﬂ - o 7 [ Qﬂ } ! \/Qﬂ 7 ‘\r'Qﬁ
7 1 Tanh /O |
B =_u B = E B=Ln ; ndA 2 ] B = ﬂ 2
Y40, T 10,0 3T[dgﬂ+’” o TdQﬁ ido, Jo, TdQﬂ,/Q

-

2
= |, By=——==Cosh [0, , B = , B
B, =—Sinh [0, [1+ Qﬁ] 10 \/@ Lﬂ R 1 12 Qﬂ Coshr

And oy, OQgrp , Kppp and kgp, Temain the same as above.
4.4. Inverted Parabolic Thermal Gradient:
Here, G4(z,)=2(1-2 ;) &G, (z,,)=2(1-2,) .. (37)
For this model, the critical Rayleigh number is achieved by using (37) in (34) and is calculated as
d>+1-25,-B, (B, +B,)

O+ B+ I:aFTEKFTDE + “erKSTDET]‘?4 [31](512 - Bm)

Repp =

where

8, = =28, + 28, — 26,

B,y =-B,(B,+B;) - B,

01, =20, + 205 =26, — 20,

Byy = By[ By =By (B, + By) + By (B, + By )~ By, |

And appp, Qgrp , Kpppand Kgpp,
B,, B, B,, By, B, B, By, Bg, By, By, By, By 6y, 65, 85, 6, 65, ¢, O, & 5g remain the same as above.

4.5. Piecewise Linear Gradient Heated from Below:

‘Eﬂ ,0 <Zf{ < €f1
rEfISZfI <1

-1
Epo 0 < z,, < &
dG — porY = 4pop = Spo
an IJO(ZIJO) {0 »€po < Zpo <1
For this model, the critical Rayleigh number is achieved by using (38) in (24) and is calculated as

In this case, Gfi(zﬂ) { ... (38)
d’ +f+DH(—Cosh o +D2)
2 2754
Dl(—Cosh 0, +D2)+D3 -D, +[aFTExFTD + A e K r]d Dy.D,,

Where Dy, = DD, = Dy(~Cosh [0, + D, )+ D, (—SithQT; +Dy=Dyy)- D, and

Reprs =

Dy = d ,— Slﬂh[ Qﬂgﬂ] Dy = D4=T€ﬂ- DSZ;Z
Qﬂ Cosh & Qﬂ 2Qﬂ 4 (}Qﬂ ’ ]+onﬁ E]

£ Tanh [0,

LN e o
Ds_j—'[&Qﬁ + ad i Jo D? 1+ 2’ DS Tde?r ﬁ;Qﬂ@,

e _& ;9 oM
lo_gﬂ@(josh[@gﬂ], gﬂ\/g)_ gpo 3D13 Qﬁcosh\/@
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And otpp, Ogrp, Kpppand Kgpp remain the same as above.

4.6. Piecewise Linear Gradient Cooled from Above:
In this case,

0 ,0<z<(1-¢) 0 =<2z,, < (1-¢g,)

0
Gf{(zfi) = {Eﬁl, (1 _ Eﬂ.) < Zfl <1 and GIJG(ZI?G) = {Ef;(} , (1 _ Epo) < Zpo <1 (39)

For this model, the critical Rayleigh number is achieved by using (39) in (34) and is calculated as
d’ +f+Glz(—Cosh O, + Gz)
Recra = — S A

Where Gy, =Gy G, - Gy (~Cosh [0, + G, ) + G, (~Sinh [0 + G - Gy ) and

;- i S 0, —sinh{,[0, (1-2,)} 1:i -

Q" Cosh JO, * N T 20,7 6Qpep

1 1-(1-£,) Tanh /O, 1

Gy=—— Go=o| 4 dp? |, Gy =14 ———L—  Go= VL Gy= o,

140, 7 7| do, 2 o Tdo, o, ’ fdo, o,
 Cosh J0, —Cosh{j; (1- ¢, )} iy ; M7
Gy = 5 > G“=6_ l—(l—em) ) GD:W

INY € o 0, Cosh /O,

And oy, Ogrp , Kppp and kgp, Temain the same as above.

