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Abstract

This research explores the impact of rotation and verti-
cal alternating current (AC) electric fields on the onset of
convective instability within a rheological dielectric nano-
fluid layer heated from below and saturated by a Darcy
porous medium. Linear stability analysis is employed, and
the system’s coupled differential equations are analytically
solved under stress-free boundary conditions using the nor-
mal mode method. The study examines the influences of
parameters such as the modified diffusivity ratio, AC elec-
tric Rayleigh number, nanofluid Lewis number, solutal and
nanoparticle Rayleigh numbers, porosity, and Taylor number
on stationary convection. Results indicate that an increasing
nanofluid Lewis number, solutal and nanoparticle Rayleigh
numbers, AC electric field, and modified diffusivity ratio
accelerate the onmset of stationary convection, while the
increase of Taylor number and porosity delay it.

INTRODUCTION

In the multidisciplinary field of electro-thermo-hydrody-
namics, a complex interplay between electric fields and ther-
mal gradients gives rise to various phenomena in horizontal
layers of dielectric liquids. Experimental studies in this area
aim to improve heat transfer techniques by applying electric
fields to dielectric fluids, providing an efficient, low-power,
and cost-effective method for enhancing heat transfer. This
approach also allows for precise control over enhancement
dynamics.

Chand /1/ investigated electrothermal convection in a
Brinkman porous medium saturated with nanofluid, finding
that stationary convection is stabilised by both the Brink-
man-Darcy number and the porosity parameter, resulting in
more controlled and predictable flow. In contrast, factors
such as the Lewis number, modified diffusivity ratio, AC
electric field parameter, and nanoparticle Rayleigh number
tend to destabilise stationary convection.

Chen et al. /2/ highlighted advancements in electrohy-
drodynamics (EHD), a field focused on fluid behaviour
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Izvod

U ovom radu istraZivanja obuhvataju uticaje rotacije i
vertikalnog elektricnog polja od naizmenicne struje na poja-
vu nestabilne konvekcije unutar reoloskog dielektricnog sloja
nanofluida koji se zagreva odozdo, a koji je zasi¢en Darsi
poroznom sredinom. Uradena je analiza linearne stabilnos-
ti, a sistem spregnutih diferencijalnih jednacina se resava
analiticki u granicnim uslovima bez napona, metodom u nor-
malnom modu. U radu se proucavaju uticaji parametara
kao sto su modifikovani odnos difuzivnosti, Rejlejev broj za
naizmenicnu struju, Luisov broj za nanofluid, Rejlejevi
brojevi za rastvorljivost i nanocestice, poroznost, i Tejlorov
broj za stacionarnu konvekciju. Rezultati pokazuju da sa
porastom Luisovog broja za nanofluid, Rejlejevih brojeva
za rastvorljivost, nanocestice i naizmenicno elektricno polje,
kao i modifikovani odnos difuzivnosti, ubrzavaju otpocinja-
nje stacionarne konvekcije, a sa porastom Tejlorovog broja
i poroznosti se odlaze.

under electric fields, and its practical applications. Shiva-
kumara et al. /3/ found that increasing the AC electric Ray-
leigh number enhances heat transfer efficiency and acceler-
ates the onset of convection, while a higher pair stress param-
eter delays the onset of electrothermal convection. Addi-
tionally, Shivakumara et al. /4/ explored electrothermocon-
vection in a rotating porous layer modelled using the Brink-
man approach, while Shivakumara et al. /5/ studied the effects
of temperature and velocity boundary conditions in rotating
dielectric fluid layers. Furthermore, Shivakumara et al. /6/
examined the initiation of Darcy-Brinkman electroconvec-
tion in porous media saturated with dielectric fluids, noting
its relevance to geophysics, environmental science, and engi-
neering.

The distinction between thermal and solutal diffusivities,
which underpins thermosolutal convection phenomena, was
initially demonstrated by Stern /7/. Wakif et al. /8/ con-
ducted analytical and numerical studies on electroconvec-
tion in a dielectric nanofluid within a rotating Darcy porous
medium. Their findings reveal that increasing parameters
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such as the Lewis number, AC electric Rayleigh-Darcy num-
ber, nanoparticle Rayleigh-Darcy number, or modified diffu-
sivity ratio accelerate the onset of electroconvection, while
raising the medium's porosity or the Taylor-Darcy number,
delays it.

