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Abstract: Boosting the heat transfer rate in a base fluid is of interest to researchers; many traditional
methods have been utilized to do this. One significant way is using nanofluid to boost thermal
performance. This investigation sought to improve the transmission of a thermal above-stretching
inclined surface over an upper surface to be influenced by the magnetic field By along the micrograv-
ity g (7) = go(1 + a cos(nwt)). The GHitter impacts were analyzed for three colloidal fluids flow;
the mono micropolar nanofluid (alumina/water), micropolar hybrid nanofluid (alumina-titanium)/
water, and micropolar trihybrid nanofluid (alumina-titanium-silicon)/water. Using suitable transfor-
mation, the governing formulation was changed into an ordinary differential equation. In a Matlab
script, a computational code was composed to evaluate the impacts of the involved parameters on
fluid dynamics. The fluid flow motion and thermal performance for the trihybrid case were greater
than the mono and hybrid nanofluid cases subject to a microgravity environment. The fluid velocity
and microrotation function decreased in opposition to the magnetic parameter’s increasing strength,
but with an increasing trend in the fluid temperature function. Fluctuations in the velocity gradient
and heat flow gradient increased as the modulation amplitude increased.

Keywords: FEM; Gitter; trihybrid nanoparticles; MHD; stretch surface

MSC: 35Q30; 76D05; 76R10

1. Introduction

The colloidal combination of a base fluid with one type of nanoparticle is called a
nanofluid. This type of fluid is exceptionally valuable in thermal management and cooling,
fluid temperature enhancement and diminution, pharmaceutical processes, and micro-
electronics. Profound investigations into this fluid revealed that it contains two types of
nanoparticles that are heavily mixed with the base fluid (i.e., a hybrid nanofluid). At differ-
ent temperatures, the alumina-based fluid dynamic viscosity changes with nanoparticle
shapes [1]. The different shapes of tiny particles have differences in the interactions and
agglomeration, and host fluids are associated with surface charges. Recently, the colloidal
combination of three different types of tiny particles of nanoparticles subject to one base
fluid—the trihybrid nanofluid—has started; the results of a couple of investigations appear
to be insightful and encouraging. The thermal analysis of a mass ratio 4:4:2 to produce car-
bon nanotubes and carbonate nanofluid shows that it is beneficial with super-critical power
plants because of thermal diffusiveness along the stability, which enhance negligibility due
to increments in heat transfer (Sang et al. [2]). Mousavi et al. [3] explored the dynamics of
the H,O transmission of magnesium and copper oxide with titanium oxide. Sahoo and
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Kumar [4] investigated the thermal characteristics of water-transmitting titanium oxide
and copper oxide alumina nanoparticles (ternary hybrid nanofluid). The heat transfer in
the base fluid was enhanced due to various shapes of nano-sized particles [5] and trihy-
brid fluid temperatures were higher compared to the single and two-type nanoparticle
suspensions with base fluids [6].

The majority of the time, in microgravity or low gravity environments, the existence of
temperature differences and gravitational fields can produce buoyancy convective fluxes.
In this situation, sedimentation and the flow of buoyancy-driven fluid highly decreased.
This G+jitter impact has been focused on by many researchers (in many geometries and
conditions). There are numerous uses for G-jitter convection, including crew motion,
sprays, spacecraft, etc. Following Sharidan et al. [7], the gravity acceleration takes the
following form: ¢g*(t) = g,[1 + ecos(mwt)]k. Here, g*(t), acting for unit vector k, presents
an upward direction, € represents the scaling parameter, g, shows the average time value of
the gravitational acceleration, t is the time, and w shows the frequency of the G-jitter-driven
flux oscillation. Many physical aspects of the investigated works have illustrated certain
attributes, such as the G-jitter magnetic hydrodynamic flux [8], the Jeffrey fluid with a
microgravity-inclined surface [9], the analysis of the heat-transferred rate with the existence
of GHitter [10], non-Newtonian fluids with impacts on the G+jitter force [11,12].

