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Abstract

An electrically conducting nanofluid saturated with a uniform porous medium has been tested to determine how rotation affects thermal convection.
Utilizing the Oldroydian model, which incorporates the specific effects of the electric field, Brownian motion, thermophoresis and rheological
factors for the distribution of nanoparticles that are top-heavy and bottom-heavy, one may use linear stability theory to ensure stability. Analysis
and graphical representation of the effects of the AC electric field Rayleigh number, Taylor number, Lewis number, modified diffusivity ratio,
concentration Rayleigh number and medium porosity are provided for both bottom-heavy and top-heavy distribution.
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1. Introduction

Nanofluids are fluids that include particles with a diame-
ter of less than 100 nm and can stay suspended in them. Choi
[1] was the first to coin the term. Nanofluid is a suspension
of normal nano-size particles such as metals (Al, Cu), oxides
ceramics (Al O3, CuO), metal carbides (S iC), nitrides and car-
bon nanotubes in an aqueous or non-aqueous dispersion me-
dia. Because of their unique chemical and physical features,
nanofluids are now considered the next-generation heat trans-
fer fluid. Nanofluids can be used for a variety of things, in-
cluding nanocomposites, electrical cooling, bio-medicine and
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nanostructure production transportation because of their capa-
bilities.

Many researchers have investigated the properties of
nanofluids as well as potential application scenarios. Nanoflu-
ids are perfect for heat transfer applications since they have
better thermal conductivity. Because of their superior thermal
conductivity, nanofluids are perfect for transferring heat. The
effects of particle size, pH and zeta potential on the thermal
conductivity of nanofluids have been the subject of several in-
vestigations. In nanofluids with a low concentration of metal
oxides, the addition of 4 to 5 percent metal oxides by volume
results in an increase in thermal conductivity of between 10 and
20 percent. Several models have been used to estimate the ther-
mal conductivity of nanofluids.
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The first, which relates to the thermal conductivity of par-
ticles and fluids was created by Maxwell to ascertain the ther-
mal conductivity of colloidal suspension which is analyzed by
Nield and Kuznetsov [2]. Sheu [3] has studied the thermal in-
stability in a porous medium layer saturated with a viscoelastic
nanofluid and demonstrated that oscillatory instability is possi-
ble in both bottom-heavy and top-heavy nanoparticle distribu-
tions. The results indicate a conflict between the thermophore-
sis, Brownian diffusion and viscoelasticity processes, leading to
oscillatory rather than stationary modes of convection. Sharma
et al. [4] have investigated the onset of thermal convection in an
Oldroydian nanofluid layer saturating a porous medium using a
Darcy-Brinkman model revolving vertically with a uniform an-
gular velocity. Yu and Choi [5] changed the Maxwell model by
considering the influence of nanolayers on the electromagnetic
field. Another appealing strategy for heat transfer development
in industrial systems is the use of porous media in nanofluids.

Porous media are normally saturated, hard-open cells that
are often filled with fluid to allow fluid to pass through the
voids. Porous media improve heat conductivity by increas-
ing the contact area between liquid, solid and nanofluid, hence
boosting the efficiency of conventional thermal systems. Due
to its use in many practical applications such as chemical re-
actors, heat exchangers and fluid filters, the increase in ther-
mal conductivity of nanofluid with the use of porous media has
attracted many researchers for the use of materials with high
porosity in the current era for many technological problems.

Natural convection in an AC/DC electric field was studied
by Jones [6] and Chen et al. [7] for electrically accelerated heat
movement in fluids and its applications. Convective heat trans-
fer through polarized dielectric liquids was studied by Stiles et
al. [8]. They found that the convection pattern identified by
the electric field is similar to that of the well-known Bénard
cell convection. In their study of the effects of electro-thermal
convection on dielectric rotating fluid, Shivakumara et al. [9]
discovered that an AC electric field accelerates convection ini-
tiation and boosts heat transfer. The dielectric nanofluid may
be used for instrument transformers, regulating and converter
transformers and other electrical devices. Sharma et al. [10]
have researched of heat convection in a dielectric rheological
nanofluid layer employed an AC electric field.