Bhadauria and Agarwal /9/ studied natural convection in
a nanofluid-saturated rotating porous medium, observing a
bottom-heavy distribution of nanoparticles with density de-
creasing upward through the porous layer. Chand and Rana
/10/ explored the onset of thermal convection in a rotating
nanofluid layer saturating a Darcy-Brinkman porous me-
dium. Devi et al. /11/ analysed a rotating Jeffrey nanofluid
within a porous medium for free-free, rigid-free, and rigid-
rigid boundary conditions, finding that the Taylor number,
Jeffrey parameter, and nanofluid Lewis number delay the
onset of stationary convection, while the electric field and
concentration Rayleigh number destabilise the system across
all boundary types. Sharma et al. /12/ examined the influ-
ence of a magnetic field on rotating Jeffrey nanofluid satu-
rated by a porous media.

Rotating fluids play a key role in numerous physical phe-
nomena, such as airflow, deep convection chimneys, and the
convective layer of the solar system. Understanding the Cori-
olis force provides insights into galaxy formation, ocean cir-
culation, and Earth’s rotation. Takashima /13/ was the first to
study the combined effects of uniform rotation and an exter-
nal electric field under an adverse temperature gradient.
Yadav et al. /14/ found that increasing the Taylor number
raises the critical wave number, reducing the size of convec-
tion cells, with the critical wave number solely dependent on
the Taylor number and unaffected by nanofluid properties.

Buongiorno /15/ mechanistically described the impact of
thermophoresis in nanofluids, showing that convective heat
transfer enhancement primarily arises from reduced viscosity
and thinning of the laminar sublayer. Thermosolutal convec-
tion in rotating nanofluid has garnered significant interest
from numerous researchers over the past decade /16, 17, 18/.
Kuznetsov and Nield /19/ investigated thermal instability in
a porous medium saturated with a nanofluid, offering insights
for cooling technologies, filtration systems, and energy extrac-
tion. Nield and Bejan /20/, in their book Convection in Porous
Media, extensively covered the fluid flow and heat transfer
in porous materials. Sheu /21/ studied thermal instability in
a porous medium saturated with a viscoelastic nanofluid.

Knobloch /22/ investigated convection in binary fluids,
demonstrating that the equations governing thermal convec-
tion driven by Soret and Dufour effects are equivalent to
those for thermosolutal convection, with differences in the
relationship between thermal and solutal Rayleigh numbers.
Kuznetsov and Nield /23/ examined double-diffusive nano-
fluid convection in a saturated porous medium, finding that
when Soret and Dufour parameters are negligible, non-os-
cillatory modes dominate if buoyancy forces act in opposite
directions. Nield and Kuznetsov /24/ studied the conditions
triggering double-diffusive convection in nanofluids, focus-
ing on the interplay of temperature and concentration gradi-
ents.

Sharma and Kapalta /25/ analysed electrothermosolutal
convection in a nanofluid-saturated porous medium, con-
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cluding that alternating current (AC) electric fields and
porosity destabilise stationary convection. Sharma et al. /26/
explored the behaviour of electrohydrodynamic convection
in a dielectric Oldroydian nanofluid layer permeating a
porous medium. Sharma et al. /27/ found that AC electric
fields destabilise convection for both bottom-heavy and top-
heavy nanoparticle distributions, while the Taylor number
stabilises the system for both scenarios. Pundir et al. /28/
studied double-diffusive convection in a rotating couple-
stress nanofluid layer within a porous medium, finding that
increased Rayleigh and Taylor numbers stabilise stationary
convection. Rana and Agarwal /29/ showed that rotation sig-
nificantly affects convection patterns in binary nanofluids,
stabilising the fluid and delaying convection onset. Sharma
and Gupta /30/ investigated double-diffusive convection in
a rotating porous medium saturated with nanofluid, using the
Darcy-Brinkman model to study the effects of thermal and
solutal gradients and rotation on the convection process.

