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Abstract: - The study investigates the thermal convection of a Casson nanofluid in a horizontal layer influenced
by magnetic and helical force parameters. Both linear and weakly non-linear analyses are performed to assess the
fluid's stability. The critical Rayleigh number is calculated in the linear analysis, while the Nusselt number is
determined in the weakly non-linear analysis which is used to study heat transfer. A one-term Galerkin approach
is employed to study the linear theory, while multiple scale analysis is used to investigate the weakly non-linear
theory. The Hartman number (Ha?) exerts a stabilizing effect on the system in both stationary and oscillatory
convection. Meanwhile, the helical force parameter (S;,), the adjusted diffusivity ratio (Na) and the nanoparticle
Rayleigh number (Rn) have a destabilizing effect on the system in both stationary and oscillatory convection. The
Lewis number (Le) and Prandtl number (Pr) exhibit a stabilizing effect on oscillatory convection, but in the case
of stationary convection, they do not have any impact on the system. The Casson parameter () has a destabilizing
effect in the case of stationary convection, whereas it shows a stabilizing effect on the system in oscillatory
convection.

Keywords: Casson nano fluid, Linear stability analysis, Thermal convection.

1. Introduction

In recent times, there has been a surge in the exploration of nanofluids, a novel blend comprising regular fluids
and minute suspended nanoparticles. Coined as 'Nanofluid' by Choi [6], these fluids exhibit enhanced heat transfer
capabilities compared to conventional fluids, rendering them invaluable across a multitude of applications
spanning various fields. Buongiorno [3] made a noteworthy advancement in nanofluid modeling by highlighting
the significant influence of both the base fluid velocity and relative velocity on the absolute velocity of
nanoparticles. This model has been widely adopted by researchers [22], [23], [24], [16], [5], [18] to investigate
convective heat transfer in nanofluids, and it was subsequently refined by Nield and Kuznetsov [15] to incorporate
solutal effects on nanofluid layers. The Casson model has demonstrated excellent compatibility with diverse non-
Newtonian fluids [7]. Blair and Spanner [19] observed that the properties of blood closely align with those of a
Casson fluid in moderate shear rate flows, thus justifying the utilization of the Casson model for blood flow. Scott
Blair [20] investigated the efficacy of Casson's equation, while Hamid et al. [11] uncovered dual nature solutions
for the proposed model, incorporating thermal radiation effects on both steady and unsteady Casson fluid flows.
Aneja et al. [2] explored natural instability in a partially heated porous medium using a penalty finite element
approach for Casson fluid. Recently, researchers have applied the Casson model to various nanofluid flow
problems to examine the influence of nanoparticles on blood flow.

In recent years, nanoparticles have emerged as highly versatile tools in the treatment of numerous ailments. Gold
nanoparticles, in particular, are utilized in cancer therapy due to their larger size and remarkable energy absorption
capabilities. Moreover, nanoparticles influence the efficiency of heat transfer mechanisms, particularly
convection, between the heart and the body's surface through the bloodstream. Consequently, the convective
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instability of blood in the presence of nanoparticles plays a pivotal role in advancing medical practices and
enhancing healthcare outcomes. Gupta et al. [9] previously explored convection currents within Casson nanofluids
incorporating internal heating effects. More recently, Gupta et al. [10] conducted an analytical and numerical
investigation into the binary instability of Casson nanofluids. Phenomena of linear and weakly nonlinear thermal
convection within Casson nanofluids subjected to helical force and magnetic effects [8], [17]. The structure of the
paper is outlined as follows: Section 2 elaborates on the governing equations, while Sections 3 and 4 delve into
the linear and weakly nonlinear theories, respectively. Subsequently, Sections 5 and 6 present the findings of the
analysis, followed by a conclusion and discussion of the results.

2. Mathematical formulation:

The rheological equation of Casson fluid flow [21], [1], [12], [14], [13], [4] is,

P

Ty = pp + (\/é)Zeij,n > 1, (1)
P.