A Maxwellian model was used to explain the rheology of
the nanofluid and it was shown that for bottom-heavy nanopar-
ticle distributions, the electric field and the stress relaxation
parameter destabilize both stationary and oscillatory modes.
Sharma et al. [11] investigation into thermosolutal convection
of an elastic-viscous nanofluid in a porous medium with ro-
tation and magnetic field led them to the conclusion that sta-
tionary convection is stabilized by the magnetic field and the
Taylor number, while stationary convection is destabilized by
the solutal Rayleigh number, nanoparticle Rayleigh number,
thermo-nanofluid Lewis number and modified diffusivity ratio
The Rivlin-Ericksen fluid issue in a Darcy-Brinkman porous
medium was studied by Sharma et al. [12].

Thermosolutal convection in a porous medium and its rela-
tionship to the rotation was examined by Sharma et al. [13].
Kumar et al. [14] researched thermosolutal convection in Jef-

2

frey nanofluid with porous medium and Sharma et al. [15]
studied electrohydrodynamics convection in dielectric Oldroy-
dian nanofluid layer in porous media. For free-free, rigid-free
and rigid-rigid boundaries, Poonam et al. [16] looked into the
electrohydrodynamic convection in thermal instability of Jef-
frey nanofluid in porous media. Shivakumara et al. [17] in-
vestigated on the problem Darcy-Brinkman model of electrical
convection in a porous dielectric fluid. Chand et al. [18] exam-
ined the convection of an electric field saturated by nanofluid
in a porous medium. Ramanuja et al. [19] researched MHD
SWCNT-blood nanofluid flow through porous medium in the
presence of viscous dissipation and radiation effects. Akinpelu
et al. [20] studied hydromagnetic double exothermic chemical
reactive flow with convective cooling through a porous medium
using bimolecular kinetics. This concise survey of the literature
shows that research has been done on the current issue, the ini-
tiation of thermal convection.

2. Mathematical formulation of problem

An infinitely extending electrically conducting horizon-
tal layer of an incompressible rotating non-Newtonian Ol-
droydian nanofluid of thickness d is taken under gravity
g (0, 0, —g). The rotating vertical angular velocity is (0, 0, Q)
. The temperatures 7" and volumetric fractions of nanoparticles
¢ are taken to be Ty and ¢p at z = O and 7| and ¢; at z = d
(To > Ty and ¢ > ¢p). This dielectric nanofluid layer is domi-
nated by a uniform vertical electric field.

FEEFTTATeT

HEATED FROM BELOW

To(To > Th), o T

Figure 1: Physical Configuration

3. Governing equations

The conservation equations for mass and momentum using
Boussinesq approximation are

V.gp =0, ey

1

+-4p.V|qp
&

} 2

where gp,p,&,4,0,0,p7,0p,8, 14 and k; are the Darcy ve-
locity, pressure, porosity, relaxation time, retardation time,

pPf a\|o
Tlr+a=||=
& ( * 6t)

[=Vp +(¢pp + (1 =) ps (1 =BT = T1)) g
p
ot T @xqp(1+25) - £ (14205 ) 4
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nanoparticles volume fraction, the density of the base fluid, the
density of nanoparticles, coefficient of volume expansion, coef-
ficient of viscosity and medium permeability respectively. f, is
the electrical force given by
fo = p.E — %EZVK +5 ( 88—KE2)

where p, is the density of charge, K is the dielectric constant,
E is the electric field. The term p E is due to the free charge
known as Coulomb force. Here, the term p.E is neglected as
compared to the term ——EZVK for most dielectric fluids. The
modified pressure term is

P=r-3 (%) )
where p is the hydrodynamical pressure.
Maxwell Equations are
V(KE)=0,VXE=0. 4)
From equation (4), E can be shown as
E = -Vy, &)

where ¢ is a measure of electric potential’s root mean square. It
is also assumed that

K=Ko[l -y(T-T1)]. (6)

v > 0, where, 0 < yAT << 1. Thus, the modified equations
of motion for rotating Oldroydian nanofluid saturating a porous
medium in the presence of an electric field become
PL a\o !
& (1 +/16t) ot * qu'V] o

d
(1 +/la—)[—Vp+ ((bpp + (=) pr{l =B(T - T])l)g @)