MATHEMATICAL FORMULATION

Consider an infinitely extended layer of dielectric rotat-
ing nanofluid, confined between two parallel surfaces situ-
ated at z= 0 and z = d, and subjected to a uniform rotation
characterised by an angular velocity €2(0,0,Q2) along the z-
axis. This rotation is induced by heating the system from
below. This configuration is further characterised by the
saturation of a porous medium within the fluid matrix. In
addition to the heating mechanism, the system is subjected
to the influence of both a uniform AC electric field and a
gravitational field denoted as g= —gé,, acting vertically
through the layers. The bottom surface and the top surface
z= d are maintained at constant temperatures 7y and T},
concentrations Cp and C), and volumetric fractions yp and
w1, in respect. Figure 1 depicts a cartesian coordinate system
(x,,2), with the x-axis oriented parallel to the surface and the
z-axis directed vertically upward.

Ty 4(0,0,—g) z=d

To(To > T1) ?
X

Figure 1. Physical configuration.

HEATED FROM BELOW

Governing equations

Equation of continuity for nanofluid is
vv=0,
where: V is nanofluid velocity.
Equations of motion for rotating dielectric Jeffrey nano-
fluid are

&(g+lV.VJV:—Vp+pg+fe Ay wrtve
e\ot ¢ ky

M

+220 (v x @) 2
&
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where: py is reference density for the fluid; u is viscosity;
and f is electrical force given by
1. ., 1 oy .
fe=pE 2E \Y +2V[p8tE j

where: p. is density of charge; y is dielectric constant; E is
electric field. The term p.E associated with free charge is
attributed to the Coulomb force which governs the interac-
tion between charged particles within the dielectric fluid.
This force is typically the dominant effect in such systems,
where the electric field exerts a direct influence on the free
charges. The second term, known as the dielectrophoretic
force, arises due to the force exerted on a dielectric fluid in
the presence of a nonuniform electric field. This effect is
typically weaker than the Coulomb force and becomes par-
ticularly relevant under alternating current (AC) electric
fields. Therefore, the term p.E is neglected as compared to
the term —E2V y/2 for most dielectric fluids.

The final term, the gradient of a scalar field, typically
represents the pressure gradient in fluid dynamics. While it
contributes to the overall governing equations of the system,
its impact on the instability of the dielectric fluid is mini-
mal. As such, it is often assumed to have no significant effect
on the instability behaviour of the fluid, especially in the
context of electric field-induced phenomena.

Therefore, the modified pressure term is

L7 g2), 3)

P=p——
P73 (p or
where: p is hydrodynamical pressure.
In the absence of free charge, Maxwell’s equations are

V.(yE)=0, VXE=0. (4)
From Eq.(4), E can be shown as
E=-V¢&, &)

where: £is root mean square value of the electric potential.

The dielectric constant is considered as

r=ro(-a(T-1p)) - (©)

Additionally, p represents the total density of the nano-
fluid, which is expressed

p=yp,+U=y)py(1=1p (T =Ty)-ns(C-Cp))- (7
Here, wis the volumetric fraction of nanoparticles, p, is the
density of nanoparticles, 77 is the thermal volumetric ex-
pansion coefficient, 75 is the analogous solutal coefficient,
and C is solute concentration.

Consequently, the revised momentum Egs.(2) for con-
centrated nanofluid, incorporating Eq.(8) in the presence of
an electric field, are expressed as
,00(6 +lvvjv _vp-Lpry, Ay 2P

ot ¢ 2 k
2
Hyo, +(1=p)py (1~ T(T—To)—ns(C—Co))]ng V. (8)

The energy equation for a nanofluid in a porous medium

can be expressed as

orT 2
(pC)mEJr(pC)/-(V.V)T:KmV T+e&(pC),x

(Vx9)+

D
X(DBV 1//.VT+TTVT.VT} )

where: (pC)ris heat capacity of fluid; (pC), is heat capacity
of nanoparticles; Dp is Brownian diffusion coefficient; Dris
the thermophoresis diffusion coefficient.
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The governing equation for the solute in conservative
form is

1
(3+—V.VJC=DSLV2C» (10)
ot ¢
where: Dg; is solutal diffusivity.

The governing equation for the nanoparticles in con-

servative form is

0

(—+lvvjz// DBVZV/+—VT (11
ot ¢

This implies that the nanoparticles move uniformly along
with the fluid.
The conditions at the boundaries are
T=Ty, C=Cy, w=y, at z=0,
T=T, C=C, wy=y; at z=d. (12)
The system is initially in a state of rest, represented as
V=V, =0, T=T,(2), C=Cy(2), w=y,(2),
P=Pb(Z)a EzEb(Z)a }/Z}/b(Z) (13)
By using Eq.(13) into Egs.(1), (4)-(6) and (8)-(11), we get
r Y1~V
Ty =Ty==rz vy =y 10,
AT E
Yo=ro|1+a=z |, Ey(z)=—3—,
d AT
l+a—:z
AC _ Egh ( AT )
C,=Cy——1z, & = In|l+a—z| (14
p=Com— % =T 7
where: Eo=—aAT& /d In(1 + aAT) represents the root mean
square value of the electric field at z = d.

