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ABSTRACT:

This paper investigates a double-diffusive convection problem in a couple-stress nanofluid that is restricted
within two infinite free-free boundaries. A modified Darcy model is employed to inspect the impact of magnetic
field. Following the normal mode approach, the subsequent eigenvalue equation is solved by Galerkin method for
the stationary as well as for oscillatory state and the Rayleigh number is obtained. The effects of the parameters
governing the assumed model have been examined carefully. It is found that at the stationary convection, the

parameters L,, N, and N,. stabilizes the system whereas L, ,R; , C'p , O, R, and & destabilizes the

system. The presence of oscillatory state is also shown under the specific condition.
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1. INTRODUCTION

A broad inspection of thermal conductivity in a Newtonian fluid heated from under the surface by taking various
aspects of hydrodynamics and MHD was proposed by Chandrasekhar [1]. The term “nanofluids” was initiated by
Choi and Eastman [2] to express suspensions of copper nanoparticles in water. This study found that thermal
conductivity increased by 1.5 and 3.5 times, 5% and 20%, respectively for the fluid as compared to the water
containing the lower volume fraction. Further, an experiment was performed by Eastman et al. [3]. The reason
behind this decrease is the agglomeration or sedimentation of the nanoparticles. Similarly, some other researchers
also contribute in this direction and produce some inspiring results. As a result of which the use of nanofluids and
magnetic effect to improve heat transfer has since become an active area of research as proposed by Thompson
[4], Ghasemi ef al. [5]. Nield and Kuznetsov [6] have further extended their previous survey of thermally heated
nanofluid layer of porous nature in which they used a new boundary condition of realistic nature to determine the
nanoparticle fraction by imposing the value of temperature at the boundaries.

Thermal convection on a ferromagnetic fluid by applying Maxwell model in porous medium have been
investigated by Pundir et al. [7]. Yadav ef al. [8] worked on a nanofluid layer to observe the out-turn of vertically
applied magnetic field on it. Nield and Kuznetsov [9] investigated a double-diffusive instability in nanofluid. The
study on a rotatory nanofluid layer with Darcy Brinkman model have been discussed by Chand and Rana [10].
Shukla et al. [11] studied a modified model of LTNE effects in a binary nanofluid convection in which the
eigenvalue equation consists of three additional LTNE parameters. It was found that these parameters played a
major role in onset of convection for layer of nanofluid. Pundir et al. [12] considered a problem on a Darcy-
Maxwell nanofluid porous layer in an anisotropic medium and discussed the Soret driven instability for this
problem. Rana and Chand [13] proposed a double-diffusive instability in a porous nanofluid layer with role of
couple stress. Nonlinear and linear analysis of a non-Newtonian couple-stress nanofluid with two thermally
insulated plates have been surveyed by Umavati and Beg [14] where the instability is of time dependent nature
and medium is porous. Pundir ef al. [15] investigated the double-diffusive instability in a porous couple-stress
nanofluid where the fluid layer subjected to rotation. Choudhary et al. [16] carried out stability analysis in a
couple-stress nanofluid by taking the viscosity of the fluid as of variable nature.
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The magnetic field effect has certain applications in the area of plasma physics, geophysics, medicine,
atmospheric science etc. Mahajan and Sharma [17] have discussed linear penetrative instability in a magnetic
nanofluid layer by considering the internal heating effect into account. They extended their work to inspect the
effects of rotatory porous fluid layer under variable gravity. Influence of magnetic dipole on 2-
D ferromagnetic fluid with flat elastic sheet has been explained by Gowda et al. [18]. In this study, the flow
design has been chosen because it is off times used in magnetic drug systems and bioengineering applications
counting engineering. Bishnoi et al. [19] scrutinized the effects of hall current on a layer of nanofluid saturated
with magnetic field under temperature gradient. For a viscous fluid, the flow (i.e. time dependent) has been
performed by Ahmad et al. [20] due to a rotating elastic disk by considering the effect of Joule heating on
temperature equation and that of magnetic effect in vertical direction.

Kumar and Sarkar [21] explicated the development and scope of composite nanofluids. They discussed how
composite nanofluids have achieved such enormous interest and demand in a vast area of applications in
engineering field. The main purpose of this assessment is to outline the latest progress in the field of nanofluids
and nanocomposite dispersions. Ullah et al. [22], Madhukesh et al. [23], Pundir et al. [24] have scrutinized
simulation of a hybrid MHD flow around reliable surfaces and for this, they took two different types of nano
particle to check the enhancement in the energy of composite nanofluid. Recently, Pundir et al. [25] worked on a
double-diffusive instability in a composite nanofluid layer.