—7(EE)VK+ —(qup)]— —(1 +/loé)at)

The nanoparticles’ equation of continuity is

9 2 T\ o2
E + g(qD V):|¢ DBV ¢+(T1 )V T. (8)

A porous medium’s saturating nanofluid’s heat-energy equation
is
aT

(p )m ot + (pC)qu VT =
D, ©
kn VT + £(pc),, | DpVe.VT + (T) VT‘VT] )
1
The boundary conditions appropriate to the problem are
W= 00 =0,T=Ty, ¢=c¢ at z=0 10
w =0, 6Z 0,T=T1,¢=¢1 at z=d ’

Using the non-dimensional variables

% (xvz) = tay, qp d
7, Yo )= _O'dz’qD Ay
P = Pki ¢ = ¢ R
(YMYL [ ¢0 )’EOATIZ};
* _ 1 * * _ K
T - T() —T1 4 - ’yE() ATd ’ - Ko’

(P
(po)y - (/)C)
The non- d1men510nal forms of equations (1) and (5) - (9)

are (asterisk is removed for convenience):

where o =

V.gp =0, (11
1 a\[10 1
711(1+/l Bt)[ ats —-qp.V{qp
(1+012)[=Vp = Rué, - Ryé; + RaTé; + R, Té; (12)
~R. % + \Ty(vey — uéy)] - (1 + %) qp ’
1 6(/) 1_, V2
—_— = = —V + VT, 13
e EqD V¢ = é Le (13)
oT N, NyN
— +qp.VT = VT + =2Vo.VT + —2BVT.VT, (14)
ot Le Le
E =V, (15)
=[1-yT(Ty-Ty)], (16)
where the non-dimensional parameters are 4; = ’l;;"; is the
Deborah number, A, = ﬂ““’” is the Strain-Retardation time pa-
rameter, P, = pf"a is the Prandtl number, D, = 52 is the

85’ is the Vadasz number, L, =

Dp
dk( To—T .
- ‘%(0” is the thermal Darcy-

Ham
— (pp—ps Vb1 —¢0)gdk

Ham

Dr(Ty-T1)
Dg Ty (¢1—¢o)

is the modified particle-density incre-
KyzES(TO—TI Vkid?

Uy

U

is

Darcy number, V, =
the Lewis number, R,

Rayleigh number, R, = is the basic density

Rayleigh number, R, is the concentration

Rayleigh number, Ny =
£(pc), (é1—¢o)
(o)
ment, VT, = ZQZ ks Taylor number and R,
is the AC electric Rayleigh number.
In terms of non-dimensional form, boundary conditions
(10) transform to

is the modified diffusivity

ratio, Np =

=(1)atz=0}' (17)

4. Basic state solution

The basic state is stated as

qp = (u,v,w) =(0,0,0), p=p,(2), T =T, (2), (18)
d=¢y(2), K=K, (2),E=E,(2), ¢ = ¢ (2).

When there is no motion, equations (13) and (14) require the
temperature and the volumetric fraction of nanoparticles to sat-
isfy the equations

d2¢b d°T,

—+ = 0, ]9
dz? dz (19
d*Ty LN de, dTy,  NjNp dT, dT,

dz L dz dz L. dz dz

=0. (20)

Using the boundary conditions (17), equation (19) can be inte-
grated to give

&b (2) = =NaTp + (1 = Ng) 2+ Ny. 21
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Substituting ¢, from equation (21) into equation (20), we get

d’T, N (I - NyNg dT},

=0. 22
dz? L, dz (22)

Equation (22) along with the boundary condition (14) gives the
solution as

T, = e~ (= NoNgz/L, (23)

1 — ¢~ (=NONs(1-0)/L,
1 — e~ (-NoNs/L, )

The terms of second and higher order in the expansion of an
exponential function in equation (23) are neglected as they are
small and so one gets the best approximate initial stationary
state solutions as

Tb=]—Z, ¢h=Z, K],—1+’}/ATZ E],— (24)
yAT(]fyATz)’ L AT)2 log (1 +yAT),
— ATy —
where, Ej = Tog(14yAT) atz=0.