Perturbed state

To analyse the stability of the basic state, we introduce
infinitesimally small perturbations to the basic state in the
following form

vV=V'Wu' VW), P=B,+P, T=T,+T', C=C,+C’,
y=y+y', E=E+E, E=5+&, y=y,+y" (15)

By substituting the values from Eq.(15) into Egs.(1), (4)-
(11), utilising Eq.(14), and linearising the equations while
disregarding the products of primed quantities, we eliminate
the pressure from the momentum equation through a double
curl operation. By retaining only, the vertical component and
omitting the primes (') for simplicity, the resulting neces-
sary equations are obtained as follows

ATE,
10, v 92 |22 p2 ( E T—&fj—
& ot kl 0 Oz
2 0 Pyr=Py
s —§+V%1{—v/(’;)—oj+(an+nSC)}g, (16)
1 2
gif e
1
AT (PC)p 2ATD; 0T 5
C)py———(pC) p ——w=— ST e VAT
Z Z
8
8t d e Tl
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v2e-aE, 2L, @1
oz
where: 42@_6_” is z-component of vorticity; V2=
ox Oy
or  *

— 4+~ +-~_ donates the three-dimensional Laplacian
o’ o? o

Further, eliminating ¢ from Eqs.(16) and (17), we get
2 2
10 20 10

AL & Vzw:—iQ LA L
sor K e o \eda K

2 pp_pO
x| Vir| =
{ H( l//( 2

Non-dimensionalisation

The non-dimensional parameters are considered as
(x y )_ (x,y,2) (u* . w*)=d (u,v,w) o T-T,
b ) d b b ﬂ b AT b

where: = &, /(pC)r; and o= (pC)u/(pC)f.

ATE
MVZ ( EO agj + + i —
2 oz )| \eat Kk

J+(77TT+’75C)J4 .

* C_CO *

2 2
operator, while v2 o =6_2+_2 represents the two-dimen-
Oox

sional Laplacian operator.

(22)

— * t *
LYo pl B o (0
AC V1—¥y o'd2 G{EoATd

Using parameters Eq.(23) in Eqs.(18)-(22), dropping the star (*) for simplification), we get

a—T—w=v2T+NB (a—T—a—WJ 2NaNp 0T - (55)
L,\0z oz L, oz
1aoc w 1V2C, (26)
oo ¢ L,
loy w_ 12, Nagap, 27
oo & L, .
v2e 9L, (28)
oz

where: the non-dimensional parameters are V, = &P./D, is
Vadasz number; D, = ki /d? is Darcy number; P, = v/ is
Prandtl number; R, = nATkidg/fv is the thermal Rayleigh
number; R, = (o, — po)(w1 — wo)kidg/Pu is the nanoparticle
Rayleigh number; R, = nsACkidg/Pv is the solutal Rayleigh
number; Ry= Soa?(AT)*Eo*kid/Bu is the AC electric field
Rayleigh number; L, = £/Dgp is nanofluid Lewis number;

a e

W+[(D2—a2)+

n n n

N 2
—BD—MD—S 0-—
L L

&[L(Dz_az)_i]q):o, (33)
e L, o
Z_&(Dz_az)@Jr i_L(DZ_aZ) ¥=0> (34)
¢ L, o L,

DO—(D*-a*)Y=0> (35)

where: D = d/dz; and a = (p? + ¢?) is wave number.
NUMERICAL SOLUTION

After applying the normal mode analysis, the boundary
conditions Eq.(29) become

W=DW=0=0=¥=DY=0 at z=0,1. (36)
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By substituting Eq.(30) into Egs.(24)-(28), we obtain
2
R
(LV—DL, (D? —a2)+lj[a2(Ra +Ry)O—a’R, Y +a” L—Scb—azRefDr}l(LV—Da (D? —a2)+lj (D*-a*)+T,D*
_ A -

Ne py 0, (32)