The current research deals with the study of a couple stress nanofluid layer heated and soluted in a Darcy porous
medium under the existence of magnetic field which is not have been investigated yet. In this study, we assume
that the density of nanoparticles in a porous medium is less than the density of the base fluid. For this, we make
use of the Galerkin method and investigated the problem for the stationary and the oscillatory convection and
observed the effects of the concerned parameters.

2. Problem Formulation
Consider an incompressible layer of a couple-stress fluid having nanoparticles assuming the layer to be enclosed

between the boundaries z=0 and z=d . The temperature at the lower end z=0is 7' =7 and at the above end

z=dis T =T, . The magnetic field is H= (0,0, /) (vertically upward) i.e., towards Z-axis. The fluid is likely to

be heated and salted from beneath the surface while the nanoparticle flux is supposed as zero at the boundary.
Z
4

g£= (D:G:_gj H=(0.0.H,)
T z=d

') i. i.i '_i..i ...i_
a ® Couple-stress

Nanofluid layer

Heated and soluted from below

&J’
Figure 1: Physical Configuration

The constitutive equations governing the system are as follows:

Copyrights @ Roman Science Publications Ins. Vol. 5 No.3, September, 2023
International Journal of Applied Engineering & Technology

1186


https://www.sciencedirect.com/topics/chemistry/ferromagnetic

ISSN: 2633-4828 Vol. 5 No.3, September, 2023
International Journal of Applied Engineering & Technology

V.g=0 Q)
1 H
0=-Vp——(u-puV?)g+=-(H-V)H
p=(u=p V) g+ 2 (H-V)H +

1

(¢’0p+(1_¢)p0{1_0‘r (T-T,)-ac (C_Co)})g (2)
B (g- V)}H:(H-V)HHszH 3)
V-H=0 4)
6¢+ q-Vo= DV¢+ VT (5)
ot ¢ T1
(,0 maa (,DC) q- -VT = k V T+g(pc) [DBV¢'VT+%VT'VTJ+(,OC)DTCV2C (6)

1
a1 q-VC=DNV’C (7) where
ot ¢
=-——— is electrical resistivity and O is electrical conductivity of the nanofluid.
(47u,0)

Here, the temperature is assumed as constant and the flux of thermophoretic nanoparticles is assumed as zero
within the limits as stated by [19].

The boundary conditions compatible to the problem [8] are

ow 0 D oT
w=0,—=0,T=T,, ¢=¢,, C=C,, D, ¢ —=0 atz=0 (8)
0z z T1 Oz
5 5 D 8T Now let
w=0,%_0,T=T,4=¢,c=C,D,2+ =0 atz=1 9)
Oz 82 7} oz
us non-dimensionalizing the variables as
H ,H H.
('xa’yaaz )_(x Y22 ] (l/ta, ( A j H H H ) (—x Hy ],t':;ﬁz,
“ 0 where
1 ¢ — ¢ ¢0 Tv T T Cv C C (1 0)
/U 3 T, T G -G
o= L is nanofluid thermal diffusivity.
(pe),
On omitting the dashes for convenience, we have
Now the eq. (1)-(7) takes the form
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V.g=0 (11)
0=-Vp—(1-C,V )q+P—’Q(H-V)H—RmeZ ~R,ge. +R,Te. +—=Ce, (12)

oH P _,
e—=(H-V)qg+e—-V'H 13

& = )q P (13)
V.-H= 0 (14)
8¢ V¢— V o+ A VT 15)
at 5 L
(%—T+q-VTJ=V2T+%V¢~VT+NANB VT-VT+N,VC (16)

t n n
oC 1 1
—+—q-VC=—V*C 17
o o I 17)
at z=0,w=0,C=1,¢= OZ—W=O,T=1. (18)

5 ‘ where,
at z=1,w=0,C=0,=1,2Y =0, =0. (19)
0z

__H . __H . . _ Mo

P =——: (Nanofluid Prandtl parameter), £,y = ——; (Nanofluid magnetic Prandtl parameter), Cp =—7;
Po Poll pd
uHPK ) . .
(Couple stress parameter), Q=|-—¢2—11; (Nanofluid Magnetic parameter),
4mp,on
1-¢,))k, — P ) ki gd

R, = ('Dp ¢0+,00( ¢0)) 18 ; (Basic Density Rayleigh number) , R = (Pp '00) 8 ; (Concentration

ua ua
(1 ~ & )(]:) _T1)poaTk1d

1-4,)(C, - C,) pya,dk
Rayleigh Number), R, = ; (Rayleigh Number), R :( 6 )(C-C) vy g

pe uD;
a a .