5. The formulae for perturbations

By adding minute disturbances to the state variables, we can
gently perturb the initial condition indicated by equation (24) so
that

qp =(0,0,0)+q, @', v, w),T=T,+T,
p=¢gp+¢,p=py+p, K=K, +K', (25)
E=E,+E.,p=¢,+¢.

Using these perturbations given by equation (25) and neglecting
the terms of higher powers and products of perturbations (i.e.,
applying linear stability theory) in equations (11) - (16), the
resulting linearized non-dimensional perturbed equations are:

[4] 1 a\a 5 d\" 9
((1+/lzat) = (l+/ha[)a ) \% +T(,(1+/116[) Py

(26)
w = [(1 +/12dt) u'V (14—/"1 31) ] dé)
[RV2¢+(R +R)VLT' =R,V Bi] ’
l@qﬁ’ Kl _i 2 NA 2
ca T LV YT 27)
(28)
or - V3¢ =0. (29)
0z

The boundary conditions (17) for the infinitesimal perturba-

tions become
Oatz=0
e } (30)

=0,7"=0,¢ =1latz=1

'=0,2¢ —0,"52 =0.7" =1, ¢ =

W —o,f’z2 =0

’dL

6. The normal mode analysis

For the system of equations (26) - (29), the analysis can be
made in terms of two-dimensional periodic waves of assigned
wave numbers. Thus, we assign the quantities describing the
dependence on x, y, t of the form

exp (ikxx + ikyx + st) s

where k, and k, are the wave numbers in x-direction and y-
direction, respectively and a®> = k2 + k2 is the resultant wave
number, s is the growth rate, which is a complex constant. The
above consideration allows us to suppose

W, T, ¢',¢") = (W, 0, D, ¥)exp (ikex + ikyy + st). (31)

Using expression (31), the equations (26) - (29), reduces to
2
[((1 + Aas) + . (1 +2;5) s) (D?—a?) + Tu(1 + /lls)zDZ]
oV,
. (32)
(0 )+ S A+ 09 5) (L + i)
| (PR® - Ry +R) O +a?RDY) |

S W _ 1 2 2 NA 2 2

;(D+;_L—6(D —a)<D+L—g(D -a’)e,  (33)

s0-W=(D*-d’)o+ % (D6 — D®) - ZN‘L“NB De, (34)

DO - (D*-a*) ¥ =0, (35)
where a = [k2 + k2.

The equations (30) for a free-free boundary are:
W=DW=0=0d=D¥=0atz=0andz=1. (36)
Therefore

W = A;sinntz, @ = Apsinnz, 37)
@ = Assinnz, ¥ = Aycosnz,
where A, A,, A3 and A4 are the constants.
Substituting (37) in equations (32) -
boundary conditions (36), we get

(35) and using the

A B C D A, 0
1 —-J-s 0 0 A, 0
NpJ s = , (38)
0 - 0 -J Ay 0
where
A=MJ+mT,(1+ 5% B =-a>*(1 + 1) M(R, + R,),
C=a*(1+2A;s)MR,,D = —a’n(1 + 1;5) MR,,
J=(ﬂ2+a2), and M =((1+4s) + =4~ (1+/lls)s)
where, the thermal Darcy-Rayleigh number,
2 oL, 2idts 2+a®)N,
_mRE - 0(ﬂ2+1;)+§Lg [ +8 - + ( Lc') :
2
R =\ R, +=g=(ree ((1 + A8+ - 1+ Ays)s) o (39)
e (1+ Al s) T.]

aVa(1+225)+(141] 5)s
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7. Stationary Convection

For the validity of the principle of exchange of stabilities
(i.e., steady case), wehave s =0 (s =r+iv=0=>r=w=0)
at the marginal stability.

Putting s = 0 in equation (39), we get the thermal Darcy-
Rayleigh number at which marginally stable steady mode ex-
ists, as

(7r2+a2)2 a2 L.
R, = { Z T Beghe (% +Na) R, } (40)

which expresses the stationary thermal Darcy-Rayleigh number
R, as a function of the dimensionless wave number a, electric
Rayleigh number R,, Taylor number 7,, nanofluid Lewis num-
ber L,, modified diffusivity ratio N4, concentration Rayleigh
number R, and medium porosity €. It is clear from the equation
(40) that R, is independent of stress relaxation time A, strain
retardation time A; for stationary modes since these vanish with
the vanishing of s (growth rate).