Ty = U + (JZ—L%)ZeU,n < 1,. 2

where,
ug = dynamic viscosity,e;; = deformation rate,
. = critical value of m = e;;e; (where e;j is the (i,j)th segment of deforming rate),
y

Now we have to consider a layer of Casson nanofluid confined between the planes z* = 0 and z* = d under a
small temperature gradient (Ty — Ty), Ty > T, and uniform internal heat source Q,. Let us assume a frame in
which the z*-axis is adjusted vertically upward. The asterisk was used to explicit dimensional variables. The
incompressible governing equations for fluid glide with the idea that agglomeration of debris does no longer occur
and the suspension remains strong [21], [1] are,

o / L —
M

Figure 1: Physical Diagram

Continuity equation: Vvt =0. 3)

d
at*

Momentum equation: p(G +v*-V)v' = =V'p" +divt + [¢p"p, + (1 —d")(A = B(T" —Tj))]g
+0,(V X Byé,) X Byé, + poaQdf. 4)

Using Eq.(3) in Eq. (4), we get,
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av” 1
Pfo[a—l; tv V) = =Vpt+(1+ E)#V*ZV* TPy + (1 =)A= BT = To))lg

+0,(V X Byé,) X Byé, + p,aQdf. (5)

There is no buoyancy term present in the x and y axes and the Boussinesq approximation was used. The left hand
side of Eq. (5) indicates the inertial term, the right hand side offers the strain gradient and lastly the viscous time
period.

The equation of nanoparticles changes when there is no chemical reaction,

ap*
at*

* * 1 .
+v .V¢ :—EV'JP_ (6)

Here diffusion mass flux of nanoparticles j,, is the sum of two diffusion terms given as,

Jo = Jpn + i = ~PpDoV" = ppD; T )
Combining Egs. (5) and (6), we get,

2+ v Ve =DV + VT, ®)
Equation of energy,
(pc)f[f;: + V" VT*] = KV2T" + (pc), [D, V7" - V'T* + ;’—Ofv*T* VT )

By using nano-outcomes (Brownian diffusion and thermophoresis), equation (8) balances the terms for convection
and conduction in the presence of nanoparticles and an internal heat source.

v = (u', v, w") = Velocity, t* = Time, p* = Pressure,
V2m
B = He—p— = The Casson fluid parameter,
y
¢* = The particle volume fraction, T* = The temperature,

u = The fluid viscosity,

g = The acceleration due to gravity,

k = The effective thermal conductivity of the nanofluid,p = The density,

pc = The heat capacity, Q, = Volumetricheat source.

D, = Dif fusion coef ficientof Brownian,D, = thermophoresis dif fusion coefficient

Assuming that the nanoparticles’ volumetric fraction and temperature are constant at the initial stage,
T =T5, " =¢g at Z* =0, (10)
T =T ,¢"=¢] at Z* =d. (11)

At the basic state, we anticipate that the fluid layer is relaxed and the fraction of nanoparticles is constant, while
the other variables primarily fluctuate along the horizontal axis.

The basic state of the Casson nano fluid is described by,

AT

v, =0,¢,=0 T, =T~ (7 )z (12)

The non-dimensional parameters are,
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s _ x*y* z _ t_T*af_
(‘x'y'z)_(drdvd); - d2 )
w7 =LY .
uvyrZ =) =
ap @ af T (pep)s
y * * T*_T*
b @90, P T,
(¢1_¢0) To _Tl)
_P'K2
p #af'

So far, it has been assumed that the spatial variations of k and u are negligible. Indices "p", "f" and "0" seek advice

from particles, fluids or reference variables. Then the Egs. (3),(5),(8) and (9) Reduce,
V-v=0,

— (‘;—: +v-V)=—Vp+(1+ %)Vzv — Rme, + RaTe, — Rnde, + Sy f + Ha?[(V' X &,) x &,] (14)

NaNb

—+17 VT = W+V2T+ V(;bVT+ VT - VT,

24 Vo=V +2v0T,

The boundary conditions in Egs. (10) and (11) in the form of hon-dimensional terms,
w=0 D*w=0,¢=0,T=0at Z=0,
w=0, D’'w=0,¢0=0,T=0at Z=1.