(Solute Rayleigh Number), L, =— D, ; (Thermo-solute specify Lewis Number), L, :D_ (Thermo-nanofluid

1 1 ( 0 l) . . .. . ( ) ¢0
specify Lewis Number), N, = ————=; (Modify diffusivity ratio), NV, = ————— (Modify nano particle

D,T 4, (pe),

. D, (C,—C,)

density increment), N,. = ﬁ ; (Dufour parameter).
a
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3. BASIC STATE AND PERTURBATION SOLUTIONS
Succeeding Chand and Rana [13], we assume that

u=v=w=0,p=p,(2),C=C,(2),T=T,(z),9=4,(z) ,H=e: (20) which
reduces the basic solution
asT, =1-z,C =1z, ¢ =z (21)
We superimpose infinitesimal small perturbations into the basic state as
q(u,v,w)=q (u,v,w),H —e.+H'.T= T,+T,C=C,+C ,p=¢,+¢ ,p=p,+p (22)
Using eq. (22) in eq. (11) to (17) and linearizing the subsequent equations we obtain,
V.g=0 (23)
P _OH ~ Ry - ~
0=-Vp—(1-C V*)g+—-0—+RTe.+—Ce. R ge. 24
p—(1-C,V*)q p 0, tRIe:+ 7 9 (24)
H ~ P
56—=6—We2+5—’V2H (25)
oT oz -
V-H=0 (26)
1 1
%1 Ly Nagep @7)
o ¢ L, L,
a—T—w=V2T+& or_9 —Ma—T+NTCV2C (28)
ot L \oz oz L oz
1 1
a—C——M/:—Vzc (29)
ot ¢ L,
at z=0 and Z=1,%+8—T=O,C=0,W=O,¢=O,T=O. (30) It is
oz 0Oz

noticed that parameter Rm is absent in Eq. (23) - (29), being an estimate of basic static pressure gradient.

Applying ;Z -twice of curl on eq. (24) and by using twice of curl = VV ~V?in both eq’s. (23) and (26), the z-

component of the momentum equation becomes,
2\ 2 0 Ry o 2 2 B, 2 OH,
(1-C,V*)V'Ww=RV,'T--5V,C+RV, $+0-=V, =0 (31) where
Le R‘m at
»_ 0 0
vV, =F+FEhmmatmg H _from Eq. (25) and (31, we
X Y
-1
R P| o P 0w
t(1-C V*)V*w=RV ' T-—5V,C+RV,¢-0—L<se——-— V,’—=0 32
get{1=C, V)V =RV, T =V, CH RV -0 1605 Vil (32)

4. NORMAL MODE ANALYSIS
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The perturbation into the normal modes takes the

"

form[w,4,T.C]=[ W' (2).¢'(2). 0 (z).T" () |exp (ilx +imy + nt) (33)
where / and m are the wave numbers in the x and y directions, respectively and n denote the growth rate of the
perturbation in nanofluid and leave " for convenience.

Using eq. (33) into eq. (32), (25)-(29), the subsequent eigenvalue problem takes place as follows

Kgn—]fr j{l—Cp (D2—az)}(Dz—a2)+Q§a2D2}W(z)+a2Ra [gn—lfr }@(z)

rm rm rm

+Iz—ja2 [511—5)}1}1“(2)—612& (gn—gq]@(z):O (34)
éW(Z)+{L%(D2—a2)—n}F(z):0 (35)
W(z)+(D2 -’ —n+%D—MDJ®(z)—%D¢)(z)+NTC (D*-a’)r(2)=0 (36)
lW(z)—ﬂ(Dz—cﬁ)(a(z)— i(DZ—az)—n p(z)=0 (37)
£ L, L,

W=0,D'W=0T=0,0=0,0=0 at z=0 and z=1 (38) where
D= di and a® =1* +m” is the dimensionless horizontal wave number.
'z
5. METHOD OF SOLUTION
Using the GWR method, we consider the solution of the form
[W,0.T,0]|=[W,,0,.T,¢,|sin(7z) (39)

Now using eq. (39) in eq’s. (34)-(37) and integrating them from 0 to 1, we obtain the matrix specified in eq.