The minimum value of R, is obtained by putting ‘35;‘ =
and which on simplification implies that
8 20.\6 _ (2 2 4
(@)" + 2ra,)" - (PR, + w°T,) @' | _ @1
21+ T,)(a.) —n~(1+T,)

Therefore, the critical wave number a, shows a substantial
increase when the electric Rayleigh number R, increases and is
independent of nanoparticles.

To obtain the critical wave number we substitute the electric
field i.e., R, = 0 and we get

al =m*\1+T,, (42)

which is the critical wave number for stationary Rayleigh num-
ber in the absence of AC electric Rayleigh number R,.

8. Results and discussion

To study R,,T,, L., Na, Ry, & on the stationary convection,

; iop Ra OR, OR, OR, ORy IRy -
yve examine the behavior TR GT B N IR and o analyt
ically.

From equation (40) we obtain
OR a2
- 43)

OR., ~ (M +a?)

which is always negative for all wave numbers. Thus, AC elec-
tric field has destabilizing effect for both bottom-heavy and top-
heavy distribution.

Equation (40) gives

OR, n? <7r2 + az)
oT, a? ’
which is always positive for all wave numbers. Thus, the Taylor
number has stabilizing effect for both bottom-heavy and top-
heavy distribution in the system.
Equation (40) further yields
OR, R, OR, _
0L, & ONy

(44)

—R,. (45)

It is clear from equation (45), the nanofluid Lewis number
L, and the modified diffusivity ratio N4 enhance the stationary
convection if R, < 0 and postpone the stationary convection if
R, > 0.

Equation (40) also depicts that

R, L.
),
E

R, (46)

which is always negative for (L; + NA) > 0. The nanoparticle
Rayleigh number postpones the stationary convection for both
bottom-heavy and top-heavy configurations.

OR, L.R,
de &’
If R, < 0, thus the medium porosity delays the stationary

convection for bottom-heavy configuration and if R, > 0 the
medium porosity advances the stationary convection.

(47)

9. Numerical discussion

The variation of thermal Darcy-Rayleigh number with re-
spect to wave number has been plotted using equation (40)
for stationary case, whereas the experimental values and the
fixed permissible values of the dimensionless parameters are
R, = 100,T, = 100,L, = 200, Ny = =5 and Ny = 5,
R, = -0.1 and R, = 0.1 and & = 0.6 . The stationary ther-
mal Rayleigh number does not depend upon stress relaxation
time and strain retardation time, since it vanishes with the van-
ishing of s (growth rate). Thus, the Oldroydian nanofluid acts
like a Newtonian nanofluid.

Figures 2 and 3 show the variation of R, for stationary con-
vection with respect to the non-dimensional wave number for
three different values of R, = 100, 300, 500 for bottom-heavy
and top-heavy distribution and fixed permissible values. The
graph indicates that the value of R, drops as R, rises, indicating
that R, has a destabilizing influence on both bottom-heavy and
top-heavy configurations.

4000

3500+
3000 -

2500} 1 — R.=100
1 — R.=300

I — Rg=500

2000

1500

1000 -

500

a
Figure 2: Variations of R, for distinct values of the R, for bottom-heavy

distribution

Figures 4 and 5 show that R, increases with an increase in
T, which implies that T, has a stabilizing effect on stationary



Sharma et al. /J. Nig. Soc. Phys. Sci. 5(2023) 1137

4000 T T T T T 3000 : : : : :
3500 ]
3000 - 1 2500 1
2500 1 — Rg=100 _ — L.=500
= 2p00f g
2000 1 — Re=300 — L¢=1000
1500 — Rg=500 — L,=1500
1500 |- g
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a

Figure 3: Variations of R, for distinct values of R, for top-heavy distri-
bution

10000

8000

6000 — T.=100
o r

[ — T,=200

4000r — T.-300

2000

1 i I I
0 100 200 300 400 500

a

Figure 4: Variations of R, for distinct values of T, for bottom-heavy
arrangement

10000 T T T T T
3000 L .
6000 — T,=100
&
[ — T.=200
4000 -
[ — T,=300
2000 : q
0 e lOl]‘ o IZODI o I3l]0‘ o I4IJl]‘ o ISOI]

a

Figure 5: Variations of R, for distinct values of T, for top-heavy ar-
rangement

convection for both bottom-heavy and top-heavy pattern of the
system.