2 )
1 0 5 ) Pw (1 0 2 2( 65)
—-D,V°+1| Vw=-T, +| ——=-D,V?+1||R,V5T-R,V? +—v C+R,V (24)
[o-Va o e J a2 [O_ o j{ H HY I, H ef VH P

L. = B/Dsr is solutal Lewis number; T, = (2Qk; /ev)? is the
Taylor number; Ng= DAT/DsTi(wi — wo) is the modified
diffusivity ratio; N = [(pC), ApC)rl(w1 — w) is modified
particle-density increment.
The boundary conditions Eq.(12), for free boundaries is
given by
T'=C=w=y=0 at z=0 and z=I,
2
ow _ 0, o¢
072 oz

Linear stability analysis

=0 for free surfaces. (32)

For linear stability analysis, we employ the normal mode
method, which assumes solutions of the form

W T,Cp,8)=(W,0,0,%, Y)(2)exp(i(px-+qy)+st) » (30)
where: p and ¢ represent horizontal wave numbers; and s

denotes the growth rate, which is a complex value.

w=0, 31)

a

The simplest functions of lowest mode that satisfy the
boundary conditions Eq.(36) are assumed to be
W=Asinrz, O=4ysinnz, O=Asinzz,
W =4,sinzz, Y=Ascosnz. (37
By substituting Eq.(37) into Egs.(31)-(35), we obtain a
system of homogeneous linear equations, which has a non-
trivial solution only if the determinant of the corresponding
coefficients matrix is zero i.e.,
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(J?T+7°T,) —a*(Ry+Ry)J’
-1 J+s
1
— 0
&
1 N
- 4 g
£ L,
0 T

where: J' = +Da(ﬂ2+a2)+1;andJ:7z2+a2.

a

On solving Eq.(38), we get the following thermal Rayleigh number

2 2

2Ry 0 oL 2 ,
-a L_eJ a'R,J" —ma“R,J

0 0 0
— g+ 0 0 =0 (38)
L o

0 LJ+— 0

L, o
0 0 J
R (7% +d® +5) (r*+a®)(m?+a®+5)T,

2
> o | m+a+s K 2 2 a Ref
R,=(n"+a )[ 3 J(GV +D,(n" +a )+lj— 3
a

- +a

a

R L
+—”(£Ln +(r? +a2)(NA +—"D
2, 2,8 £ £

n°+a”+—L,
o

Equation (39) represents the dispersion relation which
incorporates the effect of electric field Rayleigh number R,
Vadasz number V,, the nanofluid Lewis number L,, solutal
Lewis number L., solutal Rayleigh number Rs, modified dif-
fusivity ratio N4, nanoparticle Rayleigh number R, and
Darcy number D,.

Stationary convection

In the case of stationary convection, by substituting s = 0
in Eq.(39), we get

2

(m +a) ef R

R

a

(D, (7[ +a )+1)
tl 7z +a &

T, L
272' (7[ ;—aga _Rn(NA"'_nj'

a”(D,(z” +a”)+1) 3
The thermal Rayleigh number depends on Darcy number
D,, AC electric Rayleigh number R.;, nanofluid Lewis num-
ber L, modified diffusivity ratio N4, Taylor number 7o,
solutal Rayleigh number Rs, porosity &, and the nanoparticle

(40)

Rayleigh number R,.
Without Rgf and Ry the Eq.(40) simplifies to
2, 2 2
T,
R, = —(” D) (p, (2 +a?) + 1)+ 2T )

a* a (Da(zrz+a2)+l)_
_Rn( Lnj, (1)
&

which makes good agreement with the result proved by
Bhadauria and Agarwal /9/.
Further for T,=0, Eq.(41) reduces to

M(D (72 +a*)+1)-R [

R

a

L"), (42)
a &
which is consistent with the findings established by Kuz-
netsov and Nield /19/.