N, 9F 5, 2 Ry , 2
z3(J+CpJ )+;?ma 7o —a'Rz, —L—ja z, a'Rz,
W 0
1 N, J 0
— —J 0 —+
(40) ° b DA RN h
40). - where
1 ~(S+n) =N 0 ||Te | ]
| ; Dy 0
— 0 - (— + nJ 0
£ L,
(40)
total wave nurnber(-]2 ) =r’+d’.
6. THE STATIONARY CONVECTION
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We have considered the case where density of nanoparticles is less than density of base fluid (p, < p,) . For the

case of non- oscillatory state, putting n=0and solving, we
1 (J+C, /%) e
tR"=—————|RIJL —N,(N,.L —&)}— +0rn°Jy+RJ 41) Th
getiy, (NTCLe_g) n{ n A( Tcte )} e 0 s (41) The

Rayleigh number R, as stated by (41) is a function of non-dimensional parameters namely solutal specify
Rayleigh number( R ), nanofluid magnetic number (Q), Dufour parameter ( /N, )thermo-solute Lewis
Number( L, ),resultant wave number & , the medium porosity ( £ ),concentration specify Rayleigh number ( R, ),

thermo-nanofluid Lewis number (L, ), modified diffusivity ratio (N, ), Couple-stress parameter (C, ).

Since (41) contains modified diffusivity ratio (N ;) absorption with the nano particle Rayleigh number, but does

not contain the modify nano particle density increment ( N, ). This proves that the terms of cross-diffusion in
nanofluid is constrained by the regular cross- diffusion term.

Now if 0=0, that is absence of magnetic field, equation (41)
becomes

. ) L Jre?) e
R, NE R {JL,~N, (N L -¢)| 5

+RJ (41.1)

If C,=0 and 0 =0, that is the absence of couple-stress parameter and magnetic field, equation (41)
becomes

3

st 1 Jg .
R = (NTCLe _g) {Rn {JLn —-N, (NTCLe _8)} - a> +RSJ:| (41.2) which

is in accordance with the previous result of Rana [13].

If R =0, R;=0and N,=0(in absence of nanoparticles and solute gradient), equation (41) becomes

3
P — (41.3) which
a’(NyL,—¢)
is approximately same as given by Chandrasekhar [1] for ordinary fluid in porous medium. Now we find some
derivatives of Rayleigh number w.r.t some dimensionless resultant parameters for analyzing the behavior

analytically.

OR ' J
= (42)
OR, N,.L —¢
R * 'L
R Ty, (43)
OR, N,.L —¢
st 2
oR,” _ - J (44)
aQ &= NTCLe
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6R st J4€

= 45
ac, {(‘g_NTcLe)a2 } ( )
aR st

=R 46
o, ) (46)
OR " R.J

a — n 47
aLn {(NTCL(;_‘C") } ( )

L, Je(1+JC,)
LAJr*Q+————"~{JL, =N, (N; L —¢)}R,+JR,
oR" _ | LN, a (48)
ON e (NycL,—¢) (NoL—c)
Je(1+JC
‘ N, {—J;;ZQ_‘?(J;P) + {JLn —N, (NyeL, - g)}Rn +JRS}
aRaét - _ NTCNARn + a (49)
oL, (NTCLe — 8) (NTCLe _ 8)2
_J7Z-2Q_.]3g(1_'2_.jcvp)+
J(1+JC,) a

R * — TN UL =N, (N L~ &)} R, +JR, (50)

—=— +
O (NTCLe _5) (NTCLe —8)2

7. OSCILLATORY CONVECTION
Considering that at the marginal state, the oscillatory convection, i.e., # =n"i(n" > 0)and we write 7 in place of

n' for convenience, then from (40) Rayleigh number is obtained as

_ M, -M,+M,)+i(L,-L,+L;)

Raosc (5 1) where,
C+iD
M, =R,a*J[{JL,~ N (NyL,~&)}J’P.~{L,P, (JL,+1)+N &LP, +LLP|n" |,
eP, J*(nJ +1)(2JL, +1)+ L,J (2+J
(b (1) raigiptyel ) (I ANEE AV LI GE)]
M, = (¢RJ? (7 +1)+d’07°R) ,
+{(77J+1)5PrmLez}n4
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M, = Rsazj[{fP ~{L,P+(JL, +1)P,_m}n2}],