(To —T7)

f b

o
Pr = [%( Prandtl number ),Ha = ByL ;1( Hartmann number ).
f

(¢o — ¢1)

Nb = (pc)y———— e ( Particle density increment ),
_De (To —T7)

" D, Ty (o7 — b5)
pp®s + pro(1 — d)

Rm = ( pr )gK3( Thermal Rayleigh number ),
f
Rn = Py pf;{“(d)l — %) gK3( Nanoparticle Rayleigh number ),
f
aQd? .
Sy = (Helical force parameter) .

To explore linear theory, consider the linear part of egs. (13)-(16),

piz_lt’ =—Vp+(1+ %)Vzv — Rme, + RaTe, — Rnde, + Ha?[(V' X &,) X &,] + Sy
= w+V2T, (20)

ot

99 2 21
at Lev¢+ V
w=0D>w=0,¢=0T=0 at Z=0,

w=0,D*w=0,0=0T=0at Z=1.

a
Ra = pfogK3ﬁlT( Rayleigh number );Le = D—f( Lewis number );

(13)

(15)

(16)

17)
(18)

( Adjusted dif fusivity proportion (modified diffusivity ratio) ),

(19)

(21)

(22)
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By Taking the third components of curl of Eq.(19) and curl of curl of Eq. (19), we obtain,

10 1 92
(rac— L+ PV +HE)w, =5, 52 =0, )
92w,
(E2-a+ )v2 + Ha? )Vzw + (Rng — RaT)V2 — S, (Vaw, — Z22) = 0 (24)
where (VxV)-é,Vei= o —+— 9 and V2= _a + 242
w, = é,, ay2’ ax ay2 = 9z%

Now Egs. (23), (24), (20) and (21) becomes,

62
A,w, — Sy, % =0, (25)
2 6 Wz 2
AW — S, (Vhwz )+ (Rng — RaT)V2= (26)
AT —w =0, (27)
Ay = —v2 (28)
Where,
I _ 2
_<Prat (1+ )v +Ha)
62
| __y2 _ 1 S vZ3 H 2~
<P 6tv ( +ﬁ)V + Ha 6zz>
a -V
zi_iz
* T ot Le

\

Let us replace w = sinmze (¥ +m)+9t where ¢ = iw in (25)-(28) then we have obtained,

X1+ X w2 + X304+ X408 +i (X 0+ Xs 03+ X7 0%)

Ra = 2 "
Xg+Xow*+X1ow

(29)
Where,
X, = Pr*p&*(Ha?B + (1 + B)62)((Ha?B + (1 + B)6?)(—Naq?Rnf + Ha?B5*n? + (1 + B)6°) + (—m?
+q*)B28%S,)n?,

X, = Prip&?(HabLe?n?Pr?B3 — Naq?RnB35% + (1 + B)(Le?Pr?(1 + )% — B(Pr + (=1 + Pr)B))58
+ Ha*PrB28%(—B62% + Le?Pr(1 + B)(2m? + §%)) + Ha?B&*(Le?Pr?(1 + B)?(m? + 262)
+ (% — 2Pr(1 + B)62)) — n?Pr(m — q)( + q)B2(Ha’Le?Prp + (B + Le?Pr(1
+B))83)SH),

X3 = —PrB2?(Ha?Le?Pr(—n? + Ha?pr)p?6% + 2Ha?Le?Pr?p(1 + B)6* + (B2 + Le?Pr(1 + B)(Pr + (-1
+ Pr)B))6° + Le?n?Pri(m — q)(n + Q) B2SE),

X, = —Le’Prp*62,

Xz = Pr3p8%((Ha?B + (1 + B)6%)?(LeNaPrq?*Rnp + Ha’m?Prp 8% + (Pr + B + Prp)8%) — m?(m — q)(n
+ q)B?8%(Ha?PrB + (Pr + (—1 + Pr)B)5)SH),

X¢ = PrB(Ha®Le*n?Pr3p3 + LeNaPrq?Rnf36% + (Pr + B + PrB)(B* + Le?Pr?(1 + B)*)48
+ Ha*Le?Pr?p?52(2n?Pr(1 + B) + (Pr + B + PrB)6?) + Ha?Pr&*(n?B3 + Le?Prp(1
+ B)(w?Pr(1 + B) + 2(Pr + B + Prp)56?)) — Le?n?Pr?(w — q)(w + q)f?(Ha’prf + (Pr
+ (=1+ Pr)B)5?)Sp),