There is interest in non-Newtonian analyses since these fluids are largely encountered
in the industry and physiology. Bile, blood, animal and human feces, chyme, lubricants,
paints, and oils are common examples of non-Newtonian fluids. One significant obstacle
in the analysis of such fluids is the failure of a single constitutive equation from the
Newtonian fluid model to accurately predict the behaviors of these fluids. Various models
of fluids capable of successfully predicting the fluid’s viscoelastic behaviors were offered
to fill this gap. Presently, non-Newtonian fluids play vital roles in several industrial
implementations, such as polymer, plastic production, the manufacturing of paper, and
in various technological processes. Shehzad et al. [13] studied the impacts of multi-layer
coatings of MHD non-Newtonian and Newtonian liquids by a porous—-inclined rotational
channel. Awan et al. [14] studied the significance of aggregation of Coriolis forces based
on non-Newtonian. Ali et al. [15] analyzed the significance of mixed convection and
hydrodynamics with Casson-based fluid over the stagnation point of a spinning sphere via
FEM simulations. Koriko et al. [16] explained the impacts of magnetic flux and melting
temperature transportation on non-Newtonian liquid flux toward the stagnation point.
Abiev et al. [17] illustrated the two-phase mathematical model—Taylor flux hydrodynamics
for four Newtonian and non-Newtonian liquids in microchannels.

Various analysts and researchers have investigated the magnetohydrodynamic (MHD)
fluxes of materials across surfaces with tremendous thermophysical attributes, heat trans-
mission performances, and valuable uses in daily life. MHD utilizations may emerge in
astrophysics sensors, magnetic drug targeting, and engineering; in particular, in forming
the stars, magnetic fields play a vital role. Due to these lasting benefits, researchers and
investigators are inspecting MHD flux. MHD applications cover large ranges of physical
areas. They are used in industrial equipment, physics, chemistry, and engineering imple-
mentations, such as boundary layer control, petroleum, and pumps. In the last few decades,
research into significant MHD applications has been conducted [18-21]. There is inherent
trouble in seeking solutions in the non-linearity connected with the convective terms of
mathematical formulations. Such types of problems have been tackled using different
numerical techniques, such as the RK method, BVP4c, boundary element, finite volume,
finite difference, spectral element method [22], etc. The FEM is one of the most famous and
powerful numerical tools; it has been used by numerous developers and users to numeri-
cally solve complex types of engineering problems. Many researchers use this technique to
solve boundary value problems subject to various shapes of geometries [23-25].

Recently, augmented thermal operations have enhanced missions as a result of con-
temporary technological advancements. Utilizing nanoparticles has made it possible to
meet expanding demands in large quantities. The primary aim of this study is to show the
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influence of trihybrid nanoparticles on the dynamics of a micropolar nanofluid subjected to
an inclined—extended surface in the presence of a regularly changing gravity environment.
The above studies show that less consideration is given to this study; this report will be
useful for experts to explore various features and analyze the different outcomes. In a
recent analysis, the FEM simulation was intended to clarify the effects of flow on micrograv-
ity on the flow and temperature characteristics of Al,O5, TiO,, SiO,, and H,O (trihybrid
nanofluids) due to an inclined extending surface. The present inquiry seeks to answer the
following research questions:

*  What effects do the Lorentz force, micropolar material, and trihybrid nanofluid heat
transfer have when there is microgravity?

*  What are the differences between trihybrid, hybrid, and mono nanofluids in terms of
heat distribution and flow that are affected by microgravity?

¢  How does one observe the effects of the frequencies of oscillation and modulation
amplitudes for trihybrid, hybrid, and mono nanofluids with G+jitter due to inclined
and raised surfaces in higher dimensional spaces?