Further for D, = 0, we obtain

2 2
L
R :M_Rn(NA"‘_nj’
a &

= 3)

which is consistent with the findings established by Sheu
/21/.
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4y =—472D} -107'° D% —27°

2
6(”2 +a? +SL6) a? (S+Da(7z2 +a2)+1j
oV

o a

(39)

The critical value of R, is determined by differentiating
Eq.(40) w.r.t. @* and set to zero, we get

A(a2) + 4 (a2)° + A3(al ) + Ay(ad) + As(al) +

+Ag(a)? + 4 (a>)+ 43 =0 (44)

where: 4 =2D3, (45)
4, =117*D2 +5D2, (46)

Ay =247°D} +227° D2 +4D,, (47)

A4, =257°D, +(357" —7* R, )D} +1+ (132> —2°T,) D, (48)
A5 =107°D; +(207° —27° R p ) D, +27° +(127* -

2Ry —47*T,)D, (49)
As=-37""D, ~(57° +7°R)D} ~ Ry —7*T, —
~@7° +27* R, +67°T,)D, - (50)

~22°T, +(-87* -42°T,)D,. (51)
A =—r*D2 372D — 2 — 2T, + (3720 - 2T )D,. (52)
These equations are solved for various values of AC electric
Rayleigh number, yielding the corresponding values of a..

To analyse the effects of the AC electric field, the Taylor
number, concentration Rayleigh number, solutal Rayleigh
number, porosity, Darcy number, modified diffusivity ratio,
and nanofluid Lewis number, on stationary convection, we
examine the analytical behaviour of the partial derivatives:
OR./ORer, OR. /0Ty, OR./OR,, OR./ORs, OR./0¢, OR4/0D,,
OR./ON, ,and OR, /0L, .

From Eq.(40), we obtain

oR,  d
Ry 2?+d?

This value is consistently negative for all wave numbers,
indicating that the AC electric field exerts a destabilising
effect on the system,

OR, 7[2(7[2 +a2)

0T, &*[D,(x*+a*)+1]
which is always positive. Hence, Taylor number delays the
stationary convection,

(53)

(54
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P wer i), (55)
OR, &

which is always negative for ( N+ L_"j > (), since the value
£

of Ny is considered in the range of 1 to 25, and L, in the
range of 500 to 1500, R, exhibits a destabilising effect on the

onset of stationary convection.
OR, 1
GRS &
which is always negative. Therefore, Rs accelerates the
system,

) (56)

OR, R,L,+Rg
os 52 ’
which is positive for R,, L., Rs> 0, hence porosity stabilises
the system,
oR, (x2+d?®)?®  n*(x?+ah)’T,
oD, a’ az[Da (7[2 -i—az)—i-l]2 '

Therefore, the Darcy number delays the system for (72 +
a®) > 2T, /[Du7* + a*) + 1]* and accelerates the system for
(P +a®) < 2T,/[D7® + a®) + 177,

OR, _R, OR, :_ﬁ. (59)
6NA 6Ln &

It is evident from Eq.(59), for positive value of R,, the
modified diffusivity ratio N4, and nanofluid Lewis number
L, are both observed to have negative values, hence they
destabilise the system for negative value of R,.

NUMERICAL DISCUSSION

(57

(58

Analytical investigation of free-free boundaries reveals
that oscillatory convection is not a favourable mode of insta-
bility in the context under study. Furthermore, the formula-
tion of thermal Rayleigh number characterising stationary
convection is explicated in Egs.(40) for free-free bounda-
ries. Subsequently, the Rayleigh number's variation relative
to wave-number is graphically depicted utilising Eq.(40)
and computational software, such as MATHEMATICA®,
under stationary convection. The dimensional parameters are
held fixed at predetermined values to ensure the integrity of
the analysis, as: T, = 600; R,= 100; Ny=5; L, = 500; £=
0.4;D,=0.5;R,=0.1; and Rs = 50.

For five distinct values of AC electric Rayleigh number
R and various fixed parameters under free-free boundary
conditions, Fig. 2 depicts the variation of thermal Rayleigh
number for stationary convection as a function of the non-
dimensional wave number. The graphs reveal that thermal
Rayleigh number for stationary convection decreases with
increasing values of R... Consequently, the AC electric Ray-
leigh number destabilises stationary convection, effectively
advancing its onset.

Figure 3 depicts the relationship between thermal Ray-
leigh number R, and the wave number a for five different
values of the Taylor number 7, = 0, 200, 400, 600, 1000. The
results clearly demonstrate that an increase in the Taylor
number leads to an increase in the thermal Rayleigh number,
indicating that the Taylor number has a stabilising effect on
stationary convection. Therefore, the Taylor number delays
the onset of convection.
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Figure 2. Variations of thermal Rayleigh number vs. non-dimen-
sional wave number for 5 values of AC electric Rayleigh number.
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Figure 3. Variations of thermal Rayleigh number with respect to
non-dimensional wave number for 5 values of Taylor number.