I

L,=Ra|J*{LJP, ~P,N,(NyL, ~&)+LP(JL +1)+ PN &L in—{LLP}n* |,

e n-r

{ngJS (7J +1)+(eRJ* (] +1)+a*QnP.) J* (2JL, +1)} n

5

(&P, J’L (1] +1)(2+J )+ NycL, —£(£BJ* (0] +1)+ Q7B ) L, | 0’

Ly=| R@J* {JP,, +(JL,+1)P.fn—{L.P, } n* |,

e rm

C=a'[PJ (N L, —€)=JL,{(NyeL, )P, — (P, + LP)&}n’ |,

D=a'[{(B, +LB) (N L, ~£)~PeL }n+{BeL}n’]
The frequency of oscillation is designated by the following third order equation in ¢ i.c.
(RB)S*+(RP, -RR){* +(BR+RE ~BP,—RB){+(RR-BR)=0 (52)
here,
R =(1+nJ)JeP,L’,
P, =J%P, (1+nJ)(2JL,+1)+(J°eP,(1+nJ )+ a’m*PO)(2+J) L,J,
-Ra*J{LP, (JL +1)+N &P, L +LLP}-Ra’J{P, (JL, +1)+LP},
P =RaJP{JL,~(N; L —¢&)}-PJ*{Se(1+nJ)+d’Qn’ |+ PJ'a’F,
P,=a’PeL’,
P, ={(Ny L ~¢)(B, +LF)-LEe}J,
P, ={JL,P,,~N P, (N; L —¢&)+(JL,+1)L,P.+N PeL |Ra’J*+{P,J+P (JL,+1)}Ra’J

~{(1+7)) R, + (8> +ne]* +a°Qx” ) (2JL, +1) P.J*},

rm"e rm e e —n’

B ={(1+7nJ)(2+J)J’¢R, L, +( e+ J'ne +a’Qx ) L )R}~ P, L~ R a’PLL
B =a’PJ*(NyL, —¢),
f; = (Prm +LePr)€Ja2Le _Prm (NTCLe - 8)’

Clearly, eq. (52) is a cubic equation in ¢(=n°), so it has three values or roots which must be real and positive.

N Cepe “(BR-RP) . o
or equation (52), the sum of roots is given by ————————=, therefore for oscillatory analysis to arise, either

172
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RP, —EP., or FP, must be negative. If both signs are equally positive or negative, the possibility of oscillatory
convection is excluded.

8. RESULTS AND DISCUSSION

We observe the effects of couple-stress parameter (C,) , concentration specify Rayleigh number (R),
solute specify Rayleigh number (R, ), nanofluid magnetic number(Q), thermo-solutal Lewis number(L,),

thermo-nanofluid Lewis number(L,), Dufour parameter (N,.), medium porosity (&) and modified diffusivity

st
a

ratio(N,) on stationary Rayleigh number analytically and graphically. We discuss the behavior of R
s

aRast aRast aRa” aRa.\'t aRast aRast 6R st aRast
2 and

6R,’ 80 ' oC,’ oN, oL, oL, o = Ny

analytically.

st
a

From equation (42), >0 since the value of N, .L,>>&, so Rjstabilizes the system. From equation (43),

N

OR * i JL, OR * , JL, )
‘>0 if ————>N, and <0 if———"——<N, thereby the parameter R, showing the
OR N,.L,—¢ OR, N, L —¢

n

st
a

stabilizing and destabilizing effect respectively. Equation (44) clearly shows that <0 which implies that
the nanofluid magnetic parameter ( destabilizes the system. Similarly, equation (45) yields that

st
a

< Oimplying that C,shows a destabilizing effect on the system. From equation (46), we find that
P

aR st

a

oN,

>0 since R, is taken to be negative indicating N, to stabilize the system. Equation (47) demonstrates

st

that 6La <0 if R <0 showing destabilizing effect of L, on the system. From eq. (48) it is found that

n

Je(1+JC,)

LAJ7’0+ - —{JL, =N, (NyL, —g)}R” +JR,
a

OR .. LN,R
>0if ——* 5

ONc (NTCLe_g) (NTCLe—g)
R " , . Je(1+JC,)
becomes stable for parameter NV, .Eq.(49) implies that GLa <0 if Jz°Q+ <JR, therefore

e

so that the system

2
a

st

malign L, to destabilize the system. Equation (50) demonstrates that a“ <0if
&
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, . Je(1+JC,) . ' .
S Q-—————F+ {JLn -N, (N L, — g)} R |>JR which predicts that the porosity parameter
a

& destabilizes the system.

