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Abstract

The present study aims at investigating the combined effect of a uniform vertical magnetic field and the
Soret effect on the onset of double diffusive convection in a couple stress nanofluid layer. The linear
stability analysis is based on normal mode technique. Galerkin method has been applied to find the
critical Rayleigh number and the corresponding wave number in terms of various parameters. The couple
stress parameter has been found to stabilize the stationary convection couple stress is found to have
destabilizing effect on oscillatory convection here. In this double diffusive convection under magnetic
field, Darcy number also comes into play and has been observed to provide stabilizing effect on stationary
and oscillatory modes The effects of other different parameters on the stability of the system have been
investigated analytically as well graphical analysis has been done. The comparison of results obtained
has been done with the existing relevant studies.
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1. Introduction

Nanofluids are recent fluids that cause significantly enhanced thermophysical prop-
erties. Couple stress nanofluids have a significant importance in MHD power gener-
ators, for the arteries blockage-removal, cancer tumour treatment, hyperthermia etc.
It is well-known that the flow field of a conducting fluid is altered on introducing a
magnetic field. As far as the stability is concerned, the magnetic field, in general, is
having a stabilizing effect apart from few exceptions.

Thermo-solutal convection in a couple stress fluid through a porous medium having
vertical magnetic field and vertical rotation was studied by Kumar [1]. Rotation
was observed to have a stabilizing effect but magnetic field and couple stress were
observed to give both stabilizing and destabilizing effects. Instability of Magneto
Hydrostatic stellar interiors from magnetic buoyancy were studied by Gilman [2].
Normal mode instability was observed due to magnetic buoyancy in fluids having large
heat diffusivity compared with viscosity and magnetic diffusivity, as in stellar interiors.
However, the magnetic buoyancy instability was found to be non-axisymmetric which
is different from those in that, in a star with toroidal magnetic field. Schatzman
[3] also did formal analysis on magnetic buoyancy instability but only for a special
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case. Influence of magnetic field in couple stress fluids was studied by Shankar et
al. [4]. They found that the effect of magnetic field is to slow down the onset of
instability while an opposite kind of behaviour is observed with increasing couple
stress parameter.

Sharma and Thakur [5] studied the effect of uniform magnetic field on convection
in a couple stress fluid layer. The suspended particle effect in couple stress fluid layer
heated from below was studied by Sharma and Sharma [6]. The magnetic field and
couple stress both were found to have stabilizing and destabilizing effects in thermo-
solutal convection problem for a couple stress studied by Kumar and Kumar [7].
Malashetty et al. [8] studied the Soret effect on double diffusive convection in a couple
stress fluid and found significant effect of couple stress and destabilizing effect of
positive Soret parameter. The literature survey indicates that no study has investigated
the effect of magnetic field on double diffusive convection in a couple stress nanofluid
layer with Soret factor. The present study examines the effect of vertical magnetic field
on Soret induced double diffusive convection in a couple stress nanofluid horizontal
layer.

2. Mathematical Formulation

An infinite isotropic porous layer of incompressible Maxwellian couple stress
viscoelastic fluid confined between two horizontal planes has been considered, where
the temperatures at the lower and upper boundaries are 7, and T respectively, 7}
being greater than 7, . A uniform vertical magnetic field M* = (0,0, M) acts on the
system. The governing equations are as follows:
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Here, equation (6) is Modified maxwell equation where V*M* = 0, n = 7 p
T O
and q; = (uj,,u5,,u3,) is Darcian velocity. For constant temperature and esalt