1772



Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 45 No. 4 (2024)

X, = Le?PrpB3(Ha?m?Prp + (Pr +  + PrB)&*%),

Xg = Pr*q?B?6*(Ha?B + (1 + B)6%)?,

Xo = Pr2q?B?(Ha*Le?Pr?B? + 2Ha?Le?Pr?B(1 + B)6% + (B? + Le?Pr?(1 + B)*)6Y),

X0 = Le?Priq?p*. (30)
3. Stationary Convection

First, we consider stationary instability, i.e., @ = 0 is real. The stationary Rayleigh number Ra,. can be written
as,

1,56
Ha?m2s? 1+3)8 12 (=12 +92)52 52
Rag, = —NaRn + —; L (Cr+a")0%5
q q qZ(Ha2+(1+ESZ))

(31)

10197
Sh=0.1,0.2,0.3,0.4,0.5

1018[

10177

Rc
sC

1016[
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10147

Figure 2: Neutral stability curves for Ra,, with different values of Sh for fixed values of Le = 5, Pr = 5, Ha? =
0.2, Na=1,8=2andSh =0.1.

4. Oscillatory Convection

We considered the real and imaginary components of Ra, requiring the imaginary part of Ra to vanish. This
condition allows us to solve for w?. By substituting w? back into the real part of Ra, we derive the thermal
Rayleigh number for oscillatory convection, denoted as Ra,..

X1+ X0 +X30* + X408
Ra,. = > ”
Xg+Xow*+X1gw

Wh 5 —xsi/(x62—4x7xg
ere, s e——

w —3
2X5

(32)

From this, we obtain two roots. If one root is positive and the other is negative, we select the positive root. If both
roots are positive, we choose the smaller of the two.

q
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10400

10307

$1020]

Rc

1010[

10001

990

1015.8[ .8y \L.9 217 21 2 23 24 25 26 70 7
Rn=0.1,0.2,0.3,0.4,0.5
1015.6 [ 7

10154 7

1015.2[ 7
(%]

[o]
St

1015 [ 7

1014.8 [ 7

1014.6 [ 7

1014.4 7

2.18 2.2 2.22 2.24 2.26 2.28 2.3 2.32
Figure 3:Neutral stability curves for Ra,, with different values of Rn for fixed values of Le = 5, Pr = 5,

Na=2,B=2 Ha®=1andS, =0.2.
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Figure 4:Neutral stability curves for Ra,, with different values of Na for fixed values of Le = 5, Pr = 5,
Ha’?=28=2,Rn=0.5andS, =0.5
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Figure 5:Neutral stability curves for Ra,, with different values of Ha for fixed values of Le = 5, Pr = 5,
Na=1Rn=0.1,=2andS, =0.1.

15001 $=24,6,8,10
14007
13007

% 1200"

o

1100

1000

900

800C

1 15 2 25 3 35 4 4.5

q
Figure 6:Neutral stability curves for Ra,, with different values of B for fixed values of Le = 5, Rn = 0.5,
Pr=5Na=1,Ha*=2,and S, =0.5.
q

Figure 7:Neutral stability curves for Ra,, with different values of sh for fixed values of Rn = 0.1, Pr = 10,
Na=1,8=5,Le =5and Ha? = 1.
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Figure 8:Neutral stability curves for Ra,, with different values of Ha? for fixed values of Rn = 0.1,
Pr=10,Na=1,8=5, Le =5and S, = 0.2.

Figure 9:Neutral stability curves for Ra,. with different values of Na for fixed values of Rn =1, Pr = 2,

S, =2,8=5Le=5and Ha? = 1.
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Figure 10:Neutral stability curves for Ra,. with different values of Rn for fixed values of Rn = 0.1, Pr =

5Na=1,=2,5,=0.2Le=5and Ha? = 1.
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Figure 11:Neutral stability curves for Ra,. with different values of g for fixed values of Rn = 0.1, Pr =

2,Na=1,=2,5,=2Le=2and Ha*> = 0.2.
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Pr=20,40,60,80.