4.7. Step Function Thermal Gradient:

In this gradient the basic temperature falls suddenly by an amount AT, at z, =¢,and A7, z,, = &,, otherwise
uniform. Accordingly,

Gﬁ(zﬁ)z 5(Zﬁ _Sﬂ)&Gpo(zpo)z §(Zpo—5pg) ... (40)

For this model, the critical Rayleigh number is achieved by using (40) in (34) and is calculated as
d*+T+J,.J,

‘]lJZ +‘)r3 —‘]4 +|:(IFTEKFTD2 + a‘STEKSTDZE-']d‘lJ; (‘]GJ? _‘]8"]2 +J’9J10 _.)r“)

Regr =
here J, r J, =—Cosh [0, + Cosh| [0 J 7 J Ty
where J,=—————F—, J, =—=Cosh + 051[ £ :I,‘_;=—,. =—
"0, Cosh JO, m s 20,77 20,

J=— Jo=2 s |, J=lhe,, J O :
5= 2. 5 = = -+ L N = 5 = = >
1+0,,6°" 7" 7\ do, 7 7 o, Jo y " ddo, Jo y

Jyp =—Sinh /O, +Sin]1[@sﬂ:|, Jy, =

o Cosh@ ’

dp o, MI
2 po 12

2

5. Results and Discussions

Repercussions of uniform/non-uniform thermal gradients namely linear, parabolic, inverted parabolic, piecewise
linear heated from below (PLHB), piecewise linear cooled from above (PLCA) and step function (SF) thermal
gradient influenced by magnetic flux are analysed with respect to LTNE model on DRBMM convection in
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Figure-2: Comparison-Critical Rayleigh Number (RC)

for 6 gradients with respect to LTNE model

composite layer.

Graphical interpretation for critical Rayleigh
number R versus depth ratio d for the fixed values of
Ogrp =2, Kgpp=0.5, 7=0.1, appp =1, kpppy = 0.4, Q,=10
and M, = 10 has been exposed with regard to linear,
parabolic, inverted parabolic, PLHB, PLCA and SF
thermal gradients in case of rigid free boundaries. The
SF thermal gradient is profoundly stable whereas the
inverted parabolic thermal gradient is remarkably
unstable.

The result on varying each of the variables namely
solid phase thermal expansion ratio o, solid phase
thermal diffusivity ratio x4, inter-phase diffusivity
ratio 7, fluid phase thermal expansion ratio a,, fluid
phase thermal diffusivity ratio x.;, Chandrasekhar
number Q, and Marangoni number My on critical
Rayleigh number keeping the remaining parameters
unaltered are illustrated with regard to LTNE
conditions via figures (3.1), (4.1), (5.1), (6.1), (7.1), (8.1)
and (9.1) respectively for linear, parabolic and inverted
parabolic thermal gradients and via figures (3.2), (4.2),
(5.2), (6.2), (7.2), (8.2), and (9.2) respectively for piecewise
linear gradient heated from below, piecewise linear
gradient cooled from above and step function thermal
gradients.

The effects of solid phase thermal expansion ratio
agrp over critical Rayleigh number are represented in
figures 3.1and 3.2 considering a¢; = 2, 6 and 10. The
curves are found diverging thereby witnessing the
effect of this parameter for porous layer dominant
composite system. The system gets destabilized since
the critical Rayleigh number diminishes with an
augmentation of ag;.. The control of DRBMM
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convection effusively dependent on the thermal
expansion of the solid phase with respect to all the six
gradients. Lesser the thermal expansion of the solid
phase, better is the control of DRBMM convection. It is
observed from the graph that parabolic thermal
gradient is most stable whereas inverted parabolic
thermal gradient is most unstable and PLHB is most
unstable whereas SF is most stable. The effect of the
parameter is very less for inverted parabolic gradient
and higher for parabolic gradient the whereas the
effect of the parameter is very less in case of PLHB
gradient and higher in case of SF temperature gradient.