2. Flow Model Mathematical Formulation

Here, we examine the influence of microgravity on the flow of non-Newtonian fluid
and the thermal attributes of Al,O3, TiO,, SiO,, and H,O (trihybrid nanofluid) because of
the extended surface, as presented in Figure 1. In this report, 7, By, Teo, and Ty, are inclined
angles, a uniform magnetic field in the y-direction, the ambient value of the temperature,
and the constant temperature, respectively. The normal axis of the surface is the y-axis;
along the x-axis, the surface is extending. Moreover, it is assumed that the linear velocity is
Uy = bx (b > 0). Thermophysical characteristics of H,O (water-based fluid), Al,O3, TiO,,
and SiO, (ternary nanoparticles) are shown in Table 1, and no slip occurs between the tiny
particles and water-based fluid; solid particles are in thermal equilibrium. Solid particle
agglomeration is ignored due to the mixture. Further, the momentum equation associated
with the gravitational field is affected by ¢*(t) = go[1 + ecos(rtwt)]k. The mass, linear
momentum, angular momentum, and energy (heat) conservation governing equations for
the trihybrid nanofluid can be written as [26,27]:

Oxtlp + 9yT = 0, 1)

O (Ottlp + 11odxily + Todytlo) = (fhn, + K)yyily — 0B, + xdy N + g*(t)(pnfﬁ)(T —Teo)cosa, (2)
jion, (BN + 62N + 862y N) = 7 (s + g)any — k(2N + dyil,) 3)

0T + 11905 T + G0, T = &3y, T. 4)

where the (il,, 9,) velocity variables along x, y, N&T represent the angular velocities
with the temperature of the fluid, (o, 1K) Cp, in f,ﬁc, Y*,B,0), and are, respectively, the
density, vortex viscosity, specific heat of the fluid, dynamical viscosity, thermo-diffusivity,
viscosity spin gradient of fluid, thermal expansion, and electric conduction. Ali et al.’s [28]
spin gradient of fluid viscosity is taken into account v* = p,¢(j + 5j); here, K = x/ s,
presents the material parameter, and elaborates on the problem of the necessary boundary
conditions [11,12]:

t=0:0,=0,=0, T = T,
t>0:d =1y, 9 =0, N=0, T="T,, asy =0, 5)
ily—0, N—=0,T— Te, asy — co.

o

Table 1. Water and thermophysical properties of nanoparticles [29-31].

Physical Properties Al,O4 TiO, SiO, H,0
o 3970.0 4250 2270 0991.1
Cp 0765.0 690 765 4179.0

K 0040.0 8.953 1.4013 00.613
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Figure 1. Physical model of developed trihybrid nanofluid model.

The mathematical formula for thermal physical attributes of mono, hybrid, and trihy-
brid nanofluids [32,33] are as follows:
1. Density

Hnf = Vf(l - @)—2.5’
g = pp(1—Dp) 22(1— Py) 22,
Hrmnf = pp(1— @1) 722 (1 — @3) " 2°(1 — d3) 22,

2. Viscosity
— o2 4 (1-w)
Onf of ,

Pnf = P2ps2 + (1= D) ((1 - D7) + q’l%)/

P = | (1= @) | (1= @2) (1= @2)(py + pa0) ) + (0222)| + 12 .

3. Heat Capacity

Cp)s
(0Coluy = 9ELF

(OCp)pns = (1 = D) ((1 - @1) + Dy

(pclﬂ)sl
(pCp) s

(0Cy)tins = (1— ®7) ((1 @) [(1 —®3)(0Cp)f + (pcp>53q>s] 4 <pcp>52<1>z) L (0Cp)a Py,

) + ©2(PCP)S21
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4. Thermal Conductivity

kif B k3+2knf—2q>3(knf—k3)
kf N k3+2knf+q>3(knf—k3) ’
khnf _ k2+2knf _Zq)Z(knf — ko)
knf - k2+2knf+q>2(knf*k2) !
kring K+ 2kyp — 201 (kyp — ky)
king k1A 2kpp + @y (kg — k1)

In the above formulas, Ty, reflects the ternary hybrid nanofluid, , f represents the
hybrid nanofluid, n ¥ denotes the nanofluid, and ®;, ®,, and ®3 are the volume fractions
of the first, second, and third types of nanoparticles, respectively. We use the following
non-dimensional variables (see [26]) to reduce the complexity of the elaborated problem.