The solution of the eigenvalue problem is carried out numerically by plotting the graphs between the stationary

Rayleigh number Ra“ and wavenumber a for different values of parameters
L,L,Rs,C,,O Ny Niew R, €. Figure 2 represents that for fixed values of

N, =5, Ny =35, Ry =2000, R, =-70, L, =1500, 0 =50, C, =0.5, £=0.5 and for different values

of L,=1000, 1020, 1040, it is clearly seen that on increasing L,, the stationary Rayleigh number R " increases.

a
This clearly implies that parameter L, stabilizes the system. Figure 3 and 4 represents that for fixed values of

N,=5, Ny =35, R, =-70, L, =1200, 0=50, C,=0.5, £ =0.5and for different values of L, ,=1300,

1500, 1700 and that of R_ = 5000, 10000, 15000, Ra“ decreases as L, and R, increases thus the parameters
L, and R; destabilizes the system. Figure 5 and 6 represents that on increasing the values of C, =0.2, 0.4, 0.6
and O =50, 100, 150 with fixed N, =5, N,. =35, L, =1500, R, =—70, L, =1200, R, =2000, £ =0.5, a

slight decrease is noticed in stationary Rayleigh number Ra” .Thus C , and O produces a destabilizing effect.

6
| Sty [T75Ssss5_ L =1300
ST L,=1000 s TIRIL 1500
% N 1020 AN 1700
3 NN / 1040 4 R /
< RN
XK -
ﬁm 25 \1/ ”&U 3
4 NN
2 1\ N
AN 2F N
15 AN NN
1 N,=5,N..=35,R =2000,R =-70 \\\ N,=5,N..=35,R =2000R =-70 O
- - - — 1 = = = e=0.5
L,=1500,Q=50,C =05, e=0.5 \\ L=1200,Q=50,C _=0.5, N
0.5 \-
s
0

_ . st i : Variati i R
Figure 2: Variation of Rayleigh number R, " with Figure 3: Variation of Rayleigh number &,

. . with wave number a for different values of
wave number a for different values of Lewis number ) ]
I thermo-nanofluid Lewis Number L,

e
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S j 10000
5 AN 15000
3 A
@4t N

_ _ _ _ N
3t NA—5,NTC—35,Ln—1500,Rn—-70 \\\\
Le=12OO,Q=50,Cp=0A5, e=0.5 N
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Figure 7 represents that for fixed values
of C, =0.4, N, =35, L, =1500, R, =-70, L, =1200, QO =100, R; =2000, £ =0.5,

Ra" increases as we keep on increasing N, which indicates the stabilizing effect of /N, on the system. Figure 8

represents that Ra" increases as we decrease the value of R, for
N, =5, Ny =35, R; =2000, L, =1200, L, =1500, QO =50, C, =0.5, £ =0.5and

R, =-70,-75,-80. Thus R,  destabilizes the system. Figure 9  represents  that
for N, =5, L, =1000, R, =2000, R, =-70, L, =1500, 0 =50, C, =0.5, £=0.5, the value of

Ra" increases on increasing N,. say N,. =34, 36, 38 showing the stabilizing effect on system. Figure 10
represents that for
fixedC, =04, N, =35, L, =1500, R, =-70, L, =1200, O =100, R, =2000, N, =5, we observe

that as we slightly increase the porosity parameter &, a slight decrease is observed in the value of Ra i Thus, for
the parameter &, the system becomes destabilize.

9. CONCLUSION

A study in a Darcy Couple-stress nanofluid has been performed in appearance of magnetic field. At boundaries,
the thermophoretic nanoparticles flux is assumed as zero. The nanoparticle density is considered to be less than
that of the base fluid i.e.,(p, < p,). The problem is solved for the stationary and the oscillatory convection

analytically and the corresponding stationary and oscillatory Rayleigh numbers have been obtained. The variation
between Ra™ and wavenumber a has been shown graphically for different parameters governing the system. It is
noticed that parameters L, , N, and N,. has a stabilizing effect whereas L, ,R, , C ,» 0, R, and & found
to destabilizes the system. The existence of oscillatory convection is possible under certain conditions.
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