From figures 6 and 7, It is found from the graphs that with
an increase in the values of L., R, increases for bottom-heavy
distribution, whereas R, decreases for top-heavy configuration
with increase in the values of the Lewis number. Hence, R,
stabilizes the bottom-heavy arrangement and destabilizes the
top-heavy arrangement.

Figures 8 and 9 show that R, increases slightly with increase
in N4 for bottom-heavy arrangement and R, decrease slightly

Figure 6: Variations of stationary R, for different values of L, for
bottom-heavy distribution

3000

2500 .
2000} | — L,=500
&
— L,=1000
1500 | | — 1.=1500
1000 | .
0 100 200 300 400 500

Figure 7: Variations of R, for different values of L, for top-heavy dis-
tribution

with increase in the modified diffusivity ratio for top-heavy ar-
rangement. Hence N, stabilize the system for bottom-heavy
arrangement and destabilize the system for top-heavy arrange-
ment.

1180
ol
. — Ny=-5H
éf A
— Na=10
1160} ] A
— Na=—15
1150}

Figure 8: Variations of R, for different values of N, for bottom-heavy
arrangement

Figures 10 and 11 show the variation of R, for stationary
convection with respect to the non-dimensional wave number
for different values of R,. It is depicted from the graphs that
for the cases of bottom-heavy and top-heavy configuration, R,
decreases with the increase in R, which causes the destabilizing
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1095

1090
— Na=3
| — Nu=6
— Nu=9

1085

1080

80 100 120 140

Figure 9: Variations of R, for different values of N, for top-heavy ar-
rangement

effect on the system.

4000

3500 -

3000

— Ry=-01
& 25000 ]
— R,=-05
2000 1 — R,=-09
1500 -
10002 I [ | | ‘
0 100 200 300 400 500

Figure 10: Variations of R, for different values of R, for bottom-heavy
arrangement

3000 [~

2500

- 2000 17— Rp=01
— R,=05
] —R,=09

1500

1000 -

0 100 200 300 400 500
a

Figure 11: Variations of R, for different values of R, for top-heavy ar-
rangement

The effect of the medium porosity € on R, is displayed in
figures 12 and 13. It is found that with an increase in the &, R,
decreases and increases, respectively for bottom-heavy and top-
heavy configurations. Thus, a porous medium destabilizes the
system for the bottom-heavy pattern and stabilizes the system
for the top-heavy pattern.

2000

1800 -

1600 1 =— =02
— =04

1400 1 — £=086

1200

iZ

Figure 12: Variations of R, for three different values of & bottom-heavy
distribution

2000
1800

1600 - 8
) — =02
< Jaso| !

— =06
1200 - 1

1000

ia

Figure 13: Variations of R, for three different values of & top-heavy
distribution

10. Conclusions

The effect of rotation on thermal convection in an electri-
cally conducting nanofluid saturated by porous medium has
been studied using linear stability theory by employing an Ol-
droydian model which incorporates the effects of the electric
field, Brownian motion, thermophoresis and rheological param-
eters for bottom-heavy and top-heavy distribution of nanoparti-
cles. The conclusions of the present study are given below:

1. AC electric field has destabilizing for both bottom-heavy
and top-heavy distribution of nanoparticles.

2. The Taylor number T, has stabilizing for both bottom-
heavy and top-heavy distribution of nanoparticles.

3. The effect of Lewis number (non-dimensional parameter
accounting for Brownian motion parameter Dg) tends to
stabilize the stationary convection for bottom-heavy dis-
tribution and destabilizes for top-heavy configuration.

4. Modified diffusivity ratio has stabilized the system for
bottom-heavy and destabilized the system for top-heavy
configuration.

5. The concentration Rayleigh number postpones the sta-
tionary convection for both bottom-heavy and top-heavy
distribution.
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6. Medium porosity has destabilizing effect for bottom-
heavy distribution and stabilizing effect for top-heavy
distribution on stationary convection.
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