Figure 12:Neutral stability curves for Ra,. with different values of Pr for fixed values of Rn = 0.1, Pr =
2,Na=1,=10,5,=0.2 Le = 5and Ha*? = 1.
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Figure 13:Neutral stability curves for Ra,. with different values of Le for fixed values of Rn = 0.1, Pr =
10,Na=1,=5,5,=0.2 Le =2 and Ha? = 1.
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q

Figure 14:The change of Nu vs Rsc,with different values of g for fixed vales of Le = 0.5, Pr = 0.1,
Rn=0.2,5S,=5 Ha*=0.1and Na = 0.2.

5. Weakly nonlinear analysis

To investigate the type of convective motion, weakly nonlinear theory is needed. We consider the non-
dimensional equations with non linear terms, which are,

o (54 (. V)v) = =Vp + (1 + V20 — Rme, + RaTe, — Rndbe, = S, f + Ha?[(V' x &,) x &,], 33)
Ly wNT =w+ V2T + 2297 v7 + 2yr.v9, (34)
at Le Le

¢ = Lyzg 4 Nag2

4 (0.1 = Lv2g+ yer, (35)

To study the weakly nonlinear theory, we follow the multiple scale analysis. We write the governing equations as
follows(after eliminating T and ¢),

Lw = N. (36)
Where,
2 0* 2 9* 2 Na_, .
L = A1A2A3A4 - Sh ﬁ Vh - ﬁ A3A4 - A1A4VhRa + Evhv RnAl,
2 2 62 2 Na 2 2
N = A;ANSE(VE = o ) = (AViRR V2 ) (N3 + Ny + N) = NAyAsViRn + +
+A,A3A,N, + A;A,V2Ra(Ns + N, + Ns).
1
N, = —;VX (v-V)y,
N, = —Pl—rv X (VX (v-V)v),
Nb
Where, N3 =_-V¢ - VT,
N, = “=2VT - VT,
Ns = —v - VT,
\Ng = —v - V.
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We write u, v, w, T and ¢ in the series expansion interms of e,
u = euy + e*uy + €3u, + -,
v =€evy + €%v, + €3v, + -,
w = ew, + €2wy + 3w, + -,
T=¢Ty+€* Ty + 3T, + -,
¢ =c€pote’pr+edp,+
2 _ Ra-Ragc

Where, €ef=—E << 1.

Ragc
The first approximations are,
s

{Ae“‘“""“ cosSTzZ — (t.r:] .
Gse

Uy =

wy = [Ae""'“"” sinmwz + c.c] ,

1 L
Ty =5 [/1(3"”"""‘ sinmz + (:.(3j| ,
‘ —Na P
do :6—2L {Ae”"““" sinmz + (:.c]
Where,

{A =AX,Y,Z,T) — amplitude,
c.c.— complex conjugate .

We now scale the slow variables (X,Y, Z, & T) are as follows,
1
X=e€x, Y=€2y, Z=12z T=¢€,

Using the these scaling, the differential operators may written in the following form,

a a a a a )
—> —4+ €= , — > — 4 €2—,
ox 6x+ X ady 6y+ aY

a a a 2 0

-— > — , —— €

0z 0z at aT

By using Eq. (39), the operators L and N of Eq. (36) can be written as,
L= LO + €L1 + EZLZ ety

N = Ny + €N; + €2N, ---.

On substituting Eq. (40) into Eq. (36), and comparing the coefficients of ¢, €2 and €3, one obtains,

Lowy =0,
LOW1 + L1W0 = No,

LOW2 + L1W1 + LZWO = Nl'

where ,
Lo == V2V?(Ra + NaRn)(Ha? + V>(1 + ) + — Ha?V*D? (Ha? — V3(1+3))
0 Le It B Le B

2

_ 1y 2y8 1y, 1 gi0 1
LHaV(1+2) + -V (1+B2+ﬁ

1
) — L V42D (V; — D),

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)
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[(—Ha (Ra + NaRn)) (V3 + V?) — ( Ha*(1+ —)(RnNa + Ra)(V? — 2V3))

— L Ha2v4(1 + 1) 4v2? 2y 4 2y 141
L Ha?v (1+ﬁ)(4v +3D%) +2V (1+ﬁ2+ﬁ)

+2v2szv? (p?vg - T - 1)]((2 am) ),

L, = [=Ha*D + = (Ra + NaRn) (Ha*D — (1 + %)(v%l —2v%)) - = Ha*(1 + %)vz(v2 +3D) —