concentrations at the boundaries and zero nanoparticle flux, the boundary conditions
are
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porous medium and o = ) is the heat capacity ratio parameter. On replacing q
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by q, non-dimensional form of equations is given by
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1M 1 Py
-+ ( V)M = —(M V)q + — VM (2.14)
o ot Py
Kd(T; - T, Kd(pp — "+ (1 —y)gKd
Here R ( pgb ( )) Rn( _ YosKdlpr p)), Rm( _ ey +p( — )8 )
5 Kd(ét*am . M, M,
RS( = &P Sl “ ) are thermal, concentration, basic density and solutal
M3 d
Rayleigh Darcy number respectively, C( = —C;) is couple-stress parameter, Pl( =
H
M*2d2
L) and le( = ﬁ) are Prandtl numbers, Q( = 'ue—o) is Magnetic Chan-
PUm pn 47rw(7p 0
K c)peQr
drasekhar number, Da( = —) ius Darcy number, th( = #) are modified
I (po)F
diffusivity ratio and modified particle density increment respectively, Le( = %) and
d

a . . .
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d

2.1. Basic State and Pertubed State Time independent basic state of nanofluid is
described as

4=0,p=pp(2),T =Tis(Z) ¢ = Ys(2), S = Sps(Z) , M = ¢, (2.15)
where the suffix “bs” refers to the basic flow. Following Chandrasekhar [3], the
basic volume fraction and temperature of nanoparticles are given as Ty, = 1 — Z,
Yps = Yo+ NyZ and Sps = 1 — Z . On the basic state, we superimpose perturbations in
theformq=q’,p=pps+p’,S =Sps + S, ¥ =Y+, M=¢€, + M’

Linearised perturbation equations of Couple Stress nanofluid are obtained as

(égt - Plj—jwvz)[(v2 _ OV, - (1 N g%)(Ravi,T’ CRYVAY 4 %vgs')]
- (1 ; igt) - %V a;;;d 2.16)
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with the boundary conditions
psy =0,T"=0,8" =0, 6W+Na£=0 at  Z=0andZ=1 (2.20)
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3. Linear Stability Analysis

Following the linear stability theory by Chandrasekhar [3], the perturbations are
taken of the form

W', T’ 134, S") = [D(2), B(2), AZ), ¥(Z)]e MY, (3.1

where L and M are dimensionless wave numbers in X and Y directions respectively.
On substituting the above values and employing Galerkin-type weighted residuals
method with first approximation (N = 1), Q = A;sinnZ, By = sinnZ, ® =
—-N,CysinnZ,¥Y = D sinnZ . Substituting these values in equations (2.16)-(2.19) and
taking the determinant of coefficient matrix as zero, the following Rayleigh number is
obtained

[Ra?(As + 0)(TAS” + $)(06” + sLe)(©” + 5) {6 (N — 1) = s}

= RN, (A5 + 0)(8°0 + sLn)(AS* 0 + 5) {6 (€ + Le) + sLe]

o | + €&+ L) + sLe)(8 + 5) {Ac6* + Br’6 (0 + A65) + 56 + sC6* + ACos°)
ea? (062 + sLn)(06% + sLe)(As + o)(As%0 + 5)

(3.2)
where 6> = 7% + a* . Taking s=0 in equation (3.2), the following Rayleigh number
is obtained

(54 L D, 262 Rv 66
RZI — _2 _ (1 + _e)RnNa + Qa—ﬂ;‘ - —(1 - Gth) + C_Z (33)
a €x € @

The above relation expresses the stationary Rayleigh number as a function of the

parameters C, Le, Q, Ny, R,, €, D,, Ry, N.; and dimensionless wave number «.
st

To obtain critical Rayleigh number putting y “

1%

= 0, critical wave number is given by

equation

2C(a?) + GrC + 1)(?)? — (71'6 +Crt 4 %n“) =0 (3.4)

which shows that critical wave number depends on Couple Stress parameter, Darcy
number, Porosity and Magnetic field.



48 Dr. Suman Sindhwani

4. Results and Discussions
, ORS (M +a®?® . . :
From equation (23), we have ac - 5 which is same as obtained for a couple
(07
stress regular fluid by Bishnoi et al. [10]. This shows that the effect of couple stress
parameter for a nanofluid layer is to stabilize the stationary convection in same way as
. " 5t 8 (n* +a?)? 5
for aregular fluid. If R, =0, Q = 0,R; = 0, then R} = —2+C—2 = ——(1+C6°)
o o Q

2
which is same as obtained by Shivakumara [11]. The stationary convection curves for

Rayleigh number R, versus the wave number « are shown in Fig. 1(a)-(i) by assigning
fixed values, C=5,N, =4,D,=0.2,Le =10,R, =4,e =04, Q0 = 800, R; = 5,
N = 0.1 with variations in one of these parameters. For oscillatory convection, R, vs
a curves are shown in Fig. 2(a)-(1) for fixed value of R, Le, Q, D, €, N4, 0, 4, C, Ln,
R, and N_, with variations in one of these parameters.