Figure 4 illustrates the variation of the thermal Rayleigh
number R, with respect to wave number a for different
values of nanoparticle Rayleigh number R, = 0.1, 0.5, 1, while
other parameters are held constant: 7, = 600; Res= 100; Ny =
5; L,=500; £=0.4; D, = 0.5; and Rs= 50. The figure clearly
demonstrates that as R, increases, the thermal Rayleigh
number R, also decreases, indicating a destabilising effect
of R, on the system. Additionally, it is evident that R, exerts
a more pronounced destabilising influence under free-free
boundary conditions. Therefore, R, significantly facilitates
the onset of convection within the system.
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Figure 4. Changes in thermal Rayleigh number vs. dimensionless
wave number for 5 values of nanoparticle Rayleigh number.

Figure 5 shows the variation of thermal Rayleigh number
for stationary convection as a function of non-dimensional
wave number for five distinct values of the solutal Rayleigh
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number Rs, with other parameters held constant at fixed per-
missible values. As the value of Rg increases, the thermal
Rayleigh number decreases, leading to a destabilising effect
on stationary convection.
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Figure 5. Variations of R, with respect to dimensionless wave
number for 5 different values of Rs.

Figure 6 illustrates the effect of medium porosity € on
thermal Rayleigh number. It is observed that as the medium
porosity increases, the stationary thermal Rayleigh number
also increases. Therefore, medium porosity has a stabilising
effect on the system in the case of stationary convection.
Therefore, ¢ significantly delays the onset of convection
within the system.
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Figure 6. Variations in Rayleigh number as a function of dimen-
sionless wave number for 3 different values of porosity.
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however, beyond certain values of the wave number, thermal
Rayleigh number begins to rise. Thus, the Darcy number
exhibits a dual effect both stabilising and destabilising, due
to the presence of rotation in stationary convection.

Figure 8 depicts the variation of Rayleigh number for sta-
tionary convection as a function of the dimensionless wave
number for three distinct values of modified diffusivity ratio
N4, with other parameters held at fixed suitable values. The
plots reveal that as modified diffusivity ratio increases, the
thermal Rayleigh number decreases. Hence, the modified
diffusivity ratio has a destabilising effect on the physical
system.
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Figure 8. Variations in Rayleigh number with respect to the
dimensionless wave number for 3 different values of Na.

Figure 9 depicts the changes in Rayleigh number R, as a
function of dimensionless wave number for five different
values of nanofluid Lewis number L, = 100, 500, 1000, 1500,
2000, while other parameters are fixed as: T, = 600; R=
100; Ny=5; €= 04; D,= 0.5; R,= 0.1; and Rs= 50. The
figure demonstrates that R, decreases with an increase in Ly,
indicating that nanofluid Lewis number has a destabilising
effect on the onset of convection. Thus, L, effectively accel-
erates the onset of convection in the system.
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Figure 7. Variations of Rayleigh number as a function of dimen-
sionless wave number for 3 distinct values of Darcy number.

Figure 7 presents the effect of Darcy number D, on the
neutral curves. The graphs reveal that the thermal Rayleigh
number initially decreases as the Darcy number increases;
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Figure 9. Variations in Rayleigh number as a function of dimen-
sionless wave number for 5 values of nanofluid Lewis number.

CONCLUSIONS

The study investigates the onset of thermosolutal convec-
tion in an electrically conducting rheological nanofluid satu-
rated within a porous medium, incorporating the effects of
an external vertical AC electric field using linear stability
theory. The main conclusions derived from this analysis are
outlined below.
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The nanofluid Lewis number L,, tends to promote the
destabilisation of stationary convection.

The Taylor number and medium porosity have a stabilis-
ing effect on stationary convection.

The presence of an AC electric field accelerates station-
ary convection.

The Darcy number stabilises the system for stationary
convection at (72 + a?) > 22T, /[Dd7* + a*) + 1]* but exhib-
its a destabilising effect at (7* + a?) < 2T, /[Do(7* + a®) + 1%,
showcasing its dual influence on the system.

The modified diffusivity ratio Ny also contributes to the
destabilisation of stationary convection.

Both, the nanoparticles Rayleigh number R, and solutal
Rayleigh number Rs contribute to the destabilisation of sta-
tionary convection.
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