1 1 1
= SED2((V} — D?) — 2VA)]((2 m) ) +[~ViHa’Ra — Ha*DV*(1 + 1) + ViRaV> (1 + oo+ ) +

2y2 (NaRn | Ra 2y4 X Ay 1 L 2 2y _ y8 L 2y L L
VV(LePr+ﬁ)+HaV(1+ A+p)+50+ ))(D +V3) =V (1+-(1+ )+32(1+Le)+

245 (L) + SED* (Vi —D? + (1 + )VZ)](aT) + [ Ha?(Ra + NaRn)(V; + V3) - 2 v2V2 (1 +

1 2 454 2__ 4 L 90 _ Ay 2u6 1 S5 us
)(Ra+1vaRn))+ Ha*DV VAL + )(3Ha aZ+Ra+NaRn) 2 Ha*v (1+B)+Lev (1+

st ﬁ) L 57D2v2(2v3 - 2D + 1)](2y). (45)
Let us substitute the solution w, into L,w, = 0 and one obtains,
_ Ha2m262 (1+%)<S'S n?(-n2+q?)625%
Ras,. = —NaRn + pE pE qz(Ha2+(1+%)82). (46)
On substituting (38) in  Low; + Lywy, = Ny, weget N, =0 and L;w, = 0. The equation reduces to,
Wl = 0, (47)
u1 = 0, (48)
_ -1 2 .-
T, = s |A|*sin2nz, (49)
1 = 2t (= + D|A|*sin2mz. (50)
On substituting these solutions in Eq. (43) , we obtain the Newell-Whitehead equation in the form of,
a4 o i 9%)\? 2a
,105—,11(5—5%) A=A+ A|APA=0 (51)

Where,
— 24 2Rq _ 1 4,262 1 1 252
Ao =q°Ha*Ra (1+Le)Ha s +(1 +Lepr(1 + NaRn) +K)Raq 8

1 1 1 1 1
—Ha?&* (1 e T e +—B) (@ +8%) = (1 + )Spm?8%(q* — °)

(H%(H 2y (ie 1)%%( ))58

(H +382(1 + —))

A= (7+—(1 +—) +-= 52(1 +—)) (Ra + NaRn) —

_ sHa’o? — 1+ )__66(1+B+ﬁ2) S"n (n? — q* — 26°Le),

1, = Raq?s? (Ha? + - (1 + )52)

A5 = q* (1 + )82 + Ha?) (35 + 5 + mNaLeRn(1 + 1) ).

Considering only the x-dependence terms in Eq. (51), one obtains,
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a?A A () Asya2) 4 =
L (1 214l Ja=o, (52)
X
@ AX) = Agtanh (E) (53)
.
— (%2)2
Ao = (Ag) ’
Where, .
— (?M1)2
No= (/12) ’
6. Heat transport by convection

From Eq. (53), we get the maximum of steady amplitude (|4, qx]) &S,

€21,

x| = (222 (54)

We define Nusselt number in terms of amplitude A as,
2
Nu=1+ g | A pax? (55)

From Eqg. (55) , we obtain convection for R > R, _and conduction for R < R . From Eq. (51), is valid for ; >
0 which is possible when R > Ry , this we get,

1) convection for Nu > 1,

2) convection for Nu > 1(see in Fig.14).

7. Results and Discussions

This section presents a discussion of the results

Figure 2 illustrates the effect of the helical force parameter (S,) on stationary convection, with other parameters
(Rn, Na B , Ha? ) held constant. The graph demonstrates that an increase in S, results in a decrease in the critical
Rag,, indicating that S;, exerts a destabilizing influence on the flow.

Figure 3 illustrates the impact on the critical Rayleigh number for various values of the nanoparticle Rayleigh
number ( Rn ). The graph shows that as Rn increases, the critical Ra,., decreases, indicating that Rn has a
destabilizing effect on the flow.