No critical Rayleigh number is obtained for oscillatory convection. The compari-

son of results obtained has been done with the existing relevant studies. The outcomes
of the present analysis are summarised as follows: RS has been observed to be function
of parameters C, Dy, €, Le, R,, N,, O, N, Ry whereas RJ* is function of Ln, o and 1
in addition to above parameters.
The couple stress parameter has been found to stabilize the stationary convection as
observed by Chand et al. [12] too while studying thermal instability in a layer of
couple stress nanofluid in absence of magnetic field. But opposite to non-occurrence
of oscillatory convection there, couple stress is found to have destabilizing effect on
oscillatory convection here. The effect of Lewis number Le is to decrease Rayleigh
number. An increase in porosity decreases RJ* but dual effect on stationary Rayleigh
number.

A positive Soret coeflicient N, has stabilizing effect on convection as obtained
by Gaikwad et al. [13] for a regular fluid as well as obtained by Singh et al. [14]
for a nanofluid but here in presence of magnetic field and couple stress parameter the
effect is found to destabilizing the oscillatory convection as increase in N, decreases
R2*¢. The influence of magnetic field is to stabilise the Soret induced double diffusive
convection as was found by Yadav [15] in nanofluid convection induced by internal
heating. In this convection under magnetic field, Darcy number also comes into play
and has been observed to provide stabilizing effect on stationary and oscillatory modes.
An increase in Solutal Rayleigh Darcy number R; was observed to cause increase in
R and R*° by Singh et al. [14] but the presence of magnetic field here causes the
effect of R; to be stabilize the oscillatory convection. The increase in parameters Ln,
o decreases the oscillatory Rayleigh number. This behaviour is same as observed in
absence of magnetic field and couple stress parameter by Singh et al. [14]. Parameters
R, and N, destabilizes the stationary mode but are found to stabilize the oscillatory
convection.



Magneto Soret Induced Convection in Couple Stress Nanofluid

49

150000

-
Ri i

i
" E .""‘l‘ —(=5
| "I‘.' ; f;‘ ...... C=1)
- FA
o /

2000 -

10000 -

C=bRn=dNaz=4 Lo =10 Net =01 Da=0.2 =04 (=800Rs =5

! i g 8 ]

30000

LR

000 -

(=3 =M= 4 =10, et =01 .e=ﬂ.l.Q=S;ﬂ|le 4

1 {

i

¢ fl

Fig. 1(a)

Fig. 1(b)

Ra

e=0.4

LT

C=5Rn= 4,I\la =4, Le=10 Net=01Da=02Q-20Rs =5
2 U

4

10000

00 -

C=3An=4Me =4 w4, Nor= 01D = U‘Z‘Q=EII"JR§ =i

: 11000 :
‘: ) I
H 14000 i i
10000 | i
— il 13010 —Lell
=02

e
ce gz

§

b

1

Fig. 1(c)

Fig. 1(d)



50 Dr. Suman Sindhwani

A 15000 - - 1 15000
00 0 -
13000 - —Na=d 13000 - —
S A Fah o R
Na=§ -
12000~ {000
Ra!ﬂ qa&/.
Hono 100 -
0000 1000-
9000 9000~
L Rl NsDiBes 020 B - | Cebessle= w4 N De= QLR 5
) H I} L 8 1 ) ) v g 8 1
Fig. 1(e) Fig. 1(f)
15000 - 116000 ! .‘
i : | | !
] il I | |
10 i | - ! |
e i | | |
P i — - | f
10 My .' o —Q-" ! | |
' S - -E - | !
L S Q=40 . | |
[ EE | !
200 M / 1 | I
(3 L R !
Vo | o™ ™
i : ! T B
100 | | -
."‘-. ,f".l ! ". '; ’
1 ." -
S 1200 |
100 \ -
II‘. F.‘" >
\ ’j
o | B P
Mo o= 02, Mt =01 De =L =4 5 o b e
. I i Ly i i i il
0 2 T § ] 0 : 4 § 8 K