n= “y , = VavxF(t,5), T = aw, N = \/>HT’7 0(7, 1) = % ©)

where ¢ = \/avxF(7,1) is a stream function that obeys the continuity; Equation (1) can
be defined as i, = dy/dy and ¥, = —0dyP/dx. By using Equation (6) in the governing
equations, the following transformed governing equations are obtained:

/
(Xi + K)F" + xoFF" — xaF"* — MF' + x3A0(1 + acos t) cosa + KH' = XZQaai )
1
1 " !/ ! 1 aH
(Xf +05K)H" — xoF'H + xoFH' — K(2H + F") = XzQa—T, 8)
1
x40" + PryxsF8' — PrxsF'6 = Prmﬂg—i, 9)
F(t,n=0)=H(t,y=0)=0, F(t,=0) =1, 0(t,y =0) =1, 10)
F'(t,n5 — 00) = 0, H(T,§ = ) = 0, 8(T,51 = o) — 0,
where
_ _ _ ki
x1=(1— @) (1 —Dp) 22(1—P3) >, x4 = kfnf/
o= |- o) (-0 |00y + 23] 1 £20,) 4 B,
i ( B)s3 (B)s2 (B)s1
X3 = 1—@1(1—@2 1—-& CI) + 2 +7CD ’
(e @ [ @ g %2 g ) o)
I [ (0Cp)s3 (0Cp)s2 (0Cp)st
Xs=[(1-® (1—@2 1-@ <I>3 + D, | + (. (11)
N R o T I e T A T T
In the above Equations (7)-(9), the dimensionalized frequency is () = ¢, the magnetic
field is
M = %fo the thermal buoyancy is A = S0P ((uuxT;]"/))x /v , Prandtl number is Pr = %,
and the material parameter is K = W' The Nusselt number and skin friction coefficient
expressions are defined as:
Nu= Yo o - 2 12
u f - ’ ( )

K(Tw - TOO), pﬂfuz%)
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the surface skin friction tensor 7, = ((4(T) + x)dy#i; + xN),—o and thermal flux at surface

gw = —x(9yT)y—o. In view of Equation (6), we have
1
{Cfoe}/z = (= HK)F(1,0), NugRey 2 = —x46(7,0). (13)
1X2

3. Numerical Procedure

A potent method for dealing with various integrals, such as PDEs and ODEs, is
the finite element approach [34]; it brings down the 'mistake” size[35]. This unique (and
essential) step strategy was outlined by Reddy [36] and Jyothi [23]. The literature states that
FEM is an effective numerical methodology to discover approximated solutions of PDE and
ODE systems that incorporate complex boundary conditions or geometry [24,25]. The FEM
is one of the most powerful numerical tools used by developers and users to numerically
solve complex types of engineering problems. The sophistication of this technique, its
computability, simplicity, accuracy, and efficient results make this method a broadly used
technique in boundary value problems. In order to solve Equations (7)—(9) along the
boundaries (10), we assume the following:

F =g, (14)
System Equations (7)—(10) are transformed to less orders:

¢

(K + P )z;“ + x2F7 — x20* — M{ + x3A0(1 + acos tt) cosy + KG' — ;QQETT, (15)
(i+—)G”+x FG' — x20G —K(2G+T) —x 0% (16)
w2 2 2 20—,
x40" + PrxsF8' — PrxsC6 + QsPro — Per?—i, (17)
F(t,n=0)=0,¢(t,n=0)=1, G(t,n=0)=0, 0(t,n=0) =1, a8)
g(t,n = ) =0, G(t,§ = ) =0, 8(T,§ — 00) = 0.

The fixed numerical estimates of the plate length, border thickness T = 2.0, and
7 = 5.0, respectively. Equations (14)—(17) are provided by

o, BUF = 03a0; =0, (19)

/ ﬁz{( -t K)g" + x2FC — x20% — MZ + x3A8(1 + acos ) cosy + KG' — peteles % -}y =0, (20)
ﬁs{( - 0. 5K)G" + x2FG' — x20G — K(2G + ') — XZQa—T}dQ;‘ =0, (21)

/Q Balxs0" + PrsFd’ — Prysg + QuPré — Prmﬂg—i}dﬂj —o0. (22)

where 1, B2, B3, and B4 are the arbitrary functions by dividing the domain ((}}) into four
node elements. A finite element’s associated approximations are as follows:

F—E ¥i(Tn), ZQJTW 9—2 ¥j(Tn)- (23)

‘Yj (j = 1,2,3,4) are interpolations for rectangular elements (), given by

g, = T =D =) g (T=%) (e =)

(Ter1 = Te) (o1 — 1)’ (Ter1 — Te) (o1 — 1)’

 (t=T)(n—1e) (T —T) (7 —7e)
LR vy i UL Bl g | rary @)
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Finite elements for the equations are given as:
(L1 (L] [LP] L)) T{f} {r}
L2 L2 1B] (4] e | () )
(L3 [L2] (L] L)) 1 {g} {rs}
(4] [L2] 2] (1] L{6} {ra}

ij
122

ij

23

33

32

44

[

—(

1

X1X2

where [Ly;,] and [ry,] (m,n=1,2,3,4) define:

g, 112 — /‘I’i‘I’de* B _ L14 _ L21 _ L31 0

Xz/Tld

ers ij

K) [ —
J dn dy
o

es=ij
Q.

¥
Y 0 /f‘I’ Mg — /g‘f‘wn* /‘I"I’dQ* Q/‘I’ fdQ:,

e

e’

“aqr 1% = X;A(I—I—HCOSH'T cos'y/‘P‘{’dQ

Q*
1 " d¥; d j ]
(= 4D * ¥ ¥,d0; ¥i¥;d0y; Y; ;
(xm 2>. ay d /ﬂzd 4Q /g 40 / a0 Q/ e 10
Q; Qe
d
X (A4 Y b, /f‘I’ M o — Pr/C‘I"I’dQ* PrQ/‘I’ fdQ*+Pr—/€‘P‘YdQ*
d;/] d?’] ld ldé’
and
1 ~ oG 1 K, [ oh X4 00
—0, 2= —(— +K f‘i’n s, P = —(—+2 f‘P»n 7,15,#:_774‘1%11 o ds. 26
: (xm )r oy ' (xvcz 2)f "oy 1 X5 "oy 20

Known values are taken as F = Z] 1 FY;, 0 = Z ', 0 ¥}, and = Z;-L:l {i¥;. The
domain is divided into equal grids of rectangular elements 101 x 101. We examine each
node’s four functions. After assembly, we obtained 40,804 non-linear equations; therefore,

an iterative method was used to solve them with the necessary 10~° accuracy.

4. Results and Discussion

The results of Equations (7)—(10) are presented in the form of graphs and tables, and
then the skin friction coefficient —F”(tau,0), thermal transmission 6(t,#), micropolar
mono, hybrid, and trihybrid nanofluid velocities F'(7, 77), local thermal transmission rate
“0’(7,0), and microrotation H(t, 7). In Figures 2-10, three sets plotted for the above-shown
quantities are drawn with respect to three mediums, Al,O5 /water, Al,O3;—TiO, /water, and
Al,O;—TiO,—SiO, /water. The default quantities of the parameters were M = K = A = 1.0,
Sf =3.0,Pr=072,0=02,a=02a = /4, P1 = 0.06 (for the monofluid), $; = 0.03 &
@, = 0.3 (for the hybrid nanofluid), and ®; = 0.02, &, = 0.2 & $3 = 0.2 (for the trihybrid
nanofluid). Compared to the earlier published results, the FEM technique is taken for
validity (see Tables 2 and 3).
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Table 2. H'(0) &F"(0) against K &M, whena =a=A = Q =0.
M Ali et al. [37] Soaib et al. [38] Present Results
F"(0) H'(0) F"(0) H'(0) F”(0) H'(0)

0.0 0.2 —0.90969 0.09499 —0.90979 0.09489 —0.90984 0.09500
0.5 — —1.11437 0.10509 —1.11438 0.10509 —1.11437 0.10509
1.0 — —1.28715 0.11206 —1.28715 0.11205 —1.28711 0.11212
1.0 0.0 —1.41421 0.00000 —1.41423 0.00000 —1.41423 0.00000

— 0.5 —1.14078 0.21116 —1.14077  0.21117 —1.14073 0.21116
— 2.0 —0.76975 0.35866 —0.76976 0.35865 —0.76976 0.35861

Table 3. Comparison of ' (0) via growing values of Pr whenA = Q=a=a= M =0.