Figure 4 presents the neutral stability curves for the exchange of stabilities in the parametric plane (q,Ray.) for
various values of the adjusted diffusivity proportion ( Na), with fixed values of the nanoparticle Rayleigh number
(Rn), Hartman number (Ha?), ,Casson parameter() , helical force parameter (S,,) . The figure shows that as Na
increases, the neutral stability curves shift downward monotonically, clearly indicating increased instability in the
system. In other words, an increasing Na value has a destabilizing effect.

Figure 5 demonstrates how the stationary critical Rayleigh number of neutral curves are affected by the Hartman
number (Ha?). With other fixed numbers, the stationary critical Rayleigh number increases.This shows that as
Ha? rises, the neutral stability curves shift monotonically increases, clearly indicating increased stability in the
system. In other words, an increasing Ha? value has a stabilizing effect.

The impact of the Casson fluid parameter (f) on stationary instability is observed in figure 6.where increase in
leads to decrese in the critical Ra,..This establishes that when B grows, the temperature differential increases,
resulting in a destabilizing effect of 8. As a result, the system becomes less stable.

Figure 7 refers to the exchange of stabilities and displays neutral curves in the plane (g, Ra,,) for different values
of S,,. From this figure, one can observe that the neutral stability curves move downward monotonically as S,
increases, i.e., an increase in the S), causes a destabilization in the system.
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Figure 8 depicts the neutral curves for different values of Ha? at the onset of oscillatory convection, and it is
found that the neutral curves move upward with an increase in the value of Ha?, thus Ha? stabilizes the oscillatory
convection.

Figure 9 illustrates the impact of the adjusted diffusivity ratio (Na) on the oscillatory critical Rayleigh number,
an increase in Na leads to a decrease in the oscillatory critical Rayleigh number. This implies that as Na rises,
which amplifies Na’s destabilizing effect. As a result, the system’s stability decreases.

Figure 10 depicts the effect of nanoparticle Rayleigh number (Rn) on the oscillatory instability, where it is
observed that an increase in Rn leads to a decrease in the critical Ra,..This behavior can be explained by the fact
that an increase in Rn leads to a decrease in the fluid flow, which enhances the instability.

Figure 11 shows that the effect of the Casson fluid parameter () on the oscillatory critical Rayleigh number . An
increase in B leads to a increase in the oscillatory critical Rayleigh number. This indicates that as g increases,
which enhancing f’s stabilizing effect. Consequently, the system becomes more stable.

Figure 12 illustrates the influence of the Prandtl number (Pr) on the oscillatory critical Rayleigh number in the
context of steady-state instability. From figure one can understand that an increase in Pr leads to a rise in the
oscillatory critical Rayleigh number. This suggests that as Pr increases, thereby enhancing the stabilizing effect
of Pr. As a result, the system becomes more stable.

Figure 13 presents the neutral curves for the exchange of stabilities in the parametric plane (q,Ra,) for various
values of the Lewis number (Le), with fixed values of the nanoparticle Rayleigh number (Rn), Hartman number
(Ha?), Casson parameter(g), adjusted diffusivity ratio (Na) ,helical force parameter (S,) and the Prandtl number
(Pr) . The figure shows that as Le increases, the neutral stability curves shift upward monotonically, clearly
indicating increased stability in the system. In other words, an increasing Le value has a stabilizing effect.

8. Conclusions

The paper investigates the thermal convection of a Casson fluid in a horizontal layer influenced by magnetic and
helical force parameters. Both linear and weakly non-linear analyses are performed to assess the fluid’s stability.
The critical Rayleigh number is calculated in the linear analysis, while the Nusselt number is determined in the
weakly non-linear analysis.A one-term Galerkin approach is employed to study the linear theory, while multiple
scale analysis is used to investigate the weakly non-linear theory.

» The Hartman number (Ha) exerts a stabilizing effect on the system in both stationary and oscillatory
convection.

* Meanwhile, the helical force parameter(S},),the adjusted diffusivity ratio (Na), and the nanoparticle Rayleigh
number (Rn) have a destabilizing effect on the system in both stationary and oscillatory convection.

» The Lewis number (Le) and Prandtl number(Pr) exhibit a stabilizing effect on oscillatory convection, but in
the case of stationary convection, they do not have any impact on the system.

» The Casson parameter () has a destabilizing effect in the case of stationary convection, whereas it shows a
stabilizing effect on the system in oscillatory convection.
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