The influence of solid phase thermal diffusivity
ratio kg, over critical Rayleigh number are depicted
in figures 4.1 and 4.2 when x4, = 0.1, 0.5 and 0.9.
Divergence is noticed from the figure and is evident
that it is sensitive in composite layers dominated by
porous layer. Also, decline in critical Rayleigh number
is noticed when k¢, rises which destabilizes the
system. Hence, preponement of onset of DRBMM
convection, is observed. DRBMM convection is better
controlled for smaller values of thermal difusivity of
the solid phase.The graphs show that parabolic
thermal gradient is most stable whereas inverted
parabolic thermal gradient is most unstable and PLHB
is most unstable whereas SF is most stable.

The influence of inter-phase thermal diffusivity
ratio 7 over critical Rayleigh number are depicted in
figures 5.1 and 5.2 when 7=0.1, 0.5 and 1. The curves
diverge and hence the composite layer where d, > d is
best suited for the influence of this parameter. Also,
critical Rayleigh number decreases when there is
increase in 7 thereby destabilizing the system. Hence,
quicker onset of DRBMM convection is observed.

The effects of a;p, fluid phase thermal expansion
ratio on the critical Rayleigh number are depicted
through figures-6.1 and 6.2. The curves are diverging
with assigned values o =1, 5 and 10 which proves
that variation effect is dilating in a composite sysem
where d < d, . It is also evident from the figure that
increase in oy, results into decrease in critical
Rayleigh number and hence the set-up can be
destabilized. The control of DRBMM convection
effusively dependent on the thermal expansion of the
fluid phase with respect to all the six gradients. Lesser
the thermal expansion of the fluid phase, better is the
control of DRBMM convection.

The influence of fluid phase thermal diffusivity ratio
Kerp over critical Rayleigh number are displayed in
figures-7.1 and 7.2 fixing ., at 0.1, 0.4 and 0.7. The
curves are found diverging showing that it is sensitive
when composite layer is dominated by porous layer.
The system is destabilized theeby supporting early
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onset of DRBMM Convection. Lower values of thermal
diffusivity of fluid phase plays a vital role in controllng
the DRBMM convection.

The influence of Chandrasekhar number Q, over
critical Rayleigh number are represented in figures 8.1
and 8.2 for Q, = 10, 20, 30. In this case the curves are
converging for higher values of Q, in case of linear and
inverted parabolic thermal gradients indicating that it
is sensitive for fluid layer dominant composite layer
for these two gradients. The impact of this parameter
with respect to the remaining four thermal gradients
is found to be well balanced throughout the composite
layer. Here, Increase in the parameter rises the critical
Rayleigh number thereby stabilizing the system
resulting in postponement of DRBMM convection.

The effects of Marangoni number M, over critical
Rayleigh number are displayed in figures-9.1 and 9.2.
Slight convergence of the curves is noticed in case of
linear and inverted parabolic thermal gradients for
values of Mﬂ =8, 10 and 12. Hence the effect becomes
prominent in the composite system dominated by
fluid layer for these two profiles and neutral with
respect to all the four remaining gradients.

Conclusions

The following conclusions are drawn from the above
investigation.
i. For 0<d<0.6 we have

Rep<Repep<Rep<Recpa<Rep<Regp and

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

CRITICAL RAYLEIGH NUMBER Rp

[ —— HEATED FROM BELOW S -
----- COOLED FROMABOVE Me 'y 7 “ .7
' -~
0| — — STEPFUNCTION & r C 0 o
L //\“' ¥ “\/ :f
b
A P A
I ' *.\/ X
s ~T>)7) -
! -~ A y
- - i “
-_—— _ - - [
o - -
0 F=— = - -
_ -

0.4 0.6
DEPTH RATIO 4

Figure 9.2

For d>0.6 we have
RepRerReprpReceaRep<Rese

Lower values of the parameters viz. fluid phase
thermal expansion ratio, solid phase thermal
expansion ratio, fluid phase thermal diffusivity
ratio and solid phase thermal diffusivity ratio
are desirable to control DRBMM convection.
Chandrasekhar number delays the onset of
DRBMM covection and the effect of this
parameter is protruding in case of linear and
inverted parabolic thermal gradients when the
composite system is dominated by fluid layer.
The effect of magnetic field is to stabilize the
system.

Marangoni number boosts the quicker onset of
DRBMM convection and the effect of this
parameter is prominent with respect to linear
and inverted parabolic thermal gradients in
fluid dominant composite layer.

ii.

ii.

iv.
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