Fig. 1(g) Fig. 1(h)




Magneto Soret Induced Convection in Couple Stress Nanofluid

15000 '| I,
| {
|

| |

\ ;

14000 | | | .} -
\ | —Net=01
fJI """ Net=04
|
13000 II', [
Rag(o i |II )II N

ll FI -t

]ll IIII e et i1
'\ {'I "
'u ;

12000 | . ; )
|
1\ H;
\\'\ .n’/ o wm oo s am
i
\\.// C=5__Na =4le=10
11000

,e=04,Rs=5Da=02Rn=4,Q=800

8 10

Fig. 1(i)

Fig. 1: Linear stationary convection with wave number « for different values of
(@) C, (b) Dy, (¢) €, (d) Le, (©)Na, (DR, (2)Q, (WRy, DNer

51



52

Dr. Suman Sindhwani

W : 110 -
| i
| |
'; " : — =02
= '| | el
\I m |
! i
! I
\ ) o o Re* L
a0 ! Le= 10,Rn=40=8006=0.4 =08 00Dl 205 Lr RS e, 1 ) e
| U Lm0 e QB0 =040 80 3055 Lt R Nl 1 =t
N i [
Eaﬁx \ "
150 i |
i ot L
o L
m “.“ .".
500 y
[ i i i i 1. i i g 1 L
1] 0§ u 24 i 00 05 10 1§ 20 2 0
Fig. 2(b)
3000 H 3000 i
'-!| —Le= |
i - '=‘
b i 50- |
| |
‘il
U Haed 0800 =0 h=0.0,050 5 D=0 2 06 =10 Re=5 Met=0. R : !
o NGRS RO ReNoet et - D Les N 0o A0 D30 00 Sl g S D,
Ra™ 0 W |
1500 ‘I",‘ 1500 - '\
1000 Wﬂﬂ.—
50 500 - X
] 1 I ] N o
[1] 05 10 15 ¢ 0 2 30 o 05 o ] 30
Fig. 2(c)

Fig. 2(d)



Magneto Soret Induced Convection in Couple Stress Nanofluid 53

| :
| |
A T N
w- wo
i |
ol o
. Le = 134 080,40 30705 D02 £ Lo=11 Rse5 Her=0 1 =t 5t .
o d L Le = 10 et =04 208,070 8 D=0 205 LR et e
W W
: o |
R H '.‘ 'V
13 .‘I' . ‘I| I.‘
- | i P
|
- K w0-
| Y
u 1 ST u el
1 [ 10 150w 15 1 [T % i
Fig. 2(e)
100 T 13000 T
[ | R
o b —l
L b —
L =¥ - \
L ) L Le=10Merd 080 0 420 80602 0 Ln=T0 R M= R
10 L ' \I
v ]
e | . ) . _ X Ry
e DA A L DL A C LRSS ke A
1" 1500 -
Vo -
A
o N
N\ @
0
0 15 v 10 13 H 0 2§ i
Fig. 2(g)

Fig. 2(h)



54

Dr. Suman Sindhwani
. il [
! —4 ' ‘.
"| T ‘I —MNet=011
i t oty
i i - |
i L Lo e R 408 05 DD 2 LB o0 RS e
Ra a L= 0 e 0 e 40 e D e R et R -
0l i ﬁ .
| I‘. RE - ‘
' 150- =
'\I‘ b |
an ' -
: |
100-
m
0 '
i " m n L ‘
: - : 1) 1 u
[ T (Rl T
1 sz | —
II ..... Rl II- ..n-lﬂ
| | =)
- 1 i
| o0 -
. ' - i
R \ i i
- i e f0Na=d G0 =D 4 0 050 5 Da=0 205 L et ! i .‘ i
' 1 Lerthe=dilEDa= 0208008 Rr=E 0 =ERs =
| — ™ b e
13- | '
W
. | i}
- \ " |
\ -
m \
] 1 i TR ] 0 !
Fig. 2(k)