Pr Sharidan etal.[7] Khanetal. [39] Baghetal.[40] Current Results

1.00 —1.0000 —1.0000 —1.00001 —1.000008
3.00 —1.9238 —1.9237 —1.92367 —1.923676
10.0 —3.7225 —3.7207 —3.72067 —3.720669

In Figure 2a,b, F”(t,1) represents the outcomes that are perceptible in relation to
the dimensionless characteristics of dimensionless functions M and K. It appears that the
increasing inputs of magnetic parameters M decrease the momentum of fluid. Due to this
output, increasing reactions for opposing forces are associated with the development of
strength. This can be related to the fact that the growing strength of the magnetic field
produces the Lorentz force, which slows down the fluid velocity due to opposing forces [14].
Figure 2b illustrates that the relationship between the material parameter and accelerated
bulk flow is direct; K(K = &/ ptp f). The viscous effect decreases as the flow inertia increases,
leading to a faster flow that may be explained by the growth of K. In Figure 3a,b, the FEM
values for the micro-rotation H(7,#) are plotted where the influences of magnetic and
material parameters are observed. Both graphs show that H(t, 7) increases with magnified
values of the material parameter K and declines against higher inputs of the magnetic
parameter M due to enhancement in the boundary thickness. The temperature distribution
graphs 6(7, 77) in Figure 4a,b reveal that rising values of the magnetic parameter M improve
the temperature functions but diminish notably against the rising impact of K. The rising
thermal patterns noticed for the growing values of M are common because of the valuable
heat-producing from the resistive impact of the Lorentz force [41]. From these figures,
the trihybrid nanofluid curves are greater than the curves created by mono and hybrid
nanofluids. Hence, ternary nanoparticles are noticed as more efficient at enhancing the
base fluid temperature. Trihybrid nanoparticles are more efficient at maximizing thermal
performances [42,43].
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(a) ———— Mono nanofluid
= = = = Hybrid nanofluid
------ = Tri-hybrid nanofluid

M =1.0, 3.0, 6.0

(b) - Mono nanofluid
- = = = Hybrid nanofluid
------ = Tri-hybrid nanofluid

» K = 1.0, 2.0, 3.0

0.1

Mono nanofluid
- = = = Hybrid nanofluid
------ = Try-hybrid nanofluid |

M= 1.0, 3.0, 6.0

0
0 2 4 6 8 10
n
0.15 T T T T
(b) |- Mono nanofluid
= = = = Hybrid nanofluid
------ = Tri-hybrid nanofluid
0.1F
=
£
= K = 1.0, 2.0, 3.0
0.05 1

Figure 3. (a) Fluctuation of M on H(7, %); (b) Fluctuation of K on H(t, 17).
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Figure 4. (a) Fluctuation of M on (7, 17); (b) Fluctuation of K on 6(7, 77).

In Figures 5-8, the skin friction coefficient C foe,% used variable values of certain
parameters that were mapped over normalized time tau. Figure 5a,b, show the fluctuations
in velocity gradients with respect to rising values of M and the acceleration modulation
a. By increments in the acceleration modulation, skin friction rises; from Figure 5a, it is

concluded that Cfy Re}; also increases by rising magnetic parameters. Skin friction is at its
peak in the mono nanofluid case as compared to the trihybrid nanofluid. Figure 6a,b depicts
the impacts of the velocity gradient —F"(7,0) according to different values of inclined
angles a« and acceleration modulation parameters a. It is clear that there is little effect on
the velocity gradient by higher inputs of inclination angles and acceleration modulation.
By magnified values of both parameters, the velocity gradient increases, but it is at its peak
for mono nanofluid compared to the trihybrid nanofluid. Figure 7a,b denotes the impact of
the thermal buoyancy parameter and acceleration modulation parameter on the velocity
gradient. The velocity gradient at the surface has meager variations as it is influenced by
the thermal buoyancy function At and amplitude parameter 4, as shown in the figures.
Figure 8a,b show how the material parameter K affects skin friction and the local wall
thermal transmission. The Nusselt number’s & local skin friction coefficient at the surface
attained increments by amplified values of material parameters. However, by higher inputs
of K, skin friction was at its peak value in the case of mono nanofluid, and the Nusselt
number was at its peak value in the case of the trihybrid nanofluid.

Figures 9 and 10 illustrate the surface temperature gradients along 7. From Figure 9a,b,
it can be seen that the temperature gradient —6'(7,0) fluctuates and increases when the
values of the magnetic parameter M and the acceleration parameter a rise. The temperature
gradient attains maximum value for trihybrid nanofluid and minimum for mono hybrid
nanofluid. Significant characteristics of the gradient of the temperature “0’(t,0) exhibited
in Figure 9a assured that for the corrected input of the buoyancy parameter Ar(Ar = 1.0)
and variation of the acceleration parameter 4, there was a significant difference in *6’(7,0)
for the trihybrid nanofluid and mono nanofluids. Moreover, by contrasting the graphs in
Figure 10a,b, it demonstrates that the pattern of fluctuation for “6’(t,0) (due to the influence
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of modulation parameter a) is more prominent for the fixed value of Ar(Ar = 3.0) than that
of A7 = 1.0. From both figures, it can be observed that the temperature gradient obtained
its peak value for the trihybrid nanofluid.
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Along x-axis velocity component

Angular velocity

5. Conclusions

We investigated the importance of the trihybrid nanofluid with G-jitter effects for
three colloidal fluid movements, i.e., micropolar nanofluid (copper /water), micropolar
hybrid nanofluid (alumina-titanium /water), and micropolar trihybrid nanofluid (alumina-
titanium-silicon /water), subjected to the stretch surface. Notable results are given as
follows:

e The velocity of fluid F/(7,%) of mono nanofluids, hybrid nanofluids, and trihybrid
nanofluids decelerated in the face of increasing inputs of the magnetic parameter M,
and increased against the material parameter K.

e The microrotation H'(7,7) of mono nanofluids, hybrid nanofluids, and trihybrid
nanofluids declined with the growing potential of the magnetic parameter, but when
inputs increased, it increased the micropolar material parameter K.

e The temperature of fluid 6(7, 7) significantly increased the M, but declined against
the material parameter K(K > 0).

¢  Compared to the mono nanofluid flow, the temperature for the tri-nanofluid flow
reached greater levels.

®  The variation in the decreased skin friction improved with greater inputs of M,
a(a > 0) and Ar. However, it attained a higher peak value for the mono nanofluid
compared to the tri-nanofluid.

*  Reduced skin friction was better achieved as the plane inclined, but it was worse for
mono nanofluids.

*  There were increases in the skin friction factor and Nusselt number with material
parameter K but the velocity gradient attained a peak value in the case of mono nano
fluids; the temperature gradient attained a higher value for the trihybrid nanofluid.

¢  The larger strength of the magnetic parameter M and acceleration modulation a
improved the Nusselt number.

*  The Nusselt number varied in the face of At & a and it improved greatly when these
parameters increased; the trihybrid nanofluid flow achieved greater values than the
nanofluid flow alone.
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Nomenclature

To Along x-axis velocity component
T Temperature of fluid
K

Nanofluid density Vortex viscosity

Specific heat of fluid pin;  Dynamical viscosity

Thermo diffusivity v Viscosity spin gradient of fluid
Thermal expansion o Electric conduction

Material parameter 0% Inclined angle

Uniform magnetic field Tw Constant surface temperature
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T Ambient value of temperature M Magnetic parameter
Uy Sheet linear velocity (@) Dimensionalize frequency
A thermal buoyancy Pr Prandtl number
D First nanoparticle volume fraction D, Second nanoparticle volume fraction
D3 Third nanoparticle volume fraction g Gravitational acceleration
Jw Heat flux at surface Rey Reynolds number
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