Fig. 2(1)

Fig. 2: Linear oscillatory convection with wave number « for different values of
(@) Ng (b) Dg, (¢) Le, (d) Ry, (e) €, (f) O, (8) 4, (h) o, (1) C, () Nev, (k) Ry, (1) Ln



(1]
[2]
(3]
[4]
[5]
[6]
[7]
(8]

(91
[10]
(11]

[12]

[13]

[14]

[15]

Magneto Soret Induced Convection in Couple Stress Nanofluid 55

References

Kumar, P., Thermo-solutal magneto-rotatory convection in couple stress fluid through porous
medium, Journal of Applied Fluid Mechanics 5§ (2012) 45-52.

Gilman, P., Instability of Magneto-hydrostatic Stellar interiors from Magnetic Buoyancy, The
Astrophysical Journal 162 (1970) 1019-1029.

Schatzman, E., The Solar Magnetic field and the Solar activity, Astrophysics and Space Science
Library book series 2 (1963) 133-145.

Shankar, B., Kumar, J., Shivkumara, Stability of natural convection in a vertical Non-Newtonian
fluid layer with an imposed magnetic field, Meccanica 53 (2018) 773-786.

Sharma, R.C., Thakur, K.D., On couple-stress heated from below in porous medium in hydro-
magnetics, Czechoslovak Journal of Physics 50 (2000) 753-758.

Sharma, R.C., Sharma, M., Effect of suspended particles on couple-stress fluid heated from below
in the presence of rotation and magnetic field, Int. J. Pure Appl. Math. Phys. (2004) 973-990.
Kumar, V., Kumar, S., On a couple-stress fluid heated from below in Hydro-magnetics, Journal of
Applied Mathematics 5 (2010) 432—445.

Malashetty, M.S., Pop, L., Kollur, P., Sidram, W., Soret effect on double diffusive convection in
a Darcy porous medium saturated with a couple stress fluid, Int. J. Thermal Sciences 53 (2012)
130-140.

Chandrasekhar, S., Hydro-dynamic and Hydromagnetic Stability, Dover Publication, New York
(1981).

Bishnoi, J., Jawla, V., Kumar, V., Thermal convection in a couple stress fluid in the presence of
horizontal magnetic field with Hall currents, Appl. Appl. Math 8(1) (2013) 161-177.
Shivkumara, I.S., Lee, J., Kumar, S., Linear and nonlinear stability of double diffusive convection
in a couple stress fluid saturated porous layer, Arch Mech. 81 (2011) 1697-1715.

Chand, R., Rana, G.C., Yadav, D., Thermal Instability in a layer of couple stress nanofluid
saturated porous medium, Journal of Theoretical and Applied Mechanics, Sofia 47(1) (2017)
69-84.

Gaikwad, S.N., Malashetty, M.S., Prasad, K.R., An analytical study of linear and non-linear
double diffusive convection in a fluid saturated anisotropic porous layer with Soret effect, Applied
Mathematical Modelling 33 (2009) 3617-3635.

Singh, R., Bishnoi, J., Tyagi, V.K., Onset of Soret driven instability in a Darcy-Maxwell nanofluid,
SN Applied Sciences 1(10) (2019) 1-29.

Yadav, D., Changhoon, K., Jinho, L., Hyung, H.C., Influence of magnetic field on the onset of
nanofluid convection induced by purely internal heating, Journal of Computers and Fluids 121
(2015) 26-36.

Dr. Suman Sindhwani, Associate Professor (Mathematics)Hindu Girls College, Soni-
pat, Haryana, India.
e-mail: ssindhwani2001 @ gmail.com





